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1.0 INTRODUCTION

I 1.1 OVERVIEW

This Draft Final Pilot Test Study Results Report-for the Dry Cleaning Facilities Area (DCFA) presents theIactivities conducted and the findings obtained during the performance of the Pilot Test Study Program at
the DCFA located at the Fort Riley Military Reservation in Fort Riley, Kansas. The Pilot Test Study
program was performed under contract DACA41-92-D-0001 with the U.S. Army Corps of
Engineers-Missouri River Division, Kansas City District (CEMRK) in support of the, Fort Riley,
Directorate of Environment and Safety, Installation Restoration Program.

The Pilot Test Study Program at the DCFA was developed as a result of previous investigations which had
shown that the soil and groundwater beneath the DCFA had been impacted by volatile organic compounds
(VOCs). These investigations included a Preliminary Assessment/Site Investigation (PA/SI) conducted in
February 1993 and a Remedial Investigation (RI) performed in 1993 through 1995. The chronology of
events leading to and the performance of the Pilot Test Study, including specific dates relating to pilot test
activities, is provided in Table 1-1.

As stated in the Draft Final Work Plan, Pilot Test Study, Dual Phase Extraction System (Work Plan) dated
June 1994, the original objectives of the pilot test were to: 1) evaluate the effectiveness of the selected
treatment technology at the DCF site; 2) obtain the information necessary to design a system for the overall
site remediation with continued site treatment operations by establishing an efficient site-specific system
design; and 3) evaluate the potential of this remedial technology as a "Removal Action." The pilot study
program was modified from dual phase extraction operation to a single phase soil vapor extraction (SVE)
operation. The groundwater extraction component of the pilot test was deleted from the program as
discussed below in detail.

For the purpose of this report, the "DCFA," "Pilot Study Area," and "Site" are defined as follows:

0 DCFA: Area of current and former laundry and dry cleaning operations and related facilities.

0 Pilot Study Area: Northeast comer of Building 180/181.

N Site: For the purpose of this pilot study result report, "site" is the same as the DCFA.

1.2 PROJECT DESCRIPTION

The location of the DCFA is shown in Figure 1-1, and the pilot study area is shown in Figure 1-2.

The SVE pilot study program was initiated on November 21, 1994 and completed on April 6, 1995 at the
DCFA. The pilot study consisted of two phases: an initial 30-day SVE test conducted during the period of
November 21, 1994 through December 20, 1994, and an extended 60-day test conducted during the period
of February 8, 1995 through April 6, 1995. The purpose of the pilot study was to evaluate the efficacy of
SVE as a remedial technology for the cleanup of soils impacted by VOCs, particularly tetrachloroethylene
(PCE), at the DCFA.

Page 1-1
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Work performed during the pilot study was conducted in accordance with the Work Plan dated June 1994,
with two major exceptions: the deletion of the groundwater extraction portion as proposed in the Work
Plan, and the addition of the extended 60-day SVE test. The groundwater extraction component of the pilot
test was deleted from the program due to poor groundwater yield and subsequent lack of effective hydraulic
influence which was determined from a pump test conducted from August 15, 1994 to August 22, 1994.
A discussion on the DCFA groundwater and hydraulic characteristics, which nullify the efficacy ofI groundwater extraction as a groundwater treatment mechanism at the site, has been provided in Chapter
3.0 of the Draft Final Remedial Investigation Report, Dry Cleaning Facility Area (DCFA-RI), dated March1995.

1.3 SCOPE AND INTENT
- The purpose of this report is to present the test procedures and results of the SVE pilot test study performed

at the DCFA at the Fort Riley Military Reservation in Fort Riley Kansas.

Specifically, this report discusses in detail the following items:

_ Pilot test operations and schedules, including sampling, analysis and pilot test modification;

* Pilot test system construction, equipment and materials;

- Pilot test study results; and

* Evaluations and interpretations .of the pilot study results.

I The performance of the SVE pilot system and effectiveness of the selected SVE technology have been
evaluated based on the test results obtained. The site history, geology, and the nature and extent of the site
contamination have been presented in the DCFA-RI Report, and as such are only briefly summarized in
this report. Details on the selection of the SVE technology, -system design and system layout have been
presented in the Work Plan, and are only briefly summarized herein.

I
I
I
I
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TABLE 1-1

CHRONOLOGY OF EVENTS ASSOCIATED WITH THE PILOT TEST
STUDY PROGRAM AT THE DCFA

I Date Activity Reports/
I .References

1914- 1988 Historical events and site activities during this period DCFA-RI Report
are provided in the DCFA-RI Report. (CEMRK 1995a)

August 1990 Fort Riley placed on the National Priorities List. Federal Register Aug 30,
1990

June 1991 Federal Facilities Agreement (FFA) effective; requires IAG, U.S. EPA (1991)
site investigation of former dry cleaners.

1991-1992 PA/SI Planning
Draft Planning Documents, Sep '91
Draft Final Planning Documents, Dec '91

Revisions to Planning Documents, Jan '92
Draft Modified Planning Documents, May '92
Draft Final Modified Planning Documents, Sep '92

1991-1992 PA/SI Fieldwork
Soil Gas Survey, Oct 29-Nov 2, '91
Soils Borings, Mar-Apr '92
Monitoring Well Installation, Apr '92
Monitoring Well Development, May-Jun '92
Groundwater Sampling, Jul '92

Exploratory Monitoring Well DCF92-07 installed
(dry), Aug '92

September Working Draft PA/SI is submitted. A decision was.
1992 made to have the U.S. EPA and KDHE review thisI document instead of extending the schedule for

submission of a Draft. A meeting was held on Oct 16,
'92, during which the project managers for the parties
to the lAG decided that the Working Draft would be
approved as Final with comments attached.

1992-1993 Periodic groundwater sampling of six monitoring wells QCSRs (CEMRK 1992a;
installed during the PA/SI. Includes Nov '92, Feb '93, 1993a,b,d)
May '93 andNov '93.

February-April RI/FS Initial Field Investigations (IFI), Feb - Mar '93 Results reported in Draft

1993 Soil Gas Survey Final RI/FS Work Plan,
Sewer/Surface Water/Sediment Sampling July 1993 (CEMRK,

1993c)
Supplemental IFI Activities, Mar - Apr '93

Sewer Survey and Tracing
_ _ _Dry Cleaning Operations Sampling

Page 1-3i
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TABLE 1-1 (CONTINUED)

1I CHRONOLOGY OF EVENTS ASSOCIATED WITH THE PILOT TEST
STUDY PROGRAM AT THE DCFA

Reports/

Date Activity References

July 1993 Draft Final RI/FS Work Plan Submitted. (CEMRK, 1993c)

I October 1993 Revised Draft Final RI Sampling and Analysis Plan. (CEMRK, 1993g)

(Result of change in Contractor performing work.)

November - RI fieldwork.
December 1993 Soil Borings, Surface Soil, Surface Water & Sediment

Sampling

December 1993 "Baseline" RI groundwater sampling including new RI QCSR (CEMRK, 1994a)

monitoring wells.

February 1994 Periodic groundwater sampling (PA/SI & RI wells, 1st QCSR (CEMRK, 1994b)

round after "Baseline")

May 1994 Sewer line repair. A portion of sanitary sewer line was

replaced between manholes 365 and 363 (portion of line

serving 183 above 180/182) due to suspected leakage of

the aged line.

May 1994 Soil sampling in conjunction with SVE Pilot Study.

April 1994 USTs located. (Interview information about tanks

unclear if removed or not. An electromagnetic survey

performed by U.S. Army Construction Engineers

Laboratory [USCERL] revealed the presence of the

tanks. Previous methods had been unsuccessful.)

May 1994 UST contents sampled.

July 1994 UST removal (two removed, one abandoned in place)

due to depth and proximity to building foundation and

utilities.

May 1994 Soil Vapor and Groundwater Extraction Pilot Studies CEMRK (1994c)

initiated near Building 180/181.

June 1994 Installation of soil vapor and groundwater extraction QCSR (CEMRK, 1994d)

wells.

(Subsequent pumping tests performed on the

groundwater wells proved extraction to be impractical

due to extremely low yield rates; therefore,
groundwater extraction pilot test terminated.)

Page 1-4
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TABLE 1-1 (CONTINUED)

CHRONOLOGY OF EVENTS ASSOCIATED WITH THE PILOT TEST
STUDY PROGRAM AT THE DCFA

I
Date Activity ,Reports/.! References

June 1994 Periodic groundwater sampling (PA/Si and RI wells- QCSR (CEMRK, 1994e)
2nd round).

June - July 1994 Supplemental Sewer (flow) Investigations.

August 1994 Monitoring Well DCF94-22 installed (driven well point)
as a replacement for DCF94-1 1, which had gone dry).

August 1994 Periodic groundwater sampling (PA/SI & RI wells-3rd QCSR (CEMRK, 19940
_ _ _ round).

October 1994 UST area soil borings performed.

November 1994 Draft RI Report. _

November - Soil Vapor Extraction Pilot Test-initial 30-day test
December 1994 performed.I Individual Vapor Extraction Test on Well IA

Individual Vapor Extraction Test on Well 2A
Individual Vapor Extraction Test on Well 3A
Individual Vapor Extraction Test on Well DCF94-21
Combined Vapor Extraction Includes All Wells

January 1995 Periodic groundwater sampling (PA/SI & RI wells-4th CEMRK (1995b)
round).

Partial Demobilization of Pilot Study Equipment
(Removal of GC Van, Probes, Well Pumps).

January 1995 Additional surface water and sediment sampling. CEMRK (1995c)

Feb - Apr, 1995 Soil Vapor Extraction Pilot Test-extended 60-day test
performed.

March 1995 Draft Final RI Report completed. DCFA-RI Report
(CEMRK, 1995a)

April 1995 Soil Vapor Extraction Pilot Test-Demobilization
performed.

Post Extraction Soil Boring for Pilot Study Completed. CEMRK (1995d)

I
I
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* 2.0 BACKGROUND

I .2.1 SITE HISTORY

As indicated in the Work Plan and in the DCFA-RI, the facilities within the DCFA have been used for the
dry cleaning of uniforms since the 1930s. Dry cleaning operations at the site have incorporated the use oftwo solvents: Stoddard Solvent, a naphtha-based solvent used prior tO 1966; and PCE, a VOC used in the
dry-cleaning process since 1966. Table 1-1 provides a chronology of events associated with DCFAoperational history and environmental activities. A detailed description of the site history and dry cleaningfacilities operations, as well as other site activities such as previous investigations, have been provided in

sections 1.2.2 and 1.2.3 of the DCFA-RI Report.

2.2 SITE GEOLOGY

The subsurface conditions in the pilot test area consist of a relatively thin mantle of overburden consisting
of either fill or residual soils. The residual soils consist of clays and silts interbedded with thin layers of
clayey sand and sand. These soils vary in thickness from 30 to 40 feet throughout the site and are underlainI by weathered rock extending into relatively more competent rock units. Figure 2-1 presents a geologic
cross-section of the site.

I During the installation of the extraction wells at the DCFA in May 1994, undisturbed and split spoon soil.
samples were collected for geotechnical testing. The results of these analyses indicate that the subsurface
soils at the DCFA consist mainly of sandy silts and clays in the intervals tested based on geotechnicalIanalysis (DCFA-RI, March 1995). A continuous clay layer, two to four feet thick, appears to extend acrossthe site and occurs at a depth of approximately 18 feet below ground surface (BGS). Porosity of the soils
range from approximately 40 to 50 percent, and water content ranges from 20 to 30percent.

The underlying bedrock units consist primarily of limestone and shale. The bedrock formations identified
within the site include the Bader, Easly Creek, Crouse, Blue Rapids and Funston formations. The Crouse
Formation comprises an upper and lower limestone separated by a few feet of shale. An erosional feature
occurs in the Crouse Formation as evidenced by the increased overburden thickness under and to the south
of Building 180/181. This erosional trough feature controls the overburden groundwater flow in this area.

The groundwater table generally occurs within the bedrock in the northern portion of the site and in the
unconsolidated soils in the southern portion of the site due to the presence of the erosional trough feature.
Limited well development data indicate that the Crouse formation has limited "water-bearing"
characteristics with limited hydraulic connectivity in isolated areas. Groundwater in the northern portion
of the site occurs within the bedrock from 35 to 40 feet below grade. Flow direction is predominantly
toward the southwest based on groundwater elevation measurements recorded between July 1992 and
February 1993.- The seasonal fluctuation of the groundwater at .the site, based on 1992 field data, isapproximately five feet.

1 2.3 NATURE AND EXTENT OF CONTAMINATION

The nature of contaminants encountered within the DCFA consists primarily of VOCs, as indicated in the
DCFA-RI Report. The most frequently detected VOCs during the PA/SI and RI activities were
tetrachloroethylene (PCE) and its breakdown products, trichloroethylene (TCE) and dichloroethane (DCA).

Page 2-1I



Louis Berger & Associates, Inc. DCFA Draft Final Piloi Test Study Results Report

PCE is the primary site-related contaminant of concern. PCE has apparently entered the environment
through leaking storm and sanitary sewers, and possibly through accidental spills and discharges directly
to the ground on the west side of Building 180/181. Sampling and analysis of soils and groundwater
indicate that these media have the highest concentrations centered primarily in two areas: the northeast
comer of Building i80/181, and immediately west of Building 180/181. The concentrations adjacent to the
northeast corner of Building 180/181 may be attributable to the leaking sewer, while the concentrations
to the west of Building 180/181 may be a result of spills and discharges that reportedly occurred at that
location.

Contaminant concentrations in soil at the northeast side of the building from various sampling events (refer
to the DCFA-RI Report, March 1995) show that PCE concentrations ranged from 960 Ag/kg to non-
detection. Analyses of soil samples taken from the west side of the building generally indicate non-
detectable PCE concentrations in soil at a depth less than 10 feet. No contamination was detected in any
surface soil samples collected in this area. Groundwater PCE concentrations ranged from 1,600 ug/1 to 32
ggl and from 9.3 ug/l to non-detection for samples collected from the northeast corner and the west side
of Building 180/181, respectively.

2.4 DESCRIPTION OF THE SVE TREATMENT TECHNOLOGY

The pilot test system originally selected in the Work Plan for remediative study at the DCFA site was a
dual-phase extraction system, which was designed to recover both contaminated groundwater and soil
vapor. The groundwater extraction component of the pilot test was deleted from the pilot study programbased on the results of a pump test conducted from August 15, 1994 to August 22, 1994, as discussedbriefly in Section 1.1 and in detail in Section 3.2. 1 of this report.

As a result of the deletion of the groundwater extraction component, the pilot study system essentially
became a single-phase extraction system (i.e., an SVE system) as optioned in Section 4.4.1 of the Work
Plan. SVE technology has been demonstrated to be successful at numerous sites as discussed in the Work
Plan. Furthermore, the U.S. EPA has designated vacuum extraction as a presumptive remedy for
remediating the vadose zone at sites contaminated with VOCs such as PCE. This is discussed in depth in
the U.S. EPA document Presumptive Remedies: Site Characterization and Technology Selection for
CERCLA Sites with Volatile Organic Compounds in Soils (U.S. EPA, 1993).

In the SVE system, soil vapor is extracted from an extraction well, or a cluster of extraction wells, as
planned and implemented in this pilot study. The extracted soil vapor is then treated on site, as required
in most cases, prior to ultimate discharge to ambient air. A vacuum pump, mounted at grade, is used to
draw air through the extraction well from the adjacent VOC-impacted soils, thereby volatilizing the target
contaminants in the process. The extraction well or wells are screened at a specified depth interval to coverthe highest soil contamination zone so that VOC recovery efficiency of the SVE system can be optimized.
The volatilized contaminants are transferred to the surface via piping for treatment by thermal oxidation
or, as in this pilot study, by granular-activated carbon (GAC) adsorption prior to discharge to atmosphere.

SVE technology was selected for testing at the DCFA site for the following reasons:

U The primary contaminant (PCE) at the site is highly volatile based on a Henry's Law constant of
1,035 atmospheres and a vapor pressure of 14 mm of mercury (Hg) at 20"C; and

I
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Geotechnical testing indicated that the soil characteristics and soil permeability to air flow at the
DCFA site were generally similar to those at other sites where SVE has been successfully used for
soil remediation.
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3.0 PILOT TEST OPERATIONS AND PROCEDURES

I 3.1 OVERVIEW

As previously indicated, the pilot test study at the DCFA consisted of two phases: an initial 30-day SVE
test conducted during the period of November 21, 1994 through December 20, 1994, and an extended 60-day test conducted during the period of February 8, 1995 through April 6, 1995. The 30-day initial test
included four individual SVE well tests and a combined well test employing all four wells. The extended
60-day test was a combined well test. Table 3-1 summarizes the pilot test operations schedule.

In general, all work performed during the pilot study was conducted in accordance with the Work Plan,with the following two exceptions: the deletion of the groundwater extraction portion as proposed in theWork Plan and the addition of the extended 60-day SVE test at the site. These modifications and their
rationale are described below (Section 3.2). Other modifications such as the flow and vacuum levels
applied to the SVE wells and duration during this pilot study which resulted from the actual subsurface soil
permeability to air flow conditions are discussed in Section 5.0.

I 3.2 PILOT TEST MODIFICATIONS

3 3.2.1 Deletion of Groundwater Extraction Component

The groundwater extraction component of the pilot test system had consisted of wells DCF94ES-1B, -2B3 and -3B installed adjacent to the SVE well DCF94ES-1A, -2A and -3A, and the deep screened section of
DCF94-21. These well locations are shown in Figure 3-1 which provides an "as-built" plan of the pilot
test system.

The deletion of the groundwater extraction component was based on the results from three sustained yield
pumping tests and one aquifer pump test. These tests were conducted over the period of August 15, 1994
through August 22, 1994. Details of the test procedures and results have been presented in Technical
Memorandum for Sustained Yield and Aquifer Pump Test (August 23, 1994). This memorandum is providedin Appendix A of this report. In summary, results from the three sustained yield tests indicated that the
sustainable yields were approximately 0.23 gallons per minute (gpm) for extraction well DCF94ES-1B,
0.16 gpm for DCF94ES-2B, and 0.34 gpm for DCF94ES-3B. A total of 0.72 gpm was sustained during
the four-day aquifer pumping test which combined all three extraction wells. The recovery of only 0.72
gpm of groundwater and the resulting negligible influence on groundwater elevations in the pilot study area
prompted the deletion of the groundwater extraction component from the pilot test study.

As a result of the pump test findings, the dual extraction pilot test study, as proposed in the Work Plan,
was modified to a single-phase (i.e., SVE) pilot study, as discussed above.

3.2.2 Extended 60-Day SVE Test

The extended 60-day SVE test was performed to evaluate the longer-term impact of SVE operations at the
site. Since the operational system was already on site, it was regarded as economically and environmentally
prudent to continue SVE operations beyond its proposed 30-day operations to obtain more definitive data
and to gain further, readily achieved reduction of the VOC levels in the vadose zone (refer to the Army's
facsimile to U.S. EPA Region VII, dated February 6, 1995).

IP 3
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I 3.3 INITIAL 30-DAY PILOT TEST

* 3.3.1 Introduction,

On November 21, 1994, a.30-day pilot test study program was initiated to evaluate the effectiveness of
SVE treatment of soils at the DCFA. Details on the layout, procedures and protocol of the pilot test were
presented in the Work Plan.

The pilot test study program involved the construction and operation of a SVE system consisting of four
SVE wells for contaminant removal, a passive vent well to improve air movement and the effectiveness
of SVE, a 250-gallon vapor/water separator for gas/liquid-phase separation, an equalization tank,
connecting piping with necessary gauges, valves and controls, and a 30-horsepower (Hp) SVE unit as the
vacuum source. The passive vent well was designated DCF94PV-1 and the four extraction wells were
designated as DCF94ES-1A, 2A and 3A (referred to hereafter as SVE-1A, 2A and 3A, respectively), and
DCF94-21. Figure 3-1 presents the layout and configuration of the constructed pilot test system. Figure
3-2 presents a detailed "as-built" pilot test system schematic.

The test, as proposed in the Work Plan, consisted of four individual tests at each SVE well (five days each)
followed by a combined 12-day test engaging all four wells simultaneously. However, the actual duration
of each test, as listed in Table 3-1, varied, based on the time required to achieve asymptotic conditions so
that the optimum operating conditions (e.g., flow rate) could be determined. Optimum operating conditions
were considered to represent the best case flow rate and corresponding vacuum level necessary to achievemaximum sustainable contaminant loadings.

SThe SVE wells were constructed as four-inch-diameter Polyvinyl Chloride (PVC) casings having 10 feet

of PVC slotted screen set within the depth of soil indicating the highest concentration of VOCs. Prior to
test startup, baseline soil sampling and analyses were cOnducted in May and October 1994 to establish
initial soil contaminant isopleths and to confirm ideal well screen placement for the test. Results of the
baseline sample analyses are presented in Table 5-2. Results of previous soil borings for the pilot test study
are presented in Table 5-3. A presentation of the contaminants detected in the pilot test study borings is3provided in Figure 5-1.

3.3.2 Test Procedure

Following the determination to abandon the groundwater extraction element of the pilot study, wells SVE
IA, 2A, 3A and DCF94-21 were tested, in sequence, under best sustained flow rates for contaminantSremoval. Each well was tested through the five-day period or until. asymptotic levels of mass loading rates
were achieved. Following the individual well tests, the combined extraction well test was conducted,
During the combined test, the passive well, which was located at the center of the extraction well cluster,
was activated for the first three days and then inactivated at the rest of the combined test. The intended
utilization of this well and the duration of each test is discussed in Section 4.3 in the Work Plan. The
purpose of testing this well is to evaluate its effects, if any, on air flow pathway.

IThe determination of asymptotic levels was accomplished through plotting the contaminant loadings (i.e.,
the VOC removal rates) against time for extracted soil vapor at each well head under given flows. The
point at which the drawn curve became nearly constant, with respect to the x-axis (time) of the plot,
marked the sought asymptotic extracted VOC loading rate. This point signaled completion of one well test
and preparation for the next.

I -
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Throughout each test, extracted soil. vapor samples were collected at various port locations in the system
to evaluate VOC loading rates, vapor-phase carbon consumption, and discharge to atmosphere (system
effluent quality). Details on the pilot system sampling are presented in Section 3.3.4. A discussion and
presentation of the extracted vapor loading results are provided in Section 5.3.1.

At SVE 1A, the extracted flow rate was initiated on November 21, 1994 at 14:30, at 65 standard cubic feet
.per minute (scfm), and stepped systematically toward optimum recovery at 90 scfm. At optimum flow, the
well was continuously operated for a period of 24 hours, at which time it was determined that the product
of the VOC concentration in the extracted vapor and flow was relatively unchanged; hence, an asymptotic
mass loading level was achieved. Test completion at SVE 1A occurred on November 25, 1994 at 11:07.

At SVE 2A, the extracted flow rate was initiated on November 25, 1994 at 11:07 at 54 scfm. Within hours
of startup, however, the flow rate dropped, apparently due to the surrounding soil formation restricting air
flow, thus increasing soil vacuum pressure. To reduce the vacuum pressure through the GAC units andrelieve localized groundwater surging at the well, the flow rates were, in this case, systematically reduced
to achieve a secure flow rate for sustained system operation. This was accomplished on November 27,
1994 at 12:30, at which time SVE 2A sustained an optimum flow rate of 28 scfm. Testing at this flow ratewas continued for 45 hours until asymptotic loading levels were attained at 09:37 on November 29, 1994.
The test was completed at 10:10 on November 29, 1994.

Wells SVE-3A and DCF94-21 were tested similarly to SVE IA insofar as stepping up the initial flow rate
toward an optimum rate. SVE 3A was engaged at an initial flow rate of 39 scfm and raised to a sustained
flow rate of 77 scfm, whereas DCF94-21 was initiated at 40 scfm and raised to 100 scfm for operation
toward asymptotic conditions. The SVE 3A test was started on November 29, 1994 at 10:10 and completed
on December 2, 1994 at 13:15. Well DCF94-21 was subsequently engaged at 15:00 on December 2 and
completed on December 6 at 17:00.

Following the individual tests, the combined SVE test was performed at a sustained flow rate under
asymptotic conditions of 160 scfm. The combined test was operated from 10:00 on December 8 to 9:25
on December 20, totaling 12 days of operation.

3.3.3 Vacuum Pressure Monitoring

During each of the individual well tests and the combined well test, vacuum readings were obtained at the
vacuum probes installed radially outward from each SVE well to evaluate subsurface vacuum levels. The
as-built construction of the probes is discussed in Chapter 4.0. Figure 3-1 shows the location of the probe
arrays.

Vacuum readings were collected via both magnehelic gauges and manometers for purposes of correlation.
In general, the manometers were used to confirm the low vacuum pressures detected by the magnehelic
gauges at the outermost probes. All readings collected were expressed in terms of gauge pressure forI simplicity. Barometric monitoring of atmospheric pressure indicated an average pressure at the site of 14.2
pounds per square inch (psi). This data was used to compute flow rate from the AP readings obtained
between the internal well head and piping pressure.

Throughout each test, vacuum readings were recorded every 10 minutes within the first hour of initiating
flow and then at half-hour intervals until vacuum pressure stabilized under the sustained flow rate.
Readings were then collected hourly until the flow rate was stepped up, in which case the collection
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frequency was repeated until the final optimum flow rate was established. The probes were capped when
not used to prevent surface air infiltration (short circuiting).

It was originally intended, as indicated in the Work Plan, to use the vacuum monitoring data as a field
permeability test to determine both the soil permeability to air flow and the effective radius of influence
attainable from SVE at a given well. However, due to influences from the subsurface utilities and
subsurface soil conditions as signified by data (discussed in detail in Section 5 and presented in Figures 5-7
through 5-10) Obtained in the field, this could not be accomplished. Rather, to depict the influence on
subsurface soils during the tests, vacuum distribution contours were constructed for each of the individual
well tests and the combined SVE operation. A discussion on the results and the significance of the vacuum
distribution contours is'presented in Section 5.3.2.

3.3.4 Soil Vapor Sampling

During the SVE testing, the extracted soil vapor was sampled and analyzed for VOCs by an on-site gas
chromatograph (GC). The instrument used was a Shimadzu GC-9A, which was housed in a temperature-
controlled mobile van. A detailed description • of the methodology of the portable GC analysis and
justification for using on-site GC analysis has been documented in Technical Memorandum for Sampling
Activity and GC Methodology, dated August 23, 1994, and is presented in Appendix.B. Table 3-2 provides
a list of the target VOCs selected for analysis by the instrument and the associated quality control (QC)quantitations.

For each of the four individual well tests, soil vapor samples were collected from four sample ports: the*
well head port, the total port (located at the influent side. of the vapor/water separator), the primary (located
after the first GAC unit), and the secondary (effluent) located on the exhaust stack as shown in Figure 3-2.
Each sample port was constructed as an airtight tube installed for syringe extraction. Air samples were
collected using a syringe by first filling the syringe and then purging the contained vapor back into the
system pipe. This fill-and-purge procedure was typically conducted several times, after which a
representative sample was collected for analysis.

i The frequency of the sampling was approximately every hour during the individual well tests and three
times a day during the combined test, with a decreased frequency of once a day toward the last four days
of the test.

To determine mass loading rates, the air flow rates (scfm) were calculated by taking several field
measurements concurrent with sample collection. First, vacuum was recorded in inches water using a water
manometer, or inches mercury using a magnehelic gauge at the four sample ports described above. Then
the pressure differential in the pipe was measured by connecting a manometer across the pitot tube. This

• measurement was AP. Lastly, temperature was recorded in degrees Fahrenheit, using a stainless steel dial
thermometer inserted into the gauge port. Air flow for a four-inch-diameter pipe was computed from the
vacuum, AP and temperature data at each port and converted to scfm by the following equation:
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2 AT

K = Flow Coefficient (dimensionless).
N = Correction factor depends on units of measurement using scfm and (AP) inches

of water. N = 128.52.
D = Exact inside diameter of pipe in inches.
Ap = Absolute pressure (psia); Atmospheric pressure must be added to the gauge

pressure.
AT = Absolute temperature; Add 460 to degrees Fahrenheit to equal degrees Rankine.
AP = Pressure differential of flow sensor in inches of water.
Q =. Volume flow rate in scfm.

Mass loading was calculated by multiplying the air flow by the VOC concentration at each respective
location.

3.3.5 Soil Vapor Generation and Control

The soil vapor generated during the initial 30-day pilot study was treated through an off-gas treatment
system. As depicted in Figure 3-1, the extracted soil vapor was first passed through a vapor/water
separator, which was designed to separate water (in moisture and aerosol form) from the vapor. Although
Liquid-Phase Granular-Activated Carbon (LPGAC) units were provided and remained on line in the
treatment system, no water condensate was collected during the initial 30-day pilot study. The soil vapor
discharged through the vapor/water separator was then drawn under vacuum into the .Vapor-Phase
Granular-Activated Carbon (VPGAC) units, where VOCs were treated through adsorption to the GAC
surfaces. The treated soil vapor, referred to as off-gas emissions or effluent, was then discharged to
atmosphere. As mentioned above, VOCs in the soil vapor were monitored at four different points (i.e.,
sampling ports) along the off-gas treatment system.

Based on the maximum effluent loading rate computed at 0.06 pound per day (lb/day), the pilot test system
effluent was determined to be well below the Kansas Department of Health and the Environment (KDHE)
regulatory discharge criteria of 2.3 pounds per hour (lbs/hr) for VOCs based on the 10-ton-per-year limitspecified in the Kansas Air Quality Regulations (Section 28, Title 19).

In addition to the effluent monitoring, the pilot test area was field-screened with a photoionization detector
(PID) for health and safety purposes.. It should be noted that the vacuum blower was placed on thedischarge side of the granular-activated carbon (GAC) units. Thus, the entire system was under vacuum,
further minimizing a potential release of VOCs through system valves or piping. A description of theequipment design and placement is provided in Section 4.2.

3.4. EXTENDED 60-DAY PILOT TEST

The 60-day extended SVE pilot test study began on February 8, 1995 and ended on April 6, 1995. The test
engaged all four SVE wells at the same time. All work was performed in the same manner as in the initial30-day test, with the exception that the frequency of extracted vapor sampling was reduced and that theon-site GC analysis was discontinued. Also, based on the low loading rate results from the initial 30-day
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pilot study, which indicated an averaged loading rate of 0.78 lb/day, it was determined that the extracted
soil vapor could be sampled and analyzed on a weekly basis during the extended pilot study.

Two vapor samples per week (one archived, one analyzed) were collected from the SVE system, and sent
to Continental Analytical Service (CAS) (instead of using on-site GC) for VOC analysis, using EPA 8010
and 8020. Total petroleum hydrocarbon-gasoline range organics (TPH-GRO) was analyzed during the first
two weeks but was determined to be below detection limits in the samples collected. Therefore, TPH-GRO
analysis was discontinued in the subsequent sampling events. The on-site GC unit was removed from the
site during the extended pilot study. Detailed discussions on sampling frequency and analysis was
documented in the Draft Technical Memorandum-DCF Extended Vapor Extraction System Pilot Study,
dated February 8, 1995 (Appendix C).
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I TABLE 3-1

SVE PILOT TEST OPERATION SCHEDULE

Operation Dates SVE Well Tested Operation Durations

November 21 to
November 25, 1994 SVE-1A 92 hr 38 min

November 25 to
November 29, 1994 SVE-2A 95 hr 3 min

Initial 30-Day Pilot November 29 to
Test December 2, 1994 SVE-3A 75 hr 8 mi

December 2 to
December 6, 1994 DCF94-21 97 hr 55 min

December 8 to All Wells Combined i2 days
December 20, 1994

Extended 60-Day February 8 to
Pilot Test April 6, 1995 All Wells Combined 2 months

I

I
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I TABLE 3-2

FIELD GC QUANTIFICATION LIMITS

I
Compound Soil Headspace Detection Limit

(Jg/l)

Dichloromethane 0.83

Trans- 1,2-Dichloroethylene 0.43

Cis-1,2-Dichloroethylene 0.45

1, 1,1-Trichloroethane 0.68

Trichloromethane 1.04

Benzene 0.12

Trichloroethylene 0.57

Toluene 0.13

Tetrachloroethylene 0.77

I
I
I
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* 4.0 EQUIPMENT AND MATERIALS

I 4.1 INTRODUCTION

Figure 3-1 presents the layout and configuration of the pilottest system "as-built." Figure 3-2 presents
the "as-built" system schematic. As shown in this figure, the.system was constructed within a field-
assembled woodshed. A diked concrete containment pad formed the floor of the shed and served as a
mechanical pad for equipment support. As previously discussed, the originally proposed groundwater pump
system and controls, were disengaged following the decision to abandon the groundwater extraction
component of the system. To minimize the potential for extracted vapor losses through pipe joints, valves
and sample ports, the vacuum blower was installed at the discharge side of the VPGAC units. This allowed
the entire pilot test system, from well heads to the SVE blower outlet, to be under vacuum. The size andspecifications of each pilot test system unit operated during the pilot test study are described in the

i following sections.

4.2 30-DAY TEST SYSTEM

I 4.2.1 SVE Well Construction

The three wells SVE-1A, 2A and 3A and Passive Well DCF94PV-1 were constructed in accordance withthe Work Plan using hollow stem augering equipment in unconsolidated formations. The SVE wells were
constructed of four-inch inside diameter (ID) PVC Schedule 40 flush threaded joint risers extended to 25
feet below grade. The well screens were slotted PVC and 10 feet in length extending from approximately
15 feet to 25 feet below grade where the wells were terminated. Bottom caps were placed on the well risers
to focus SVE laterally throughout the well screens. Figure 4-1 shows the as-built screen diagram throughI the pilot study area. As-built well construction details are provided in Appendix D.

The wells were installed within 12-inch-diameter boreholes with a filter of coarse No. 4 sand placed in the
annular space between the well screen and borehole to maximize air flow. This packing media was favored
over the originally proposed 3/16- to -inch pea gravel based on field conditions which warranted
consideration of finer materials to screen silts and sands.

Well DCF94-21 was constructed as proposed in the Work Plan, with a total depth of approximately 40 feet.
The screened intervals for DCF94-21 were from 38 feet to 28 feet for groundwater extraction, and 26 feet
to 16 feet for soil vapor extraction. DCF94-21 was constructed using No. 4 sand as packing material,
which was similar to packing material for wells SVE-1A, 2A and 3A. However, the well was designated
for SVE operations only, so that the originally proposed dual-phase capability of the well was abandoned.

4.2.2 Soil Vapor Extraction Unit

The SVE unit originally proposed in the Work Plan was similar to that installed with the exception of its
placement in'the system and power requirements. The unit selected for the pilot test system was a Duroflow
Model, 4509 with a design flow capacity of 550 scfm (with a low range potential of 1 scfm) against a total
dynamic head of 10 inches mercury or 136 inches water suction. The low 1 .scfm range operating
requirement was not necessary, as the soil permeabilityto air flow was found to be significantly greater
than expected, resulting in a "naturally" occurring high flow rate during testing.
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The power performance specifications for the unit were 30 Hp with a demand of 460-volt, three-phase, 60-
hertz (Hz) service, which was provided by a step-up transformer wiredto a 220-volt underground service
entrance (USE) cable connected to a three-phase power pole installed at the site.

4.2.3 Vapor Water Separator, Transfer Pump and Equalization Tank

The vapor/water separator for the pilot test system was selected as a 250-gallon unit with level sensors and
controls wired to a 25 gpm capacity transfer pump for removal of any condensate generated during the
SVE operations. The vapor phase piping associated with this unit was connected to the VPGAC units,
whereas the liquid phase piping from the transfer pump was connected to the LPGAC units located along
the east wall of the treatment shed, as shown in Figure 3-1. The equalization tank which was installed to
handle any condensate generated was a 1,500-gallon unit with a discharge pump for conveying the treated
condensate to the Main Post Wastewater Treatment Plant.

4.2.4 Vacuum Monitoring Probes

Vacuum pressure was monitored using vacuum probes and magnehelic gauges. Vacuum probes were
constructed of /-inch-diameter standard steel pipe. Eight vapor probes were installed at each of the four
SVE wells, as shown in Figure 3-1. The probes were installed in two arrays at each well, each array
consisting of four probes located as follows:

U. The first vapor probe in each array was mounted five feet from the well and installed at a depth
of approximately 25 feet.

* The second probe in each array was mounted 15 feet from the well and installed at a depth of 15
feet.

* The third and fourth vapor probes in each array were installed 3Q feet from each SVE well, atI depths of seven and .25 feet, respectively.

4.2.5 GAC Treatment Units

The in-line GAC units selected for treatment consisted of two 185-pound vapor-phase units and two 200-
pound liquid-phase units. The VPGAC units were placed between the vapor/water separator and SVE unit,
and the LPGAC units were placed between the transfer pump and the equalization tank. All units were
placed in. series. The vapor-phase carbon was capable of withstanding pressures up to 12 pounds per square
inch gauge (psig).

4.2.6 Pilot Test System Appurtenances

The valves, gauges and controls for the pilot test system were of various manufacture. Coiled hoses with
sample ports were installed between the carbon units and the SVE and vapor/Water separator units. All
SVE piping was four-inch ID Schedule 40 PVC and was placed below ground where practical to avoid
freezing of valves and gauges from entrained condensate collected during the winter operation. Heaters
were placed in the treatment shed to safeguard the LPGAC and sound blankets were placed around the SVE

*unit to minimize noise.
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i 4.3 EXTENDED TEST STUDY SYSTEM

The extended pilot test used the same SVE system as in the initial 30-day test, with the following
modifications:

E Vapor treatment units (i.e., GAC) were not used, since the average total GAC contaminant loading
rate from the SVE wells generated at the end of the initial 30-day test was approximately 0.78lb/day, well below the KDHE emission rate standard of 2.3 lbs/hr or 55 lbs/day.

0 The on-site GC unit was removed. Vapor samples collected were sent to an off-site laboratory for
VOC analysis as discussed in Section 3.4.1.

A partial demobilization was performed on January 21, 1995, i.e., before the extended pilot study.
Activities included GC van removal, vacuum probe removal and removal of well pumps from the
groundwater extraction wells. The vapor/water separator was kept on line to protect the SVE unit in the
event of any moisture generation due to potential changes in soil conditions.
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1 5.0 PILOT TEST DATA RESULTS AND

INTERPRETATIONSI
5.1 OVERVIEW

I .The initial 30-day SVE operation consisted of four individual tests at each SVE well, followed by a
combined test engaging all four wells simultaneously. The extended SVE operation employed all four SVE
wells, and was essentially a continuation of the combined test conducted during the initial-phase operation.

During the initial 30-day SVE test, on-site VOC monitoring was conducted using a portable on-site GC.
In addition to VOC monitoring, air flow and subsurface soil vacuum were also monitored over time to
evaluate system performance and optimum flow. During the extended SVE operation, orfly VOCs in
extracted soil vapor and air flow rates were monitored. VOC samples were submitted to an off-site
laboratory for analysis, as the on-site GC unit had been removed. Throughout the pilotstudy, data obtained
was maintained in a field log with corresponding collection times. Data management involved field plots
and preliminary evaluation of VOC loading rates to guide the duration of the individual SVE operations.
The individual operation schedule is presented in Table 3-1.

In summary, the DCFA SVE system was determined to be effective in VOC reduction. Twenty-one pounds
of VOCs were removed from the pilot study area in the first 30-day SVE test, whereas approximately three
pounds of VOCs were removed during the extended 60-day SVE operation. Based on the baseline soil
analytical soils results, it was conservatively estimated that a total of 45-55 pounds of VOCs were present
in the site soils before the pilot study operation began. Thus, approximately 50 percent of the contaminant
mass has been removed from the site, as a result of the pilot test study program.

Based on the results from the individual well tests, VOC removal rates varied from well to well. A
comprehensive summary of the pilot study operations schedule, sustained flow rates, VOC loading rates
-and cumulative VOC mass removals is presented in Table 5-1. As indicated in Table 5-1, VOC loading
rates from wells SVE-1A and 3A were much higher than SVE well 2A and DCF94-21. A detailed3 discussion of each well response to SVE application is provided in Section 5.3.

5.2 BASELINE SAMPLING AND TEST RESULTS

U 5.2.1 Baseline Soil Sampling and Analytical Results

I Soil samples were collected at various depths via split spoon sampling during installation of the four
extraction wells in May 1994 to establish baseline soil conditions prior to the pilot test study. Baseline soil
samples were collected again in October 1994 because the pilot test study had been delayed as a result of
the sewer line repair and underground storage tank (UST) removal activities, which have been discussed
in Section 3.3 of the DCFA-RI Report. Boring locations and sample depths for both sampling events are
identified in Figure 5-1. The soil samples were sampled and analyzed in accordance with the Work Plan
to establish the baseline of the pre-test soil contamination. These results and associated QA/QC data have
been documented in a QCSR report, entitled Analytical Data Reported for Baseline Soil Boring Samples
and Soils from Underground Storage Tank Locations, dated December 2, 1995.

I Baseline analytical results were intended to be compared to post-extraction soil analytical results. On the
basis of this comparison, the performance of the SVE system could be evaluated by determining the overall
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reduction of soil contamination within the DCF pilot study area., Of the May and October sampling events,
the analytical results for samples collected in October 1994 were used for mass reduction calculations. The
October data was considered to be more representative for determining baseline conditions, as it was
representative of conditions just prior to the pilot test startup. Results of October sampling are presented
in Table 5-2A and Figure 5-1, while May data is provided in Table 5-2B for reference. As shown in Table
5-2A and Figure 5-1, PCE was detected in eight of nine baseline samples collected in October. PCE levelsI ranged from 4.5 to 100 ,g/kg, with the highest concentration, 100 ,ug/kg, detected in soil boring DCF94-
B4 at a depth of 17.5-19.5 feet below grade. Breakdown products of PCE, i.e., TCE and 1,2-DCA, were
also detected in sample DCF94-B5-3 (collected at a depth of 15-17 feet below grade) at 4.7 4g/kg and 3.4

I iug/kg, respectively. Sample descriptions (including soil boring number, sampling time and depth below
grade) are provided in Tables 5-12, 5-13 and 5-14. These results confirm that the primary contaminant of
concern at the DCFA site was PCE.

5.2.2 Baseline Groundwater Sampling and Analytical Results

Although the groundwater extraction component was deleted from the pilot study program as discussed in
Sections 1.2 and 3.2, for documentation of any potential remediative effect from the pilot test system on
groundwater quality, baseline groundwater sampling results are presented in Table 5-2C. The baseline
samples were collected in June 1994. As discussed above, the pilot test study was delayed as a result of
the sewer line repair and the UST removal activities. Therefore, analytical results of August 1994 pre-test
quarterly sampling are considered to be more representative for determining the baseline conditions, and
are provided in Table 5-2D. It should be noted, however, that well DCF94ES-1B, -2B -3B, and DCF94-21
were not sampled during the pre-test sampling event since the pumps and piping in place as part of the
original plan for groundwater extraction were not yet removed to facilitate sampling. The August 1996
analytical results are compared to the post test - groundwater sampling results, to evaluate any potential
remediative effects from the pilot test study on groundwater at the DCFA.

- 5.2.3 Geotechnical Testing and Results

In addition to the baseline sampling and analyses performed at the DCFA prior to the start of the Pilot Test
Study program, samples were obtained during the advancement of the extraction well for geotechnical
analysis. These samples which were collected in May 1994 included both undisturbed (Shelby tube) and
split spoon samples. Analyses performed included grain size distribution, water content, Atterberg limits,
dry density and specific gravity. Porosity and degree of saturation were computed based on these test data.
The soils were classified using the Unified Soil Classification System (USCS). Results of these analyses
are summarized in Table 5-3 and laboratory test results are presented in Appendix E.

-- These results support the geological profile described in Section 2.2. The results indicate that the soils
consist predominantly of clays, sandy clays and silty sands in the intervals tested. The USCS symbol for
these samples are mainly CL but some samples are classified as SM, SC, and ML.

5.3 INITIAL 30-DAY TEST RESULTS

-- 5.3.1 Introduction

One of the principal pilot test objectives cited in the Work Plan was to obtain the optimum operational
conditions for the system constructed at the site. This was to be established by determining the best flow
rate (vacuum) at each SVE well so that the highest VOC removal rate could be achieved for the given
system. In order to define optimum VOC recovery at each SVE well, system air flow was systematically
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stepped up throughout each individual and combined well test, and allowed to operate over a certain time
period until asymptotic conditions were obtained as discussed below.

Asymptotic conditions were attained when both air flow rate and VOC mass loading remained relatively
unchanged over a certain time period. To determine the sought asymptotic condition in a timely manner
for both air flow and VOC loading under each SVE operation, the VOC loading rate and air flow rate were
reviewed on site to evaluate the changing trends over time. By definition, VOC loading rate is the product
of air flow rate and VOC concentration. VOC concentrations were monitored and obtained by the on-site
GC analysis as described in Section 3.3.4. At the same time, system air flow rate was recorded over time.
The GC analytical data and the air flow rate data were then used to develop the extracted VOC loading
rates as presented in Appendix F.

Three different air flow rates were used in most cases to determine the optimum operational condition forI each SVE well. Based on the responses of VOC loading rates to air flow, SVE wells were divided into two
groups. One group of wells, SVE-1A and 2A, showed a linear response to air flow, indicating that VOC
loading rates in general increased linearly as flow rates increased. This was signified by the parallel
relationship between the curves of air flow and VOC loading rates, and by the straight line of cumulative
VOC removal during each air flow operation period. The second group, consisting of SVE-3A and DCF94-
21, indicat d a non-linear response to air flow. At a given air flow rate, VOC loading decreased over time
(non-parallel relationship between flow and VOC loading rates). Some differences within each group also
occurred. These are discussed in detail in sections 5.3.2 through 5.3.5.

3The different responses to air flow observed necessitated case-specific determinations of optimum operation
conditions. For wells with linear response, when both the maximum air flow and corresponding mass
loading rate became simultaneously constant, the mass loading rate was considered the optimum VOC
recovery at each SVE well for the test system. This is because such a mass loading rate was the maximum
VOC removal rate that could be recovered from these wells for the given test system. The maximum air
flow rates that the test system could deliver to.these wells was considered the optimum operational flow
for the pilot test system. Therefore, the optimum conditions for those wells with linear response were
characterized by asymptotic conditions for both air flow and VOC loading under the highest operational
flow conditions. For wells with non-linear response, an air flow rate that could sustain the highest leveled-3 off VOC loading rate was deemed as the optimum operational flow for the individual well.

For the combined well test, determination of optimum operational conditions was based, in part, on the
optimum operational conditions for individual wells. This is not only because of the different responses,
but also because of the interactions or interferences between wells (e.g., overlap of vacuum distribution
and formation of preferential pathway). In addition, the magnitudes of VOC removal potentials from SVE
wells were different, which signified that a weighted air flow distribution should be used in the combined
test. The asymptotic conditions identified for each individual SVE well test and for the combined test are
summarized in Table 5-1, and are discussed in detail in sections 5.3.2 to 5.3.6 below.

IVOCs removed from individual SVE operations have been summarized in Table 5-1. Table 5-4 summarizes
mass removals of the primary contaminant PCE, and its removal percentages to overall PCE mass present
at the site prior to pilot study. PCE results were selected for reporting in Table 5-4 because PCE as
previously indicated had been evaluated as the primary contaminant of concern at the DCFA site. The total

PCE mass prior to the pilot study was estimated to be in the range of 40-50 pounds (see Appendix F-I in
the DCFA-RI Report), and was approximately 90-95 percent of total VOCs which, in turn, was estimatedU to be in the range of 45-55 pounds. As demonstrated in Table 5-4, PCE constituted the majority
(approximately 94 percent) of the total mass removed over time. Detailed field data for each individual and
combined SVE test is.presented in.Tables 5-5 through 5-9 for SVE wells 1A, 2A, 3A, DCF94-21, and
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combined test, respectively. As indicated in the tables, approximately 21 pounds of VOCs were removed
from the study area over the initial 30-day pilot study. The well tests yielded 4.79 pounds at SVE Well IA,
0.60 pound at SVE-2A, 6.12 pounds at SVE-3A, 0.23 pound at DCF94-21, and 9.07 pounds at the
completion of the combined test. The field GC data presenting a breakdown of the VOC constituent
concentrations and flow rates is presented in Appendix F.

The data representing air flow and VOC removal is graphed in Figures 5-2 through 5-6, VOC removals
for SVE-1A, 2A, 3A, DCF94-21 and combined test, respectively. Values for flow vary, with values
ranging from 28 to 160 scfm.

U 5.3.2 SVE Well DCF94ES-1A

Table 5-5 summarizes the VOC loading rates and cumulative VOC removals from SVE well DCF94ES- 1 A
under sustained air flow rates of 65, 75, 80 and 90 scfm. Results are plotted in Figure 5-2.

SVE operations at DCF94ES-1A began at 14:30 on November 21, 1994, with an initial air flow rate of 65
scfm, as indicated in Table 5-5 and Figure 5-2. Plotted VOC removal rates ranged from 0.78 to 1.06
lbs/day under the initial flow rate of 65 scfm, with a sustained loading rate of 1.0 lb/day. At the next
stepped flow rates of 80 scfm, the VOC loading rates ranged from 1.17 to 1.24 lbs/day, but did not
stabilize. The flow rate was then stepped to 90 scfm, at which time a VOC loading rate of 1.33 lbs/day was
sustained. The total mass of contaminant removed was calculated as 4.79 pounds, recorded at the end of
SVE-1A test at 11:07 on November 25, 1994.

As shown in Figure 5-2, VOC removal rates increased with increasing system flow through each stepped
flow rate. The response of this SVE well to air flow was almost linear. This is signified by the fact that the
VOC loading curve and the air flow curve are parallel to each other. This linear relationship between VOC
loading and air flow rate was further evidenced by the straight line of the cumulative VOC removal curve.
The linear relationship is the direct result of the relatively constant concentrations of total VOCs in the
extracted soil vapor, as documented in the on-site GC data provided in Appendix F.

Given the linear relationship between the VOC loading rate and air flow for well DCF94ES-1A, the
optimum operational flow was found to be the highest air flow rate that could be achieved at this SVE well,
using the SVE test system. As a result, an air flow of 90 scfm was selected as the optimum flow rate for

SVE-1A.,

5.3.3 SVE Well DCF94ES-2A

3 SVE operations at well DCF94ES-2A (SVE-2A) started at 11 :07 on November 25, 1994 with an air flow
rate of 55 scfm and ended at 10:10 on November 29, 1994 with an air flow rate of 28 scfm. Table 5-6
presents VOC loading rates, air flows and VOC removals from this SVE well. These results are further
plotted in Figure 5-3.

As shown in Figure 5-3, air flow rates were stepped down (instead of being stepped up as in DCF94ES-lA)
from 55 scf to 28 scfm over the test period due to operational restrictions. The 55 scfm flow rate had
apparently caused development of excessive localized groundwater surging, resulting in a partial vapor
lock. Therefore, the flow rate was required to be stepped down to seek a maintainable vacuum level. AtE the initial flow rate of 55 scfm the corresponding VOC removal rate was 0.16 lb/day, but this loading rate
did not stabilize. Unlike a typical SVE loading curve, which indicates a decreasing VOC removal rate over
time, the VOC removal rates increased at the beginning of the SVE operation under each flow rate

I
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Operation. The opposite trends observed were not unexpected, however, and are considered to suggest that
the VOC concentration distribution in soil vapor under vacuum was not at equilibrium or steady state. As
shown in Figure 5-3, during the beginning of SVE operation, the air flow was not stable, indicating non-
steady state air flow in subsurface soil.

However, the overall VOC removal rates are shown to decrease almost linearly with decreasing system
flow in the process of attaining a sustained flow. Calculated VOC removal rates ranged from 0.16 to 0.26
lb/day under the initial flow rate of 55 scfm, and from 0.13 to 0.22 lb/day at 35 scfm. At the final stage

of SVE operation at this well, an air flow of 28 scfm was sustained (i..e., at steady state as shown in FigureI 5-3), with an asymptotic VOC loading rate of 0.10 lb/day. These conditions of 28 scfm and 0. 10.lb/day
were selected as the optimum flow rate and asymptotic mass loading for SVE-2A. The total mass of
contaminant removed was calculated as 0.60 pound recorded at the end of the SVE 2A individual well test,

Son November 29, 1994.

5.3.4 SVE Well DCF94ES-3A

SVE operations at Well DCF94ES-3A began at 10:10 on November 29, 1994, and ended at 13:15 on
December 2, 1994. Air flow rates applied ranged from 39 scfm to 77 scfm over the test period for SVE-
3A.

Table 5-7 and Figure 5-4 present the VOC loading rates, air flows and VOC removals from SVE-3A.
Unlike SVE-1A and 2A, a typical VOC loading rate curve, which suggests a decreasing VOC loading rate
over time under a given air flow, was obtained under each air flow condition. As shown in the figure, VOC
removal started with the highest loading rate of 3.44 lbs/day at the very beginning of SVE operation, and
continued to decrease during the given 39 scfm flow rate. When the air flow was stepped up to 65 scfm,
the VOC loading rate immediately increased from 1.05 lbs/day to 2.53 lbs/day, and then continued to
decrease before the air flow rate was stepped up to 70 scfm. Although at 70 scfm the corresponding VOC
loading rate was increased, the increase was not significant, as shown in Figure 5-4. Therefore, the 65 scfm
air flow rate was considered the optimum air flow rate for SVE-3A.

It is should be noted that the subsurface air flow almost immediately reached its steady state under each
given flow or applied vacuum condition. As shown in Figure 5-4, no significant fluctuation of measured
air flow rates was observed. It is also important to note that, unlike well SVE-1A and 2A, which showed
linear responses of VOC loading rates to air flows, SVE-3A indicated a non-linear response. As shown in
Figure 5-4, the VOC loading curve for SVE-3A does not parallel the air flow rate curve. Rather, VOC
loading rates continued to decrease when air flow rates were constant.

The total mass of VOCs removed was calculated as 6.12 pounds at the end of the SVE-3A individual well
test, on December 2, 1994. As shown in Table 5-4, total VOC mass removed from this well is the highest
among the four individual wells, suggesting that a weighted air flow should be allocated to this well so that
a potential higher contribution from this well could be obtained in the combined well SVE operation.

5.3.5 SVE Well DCF94-21

SVE operation at well DCF94-21 started on December 2, 1994 and ended on December 6, 1994. Applied
air flows ranged from 40 to 112 scfm over the test period for DCF94-21.

Results on VOC loading rates, air flows and total VOC removals for DCF94-21 are presented in Table 5-8,
and plotted against time in Figure 5-5. As listed in Table 5-8, calculated VOC removal rates ranged from
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0.12 to 0.02 lb/day under the initial flow rate of 40 scfm, with a sustained loading rate of approximate 0.02
-lb/day. When the air flow rates were stepped up to 78, 86, 94 and 100 scfm, VOC loading rates ranged
from 0.04 to 0.07 lb/day. No significant increase in VOC loading rates was observed. In fact, compared

I to other SVE wells, VOC removal rates from this well were far below other wells. Although 100 scfm and
0.07 lb/day were selected as the optimum flow rate and asymptotic mass loading for DCF94-21,
contribution of VOC removal from this well was considered minor.. The total mass of contaminant removed3 is identified as 0.23 pound at the end of SVE 21 well test, on December 6, 1994. As listed in Table 5-4,
the total mass removed from this well is the lowest among the four SVE wells. The low VOC recovery at
DCF94-21 is consistent with the baseline soil data confirming negligible VOC impact to soil at this

* location.

5.3.6 Combined SVE Well Operation

The combined SVE well operation was initiated on December 8, 1994 at an initial air flow rate of 150 scfm
and was stepped from 150 to 160 scfm over the test period for combined SVE well operation. The test wasterminated on December 20, 1994.

Table 5-9 and Figure 5-6 present the results of VOC loading rates, air flows and VOC removals for the
test. As shown in Figure 5-6, the VOC removal rate decreased with increasing system flow through each
stepped flow rate. The trend of decreasing loading rate over time is typical for SVE operations when SVE
wells are placed in the center of contamination and effects of site heterogeneity are minimized. Stepping3 up air flow from 150 to. 160 scfm did not increase VOC loading, suggesting that further stepping up of the
air flow was unnecessary. As shown in Figure 5-6, measured air flow rates were stabilized at the very
beginning of the SVE operations, indicating that a steady state subsurface air flow condition was established
at the very beginning of each SVE operation. It should be noted here that the passive well, identified asU DCF94PV-1 in Figure 3-1, had been tested during the combined test. The well was left open (i.e., not
capped) during the first three days of testing. No noticeable effects were observed as shown in Figure 5-6.
Therefore, the well was capped with an airtight well plug for the rest of the pilot test.

Calculated VOC removal rates ranged from 0.71 to 1.17 lbs/day under the initial flow rate 150 scfml, and
from 0.46 to 0.73 lb/day at the air flow rate of 160 scfm. An asymptotic VOC loading rate of
approximately 0.47 lb/day was attained at the 160 scfm air flow rate. Since no increase in VOC loading
was observed when air flow was stepped from 150 to 160 scfm, an air flow rate of 150 was considered a
better choice for any future combined well operation condition. The smooth transition of VOC loading rate

II from 150 scfm to 160 scfm further confirmed the selection of 150 scfm for combined system operations.

The total mass of contaminants removed was 9..07 pounds over the combined well operations test. Mass
removed from each individual well is presented in Table 5-4, together with air flow rate allocations, and
corresponding VOC loading rate for each well. Of the 9.07 pounds of total VOCs removed, well SVE-3A
contributed 7.40 pounds, approximately 80 percent of the total mass removed during the combined well
operations. This result was expected. As discussed in Section 5.3.1.4, SVE-3A generated the highest mass
removal during the individual well tests. The significant contribution from SVE-3A was attributed to the
largest radius of influence that had been achieved at this well, as shown in Figure 5-9. Figure 5-10 further
indicates that the vacuum distribution centered around the SVE-3A well during the combined test,
suggesting that this well covered a wide area of impacted soil, including the highest contamination area at
soil boring DCF94-B4.

I Theoretically, total system air flow rate and allocation of this total flow to the four well heads during the
combined well tests should be determined based on the optimum flows obtained during the individual well

m
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tests as discussed in sections 5.3.1.1 through 5.3.1.5. In practice, however, this was not attainable for two
reasons. First, each well response to air flow differed, as evidenced in the individual test data. The fact
that some wells responded linearly and some non-linearly complicated the determination of true optimum
total flow. Second, interactions or overlaps of vacuum distribution between wells forced the optimum total
system flow to be determined on a trial basis. Before SVE started, all valves on the well heads were
positioned on the locations which corresponded to optimum conditions for individual wells during the
individual tests. The final distribution of air flow was the result of subsurface interactions of vacuum
distributions or adjusted by the preferential pathway in the soil. The total air flow values are indicated in
Table 5-9.

5.4 VACUUM PROBE MEASUREMENTS

* 5.4.1 Introduction

As indicated in the Work Plan, the intent of subsurface vacuum monitoring was to obtain values of the two
important parameters: radius of influence (R) and soil permeability to air flow (k). These two parameters
are factors necessary in spacing SVE wells and in sizing the SVE system.

3 However, results from field monitoring data precluded ordinary determination of R and k, due to
subsurface soil heterogeneities (i.e., introduced or disturbed soils influencing preferential air pathways),
short circuiting from below-grade utilities (i.e., sewer lines), and, vacuum probe anomalies such as probe
blockage. At all well locations, readings at arrays along sewer piping responded instantaneously, while.
others developed slowly (i.e., no curves could be plotted). Furthermore, the actual vacuum distribution
differed from the predicted response which formed the basis for probe placement. That is, for particular
SVE well tests, probe responses occurred rapidly in unexpected areas, and radially outward from otherSVE wells, while some of the probes closer to the test well showed a slow or no response. As such, data
could not be sufficiently plotted to determine R and k. In lieu of plotting, vacuum distribution contours
were constructed to illustrate SVE influence as shown in Figures 5-7 through 5-10.

Vacuum probe results were monitored continuously for 30 days during the initial-phase pilot study, at eachSof the vacuum extraction probes in the study area., Each probe was fitted with a vacuum gauge, and
monitored for pressure in inches water (gauge). Vacuum probes were located in two arrays of four probes
each, emanating from each SVE well, as shown in Figure 3-1.

I All probes at each well were read at time intervals discussed in Section 3.3.3. A summary of vacuum probe
measurements is presented in Appendix G. This'summary demonstrates that vacuum probe measurements
tended to generally increase, as expected, with increasing applied system vacuum. Overall vacuum readings
ranged from 0 to 2.5 inches water (gauge) during the study period. Individual SVE well operations gave
higher vacuum probe readings than at probes for wells that were not operating. It is also noteworthy that
vacuum pressure measurements were significantly higher for combined well operation than for individual
operations.

Tables 5-5 through 5-9 identify stabilized flow rates for each individual and combined SVE well operation
in the study area. The vacuum pressure measurements determined to best represent each stabilized flow
rate are plotted in Figures 5-7 through 5-10. The figures presented indicate that the extent of the SVE
system, under individual and combined SVE well operation (with the exception of SVE-2A), encompassed
the majority of the study area, though influence from preferential pathways through the soil column and
along the sewer piping was evident.
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5.4.2 SVE Well DCF94ES-1A

Figure 5-7 shows the vacuum distributions for the stabilized flow rate of about 65 scfm. Vacuum
distributions at SVE-1A ranged from 0.1 to 0.9 inch water (gauge). The entire vacuum distribution area
encompasses a 30- to 40-foot width, extending from approximately 35 feet north of SVE-1A to 45 feet
southwest of the well.

I The vacuum distribution is oriented in a northeast-southwest direction across the study area. In general,
the contorted shape of the vacuum influence appears to be affected by preferred pathways for flow and does
not follow the predicted extent of the subsurface vacuum. For example, the north probe array for SVE-1 A
indicates a response at the outermost probe, whereas the closest probe indicated no response. At the
outermost probe of the. west array for Well SVE-2A, an unexpected vacuum reading was recorded,
suggesting an overall preferred air pathway along a northeast-southwest plane. Detailed contouring wasnot attainable due to limitations in the vacuum probe layout which was established prior to the test on the
basis of a predicted response.

I 5.4.3 SVE Well DCF94ES-2A

Figure 5-8 shows the vacuum distributions for the stabilized flow rate at of about 28 scfm. Vacuum
distributions at SVE-2A ranged from 0.05 to 0. 1 inch water (gauge). The entire vacuum distribution area
was determined to encompass a small area of approximately eight feet in width by 25 feet in length with
an apparent preferential pathway in a north-south direction. The area of influence is thus far less than that
of SVE-1A, which may explain the lesser contribution of this well to overall VOC recovery as discussed.
in Section 5.3.1.3.

5.4.4 SVE Well DCF94ES-3A

Figure 5-9 shows the vacuum distribution for the stabilized flow rate of 65 scfm. Vacuum distributionsI from SVE-3A ranged from 0.1 to 1.1 inches water (gauge). The entire vacuum distribution area
encompasses a 20- to 25-foot width, which extends from approximately 40 feet northeast of SVE-3A to 50I . feet south of the well.

The vacuum distribution area is oriented in a northeast-southwest direction across the study area similar
to the vacuum influence noted for Well SVE-lA, thus confirming a preferential pathway in this direction.IVacuum distributions between 0.3 and 0.9 inch water (gauge) were observed with a preferred pathway
noted at the south end of the vacuum influence along the sanitary sewer line. Below manhole (MH) 363,
vacuum distributions appear to extend for "approximately 40 feet south southeast along the sewer piping
toward MH 363A.

I 5.4.5 Combined SVE Well Operation

Figure 5-10 shows vacuum distribution for the combined stabilized flow rate of about 160 scfm. Vacuum
distributions from combined well operations were determined to range from 0.2 to 2.2 inches waterU (gauge). The entire vacuum distribution area encompasses an approximate 20- to 35-foot width, extending
as noted in the individual tests, in a northeast-southwest direction.

3. The vacuum influence from the combined test indicates that wells SVE-1A and 3A are the principal
extraction wells as the flow and vacuum influence are greatest at these well locations. No quantifiable
influence was observed. This is believed to be due primarily to the limitations of the manometers, but
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nevertheless representing a shift in flow balance or preferential pathway toward SVE-1A and SVE-3A. This
preferential pathway seems to explain the relatively larger contributions from SVE-1A and 3A in the
individual tests, and in the combined test, as discussed in Section 5.3.

5.5 EXTENDED PILOT TEST STUDY RESULTS

The extended 60-day SVE pilot study began on February 8, 1995 and ended on April 6, 1995. The pilot
study engaged all four extraction wells (SVE-1A, 2A, 3A and 21) at the same time. The combined air flow
ranged from 191 to 243 scfm.

As planned in Draft Tech Memo dated February 8, 1995 (Appendix C), extracted soil vapor was collected
on a weekly basis. Vapor samples were taken from the total sampling port as used in the initial 30-day test.
During the sampling events, temperature and vacuum levels were also collected to calculate the actual air
flow rate. All samples were then sent to an off-site laboratory for VOCs and TPH-GRO analysis. The
sampling procedure and methodology of laboratory analysis have been discussed in Section 3.4. In total,
eight sampling events were conducted.

The analytical results are presented in Table 5-10 and graphed in Figure 5-11. As shown in Figure 5-11,
low VOC loading rates with a decreasing trend were observed during the eight sampling events, which
eventually ended in non-detection of the target VOCs as shown in Table 5-10 (i.e., week 7 analytical data).
On the basis of non-detection of VOCs in the extracted vapor, the extended pilot study was terminated. The
total amount of VOCs removed during. the extended pilot study was estimated to be 3.41 pounds, as
indicated in Table 5-1. TPH-GRO was not detected in the samples taken during the first two weeks;
therefore, TPH-GRO analysis was discontinued after the second week's sampling.

5.6 POST EXTRACTION ANALYTICAL RESULTS AND

COMPARISON TO BASELINE RESULTS

5.6.1 Post Extraction Soil Sampling and Analytical Results

The sampling locations and procedures have been documented in a memo dated April 13, 1995 (Appendix
H). Three soil borings were advanced at locations close to the baseline soil borings DCF94-B4 to -B6, and
three samples from each boring were collected in a similar manner as in the baseline sampling procedures.
Sampling identification, location, sampling depths and analytical results are presented in Table 5-11.
Results of the post extraction sampling are depicted in Figure 5-12. As indicated in Table 5-11 and Figure
5-12, the only target VOC detected was PCE. The concentrations of PCE in the samples collected ranged
from non-detection to 23.0 4g/kg.. DCA and TCE, which were detected in the baseline sampling event,
were not detected in any of the post-extraction samples. All these results and associated QA/QC data have
been documented in a QCSR report, entitled Pilot Study Post-Extraction Soil and Ground Water Quarterly
Monitoring, dated June 1995.

5.6.2 Comparison to Baseline Results

Tables 5-12 through 5-14 compare the post-extraction soil analytical results to the baseline soil analytical
results for soil boring 4, 5 and 6, respectively. Figures 5-13 and 5-14 illustrate the extent of PCE (i.e.,
the primary contaminant) contaminations in soil, before and after the pilot test. As illustrated in the figures,
a significant reduction of the size of the contamination zone has. occurred. This is attributed to the SVE
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operations, which resulted in an estimated 22.3 pounds of PCE and 24.23 pounds of total VOCs being

removed as indicated in Table 5-4.

5.6.3 Post Test-Quarterly Groundwater Sampling and Analytical Results

As discussed in Section, 5.2.2, although the groundwater extraction component was deleted from the pilot
study program, post test - quarterly sampling analytical results are presented in Table 5-15 for
documentation of any potential remediative effects from pilot test study on the groundwater quality. The
groundwater samples were collected in the May 1995 quarterly sampling event, which was the closest event
to the date of pilot test study program completion, thus best representing the post test groundwater
conditions. Results of the baseline, pre-test and post test - quarterly sampling results are further presented
in Figures 5-15 through 5-18. No remediative effect from SVE operations during the pilot study program3 was observed.

i
I
i
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i
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I
I
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I
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TABLE 5-1

SUMMARY OF VOC LOADING RATES UNDER SUSTAINED AIR FLOW RATES
FOR ALL SVE OPERATIONS DURING THE INITIAL PILOT TEST STUDY

SVE Operation Operation Type , Well No~ ,. Begin ~ 'End Flow Rates (sc$fii) Tii Ib/ua OCRroedAg1odiRa e nlLaigR.

Indivdual ________ _________________

IA 11/21/94 14:30 11122/94-12:22 65 0.91 0.94 .1.03 0.0159
11/22/94 12:22 11/23/94 14:05 80 1.07 1.27 1.19 0.0148
11/23/94 14:05 11/25/94 11:07 90 1.88 2.58 1.37 0.0153

2A 11/25/94 11:07 11/25/94 16:36 40 0.23 0.05 0.22 0.0055
11/25/94 16:36 11/27/94 12:30 32 1.83 0.35 0.19 0.0060
11/27/94 12:30 11/29/94 10:10 28 1.90 0.20 0.11 0.0038

3A 11/29/94 10: 10 11/30/94 12:04 40 1.08 1.98 1.83 0.0459
11/30/94 12:04 12/01/94 16:03 62 1.17 2.40 2.06 0.0332
12/01/94 16:03 12/02/94 13:15 75 0.88 1.74 1.97 0.0263

DCF-21 12/02/94 15:00 12/03/94 14:50 40 0.99 0.02 0.02 0.0005
12/03/94 14:50 12/04/94 14:18 84 0.98 0.06 0.06 0.0007

Initial 12/04/94 14:18 12/06/94 17:00 100 2.11 0.14 0.07 0.0007
Combined __•

IA 12/08/94 09:15 12/12/94 14:50 52 4.23 0.4 0.09 0.0018
12/12/94 14:50 12/20/94 11:10 54 7.85 0.36 0.05 0.0008

2A 12/08/94 09:15 12/12/94 14:30 16 4;22 0.13 0.03 0.0019
12/12/94 14:30 12/20/94 11:10 20 7.86 0.12 0.02 0.0008

3A 12/08/94 09:15 12/12/94 15:30 50 4.26 4,21 0.99 0.0198
12/12/94 15:30 12/20/94 11:10 51 7.82 3.2 0.41 0.0080

DCF-21 12/08/94 09:15 12/12/94 15:30 43 4.26 0.21 0.05 0.0011
12/12/94 15:30 12/20/94 11:10 49 7.82 0.47 0.06 0.0012

Combined ______ ___ ___

1A
Extended 2A 02/08/95 09:00 04/06/95 17:0 225 57.33 3.41 0.06 0.0003

3A

DCF-21
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TABLE 5-2A

ANALYTICAL RESULTS OF BASELINE SOIL SAMPLES FOR DCFA PILOT TEST STUDY
Samples collected October 4-8, 1994

All results are jig/kg, unless otherwise noted

94-16-2 94-B6-3 94-B6-4 9BS2 94-BS3 Y4I 4 4B4-2 94-B43 94-B44
Dichloromethane < 1.2 < 1.2 < 1.1 < 1.2 3.4 < 1.1 < 1.3 < 1.2 < 1.1

Tetrachloroethylene 62 6.8 <1.1 4.5 16 1.8 22 100 9.8

Trichloroethylene < 1.2 < 1.2 < 1.1 < 1.2 4.7 < 1.1 < 1.3 <1.2 < 1.1

Notes:

< Not detected above the reporting limit.
NA Not Analyzed.

For a complete list of analytes, see reference CEMRK, 1994c.
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TABLE 5-2B

ANALYTICAL RESULTS OF PREVIOUS SOIL SAMPLES FOR DCFA PILOT TEST STUDY
Samples collected 5/24-25/94

All results are ug/kg, unless noted

Anlye CFDCF DCF ~'DCF~ UDCF C

Dichloromethane <5.8 < 6.3 13 < 6.0 < 6.3 < 6.1

Tetrachloroethylene < 5.8 < 6.3 < 5.4 17 16 <6.1

Notes:

NA Not Analyzed.

For a complete list of analytes, see reference CEMRK, 1994b.
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TABLE 5-2C
BASELINE GROUNDWATER ANALYTICAL RESULTS AT DRY CLEANING FACILITIES AREA

SAMPLES COLLECTED 6/6/94
All results are pg/l, unless noted

Analyte DCF93- DCF93- DCF93- DCF93- DCF92- DCF93- - DCF93- DCF92- DCF92-
10 09 11 19 04 18 17 01 02

1,4-Dichlorobenzene <10 < 10 < 10 < 10 < 10 < 10 11 <10 <10

Bis 2-ethylhexyl <10 30 NA < 10 <10 14 <10 <10 < 10
phthalate

1,2-Dichloroethylene 3.5 5.3 78 5.5 2.1 <0.5 <0.5 <0.5 <0.5

Trichloromethane <0.5 1.1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Trichloroethylene <0.6, <0.6 2.1 1.2 <0.6 <0.6 <0.6 <0.6 <0.6

Tetrachloroethylene < 1.1 < 2.2 < 1.1 2.3 <1.1 <1.1 < 1.1 <1.1 64

Notes:

< Not detected above the reporting limits.
NA Not analyzed.
For complete list of analytes, see reference CEMRK 1994b.
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TABLE 5-2C (CONTINUED)
BASELINE GROUNDWATER ANALYTICAL RESULTS AT DRY CLEANING FACILITIES AREA

SAMPLES COLLECTED 6/6/94
All results are /g/l, unless noted

Analyte DCF93-20 DCF93-14 DCF92-06 . DCF92-03 DCF93-13 DCF92-05

1,2-Dichloroethylene 3.8 <0.5 <0.5 2.3 <2.5 12

Trichloroethylene 9.9 <0.6 <0.6 5.0 35 7.6
Trichloromethane <0.5 < 0.5 <0.5 7.6 < 2.5 <0.5
Tetrachloroethylene 2.2 <1.1 < 1.1 230 160 62

Notes:

< Not detected above the reporting limits.
NA Not analyzed.
For complete list of analytes, see reference CEMRK 1994b.
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TABLE 5-2C (CONTINUED)
BASELINE GROUNDWATER ANALYTICAL RESULTS AT DRY CLEANING FACILITIES AREA

SAMPLES COLLECTED 6/6/94
All results are ug/l, unless noted

Analyte DCF94ES-1B- DCF94ES-3B- DCF94ES-2B- DCF94-21-GW DCF92-02
GW GW GW

Chloroform- 6.5 10 6.3 1.0 NA

cis-1,2-Dichloroethylene 5.4 1.9 9.6 12 NA

Trichloroethylene 3.3 1.5 8.1 4.5 NA

Tetrachloroethylene 46 62 280 62 NA

Fe, Total mg/l 0.4 0.1 0.7. 11.0 < 0.1

Mn, Total mg/l 0.08 0.05 0.07 0.5 <0.01

Total Suspended Solids mg/l 14 8 12 392 6

Notes:

S< Not detected above the reporting limits.
NA Not analyzed.
For complete list of analytes, see reference CEMRK 1994b.
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TABLE 5-2D
PRE-TEST GROUNDWATER ANALYTICAL RESULTS AT DRY CLEANING FACILITIES AREA

SAMPLES COLLECTED 29 AUGUST 1994
All results are Pg/l, unless noted

Analyte DCF-93-09 DCF-93-10 DCF94-22 J DCF-93-13 DCF-92.05 a DCF.92.03a

DCE <0.5 7.6 1.0 31 30 1.3
PCE 28 <1.1 < 1.1 420 55 140
TCE 3.9 <0.6 <0.6 200 7.6 4.4
Toluene <0.4 <0.4 0.8 <4.0 <0.4 <0.4
CHCI3  <0.5 <0.5 <0.5 <5.0 <0.5 4.7

Analyte DCF-93-20 DCF-92-01 DCF-93-19 DCF-92.02a DCF-92-06 DCF-94-22

DCE 5.7 <0.5 8.7 <0.5 <0.5 4.1
TCE 14 <0.6 2.8 <0.6 <0.6 <0.6
PCE 10 < 1.1 5.4 84 1.2* < 1.1
C2H3C1 < 0.8 <0.8 4.4 <0.8 <0.8 <0.8

Notes:

< Not detected above the reporting limits.
NA Not analyzed.
For complete list of analytes, see reference CEMRK 1994d.
* The source of this analyte may not be attributable to site conditions.
CHCI3 Trichloromethane
C2H3CI Vinyl Chloride
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TABLE 5-3

SUMMARY OF GEOTECHNICAL LABORATORY TEST RESULTS
FOR DCF PILOT TEST STUDY

Samples collected 5/94

Sample 11) Depth SolNtrl DyLmt
Interval Dsrito Moisture KDen~sity> LiLtsSC Pssng Poost Stutio

DCF94ES-l-1 1 - 2 Clayey Sand w/Gravel -- -- 25 18 7 SC 25 ....

DCF94ES-1A-G 19.4 - 21.9 Sandy Lean Clay 18.1 102.5 24 14 10 CL 65 38.5 77.2
DCF94ES-1B-1 1- 2 Sandy Lean Clay -- 25 15 10 CL 52
DCF94ES-1B-2 14 - 21.8 Sandy Lean Clay .... 28 14 14 CL 70 ....

DCF94ES-IB-3 21.8 - 34 Sandy Silt .... 18 16 2 ML 60 ....

DCF94ES-2A-G 19.5 -22 Lean Clay w/Sand 24.9 96.1 31 14 17 CL 74 42.7 89.7
DCF94ES-2B-2 19.7 - 24.7 Lean Clay w/Sand .... 30 16 14 CL 75 ....

DCF94ES-2B-3 32 - 34 Silty Sand .... NP NP NP SM 40 ....

DCF94ES-3B-G 17- 19.5 Silt 32 83.5 31 14 17 CL 98 49.9 85.8
DCF94ES-3B-1 3 - 5 Sandy Lean Clay .... .33 18 15 CL 58 ....
DCF94ES-3B-2 15 - 17 Lean Clay w/Sand -- -- 28 18 10 CL 82 ....

DCF94ES-3B-3 26.5 - 29.5 Sandy Lean Clay ..... 23 16 7 CL 58 ....

DCF94ES-21-G 19.5 - 21 Lean Clay w/Sand 21 92.8 33 15 18 CL 85 44.7 69.5
DCF94ES-21-1 3 - 5 Lean Clay ... 40 19 21 CL 92 ....

DCF94ES-21-2 15 - 17 Lean Clay .... 37 17 20 CL 93 ....

DCF94ES-2I1 4. - L 3- Silty Sand -- N-- N N NP SM 19 --

Notes:

Samples analyses performed by Terracon Consultants, Inc.
Samples designated with G indicates an undisturbed sample (Shelby tube sample); all other samples are split spoon samples.
-- = analysis not performed.

NP = None plastic - Sample not tested for Atterberg Limits.
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TABLE 5-4
SUMMARY OF TOTAL PCE MASS REMOVAL (Ibs) AND % OF PCE REMOVED

OVER TOTAL VOCs FROM EACH SVE OPERATIONS

SV wells Peri of Total OC PC Reoved % of PCE Retnoved Over Total
Opertions Operation R~oepi ye& bs (I< VM~S

1A 11/21-11/25/94 4.79 4.46 93.11

2A 11/25-11/29/94 0.60 0.58 96.67

. 3A 11/29-12/02/94 6.12 5.68 92.81

DCF-21 12/02-12/06/94 0.23 0.20 86.96

I A 12/08-12/20/94 0.76 0.63 82.89

. 2A 12/08-12/20/94 0.24 0.20 83.33

o 3A 12/08-12/20/94 7.40 6.72 90.81

DCF-21 12/08-12/20/94 0.67 0.59 88.06

~,Subtotal (iial Phase) 20.81 19.06 ;> Average % of PCE Removed
______ > . curingInitia Phase 89.33

02/08-02/1,7/95 1.03 0.87 84.47
02/17-02/24/95 0.56 0.56 100.00

I 1A 02/24-03/03/95 0.31 0.31 100.00
PC 2A 03/03-03/10/95 0.40 0.40 100.00

0§ 3A 03/10-03/17/95 0.36 0.36 100.00
U DCF-21 03/17-03/24/95 0.58 0.58 100.00

03/24-03/31/95 0.00 0.00 100.00
03/31-04/06/95 0.18 0.18 100.00

SubtotalExtended Phase) ~ 3.42 &3.26 Average% of PCE Removed
Total . . ... during Extended Phase = 98.06

ot&Exnded Phase) 24.23 5-22.32 A % of PCE Removed for~ Entir&,Pilot~ Test Study =93-.69
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3 TABLE 5-5

3 SVE WELL DCF94ES-1A MASS REMOVAL RATE SUMMARY

A.irFlowRange Rate Removed To.tal Contamin .nt.Rem...
Date,_____ TieA7Sf)(bs/day) <(Ibs)
11/21/94 14:30 65 0.78 0.00
11/21/94 14:45 65 0.78 0.01
11/21/94 15:23 65 0.92 0.03
11/21/94 16:01 65 0.95 0.06
11/21/94 16:36 65 1.06 0.08
11/21/94 17:16 65 1.06 0.11

11/22/94 9:09 65 1.00 0.79
11/22/94 10:28 65 1.01 0.85
11/22/94 11:08 75 1.18 0.88
11/22/94 11:45 75 1.17 0.91
11/22/94 12:22 75 1.17 0.94
11/22/94 14:24 80 1.20 1.04
11/22/94 15:05 80 1.14 1.07
11/22/94 17:32 80 1.17 1.19
11/23/94 9:30 80 1.20 1.98111/23/94 10:48 80 1.23 2.0411/23/94 12:44 80 1.24 2.14

1 11/23/94 14:05 80 1.29 2.21
11/23/94 14:45 90 1.43 2.25
11/23/94 15:03 90 1.46 2.29
11/23/94 15:24 90 1.46 2.33
11/23/94 16:03 90 1.44 2.37

111/23/94 16:42 90 1.42 2.41
11/23/94 17:20 90 1.46 3.43
11/24/94 10:42 .90 1.36 3.43
11/24/94 12:09 90 1.41 3.51

.11/24/94 12:52 90 1.39 3.55
11/24/94 14:25 90 1.32 3.64
11/24/94 15:06 90 1.36 3.68
11/24/94 16:00 90 1.33 3.733 11/25/94 9:57 90 1.34 4.73
11/25/94 11:07 90 1.34 4.79

P
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* TABLE 5-6

3 SVE WELL DCF94ES-2A MASS REMOVAL RATE SUMMARY

I • imeAir Flow Range VOC Rate Removed IlContami Removed
S(Q-scfm) ~&9(lbs/day) -7 7t (lbs

11/25/94 11:07 55 0.16 0.00
11/25/94 11:15 __54 0.16 0.00
11/25/94 11:52 54 0.20 0.01

3 11/25/94 12:28 50 0.24 0.01
11/25/94 13:59 50 0.26 0.03
11/25/94 14:59 46 0.25 0.043 11/25/94 15:59 46 0.26 0.05
11/25/94 16:36 41 0.22 0.05
11/26/94 10:05 40. 0.20 0.21
11/26/94 11:23 40 0.19 0.22
11/26/94 13:50 34 0.17 0.24
11/26/94 15:10 28 0. 13 .0.25
11/26/94 15:47 34 0 015. 0.25
1 /26/94 16:26 34 0. 16 0.25

11/26/9417:02 28 0.13 0.26
11/27/94 10:13 35 0.22 0.38
11/27/94 11:31 35 0.20 0.39
11/27/94 12:30 28 0.08 0.40
11/27/94 13:42 28 0.09 0.41

1 11/27/94 15:09 28 0.11 0.41
11/27/94 16:08 28 0.10 0.42
11/28/94 9:44 28 0.10 0.49

11/28/94 11:06 28 0.10 0.50
11/28/94 11:58 28 0.10 0.50
11/28/94 13:26 28 0.11 0.51
11/28/94 14:-04 28 .9.11 0.51
11/28/94 14:50 28 0.11 0.51
11/28/94 15:30 28 0.11 .0.52
11/28/94 16:10 28 0.12 0.52
11/28/94 17:15 28 0.11 0.53

11/29/94 9:37 28 0.10 0.60
11/29/94 10:10 28 0.10 0.60
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ITABLE 5-7

3 SVE WELL DCF94ES-3A MASS REMOVAL RATE SUMMARY

-ate;Tne .Air Flow Range ,OC Rate Removed Total Contaminant RemovedTime___ < ~ (Ibsiday) < (bs)
11/29/94 10:22 39 3.44 0.03
11/29/94 10:59 39 2.91 0.11
11/29/94 11:38 39 2.81 0.19
11/29/94 12:41 39 2.44 0.30
11/29/94 14:03 39 2.22 0.44.11/29/94 14:40 39 2.14 0.49

11/29/94 15:22 39 2.15 0.55
11/29/94 16:00 39 1.05 0.61
11/29/94 16:40 39 1.87 0.66
11/29/94 17:19 39 1.87 0.71
11/30/94 10:20 39 1.30 1.84
11/30/94 12:04 63 2.53 1.98
11/30/94 13:34 63 2.40 2.13
11/30/94 14:40 63 2.34 2.24
11/30/94 15:27 63 2.27 2.32
11/30/94 16:08 63 2.23 2.38
11/30/94 16:47 63 2.16 2.44

11/30/94 17:28 63 2.12 2.50
12/1/94 9:57 65 1.93 3.89
12/1/94 10:38 65 1.97 3.95
12/1/94 11:33 65 1.92 4.02
12/1/94 12:27 65 1.91 4.093 12/1/94 15:10 65 1.87 4.31
12/1/94 15:18 65 1.86 4.32
12/1/94 16:03 70 2.09 4.38
12/1/94 16:44 70 2.07 4.44
12/1/94 17:33 70 1.96 4.51312/2/94 10:00 77 1.97 5.86
12/2/94 12:32 77 1.96. 6.06

I

I
1
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I TABLE 5-8

3 SVE WELL DCF94-21 MASS REMOVAL RATE SUMMARY

a mAir Flow Range VOC Rate Removed - Total Contaminant Removed
Date,______ Ti e(Q- scfmi) (I__ I_________________

i_12/2/94 15:25 -40. 0.12 0.00

12/2/94 16:11 40 0.06 0.00

12/2/94 16:51 40 0.04 "0.01
12/2/94 16:1 40 0.04 0.01

12/2/94 17:37 40 0.04 0.01
12/3/9410:07 40 0.02 0.02
12/3/94 10:07 40 0.02 0.02
12/3/94 10:35 40 0.02 0.02

12/3/94 11:45 40 0.02 0.02
S12/3/94 12:35 40 0.02 0.02

12/3/94 14:50 78 0.07 0.02

12/3/94 15:41 78 .0.04 0.03

12/3/94 16:27 78 0.05 0.03

12/3/94 17:06 78 0.06 0.033 12/4/94 10:34 86 0.06 0.07
12/4/94 11:16 86 0.05 0.07

12/4/94 12:04 86 0.05 0.07

12/4/94 13:25 86 0.05 0.08

12/4/94 14:18 94 0.06 0.08

12/4/94 15:25 94 0.06 0.08S12/4/94 15:41 94 0.06 0.08

12/4/94 16:27 94 0.06 0.08

12/5/94 9:55 100 .0.07 0.133 12/5/94 10:35 100 0.07 0.13

12/5/94 11:18 100 0.06 0.14
12/5/94 12:09 100 0.07 0.14

12/5/94 13:26 100 0.07 0.14

12/5/94 14:14 100 0.07 0.14

12/5/94 15:06 100 0.07 0.15

12/5/94 15:57 100. 0.07 0.15

12/5/94 16:48 100 0.07 0.15

12/6/94 10:11 112 0.09 0.22

12/6/94 12:07 43 0.04 0.22
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TABLE 5-9

3 SVE COMBINED OPERATION MASS REMOVAL SUMMARY

7 Contaminant Remfoved'(flbs) fr.... T ime Air Flow Range" . VOC Rate Removed I Dte.ime(Q-scfm) (lbs/day) Combined Operation:1 (12/8/94-12/20/94)
12/8/94 10:00 150 1.72 0.0
12/9/94 10:43 150 .1.48 1.5

12/10/94 10:06 150 1.28 2.8
12/10/94 16:19 150 1.15 3.1
12/11/94 10:54 150 1.04 3.9
12/12/94 11:15 150 0.89 4.8
12/12/94 16:25 150 0.81 5.0
12/13/94 10:02 150 0.71 5.5
12/13/94 13:49 150 0.72 5.612/13/94 14:26 160 0.73 5.612/13/94 15:29 160 0.73 5.7
12/13/94 16:28 160 0.71 5.7

12/14/94 9:43 160 0.67 6.2
12/14/94 12:51 160 0.59 6.2
12/14/94 14:49 160 0.58 6.3
12/14/94 17:02 160 0.55 6.3
12/15/94 9:45 160 0.59 6.8
12/16/94 9:27 160 0.55 7.3
12/17/94 9:32 160 0.49 7.8
12/18/94 9:46 160 0.47 8.33 12/19/94 9:43 160 0.46 8.7
12/20/94 9:25 160 0.46 9.1

i

I
1

U
I
I
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TABLE 5-10

SVE COMBINED WELL OPERATION MASS REMOVAL RATE SUMMARY
DURING EXTENDED PHASE OPERATION

7Chemical Concentrations VOC Loading ae oa
SmlnDae ArFoRaepg/l)~ (1b/daiy). VOC Loading

......... .... ... pC -1,2 CE - PCE C s CE :Rates (lbda ,
02/09/95 9:00 (week 1) 191 6.2 1.1 0.11 0.02 0.13
02/17/95 9:00 (week 2) 213 4.2 0.0 0.08 0.00 0.08
02/24/95 9:00 (week 3) 224 2.2 0.0 0.04 0.00 0.04
03/03/95 9:00 (week 4) 226 2.8 0.0 0.57 0.00 0.57
03/10/95 9:00 (week 5) 230 2.5 0.0 0.05 0.00 0.05
03/17/95 9:00 (week 6) 241 3.8 0.0 0.08 0.00 0.08
03/24/95 9:00 (week 7) 233 ND ND 0.00 0.00 0.00
03/31/95 9:00 (week 8) 243 1.3 0.0 0.03 0.00 0.03
04/06/95 9:00 (week 9) 243 1.3 0.0 0.03 0.00 0.03

ND Not Detected
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TABLE 5-11

ANALYTICAL RESULTS OF POST EXTRACTION SOIL SAMPLES FOR DCFA PILOT TEST STUDY
Samples collected 04/27-28/95

All results are pug/kg, unless otherwise noted

Boring/ . DCF-95-B4 DCF-95-B5 DCF-95-B6
Sample Location

Anal)-te DCF95- DCF95- DCF 95- DCF 95- DCF95- DCF95- DCF95- DCF95- DCF95- DCF95-
PEB-4-1 PEB-4-2 PEB-4-3 PEB-5-1 PEB-5-2 PEB-5-3 PEB-5-4 PEB-6-1 PEB-6-2 PEB-6-3

Tetrachloroethylene 13.0 3.8 23.0 4.3 8.2 < 1.0 4.2 5.0 < 1.2 < 1. 1

Notes:

< Not detected above the reporting limit.

DCA and TCE were detected in baseline soil samples, but were not detected in post extraction soil samples.

For a'complete list of analytes, see CEMRK, 1995d.
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TABLE 5-12

COMPARISON OF SOIL BASELINE AND POST EXTRACTION SAMPLING DEPTHS,
LOCATIONS, AND ANALYTICAL RESULTS AT SOIL BORING 4

Boring ~g Boring 4

~SaplingOde

Sampling Time 10/4-6/94 4/27-28/95 10/4-6/94 4/27-28/95 10/4-6/94 4/27-28/95

Sample ID DCF-94-B4-2 DCF-95-PEB-4-1 DCF-94-B4-3 DCF-95-PEB-4-2 DCF-94-B4-4 DCF-95-PEB-4-3

Sampling Depth 1.0'-2.0' 1.3'-1.9' 17.5'-19.5' 15'-17' 31.0'-32.0' 36.8'-39.3'

Analyte

Dichloromethane < 1.3 < 1.1 < 1.2 < 1.2 <1.1 < .2
Tetrachloroethylene 22 13 100 •3.8 9.8 23

Trichloroethylene < 1.3 < 1.1 < 1.2 < 1.2 < 1.1 < 1.2

Total Solids (%) 91 90 84 84 89 85

Notes:

B Baseline soil sampling event
P Post-extraction sampling event

Dichloromethane and Trichloroethylene were not detected in any post-extraction soil samples.
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TABLE 5-13

COMPARISON OF BASELINE AND POST EXTRACTION SOIL SAMPLING DEPTHS,
LOCATIONS, AND ANALYTICAL RESULTS AT SOIL BORING 5

Boring Boing 5
Sanipling Ore 1 2 3

SamplingEvents (B[P) B~' ~ P
Sampling Time 10/4-6/94 4/27-28/95 10/4-6/94 4/27-28/95 10/4-6/94 4/27-28/95
Sample ID DCF-94-B5-2 DCF-95-PEB-5-1 DCF-94-B5-3 DCF-95-PEB-5-2 DCF-94-B5-4 DCF-95-PEB-5-3
Sampling Depth 1.0' - 2.0' 0' - 1.0' 15.0' - 17.0' 15.6' - 17' 31.9' - 33.9' 33.9' - 34.4'
Analyte

Dichloromethane < 1.2 < 1.2 3.4 < 1.3 < 1.1 < 1.0
Tetrachioroethylene 4.5 4.3 16 8.2 1.8 < 1.0
Trichloroethylene < 1.2 < 1.2 4.7 < 1.3 < 1.1 < 1.0

Total Solids (%) 85 85 76 78 89 96

Notes:

B Baseline soil sampling event
P Post-extraction sampling event

Dichloromethane and Trichloroethylene were not detected in any post-extraction soil samples.
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TABLE 5-14

COMPARISON OF BASELINE AND POST EXTRACTION SOIL SAMPLING DEPTHS,
LOCATIONS, AND ANALYTICAL RESULTS AT SOIL BORING 6

Bporing Boring 6
S amuplingOrder~ t 2~~~ 3

Saping EiJ.vents (B/P) ~ B B
Sampling Time 10/4-6/94 4/27-28/95 10/4-6/94 4/27-28/95 10/4-6/94 4/27-28/95
Sample ID DCF-94-B6-2 DCF-95-PEB-6-1 DCF-94-B6-3 DCF-95-PEB-6-2 DCF-94-B6-4 DCF-95-PEB-6-3
Sampling Depth 1.2' - 3.0' 1.0' - 1.9' 15.0' - 17.5' 15' - 17' 32' - 32.5' 29.8' - 32.5'

Analyte

Dichloromethane < 1.2 < 1.2 < 1.2 < 1.2 < 1.1 < 1.1
Tetrachloroethylene 62 5.0 6.8 < 1.2 < 1.1 < 1.1
Trichloroethylene < 1.2 < 1.2 < 1.2 < 1.2 < 1.1 <1.1

Total Solids (%) 82 85 81 84 . 95 85

Notes:

B Baseline soil sampling event
P Post-extraction sampling event

Dichloromethane and Trichloroethylene were not detected in any post-extraction soil samples.
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I TABLE 5-15
POST TEST.-QUARTERLY GROUNDWATER ANALYTICAL RESULTS

AT DCFA

SAMPLES COLLECTED I MAY 1995
All result are ug/l, unless noted

_______e DCF 94-22 DCF 93-10 DCF 93-09 DCF 92-01 DCF 92-06]
1,2-Dichloroethylene 4.4 14 1.5 <0.5 <0.5

I Meta &/or Para-Xylene 0.9 <0.6 <0.6 <0.6 •<0.6

Tetrachloroethylene 1.2 6.8 21 < 1.1 1.5
I Trichloroethylene < 0.6 9.1 2.6 <0.6 <0.6

SAMPLES COLLECTED 2 MAY 1995
All results are ug/l, unless noted

Analyte DCF DCF DCF DCF DCF DCF DCF DCF
93-13 92-05 94-21 ES 94- 92-03 92-02 ES 94- 93-20

S_02B 03B

1,2- 25 4.2 4.4 0.9 0.9 <0.5 <0.5 18
SDichloro

ethylene

Bromo 2.1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
dichloro
methane

I Tetra 210 34 28 54 89 15 100 3.4
chloro

ethylene

Toluene < 0.4 < 0.4 <0.4 < 0.4 < 0.4 < 0.4 < 0.4 < 0.4

Trichloro 190 2.2 2.2 2.1 1.5 <0.6 0.9 21
ethylene

Trichloro 1.2 <0.5 <0.5 1.3 1.8 1.4 1.5 <0.5
methane

Notes:

< Not detected above the reporting limits.

NA Not analyzed.
For complete list of analytes, see reference CEMRK 1995d.
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TABLE 5-15 (CONTINUED)
POST TEST-QUARTERLY GROUNDWATER ANALYTICAL RESULTS

AT DCFA

SAMPLES COLLECTED 2 MAY 1995
All result are/sg/l, unless noted

Analyte DCF ES 94-01B

1,1, 1-Trichloroethane 0.7

1 ,2-Dichloroethylene 11

1,4-Dichlorobenzene 3.7

Benzene 0.9

Bromodichloromethane 0.6

_ Tribromomethane 1.5

Chlorobenzene 2.0.

Dibromochloromethane 1.3

Ethylbenzene 1.7

Meta &/or Para-Xylene 4.4

Ortho-Xylene 2.1•

Tetrachloroethylene 35

Toluene 1.3

Trichloroethylene 3.0

Trichloromethane 1.6

II
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TABLE 5-15 (CONTINUED)
POST TEST-QUARTERLY GROUNDWATER ANALYTICAL RESULTS

AT DCFA

SAMPLES COLLECTED 3 MAY 1995

Analyte DCF DCF DCF DCF DCF DCF DCF
i 93-12 93-14 93-18 92-04 92-07 93-15 93-19

TPH-GRO NA NA NA 1300 < 100 '140 < 100
TPH-DRO NA NA NA 4100 <400a 430 < 100
1,2-Dichloroethylene <0.5 <0.5 <0.5 1.9 <0.5 7.4 5.3
Dichloromethane <0.9 <0.9 <0.9 <0.9 <0.9 <0.9 <0.9
Meta &/or Para-Xylene <0.6 <0.6 <0.6 8.0 <0.6 <0.6 <0.6
Ortho-Xylene <0.6 <0.6 <0.6 5.4 <0.6 <0.6 <0.6

Tetrachloroethylene 7.1 < 1.1 <1.1 < 1.1 1.7 150 < 1.1

Trichloroethylene <0.6 <0.6 <0.6 <0.6 <0.6 12 1.0

Trichloromethane <0.5 <0.5 <0.5 <0.5 <0.5 2.9 <0.5

Notes:

< Not detected above the reporting limits.
NA Not analyzed.
For complete list of analytes, see reference CEMRK 1995d.(a) Sample quantitation limit raised due to limited sample volume.

I
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(SAMPLED 10/4)
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. - AT 17' PCE 16 ug/kgDCF9,Pv-1 A i AT 33.9' PCE 1.8 ug/kg
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'\ •C [-B6 F94ES-2A
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I I20

LEGEND SCALE IN FEET

DCF94-B3 * SOIL BORING LOCATION; NO.; SAMPLING DATE 5/94 1 inch = 10 feet

j DCF94-B6 SOIL BORING LOCATION; NO.; SAMPLING DATE 10/94 U.S. ARMY CORPS OF ENGINEERS

In
O DCF94ES-1B EXTRACTION WELL LOUIS BERGER & ASSOCIATES, INC.

FORT RILEY MILITARY RESERVATION (DCFA-PTSR)

NOTE BASEUNE SOIL SAMPLING LOCATIONS
& ANALYTICAL RESULTS

1. SEE LIST OF SYMBOLS AND ABBREVIATIONS. & OTOBER 1994)

2. WELL AND SOIL BORING SYMBOLS WERE SELECTED FOR
SCALE: IDCFA-PTSR REPORT DATE:

EASE OF VISUALIZATION. AS SHOWN MARCH 1, 1996 FIG. 5-1
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During the Initial Phase Pilot Test Study
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During the Initial Phase Pilot Test Study
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SCALE: DCFA-PTSR REPORT DATE:
AS SHOWNI MARCH 1, 1996 FIG. 5-4



- i mm m .- m -' m m

OPS- F5__5iSDEC95/U4

S1.60 1.60

--0 Air Flow Rates
)1.40

> 1.40 - VOC Loading Rates
E Cummulative VOC's Removed

12 1.20 "X) 1.20

0

0) 1.00 0
2: 1.00. 

.

E 0.80
S0.80c

(U 0cc 0.60 E. 0.60 .,-

S0.40.40

0.2

0.20 
- 0.20

0
• ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .. .... ..................... i. 02

..... ...... . "....................................o

> 0 .0 0 ..... .... .. .. ....... . . . ... . . . . . . 0 .0 0
2C' 0 co co 't c\1 0 CD COi ) 0 0 CD o CO ~ . C' 0 00 co

~N t CC)0 'IT a)J 0> It C') CJ ~
- 0 0 0 0 0 0 0 0 - - 0 0 0C - 0 0

0) 0) 0) 03) 0) aD a) a> 0)) 0) ac> a a ) 0 > > a > a

c? '65 ZA c 0 C') -11 11 :14 C CD CD CD 53' iB CD C
o 0 0 0 0 0 0 0 0 0 0 0 0 0,-- 0 0 0 0- .- r ,- , - - - - . r .r .. - -

Date: Time

U.S. ARMY CORPS OF ENGINEERS

SLOUIS BERGER & ASSOCIATES, INC.

FORT RILEY MILITARY RESERVATION (DCFA-PTSR)

VOC Loading Rates, Air Flows and VOC
Removals at SVE Well DCF94-21

During the Initial Phase Pilot Test Study
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AS SHOWN MARCH 1, 1996 FIG. 5-5
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I
* 6.0 WASTE GENERATION AND MANAGEMENT

During the DCFA pilot test study program, several types of wastes were generated. The waste generated
was a result of work associated with the installation of wells and the extraction of groundwater and soil
vapor as part-of the SVE-operations. The waste generated was managed and discharged in accordance with
the Work Plan and applicable U.S. EPA and KDHE regulations. Details on IDW management and ultimate
disposal procedures are presented in sections 6.1 through 6.5.

6.1 SOIL
Soil waste was generated during pilot study trenching, well drilling and soil boring activities as excavated
spoils and drill cuttings. During trenching activities, soil excavated from the trench was temporarily staged
on polyethylene liners until header piping was constructed and electrical conduit and wires were placed in
the trench. As part of the health and safety monitoring, field screening with a PID was conducted to assess
ambient conditions and to evaluate the excavated soils.

Throughout drilling operations, soil cuttings were field-screened with a PID to assist in determining soil
waste characteristics. In both well drilling and soil boring operations as well as trenching activities, the PID
indicated no detectable readings above background. Therefore, the soil was used to backfill the soil boringholes and conduit trench.

6.2 EXTRACTED GROUNDWATER
Groundwater was generated during the pilot test study program as a result of slug tests, pump tests,
temperature monitoring activities and system operation during or related to the DCFA pilot study program.
Extracted groundwater was temporarily stored in U.S. Department of Transportation (U.S. DOT)-approved
55-gallon drums or pumped directly through the pilot test system for treatment. Treated water was stored
in the 1,500-gallon equalization tank, and sampled and analyzed for VOCs prior to ultimate discharge to
the Main Post Wastewater Treatment Plant. Wastewater contained in the equalization tank was sampled
and analyzed by the on-site GC; however, additional samples were collected and submitted to CAS forI confirmatory analysis. Analytical results are provided in Tables 6-1 and 6-2, together with discharge
volumes.

In total, an estimated 2,460 gallons of extracted groundwater were generated and treated on site prior to
discharge to the Main Post Wastewater Treatment Plant during the Pilot Test Study program operations.
The breakdown of the groundwater generated is as follows:

* 150 gallons were generated during step and sustained yield aquifer tests on wells DCF92-05,
DCF93-13 and DCF94-21, conducted in June 1994.

* • Also in June 1994, water was manually collected from the groundwater wells which were included
in the temperature and conductivity monitoring program. Over a period of approximately one
week, an estimated 65 gallons of water were collected.

i Between August 14 and 16, 1994, the Pilot Test Study groundwater treatment system was turned
on for three separate five-hour pump tests on wells DCF94ES-1B, 2B and 3B. Each test generated
approximately 95 gallons of water, for a total three-day volume of 285 gallons.
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i U A combined well pump test was performed between August 18 and 22, 1994, which generated a
total of 1,915 gallons.

The total estimated 2,460 gallons of the extracted groundwater was treated prior to discharge, using the
pilot test system's equalization tank for management and the LPGAC units for treatment. In some instances,
the water was recirculated through the units until non-detectable VOC concentrations were obtained in the
confirmatory samples.

i 6.3 EXTRACTED SOIL VAPOR

The soil vapor extracted during the SVE pilot study was drawn through VPGAC units for treatment prior
to atmospheric discharge. Samples were collected prior-to, in between and after GAC to evaluate the soil
vapor quality and consumption rate of the GAC. The samples were analyzed by on-site GC to determine
when the lead GAC (i.e., the first GAC in series) was no longer capable of treating the vapor stream for
VOCs. As VOCs became evident in the "between" sample, the first GAC unit was removed, the second
GAC unit was placed in the lead position, and a new GAC unit was connected to the end for secondary
treatment. Post GAC analysis was performed to demonstrate that VOts were not being discharged in
excess of allowable air quality discharge criteria.

6.4 SPENT GRANULAR-ACTIVATED CARBON (GAC) UNITS

i The'LPGACs and VPGACs used in preparation for and in the course of the Pilot Test Study as previously-
indicated in sections 6.2 and 6.3 were staged in a designated area for characterization prior to off-site
disposal. A total of three LPGACs and four VPGACs were sampled for waste characterization analysis and
determined to be non-hazardous. During the pilot test demobilization, the GAC units were moved off site
for staging prior to disposal.

- For the LPGACs, the three units consisted of one primary GAC and one secondary GAC (185 pounds
each) that were placed in line and used to treat VOC-impacted groundwater during the 9tart of the pump
test in August 1994 and a third LPGAC used to replace the primary GAC determined to be leaking later
on that date. For the VPGACs, a total of four units (185 pounds each) were spent during the course of the
Pilot Test Study program.

For both the LPGAC and VPGAC units, unless a unit was used and replaced due to failure (i.e., leaking
canister), the GAC changeout procedure involved the replacement of the primary GAC upon establishment
of breakthrough with the secondary carbon and the placement of a fresh GAC canister as the new
secondary unit. Breakthrough was determined on the basis of VOC concentrations in midpoint samples
approaching influent VOC levels. Leaking units were replaced with like units (i.e., primary for primary
or secondary for secondary) and staged with spent carbon for characterization prior to off-site regeneration.

For all. GAC units,. the analytical results indicated the units to be non-hazardous. On November 2, 1995,
all of the LPGAC and.VPGAC units were transported off site for regeneration. The three overpack units
were sent to Barneby &Sutcliffe and the remainder of the units were sent to Envirotrol, Inc. Each facility
received the shipment by November 5, 1995.

I
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6.5 CONSTRUCTION DEBRIS AND MISCELLANEOUS WASTE
MATERIALS

During demobilization activities, before underground pipes were abandoned, each pipe was rinsed for the
purpose of decontamination. A confirmation rinsate sample was collected to verify that the pipes were clean
before backfilling. Rinsate from well DCF94-21 was transferred through the pilot system's LPGAC and
stored in the equalization tank. All water which was not directly pumped through preconnected LPGAC
was collected in the 1,000-gallon equalization tank. After all laboratory samples were collected, the Pilot
Test Study. equipment was reconfigured and the water in the tank, estimated at 600 gallons, was cycled
through LPGAC overnight (roughly 15 hours). The cycle time was the equivalent of many complete
volumes of, the stored water. After the recycling period which was certain to' reduce the VOC
concentrations to non-detectable levels, the water was pumped through the pilot system discharge hose to
MH 345 and ultimately to the Main Post Wastewater Treatment Plant.

In addition to the rinsate waste, the demolition of the pilot study shed and concrete containment padgenerated a considerable amount of construction debris consisting of wood,'concrete, pipes, steel plates,vaults and vault covers. Since all of this material was either cleaned or never in contact with contamination,

it was either salvaged by contractors or discarded at the Post C/D Landfill.

6.6 DEMOBILIZATION AND SITE RESTORATION

Demobilization consisted of two phases: a partial demobilization at the end of the 30-day pilot test and a
complete demobilization at the end of the extended pilot test operation.

In January 1995, the 30-day pilot test operation was completed according to the work planschedule. SVE
activities were continued, however, pending decisions on an extended operation schedule. As a result, a
partial demobilization was implemented to remove those unnecessary equipment and constructions. The
partial demobilization commenced on January 21, 1995. The activities included the removal of the GC
van and its equipment, all vacuum/pressure probes and gauges, well pumps and connecting electrical
wiring in groundwater extraction wells DCF94ES-1B, -2B, and -3B. In addition, all GAC canisters were
removed from the site and staged with other GAC units at Marshall Army Airfield for future removal.

In April 1995, the extended operation was completed according to plan. A full decommissioning and
removal of all pilot study equipment and restoration of the site commenced on April 26, 1995. The
principal components of the demobilization consisted of the dismantling of the pilot study shed and
removing of all SVE equipment. In dismantling the building, both the structure and its concrete
containment pad were removed. The SVE equipment removed included the air/water separator, water
transfer pump, equalization tank, and all associated above grade piping and hoses including roll pipe
connected to MH 345. In addition, power was disconnected from the service pole in the rear of the
property and the wires were cut several feet below the ground surface and abandoned in place. Becauserainy weather prevented access to the rear of the property, the pole was left in place until a later date when
vehicular access was possible. Removal of the utility pole was completed during the last week of July
1995.

Risers were attached to SVE wells DCF94ES-iA, -2A, -3A, and former groundwater extraction wells
DCF94ES-1B, -2B, and -3B, to bring the top of casing up to near ground surface. The well vaults were
filled with sand to secure the risers and the wells were finished with concrete and flush mounted covers
consistent with other monitoring wells on-site. The groundwater extraction wells, i.e., DCF94ES- 1 B, -2B

I
Page 6-3I



1 Louis Berger & Associates, Inc. DCFA Draft Final Pilot Test Study Results Report

and -3B and DCF94-21, were intended to be used as monitoring wells. In the case of well DCF94-21 which
was located in a grassy area behind building 180, a minimal amount of concrete was used below surface
so that the well could be restored with top soil and grass. Additional top soil and grass was applied to any
other area behind building 180 that indicated evidence of wear.

Final restoration of the parking lot area in the former location of the shed included the removal of all
protruding probes and other piping to a level that was slightly below grade. The metal covers wereremoved from the pipe trenches and the soil was compacted to a level that was approximately 8" below
grade. After all probes and pipes were cut and the soil was compacted, the resulting depressions were filled
with concrete to the previously existing grade level. Excess concrete was used to extend the parking areaIdrainage spillway leading to the ravine on the eastern side of the site. The site was seeded and restoredto pre-pilot test conditions. Excavated soil, which indicated no PID readings above background during
previous screening, was taken to the Marshall Army Airfield and used to improve the condition of theI gravel road by the site.
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TABLE 6-1
EQUALIZATION TANK DATA (FIELD G.C.)
AUGUST 1994 THROUGH DECEMBER 1994

DRY CLEANING FACILITIES AREA

Sample Date 8116/94 8/1/94 8 /19/944 8/19/94 8/20/94 8/21194 8/22/94 11/2394 12/21/94

Eq. Tank Eq. Tank Eq. Tank Eq. Tank Eq. Tank Eq. Tank Eq. Tank Eq. Tank
Sample Description Composite Eq. Tank Composite Composite Composite Composite composite Composite Composite Comiposite
Discharge Y61ume 95 gal. 450 1190 gal........25a. 100 gal. 200 gal........0Ogal. 50 gal.

Analyzed By: Field GC Field GC Field GC Field GC Field GC Field GC Field GC Field GC Field C
Units: (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)

Analyte:

Methylene Chloride BDL BDL BDL BDL BDL BDL BDL BDlL BDL
i-i ,2-Dichloroethylene .N/A N/A N/A . N/A N/A N/A N/A BDL BDL
1,1-Dichloroethane *N/A N/A N/A o N/A N/A N/A N/A BDlL BDL
cis-i ,2-Dicbloroethylene BDlL BDlL . BDL . BDL BDlL BDL BDL BDL BDlL
Trichloromethane BDL BDL BDlL BDL BDlL BDL, BDL BDL BDL
1,2-Dichioroethane BDL BDL BDL BDL BDL BDL BDL BDL BDL
1.1,1-Trichloroethane N/A N/A N/A N/A N/A N/A N/A BDL BDlL

* Benzene BDL BDL BDlL BDlL BDL BDL . BDlL BDL BDlL
Trichioroethylene BDlL BDL -BDL BDlL BDL BDL BDL BDlL BDlL

* Toluene BDL BDL BDL BDL BDL BDL BDL BDlL .BDL

*Tetrachioroethylene BlL BDlL BDlL BDL BDlL .*BDL BDL BDL BDL
Chlorohenzene N/A N/A N/A N/A N/A N/A N/A BDL BDL
Ethylbenzene N/A N/A N/A N/A N/A N/A N/A BDlL BDL
Xyle e N/A N/A N/A N/A N/A* N/A N/A BDL BDlL

Oer VCNA N/A * N/A N/A N/A N/A N/A BDlLBD
* Total VOC N/A* N/A N/A N/A N/A N/A N/A BDL BDL

Notes: (1 tDL =Below Detection Limit

(2) N/A =Not Analyzed

(3) ppb =Parts Per Billion

(4) G C Gas Chromatograph
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TABLE 6-2
EQUALIZATION TANK DATA (CONTINENTAL ANALYTICAL DATA)

AUGUST 1994 THROUGH DECEMBER 1994
DRY CLEANING FACILITIES AREA

Sample Date 8116/94 819/94 8/20/94 820/94 / . 8/20/94
SSample Description Eq. Tank Effluent Effluent Influent Effluent Effluent

Discharge Volume 95 gal. 1194) gal. 275 gal

Analyzed By: CAS CAS CAS CAS CAS
Time: 1546 1645 1550 1555 1559
Units: (ug/I) (ug/l) (ug/i) (ug/l) (ug/)

Analyte:

Methylene Chloride ND ND ND ND ND
1,1,2-Dichloroethylene ND ND ND ND ND
1,1-Dichloroethane ND ND ND ND ND
cis-1,2-Dichloroethylene ND ND 3.6 ND ND
1,2-Dichloroethane ND ND ND ND ND
Chloroform ND ND 4.1 ND ND
1,1,1-Trichloroethane ND ND ND ND ND
Benzene ND ND ND ND ND
Trichloroethylene ND ND 4 ND ND
Toluene ND ND ND ND ND
Tetrachloroethylene ND ND 99 ND ND
Chlorobenzene ND ND ND ND ND
Ethylbenzene ND ND ND ND ND
Xylene ND ND ND ND ND
Other VOC ND ND ND ND ND
Total VOC ND ND ND ND ND

Notes: (1) ND = Not Detected

(2) CAS = Continental Analytical Services

(3) ug/ = Microgram Per Liter
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_ 7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 SUMMARY OF PILOT TEST STUDY RESULTS

7.1.1 Overview

The results of the pilot test study, including total VOC mass removal, PCE mass removal and average VOC
loading rates, are summarized in Table 7-1. Figures 7-1 and 7-2 present an overview of VOC loading rates,
air flows and cumulative VOC mass removals for both the initial 30-day and the extended 60-day pilotstudy. As indicated in Table 7-1, VOC removal rates were found to differ from well to well. VOC loading
rates from wells SVE-1A and 3A were observed to be much higher than SVE-2A and DCF94-21.

The DCFA SVE system was effective in reducing VOC levels in the vadose zone. Twenty-one pounds of
VOCs were removed from the study area in the initial 30-day pilot study, whereas approximately three
pounds of VOCs were removed during the extended 60-day SVE operation. Based on the baseline soilanalytical results, it was estimated that a total of 45-55 pounds of contaminants were present in the DCFA
pilot study area soil before the pilot study operation began. Thus, it is estimated that 50 percent of the

*contaminant mass has been removed from the site.

Analytical results for the extracted soil vapor samples collected from the extended pilot study indicate that
low concentrations to non-detectable levels of VOCs now remain as of April 1995.

7.1.2 Initial 30-Day Pilot Study Results

At SVE-1A, the average VOC loading rate observed was 1.24 lbs/day, with the maximum rate of 1.46
lbs/day. A total of 4.79 pounds of VOCs were recovered from SVE-1A at test completion. At SVE-2A,
the average VOC loading was 0.15 lb/day, with the maximum of 0.26 lb/day. Total VOC mass removed
was 0.60 pound.

The average VOC loading rate at SVE-3A was 1.96 lbs/day, with the maximum removal rate of 3.44
lbs/day. Both the average and the maximum VOC loading rates for SVE-3A were the highest among the
four extraction wells. A total of 6.12 pounds of VOCs were removed from SVE-3A. At DCF94-21, 0.06
lb/day was the average VOC removal rate, with a maximum of 0.12 lb/day. A total of 0.23 pound of VOC
mass was removed from DCF94-21. Considering the combined test, which contributed an additional 9.26
pounds of VOC removal, the estimated total VOC mass removed during the initial 30-day pilot study was
21 pounds. The maximum loading rate observed during the combined test was 1.72 lbs/day.

With regard to the vacuum influence observed during each individual well test and during the combined
test, it is believed that significant subsurface heterogeneities result in preferred pathways during SVE.
These conditions are believed attributable to disturbances from previous construction activities (i.e., sewer
and utility installations), and, from potential subsurface scouring from leaking sewer lines, pathways along
sewer line piping and probe placement. As indicated in Section 5.3, the probes were located prior to the
test on the basis of predicted vacuum influences, which differed from those observed in the field. Based
on a post-test review, a significant number of additional probes would have been required to cover the
unexpected responses observed. It is noted, however, that due to the presence of sensitive below-grade
utilities (e.g., the sewer piping, telephone lines and main fiber-optic cable), additional probe placement
would. still have been limited.

I
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7.1.3 Extended Phase Pilot Study Results

The extended SVE pilot study engaged all four extraction wells at the same time using the "optimum"
combined flow rate from the 30 day test, and was therefore essentially a continuation of the combined welltest from the initial-phase pilot study. A total of 3.41 pounds of VOCs were removed from the extended
pilot study. The extended pilot study resulted in non-detection of VOCs in the extracted soil vapor, which
led to the eventual termination of the SVE operation at the DCFA and the performance of post extraction
soil sampling. Analytical results from the post extraction soil samples indicated that the only contaminant

i still detected in the vadose zone was PCE. The highest concentration of PCE detected was only 23 ug/kg,
which is an order of magnitude below the most stringent published cleanup level from the U.S. EPA which
is 300 Ag/kg.

7.1.4 Conclusions

In comparing the baseline soil contaminant distribution with the post pilot study condition, the SVE pilot
test system has significantly reduced the VOC contaminant mass in the DCF site soil. This is illustrated in
Figures 5-13 and 5-14. The reduced horizontal and vertical extent of VOC impacted soil and the rate of
recovery and influence, considering the noted subsurface interferences, demonstrate the effectiveness of
SVE as a remediative technology for the DCFA. In fact, the highest total VOC concentration detected in
the post test samples was 23 kg/kg, which is an order of magnitude below the most stringent published
cleanup level from the U.S. EPA which is 300 gg/kg.

7.2 RECOMMENDATIONS

Although the pilot test study results demonstrate that SVE is an effective remedial technology for the
DCFA, further SVE operations or long-term remediation activities do not appear to be warranted at this
time based on the results of the baseline risk assessment and contaminant migration modeling performed
as part of the DCFA-RI. If in the future, however, VOC levels in the vadose zone are indicated to be above
some regulatory or risk-based action level, SVE technology can be effectively utilized to further reduceany elevated PCE levels.
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TABLE 7-1

SUMMARY OF VOC LOADING RATES AND CUMULATIVE REMOVAL OF
PCE AND TOTAL VOCs FOR INDIVIDUAL SVE OPERATIONS

' Ttal OC Ag LiTotal PCE Remnoved
SVEOperation Operato Typ Bgin: End Tie(days) Remioved (lb)~ Rat ,/a) asOvro

Ob) .c Removed
Well IA 11/21/94 14:30 11/25/94 11:07 3.86 4.79 1.24 4.46 93.11
Well 2A 11/25/94 11:07 11/29/94 10:10 3.96 0.60 0.15 0.58 96.67
Well 3A 11/29/94 10:10 12/02/94 13:15 3.13 6.12 1.96 5.68 92.81

Well DCF-21 12/02/94 15:00 12/06/94 17:00 4.08 0.23 0.06 0.20 86.96
Initial Combined Well

Well IA 12/08/94 09:15 12/20/94 11:10 12.08 0.76 0.06 0.63 82.89•
Well 2A 12/08/94 09:15 12/20/94 11:10 12.08 0.25 0.02 0.20 83.33
'Well 3A 12/08/94 09:15 12/20/94 11:10 12.08 7.41 0.61 6.72 90.81

Well DCF-21 12/08/94.09:15 12/20/94 11:10 12.08 0.68 0.06 0.59 88.06
Extended Combined Well

All Wells 02/08/95 09:00 04/06/95 17:00 57.33 3.41 0.06 3.26 98.06
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I - TECHNICAL MEMORANDUM
FOR SUSTAINED YIELD TEST AND AQUIFER PUMP TEST

To: Commander, Engineer District Kansas City
Attn: CEMRK -MD -H, Garth Anderson
Kansas City, MO 64106

Date: August 23, 1994

Subject: Dry Cleaning Facilities, Fort Riley, Kansas
Dual Phase Extraction Pilot Test Program1 Sustained Yield Test And Aquifer Pump Test

I
1 Introduction

This Technical Memorandum (TM) presents a detailed description of the sustained yield
and pump test results, and the effect of the pump test on aquifer water levels. The entire
test was conducted over the period of August 15, 1994 through August 22, 1994. The
sustained yield test was proposed to measure the maximum continuous flow rate from the
extraction well pumps. The pump test was proposed to evaluate the effects of aquifer
water elevations while well pumps were operating at their sustained yield. Only three
extraction wells were selected for the actual pump test. The wells consisted of
DCF94ES-1B (iB), DCF94ES-2B (2B), and DCF94ES-3B (3B). The procedure for the
sustained yield test consisted of operating one pump at a time for a period of six to eight
hours in order to determine a maximum sustained pump flow rate. After the sustained

-yield was determined for each of the three well pumps, then the pump test would begin.
All three pumps would operate continuously. for 24 hours a day over a four day period
at their sustained yield rate. During the course of each test, water level, temperature,
and specific conductance were recorded in adjacent ground water monitoring wells.
Water level measurements were recorded in extraction wells that were not operating
during the sustained yield test. The ground water monitoring wells selected were DCF92-
03, DCF92-05, DCF94-21 (only water levels), DCF93-13, and DCF92-06. Well DC

-- F93-16 was determined to be dry.The entire pump test was conducted after the sewer
diversion pump was disengaged allowing full flow to enter the sewer line from MH-363
to MH-345.

2 Sustained Yield Test

On Tuesday August 15, 1994 an 8-hour sustained yield test was conducted on extraction
well 3B. No other well pumps were operating during this segment of the test. A

I
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maximum well yield of 0.5 gallons per minute (GPM) was produced from the well which
was unsustained. Therefore, the pump was throttled back to enable a sustained flow rate
of 0.226 GPM.On Wednesday August 17, 1994, a 6-hour yield test was conducted on
extraction well 2B. A maximum unsustained well yield of 0.5 GPM was produced.
After throttling back on the pump a sustained yield of 0.158 GPM was observed. The
pump in well LB was also individually tested on Thursday August 18, 1994. The
maximum yield pumped from the well was 0.75 GPM unsustained. The maximum
sustained yield was 0.339 GPM after the pump was throttled back.

During the course of the sustained yield test there were no recorded changes in ground
water elevations in the adjacent monitoring wells. There were also no deviations in
temperature cycling during the sustained yield test. Results of the field data are presented
in Attachment A.

3 Aquifer Pump Test

All three pumps were running continuously on Friday August 19 through Monday
August 22, 1994. These pumps were operating at their combined sustained yields totalingI0.723 GPM. The pumps were operating in each well at the minimum water levels
required to prevent tripping of the pump sensors. These sensors, when engaged, shut
down pump power and initiate a timer for a fixed period of time until minimum waterI levels are regained. Each sensor is controlled by amperage as a function of increased
resistance developed when the pumps operate under dry conditions. Throughout the
pump test the pump sensors were not engaged allowing a continuous flow of groundwater to• occur without cycling. The recharge rate of the aquifer was slow, however all
three pumps were able to operate continuously for the four day test.

The data collected from the adjacent monitoring wells is also presented in Attachment A.
The results of the water level measurements indicated no drop in elevations in any of the
adjacent wells around the DCF area. There were also no deviations in temperature
cycling from the observed wells following termination of the sanitary sewer diversion.

3 4 Conclusion

The results of the pump test reveal a lower than expected combined well yield of 0.723
GPM. This is believed attributable to aquifer characteristics (i.e. surrounding formation)
which produces low aquifer recharge. The aquifer is believed to be affected by the
infiltration of leaking sewer water from the pipe line that connects from MH-363 to MH-3 345. The results from the Sewer Diversion Study revealed an average loss of
approximately 5.5 GPM from the sewer line impacting the aquifer. At 160 GPM the
loss was estimated at 13.7 GPM

As the pump operations did not influence groundwater levels, hydraulic characteristic
could not be accurately determined.
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I DCF WELL DATA

Date Time Well I.D. Water Level

8/15/94 8:09 1B 35.22
8:11 3B 35.4
8:14 2B 35.4
8:16 92-03 38.42
8:22 92-05 34.84
8:29 94-21 35.12
8:32 93-13 35.92

I 8:38 92.06 43.24
8:43 93-16 44.18

I 10:02 1B 35.22
10:04 3B 35.42
10:06 2B 35.42
10:08 92-03 38.42
10:15 92-05 34.82
10:19 94-21 35.12
10:21 93-13 35.92
10:27 92.06 43.24

i 10:33 93-16 44.18

11:34 lB 35.21
11:36 3B 35.42
11:37 2B 35.39

'11:39 92-03 38.4
11:42, 92-05 34.83

I 11:40 94-21 35.12
11:46 93-13 35.91
11:51 92.06 43.23

I 11:49 93-16 44.18

13:47 1B 40.23 13:35 3B 35.28
13:45 2B 35.44
13:39 92-03 38.4

I 13:51 92-05 34.84
13:56 94-21 35.14
13:58 93-13 35.91

[] 14:05 92.06 43.22
I___ 14:04 93-16 44.18

16:19 1B 39.4
-- 15:36 3B 35.5

. 15:39 2B 35.4
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I DCF WELL DATA

_ _ Date Time Well I.D. Water Level

15:41 92-03 38.42
15:46 92-05 34.84
15:51 94-21 35.12

.15:53 93-13 35.92
16:01 92.06 43.24
16:08 93-16 44.18

8/16/94 8:40 1B 35.22
8:13 3B 35.44
8:10 2B 35.44

___ 8:19 92-03 38.42
_ _ 8:27 92-05 34.86

8:30 94-21 35.14
8:34 93-13 35.94
8:44 92.06 43.24
8:49 93-16 44.18

i 10:04 1B 36.38
10:05 3B 36 p 3rn OkI
10:11 2B 35.44
10:14 92-03
10:18 92-05 34.87
10:22 94-21 35.16
10:24 93-13 35.95
10:30 92.06 43.24
10:36 93-16 44.18

11:34 1B 35.37
11:29 3B

i_ 11:35 2B 35.44
11:37 92-03 38.44
11:42 92-05 34.86

I 11:45 94-21 35.15
i_ 11:47 93-13 34.94

11:53 92.06 43.22I 11:58 93-16 44.18

13:55 lB 35.27
___NG 3B NG

14:15 2B 35.42
14:22 92-03 38.44
14:31 92-05 34.86

. 14:40 94-21 35.16
14:43 93-13 35.94
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DCF WELL DATA

* Date Time Well I.D. Water Level

15:03 92.06 43.24
15:08 93-16 44.18

NG 1B NG
__NG 3B NG

NG 2B NG
16:00 92-03 38.44

__16:05 92-05 34.84
16:08 94-21 35.16

__16:10 93-13 35.96
16:16 92.06 43.24
16:20 93-16 44.18

_ _ 8/17/94 8:23 1B 35.26
8:41 3B 35.47

8:46 2B 35.48
8:48 92-03 38.46
8:57 92-05 34.9
9:01 94-21 35.18
9:02 93-13 36.9
9:09 92.06 43.25
9.:13 93-16 44.18

10:04 1B 35.26
10:09 3B 35.47
10:13 2B 35.48
10:17 92-03 38.46
10:22 92-05 34.9

__10:24)' 94-21 35.19
__10:27 93-13

10:33 92-06 43.26
10:37 93-16 44.18

11:44 lB 35.28
11:47 3B 35.47
11:50 2B 35.47
11:53 92-03- 38.47

11:59 92-05 34.9
-- 12:00 94-21 35.18

12:03 93-13 36
12:09 92-06 43.26

• 12:13 93-16 44.18

13:50 1B 35.28
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3 DCF WELL DATA

_ _ Date Time Well I.D. Water Level

1.3:52 3B 35.45
i 13:55 2B 35.46

14:07 92-03 38.46

• 14:10 92-05 34.89
14:12 94-21 35.19
14:13 93-13 35.17
14:20 92-06 43.25
14:25 93-16 44.18

16:15 1B 35.28
16:18 3B 35.45

I 16:21 2B 35.48
1 6:25 92-03 38.46

• 16:30 92-05 34.9
I 16:32 94-21 35.2

16:35 93-13 35.98
16:41 92-06 43.24

93-16

8/18/94 11:32 1B

I 11:35 3b 35.95
11:38 2b
11:44 92-03 38.51
11:49 92-05 34.92
11:49 94-21 35.21
11:50 93-13 36.01

.11:53 93-06 43.25
11:55 93-16 44.18

12:00 92-03 38.52
12:02 92-05 34.94
12:03 94-21 35.22
12:05 93-13 363 12:08 92-06 -43.25
12:10 93-16 44.18

I_12:27 92-03 38.54
• 12:29 92-05 34.93
12:31 94-21 35.22

I_ 12:32 93-13 36
12:36 92-06 43.25
12:38 93-16 44.18

14:09 92-03 38.54
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DCF WELL DATA

I_ Date Time Well I.D. Water Level

14:15 92-05 34.46

14:18 94-21 35.24

14:22 93-13 36

14:29 92-06 43.25
14:32 93-16 44.18

13:00 92-03 38.56

I_ 13:02 92-05 34.98

13:03 94-21 35.25
13:05 93-13 36

i 13:10 92-06 43.23

13:12 93-16 44.18

16:17 92-03 38.56
16.23 92-05 34.98
16:24 94-21 35.25

_ 16:28 93-13 36

16:35 92-06 43.23
16:37 93-16 44.18

8/19/94 8:22 1B 40.1

8:25 3B 36.89

8:27 2B PUMP ON

8:31 92-03 38.65

8:35 92-05 35.05

,8:37 94-21 35.3

8:40 93-13 36.05
8:45 92-06 43.27

i 8:58 93-16 44.17

10:07 1B PUMP ON
10:09 3B PUMP ON

10:11 2B PUMP ON

_ _ 10:13 92-03 38.65

10:16 92-05 35.05

i 10:18 94-21 35.31

10:20 93-13 36.06

10:25 92-06 43.28

I 10:27 93-16 44.17

12:15 1B PUMP ON

12:16 3B PUMP ON

12:17 2B PUMP ON

12:20 92-03 38.66
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I DCF WELL DATA

• Date Time Well I.D. Water Level

12:23 92-05 35.66
12:27 94-21 35.32
12:29 -93-13 36.06

I_ 12:33 92-06 43.28
12:36 93-16 44.18

14:21 1B PUMP ON
14:23 3B PUMP ON
14:25 2B PUMP ON
14:29 92-03 38.67
14:32 92-05 35.07
14:35 94-21 35.32

.14:37 93-13 36.08
14:41 92-06 43.27
14:45 93-16 44.18

I 16205 1B PUMP ON
16:07 3B PUMP ON

•16:09 2B PUMP ON

16:13 92-03 38.68I _ _16:20 92-05 35.08
16:25 94-21 35.35
16:26 93-13 36.09
16:32 92-06 43.28
16:34 93-16 44.18

8/20/94 8:24 1B PUMP ON

-- 8:28 3B PUMP ON
8:30 2B PUMP ON
8:37 92-03 38.72
8:41 92-05 35.12
8:43 94-21 35.37
8:47 93-13 36.11

- 8:54 92-06 43.29
8:58 93-16 44.17

I 10:02 1B PUMP ON

.10:05 3B PUMP ON
10:08 2B PUMP ON
10:13 92-03 38.72
10:22 92-05 35.11
10:27 94-21 35.38
10:28 93-13 36.11
10:36 92-06 43.3
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I DCF WELL DATA

Date Time Well I.D. Water Level

10:43 93-16 44.17

12:02 1B PUMP ON
12:08 3B PUMP ON

12:05 2B PUMP ON

_ 12:13 92-05 38.71

12:18 92-05 35.11

_. 12:19 94-21 35.38
12:24 93-13 36.11
12:32 92-06 43.28

1 12:34 93-16 44.17

14:08 1B PUMP ON
14:10 3B PUMP ON

__14:12 2B PUMP ON

14:18 92-03 38.73

14:21 92-05 35.12

14:15 94-21 35.39

14:26 93-13 36.11
14:32 92-06 43.28

14:39 93-16 44.17

16:10 lB PUMP ON
I 16:12 3B PUMP ON

16:14 2B PUMP ON

16:18 92-03 38.73
16:21 92-05 35.13
16:26 93-13 36.12

16:32 92-06 43.29

• 16:36 93-16 44.17

8/21/94 8:34 lB PUMP ON

8:37 2B PUMP ON

8:39 3B PUMP ON

8:43 92-03 38.79

_ _8:50 92-05 35.2

8:52 94-21 35.43
8:53 93-13 36.17

8:59 92-06 43.2

.9:05 93-16 44.17

10:07 1B PUMP ON

.10:10 2B PUMP ON
10:12 3B PUMP ON
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DCF WELL DATA

Date Time Well I.D. Water Level

10:16 92-03 38.79
_ _10:20 92-05 35.2

-10:24 94-21 35.44
10:26 93-13 36.19

_ _10:32 92-06 43.3
10:39 93-16 44.17

12:03 1B PUMP ON
12:05 2B PUMP ON
12:08 3B PUMP ON
12:10 92-03 38.79
12:15 92-05 35.2
12:19 94-21 35.44
12:20 93-13 36.17
12:28 92-06 43.29
12:34 93-16 44.17

14:01 1B PUMP ON
14:02 2B PUMP ON
14:05 3B PUMP ON
14:08 92-03 38.29
14:14 92-05 35.2
14:18 94-21 35.45
14:19 93-13 36.18
14:26 92-06 43.29
14:32 93-16 44.17

16:04 1B PUMP ON
16:06 2B PUMP ON
16:07 3B PUMP ON
16:10 92-03 38.79
16:14 92-05 35.2
16:17 94-21 35.45
16:19 93-13 36.2
16:25 92-06 43.28
16:31 93-16 44.17

8/22/94 8:22 1B PUMP ON
8:24 2B PUMP ON
8:26 3B PUMP ON
8:28 92-03 38.83
8:33 92-05 35.24
8:37 94-21 35.48

_ 8:38 93-13 36.2

Page 8



.1 DCF WELL DATA

Date Time Well I.D. Water Level

m 8:44 92-06 43.28
8:49 93-16 44.17

10:03 1B PUMP ON
m_ 10:05 2B PUMP ON

10:06 3B PUMP ON
10:09 92-03 38.83

m 10:14 92-05 35.22
10:17 94-21 35.48
10:18 93-13 36.2

_ _10:26 92-06 43.28
_ 10:31 93-16 44.17

12:00 1B PUMP OFF
12:00 2B PUMP OFF
12:00 3B PUMP OFF

12:34 92-03 38.81
_ _ 12:41 92-05 35.25

12:45 94-21 35.48
12:48 93-13 36.2
12:53 92-06 43.27

•12:57 93-16 44.17
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n Sustained Yield and Pump Test Temperature Data
Dry Cleaning Facility, Fort Riley Kansas

Well 1B Well 2B Well 3B

Date Time Temp (F) Time Temp (F) Time Temp (F)

8/14/94 8:08 75.1 8:17 79.2 8:13 75.4
10:00 71.8 10:04 80.4 10:02 80.3

11:32 73.1 11:36 82.4 11:34 81.9
13:48 76.5 13:59 81.8 13:50 82.9
15:57 80.2 NG NG 15:59 87.9

8/15/94 8:09 69.7 8:14 77.3 8:11 80.4

10:02 72.0 10:06 81.1 10:04 81.7
11:34 76.8 11:37 83.3 11:36 82.0
13:47 83.2 13:45 86.0 13:35 86.1
16:19 81.0 15:39 88.8 15:36 90.5

8/16/94 8:10 80.3 8:10 80.0 8:13 85.1
10:00 83.4 10:11 84.2 10:05 82.7

11:34 83.1 11:35 83.6 11:29 85.2
13:55 81.7 14:15 89.0 NG NG

8/17/94 8:23 80.0 8:46 89.9 8:41 83.2
10:04 81.8 10:13 83.7 10:09 86.1
11:44 86.0 11:50 84.4 11:47 85.7

13:50 87.5 13:55 87.4 13:52 89.5

N 16:15 87.8 16:21 87.8 16:18 89.4

8/18/94 8:22 81.8 8:27 84.9 8:25 83.9
10:00 83.7 10:10 82.7 10:06 87.9

11:50 83.7 11:56 82.7 11:53 87.9
14:00 85.8 14:08 86.2 14:04 90.1

16:09 93.4 16:12 86.9 16:06 89.2
8/19/94 8:22 83.4 8:27 83.1 8:25 89.1

10:07 83.8 10:11 83.6 10:09 90.3

12:15 85.7 12:17 85.5 12:16 90.9

14:21 87.1 14:25 86.6 14:23 92.3

_ _16:05 87.5 16:09 87.2 16:07 92.6
8/20/94 8:24 81.5 8:30 84.4 8:28 85.6

10:02 81.6 10:08 84.6 10:05 86.5
12:02 82.9 12:05 83.4 12:08 86.3
14:08 84.8 14:10 89.9 14:12 89.9
16:10 85.9 16:12 85.6 16:14 88.8

8/21/94 8:34 72.0 8:37 82.0 8:39 86.3

10:07 83.2 10:10 84.2 10:12 88.0

12:03 84.5 12:05 85.5 12:08 87.6

14:01 87.2 14:02 87.8 14:05 91.4

i 16:04 89.0 16:06 88.8 -16:07 91.2

8/22/94 8:22 82.7 8:24 83.0 8:26 87.4

10:03 83.2 10:05 83.6 10:06 87.8

Manual readings recorded with a Hydac Temperature/pH/Conductivity meterING = Not Gauged
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TECHNICAL MEMORANDUM

FOR SAMPLING ACTIVITIES AND GC METHODOLOGY

TO: Commander, Engineer District Kansas City
Attn: CEMRK -MD - H, Garth Anderson
Kansas City, MO 64106

Date: August 23, 1994

I Subject: Dual Phase Extraction Pilot Test Program
Discharge of Effluent Water from Post GAC System
Sampling and Analysis ActivitiesIGC Methodology of On-site Sample Analysis

1 Introduction

This Technical Memorandum (TM) presents a detailed description of sampling and
analysis activities conducted for the seven day post sewer diversion pump test and
proposed for pilot test study. The sampling and analysis activities are proposed to
evaluate the pilot test system effluent (treated groundwater) which is intended for
discharge to the Main Post Wastewater Treatment Plant via manhole (MH) 345.
Performance of these activities is intended to safeguard against the potential discharge
of system effluent with volatile organic compounds (VOCs) concentrations in
exdeedance of EPA's MCL's for potable water. A list of EPA's MCL for selected5 target compounds on DCF site is enclosed (Attachment A).

In addition, included with this TM is a discussion on the use of a Static Headspace
Method (SHM) with a portable GC to monitor the quality of effluent water from pilot
test system. A detailed methodology of portable GC analysis headspace analysis, GC
quantification limit and justification for using SHM with a portable GC is presented.

2 Background

On August 14, a sustained yield and pump test was initiated at the DCF site. This
yield and pump test continued for seven (7) days. During the course of this yield and
pump test, an estimated 4,500 gallons of water was pumped out of the aquifer through
extraction wells. Due to the presence of VOC contaminants, the pumped water was
treated by the on-site pilot test system prior to ultimate discharge to the Main Post
Wastewater Treatment Plant. The on-site system uses two liquid phase GAC canisters
in series to treat the pumped water. To safeguard the environment and human health
and to closely monitor the change of groundwater quality, groundwater was sampled

i and analyzed for VOCs at influent, effluent, and midpoint location between the two
GAC canisters, at approximately 50 to 100 gallons, to ensure that the water quality
has met EPA's potable drinking water standards. These standards were selected in theI

I
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iabsence of NPDES discharge limits for the site, as they represent the most stringent

criteria for water protection. A portable field GC was used for the on-site sample
analysis. The effluent water from the pilot test system was temporarily stored in the
pilot test system's 1,500 gallon equalization tank. A sample was taken from the tank
and sent to a certified laboratory to further confirm that the groundwater quality met
EPA's potable water drinking standard, before it was discharged to the Main PostIWastewater Treatment Plant, via MH 345. Based on a comparison of the GC results
to those obtained from a certified laboratory, the GC unit appears to be reliable. For
example, PCE concentrations detected by on site GC unit are in the range of 7.97 toI :87.6 ppb, which is comparable to laboratory result of 99 ppb. Given the nature of
dynamic change of contaminant concentration along with flow fluctuation, and trace
level of contaminant concentration, it is reasonable to expect any small discrepancy.I Both analysis indicated effluent concentrations are below method detection limits. A
presentation of all results is provided in Attachment B.

The portable GC is proposed to be used during the scheduled Pilot Test Study period.
In terms of methodology of on-site GC analysis, it appears that SHM is more
sensitive, more accurate and reliable for the DCF site in comparing SHM methodIwith direct injection. The low concentration of contaminants in the groundwater at
DCF site seems to warrant the use SHM rather than direct injection, because direct
injection is suitable only for concentration of VOCs higher than 1 ppm. A detailed
analysis of each method is presented in the following sections.

3 Proposed Methodology of Portable GC Monitoring

3.1 Instrument and Associated Equipment

The instrument used for the pump test and proposed for the pilot test is a Shimadzu
GC-9A, currently in place at the DCF site. The associated equipment is listed in
Attachment B. A list of the target VOCs selected for analysis by the unit and their
QC Quantification Limits are provided in Attachment D.

3_ 3.2 Justification of Using Portable GC

Portable GC analysis belongs to intermediate level (Level II) of sample analysis.U Intermediate level analysis was introduced by the EPA in order to reduce the time
required for sample turnaround and the high costs associated with laboratory analysis.
It has been widely used in site investigation and remediation process. Portable GCs3 have been used for characterization of volatile organic compounds, semivolatile
organics, pesticides, and even PCBs.

I A portable GC is chosen for the DCF site, because of the requirement for frequent
sampling and the demand of timely turnarounds of analysis results. This is especially
true for Pilot Test Study in the next step.

3.3 GC Methodology Proposed

UI
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It is proposed that a Static Headspace Method (SHM) will be used for all on-siteI-- sample analysis. The detailed methodology and its merit are presented in Attachment
E. A detailed procedures for on-site SHM analysis is provided in Attachment F. As a3 brief introduction, this method utilizes the volatility of VOCs or thermodynamic
partitioning of VOCs between water and air. A water sample (less than 40 ml) is
placed into a 40 ml VOA vial, and allowed a certain volume of headspace in the vialI for water sample to equilibrate with the air in the headspace. Differing from direct
injection of the water sample to a GC unit, the vapor headspae of the sample is
injected into the GC unit. Utilizing vapor injection facilitates the placement of a much

I1 larger volume of vapor sample, hence, more mass of VOCs into GC than a direct
injection method. Thus SHM can increase the sensibility of GC. In direct injection,
the volume of water sample that can be injected into the GC column (a wide-boreIcapillary column) is very limited (<2 microliters). The same column can accept 1000
microliters of vapor sample. Calculation result indicates that for a compound with
partitioning coefficient less than 500 the resulting mass injected through a 1000I microliter vapor sample is greater than direct injection of 2 microliters of water
sample. Since most chlorinated hydrocarbons and aromatic hydrocarbons encountered
on the site have partitioning coefficients significantly lower than 500. Therefore,
SHM should be chosen for DCF site.

SHM has been used and accepted on superfund sites. In addition to its high
I sensitivity, SHM provides more reliable and accurate data. This is because samples

are analyzed sooner than purge and trap methods, and therefore, less loss of VOCs
will occur. This method also provides faster turnaround of the results because of less
sample preparation. Less sample preparation not only reduces time and cost but also
prevents cross contamination and loss of contaminants. Quick turnaround is necessary
for Pilot Test Studies, which require frequent sampling and fast turnaround of sample
results, in order to timely monitor the removal efficiency and to evaluate process
kinetics.

I- 3.3 QA/QC Procedures

To ensure the accuracy and precision of on site SHM analysis, the following QA/QC
procedures were performed during the pump test and are proposed for the pilot study.

3- A standard field blank is analyzed daily to verify syringe and container cleanness and
to demonstrate that the analytical system is free of interferences. Duplicate samples
are then collected at a minimum of once per day to establish the precision of the
analytical methodology. Due to limitations of field analytical conditions, minimum
quantification limits are established in lieu of Method Detection Limits. Minimum
Quantification Limits are established based on each compound's detector response and
a minimum peak area which is well above background noise levels.

To safeguard the discharge of effluent water from post GAC treatment system, and toI ensure that above proposed SHM on site analysis results are reliable, split effluent
water samples tested by the GC unit are collected and sent to a certified laboratory to

£:



I
check the accuracy of the on-site analysis. For the pump test, 10% of the total
samples tested by the GC unit were sent to a certified laboratory for analysis by EPA
method 8010. The selection of the method was based on the intent to focus on the3 target contaminants detected in the groundwater; namely halogenated VOCs. For the
pilot test study, it is proposed to collect split effluent samples at a frequency of one
(1) sample for every 1,500 gallons (i.e., one volume of equalization tank) of treatedIi water.These split samples will also be analyzed using EPA Method 8010. Results of
these split samples would be representative of the VOC concentrations of treated
water in the equalization tank before discharging to the Main Post Treatment Plant,
and will serve to further validate the GC unit operation.

44 Conclusion

Based on the results of the certified laboratory analysis, it is believed that SHM is an
accurate and reliable method for field analysis. In addition, it provides a fasterUturnaround of results, which is critical to both pump test and pilot test study on DCF
site. On this basis it is proposed to continue the use of the GC unit with Static
Headspace Method. It is also proposed to continue backup sampling of split watersamples for direct laboratory analysis to further validate the GC unit operation and toprevent potential discharging of VOC contaminants to the DCF sanitary sewer system.

I
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JAttachment A
I A List OF EPA's MCL For Selected. Target

i VOCs on DCF Site ".
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Drnkng We Ir r I 0i h I ,i . i[ iII

Contaminants i M alth EtCs.MCL. MCI.o. MCL.... , MethodBAT

Volatile Organics

o-Dichlorobenzene nervous system,lung, 0.6 0.6 industrial solvent; chemical' All VOCS: All VOCs:
liver, kidney manufacturing 502.1 GAC/PTA

502.2
cis- 1,2 dichioroethylene nervous system, liver, 0.07 0.07 . Industrial extraction solvent 503.1

circulatory 524.1
524.2

trans-1,2 dichloroelhylene nervous system, liver, 0.1 0.1 -Industrial extraction solvent
circulatory

1,2 Dichloropropane probable cancer, liver, 0 0.005 soil fumigant; Industrial solvent
lungs, kidney

tl'hylbenzene kidney, liver, nervous 0.7 0.7 present In gasoline & insecticides;
system chemical manufacturing

Monochlorobenzene kidney, liver, nervous 0.1 0.1 pesticide manufacturing; metal
system cleaner: industrial solvent

Slyrene liver, nervous system 0.1 0.1 plastic manufacturing; resins used
in water treatment equipment

Telrachloroethylene probable cancer 0 0.005 dry cleaning/industrial solvent

Toluene kidney, nervous 1 1 chemical manufacturing; gasoline addilive;
system, lung Indust. solvent

Xylenes liver, kidney, 10, 10 paint/Ink solvent; gasoline refining
nervous system by-product: component of delergenis

' lnl MCLG$ and MCLs become et1e86ve MuY 1992. At that lime, the current MCLA cease to be et'lective.



Attachment B
--- Analytical Results of Groundwater Samples
3 For Selected Target VOCs on DCF Site
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Contiliental Analytical
Page:1

Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/20/94Attn: Susan Knauf Date Sample Recd: 08/19/94
100 Halsted Street CAS File No: 94-6151
East Orange, NJ 07019 CAS Order No: 24390

Client P.O.: JH1021 Q-DCF
Lab Number: 94081641 

Date Sampled: 08/19/94
Sample Description: DCFETANK-819 Time Sampled: 1645

DateAnalysis, 
Concentration Units Analyzed Book/Page

EPA Method 8010 

08/20/94

l,l,l,2 -Tetrachloroethane ND(0.2) pg/L 1766/21
l,l,l-Trichloroethane ND(0.2) pg/L 1766/21l,l, 2,2-Tetrachloroethane ND(0.2) pg/L 1766/21l,l, 2-Trichloroethane ND(0.2) pg/L 1766/21l,l-Dichloroethane ND(0.2) pg/L 1766/21l,l-Dichloroethene ND(0.2) pg/L 1766/211,2, 3 -Trichloropropane ND(0.2) /g/L 1766/211,2 -Dichlorobenzene ND(0.2) pg/L 1766/211,2-Dichloroethane ND(0.2) pg/L 1766/211,2 -Dichloropropane ND(0.2) pg/L 1766/21
1,3-Dichlorobenzene ND(I.2) ug/L 1766/21
1,4-Dichlorobenzene ND(0.2) pg/L 1766/212-Chloroethylvinyl Ether ND(0.2) pg/L •1766/21Benzyl Chloride ND(0.2) pg/L 1766/21Bromobenzene ND(0.2) pg/L 1766/21Bromodichloromethane ND(0.2) pg/L 1766/21Bromoform ND(.2) g/L 1766/21Bromomethane ND(0.2) Mg/L 1766/21Carbon Tetrachloride ND(0.2) Pg/L 1766/21
Chlorobenzene ND(O.2) pg/L 1766/21Chloroethane ND(0.2) pg/L 1766/21Chloroform ND(0.2) pg/L 1766/21Chloromethane ND(0.2) Pg/L 1766/21cis-l,2 -Dichloroethene ND(0.2) pg/L 1766/21cis-l,3-Dichloropropene ND(0.2) pg/L 1766/21Dibromochloromethane ND(0.2) pg/L 1766/21Dibromomethane ND(0.2) pg/L 1766/21Dichlorodifluoromethane ND(0.2)" pg/L 1766/21Methylene Chloride ND(0.2) pg/L 1766/21Tetrachloroethene ND(0.2) pg/L 1766/21
trans-I,2-Dichloroethene ND(0.2) pg/L 1766/21trans-l,3-Dichloropropene ND(0.2) pg/L 1766/21Trichloroethene ND(0.2) pg/L 1766/.21Trichlorofluoromethane ND(0.2) pg/L 1766/21
Vinyl Chloride• ND(0.2) pg/L 1766/21

DateAnalysis Prepared QC Batch Analyst Analytical Method
EPA Methbd 8010 NA 1GC3231 DKT 8010
Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. NDO, where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

'• ~Clif or J. B k" "

I CaO INENTAL ANALYTICAL SERVICES, INC.

oCliford .Bak Road * Salina, Kansas .67401-6675 4
913-827-1273 *800-535-3076 *FAX 913-823-7830

Im
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S E R V I C E 5 I N C

Page: 2Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/20/94Attn: Susan Knauf Date Sample Recd: 08/19/94100 Halsted Street CAS File No: 94-6151
East Orange, NJ 07019 CAS Order No: 24390

IJH1021 Q-DCF
Lab Number: 94081642 

Date Sampled: 08/19/94Sample Description: Trip Blank #D123 Time Sampled: 1645Date
Analysis 

Concentration Units Analyzed Book/Page
EPA Method 8010 

08/20/94 /l~l,l,2-Tetrachloroethane ND(0.2) pg/L 1766/21ll-Trichloroethane ND(.2) pg/L 1766/21l,l2,2-Tetrachloroethane ND(0.2) pg/L 1766/21
ll,2 -Trichloroethane ND(0.2) pg/L 1766/21
ll*,-Dichloroethane ND(0.2) pg/L 1766/21
l,l-Dichloroethene ND(O.2) pg/L 1766/211,2,3-Trichloropropane ND(0.2) pg/L 1766/211,2-Dichlorobenzene ND(0.2) pg/L 1766/21
1,2-Dichloroethane ND(0.2) pg/L 1766/211,2 -Dichloropropane ND(0.2) pg/L 1766/21l'3-Dichlorobenzene ND(O.2) pg/L 1766/21
1,4-Dichlorobenzene ND(0.2) pg/L 1766/212-Chloroethylvinyl Ether ND(0.2) pg/L 1766/21
Benzyl Chloride ND(0.2) pg/L 1766/21Bromobenzene ND(0.2) pg/L 1766/21
Bromodichloromethane ND(0.2) pg/L 1766/21Bromoform ND(0.2) pg/L 1766/21Bromomethane ND(0.2) pg/L .1766/21Carbon Tetrachloride ND(0.2) pg/L 1766/21Chlorobenzene ND(O.2) pg/L 1766/21Chloroethane ND(.2) g/L 1766/21Chloroform ND(0.2) pg/L 1766/21

DChloromethane L 1766/21cis-1,2-Dichloroethene ND(0.2) Pg/L 1766/21
cis-l,-Dichloroe hene ND(0.2) pg/L 1766/21cis-l,3-Dichloropropene ND(0.2) pg/L 1766/21Dibromochloromethane ND(0.2) pg/L 1766/21•Dibromomethane ND(0.2) pg/L .1766/21

Dichlorodifluoromethane ND(0.2) pg/L 1766/21
Methylene Chloride ND(0.2) Wg/L 1766/21ITetrachloroethene 

ND(0.2) pg/L 176/21etrans-l,2-Dichloroethene ND(0.2) Ig/L 1766/21
trans-l,3-Dichloropropene ND(0.2) pg/L 1766/21
Trichloroethene .ND(0.2) pg/L 1766/21Trichlorofluoromethane ND(0.2) Mg/L 1766/21

Vinyl Chloride ND(0.2) pg/L 1766/21-- 
D a t eAnalysis 

Prepared QC Batch Analyst Analytical Method
EPA Method 8010 NA 1GC3231 DKT 8010
Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. ND(, where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

ACONIENA DAYI SERVICES, INC.

ULa irBa U4 e Road - Salina, Kansas 67401-6675 5
913-827-1273 * 800-535-3076 * FAX 913-823-7830
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1 Continen tal Analytical
S E R V I C E S v C..

Page: 1
Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/18/94Attn: 'Susan Knauf 

Date Sample Recd: 08/16/94100 Halsted Street 
CAS File No: 94-6151East Orange, NJ 07019 
CAS Order No: 24302
Client P.O.: JH1073 -DCFLab Number: 94081189 

Date Sampled: 08/16/94Sample Description: DCFWWTANK-1 
Time Sampled: 1546.

-. __DateAnalysis 
Concentration Units Analyzed Book/page

TCL Volatiles 
0.8/17/941,1,1-Trichloroethane 

. ND(O.7) pg/L 
2009/74ll,2 ,2-Tetrachloroethane ND(0.6) pg/L 2009/741,1, 2 -Trichloroethane ND(0.6) pg/L 2009/74

(,t-Dichloroethane ND(0.5) Pg/L 2009/74l,-Dichloroethylene 
ND(0.6) pg/L 2009/74

1,2-Dichloroethane 
ND(0 6) jjg/L 2009/741,2-Dichloroethylene (Total) ND(0.5) jig/L 2009/741,2-Dichloropropane 
ND(0.4) ;ig/L 2009./74l1,4-Dichlorobenzene 
ND(i.0) pg/L 2009/742 -Butanone 
ND (100) pg/L 2009/742-Chloroethyl Vinyl Ether ND(5.0) Mg/L 2009/74

2 -Hexanone 
ND(50) pg/L 

2009/74

4 -Methyl-2-Pentanone 
ND(50) pg/L 2009/74Acetone 
ND(100) pg/L 2009/74Benzene Ug/L 2009/74Benzene ND(0.4) pg/L 2009/74

Bromodichloromethane (TEM) ND(0.5) Mg/L 2009/74
Bromoform (TEN) ND(I.5) zg/L 

2009/74
Bromomethane 

ND(1.2) pg/L 2009/74Carbon Disulfide ND(5.0) pg/L 2009/74
I Chlorobenzene 

ND(0.4) pg/L 
2009/74

Chloroethane 
ND(3.7) pg/L 2009/74Chloromethane 
ND(5.0) pg/L 2009/74

Cis-1,3"Dichloropropene 
ND(0.9) pg/L 

2009/74Dibromochloromethane (THM) ND(0.7) pg/L 2009/74Dichloromethane 
ND(0.9) pg/L 2009/74Ethylbenzene 
ND(0.7) pg/L 2009/74Meta &/or Para-Xylene ND(0.6) pg/L 2009/74

Ortho-Xylene. ND(0.6) .g/L 2009/74Styrene 
ND(5.0) pg/L 2009/74

Tetrachloroethylene 
ND(1.1) pg/L 2009/74Tetrachloromethane 
ND(0.7) ;ig/L 2009/74Toluene 
ND(0.4) pg/L 2009/74Trans-1,3-Dichloropropene 
ND(0.8) Mg/L 2009/74Trichloroethylene 
ND(0.6) pg/L 2009/74

Trichloromethane (THM) ND(0.5) pg/L 2009/74
Vinyl Acetate 

ND(50) Pg/L 
2009/74

Vinyl Chloride ND(0.8) Pg/L 2009/74

Analysis 
Prepared QC Batch Analyst Analytical Method

TCL Volatiles 
NA 1MS3229 CLS 624/8240
-Continued-

I

1804 Glendale Road - Salina, Kansas 67401-6675
.913-827-1273 * 800-535-3076 * FAX 913-823-7830



CONTINENTAL ANALYTICAL SERVICES, INC.

LABORATORY REPORT 
Page:

Client: Louis Berger and Associates, Inc.Lab Number: 94081189

Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. ND(), where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

CONTINENTAL ANALYTICAL SERVICES, INC.

*lf aker
Latbo77 tori rector
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I Continental Anali/ticalI 
5 E R V I C E S "I .V C3Page: 

3Client:' Louis Berger and Associates, Inc. Date Sample Rptd: 08/18/ 94
Attn: Susan Knauf 

D 08/16/94100 Halsted Street 
Date Sample Recd: 08/16/94

East Orange, NJ 07019 
CAS File No: 94-6151CAS Order No: 24302
Client P.O.: JH1073 -DCF

Lab Number: 94081190 
Date Sampled: 08/16/94Sample Description: Trip Blank 
Time Sampled:_Date

AnalVsis 
Concentration Units Analyzed

i,l,1-Trichloroethane 
ND(0.7) Pg/L 08/17/94 /i,1,2,2-Tetrachloroethane 
ND(0.6) Mg/L 

2009/73
i,i,2-Trichloroethane 

ND(0.6) Pg/L 
2009/73-Dichloroethane 

ND(0.5) pg/L 
2009/73,l1-Dichloroethylene 

ND(0.6) ;ig/L 
2009/73, 2-Dichloroethane 

ND(0.6) ;g/L1,2-Dichloroethylene (Total) ND(0.5) pg/L 
2009/731,2 -Dichloropropane 

ND(004) pg/L 
2009/73

1 , 4-Dichlorobenzene 
ND (i.0) ;jg/L20972-Butanone 
ND (i00) jjg/L 2009/732 -Chloroethyl Vinyl Ether ND(5.0) pg/L 

2009/73
2 -Hexanone 

ND(50) pg/L 
2009/734 

ND(50) pg/L 
2009/73

Acetone 
ND (100) .lg/L 

2009/73
Benzene 

ND(0.4) pg/L 
2009/73

Bromodichloromethane 
(THM) ND(0.5) ;pg/L

Bromoform (THM) ND(1.5) pg/L 2009/73Bromomethane ND(1.2) g/L 2009/73Carbon Disulfide ND(5.0) pg/L 
2009/73

Chlorobenzene 
ND(•.4) pg/LChlorothane D.2009/73Chloroethane 
ND(3.7) pg/L 

2009/73Chloromethane 
ND(5.0) pg/L 

2009/73
Cis-3 3-DichlOropropene 

ND(0.9) g/LDibromochloromethane (THM) ND(0.7) pg/L 
2009/73Dichloromethane 

ND(0.9) g/L2009/73Ethylbenzene 
ND(0.7) pg/L 

2009/73
Meta &/or Para-Xylene ND(0.6) pg/L 

2009/73
Ortho-Xylene 

ND(0.6) pg/L 
2009/73Styrene 

ND(5.0) pg/L 
2009/73Tetrachloroethylene 

ND(1.1) pg/L 
2Tetrachoromethane ND(07)2009/73Toluene 

• pg/L 
2009/73ND(0.4) pg/L 
2009/73

Trans-1,3-Dichloropropene 
ND(0.8) pg/L 

2009/73
Trichloroethylene 

ND(0.6) mg/L 
2009/73

Trichloromethane. (THM) ND(0.5) pg/L 
2009/73

Vinyl Acetate 
ND(50) pg/L 

2009/73Vinyl Chloride ND(0.8) pg/L 2009/73Analysi i 
Prepared QC Batch Analyst Analytical Method

TCL Volatiles 
NA 1MS3229 CLS 624/8240

-Continued-I
U 

1.804 Glendale Road * Salina, Kansas 67401-6675
913-827-1273 *800-535-3076 *FAX 913-823-7830



i CONTINENTAL ANALYTICAL SERVICES, INC.

3 
LABORATORY REPORT Page: 4

Client: Louis Berger and Associates, Inc..
Lab Number: 94081190

Laboratory analyses were performed on samples utilizing procedures published in-Title 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. ND), where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

CONTINENTAL ANALYTICAL SERVICES, INC.

C 'aker* Labor, or~rector
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Continental AIIliitic(l
S E R V I C E S I N C

Page:Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/22/94Attn.: Susan Knauf 
Date Sample Recd: 08/20/94100 Halsted Street 
CAS File No: 94-6151

East Orange, NJ 07019 CAS Order NO: 24399Cent P.O.: Proj:JG1073
Lab Number: 94081714 

Date Sampled: 08/20/94Sample Description: DCF Inflow 
Time Sampled: 1550

Analysis 
Concentration Units Analyzed Hook/Page

EPA Method 8010 
08/22/94 /ll,l,2-Tetrachloroethane 

ND(1.0) ;.g/L 1766/24ll,l-Trichloroethane 
ND(1.0) pg/L 1766/24

1,l2,2-Tetrachloroethane 
ND(1.0) jjg/L 1766/24l,l,2-Trichloroethane 
ND(1.0) .. g/L 1766/2A1 'Dichloroethane ND(1.0) pg/L 1766/24

l,l-Dichloroethene 
ND(1.0) pg/L 1766/24

1,2,3-Trichloropropane 
ND(I.0) jig/L 1766/241,2-Dichlorobenzene 
ND(I.0) pg/L 

1766/241,2 -Dichloroethane ND(1.0) pg/L 1766/241,2 -Dichloropropane ND(1.0) pg/L 1766/241,3-Dichlorobenzene 
ND(1.0) pg/L 1766/24

1,4-Dichlorobenzene ND(1.0) pg/L 1766/242-Chloroethylvinyl Ether ND(1.0) pg/L 1766/24Benzyl Chloride ND(I 0) pg/L1762
Bromobenzene ND(1.0) Pg/L 1766/24

BezlClrd 
ND(I.0) pg/L1762Bromodichloromethane ND(1.0) pg/1766/24

Bromoform 
ND(1.0) pg/L 1766/24Bromomethane 
ND(1.0) pg/L 1766/24Carbon Tetrachloride ND(1.0) pg/L 1766/24Chlorobenzene ND(1.0) pg/L 1766/24

Chloroethane ND(1.0) pg/L 1766/24
Chloroform 4.1 pg/L 1766/24Chloromethane ND(.0) pg/L 1766/24cis-l,2-Dichloroethene 3.6 pg/L 1766/24
cis-1,3-Dichloropropene 

ND(1.0) pg/L 1766/24Dibromochloromethane 
ND(1.0) pg/L 1766/24Dibromomethane ND(1.•) pg/L 1766/24

Dichlorodifluoromethane ND(1.0) pg/L 1766/24
Methylene Chloride ND(1.0) pg/L 1766/24Tetrachloroethene 

99. pg/L 1766/24trans-l,2-Dichloroethene 
ND(1.0) pg/L 1766/24

trans-l,3-Dichloropropene ND(1.0) pg/L 1766/24Trichloroethene 
4.0 pg/L 1766/24Trichlorofluoromethane ND(1.0) pg/L1766/243 Vinyl Chloride Ng/L 

1766/24ND(I.0) pg/L 1766/24
Al sDate

Analsis Prepared QC Batch Analyst Analytical MethodEPA Method 8010 NA 1GC3232 DKT 80103 Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. ND(), where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

NINT AL ANALYTICAL SERVICES, INC.

Clif rd .Bakirgo4, Glendale Road *Salina, Kansas 67401-667 .5Lajb to irector
913-827-1273 o 800-535-3076 o FAX 913-8Z3-7830I.'



U Continental Analytical
S' E R V ICES IN C

Page: 
2Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/22/94Attn: Susan Knauf Date Sample Recd: 08/20/94100 Halsted Street Date Sample Recd: 08/20/94East Orange,,NJ 07019 CAS File No: 94-6151CAS Order No: 24399

Client P.O.: Proj:JG1073Lab Number: 94081715 
Date Sampled: 08/20/94Sample Description: DCF Trip Blank 1 Time Sampled: 1550

Date
Analysis 

Concentration Units Analyzed Book/Page
EPA Method 8010 

08/21/94ll,l,2-Tetrachloroethane 
ND(0.2) pg/L 1766/23ll-Trichloroethane 
ND(0.2) pg/L 1766/23ll,2 ,2-Tetrachloroethane ND(0.2) pg/L 1766/23

1,1,.2-Trichloroethane 
ND(0.2) .g/L 

1766/23
ll-Dichloroethane ND(O.2) pg/L 1766/23ll-Dichloroethene ND(0.2) pg/L 1766/231,2,3-Trichloropropane ND(0.2) ;g/L 1766/231,2-Dichlorobenzene ND(0.2) g/L 1766/231,2 -Dichloroethane ND(0.2) pg/L 1766/23
1,2-Dichloropropane 

ND(0.2) pg/L 1766/23
1,3-Dichlorobenzene 

ND(0.2) pg/L 1766/23
1,4 -Dichlorobenzene ND(0.2) Pg/L 1766/232 -Chloroethyivinyl Ether ND(0.2) pg/L 1766/23Benzyl Chloride ND(0.2) pg/L 1766/23
Bromobenzene 

ND(0.2) pg/L 1766/23
Bromodichloromethane ND(0.2) pg/L 1766/23
Bromoform 

ND(O.2) pg/L 1766/23Bromomethane 
ND(0.2) pg/L 1766/23

Carbon Tetrachloride ND(0.2) Pg/L 1766/23
Chlorobenzene 

ND(O.2) pg/LChloroethane ND(0.2) Pg/L 1766/23Chloroform ND(0.2) Pg/L 1766/23ChlDrmethane 
1766/23

ND(0.2) g/L 
1766/23

cis-1,2-Dichloroethene 
ND(0.2) pg/L 

1766/23cis-,3-Dichloropropene 
ND(0.2) p;g/L 

1766/23Dibromochloromethane 
ND(0.2) pg/L 1766/23

Dibromomethane 
NDO2 gL1766/23Dichlorodifluoromethane ND(.2)1766/23

Methylene Chloride ND(O.2) Pg/L 1766/23
Tetrachloroethene 

ND(0.2) pg/L 1766/23trans-l,3-Dichloroethene 
ND(0.2) ig/L 1766/23trans-l,2-Dichloroethene 
ND(O.2) pg/L 1766/23Trichloroethene 
ND(0.2) pg/L 1766/23Trichlorofluoromethane 
ND(0.2) jg/L 1766/23Vinyl Chloride ND(0.2) Pg/L 1766/23Analy si sDate

Prepared QC Batch Analyst Analytical Method
EPA Method 8010 NA 1GC3232 DKT 8010
Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. NDO, where noted, indicates
none detected with the detection limitin parentheses. Samples will be retainedfor thirty days unless otherwise notified.

CONTINENTAL ANALYTICAL SERVICES, INC.

ClifrdBakl1
0 4 Glendale Road * Salna, Kansas 67401-6675Laboto 

irector913-827-1273 800-535-3076 FAX 913-8Z3-7830



1 Continental Analytical
S E R V I C ES , I. N C

Page: 3Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/22/94Attn: Susan Knauf 
Date Sample Recd: 08/20/94100CAS 

File No: 94-6151East Orange, NJ 07019 
CAS Order No: 24399
Client P.O.: Pro.j:JG1073Lab Number: 94081716Sample Description: DCF Intermed 

Date Sampled: 08/20/94Time Sampled: 1552

Analysis Concentration Units Analyzed
EPA Method 8010 

0/19ll,l,2-Tetrachloroethane 
ND(0.2) pg/L 08/21/94 /

l,l,l-Trichloroethane 
ND(0.2) pg/L 

1766/24
l,l,2, 2-Tetrachloroethane 

ND(0.2) pg/L 
1766/24l, 2,2-Trichloroethane 

ND(0.2) pg/L 
1766/24

l,l-Dichloroethane 
ND(0.2) pg/L 

1766/24l,l-Dichloroethene 
ND(0.2) Mg/L 

1766/241,2, 3 -Trichloropropane 
ND(0.2) pg/L 

1766/241,2-Dichlorobenzene 
ND(0.2) pg/L 1766/241,2-Dichloroethane 
ND(0.2) pg/L 1766/24

1,2-Dichloropropane 
ND(0.2) Pg/L 1766/24

1,3-Dichlorobenzene 
ND(0.2) pg/L 1766/24

!,4-Dichlorobenzene 
ND(0.2) pg/L 1766/242-Chloroethylvinyl Ether ND(0.2) pg/L 

1766/24Benzyl Chloride 
ND(0.2) pg/LBromobenzene ND(0.2) Pg/L 1766/24

IBromodichloromethane 
ND(0.2) zg/L17/2

1766/24
Bromoform 

ND(0.2) pg/L 1766/24Bromomethane 
ND(0.2) mg/L 1766/24

Carbon Tetrachloride ND(0.2) pg/L 
1766/24

Chlorobenzene 
ND(0.2) pg/L ~17 66/24Chloroethane 
ND(0.2) pg/L 1766/24Chloroform ND(0.2) pg/L 1766/24Chloromethane ND(0.2) g/L 1766/24

pg/L 
1766/24cis-l,2-Dichloroethene ND(0.2) pg/L 1766/24cis-1,3-Dichloropropene ND(0.2) g/L 1766/24Dibromochloromethane 

ND(0.2) pg/L 
1766/24

Dibromomethane" 
ND(0.2) Pg/L 

1766/24
Dichlorodifluoromethane 

ND'(0.2) mg/L 
1766/24Methylene Chloride ND(0.2) pg/L 1766/24Tetrachloroethene ND(0.2) g/L1766/24trans-i,2 -Dichloroethene ND(0.2) pg/L 1766/24

trans-l,3-Dichloropropene 
ND(0.2) pg/L 

1766/24
Trichloroethene ND(.2) g/LTrichlorofluoromethane 

ND(0.2) pg/L 
1766/24

Tricloroluoometane D (.2) g/L1766/24
Vinyl Chloride ND(0.2) pg/L 

1766/24

AnalysisDate
Analy-sis Prepared QC Batch Analyst Analytical MethodEPA Method 8010 NA 1GC3232 DKT 8010
Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. ND), where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

CONTINNTAL ANALYTICAL SERVICES, INC.

Clir dJ. Bakj 0 4 Glendale Road • Salina, Kansas 67401-6675Lab to irector
9 13-827- 1273 800-535-3076 * FAX 913-8Z3-7830

-'



i Continental Analytical
S E R V I C E S I N C

Page: 4Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/22/94Attn: Susan Knauf Date Sample Recd: 08/20/94100 Halsted Street CAS File No: 94-6151East Orange, NJ 07019 CAS Order No: 24399
Client P.O.: Proi:JG1073Lab Number: 94081717 

Date.Sampled: 08/20/94Sample Description: DCF Outflow Time Sampled: 1555

~Date
Analysis Concentration Units Analyzed Book/P age
EPA Method 8010 

08/21/94lll,2-Tetrachloroethane ND(0.2) pg/L 1766/23
Ill-Trichloroethane ND(0.2) g/L 1766/23ll,2,2-Tetrachloroethane ND(0.2) g/L 1766/23
!, 2,2 -Trichloroethane ND(0.2) pg/L 1766/23l,l-Dichloroethane ND(0.2) pg/L 1766/23l,l-Dichloroethene ND(0.2) pg/L 1766/23

1,2,3-Trichloropropane ND(I.2) g/L 176/231,2-Dichlorobenzene ND(0.2) pg/L 1766/231,2-Dichloroethane ND(0.2) pg/L 1766/23
1,2-Dichloropropane ND(0.2) pg/L 1766/231,3-Dichlorobenzene ND(0.2) pg/L 1766/231,4-Dichlorobenzene ND(0.2) pg/L 1766/23
2-Chloroethylvinyl Ether ND(0.2) ;jg/L 1766/23

Benzyl Chloride ND(0.2) pg/L 1766/23-- h Bromobenzene 
ND(0.2) pg/L 1766/23Bromodichloromethane ND(0.2) pg/L 1766/23

Bromoform ND(0.2) pg/L 1766/23,
Bromomethane ND(0.2) pg/L 1766/23Carbon Tetrachloride ND(0.2) Pg/L 1766/23Chlorobenzene ND(0.2) Pg/L 1766/23Chlorohethane ND(0.2) pg/L 1766/23Chloroform 

ND(0.2) pg/L 1766/23Chloromethane 
ND(0.2) jg/L 1766/23cis-,2-Dichloroethene ND(0.2) pg/L 1766/23C ncis-e,3-Dichloropropene ND(0.2) pg/L 1766/23Dibromochloromethane ND(0.2) pg/L 1766/23Dibromomethane 
ND(0.2) pg/L 1766/23Dichlorodifluoromethane ND(O.2) pg/L 1766/23

Methylene Chloride ND(0.2) pg/L 1766/23
Tetrachloroethene 

ND(0.2) jg/L 1766/23trans-,2-Dichloroethene 
ND(0.2) pg/L 1766/23trans-,3-Dichloropropene ND(0.2) pg/L 1766/23Trichloroethene 
ND(0.2) pg/L 1766/23eTrichlorofluoromethane ND(0.2) pg/L 1766/23

Vinyl Chloride ND(0.2) pg/L 1766/23

DateAnalysis 
Prepared QC Batch Analyst Analytical Method

EPA Method 8010 NA 1GC3232 DKT 8010
Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication, SW-846, 3rd edition, September, 1986. ND(), where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

CONTINNTAL A LYTICAL SERVICES, INC.

Lo r yiak 9 Glendale Road Salina, Kansas 67401-6675
9 13- 82 7-12 73 8 800 -53 5-3 076 *FA X 91,3-8Z3-7830.#



I Continental Analytical
SSER VICES INC

Page: 5
Client: Louis Berger and Associates, Inc. Date Sample Rptd: 08/22/94AtnIua nu Date Sample Recd: 08/20/94

Attn: Susan Knauf
100 Halsted Street 

CAS File No: 94-6151East Orange, NJ 07019 CAS Order No: 24399
Client P.O.: Proj:JG1073

Lab Number: 94081718 
Date 08/20/94

Sample Description: DCF Tank 
Time Sampled: 1559

Date
Analysis 

Concentration Units Analyzed Book/Page
EPA Method 8010 

08/21/94 /ll,l,2-Tetrachloroethane ND(0.2) Mg/L 1766/23
I,1,l-Trichloroethane ND(0.2) pg/L 1766/23l,l,2,2-Tetrachloroethane ND(0.2) pg/L 1766/23

l,l,2-Trichloroethane 
ND(0.2) pg/L 1766/23

I l,l-Dichloroethane ND(0.2) pg/L 1766/23l,l-Dichloroethene 
ND(0.2) pg/L 1766/23

1,2,3-Trichloropropane ND(I.2) g/L 1766/231,2-Dichlorobenzene ND(0.2) pg/L 1766/23
1,2-Dichloroethane ND(0.2) Mg/L 1766/23
1,2-Dichloropropane ND(0.2) pg/L 1766/231,3-Dichlorobenzene ND(0.2) pg/L 1766/231,4-Dichlorobenzene ND(0.2) pg/L 1766/23,2-Chloroethylvinyl Ether ND(0.2) pg/L 1766/23Benzyl Chloride ND(0.2), pg/L 1766/23-Bromobenzene ND(0.2) pg/L 1766/23Bromodichlioromethane ND(0.2) pg/L 1766/23

•Bromoform 
ND(0.2) mg/L 1766/23-- Bromomethane ND(0.2)- ;g/L 1766/23

Carbon Tetrachloride ND(0.2) pg/L 1766/23Chlorobenzene ND(0.2) pg/L 1766/23Chloroethane ND(0.2) pg/L 1766/23Chloroform ND(0.2) pg/L 1766/23Chloromethane 
ND(0.2) pg/L 1766/23cis-,2-Dichloroethene ND(0.2) pg/L 1766/23cis-l,3-Dichloropropene 
ND(0.2) pg/L 1766/23Dibromochloromethane ND(0.2) pg/L 1766/23Dibromomethane ND(0.2) pg/L 1766/23Dichlorodiflurmethane ND(0.2) pg/L 1766/23Methylene Chloride ND(0.2) pg/L 1766/233Tetrachloroeothene ND(0.2) pg/L 1766/23btranso-,2-Dichloroethene 
ND(0.2) Pg/L 1766/23trans-1,3-Dichloropropene ND(0.2) pg/L 1766/23

Trichloroethene 
ND(0.2) pg/L 1766/23

Trichlorofluoromethane ND(0.2) pg/L 1766/23Vinyl Chloride ND(0.2) pg/L 1766/23

A l sDateAnalysis Prepared QC Batch Analyst Analytical MethodEPA Method 8010 NA 1GC3232 DKT 8010

Laboratory analyses were performed on samples utilizing procedures published inTitle 40 of the Code of Federal Regulations, Parts 136 or 141, or in EPAPublication SW-846, 3rd edition, September, 1986. ND(, where noted, indicatesnone detected with the detection limit in parentheses. Samples will be retainedfor thirty days unless otherwise notified.

CONTINENTAL ANALYTICAL SERVICES, INC.

C 1frBak~r 0Labi re t Glendale Road ° Salina, Kansas 67401-6675

913-27-1273 800-535-3076 FAX 913-823-7830
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* Attachment C
List of On-site GC and Associated

1 Equipment
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3 GC Model

Shimadzu GC-9A

Equipment

3 Pre-marked 40 milliliter vials
10 microliter liquid syringes
1000 microliter gas-tight syringes

i Blank water
Neat standards of compounds of interest
Gas chromatograph equipped with flame ionization detector

I Wide-bore capillary column
IntegratorI

I
I
i

I

I
i

i

i

I
I
i
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| Attachment D
GC Quantification Limits for Selected

I Target VOCs



I

i FIELD GC QUANTIFICATION LIMITS
DCF FACILITY PILOT TEST STUDY

I COMPOUNDS SOIL HEADSPACE DETECTION MMIT WATER HEADSPACE DETECTION UMITS
(ugh) (ugh)

Methylene Chloride 0.83 9.60
Trans-1,2-Dichloroethene 0.43 1.47
Cis-1,2-Dichloroethene 0.45 3.45
1,1,1-Trichloroethane 0.68 1.36
Chloroform 1.04 7.46
Benzene 0.12 0.63
Tricholoroethene (TCE) 0.57 1.97
Toluene 0.13 0.69
Tetrachloroethylene (PCE) 0.77 2.00

Note: Values indicated are for guidance purpose due to potentially indefinite field interferences.

I
i

I
i
i

I

I

Louis Berger & Associates, Inc. DLM_GC3.XLS
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Attachment E
i Static Head Space Methodology
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I
3 TERRA VAC CORPORATION

STANDARD OPERATING PROCEDURE
FIELD SCREENING WATER ANALYSIS BY THE STATIC HEADSPACE METHOD

3 Theory of Method

The partition of slightly soluble compounds in water between the liquid and vapor phases is well
established. The static Headspace Method takes advantage of this partition to increase the sensitivity of
field analysis of slightly soluble compounds in water.

Direct injection of water into a wide-bore capillary column is limited to 2 microliters. The same column
can accept 1000 microliters of vapor. If the partition coefficient of a compound is less than 5•00 the
resulting mass injected will be greater for 1000 microliters of vapor. The partition coefficient of the
chlorinated hydrocarbons and aromatic hydrocarbons usually encountered in field analysis are significantly3 lower than 500.

Equipment

Premarked 40 milliliter vials
10 microliter liquid syringes
1000 microliter gas-tight syringes
Blank waterIw Neat standards of compounds of interest
Gas chromatograph equipped with flame ionization detector
Wide-bore capillary column
Integrator

Procedure

A premarked 40 milliliter vial is filled to the mark with Blank Water, capped and allowed to equilibrate at
constant temperature for at least 30 minutes. An aliquot of the headspace is withdrawn with a gas-tight
syringe and injected onto the GC column. The Blank Water is then spiked with a neat standard mix of the
compounds of interest. After at least 30 minutes of equilibration at constant temperature, an aliquot of the
spiked water headspace is withdrawn with a gas-tight syringe and injected onto the GC .column. A
response factor is calculated for each compound and stored in the memory of the integrator.

Water samples are collected to the same volume mark, capped and allowed to equilibrate at least 30
minutes at constant temperature. A 1000 microliter aliquot of the sample headspace is withdrawn with a
gas-tight syringe and injected onto the GC column. Peaks are identified and quantified by the integrator.

I
I

I

I
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Static Headspace Method ($HM)

The SHM for soil analysis is based on EPA Methods 5030,
8015, and 8020, from SW-846. In these methodologle , samples areanalyzed by gas chromatography using either an FID and PID.Direct injection of the sample into the chromatoarahin Ayfttm icsuitalble fcr " 'uwzirations ot VOCs greater than 1 ppm. As
concentrations of this magnitude or higher are expected at most
cleanup sites, we have' opted for the direct injection approach.
Since the concentrations of a VOC in the vapor and aqueous phases
are related by a thermodynamic partition coefficient, it follows
that either the vapor or aqueous Phases can be injected to obtainidentical results. Partition coefficients for tho distributionot environmentally importaht VoCS between aqueous and vaporphases are well establishcd and therefore points toward water asthe best extraction medium.

The sensitivity of the chromatographic response to the vapor
or liquid phases is governed by the following equation, where 'a'represents the ratio of the quantities of a substance introducedinto the chromatograph:

vg
a - - (equation. l)V Xl*(K i Va/Vi)

where:I 
vg = volume of gas injectedvl = volume of liquid injected
K = partition coefficient(reciprocal of Henry's Constant)

Va/Vl" ratio of volumes of headspace to theaqueous phas-e
since the 24miting volumes of the liquid introduced into our

magabore is on the order at I ul, and the limiting volume of theiga is about 1000 ul, the above equation becomes:

10 exp3 -
a(K ------------ (equation 2)

This relationship indicates that the gain in sensitivity of theanalysis( a ) 1.,0) is attained when K ( (10 exp3 - Va/VI) foraverage volumes of Va and VI (typically Va/Vl is less than 10).The VOCs to be analyzed at Sitee have K's in the & to 50 range,therefore the above equation indicates a considerable increase insensitivity when the vapor is injected compared to the liquid.We therefore opt for direct injection of the vapor phase.

I
I
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Soil samples will be extracted with water and the VOC
concentration calculated from known partition coofficienta of theVOC's between the vapor and aqueous Phases ;viz,

I Mass in (Headspace + Water)
CS - ---- - - - - - - - - - - - -
Cs Mass of soil

C-h*Va + (Ch*Vl)/Hc-
CS =------------------ (equation 3)

Ms

WhOre Cs = concentration in soil sample (mg/Kg)

Ch z concentration in headapace (mg/LU
Va = Headspace Volume (L)
Vl = Volumeof Aqueous Phase (L)
Hc - Henry's Law Constant
Msl= Mass of Soil Sample(Ke)

To MiniMize transfer and handling, the soil samples. (10-15g)Will be placed directly into the jars containing water (300,ml)
at the time the split spoon is opened. Once soil samples arereceived at the field laboratory, the sample will be placed in aconstant temperature bath held at 20.0+ 0.1 deg.C. The
headspace will be sampled with a 1.0 m. gas-tight syringe andinjected directly into the GC. The -advantage of this approach
is evident in the simplicity and lack of sample preparation stepsduring which contamination and/or analyte losses are known tooccur with extraction and purge-and-trap procedures. Also thisapproach provides faster turnaround of results as well as more
reliable- and accurate data since samples are analyzed sooner thanpurge and trap methods.

3 The sensitivity (S) of the Static Headspace Method (SHM) is givenby the following variant of equation 1:

-- d * V iSI= - - V- -- (equation 4)
-K + Va/Vl)

where:

I d = chromatographic detector sensitivity
Vi - Volume injected into Chromatograph

Va/Vl = ratio of Volume of Headspace to the aqueous3 phase

I
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IBY suitably adjusting the volume ratio, the injection X12t(100 to 1000 ul) and taklng Into account the approximiate,50 foldincrease in sonitivity of the IPID over the FID, then accordingto the above equation,-the SH?1 sensitivity can be adjusted to afactor of almost 1000 for any given, analysis. The interactiOof these three parameters provides a considerable amounr ofcontrol over the analytical p ocedure. At values of HC < 1 Oexp-3, the sensitivity decreases and the usefulness of the S1*M isquestionable. The Hc's of the VOC's at this si.te are l0exp-2 orlaraer, well above this lower::$mt

Thq iiplications of Eu~tionr,. relative to our o r 14 at
the HC Of the ketonaz an alco~hol is about o.00Oj Anda W3w~' liiied to O.Ipl, i quid injections. Theraor,

a ~ C 10~ .e. VI))

if V-A/V. L1 then, a 1

In spite Of the Lun1fav"o Ab e HC, if you can only shcot
thea Headspac-- Method.. i
For- VDC's less water eq 'y than these the ad-vantage
of the HSM )ncrease5. Ft example, a R5 ppb Voll 11-of VCM (HC z 1) give 17?'.51) area unit Whe 1000~ .]vapo . is in.~acted at range setting of~ 0~.(Va/Vi = 

1116

The treachery of' dealng with- Hc' or Hv fori Henry 's variable)c all be reduced by -making a calibi- ~i curlvQ bised on thalequation t
PPM(90l'n) 1k -- V/l

which becoines, PPM (so I , 11 4=*KO when, YV V= 01Or ech VOC has. its owl, Kvo, 
-
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Assuming an area of 10o0 uft~ib~te p~ a~~i
eithera pie, ofa r Just-do-able for ,all bttems oulI ~~~ ~ s IOC evnf~~ems ub'le9 w"e are still better off shootingthe Headspace SO long as we: 're iie oa01u liquid iniectioon our 'egabore columns - as we foud out at Nwtf- Tevinc Dnat this p~lnt-sugges .ts that shooting t.HAdKpgR 5 h bs coalthough at some concentration levels it becom~es the best of two,Poor alternates. At these levels We switch to Purge-n-rrap.

Asa final Step in this section, lots tran-S]Qat th~e 20 ppb*rm a saii caflcefticitjon* Uting the FID and 409 ml water we feelcomnfortable wih 210 Ppb; if the Jar contains 20 g soil then the 5oilI c nic i s

IPPBsoi1) =204'VI/Kg soil = 0*0.409/.0a0 =409

This is a very respectable level to operate at, compared to a lot ofCleanup criteria, Also bear in mind that we can reduce our- comfortZones to ca. 5ppb with the PID). ISee Example 4 )

EXAM~PLE 3; The HSm on %oil using the PID.

a 4C 'I erecovery.
rnfNnTTMK1=c. 00a~ ~ lo iwyaoore coLumn, PID detector at range iTemp Bath = 20C

SAMIPLE ID Va/V CO'NC(ug/1) CONC(ppWATER derived Kvocfunction MMA TOL MMA TOL MMA TOL
B LANKS syr bink 0SLANKS jar- b ink 1.03 .04 .013CALIBAN jar+std2 1.03 1.9 .780 20.9 1 7 Wo

1. i. L0 :Sao 205 7. 59 190 9.PAANAIYqy4 a-; I (1 ~ og.J -Q .1 C1 :25 38ANALYSIS dupe i77 .4 3 3.89

Aacovny vui1l-sZ04 3.45 1.1 86 9
DATA ppe Of the SOIL 3230 38.4'0
NOTES: I 1 ul tol, e3 ul mma in 10 ml mach - 2 ul this snot'r Lnjt--tCd.

Irk& 1 =i sole ralg~t forward example based on some real data.The intent here to to illustrate the possibilities and internalConsistency Of the HSM.

Ib
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NGas Chromatograph

GC m~odel
Shimadzu GC-9A

Associated Fqgipzent

Shimadzu C-R 5A Integrator iCA 56f)
supelco SPB-I Wide Bore Capillary Columns
Zenith Supersport Laptop Computer
Balston Zero Air Generator A
Speedaire compressor and Tank
Compressed Gas Cylinders and Regulators
syringes - Assorted
Chemical Standards
Glassware - Assorted
Ford Van

I Quality Control

A standard bulb blank will bd analyzed daily to verify syringe and
bulb cleanliness and to demonstrate that the analytical system is
free of interferences. Dupiicate samples will be collected at a
minimum of once per day to establish the precision of the
analytical methodology. Da.e to limitations of field analytical
conditions, minimum quantifljcation limits ill be established in
lieu of Method Detection Limits. Minimum Quantification Limits are
established based upon each compound's detector response and a
minimum peak area which is wall above background noise levels.

I

I .

I

I!

I
I
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DRAFT TECHNICAL MEMORANDUM-EXTENDEDI SOIL VAPOR EXTRACTION SYSTEM PILOT STUDY
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DRAFT TECHNICAL MEMORANDUM
DRY CLEANING FACILITY

EXTENDED SOIL VAPOR EXTRACTION SYSTEM PILOT STUDYI8 FEBRUARY 1995
1.0 Overview
Data from the 30 day Soil Vapor Extraction System (SVE) Pilot Study at Dry Cleaning Facilities
(DCF), completed in December 1994, indicates that small amounts of volatile organic
compounds (VOC's) were being extracted from the soils. The vapor extraction test will be
extended for an additional 30 days in order to further evaluate the removal trend over time. Data
from this extended study will used to evaluated whether the test should continue.

2.0 Issue
The 30 day SVE extended pilot study will be performed in accordance with DCF Work Plan
Pilot Test Study Dual Phase Extraction System dated June 17, 1994, with the following

* modifications:
(1) Vapor treatment will not be necessary due to the GAC contaminant load rate of

approximately 0.5 lbs/day achieved at the completion of the 30-day pilot study ending
December 20, 1994. This level is below both KDHE hourly emission rate standard of 2.3
lbs./hr and the maximum daily rate of 55 lbs/day.

(2) Vapor samples will be collected weekly and transported to a laboratory for VOC analysis.

3.0 Proposed Action
Two vapor samples per week will be obtained from the DCF SVE system using the following
materials:

Desiccator, Gas sampling Bags, Hand Pump, Tygon Tubing.

The sampling procedure and laboratory analyses are comparable to collection and sampling in
original pilot study, and shall be conducted as described below:

Report vacuum level, temperature, and gaseous flow as read directly from gauges on manifold
pipe. Attach desiccator/Gas sampling bag apparatus to pipe sampling location using Tygon
tubing. Reduce vacuum in desiccator using hand pump. Gaseous flow will discharge into Gas
sampling Bag as a result of vacuum differential. Increase and decrease vacuum in desiccator two
times in order to purge bag. .Upon completion of second purge, fill bag a third time and retain
gaseous material in Gas sampling bag for transport to laboratory for analysis. Two samples shall
be collected - one to be analyzed, and a second to be archived should 1 st sample become
damaged or lost in transport.

The sample shall be analyzed for VOC's in air (14 compounds) as per (1) Modified EPA SW-846
method using EPA 8010 and 8020, and (2) TPH-GRO in air using modified EPA 8015. Sample
results shall be reported to LBA in 4 days.

I
isp 8 February 199S Page 1 of I c:lfriley~dc]qtmemolIsp
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DRAFT MEMORANDUM

TO: Commander, Engineer District, Kansas City
CEMRK-MD-H, Garth Anderson
Kansas City, MO 64106

Katie Watson, Fort Riley - DEH

I FROM: Susan Parslow, LBA

RE: Fort Riley, Dry Cleaning Facility
Draft Technical Memorandum - Extended Pilot Study

CC: Jim Stamatis, LBA
George Parris, LBA
Susan Knauf, LBA
Fred McCarthy, LBA

I
Enclosed please find the Technical Memorandum concerning sampling precedures and
frequencis for analysis of VOC concentrations in extracted vapor for the 30-day Extented SVE
Pilot Study at the Dry Cleaning Facility.

If you have any questions, please call me at (201)-678-1960, extension 467.

I
I
I
I
I
I

sp 8 February 199S Page 2 of)I c: ftrileyldcJ~tmemo l spI
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i APPENDIX D

SOIL BORING LOGS AND

AS-BUILT WELL CONSTRUCTION DETAILS

I
I



Corps of Engineers,
Client:Kn rity -,-Project No .: JH102 Q

o Dry eaning acility, Page
LOUIS BERGER & ASSOCIATES, INC. Prepared by: T. Kelly Date: 8/5/94100 Halsted Street Checked by: A. Smrith Date: 2/23/95

East Orange,. N.J.

MONITORING WELL AS-BUILT DIAGRAM

DrillerCharles Riffle Well No.:DCF94ES-1IA
Drilling Metr)oo: 4.25" ID HSA (drill & amo ) . Date Installed: 5/2/c)8.25" ID HSA (ream)

Coordinates:N-267929.64939 E-2343392.08465 PROTECTOR CASING
•_Size: flush mount

- E 0Material: steel vault

Ground 1085.24-'-- Stick-up (-1 .07)

EN/A _J- Rock/Soil Interface /

Surface Seal Material -
Concrete / -

Drill Hole Diameter Riser:
.'l 12" Diameter: 4" ID

3 Type of Annular Seal Sch.: 424.6.' 3% bentonite 97%nea Type of Joints: f1I -h-hreadeI

--- cement mixture Stenc:led?II _0 ~10.7tI ii
_ •Type of Seal Screen:

bentonite pellets Diameter: 4" IDMaterial: PVC

Slot Size: 0.020-slot.
Length: . 10

Type of Filter Material
#4 sand (pea gravelSum:

Lenglth: 0.4 '
Type.of Cap: PVC

I 24.61
•'Type of Filter Material-

-27.1 #4 sanci (gmpa arnve, Cenr'alizer: Used-
Not Used •3---- Type o Seal oUeL

Type of Backfill IDepth to Water
IN/A From Top of Riser N/Aat Completion: -

vapor well

FORM: LSAMONW.DRWIFeb. 1992 NOTE: Not to Scale

I



Corps of Engineers,
Client:Kansas CityDitrict .. Mroject NO.: JH 102 1 Q
Project: Yti I f- aean F cility

LOUIS BERGER & ASSOCIATES, INC. Prepared by: T. Kelly Page,' 81 9
I Date: /2/95100 Halsted Street3East Orange, N.J. Checked by: A. Smith -Date: 2/23/95

MONITORING WELL AS-BUILT DIAGRAM

Driller Charles Riffle Well No.:DCF94ES-2A
DdllingMethod: TK 8/2at 8.25" ID HSA Date Installed: 521/94

Coordinates: N-267896.59545 E-2343385.84587 PROTECTOR CASING

__Size: .IUahDount
Elevation 1 083.76' Material: steel vault

Ground 1084.25 -  
Stick-up (-0.49')

N/A jRock/Soil Interface-- DrlHoeiatr\ Drill Hole Diarneter

U 'Surface Seal Material
concrete K

2Drill Hole Diameter Riser:
K 12" Diameter: 4 DI ~Material:-V_.

Type of Annular Seal ; Sche 4a0
24.9' '53% bentonite 97% K \ Type of Joints: FLusgh±.breaded

1= neat cement grout . Stenciied? -
.o 9.9 'mixture

Type of Seal Screen:
bentonite pellets Diameter4 ID
3- /8". Material: PVC, sch 40

Slot Size: 0.020-slot2 Length: 10'
Type of Filter Material3 #4 sand (pea gravel Sumo:

Length: 0.4
Type of Cap: atI ,,Ty#pe ofnFgter Materdl

Spea gravel Centralizer: Used-- 27_1 Not Used3 -Type of Seal

Type of Backfill Depth to Water
•N/A From Top of Riserat Completion: v A

vapor well onl,

FORM: LBAMONW.DRW/Feb. 1992 NOTE: Not to Scale
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Client: US Army Corps of Engineer roject No.: 1021
Project: Dry Cleaning Facility - Ft Rilqage:

LOUIS BERGER & ASSOCIATES, INC. Prepared by: T. Kellyae81/
100 Halsted Street Checked by: A. Kelly Date: 2/23/95
East Orange, N.J. C:Date:

I .MONITORING WELL AS-BUILT DIAGRAM

Driller: David Robinson (Layne) Well No.: DCF 94ES-3A
Drilling Method: 4.25" ID HSA (drilling & sampling) Date Installed: 5/22/94

8.25" ID HSA (reaming)

Coordinates: N-267932.32384 E-2343374.33876 PROTECTOR CASING
Size: flush mount

E8Material: steel vault-. Elevation 1 084. 24 'Lock No.:
Ground 1 08 5 .15 Stick-up
Elev. -S--p(09'

N/A RocktSoil Interface .

3 ' Drill Hole Diameter
12"

concrete

1Dll Hole Diameter Riser:
co 12". / Diameter: 4" no.ni hali ' i<Material: PVCType of Annular Seal >: Sch.:" 40

25.'. 0 3% bentonite/97% neat K Type of Joints: flush tread
i - cement mixture Stenciled?

.2 9.4'bgfs

Type of Seal Screen:
bentonite pellets Diameter: 4" nominal

I Material: PVC
11.' bgs SlotSize: 0.020" slot

Length: 10'
Type of Filter Material3 #4 sand (pea gravel) Sumo:

Length: 0.4'
2 2 5.3 ' bgs Type of Cap: flat, flush thread

Type of Filter Material
26.8 I Centralizer: Used /' Not Used

-Type of Seal

Type of Backfill Depth to Water
N/A From Top of Riser

at Completion: N/A
vapor only

FORM: LBAMONW.DRW/Feb. 1992 NOTE: Not to Scale

I



Corps of Engineers,Kansas City Dr.Client: Project No.: JH 1021Q

Project:Piot Test udv Page.L."
LOUIS BERGER & ASSOCIATES, INC. Prepared by: T. Kelly Date: 8/5/94

100 Halsted Street
East Orange, N.J. Checked by: A. Smith Date: 2/23/95

* MONITORING WELL AS-BUILT DIAGRAM

Driller: Dave Robinson WelINo.: DCF94ES'-1B
DrillingMethod: 4.25 ID HSA (Drill/Sump with DateInstalled: 5/22/94

8.25" ID HSA (ream)

Coordinates: N-267925.15875 E-2343390.93211 PROTECTOR CASING

Size: - flch wunt

tElevaton 
1083.89' Mori No.Ground 1084.96. --  Stick-up (-1.07')

Elev. -

Rock/Soil Interface D

Surface Seal MateDlal H

concrete

Drill HopDiameter Rsr
, - Diameter: 4" ID! " ii Material: PV1C.

Type of Annular Seal Sch.: 4040.8'., " 3% bentonite 97% Type ofJoints: ±usntnreaded
- - neat cement grout , Stenciled? -

o 26. mixture
Type of Seal Screen:

_ Bentonite pellets 4" ID) . . . Diameter: I
28.6 Matenal: sch. 40 PVC

SlotSize: 0 '0 1 0 slot
2 Length: I0'0 Type of Filter Material n

16-30 Colorado Sum:
silica sand Length: 2.4'

48Type of Cap: flati ,40.8',

. o f Filt1r Material1 6 :-o0 Cororado Centralizer: Used-43.0 ii =d - Not UsedI-- Typ(otkeal

Type of /Backfill Depth to Water
N/A From Top of RiserI at Completon: 38.-21'

FORM: LBUAMNW.DRW/Fe,1992 NOTE: Not to Scale
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Corps of Engineer, Kansas
Client: City District Project No..H1 021Q
Prect Dry Cleaning Facility 1Pject: L T=sL ft y -ae-

LOUIS BERGER & ASSOCIATES, INC. Prepared by: T . Ke lv Date: 8/5/94
100 Halsted Street
East Orange, N.J. Checked by: A. Smith Date: 2/235

* MONITORING WELL AS-BUILT DIAGRAM

Driller: John Gornick Well No.: DCF94ES-2B
Drilling Method: 4.25" HSA drliling/sampling Date Installed: 5/20/94

8.25" ID HSA-ream

I Coordinates: N-267900.85319 E-2343385.66734 PROTECTOR CASING
Size: flush mount

a 1Material: steel vault
Elevation 1083.65' -'_ _Lock No.:Ground1084. 30", Stick-up (-0.65')Eiev.

1 ~ ~ ~3 Rock/Soil Interface IDilH~Daee
Surface Seal Matenal
Concrete I

Drill Hole Diameter Riser:
12 Diameter:

x,' Material: PVC
Type of Annular Seal V . Sch.: 40

38.1' "0 3% bentonite 97% T ype of Joints: r±usntnread
neat cement mixtur- tencied? -

- 2 3 .5 V.. ....

Cu Type of Seal Screen:
entonite pellets Diameter: 4

-n Matenal: PVC, sh. 40
25.5, Slot Size: 0-010" !1ot

P Length: 10'

Type of Filter Material
16-30 Colorado Sumo:
Silica Sand Length: 2.93'__ 

_ _ Type of Cap: point
Type of Filter Material

Centralizer: Used
Not Used -

Type 1 j Seal

• Type of'Backfill Depth to Water
From Top of Riser

- -
at Completion: 35.52'

FORM: LBAMONWDRWeb. 1992 NOTE: Not to Scale

U



.Corps of Engineers,
Krjct ±an ityn sr ...Client: Kansas City District Project No JH1 02 1QI I Faci°°t-

LOUIS BERGER & ASSOCIATES, INC. Prepared by: T. Kelly Date:8 /8/94100 Halsted Street Oh_"_A__ 
_Da:/9

East Orange, N.J. Checked by: A. Smith Date: 2/23/95

* MONITORING WELL AS-BUILT DIAGRAM

Driller: Charles Riffle. Well No.: DCF94ES-3B
DrillingMethod: 4.Z5" ID hollow stem auger Date Installed": _511c)194(drill/sample) 8.25" ID hollow stem auger (ream)

Coordinates: N-267927.65833 E-2343374. 15788 PROTECTOR CASING

__.--_ __ __- n . Size: Lius.L mount

Ground Elevation 1083.87' Material: LokyauotElev. 4o.Q--93 Stick-up ( -1 .0 6 ) Lo k No:

U4181 Rock/Soil Interfacev
Drill Hale Diameter310oosoo° / . 12

Surface Seal Material
concrete

I - Drill Hole Diameter j Riser:
12" v Dimtr,Diameter:

Type of Annular Seal - < Schr:
40.7' '6 3% bentonite 97% [* Type of Joints: Flushth eade

- neat cement mixtur+ I Stenciied?

26. Screen:, • t ~Type of Seal Scen

bentonite pellets Diameter: 4" ID-Material Sch 40 PVC
Slot Size: 1O "- slot• Length:" oType of Filter Material

16-30 Colorado Sumo:
silica sand Length: 2.6'

Type of Cap: point

Typ 8f Filter Material NtUe
-- 1 Colorado Centralizer: Used" 3 . 3 c , . -A ._ n , N o t U s e d

- - Type ?f Seal

-- Type of== -" Back "l Depth to Water

- - N/A From Top of Riser
at Completion: 36.29

FORM: L8AMONW.DRWWFeb. 1992 NOTE: Not toScale



orps ofEngineers,Client: Kansas City , MO JH I ---Project Dry Cleaning rojectNo °: ---10 I Q

LOUIS BERGER & ASSOCIATES, INC. Prepared by: T. Kelly Page.8/5/94100 .aPsted Street 
Date:East Orange, N.J. Checked by: A. Smith -Date 2/23/95

1 0 MONITORING 
WELL AS-BUILT 

DIAGRAM

Diller: John Gornick/Layne Western Company W.. DCF94-21

D r i l l i n g M e t r o a : 4 2 .S ' 
I D W el l .. . N o .:-i ---- "g~etn 2 r a me Id - .2" ID H SA - Date Installed:

reamedq

Cooroinates: N-267772.86913 E-2343315.37325 PROTECTOR CASING
Size:flushmount vaut

Ground Elevation 1082.37' Material: steel
1ev 082~.64-- Stick-up (-0.27')LokN.

i3 ~ Rock/Soil Interface V
3-- -" 

D ril H o le D ia m e te r
1 2"

i 
surface Sea] Matehal

concrete <

_ D ia m e te r : I D
Type of Annular Seal . Matenal sc .4 PVC

,;" 

40
28.4 '0 3% bentoniite 97% [.\ Type ofJoints: ZlWshhreade-- .- Stenciied?

---- 

11-0 (up -r )
25.8 (low r) TyPeofSeai rScreen:

____ bentonite pellets 
4iam1er ID

Diameter: " DMaterial:
SlotSize: -so ower);
Len 2 0-slot er)Type of Filter MateriaJ 10"- ( 10 - s I o t-Upper screen Sumo: 10' (20-slot)

--- - 4 pea grave2
Lower screen 16.30 Length: 2.3'(lower) 28,4 Colorodo silica TypeofCap: point
T-9 #5ilter 

material

-40.7 same as abve Certralizer: Used
Type of Seal Not Used

-- _ _ _ __ _ _ _ _ Depth to W ater

- , , 
Fr o m T o p o f R i s e r 3 4 8 8

wa 
t C o rm p le tio n : 3 4 8

FORM: L4AMONW.DRW/Fe& 1992 NOTE: Not to Scale



HHTW DRILLING LOG HL O

I COMANY NAh*, 2. DRUIING SIACCIWRATR SHEETI

PO3JECT)F / 4. LOCONF!

NAM OF DRILLERA 6. MANU*ACTIJRS DESIGNATON OFDRLL

7. SIZES AND TYPES OF DRLLPM 8.$ ~,~ /~j HOLE LOCATION

AN~DSAM PUNG EOLVENT 3' 041 CLri4~ 414- /cc, sil ./~ .7 C e 11,11r
-9 SURFACE ELEVATION

/ &'~ve ~ - ee
IC DATE STIARTED DAE COMPLETED

2 OVERBU RDEN THICKNESS 15 DEPTH GROUNDWATER ENCOUN iEED-0

Q DEPTH DRILLED INTO ROCK 16 DEPTH TO WATER AND ELAPSED iME AFTER DRILLING COMPLETED

GtO;DISTUIPLR _______ UNDISTUIRBED 19TTLNM3bOF CRE BOX~2. ~~

22DSPCS;JION OF HOLE 3ACKF;LLE -;- MONITORING WELL CHRSPE-:. 23 SIGNATURE OF INSPECTOR

_ _ K _ _

FIELD SCREENING GEOTECH SAMPLE ANAL~'nCAL BLOW
ELEV DEPTH DESCRIPTION OF M4ATERIALS RESULTS OR CORE BOX NO SAMPLE NO COUNTS REMARKS

a c eh
o~ ) ~ f~3LS'l SsT 'S/fi /W OF"?I Ailf 1' Ac f

cs/'

j 1, 9.A/duj- 44

/cc 7~~4; L) "' ( 4l ,

n____ "~

bc rq. JI/ ca/d'C

c000 All M eclww-J' gt I OA

cI Y

,~~fJ rt ~PllT dCv- 2

MRKA fe55 lq A /.h A-5 a~.



HTW DRILLING LOG d" f2
Ppka HECT- S4 W-- U Z

mmP~ DESCMflON OF MATERIALS RESULTS OR COFE 1BOX NO. SAMPLE N. COUNTS FEARKS
b - - c d

43 ~ Z . 17 r7b.5 S /;VAL 41/4 A/

( 0 2d~aJ/4 p4e1s

4-A ~ 'r e

57;) ; Vl mdl9

A//c n S,-ar

* /&~ AN ~i~t~A: ( /} dJr

7,-~'4 /o i5L~(S4~t

6 ~ ~ ~ A ?Sew (S IV/?cY -1)i PV /i, ~~pIn

I/d 9' /9) __ __ __ __ __ _ _ _ _ __ _ __ _ _ __,nI

/077 -2 I~~ C/'AYn&$ Fjc.VjN&7A/D
Fll-L 4LL V'"M.



----- HTW D RILLING LOG, OEW

All- OR 77 &F~c-? I/-P'm 46 'r A SHEET 3
OEMDEOW N F ATFLLSF*Uf XFU GEOTECH SAMPE " AttkAylCA. BLOWbp cE~ ' r O FTR j S U J S C R C O R E B o x N o . S A M P L E N O . C U T M M

AIA

/Oiz 150C

/. t,7

.44 / 4 Q4 ~4~~

~~~~( ffh- A $SC 0Y

MRKA M 55-21 A) ~ifpJ~ /,~t-



" HTW DRILLING LOG ekrgy- 2/
* OCorg ;/0F',) /1~ M4PTOR 9

J_____ 6~ SHEETS

FELD SCFEJG GEOTECH SAmP AALYrCA. .OW
-V. C OESCRPTION OF MATENALS ESULTS OR CORE BOX NO. SAMPLE NO. CNTS SAFS

= C Lo ?'S,, x C, J4A.i) :"1

- .t'iY .&. ',

, - -- 7 ..

L-.-

/ ,n4,Jt 7(trrJ'

//

.. <.,' --f.. I J,.<, -'oe<.hk,14V

1•." 4 L .96~

-o " . ,. , --c A

i iv,

/6 55 .

iU. 3 1 o.0 rd 31.o'. -f :
5~ ~-,, 4-,, 64,b 0 ,. 44.~ ovir .Y,

( 9. ,,' W )e ,A 4  ,,

* MRK 55-2 ? ,Ceh P 4 /v 9]7/q I



HTW DRILLING LOG

3 0T ESO~lTION OF MATERLALS FISULTS ORl CORE BOX NO0. SAMPLE NO. COUNTS FEMARKS

3 /~5 4S f /V -

o55' 12q~c

(vat), v 77<61f

l*e C/60e,-

4, e flC41

/Vit4' 5-J

Ir
U
I0.7

4.11~

/a/ n,~

3f. 9.4'r V

/oVz 44~bY 
lXJ

e* MRt5- IW7.



IH=t NO.

HTW DRILLING LOG ,
1. iOAN K" ; ~, " 2. DRILLN WWW,.~RACO HE

3. PROJECT 4. LO'CA'

ro /, - 7t qi .fl5. NAME OF 'd ~~6. MANUFACTURRS DSGd)NO RL

7. SIZES AND TYPES OF DFLLING i. r ) ', 8. HOLE LOCAlION
AND SAMPUNG EQUIPMENT 3:1'(3 L) , -, W T3JVIJ 2&'t e q- Z/ lY 1-/ 1'

v 9. SURFACE ELEVATION "

I__10. DATE STARTED 11. DATE COMPLETEDU o_ V_2 S_ S /2 / 7
12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRIULNG COMPLETED
__._____-____',___ _._,-3 36, Ir,

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEr MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20, SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER SPECIFY). OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
I fr/A RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALYTi BLOW
ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO SAMPLE NO, COUNTS REMARKS
a b c d e 1 g h

- .Le",i//-,,/k,"Uo , c ,

~eyd ~~~~6 J, " S) 0 /.c " ,- (jL) /'I,;.z,'.c').A./

4' O/ikme7 I 4cA4

10~
QI
d'fz v4, c r

8' '8. c CIveW ve1 1(0 'r~ .- $'/ C('/A.r .M' Iq35 .,

i-i -.s',4-v-b____

ll",r W4,- k tt"C ,j

37. V- ~Y4/9C~~ Y6I d 15 1 : a "o -2");"_'_

MRI ..o 55 PROJECT ,/fe, HO),O'ed.,h,7F~C,%4,/Z/ c"LE I NO.



I PROEC>~HTW DRILLING LOG ,. HE .~

~/et ~ - _ ___ OF (SHEETS

U - - 7 EDSCIlEIING 1ETECH SAMPLE (ANALYTICAL. BLOW
ELEV. DEPTH DESCFPTlON OF MATEFIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d f t h

791 .1 )1IC "C ,

FILL-

61' /o/'.Ofli J11-7 r'J,41A'b f~~

3 AO'y J4 -~' y5/2,,n an) 7 q0

I ~ ~ ~~ ~ ft16J4 ec6

I"n e, ,e
I-

3 L C73

I4

3MRK ""95 5 -2 r / , 4 4Y~A



HTW DRILLING LOG
SOJECT P RSMCEET

__ _ _ _ _ _ __ _ _ _ _ _ __ __ _ ______-1 I OF SI-9EETS

I FEW D E G -OTECH SAMPLE ANALYTCAL BLOW

ELEV. OEM'ESCTON OF MATEIAS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS RF.MARS
a b c d e f

-161 18" .3 Ih. 4 Aj

.3, 2, c .. /L , p+, 2 IA<-,2 ;zz#

ic.o 2 /"iL
64r- -a--

I

f .

Io

II

I ?-.& '(% /l f 4-n.

/i2X'S~ ((,

II

I -/

/a'3 hnZt a
- ,,,4 oi8o.Sf?, ,,X- ,AA4

3 MRK~55- IF ,,7a,(f,<,,', //JZ4 4i~~-/



* HTW DRILLING LOG C-F'-9 B

601O eCT oifl~ )Cii K A ,""~e 7,.-,oR SHEETS
fea1 4! i (4 iI~ F/ FE FWU S CRE. SA ANALMA_ __ BLOW

ELEV. DEPTH DESCRPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS !EMARKS
a b c d e h

/062. .2-o,1,,- gy. (.

Io- n ._ - .- .-

- i "

3 o5, -

I R. 6FOfm 5&6-2-2.I.) -
/ADzL



HTW DRILLING LOG HL O

____4Ac- __g

/I OF' A SHEETS
/0, bin J( ftj 7/

FIELD&~Ld 3UAGOEHSML 'NYIA

ELV ET to (EC ITO OFMTRL EUT RCR OXN.SML O ONSRMW

fc~~'0r -s'
105z- -V -3

c b 0 -16-01

0t(fPc;~9

a Ac I$

A3S
rIU

:'A r C~ W~ i T) Sa -

lo.A 4 ft ,p rIl
/bA(4 50

6I13 0 Ala

(0(f5

3MRK "OO955- iey 41 qCr1,CL2, Ge



HTW DRILLING LOG7 -

re trr, __ ___ OF tSHEES

E EV. DEPTH DESCFMYT)lN OF MATERIALS RESULTS OR COFE =O IO APEN. CUT ~ M~a -b c d e 9

~16q 3 Vo -A qv? - sySk Ai/,I I-fq

/L3 ell;
i,~(CF /k / 7k

I3 4q,? e IIiZ-

I~ )d 4vj(,i~

3~MC HOLEc~4~ NO.~- 1~ eI I J2dN' "9 55-



HTW DRILLING LOG &[-0.

1. ,r 9 rC,~~j~.~ COAI 2. DRILLINGSUCONTRACTOR HE_HTWirt& A_& Ari jOF (,SifETS
3. PROJECT , 4. LOCATn6N

'd~~~~7 A./,$,.-tf4~~3 5 NAME OF DR,,LLER 6. MANUFACTURR'S DtSiWTON OF DRILL

7. SIZES AND TYPES OF D,-LLNG / 2 .Z ,/4., <. - , 18. HOLE LOCATION
AND SAMPLNG EQUIPMENT S " ' , 1.- ' E1 O - f e g. , M 2. A e5 9. SURFACE'ELEVATION

. . I ' .__ __ _ I10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS " 15. DEPTH GROUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLNG COMPLETED

tA' I?& , & - ;;7c(d C Z .,
14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS(SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED I UNDISTURBED 19. TOTAL NUMIIER OF CORE BOXES

20. SAMPLES OR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
_ _ _ _ _ _ _ _ I _I I IRECOVERY

&1,4 I_____ I7 %I " ._

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGN)TURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALYTIk B LOW
ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

b c d , _ i - , h

I ~ - "C.! c'$uy ~ . -511t f

I Z_ . . _ .L C..c 7

Ie, Z,/. 1 4f

3bt
I I 'e -

i J 2 V., -5 'l I L I7y

9. n jT AA .u,, . -

II

3 ~C4~~, fC/~ 4 HML NO. j

,/o~RO"C IC,-\r •t . - ,! URI..-< - A14, , x/. : ;, <: :-,/ i .< -



HTW DRILLING LOG
PROET c e 1,6 ,,,,,1 6A OF , SIEE S 

IV ELV IELD SCREEN 'GEOTECH SAMPLE ANALYTICAL BLOW
EL.EV. DEPTH DESCRIPTIO OF MATERIAS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REJMARKSa b c d e

--0 PI"< : v e.-0 , 7< r-/-,<.

I , AA'<?7_. .,, 6d5 . 412 ~ '

Id

3- 7

,. . '

3~ ~~ ~e /4l~ Y/. fiJ u f~~k -'.J

I .?

:03:~_________ _ _ _ _-_

3 O9z MRK 51 (t



HTW DRILLING LOG
SHEETS

I 1 1. IELDSC~NWG fOTCH AMPE AALYTICAL BLOW
ELEV. DEPTH DESCFJWION OF MATERIALS FS .IULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARWS

a b c d h g h

/5 le, T,4r A, d tv---lTI
C~tAS77 $//"7-I ° -e. lr. 'k & 1 -.s, o ,, ll/ y ,,, - -/ / "'

/z, -q .f- -s/ A''

<,? /7:__ 5627 (2. r.:.-/ 1,J< "0

3 ~ - 1WeP S

3 -- EL/tJ.c siL r

/(7)

I r77

II

Raw- HU O.fCiv j-

M RK ArMF 8 55-2 R' 11 07 Cc/'?CuJ4v4])c9/~k~



HTW DRILLING LOG
PROJC T :I,,qa/( 11/~a~/kg, /i /o SHEET S_____ _I__ __.._____ ____ -7b_ OF 6 SHEES

FIELD SUC GEOTECH SAMPLE ANALYIcAL. BLOW

ELEV. DPT DERIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKSa b C e f 9 h

.....o/ ~?~' -4PC1-. l4*

/0 0 iAf,

I ,z -

AI&I
.2~~ '2.

~~~S- c < . Poor"LY W-vDE tI

,A/I 6e 5 . ,o

e- e329 ,r"" x/1 t3S -WO d511/

1o 4 
41 -.;9,  

-

_~ ~ ~ ~ e . ,JO6(. ~l3 MRK V A b
/o5~ / 30:) ~-o11 kSi otL'a b&

3MRK "Fwa 55-2 d13A1 ~,



I HTW DRILLING LOG H -.

rlFK /iWkCT IIPECOR EET5
FEWNA .-A B"N B LOW

I ELEV. DEP h DESCP1ION OF MATEALS RESULTS OR CORtE Box No. SAmPLE NO. COUNTS REMARS
a b 9 h

/053 32 ,. 6 .('-4 >,,, '//.-

'. / .sb '",),a4($ I

I ~ ~ Z /s ., .,
33

3V 1Wj- /.i' / -

/0~ Yr it)

I H

S55-2 / r

3 / ,q " K ,- .s

I /ow tGo ",~,,,,< <rC - l_,o.,S i

w Jt /41 ,,. ,, /
I Yo< = Ahc a, i.? </> ' s4I°"



HTW DRILLING LOG
PRQETXXWSECO~ (/ 1 SHEETF~~V ~12 /.,,/ - ___ ___ OF eSHEETS

FIRELD SCREENM* G OTECH SA4PLE ANALYTICAL BLOW
ELEV. DEPTH DESCIPTION OF MATERALS RESULTS OR COfR BOX NO. SAMPLE NO. COUNTS FEAR S

a b c _ e _ h x.

-1j 6,1 t4 ,44jd

IM

II
Ui
II

/01/2. x6 4

II
Ii

II
II

II

II

II

METWEN

MR A~m eo5-2rw la
I-41 "7 aC



" HTW DRILLING LOG I" g"°"
CMAY2. DRUPING SUBCONTRACTOR I

OF SEETS
•. 4. LOCA T ON

5 NAME OF DRILER 6. MANUFACTURER'S DESIGNATION OF DRILL

-75c)

7.SZSAN E OF RILLIN ,-/4, T,,7" o'>,
i ~4Q-~ TAA/.s~$k.-~d'- 8. HOLE LOCATION C! 4I',/ < dnLrrsY 3.3' i&

AND SAMPLING EOUIPMENT L),cn
__ _9. SURFACE ELEVATION

_______ _______ ____ 0.'4~ 1- " , )c ry1-2 /~i
i lO__ 10. DATE STARTED 11 DATE COMPLETED

12: OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED
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14 TOTAL DEPTH OF HOLE 17 OTHER WATER LEVEL MEASUREMENTS 6PECIFY)
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20, SAMPLES FOR CHEMICAL ALYI oMELS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. fAL CORE
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1 erracon
Date: June 14, 1994 CONSULTANTS, INC.

14700 W. 107th Street
Lenexa, Kansas 66215

(913) 492-7777 Fax (913) 492-7443Louis Berger & Associates

100 Halsted Street Pno. 2ox W01540
East Orange, NJ 07019 Kansas City. Missouri 64190-1541

816) 891-7717 FAX 816) 891-7048

I <'. Dr. Rao Nivargikar

i we Ft. Riley Lab Tests

JoC o 02941153

., .e Sm r Xi herewith
under, separate cover 2 copies of the.

.Fdc ata .X Laboratory Data C Report

Comoacted Fils -- Boring Logs El Geologic Report of
octings C Location Diagram E Seismic Survey_Drjiled Piers X1 Soil Samples [] Resistivity Survey

Piles : Rock Core Samples El Site Rock ConditionsI Concrete C Construction Material El Aggregate Development
Asphalt Samples.. [] General InformationI Roofing -9 Moisture-Density C1 Technical Expertise

- Aggregate '- Consolidation Ci Resumes
- Non-cestrucive Testing 7_- Triaxial Compression C Other

of Steel - Permeability E] Report will follow under-
Non-destructive Testing " Field Logs separate cover
of Concrete x Atterberg Limits

•k Grain Size Analysis X Porosity

On-site observation services were provided _] Full time C Part time

I We have not been asked to interpret the data or to make design and/or construction recommendations based
on we data, and cannot assume responsibility or liability for interpretation of this data by others.

I Remarks:

Yours truly,

TERRACON CONSULTANTS, INC.

Richard M.IScott, C.E.T.



I
FORT RILEY

02941153
6/11/94

LABORATORY ANALYSIS RESULTS

BORING SAMPLE VISUAL WATER DRY SPECIFIC POROSITY SATURATION
# # DESCRIPTION CONTENT; DENSITY, GRAVITY

% Rcf % %

1 12.620

1A G SANDY LEAN CLAY, GRAY BROWN 18.1 102.5 2.672 38.5 77.2

1 B 1 2.640
1B 2 2.663
1B 3 2.662

21 G LEAN CLAY WITH SAND, GRAY BROWN 21.0 92.8 2.679 44.7 69.5
21. 1 - 2.647
21 2 2.679
21 3 2.645

2A G LEAN CLAY WITH SAND, GRAY BROWN 24.9 96.1 2.686 42.7 89.7

.13B G SILT, GRAY BROWN 32.0 83.5 2.672 49.9 85.8
3B 2 2.660
3B -3 2.659

B-2 2 2.664
-- 2 3 2.663

ES 3B 2.663I
TEST PROCEDURES ON ENCLOSED RESULTS:

ASTM D422
ASTM D422
ASTM D854

I EM 0 2216
ASTM D4318

EM 11 10-2-1906, APPENDIX 11

I
I
I
I
I

1 rerracon
Form 101-1-87
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U.S. Standard Sieve Openings in Inches U.S. Standard Sieve Numbers Hydrometer
2 1 1/2 4 10 20 40 60 140. 2703 1 1/2 3/4 3L8 8 16 30 50 100 200

100 _ -0

90 - 1

80-- 
20

£ 7030 0

3 3
3 60-- - 40 31

.0 .4 01

C 50- - - -- 50 M

U.w0Ur

4* C

GRINS40 ISRIUTONCUVE

C N,___ 60 4

IL 30- 70 L

20 80

10 
__ _ 90

0L 1001008 6 4 2 10 8 6 4 2 18a 6 4 2 0.1 8 6 4 2 0.018 6 4 2 0.001
Grain Size in Millimeters

GRAVEL SAND ISL rCA
coarse Fine coarse Medi-um Fine SL rCA

GRAIN SIZE DISTRIBUTION CURVE.

Boring Sampte Depth Description Unified Naturat
No. No. Symbo WC LL PL PI

1 1 CLAYEY SAND WITH GRAVEL SC 25 18 7
1 1A G SANDY LEAN CLAY CL 18 24 14 10
1 1B 1 SANDY LEAN CLAY CL 25 15 10

Project FORT RILEY

Job.No. 02941153 Date .619/94 .1rrr acon
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U.S. Standard Sieve Openings in Inches U.S. Standard Sieve Numbers Hydrometer
2 1 1/2 4 10 20 40 60 140 2703 1 1/2 3/4 3/8 8 16 30 50 100 200100 _

90 - .- 10

80 
20

r- -70 30

Ell

60
31 4

II108 6 41 8 6 4 2 I8 . 8 6 42 001 . 0 .

L 40iL

4T
L . 30. S

4 1 30 LENLA IHSNDC 1351

20 70

.10 Job 80r

09

1008 6 4 2 10 8 6 4 2. 1 8 6 4 2 0.1 8 6 4 2 0.018 6 4 2 -0.001

Grain Size in Millimeters

GRAVEL ISANDSITo 
LLYcoarse F ine coarse Medi um Fine SL rCA

GRAIN SIZE DISTRIBUTION CURVE

Boring Sample DphesrtinUn if ied Naturat LLPLP
No. No. DphDsr tinSymbol WCLLP I

@ 16 2 SANDY LEAN CLAY CL .28 14 14
M 18 3 SANDY SILT *ML 1816 2
A 21 G LEAN CLAY WITH SAND CL 21 33 15 18

Project FORT RILEY-

________________________Job No. 02941153 Date 6/9/94i er an



U.S. Standard Sieve Openings in Inches U.S. Standard Sieve Numbers Hydrometer
2 1 1/2 4 10 20 40 60 140 2703 1 1/2 3/4 38 = 8 16 30 50 100 200

90 --

10

80 K I 20

i4..

r 70 '-'- 30703
co 

3 0)

60 1 N ,4 "

LL
C 5 0 5 M

L 
0

C 40 - C3__6

a, 60 VCZ"

(L . 70 • L

2 0 l 80

0 
0

1008 6 4 2 10 8 6 4 2 1 8 6 4 2 0.1 8 6 4 2 0.018 6 4 2 0.001
Grain Size in Millimeters

Coarse T Fin Carse Medium I Fine SILT or CLAY

GRAIN. SIZE DISTRIBUTION CURVE

Bor ing Sample Depth Description Unified NaturalLLP IINo. No. Symbol C L LP

0 21 1 LEAN CLAY CL 40 19 21
Mf/ 21 2 LEAN CLAY CL 37 17 20
A 21 3 SILTY SAND SM NP NP NP

Project FORT RILrEY-

Job No. 02941153 Date 619194- lIrerracon
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U.S. Standard Sieve Openings in Inches U.S. Standard Sieve Numbers Hydrometer
2 1 1/2 4 10 20 40 60 140 2703 1 1/2 3/4 38 8 16 30 50 .100 200

90 '10

4J 41 '2

• U1 
3

3
60

L.U
n 50 

50 L1 
L)

C 40 
4-_

U C
L 

U1 30 
70L

Zz 0.

20 
A8

10,- -- ---9

0. F , . .- 100
1008 6 4 2 10 8 .6 4 2 1 8 6 4 2 0.18 6 4 2 0.018 6 4 2 0.001

Grain Size in Millimeters

GRAVEL SAND I SILT or CLAY
coarse Fine coarse Medium Fine

GRAIN SIZE DISTRIBUTION CURVE

Boring SampLe Depth Description Unified NaturaL LP1PNo. No. SymboL WC

0 2A G LEAN CLAY WITH SAND CL 25 31 14 17M 03B SILT ML 32 29 24 5
A 36 2 LEAN CLAY WITH SAND CL 28 18 10

Project 'FORT RILEY-

GDJob No. 02941153 Date 6/9/94

Coarse~~~~~. -IinCo r e M d ulF neS L o r erLAY
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U.S. Standard Sieve Openings in Inches U.S. Standard Sieve Numbers Hydrometer
2 1 1/2 4 10 20 40 60 140 270

01/2 3/4 3/8 8 16 30 50 100 200
100 0

90 -_ 
-1

80 

1-- 0

3 .3
3 60 - - 40 JI

L n i

5C - 50 .- ,4I O j
IL L

0 1\ 0

20 'Alll i , 901-

0 6 4 2 ,100

10 8 2 1 .8 6 4 2 601 8 6 4 2 0.018 6 4 2 0.001

Grain Size in Millimeters
GRAVEL SAND

.Coarse i Fine Coarse Med i um Fine SILT or CLAY

GRAIN SIZE DISTRIBUTION CURVE

oin Saop. Depth 'Description Unified Natural L LP
No. No.Symbol WC LLPLP

0.38 3 SANDY LEAN CLAY CL 23 1
SLEAN CLAY WITH SAND CL 30 16 14

A B-2 3 SILTY SAND

Project FORT RILEY-
Job No. 02S.41153 Date 619194

1 Ferracon



U.S. Standard Sieve Openings in Inches U.S. Standard Sieve Numbers Hydrometer2 1 .1/2 4 10 20 40 60 140 270
3 1 1/2 3/4 38 8 16 30 50 100 200

100 --- 0

90- 7 -- - 10

80 -
- - 20

:3

60

L 0L

0 In•- 5O L

100 6 6 08 6 421 8 6 4; .8 6 4: .1 .0

0
40 E- -

C 160

GRAI SIZ DISRIBUIONWIRV
•iL No o yAotl/ L LP

L 
L30 -~_ _70

a.

20- 80

10 
90

010
1008 6 4 2 10 8 6 4 2 1 8 6' 4 2 0.1 8 6 4 2 0.018 6 4 2 0.001

Grain Size in Millimeters

GRAVEL SASAND 
SILT r CLAcoarse Fine Coarse. Medium Fine .SL rCA

GRAIN SIZE DISTRIBUTION CURVE

Boring Sample DphesrtinUnified 
Natural L LP.N.No. Symbol WC

0 ES 3B SANDY LEAN CLAY CL 33 18 15

Project FORT RILEY -

Job No. 02941153 Date 69194
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TERRA VAC CORPORATION 
LOUIS BERGER & ASSOCIATESPROJECT 024-0050

VE - 1 DRY CLEANING FACILITY
VE-1

t-1,2- 1,1- u-1,2- 1,2- 11,1- CHLORO- ETHYL OTHER. TOTAL RUN TOTALDATE TIME CH2CL2 DCE DCA DCE CHCL3 DCA TCA BENZENE TCE TOLUENE PCE BENZENE BENZENE XYLENES VOC VOC FLOW VACUUM RATE TIME POUNDS(ug9) (ugh) (ugh) (ugh) (ugh) (ug) (ugh) (uu) (ug() (u() (ugh) (ug) (ug1) (ug/) (ug/) (ugh) (SCFM) ("Hg) (LB/DAY) (DAYS) REMOVED
11/21/94 14:30 

START 0 0 011/21/94 14:45 S0L 8OL BOL SDL BDL BDL BOL BDL 2.32 BDL 139 SDL BOL 0.24 4.62 146 99.7 2.4 9.76 0.01 0.0111/21194 15:23 BOL BDL BOL 1.27 SOL SDL DL BOL 3.31 BDL 149 *EDL 8OL BOL 2.78 157 65.2 2.3 0.92 0.04 0.031121/94 16:01 BOL BOL BDL 2.09 SOL BOL BOL BOL 3.52 SDL 153. 801 801 BOL 4.27 163 S5O0 2.4 0.95 0.06 0.06
11/21/94 16:3O BL BDL BDL 2.82 BOL BDL DL BOL 3.89 80L 160 EDL 80L BOL 5.90 173. 68.5 2.4 1.06 0.09 0.0911/21/94 17:16 BDL BDL BDL 3.73 SDL SDL BOL SDL 4.06 80L 165 SDL . 80L 0.23 7.76 181 65.0 2.4 1.06 012 0.1111/22/94 09:09 80L SOL BDL 10.5' BDL BDL SDL BDL 3.44 801. 151 BDL 801 801 9.19 173 64.7 2.6 1.00 0.79 0.79
11/22S94 10:29801 O 8DL BDL 10.7 BDL BDL BDL BDL 3.44 BDL 153 BDL BDL 0.57 6.47 174 64.6 2.7 1.01 0.63 0.8511/22/94 11:08 81L SDL BOL 10.6 BDL BDL 9DL BDL 3.38 BDL 152 " 6DL BDL 0.23 7.71 174 75.0 . 4.3 1.18 0.66 0.8811/22/94 11:45 SDL SDL BOL 10.4 ODL 6OL 90L S0L 3.33 BDL 152 SOL BOL 0.28 7.67 174 75.0 4.3 1.17 0.89 0.9111/22/94 12:22 BDL BDL SDL 10.3 80L BOL BOL 80L 3.27 BOL 152 BOL S0L 0.22 7.80 174 75.0 4.3 1.17 0.91 0.9411/22/94 14:24 BDL BDL 801 9.61 801. 80. 81 BOL 3.11 80L 152 80L BOL BOL 6.90 172 78.0 4.2 1.20 1.00 1.0411122/94 15:05 80L 81L 80L 9.56 0DL 80L BOL 8DL 3.11 80L 150 81L 8DL BDL 6.32 169 75.0 4.3 1.14 1.02 1.0711122/94 17:32 80L BOL BDL 9.21 BDL BOL BOL BOL 3.74 80L 149 BDL 80L BDL 5.88 168 77.8 4.3 1.17 1.13 1.1911/23/94 09:30 91L 8OL 80L 6.46 BDL BDL L BDL 1.92 SDL 156 BDL 8DL BDL 2.42 166 80.0 4.7 1.20 1.79 1.9811/23/94 10:48 SDL 81L 80L 6.87 80L 60L 80L S0L 2.02 BDL 161 BDL 81L 80L 2.37 172 79.8 4.9 1.23 1.85 2.0411/23/94 12:44 SDL BOL 8L01 6.53 8DL 80L 81L 80L 2.83 BDL 161 BDL 81L 80L 1.85 172 79.9 4.7 1.24 1.93 2.1411/23/94 14:05 BDL BDL 80L 6.38 SOL 801 BOL 80L 1.98 80L 169 BOL 01L BDL 2.79 180 79.9 4.7 1.29 1.98 2.2111/23/94 14:45 80L BOL BDL 6.42 SDL SDL BDL SDL 1.73 80L 169 80L 81L 80L 2.34 179 89.0 6.4 1.43 2.01 2.2511/23/94 15:24 81L 80L S0L 5.67 81L BDL BDL S0L 1.38 80L 169 81L 81L 80L 2.10 178 91.2 6.4 1.46 2.04 2.2911/23/94 16:03 SOL BOL 81L 6.36 81L BDL 80L 80L 1.81 BOL 170 BDL BDL DL 2.19 160 89.0 6.4 1.44 2.06 2.331123/94 16:42 SOL 8OL 8OL 6.12 81L 80L SOL 801. 1.79 BOL 169 BDL BDL BOL 1.53 178 99.0 6.4 1.42 3.09 2.37
11123/94 17:20 SBL 801 80L 6.16 81L 80L BOL 80L 1.69 BOL 173 BDL 01L S0L 2.42 183 89.0 6.4 1.46 2.12 2.4111/24/94 10:42 80L SDL BDL 4.99 81L 80L BOL SOL BDL 0DL 160 80L SOL 80L 2.11 167 90.4 6.8 1.36 2.94 3.4311/24/94 12:09 81L 81L 80L 5.41 BOL BDL BDL BOL 1.54 S0L 170 80L 81L 80L 1.64 - 179 87.7 7.0 1.41 2.90 3.5111124/94 12:52 81L 8OL 81L 5.29 BOL . 801 B0L BDL 1.25 80L 168 8OL 60L 80L 1.55 176 87.7 7.0 1.39 2.93 3.5511/24/94 14:25 801 BDL 80L 4.66 81L 80L 80L 80L 1.27 S0L 160 B01 801 801 1.57 167 87.7 7.0 1.32 3.00 3.6411124/94 15:06 8DL OL 80L 4.98 BDL 01. 80L 80L 1.36 S0L 164 BOL BDL 80L 2.51 172 87.7 7.0 1.36 3.03 3.6811124/94 16:00 S0L BDL 80L 5.06 SOL .BDL 01L 01L SDL BDL 162 SOL DL 1 80L 1.43 169 87.7 7.0 1.33 3.06 3.7311125/94 09:57 S0L BDL BDL 4.60 80L 80L 801 BSL BDL BDL . 170 80L BOL 80L 0.32 175. 84. 7.4 1.34 3.91 4.7311125/94 11:07 84TO 7.4 1.34 3.86 4.791210&/94 '10:20 STOP 7.4 1.34 3.86 4.7912/089 1102 . , S 

START 0.0 0.00 3.86 4.7912/06/94 11:02 . 80 1 . 801 801 1.62 S01 80 801 80L 1.10 BDL 29.8 01L S0L 81L SOL 32.5 41.9 2.8 0.12 3.89 4.7912/08/94 09:15 
STOP 2.8 0.12 4.14 4.82

. START 0.0 0.00 4.14 4.8212/06/94 10:20 S0L .BDL 80L 3.06 01L BDL 81L 80L 0.96 S0L 27.6 80L SOL SOL 0OL 31.6. 47.3 2.6 0.13 4.18 . . 4.6312/06/94 15:42 8OL 81L S0L 3.27 81L 80L 8OL BDL 80L .801L 26.2 81L BDL . S01 80L 29.5 47.3 2.9 0.13 4.41 4.6612/06/94 10:45" 801. 801 80 2.59 801. 801. 80. 81 81 81L 21.1 81L BDL 80L 0.33 24.0 52.1 3.0 0.11 5.20 4.9512/09/64 14:41 BDL 81L 80L 2.41 81L S0L L 80 L 81 L 0L 19.4 81L 0DL 81L 80L 21.8 56.8 3.2 0.11 5.36 4.9712/10/94 11:43 S0L 8OL DL 1.93 81L BDL BDL 01L 8OL S0L 16.6 8OL 8OL 01L OL 18.5 56.4 3.6 0.09 6.24 5.061210/94 14:01 S0L 01L 8DL 1.98 81L BDL 8OL 8OL BDL 80L 16.5 SOL OL 80L 1L 18.4 51.9 3.4 0.09 6.34 5.0712/11/94 13:55 DL 01L S0L 1.55 01L 80L . 8DL BDL S8L 80L 14.9 8OL SOL BDL 0L 16.4 51.9 3.4 0.08 7.33 5.1512/12/94 13:05 8DL 01L 8DL 1.25 81L 81L 8DL OL S8L SOL0 1 12.0 BDL 80L 80L OL 13.3 54.0 3.6 0.06 8.30 5.2112/12/94 14:50 0DL 8OL 8OL 1.43 81L 81L 8OL 01L 8OL S0L 12.3 80L 80L 81L 8OL 13.7 54.0 " 3.6 0.07 . 8.37 5.2212/13/94 11:23 8OL 801 801. 1.21 01L BDL OL 81 BDL BDL 0L 11.7 81L S0L 8DL 801. 12.9 54.2 3.4 0.06 9.23 5.2712/14/94 11:17 S0L SOL BDL S L BDL OL BDL SOL 8OL 0 1L 12.8 8OL BDL OL 80L 12.8 56.2 3.5 0.06 10.2 5.3412/14/94 15:27 8OL 0DL BDL 0.93 80L S0L 0DL 80L 81L 80L 10.3 80L 81L S1L 80L 11.3 54.0 3.6 0.05 10:4 5.3512/15/94 11:08 S0L 80L 80L 0.83 8OL 8OL 01L 8DL 0DL OL 9.5 SOL 1L DL 0.57 10.9 49.3 3.5 0.05 11.2 5.3912J1/4 20:3012/15/94 21:00 
STOP 3.5 0.05 11.6 5.4112/94START .0 .00 11. 541

12/18/94 11:24 80L 801 801 0.86 8OL 01L 81L 80L DL 0L 9.1 BDL BDL BDL 8OL 10.0 51.7 3.5 0.05 12.2 5.4212/17/94 11:25 8DL 80L DL BDL 8L 801.BD 801 801 80L 6.97 S01 8D1 S0L 801. 8.97 54.1 3.5 0.4 13.2 5.4712/184 11:01 8OL 8OL S0L S L SOL 8 OL 81 L OL 0 DL 8. L 7.94 01L 80L 8DL 80L 7.94 49.4 3.4 0.04 14.2 5.5112/19/94 11:34 801.BDL 8 0L 8.25 8OL 80L 8DL BDL 8.25 49.3 3.5 0.04 15.2 5.5412/20/94 11:10 
STOP 3.5 0.04 16.2 . 5.58

BELOW DETECTION LIMIT



TERRA VAC CORPORATION
PROJECT #24-0050 LOUIS BERGER & ASSOCIATESVEC- 2 

DRY CLEANING FACILITY
VE-2

1o,2- 1,1- •c-1,2- 1,2- 1,1,1- CHLORO- ETHYL OTHER TOTAL RUN TOTALDATE TIME CH2CL2 DCE DCA - DCE CHICL3 DCA TCA BENZENE TCE TOLUENE PCE BENZENE BENZENE XYLENES VOC VOC FLOW VACUUM RATE TIME POUNDS(ugh) (ugh) (uO) (ug/) (ug) (ugh) (ug) (ug8) (ugh) (ugh) (ugh) (ugh) (ug) (ugh) (ugI) (ugh) (SCFM) (" Hg) (LB/DAY) (DAYS) REMOVED

11/25/94 11:07 

. START

11,25/94 11:15 SDL SDL SDL SDL BDL SDL .BDL EDL SDL BDL 33.6 SDL BDL DL BDL 33.6 54.1 6.2 0.16 0.01 0.0011125094 11:52 SDL BDL BDL BDL BDL EDL EDL 9DL - BDL BDL 41.2 BDL 3DL BDI BOL 41.2 54.3 5.2 0.20 0.03 0.0111125194 12:28 0OL SDL BOL SDL BOL BDL BDL BDL BDL 90L 52.8 SDL SDL BDL " BDL 52.8 50.2 6.0 0.24 0.06 0.0111/25194 13:59 B0L BDL SDL 1.17 EOL BDL SL L S0L BOL 01 55.6 SOL EDL BL 0.27 57.0 50.2 6.4 0.26 0.12 0.0311/25f94 14:59 BDL SDL BOL 1.67 9D1 BDL BD1 BDL BDL BDL 58.6 BDL . BOL SDL 0.49- 61.0 45.8 6.4 0.25 0.16 0.041,1/25S194 15:56 BDL BOL BDL . 2.24 SDL DL BDL BOL 1.07 SOL 59.7 90L BDL BDL 0.48 83.5 45.8 6.4 0.26 0.20 0.0511/2594 16:36 BOL BOL BDL 2.28 SDL DL EDL BDL SDL BDL 56.9 SDL SDL 90L 0.23 59.5 40.9 , 6.4 0.22 0.23 0.0511/26194 10:05 BDL BOL 'BOL 3.69 SOL BDL BDL BDL BDL BDL 53.0 BOL 6DL EDL 0.50 57.2 39.6 7.6 0.20 0.96 0.2111/26/94 11:23 90L SDL BDL 3.75 90L SDL BDL BDL BDL DL 50.6 L EDL 60L BOL 54.3 39.8 * 7.6 0.19 1.01 0.2211/2694 13:50 "EDL BDL BDL 3.26 BDL BDL BDL BDL BDL DL 52.0 BOL BOL BOL BDL 55.2 34.2 7.9 0.17 1.11 0.2411/26/94 15:10 BDL SOL SDL 3.08 BDL 901 901 BDL 90L BDL 46.6 90L BOL 01 BDL 49.7 26.2. 4.6 0.13 1.17 0.2511/2694 15:47. 90L BDL BOL 1.99 SDL 901 DL . BSODL91 47.0 " 801 91 91 80L 49.0 34.4 4.6 0.15 1.17 0.251126194 16:26 90L 9DL BDL 3.14 BDL BDL SOL BDL BDL 901 49.3 90L BOL 90L 0.S5 53.0 34.4 4.4 0.16 1.22 0.2511/26/94 17:02 BL SOL 901 3.19 901 BDL 901 901 BDL 901 49.5 BDL 90L 90L BOL 52.6 28.1 4.4 0.13 1.25 0.2611/27/94 10:13 901 BOL 9DL 2.97 BOL 01L BDL 90L 91L 80L 67.6 BDL BDL BDL 0.14 70.7 34.5 5.8 0.22 1.96 0.3511/27/94 11:31 91L S0L BOL 2.92 .SDL 901 901 BDL 9 901 56.6 901 BOL BDL " 1.62 63.3 34.6 5.8 0.20 2.02 0.3911/27/94 12:30 BOL BDL BDL 2.10 SOL 90L BDL 9DL BDL 901 31.3 BOL BOL 901 0.26 33.6 28.0 2.0 0.08 2.06 0.4011/27/94 13:42 BDL 901 BOL 2.15 901 801 901 901 BOL BDL 34.2 90L BOL 90L 0.34 36.7 28.0 .1.6 0.09 2.11 0.4111/27/94 15:09 BOL 901 901 . 1.79 BDL BDL 01L 90L BDL 90L 41.5 BOL S0L BDL 0.30 43.6 28.0 1.4 0.11 2.17 0.4111/27/94 16:08 BDL 91L SOL 1.60 01L SDL BDL S0L SDL S0L 40.0 BDL S0L BDL BOL 41,6 28.1 1.4 • 0.10 2.21 0.4211/28/94 09:44 BOL SOL 90L 1.61 BOL S0L 01L 01L 90L BDL 39.6 BDL BDL 90L 0.32 41.5 27.8 • 1.2 0.10 2.94 0.4911/26/94 11:06 BOL 01L BDL 1.79 90L BDL 61L BDL 9DL BDL 39.6 BDL 90L S0L 0.45 41.8 27.8 1.1 0.10 3.00 0.5011/2S194 11:50 9DL 91L BL 1.71 BDL BDL BDL BDL, BDL S0L 38.9 90L BOL S0L 0.47 41.1 27.7 1.2 0.10 3.04 0.5011/28/94 13:26 BDL 901 901 1.75 9L 901 B 01 B 901 90L 40.0 901 901 901 0.61 42.4 27.6 1.2 0.11 3.10 0.5111/28/94 14:04 01L BDL BDL 2.02 01L 90L 901 L 01 L L 42.3 BOL BDL BDL 0.42 448 27.6 1.2 0.11 3.12 0.51
11/2&94 14:50 BOL SOL S0L 1.79 90L 901 901 901 901 901 41.9 01 90. BDL 0.67 44.3 27.S 1.1 0.11 .3.15 0.5111/2194 15:30 91L BDL 9L 2.06 BDL BDL BOL BDL BDL BDL 42.1 60L BOL . ED0 0.61 44.7 27.7 1.4 0.11 3.18 0.5211/26/94 16:10 BDL BDL BDL 2.11 BDL 0L BDL 601 901 901 44.2 S01 SL 0L OL 0.66 47.0 27.7 1.1 0.12 3.21 0.5211/28/94 17:15 91L S0L BDL 1.91 91L OL0 90L BDL 90L BDL 42.3 90L BDL BDL 0.74 47.0 27.8 1.4. 0.11 3.21 0.53
11/29/94 09:37 SOL SOL SOL 1 86 SOL SOBL BDL SOL SOL BD.39 BDL BDL SOL 0 .78 45.0 27.8 1.4. 0.11 3.2694511/29194 10:10 960 39.4 901 S01 90L 0.78 42.0 27.2 1.4 0.10 3.94 0.60121/06914 10:20 

STOP 1.4 0.10 3.96 0.60120/4 1:0..START 
0.0 0.00 3.96 0.6012/06/94 12:07 91L 80L 90L SOL 9DL 90L S0L BDL 91L 90L 22.2 BDL 1 22.2 22.4 2.6 0.0 . 0.60

12/06/94 17:00 
2. 0.04 4.03 0.6012/06/94 09:15 

STOP 2.8 0.04 4.24 0.61
START 0.0 0.00 4.24 0.61

12/08194 11:10 BDL BOL BDL BDL BDL BOL 91L BDL BOL 90L 29.0 BDL 0.27 BDL 90L 29.3 15.7 2.8 0.04 4.32 0.6112/08/94 15:42 BDL BOL BL . 1.03 90L BDL OL0 9DL BDL 90L 21.9 90L 0.23 901 901 23.2 15.8 2.6 0.03 4.61 0.6212/09194 10:45 901 901 901 901 901 90L 901 901 901 601 19.6 901 901 91 .L S 0.26 19.6 11.2 3.0 0.02 6.30 0.6412/09194 14:41 901. 901. 901. 901. 901. 901 SOL 0 BDL BL 0L 18.7 91L 90L 90L 60. 6 16.7 27.2 3.2 0.05 5.47 0.6612/10/94 , 1:43 901 901 901 901 901 901 901 901 901 901 18.4 901 901 901 901 18.4 19.1 3.4 0.03 6.34 0.68
12/1194 13:5 90 901. 901 901 901 901 90 L S9L 0L .18.2 901 901 901 91.2 15.6 3.4 0.03 7.43 0.71
12/12/94 13:05 DL SOL 90 L BDL DL 9L 9 L S9L SL 9 . L 13.0 9L BDL BDL 9L 13.0 11.1 3.2 0.01 6.40 0.7312/12194 14:30 DL 9L SOL 90 L DL DL 0 L 1 L 1 BDL L 12.6 901 901 901 90L 12.6 111 , 3.2 0.01 846 0.7312/131 94 11:23 9L BOL BDL 9 L 9L BDL BDL BDL BDL BDL 13.0 901 901 9BDL 13.0 .56 3.4 0.01 9.33 0.7412/1494 11:17 901 901 901 BDL 901 901 901 901 901 901 12.6 901 901 91 91 12.8 .53 3.6 0.01 10.3 "0.76
12/14194 15:27 01 90. 0 901 901 901 901 901 901 91L 10.9 901 1 BDL 9L DL 10.6 8.52 3.6 0.01 10.5 0.76
12/15/94 11:08 901L BDL BL BDL 119 BDL BDL BDL L 11.9 6.97 3.5 0.01 11.3 0.7 6

1215W4 20:30 SO D O D O 19 BL SL SL SL 1. .7 35 00 13 0.761215194 21:00 
STOP 3.5 0.01 11.7 0.76121194 21:00 
START 0.0 0.00 11.7 0.7612/16/94 11:24 0. 0 901.BD 901 9D1 , 90BDL 13.2 BDL 91L 0DL B0L 13.2 15.5 3.6 0.02 12.3 0.7712/17194 12:01 91L 90L DL OL S0 L 0L BDL 90L 91L 9DL 11.6 9OL 91L 9OL 90L 11.6 19.1 3.4, 0.02 13.3 0.7612/16/94 11:01 BDL L BDL 1 L S1 L BDL SL 0 DL BDL BDL 1 9 01 90 901. B0L 11.9 20.6 3.6 0.02 14.3 0.7112/19194 12:10 9OL 90L L BDL DL S L 90 L 01 L 91 L BDL 11.4 9OL BDL 01L 90L 11.4 24.6 3.5 0.03 15.3 0.8312/26/94 11:10 
STO83.0 1 
STOP 3.5 0.03 16.3 0.85

BELOW DETECTION LIMIT



TERRA VAC CORPORATION
PROJECT 024-0050 LOUIS BERGER & ASSOCIATESVE T 3 

DRY CLEANING FACILITY
VVE-3

t-1,2- 1.1- M-1,2- 1,2-C 1,11- CHLORO- ETHYL OTHER TOTAL RUN TOTALDATE TIME CH2CL2 OCE DCA DCE CHCL3 DCA TCA BENZENE TCE TOLUENE PCE BENZENE BENZENE XYLENES VOC VOC FLOW VACUUM RATE TIME POUNDS(ugh) (ug) (ug) (ugh) (ug/) (ug) (ugh) (ug) (ugh) (ugh) (ug/i) (ug) O(ug) (ugh) (ug) (ugh) (SCFM) ( Hg) (LB/DAY) (DAYS) REMOVED

11/29/94 10:10 

START

11/29/94 10:22 901 AOL AOL 19.1 801 AOL AOL BOL 3.11 SOL 954 SOL BOL SOL 2.77 978 39.1 4.0 3.44 0.01 0.0311S29OL4 10:59 S01 AOL SOL 14.3 "8L BOL BOL S0L 2.73 SOL 808 BDL BOL EDL 6.86 830 39.0 3.6 2.91 0.03 0.1111/29/94 11:38 AOL SOL AOL 13.9 .BDL SOL AOL S0L 2.55 BOL 773 BDL . AL BOL 11.0 900 39.1 3.6 2.91 0.06 0.1511/29194 12:41 AOL AOL BDL 12.7 ADL ADL SOL BOL 2.35 AOL 671 AOL BOL BDL 9.52 695 39.1 3.4 2.44 0.10 0.3011/29S94 14:02 AOL BOL SOL 11.4 BDL BDL BOL AOL 1.96 BDL 607 AOL BDL AOL 8.94 629 39.2 3.2 2.22 0.16 0.4411/29194 14:40 BOL AOL BDL 11.6 SOL BDL SOL SOL 1.92 BDL 589 AOL BDL BOL 5.71 608 39.2 3.2 2.14 0.19 0.4911/29/94 15:22 BOL BDL AOL 11.5 BDL BDL BOL ADL 1.86 BDL 589 AOL AOL AOL 9.53 812 3g.2 3.0 2.19 0.23 0.5511/29/94 16:00 AOL BDL AOL 10.9 SOL SOL BOL AOL 1.64 BDL 562 BOL. AOL BDL 8.34 583 39.2 3.0 2.05 0.24 0.6111/29/94 , 16:40 BDL BDL AOL 9.86 SOL AOL AOL BDL 1.63 SOL 515 BDL AOL AOL 7.03 534 39.0 3.0 1.87 0.27 0.6611/29/94 17:19 AOL AOL AOL 10.1. SOL AOL BDL SOL 1.72 SOL 513 BDL AOL BDL 6.07 531 39.2 3.0 1.87 0.30 0.7111/30/94 10:20 AOL AOL BDL 6.22 SL AOL AOL BOL 0.57 AOL 362 AOL AOL AOL 4.90 374 38.8 2.8 1.30 1.01 1.8411/30/94 12:04 AOL AOL AOL 6.72 ADL BDL BOL AOL BDL AOL 431 AOL AOL AOL 8.46 447 63.0 7.3 2.53 1.08 1.9811/20/94 13:34 AOL AOL AOL 8.73 AOL AOL AOL AOL 1.39 BDL 409 AOL BDL SOL 6.61 424 62.9 7.3 2.40 1.14 2.1311/30/94 - 14:40 AOL SOL BDL 6.62 ADL BDL BOL BDL 1.18 BDL 397 AOL BDL AOL 7.43 413 63.2 7.2 2.34 1.19 2.2411/30/54 15:27 BL AOL AODL 6.27 AOL AOL AOL AOL 1.28 BDL 386 AOL SOL AOL 6.81 401 62.9 7.3 2.27 1.22 2.3211/0/94 16:08 AOL AOL AOL 6.05 AOL AOL ADL AOL BDL AOL 383 AOL AOL AOL 6.85 398 62.8 7.4 2.23 1.25 2.3811/30/94 16:47 AOL AOL AOL 5.87 SOL BOL BDL AOL AOL AOL 371 SOL AOL BDL 5.51 . 382 62.8 7.6 2.16 1.28 2.4411/30/94 17:28 AOL AOL BDL 5.80 BOL AOL BDL BDL SOL AOL 364 AOL SOL BDL 5.45 375 82.8 , 7.7 2.12 1.30 2.5012/01/94 09:57 AOL AOL AOL 4.43 AOL AOL BDLB AOL AOL . ADL 327 AOL AOL AOL 1.78 334 64.4 7.8 1.93 1.99 3.8912/01194 10:38 AOL AOL BDL 4.31 SOL AOL SOL BDL AOL BDL 334 AOL BDL AOL 1.77 340 64.3 7.6 1.97 2.02 3.9512/01194 11:33 AOL AOL BDL 4.19 AOL BDL AOL AOL AOL BDL 327 AOL BDL SOL 1.46 332 64.3 7.6 1.92 2.06 4.0212/01194 12:27 AOL AOL AOL 4.08 AOL BOL BDL SOL . BDL AOL 324 AOL AOL AOL 1.76 330 64.6 7.5 1.91 2.10 4.0912/01/94 15:10 SOL AOL BOL 3.95 AOL AOL BDL AOL . SOL AOL 316 AOL AOL AOL 1.73 322 64.6 7.4 1.87 2.21 4.311201/94 15:18 BOL AOL AOL 4.06 AOL AOL SOL AOL AOL AOL 314 BDL AOL BDL 1.15 319 64.8 7.4 1.86 2.21 4.3212/01194 16:03 AOL AOL AOL 4.11 AOL AOL BDL BDL AOL BDL 332 BDL AOL BDL 1.16 337 69.0 8.3 2.09 2.25 4.3812/O1/94 16:44 AOL AOL BDL 4.00 SOL BDL BDL BDL BDL S BOL 329 AOL BDL . BDL 0.78 334 . 69.0 8.3 2.07 2.27 4.4412/01/94 17:33 AOL BDL SOL 3.92 ADL AOL BDL ADL BOL BDL 325 AOL BDL BDL 1.21 330 66.0 8.3 1.96 2.31 4.511202/94 .10:00 AOL BDL AOL 3.17 ADL AOL BDL AOL BDL BDL 281 AOL BDL ,BDL 0.35 284 77.2 8.2 ,1.97 2.99 5.8612/02/94 12:32 AOL BDL AOL 3.12 BDL AOL AOL AOL SOL OL 279 AOL AOL AL 0.31 - 282 77.1 8.2 1.95 3.10 6.0612102/94 13:15 29 SL SL BL 03 8 71 82 19 .0 6012/06/94 10:20 " - STOP 8.2 1.96 3.13 6.12120/4 1:0START 
0.0 .0.00 3.13 6.12

12/06/94 12:07 BDL BDL BDL 3.53 6DL AOL BOL BDL AOL AOL 352 AOL BDL AOL 1,11 356 47.5 2.7 1.52 3.20 6.1812106/94 17:00476 27 15 3.0 .812/08194 09:15 
STOP 2.7 1.52 3.41 6.4912/08/94 0 

. START 0.0 0.00 3.41 6.4912/08/94 14:04 AOL AOL AOL 2.52 BOL AOL AOL AOL SOL AOL 282 AOL BDL AOL BAL 285 46.8 2.5 1.20 3.61 6.6112/05/94 18:27 AOL BOL AOL 2.58 AOL AOL AOL AOL AOL AOL 289 AOL BDL AOL BDL 292 49.3 2.8 1.25 3.71 6.7312/09/94 12:59 AOL AOL AOL 2.32 AOL AOL BDL BDL BOL AOL 280 AOL AOL AOL 0.38 283 48.7 3.0 1.15 4.58 7.7912/09/94 13:35 SOL SOL AOL 1.95 AOL AOL AOL BAL AOL ADL 274. AOL AOL BOL 0.28 277 51.5 3.1 .1.28 4.67 7.9312/10194 13:15 AOL AOL AOL 1.85 AOL AOL AOL AOL SOL AOL 212 AOL AOL AOL AOL 214 51.2 3.4 0.98 5.57 8.9512/10/54 14:45 AOBL AL AOL " 1.78 BDL AOL BDL AOL SOL AOL 211 AOL BDL BOL AOL 213 48.8 3.4 0.93 5.64 9.0112/11/94 15:45 AOL AOL AOL 1.45 AOL AOL AOL AOL AOL AOL 181 AOL AOL AOL 0.62 183 51.3 3.3 .0.94 6.68 9.9412/1294 14:05 AOL AOL SOL. 1.06 AOL AOL AOL AOL AOL AOL 144 BOL AOL SOL AOL 145 51.4 3.2 0.67 7.81 10.612/12/94 18:30 AOL AOL AOL 1.07 AOL AOL BAL AOL AOL SOL 141, AOL AOL AOL BDL 142 51.4 3.2 0.66 7.67 10.712/13/4 12:04 ADL AOL AOL 0.97 AOL AOL BDL AOL AOL AOL 135 AOL AOL AOL AOL 136 50.0 3.5 0.61 8.53 11.2
12/14/94 11:55 ADL AOL SOL SOL BDL AOL AOL AOL AOL AOL l SOL AOL AOL AOL " 111 51.0 3.6 0.51 9.52 11.812/14/94 18:08 AOL AOL AOL AOL AOL AOL AOL AOL AOL AOL 95.4 AOL AOL AOL AOL 95.4 48.9 3.4 0.42 9.69 11.912/15/94 11:46 ADL AOL AOL 0.77 ADL AOL BDL AOL AOL BDL 99.5 AOL AOL AOL BOL 100 48.8 3.5 0.44 10.5 12.212/15194 20:3012/18/94 21:00 

STOP 3.5 0.44 10.9 12.42/18/94 2:00 
START 0.0 0.00 10.9 12.412/16/94 12:06 AOL AOL AOL 0.81 AOL ADL OL AOL AOL AOL 92.4 AOL AOL AOL AOL 93.2 48.8 3.4 0.41 11.5 12.512/17/94 12:38 ADL AOL AOL AOL AOL AOL AOL AOL AOL AOL 79.2 AOL AOL AOL BDL 79.2 51.1 3.5 0.38 12.5 12.912/18/94 11:37 AOL AOL AOL AOL ADL AOL AOL SOL AOL AOL 70.5 AOL BDL BDL BDL 70.5 53.5 3.4 0.34 13.5 13.212/19/54 12:47 AOL BDL BDL AOL AOL SOL . AOL AOL AOL AOL 66.5 AOL AOL AOL AOL 66.5 55.8 3.4 0.33 14.5 13.6

12/20/94. 11:10 STOP 3.4 0.33 15.5 13.9

BELOW DETECTION LIMIT



TERRA VAC CORPORATION LOUIS BERGER & ASSOCIATES
PROJECT 024-0050 DRY CLEANING FACILITY
VE-4 VE-4

t-1,2- 1,1- €-1,2- 1,2- 1,1,1- CHLORO- ETHYL OTHER TOTAL RUN TOTAL
DATE TIME CH2CL2 DCE DCA DCE CHCL3 OCA TCA BENZENE TCE TOLUENE PCE BENZENE BENZENE XYLENES VOC VOC FLOW VACUUM RATE TIME POUNDS

(ug) (ug) (ugA) (ugq) (ug/) (ug) (ug) (ug) (ug1) (ugS) (ug) (ug) (ugfl) (ug) (ugl) (ug/) (SCFM) (" Hg) (LB/DAY) (DAYS) REMOVED

12102/94 15:00 . START 0 0 0
12102/94 15:25 SOL BDL BDL BDL BDL BDL BDL BDL BDL BDL 4.59 BDL BDL BDL 27.6 32.2 42.8 3.0 0.12 0.02 0.00
12/02/94 16:11 BDL SDL BDL BDL BDL BDL BDL SDL BDL BDL 4.46 DL BDL BDL 11.6 16.1 42.7 3.0 0.06 0.05 0.00
12/02194 16:51 8OL SDL BDL BDL BDL BDL SDL BDL BDL BDL 4.21 BDL BDL BDL 7.21 11.4 42.7 3.0 0.04 0.08 0.01
12/02194 17:37 SDL BDL BDL BDL SDL BDL BDL BDL BDL BDL 4.02 SOL 9DL BDL 5.52 9.55 42.8 3.0 0.04 0.11 0.01
12103/94 10:07 BDL SDL BOL BDL BOL BDL BOL BDL BDL BDL 3.16 BDL SDL BDL 2.29 5.45 38.1 3.0 0.02 0.80 0.02
12/03/94 10:58 SDL BDL BDL BDL SDL BDL BDL BDL BDL BDL 3.32 BDL BDL BDL 2.53 5.85 37.9 3.0 0.02 0.83 0.02
12/03/94 11:46 BDL BDL 9DL BDL 501 BDL BDL SDL BDL BDL 3.38 BDL BDL BDL 2.96 6.34 38.0 , 3.0 0.02 0.87 0.02
12/03194 12:35 90L BDL BDL BDL 90L BDL SDL BOL BDL BDL 3.25 ,BDL BDL BDL 2.34 5.59 42.4 2.9 0.02 0.90 0.02
12/03/94 14:05 SDL BDL BOL 901 BDL BOL SDL BDL BOL BDL 3.16 SOL BDL BDL 2.50 1 5.67 37.9 2.9 0.02 0.96 0.02
12/03/94 14:50 9DL BDL BDL 90L SOL BDL BDL BDL BDL BDL 4.35 S0L BDL BDL 5.08 9.44 77.4 6.2 0.07 0.99 0.02
12/03/94 15:41 BDL BDL BDL BOL 90L 90L BDL BDL BDL BDL 3.27 SDL BDL BDL 2.39 5.65 77.4 6.2 0.04 1.03 0.03
12/03194 16:27 SOL BDL B BOL 91 L BOL BDL BDL BDL 4.02 BDL BDL BDL 2.88 6.90 77.4 6.0 0.05 1.06 0.03
12/03194 17:06 SDL BDL BDL BDL S0L BDL BDL 801 BDL BDL 4.18 81L BDL BDL 3.76 7.95 77.8 6.0 0.06 1.09 0.03
12/04194 10:34 BOL BOL 901 901 901 BDL BDL BDL BDL BOL 5.99 SOL BDL BDL 1.17 7.16 85.6 5.6 0.06 1.82 0.07
12/04/94 11:16 BDL BDL BDL BDL 01L SDL BDL DL BDL . BDL 5.84 BDL 6DL BDL 1.17 7.02 85.5 5.6 0.05 1.84 0.07
12104/94 12:04 BDL 90L BDL BDL BL BDL BDL BDL BDL BDL 5.90 BOL BDL BDL 0.78 6.68 85.7 5.5 0.05 1.88 0.07
12104/94 13:25 BOL BDL BOL 01 9L BDL BDL BL BDL BDL 6.17 BDL SDL BDL 0.55 6.72 85.8 5.5. 0.05 1.93 0.08
12/04/94 14:18 BDL BDL 80L 9DL BOL BOL BDL 901 BDL SOL 6.15 BD BDL 8DL 0.86 7.01 93.2 6.3 0.06 1.97 0.08
12J04/94 15:00 SOL BDL DL -9DL BOL BDL 9DL OL0 SL BDL 6.13 BDL BDL BDL 0.99 7.13 93.2 6.2 0.06 2.00 0.08
12104/94 15:41 BDL 91 91 91 . 91 L SL BDL BDL SO L 6.19 BDL BDL BL 0.80 6.99 93.6 6.0 0.06 2.03 0.08
12/04/94 16:27 BDL 90L 9DL BDL BOL BDL BDL 9DL S L BOL 6.20 90L 90L BDL 0.83 7.03 93.6 6.0 0.06 2.09 0.08
12/05/94 09:55 91L SOL BDL 9DL BOL BDL S0L BDL BDL BDL 7.49 90L 90L BDL 90L 7.49 101 6.0 0.07 2.79 0.13
12/05/94 10:35 90L BDL S0L BDL BDL BDL BDL BDL BDL BDL 7.28 BDL BDL BDL 0BDL 7.28 101 6.0 0.07. 2.82 0.13
12/05/94 11:18 91L 80L BDL DL 9DL BDL 90L BDL BDL BDL 6.96 BDL BDL DL DL 6.96 99.3 6.0 0.06 2.a5 0.14
12/05/94 12:09 BDL 01L BDL BDL BDL 9DL 90L BDL BDL S0L 7.50 S0L BDL BDL 90L 7.50 101 6.0 0.07 2.88 0.14
12/05/94 13:26 0L SOL BDL BDL 9DL BDL .BDL BDL BDL BL 7.79 BDL BDL .BDL BDL 7.79 99.1 6.0 0.07 2.93 0.14
12/05/94 14:14 0L 9OL BDL BDL L BDL BDL BDL BDL BDL 8.03. 90L BDL BDL 90L 8.03 99.1 6.0 0.07 2.97 0.14
12/05/94 15:06 51L BDL S0L BDL 90L BDL BDL BDL BDL S0L 8.00 S0L BDL BDL S01. 8.00 97:3 6.0 0.07 3.00 0.15
12/05/94 . 15:57 S1L BDL BDL 01L 91L S0L 01L BDL DL BDL 8.37 01L BDL BDL BDL 8.37 96.7 6.0 0.07 3.04 0.15
12/05/94 16:48 90L 90L 90L 9OL 91L 91L 01L S0L BDL 01. 7.91 S0L BDL 01L BDL 7.91 99.2 6.0 0.07 3.08 0.15
12/06/94 10:11 91L BDL 5DL 90L S1L 51L 01BDL 01L BDL BDL 9.28 BDL BDL 9OL BDL 9.28 112 5.8 0.09 3.80 0.22
12/06/94 12:07 BDL BDL 81L BDL 01L 9DL 91L BDL BDL 01L 9.92 BDL 01L BDL BDL 9.92 42.8 1.6 0.04 3.88 0.22
12106/94 17:00 STOP 1.6 0.04 4.08 0.23
12/09/94 09:15 START 0.0 0.00 4.08 0.23
12/08/94 14:04 . 901 L S L BDL BDL DL 90 L BDL BDL BDL 9.18 90L BDL BDL 90L 9.18 32.4 "2.0 0.03 4.28 0.24
12/08/94 16:27 BDL 90L S L BDL S L 50 L BDL 0L BDL BDL 16.5 90L 51L BDL BDL 16.5 32.4 2.0 0.05 4.38 0.24
12/0994 12:59 90L SL BDL BDL 9DL 90L 91L 81L S 51L BDL 9.36 SOL BDL BDL 0.30 9.66 45.8 2.0 0.04 5.24 0.28
12/09/94 , 15:35 91L 90L BL BDL OL0 90L 91L BDL BDL BDL 9.60 91L 9DL BDL BDL 9.60 48.5 2.1 0.04 5.35 0.28
12/10/94 13:15 90L 91L BDL 91L 9OL 90L 91L BDL SOL BDL 10.3 91L 91L BDL 0.22 10.5 42.5 2.4 0.04. 6.25 0.32
12110/94 14:45 SOL SOL 91 L 91 L OL 9 0L BDL BDL BDL 01. 10.2 9DL 9DL BDL BDL 10.2 .48.3 2.3 0.04 6.31 0.32

12/11/94 15:45 SDO 901.L BDL 14.0 BDL BDL BDL . BDL 14.0 48.3 2.3 0.06 7.35 0.38
12/12/94 14:05 S0L 91L 90L 91L 91L 91L BDL BDL BDL 90L 14.0 90L SL BDL 90L 14.0 45.6 2.2 0.06 8.28 0.44
12/12/94 15:30 90L BDL 9DL 90L 91L 90L 90L BDL 91L BDL 10.3 90L 90L 8DL 90L 10.3 45.6 2.2 0.04 8.34 0.44
12/13/94 12:04 90L BDL 90L 9DL 90L BDL S9L 90L 91L BDL 12.8 91L 9DL 91L BDL 12.8 45.6 , 2.2 0.05 9.20 0.48
12/14/94 11:55 BDL 90L 91L 90L BDL BDL 90L BDL 80L 5DL 12.2 90L DL 80L 91L 12.2 53.4 2.3 0.06 10.2 0.54
12/14/94 16:08 BDL 90L SOL BDL DL 90 L 90 L BDL 0L BDL 11.9 9DL 90L BDL 90L 11.9 55.7 2.3 0.06 10.4 0.55
1215/94 11:46 90L 90L 91L BDL 90L 90L 90L BDL 9DL 90L 12.9 BDL 91L BDL 91L 12.9 45,6 2.2 0.05 11.2 0.60
12115/94 20:30 STOP 2.2 0.05 11.6 0.61
12/15/94 21:00 START 0.0 0.00 11.6 0.61
12116/94 12:38 S0L S0L BDL 60L BL SOL BDL BDL 91L S0L 13.1 BDL BDL BDL 0.36 13.5 48.5 2.1 0.06 12.2 0.65
12/17/94 13:15 90L 90L BDL 8DL S0L DL 90L 0DL 91L BDL . 13.8 SOL BDL SOL DL 13.8 51.0 , 2.2 0.06 13.2 0.72
12/18/94 11:37 90L . SOL BDL 9OL B0L BDL L BDL 0L BDL 14.4 90L BDL 91L 90L 14.4 48.5. 2.1 0.06 14.2 0.78
12/18/94 13:24 90L 90L DL 90 L BL 0 L BDL DL BDL DL 16.5 90L 91L 91L 90L 16.5 45.7 2.1 0.07 15.2 0.85
12/20/94 11:10 STOP 2.1 0.07 18.1 0.91

BELOW DETECTION LIMIT
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SUMMVARY OF PILOT STUDYI VACUUM PROBE MEASUREMENTS
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DCF - Fort Riley - Vacuum F.rtarction Test Data Stabilized Daily Vacuum Probe Readings, In. - Summarized from LBA Daily Log Sheets

Air Flow From Vacuum, scfn Well #1 - Northeast Array Well #1 - Northwest Array. Well #2 - South Array Well #2 - West ArrayDate Well #1 Well #2 Weg #3 Well #4 Probe I Probe 2 Probe 3(7-d) Probe 4 (25'd Probe 1 Probe 2 Probe 3(7) Probe 4(25' Probe 1 Probe 2 Probe 3(7') Probe 4(25' Probe 1 Probe 2 Probe 3(7) Probe 4[25)
11/21/94 9:00 65 0 0-.02(.01) .04-05 (.045 0.05 0 0.05 0.1 0 0.1 0.01 0 0 0 0 0
11/22/94 9:00 65 0 .25-45 (4) 0-02 (02) .04-08 (08) 0.1 0 0.17 0.08 0 0.05 0.005 0 0 0 0.11 0

112294 11:00 75 0 0 0 0 0 0 0.145 0
11/23/949:00 60 .0.4(.45) 0.02 .07-.08 (.08) 0.1 0.05 0.17 0.08 0 0-.1(05 0-.01(0) 0-.01(0) 0 0 .12-.15(.15) 0

1123194 14:00 90 0.2 .6-55 (.55) 0.04 0.11 0.2 0.1 0.24 0.12 0 0.1 0.01 0 0 0.16-19 0
11/24/949:00 90 0.2 0.5 0.03 .08-09 (.085) 0.2 0.1 0.19 .09-.1(.09) 0 0.1 0.01 0.01 0 0-.5 .18-.19 0.0
11/25/94 9:00 85 0.2 0.5 0.02 .07-.08 (.075) 0.1 0.05 0.175 0.075 0 0.05 0 0 0 0.15 0

11/25/94 11:00 55-45 0.05-.1 0 0 0 0 0.01 0.01 0 0.1 0 0 0 0 0.11 0
11/2/94 9:00 40-35 00-05 0 0 0 0 0 0 0 0.1 . 0 0 0 0 .03-05 0

0 0.1 0.01 0.01 0
1127/94 13:00 35-28 0 0 0 0 0 0 0 0 0 0.1 0 0 0 0.01-01 0

11/28/94 9:00 28 00-.01 0 0 0 0 0 0 0 0.1 0 00-1(.05) 0 .01-.03(.01)
11/29/949:00 27 0 " 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 0

11/29/94 10:00 39 0.05-.1(.05) 0.02 0.03 0 0 .04-08(.07) .02-04(.04) 0 0.1 0 0 0 0 .05-.09(.075 0.0111/30/949:00 39 0 0.1 0.01 0.02 0 0 0.07 0.03 0 0.1 0 0 0 0 .05-.08 0.01
11/30/94 12:00 63 0 0.2 0.04 .05-.06(.55) 0.1 0 .18-2(.2) .07-.09(.08) 0 0.1 0 0 0.1 0 .19-.21(.2) 0.01

12/1/94 10:00 65 0 0.2 0.05 0.08 0.1 0 .18-.2(.19) .06.09(.08) 0 0.1 0 0 0.1 0 .22-28 0.01
12/1/9415:00 70 0 0.2 0.05 0.07 0.1 0.1 .23-.25(.23) 0.11 0 0.1 0 0 0.1 0 .22-26 001
12/2/94 10:00 77 " 43 0 0.2 0.04 0.08 0.1 0.1 .22-.26(.24) .1.125(.12) 0 - 0.1 0 0 0.05 0 .23-29 0.015
12/2/94 11:00 0 43 0 0.2 0.06 0.08 0 0 0 0 0 0 .22-24 0
12/3/94 10:00 39
12/3/94 12:00 .78

12/4/94 10:0 88
12/4/94 13:00 94
12/4/94 15:00 94

12/5/94 9:00 100
12/6/94 fW00 112

12/8/94 11:00 42 22 48 43
12/7/94 0.00 Ice Storm
12/8/94 9:00 47 16 48 33 0 0.5 0.09 0.16 0.02 0.02 0.4 0.2 0 0 0 0 0 .04-05 .36-.43(.38) 0
12/9/94 9:00 55 27 47 33 0 0.5 0.08 0.15 0.2 0.2 0.37 0.23 0, 0 0 0 0 0.035 0.38 0

12//94 13:00 48-49 0 0.5 0.09 0.15 0.2 0.2 0.38 . 0.25 0 0.04 0.38 0
48-49 0 0.5 0 0.15 0.2 0.2 • 0.44 0.37

12/10/94 0:00 55 19 52 48-49 .3-.32(.3) .5-6(5) 0.1 .17-.18(.175) 0.2 0.2 0.44 0.28 0 0.01 0 0 0 .035-.0 .385-.435 0
0.2 0.25 0.44 0.24 0 .05-08 0 0

12/11/94 0:00 52 15 51 48 .3-.324.3) 0.5 0.09 0.185 0.2 0.2 0.4 0.2 0 .04-09 "0 0 0 0.04 .39-.43 0
12/12/94 0:00 55 11 50 48 0.33 0.55 0.1 0.175 0.2 .2-.25(. 0.4 0.19 0 .03-04 0 0 0.025 0.045 0.375 0
12/13/940:00 54 . 9 50 48 0.34 0.55 0.1 0.18 0.2 0.22 0.37 0.18 0 0,08 0 0 -.03 0.04 .36-.4(.38) 0
12/14/940:00 54 8.5 51 55 0.35 0.55 0.1 0.18 0.2 0.22 .38-.43(.38) .15-18 00-,08 0 0 0-.03 0.04 .38-.4(.38) 0
12/15/94 0:00 49 7 49 48 0.35 0.6 0.1 0.18 0.2 .2-.3 .38-43(.4) .16-.19(.19) 00-06 0 0 -.03 0.04 .36-.38(.36) 0
12/16/940:00 52 16 49 49 0.35 0.55 0.1 0.18 0.2 0.21 0 0-03 0 0 -04 0.045 .37-4 00,2 0.25 .37-.41(.38) .15-19

12/17/940:00 54 19 51 51 0.34 0.8 0.1 0.18 0.21 .21-28 .33-41 .13-19 0 0 0 0 0 0.04 0.42 0
12/18/94 0:00 49 21 54 49 0.32 0.6 0.1 0.17 0.22 .21-25 .35-37 .13,-17 0 0 0 0 0 0.04 042 0
12/19/94 0:00 49 25 56 46 0.31 0.8 0.1 0.17 02 .21-.25 .35-42 .13-19 0 0 0 0 0 0.05 .33-.43 0:: 12/20/940:0 49 25 56 48 0.31 0.5 0.095 0.155 0.2 02 0.38 0.18 0 0 00 0 0.045 033 0Page 3: r:-Iprub.x 22/4001 4 5 5 6 03 . .9 .5 . . .6 011 0 000_ 0005 3



DCF - Fort Riley - Vacuum Extractlon Test Data Stabilized Daily Vacuum Probe Readings, In.
Air Flow From Vacuum. sciln Well #3 - North Array We #3 - West Array Well #4 - Southwest Array Well #4 - Northnvst Array

Date Well #1 Well #2 Well #3 Well #4 Probe 1 Probe 2 Probe 3(7') Probe 4(25) Probe 1 Probe 2 Probe 3(7') Probe 4(25' Probe 1 Probe 2 Probe 3(7') Probe 4(25' Probe 1 Probe 2 Probe 3(7') Probe 4(26)
11/21/949:00 65 0 0 0 0.12 0.05 0 0 0
11122/949:00 65 1 0 0 0.15 0.05 0 0 0

11/22/94 11:00 75 0.5 0 0 0.15
11/23/949 :00 80 . 1 0 0 0.14 0.05 0 0.02 0.02

11/23/94 14:00 90 0.02 0.22 .05-.1 0 0.02 .02-.04(.02)
11/24/94 9:00 90 0.4 0.1 0.01 0.17 0.05 0.5 .01-.02 .01-.03(.02)

0.1 0 0.01 .01-04
11/25/94 9:00 85 0.4 0.1 0 0.11 0.1 0 0 - 0

11/25/94 11:00 45-55 0-05 0 0 0.01 0 0 0 0
11/26/94 9:00 35-40 0 0 0 0 0 0 0 0

11M2719413:00 35-28 0 00-.01 0 0 0 0 . 0.03
11/28/94 9:00 28 0 0 .0-.01(.01) .0-.01(.01) 0 0 0 0.01
11/29/94 9:00 27 0 0 0 0 0 00-01(0) 0.01

11/29/94 10:00 39 0.3 0 0 0.1 0.1 00-.01 0-.04
11/30/94 9:00 39 0.4 0 0 0.07 0.1 0 0.01 .01-.03(.03)

11/30/94 12:00 63 2 0.1 0.01 0.24 0.3 0 0.01 .01-.03
63 0.85" 0.1 0 0.24 0.3 0 .02-.03 (01 .04-.05(.04)

12/1/94 10.00 85 0.9 0.1 .01-.02(.02) .19-.27 0.4 0 0.02 .05-.06(.05)
12/1/94 15:00 70 1.1 0.1 .01-.03(.02) .35-.4 0.4 0 .02-.05(.04) .06-.07(.06)
12/2/94 10:00 77 43 1.1 0.1 .01-.02(.01) .3-.41 0.4 0 .04-.055(.0 .06-07(.06) 0 0 0 0.01 0.05 0 0 0
12/2/941:00 43

123/94 10:00 39 0 .0 0 0.005 0.05 0 0 0
12/3/94 12:00 78 05-1 0 0 .01,03 .1-.2 0 .01-.02(.02) .01-02 (.02)
12/4/94 10:00 80 0.1 0 0 0.035 0.2 0 0.02 0.03
12/4/94 13:00 94 0.15 0 0 0.045 0.25 0 0.03 0.035
12/4/94 15:00 94 0.1 0 0 0.045 0.25 0 0.025 0.035

125/949:00 100 0.05 0 0 0.04 0.2 0 0.015 0.025
12/6/94 9:00 112 0.05 0 0 0.04 0.2 0 0.02 0.04

12//94 11:00 42 22 48 43 0 0 0. 0.01 0 0 0 0
12/7/94 9:00 Ice Storm
12/8/849:00 47 16 48 33 3 0 0 0.2 2 0 0.1-.2(.15) 0 0 0 0.005 0.05 0 0 0
12/9/949:00 56 '27 47 33 2.5 0 0 0.15 1.9 0 0 0.1 0 0 0 0.01 0.1 0 0 0.005

12/9/94 13:00 46-49 2.5 0 .05-.1(.1) 0.25 0.5 0 0 0.1 0 0.02 0 0.02 0.15 0 0.005 0.015
0.25 0 0 0.1

12/10/949:00 55 19 52 4349 2-2.5 .2-38 0-.15(0) .05.1 0.65 0.02 0.06 0.28 02-04 0 0 0.02 .1-.17(.1 • 0 0.02 0.01
0.39 0.02 0.06 0.15 0.15 0 0.02 0.02

12/11/949:00 52 15 51 48 2.0-2.5(2.4 0.5 .03-.11(.07) .03-06(.05) 31-3 .02-03 06-08 .11-.13(.11) 01-.04 0 0 0.01 0.1 0 0.01 .01-.02(.02)
1212/949:00 55 .11 50 48 2.2-2.5 0.8 0.1 .045-.07 25-.3 .02-03 .07-.1 .12-.18(.14 0.04 0 0 001 .15-.18 0 0.01 .0.02(.02)
12/13/949:00 54 9 50 46 2.2-2.5 0.5 0-.1 .02-08 28-38 0.03 0.08 012 04-05 0 0 0.01 0.17 0 0.01 0.01
12/14/949:00 54 8.5 51 55 2.2 0.260,11 .01-.06 2.2-2.8 .01-.03 003 0.14 004 0 0 0.01 0.17 0 0.01 0.01
12/15/94 9:00 49 7 49 46 2.8 0.29 .0-.09 .06-1(.1) 2.1 0.03 0.03 007 0.04 0 0 0.01 .12-17 0 0-.02 0.01
12/16/94 9:00 52 10 49 49 2.5 0.3 0.06 0.1 25-.36 0.03 0.04 .05-1(1) 0.04 0 0 0.01 0.1 0 0-.02 0.01

12/17/949:00 54 19 51 51 2.2-2.5(2.4 028 0 .04-.1 28-.3 002 03-04 0-1(.09) 0.04 0 0 0.01 0.1 "0 0 .0.01
1218/94 9:00 49 21 54 49 2.5 0.25 0 .05-1 0.2 0.02 0.03 .07-.1 (.08) 0.04 0 0 0.01 0.1 0 0 0.01
1219/94 9:00 49 25 56 46 2.5 .25-.28 0 .05-.1 0.2 .01-.02 003 0.11 0.04 0 0 0.01 01 0 0 0.01

Pog: c:/spsiob.xio 1220/949:00 49 25 56 46 2.2 0.25 0 0.06 0.2 0.02 0.04 0.08 0.04 0 0 0.01 0.1 0 0 0.01
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I APPENDIXH
MEMORANDUM ON DCF PILOT STUDY

i POST EXTRACTION SOIL AND GROUNDWATER SAMPLING
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I
Louis Bergerand Associates

814 W. Diamond Avenue

Gaithersburg, MD 20878

(301) 216-0664 (Telephone)

(301) 216-2205 (Telefax)

MEMORANDUM

TO: Commander, Engineer District Kansas City
Attn: CEMRK-EP-EA, Garth Anderson
Kansas City, MO 64106

FROM: Fred McCarthy

I DATE: 13 April 1995

RE: DCF Pilot Test Study Post Extraction Soil and Groundwater Sampling

CC: Katie Watson, Mike Greene, Jim Stamatis, Susan Knauf, Larry Cerrillo, George Parris

Introduction

The purpose of this memorandum is to present the proposed locations and sampling procedures for the post-
extraction subsurface soil and groundwater sampling at the Dry Cleaning Facilities Area located in Fort Riley,
Kansas. The intent of performing post extraction sampling is to compare results with baseline soil andgroundwater data so as to evaluate the effectiveness of the pilot test system operation.

I Proposed Locations and Sampling Methodology

I Subsurface Soil Sampling Locations

The three post-extraction soil borings will be located as shown on Figure 1. These soil borings are located
approximately two feet northeast of the baseline borings which were sampled in October 1994. No post
extraction soil samples are proposed for collection adjacent to DCF94-21 because baseline results for this area
indicated non-detection of VOCs. At each of the three boring locations, three (3) split spoon samples will be
obtained. They will represent the shallow depth (approximately 1.0 - 3.0 ft); intermediate depth
(approximately 15.0 - 17.0 ft); and a six inch interval above the groundwater-table. Specific sample depths

- will be determined based upon soil screening with a PID and the intervals sampled during baseline sampling.
Samples with the highest PID reading will be collected for analysis. A total of nine samples will be collected
and analyzed for VOCs by EPA method 8010. Sampling will be performed according to the proceduresI



I established in the QAPP dated 9 January 1995 and the Draft Final Workplan dated March 1994.

I Groundwater Sampling Locations

Post extraction groundwater samples will be collected from four wells: DCF94ES-1 B, -2B, -3B, and DCF94-
21. Samples will be analysed for VOCs by EPA Method 8010. Sampling will be performed according to the
QAPP dated 9 January 1995 and the Draft Final Workplan dated March 1994.

I Schedule

The Post extraction subsurface soil sampling is scheduled for 24 through 27 April 1995 and the groundwater
sampling will follow on 1 through 3 May.

Attachment
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