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1.  INTRODUCTION  
 
 
The U.S. Army Corps of Engineers (USACE)–Baltimore District, under Contract No. 
W912DR-05-D-0008, Delivery Order No. 0006, tasked EA Engineering, P.C. and its affiliate EA 
Science and Technology to conduct a multi-phase extraction (MPE) optimization study at the 
Army Air Force Exchange Service (AAFES) station, Building 200, Fort Hamilton (Brooklyn), 
New York.  This report summarizes the results of the MPE optimization study conducted in July-
August 2005.   
 
1.1  PROJECT OBJECTIVES  
 
The study was designed to provide the data necessary to evaluate MPE as a corrective measure 
for the removal and treatment of separate and dissolved-phase hydrocarbons in the subsurface 
soil and groundwater at the AAFES site.  In addition, the data collected was analyzed to estimate 
additional site-specific parameters (i.e., radius of influence, vadose zone soil properties and 
parameters, and extracted air and water discharge rates and contaminant concentrations).   
 
1.2  REPORT ORGANIZATION  
 
This report is organized as follows: 
 

• Section 1 – Introduction—Presents an introduction to the project and its objectives, a site 
description, and an overview of the MPE technology.  
 

• Section 2 – Field Activities—Details the field tasks performed and the equipment used 
during field activities. 
 

• Section 3 – Results—Presents the results of the optimization study. 
 

• Section 4 – Conclusions and Recommendations—Presents an evaluation of MPE as a 
remedial technology at the site, including selection of extraction wells, air and liquid 
discharge rates, and treatment methods. 

 
1.3  SITE DESCRIPTION  
 
The site is located at 200 General Lee Avenue in Fort Hamilton, Brooklyn, New York (Figure 1).  
The station was constructed in the 1960s as a service station with two service bays, three 
gasoline underground storage tanks (USTs), and one waste oil UST.  The 3 gasoline USTs (two 
3,000-gal and one 4,000-gal) were replaced in 1991.  Soil staining from petroleum leaks was 
noted during tank removal.  The new tanks were located in the existing excavation, however, 
some contaminated soil remained.  During 1999-2000, the service station was converted into a 
convenience store.  The site is currently operating as an active retail gasoline service station. 
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1.3.1  Previous Investigations 
 
TRC Environmental Corporation conducted a site investigation in June 1997, including 
installation and sampling of three soil borings using hollow-stem auger methods.  The results 
indicated elevated benzene, toluene, ethylbenzene, and total xylene (BTEX) concentrations in 
soil at approximately 19-31 ft below ground surface (bgs).  In particular, a sample from boring 
TRC-2 contained significant concentrations of BTEX, totaling 11,160 mg/kg.  Groundwater 
samples were not collected during the investigation.  
 
Parsons Engineering Science conducted a site investigation from March to May 2000.  The 
Parsons investigation included installation and sampling of five monitoring wells using hollow-
stem auger methods.  Ten soil samples were collected and analyzed for the New York State Spill 
Technology and Remediation Series volatile organic compounds and base neutral compounds.  
None of the base neutral compounds were detected above method detection limits.  Benzene, 
total BTEX, and methyl tertiary-butyl ether (MTBE) concentrations detected in the soil samples 
collected from MW-05 ranged from non-detect to a maximum of 12,237 mg/kg, 69,669 mg/kg, 
and 4,554 mg/kg, respectively.  Monitoring well MW-05 is located adjacent to soil boring 
TRC-2, which exhibited the highest concentrations during the TRC investigation.  
 
General Physics completed a site assessment in June 2003, including the installation and 
sampling of nine direct-push soil borings and two additional monitoring wells to delineate the 
down gradient extent of impacted soil and groundwater.  The analytical results indicated that soil 
is impacted at the site in an area approximately 100 ft × 75 ft extending down gradient from the 
UST pit.  The vertical extent of impacted soil is between 15 and 30 ft bgs.  Groundwater impacts 
(i.e., BTEX, MTBE, and naphthalene) were reported at concentrations above New York State 
Department of Environmental Conservation Class GA standards extending from the tank pit to 
the northeast site boundary along General Lee Avenue.  Light non-aqueous phase liquid 
(LNAPL) was observed in MW-01 and MW-05.  General Physics estimated that 2,020 gal of 
LNAPL and 210 lb of BTEX compounds are present at the site. 
 
Based on the results of the June 2003 site assessment, General Physics proposed implementing 
mobile high vacuum extraction as a corrective action for the site.  During September and October 
2003, General Physics installed three additional soil borings, collected two geotechnical samples, 
performed a short-term pumping test on MW-07, performed in situ respirometry tests, and 
performed high vacuum extraction tests on MW-01, MW-04, and MW-05 using a mobile unit.  
Following the additional field activities, General Physics completed a corrective action plan 
for the site in June 2004.  The corrective action plan evaluated remedial alternatives and 
recommended that a bioslurping/MPE treatment system be installed to address areas of the site 
impacted by LNAPL. 
 
1.3.2  Nature and Extent of Impacts 
 
Currently, LNAPL is observed in MW-01 and MW-05.  The intermittent presence of LNAPL in 
MW-02, MW-03, and MW-04 can be attributed to seasonal water table fluctuations.  The 
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observed groundwater impacts are likely the result of groundwater contact with LNAPL and/or 
residual petroleum. 
 
Based on multiple water level measurements, the groundwater flow direction is toward the 
north-northeast.  The fine-grained silty sand and clayey sand facies that comprise the water table 
aquifer result in a low groundwater yield.  Horizontal extent of soil contamination is 
approximately 100 ft × 75 ft, with the major axis of the plume in north-south direction.  Benzene 
contamination is limited to the vicinity of MW-05 near the tank pit.  Shallow contamination, 
from 10 to 15 ft bgs, appears to exist in the vicinity of the tank pit.  The vertical extent of 
contamination in the remainder of the area is from 15 to 30 ft bgs, with the majority of the 
impacts observed near the water table. 
 
1.4  TECHNOLOGY OVERVIEW 
 
MPE combines two remedial technologies:  soil vapor extraction and liquid recovery.  Soil vapor 
extraction is designed to volatilize low molecular-weight compounds using relatively high air 
flow rates.  Liquids (both LNAPL and groundwater) are also entrained in the extracted air and 
treated via conventional methods (i.e., containerization, air stripping, granular activated carbon, 
etc.). 
 
MPE systems consist of a vacuum pump that withdraws a mixture of groundwater, LNAPL, and 
soil vapor through a drop-tube positioned just above or at the LNAPL-water interface.  The rate 
of liquid and soil gas extraction is dependent upon the permeability of the formation, the applied 
vacuum, and the position of the drop-tube.  The extracted process stream enters an air/liquid 
separator where the liquid component remains and the air component is withdrawn by the 
vacuum pump and treated prior to discharge.  The remaining liquid component, consisting of 
water, and potentially, LNAPL, is transferred to an oil/water separator.   
 
MPE has several advantages over conventional single and dual pump technologies, including: 
 

• Exposure of the LNAPL smear zone by depressing the groundwater table 
 

• Creation of a zone of reduced pressure around the well, which increases the hydraulic 
gradient to the well 
 

• Release/recovery of LNAPL that is held in the soil by capillary forces when vacuum 
pressures exceed capillary pressures 
 

• Recovery of up to 100 percent of residual LNAPL within the vadose zone (if the LNAPL 
is volatile) through soil vapor extraction component 
 

Simultaneous treatment of vadose zone soil, LNAPL on the water table, and the dissolved-phase 
hydrocarbons in the groundwater, results in decreased final treatment costs. 
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2.  FIELD ACTIVITIES 
 
 
This section presents the field activities that were implemented at the AAFES Station to achieve 
the objectives of the MPE optimization study.  No significant field modifications to the work 
plan (EA 2005)1 were necessary over the duration of the study, but several minor modifications 
are identified and discussed below. 
 
2.1   SEQUENCE OF FIELD TASKS 
 
The following field tasks were performed as part of the optimization study: 
 

• Obtained underground utility clearances for intrusive (i.e., drilling) operations. 
 
• Installed four temporary vapor monitoring points (TMP-01 through TMP-04) located 

adjacent to an existing groundwater monitoring well.  
 

• Collected a soil sample from monitoring point TMP-03, installed outside of the LNAPL 
plume for microbial analysis. 

 
• Performed bail-down tests at two site groundwater monitoring wells (MW-01 and MW-

04) where LNAPL was observed. 
 

• Collected groundwater samples at three site groundwater monitoring wells (MW-02, 
MW-06, and MW-07), including laboratory analysis for monitored natural attenuation 
parameters.  

 
• Collected a groundwater sample from monitoring point TMP-03 installed outside of the 

LNAPL plume for microbial analysis. 
 
• Performed a three-day MPE optimization study at two monitoring wells, including the 

collection of aqueous and vapor effluent samples for laboratory analysis. 
 
2.2   SOIL BORING/TEMPORARY MONITORING POINTS 
 
System performance was monitored using a combination of existing monitoring wells and four 
newly installed 1 in. diameter monitoring points (Figure 2).  Three of the four monitoring points 
were installed at distances of 5 ft, 10 ft, and 15 ft (TMP-01 through TMP-03) an completed to a 
depth of approximately 28 ft bgs.  The fourth temporary monitoring point (TMP-04) was 
installed to a shallower depth of approximately 10 ft bgs, at a distance of approximately 5 ft from 
MW-03, to assess potential variability in observed extraction pressure due to the presence of a  
gravel layer underlying the site at approximately 20 ft bgs. 

                                                 
1  EA.  2005.  Work Plan for the Multi-Phase Extraction Optimization Study, AAFES Station, Fort Hamilton, 

New York.  July. 
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On 28 July 2004, a truck-mounted combination direct-push/hollow stem auger drill rig was used 
to install the temporary vapor monitoring points using the direct-push.  Continuous soil samples 
were collected at TMP-03 from the unsaturated zone through the smear zone using a 2-in. 
diameter by 4-ft-long stainless steel sample barrel with clean acetate liner (via direct-push 
drilling technique).  The soil samples were described using the Unified Soil Classification 
System and screened for volatile organic compounds in the soil headspace using a Minirae® 
photoionization (PID) detector.  The soil boring log is provided in Appendix A.  A soil sample 
was collected from TMP-03 at the water table interface (i.e., 21.2 to 21.7 ft bgs) and submitted to 
Microbial Insights of Rockford, Tennessee, for quantitative analysis of the microbial community. 
 
The 1-in. diameter monitoring points were installed at a depth of 28 ft bgs with 15 ft of Schedule 
40, 0.010-slot, polyvinyl chloride screen and an appropriate amount of riser, with the exception 
of TMP-04, which was installed to 10 ft bgs with 5 ft of screen.  The temporary points were 
completed flush to the surface with traffic-rated curb boxes set in concrete collars to protect the 
risers from damage.   
 
2.3  LNAPL BAIL-DOWN TESTS 
 
On 9 August 2005, bail-down testing was conducted to determine the rate of LNAPL recovery at 
existing groundwater monitoring wells MW-01 and MW-04.  These wells were selected because 
they contained measurable LNAPL during the baseline gauging performed at the start of the 
optimization study. Following removal of the LNAPL, the wells were gauged using an oil/water 
interface probe to determine the rate of LNAPL recharge. 
 
LNAPL was also observed in MW-05, however this well was originally planned to be used for 
the MPE portion of the study.  In order to minimize disruption of the MPE testing (which 
included evaluation of LNAPL recovery), bail-down testing was not performed at this well.               
 
2.4  BASELINE GROUNDWATER SAMPLING 
 
Baseline groundwater samples were collected from groundwater monitoring wells, MW-02, 
MW-06, and MW-07 from 8-9 August 2005.  A groundwater sample was originally planned at 
well MW-04, however, the sample was collected from MW-06 due to the presence of LNAPL in 
MW-04. 
 
Groundwater samples were collected via low-flow sampling techniques using a bladder pump 
and dedicated teflon tubing.  Field measurements of water quality parameters, including 
temperature, pH, conductivity, dissolved oxygen, oxidation/reduction potential, and turbidity, 
were monitored and recorded during purging to document stabilization prior to sample 
collection.  Water quality indicator parameters were monitored using a Horiba® Model U-22 
Water Quality Meter.  Field Records of Gauging, Purging, and Sampling are provided in 
Appendix B. 
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Groundwater samples collected from the wells were analyzed for the following parameters: 
 

• Volatile organic compounds (including MTBE) 
• Nitrate 
• Sulfate 
• Iron 
• Manganese 
• Dissolved and total organic carbon. 

 
Groundwater samples were submitted to Chemtec in Mountainside, New Jersey, for analysis of 
New York State Department of Environmental Conservation (NYSDEC) Spill Technology 
Remediation Series list volatile organic compounds using U.S. Environmental Protection Agency 
(EPA) Method 8260, nitrate by IC Method E300, sulfate by U.S. EPA Method 375.4, iron by 
Ferrous Hach Method 8146, and manganese by Hach Method 8149. 
 
On 11 August 2005, a groundwater sample was also collected using a bailer from monitoring 
point TMP-03 and submitted to Microbial Insights of Rockford, Tennessee, for a quantitative 
analysis of the microbial community. 
 
2.5  MULTI-PHASE EXTRACTION OPTIMIZATION STUDY EQUIPMENT  
 
2.5.1  MPE System Components 
 
The major components of the mobile MPE system used during the optimization study included a 
positive displacement vacuum pump, air/water separator, equalization tank, and associated 
transfer pumps mounted inside an enclosed trailer (Figure 3 and Appendix C, Photo 1).   
 
2.5.2  Liquid Containerization 
 
A 4,000-gal frac tank was staged onsite to contain extracted groundwater and LNAPL; however, 
due to the limited amount of liquid recovered during field activities (approximately 25 gal 
generated during well purging/sampling and 125 gal during MPE testing), the tank was not used.  
Extracted liquids were staged onsite in 30-gal drums pending offsite disposal.   
 
2.5.3  Offgas Treatment 
 
Generally, offgas treatment is not required by the NYSDEC for an optimization study; however, 
granular activated carbon was used during the optimization study to minimize nuisance 
petroleum odor at the site.  A changeout of the carbon was not required during the optimization 
study.   
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2.5.4  Wellhead Configuration 
 
To allow the installation of the drop-tube, the wells were retrofitted with Fernco® reducers to 
seal the drop-tube to the 4-in. diameter monitoring well.  Vacuum lines consisted of a 
combination of 1-in. diameter flexible hose and Schedule 80 polyvinyl chloride piping installed 
on grade.  The vacuum line contained an in-line sample port and flow gauge ahead of a manifold 
connecting it to the process equipment.  A pressure gauge was also installed at the wellhead and 
drop-tube.  A schematic of the well as configured for the MPE study is presented in Figure 4 and 
a photograph of the wellhead is provided in Appendix C, Photo 2. 
 
2.6  FIELD TESTING PROCEDURES 
 
The field testing associated with the MPE optimization study was conducted from 9-11 August 
2005 on groundwater monitoring wells MW-03 and MW-05.  The MPE optimization study was 
conducted to evaluate the removal rates and radius-of-influence of the proposed technology.  The 
test included extracting soil vapor, groundwater, and LNAPL simultaneously through the drop-
tube installed in the extraction well using the system outlined in Section 2.7. 
 
Five MPE subtests were performed at groundwater monitoring well MW-03 during the study.  
Prior to the first MPE subtest, a soil vapor extraction (SVE)-only test was performed by placing 
the drop-tube above the water table interface.  The purpose of the SVE test was to establish a 
baseline for vacuum influence and recovery rates, which can be compared against recovery rates 
measured during the MPE subtests. 
 
Five MPE subtests were performed in the following sequence: 
 

• Subtest No. 1—Minimum depth of drop-tube/low vacuum 
• Subtest No. 2—Minimum depth/medium vacuum 
• Subtest No. 3—Minimum depth/high vacuum 
• Subtest No. 4—Maximum depth/low vacuum 
• Subtest No. 5—Maximum depth/high vacuum. 

 
The static depth to the water table on MW-03 was measured at 19 ft below the top of casing on 8 
August 2005.  Therefore, the minimum depth at which the drop-tube was located during the 
study was approximately 19.5 ft below the top of casing on MW-03, or 0.5 ft below the static 
water table.  The maximum depth of the drop-tube was 24 ft below the top of casing, or 5 ft 
below the static water table elevation.    
 
The SVE-only portion of the test was performed on 9 August 2005.  Following the SVE test, 
vacuum levels for the remaining portion of the test were determined.  Low vacuum was 
established as the minimum threshold at which fluid flow was initiated.  High vacuum 
corresponded with the maximum amount of vacuum that could be generated by the test 
equipment (i.e., without dilution air).  Medium vacuum corresponded to the approximate 
midpoint between the low and high vacuum.  
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A summary of the vacuum levels established for the MPE test on MW-03 is provided below: 
 

Well Head Vacuum Measurements (in. of water column) 
Vacuum Level 

Applied to Well 
Drop-tube at 19.5 ft Below 

the Top of Casing 
Drop-tube at 24 ft Below 

the Top of Casing 
Low 53 27 
Medium  61 --- 
High  90 87 

 
As per the Work Plan, no medium-level vacuum test was performed on MW-03 with the drop-
tube positioned at 24 ft below top of casing.  
 
During the subtests, differential pressure measurements were recorded from the monitoring 
points until pressure readings reached stabilization (±10 percent) at which point the subtest was 
completed.  Soil gas pressures were recorded at monitoring points using magnehelic gauges. 
 
Following completion of subtesting on MW-03, a condensed sequence of subtests was planned 
on MW-05 to assess recovery rates based on the results of the subtests performed on MW-03.  
The MW-05 subtests are described below: 
 

• Subtest No. 1—Drop-tube located at the groundwater/LNAPL interface 
• Subtest No. 2—Vacuum at which the greatest amount of liquid was recovered on MW-03. 

 
Because the LNAPL thickness on MW-05 was approximately 4.7 ft, the drop-tube was set at 
approximately the same depth as the maximum drop-tube depth on MW-03 (i.e., 5 ft below the 
water table) and the amount of vacuum required to entrain liquid in the drop-tube at the 
groundwater/LNAPL interface corresponded to the vacuum at which the greatest amount of 
liquid was recovered on MW-03.  Therefore, only one subtest was performed on MW-05.  The 
static depth to LNAPL2 on MW-05 was measured at 18.82 ft below the top of casing on 
11 August 2005.  The depth of the drop-tube was approximately 23 ft below the top of casing, or 
5 ft below the LNAPL/groundwater table elevation. 
 
2.7  PERFORMANCE MONITORING  
 
Performance monitoring included LNAPL/groundwater levels, air and water flow rates, pressure, 
temperature, and soil gas hydrocarbon concentrations (Table 1).   
 
2.7.1  Water Level Measurements 
 
Water level elevations and LNAPL thickness were determined periodically (between steps on 
MW-03) by temporarily removing the cap at each monitoring point and measuring the depth to 

                                                 
2  The static depth to LNAPL used to set the drop-tube on MW-05 was measured following the MW-03 tests.  The 

static depth to LNAPL measured prior to the start of testing at the site was 19.64 ft below top of casing 
(LNAPL).  The thickness of LNAPL in MW-05 increased approximately 0.8 ft during the MW-03 tests. 
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LNAPL and groundwater using an interface probe.  Groundwater and LNAPL measurements 
were also collected from adjacent monitoring wells between steps.   
 
In addition, a pressure transducer was installed in groundwater monitoring well MW-02 prior to 
the beginning of testing to provide baseline water level data and record the water level response 
to liquid extraction.  The transducer was installed in the 4-in. monitoring well instead of one of 
the temporary monitoring points because the diameter of the probe was greater than 1 in.  
 
2.7.2  Vacuum  
 
Vacuum was recorded at the wellhead, drop-tube, and MPE equipment during each step on 
MW-03 and MW-05.  Vacuum was also recorded at the temporary monitoring points during each 
step on MW-03.  Existing wells MW-04 and MW-05, located approximately 24 ft and 36 ft, 
respectively, from MW-03, were also used to evaluate pressure influence during each step on 
MW-03.  The wellhead, drop-tube and MPE equipment were equipped with a direct reading 
gauge to allow for measurement.  Vacuum at the monitoring points was measured using 
magnehelic gauges.   
 
2.7.3  Flow Rates 
 
Airflow rates were measured during each step on MW-03 and MW-05 using a pitot tube and/or 
anemometer within the extraction line after the vacuum pump system.  Airflow rates also 
included measurement of any bleed air at the vacuum pump and/or extraction well. 
 
The volumes of extracted groundwater, LNAPL, and air were measured during each step on 
MW-03 and MW-05.  The groundwater flow rate and LNAPL recovery rate were calculated 
based on periodic gauging of the volume of groundwater and LNAPL collected into the 
equalization tank inside the equipment trailer. 
 
2.7.4  Extracted Soil Vapor/Groundwater Concentrations 
 
The relative hydrocarbon concentrations in the soil gas were measured during each step of the 
test on MW-03 and MW-05 using a PID and Tedlar bag.  One soil vapor sample was also 
collected from a sample port located between the vacuum blower and the granular activated 
carbon unit on 11 August 2005.  Since no LNAPL was present in MW-03 during the study, the 
vapor sample was obtained during testing on MW-05 to provide a maximum value for mass 
recovery calculations.  The sample was collected using a summa canister and submitted to 
Severn Trent Laboratories in Los Angeles, California, for analysis of BTEX, MTBE, and total 
petroleum hydrocarbons by EPA Method TO-3.  
 
One groundwater effluent sample was collected from the system on 11 August 2005, while the 
MPE equipment was operating on MW-05.  The sample was collected during the MW-05 test to 
provide a maximum estimate of mass recovery (via groundwater) from a well where measurable 
LNAPL was also present.  The sample was submitted to Chemtec in Mountainside, New Jersey, 
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for analysis of NYSDEC Spill Technology Remediation Series list volatile organic compounds 
using EPA Method 8260. 
 
2.8  INVESTIGATIVE-DERIVED MATERIAL 
 
Extracted groundwater and LNAPL were staged at the site in five 30-gal drums (labeled as “non-
hazardous waste”) pending offsite disposal.   Spent activated carbon from the treatment of 
extracted soil vapor was also staged at the site in two 30-gal drums (labeled as “non-hazardous 
waste”) pending offsite disposal.  No soil cuttings were generated during installation of the 
temporary monitoring points.   
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3.  RESULTS 
 
 
3.1  SITE GEOLOGY 
 
Based on the continuous soil sample collected during installation of TP-03, the predominant 
lithology at the site is sandy silt with varying amounts of very fine sand and fine gravel 
(Appendix A).  A silty sand and gravel layer was verified during direct-push soil sampling from 
approximately 20 to 25 ft bgs.  Groundwater was encountered at a depth of approximately 21.5 ft 
bgs at TP-03, however no LNAPL was observed at this location during installation.  
 
3.2  LNAPL BAIL-DOWN TESTS 
 
Approximately 1 gal of LNAPL was recovered from each of the monitoring wells during bail-
down testing peformed on 9 August 2005.  The following table summarizes the recharge rate of 
LNAPL in the monitoring wells: 
 

 

 
3.3  ANALYTICAL RESULTS 
 
3.3.1  Baseline Groundwater Sampling  
 
Estimated or non-detect concentrations of total BTEX and MTBE were reported in monitoring 
wells MW-06 and MW-07 located downgradient from the source area.  Higher total BTEX and 
MTBE concentrations were reported in MW-02 (918 µg/L and 350 µg/L, respectively), located 
directly upgradient of the tank vault.  Nine other volatile organic compounds were also reported 

Elapsed Time 
(hr) 

Depth to 
LNAPL 
(ft btoc) 

Depth to 
Water 

 (ft btoc) 

LNAPL 
Thickness 

(ft) 
MW-01 

Static 21.35 22.40 1.05 
After bailing 22.00 22.39 0.39 

0.25 21.91 22.24 0.33 
0.5 21.86 22.24 0.38 
1 21.71 22.20 0.49 
4 21.53 22.15 0.62 

Post-test(a) 21.54 22.20 0.66 
MW-04 

Static 18.45 18.71 0.26 
After bailing 18.65 18.85 0.20 

0.25 18.64 18.78 0.14 
0.5 18.63 18.78 0.15 
1 18.61 18.75 0.14 
4 18.59 18.72 0.13 

Post-test(a) 18.62 18.75 0.13 
(a)  Post-test gauging was performed four hours after MPE test 
activities were completed on 11 August 2005. 
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in MW-02 above the corresponding NYSDEC guidance value.  A summary of the baseline 
groundwater sampling results, including the natural attenuation parameters, is provided in 
Table 2. 
 
3.3.2  Microbial Results 
 
Catechol dioxygenase was detected at 4.54E+04 cells/gram and 3.47E+05 cells/gram, 
respectively, in the soil and the groundwater samples collected from TMP-03.  Catechol 
dioxygenases are key enzymes in the metabolism of aromatic rings by soil bacteria; therefore, 
they play a key role in bioremediation of halogenated pollutants (Broderick 1999)3. 
 
3.4  MPE FIELD TESTING 
 
Data collected during field testing associated with the MPE optimization study were qualitatively 
and quantitatively analyzed to evaluate the feasibility of using full-scale MPE remediation at the 
site.  The data were reduced to estimate the radius-of-influence in the vadose zone, contaminant 
recovery rates, and to assess technology optimization/applicability at the site. 
 
3.4.1  Depth to LNAPL/Groundwater 
 
LNAPL was not observed in the temporary points prior to, during, or after the MPE testing.  
Groundwater and LNAPL elevations were monitored periodically during the tests.  The 
following drawdown in water table elevation was observed during the tests on MW-03: 
 

Observed Drawdown (ft) 

Monitoring 
Point 

Distance 
from 

MW-03 (ft) 

Drop-tube at 
19.5 ft Below the 

Top of Casing 

Drop-Tube at 
24 ft Below the 
Top of Casing 

TMP-01 5 -2.47 -3.31 
TMP-02 10 -0.97 -1.33 
MW-04 24 -0.10 -0.02 
MW-05 36 -0.25 -0.29 

 
A slight increase was observed in the apparent thickness of LNAPL in MW-05 (i.e., 
approximately 0.8 ft) during MPE testing on MW-03. 
 
3.4.2  Vacuum  
 
Vacuum levels were monitored throughout the test at the four temporary well points and two of 
the site groundwater monitoring wells.  A summary of the vacuum levels observed throughout 
the MW-03 test is provided in Table 3.  The greatest amount of vacuum influence was observed 
in temporary monitoring points TMP-01 and TMP-02, located 5 and 10 ft, respectively, from 
MW-03.  Vacuum influence in TMP-04 (installed to a depth of 10 ft bgs, and located 5 ft from 

                                                 
3  Broderick, J.B.  1999.  Catechol dioxygenases.  Essays Biochem, v 34, p 173-89. 
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MW-03) was similar to that observed in TMP-01.  Vacuum influence was observed as far as 36 
ft from the test well (in MW-05). 
 
Since the intent of the MPE testing on MW-05 was to assess recovery rates, and no additional 
temporary points were installed in the vicinity of MW-05, vacuum influence in the vicinity of 
this well was not evaluated as part of this study.   
 
3.4.3  Flow Rates 
 
The calculated air flow rates during the MW-03 testing ranged from 5 to 25 cfm (Table 3).  
Approximately 125 gal of groundwater and approximately 8 gal of LNAPL were recovered 
during MPE testing.  No LNAPL was recovered from MW-03.  The breakdown of volumes of 
liquid recovered and calculated liquid recovery rates for each step of the test are provided below:  
 

Test Volume Water 
Recovered (gal) 

Volume LNAPL 
Recovered (gal) 

Test Duration 
(hr) 

Recovery Rate 
(gpm) 

MW-03 
Step 1 <1 --- 1 0.02 
Step 2 2 --- 2 0.02 
Step 3 5 --- 2 0.04 
Step 4 5 --- 0.5 0.17 
Step 5 30 --- 1 0.50 

MW-05 
Step 1 83 8 1.75 0.86 

 
3.4.4  Extracted Soil Vapor/Groundwater Concentrations 
 
The influent total volatile hydrocarbon concentrations measured with a PID during extraction at 
MW-03 (with no LNAPL present) ranged from 53 to 172 ppmv.  The influent total volatile 
hydrocarbon concentrations measured during extraction on MW-05 (with LNAPL present) 
ranged from 1,197 to 1,368 ppmv.  The PID measurements were obtained on the discharge side 
of the vacuum pump (i.e., after dilution) prior to granular activated carbon treatment.  
 
A soil vapor sample was collected prior to granular activated carbon treatment (during testing on 
MW-05) and analyzed for BTEX and total petroleum hydrocarbons via EPA Method 19 (TO-3).  
The total BTEX concentration reported in the sample was 369 ppmv, and the total petroleum 
hydrocarbon (as gasoline) concentration reported was 2,900 ppmv.  The analytical chain-of-
custody, narrative, and results are provided in Appendix D. 
 
The total BTEX and MTBE concentrations in the groundwater sample collected during the MW-
05 test were 262,100 µg/L and 13,000 µg/L, respectively (Table 2).  The analytical chain-of-
custody, narrative, and results are provided in Appendix D. 
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3.5  ESTIMATED MPE RADIUS-OF-INFLUENCE  
 
3.5.1  Vacuum 
 
The estimated radius-of-influence of the MPE test (defined as 0.1 in. of water differential or 
greater) was assessed by evaluating the five steps performed on MW-03.  For each of the steps, 
the differential pressures recorded in each of the monitoring points and monitoring wells were 
plotted against distance from the extraction well.  Using a linear regression analysis, the equation 
of the best-fit line was determined for the data set, and the distance corresponding to a 
differential pressure of 0.1 in. of water was considered to be the radius-of-influence during that 
particular test. 
 
The radius-of-influence plot for each test is presented in Appendix E.  The results of these tests, 
summarized in the table below, indicate that the estimated radius-of-influence was similar among 
all of the tests, and ranged from 28 to 41 ft: 
 

Step Radius of Influence (ft) 
SVE 20 

1 28 
2 36 
3 41 
4 29 
5 38 

 
3.5.2  Subsurface Permeability 
 
Air permeability in the subsurface at the site was estimated using HyperVentilate4.  Hydraulic 
conductivity was estimated from the air permeability values with the following results: 
 

Geologic Unit Soil Permeability 
(darcy) 

Estimated Hydraulic 
Conductivity (ft/day) 

Fine Sand/Silty Sand 0.143 darcy 6  
Gravel Layer 3.547 darcy 148 

 
The output of the HyperVentilate program is provided in Appendix F. 
 
3.5.3  Hydraulic Conductivity 
 
The drawdown data collected during the MPE test from the associated monitoring points and 
nearby groundwater monitoring wells was used to graphically estimate the hydraulic 
conductivity.  Drawdown versus distance was plotted on semi-log paper.  The amount of 
drawdown over 1 log cycle is used with the groundwater extraction rate to estimate 
transmissivity.  Hydraulic conductivity was then estimated from the transmissivity value by 

                                                 
4  Hyperventilate is a software guidance system for vapor extraction applications written by Paul C. Johnson, 

Ph.D., for the Shell Development Westhollow Research Center, Environmental Research and Development. 
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dividing by the aquifer thickness.  The calculated hydraulic conductivity value of 0.3 ft/day is 
within the range of a fine to silty sand.  The calculations and graph are provided in Appendix G. 
 
3.6  ESTIMATED RECOVERY RATES 
 
The average groundwater recovery rate throughout the test was less than 1 gpm.  A contaminant 
recovery rate of 14.63 lb/day as BTEX was calculated based on a total BTEX concentration of 
262,100 µg/L (Table 4).  The BTEX concentration was obtained from the sample collected on 
MW-05 during MPE testing.   
 
Contaminant recovery rates for the SVE portion of the MPE were calculated for the subtests.  
Vapor-phase contaminant recovery rates ranged from 1.4 lb/day during the SVE-only test on 
MW-03 to 17.4 lb/day during the MPE test on MW-05 (Table 5). 
 
3.7  INVESTIGATIVE-DERIVED MATERIAL 
 
Used personal protective equipment was double-bagged and disposed of onsite as general refuse.  
Extracted groundwater, LNAPL and spent carbon were contained onsite during the field 
activities and properly disposed of by Action Remediation, Inc., of Wantagh, New York.  A total 
of seven drums were removed from the site on 19 September 2005, as listed below: 
 

• One 30-gal drum of water/LNAPL mixture 
• Four 30-gal drums of water/trace gasoline 
• Two 30-gal drums of spent activated carbon 

 
Manifests associated with the investigative-derived material are provided in Appendix H.   
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4.  SUMMARY AND CONCLUSIONS 
 
 
4.1  EVALUATION OF MPE AS A REMEDIAL TECHNOLOGY 
 
The MPE optimization study was conducted at the AAFES station site to evaluate the technology 
as a potential component of the corrective measures to address petroleum-impacted soil and 
groundwater.  The estimated radius-of-influence of the MPE system was assessed, with respect 
to induced subsurface vacuum and groundwater depression, using one of the existing monitoring 
wells at the site.  In addition, the MPE technology was evaluated based on contaminant recovery 
rates.   
 
4.1.1  Induced Vacuum in the Vadose Zone 
 
The estimated radius-of-influence of the MPE system was assessed based on vacuum distribution 
measurements collected from existing monitoring wells and monitoring points that were installed 
radially from the MPE test well (MW-03).  Based on the subsurface vacuum measurements, the 
estimated radius-of-influence for the AAFES station site ranged from 28 to 41 ft (average: 34 ft) 
during five independent tests conducted on MW-03. 
 
4.1.2  Subsurface Permeability 
 
The shallow monitoring point (TMP-04) was designed to evaluate the effect that a previously 
identified gravel layer, located approximately 20 ft bgs, would have on subsurface airflow.  The 
air permeability calculations resulted in two different values.  Data collected from the monitoring 
points installed through both the gravel and silty sand units (TMP-02 and TMP-03) resulted in an 
air permeability value corresponding to gravel, indicating that these two monitoring points were 
communicating with the extraction well (MW-03) via the gravel unit. 
 
Data collected from TMP-01 and TMP-04 resulted in an air permeability value corresponding 
with a fine or silty sand. These data suggest that monitoring points TMP-01 and TMP-04 were 
communicating with the extraction well via the predominant surficial geologic unit.  Although 
TMP-01 is screened across the gravel layer, it is possible that the gravel layer was submerged 
when the SVE subtest was initiated on MW-03.  It is also possible that localized mounding of the 
groundwater in the immediate vicinity of the extraction well (i.e., during SVE) may have 
reduced the amount of air flow in the gravel layer at TMP-01.  
 
The range of estimates of subsurface permeability is evidence that some preferential airflow 
occurred during the test through the gravel layer, and should be accounted for in full-scale 
design. 
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4.1.3  Surficial Aquifer Depression 
 
Observed drawdown in nearby monitoring wells during the MPE test indicated that there was 
hydraulic connectivity between the extraction well and nearby monitoring wells within the 
measured vadose zone radius-of-influence.  However, there appears to be a preferential direction 
of hydraulic influence between MW-03 and MW-05. 
 
4.1.4  Contaminant Recovery Rates 
 
Maximum estimates of contaminant recovery of 14.63 lb/day from the dissolved and 17.4 lb/day 
from the vapor phase were calculated.  These estimates were based on samples collected during 
the MPE test on MW-05 where nearly 5 ft of LNAPL was observed.  Significantly lower vapor 
phase recovery rates were calculated during the tests on MW-03 where LNAPL was not 
observed.  The highest vapor phase contaminant recovery rate on MW-03 was observed while 
the drop-tube was positioned at the maximum depth (i.e., 5 ft below static groundwater table), 
with the maximum vacuum applied to the well. 
 
4.2  CONCLUSIONS 
 
The results of the optimization study indicate that MPE is a viable remedial option for the 
AAFES station site.  It is anticipated that further evaluation of vacuum influence, subsurface 
permeability, aquifer depression, and mass recovery rates will be required in conjunction with 
design of a full-scale MPE system. 
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TABLE 1  SUMMARY OF PERFORMANCE MONITORING 
 

Type of Monitoring Location Frequency Method 
Soil Gas Pressures Monitoring points Prior to startup (baseline), every 

15 minutes for first hour, every 
hour for the first 8 hours, and 
every 4 hours thereafter 

Magnehelic gauge 

Soil Gas Concentration Monitoring points Prior to startup (baseline) and 
every 4 hours 

Direct reading hydrocarbon analyzer 

Extracted Groundwater Concentration At liquid storage tank End of optimization study Offsite laboratory 
System Offgas Concentration Before carbon treatment Every 6 hours Direct reading hydrocarbon analyzer 
System Offgas Concentration After carbon treatment Every 6 hours Direct reading hydrocarbon analyzer 
System Offgas Concentration Before carbon treatment Once during first subtest Offsite laboratory 
Groundwater Flow Rate Oil/water separator discharge End of each test Flow meter 
Volume of LNAPL Recovered Product storage tank End of each test Gage tank 
Vapor Flow Rate After knock-out tank Every hour Flow meter 
Vacuum Wellhead Every hour Vacuum gauge 
Groundwater/LNAPL Elevation Temporary monitoring points, 

nearby monitoring wells, and 
extraction well 

Prior to startup (baseline) and 
every hour 

Interface probe 

NOTE:   LNAPL =  Light, non-aqueous phase liquid.  
 Soil gas, groundwater, and offgas concentrations defined as total hydrocarbons. 
 Monitoring was performed between the daylight hours of 0800 and 1630 during the test. 
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TABLE 2  SUMMARY GROUNDWATER ANALYTICAL RESULTS 
BASELINE AND SYSTEM INFLUENT SAMPLING 

 

Analyte MW-02 MW-06 MW-07 
System Influent 

(MW-05) 
NYSDEC Class GA 

Value (a) 
VOLATILE ORGANIC COMPOUNDS BY EPA METHOD 8260 

Benzene 180 D (<0.39 U) (<0.39 U) 5,100 1 
Toluene 160 (<0.36 U) (<0.36 U) 79,000 5 
Ethyl Benzene 150 (<0.45 U) 0.63 J 20,000 5 
m/p-Xylenes 380 (<1.20 U) 1.9 J 110,000 5 
o-Xylene 48 (<0.46 U) 0.65 J 48,000 5 
Total BTEX 918 ND 3 262,100 --- 
Methyl tert-butyl Ether 350 D (<0.28 U) 0.96 J 13,000 10 
Isopropylbenzene 110 (<0.44 U) 1.8 J 2,800 5 
n-propylbenzene 120 (<0.49 U) 4.5 J 6,400 5 
1,3,5-Trimethylbenzene 170 D (<0.42 U) 0.94 J 21,000 5 
tert-Butylbenzene (<0.39 U) (<0.39 U) (<0.39 U) (<200 U) 5 
1,2,4-Trimethylbenzene 250 D (<0.44 U) 10 71,000 5 
sec-Butylbenzene 21 (<0.44 U) 3.4 J (<220 U) 5 
p-Isopropyltoluene 27 (<0.49 U) 1.2 J 2,200 J 5 
n-Butylbenzene (<0.49 U) (<0.49 U) 1.4 J 2,000 J 5 
Naphthalene 160 (<0.34 U) (<0.34 U) 10,000 10 
(a) New York State Department of Environmental Conservation (October 1998) Ambient Water Quality Standards and Guidance Values. 
 
NOTE: NYSDEC = New York State Department of Environmental Conservation. 
 D = Indicates compound detected at a secondary dilution factor. 
 U = Not detected.  Sample quantitation limits are shown as (<___U). 

J = Estimated value.  Less than the contract required detection limit, but greater than zero. 
NTU = Nephelometric turbidity unit. 
Results in bold exceed NYSDEC Ambient Water Quality Standards and Guidance Values. 

 Dashes (---) indicate that there is no NYSDEC Ambient Water Quality Standards and Guidance Value established for the analyte. 
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Analyte MW-02 MW-06 MW-07 
System Influent 

(MW-05) 
NYSDEC Class GA 

Value (a) 
NATURAL ATTENUATION PARAMETERS 

Iron 4,940 169 2,350 NA 1,000 
Manganese 19,400 317 9,820 NA 1,000 
Ferrous Iron (<0.10 U) (<0.10 U) (<0.10 U) NA 600 
Nitrate (<0.10 U) 1.71 (<0.10 U) NA 20,000 
Sulfate 9 89 43 NA 500,000 
Dissoved Organic Carbon 4 5 29 NA 100 
Total Organic Carbon 7 8 32 NA 100 

FIELD PARAMETERS 
Temperature (°C) 17.90 18.50 17.90 NA --- 
Conductivity (mS/cm) 86 0.21 0.75 NA --- 
Dissolved Oxygen (mg/L) 0.0 0.0 0.0 NA --- 
pH 6.24 6.24 6.02 NA 6-8.5 
eH (mV) -45.0 109 63 NA --- 
Turbidity (NTU) 56.6 30.4 197 NA --- 
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TABLE 3  SUMMARY OF RADIUS-OF-INFLUENCE DATA COLLECTED 
(MW-03) 

 

Step 
Flowrate 
(cfm)(a) 

Wellhead 
Vacuum 

(in. water) 

Induced 
Vacuum(b) 

(5 ft) 

Induced 
Vacuum 
(10 ft) 

Induced 
Vacuum 
(15 ft) 

Induced 
Vacuum 
(24 ft) 

Induced 
Vacuum 
(36 ft) 

Drop Tube 
Location (c) 

SVE 17 32 0.19 0.23 0.15 0.07 0.02 NA 
1 5 53 0.22 0.28 0.17 0.11 0.04 0.5 
2 17 61 0.30 0.32 0.35 0.17 0.03 0.5 
3 25 90 0.54 0.42 0.50 0.22 0.06 0.5 
4 8 27 0.28 0.21 0.30 0.10 0.04 5 
5 15 87 0.58 0.40 0.50 0.21 0.07 5 

(a) Air flow rate from extraction well, without dilution. 
(b) Measured in inches of water. 
(c) Measured in feet below the static groundwater table. 
 
NOTE: NA = Not applicable. 
  cfm = Cubic feet per minute. 
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TABLE 4  SUMMARY OF DISSOLVED-PHASE CONTAMINANT RECOVERY 
 

Parameter Unit Result 
Total BTEX (µg/L) 262,100 
Groundwater flow rate (gal/min) 0.79 
Total BTEX  (lb/day) 2.49 
Gasoline Equivalent(a) (lb/day) 14.63 
(a)  Assumes 17% BTEX in gasoline. 
 
CR = C x Q 
 
Where 
 
CR = Contaminant recovery 
C = Contaminant concentration 
Q = Flow rate 
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TABLE 5  SUMMARY OF VAPOR-PHASE CONTAMINANT RECOVERY 
 

MW-03 

Sub-Test No. 
Air Flow Rate(a) 

(cfm) 
Organic Vapor Concentration 

Photoionization Detector (ppmv) 
Contaminant Recovery(b) 

Rate (lb/day gasoline) 
(SVE only) 148 52 1.4 

3 105 94 1.8 
5 87 172 2.7 

MW-05 
1 70 1,368 17.4 

(a) Total flow rate was measured at the photoionization detector screening location and includes 
dilution air at wellhead and vacuum pump. 

(b) Contaminant removal rate calculated using formula provided from “A Practical Approach to the 
Design, Operation, and Monitoring of In-Situ Soil-Venting Systems”, P.C. Johnson et. al.   

 
  ER = Q × C  
 
 where 
 
ER = Emissions rate (lb/day) 
Q = Flow rate (cfm) 
C = Total volatile hydrocarbon concentration in influent (lb/ft3) 
 
C (mg/l) =   C (ppmv [C4H8]) * 56,107 (mg-C4H8/mole-C4H8) * 10-6 
                                      (0.0821 L-atm/oK-mole) * (298 K) 
 
C (lb/ft3) =   C (mg/L) * 1 lb * 1 L 
                    453,592 mg * 0.035 ft3 
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Field Records of Gauging, Purging, and Sampling 



FIELD RECORD OF GAUGING, PURGING, AND SAMPLING

WELL I.D.: MW-02 SITE NAME: AAFES Station
WELL CONDITION: Good WEATHER: Sunny, 80's

GAUGE DATE: 8/8/2005 GAUGE TIME: 15:00
SOUNDING METHOD: Water level indicator MEASUREMENT REF: TOC
STICK UP/DOWN (ft): Flush WELL DIAMETER (in): 4-in

PURGE DATE: 8/8/2005 PURGE TIME: 15:05
PURGE METHOD: Bladder pump FIELD TECHNICIAN: JM

WELL GAUGING DATA

A.  WELL DEPTH (ft): 32.16
B.  DEPTH TO WATER (ft): 21.34

Parameter Beginning 1st Reading 2nd Reading 3rd Reading 4th Reading 5th Reading
Time (min) 15:05 15:10 15:15 15:20 15:25 15:30
Depth To Water 21.34 21.5 21.75 21.91 --- ---
Purge Rate (mL/min) 375 300 300 200 200 200
Temperature (oC) 15.60 15.40 15.40 15.30 15.80 15.80
Conductivity (mS/cm) 89 88 88 88 87 87
Dissolved Oxygen (mg/l) 0.0 0.0 0.0 0.0 0.0 0.0
pH 6.18 6.21 6.22 6.22 6.23 6.22
eh (mV) -2.0 -11.0 -17.0 -23.0 -27.0 -30.0
Turbidity (NTU) 18.8 15.0 17.0 17.0 18.7 21.7
Parameter 6th Reading 7th Reading 8th Reading 9th Reading 10th Reading 11th Reading
Time (min) 15:35 15:40 15:45 15:50 15:55 16:00
Depth To Water 22.22 22.35 --- 22.45 22.46 22.47
Purge Rate (mL/min) 200 150 150 200 75 75
Temperature (oC) 15.80 15.80 16.40 16.00 16.50 17.20
Conductivity (mmhos/cm) 87 87 87 87 86 86
Dissolved Oxygen (mg/l) 0.0 0.0 0.0 0.0 0.0 0.0
pH 6.22 6.22 6.23 6.24 6.25 6.24
eh (mV) -33.0 -35.0 -38.0 -39.0 -40.0 -41.0
Turbidity (NTU) 24.8 26.8 29.3 30.6 33.1 37.2

TOTAL QUANTITY OF WATER REMOVED (L 13.6
SAMPLERS: JM
SAMPLING DATE: 8/8/2005 SAMPLING TIME: 16:45
SAMPLE TYPE: Grab SPLIT SAMPLE WITH: N/A

COMMENTS AND OBSERVATIONS:

C:Forms/ProjectForms/PurgingLog.LFlow.xls

EA Engineering, Science, and Technology
6731 Collamer Rd, Suite 2
E. Syracuse NY 13057-9808
TEL:  (315) 431-4610
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L

FIELD RECORD OF GAUGING, PURGING, AND SAMPLING

WELL I.D.: MW-02 SITE NAME: AAFES Station
WELL CONDITION: Good WEATHER: Sunny, 80's

GAUGE DATE: 8/8/2005 GAUGE TIME: 15:00
SOUNDING METHOD: Water level indicator MEASUREMENT REF: TOC
STICK UP/DOWN (ft): Flush WELL DIAMETER (in): 4-in

PURGE DATE: 8/8/2005 PURGE TIME: 15:05
PURGE METHOD: Bladder pump FIELD TECHNICIAN: JM

WELL GAUGING DATA

A.  WELL DEPTH (ft): 32.16
B.  DEPTH TO WATER (ft): 21.34

Parameter 12th Reading 13th Reading 14th Reading End
Time (min) 16:05 16:10 16:15 16:20
Depth To Water 22.5 22.52 22.54 22.55
Purge Rate (mL/min) 75 75 75 75
Temperature (oC) 17.50 17.70 17.90 17.90
Conductivity (mS/cm) 86 86 86 86
Dissolved Oxygen (mg/l) 0.0 0.0 0.0 0.0
pH 6.24 6.24 6.24 6.24
eh (mV) -42.0 -43.0 -44.0 -45.0
Turbidity (NTU) 38.6 44.8 50.2 56.6
Parameter
Time (min)
Depth To Water
Purge Rate (mL/min)
Temperature (oC)
Conductivity (mmhos/cm)
Dissolved Oxygen (mg/l)
pH
eh (mv)
Turbidity (NTU)

TOTAL QUANTITY OF WATER REMOVED ( 13.6
SAMPLERS: JM
SAMPLING DATE: 8/8/2005 SAMPLING TIME: 16:45
SAMPLE TYPE: Grab SPLIT SAMPLE WITH: N/A

COMMENTS AND OBSERVATIONS:

C:Forms/ProjectForms/PurgingLog.LFlow.xls

EA Engineering, Science, and Technology
6731 Collamer Rd, Suite 2
E. Syracuse NY 13057-9808
TEL:  (315) 431-4610



L

FIELD RECORD OF GAUGING, PURGING, AND SAMPLING

WELL I.D.: MW-06 SITE NAME: AAFES Station
WELL CONDITION: Good WEATHER: Sunny, 80's

GAUGE DATE: 8/8/2005 GAUGE TIME: 13:15
SOUNDING METHOD: Water level indicator MEASUREMENT REF: TOC
STICK UP/DOWN (ft): Flush WELL DIAMETER (in): 4-in

PURGE DATE: 8/9/2005 PURGE TIME: 13:20
PURGE METHOD: Bladder pump FIELD TECHNICIAN: JM

WELL GAUGING DATA

A.  WELL DEPTH (ft): 32.25
B.  DEPTH TO WATER (ft): 24.99

Parameter Beginning 1st Reading 2nd Reading 3rd Reading 4th Reading 5th Reading
Time (min) 13:20 13:25 13:30 13:35 13:40 13:45
Depth To Water 24.99 25.11 25.13 25.22 25.28 25.34
Purge Rate (mL/min) 250 75 75 150 150 150
Temperature (oC) 18.10 17.70 18.60 19.10 18.70 18.60
Conductivity (mS/cm) 0.22 0.22 0.22 0.22 0.21 0.21
Dissolved Oxygen (mg/l) 0.63 0.03 0.00 0.01 0.00 0.00
pH 6.42 6.37 6.31 6.26 6.25 6.25
eh (mV) 130 125 119 113 112 110
Turbidity (NTU) 71.2 43.4 37.9 27.8 25.4 27.7
Parameter End
Time (min) 13:50
Depth To Water 25.4
Purge Rate (mL/min) 150
Temperature (oC) 18.50
Conductivity (mmhos/cm) 0.21
Dissolved Oxygen (mg/l) 0.0
pH 6.24
eh (mv) 109
Turbidity (NTU) 30.4

TOTAL QUANTITY OF WATER REMOVED ( 5
SAMPLERS: JM
SAMPLING DATE: 8/9/2005 SAMPLING TIME: 14:10
SAMPLE TYPE: Grab SPLIT SAMPLE WITH: N/A

COMMENTS AND OBSERVATIONS:

C:Forms/ProjectForms/PurgingLog.LFlow.xls

EA Engineering, Science, and Technology
6731 Collamer Rd, Suite 2
E. Syracuse NY 13057-9808
TEL:  (315) 431-4610



FIELD RECORD OF GAUGING, PURGING, AND SAMPLING

WELL I.D.: MW-07 SITE NAME: AAFES Station
WELL CONDITION: Good WEATHER: Sunny, 80's

GAUGE DATE: 8/8/2005 GAUGE TIME: 11:25
SOUNDING METHOD: Water level indicator MEASUREMENT REF: TOC
STICK UP/DOWN (ft): Flush WELL DIAMETER (in): 4-in

PURGE DATE: 8/9/2005 PURGE TIME: 11:30
PURGE METHOD: Bladder pump FIELD TECHNICIAN: JM

WELL GAUGING DATA

A.  WELL DEPTH (ft): 32.42
B.  DEPTH TO WATER (ft): 20.45

Parameter Beginning 1st Reading 2nd Reading 3rd Reading 4th Reading 5th Reading
Time (min) 11:30 11:35 11:40 11:45 11:50 11:55
Depth To Water 20.45 20.69 20.78 20.84 20.92 21
Purge Rate (mL/min) 350 300 150 150 150 150
Temperature (oC) 16.70 16.70 17.60 17.80 17.90 17.80
Conductivity (mS/cm) 0.77 0.75 0.73 0.73 0.74 0.75
Dissolved Oxygen (mg/l) 0.23 0.02 0.15 0.08 0.00 0.00
pH 5.68 5.77 5.85 5.90 5.93 5.97
eh (mV) 113 105 97 89 81 73
Turbidity (NTU) 293.0 286.0 271.0 273.0 253.0 228.0
Parameter 6th Reading End
Time (min) 12:00 12:05
Depth To Water 21.12 21.19
Purge Rate (mL/min) 150 150
Temperature (oC) 17.90 17.90
Conductivity (mmhos/cm) 0.75 0.75
Dissolved Oxygen (mg/l) 0.0 0.0
pH 6.00 6.02
eh (mv) 68 63
Turbidity (NTU) 214.0 197.0

TOTAL QUANTITY OF WATER REMOVED (L 7.75
SAMPLERS: JM
SAMPLING DATE: 8/9/2005 SAMPLING TIME: 12:20
SAMPLE TYPE: Grab SPLIT SAMPLE WITH: N/A

COMMENTS AND OBSERVATIONS:

C:Forms/ProjectForms/PurgingLog.LFlow.xls

EA Engineering, Science, and Technology
6731 Collamer Rd, Suite 2
E. Syracuse NY 13057-9808
TEL:  (315) 431-4610



Appendix C 
 

Photographs 



 
 

Photograph 1  Equipment Trailer, MW-03, and temporary points within the study area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph 2  MW-03 wellhead with fittings. 



Appendix D 
 

Analytical Results 

























SEVERN TRENT LABORATORIES, INC.SEVERN TRENT LABORATORIES, INC.     

PRELIMINARY DATA SUMMARYPRELIMINARY DATA SUMMARY

---------------------------------------------------------------------------------------------
The results shown below may still require additional laboratory review and are subject to
change.  Actions taken based on these results are the responsibility of the data user.
---------------------------------------------------------------------------------------------

EA Engineering, Science and TechnologyEA Engineering, Science and Technology                             PAGE    1
Lot #:Lot #:  E5H150158                 Fort Hamilton MPE, NY             Date Reported:Date Reported:   8/22/05

REPORTING             ANALYTICAL
PARAMETER______________________________ RESULT__________ LIMIT__________ UNITS__________ METHOD_________________

Client Sample ID:Client Sample ID: MW05-INFLUENTMW05-INFLUENT                                                    
Sample #:  001    Date Sampled: 08/11/05 11:15  Date Received: 08/12/05  Matrix: AIR

ReviewedBTEX by TO-3
BenzeneBenzene                        2727         2.02.0        ppm(v/v)ppm(v/v)   EPA-19 TO-3EPA-19 TO-3      
TolueneToluene                        190190        2.02.0        ppm(v/v)ppm(v/v)   EPA-19 TO-3EPA-19 TO-3      
EthylbenzeneEthylbenzene                   2222         2.02.0        ppm(v/v)ppm(v/v)   EPA-19 TO-3EPA-19 TO-3      
Xylenes (total)Xylenes (total)                130130        2.02.0        ppm(v/v)ppm(v/v)   EPA-19 TO-3EPA-19 TO-3      
Methyl tert-butyl etherMethyl tert-butyl ether        3737         2.02.0        ppm(v/v)ppm(v/v)   EPA-19 TO-3EPA-19 TO-3      
(MTBE)(MTBE)                        

ReviewedTPH by TO-3
TPH (as Gasoline)TPH (as Gasoline)              29002900       100100        ppm(v/v)ppm(v/v)   EPA-19 TO-3EPA-19 TO-3      

This sample has GC/FID characteristics  for which reliable identification of a  product could not be achieved.

STL Los Angeles is a part of Severn Trent Laboratories, Inc.









Appendix E 
 

Radius-of-Influence Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Baseline-MW3-SVE-17 cfm

distance (ft)
vacuum
(in. H20)

5 0.19
10 0.23
15 0.15
5 0.18

24 0.07
36 0.02

Y values distance (ft)
0.1 19.701137
0.2 5.8881795
0.3 1.7598303
0.4 0.5259695
0.5 0.1571992

y = -0.0828Ln(x) + 0.3468
R2 = 0.7159
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Step1-MW3-MPE-5 cfm

distance (ft)
vacuum
(in. H20)

5 0.22
10 0.28
15 0.17
5 0.23

24 0.11
36 0.04

Y values distance (ft)
0.1 27.695555
0.2 9.2514538
0.3 3.0903658
0.4 1.0323092
0.5 0.3448337

y = -0.0912Ln(x) + 0.4029
R2 = 0.7125
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Step2-MW3-MPE-17 cfm

distance (ft)
vacuum
(in. H20)

5 0.3
10 0.32
15 0.3
5 0.36

24 0.15
36 0.04

Y values distance (ft)
0.1 36.038249
0.2 17.048766
0.3 8.0653318
0.4 3.8155005
0.5 1.8050149

y = -0.1336Ln(x) + 0.5789
R2 = 0.7765
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Step3-MW3-MPE-25 cfm

distance (ft)
vacuum
(in. H20)

5 0.54
10 0.42
15 0.5
5 0.65

24 0.22
36 0.06

Y values distance (ft)
0.1 40.395274
0.2 27.016835
0.3 18.069177
0.4 12.084878
0.5 8.0825089

y = -0.2486Ln(x) + 1.0195
R2 = 0.8486
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Step4-MW3-MPE-8 cfm

distance (ft)
vacuum
(in. H20)

5 0.28
10 0.21
15 0.3
5 0.36

24 0.1
36 0.04

Y values distance (ft)
0.1 29.069717
0.2 13.627928
0.3 6.3887936
0.4 2.9950763
0.5 1.4040964

y = -0.132Ln(x) + 0.5448
R2 = 0.7538
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Step5-MW3-MPE-15 cfm

distance (ft)
vacuum
(in. H20)

5 0.58
10 0.4
15 0.5
5 0.7

24 0.21
36 0.07

Y values distance (ft)
0.1 38.28164024
0.2 26.44713749
0.3 18.27118893
0.4 12.62277799
0.5 8.720533989

y = -0.2704Ln(x) + 1.0856
R2 = 0.8724
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Appendix F 
 

HyperVentilate Output 









Appendix G 
 

Hydraulic Conductivity Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Appendix H 
 

Waste Manifest 
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