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i PERMANGANATE TREATABILITY TESTING

1.0 INTRODUCTION

Groundwater and aquifer material- samples were silbmittcd to IT Corporation’s Technology
- Application Laboratory (TAL) in Knoxville, TN for pennanganate 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 pfoducts, cis- and trans-1 ,2-dichloroethene‘(1‘,2-
DCE) and vinyl chloride, in the groundwater. The reaction with TCE, the contaminant of concern,

is expressed by the following equation:
2KMnO, + CHCl, + 4H,0 — 2MnO,(s) + 2C0O, + 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 oxidat_idri 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 potassium
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 (IIT). However, application
of permanganate can oxidize the Cr (III) species to a more soluble hexavalent chromium [Cr(V I)] :
species by the following equation: .
\

MnO, + Cr(l) + 4H" - MnO, + Cr(VI) + 2H,0

Chromium analyses were performed to define concerns for mobilization with respect to the 0.1 mg/L

total chromium federal guideline level.

For the Weldon Spring Site, there is also a concern that uraniﬁm, 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 pemanganate application may oxidize
some of the U(IV). Asan 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
(MnO,) 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
Knoxuville, VTe'nnessee.

2.0 SITE LOCATION AND DESCRIPTION

The Weldon Spring Chenﬁcal Plant Area is located in St. Charles County, Missouri, approx_imétely

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 ,OFV BENCH SCALE TESTING

\\
Bench scale tests included the following:
@ characterization of contaminated aquifer material and groundwater samples,
@ . oxidant demand tests on the aquifer material to define the penna.riganate-dosing requirement, and
io batch slurry reaction tests to investigate t.he‘ rate of reaction of permanganate with TCE (C,HCl,)
'in an aquifer environment, and to determine the effect of treatment on aqueéus chloride ion,

nitrate ion, chromium, manganese and uranium concentrations. -

The description of procedures and results obtained for these tests are described in the sections below.

IT Project 825930 . MK Ferguson WSSRAP Report ) May 3, 2000
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4.0 INITIAL CHARACTERIZATION OF SITE GROUNDWATER AND
- AQUIFER MATERIAL |

Groundwater in 16 1-L glass sample bottles and twé (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 - l6x1-L (TDL #2833)
BR-3034-IT 3/28/01 Bedrock 1 x 1-gallon (TDL #2834)

BR-3035-IT 3/28/01 Bedrock . - Ix1-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 RsD
Analyte ' (),
VOCs (ug/L): .
Trichloroethene (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 b =8 3 <5 . 5 NA
Metals, dissolved (mg/L)% : . :
Chromium . <0.035 | <0.035 | <0.035 | <0.035 NA
Manganese 0.330 |- 0.310 | 0.310 0.320 .4
Uranium - o <0.250 | <0.250 | <0.250 | <0.250 NA
Anions (mg/L):
Chloride ion ' | 36.6° 40.3 34.5 37.1 8
Nitrate ion (as NOy) 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.

IT Project 825930 MK Ferguson WSSRAP Report " May 3,2000
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The aquifer material to be tested was crushed, composited and homogenized at fhe 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 sami)le 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 analyses are presented in Table 2.

Table 2 — Summary of Initial Characterization Results for Aquifer Material Composite
~ Aquifer Composite, BR-3034-IT & BR-3035-IT
(dry weight basis*®)
: RSD
Analyte 1 2 3 Mean (%)
| VOGCs (ng/kg):
Trichloroethene (TCE) <220 <220 <220 <220 NA-
Cis-1,2-Dichloroethene (cis-DCE) Tl <220 <220 <220. <220 NA
Trans-1,2-Dichlrorethene (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 \ <138 | <138 | <138 | <138 NA

mean concentration.
NA = Not analyzed or not appllcable
*Percent solids = 90.9%.

*Elevated detection limit due to chemical interference.

. RSD = Relative standard deviation or the standard deviation of replicate analyses expressed as a percentage of the
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S.b AQUIFER OXIDANT DEMAND TEST

5.1  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 consumed 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 hlgh 1initial permanganate

concentration to define the aqulfer consumption characterlstlcs

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 potaésium
perrnanganate (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 parameters
are the amount of aquer matenal and the amount and concentration of the permanganate supplied

to the aquifer material.

The tests were established in\1-L sarnple bottles, which were eapped 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 B 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 afnount 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 consdmption 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. Approximate{y 90-95 percent of the permanganate
dissolves readily in the first few minutes of mixing, but there is typically a residual, which requires
between 8 and 24 hours to dissolve completely. At the 24-hour sample point the dissolution of the
residual permanganate 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 perma.nganatc\:‘ 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 average of the
consumption values for the 48, 96 and 168 hour time points was calculated as the total co_néumption
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-3034-1T / BR-3035-IT (mg/L) 1 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 o 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 permanganate 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 KMnQ/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 differences
(RPDs) for the test duplicates were less than 25 percent.

6.0 SLURRY PERMANGANATE REACTION TEST

6.1 Test Design
The objectives of the slurry permanganate batch reaction tests we'revthe following:

e measure the rate and extent of permanganate reaction with TCE
"o measure the aqueous concentration of uranium and chromium produced by permanganate
oxidation of thesé metals in the aquifer material, ‘
e measure the aqueous concentranon 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 , " May 3, 2000
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in duplicate using two permanganate concentrations,.l,OOO 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 permanganate 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
concentration, the solution ORP and pH were determined, and then the reaction mixture was
chemically quenched, and analyzed for TCE and TCE degradationiproduct“s. 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 Test Procedure

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 équifer 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 pracﬁcal to date, and have demonstrated

sufficient control of VOC losses to meet testing objectives.
. < o \ .
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Table 4 — Experimental Details | .
Nominal Initial
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/kg soil) Reaction (mg/L)
Control —no permangandte L N U ¢ 0
) 1,000
Low permanganate 0.13 L BElx (917)*
. i : 3,850
High permanganate =~ <l B 1500x (3,530)°

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

Control tests (no permanganate added) were estabhshed 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 permanganate 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 aliquot was withdrawn for oxidant reduction potential (ORP), pH and unreacted
permanganate measurements. For the TO control and 72-hour sémples, 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 slight
stoichiometric excess of manganese 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 T0
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 performed and samples that were collected.

Table 5 - Treatability Study Batch Tests

Test Coudition Aquifer and Water Sample-sa
" : (Time in Hour) .
0° 8 72
Control (no perménganaté) XX XX
Permanganate at low concentration o XX - XX
Permanganate at high coricentration ' XX XX

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

*In addition to the other- analyses the aqueous samples were also analyzed for chloride and nitrate
ion and total dissolved U, Cr, and Mn. '

6.3 Analytical Measureménts

All samples generated during the bench-scale study were analyzed at the TAL in Knoxville per
the following methods. ’ |
Measurement _of Oxidation/Reduction Potential (ORP), pH and Residual nreacted
Permanganate : : | S

ORP readings of slurry test aqueous solutions were taken usmg a standard ORP platinum/reference
electrode (SCE). The operation of the electrochemical measurement system was checked by reading
a standard ORP solution at +430 mV.

[T Project 825930° MK Ferguson WSSRAP Report ' o " 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 da11y .

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 um 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) analy51s For each treated water the solution was quenched
by addition of sodium 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 Degradatlon Product Analyse
The aqueous samples and aqﬁxfer solids methanol extracts were analyzed at the TAL for TCE, cis-

1,2-DCE trans-l,Z-DCE and vinyl chloride using a modified EPA SW-846 Method 8021. This
method uses a purge-and-trap technique for sample introduction into a gas chromatograph (GC),
which provided analyte separation. A flame ionization 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 sample 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 ug/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 ug/L and vinyl chloride in the range of 5 to 18
ug/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 approxxmate 1 mg/L
chloride produced from VOC oxidation. There may have been some detectable increase in values
for the treated samples, and this may be from ox1dat10n of other chlorinated organics in the water,
but it also could be due to chloride 1mp\unt1es 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 slurry ORP measurements were consistent with permanganate concentrations. They were

IT Project 825930 MK Ferguson WSSRAP Report . May3,2000
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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 duplicate and the agreement between duplicaté tests was gdod 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 13,15
CI" in Treated Water 3 2,0,19
NOj;™ in Treated Water 4 11,3,8,4
KMnO, 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

-IT Project 825930 MK Ferguson WSSRAP Report © May 3,2000 - '
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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 }ow 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 conditibhs 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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PROJECT # 825930.01000000

" Table 6

Summary of Batch Reaction Test Data for MK Ferguson WSSRAP
Permanganate Oxidation Bench Test

Date: 05/04/01 TCE Dissolved Metals (Aqueous) Chloride || Nitrate® KMnO,
' Residual
Time Soil Water Chromium | Manganese| Uranium Water Water (Aqueous) | Consumed ORP
Sample dry wt basis mV vs.
Test Point | Hours ug/Kg ug/L mg/L mg/L mg/L - mglL - mg/L mg/L g/kg soil pH SCE(+)
Groundwater GW NA ' NA 962 <0.035. 0.32 <0.250 37.1 3540 NA NA NA NA
Aquifer Material AQ NA <220 NA NA NA - NA NA NA NA
Control ICTO A 0 <220 - 611 34.9 3080 NA NA 7.12 352
llctoB 0 <220 701 355 3430 NA NA 7.17 343
flcT72 A 72 146 471 46.9 3360 " NA NA 7.48 385
CT72B 72 144 545 46.9 3470 NA NA 7.51 405
Low KMnO, LT8 A 8 . <110 <5 NA NA 856 0.066 7.12 563
1,000 mg/L IILTB B 8 <110 <5 NA NA 1136 -0.239 7.14 575
‘ flLT72A 72 <110 <5 64.0 3720 885 0.034 7.53 572
fL728 72 <110 <5 ' 53.1 3420 1015 -0.110 7.60 574
High KMnO, “HTS A 8 <110 <5 NA NA 3370 0.17 7.15 594
3,850 mg/L lIHT8 B 8 <110 <5 NA NA 3390 0.15 7.25 596
ftHT72A 72 <110 <5 598° 3480 3300 0.25 7.52 605
IHT72 B 72 <110 <5 54.6/51.9[13610/3630[ 3150 0.41 7.38 598
' Il
NA = Not analyzed or Not applicable
'Concentrahon as nitrate (NO5)
®Sample suspected of being contammated with HCI preservative.
Note: Soil quantitation limits were set based on the high soil method of sample analysis and the lowest standard for instrument calibration. Water quantltatnon limits
were based on the lowest standard for instrument calibration and are limited by the FID detector.
MK Ferguson WSSRAP
Project No.: 825930.01000000 05/04/2001
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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 hydrocarbon organic contaminants to substituent carbon dioxide and

water (see Section 1.2).

1.1 Oxidant Selection o
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):

(1) Permanganate is much loﬁger-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.

(3) Permanganate is much vI'ess sensitive to groundwater pH, alkalinity or iron concentration
than is Fenton’s reagent. Under conditions present at the Weldon Spﬁngs Site, no
additional reagent amendments (other than the permanganate solution) are anticipated to be
required for treatment. . '

(4) Fenton’s reagent requires a mildly 'acidic pH condition, low aIkalirﬁty and elevated iron

concentration for -effective treatment. The mildly acidic condition will be difficult. 6

achieve under the\' aéuifcr and bedrock conditions present at the site. Although iron could be
-maintained in solution through the usé of iron chelators, these chelators may themselves be
of environmental concem. Furthermére, dissolved bicarbonate (present as long as
groundwater is akaline) is an effective radical scavenger, inhibiting treatment of low (<!

mg/L) dissolved VOC concentrations, even when iron is maintained in solution.

. 3
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Only relatively dilute (much less than 1%) permanganate solutions will be likely be necessary to
deliver the r,equ'irf:d 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 perménganate
primarily because potassium permanganate is approximately % 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 (MnQ,’) is ‘widely used for drinking snd wastewater treatment, and has been
recently evaluatéd at several sites for in-situ destruction of organic contaminants in soil and groundwater
(e.g., U.S. EPA, 1998). Permanganate ion is most frequently used as potassium permanganate (KMnO;
solubility approxirriately 65 grams per liter [g/L] at 20°C) or sodium permanganate (NaMnO,; solubility
approximately 400 g/L at 20°C). Pgrmanganatg is considerea a strong oxidizer (£° = +1.7 volts [V]) and
readily oxidizes TCE (CLC=CHCI), the primary contaminants present at the Weldon Springs site, with

the following basic stoichiometric relationship:

2MnO," + CLC=CHCI — 2CO, + 2MnO, + 3CT + H" 0

where CO, is carbon dioxide, MnO, ié manganese dioxide (which precip_itages as an insoluble solid), CT is
chloride on, 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 ét 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 ahd:oxalic :
acids, which are subsequently oxidized to carbon dioxide (Yan and Schwartz, 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}' chlorinated ethylenes (including TCE and cis-1,2-DCE) which geﬂemtes
aldehydes.and carboxylic acids as intermediate pfoducts (Figure I-1). 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 oxidatiqn 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§),
MnO;, is capable of adsorbing heavy metals such as hexavalent chromium, cadmium, and copper (-Vel’ia,
1998).

Permanganate also reacts with oxidizable metals and certain natural organic compounds in soil

and groundwater. For example, MnO,  oxidizes Fe' to Fe™:
3Fe™ + MnOy + 4H" — MnO, + 3Fe” + 2H,0 N CN

Relatively 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 MKF as the
" primary contaminant of concern at the site.

(2) Describe the objectives, methods, and results of bench scale treatability tests 6onducted -
with Geo-Cleanse® PISCO reagents on groundwater and rock samples from the Weldon
Springs site. _ - o T

(3) Draw conclusions regarding overall applicability of PISCO on the contaminants pfescnt
and under the geological and hydrdlogical 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 oxidation tests. The total oxidant demand tests were intended to

5 5
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evaluate oxidant demand from naturally present oxbidizable metals and organics, and from the targeted |
contaminants. Aquifer impact tests were conducted to evaluate the potential impact of permanganate
treatment on inorganic groundwater quality, specifically upon dissolved metals concentration. Fina_lly,
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.

5 6
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2.0 MATERIALS AND METHODS

2.1 Sample Collection

Samples were collected by MKF bersonnel and delivered under standard chain of custody
protocols to GCI. A 5 L groundwater sample identfied by MKF as GW-3030-032701-GC, collected on
March 27, 2001, was supplied in five 1,000-mL amber glass bottles vpreserved on ice but not otherwise
preserved (i.e., 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) oh 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 darge 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 vx"as 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 permanganafe 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.

r

2.3 Aquifer 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 (M.iim\mx@ Fast-Drying élear Gloss) to isolate these surfaces from reagent
exposure. The full, natural ﬁac\:ture 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 (resulﬁng in a net 13.9 mg/L concentration of sodium 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. The 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 addiﬁg 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.

2.4 Contaminant Oxidation 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 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 approximatel& 0.6, L,
2, S and 10 times the stoichiometric oxidant demand. Stoichiometric oxidaht demand was based updn
equation 1, which assumed a 220 pg/L TCE concentration (based upon pre-test data supplied by MKF).
Equation | 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 p.L (2 x stoichiometric), 850 pL (5 x
stoichiometric), and 1,700 uL (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 hours, after which an aliquot was collected for
VOC analysis by EPA Method 8260. )

2.5 Genefal Analytical Methods , .

Bench test experiménts were conducted at GCI’s Remediation Technology Testing Laboratory.
Laboratory facilities include a dedicated ﬁJrhe hood, refrigerated' sample storage, a Hach DR-2010 data
. logging spec&ophofometer, micropipettors, glass electrode pH meters, thermometers, analytical balances,
reagents, and all associated glassware and other facilities necessary for proper cleaning, storage, .
sampling, analyses and other experimental procedures required for these tests. '

All laboratory niateﬁ\z;,ls to which the samples or reagents came into contact were composed of
Pyrex, stainless steel, Teflon, ot polyethylene (as dictated by the analytical procedure), and were cleahed
with deionized water and Alconox and then tn'ple-n'ns_ed 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 wit1'1 calibrated analytical balances. Solution pH was measured
to +0.01 pH units with a glass eleé;rode 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 sodium
permanganate) was prepared by diluting 3.75 mL of 40% technical grade NaMnQO, solution to 3,000 mL
with deionized water. This solution was then standardized (with a result of 711 mg/L NaMnO.) by
titration with sodium 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 caiculated 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 pfesented 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 Of{P 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.é., 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 31). 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
amendment;s). The next morning, ORP had dropped again in all four tests, however the parallel trends
were maintained, indicating that the permanganate demand had beeﬁ satisfied after addition of less than 4

mL of 711 mg/L sodium permanganate (equivalent to a 13.9 mg/L solution NaMnO,).

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 concentration 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 sample with identical sc)dium 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 concentmﬁon 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 calcium, magnesium, -
and sodium in the treated water sampl&s."Most significantly, primary metals of concem when working
with permanganate (for éxaniple, chromium, lead, and mercury) remained at non-detectable levels. The.
tfeatcd samples yielded calciym and mégnesium (representing hardness in the groundwater sample
utilized), and potassium (unkﬁown 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 permanganate or the rock

sample.

10
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3.3 Contaminant Oxidatidn 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-dichloroethene 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 ug/L established at approximately a ﬁmss ratio equivalent to approximately [0 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.

11
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tests:

4.0 CONCLUSIONS

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

(1

@

©)

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

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 -

concentrations of permanganate that are likely to be used at this site.

A stoichiometric mass ratio of 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
ug/L, below the ARAR of 5 ug/L). For the 220 ug/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 treatmient target at the site.

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

Method Blank ] BR-3030-GC-135 | BR-3030-GC-36

Analyte (ug/L) (ug/L) (ug/L)
Aluminum ND (<100) ND (<100) ND (<100)
Antimony ND (<7.5) ND (<7.5) ND (<7.5)
Arsenic ND (<4) ND (<4) ND (<4)
Barium 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 ND (<1,000) 39,000 41,000
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. 190,000 200,000
Thallium - ND (<5) . _ND (<5) ND (<5)
Vanadium ND (<25) ND (<25) ND (<25)
Zinc _ 81 ND (<25) ND (<25)
Sodium Permanganate 13,700 470 J 5,890

Notes: . :

Bold font indicates arialyte_ was positively detected.

ND indicates analyte was not detected with the quoted PQL.

PQL is the practical quantitation limit quoted by the analytical laboratory.

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



Table 3-2. Volatile Organic Compound Oxidation Test Results

Test 2 Test J Test 4 Testd lestb
Test 1 0.6x Stoichiometric | 1x Stoichiometric | 2x Stoichiometric | 5x Stoichiometric | 10x Stoichiometric
Compound Method Blank 100 ul NaMnO, 170 ul NaMnQ, | 340 uL NaMnO, |- 850 uL NaMnO, | 1,700 uL NaMnO,
1.1.1-Trichloroethane ND (<0.23) ND (<0.23) ND (<0.23) ND (<0.23) ND (<0.23) ND (<0.23)
1.1.2.2-Tetrachioroethane ND (<0.27) ND (<0.27) ND (<0.27) ND (<0.27) ND (<0.27) ND (<0.27)
1.12-Trichloroethane ND (<0.37) ND (<0.37) ND (<0.37) ND (<0.37) ND (<0.37) ND (<0.37) |
ND (<0.24) ND (<0.24) ND (<0.24) ND (<0.24) ND (<0.24) ND (<0.24)
ND (<0.33) ND (<0.33) ND (<0.33) ND (<0.33). ND (<0.33) ND (<0.33) |
1,2-Dichioroethane ND (<0.13) ND (<0.13) ND (<0.13) ND (<0.13) ND (<0.13) ND (<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 : ND (<0.87) ND (<0.87) ND (<0.87) ND (<0.87) ND (<0.87)
2:Cl thylVinylether ND (<0.80) ND (<0.80) ND (<0.80) ND (<0.80) | ND (<0.80)
LND(<032) ) ND(<0.32) | ND (<0.32) ND(<0.32) 1 ND (<6.32)
4 ND (<0.28) ND (<0.28) ND (<0.28) ND (<0.28) ND (<0.28)
Acetone ND (<2.7) ND (<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)
....... ND (<2.1) ND (<2.1) ND (<2.1) ND (<2.1) NO (<2.1) ND (<2.1)
ND (<0.27 ND (<0.27) “ND (<0.27) ND (<0.27) ND (<0.27) ND (<0.27)
Bromodichloromethane - ND (<0.15) ND (<0.15) ND (<0.15) ND (<0.15) ND (<0.15) ND (<0.15)
Bromoform ND (<0.15) ND (<0.15) ND (<0.15) ND (<0.15) ND (<0.18) ND (<0.15)
[gromomethane ND (<0.31) ND (<0.37) ND (<0.31) ND (<0.37) ND (<0.37) ND (<0.31)
Carbon Disuifide ND (<0.27) ND (<0.27) ND (<0.27) ND (<0.27) ND {<0.27)° ND (<0.27)
Carbon Tetrachioride ND (<0.21) ND (<0.21) _ND (<0.21) ND (<0.21) ND (<0.21) ND (<0.21)
Chiorobenzene ND (<0.28) ND (<0.28) “ND (<0.28) ND (<0.28) ND (<0.28) ND (<0.28)
Chioroethane ND (<0.49) ND (<0.49) ND (<0.49) ND (<0.49) ND (<0.49) ND (<0.49)
Chioroform 2.4 2.2 19 2.0 2.4 24
Chioromethane ND (<0.51) ND (<0.51) ND (<0.51) ND (<0.51) ND (<0.51) ND (<0.51)
Cis-1.2-Dichioroethene 9.6 9.8 9.1 7.3 1.4 ND (<0.27)
Cis-1,3-Dichloropropene ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18)
Dibromochioromethane ND (<0.22) ND (<0.22) ND (<0.22) ND (<0.22) ND (<0.22) | ND (<0.22)
Ethylbenzene ND (<0.58) ND (<0.58) . ND (<0.58) ND (<0.58) ND (<0.58) ND (<0.58)
m- & p-Xylenes ND (<0.90) ND (<0.90) ND (<0.90) ND (<0.90) ND (<0.90) ND (<0.90)
Methylene Chioride ND (<1.5) ND (<1.5) ND (<1.5) ND (<1.5) ND (<1.5) ND (<1.8)
o-Xylene ND (<0.52) ND (<0.52) ND (<0.52) ND (<0.52) ND (<0.52) ND (<0.52)
Styrene ND (<0.44) ND (<0.44) ND (<0.44) ND (<0.44) ND (<0.44) ND (<0.44)
Tetrachioroethene ND (<0.30) ND (<0.30) ND (<0.30) ND (<0.30) ND (<0.30) ND (<0.30)
Toluene ND (<0.19) ND (<0.19 NO (<0.19) ND (<0.19 ND (<0.19 ND (<0.19)
Trans-1,2-Dichioroethene ND (<0.34) ND (<0.34 ND (<0.34) ND (<0.34 ND (<0.34 N (<0.34)
Trans-1,3-Dichioropropene ND (<0.23) ND (<0.23 "ND (<0.23) ND (<0.23 ND (<023 ND (<0.23)
Trichioroethene 220 \ 220 200 180 77 2.0
Vinyi Chioride ND (<0.55) ND (<0.55) ND (<0.55) ND (<0.55) ND (<0.55) ND (<0.55)
Sodium Permanganate ND (<300) * ND (<300) ND (<300) ND (<300) 1,420 3,390 -
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Mr. Vernon D. Logan SN
Subcontract Administrator

Morrison Knudsen Corporation : ~ ERM.
MK Ferguson Group

Weldor\ Spring Site Remedial Act1on 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- OOOO 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.
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The goal of using insitu chemical oxidation (ISCO) 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 aesign for the WSSRAP bench scale chemical

oxidation treatability study consisted of five phases of work. These
phases were as follows:

Environmental
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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);
Total Organic Carbon ( US EPA SW846 Method 9060 );
Nitroaromatics (US EPA SW846 Method 8330);

Nitrate (US EPA SW846 Method 9056); and

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 );
Dissolved Uranium ( US EPA SW846 Method 908 );
pH (US EPA SW846 Method 9040 );
Total Organic Carbon (TOC) ( US EPA SW846 Method 9060 );
Chemical Oxygen Demand (COD) (MCAWW Method 410.1);
Alkalinity as Carbonate (MCAWW Method 310.1); and
Alkalinity as Bicarbonate (MCAWW Method 310.1).

® & © © © © ¢ o o

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

(i ——
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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 /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 /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 thatthe 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 ug/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.

"Environmental
Resaurces
Management -
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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. o

" 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 II - 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 Experiments

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 = 0” 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 expenmental 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 duphcate 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 /L), while
the TCE concentrations in the permanganate-treated samples were
below the PQL of 10 /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).
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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 u/mL nitroaromatic mixture. This
volume of spiking solution theoretically resulted in a final
concentration of 10 u/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 orily 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 u/L, except
for RDX (present at only 0.4 u/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 u/L),
while the persulfate-treated samples were below the PQL of 10 LL/ L and
atan estlmated 2 u/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 persulfate 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 u/L, except for
RDX (present at only 0.4 u/L) and tetryl (present at only 0.49 u/L). In
the “Time Final” control, 6 of the 14 nitroaromati_c.compounds were
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present below the PQLs, 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 con51dered when
interpreting the experimental results.

Total Weathered Bedrock Permanganate Demand

This standard demand test was performed separately on pfocesse_d
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
shownin Table4-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 pefformed 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

L L L LA
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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- wexoht 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.

Environmental
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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 mL 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 slurry 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).

Environmental
Resources
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Data from the experimenté 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 Perrnanganate 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 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
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 samplesby 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 sodium 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, Tlme 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 (Tlrne 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 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 = 0” 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 matnx
demand and contammant solubilization);

8. 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/L, 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 pg/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.

Bédrock Matrix Demand

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
ug/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
trinitrobenzene 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. Asshown 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 g /L to less than 1
ug/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 ox1datlon 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**) both oxidants are strong
enough to oxidize it to the +6 state: :

U+ + 2H,0 — UOpt* +4H* + 2= Eo = -0.334V

With permanganate oxidation, the uranyl ion (UO2*?) would most hkely
form an insoluble hydroxide [UO2(OH).]. Additionally, uranium
concentrations may decrease when using permanganate through
uranium binding to MnO: formed as a byproduct of permanganate
oxidation. With persulfate a more soluble uranyl sulfate (UO250a)
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.

Analyticalv 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 OLM04.2 is 10 ug/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 w/L to less than 10 u/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 1n51tu chemical oxidation on a laroe 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 likely
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.

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

e Permanganate effectively oxidizes TCE, the primary COC;

» Permanganate appears to oxidize trace levels of some nitroaromatic
~ constituents;

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

e 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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o 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,

Wit

George J. Skladany
Program Director
ERM Remediation Technology Group

i

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

Alan J. 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
Aralvte Ground Water (GW3034) Bedrock (BR3034) Bedrock (BR3035)
: i Concentration Notes * Concentration Notes * Concentration Notes *
Volatiles (ug/L or ug/kg)
Acetone 36 8 JB 4 JB
Methyl acetate 28 DJB 11y U 11 u
trans -1,2-Dichloroethene 1 ] 11 U 11 U
cis -1,2-Dichloroethene 20 11 U 11 U
"2-Butanone o e - 10 U 11 U o JB
Chloroform 1 ] 11 U 11 u
Trichloroethene 640 DB 11 9} 11 u
4-Methyl-2-pentanone 12 D] 1] U 11 9]
2-Hexanone BT DjB 1n U 11} U
Bromoform 6 DJ 11 U 11 U
1,1,2,2-Tetrachloroethane 13 DjB 11 U 11 U
1,2-Dibromo-3-chloropropane 35 DJB 11 U 11 U
Nitroaromatics (ug/L or ug/kg) .
HMX 32 ) 0.25 U 0.25 9)
1,3,5-Trinitrobenzene 1.6 U 0.25 9} 0.25 U
RDX 4.0 U 0.25 U 0.25 U
_1,3-Dinitrobenzene ) e 16/ U 0.25 9] 025 U
" 2,4,6-Trinitrotoluene 32 U 0.25 6] 0.25 U
Tetryl 32 U 0.50 0§ 0.50 U
Nitrobenzene 24 6] 0.25 U 0.25 U
|_2,4-Dinitrotoluene o 4.0 U 0.25 U 025 U
"2,6-Dinitrotoluene 40] U 0.50 U 0.50 U
2-Amino-4,6-dinitrotoluene 48| U 050 U 0500 U
4-Amino-2,6-dinitrotoluene 32 u 0.50 U 0.50 9
__2-Nitrotoluene o 40| U 050 U 050 U
4-Nitrotoluene 4.0 u 0.50 U 0.50 U
3-Nitrotoluene 32l U 050, U 050 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 26.4 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 £ 0.11
* 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 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-A. Treatment with Potassium Permanganate for Seven Days

Analyte c Time=0 Time Fir}al Control Permangafxate-'l'reated .
oncentration Notes * Concentration Notes * Concentration Notes *
Volatiles (ug/L) .
Acetone 4 JB 10 8] 18 B
e duplicate 5 JB 50 U B’ B
Methyl acetate R Tl T TTTTTT0l U 10 U’
_ - e _ duplicate 100 U 50 U 10 U
trans -1,2-Dichloroethene - 1 j 2 ] 10 U
i duplicate] 1 ] 50U .U
cis -1,2-Dichloroethene 18 20 10f U
e Auplicate| 16 ) 16 J 1 v
Chloroform 1 J 1 ] 3 JB
SO Suplicate| e : 50| U 0 .U
Trichloroethene 510 DB TTe0 T DB ] T
- . duplicate 540 | DB 500 101 U
Tetrachloroethene 10 U 10 U ST T
duplicate 7 ] 50 U 10 U
Xylene (total) 10 U 10 U 10 U
— e duplicate 5 B 10 U
1,3-Dichlorobenzene 10 U 10 U 10U
e e Guplicate| e 5 JB_. 0 U
1 /4-Dichlorobenzene 10 u 10 8) Tl o
B duplicate 6 JB 100 U
1,2-Dichlorobenzene 10 U 10 8) BT | R ¢
duplicate 7 JB 100 U
" 1,2-Dibromo-3-Chloropropane 100 U 10 U 10 U
duplicate 5 JB _ 100 U
1,2,4-Trichlorobenzene 10 U 10 18] 0 U
duplicate 13 ]B 10 U
® Notes:

U: The compound was analyzed for, but not detected at the Practical Quantxtatxon 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 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 Tin'le =0 Time Fix?al Control Persulfa.te-Treat?d
Concentration Notes ® Concentration Notes ® Concentration Notes *
Volatiles (ug/L)
Acetone 4 JB 10 U 48
. . Auplicate 5 |} JB f %0 U_ L g
Methyl acetate 10 U 10 U 10 U
o e duplicate 10 U 50 U 100 U
trans -1,2-Dichloroethene B R S J 2 ] 10 U
. duplicate 1 ] 50 U 10U,
cts -1,2-Dichloroethene T 18 20 10 U
. duplicate] 16 | J._.|...._16 ] L 0 U
Chloroform . 1 ] 1 ] 1 J -
e e e Auplicated 50U -
Trichloroethene 510 DB 490 DB 2 ]
I wowe. . duplicate] 540 | DB 500 0] U_
Tetrachloroethene i Tl U 10 U 0T
duplicate 7 ] 50 U 10 U
Xylene (total) 1000 U 10 U 100 U
. ] e duplicate 5 5 JB 10 U
1,3-Dichlorobenzene 10U 10 U | 100 U
_. . _duplicate] 5 | I8 - 100 U
1,4-Dichlorobenzene 10 6) 10 8] 10 U
___duplicate 6 JB 100 U
1,2-Dichlorobenzene 10 G 10 u 10| T U
' duplicate 7 JB 10 U
1,2-Dibromo-3-Chloropropane 10 6) , 100 U 100 U
[ =  duplicate 5 JB 10f U
1,2,4-Trichlorobenzene ' , 107 U 10f U 107 U
duplicate 13 IB 2 , B

* 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 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 Project

[nsitu 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 Naotes * Concentration Notes *
Nitroaromatics (ug/L) -
HMX 9.1 ] 4.8 U 38 U
1,3,5-Trinitrobenzene 71 2.4 0 1.9 U
RDX 0.4 P 6.0 u. 48 U
_.L3-Dinitrobenzene 74 : 57 S .
2,4,6-Trinitrotoluene B i 30 I 38| U
Tetryl 0.49 JP 18| U 38 U
Nitrobenzene 6.4 J 7.6 5.1 P
_ 2,4+ Dinitrotoluene 8.8 ] 8.0 2.2 el
2,6-Dinitrotoluene 75 i 74 52
2-Amino-4,6-dinitrotoluene 8.0 I 7.1 ' ] 571 U
4-Amino-2,6-dinitrotoluene 8.6 J 4.8 U 3.8 u
_ZNitotoluene — 8.0 pl 7.2 . 28] P
4-Nitrotoluene 81 ] 60U | 48" U
3-Nitrotoluene 6.8 P 7.7 3.8 U
Other Parameters
Nitrate (mg/L) 740 776 - Not analyzed **.
Uranium (ug/L) 4,00 £ 0.54 4.16 + 0.56 0.88 + 0.12
3-B. Treatment with Sodium Persulfate for Seven Days
Analyte Time =0 Time Final Control Persulfate-Treated
Concentration Notes » Concentration Notes * Concentration Notes *
INitroaromatics (ug/L) '
HMX 91 ] ‘ 48[ U 38 U
1,3,5-Trinitrobenzene 71 2.4 U 7.7
RDX 0.4 JP 6.0 6] 4.8 U
1.3-Dinitrobenzene 5 74 5.7 T D T )
2,4,6-Trinitrotoluene 6.3 ] 3.0 3.7 JP
Tetryl 0.49 P 4.8 8 3.8 )
Nitrobenzene 6.4 ] 7.6 238 U
2,4-Dinitrotoluene o 8.8 ] 8.0 48 U
2,6-Dinitrotoluene 7.5 J 74 4.8 u
2-Amino-4,6-dinitrotoluene 8.0 ] 71 J 5.7 u
4-Amino-2,6-dinitrotoluene 8.6 J 4.8 U 3.8 U
2-Nitrotoluene B L 80 - J 72 a8l U
4-Nitrotoluene .8.1 ] 6.0 U 4.8 u
3-Nitrotoluene 6.8 JP 7.7 3.8 U
Other Parameters
Nitrate (mg/L) 740 776 Not analyzed **
Uranium (ug/L) 4.00 £ 0.54 4.16 £ 0.56 6.18 + 0.84
* Notes:

U: The compound was analyzed for, but not detected at the Practical Quantitatibn 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 two HPLC columns. The lower of

the two 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 0.15 to 0.31

4-B. Sodium Persulfate After 15 Days

Demand
Bedrock (g/kg wet-weight bedrock).
BR303Z . <0.05

BR3035 <0.09




) ’ 1F EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET '
TENTATIVELY IDENTIFIED COMPOUNDS

' Lab Name: COMPUCHEM Contract: OLMO04-REVS SHS03atont.
Lab Code: LIBRTY Case No.: SAS N:o.: SDG No.: V1971
Matrix: (soil/water) WATER Lab Sample ID: V1971-1
Sample wt/vol: 5 - (g/mL) ML ) Lab File ID: V1871-1DASS
Level: (low/med)" Low } Déte Received: 04/10/01

% Moisture: not dec.

Date Analyzed: 04/13/01

GC Column::EQUITY624 ID: 0:53° {(mm) - - Dilution Factor: 5.0
Scil Extract Volume: _ - (ul) - Soil Aliquot Volume: (uL)

) C ’ o - CONCENTRATION UNITS:

Number TICs found: 0 T (ug/L or ug/Kg)*-UG/L
CAS NUMBER ' *  COMPOQUND NAME . RT EST., CONC. Q

B T E E g e e e e e e P T N Y T N T T P T 1
3
FORM I ,VOA-TIC OLM04.2

810@ : - RIBINJNOD 040V L& 6T6 YV 9¢:GT T0/LT/0

[T



1B EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM ' " Contract: OLMO4-REVS G303 2T0DL
Lab Code: LIBRTY  Case No.: . SAS No.: SDG No.: V13971
Matrix: (soil/water) WATER ‘ Lab Sample ID: V1971-1

Sample wt/vel: . S -(g/mL) MLT Lab File ID: <V1971-1DASS
revel: (low/med) LOW ' . Date Received: 04/10/01

& Moisture: not dec.’ " . Date Analyzed: 04/13/01

GC Column: EQUIT’f624 ID: 0.53 (mm) . Dilution Factor: 5.0

Soil Extract Volume:_ ':(uL) ,;; Soil Aliquot Volume: __  (uL)

CONCENTRATION UNITS:

CAS NO. .. COMPOUND. - = - . o (ug/L or ug/Xg) UG/L Q
79-01-6 .Trichloroethene - T - 510 DB
108-87-2 Methylcyclohexane . : 50 [§]
78-87-5 1,2~Dichloropropane 50 U
75-27-4 Bromodichloromethane 50 U
10061-01-5 cis-1,3-Dichlorépropene 50 U
108-10-1 4-Methyl-2-Pentanone 50 U
108-88-3 Toluene 50 U
10061-02-6 trans-1l,3-Dichloropropene . 50 U
79-00~-5 1,1,2-Trichloroethane 50 9]
127-18-4 Tetrachlorocethene - - 50 U
591-78-6 2-Hexanone . 50 U
124-48-1 Dibromochloromethane : 50 U
106-93-4 1,2-Dipromoethane - 50 U
108-90-7 Chlorobenzene 50 U
100-41-4 Ethylbenzene .50 U
1330-20-7 Xylene (Total) 50 U
100-42-5 Styrene 50 U
75-25-2 Bromoform 50 U
98-82-8 Isopropvlbenzene . 50 U
79-34-5 1,1,2,2-Tetrachloroethane 50 U
541-73-1 1,3-Dichlorobenzene . i j 50 U
106-46-7 1l,4-Dichlorgbenzene i ; 50 U
95-50-1 1,2-Dichlorobenzene P 50 U
96-12-8 1,2-Dibromo-3-Chloropropane 50 U
120-82-1 | 1,2,4-Trichlorobenzene 50 | U
FORM I VOA-2 . OLMO04 .2

21
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Table 5. Bedrock Solubilization Tests for S-econdary COCs

Weldori 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 Dazs

Analyte Tint\e =20 Time Final Control Permanganate-Treated Persulfate-Treated
Concentration Notes *, Concentration Notes * Concentration Notes * Concentration Notes *
Nitroaromatics (ug/L) i
HMX 9.7 U 32 u 6.4 u 16 &
1,3,5-Trinitrobenzene 4.9 U 1.6 U 3.2 u 08{ U
-RDX 124U 4.0 U 8.0 u 200 U
13-Dinitrobenzene } 49 ) 16| U 321 U 08 U
2,4,6-Trinitrotoluene B4 N 7 Y I S A ed|lT U “el U T
Tetryl 9.7 u 3.2 u 6.4 u 1.6 u
Nitrobenzene 7.3 U 2.4 8] 4.8 U 12 §]
2,4-Dinitrotoluene 12 U 40 U 80| U 200 U
2,6-Dinitrotoluene - 12 u 4.0 U 80| U 20 u
2-Amino-,6-dinitrotoluene 14 U 1.8 U 9.6 U 24 U
4-Amino-2,6-dinitrotoluene u 32 U 6.4 U 1.6 U
_ZNitrotoluene s 1%} 40; U 8ol U 200 U
4-Nitrotoluene U a0l U 80| U 200
3-Nitrotoluene U- 32 9 6.4 U 1.6 U
Other Parameters
Nitrate (mg/L) 19.2 1204 Not analyzed ** 233
Uranjum (ug/L) 0.16 £ 0.02 0.82 0.11 2.16 = 0.25 6.23 + 0.85
5-B. Treatment of Bedrock 3035 with Permanganate or Persulfate for Seven Days
Analyte Time =0 Time Final Control Permanganate-Treated Persulfate-Treated
Concentration Notes * Concentration Notes * Concentration Notes * Concentration Notes *
Nitroaromatics (ug/L)
HMX 10 u 18 U 26| U 2.0 ]
1,3,5-Trinitrobenzene 51 U 09] U 13| U 10|, U
RDX 13 U 22 U 3.2 U 25 U
1,3-Dinitrobenzene e 5.1 U 0.9 u 13 v Vo 1.0 U
2,4,6-Trinitrotoluene 10 U 1.8 U 2.6 §) 200 U
Tetryl 100 U 1.8 U 2.6 U 20( U
Nitrobenzene 77f U 14 ) 2 U 15 u
24Dinitrotoluene .} o oowlou fo 22 u} 32 U f 25 U
2,6-Dinitrotoluene 13U TR T U | 32U 25| U
2-Amino-4,6-dinitrotoluene 15 u 2.7 u 39 U 3.0 U
4-Amino-2,6-dinitrotoluene 10 U 1.8 U 26 9] 20 u
2Nitrotoluene e o B 22| U 32{ U 25|y
4-Nitrotoluene 13 u 2.2 U 3.2 U 25 U
3-Nitrotoluene 10 U 1.8 U 2.6 U 2.0 U
Other Parameters
Nitrate (mg/L) 7.68 8.7 Not analyzed ** 8.75
Uranium (ug/L) .0.19 £ 0.03 1.96 £ 0.26 ] 2.16 + 0.30 343+ 0.46
* Notes:

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

4

is of the sample or

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

** Not analyzed: Matrix interferences precluded proper analysis
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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

Y

Analyze
for VOAs

React ground water with 5,000 mg/L
potassium permanganate for 7 days

Analyze
for VOAs

"Control" ground water
(no permanganate) for 7 days

Analyze
for VOAs

Persulfate Efficiency Test

React ground water with 11,150 mg/L
sodium persulfate and 500 mg/L of
ferrous iron for 7 days

Analyze
for VOAs




Figure 2. Oxidation Efficiency Tests for Secondary COCs

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

T S

Permanganate Efficiericy Test™

nitroaromatics mixture

Spike ground water with nitroaromatics
mixture; react ground water with
5,000 mg/L of potassium
permanganate for 7 days

nitroaromatics mixture.only for 7 days

Persulfate Efficiency Test

Spike ground water with nitroaromatics

11,150 mg/L sodium persulfate and
500 mg/L ferrous iron for 7 days

“Time = 0" ground water sample spiked with|

Analyze for nitroaromatics,
nitrate, and dranium

Analyze for nitroaromatics,
nitrate, and uranium

"Control" ground water spiked with l

Analyze for nitroaromatics,
nitrate, and uranium

mixture; react ground water with
e —>

Analyze for nitroaromatics,
nitrate, and uranium




Figure 3. Bedrock Total Oxidant Demand Tests
Weldon Spring Site Remedial Action Project

- Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-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
centrifuge tubes; react slurries with various
concentrations of sodium
persulfate for 15 days

i b SR A e

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

Y

Céntrifuge; test supernatants
for residual persulfate using
colorimetric test
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" Figure 4. Bedrock Solubilization Tests for Secondary COCs

Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing

© 2-May-01

' Permanganate Solubilization Test

il sample'constructed DT Centrifuge slurry into distinct’ Analyze aqueous fraction for
C
of bedrock with 1,500 mL of distilled water; +—— ) & y o —» . y . 1 . .
. - solid and aqueous fractions nitroaromatics, nitrate, and uranium
mix for one hour
1,50 - . " ‘ .
disltﬁ?;:lifr)gtgrojtb;(i :)g:)kn?;;jL of ;())or:lI;s(i)lfxm . Cen.trlfuge slurry into dl.f;nnct ! . Analyze‘aqmtous fraction fur'
3 solid and aqueous fractions nitroaromatics, nitrate, and uranium
permanganate for 7 days -
"Timé Final" control constructed by reacting - - — ' -
A f act
. 300 g of bedrock with 1,500 mL of distilled |— Cen-tnfuge slurry into dlétmct L ' nalyze'aquelous raction for.
solid and aqueous fractions nitroaromatics, nitrate, and uranium
water only for 7 days
Persulfate Solubilization Test
React 300 g of bedrock and 1,500 mL of - . — :
trif to distinct A Z racti
izl hwalen AU5E 000 e /1 of codite) Cen.rl uge slurry into _ . nalyLe.aque.ous fraction for‘
) solid and aqueous fractions nitroaromatics, nitrate, and uranium
persulfate (no iron added) for 7 days .




APPENDIX A

LABORATORY ANALYTICAL REPORTS



1 EPA SAMPLE NO.
VOLATILE ORGANICS. ANALYSIS DATA SHEET

o . | BR3034EIM
Lab Name: COMPUCHEM . Contract: OLMQ04-REVS
Lab Code: LIBRTY  Case No.: . 8AS No.: SDG No.: Q1971
Matrix: (soil/water) SOIL L Lab Sample ID: Q1971-1
sample wt/vol: 5.0(g/mL) G . Lab File ID: Q1971-1RBSS
ﬁevel: (low/med) LOW : _  ‘ _ Date Received: Q4/OZ/Ol
% Moisture: not dec. 5 .:_ -'. : Date Analyzed: 04/05/01
GC Column: EQUITY624 ID: 0.53 (mm) . Dilution Factor: 1.0
Soil Extract Volume: (ul): . Soil Aliqﬁot Volumé: __ (um)

| L . CONCENTRATION UNITS :
CAS NO. COMPOUND = -t .. . .. (ug/L or ug/Kg) UG/XG O

75-71-8 Dichlorodifluoromethane
74-87-3 Chloromethane = _

75-01-4 Vinyl Chloride

74-83-9 Bromomethane

75-00~3 Chloroethane

75-69-4 Trichlorofliuoromethane

75-35-4 1,1-Dichloroethene

76-13-1 1,1,2-Trichloro-1,2,2- trlfluoroetﬁéne

67-64-1 Acetone

75=15-0 Carbon Disulfide

79-20-9 Methyl Acetate

75-09-2 Methylene Chloride

156-60-5 trans-1,2-Dichloroethene

1634-04-4 Methyl-tert-butyl ether

5.34-3 1,l-Dichloroethane

156-59-2 cis-1,2~Dichloxrocethene

78~93-3 Z2~-Butanone

- 67-66-3 Chloxroform

) 71-55-6 1,1,1-Trichloroethane

| 110-82-7 Cyclohexane

56-23-5 Carbon Tetrachloride

71-43-2 | Benzene

H
’.J
cccccccdqqcccqécchcdcq

107-06-2 1,2-Dichloroethane

FORM I VOA-1

2000 RIHONANOD

OLM04 .2

0Loy 6L¢ B8T6 YVd €2:9T T0/€0/¥0




(

- 1B . : E2A SAMPLE NO.
VOLATILE ORGANICS- ANATLYSIS DATA SHEET

' “HEM T : BRI034ERM |
Lab Name: COMPUCHEM Contract: OLM04-REVS _4
Lab Code: LIBRTY Case No. : SAS No.: 8DG No.: Q1571

Matrix: (soil/water) SOIL Lab Sample ID: Q1571-1

5.0(g/ml) G- Lab File ID: Q1971-1RBSS

Sample wt/vol:

Level: (low/med) LOW Date Received: 04/02/01
% Moisture: not dec. 5 Date Analyzedﬁ 04/05/01.
GC Column: EQUITY624 ID: 0.53 (mm) - Dilution Factor: 1.0

Soil Extract Volume: ‘”(ﬁl) Soil Aliquot Volume: (uL)

" ) CONCENTRATION UNITS:
COMPOUND i

CAS NO. " (ug/L or ug/Kg) UG/XG Q
75-01-6 Trichloroethene . . 11 U
108~87-2 Methylcyclonexane : ] 11 U
78-87~% 1,2-Dichloropropane 11 U
75-27~4 Bromodichlorometnane 11 U
10061-01-5 cis-1,3-Dichloxopropene 11 U
108-10-1 4-Methvl-2-Pentanone S 11 U
108-88-3 | Toluene 11 U
10061-02-6 trans-1,3-Dichloropropene 11 U
79-00-5 1,1,2-Trichloroethane 11 U
127-18-~4 Tetrachloroethene ' 11 g
591-78-6 2-HeXanone ] i 11l U
124-48-1 Dibromochlioromethane i - 11 U
106-93-4 1,2-Dibromcethane , 11 U
108-90~-7 Chlioronenzene : 11 U
100-41-4 Ethyibenzene . 11 U
1330-20-7 | Xylene (Total) 11 U
100-42-5 | Styrene 11 |9
75-25=-2 BromoIorm 11 [#]
98-82-8 Isopropylbenzene , , 11 U
79-34-5 1,1,2,2-Tetrachloroethane 11 9]
541-73-1 1,3-Dichlorobenzene 5 : 11 U
106-46-7 1,4-Dichlorobenzene . 11 U
95-50-1 | 1,2-Dichlorcbenzene ] Co 11 U
06-12-8 1,2-Dibromo-3-Chloropropane : i1 U
120-82-1 1,2,4-Trichnlorobenzene . 11 U

FORM I VOA-2 OLM04 .2

ennm TIRNNATND oLot gL¢ 816 YV4.£2:9T T0/€0/V0




1B

cC =XTRACTABLE ORGANICS RNALYSIS DATA SHEET

'Lab Name: COMPUCHEM - Contract:

nab Code: LIBRTY  Case No.: . SAS No.: SDG Ne.: Q1571
Matrix: (soil/water) SOIL o Lab Sample ID: Q1871-1
Sample  wt/vol: 2.0 (g/mL) G ; ' Lab rile ID:

% Moisture: O . _decan:edé.(Y/N);N, Date Receiwved: 04/02/0L

Extraction: (SépF/Cont/SonC)lsoNc

Date Extracted:04/02/01

Concentrated Extract Volume: - 10000(ul) Date Analyzed: 04/04/01
Injection Volume: 25.0 (uL) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N PH: : Sulfur Cleanup: (Y/N) N

CONCENTRATION UNITS:

CAS NO. COMPOUND (ug/L or ug/Kg) MG/KG Q
2691-41-0------- HMX 0.25|U
99-35«4~-~-----= 1,3,5-Trinitrobenzene 0.25|U
121-82-4-----=-~- RDX . 0.25{U
99-65-0~-==-=---- 1.3 Dlnltrobenzene 0.25|0U
118-96-7-----~=~~= 2,4,6- Tr1n1trocoluene 0.25|0
479-45-8---==-~~ Tetryl 0.501|U
58~B5-3-~==-==o-Nitrobenzene 8.25 |4
121-14-2-v=w==~- 2,4-Dinitrotoluene 0.25|U0
6§06-20-2------=--2,6-Dinitrotoluene 0.50|U
35572-78-2-~=--~- 2-Amino-4,6-dinitrotoluene 0.50|U
1546-51-0-=~--~- 4-Amino-2,6- dlnltroLoluene ' 0.50(0
88-72-2~~==n-—--- 2- Nltrotoluene 0.50|U
99-99-0~=--=---~-- 4 ~Nitrotoluene 0.50{U
§9-Q08-1-------=~ 3-Nitrotoluene 0.50]|U

c00

FORM I PEST -

WIEONINOD

0L07 BL€ 8T8 YV £Z:GT

T0/60/%0




VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMDUCHEM

Case No.:

Lab Cods: LIBRTY

Matrix: (soil/water) SOIL

- 1A

. Contract: OLMO4-REVS

. SAS No.

Sample wt/vol: S.Q(g/mL) G
Level: (low/med) LOW '

¢ Moisture: ﬁot dec. 10

GC Column: EQUITY624 ID: 0.53 (dm)

Soil Extract Volume:

COMPOUND

" taly

EPA SAMDLE NC.

ER3035ERM
SDG No.: Q1571
- Lab Sample ID: Q13971-2
Tab File ID: Q1971-2B55

Date Received: 04/02/01

Date Analyzed: 04/05/01
Dilution Factor: 1.0

Soil.Aliquot Volume: (uL)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/KG Q
75-71-8 Dichlorodifluoromethane 11 U
74-87-3 Chioromethane LI ]
75-01-4 Vinyl Chloride 11 U
74-83-~9 Bromomethnane Atk U
. 75-00-3 | Chloroethane 11 U .
75-69-4 Trichlorcfluoromethane 11 [¥]
75-35-4 1,1-Dichloroethene 11 U
76-13-1 1,1,2-Trichlorxo-1,2,2-triflucroethane 11 U
67~64-1 Acetone 4 JB
75-15-0 Carbon Disulfide ‘11 U
79-20-9 Methyl Acetate 11 U
75-09-2 Methylene Chloride 11 U
156-60-5 trans=-1,2-Dichloroethene 11 U

1634-04-4 Methyl-tert-butyl ether 11 | U
75-34-3 1,1 -Dichloxoethane 11 U
156~59-2 c1s8-1,2-Dichloroethene 11 U
78-93-3 2-Butanone 2 JB
67-66-3 Chloroiorm 11 | U
71-55-6 1,1,1l-Trichloxrocethane 11 U
110-82-7 Cyciohexane 11 U
56-23-5 Carbon Tetracnloride 11 U
71-43-2 Benzene ¥ 11 U
107-06-2 1,2-Dichlorocethane 11 U

500

FORM I VOA-I1

RIH2NdROD

" QLMQ4.2

nLoy 6. 818 XVd-€Z¢9T T0-60/70




. .13 ERPA SAMZLE NG
VOLATILE QORGANICS. ANAI,YSIS DATA SHZZT
. SR30252RM
Lab Name;'CDMDUChE Contract: OLM0O4-REVS |
Lab Code: LIBRTY Case No.: SAS No.: SDG No.: Q1571
Matrix: (soil/water) SOIL Lab Sample ID: Q1971-2
Sample wt/vol: 0 (g/mL) G Lab File ID: Q1971-2BS5
Level (low/ﬁed) LOwW g » .Date Received: 04/02/01
3 Moisture: not dec. 10 Date Analyzed: 04/05/01
GC Column: EQUITYS24 ID: 0.53 (fmm) Dilution Factor: 1.0
Soil Extract Volume: (ul) . Soil Aliquot Volume: (uL)
CONCENTRATION UNITS:
CAS NO. COMPOUND ; (ug/L or ug/Kg) UG/KG Q.
79-01-6 Trléhloroethenéz- - 11 [§]
103-87-2 Methylcyclohexane 11 U
78-87-5 1,2-Dichlorcpropane 11 U
75-27-4 Bromodichloromethane 11 U
10061-01-5 cis-1,3-Dichloropropene 11 U
108-10-1 4-Methyl-2-Pentanone 11 U
108-38-3 Toluene 11 [3]
10061-02-6 trans-1,3- chhloronropene 11 U
79-00-5 1,1,2- Trlchloroethane 11 U
127-18-4 Tetrachloroethene .11 .U
551-78-6 2-Hexanone 11 U
1224-48-1 Dibromochloromethane 11 U
106-93-4 1,2-Dibromoethane . 11 U
108~50-7 Chlorobenzene 11 U
100-41-4 Fthylbenzene il 9]
1330-20-7 Xylene (Total) 11 U
100-42-5 Styrene 11 U
75-25-2 Bromoform 11 | U
98-82-8 Isopropylbenzene 11 U
79-34-5 1,1,2,2-Tetrachloroethane 11 U
541-73-1 1,3- chhlorobenzene : 11 U
106-46-"7 1,4-Dichlorcbenzene 1l U
95-50-1 ITI-DLCHIobeenzene 11 U
96-12-8 1,2-Dibromo-3-Chloropropane 11 U
120-82-1 1,2,4-Trichlorobenzene 11 U

SO0 B

FORM I VOA-2 .

WIARINAWND

oLM04 .2

niob 8LE 8T8 YV £7:9T T0-60/70



X

10 ZmEA SAMDLI WU .

GC EXTRACTASLE ORGANICS ANALYSIS DATA SHEET

BR30353ERM

Lab Name: COMPUCHEM ‘ - Contrackt:
Lab Code: LIBRTY Case No. - SAS No. : SDG No.: Q1971
Matrix: (soil/water) SOIL" " Lab Sample ID: Q1971-2
Sample wt/vol:. 2.0 (g/mL) G .~ Lab File ID: '
% Moisture: O decan;ga:'(Y/Nf:N Date Received: 04/02/01
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:04/02/01
Concentrated Extract Volume: 10000-(ul) -Date Analyzed: 04/04/01
~Injection Volume: 25.0 (uL) . Dilution Factor: iHO
GPC Cleanup: (Y/N) N- ’ PH: Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND » (ug/L or ug/Kg) MG/KG Q
2691-41-0-==-=-~--- HMX - 0.25{0
99-35-4-~-------1,3,5-Trinitrobenzene 0.25|U0
121-82<-4~---~-~-~ RDX 0.25|U
899-65-0-~----~-~- 1,3-Dinitrobenzene 0.25|0
118-96-7-------= 2,4,6-Trinitrotoluene 0.25|0
479-45-8---~~ ~=--Tetryl 0.50|U
98-95-3-~-----~= Nitrobenzene 0.25{0
121~12-2~--~—3~=+2 4-Dinitrotcluens 0.25|U0
606-20-2~==--~-~ 2,6-Dinitrotoluene 0.50(U
35572-78~-2---~-~ 2-Amino-4, 6-dinitrotoluene _ 0.50|U
1946-51-0-------4-Amino-2,6-dinitrotoluene_ _ 0.50|U
88-72-2-~--~-==- 2-Nitrotoluene 0.50]|U
99-99-0-~-----=-~ 4-Nitrotoluene 0.50|T
' 99-08-1-----=-=~- 3-Nitrotoluene 0.50|U

FORM I PEST.

€00 RIHONAROD 020F% 8¢ 618 YVd €2:6T T0/S0/¥0




COMPUCHEM

~

04/13/01 17:18 FAX 91? 379 4070 |

TOTAL ORGANIC CARBON (QUAD) ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM - RESULT REPORTING LIMIT
NO. IDENTIFIER NUMBER (mg/Kg) (mg/Kg)
1. BR3034ERM T1971-1 110500 53 L
2

BR303SERM  TI9712 113000 56

BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: "ij.bg,au{\_ /E}Em{ / Date: ! 1 tC"I ‘éx'(ﬂ




NITRATE/NITRITE ANALYSIS

SUMMARY REPORT

ITEM  SAMPLE COMPUCHEM  RESULT REPORTING LIMIT
NO. IDENTIFIER NUMBER (mg/Kg) ~ (mg/Kg)

L. BR3034ERM Q19711 7.63 11

2. BRIO3SERM - QL9712 3.6 1.1

BRL = BELOW REPORTING LIMIT

 Reviewed by/ID#: ‘(O“*bwgi_

qu{j Date: LizSzO;

voom

RIEDNIROD

ex o

0L0% 8L¢ 8T8 Y¥d VZ:ST T0/S0/¥0




Lab Name: COMPUCHE}

Lab Code:

Matrix: (soil/water) WATER
Sample wt/vol: 5

(Low/med)

Level s

LIBRTY.

1B
VOLATIL= ORGANICS ANALYSIS

Case No.: SAS No. :

(g/mL) ML
LOW |

% Moisture: not dec.

GC Column: EQUITY&624 ID: 0.53

501l Extract Volume:

CAS NO.

- (mm)

(un)

COMPOUND

Contract:

Date Receilved:

EPA SAMPLE NO
DATA SHEET i

GW3034ERMDL
OLM04-REVS

SDG No.: R1971

Lab Sample ID: R1971-1

Lab File ID: R1971-1DASS
04/02/01

Date Analyzed: 04/03/01

Dilution Factor: 6.2

Soil Aliquot Volume: (ur)

CONCENTRATION UNITS:

- (ug/L or ug/Kg) UG/L. Q
79-01-6 Trichloroethene . < 640 DB
108-87-2 Methvlcyclohexane 63 U
7T8-87-5 1,2-Dichloropropane 63 U
T5-27-4 Bromodichloromethane 63 U
10061-01-5 cis-1,3-Dichloropropene 63 [$]
108-10-1 4-Methyl-2-Pentanone 12 DJ
108-88-3 Toluene 63 U -
10061-02-~-6 trans-1,3-Dichloropropense 63 [§]
79-00-5 1,1,2-Trichlorocethane 63 U
127-18-4 Tetrachloroethene 63 U
591-78-6 2 -Hexanone : 14 DJB
124-48-1 Dibromochloromethane 63 U
106-93-4 1,2-Dibromoetinane 63 u
108-90-7 Chlorobenzene - 63 U
100-41-4 Ethylbenzene 63 u
1330-20-7 Xylene (Total) 63 U
100-42-5 Styrene 63 U
75-25-2. Bromoform 6 DdJd
98-82-8 | lIsopropylbenzene 63 U
79-34-5 | 1,1,2,2-Tetrachloroethane i3 DJB
S41-73-1 1,3-Dichlorobenzene : 63 U
106-46-7 1,4-Dichlorobenzene 63 9]
§5-50-~1 1,2-Dichlorcbenzene 63 | U
96-12-8 | 1,2-Dibromo-3-chloropropane 35 | DJB
120-82-1 | 1,2,4-Trichlorobenzene 63 | U
-
FORM I VOA-2 OLMO4 .2
800 D WIHOINAWOD nLoF B8LE B8I8 Y¥Vd C2:S¢T TO0/S0-F0




. VOLATILE ORGANICS -

10 ZPA SAMPLE NO.

ANALYSTS DATA SEEET

_ . GW3034EXMDL,
Lab Name: COMPUCHEM - Contract: OLM0O4-REVS
Lap Code: LIBRTY Case No.: ~ SAS No.: SDG No.: R1971
Matrix: (soil/water) WATER Lab Sample ID: R1971-1
Sample wt/vol: 5 {g/mL) ML Lab File ID: R1971-1DAS5
Level: (low/med) Low Date Received: 04/02/01
% Moisture: not dec. Date Analyzed: 04/03/01
GC Column: EQUITY624 ID: 0.53 (ﬁm) Dilution Factor: 6.2
Soil 'Extract Volume: (uL) - Soil Aliquot Volume: (uL:)

: CONCENTRATION UNITS:

CAS NO. COMPQUND (ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodifluoromethane 63 U 4
74-87-3 Chloromethane 63 U
75-01-4 Vinyl Chloride 63 9]
74-33-9 Bromomethane 63 U
75-00-3 Chloroethane 63 U
75-69-4 Trichlorofluoromethane 63 U
75-35-4 1,1-Dichloroethnene 1 63 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluorocethane 63 U
67-64-1 Acetone : . 70 D
75-15-0 Carbon Disulflide 63 [§]
79-20-9 Methyl Acetate 28 DJB
75-09-2 Methylene Chloride 63 U

156-60-5 trang-1l,2-Dichlorocethene 63 U
1634-04-4 Methyl tert-Butyl Ether . 63 U
75-34-3 1,1l-Dichloroethane 63 U
156-59-2 cils-1,2-Dichlorcethene 22 DJ
78-93-3 | 2-Butanone 63 U
87-66-3 Chloroform 63 | U
71-55-6 1,1.1-Trichloroethane 63 U
110-82-7 Cyclohexane 63 U
56-23-5 Carbon Tetrachlorlde T 63 ¥
71-43-2 Benzene 63 U
107-06-2 1,2-Dichloroethane 63 1)
FORM I VOA-1 CLMO4 .2




Matrix: (soil/&ater) WATER
Sample“""Jt“"/vo:l‘:‘4?":-‘~’::"‘~:"'* 10,00 '(gh/~ml) ML
¥ Moisture: decanted: (Y/Nﬁ

BExtraction: (SepF/Cont/Soncf SEPF

1D B

GC EXTRACTABLE ORGANICS ANALYSIS_DATA SHEET

Lab Name: COMPUCHEM . " . Contract:
Lab Code: LIBRTY Case No.:  SAS No.:

1

EPA SAMPLE NC.

GW3034ERM

Lab File ID:

Date Received:

SDG. Mo. :

Lab Sample ID: R1971-1

R1S71

04/02/01

Date Extracted:04/03/01

900

Concentrated Extract Volume: 16000 (ul) Date Analyzed: 04/04/01

Injection Volume: = 25.0(ul) Dilution Factor: 1.0

GPC Cleanup: (Y/N) N - pH: Sulfur Cleanup: (Y/N) N

: : CONCENTRATION UNITS: '
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
S EGL - L= e ~HMX : 3.2|U
99-35-4----=--=~ 1,3,5-Trinitrobenzene 1.610
-121-82-¢--------RDX 4 .00
99-65-0-----~ ~--1,3-Dinitrobenzene 1.61T0
118-96-7-----=-=~- 2,4,6-Trinitrotoluene 3.2|U0
479-45~8--=-~--~ Tetryl 3.2(|0
98-95-3a--c=u--- Nitrobenzene 2.410
121-14~-2--------2,4-Dinitrotoluene 4.0|0
606-20-2~~---~=~- 2,6—pinitrotoluene 4.0|U
35572-78-2--~==~= 2-Amino-4,6-dinitrotoluene 4.8(U
1946-51-0--=--~~ 4-Amino-2, 6-dinitrotoluene 3.210",
88-72=2-~-==-=-= 2-Nitrotoluene B 4.0|U
99-99-0----=-~--- 4-Nitrotoluene 4.0(U
99-08~1-———-7——f3-Nitrotoluene 3.2|U0
FORM I PEST
RIBOAGROD 0L0% 648 8T8 Tvd 7Z:9T T0/G0/P0



FORM I VOA-2

: “1B IPA NO.
VOLATILE ORGANICS ANALYSIS DATA SHEZET :
* |
GW30342ERM
i.ab Name: COMPUCHEM Contract: OLMO04-REVS
Lab Code: LIBRTY Case No.: SAS No. SDG ¥No.: R1971
Matrix: (soil/water) WATE! Lab Sample ID: R1$S71-1
Sample wt/vol: 5 - (g/mL) ML Lab File ID: R1971-1A55S
Level: (low/med) LOW Date Received: 04/Q02/01
Moisture: not dec. - Date Analyzed: 04/03/01
GC Column: BQUITY624 ID: 0.53 (mm) Dilution Factor: 1.0
Soil Extract Volume: (ul) Soil Aliquot Volume: (uL)
CONCENTRATION UNITS:
CAS NO. - COMPOUND (ug/L or ug/Kg) UG/L Q
75-01-6 Trichlozoethene 770 EB
108~87-2 Methylcyvclohexane 10 U
78-87-5 1,2-Dichloropropane 10 9]
75-27-4 Bromodichloromethane 10 U
10061~-01-S cis-1,3~-Dichloropropene 10 U
108~-10-1 4-Methyl -2-Pentanone 10 U
108~88-3 Tolusne 10 U
10061-02-6 trans-1,3-Dichloropropene 10 U
79-00-5 1,1,2-Trichloroethane 10.{ U
127-18-4 Tetrachloroethene 10 U
591~78-6 2-Hexanone 10 u
124-48-1 Dibromochloromethane 10 U
106-93-4 1, 2-Dibromoethane 10 U
108-~-90-7 Chlorobenzene 10 U
100-41-4 Ethylbenzene 10 U
1330-20-7 | Xylene (Total) 10 U
.100~-42-5 Styrene 10 U
75~25-2 Bromoform _ - 10 U
98-82~-8 Igopropylbenzene S 10 U
79-34-5 1,1,2,2-Tetrachlorcethane 10 U
S41-73-1 1,3-Dichlorobenzene. 10 [
106-~-46-7 1,4-Dichlorobenzene 10 U
95-50-1 1,2-Dichloropenzene ’ 10 U
96-~-12-8 1,2-Dibromo-3-Chloropropane 10 i
120-82-1 1,2,4-Trichlorobenzene 10 U

ar o~ TTA ATO TN Y Te Ay T AN BN




1A

EPA SAMPLE NO
VOLATIJH ORCGANICS ‘ANATLYSIS DATA SHEET
- dET e
- - - !
' GW3032ZRM
Lap Name: COMPUCHEM Contract: OLMO04-REVS §
Lab Code: LIBRTY Cage No.: SAS No. SDG No.: R1971
" Matrix: (soil/water) WATER Lab Sample ID: RLS71-1
Sample wt/vol: 5 (g/mL) ML - Lab File ID: R1971-1A5S
Level: (low/med) LOW 4 o Dare Received:¥04702/01
% Moisture: not dec. Date Analyzed: 04/03/01
GC Column: EQUITY624 ID: 0-53 (mm) Dilution Factor: 1.0
Scil Extract Volume: (uL) - Soil Aliquot Volume: (ul)

CONCENTRATION UNITS:

UG/L Q

CAS NO. COMPOUND (ug/L or ug/Xg)
75-71-8 Dichlorodifluoromethane 10 U
' 74-87-3 | Chloromethane 10 1.0
75-01-4 vVinyl Chloride -~ 10 U
74-83-9 Bromomethane 70 T
75-00-3 Chloroethane 10 U
75-69-4 TrlchloroLluoromethane 10 U
75-35-4 I,1-Dichloroethene 10 U
76-13-1 1,1,2-Trichloro-1,2,2- trlfluorerhane 10 U
67-64-1 Acetone - 36
75-15-0 Carbon Disulifide 10 U
79-20-9 Methyl Acetate 10 U
75-09-2 Methylene Chloride 10 4]
156-60-5 trans-1,2-Dichloroethene 1 J

1634-04-4 Methyl tert-Butyl Ether 10 U
75-34-3 1,1-Dichloroethane 10 U
156-59-2 cis-1,2-Dichlorocethene 20
78-93-3 2-Butanone 10 | U
67-66-3 Chloroform 1 J
71-55-6 1,1,1-Trichloroethane 10 U
110-82-7 | Cyclonhexane 10 U
56-23-5 Carbon Tetrachloride 1.0 U
71-43-2 Benzene 10 U
107-06-2 1,2-Dichloroethane 10 U

FORM I VOA-1 OLM04 .2
]
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' APR-04-01 WED 08:26 AM  PARAGON ANALYTICS FAX 0. 970 430 1348 P. 02

'TOTAL URANIUM ANALYSIS RESULTS SUMMARY
By Taser-Inducced Xinatic Phosphorimetry

Lab Nawe: Paragén Analytics, Inc. Date Collected: 03/30/2001

-

Client Name: CoupuChem Pate Analyzed : 04/03/2001

Cliant. Project ID: Weldon Springs

Labh Sample D dSerica: 01-04-001 Sample Matrix 1~ 80IL

[ : . Lab Total TGranium Reporting
Client Samplc ID Sample {34 (ug/g ) Limit Flag
BR3034ERM 04-001-01 [ 06.72 + 0.10 0.10
BR3035ERM 04-001-02 0.84 & 0.11 0.10
Blank 04-001-Bl BDL. 0.10 U
AR30340ERM 04-001-D1 0.78 4. 0.1l1 0.10

L= L HN—_ R e el h T——t '—-J —in B A ——— 'ﬁ_.'&'____'l

Reported Uncertaintiezs ars the Ealiwated Total Propagated
Uauertaintics (20) .,

\
. _ ‘
Ycc PAT SQP 743R3 fov details of UPU determinations.
FLAGS = J - 'Hatimated Valua' - rsoult betwsen Method
: Detection Limit and Reporting Limit. . :
U - 'Nol Datected' - resulb less than Method '
Dateoction Limit.
BDY, = Below Datection Limit; sec method for DL determination. ‘
Remhrks:

Sumpla 01-04-001-D1 is a duplicate of 01-04-001-01.

PRELZINARY RESULTS




04/13/01 17:18 FAX 018 378 4070 COMPUCHEX @003
|
|
ALKALINITY ANALYSIS o e o
SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM RESULT REPORTING LIMIT
NO. IDENTIFIER NUMBER (mg/L) - (mg/L)

1. GW3034ERM U1971-1 230 10

s anes
B¢ R TER RS
S ERAR IR ey

BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: “Qj{:)aeﬁgg . &L(os:] Cowe Nl €k




NITRATE/NITRITE ANALYSIS

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

1. GW3034ERM R1971-1 785 25 -

"BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: ‘Q}*—z)&m}g_ /&L\u{j Date: Z (= ZO; E - C

010 @ : WIFI IR0 0L0V 8L¢ 8T8 YV §Z:¢T T0.80/%0




01713701 17:18 FAXY 918 379 4070  COMPUCEEM @004

CORROSIVITY BY PH ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM RESULT = REPORTING LIMIT
NO.  IDENTIFIER  NUMBER (Standard pH units)  (Standard pH units)
L. GW3034ERM  U1971-1 - 746 N/A

BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: “@)&ﬁ{;ﬁ?\, o / qug;l Date: _Y {[3 fC) EX -




04713701 17:18 FAX 918 378 4070 COMPUCHEX @oaos

TOTAL ORGANIC CARBON ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM RESULT REPORTING LIMIT
NO. IDENTIFIER NUMBER (mg/Ly (mg/L)
1. GW3034ERM U1971-1 69.6 1

' BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: “‘QJJ&M;L /Euoﬂ Date: \{/(3 {0( &X |




PHRHGON ANALYTICS FAX NO. 870 480 1343 ' P.

4pR-04-01 WED 08:26 Aft

TOTAL URANIUM ANALYSIS RESULTS SUMMARY
dy lLaser-Inducad Kinstic Phesphorimetry

Lab Name: Paragon Analytics, Ine. Date Collecte

Client Name: CowpuChein

Cliant Prgjast 1D:

Weldon. Springs |

Sample ID feri

d: 03/30/2001

Date Analyzed':.04/03/2001

Lab es: 01-04-001 Sample Matrix }~WATER
IR e T e R i —
‘ : Lab Total Uranium Reporting
t ulLENt Sample ID Sawple IR (uq/L ) Limit Flag
GWJOJ4MRM 04~-001-~03 3 93 + 0.53 0.20
nlank . 04-001-B2 0.02 + 0 00 0.20 J
CW1034 RM 04-001-D2 3 89 + 52 0.20

Reported Unesrtainties are the Estimated fotal Propagated
Uncartaincies (2d).

e AL 300 743K for details of TPU determinations.
MIAGS - J - ‘Sstimated value' - result betwaen Method
Detoction Limit and Reporting Limit.
U - 'Not Detected' - result less than Method

Datection Limit.
BOL = kelow Datection Limit; sce mecthod for DL determination.

Reinarks:

Saiple 01504—001-D2 is a duplicate of 01-04-001-03.

f3ULTS

PRELINARY R

et

T0/60/V0
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~ 7 .
y v | 2P\ | s 10662 |
0 : SUBCONTRACT CHAIN-CF-CUSTODY §E$O{BD \ &
S COMPUCHEM Projeci Name: . - Samples smpped to: 7Yy YMLIHI/J CompuChem paint-ol-contact (H) aqe. ’51 w{ =
2 adivision of Liery Analyical Corp. N‘/[[iﬂ&l SD“JLIQ_S Comact: 09 \ 3
iz TAT: i Address; Phone: {(819) 379-4100 X_i___ =
- f){- Fax: (919) 379- 4050 \ =
o 501 Madison Avenue <
3 Cary, NC 27513 CLP .7 {Proie T 7~ Samgling camplete? (ForN (see Note 1) | &
g 1-800-833-5087 Disk r?uiremem: [Project Locale (stale) Project-spedific (PS) of Balch (8) QC? _ 1 o
5 ~Surface Water 6. Yulp Blan : T+ Too ~Toa Only . BOX #3 BOX #4 BOX #5 : \ o
o 2. GroundWater 7. OB * B. HNO;+Ice G. Other F- Filtared M- High C-CLP . T-TCLF
7 3, Leachale B. Waste ‘C, NaOH#1ce H. NaHSO,+ Ice U- Unfitered . M- Medium S- SW-BAB . ‘ 2
— 4. Rinsate 9. Othet © . D. ;SO +ice | ZNACHNaOH + fce L-Low W- CWA 600-series ©
» 5. Soll Sediment I Sludge E. Unpraserved J. Methanol O- Other , o
= ' Box ¥1| Hox §2] Box 83] Box #4| Box A& PARAMETERS =
o B | =
4 . 5 <
- s gl g | 5 ks IC t | =
S nt 3 & Remarks  Comments
2 SamPIB D 5 'é g § é j.:‘} 2 Q (se9 Notes 2 & 3) ‘
= slela b gVl B e 21818210 |
- AR AR RN EE-EN AR ENEEL! CGN . !
2 PR 2024E£RM Fz0|m0|  {quy | | sn-| | Umded volamee, |3
= - T g
SUPR20352M || \e ) -2 ! | :
doWzorlerm |V [V [ |me | -2 N B
01-0428 r
-l — e ™~ he
patigh Oftice RALEIGH, NC — |
1798 7eg. 1k
CIIenls Special Instructions: Temperature °C
Lab: Recelved in good condltlon? Y or N _Describe any problems: .
1 Relmguished hﬂslg) h lane 'P)“ yg‘ Data JI‘[QL ¥2 Relinquished by:(slg) Mﬁsﬂ, Oaled) / Z’) laeunqulshed by:(sig) Date:
{Company Name: " Tame; !5- 05 [Company Name: Tﬂp Aaerics L Time:#2:0p [Company Name: Tiena:
W1 Received by:(sigh ﬁﬁ%% Date: [$705 |62 Reoeived by-(sig) /Y- M/ patelolei J2 Rocelvad by:(sin) Dato: &
?;.f Compasty Name: I-' {f dmrfa. -Time: - {Campany Name: Z 150 Time: 4* JCompany Name: Titne: _J ;:-;
£ Hale (1) I "N° |ab ahould batch sampis lo #aaii remalnder of prolec: - meximizing balch size and minimielng QC satic; it Y™ 1ab showld begin processing batohes nowt g
Note {2) Samnples shoul be stored 80 days afier date report malled st no extra chamga =
ticte (3} AfliTab cofies of d21a ahould be relalned tor 8 mbnknusw of 3 years.

Hole (4} Pleae cal poot-of-contad lo vadily feceip! of samples.

Revision O

2-10-

a9




FROM

R00/£00 B

(MON) 4 18 2001 12:UB/91. ISIU/NU JUII4123¢99 1

TESTAMERICA, INC.

mw_m

Client:___ Qﬂ{)vw\w‘\ : BCH c7. 3 o7
Cooler Received On:_ 4\ And Opeéned On: 2 By: MarkBeasley
. (Slgnxm;e) %j—
1. Temperature of Cooler when opened . 5.0 prGREES CELSTUS
2, Were gustody seals on outsxde_ of cooler'rand Intact?..ccecresrnrerasirseses YE@
;. If yes,?'rha.t ldnd and where: ___TAPE '
| b. ‘Were the signatore and date correct?......... .............. S et vims X ...YE@
3 Were custady Seals on containers ftact?...oeinreiisnssrnsissinsnnns ...YE@
4. Were custnd'y papars‘inside 5 [3 15 of (RO ioisasivages Vesesied 2240scatniniy massuissrarsonsh @ NO
-3 Were custody papers properly filled out (Ink,signed,etc)?...ceetescsmerrssrsionss e s 0sene .@ NO
6. Dld yon sign the custody papers in the appropriaace'.’.,.: ....................... B .@ NO
7. What kmd of pnckmg materialwas use, Peanuts Other None
8§ Was Snﬁiuent ice nsed (ifappropmta).. e YE@
9. Did all bottles arrive in good condition( BT 9 L @0
10. Were all bottle Iabels complete (#,date,signed,pres,ete)?....ccomnnene-- sassusanusRRYITYS _@,NO
11. Did all bottie labels and tags agres with custody PAPETS? e crimersrnininrensasasisnsnnas @ NO |
12. Were correct bottl'e; used for the annlfsis requested?ue..ciiinairaceriiniens ....@ NO

13. If present, was any observable VOA headspaée present?.........'.

14. If present, were VOA vials checked for abseace of sir bubbles and noted if £0und?si-ceuss-n 0
15. Was sufficient amount of sample seat in each bottle?..........;. .......... T ................@’NO
16. Were con:ec!presemﬁ:es BSeA?ucsrssmaressuitnsrenssnaninsrasasnseces srssssmresesasessaransaaas @N
17. Was residual chlorine present (if appropriate?)......ccccanienssininnnieciseneie . . YES @
18, Corrective action taken, if necessary: '
a. Name of person contacted: me
b. Date:
Cooler Recelpt Form . LF-1 10/2/99

NIRINAWOND DL0F BLC 8T8 YV $9€:9T T0/9T/%0
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(MON) 4 15 2001 F2U0E/8. TEIUI/NU QY it ietde 0

FROM
SAMPLE NONCONFORMANCE/COC REVISION FORM
TestLdmerica -
Nashville Civision ACCTNO. ( 5 58-%—
DATE RECEIVED __ 4 'COMPANYC[}@,&L&‘!EQ:&Z_
Relinquished by: Date/Mma: Recsivad by: Date/Time
M 6 Li“_‘b() ) 5‘.‘70 my 4 -9 ) (5 am D
- A% <
Relinquished bl:_ . Date/Mimae: . Recaived by: Date/Time:
AR N ce o Q'?M MB . 4Mp,  12-30
v , . , .
Relinquished by: ' Date/Time: “Received by: Data/Time:
PROBLEM(S);
FOC/TOG? . " METALS LIST?
TPHMETHOD? . -  TCLPWHAT?
EDB METHOD? I . HERB LIST- LONG OR SHORT?
NEED LIST OF COMPOUNDS: 8260 INSTEAD OF 80217
TEMPERATURE UPON RECEIPT 7.0  SATURDAY DELIVERY MARKED? AJC -
ICE ~ OR~ NO ICE?? - . FIELD TEST- QUT OF HOLD
' NO COC - PLEASE FAX e . NO ANALYSIS REQUESTED
DOCUMENTATION LEVEL? =~ " OUT OF HOLDING TIME-~ TEST

OTHER:

RESOLUTION: é;ﬁ’ O-Aé«d %M Qm.&g’t_,é)aﬁ:_

=

CONTACTED " |patemme EMAIL |LEFT MESSAGE

M, AR ) B o boberry

Revised 8/8/00

Sample Ronconformancelcoc Revigion Form CSF-12

e i %
— — —— —
pe—

O,
— — = —

00 B00 B T WARANATNA nLoE LS BT6 YV SC:0T T0/0T/%0



(MON) 4 18 2001 1:2.yy/39t. LUT/ZN U St vty o

FROM
St4 m‘gp ica
ANALYTICAL REPORT

" COMPUCHEM 2303 o ~ Lab Number: 0l-447181
DIANE BYRD Co ' , Sample ID: S1971-1 .
501 MADISON AVENUE ‘ Sample Type Ground water
CARY, NC 27513 Site ID:-

‘ - , ° " Date Collected: 3/30/01
Progect' Time Collected:
Project Name: W’EI_DON SPPJ.NGS . _ Date Received: 4/:9/01
Sampler: Time Received: 9:00 °

5 Report  Quan Dil Amlysis Analyeis :
Apalyte S Besult Uzies Limit Limit TFactor Dare Tims Analyst  Methed  Batch

L 1 T P U Sty —ompuns s=mpaas Fwdumm~ Seem=c =vmase vetSeacs emmcam celle—=cane c—mamvemed c--=e

MISCELI ANEOUS CHRMISTRY® | ; : :
Chemical Crygen Demand 26.4 74 3.00 3.00 1 411701 15:19 S. Overtan A4l0.4 Mod 7937

Sample was racaived av 13.0 degress celsiusg, cnent'neeiﬁed.
ND = Wot detected at the report limic.
# = RBecovery outside Laboratoery historieal limics.

COD wethed modifled for HACH Machod 8000,

These 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: sl Sl B AAAS Reporc Date: 4/16/01

Paul E. lane, Jr., Lab Director Gail A. Lage, Technical ‘Serv.
Michael H. Dunn, M.S., Technical Director Glenn L. Norton, Technical Serv.
Johnny A. Mitchell, Dir. Technical Serv. Kelly S. Comstock, Technical Serv.

Eric S. Smith. Assistant Techmical Director Pamela A Langford, Technical Serv.

Laboratory Certification Number: 387

End of Sample Report.

2960 FosTkr CRercivon DRive / NasnviLLe,TN 37204 / 615-726-0177 / Fax: 815-726-0854 / 800-765-0980

Q00 /600 B ‘ RIRONINOD 0L0F 8L¢ 8T8 YV4 8£:9T T0/9T/ b0




(MON) 4 o 1['("‘11 ;6.;‘“’/;5, HIES ERIRT I VA S RV i A A T

P

Faom :
: l@O k P];QY £D
* ANALYTICAL REPQRT
COMPUCHEM 2303 | N ) Lab Number: 01-A47182
DIANE BYRD Sample ID: S1971-2
" 501 MADISON AVENUE : Sample Type: Ground water
‘CARY, NC 27513 Site ID: :
| S Date Collected: 3/30/01
Project: S Time Collected:
Project Name: WELDON SPRINGS Date Received: 4/ 9/01
Sampler: : Time Recezved 9:00 .
" Report Quam D1 Analysis Analysis
Analyte Resu;r - Iniwp Limit 4wt TFactor Date Time Analyst Methed  ‘Baceh

.........................

UISCELLANBOUS CHEMTSTRY® .. . . . )
Chemical Oxygen Demand D mg/1 3.00° 3,00 1L 6/11/01 15:19  S. Overston 410.4 Mod 7937

Sample vas yeceived at 15.0 degrees celsiua. client nntified.
D « Nor deteeted at the report limit.
# = Recovery outcide Laboratory hiscoricsl limits.

€OD methed modified for EACH Mathod 8000.

These results rslate only o the ite.mé tasted.
This report shall not be reproduced except in full and with
permission o€ the laboratory. ‘

Report Approved By: Usa ik R wrisd Report Date: 4/16/01

Paul E. Lane, Jr., Lab Director Gail A. Lage, Technical Serv.
Michael H. Dumn, M.S., Teclmical Director- Glenn L, Norton, Technic¢al Serv.
Johnny A. Mitchell, Dir. Technical Serv. Kelly S. Comstock, Technical Serv.

Eric §. Smith, Assigtant Tecimical Director Pamela A. Langford, Technical Serv.

Laboratory Certification Number: 387

End of Sample Reporet.

2960 FostEr CREICHTAN DRIVE / NASuviLts. TN 37204 / 615-7268-0177 / Fax: 813-728-0054 / 800-765-0980

300/900 By _ REHONIROD 020% 8L¢ 618 XV 8¢:9T T0/9T/b0



e —

" FROM (MON)

LI

ANALYTICAL REPORT

COMPUCHEM 2303
DIANE BYRD ‘
301 MADISON AVENUE
CARY, NC 27513

4 15 2001 13:03/31. 13 UI/NV. Sui1dczoe @ v

TestAmerlca

OIOOIAYCO

lab Number: 01-447183
Sample ID: S1971-3

Sample Type: Ground water
Site ID’

. Date Collected: 3/30/01
FEoject: . Time Collected: -
Project Name: WELDON SPRINGS Date Received: 4/ 9/01
Sampler: Time Received: 9:00 -
Repsrt Quan  Dil  analysis Anslysis
Analyte Resulc Unite Limiz Llimiz PFacter  Dare Tize Analyst m:_hcd Barch
"MISCRLLANEOUS CHEMISTRY i ; .=
Chemical Oxygen Demand 20,2 ag/l 3.00 3.0 1 4711701 15:19 5. ovarron 410.4 Mod 7937
Sample was received av 15.0 dexraés:éelaius.‘client noti&ieﬂ-
ND = Not detected at the Taport limic. i
# = Recovesy outsids Labovatory historical limits.
€D method modified for EACH Method 8000.
These resuvlts relate only to the items tesrted.
This report shall not be reproduced except in full and with
permission of the laboratory.
Report Approved By: ___w B saan s~ Report Date: 4/16/01

Panl E. lLane, Jr., Lab Director

Michael H. Dunn, _M S., Technical Director
Johnny A. Mitchell, Dir. Technical Serv.
Eric S Smith, Assistant Technical Director

Laboratory Certification

End of Sample Report.

Gail a. Llage, Technical Serv.
Glenn L. Norton, Technical Serv.
Kelly S. Comstock, Technical Serv.
Pamela A. Ia.ngford Technical Serv.

Number: 387

2961) Fosrrr CREIGUTON Drive / Nasuvine, TN 37204 / 615-726-0177 / I-‘Ax: 615-726-0954 / 800—755—0980

$00/L00 B RaHONaR00

0L0% B8L¢ BTIB8 YVJ 8€:9T T0/9T/FQ




FROM | GION) 4 8 2001 13109/81 1SV SuiEtazey £

~ TestAmerica

1N COoORPORATED

PROJECT QUALITY CONTROL DATA
Project Number: -

Matrix Spike &cmry' '

Analyve ' units Orig, Val. S Val Spike Cone Recovery Tu:get'nge Q.C. Bartch Splke Sample

--------------- 5 wwemmea Gbcnamrves ~csanee—= enevseaans wma~sempa emampgea——aa Sraccsmmve cccemcevenan

*SMISC PABAMETERSS* _ )
Chemical Oxygen Demand wg/l 6.4 73.9 50.0 35 80 - 120 7937 01-A47181

Laboratory Control Data

Analyte ] unies Enown Val. Analyzed val % Recovery Target Range Q.C. Batch

Tas-—mva dmemve= Rewmc~e wedtmasw—a semsveam_aen —madRtene IBE==c=PEIesr —=eEEv-~=

**MISC PARAMETERS™®

Chenical Oxygen Demand - 'm)l 0.0 50.6 101 90 - 110 7837
» Duplicatea .
Analyte unite orig. val. Duplicate RPD Limit Q.C. Bazch Sample Dup’d
Conical nygen Denaatagl 203 w0 aak . ol
| Blenk na§= : |
An;lyte Blank Value Unity . Q.C. Batch Date @md Time Analyzed

**MISC PARAMETERS** : 0
Chemical Oxygen Demand < 3.00 ng/l 7937 a/11/0L 15:19
# - Value outside Laboratory historical QC limies. '

Fnd of Report for Project 233107

2960 Foster Creicuron DRIVE / Nasuvilig TN 37204 / 815-728-0177 / Fax: 613-726-0854 / 800-765-0880

—

QN0 200 B ‘ ‘ WIRAITNA & Lo BLC BIB Y¥d 8C:9T T0/9T/F0



i

"UCHEM F-CUSTODY RECORD No. gr94i54
] , P Project l\:ame i POInt of-Contact ;
‘adivi f Liberty Analytical Corp.- i . i ( .
adivigonps Libety Anay = f\/( L1 T SN R R vy \.‘l L pin ] /- //( M / \ m'(.a ' AT
501 Madison Avenue : o - U Ce s ke S ; P s
‘Cary, NC 27513 C‘a”.'ef- i g [ o3 € Wi acy 4R 1Sk Teleph.one No.: /- J( dosafaia o el
1-800-833-5097 Airbill No. : Sampling complete? Y orN (see Note 1)
Sampler Name : | il b bifae Sampler Signature : Project-specific (PS) or Batch (B) QC ? -
BOX #1 1. Surface Water 6. Trip Blank BOX #2 A. HCI + Ice F. Ice Only BOX #3 F. Filtered Box #4 H. High Box#5 C.CLP 3/90 T.TCLP
2. Ground Water 7. Oil , B.HNO3 +Ice G. Other U. Unfittered M. Medium S. SW-845
3. Leachate ‘ 8. Waste C.NaOH +Ice H.NaHSO4 + Ice L. Low W. CWA 600-series
4. Rinsate 9. Other D. H2S04 + Ice |. ZnAc+NaOH + Ice 0. Other
5. Soil / Sediment / Sludge E. Unpreserved
R Box#1 | Box#2| Box#3 | Box #4 | Box #5
o -g $ {
] ; IS} g >
7 g £ o g, 3 ™
Sample ID . 2 £ 3 g laly gl x|z Remarks / Comments
(9 characters maximum) 3 ‘(:u S B . a g o ] § 2 3 2IEl% (see Notes 2 & 3)
~— 0|
AERERR R R RE R R L R R
a = = |l ic > 2 |2z [5|laldlaiziz|al2]o O
. RS 7 e L J ; Sy S M
o L4 TO 11y e B IA | M ! >§ oy TR
~ /
/ y
/
!
/
/
/
/
/
/
N o
Clients Special Instructions: Temperature C
Lab: Received in Good Condi(ion? 'Y or N Describe Problems, If any:
#1 Relinquished By: (Sig) % /A (i L g AA pate: ";/,/u"'/(';/ #2 Relinquished By: (Sig) Date: #3 Relinquished By: (Sig) ‘Date:
Company Name: Time: ’ Company Name: Time: Company Name: Time:
#1 Received By: (Sig) Date: #2 Received By: (Sig) Date: #3 Recelved By: (Sig) Date:
Company Name: Time: Company Name: Time: Company Name: Time: .
Note (1) It "N" Iab wnll hold samples to await remainder of project-maximizing batch size and minimizing QC ratio; if “Y" lab WI|| begin processing batches now.
LA AR deid ~Bar Anba rannd mailad at nn evira charne Note (3): All lab copies of data destroyed after three years




-
FILE No.310 05.02 '01 13:49  [D:E.R.M. ~ FAX:609 895 0111 PRGE 2/ 2

TOTAL URANIUM ANALYSIS RESULTS SUMMARY
By Laser-Induced Kinetic Phosphorimetry

Lab Name: Paragon Analytics, Inc. ‘ A 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 Total Uranium Reporting
Client Sample ID Sample ID . (ug/L ) Limit Flag
GW3034TO 04-092-01" 4.00 + 0.54 0.20
Blank 04-092-B1 ' BDL , .0.20 U
GW3034TO0 04-092-D1. 3.96 % 0.53 0.20°

Reported Uncertainties are the Estimated Total Propagated

Uncertainties (20). 4
See PAI SOP 743R3 for details of TPU determinations.

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

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.

3P

nfann’




w| ~

\
COMPUCHEM

a division of Liberty Analytical Corp.

501 Madison Avenue
Cary, NC 27513
1-800-833-5097

;—'D
EMHAIN OF-CUSTODY RECORD

No. (59458

Project Name :

:l.-"- Vi

£ 0
i

R

Client Address :

Point-of-Contact :

Carrier :

Airbill No. :

Telephone No FN VIR T o
Sampling complete” Y or N (see Note 1)

Sampler Name :

Sampler Signature :

Project-specific (PS) or Batch (B) QC ?

|BOX #1 1. Surface Water 6. Trip Blank BOX #2 A. HCI + lce F. Ice Only BOX #3 F. Filtered Box #4 H. High Box #5 C.CLP 3/90 T.TCU
2. Ground Water 7. Oil » B.HNO3+Ice G. Other U. Unfitered M. Medium S. SW-846
3. Leachate 8. Waste C.NaOH +Ice H. NaHSO4 + ice L. Low W. CWA 600-series
4. Rinsate 9. Other, D. H2504 + Ice 1. ZnAc+NaOH + Ice / O. Other,
5. Soil / Sediment / Sludge E. Unpreserved )
Box#1 | Box#2| Box #3 | Box #4 | Box #5 :
3 . 39
£ ¢ 2 g -+ A
Sample ID y 2 £ 3 £ 95 4 5 WELE: g Remarks / Comments
(9 characters maximum) 5 . '§ = 3 3 K -3’ o | |8 (18 § 8 9;- ?:' . 'ﬁ (see Notes 2 & 3)
, a [= = o i S Z 3§,>¢/‘)mm::§oy—o‘§
Vi fwlsle [l L1 aede| T | 0] |0 o AT
/ y:;" . ‘ {
/ A ]\ A
/
/
/
/
/
/
/
Clients Special Instructions: Temperature °C
Lab Received in Good C(mdmon? YorN Describe Problems, if any: :
#1 Relinquished By: (SI9) "/ /¢ /i, ;. s Date:, ;" . _|#2 Relinquished By: (Sig) Date: #3 Relinquished By: (Sig) Date:
Company Name: Time: Company Name: * Time: Company Name: Time:
{#1 Received By: (Sig) Date: #2 Recelved By: (Slg) Date: #3 Recelved By: (Sig) Date:
Company Name: Time: Company Name; Time' Company Name' Time:

Note (1): If "N" lab will hold samples to await remainder of project-maximizing batch size and minimizing QC ratio; |f "Y" Iab W|II begm processmg batches now.
Nota 2Y Samnlac stared AN dave aftar date rannrt mailad at nn evira rharans

Blabe 7%, AS labe mmlo o




0 S\ x|

—C G CHAIN:-OF-CUSTODY RECORD No. H52460
T Project Name : C o Client Address : Point-of-Contact : i
MEERE , division of Liberty Analytical Corp. . . * e TR : & o .
— "_nsmo' l.“y YIEETOR J.ﬂ\( HO{\\\)D(‘H\)(}J Tk Crenbyrdide PEor ( gt f2 ‘:?""‘“"'"’I [
50:::"’13"'3?:"2’;‘;‘23“3 Carrier : : \ Lok lecker . Fa 9028 a [TelephoneNo. 0 T - 2% g end
1-83/(‘)—833-5097 t Airbill No. : ; : Sampling complete? Y or N  (see Note 1)
o Sampler Name : ' Sampler Signature : Project-specific (PS) or Batch {B) QC ?
BOX#1 1. Surface Water 6. Trip Blank BOX #2 A. HC! + Ice F. lce Only BOX#3  F.Fitered Box#4  H. High Box #5 C.CLP3/90 T.TCLP
2. Ground Water 7.0il B. HNO3 +ice  G. Other, U. Unfiltered M. Medium S. SW-846
3.Leachate - 8. Waste CtNaOH +Ice H.NaHSO4 + Ice ' _ LLow W. CWA 600-series
4. Rinsate 9. Other__ D. H2504 + Ice |. ZnAc+NaOH + Ice © 0. Other
5. Soll / Sediment / Sludge E. Unpreserved i v’
Box #1 | Box #2| Box #3 | Box #4 | Box #6 <F
N 3 &
3 2| ¢ 9 g BE
Sample ID 3 P - 3 |aE 8| Ixlxl i Remarks / Comments
(9 characters maximum) 5 'g § b 3 a -_6‘ o 3 % = 2 S RN (see Notes 2 & 3)
o > @lE2lI~1> L
| sle | B8 2| 8|53 [s2lsl8lsal8lEl81850%
o) e = a ic s z S22 1Sialaelalfls|SlElol s :
: 1, Q . - S Y n s T AT
VIBR|3 ol [T]o 14 ZLE LU Im L il doal TAT
- f T
ABREB 03B!0 | /1 LlE LU [m A HE
/
/
/ ; !
/.
/
/
/
/
Clients Special Instructions: : ] _ Temperature °C
Lab: Received in Good Condition?™-Y or N Describe Problems, |f any:
#1 Relinquished By: (Slg) | BV AT uimer pate: #1101 |#2 Reinquished By: (sig) .- Date: #3 Relinquished By: (Sig) Date:
. VYl & T/ -
Company Name: i.' é\ l 1 ) i Time: | / Company Name: Time: Company Name: Time:
o -
#1 Received By: (Sig) Date: #2 Recelved By: (Sig) Date: ““l#3 Recelved By: (Sig) Date:
Company Name: -Time: Company Name: Time: Company Name: Time:

Note (1): If "N" lab will hold samples to await remainder of project-maximizing batch size and minimizing QC ratio; if "Y'zlab will begin processing batches now.
Note (2): Samples stored 60 days after date report mailed at no extra charge. Note (3): All lab copies of data destroyed after three years.




VOLATILE ORGANICS ANALYSIS DATA

(ul).

COMPOUND -

SHEET

A - GW3034T0

Lab Name: COMPUCHEM -Contract: OLM04-REVS
Lab Code: LIBRTY . Case No.: “sas No.: S e e
Matrix: (soil/water) WATER ; ' Lab Sample ID: V1971-1
Sample wt/vol: 5 ‘ .(g/mL) MI, Lab Tile ID: V1971-1a55
nevel: (Low/med) LOW ' Date Received: 04/10/01

Moisture: not dec. Date Analyzed: 04/13/01
GC Column: EQUITY624 ID: 0.53 (tuem) Dilution Factor: 1.0
30il Extract Volume: = ) Soil (ut)

Aligquot Volume:

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodifluoromethane - 10 U
74-87-3 Chloromethane - 10 u
75-01-4 vVinyl Chloride 10 U
74-83-9 Bromomethane 10 U
75-00-3 Chloroethane 10 U
75-69-4 Tricnlorofluocromethane 10 U
75-35-4 1l,1-Dichloroethene - 10 U
76-13-1 1,1,2-Tri¢chloro-1,2,2-triftluoroethane 10 U
67-64-1 Acetone 4 JB
75-15-0 Carbon Disulfide 10 U
79-20-9 Methyl Acetate 10 U
75-09-2 Methylene Chloride 10 J

156-60-5 trans-1,2-Dichloroethene 1 J
15634-04-4 Methyl tert-Butyl Ether 10 U
75-34-3 1,1-Dichloroethane 10 U
156-59-2 c1s5-1,2-Dichlorcethene 18
78-93-3 2 -Butanone 10 U
67-66~3 Chloroiform 1 J
71-55-6 1,1,1-Trichloroethane 10 U
110-82-7 Cyclohexane 10 U
56-23-5 Carbon Tetrachloride 10 U
J1-43-2 Benzene o 10 U
107-06-2 1,2-Dichloroethane 10 U

L00 @

FORM I VOA-1

RARONIROS ™~

.

T10/LT/%0

0i0¥ BL¢ 618 Yvd ¢C:¢T



IIIIIIIIlIIIllll.llll.lllllllIllllIIlllllIlllllllIIll--------I;f

VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM : : LContract: OLMO4 -REVS CH3034TO
rLab Code: LIBRTY  Case No.: . .SAS No.: . | SDG No.: V1871
Matrix: (soil/water) WATER . Lab Sample ID: V1971-1

Sample wt/vol: 5 (g/eL) ML . Lab File ID: V1971-1A55
Level: (low/med5 LOW - ) Date Received: 04/10/01

% Moisﬁure: not dec. i Date Analyzed:'04/l3/ol

GC Column: EQUITY&24 ID: 0.53 (mm) . Dilution Factor: 1.0

Scil Extract Volume: (uL) | _ ; Soil Aliquot Volume: __ (ul)

CONCENTRATION UNITS:

CAS NO. COMPOUND “. .~ - - . . | (ug/L or ug/Kg) UG/L Q
79-01-6 | Trichlorcethene — . 570 EB
108-87-2 Methylcyclohexane 10 U
78~87-5 1,2-Dichloropropane 10 U
75-27-4 Bromodichloromethane 10 U
10061-~01-5 cis-1,3-Dichloropropene 10 [§]
108-10-1 4-Methyl-2-Pentanone ' 10 U
108-~-88-3 Toluene 1 J
10061~02-6 | .trans-1,3-Dichloropropene 10 U
79-00-5 1,1,2-Trichlorcethana . 10 U
127~-18-4 . Tetrachloroethene - 10 U
581-78-6 2-Hexanone 10 [#j
124~48-1 Dibromochloromethane 10 U
. 106-93-4 1,2-Dibromoethane . 10 U
108~-90-7 Chlorobenzene 10 U
100-41-4 Ethylbenzene - 10 U
1330-20-7 Xylene (Total) 10 g
L00-42-5 | Styrene : ‘ 10 (U
75-25=-2 Bromolorm ‘ , 10 3]
898-82-8 Isopropylbenzene 10 9]
79~34-5 1,1,2,2-Tetrachloroethane 10 U
541-73-1 1,3-Dichlorobenzene 10 U
106-46-7 1,4-Dichlorobenzena. : 10 U
95-50-1 1,2-Dichlorobenzene 10 1 U
96-12-8 1,2-Dibromo-3-Chloropropane 10 | 1T
120-82-1 1,2, a-Trichlorobenzene 10 U
S
FORM I VOA-2 OLMO04 .2
12
800 S HIHINARGD “0l0v 6.¢ 818 YVd ¥e:ST TO/LI/¥O0




fab Name: COMPUCHEM

Lab Code: LIBRTY

Matrix:
Sample wt/vo*. 5
Level: (low/med).

% Moisture:

Number TICs found

Casé No. :

(sowl/watﬁr) WATER .

notmdéc,>
GC Column: EQUITY624 ID: 0.

Soil Extract Volume:

VOLATILE ORGANICS ANALYSIS DATA SHEET
. TENTATIVELY IDENTIFIED COMPOUNDS

Contvac*
SAS No. :
(g/mL) ML,
LOW

53 (mm)

(uL)

Lab Sample ID:

Lab File ID:

Date Analyzed:
Dllutlon Factor

Soil Aliquot Volume: _

GW303<T

OLMO4-REVS

SDG No.: V1971
Y1871 =1

V1971-1A55%

Date Received: 04/10/01

04/13/01
1.0
~ (ul)

CONCENTRATION UNITS:

:0 e e (ug/L or ug/Kg) UG/L

CAS NUMBER .

il
Il
1)
]
]
]
il
]
I
]
il
i
N
]
it
]
{1
]
i
]

COMPOUND NAME

e T T T T T o

"EST. CONC. Q

=== EAR S

0 oo < | L i Lt o) i

800

i

FORM I VOA-TIC

. OLMO04.2

13 a

RIHIN4ROD

glov Ql? 616 YVd pC:ST T0/LT/70




-

VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM

LIERTY Cage No.:

(301l/water) WATER

Lab Code
Matrix:
Sample wt/vol: 5 (g/mL) ML. .
Level: (low/med) 'LOW
% Moisture: mot dec.

GC Column: EQUITY624 ID: o.séf (mm)

Soil Extract. Volume- f (un)

" COMPOUND

.Contract:

_SAS No. :

Lab File ID:

‘Date Analyzed:

GW3034TOD
OLMO4 -REVS :
SDG No.: V1571
Lab Sample ID: V1971-2

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

Soil Aliquot Volume:

'V1971-2ASS

(uL)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodifluoromethane - 10 U
74-87-3 Chloromethane .. 10 U
75-01-4 | Vinyl Chloride 160 | U
74-83-9 Bromomethane 10 U
75-00-3 Chloroethane 10 U
75-69-4 Trichlorofluoromethane 10 U -
75-35-4 1,1-Dichlorcethene 10 U
76-13-1 1,1,2-Trichloro-1,2,2- trlfluoroethane 10 U
67-64-1 Acetone 5 JB
75-15-0 Carbon Dlisulfide 10 U
79-20-9 Methyl Acetate 10 U
75-09-2 Methylene Chloride 9 J

156-60-5 trans-~1,2-Dichloroethene 1 J

1634-04-4 Methyl tert-Butyl Ether 10 U

75-34-3 1,1-Dichloroethane 10 ¥
156-59-2 cis-1,2-Dichloroethene 16 '
78-93-3 2-Butanone 10 U
67-66-3 Chloroform 10 U
7J1l-55-6 1,1,1-Trichloroethane 10 U
110-82-7 Cyclonexane 10 U
56-23-5 Carbon Tetrachloride 10 9]
71-43-2 Benzene - 10 U
107-06-2 1,2-Dichloroethane 10 U

FORM I VOA-1

010 : i

RIHONROD

OLM04 .2
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VOLATILE ORGANICS ANALYSIS DATA SHEET T

GW3034T0D

Lab Name: COMPUCHEM Contract: OLM04-REVS

Lab Code: LIERTY Case NO.: SDG No.: V1971

(soil/water) WATER

;SAS No.:

Lab Sample ID: V1871-2

Matrix:
sample wt/vol: 3 (g/mL) ML Lab File ID: V1971-2A55
Level: (low/med) LOW Date Received: 04/10/01

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

eC Column: EQUITY624 ID: 0.53 (mm) - Dilution Factor: 1.0

Soil Extract Volume: _(ul) Soil Aliquot Volume: (uL)
: - CONCENTRATION UNITS:
CAS NO. 4COMPOUND (ug/L or ug/Kg) UG/L Q
79-01-6 .Trlchloroé‘hene K - 540 EB
108-87-2 Methylcyclohexane ~_ 10 4
78-87-5 1,2-Dichloropropane 10 U
75-27-4 gromodichloromethane 10 U
10061-01-5. cls-1, 3-Dichloropropene 10 U
108-10-1 4~Methyl-2-Pentanone 10 U
. 108-88-3 Toluene 1 Sl
10061-02-6 trang-1,3-Dichloropropene 10 U
79-00-5 [ . 1,1,2-Trichloroethane 10 U
127-18-4 Tetrachloroethene 7l J
591-78-6 2 -Hexanone 10 U
124-48-1 Dibromochloromethane 10 U
106-93-4 1,2-Dibromoethane 10 U
108-90-7 Chlorobenzene 10 0]
100-41-4 Ethylbenzene i 10 U
1330-20-7 Xylene (Total) 10 U
100-42~-5 | Styrene 10 [§]
75-25-2 BromocIorm 10 U
88-82-8 Isopropylbenzene 10 9]
79-34-5 1,3.2,2- Tetrachloroethane 10 U
547-73-1 1,3 chhlorobenzene 10 U
106-46-7 1,4-D£Ehlorobenzene 10 U
95-50-1 1,2-Dichlorobenzene 10 U
96-12-8 1,2-Dibromo-3-Chloropropane 10 g
120-82-1 | 1,2,4-Trichlorobenzene 10 [ U

TT0[@

FORM I VOA-2

- RIHIIdROD

OLM04 .2
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e -

N

1F EPA SAMPLE NO.

VOLATILE ORGANICS ANALYSIS DATA SHEET
) TENTATIVELY IPENTIFIED COMPOUNDS
GW3034T0D
Lab Name: COMPUCHEM Contract: OLMO4-REVS
Lab Code: LIBRTY Case No.: SAS No. : SDG No.: V1971
Matrix: (scil/water) WATER ) Lab Sample ID: V1971-2
Ssample wt/vol: 'S5 (g/mL) ML “+ 7 ° -Lab File ID: V1971-2A5S
Level: (low/med) Low Date Received: 04/10/01
% Moisture: not ‘dec. . ' - ' Date Analyzed: 04/13/01
GC Column: EQUITY624 ID: 0.53 (mm) -~ pilution Factor: 1.0
Soil Extract 'Volume: R ¢ ¥ ) - Soil Aliguot Volume: (uL)}
) s o - CONCENTRATION UNITS:
Number TICs found: 0 i . (ug/L or ug/Xg) ..UG/‘L
CAS NUMBER =~ - ‘ "COMPOUND NAME RT EST. CONC. Q
EE T T T T T L L b R e T P e o A e S L L L L et o ]
AT '
2.
0
4.
5.
6.
7 -
8.
S.
ARE ‘
1.
203
D
14 .
15,
16.
1.
18. 5
19
20.
21.
22.
23.
24.
25.
26.
27.
28.
29. =
30.
FORM I VOA-TIC | OLM04.2

(4317 ’ ) RIHDNIROD 0L07 BLC 616 Yvd S€:GT 10/L1/%0




VOLATILE ORGANICS

Lab Name: COMPUCHEM |
Lab Code: LIBRTY Case No.: ..
Matrix: (sdil/Water) WATER
Sample wt/vol: =

Level: (low/med) LOW

. % Moisture: not -dec.

1A
ANALYSIS

. Contract: OLMO4-REVS

. SAS No.:

(g/mL) ML .

PA SAMPLE NC.

&)
L1

DATA SHEET

GW3034T0DDL
SDG No.: V1971
Lab Sample ID: V1971-2

Lab File ID: V1971-2DASS.
Date Received: 04/10/01
Date Analyzed: 04/13/01

Dilution Factor: 5.0

GC Column: EQUITY624 ID: 0.53. (mm)

Soil'Extract.Volumé:-

(un) * goil

.COMPOUND

Aliquot Volume: (uL)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L Q
75-71-8 | Dichlorodifluoromethane 50 U
74-87-3 Chloromethane 50 [¥)
75-01-4 Vinyl Chloride 50 U
74-83-9 Bromomethane 50 U
75-00-3 Chloroethane 50 9]
75-69-4 Trichlorofluoromethane 50 U
75-35-4 1,1-Dichloroethene 50 U
76-13-1 1,1,2-Trichlioxo-1,2,2-trifluoroethane 50 U
67-64-1 Acetone 18 DJB
75-15-0 Carbon Disulfide 50 U
79-20-9 Methyl Acetate 50 | U
75-09-2 Methylene Chloride 13 DJ

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

1634-04-4 Methyl tert-Butyl Ether 50 U

75-34-3 1,1-Dichloroethane S0 { U
156-59-2 c¢i1s-~1,2-Dichloroethene 15 DJ
78-93-3 2-Butanone 50 U
67-66-3 Chloroform - 50 U
71-55-6 1,1,1-Trichloroethane 50 U-
110-82-7 Cyclohexane 50 U
56-23-5 Carbon Tetrachloride 50 ¥]
71-43-2 Benzene 50 U
107-06-2 50 U

eTO@

1,2-Dichloroethane

FORM I VOA-1

RIHI4ROD

OLMO04.2
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Lab Name:

Lab Code: LIBRTY

COMPUCHEM

13

VOLATILE ORGANICS ANALYSIS DATA SHEET

Case No.:

Matrix: (soil/water) WATER

Sample wt/vol: 5

Level:

Q.

)

(low/med) LOW

(g/mL) ML

Moisture: not dec. -

GC Column: EQUITY624 ID: 0.53 (mm)

Soil Extract Volume: . '(ﬁL)..

CAS NO.

COMPOUND.. ~ .

- Contract: OLMO4-REVS

. SAS No.:

SPA SAMPLE NU.

GW3024TODDL

SDG No.: V1§71
Lab Sample ID: V1971-2 |
Lab File ID: V1971-2DASS
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
. T ) £ 3

-78-01-6 | Trichloroethene .. - .. 540 DB
108-87-2 Methylcyclohexane 50 U
78-87-5 1,2-Dichloropropane 50 U
75-27-4 Bromodichloromethane 50 U
10061-01-5 cig-1,3-Dichloropropene 50 U
108-10-1 4-Methyl-2-Pentanone 50 9]
108-88-3 Toluene 50 U
10061-02-6 trans-1,3-Dichloropropene 50 U
79-00-5 1,1,2-Trichlorocethane 50 ‘U
127-18-4 Tetrachloxoethene 8 DJ
591-78-6 2-Hexanone j 50 U
124-48-1 Dibromochloromethane 50 U
106-93-4 1,2-Dibromoethane 50 U
108-90-7 Chlorobenzene 50 U
100-41-4 Ethylbenzene 50 U
1330-20-7 Xvlene (Total) S0 U
.100-42-5 | Styrene 50 U
75-25-2 Bromoform 50 U
98-82-8 ‘Isopropyvlibenzene 50 U
79~34-5 1,1,2,2-Tetrachlorcethane 50 U
541-73-1 1,3-Dichlorobenzene 50 U
106-46-7 1,4-Dichlorobenzene 50 U
95-50-1 1,2-Dichlorobenzene 50 U
96-12-8 1,2-Dibromo-3-Chloropropane S0 U
120-82-1 1,2,4-Trichlorobenzene 50 U

VIO @

FORM I VOA-2

RIHONAROD

OLM04 .2
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Lab Name: COMPUCHEM

Lab Code: LiERTY

Matrix: (301l/water) WATER

Sample w_/vol 5

Level: (1ow/med)”

% Moisturei not dec.

(g/mL) ML

LOW

GC Column: EQUiTY624 ID: 0.53 (mm)

S6il Extract Volume:

Number TICs found:

(uL)

0.

SAS No. :

1 ZPA SAMPLE NO
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPQOUNDS
: . GW3034TODDL
LContract: OLM(04-REVS
Case No.: SDG No.: V1971

Lab Sample ID: V1971-2

Lab File ID: V1$71-2DAS55
Dats 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

CAS NUMBER

PR 2 T 5§ A ¥

COMPOUND NAME

RT EST. CONC. Q

================:=========== e 5 R T

O oof <3| &y o) ] L o k=

&
|

STO@

FORM I VOA-TIC

RIADdROD

OoLMQ4 .2
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e .

12 EPA' SAMPLE NO,

VOLATILE ORGANICS ANALYSIS DATA SHEET
Lab Name: COMPUCHEM “Contract: OLM04-REVS A2 TR ATO0Y l
‘Lab Code: LIBRTY Case No. : 7 SAS No.: SDG No.: V1§71
Matrix: (soil/waﬁer) WATER Lab Sample ID: V13971-1

Sample we/vol: 5
(low/med)

Level:

(g/mL) hi.:
LOW -

% Moisture; not‘dec.

GC Column: EQUITY624 ID: 0.53 (mm) ~

Soil Extract Volume:..

- (.UL)

COMPOUND

Lab File ID: V1971-1DAS55
Date Received: 04/10/01
Date Analyzed: 04/13/01
Dilution Factor: 5.0
Soil Aliquot Volume: ___ (ul)

CONCENTRATION .UNITS:

CAS NO. (ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodifluoromethane 50 U
74-87-3 Chloromethane 50 | U
75-01-4 Vinyl Chloride 50 U
74-83=-9 Bromomethane . 50 [¥]
75-00-3 Chlorcethane 50 U
75-69-4 Trichlorofluoromethane 50 [§]
75-35-4 1, 1l-Dichloroethene S0 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroetharne 50 U
67-64-1 Acetone : 18 DJB
75-15-0 Carbon Digulfide s [#]

- 79-20-9 Methyl Acdetate 50 U
75-09-2 Methylene Chloride 12 DJ
156-60-5 transg-1,2-Dichloroethene - 50 U

1634-04-4 Methyl tert-Butyl Ether 50 U
75-34-3 1,1-Dichlorocethane 50 U

+156-59-2 cis-~1,2~-Dichloroethene 16 DJ
78-93-3 | 2-Butanone 11 DJB
67-66=3 Chloroform S0 U
71-55-6 1,1,1-Trichloroethane S0 U

110-82-7 Cyclohexane i 50 U
56-23-5 Carbon Tetrachloride S0 3]
71-43-2 Benzene 50 U
107-06-2 1,2-Dichlorocethane 50 U
FORM I VOA-1 OLMO04 .2
810@ RIFONIROD 0L0% 6.¢ 6T8 YV 8€:6T T0/LI/¥0
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Lab Name: COMPUCHEM

Lap Code:

Matrix: (soil/water) WATER
~ Sample wt/vel: 5
(Low/med)

Level:

% Moisture: not dec..
GC Column: EQUITY624 ID: 0.53 (mm)

Soil Extract Volume: .

LIBRTY

1A

VOLATILE ORGANICS ANALYSIS DATA SHEET.

Case No.: “SAS No.:

(g/ml) ML
LOW

(uL)

COMPOUND

;Contract: OLM04 -REVS

Lab File ID:

Dilution Factor:

Soil Aliquot Volume:

EPA SAMPLE NO.

GW3034TODLMS

SDG No. :

Lab Sample ID: WG9545-4

Date Received: 04/10/01
Date Analyzed: 04/i3/01

5.0

Vil O]

WG9546-4A55

(uLy)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Xg) UG/L Q
75-71-8 Dichlorodifluoromethane 50 U
74-87-3 Chloromethane 50 U
75~-01-4 vinyl Chloride S50 U
74-33-9 Bromomethane 50 U
75-00-~3 Chloroethane 50 U
75-69-4 Trichlorocfluoromethane 50 U
75-35-4 1,1l-Dichloroethenas ' . 170 D
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane 13 DJ
67-64-1 Acetone 21 DJB
75-15-0 Carbon Digulrfide . 50 U
79-20-9 Methyl Acetate 50 U
75-09-2 Methylene Chloride 17 DJ

156-60-5 trans-1,2-Dichloroethene 50 | U
1634-04-4 | Methyl tert-butyl Ether 50 | U
75-34-3 1,1-Dichloxoethane 50 ¥
156-59-2 ¢is-1,2-Dichlorocethene 16 DJ
78-93-3 2-Butanone 50 U -
67-66-3 Chlorofoxrm 50 U
71-55-6 1,1, 1-Trichloroethane 50 U
110-82-7 Cyclohexane 1 50 U
56-23-5 Carbon Tetrachloride 50 U
71-43-2 Benzene i 230 D
107~-06-2 1,2-Dichloroethane 50 U
b1
FORM I VOA-1 . OLMO4.2
23
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1B . ZPA SAMPLE NOC.
VOLATILE ORGANICS ANALYSIS DATA SHEET

GW3034TODLMS

Lab Name: COMPUCHEM .Contract: OLMO4-REVS

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

Matrix: (soii/water) WATER Lab Sample ID: WG9546-4

Lab File ID: WG9546-4A55

sample wt/vol:. ' 5

(g/mL) ML
(Low/med) LOW -

Level: Date Received: 04/10/01
% Moisture: ndt'déc. Date Analyzed: Q4/13/01

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

Soil Extract.Volume:

—_— (LIL)

coimoD s L L o

Soil Aligquot Volume: (uL)

CONCENTRATION UNITS:

CAS NO. . (ug/L or ug/Kg) UG/L Q
~79-01-6 |.Trichlorcethene. ... .. T .740 DB
108-87-2 Methylcyclohexane 50 U

78-3837-5 1,2-Dichloropropane 50 U
75-27-4 Bromodichloromethane 50 U
10061-01-5 cis-1,3~Dichloropropene SO U
108-10-1 4-Methyl-2-Pentanone 50 U
108-88~3 Toluene - 240 D
10061-02-6 trans-1,3-Dichloropropene 50 U
79-00-5 1,1,2-Trichloroethane 50 U
127-18-42 | Tetrachloroethene 50 U
591-78-6 2~-Hexanone 50 8]
124-48-1 Dibromochloromethane 50 U
106-53-4 1,2-Dibromoethane 50 U
108-90-7 Chlorobenzene 250 D
100-41-4 Ethylbenzene 50 U

1330-20-7 Xylene (Total) 501 U

100-42-5 Styrene 50 9]
T5-25-2 Bromoform 50 U
98-82-8 Isopropylbenzene 50 U
79-34-5 1,1,2,2-Tetrachloroethane 50 U

541-73-1 1,3-Dichlorobenzene ‘ 50 | U

106-46-7 1,4-Dichlorobenzene 50 U
95-50-1 1,2-Dichlorobenzene 50 u
96-12-8 1,2-Dibromo-3-Chlorxopropane 50 U

120-82-1 | 1,2,4-Trichlorocbenzene 50 u

=,
FORM I VOA-2 OILM04.2
24
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. 5 2R EPA SAMSLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET .

GW3034TODLMSD

Lab Name: COMPUCHEM . | chntract: OLMO4 -REVS

Lab Code: LIBRTY  Case No.: . .SAS No.: SDG No.: V1971
Matrix: (soil/water) WATER . Lab Sample ID: WG9545-5
sample wt/vol: = 5 (g/mL) ML - Lab File ID: WG9546-5A55
Level: (low/med)  LOW B . Date Received: 04/10/01

% Moisture: notvdec. ) Date Analyzed: 04/13/01

GC Column: EQUITY624 ID: 0.53 (m) ~ Dilution Factor: 5.0

Soil Extract leume: . ':' ,(uL)x | . Soil Aliquot Volume : (ul)

CONCENTRATION UNITS ¢

CAS NO. COMPOUND . .- .... - : {ug/L or ug/Kg) Ug/L Q
75-71-8 Dichlorodifluoromethane : - 50 U
74-87-3 Chloromethane 50 U
75-01-4 Vinyl Chloride N 50 U
74-82-9 Bromomethane . S0 U
75-00-3 Chlorocethane 50 U
75-69-4 Trichlorofluoromethane . - 50 4]
75-35-4 1,1-Dichlorocethene 170 D
76-13-1 1,1,2-Trichloro-~1,2,2~ trlfluoroetﬁane ' 50 (9]
67-64-1 Acetone ) 26 DJB

~ 75-15-0 Carpbon Disulfide » 50 U
79~-20-9 Methyl Acetate 15 DJ
75-09-2 Methylene Chlorige . 12 DJ

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

1634-04-4 Methyl tert-Butyl Ether ' 50 U
75-34-3 1l,1-Dichloroethane : 50 U

156-59-2 cis-~1,2-Dichloroethene 15 DJ
78-93-3 2-Butanone 17 DJB
67-66-3 Chlozroform - 50 U
71-55-6 1,1,1-Trichlorocethane : 50 U

110-82-7 Cyclohexane 50 |8
56-23-5 Carbon Tetrachloride ~ 50 U
71-43-2 Benzene B2 240 D

107-06-2 1,2-Dichloroethane - & ' - 50 [9)

FORM I VOA-1 OLM04.2
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BPA SAMIZLE NU.

. . . i
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM . . . .Contract: OLMO04-REVS GW3034TODLISD
Lab Code: LIBRTY - Case No.: . ;SAS No. : ' SDG No.: V1971
Matrix: (goil/water) WATER . f Lab Sample ID: WGS546-5
sample wt/vol: 5 (g/ml) ML . Lab File ID: WG9546-5A55
Level: (low/med) 'LOW - Date Received: 04/10/0%1
% Moisture: not dec. a _ Date Analyzed: 04/13/01
GC Column: EQUITY624 ID: 0.53 (mm) . Dilution Factor: 5.0
Soil Extract Volume: (L) . Soil Aliquot Volume: ___ (ul)

CONCENTRATION UNITS:

CAS NO. COMPOUND : . . (ug/L or ug/Xg) UG/L ©Q
79-01-6 Trichloraethene . - . : ___ " 750 DB
108-87-2 Methyleéyc¢lohexane 50 u
78-87-5 1,2-Dichloropropane 50 | U
75-27-4 Bromodichloromethane 30 U
10061-01-5 c1s-1,3-Dichloropropene 50 U
108-10-1 4-Methyl-2-Pentanone 9 DJ
108-88-3 Toluene . 240 D
10061-02-6 trans-1,3-Dichloropropene = , ; 50 U
79-00-5 1,1,2-Trichloroethane .6 DJB
127-18-4 Tetrachloroethene . , 50 6]
591-78-6 2-Hexanone 7 DJB
124-48-1 Dibromochloromethane - 50 U
106-93-4 1,2-Dibromoethane -6 DJ
108-90-7 Chlorobenzene ' 260 D
100-41-4 Ethylbenzene 50 U
1330-20-7 Xylene (Total) 50 U
100-42-5 Styrene _ . 4 50 U
75-25-2 Bromoform 8 DJ
98-82-8 Isopropylbenzene 50 U
79-34-5 1,1,2,2-Tetrachloroethane - 16 DJB
541-73-=1 1,3-Dichlorobenzene 50 U
106-46-7 1,4-Dichlorobenzene < 50 U
95-50-1 1,2-Dichlorobenzene - ' 50 4]
96-12-8 1,2-Dibromo-3-Chloropropane 39 DJB
120-82-1 1,2,4-Trichlorobenzene ' 14 DJB
FORM I VOA-2 OLM04.2
26
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: | 1A :
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM

_Contract: OLMOZ-REVS

.SAS No.:

Lab Code: LIBRTY . Case No;:
Matrix: (soil/water) WATER

P \ : ‘ .
Sample wt/vol: 5 (g/mL) ML .

Level: (low/medf "LOW

% Moisture: not dec.

GC Column: EQUITY624 ID: 0.53  (mm)
Soil ExtractAleﬁme: (uL)

COMPOUND -

SFrA oRAMrLz NU.

VHBLKVT

. SDG No.: V1971
Lab Sample ID: WG9546-§
Lab File ID: WG9546-6A5S

Date Received:

Date Analyzed: 04/13/01
Dilution Factox: 1.0

Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodifluoromethane ¥, 10 U
T4-87-3 Chloromethane 10 u -
75-01-4 Vinyl Chloride 10 U
74-83-9 Bromomethane 10 U
75-00-~3 Chloroaethane 10 U
75-69-4 Trichlorofluoromethane 10 U
75-35-4 1,1-Dichioroethene 10 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane 10 U
67-64-1 Acetone ‘ 3 JB
75-15-0 Carbon Disulfide 10 U
79-20-9 Methyl Acetate 10 U
75-09-2 Methylene Chloride 10 e

156~-60-5 trang-1,2-Dichloroethene 10 U

1634-04-4 Methyl tert-Butyl Ether 10 U

75-34-3 1,1-Dichloroethane - 10 U
156-59-2 cis-1,2-Dichloroethene 10 U
-78-93-3 2-Butanone 10 U

67-66-3 Chloroform 10 U

71-55-6 1,1,1-Trichloroethane ~ 10 U
110-82-7 Cyclohexane - 10 U
.56-23-~58 Carbon Tetrachloride 10 [§]
. 71-43-2 Benzene 10 U

"107-06-2 1,2-Dichloroethane 10 U

. FORM I VOA-1
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27

0L0% B.¢ 818 YVd §¢:¢T 'T0/LI/¥0



1B EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEZET

Lab Name: COMPUCHEM - Contract: OLWO04-REVS VHBLKVT \
Lab Code: LIBRTY  Case No.: ‘ fSAs No. : _ SDG No.: V1971
Matrix: (soil/water) WATER - Lab Sample ID: WGS546-6

Sample wt/vol: 5 - {g/mpn) ML Lab File ID: »WG954E-6A55
Level: (low/med) LOW - ’ Date Received:

$ Moisture: noéﬁdec. ':. _ ‘ N Date Analyzed: 04/13/01

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

Soil Extra¢; Volqmé! ’ :u(uLL ' ”f Soil Aligquot Volume : _ (uD)

o : CONCENTRATEON UNITS:
CAS NO. ~ COMPOUND

(ug/T »r ug/Kg) UG/L Q
79-01-6 Trichloroethene 10 U
108-87-2 Methylcyclohexane - ' 10 U
78-8B7=5 1,2-Dichloropropane : 10 U
75-27-4 | Bromodichloromethane 10 |- U
10061-01-5 cis-1,2-Dichloropropene .10 U
108-10-1 4 -Methyl-2-Pentanone } 10 U
108-88-3 Toluene ' 10 U
10061-02-6 | trans-1l,3-Dichloropropene ' ‘ 10 U
79-00-5 1,1,2-Trichloroethane 10 U
127-18-4 Tetrachloroethene : i 10 U
591-78-6 2-Hexanone : . 10 U
124-48-1 Dibhromochloromethane 10 U
106-93-4 L1,2-Dibromoethane 10 U
108-90-~-7 chlorobenzene ' : 10 U
100-41-4 Ethylbenzene = , 10 U
1330-20-~-7 Xylene (Total) . . 10 U
100-42-5 | Styrene 10 | O
75-25-2 Bromoform : 10 U
98-82-8 Isopropylbenzene i . . 10 9]
79-34-5 1,1,2,2-Tetrachloroethane - 10 1 U
541-73-1 1,3-Dichlorobenzene 10 U
106-46-7 1,4~-Dichlorobenzene : 10 U
95-50-1 T,2-Dichlorobenzene 10 | U
96-12-8 1,2~-Dibromo-3-Chloropropane 10 U
120-82-1 | .1,2,4-Trichlorobenzene : 10 | U
=
-FORM I VOA-2 OLMO04.2
v20@ : _ NAHONAROD 0LO0V 6C 616 xvd 8€:G6T T0/LI/¥0
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irF ‘ EFA SAMPLE NU.
VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

o S . VHBLKVT
Lab Name: COMPUCHEM : - -Contract: OLM04-REVS

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

Matrix: (soil/water) WATER . Lab Sample ID: WG9546-§

Sample wt/vol: 5 . (g/mLi ML N Lab File ID: WG9546-6ASS
Level: (low/med) LOW : . Date Received:
% Moisture:-notidec, o § Date Analyzed: 04/13/01
‘GCAColumn: EQUITY624 ID: 0,53 . (mm) .. Dilution Factor: 1.0

—_—

o s , CONCENTRATION UNITS :
Number TICs found: O . . (ug/L or ug/Xg) UG/L

Soil Extract Volume:' (uL) . . Soil Aliquot Volume: (uL)

CAS WNUMBER .. .. | . COMPOUND NAME ' RT EST. CONC. | O

e s TS e S e e e s | e e e e e i e o o e e e e e s e e e e v ==
T T RN S SRR S o ST | EE s N S RS S SRS SN Ea s | == mes | SSESR oo a2

FORM I VOA-TIC 4 OLM04.2
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VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab. Name : COMPUCHEM
Lab Code: LIBRTY

Matrix: <soii/water) WATER

Case .NO .':

Sample wt/vol: 5

Level: (low/med) LOW
% Moisture: not dec.
GC Column: EQUITY624 ID: 0.53

(ul)

Soil Extract Volume:

[=/P - > F L TR AP NI pas

VIBLKSD

_Contract: OLM0O4-REVS

_SAS No.:

(g/mL) ML .

SDG No.: V1971
Lab Sample ID: VIBLKSD

Lab File ID: CC010413ASS
Date Received: .

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

Soil Aligquot Volume: (ul)

CONCENTRATION UNITS:

CAS NO. COMPOQUND. (ug/L or ug/Kg) UG/L Q
76-71-8 Dichlorodifluoromethane ~ 10 1 U
74-87-3 Chloromethane 10 U
75-01-4 vinyl Chloride 10 |'U
74-83-9 Bromomethane 10 U
75-00-3 Chloroethane 10 9]
JT5-69~4 Trichlorofluocromethane 10 9]
75-35-4 1,1-Dichloroethene 10 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluorocethane 10 4]
67-64-1 Acetone 2 JB
75-15-0 Carbon Disulfide 10 U
79-20-9 Methyl Acetate 10 U
75~09~2 Methylene Chloride 10 U

156-60-5 trans-1,2-Dichloroethene - 10 [§)
1634-04-4 Methyl tert-Butyl Ether -10 U
75-34-3 1,1-Dichloroethane ’ 10 U
156-59-2 | c¢im-1,2-Dichloroethen 10 U
78-93-3 Z-Butanone : 2 JB
67-66-3 Chloroform 10 U
7L-55-6 1,1,1-Trichloroethane 10 U
110-82-7 Cyclonexane ' .10 U
56-23-5 Carbon Tetrachloride 10 U
71-43-2 Benzene 10 U
107-06-2 1,2-Dichloroethane 10 U
FORM I VOA-1 OLMO04 .2
8c0@ 0L0V 8.8 816 YVd 8C:ST TO0/LI/¥O0
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iB EDA SAMPLE NO.
‘VOLATILE. ORGANICS ANALYSIS DATA SHEET
: . VISLKSD
Lab Name: COMPUCHEM . Contract: OLMO04-REVS 4 :
Lab Code: LIBRTY  Case No.: . SAS No.: SDG No.: V1971
Matrix: (soil/water) WATER' ' Lab Sample ID: VIBLKSD
sample wt/vol: -5 - {g/mL) ML . Lab File ID: GCCO10413A55

Level: (low/med) LOW
2 Moisture: not dec.

GC Column: EQUITY624 ID: 0.53 (mm)

Date Received:
Date Analyzed: 04/13/01

Dilution Factor: 1.0

Soil Extract Volume: (ul.) Soil Aligquot Volume: (ul)

. CONCENTRATICN UNITS:
CAS NO. COMPQUND (ug/L or ug/Kg) UG/L Q
79-01-6 .[ Trichloroethene. 10 U
108-87-2 Methylcyclonexane 10 U
78-87-5 "1 1,2-Dichloropropane 10 U
75-27-4 Bromodichloromethane 10 U
10061-01-5 ¢is-1,3-Dicnloropropene 10 U
108-10-1 4-Methnyl-2-Pentanone 10 U
108-38-3 Toluene 10 [¥]
10061-02-6 trans-1,3-Dichloropropene 10 ]
' 79-00-5 1,1,2-Trichloroethane 10 [§
127-18-4 Tetrachloroethene - 10 U
591-78-6 2 -Hexanone 10 [9)
124-48-1 Dibromochloromethane 10 8]
106-93-4 [ -1,2-Dibromeoethane 10 U
108-950-7 Chlorobenzene 10 U
100-47-4 Ethyloenzerne 10 4]
1330-20-7 | Xylene (Llotal) i0 [ U
100-42-5 | Styrene 10 75
75-25-2 Bromofoxm 10 U
98-82-8 Isopropylbenzene 10 4]
79-34-5 1,1,2,2-Tetrachloroethane 10 { U
541-73-1 1,3-Dichlorobenzene - 10 U
106-46-7 1,4-Dichlorobenzeéene 10 U
95-50-1 1,2-Dichlorobenzene . 10 U
96-12-8 1,2-Dibromo-3-Chloropropane 18 g
1

120-82-1 1,2;4-Trichlorobenzene

FORM I VOA-2

120@ | REHONAN0D

OLM04 .2
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Lab Name: COMPUCHEM

Lab Code:'LIBRTX_' Case No.:

Matrix: (soil/water)
Sample wt/yol; 5
Level: (lqw/med)'

% Moigture: not dec.

GC Column: EQUITY624 ID: 0.53

Soil Extract Volgme:

Number TICs_found:

VOLATILE ORGANIC

WATER ‘
(g/mL)
LOW

ML

£

1F

S ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED CCMPOUNDS

Qontract: OLMQ4 -REVS

" SAS No.:

Lab Sample ID:
Lab File ID:
Date Received:

Date Analyzed:

EPA SAMPLE NO.

VIBLXSD

SDG No.: Vig7i
VIBLXSD

CC010413A55

04/13/01

0

(mm) °

(uL)

vDilution Factor: 1.0

Soil Aligquot Volume:

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

EST. CONC.

_EEEEEREERERTES

0] 00 ~JJ OV U W G N - i1

[
O

11,

12.

14,

15.

16.

7

9.

20.

21.

22,

24 .

25,

26.

27.

28.

29.

3108

8203

FORM I VOA-TIC

RIEINdR0D

OLMO4 .2
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GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

~

1

Lab Name: COMPUCHEM Qontract;
Lab Code: LIBRTY  Case No.: 'SAS No.

Matrix: (soil/water) WATER |
Sample wt/vol: . 190.0 (g/ml) ML
% Moisture:, ' decanted (Y/N)

Extraction: - (SepF/Cont/Sonc) SEPF

BR3034TO

SDG No.: V1971

Lab Sample ID: V1971-3
Lab File ID:

Date Received: 04/11/01

Date Extracted:04/13/01

Concentrated Extract Volume: 12000(@1) Date Analyzed: 04/13/01

Injection Volume: 25.0 (uL) Dilution Factor: 1.0

GPC Cleanup: (Y/N) N pH: Sulfur Cleanup: (Y/N) N

' _ ' ' - CONCENTRATION UNITS:
CAS NO. ' COMPQUND (ug/L or ug/Kg) UG/L Q
2691-41-0---=--~~ HMX : 9.7]|0
99-35-4----w-u--- 1,3,5-Trinitrobenzene 4.9|U0
121-82-4--===-=-= RDX 12|0J
99-65-0-~——-=-um= 1,3-Dinitrobenzene 4.91U0
118-96-7-~-~------ 2,4,6-Trinitrotoluene 9.7\U
479-45-8---~---~ Tetryl 9.7|U
98-95-3-=------- Nitrobenzene 7.3|U
121-14-2-----=== 2,4~ Dlnltrotoluene 12|U
606-20-2-awcmn-= 2,6~-Dinitrotoluene 121U
35572-78- . 2-Amino-4,6- dlnltrotquene 14|U.
1946-51-0=w--~-- 4-Amino-2, 6-dinitrotoluene 9.7|U
B8-72+2=wr—---nn 2- Nltrotoluene ' 1210
99-99-0~--------4-Nitrotoluene 12|U
99-08-le---u---- 3-Nitrotoluene .70
PORM I PEST
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GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

Lab Name: -COMPUCHEM Contract:

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

Matrix: (soil/water) WATER .
Sample wt/vol: 210.0 (g/ml) ML
% Moisture: '~ decanted: (Y/V)

-]

Extraction: (SepF/Cont/Sonc) SEPF

e ba e m e e ma— s

BR3035TO

SDG No.: V1971

Lab Sample ID: V1971-4
Lab File ID:
Date Received: 04/11/01

Date Extracted:04/13/01

Concentrated Extract Volume: .,14000(ul) Date Analyzed: 04/13/01

Injection Volume: 25.0 (uL) Dilution Factor: 1.0

GPC Cleanup: (Y/N) N DH: Sulfur Cleanup: (Y/N) N

CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0-~-~==-~~HMX ) 10jU
99-35-4---wmmee-- 1,3,5-Trinitrobenzene 5,110
121-82~4«~~-~--wn-~ RDX : : 13|10
99-65-0~--~----~- 1,3-Dinitrobenzene 5.1(U
118~96-7-~-~--~--- 2,4,6-Trinitrotoluene 10U
479-45-8-------Tatryl 10{U
st EaE e Nitrcobenzene 7.7|U0
121-14-2------+= 2,4-Dinitrotoluene 13|U
606-20-2«~===wm~- 2,6-Dinitrotoluene 13|U
35572-78-2~===~- 2-Amino-4, 6-dinitrotoluene . 15|U
1946-51-0-=====- 4-Amino-2,6- dlnltrotoluene 10|00
B8-72-2--~--=>=~ 2~ Nltrotoluene : 130
99-99-0-----==== 4-Nitrotoluene 131U
99-08-1l--=w==wr- 3-Nitrotoluene 101U
FORM I PEST

€00 » P RAHOOAROD
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GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM ‘ Contract:

Lab
Matrix: (soil/water) WATER ;
Sample wt/vol; - 260.0 (g/ml ML?
% Moisture: N decanted: (Y/N):
Extractién: (SepF/Cont/SonC) SEPF

Concentrated Extract Volume: 20000 (ul)

Codm: LIERTY Case No.: . SAS No.:

EPA SAMP

LE NC.

GW3034T0

SDG No.: V1971

Lab Sample ID: V1971-1
Lab File ID:
DatévReéeived: 04/10/01
Date Extracted:04/13/01
Date Analyzed: 04/13/01

Injection Volume: 25.0 (ul) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N PH: sulfur Cleanup: (Y¥/N) N
CONCENTRATION UNITS:

CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0------- HMX S L .
99-35-4--~~------1,3,5-Trinitrobenzene 7.1
121-82-4~~~----- RDY 0.35|JP
98-65-0=v-"----~ 1,3-Dinitrobenzene 7.4
118-96=T«----=-- 2,4,6-Trinitrotoluene 6.3|d
479-45=8-~=----~- Tetryl 0.49(Jp
98-95-3-----o--~ Nitrobenzene 6.4|J
121-24-2--w----~ 2,4-Dinitrotoluene 8.8|J
606-20=2==mmm=m= 2 6-Dinitrotoluene 7.5|d
35572-78-2~===== 2-Amino- 4,6~ dlnltroEquene 8.01J
1946-51-0------- 4-Amino-2,6- dlnltrotoluene 8.6|J
88-72-2---—------ 2- Nltrotoluene 8.0|J
99-99-0-----=--~-- 4-Nitrotoluene 8.1}J
99-08-1-~-----= --3-Nitrotoluene 6.8|JP

FORM I PEST
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GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

A : PZNLCS
Lab Name: COMPUCHEM . Contrackt;
Lab Code: LIBRTY ~ Case No.: 'Sas No.: SDG No.: V1971
Matrix: (soil/water) WATER . Lab Sample ID: WG9612-2
Sample wt/vol: 770.0. (g/ml) ML * Lab File ID:
% Moisture:" _ decanted: (Y/N) ° 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 (ul) . Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pPH: Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41~0==v==-- HMX 6.4
99-35-4-==-=-~--- 1,3,5-Trinitrobenzene 4.5
121-82-4---«-=-~- RDX 2.71Jd
99-65-0====cr--=~ 1,3-Dinitrobenzene 4.1
118-96-T7-====w-- 2,4,6-Trinitrotoluene 3.6
479-45-8-=mm=-—~ Tetxryl 7.2
98-95-3 e~~~ Nitrobenzene 3.5
121-14-2---~=---- 2,4-Dinitrotoluene 4.6
606-20-2-~---~--~ 2,6-Dinitrotoluene 6.5
35572-78-2-----~ 2-Amino-¢,é-dinitxotoluene 61
1946-51-0-----~- ¢-Amino-2, 6-dinitrotoluene__ 6.1
B8-72-2--=-==-=-~-- 2-Nitrotoluene 6.6
99-99-0-~---~-~-~-- 4-Nitrotoluene 6.5
99-08-1--------= 3-Nitrotoluene 6.6
FORM I PEST .
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CHAIN-OF-CUSTODY RECORD

No.

. s C NE948%
R L/OMPU - HEM Project Name : Client Address ) Point- of Contact : i I
MNNNREEE! , division of Liberty Analytical Corp. P 7. . O A
I _ y Aney P {)r )(\a(‘)nj r w\’fi e | B Eiaa A TRIVAL AN 7 A Lot "1:’\ g i ;’g RIVALE LY !
5016';/';(1:?:“2%?%“8 Carrier : i ¥ C{(Vhedsy . (9 2UO [TelephoneNo.: . fprt i ()7 < 1
' P . Y ) i
1-800-833-5097 Airbill No. : Sampling complete? Y orN  (see Note 1)
- Sampler Name : , Sampler Signature ) Project-specific (PS) or Batch (B) QC ?
BOX #1 1. Surface Water *6. Trip Blank BOX #2 A. HCI + Ice F. lce Only BOX#3  F. Filtered Box #4 H. High Box #5 C.CLP 390 T.TCLP
2. Ground Water 7. Oil B. HNO3 +Ice  G. Other U. Unfiltered M. Medium S. SW-846
- 3. Leachate 8. Waste _C. NaOH +Ice H.NaHSO4 + Ice L. Low W. CWA 600-series
4. Rinsate 9. Other, D. H2S04 + Ice |. ZnAc+NaOH + [ce 0. Other,
5. Soit / Sediment / Sludge E. Unpreserved
Box #1 | Box #2| Box #3 | Box #4 | Box #5
; 3
] o %) e N
=] £ o g ~ § o%
Sample ID A | 2 £ 3 g |28 5 x|z [k Remarks / Comments
~ (9 characters maximum) E B = 3 3 a g a 3 812 P 2E Z% (see Notes 2 & 3)
sl e B E] 8 § £ 1% |5als|8|8lsl8|2]E]s e
f=4 = NS
a [ P a i 3 Z S iS81a|g8|8]2 210 8 8 >
S TRl i PN el TR L T P e ,- ' - ) A Y
NN R i = £, ( k. | 1 4ad 1A
H ‘."-‘;‘_ . | o - 3 a3 s l
o o 4 el ] e ) K N 2 1 M | .I.
/
/
/
/
/
A
/
/
Clients Special Instructions: Temperature °C
Lab: Received in Good Condition? Y or N Describe P}oblems, if any:
£ ]
#1 Relinquished By: (Sig) : (’f\ﬁ) i vb /\.ﬁ\ Date: ¥/ /f'{// #2 Relinquished By: (Sig) Date: #3 Relinquished By: (Sig) Date:
q 8 / ' '
‘| Company Name: f / }') Time: / 4 Company Name: Time: Company Name: Time:
#1 Received By: (Sig) ' Date: #2 Recelved By: (Sig) Date: #3 Received By: (Sig) Date:
Company Name: Time: | Company Name: Time: Company Name: Time:

Note (1) If “N" lab will hold samples to await remainder of project-maximizing batch size and minimizing QC ratio; if Y lab will begin processing batches now.
Note (2): Samples stored 60 days after date report mailed at no extra charge.

Note (3): All lab copies of data destroved after three vears




TOEAL URANIUM ANALYSIS RESULTS SUMMARY
Ry Laser-Induced Kinelic Phosphorimetry

Lab Nama: Paragon Analytics, Inc. } Date Collected: 04/09/2001
Ciient Nafie: CompuChem ) Date Analyzed : 04/13/2001

¢lienr. Project ID: Weldon Springs

LA Sample 1D Serics: 01-04-110 Sample Matrix : WATER
B S T P ':.;::'.":.:.——--"'r':'—_____——""—‘.;—::z':-::-h T LI R AT
. T.ak Total Uraniuia - Reporting

Clignt Sangela ID Sample ID (wey/T ) Limit || Flag

Pt ke Lot S TSRS S T (IR S A e e g rr'
BR30u347TO 04-110-Q1 0.1¢ & 0.02 0.20 J
ER3I035TO 04-110-02 .19 + 0.03 0.20 J
Nlank : 04-310-B1 || 0.02 ¢ 0.00 0.20 J
CR3IN3ATO 04-110-D1 0.16 + 0.02 0.20 J

I ALY LY ':.'-'. 5-:--;‘—‘-—_.‘..‘."-"’.,—“&'_"_—__7_._...‘#:5.‘? L-—".'".'. AT — — = m——— ...-4'—1._--‘—"..‘:':2- V—

Reported Uncertainties ace the Fatimated Total Propagated
Uneertaintics (20). 4 '
sae PAT SOP 743R3 for details of TRU detcrminations.
FLAGY « J - 'Fatimated Value' - result hetween Method
Deteerion Limit and Reperting Limit.
U - 'Not Octected' - result less than Method
Detaction Limit.: '
Ramy r‘l-;‘:-i :

Samplc 01-04-110-DL is a duplicate of 01-04-110-01.

8/

T et I enamhadu Tt C NN aaeamam T e m s ST s A id e e a——. AN @ O A A SR A, KA, SRS Sl A i St gyt e

£00/¢00 R
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ESheo iy,

. Sample Chain of Custody

W.0. Number: Project Name: \‘.\] L . =l
g
Sampler: Ny 5 3
B — = s w3 L
S 1 kY A
o | W N 4l &
+ S (T;' N "‘l{"
ERM TR, = | = f‘ =
Number Dale COMP [ GRAB Sample Location = el Remarks
4 4 lbfoy Gw2osy. chyy -7 el R N
4 Ylilo | Guuioay- a0y - 7 5l A | x
- t - . 7 - i _
V7 w1 log GWA03 - Vorl ~ 72 5 la |x |y
Sample Relinquished Date Time Sample Received by: Dale Time Reason for Transler
7 { /i ] E y o
g f»—h “n” - '-:! i,n; 1‘}( N AN ."“,m_fl L 41 M, J’[u ¢ }2 0z

Copies: White and Yellow copies accompany sample shipments lo laboratory. Yellow copy retained by taboratory. White copy lo be returned to ERM for files. Pink copy retained by sampler. Gold copy extia as needed (warehouse)

8494
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ANALYTICAL REPORT OF DATA - CASE # W1971

SUBMITTED TO:
M. David Rpbinson
ERM '

~ 250 Phillips Blvd., Suite 280
Princéton Crossroads
Ewing, NJ 03618

LABORATORY CHRONICLE - NITRATE ANALYSIS

. DATE DATE
ITEM SAMPLE COMPUCHEM SAMPLE ANALYSIS
NO. IDENTIFIER NUMBER RECEIVED COMPLETED
L. GW3034CNTL7 W1971-1 04/17/01 04/18/01
2. GW3034KMNO47  W19712 04/17/01 *
*

3. GW3034PERS7 W1571-3 04/17/01

* Analysis could not be completed due to sample matrix.
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NITRATE ANALYSIS

SUMMARY REPORT

ITEM  SAMPLE COMPUCHEM  RESULT REPORTING LIMIT )
NO.  IDENTIFIER NUMBER  (mg/L) (mg/L) ' '
. GW3034CNTL?  WI9T1l 776 0.05

BRL = BELOW REPORTING LIMIT
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iD
GC QATRACTABLE ORGANICS ANALYSIS DATA SHEET

1

Lab Name: COMPUCHEM . Contract:
Lap Code: LIBRTY Case No.: :SAS No.

Matrix: (soii/water) WATER

Sample wt/vol:, 770.0 (g/ml) ML :
% Moisture: : decanted: (Y/N)__
Extraction: '(Sep?/Cont/San) SEPF

Concentrated Extract Volume: 24000 (ul)

EEA SAMPLE NO.

8330

GW3034CNTL7

SDG No.: W1971

Lab Sample ID: W1971-1
Lab File ID:

Date Received: 04/17/01
Date Extracted:04/18/01

Date Analyzed: 04/19/01
Injection Volume: 25.0 (ul) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS: “
CAS NO. - COMPOUND (ug/L or ug/Xg) UG/L Q
-2681-41-0---~--=~= HMX 4.8|U
99-35-4------u==- 1,3,5-Trinitrobenzene 2.410
121-82-4-=--=--=-- RDX 6.0|U
99-65-0n=mawcwr~—- 1,3-Dinitrobenzene 5.7
118-96-7--~------ 2,4,6-Trinitrotoluene 3.0|J
479-45-8---2-==~ Tetryl . 4.8|U
98-95-3---------Nitxobenzene 7.6
121~14-2~----=--- 2,4-Dinitrotoluene 8.0
. 606-20-2--------~ 2,6-Dinitrotoluene 7.4 ;
35572-78-2--~----2-Amino-4,6-dinitrotoluene 7.1|3
1946-51-0-~----- 4-Amino-2,6- dlnltrotoluene 4.8|U
88-72-2==c-rm-u-= 2 Nltrotoluene 7.2
99-99-Quecmuwcr-- 4-Nitrotoluene 6.0|U
99-08-1l~=v~m=r-~~ 3-Nitrotoluene 7.7
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Lab Name:
Lab Code: LIBRTY

Matrix: (goil/water) WATER -

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

Soil Extract Volume:

Sample wt/vol: §- (g/mL) ML-
‘Level: (low/med) LOW E Date
% Moisture: not dec. ' Date

(uL) Soil

COMPOUND

Lab File ID:

Dilution Factor:

1A EPA SAMPLE MNU.
VOLATILE ORGANICS ANALYSIS DATA SHEET
= GW3034PERS7
COMPUCHEM - Contract: OLMQ4-REVS
Case No.: SAS No.: SDG No.: W1s71
Lat Sample ID: W1971-3

W1971-3RAS9
Received: 04/17/01
Analyzed: 04/20/01
1.0

iAliQUOt Volume: (uL)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L Q
75-71-8 | Dichlorodifluoromethane y 10 | U
74-87-3 | Chloromethane 10 U
75-01-4 vVinyl Chloride 10 i8]
74-83-9 Bromomethane 10 i
75-00-3 Chloroethane T0 T
75-69-4 Trichlorcfluoromethane 10 U
75-35-4 1,1-Dichloroethene A 10 0]
76-13-1 1,1,2-Trichlorc-1,2,2-trifluoroethane 10 U
67-64-1 Acetone 48
75-15-0 Carbon Disulfide 10 U
79-20-9 Methyl Acetate 10 U

~ 75-09-2 Methylene Chloride 7 JB

156-60-5 trans-1,2-Dichloroethene 10 U
1634-04-4 Methyl tert-Butyl Ether 10 U
75-34-3 1,1-Dichloroethane - 10 U
156-59-2 cis-1,2-Dichloroethene : 10 U
78~93-3 2-Butanone 10 i
67-66-3 Chlorotform 4 J
71-55~6 1,1,1-Trichloroethane 10. 1 U
110-82-7 Cyclohexane , 10 8]
56-23-5 Carbon Tetrachloride 10 U
71-43-2 Benzene ] 10 U
107-06-2 1,2-Dichloroethane. 10 U

L20/8T0
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18 EPA SAMPLE 1
VOLATILE ORGANICS ANALYSIS DATA SHEET - NO-

: » GW3034K '
Lab Name: COMPUCHEM “Contract: {47 ’
Lab Code: LIBRTY  Case No.: {SAS No.: SDG No.: W1971
Matrix: (soil/water) WATER : Lab Sample ID: X1971-2
Sample wt/vol: 5 (g/mL) ML - Lab File ID: X1971-2RAS1
Level: (low/med) LOW : Date Received: |
% Moisture: not dec. : ‘ Date Analyzed: 04/25/01
GC Column: EQUITY624 ID: 0.53 (mm) Dilution Factor: 1.0
Soil Extract Volume: - (uL) -y Soil Aliquot Volume: (uL)
' . : CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Xg). UG/L Q
79-01-6 Trichloroethene : - 10 [ ©
108-87-2 Methylcyclonexane ~ 10 U
78-87-5 1,2-Dichloropropane , 10 9]
75-27-4¢ Bromodichloromethane . 10 U
10061-01-5 cis-1,3-Dichioropropene 10 U
108-10-1 4-Methyl-2-Pentanone 10 U
108-88-3 Toluene 1 JB
10061-02-6 trans-1,3-Dichloropropene » 10 [¥]
72-00-5 1,1,2-Trichloroethane 10 U
127-18-4 Tetrachloroethene : 10 U
581-78-6 2-Hexanone 10 U
124-48-1 Dibromochloromethane 10 U
106-93-4 1,2-Dibromoethane - 10 U
- 108-90-7 Chlorobenzene i 10 U
100-41-4 Ethylbenzene - 10 U
1330-20-7 Xylene (Total) 10 U
100-42-5 Styrene 10 U
75-25-2 Bromoform : 10 U
98-82-8 Isopropylbenzene - 10 U
79-34-5 1,1,2,2-Tetrachlorcethane . 10 U
541-73~1 1,3-Dichlorobenzene _ 10 U
106-46-7 | 1,4-Dichlorobenzene" : _ ' 10 1 U
985-50-1 1,2-Dichlorobenzene 10 9]
96-12-8 1,2-Dibromo-3-Chloropropane. 10 U
120-62-1 1,2,4-Trichlorobenzene 10 U_
FORM I VOA-2 o QOLM04.2
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Lab Name:
Lab Code:

Matrix:

COMPUCHEM

LIBRTY

' 1A v
VOLATILE ORGANICS ANALY3IS DATA SHEET

Case No.:

(soil/water) WATER

" Contract:

" SAS No.:

EPA SAMPLE NO.

GCW3024XKMNO47
SDG Ne.: Wi1971
Lab Sample ID: X1971-2

Sample wt/vol: 5 (g/mL) ML - Lap File ID: X1971-2RAS51
Level: (low/med) LOW ’ Date Received:
¥ Moisture: not dec. Date Analyzed: 04/25/01
GC Column: EQUITY624 ID: 0.53 (mm) Dilution Factor: 1.0
Soil Extract Volume: (ulL) Soil Aliquot Volume: (uL)
" CONCENTRATION UNITS:
CAS NO. COMPOUND " {ug/L or ug/Rg) UG/L Q
75-71-8 | Dichlorodifluoromethane ' N 16 | U
74-87-3 chloromethane — 10 4]
75-01-4 vinyl Chloride 10 9]
74-83-~9 Bromomethane 10 U
75-00-3 Chloroethane 10 T
75-69-4 | Trichlorofluoromethane 10 | U
75-35-4 1,1-Dichioroethene 10 U.
76-13-1 1,1,2-Trichloro-1,2,2- trlfluoroethane' ' 10 U
67-64-1 Acetone 18 B
75-15-0Q Carbon Disulfide 10 U
79-20-9 Methyl Acetate 10 U
75-09=-2 Methylene Chloride 16 B
156-60-5 trans-1,2-Dichloroethene 10 [ U
1634-04-4 Methyl tert-Butyl Ether 10 9]
75-34-3 1l,l-Dichlorxoethane 10 U
156-56-2 cig-1,2- chhloroeﬁhene 10 U
78-93-3 2= Butanone 0 | U
67-66~3 Chloroform 3 JB
71-55-6 1.1,1-Trichlorcethane 10 g
.110-82-7 | Cyclohexane 10 9]
56-23-5 Carbon Tetrachloride 10 U
71-43-2 Benzene 10 U
107-06-2 1,2-Dichloxcethane 10 U
FORM I VOA-1 ‘OLM04 .2
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VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

Lab Name: COMPUCHEM

Lab Code: LIBRTY Case No-.: 'SAS No. :
Matrix: (soil/water) WATER .

Sample wt/vol;‘-S (g/mL)- ML B

Level: (low/med)  LOW o

% Moisture: not dec,
ID: 0.32- (mm)

GC Column: RTX-624
(uL)

Soil Extract Volume:

Number TICs found: 1

-Contract: OLM04-REVS

EPA SAMPLE NOU.

GW3034KMNO47

SDG No.: W1971

Lab Sample ID: W1971-2
Lab File ID: W1971-2BS9
Date Received: 04/17/01
Date Analyzed: 04/19/01
Dilution Factor: 100.0

Soil Aliquot Volume: {(uL)

CONCENTRATION UNITS:
(ug/L or ug/Xg) UG/L

- COMPQUND -NAME
LABORATORY ARTIFACT

RS S T S s e e e oo e A Am e
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RT EST. CONC. Q

P=—t—t—p— 2k

14.79

—
3 N ) O \0f 0of <3 Onf U ed L 0
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1B EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHE :

_ - s GW3034KMNO47
Lab Name: COMPUCHEM - Contract: CLM04-REVS
Lab Code: LIBRTY Case No.: _ ; SAS No.: SDG No.: W1971
Matrix: (soil/water) WATER' . Lab Sample ID: W1971-2
Sample wt/vol: 5 (g/mL) ML - ‘Lab File ID: W1971-2RSs
Level: (low/med) LOW . - Date Received: 04/17/01
% Moisture: not das. i : Date Analyzed: 04/19/01
GC Column: RTX-624 ID: 0.32 (mm) - pilution Factor: 100.0
Soil ExtracE-Vblumei - (ulL) 3 Soil Aliquot Volume: _(uL)
' - . CONCENTRATION UNITS:
CAS NO. - COMPOUND . : .. - (ug/L or ug/Kg) UG/L Q
79-01-6 TrichIoroethene . 1000 U
108-87-2 Methylcyclohexane 1000 U
78-87-5 1l,2-Dichloropropane 1000 ] U
75-27-4 Bromodichloromethane : 1000 U
10061-01-5 ci18-1,3-Dichloropropene : , 1000 U
108-10-1 4-Methyl-2-Pentanone 1000 U
108-88-3 Toluene n 1000 U
10061-02-6 trans-1,3-Dichloropropene 1000 U
79-00-5 1,1,2-Trichlorcethanse 1000 U
127-18-4 Tetrachloroethene ' 1000 U
591-78-6 2 -Hexanone 1000 9]
124-48-1 Dibromocnloromethane 1000 U
106-93-4 | 1,2-Dibromcethane 1000 U
108-90-7 Chlorobenzene - . ' : 1000 [ U
100-41-4 Ethylbenzene 1000 U
1330-20-7 Xvlene (Total) 1000 U
100~-42-5 Styrene 1000 U
75-25=-2 Bromoform . 1000 U
98-82-8 Isopropylhenzene 1000 U
79-34-5 1,1,2,2-Tetrachloroethane | 1000 U
541-73-1 I chhlorobenzene % 1000 U
106-46-7 l,4—DIcHIorobenzene 1000 8]
55-50-1 1,2-Dichlorobenzene 1000 18]
S56-12-8 1,2-Dibromo-3-Chloropropane 1000 U
120-82-1 1,2,4-Trichlorcbenzene 1000 U

FORM I VOA-2 OLMO04 . 2
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ZPA SAMPLE NO. .

-1A
VOLATILE ORGANICS -ANALYSIS DATA SHEET

: GW3034 4
Lab Name: COMPUCHEM o - Contract: OLMO4-REVS 087
Lab Code: LIBRTY Case No.: = SAS No. : SDG No.: w1971
Matrix: (soil/Water) WATER . - Lab Sample ID: W13971-2
sample wt/vol: 5 (g/mL) ML- Lab File ID: W1971-2BS9
Level: (low/med) LOW ' % Date Received: 04/17/01
% Moisture: not dec. K - Date Analyzed: 04/19/01
GC Column: RTX-624  ID: 0.32 (mm) - Dilution Factor: 100.0
Soil Extract Volume:- : st -(dL) : Soil Aliquot Volume: (ul)
; S - - CONCENTRATION UNITS:
CAS NO. COMPOUND : - {ug/L or ug/Kg) UG/L Q
75-71-8 chhloréaifluoromethane 1000 U
T4-87-3 Chloromethane 1000 U
75-01-4 vVinyl Chloride 1000 U
74~83-9 Bromomethane 1000 U
75-00-3 Chlorocethane 1000 U
75-69-4 Trichlorofluoromethane 1000 U
75-35-4 1,1-Dichlorcethene T, 1000 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluorocethane 1000 U
67-64-1 Acetone .. : 1000 U
75-15-0 Carbon Disulfide ' : 1000 U
79-20-9 Methyl Acetate 1000 | U
75-09-2 Methylene Chloxide ‘ . 1000 U
156-60-5 trans-1,2-Dicnlorocethene : - 1000 U
1634-04-4 Methyl tert-Butyl Ether 1000 U
75-34-3 1,1l-Dichloroethane 1000 U
156-59-2 cis-1,2-Dichloroethene 1000 U
78~-93-3 2-Butanone . 1000 [i]
67-66-3 Chleoroform ' 1000 U
71-55-6 1,1,1-Trichlorocethane 1000 U
110-82-7 Cyclohexane 1000 U
56-23-5 Carbon Tetrachloride 1000 U
71-43-2 Benzene 1000 J
107-06-2 1l,2-Dichlorocethane . 1000.| U

FORM I VOA-1 . OLMO4 .2
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VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY LIDENTIFIED COMPOUNDS

iContract: OLMO4-REVS

Lab Name: COMPUCHEM -

Lab Code: LIBRTY Case No.:

Matrix: (soil/water) WATER
Sample wt/vol:- S:: (g/ﬁL) ML
Level: (loQ/ﬁed)~ Lowt

¥ Moisture: nbt deé.  | - s ¢

ID: 0.32

GC Column: RTX-624 (mm) -

Soil Extract Volume: (uL)

- Number TICs found: 4

-SAS No.:

Srs s Lo v,

GW3034CNTL7DL

SDG No.: W1971
Lab Sample ID: W1971-1

Lab File ID: W1971-1D2ASS
Date Received: 04/17/01 |
Date Analyzed: 04/20/01
Dilution Factor: 5.0
Soil Aliquot Volume: __ (uL)

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

COMPOUND -NAME
LABORATORY ARTIFACT

44+ M-t & > %1 1

B T T -
-4 21 3 F b T L F ¥ 3

RT | ‘EST. \CONC. 9

EENOSSST | S=ES=EnS o oeE===Ss | == oS

11.83 ___42/JD

LABORATORY ARTIFACT

13.50 70]JBD

LABORATORY ARTIFACT

14.78 270]dJdBD

16.20 600} JBD

LABORATORY ARTIFACT

1 L) -4 O WO 00 ~H O] Lnf k> | L N 1=

1= 300 13 1)

FORM I VOA-TIC -

OLM04.2
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Lab Name: COMPUCHEM

Iab Code: LIBRTY
Matrix: (soil/water) - WATER

".-1B
VOLATILE ORGANICS ANALYSIS DATA SHEET

Case No.:

Contract:

SAS No.:

PA SAMPLE NO.

23]

GW3024CNTL7DL
OLM04-REVS
SDG No.: W1971
Lab Sample ID: W1$71-1

Sample wt/vol: 5 (g/mL) ML, - Lab File ID: W1971-1D2A59
Level: (low/med) LOW Date Received: 04/17/01
% Moisture: not dec. Date Analyzed: 04/20/01
GC Column: RTX-624 ID: 0.32 (mm) Dilution Factor: 5.0
Soil Extract Volume: {uL) . Soil Aligquot Volume: (ul)
' o CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
79-01-6 Trichloroethene 490 D
108-87-2 Methylcyclohexane 50 U
78-87-5 1,2-Dichloropropane 50 U
75-27-4 Bromodichloromethane 50 U
10061-01-5 cis-1,3-Dichloropropéene 50 U
108-10-1 4-Methyl-2-Pentanone 50 U
108-88-3 Toluene P 50 U
10061-02-6 trans-1,3-Dichloropropene 50 U
79-00-5 1,1,2-Trichloroethane 50 U
127-18-4 Tetrachloroethene S0 U
591-78-6 2 -Hexanone 50 U
124-48-1 Dibromochloromethane 50 U
106-93-4 1,2-Dibromeoethane S0 4]
108-90-7 Chlorobenzene 50 U
100-41-4 Ethylbenzene 50 U
1330-20-7 | Xylene (Total) 50 U
100-42-5 Styrene 50 U
75-25-2 Bromororm : 50 U
98-82-8 Isopropyilbenzene 50 U
79-34-5 1,1,2,2-Tetrachlorocethane 50 U
541-73-1 1,3-Dichlorobenzene 50 U
106-46-7 1,4-Dichlorobenzene 50 U
95-50-1. 1, 2-Dichlorobenzene 50 1¢]
96-12-8 1, 2-Dibromo-3 -Chloropropane 50 U
120-82-1 1,2,4-Trichlorobenzene 50 U

L20/¢10@

FORM I VOA-2
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1A

VOLATILE CRGANICS-ANALYSIS DATA SHEET

Lab Name: COMPUCHEM

Lab Code: LIBRTY Case No. : t

Matrix: (goil/water) WATER

Sample wt/vol: 5
(Low/med)

Level:

(g/ml) ML
T.OW '

¢ Moisture: not:- dec. ‘ R,

- Contract:

SAS No.:

Date Received:

[hs]
0
i
vl
%
av}
=
tx1
o

GW3034CNTL7DL
OLM04 -REVS :

SDG No.: W1971

Lab Sample ID: W1971-1

Lab File ID:

W1971-1D2ASS

04/17/01

Date Analyzed: 04/20/01

Dilution Factor: 5.0

GC Column: RTX-624 ID: 0.32 (mm) -
Scil Extract Volume: (ul) Soil Aliquot Volume: (uL)
G CONCENTRATION UNITS: ]
CAS -NO. COMPOUND (ug/L or ug/Kg) UG/L Q '
75~71-8 Dichlorodifluoromethane 50 u
74-87-23 Chloromethane 50 T
75-01-4 Vinyl Chioride 50 U
74-83-9 Bromomethane 50 U
75-00-3 Chloroethane 50 T
75-65-4 Trichlorofluoromethane 50 U
T5-35-4 1,1-Dicnlorcethene A 50 U
76-13-1 1,1,2-Tricnloro-1,2,2-trifluoroethane 50 U
67-64-1 Acetone . 3 99 D
75-15-0 Carbon Disulfide 50 U
79-20-9 Methyl Acetate 50 U
75-09-2 Methylene Chloride 22 DJB
156-60-5 | trans-l,2-Dichloroethene 50 U
1634-04-4 Methyl tert-Butyl Ether 50 U
75-34-3 1,1-Dichlorocethane 50 U
156-59-2 cis-1,2-Dichloroethene 19 DJ
78-93-3 2-Butanone 50 U
67-66-3 Chloroform : j 50 U
71-55-6 1,1,1-Trichloroethane 50 8]
110-82-7 Cyclohexane '@ . 50 U -
56-23-5 Carbon Tetrachloride 50 | U
71-43-2 Benzene 50 U
107-06-2 1,2-Dichloroethane 50 8]

20/3T0 M@

~

FORM I VOA-1
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1F EPA. SAMPLE NU.

VOLATILE ORGANICS ANALYSIS DATA SHEET
. TENTATIVELY IDENTIFIED COMPOUNDS

0 ¢ GW3034CNTL7
Lab Name: COMPUCHEM «Con;ract: OLM04 -REVS '
Lab Code: LIBRTY Case No. : -SAS No.: _ '~ SDG No.: Wi971
Matrix: (soil/water) WATER - Lab Sample ID: W1971-1
Level: low/med LOW - s Date Received: 04/17/01
¥ Moisture: not dﬁc : = _ Date Analyzed: 04/20/01
GC Column: RTX 624 ID: 0.32 (mm) - Dilution Factor: 1.0
S0il Extract Volume (ul} = - . Soil Aliquot Volume: (uL)
: . “ 'CONCENTRATION UNITS:
Number TICs found: 3 : : (ug/L or ug/Kg) UG/L
f CAS NUMBER. - - | . - . COMPOUND -NAME RT BST. conc. | o
1. . |LABORATORY ARTIFACT 13.49 11198
i 2, TABORATORY ARTIFACT - 14,77 ' 44 [JB
T TABORATORY ARTIFACT 16.20 100]J8
i 4. : )
.5, X
|~ 6.
-
1 8.
IR
{710,
? I B
1712,
13,
114,
| TI15.
716, .
7.
18.
19.
20.
21.
22.
23.
24 .
25.
26.
27.
28.
29. o
T30,
OLM04.2

FORM I VOA-TIC
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o .18
VOLATILE ORGANICS ANALYSIS DATA SHEET

i.ab Name: COMPUCHEM

Lab Code: LIBRTY Case No.:

Matrix: (soil/water) WATER

Sample wt/vol: 5 (g/mL) ML
Level: (low/méd) LOW )

Q

% Moisture: not dec.

{mm)

GC Column: RTX-624° ID: 0.32
. ;

Soil Extract Volume: ~(uL)

‘COMPOUND

EPA SAMPLEZ NO.

QH3034CNTL7

Contract: QLM0O4-REVS

SAS No.: SDG No.: w1971

Lab Sample ID: W1371-1
Lab File ID: W1971-1RAS9

Date Received: 04/17/01

Date Analyzed: 04/20/01
Dilution Factor: 1.0

Soil Aliquot Volume: (uL)

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

CAS NO.
79-01-6 Trichloroethene 520 E
108-87-2 Methylcyclohexane 10 T
78-87-5 1,2-Dicnloropropane 10 T
75-27-4 Bromodichloromethane 10 9]
10061-01-5 ¢is-1,3-Dichloropropene 10 U
108-~10-1 4-Methyl-2-Pentanone 10 U
108-88-3 Toluene N P J
10061-~02-6 trang-1,3-Dichloropropene 10 U
79-~00-5 1,1,2-Trichlorocethane 10 U
127-18-4 Tetrachloroethene 10 U
591-78-6 2 -Hexanone ‘ 10 | U
124-48-1 Dibromochloromethane 10 U
106-93-4 1,2-Dibromoethane - 10 U
108-90-7 Chlorobenzene 10 U
100-41-4 Ethylbenzene 10 U
1330-20-7 Xylene (Total) 10 U
100-42-5 Styrene 10 U
75-25-2 Bromoform 10 U
98-82-8 Igopropylbenzene 10 U
79-34-5 1,1,2,2-Tetrachlorcethane 10 U
541-73~1 1,3-Dichlorobenzene 10 { U
106-46~7 1,4-Dichlorobenzene 10 U
95-50~1 | 1,2~Dichlorobenzene 10 U
96-12~8 | 1,2-Dibromo-3-Chloropropane 10 U
120-82-~1 1,2,4-Trichloxrobenzene 10 [ U

FORM .

I VOA-2 OLM04 .2

L30/0T0 @)
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ia

EPA 3SAMPLE NO.
VOLATILE ORGANICS-ANALXSIS'DATA SHEET ] ’
- GW3034CNTL7
Lab Name: COMPUCHEM - Contract: OLM0O4-REVS ne
Lab Ccde: LIBRTY Case No.: . SAS Mo.: SDG No.: Wig971
Matrix: (soil/water) WATER Lab Sample ID: W1971-1
sample wt/vol: - (g/mL) ML - Lab File ID: W1971-1RA59
Level: (low/med) LOW Date Recesived: 04/17/01
$ Moisture: not dec. Date Analyzed: 04/20/01
GC Column: RTX- 624 ID: 0.32 (mm) Dilution Factor: 1.0
Soil EXtract Volume (uL) Soil Aliquot Volume: (ul)
: g _ CONCENTRATIOCN UNITS
CAS NO. - COMPQUND (ug/L or ug/ g UG/L Q
75-71-8 Dichlorodifluoromethane 10 u
74-87-3 Chloromethane 10 U
75-01-4 vinyl Chloride 10 U
74-83-9 Bromomethane 10 U
75-00-3 Chloroethane 10 U
75-69-4 Trichlorofluoromethane. 10 U
75-35-4 1,1-Dichloroethene . 10 U
76-13-1 1,,2-Trichioro-1,7,2-trifluoroethane 10 U
67-64-1 Acetone ) 10 U
75-15-0 Carbon Dlsulflde 10 U
79-20-9 Methyl Acetate 10 | U
75-09-2" Methylene Chloride 13 B
156~-60-5 trans-1,2-Dichlorcethene 2 J
1634-04-4 Methyl tert-Butyl Ether . 10 9]
. 75-34-3 1,1l-Dichloroethane 10 U
156-59-2 cis-1,2-Dichloroethene 20
- 78-93-3 2-Butanone 10 U
67-66-3 Chlorororm 1 J
71-55-6 1,1,1- Trlchloroethane 10 | U
110-82-7 Cyclohexane 10 g
56-23-5 Carbon Tetrachloride 10 4]
71-43-2 Benzene 10 U
107-06-2 1,2-Dichlorosthane 10 u

£20/600 @

FORM I VOA-1

OLM04 .2
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130/8000

CompuChem
a division of Liberty Analytical Corporation it
501 Madison Avenue g ‘
Cary, N.C. 27513 . v
Tel: 919/379-4100  Fax: 919/379-4050

SDG NARRATIVE
- SDG #W1971

CONTRACT # OLMO04-REVS
SAMPLE IDENTIFICATIONS: GW3034CNTL? GW3034KMNO47 GW3034PERST

The three water samples Ilsted above were recewcd mtact, at 6, degrees C, in sealed shipping containers, on April
[7,2001. All sarples were submitted for volatile, nitrate, and explosives analysis.
The volatile samples were prepared and anatyzed followmg Contract Laboratory Protocol(CLP) Statement of Work(SOW),
document OLM04.2, and this pomon of the SDG narrarive deals with the volatile fractions only. All pertinent Quality
Assurance Notices are included in the narrative section, and all pemnent Laboratory Notices for SDG # W1971 are

included in the sample data sections. o
Analysis holding time requitements were met for all samplcs, and sampie pH values were less than 2.0 for all samples. No

PH could be. measured for sample GW3034KMNO47, as the color inherent to the sample stained the pH paper so that no
reading could be obtained. ,

The Target Compound List{TCL) analyte tnch]oroethene was identified above the Contract Required Quantitation ||
Limit(CRQL), and outside of calibration limits in the neat. -analysis of GW3034CNTL7. One SMC compound failed high
for recovery. in this analysis, and the sample was diluted .and brought trichloroethene into calibration limits. An SMC
compound again failed high for recoevry, and we have reported both neat and diluted analyses.

Sample GW3034KMNO47 was initially analyzed at a 100X dilution and did not’ contain any reportable levels of TCL
analytes. The sample was not reanalyzed at a lesser dilution as the reactive nature of the sample may have caused

instrument downtime.
No instrument blank was analyzed hetween sample GW3034CNTL‘7(w1th exceeding levels of mch]oroethene), and
GW3034PERS7., Due to the fact that no trichloroethene was identified in GW3034PERS7 above the CRQL, we are

reporting the data with rcfcrence to this qualifier,

Other than laboratory artifact and siloxane peaks no repurtable Tentatxvely Identified Compounds(TICs) were present in

the submitted samples.
All Bromofluorobenzene (BFB) abundance criteria were met for tunes associated to this SDG. Overall QC criteria were

met for all initial and continuing calibration standards associated to this SDG.

The system monitoring compounds(SMCs) met recovery 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 control criteria, and did not contain any target analytes above the CRQL.
The asssociated storage blank met all QC eriteria, and also did not contain any TCL analytes above the CRQL.

Duplicate matnx spikes were generated from the original GW3034PERS7 and met all QC precision and accuracy criteria
without exception. The associated Labomory Control Sampie(LCS) met all accuracy requirements.

‘IManual quantitations were performed on the process files in some of the the assocla:ed initial, and continuing
calibration(s). The reasons have been coded with explanations provided in the notice included fn the varrative section of

this SDG.

I certify that this data package is in compliance with the terms and conditions of the contract, both technicaily and for
completeness, for other than the conditions detailed above. Release of the data contained in this hardcopy data package and
in the computer-readable data submitted on d:skette has been authorized by the Laboratory Manager or his’her destgnee as

verified by the following signature.

T RAADILNOD 0.0V 6L¢ 68T6 YVd 8G:¢T T0/€2/%0



iD EPA SAMPLE NO.
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEZT
; . y : PACLCS
Lab Name: COMPUCHEM - Contract: 8330
Lab Code: LIBRTY Case No.: :SAS No. : SDG NO. . W1971

Matrix: (soil/water) WATER

Sample wt/VOi; 770.0:(g/ml) ML f
$ Moisture: decanted: (Y/N)_;_
Extraction: :(SepF/Cont/Sonc) SEPF

Concentrated Extract Volume: 19000 (ul)

Lab File ID:

Lab Sample ID: WG9680-2

Date Received:

Date Extracted:04/18/01

Date ARnalyzed: 04/19/01
Injection Volume: 25.0 (uL) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: Sulfur Cleanup: (Y/N) N
CONCENTRATION UNITS: * .
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0------- HMX . 6.8|P
99-35-4-~=--=~--~ 1,3,5-Trinltrxobenzen 4.8|P
121-82-4~w-r---=~ RDX 2.7|JP
99-65-0-~=r—-=-—-~ 1,3-Dinitrobenzene 4.5{p
118-96-7~=-~---- 2,4,6-Trinitrotoluene 3.9|P
479-45-8--------Tetxryl 8.2|P
98-95-3-c~v-m-—-- Nitrobenzene 3.6|P
121-14-2~===----- 2,4-Dinitrotoluene 4.8|P
606-20=2v--~=---= 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
88-72-2=-~v--=-==~-= 2-Nitrotoluene 7.4|P
99-99-0~~-----—= 4-Nitrotoluene 6.8|P
99-08-1-~--~---~-= 3-Nitrotoluene 7.3|P
3
FORM I PEST

I~
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GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEZET

l

_ ' , GW3034PERS? |
i.ab Name: COMPUCHEM Contract: 8330 l ;
Lab Code: LIBRTY Case No.: ‘SAS No.: . SDG No.: W1971
‘Matrix: (soil/water) WATER " Lab Sample ID: W1971-3 ‘
sample wt/vol: - 770.0- (g/ml) ML - Lab File ID:

% Moisture: decanted: (¥/N) ¢ Date Received: 04/17/01
Extraction: (SepF/Cont/Sonc) SEPF ) Date Extracted:04/18/01
Concentrated Extract Volume:. lQOOO(ﬁl) Date Analyzed: 04/15/01
Injection Volume: 25.0 (uL) - Dilution Factor: 1.0
GPC Cleanup: (Y/N) N ' DH: Sulfur Cleanup: (Y¥/N) N
’ : CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0------- HMX 3.8|T
99-35-4-----==== 1,3,5-Trinitrobenzene 7.7
121-82-4===~-~-~ RDX 4.,8|U
99-65-0===--~-~=— 1,3-Dinitrobenzene 1.9{U
118-96-7-------- 2,4,6-Trinitrotoluene 3.7|3P
479-45-8r-~-~---~ Tetryl 3.8|0
98-95-3---~----- Nitrobenzene 2.8(U0
121-14-2-=~----~ 2,4-Dinitrotoluene 4.8|U
606-20-2e=-----~ 2,6-Dinitrotoluene 4.810
35572~78~2 -~~~ 2-Amino-4, 6-dinitrotoluene _ 5.7/0
1946-51-0---~~- --4-Amino~2,6-dinitrotoluene 3.8|U0
88-72-2--=mm---~ 2-Nitrotoluene: 4.8{0
99-99-0-mm------ 4-Nitrotoluene 4.8|U0
99-08-1-=~------- 3-Nitrotoluene 3.8|U

FORM I PEST
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. : GW3034XMNO47
Lab Mame: COMPUCHEM Contract: 8330 l
lap Code: LIBRTY  Case No.: 'SAS No. : SDG No.: W1971
Matrix: (soil/water) WATER . Lab Sample ID: W1971-2
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: 19000 (ul) Date Analyzed: 04/15/01
Injection Volume: 25.0 (uL) ' Dilution Factor: 1.0
GPC Cleanup: (Y/N) N DH: sulfur Cleanup: (Y/N)

' ' CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0Qwwme=m- HMX 3.8|0
99-35-4~~=wew—- 1,3,5-Trinltrcobenzene 1.9|U
121-82«4«~===-~-~ RDX 4.8(0
99-65-Q====-=~=-—-~ 1,3- Dlnltrobenzene 1.9|0
118-96-7-=====~= 2,4,6-Trinitrotoluene 3.8|U
479-45-8cm=m==-- Tetryl 3.8|U0
98-95-3--~-=~c~=- Nitrobenzene 5.1{P
121-14-2--=~w==-= 2,4-Dinitrotoluene 2.2|J0
606-20-2-===-~—- 2,6-Dinitrotoluene 5.2
35572-78=-2~~~---2-Amino-4, 6- dlnltrotquene 5.7(10
1946-51=0------- 4-Amino-2,6- dlnltrotoluene 3.8|U0
88-72-2==c~-==—-= 2~ Nitrotoluene 2.6{JP
99-99-0-~-=--==~~ 4-Nitrotoluene 4.8|U
99-08-1w------~-~ 3-Nitrotoluene 3.8lU
FORM I PEST
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Lab Name: COMPUCHEM

Lab Code: LIBRTY

-1B

VOLATILE ORGANICS-ANALYSIS DATA SHEET

Cage No.:

Matrix: (soil/water) WATER -

Sample wt/vol: 5
(Low/med) - LOW

TLevel:

(g/mL) ML

% -Moigture: not dec.

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

Contract: OLM04-REVS

- SAS NO- :

Lab File ID:

N0

£
g
N 2
3]
e
=
i
l—(
tn

T

GW3034PERS7

SDG No.: Wig71

Lab Sample ID: Wi1571-3

W1$71-3RA59

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

Dilution Factor: 1.0

Soil Extract Volume: {(uL) < Soil Aliquot Volume: (uL)

. Jh et s v o CONCENTRATION UNITS:
CAS NO. COMPOUND - {(ug/L or ug/Kg) UG/L Q

79-01-6 Trichloroethene 2 J
108-87-2 Methylcecyclohexane 10 U
78-87-5 1,2-Dichloropropane 10 U
75-27-4 Bromodichloromethane 1 J
10061-01~5 cig-1,3~-Dichloropropene 10 U
108-10-1 4-Methyl-2-Pentanone 10 4]
108-88-3 Toluene ] i 10 U
10061-02-6 trans-1, 3-Dichloropropene - 10 U
+ 79-00-5 1,1l,2-Trichloroethane 10 U
127-18-4 Tetrachloroethene 10 8]
591-78-6 2 -Hexanone 10 U
124-48-1 Dibromochloromethane 10 U
106-53-4 1l,2-Dibromoethane 10 U
108-90-7 Chlorobenzene 10 [§]
100-41-4 Ethylbenzene 10 U
1330-20-7 Xylene (Total) 10 U
100-42-5 Styrene 10 [§
75-25-2 Bromoform 10 U
98-82-8 Isopropylbenzene 10 U
79-34-5 1,1,2,2-Tatrachioroethane 10 U
541-73-1 1,3-Dichlorobenzene 10 8]
106-46~7 1,4-Dichlorobenzene 10 3]
95-50-1 1,2-Dichlorobenzene 10 U
96-12-8 1,2-Dibromo-3-Chloropropane 10 1 U
1,2,4-Trichlorobenzene ‘10 19

120-82-1

L20/8T0Q

FORM I VOA-2
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. Lab Name: COMPUCHEM §Contract:
Lab Code: LfBRTY Case ﬁo.: :SAS No. :
Matrix: (soil/wéter) WATER
Sample wt/vol:- S (Q/mL) ML
Level: (low/med) - LOW o .

% Moisture: not dec | .

GC Colﬁmn: RTX-624 ID: 0452 Kmm)
Soil Extract Volume: (uL)

Number TICs found:

1E

VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOQUNDS

4

EPA SAMPLE NO.

GW3034PERS7

OLMO04 -REVS
SDG No.: W13971
Lap Sample ID: Wi1i971-3

Lab File ID: W1971-3RAS59

Date Received: 04/17/01

Date Analyzed: 04/20/01

Dilution Factor: 1.0

Soil Aliquot Volume: (uL)

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

—e TN E TS T T oSSR TS

. COMPOUND -NAME

E X F I+t 2 F -t XK 483 %+ - F ¥

LABORATORY ARTIFACT

===

RT EST. CONC. | Q

== ] ——m———

LABORATORY -ARTIFACT

LABORATORY ARTIFACT

LABORATORY ARTIFACT
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‘EPA SAMPLE NU.

LA
VOLATILE ORGANICS -ANALYSIS DATA SHEET

Lab Name: COMPUCHEM - Contract: OLMO4-REVS GW3034PERS7MS
Lab Code: LIBRTY Case No.: ; SAS No.: | SDG No.: W1371
Matrix: (soil/waﬁer) WATER : Lab Sample ID; WG96823-4

Sample wt/vol: 5 (g/mn) ML - Lab File ID: WG9683-4A59
Level: (low/med) LOW : ; Date Received: 04/17/01

% Moisture: not dec. : " A Date Analyzed: 04/26/01

GC Column: RTX-624 ID:"O.32 (mmf . Dilution Factor: 1.0

Soil Extract Véiume: V;A. ;‘(ubﬁl - Soil Aliguot Volume: _.  (uL)

CONCENTRATION UNITS:

CAS NO. COMPQUND "~ - - - (ug/L or ug/Kg) UG/L Q
75-71-8 Dléhlorodlfluoromethane , 10 U
74-87-3 Chloromethane . 10 U
75-01-4 Vinyl Chloride 10 [#]
74-83-9 Bromomethane E 10 U
75-00-3 Chlorcethane 10 U
75-69-4 Trichlorotluoromethane ‘ 10 U
75-35-4 1,1-Dichlorcethene , 58
76-13-1 1,1,2-Trichloro-1,2,2-trifluorcethane 10 U
.67-64-1 Acetone B 43
75-15-0 Carbon Diguliide ' - - 10 9]
79~-20-9 Methyl Acetate .10 U
75-09-2 Methylene Chloride ' & | JB
136-60-5 trans-1,2-Dichioroethene . 10 U
1634-04-4 Methyl tert-Butyl Ether 10 U
75-34-3 1,1-Dichloroethane 10 9]
156-59-2 cig-1,2-Dichloroethene 10 U
78-93-3 2-Butanone 10 U
67-66-3 Chloroform 1 J
71-55-6 1,1,1-Trichloroethane 10 U
110-82-7 Cyclohexane 10 U j
55-23-5 Carbon Tetrachloride ; -~ 10 U g
71-43-2 Benzene ) i 50 ' )
107-06-2 1,2-Dichloroethane 10 1 U !
OLM04 .2

FORM I VOA-1
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120/2200

| - | |

: 18 EDA SAMPLE NOC.
VOLATILE ORGANICS -ANALYSIS DATA SHEET '
_ . : GW3Q34DPERS7MS
Lab Name: COMPUCHEM - Contract: QOLMO4-REVS
Lab Code: LIBRTY Case No.: - SAS No.: SDG No.: W1971
Matrix: (soil/water) WATER Lab Sample ID: WG9683-4
sample wt/vol: 5 (g/mL) ML - Lab File ID: WG9683-4A59
Level: (low/med) 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
Soil Extract Volume: (uL) - ~ Soil Aliquot Volume: {ulL)
D i g % CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
79-01-6 Trlchloroethene»- — 28
108-87-2 Methylcyclohexane 10 U
78-87-5 1,2-Dichloropropane 10 [6)
75-27-4 Bromodichloromethane 1 J
10061-01-5 cis-1,3-Dichloropropene 10 U
108-10-1 4-Methyl-2-Pentanone 10 U
_ 108-845-2 Toluene s 45
10061-02-6 trans-1,3-Dichloropropene 10 U
79-00-5 1,1,2-Trichloroethane 10 U
127-18-4 Tetrachloroethene 10 U
591-78-6 2~-Hexanone 10 U
124-48-1 Dibromochloromethane 10 U
106-93-4 1,2-Dibromoethane 10 U
108-90-7 Chlorcbenzene 51
100-41-4 Ethylbenzene 10 U
1330-20-7 Xylene (Total) 10 U
100-42-5 Styrene 10 U
75-25-2 | BromoXorm 10 U
98-82-8 Isopropylbenzene 10 U
79-34-5 1,1,2,2-Tetrachloroethane 10 U
541-73-1 1,3-Dichlorobenzene 10 8]
106-46-7 1,4-Dichlorobenzene 10 U
95-50-1 1,2-Dichlorobenzene - 10 | U
~ 96-12-8 | 1,2-Dibromo-3-Chloropropane 10 U
120-82-1 | 1,2,4-Trichlorobenzene 10 | U
FORM I VOA-2 OLM04.2
NIHONIROD 0L0% 61€ 8T8 YV €0:¥T T0/€Z/V0




1A ‘ EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM ' Contract: OLMO04-REVS CH30324PERSTMED
Lab Code: LIBRTY Case No.: _ i SAS No.: : SDG No.: W1971
Matrix: (soil/water) WATER B . Lab sample ID: WG9683-5 ‘
Sample wt/vol: . =~ 5 - (g/mL) MLE Lab File ID: WG9683-5a59
Level: (1ow/méd) LOW ST ~ Date Received: 04/17/01

% Moisture: no;,dec.' B - Date Analyzed: 04/26/01

GC Column: RTXf624 ID: .0.32 (mm) Dilution Factor: 1.0

Soil Extract Vblume: ~ (ulL) ) Soil Aliguot Volume: __ {ul)

-

T CONCENTRATION UNITS:

CAS NO. COMPQUND (ug/L or ug/Kg) UG/L Q
75-71-8 chhlorodlfluoromeﬁhane : 10 U
74-87-3 Chloromethane 1 J
75-01-4 ] Vinyl Chloride ' 10 U
74-83-9 Bromomethane 10 U
75-00-3. | Chloroethane 10 18]
75-69-4 Trichlorofluoromethane 10 [ . U
75-35-4 1,1-Dichloroethene N 62
76-13-1 1,1,2-Trichioro-1,2,2- crifluoroetﬁane 10 8]
67-64-1 Acetone 32
765-15-0 Carbon Disulfide d 10 U
79-20-9 Methyl Acetate ) 10 U
75-09-2 Methylene Chloride 8 JB

156-60-5 trans-1,2-Dichloroethene ' 10 U

1634-04-4 Methyl tert-Butyl Ether 10 U

75-34-3 1,1-Dichlorocethane 10 U

156-59-2 cis-1,2 chhloroethene 10 U
78-93-3 2- Butanone 10 U
67-66~-3 | Chloroform 2 J
71-55-6 1,1,1-Trichloroethane 10 U
110-82-7 Cyclohexane 10 U
56-23-5 Carbon Tetrachloride 10 U
71-43-2 Benzene 52
107-06-2 1,2-Dichloxcoethane . 10 U

FORM I VOA-1 OLM04 .2
L20/¢200@ TRANDALR0D 0LOb 8LC 676 YV4 €0:PT T0/CI/%0




1B

EPA SAMPLE NO.

VOLATILE ORGANICS ANALYSIS DATA SHEET
. GW3034PERS7MSD
Lab Name: COMPUCHEM Contract: OLMO4-REVS
Lab Code: LIBRTY Case No.: SAS No. : _ SDG No.: Wig71
Matrix: (soil/water) WATER Lab Sample ID: WG9683-5
Sample wt/vol: 5 (g/nr_LL) ML - Lab File ID: WG9683-5A59
Level: (low/med) LOW Date Received: 04/17/01
% Moisture: notAdec. Date Analyzed: 04/20/01
GC Column: RTX 624 ID: 0.32 (mm) Dilution Factor: 1.0
Soil Extract Volume (ulL) ; Soil Aliquot Volume: (uL)
' " CONCENTRATION UNITS:
CAS NO. COMPOUND 3 (ug/L or ug/Kg) UG/L Q
79-01-6 Trichloroethene e 49
103-87-2 Methylcyclohexane 10 U
78-87-5 1,2-Dichloropropanes 10 U
75-27-4 Bromodichloromethane 1 J
10061-01-5 ¢cis-1,3-Dicnloropropene 10 U
108-10-1- 4-Methnyl-2-Pentanone 10 U
108-88-3 Toluene . 47
10061-02-6 trans-1,3-Dichloropropene 10 U
79-00-5 1,1,2-Trichloroethane 10 U
127-18-4 Tetrachloroethene : 10 U
591-78-6 2-Hexanone 10 U
124-48-1 Dibromochloromethare 10 U
106-93-4 1,2-Dibromoetnane .10 U
108-90-7 | Chlorobenzene 49
100-41-4 | Ethylbenzene 10 U
1330-20-7 Xylene {(Total) 10 U
100-42-5 Styrene 10 U
75-25-2 Bromoform . 10 U
98-82-8 Isopropylbenzene 10 U
79-34-5 1,1,2,2- Tetrachloroé‘hane 10 [¢]
541-73-1 1,3~ chhlorobenzene 10 U
106-46-7 1 4-Dichloxobenzene 10 U
95-50-1 ,2-Dichlorobenzene 10 6]
96-12-8 l .2-Dibromo-3- Chloropropane 10 U
120-82-1 1,2,4- Trlchloxobenzene 10 9]

L20/720@

FORM I VOA-2
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Lab Name:
Lab Code:

Matrix:

Sample wt/VOl.: .

Level:

¥ Mdisture:
GC Column: RTX-624 ID:

Soil Extract Volume:

COMPUCHEM
LIBRTY
(soil/water) WATER

AA

VOLATILE ORGANICS -ANALYSIS DATA SHEET

Contract:

Case No.: .~ SAS No.:

5 (g/mL) ML
(low/med) LOW ’ Date
nbt dec. . . Date
0.32 (mm)

(uL)

COMPOUND

Lah File ID:

-Dilution Factor:

ol ulf- S B O

VHBLKXD

OLMO04 -REVS

SDG No.:
Lab Sample ID: WG9620-3

ReQeived:
Analyzed:
1.0

Soil Aligquot Volume:

04/20/01

W1971

WG5620-8A59

(uL)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L @
75-71-8 Dichlorcditluoromethane 10 U
74-87-3 Chloromethane 10 | U
75-01-4 Vinyl Chloride 10 U
74-83-95 Bromomethane 10 ]
75-00-3 Chloroethane 10 U
75-69-4 Trichlorofluoromethane 10 U
75-35-4 1,1-Dichloroethene A 10 U
76-13-1 1,1,2-Trachloro-~1,2,2- trlfluoroethane 10 9]
67-64-1 Acetone ] 10 U
75-15-0 Carbon Disulfide 10 U
79-20-9 Methyl Acetate 10 9]
75-09-2 Methylene Chloride 2 JB

156-60-5 trans-1,2-Dichloroethene 10 | U

1634-04-4 Methyl tert-Butyl Ether 10 U

75-34-3 1,1-Dichloroethane 1.0 U
156-59-2 cis-Ll,2- chhloroethene 10 U
78-93-3 2-Butanone 10 U
67-66-3 Chloroform 10 U
71-55-6. 1,1,1- Trlchloroethane 10 [3]
110-82-7 Cyclohexane i 10 U
S6-23-5 | Carbon Tetrachloride 10 || U
71-43-2 Benzene : 10 U
107-06-2 1,2- chhloroethane 10 [9]
A .
3 'FORM I VOA-1 OLMO04 . 2
L20/820@ RAHOAJROD 0.L0% 6.¢ BT8 XVd ¥0:¥T 710/¢2/%0

t



1B

VOLATILE ORGANICS-ANALYSIS DATA SHEET

Lab Name: COMPUCHEM
Lab Code: LIBRTY Case No.:

Matrix: (soil/water) WATER

Conitract: OLMO4-REVS

- SAS No.:

EPD SAMPLE NU.

VHBLKXD
» SDG No.: Wi1971
Lab Sample ID: WG9620-8

Sample wt/vol: 5 (g/mL) ML - Lab File ID: WG9620-8A59
Level: (low/med) LOW Date Received:
¥ Moisture: not dec. : Date Analyzed: 04/20/01
GC Column: RTX-624 ID: 0.32 (mm) - Dilution Factor: 1.0
Soil Extract Volume: (uL) Soil Aliquot Volume: (uL)
: ’ 7 e - CONCENTRATION UNITS:
CAS NO. COMPOUND - : (ug/L or ug/Kg) UG/L Q
.79-01-6 Trichloxroethene - - 10 U .
108-87-2 MethylcyclohexXane 10 U
78-87-5 1,2-Dichloropropane 10 U
75-27-4 Bromodichloromethane 10 U
10061-01-5 cis~-1l,3~-pichloropropene 10 U
108-10-1 4-Methyl-2-Pentanone 10 U
108-88-3 Toluene . 10 U
10061-02-6 trans-1,3-Dichloropropene 10 U
79-00-5 1,1,2-Trichloroethane 10 U
127-18-4 Tetrachloroethene 10 U
591-78-6 | 2-Hexanone 10 U
124-48-1 Dibromochloromethane 10 U
106-93-4 1,2-Dibromoethane 10 U
103-90-7 Chlorcbenzene 10 U
100-41-4 ethylbenzene 10 U
1330-20-7 Xylene (Total) 10 U.
100-42-5 Styrene 10 13]
75-25-2 Bromoform 10 U
98-82-8 Isopropylbenzene 10 U
79-34-5 1,1,2,2-Tetrachlorocethane 10 U
541-73-1 1,3-Dichlorobenzene 5 10 U
106-46-7 1,4-Dichiorobenzene 10 U
595-50-1. 1,2-Dichlorobenzene 10 U
96-12-8 1,2-Dibromo~-3-Chloropropane 10 U
120-82-1 1,2,4-Trichlorobenzene 10 8]

L20/920@

FORM I VOA-2

OLM04.2

"RAADNIN0D

0L0% 6.€ 8T8 XVd $0:¥T T0/€2/¥0



T [ T L apep—)

Lab Name: COMPUCHEM

Lab Code: LIBRTY - Case No. :

Matrix: (soil/water) WATER

Sample wt/VO'l ;- 5

Level: (low/med)

% Moisture: not- dec.
GC Column: RTX-624

Soil Extract Volume:

Number TICs found: 4

1F

EContract: OLMO04 -REVS

(g/mL) ML

LOW

ID: 0.32 (mm)

{ulL)

-8AS No.:

EPA SAMPLE NO.

VOLATILE ORGANICS ANALYSIS DATA SHEET :
TENTATIVELY IDENTIFIED COMPOUNDS !

VHBLKXD }

SDG No.: W1871
Lab Sample ID: WG9620-8
Lab File ID: WG9620-8A59

Date Received:

Date Analyzed: 04/20/01
Dilution Factor: 1.0
Soil Aliquot Volume:

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

(uL)

 COMPOUND - NAME

E e Sl

CYCLOTRISILOXANE,; ‘HEXAMETHYL 11.83 10

RT EST. CoNC. Q

==mOosSsEs== - =

541-05-9

LABORATORY ARTIFACT

LABORATORY ARTIFACT

LABORATORY ARTIFACT

L30/2200

FORM I VOA-TIC

RIHINLROD

OLMO04 . 2

O

BZ0V 6LE 8T8 XVd 7O VT T0/62/F0



Sty
-
—

N

¢

3 1€ 5 1 DC
ey, ~ Project Name: . \/\:’ *,
Samplei: YL g1 o
8 ..".
B
ERMTR. é
Number Dale Time COMP | GRAB | . Sample Location 2 Remarks
v : l;lf/éjés/ ot A GWgpai- 8V TE -7 iz
l/ e o o pes s WL S
M Y Jlbief i CAMRO Y et~ 7 |1 | ¥
W Wil | Ao GWIOLY el ~ ) LY
1 IO ! -
Sample Relinquished Date Time Sample Received by: Date Time Reason for Transter
¥ £ : zr . . - iz » »
{ AN ‘%‘H«?’C‘:{ g [od Gy Sy b, o 12 0
(:-_,t VT o v LR

Caopies: White and Yellow copies accompany sample shipments to laboiatory. Yellow copy relained by laboratory. White copy lo be relurned to ERM lor files. Pink copy relained by sampler. Gold copy extra as needed {warehouse). 8.94




APR-27-01 FRI 08:30 A  PARAGON ANALYTICS FAX NO. 970 420 1348 P. 03

TOTAL URANIUM ANALYSIS RESULTS SUMMARY
By Laser-Inducad Kinekic Phospherimetry

Lab(Name:49afagon,Analyticé, Ine. Date Collected: 04/16/2001
Clicat Name: CompuChem o Date Analyzed : 04/15/2001

Clicnt Projeet ID: Weldon Springs

(3

Labh Sanple ID Series: 01-04-133 : Sample Matrix : WATER

{[ Lab otal Uman;um Repoxtin§-1

[ Uli;nt qavnlc ID Sample IN (vg/L ) Limit Flag
GW3034 CNrL-I 04-133-01 4.16 + 0.56 : 0.20
GHWIDIA-KMNO4 -7 04-133-02 0.8 £ 0.12 0.20
AW2034 -PRERE-7 f @4-133-03 6§.18 £ 0.84 2.00
Blank 04-133-R1 0.G8 ¢ Q.01 ; 0.20 J
GW3034-CNTL-"/ 04-133-n1 |1 4.7 + 0.56 0.20

R R T R gt R i LR R ] ——

Reporced Uancerlainties are the Nistimalboed Total nropagaLcd
certainties (2¢).
ee PAL S0 743R3 for details of TEJ determinaticns.

FLAGS = J ~ tugtisated Value! - result hoetween dletheod
Datection Limit and Reporting Limit,
U ~ 'Not Detacted' - result legs than Method
Detaction Limit.
'charka}

Sampla 01¥0ﬁe133-D1 is a duplicate of 01-04-133-01.

i

o g  rz:izr T0/L%/%0
" 200/2000 i



i

I

ggsz,,*b&mfsr o ® o+

1

LTI

e e . )
——— OMPU HEM Project Name : Client Address :. : . POint~0f—Contact N
W ivisi f Liberty Analytical Corp. r, - ;
R A AJ/"[(;(L\ )Dv LS, 0% e by e © ! (g bk Syt
501 Madison Avenue Carrier / < i 7 <[ NE
: - A ¥ £ jhya | Telephone No.
Cary, NC 27513 e Ll Lkl Chesdee _Llp, RGOl Telep {Q 1'?( oy (Jﬁi
= 1-800-833-5097 - Airbill No. : . Sampling coilete or (SeeNote 1)
Sampler Name: i~ d {7y b a £ - |Sampler Signature Project-specific (PS) or Batch (B) QC ?
BOX #1 1. Surface Water 6. Trip Blank BOX #2 A. HCI + Ice " E.ibe Only BOX #3 F. Filtered Box #4 H. High Box #5 C.CLP3/90 T.TCLP
2. Ground Water 7. Ol B.HNO3 +Ice  G. Other, U. Unfiltered M. Medium S. SW-846
3 Leachate 8. Waste .C. NaOH +ice H.NaHSO4 + ice L. Low W. CWA 600-series
4. Rinsate 9. Other, D. H2S04 + ice 1. ZnAc+NaOH + Ice O. Other,
5. Soil / Sediment / Sludge E. Unpreserved - - ’
Box #1 | Box #2| Box#3 | Box #4 | Box #5 o ¥
\ B -
) s | 9 g
Sample ID 1 ° £ 3 3 |a8 51 el Remarks / Comments
(9 characters maximum) 3 ‘s | 3 3 3 a |30 3 § = 8 2F (see Notes 2 & 3)
Y e | E| 8| B § £ 13 |salsl8lzl=lelz]slg(e
a = 5 & i s 2 |3z ala[R]|2[2|3]2]3
1n | |- TR L “ = X & T 1
"L’)_LJ 21D 3] [ 4117 20F P |k ) _ Do 1A ]
L) Ao [B ha 7] ! !
b * . f B
e 2ol ] /107 ( A
o i 2 £i o gn . ! e
o (5 S 1Y A o |
: % 7 ' 3 T ‘ A T :
‘T e = o e P | f } £ B | | S :
. t‘& Jf[\<: c) ('a) [)—L//n"7 : é“ b L ¢ P g
1% ~s . e ! : i ) 2
G2 O3 PEC o [T Y (T vy N u | b
/ L :
/- 5 : ; 1
/
/
Clients Special Instructions: Temperature c
Lab: Recelved in Good COndmon? Y.orN Describe Problems, If any:
#1 Relinquished By: (s|g) I»ll \.:5;: e Date:” l] 1/,1 J|#2 Relinquished By: (Sig) Date; #3 Relinquished.By: (Sig) Dale:
I R [] T .
Company Name: !:, o Time: l’ Company Name: Time: Company Name: ™. Time:
_|#1 Received By: (Slg) o Date: #2 Received By: (Sig) - Date: #3 Received By: (Sig) "¢ Date:
Company Name: - Time: Company Name: Time: Compény Name: Time:

Note (1): If "N" lab will hold samples to await remainder of project-maximizing batch size _and minimizing QC ratio; if "¥* lab will begin processing batches now.
" Note (2): Samples stored 60 days-after date report mailed at no extra charge. Note (3):'All lab copies of data destroyed after three years.




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. IDENTIFIER NUMBER RECEIVED COMPLETED
1. BR3035PERM - Y1971-1 -, 04/18/01 »
2. BR3034PERM -Y1971-2 A04/18/01 ) . *
3. BR303SPERS -  Y1971-3 704/18/01 04/19/01
‘4, BR3034PERS Y19714 - 04/18/01 04/19/01
5. BR3035CNTL - Y1971-5 04/18/01 04/19/01
6. BR3034CNTL Y1971-6 . 04/18/01 04/19/01
X Aﬁalysis not completed due to matrix interference.
'oto/zoo@ ‘ ‘ ' RIEINROD 0L0% 8LC 8T8 XV ZV:80 T0/PZ/PO
1110 <68 609: XY+ o Wyt3:ar ee:IT 10, 2090 voeTOoN 14

T »~€  390d



FILE No.304 05,02 '01 11:39

04/24/01

) RS

08:42 FAX 919 378 4070

ID:E.R.M.

COMPUCHEM

-

FAX:609 8385 0111

TYY R era BOB /

71‘0”-0?(?»( /ak #QU/Aq pamansy

LIOAIT ONILYIOdTY MOTIE = TIE

TLNOVEQEYH

PAGE 4~ i
iood/o10

50°0 yoT 9-TL6TA b
$0°0 L8 S-1L61X TINOSE0ENE 0
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$0'0 SL'S E-1L61X SEFdSE0CNE 1
GV (7/5W) JHENNN NALILLNI AT ‘ON
LIATI ONILYOJTS 170ST WIHONINOD TIIAVS WAL
LY0dTY KEVAINNS
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FILE No.304 05-02 '01 11:39 ID:E.R.M. FAX:609 895 0111 PAGE - 5/ 11
04/24/01 08:42 FAX 918 379 4070 COMPUCEEM . @o04/010
- LSEd I WN¥OA
alzee SUSNTOIOTA TN = E~ === w 1-80~66
njo v SUSNTOJOITN-p-~-~~--~-~~ 0-66-66
nio'y . ®USNTO30IFIN-g-~-~~--=~ -7-ZL-88
niz s TTOUSNTOI0IITUTD-9 /£~ OUTUY-Fm= ===~ 0-TG-9%6T
nle s " SUSNTO30IITUTP-0 ‘H-OUTWY-Z-~~~~-Z~BL-ZLEGE
nio-% suUsNToI0IJIFUIT-9 ‘' Z----~--~ 2-02-909
njo-% SUSNTO3I0IITUTA-F ‘Zm= =~~~ -z-%I-121
a{v°z BUSZUBOII TN-= ===~~~ €-56-86
ajz e y TAT38L---~---~ 8-S¥-6LP
njz e e SUORTOA0TITUTIT -G Bt B =i o L-96-BT1T
nis't SURZUBSQOIATUTA-E'I----~----0-$9-66
njov XC[H """"" P-28-TICT
nleT SUSZUSEOIATUTIL-S * L $-SE-66
njc’'t XPHe == === 0~-T¥-1659¢
o /00 (BM/Bn I0 m/Bn). aNROAWOD "ON 5¥2
{SLINA NOIIVELNEDINOD
N (N/X) :GnuesTd INITNS . 2:CON N (N/X)  :dnuesTd Da&D
0T :I030®dg UOTINTIA . . : (Tn)o sz :3wnToA uoTaoslur

T0/Tz/b0 :pazileuy ®3Bd (T1) 000971 amnIOA J0BIIXE PeIEI3jUBOUCD

IokSI/bozpe:oexaxa 82eQ Jgdgs auos/:uoa/aaes) *UOT30BIIXF

10/81/%0 ‘pPSATI8OSY ®3BQ . ' _(R/A) -pa:ureoap T ‘sanasTon &
aI SITd Qo1 ™ (Tw/B) 0°0LL :ToAa/3m sTdwes
9-TLETX :aI s1dwes g=1 ¥IIYM (ISIBM/TTOS) (XTIEW
TLETX :'eN 9as  ::ON SYE. J-oN ssed ALXEIT :epod geT
Do 0EE8 :3IDEIITWOD ' " | WEHDNEWOD ‘SWEN G2T

hiciciils vuvc SISATYNY SOINVDOYO FTEVIOVELIXE 0D
‘ON ZTAWYS Yaz a1

J—




NITRATE ANALYSIS

SUMMARY REPORT

ITEM SAMPLE - COMPUCHEM RESULT "~ REPORTING LIMIT
NO. IDENTIFIER NUMBER (mg/L) (mg/L)

L. BR3035PERS . Y1971-3 8.75 0.05

2. BR3034PERS Y19714 233 : 0.05

3. BR3035CNTL Y1971-5 , 8.7 0.05
4, BR3034CNTL Y1971-6 20.4 0.05

BRL = BELOW REPORTING LIMIT

Reviewéd by/ID#: ”Q//gmp%ﬁ, ' /E(.{Oi Date: Y é Oé L o (o

RIHONAR0D gL0Y BLE 6T6 XV Zy:80 T10/92/%0

0T0/C003 ,
Py, ——~ ot TTTA AAA ANV TN Ve T QC‘TT T(\ Dn/cn hnc«-0“| :'-1].4




EPA SAMPLE NC.

1D
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET ,

_ - ' ' : BR3034FERM L
Lab Name: COMPUCHEM Contract: 8330 |
T.ab Code: LIBRTY Case No.: SAS No.: " 8DG No.: Y1871
Matrik: (soll/water) WATER ‘ Lab Sample ID: Y1971-2
sample wt/vol: 385.0 (g/ml) ML Lab File ID:

% Moisture: decanted: (Y/N) Date Received: 04/18/01
Extraction: (SepF/Cont/Sonc) SEPF Date Extracted:04/19/01
Concentrated Extract Volume: 16000 (ul) Date Analyzed: 04/21/01
Injection Volume: ZS.O(UL) . Dilution Factor: 1.0
GpC Cleanup:  (Y/N) N v pH: = Sulfur Cleanup: (¥/N) N
' CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Xg) UG/L Q
FE DL B w i i i = HMX : §.4/U
99+35-4----c-a L+,3; 5 Trinltrcbenzene 3.2|U
121-82-4-cmmmnan &0z’ 8.0|U
99-68-0-ce-mme—-n 1,3~ Dinltr%enzene 3.2|U
118-%96-7-------= 2,4,6-Trinitroctoluene \ 6§.4|U
479-45-8-==----- Tetryl ——— 6.4|U
98~95-3-~-----=~-~ Nitrobenzene 4,.8|07
121-14-2---~--=- 2,4~Dinitrotoluena 8.0|U
§06-20=2ccmw~——n 2,6-Dinitrotoluene 8.0(U
35572-78-2------2-Amino- 4,6-dinitrotoluens 8.6|U0
1946-81~0~==---=~ 4-Amino-2,6-dinitrotoluene _ §.4|T
 88~72-2---------2-Nitrotoluene 8.0/0.
99-99-0-==----=- 4-Nitrotoluene o 5 8.01U
99-08-1l--nmcuua= B-Nitrotqluene BEt €.4|0
FORM I PEST .., ———
0T0/S00 D wanan&noa' 0LOV BLC BT6 XV Zp:g0 TO0/¥2/%0

T /9 e 1110 <68 609: X4

WYT3:ar ov:IT 10, 20460 H0STON ITI14



EPA SAMPLE NO.

iD
GC EXTRACTABLE ORGANICS ANAL‘.{SIS.%DATA SHEET
_ ) - BR3034DERS
Lab Name: COMPUCEEM Contract: 8330
Lab Code: LI3RTY’ Cass No SAS. No.: SDG No.: Yis71
Matrix: (soll/water) WATER ; Leb Sample ID: Y1971-4
Sample wt/vol: 770.0 (g/ml) ML Lab File ID:
% Moisture: decanted: (Y/N) Date Received: 04/18/01
Extraction: (SepF/Cont/SonE) SEPF Date Extracted:04/13/01
Concentrated Extract Volume: 8000 (ul) Date Analyzed: 04/21/01
Injection Volume: 25.0 (ul) Dilution Factor: 1.0
GPC Cleanup: (¥/N) N " pH: Sulfur Cleanup: (Y¥/N) N
CONCENTRATION UNITS: .
CAS NoO. COMFQUND (ug/L or ug/Xg) UG/L Q
268 =81 P s HMX 1.6|u
99-35-4--~--uo-- 1,3,5-Trinitrcbenzene 0.80]|U
121-82-4--=-====-~ RDX & 2.0|T
99-65-0«memcacnax 1l,3-Dinitrobenzene 0.80|U
118-96-7-------- 2,4,6- Trinitrotoluene , 1.6|U
479-45-8------=-- etryl 1.6|U
98-95~3r--neuen- Nitrobenzene 1,2|1U0
121-14=2-------~ 2,4-Dinitrotoluene 2.010
606-20-2---mue-- 2,6=-Dinitrotoluene 2.0jU
35572-78- 2------2-Am1no 4,6-dinitrotoluene 2.4(U
1946-51=0mev-=-= 4~-Amino-2, 6-dinitrotoluene _ 1.6|U
88-72-2----~~-=--- 2-Nitrotoluene 2.0|U
99-99~0----~=-=== 4 -Nitrotoluene 2.0|0
99-08~1---w~=naw 3-Nitrotoluane 1.6|U
FORM I PEST "
-EZI ¥
0T0/900(F .RIHOROD 0.0V 6LC 8T6 XV 29:80 T0/%2/%0

1T 74 3994 1710 968 609:Xud

Wy3:a1

Ov:1T 10, 20790 POE™ON 3114




Lab Name: COMPUCHEM

Lab Code: LIBRTY Case Nc.:
Matrix:
Sample wt/vol:
¥ Moisture: :
Extraction: (SepF/COnt/Soné) SEPF

1D ‘
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

Contract: 8330

SAS ‘No.:

(soil/water). WATER B

770.0 (g/ml) ML " pap File ID:
decanted: (Y/N)___ -~ Date Received: 04/18/01

A SAMPLE NO.

]

BR3035CNTL

SDG Ne.: Y1971

‘Lab Sample ID: Y1971-5

Date Extracted:04/13/01
Date Analyzed: 04/21/01

Concentrated Extract Volume: 9000 (ul)

Injection Volume: 25.0 (uL) Dilutien Factor: 1.0

GPC Cleanup: (Y/N) N " PH: Sulfur Cleanup: (Y/N) N

| . CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0vmew=~- HMX 1.81U
99-35-4-mem-oa— l1,3,5-Trinitrobenzene 0.80]|U
121-82-4-=~-=uu- RDX _ . 2.2{U
99=g5-0-~-~-=-m=~ 1,3-Dinitrcbanzens 0.504U
118~86-7-=a=---- 2,4,6- Trlnltrotoluene 1.8|U
479~45-8=~=-mmum Tetryl 1.8|U
98-95 -3 - --mmeo Nitrobenzene 1.2|0
121-14-2~-~-c-u- 2,4-Dinitrotoluene 2.2|U
606-~20-2-~~=~=-- 2,6-Dinitrotoluene 2.2|0
35572-78-2=~--~~ 2-2Amino-4,6-dinitrotoluene 2.7|U
1946-51-0~~--~---- 4-Amino-2,6-dinitrotoluene _ "1.8|U
88-72-2-w-----~- 2- Nltrctoluene . 2.21U
99-99-0-~-==--=-=- 4-Nitrotoluene 2.2|U
99-08-1----===<-= 3-Nitrotoluene L8
FORM I PEST -
0T0/L00@ . ' RIHINIROD G6L0V 8LC 678 XVdL ¢V:g0 TO0/¥2/%0

18

3384

1170 968 609: X594 ~ ' Wyt 3:dl

o711 10, 20-90 ¥0€ ON I114



iD ' DA SAMPLE NO.
GC ETXTRACTABLE ORGANICS ANALYSIS DATA SEEET L3 N

BR3035PERM

COMPUCHEM Contract: 8330
No.: SAS No.: SDG No.: Y1971

Lab Name:
Lab Code: LIBRTY Cass
Matrix: (goil/water) WATER - : Lab Sample ID: Y1971-1
Sample wt/vol. 770.0 (g/ml) ML : Lab File ID:

decantéd: (¥/N) -+ Date Received: 04/18/01

% Moisture:

Extraction: (SepF/Cont/Sond) SEPF ., Date Extracted:04/19/01

Concan@rated Extract Volume: 13000 (ul) ";. Date Analyzed: 04/20/01

Dilution Factor: 1.0

Injection Veolume: 2S.O(uﬁ)
GPC Cleanuyp: (¥/N) N PH: Sulfur Cleanup: (¥/N) N
- ' CONCENTRATION UNITS: '
CAS NO. COMPOUND (ua/L or ug/Kg) UG/L Q
2691~41-0c-=vcan= HMX 2.6|U
99+35-4-~-~~c-~aa 1,3,5-Trinitrobenzene 1.3|U
121-82-4ewne—~-~ RDX 3.2{U0
99-65-0-~mmwvmr-- 1,3- DinltroBenzene : - 1.3|U
118-96~T==ow==-=~ 2,4,6-Trinitrotoluene . 2.6(U
479-45=8~-~~--~-~ Tetryl 2.6|U
98=88 -3 -~ m e m Nitrobenzene 2.01U
121~14-2--ccewa=- 2,4-~-Dinitrotoluene 3.2|U
606-20-2~=~v~-=- 2,6-Dinitrotoluene 3.24U0
35572-78=2~~~-~= 2~Amino-é,6 -dinitrotoluene 3.9|U
1946-51-0-~-~---- 4-Amino-2,6- dinitrotoluene 2.6|U
88-72e2---cemm- 2- Nltrotoluene i 3.2|U
99-99-0---c-n-a- 4-Nitrotoluene i 3.2|U
99-08-1-=-cr~-w- 3~Nitrotoluena 2.6{0
FORM I PEST .-
0T0/800 0 » o RIHINJROD 0407 8LC 678 V4 Cpig0 T0/92/F0
1T 76 3%d TTT0 968 609:X64 - WA Ov:TT 10, 20-90 FOSTON F1I4




EPA SAMPLE NO.

1D
GC nXTQACTABuE ORGANICS ANALYSIS DATA SEEET
. BR3035PERS
Lab Name: COMPUCHEM ‘ Contract: 3330 1
Lab Code: LIBRTY Case No.: SAS No.: SDG No.: Y1871
Matrix: (soil/water) WATER Lab Sample ID: ¥Y1971-3
Sample wt/vol: 770.0 (g/ml) ML ' Lab File ID:
% Mcisture: decanted: (Y/N) ~+ Date Received: 04/18/01
Extraction: (SepF/Cont/Sonc) SZPF . Date Extracted:04/19/01
'Concentrated Extract Volume:. 10000 (ul) NA Date Analyzed: 04/21/01
-njectlon Volume: 25.0 (uL) ) © <v piltikion Factor: 1.0
G2C Cleanup: (Y/N) N pE: .- gulfur Cleanup: (Y/N) N
. ' CONCENTRATION UNITS: .
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0=--~-=-~-- EMX 2.0|T
99-35-4am--m--=- 1,3,5- Trlnltrobenzene 1.0(U
121-82-4---====-- RDX 2.5|U
99-65=0-=~c-n---= 1.3=-Dinitrobenzene 1L.01U
118«96-7----==a== 2,4,6—Trinitrotoluene . 2.0|U
479-45-8umee-——- Tetryl - 2.0|U
98-95-3=---c---= Nitrobenzene 1.5|U
121-14=-2-----~--=~ 2,4-Dinitrotoluene 2.5|U
606-20-2==~mwm== 2,6-Dinitrotolusna . 2.5(U
35572-78-2===~--2-2Amino-4, 6~ dlnltrotoInene 3.0({U
1946-51-0-----~- 4~-Amino«2, 6- dlnltrotoluena 2.0|U0
88-72-2w---—-—-=- -Vlt:Ouoluene 2.5|U .
99-99-0r-=wwe = 4-Nitrotoluene . 2.5|U0
99-08-1--------= 3-Nitrotoluene 2.0(U
FORM I PEST -
0T0/68003 RIHINIROD 0L0? 6LC 816 XVd ¢v:80 TO0/%2/¥0

1T 20T 399d 1110 <68 SOS:XUj' Wy 3ar IrETT 10, 20460 voSToN 314




ZPA SAMPLE NO.

1D '
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET
' : § . BANLCS
Lab Name: COMPUCHEM ) - Contract: 8330 :
SAS No.: SDG No.: Y1872

"Lab Code: LIERTY Casa No.:

Matrix: (soil/water) WATER Lah Sample ID: WG9718-2

Sample wt/vol: 770.0 (Q/ml) ML Lap File ID:

% Moisture: decantad: (Y/N)
Sxtraction: (SepF/Cont/Sonc) SEPF _
8000 (ul) Date Analyzed: 04/20/01

Date Receiwved:

Date Extracted:04/19/01

Concentrated Extract Volume:
Dilution Factor: 1.0

Injection Volume: 25.0 (ul)
GPC Cleanup: (Y/N) N pH: Sulfur Cleanup: (¥/N) N
‘ . CONCENTRATION UNITS:
CAS NO. - COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0----~--- EMX 1.6
989-35-4--=ccmna= 1,3,5- Trlnltronenzene 1.0
121-82edw-meece-- RDX 0.36|J
99-45-0-=-----=-- 1l,3- Dinltrobenzene - 0.94
11B-96-7-=-==~-= 2,4,6-Trinitrotoluene " 0.86|J
479-45-8-----~-~ Tetryl — 1.0}J
98-95-3--cumanaa Nitrobenzene 0.77(J
121 -14=2=e-r=-~-=-2 4-Dinitrotdoluene ' 1.0(J
606-20-2-==-~-=~~~~ 2,6-Dinitrotolusne 1.5|J
38572-78-2---~--- 2-Aminc~4,6-dinitrotoluene 1.4(0
1946-51-0----~-- 4-Aminc=-2, 6~ dlnltrotoluene 1.41J
88-72-2 - mao 2-N1trotolusne 1.4(J0
99-99-0------=u= 4-Nitrotoluene 1.6|J
99«0B~l-mm== e 3-Nitrotoluene 1.6
FORM I PEST.

11

ato/0T0B - ' nmnm};g' " 0L0% LT 6T6 XVZ CPis0 T0/¥E/T0 |
T 71T 39ud © 1170 $68 609: Xy4 WAL TPTT 10, 20490 KOSTON 14
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= CompUCHEM . CHAIN-OF-CUSTODY RECORD | No. PG3212
—_ . l IC : Pro;ect W7 . Client Address B RS ‘. Pomt—of-Cor)t;c(
M ' onofery i o o g@f i w COF¥ Srasby Ly a_m Lof: [chero L v 'f/{ S0\
Car?/ :‘(’:“27‘5_’::';”9 ~|Carrier : _ u {;..-“},‘,c@‘.{ fhesder, . A 1 |Telephone No. Sl . 4w 3-/5
1: 806 833-5097 Airbill No...:?; et i‘;w et *" il ' 1‘7\ ZL0 Sampling comglete’? YorN (see Note 1)
. _ Sampler Name : l(‘)/u ;‘z\ wm :‘3315_" Sampler Signature : " |Project-specific (PS) or Batch (B) QC ?
BOX #1 1. Surface Water 6. Trip Blank BOX #2 A. HCI* Ice /' F. e Only BOX #3 F. Fitered Box #4 H. High Box#5 C.CLP 3/90 T.TCLP~
2. Ground Waler 7. Gil Bt HNO3 + ce  G. Other U. Unfittered M. Medium S. SW-846
3. Leachate 8. Waste C.NaOH +Ice H.NaHSO4 + Ice < - Llow W. CWA 600-series
4. Rinsate 9. Other, D. H2S04 + Ice 1. ZnAc+NaOH + Ice O. Other '
5. Soil / Sediment / Sludge . E. Unpreserved -
Box #1 | Box #2| Box #3 | Box #4 | Box #5 E b=
A ® }\' i i
7 £l g B R
Sample ID 2 2 € 3 é a & § o ; : Remarks / Comments
(9 characters maximum) 5 g § 3 3 @ -g o 3 8|2 2 g IS {:Z (see Notes 2 & 3)
’ s e | B8] s § 25 |25]<|8|2alBlEE|ale |
E | E | £ 1&| & 2] 2 | 2=181z]|8(2]2|2 (5|0 8]
PE|3lof |51k o im| 7 (7 DL A | { A TATT
_:) < i }" e
o P Lo B A PIE IR I 4 | /
i 17 L -1 G
AP Lo p RIS g .
2|12l A= b= el s A ' b
B3 A= YR 15 1 -
NP » 7 P 7 4 %5 =
P Aoz | st TP Yl 7 | I
Bl =) ) T | . # v
Blelzlolzlloirhl dml - Lyl 14 1L 4
/
/
/
/
" |clients Special Instructions: Temperature °Cc

Lab: Received in Good Condition? Y or N

Describe Problems f any:

#1 Relinquished By: (Slg)-*—-‘_.féi;-f:_._, A,.f;'-";_g,’:,\.--a.n . Date: /,//‘ 7. |#2 Relinquished By: (Sig) - Date: #3 Relinquished By: (Sig) Dale:
Cc;;;\pany Name: - .\_A,.) £ Time: o Company Name: Time: Company Name: B Time:
#1 Recelved By: (Sig) Date: #2 Received By: (Sig) Date: #3 Received By: (Slg) Date:
Company Name Time: Company Name: Tlme Company Name: Time:

Note (1) If “N" lab will hold samples to await remainder of prOject maximlzmg batch size and mmlmlzmg QC rauo lf "Y" lab wﬂl begin processing batches now.

Mabm IV Omncmmlaa cdaced AN deira ~nbbne dobe comacd — -
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PREL AINARY Mo~

TOTAL URANIUM AWALYSIS RESULTS SUMMARY
dy Laser-Inducad Kinatic Phosphorimstry

Lab Nome: Paragen Amalyties, Tnc. Date Collected:; 04/17/2001
Client Name: CoupuChem . ' : Date Analyzed : 04/19/2001

Client Projecl ID: Weldon Springs

Lub Sampla LD oﬂrvcs. 01-04-142 : Sample Matrix : WATER
Lab K Total Uranium ° Reporting
Cliant Sample ID_J Sawmple 1D (ug/L ) - Limdt ;}[};;;i_
e T e O U R e —— e
ARRAGIASPERM 04-142-01 2.16 » 0.30 [ o.20
BRI0JAPERM 04.-142-02 1.30 ¢+ 0.18 0.20
BRIOIHPERS 04-142-03 3.43  0.48 2.00
PBR3IDZAMVERS 04-142-04 .23 & 0.85 2.00
BRICISCNIT, 04~142-05 1.96 + 0.26 N 2.00 J
RR3034CHNTL 04-142-06 0.82 + 0.11 0.20
Hlanlk ' 04-142-B1 0.03 + 0.00 0.20 J ’
RR3038FPERM 04-142-D1 1.85 + 0.25 0.20 __}L J
e T T ™ T U e R e . L L U A N N S S e e T e i el S = =

Reported Uncertainties arc the Estimated Total Propagated
Uneartainties (2¢).
Sae VAL SO 743R3 for datalls ot TPU de_rrmlnatlons

WSS

FIAGY - J - 'BEskbimated Value' - result betwean Method
Detgction Limit and Raporting Limit.
7 - !Not NDetected' - rosult less than Method
Detaction Limit,

Pemarks:

Sample 01-04-142-D1 is a duplicate of 01-04-142-01.
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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
P Permanganate | Permanganate '
ermanganate Demand Dromardl Observed
Sample ID Load, Observation 5y : ORP
. mg/kg , g/kg Ib/cu. yd (@)
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 .2 25 < 68 664
5 1,250 ~ Purple < 1.3 < 34 682
6 630 Purple <. 063 < 17 668
7 310 Purple < 031 < 084 659
8 150 Clear > 015 > 041 648
9 8o Clear > 0.08 > 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
B Theoretical : :
Permanganate | Permanganate _
Permanganate . : Observed
. Demand, Demand,
Sample ID Load, Observation ORP
ek - g/kg Ib/cu. yd (@)
8/%8 wet wt bedrock bedrock
wet wt bedrock
1 20,000 Purple < 20 < 54 669
2 10,000 Purple < 10 < 27 672
3 5,000 Purple < 5 < 14 633
4 2,500 Purple < 2.5 < 6.8 646
5 . 1,250 Purple < 1.3 < 3.4 636
6 630 Purple < 063 < 1.7 623
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
Sample ID Persulfate Load, Ob . Demand, Demand, ORP
ple servation
mg/kg -g/kg Ib/cu. yd (mV)
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 < 31 474
4 5,650 blue < 57 < 153 466
5 2,825 blue <. 28 < 7.6 463
6 1,413 blue < 141 < 3.8 459
7 706 blue < 071 < 191 457
8 353 blue < 035 < 095 450
9 177 blue < 018 < 048 451
88 blue < 0.9 < 024 454

=
o

Source: ERM's Remediation Technology Center




Bedrock BR3035 Total Persulfate Demand (15 days)
Weldon Spring Site Remedial Action Project
Insitu Chemical Qxidation Treatment Bench Scale Testing

2-May-01
Theoretical Persulfate . Persulfate
‘ Observed
Sample ID Persulfate Load, o . Demand, Demand,
ple bservation ORP
~ mg/kg g/kg Ib/cu. yd (mV)
wet wt bedrock wet wt bedrock bedrock
1 45,200 blue < 45 < 122 530
2 22,600 blue < 23 < 6l 513
3 11,300 blue < 11.3 < 31 506
4 5,650 blue < 57 < 153 490
5 2,825 blue < 2.8 < 7.6 486
6 1,413 blue < 1.41 < 3.8 477
7 706 blue < 071 < 19 466
8 353 blue < 035 < 09 463
9 177 blue < 018 < 048 453
10 88 blue < 0.09 < 024 450

Source: ERM's Remediation Technology Center
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Section 1 Executive Summary

In-Situ Oxidative Technologies, Inc. (ISOTECSM) 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,
Missouni. The purpose of the study was to determine the potential effectiveness of
[SOTEC’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 [SOTEC 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 | ’ : April 30, 200/
Weldon Spring Chemical Plant, St. Charles, MO
ISOTEC Project #300346



Section 2 Study Objectives

The objectives of the study were as follows:

o 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); '

‘e Evaluate the effectiveness of [SOTEC’s Fenton-based chemical oxidation on site
groundwater samples;

¢ Evaluate the effectiveness of ISOTEC’s Fenton-based chemical oxidation in the
. presence of site aquifer solids (i.e. soil); and '

e Determine the most effective reagent for a potential pilot scale application at the site.

In-Situ Oxidative Technologies, Inc.

‘ [SOTEC Laboratory Treatability Study Report C PAGE 2 : ] April 30, 2001
Weldon Spring Chemical Plant, St. Charles, MO )
ISOTEC Project #800346 ’
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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 Celsius (°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).

In-Situ Oxidative Technologies, Inc.

‘ ISOTEC Laboratory Treatability Study Report ' PA'GE 3 April 30, 2001

Weldon Spring Chemical Plant, St. Charles. MO
ISOTEC Project #800346
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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 - One experiment to determine the optimum catalyst/oxidant mix (reagent) and reagent .
volume, as evidenced by VOC oxidation in groundwater.

- The soil-slurry experiments are hereinafter referred to as Soil-Slurry Test (SL- test) and
consisted of the following;:

¢ One 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 volume 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 Experin\zental Setup

The SL-test VOC experiment 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

In-Situ Oxidative Technologies, Inc.

" ISOTEC Laboratory Treatability Study Report S PAGE 4 ' April 30, 2001
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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 nitial 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 6010 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:

e Reduction in contaminant concentratlons due to sample dilution by reagent volumes -
injected, and

»

e 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 1njected 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:
o GW-test VOC experiment
e 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

In-Situ Oxidative Technologies, Inc.
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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 undlsturbed at room
temperature for a minimum of 24 hours or until the oxidizer was completely consumed as
determined by Hach H,O, testing equipment. The reaction was quenched using catalase,
which is an organic enzyme catalyst naturally present in most soils that decomposes
hydrogen peroxide dxrectly to oxygen without generating hydroxyl radicals as shown
below. :

H,0, - H,O0+ Y% O,

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 JFenton’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 .
noted at the site and previous experience with treatment of the compounds of concerm,
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 reagent. One, two, and three treatment dosages of the Catalyst -
4260 reagent were evaluated on the soil-slurry 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 Ca,talyst 6260 is an organometalhc 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-slurry matrix for VOC oxidation. One and two treatment dosages were evaluated
on the groundwater matrix for VOC oxidation.

In-Situ Oxidative Technologies, Inc.
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4.5 Sample Collection 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 HCI 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/INITIAL

Matrix Aqueous Soil Slurry

Volatile Organic UNITS '

Compound

Trichloroethene ug/L or pg/Kg 1,070 - NA 42.2

Tetrachloroethene ug/L or ug/Kg ND(<7.6) NA 19.6

Cis-1,2-Dichloroethene ug/L or pug/Kg 126.2 g NA 248 J
[Total target VOCs pg/L or pg/Kg 1,096.2 NA 64.28 J

Total TIC's ng/L or pg/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 mgKg NA 850 NA

Note: .

«  SL/INITIAL is a laboratory prepared soil-slurry sample prepared in a 1:1 ratio of “GW-3034-032801" and “SO-4033-1SO”

samples.

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 .

VOCs = Volatile organic compounds

TIC’s = Tentatively [dentified Compounds or non-target compounds

mg/Kg = milligrams per ki logran\; ng/Kg = micrograms per kilogu_'arn'

mg/L = milligrams per liter; pg/L = micrograms per liter

\
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Section 5. Treatability Stitdy Results

5.1 GW-test

Results of the GW-Test experiment are discussed below, with analytical results tabulated
in Table 5-1. The analytical data package is provided in 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 Control data (Table 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 VOC Experiment

Treated #5

Control |Treated #1 | Treated #2 | Treated #3 | Treated #4
Catalyst Used None | Cat-4260 | Cat-4260 | Cat-4260 | Cat-6260 | Cat-6260
Oxidant Used None |Stab. H,0,|Stab. H,0,| Stab. H,0,| Stab. H,0,}Stab. H,0,
No. of Treatments 0 1 2 3 I 2
Volatile Organic Compound| Units
Trichloroethene pg/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 pg/L ND(<3.1) 1.34 115 1.04 1.37 1.23
1,1,2-Trichloroethane ND(<3.1) 0.465 ND(<0.31) | ND(<0.31) 0.491 ND(<0.31)
Total target VOCs pg/L 812.8 1.805 1.15 1.04 .1.861 1.23
Total TIC's pg/L ND "~ ND 3.2 5.8 ND 39
Reduction (Target VOCs) ! 99.8% | 99.9% | 99.9% | 99.8% | 99.9%
Final pH of sample - 7.08 6.6/ 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
Y TIC’s = Tentatively Identified Compounds or non-target compounds
s g/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
identical 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

UNITS | 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. Hzoz Stab. H)_Ol Stab. H‘)_Oz Stab. H202 Stab. H202
No. of Treatments 0 1 2 3 1 2
Volatile Organic Compound
Trichloroethene ug/kg 67.3 ND(<8.7) | ND(<9.5) [ ND(<8.45) | ND(<8.1) | ND(<7.9)
cis-1,2-Dichloroethene ue/kg 347 J | ND(<8.7) | ND(<9.5) | ND(<8.45) | ND(<8.1) | ND(<7.9)
Total target VOCs Cpglkg | 7077 J ND ND ND ND ND
Total TICs ug/kg ND ND ND ND ND ND
Reduction (Target VOCs) - - >75.4% | >732% | >76.1% >771% | >71.7%
Final pH of sample - 7.04 6.96 6.71 6.51 6.98 6.76
A Note:

ISOTEC Laboratory Treatability Study Report
Weldon Spring Chemical Plant, St. Charles, MO
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X

ND = Analyzed for but not detected at the method detection limit (MDL) indicated.
VOCs = Volatile organic compounds
TICs = Tentatively Identified Compounds or non-target compounds ug/L = micrograms per liter
* = Percent reduction calculations\arc relative to control sample and assume ND values as 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 (i.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 should
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.
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Section 7 Proposed Pilot Program

Based on the successful ISOTEC lab study results received, an [SOTEC 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 treatablhty data and the site condltxons 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 (stablhzed 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 I present in a proprietary chelated complex. In addition,
[SOTEC'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 concerns. ISOTEC has a spotless record with respect to
safety and the use of their chemical oxidation process.

72 Deszgn of an In-Sztu Chemzcal Oxzdatlon 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:
e Obtaining desirable radius of influence (ROI) due to permeability through fractures.

e Inalow permeablhty, matrix treatment results should be good since the majonty of
contaminant is within the fractures.

Negative points include:

e [n 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.

e 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 suppomng contammant mass in soil.

Therefore, mjectlon 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 distribute
materials in a 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 crumal :

7.3 Pilot Study Reagent Quantities

Results of the laboratory study were used torestimate 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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e Homogeneous subsurfac¢ conditions;

e Uniform contaminant distribution within the subsurface;

e Uniform treatment distribution within the subsurface;

o Lab bench scale study samples represented subsurface conditions at the subject site;
* A field reagent loss factor of 1.5;

e Estimated subsurface porosity = 0.40

e ~ Estimated treatment depth per injection point = 10 feet; and

o 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 concérn. 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 COQs noted in the subsurface. It is 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 during 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 monitoring 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 neéxt 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 mjectlon method and process.

Upon completion of the treatment 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 Degradatioh 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
treatable via chemical oxidation, and were previously not detected in samples collected.

76 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 injection 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.
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APPENDIX #1

LAB STUDY ANALYTICAL PACKAGE
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Integrated Analytical Laboratories, LLC.
jnt;egr'at:ed :

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 1D SAMPLE ID
S0-4033-1SO 2055-001
SUINITIAL - 2055-002
SL/CONTROL 2055-003
SUT-A 2055-004
SUT-B 2055-005
SUT-C 2055-006
SUT-D 2055-007
SUT-E 2055-008
GW-3034-032801-1SO. 2055-009
GW/CONTROL 2055-040 |
GW/T-A 2055-011 <
GW/T-B 2055-012
GW/T-C 2055-013
GW/T-D 2055-014

GW/T-E 2055-015

All required protocols were followed during analyses. These data have been revieWed and accepted by

| ) [

Michael H. Leftin, P\D.
Laboratory Direct

The liability of Integrated Analytical Laboratories, LLC. is limited to the actual cost of the analyses performed.

New Jersey Centified Lab # 14751 Connecticut Certified Lab # PH-0699 New York Certified Lab # 11402

273 Franklin Road » Phone: 973 361-4252
alytical Randolph, N.J. 07869 : Fax- 973 9895958



INTEGRATED ANALYTICAL LABORATORIES, LLC.
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*Total Organic Carbons
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* Subcontracted results from The Washington Group Laboratory
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€
D -
D.F. -
E-

MDL -
M -
NA -
ND -

INTEGRATED ANALYTICAL LABORATCRIES, LLC.

MATRIX QUALIFIERS

Indicates the sample is an Aqueous matrix.
Indicates the sample is an Qil matrix.
Indicates the sample is a-Soil, Sludge or Sediment matrix.

Indicates the sample is an Other matrix as indicated by Client Chain of Cuétody.

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 applying the
results of the analyte. v

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 concentration could not be determined due to Matrix Interferences.

Not Applicable.

‘Indicates the compound was analyzed for but Not Detected at the MDL.

.  REPORT " QUALIFIERS

All solid sampte ana_lyse's‘ are reported on a dry weight basis.

All solid sample values are corrected for original sample size and percent solids.
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INTEGRATED ANALYTICAL LABORATORIES, LLC.

SUMMARY REPORT

Client: [sotec
Project: MEK/WELDON SPRING RAP - 800346
Lab Case No.: E01-2055

ND = Analyzed for but Not Detected at the MDL

J =The concentration was detected at a value below the MDL
. All qualifiers on individual Volatiles are carried down through summation.

*Subcontracted results from The Washington Group Laboratory

000C02

‘Lab ID: 2055-001 2055-002 2055-003 2055-004
Client ID: S0-4033-1SO SLANITIAL | SL/CONTROL SL/T-A :
Matrix: Soil Soil i, Soil Soil §
Sampled Date: 3/27/2001 3/29/2001 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) o ND 165 = ND 149 | ND 174 |
"Methyl-t-Butyl Ether(MTBE) ~ ND 825 ¢ ND 7.45 ND 8.7
cis-1,2-Dichloroethene ~ 248 ] 825 | 347 J 1745 ND 87 !
1,2-Dichloroethane(EDC) ~ ND 825 = ND 7.45 ND 8.7
Trichloroethene ~ 42.2 825 | 673 7.45 ND 8.7
Tetrachloroethene ~ 19.6 825 i ND 7.45 ND 8.7
TOTAL VO's: ~ 64.28 J [ 7077 1 ND
TOTAL TIC's: | i ND | ND ND
TOTAL VO's & TIC's: =~ 64.28 J P 7077 ND
Metals (ppm) .
Iron 31400 327 ~ L . ~
Manganese 1050 0.436 ~ |~ =
General Analytical !
“Total Organic Carbons (ppm) 850 NA - = ~
Lab ID: 2055-005 2055-006 2055-007 2055-008
Client ID: SL/T-B SL/T-C SL/T-D SL/T-E
Matrix: Soil Seil Soil Soil .

: ~ Sampled Date: 4/3/2001 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) o
t-Butyl Alcohol(TBA) . ND 19 "ND 169 | ND . 16.2 ND_ 15.8
Methyl-t-Butyl Ether(MTBE) ND 9.5 ND 845 | ND 8.1 ND . 7.9
1,2-Dichloroethane(EDC) ND | - 9.5 ND 8.45 ND 8.1 ND 7.9
TOTAL VO's: ND ND ND ND

. TOTAL TIC's: ND ND ND ND
TOTAL VO's & TIC's: ND ND ND ND
~ = Sample not analyzed for



" INTEGRATED ANALYTICAL LABORATORIES, LLC.

SUMMARY REPORT

' Client: Isotec
Project: MK/WELDON SPRING RAP - 800346
Lab Case No.: E01-2055

Lab ID: 2055-009 2055-010 { 2055-011 2055-012
Client ID:{GW-3034-032801-ISO GW/CONTROL GW/T-A | GW/T-B
Matrix: Aqueous Aqueous - Aqueous i Aqueéous
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 20.4 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 262 54 19.8 27 | ND 0.27 ND 0.27
Chloroform ND 6.2 ND 3.1 1.34 0.31 1.15 0.31
1,2-Dichloroethane(EDC) ND . -7 ND 3.5 ND 0.35 ND 0.35
Trichloroethene 1070 7.2 793 3.6 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 3.2
TOTAL VO's & TIC's: 1096.2 . 812.8 1.805 4.35
Metals (ppm)
Tron ND ©0.100 ~ = -
Manginese 0.260 0.010 ~ ~ . ~
Lab ID: 2055-013 2055-014 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
Volatiles (ppb) .
(Including MTBE, TBA & Cis 1,2-DCE)
t-Butyl Alcohol(TBA) ND 1.02 ND 1.02 ND . 1.02
Methyl-t-Butyl Ether(MTBE) ND 0.53 ‘ND 0.53 ND . 053
Chloroform 104 031 | 137" 0.31 123 0.31
1,2-Dichloroethane(EDC) ND 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 o1
TOTAL TIC's: _ 5.8 ND 3.9
TOTAL VO's & TIC's: 6.84 " 1.861 5.13

~ = Sample not analyzed for ]
ND = Analyzed for but Not Detected at the MDL

000003



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-002

Client ID: SL/INITIAL
Date Received: 04/03/2001
Date Analyzed: 04/06/2001
Data file: 17809.D

GC/MS Column: DB-624
Sample wt/vol: Sg
Matrix-Units: Soil-ug/Kg (ppb)
Dilution Factor: 1

% Moisture: 39.5

MDL

64.28

Compound Concentration
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 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 8.25
1,2-Dichloropropane ND 8.25
Bromodichloromethane ND 8.25
2-Chloroethylvinyl Ether ND 825
cis-1,3-Dichloropropene ND - 8.25
Toluene ND © 8.25
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 8.25
Total Xylenes ND 8.25
Bromoform _ ND 8.25
1,1,2,2-Tetrachloroethane ND 8.25
1,3-Dichlorobenzene ND 8.25
1,4-Dichlorobenzene . ND 8.25.
1,2-Dichlorobenzene ND 8.25

Total Target Compounds:

@00004




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds -

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-002 GC/MS Column: DB-624
Client [D: 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

]
o

- Total TICs

D
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INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-003
Client ID: SL/CONTROL
Date Received: 04/03/2001
Date Analyzed: 04/06/2001
Data file: 17810.D

GC/MS Column: DB-624
Sample wt/vol: 5g
Matrix-Units: Soil-ug/Kg (ppb)
Dilution Factor: 1

% Moisture: 33

70.77

Compound Concentration MDL
Chloromethane ND 7.45
Vinyl Chloride ND 7.45
Bromomethane ND 7.45
Chloroethane ND 7.45
Trichlorofluoromethane 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 7.45
Chloroform ND 7.45
1,1,1-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 \ ND 7.45
trans-1,3-Dichloropropene . ND 7.45
1,1,2-Trichloroethane ' 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
1,2-Dichlorobenzene ) ND 7.45
Total Target Compounds: 000 c06



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tenta}tively 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-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1

Data file: 17810.D ‘ % Moisture: 33

Estimated Retention
CAS # Compound Concentration Time

No péaks detected

. TotalTICs = 0

000C07



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-004

Client ID: SL/T-A

Date Received: 04/03/2001
Date Analyzed: 04/06/2001
Data file: [7811.D

GC/MS Column: DB-624
Sample wt/vol: Sg
Matrix-Units: Soil-ug/Kg (ppb)
Dilution Factor: 1

% Moisture: 42.4

Compound Concentration 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 17.4
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-Chloroethylvinyl Ether ND 8.7
cis-\l,B-Dichloropropene ND .- 8.7
Toluene 20N ND 8.7
trans-1,3-Dichloropropene 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-Dichlorobenzene ND 8.7

Total Target Compounds: 0

000CO08



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-ug/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

- ©00C09




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 Anélyzed:. 04/06/2001 . Dilution Factor: |
Data file: 17812.D . "% Moisture: 47.5
Compound ~ Concentration Q MDL
Chloromethane ND ' . -95
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-Buty! Ether(MTBE) ND 9.5
1,1-Dichloroethane ' . ND ' 9.5
cis-1,2-Dichloroethene ND 9.5
Chloroform . ) ND o ' 9.5
1,1,1-Trichloroethane ND ‘ 9.5
Carbon Tetrachloride ND = . 95
1,2-Dichloroethane(EDC) ND 9.5
Benzene , . "ND 9.5
Trichloroethene = ND ‘ . 9.5
1,2-Dichloropropane ND 9.5
Bromodichloromethane " ND 9.5
2-Chloroethylvinyl Ether ND . A 9.5 ° _
cis-1,3-Dichloropropene 4 ND .- ' 9.5 ;
Toluene N ND : 9.5
trans-1,3-Dichloropropene R ND ' ' 9.5
1,1,2-Trichloroethane ~ND ) _ 9.5
- Tetrachloroethene ND ’ ' 9.5
Dibromochloromethane ND 9.5
Chlorobenzene ND 9.5
Ethylbenzene 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 _ . . |

050C10




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
_ Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab [D: 2055-005 GC/MS Column: DB-624
Client ID: SL/T-B Sample wt/vol: Sg :
Date Received: 04/03/2001 : Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 : Dilution Factor: 1

Data file; [7812.D . % Moisture: 47.5

. } Estimated Retention
CAS # Compound Concentration Time

No peaks detected

- Total TICs = 0

000CL



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-006 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
Compound- Concentration Q MDL
Chloromethane ) ND 8.45
Vinyl Chloride ND : : 8.45
Bromomethane ND 8.45
Chloroethane ' ND L 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-Butyl Alcohol(TBA) ND 16.9.
- trans-1,2-Dichloroethene : ND 8.45
Methyl-t-Butyl Ether(MTBE) ND ' 8.45
1,1-Dichléroethane " 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-Dichloroethane(EDC) ND - . 8.45
Benzene ' ND - 8.45
Trichloroethene : ND 8.45
1,2-Dichloropropane - ND 8.45
~ Bromodichloromethane ND 8.45
2-Chloroethylvinyl Ether ~ ND _ 8.45 -
cis-1,3-Dichloropropene , ~ ND .. , : 8.45
" Toluene E \ 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
Chlorobenzene ND 8.45
Ethylbenzene ND ' 8.45
Total Xylenes : ND 8.45
Bromoform ' : ND 8.45
1,1,2,2-Tetrachloroethane - ND 4 8.45
1,3-Dichlorobenzene _ ND 8.45
1,4-Dichlorobenzene ' . ND . 845
1,2-Dichlorobenzene ' ND , 8.45
Total Target Compounds: 0

000C1R




INTEGRATEDA ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

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: [7813.D

CAS # Compound

GC/MS Column: DB-624
Sample wt/vol: 5g
Matrix-Units: “Soil-ug/Kg (ppb)
Dilution Factor: 1

- % Moisture: 40.8

Estimated Retention

No peaks detected

. Total TICs

Concentration Time

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 * Concentration MDL
~ Chloromethane ND 8.1
Vinyl Chloride ND 8.1
Bromomethane - " ND 8.1
Chloroethane ND 8.1
Trichlorofluoromethane " ND 8.1
Acrolein . ND 16.2
1,1-Dichloroethene ND 8.1
Methylene Chloride 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 4 N ND 8.1
trans-1,3-Dichloropropene 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 8.1
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

Client [D: 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

Estimated  Retention
Concentration Time

CAS # Compound

No peaks detected

. Total TICs

000CAS



INTEGRATED ANALYTICAL LABORATOR[ES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-008

- Client ID: SL/T-E

Date Received: 04/03/2001
Date Analyzed: 04/06/2001
Data file: [7815.D

GC/MS Column: DB-624

~ Sample wt/vol: 5g

Matrix-Units: Soil-pg/Kg (ppb)
Dilution Factor: 1
% Moisture: 36.8

Total Target Compounds:

Compound Concentration MDL
Chloromethane ND 7.9
Viny! Chloride ND 7.9
Bromomethane ND 7.9
Chloroethane ND - 7.9
Trichlorofluoromethane ~ ND 7,2
Acrolein ND 15.8
1,1-Dichloroethene ND 7.9
Methylene Chloride ND 7.9
Acrylonitrile ND 15.8
t-Butyl Alcohol(TBA) ND 15.8
trans-1,2-Dichloroethene ND 7.9
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 79.
Carbon Tetrachloride ND 7.9
1,2-Dichloroethane(EDC) ND 79
Benzene ND 7.9
Trichloroethene ND 7.9
1,2-Dichloropropane ND 1.9
Bromodichloromethane ND 7.9
2-Chloroethylvinyl Ether ND 1.9
cis-1,3-Dichloropropene ND . 7.9
Toluene ND 7.9
trans-1,3-Dichloropropene ND 7.9
1,1,2-Trichloroethane ND 7.9
Tetrachloroethene ND 7.9
Dibromochloromethane - ND 7.9

. Chlorobenzene ND 7.9
Ethylbenzene ND 7.9
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

0

000C46



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

090017



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab [D: 2055-009

Client ID: GW-3034-032801-ISO

Date Received: 04/03/2001
- Date Analyzed: 04/04/2001

GC/MS Column: DB-624
Sample wt/vol: 0.25mL
Matrix-Units: Aqueous-ug/L (ppb)
Dilution Factor: 20

Data file: E7979.D % Moisture: 100
Compound Concentration . MDL
Chloromethane ND 12.2
Vinyl Chloride ND 6.6
Bromomethane ND 9.4
Chloroethane ND 13
Trichlorofluoromethane ND 7.6
Acrolein ND 119
1,1-Dichloroethene ND 10
Methylene Chloride ND 38.2
Acrylonitrile ND 25.4
t-Buty! Alcohol(TBA) ND 20.4
trans-1,2-Dichloroethene ND 7.8
Methy!-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 =
Bromodichloromethane ND S
2-Chloroethylvinyl Ether ND 5
cis-1,3-Dichloropropene ND .- 3.8
Toluene ND 6.6
trans-1,3-Dichloropropene ND 54
1,1,2-Trichloroethane ND 6.2
Tetrachloroethene ND 7.6
Dibromochloromethane ND 6.2
Chlorobenzene ND 5.6
Ethylbenzene ND 6
Total Xylenes ND 18
Bromoform ND 5.6
1,1,2,2-Tetrachloroethane ND 5.4
1,3-Dichlorobenzene ND 4.4
1,4-Dichlorobenzene ND 4.4
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 [D: 2055-009 GC/MS Column: DB-624:

Client ID: GW-3034-032801-ISO . Sample wt/vol: 0.25mL

Date Received: 04/03/2001 ' Matrix-Units: Aqueous-pg/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

. Toal TICs = - 0

anNi9



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-010 " GC/MS Column: DB-624-
Client [D: 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 3.3
Bromomethane ND 4.7
Chloroethane o ND i 6.5
Trichlorofluoromethane - ND 3.8
Acrolein ND 59.4
1,1-Dichloroethene ‘ _ ND 5
Methylene Chloride ~ ND : 19.1
Acrylonitrile ND 12.7
t-Butyl Alcohol(TBA) ND E ‘ 10.2.
trans-1,2-Dichloroethene ND 3.9
Methyl-t-Butyl Ether(MTBE) 'ND ‘ 2.3
I,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 ' 25
Bromodichloromethane ND ‘ , 2.5
2-Chloroethylvinyl Ether : ND 2.5
cis-1,3-Dichloropropene : ND . - 19
Toluene T\ ND . .33
trans-1,3-Dichloropropene : ND ‘ ’ ' 2.7
1,1,2-Trichloroethane L ND . 3.1
Tetrachloroethene : ND : 3.8
Dibromochloromethane ' - 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-Dichlorobenzene ‘ " ND ' 2.2
1,4-Dichlorobenzene ~ ND o . 22
1,2-Dichlorobenzene ND _ E . 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-ug/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

nNOC2A



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-011 GC/MS Column: DB-624
Client ID: GW/T-A > 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: E7981.D o ’ % 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 4 0.53
1,1-Dichloroethane ND A 0.33
cis-1,2-Dichloroethene ‘ ND _ : 0.27 -
Chloroform - © o 1.34 , 0.31
1,1,1-Trichloroethane ND .0.38
Carbon Tetrachloride ND ' o . 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 ' . 019
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 2 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: 1.805

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: 5mL-
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: 5SmL
Date Received: 04/03/2001 o 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
Bgomomethane ND ' 0.47
Chloroethane : ND o 0.65
Trichlorofluoromethane ND 0.38
Acrolein ND . 5.94
1,1-Dichloroethene ND : o 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
Methy!-t-Buty! Ether(MTBE) ND : 0.53
1,1-Dichloroethane . ND - 0.33
cis-1,2-Dichloroethene ND 0.27
Chloroform ' L15 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 _ 0257

~ cis-1,3-Dichloropropene ,- ND .. . : ©0.19
Toluene \ ND : : 0.33
trans-1,3-Dichloropropene o 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-Dichiorobenzene ND 0.22
1,4-Dichlorobenzene . ND . 022
1,2-Dichlorobenzene : ND - 0.19

Total Target Compounds: .~ 1.15

000C24%



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-ug/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
\\
- . Total TICs = 3.2,

000C25



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

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-ug/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 A 0.47
Chloroethane ' ND ©0.65
Trichlorofluoromethane ND 0.38
Acrolein ND o ' 5.94
1,1-Dichloroethene ND ’ 0.5
Methylene Chloride ND 1.91
Acrylonitrile 'ND i 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 1.04 ' 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 : . . 025
cis-1,3-Dichloropropene : ND .- . : ' 0.19
Toluene \ : ND : . 0.33
trans-1,3-Dichloropropene o - ND ' : 0.27
1,1,2-Trichloroethane i ND P 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 . 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

Client ID: GW/T-C

Date Received: 04/03/2001
Date Analyzed: 04/04/2001
Date File: E7983.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
Unknown 5.8 3.91
\
- Total TICs

5.8

0000R7



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: SmlL
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 0.33
Bromomethane ND ~ 0.47
Chloroethane : ND 0.65
Trichlorofluoromethane ND . 0.38
Acrolein - ND ) 5.94
1,1-Dichloroethene ND o 0.5
Methylene Chloride -~ ND 1.91
Acrylonitrile ND . . L27
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 o 0.27
Chloroform o 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 . 036
1,2-Dichloropropane ND 0.25
Bromodichloromethane ND 0.25
2-Chloroethylvinyl Ether ND A 0.25
cis-1,3-Dichloropropene : ND - : ’ 0.19
Toluene \ ND : 0.33
trans-1,3-Dichloropropene 5 ND : ' _ 0.27
1,1,2-Trichloroethane ‘ 0.491 , v 0.31
Tetrachloroethene ND 0.38
Dibromochloromethane ND ' 0.31

~ Chlorobenzene ND 0.28
Ethylbenzene ND 0.3
Total Xylenes B -~ ND. : : 09
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: 1.861

000C28




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: SmL

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: SmL
-Date Received: 04/03/2001 ) Matrix-Units: Aqueous-pg/L (ppb)
Date Analyzed: 04/05/2001 : Dilution Factor: 1
Data file: E7985.D % Moisture: 100
Compound Concentration Q MDL
Chloromethane ND 0.61
Viny! 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
Methy!-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 Q.25
Bromodichloromethane ND 0.25
2-Chloroethylvinyl Ether _ ND 0.25
cis-1,3-Dichloropropene o ND - 0.19
Toluene : L 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 0‘.22
1,2-Dichlorobenzene ND 0.19
Total Target Compounds: 1.23

000C30
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INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab [D: 2055-015 GC/MS Column: DB-624

Client ID: GW/T-E - ’ Sample wt/vol: SmL

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
\.A
\
- Total TICs = 3.9
- - 000C31
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- INTEGRATED ANALYTICAL LABORATORIES, LLC.

METALS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-001

Client ID: SO-4033-1SO

Date Received: 4/3/01

Date Analyzed: 4/5/01
Matrix-Units: Soil-mg/Kg (ppm)
% Moisture: 8.2 '

Compound Result Q DF

MDL
Iron 31400 1 3.27
0.436

“Manganese 1050 1

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: Aqueous-mg/L (ppm)
% Moisture: 100~

MDL

Compound : ~Result Q DF
Iron . ND 1 0.100
0.010

Manganese ' - 0.260 1

000033



INTEGRATED ANALYTICAL LABORATORIES, LLC.

GENERAL ANALYTICAL

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-001
Client ID: SO-4033-1SO
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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INTECRATED ANALYTICAL LABORATORIES

Phone # (973) 361-4252 273 Fraoklia Rd
Fax #(973) 989-5288 CHAIN OF _CUSTODY Randolph, NJ 07869
CLIENT & PROJECT REPORTING Turnaround Time

Company Name:

TIsoTEC

) ﬂug_gé K»A&JA

Conditional / TPHC

Report Fagmay

: ] Fax#: Mbrt 4she  Mhc Iwk  NA  Other l /W
Address: 5/ a‘&uﬂ Dy # A -1 D Report to: —‘&% —_— {Verbal/Fax "+ Reduced -
/\) ed/ /\j,’wdsm: /\)I ogs’_s-D Address: 24 br* 48 hr* 72 br 1wk 2wk ther: I Regulatory
Har_dCou ) . SRP Disk**: dbl or wk})
Mbes twks 2wkt 3wk Piher: r Other:
Telephone #: é‘o?‘—- Z?Y'SS(T'O Invoice to: — &.,WL ~— *Prior to sample arrivam notification is required.
Faz ts o 7- 2359608 Address: ANALYTICAL PARAMETERS / PRESERVATIVES - ** Circle format required
rrowatems 7K/ K3elden Sricg RAP. FER IFEEN I Ve IR I T I I R |
s |Project Manager: rP/M ‘-/ M"“é" /rﬂ - 1. HCL 3. HNO,
Reference ID#: 801)396 ‘POW: /§7/ “ \Q W 2.NsOIl 4. u,‘so.
i SAMPLE MATRIX ~l\ ’)'
W-Waste  SL-Sludge A - Aqueous U 5. MeOH 6 Other -
SAMPLE INFORMATION ool xomr s | & 5
. : GW - Groundwater SOL - Solid L
Sampling . . Mof LatiD q b. }\ °C
Sample ID Sample Description Date Time an{ pr Matrix Containers Comménts
~ m - -
So-4p33-1st| Tould Si 3feg ] ? S | 2 ol Y1 A A
. , o
5‘// 9~' ﬁ*ﬂ Lob 9»«[-'»/ 2]e9 | 1600~ SL | 24!
7 < 14 L]
,' g
St /T-4 g - 7,’/0/' <) I 4
St [ T-8 | 2
St e l @
St /T-D , | 1
SC | T-E / 4 Vol 8 |V
Please print legibl;' and fill out completely. Samples cannot be processed and the turnaround time will not start until any ambiguities have been resolved. Congeptrations Expected Known Hazard  yes no
CUSTODY LOG N : o HIGH Descibe: | CE
rs_ingrre ) Date Time |gmture i Jc E p(£ l\ 780 /)P/) 1, e
L : O 4 77 Z
T [ Vi o= | o feer /534//%\4 s s
Relinquished by: /'%/M 4/ ’;’?-’DJ /7@ Received by: W s-*w
Relinquished by: / ’ Received by: / — i
Relinquished by: /'. Received by: / ’
Relinquished by: Received by: . ﬂ‘O55 IPACE / OF 2_ J

LAB COPIES - WIHITE & YELLOW; CLIENT COPY - PINK

wrr et BN e

P




Phooe ¥ (973) 3614252 ' INTEGRATED ANALYTICAL LABORATORIES 273 Fraaklia Rd
Fann(973) 985-5288 CHAIN OF CUSTODY - Randolph, NJ 07869

CLIENT & PROJECT REPORTING : Turnaround Time

Company Name: Z.S DTEC Fax to: P?rMp_‘( K,,ég,—(’& Cond'ilionﬂl / TPHC . . ReportEormat

Fax #: . 24 br* 48 hr 2 hr 1wk NA  Other: I Resutts Onl;

Address: 5/ a;p,d.ff' /D.rj f 71 -10. Report to: — Sa - Verbal/Fax ] ‘ Reduced

/\)Mf Lindser NT O857p |Addres: Mbes  ashes Tehet Lwke (Bwk  Ofher: | _ Regulatory
Hard Copy : . SRP Disk**: dbl or wki
; bt lwke 2 -ummm l Other:
Telepbone ¥: Go 7 - 275 - 8SUD Invoice to: - Sl — *Prior to sample nrrMnoliﬁca(ion is required.
Faxw: €09- 275- 9608 Addeess: ANALYTICAL PARAMETERS / PRESERVATIVES “+ Circle format required

123 I " I
Praservativeas

A ) . i 23 [ 123 | rzs | ves | r2s | orz2s | a2 | v2s
Project Name: M,k/@lf/ccﬂ\ ‘%’ﬂ'&f &f st as6 | es6 | ase ] 456 | 4se 'ucl 456 456
e
Project Manager: P,,,),.( AM” 10 | > - 1LHCL  3.1NO,

- -
-~
o w

Reference 1DW: gtfbg Z{_€ PO#N: IG 9 r . w1 ) ‘}A ;? 2. NaOR 4. 11,50,
v SAMPLE MATRIX \Q ~3 : g
W.Waste  SL-Sludge A - Aqueous S \V

5. MeOH 6. Other

SAMPLE INFORMATION 0-0il X-Other S Soil

(VR VEVAV AVAY

- GW - Groundﬂ SOL - Solid § ! COOLER TEMP
Sample ID Sample Description Date i ‘I:l:n: s [ Co:l:i:lerl Lab 1o (§ I~ :

§r-303y -03bses-1sp  Fllgs 3/&5 ? A 3 g | X XX ' |

¢/ Cted | b C1) 1473 lweld | A [ 2 | 1o

6w [ TA | kb Trela|” A Lz |

& [TB J A | 2 12

b/ T-C A | z] B

§w) T-D | A 12| 14

6;0/7 Tl & oLV A | 2] s

Please print legibly and fill out completely. Samples cannot be processed and the turnaround time will not start untif any ambiguities have been resolved. Concomaions Expet i Keown Hazaid. yes. no
CUSTODY LOG A\ N mm HIGH Descrive: | CE

. ﬁi‘m}g ) Date | Time - jignature M )A Comments: — Set o> é( [~
K V%{/ ?L/‘S | OO [Receivedty: : %ﬂ//c)& / //;
Relinquished by: / Z/ /y'g -0} 7 AV [Eeevethy Mm

Relinquished by: . Received by:

l.ab Case #
Relinquished by: ' ; Received by: /

Relinguished by: : Received by: : OQ'Ogg lnc:; ¢ a ofF 2 J A

LAB COPIES - WHITE & YELLOW; CLIENT COPY - PINK




CHAIN OF CUSTODY
Case No.: E01-2055 P.O. #: 1691
Project MK/WELDON SPRING RAP - 800346
Client/Project: ISOTEC/MK/WELDON SPRING :
Client Address: Billing Address:
Isotec Isotec

51 Everett Drive

51 Everett Drive

Suite A-10

- Suite A-10

West Windsor, NJ 08550

West Windsor, NJ 08550

Date Received:
Time Received: 1

04/03/01

7:00

Report Format: Standard

Verbal Due: Apr 17
Report Due: Apr 24

# of Containers 2 1 1 1 A 1 1
IAL ID # .2055-001]2055-002]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
B IS0 AL oL
Matrix Soil Soil Soil Soil Soil Soil
Sample Date 03/27/01[03/29/01/04/03/01]04/03/01/04/03/01]/04/03/01
Sample Time . : 10:00 10:00 10:00 10:00 10:00 °
MTBE + TBA v A v v v
VO+10, PP LIST v v v v A
Cis 1,2-DCE vV v v v v
Fe-Iron , v
Mn-Manganese v
-% Solids v v v v v v
TOC v B
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:

LAB.

SAMPLE #9 FOR DISSOLVED METALS TO BE FILTERED AT

000037




E01-20

CHAIN OF CUSTODY

1691

Case No.: 55 : P.O. #:
Project MK/WELDON SPRING RAP - 800346
Client/Project: ISOTEC/MK/WELDON SPRING

Client Address:
Isotec

Billing Address:
Isotec

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 Format: Standard

Report Due: Apr 24

# of Containers 1 1 3 . 2 2 2
IAL ID # 2055-00712055-008(2055-009|2055-010}2055-011]2055-012
Client ID # SL/T-D SL/T-E GW-3034-|GW/CONTR|GW/T-A GW/T-B
032801-I (0L ’

; SO .
Matrix Soil Soil Aqueous |Agueous |[Aqueous |Agueous
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 - 10:00 10:00 10:00
MTBE + TBA v v v v A v
VO+10, PP LIST v v v v v v
Cis 1,2-DCE v v v v v v
Fe-Iron v
Mn-Manganese v
-% Solids 1 v v
Spl Filtration , v

Comments:

NOTE 1:

NOTE 2:
NOTE 3:

LAB.

AS PER COC, EXPECT TCE CONCENTRATIONS OF 780 ppb.
- PLEASE REPORT LOWEST MDLs POSSIBLE.
PLEASE MEET GROUNDWATER LIMITS FOR AQUEOUS METALS.
SAMPLE #9 FOR DISSOLVED METALS TO BE FILTERED AT

000C38




CHAIN OF CUSTODY

Case No.: E01-2055 P.O. #: 1691
Project : MK/WELDON SPRING RAP - 800346
Client/Project: ISOTEC/MK/WELDON SPRING
Client Address: : Billing Address:

- Isotec Isotec :

51 Everett Drive 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 2 2

IAL ID # 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 Vo v
VO+10, PP LIST I v v
Cis 1,2-DCE I v 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 AQUEOUS METALS.
NOTE 3: SAMPLE #9 FOR DISSOLVED METALS TO BE FILTERED AT
LAB. ‘ -

000¢39
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INTEGRATED ANALYTICAL LABORATORIES, LLC
SAMPLE RECEIPT VERIFICATION

| CASE NO: [ 2055  CLENT: STee

COOLER TEMPERATURE: 2°-6°C: _ v ( See Chain of Custody)

CHAIN OF CUSTODY: COMPLETE / INCOMPLETE Comments:
Sample Bottles Intact: - v Comments:
Sample Labels Intact/ Correct: v
Sufficient Sample Volume: R
Correct bottles/ preservative: v
Samples received in
holding time/ prep time: -
Headspace/ bubbles in voa samples: .. Las W0 R Q0 one somple N \"V‘l’b\e) -5, 2 veas
Samples to be subcontracted: r:;:f,b\eg
KEY :
Preserved Sample pH checked: R v =YES
(Excluding voa samples) X  =NO
_ . <Z_>=NIA

ADDITIONAL COMMENTS:

SAMPLE(S) VERIFIED BY:  INITIAL[__ &Y | oae[HE ]

CORRECTIVE ACTION REQUIRED:  YES [ Jcoriom NO [~

CLIENT NOTIFIED: YES [___] Date/ Time: _~No [

PROJECT CONTACT:

SUBCONTRACTED LAB:
DATE SHIPPED:

\

ADDITIONAL COMMENTS:

" VERIFIEDITAKEN BY: - INimial DWW~ DATE

000040

" REV 10/00
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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. Charlés, Missouri
ISOTEC Project #800346

General Assumptions

Uniform Contaminant Distnibution
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

Sample Volume tested

Selected Catalyst

Optimal Treatment Dosages Determined

Reagent Volume for Optimal Treatment Efficiency
Assumed Loss Factor

Estimated reagent volume with loss factor
Estimated reagent volume as percent sample volume

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 depth/ injection point

Site Volume for radial effect = 10 ft )
Estimated reagents required per 10-ft depth/ injection point

Site Volume for radial effect= 15 ft
Estimated reagents required per 10-ft depth/ injection point

Site Volume for radial effect = 20 f _
Estimated reagents required per 10-ft depth/ injection point

Calculations

2x3ml
(6 ml/130 mi)x100

0.4x3.14x(5)"2x 10
4.62%of 315 cu ft

04 x3.14x(10)*2x 10
4.62%o0f 1,257 cu ft

04x3.14x(15)"2x10
4.62%0f2,828 cu ft

04x3.14x(202x 10
4.62% of 5,027 cu ft

Note #1: Above volumes assume a 100% homo\gencous 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 poré volume is not required to
complete chemical oxidation objectives due to dispersion and
concentration needed to oxidize contaminant of concern.

Value

130 ml
Cat-4260/6260
1

3 ml

2

6 ml

4.62%

Pilot Program Area

L5

0.4

1

10 ft
10fteo 15 &

31Scuft :
14.5 cu ft or 109 gallons.

1,257 cu ft
58 cu ft or 435 gallons

2,828 cu ft
130.6 cu ft or 977 gallons

5,027 cu ft
232 cu f or 1,737 gallons
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