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1.0     INTRODUCTION

This report summarizes results of a SVE pilot test performed on March 27, 28, and 29, 2002

at the Chem-Core Site (Site No. 9-15-176) in Buffalo, Erie County, New York (Figure 1).  In

accordance with the scope of work for WA D003825-29, this report summarizes the results of the

pilot test and discusses the feasibility of full-scale implementation of SVE at the site.
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2.0 SOIL VAPOR EXTRACTION PILOT TEST

2.1 SVE Well Installation

Between March 4 and March 11, 2002, Nothnagle Drilling installed one SVE well (SVE-1)

and four vacuum observation wells (VO-1 through VO-4) under subcontract to Buffalo Drilling

Company.  The SVE well and vacuum observation wells were installed inside the Chem-Core

building as shown in Figure 2.  The wells were constructed by advancing hollow stem augers to

bedrock and then installed by incrementally removing the auger as silica sand pack was placed

around the well screens.  Each well was sealed with 2 to 3 foot of bentonite pellets.  The wells were

fitted with flush-mount curb boxes cemented into the concrete floor.  SVE and vacuum observation

well construction details are presented in Appendix A.

2.2 SVE Pilot Test Equipment

Soil vapor extraction and treatment was conducted with a skid-mounted dual-phase vacuum

extraction unit.  The blower unit is rated at 100 cubic feet per minute (cfm) and a maximum vacuum

of 29.5 inches of mercury.  The unit was equipped with a knockout tank and transfer pump for

extracted groundwater.  The unit was rented from Product Recovery Management (PRM) in North

Carolina.  A 55-gallon drum of vapor-phase carbon was connected in series to the blower discharge

to treat soil gas prior to discharge to the atmosphere.  Electrical power was supplied from a

commercial 25,000-watt trailer-mounted diesel generator rented from a local vendor.  The SVE unit

required three-phase 230v electrical power.  The SVE unit specifications are included in Appendix

B.

2.3 SVE Pilot Test

URS mobilized to the site on Wednesday, March 27, 2002.  The SVE test equipment was

set up adjacent to SVE-1.  The test was performed in two phases: 1) a stepped-rate test to evaluate

capacity of the extraction well (SVE-1), and; 2) a constant-rate test to evaluate soil air permeability,

radius of influence, and contaminant removal rates.
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2.3.1 Stepped-Rate Test

The stepped-rate test was started at 1200 hours on March 28, 2002.  Four steps were

conducted.  The steps were achieved by varying the amount of bypass air; and no bypass air for the

final step.  Step 1 was performed at a vacuum of 10-inches of mercury for 30 minutes.  Step 2 was

performed at a vacuum of 15-inches of mercury for 30 minutes.  Step 3 was performed at a vacuum

of 20-inches of mercury for 30 minutes.  Step 4 was performed at a vacuum of 23-inches of mercury

for 3 hours.  The vacuum rate decreased to 21 inches of mercury at the end of the 3-hour test.

During each step, the soil gas was monitored with a total vapor analyzer equipped with both a

photoionization detector and flame ionization detector to measure VOC constituents in both the

untreated air stream and discharge.  Air flow and temperature at the extraction well and after the

blower were recorded at 10 to 15 minute intervals.  Vacuum response in the vacuum observations

was measured using a magnehelic pressure gauge at each well.  Data recorded during all of the steps

are summarized in Appendix C.  A schematic of the SVE system is shown in Figure 2.  Figure 3

presents the relationship of the soil gas flow rate and the vacuum pressure at SVE-1 during the

stepped-rated test.  Based upon the very low response in the vacuum observation wells at maximum

vacuum, URS determined that the constant-rate test would be conducted at maximum vacuum (i.e.,

approximately 23 inches of mercury).

2.3.2 Constant-Rate Test

The constant-rate test was started at 07:48 and ended at 15:50 on March 29. During the test,

readings from the indicators on the SVE pilot unit and on the vacuum extraction wells locations were

periodically recorded. These readings are shown on the field records in Appendix D.  The constant-

rate test started at a vacuum and soil gas flow close to the maximum achievable with the SVE unit

under the step-test conditions as determined by the step test.  The initial vacuum pressure was 21.75

in. mercury and the soil gas flow rate was 36.82 cubic feet per minute (cfm). At 15:50, when the test

ended, the vacuum had decreased to 16.50 in. mercury vacuum pressure, and the flow rate had

increased to 81 cfm soil gas flow rate. The values of the observed vacuum during the whole test were

low (0.1 inch of water or less) at all four monitoring locations.  Table 1 summarizes data recorded

during the constant-rate test.
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2.3.2.1 Radius of Influence 

The radius of influence is generally the furthest distance from an extraction well that soil

can effectively be treated by SVE. The radius of influence is determined by placing a vacuum on an

extraction well, measuring the vacuum that is achieved in nearby monitoring points, and then

projecting the distance where the well no longer has an influence.  An average vacuum of 19.92

inches of mercury was placed on well SVE-1 by the blower unit.  Vacuum was monitored at four

locations during the pilot test, VO-1 (5 feet from SVE-1), VO-2 (15 feet from SVE-1), VO-3 (10 feet

from SVE-1), and VO-4 (20 feet from SVE-1).  

The vacuum measured at all monitoring locations was low (less than 0.1 inch of water

column). Based on the evaluation presented in Appendix F, the estimated radius of  influence for

SVE-1 was 5 feet.  This relatively small radius of influence may be attributable to the heterogeneity

of the unsaturated zone.  In particular, the upper one foot of the unsaturated zone, consisting of fill

with sandy silt and traces of gravel, is believed to have a significantly higher permeability than other

lithologic layers in the unsaturated zone.  Because of the higher permeability in the upper zone, it

is believed that most air was extracted from the upper zone during the pilot test.  This zone is above

the screen of the observation wells, so significant vacuum was not recorded in the observation wells.

This preferential high flow in a more highly permeable zone is called short circuiting.  As a result

of this short circuiting, it would be necessary to use additional engineering measures, e.g., air inlet

wells screened in less permeable zones, to ensure that air flows and is extracted in the less permeable

lower portion of the unsaturated zones.

2.3.2.2 Intrinsic Permeability

Intrinsic permeability (k) is the measure of a soil’s ability to transmit fluids, i.e. groundwater

and air, and is typically used as an indicator for the effectiveness of SVE remediation (intrinsic

permeability (k) is a function of soil properties only, whereas hydraulic conductivity (K) is a

function of both soil and fluid properties).  Based on the data obtained from the pilot test, the k value

for the site soil was determined.  As shown in Appendix F, the intrinsic permeability was calculated

to be approximately 1 x 10 -8 square centimeters (cm2).  This corresponds to the permeability

expected for the fill, sand, and sandy silt that are in the upper layer of soil near the concrete floor.
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The calculated permeability supports the conclusion that most flow occurred in the more permeable

soil near the surface.

2.3.2.3 VOC Mass Removal Rate

VOC removal rates were estimated, both semi-quantitatively and quantitatively, during the

SVE pilot test.  Semi-quantitative measurements of VOCs in the extracted soil gas were made

periodically with a PID instrument.  Based on PID measurements, VOC concentrations in the

extracted, untreated soil gas averaged 294 ppmv during the constant-rate test (Table 1).

A soil gas sample for quantitative analysis of VOC concentrations was collected through a

one-hour flow controller into a Summa canister at the start of the constant-rate test.  The sample was

collected from the suction  side of the SVE blower on March 29, 2002 and was shipped to Severn

Trent Laboratories, Knoxville, Tennessee, for analysis by Method EPA-19 TO 14.  The analytical

data sheet for the soil gas analysis appears in Appendix E.

VOC constituents detected in the soil gas sample and the relative percent of the total

quantified VOC concentration are summarized as follows:

• 1,1-Dichloroethene 16,000 ppbv (1%)

• Methylene Chloride 610,000 ppbv (21%)

• Tetrachloroethene (PCE) 2,200,000 ppbv (76%)

• 1,1,1-Trichloroethane 35,000 ppbv (1%)

• Trichloroethene (TCE) 38,000 ppbv (1%)

Total Quantified VOCs 2,889,000 ppbv 100%

VOC mass removal rate estimates are summarized on Table 2.  The estimate shows

approximately 57.7 pounds of VOCs would be removed per extraction well during the first day of

operation.  Removal rates would then decrease over time.
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3.0 TECHNOLOGY FEASIBILITY

SVE is a feasible technology in that it should be evaluated in the FS for the site.  However,

the pilot test shows that SVE will likely not be the best choice for remediation of onsite soil because

of the following:

• Because of the small radius of influence (i.e., 5 feet or less) well spacing will be

very tight, thereby increasing the cost of remediation.

• Flow seems to travel mainly in permeable zones of contamination so that relatively

impermeable zones that are highly contaminated will be remediated only if air inlet

wells are installed in less permeable zones, which also increases the cost of

remediation.



TABLE 1 

SVE PILOT TEST SUMMARY

CHEM CORE SITE

Time Average

Parameter Units 7:48 8:10 8:30 8:50 9:10 9:30 9:50 10:10 10:30 10:50 11:10 Values

Well SVE-1 Casing Vacuum Pressure (P) in Hg 21.75 20.5 20.5 20.25 20 19.9 19.5 19.5 19.5 19 18.75 19.92

Soil Gas Flow Rate SCFM 28.05 24.83 23.05 31.59 31.2 32.77 33.81 40.57 41.41 40.51 42.26 34

Blower Inlet Flow Rate ACFM 36.82 34.36 31.91 44.18 44.18 46.63 49.09 58.9 60.13 60.38 63.81 48

Blower Discharge Flow Rate ACFM 78.54 66.27 63.81 61.36 68.72 73.63 73.63 76.09 76.09 74.86 78.54 72

Blower Inlet Vacuum Temperature (T) ° F 36 33 33 32 32 32 32 32 32 32 32 33

Blower Discharge Temperature ° F 56 72 79 85 87 87 88 89 96 91 91 84

Untreated Soil Gas-PID reading ppmv 335 390 365 279 280 287 282 266 264 250 233 294

Soil Gas after Activated Carbon-PID reading ppmv 0 0.02 0.03 0.12 0.14 0.15 0.07 0.06 0.04 0.11 0.05 0.07
 

NOTES:

in WC = inches water column

SCFM = standard cubic feet per minute SCFM = ACFM x (P/14.7) x [(460+60)/(460+T)]

Soil gas flow rate is corrected for temperature and pressure

Untreated soil gas contaminants were measured after passing through the blower

j:\35890.02\CalcROI.xls\SVEtestSum
7/15/02\10:40 AM



TABLE 2 

VOC MASS RECOVERY RATE

SVE PILOT TEST

CHEM CORE SITE

Molecular Vapor Boiling Vapor Phase Mass Recovery

Compound Weight Pressure Point Concentration Rate

g/mol mm Hg °C ppbv lb/day

1,1-Dichloroethene 97 495 31.56 16,000 0.210

Methylene Chloride 85 362 39.8 600,000 6.886

Tetrachloroethene 166 15.8 121 2,200,000 49.306

1,1,1-Trichloroethane 133.4 100 74.1 35,000 0.630

Trichloroethene 131.4 56.8 87.2 38,000 0.674

Total Volatile Organics 2,889,000 57.706

Based on 24 hours of continuous operation at a flowrate of 34 SCFM.

Mass Recovery Rate (lb/day) = 

 = (ppbv / 109) x (Molecular Weight / 22,400cm3/mol) x (SCFM x 60 min/hr x 24 hr/day) x (30.483 cm3/ft3) / (453.59 g/lb)

j:\35890.02\CalcROI.xls\MassRecovery
7/15/02\10:41 AM



CHEM-CORE FACILITY
SITE LOCATION MAP 

mFIGURE 1

02500 2500

APPROXIMATESCALEINFEET

[

190

266

266

198

198

33

384

384

5

ErieMedicalCenter

DelawarePark

Site
Location

Site
Location

NewYorkState



���
��

����

��
��

��
��

��
�	

	

��

	�
�


��	
��

��
��

��
��

	�
�


���

�
��

�

�

������������	
���	���
���
���
�����
��
���

�
�������
���	�����
������

��������������
��
��

���	����
������
��������������
��
��

	�

�


�

�
��

��
��

	�
�
��
��

��
��


�
��
��

��
�

�

���

�
��

�

���
��

��
�

��
�

��
���
�

����������
�
	�

 !"
�#

$�
�%�

�"�
��
"&'

()(
&*

%+,
-��

��
���


�
��

��
.�

�

��

��
	�
��

��
��

���
���

��
�

���������
�����
������/����
���	���������
���	�

�� � �� �''0

	

��������

�+1223��45'-6+07(8��'))

������

��
� �(7)��+,(-��90-+107(8��'))



j:\35890.02\CalcROI\StepTestChart Chart 3
7/15/02\10:57 AM

Figure 3 
Extraction Well Performance Evaluation 

Step Test Observed Data

Trendline Equation:
y = 1.2907x - 6.6578

R2 = 0.8331
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APPENDIX A

SVE WELL/VACUUM OBSERVATION WELL

CONSTRUCTION DATA



DRILLING SUMMARY

Geologist: Flush-Mount Protective Casing

Scott McCabe and Lockable Cap

Drilling Company:  

Buffalo Drilling Co. Elevation 597.17 Ground Level

Driller: Elevation 596.71
Kevin Bush AUGERHOLE
Rig Make/Model: 10 inch dia.

Mite-E-Mite 14.7 feet length

Date:
3/5/02  

 
GEOLOGIC LOG D PVC RISER

 1.0 4.0 inch dia.

Depth(ft.) Description E 3.0 feet length

0-14.4 See SB-2 for lithologic  
description. P

 
T 2.5
 
H 3.0

 
(ft)

 
 

4.0 inch dia.

11.4 feet length

14.4
14.4

 

WELL DESIGN Not to Scale

CASING MATERIAL SCREEN MATERIAL                                         FILTER MATERIAL
Type: NSF #2 sand      Setting: 2.5-14.4'

Surface: 8-inch steel flush-mount Type: 4" Schedule 40 PVC
SEAL MATERIAL
Type: Bentonite      Setting: 1.0-2.5'

Monitor: 4" Schedule 40 PVC Slot Size: .010 -inch Chips

COMMENTS: LEGEND

  Cement/Bentonite Grout

  Bentonite Seal

  Sand Pack

Client: NYSDEC Location: Chem Core Project No.: 05-00035890.04

URS Corporation BEDROCK MONITORING WELL Well Number: SVE-1

CONSTRUCTION DETAILS

  

PVC SCREEN



DRILLING SUMMARY

Geologist: Flush-Mount Protective Casing

Scott McCabe and Lockable Cap

Drilling Company:  

Buffalo Drilling Co. Elevation 597.17 Ground Level

Driller: Elevation 596.71
Kevin Bush AUGERHOLE
Rig Make/Model: 10 inch dia.

Mite-E-Mite 14.0 feet length

Date:
3/5/02  

 
GEOLOGIC LOG D PVC RISER

 1.0 2.0 inch dia.

Depth(ft.) Description E 3.0 feet length

0-14.0 See SB-2 for lithologic  
description. P

 
T 2.5
 
H 3.0

 
(ft)

 
 

2.0 inch dia.

11.0 feet length

14.0
14.0

 

WELL DESIGN Not to Scale

CASING MATERIAL SCREEN MATERIAL                                         FILTER MATERIAL
Type: NSF #2 sand      Setting: 2.5-14.0'

Surface: 8-inch steel flush-mount Type: 2" Schedule 40 PVC
SEAL MATERIAL
Type: Bentonite      Setting: 1.0-2.5'

Monitor: 2" Schedule 40 PVC Slot Size: .010 -inch Chips

COMMENTS: LEGEND

  Cement/Bentonite Grout

  Bentonite Seal

  Sand Pack

Client: NYSDEC Location: Chem Core Project No.: 05-00035890.04

URS Corporation BEDROCK MONITORING WELL Well Number: VO-1

CONSTRUCTION DETAILS

  

PVC SCREEN



DRILLING SUMMARY

Geologist: Flush-Mount Protective Casing

Scott McCabe and Lockable Cap

Drilling Company:  

Buffalo Drilling Co. Elevation 597.17 Ground Level

Driller: Elevation 596.71
Kevin Bush AUGERHOLE
Rig Make/Model: 10 inch dia.

Mite-E-Mite 13.0 feet length

Date:
3/7/02  

 
GEOLOGIC LOG D PVC RISER

 1.0 2.0 inch dia.

Depth(ft.) Description E 3.0 feet length

0-13.0 See GB-13 for lithologic  
description. P

 
T 2.5
 
H 3.0

 
(ft)

 
 

2.0 inch dia.

10.0 feet length

13.0
13.0

 

WELL DESIGN Not to Scale

CASING MATERIAL SCREEN MATERIAL                                         FILTER MATERIAL
Type: NSF #2 sand      Setting: 2.5-13.0'

Surface: 8-inch steel flush-mount Type: 2" Schedule 40 PVC
SEAL MATERIAL
Type: Bentonite      Setting: 1.0-2.5'

Monitor: 2" Schedule 40 PVC Slot Size: .010 -inch Chips

COMMENTS: LEGEND

  Cement/Bentonite Grout

  Bentonite Seal

  Sand Pack

Client: NYSDEC Location: Chem Core Project No.: 05-00035890.04

URS Corporation BEDROCK MONITORING WELL Well Number: VO-2

CONSTRUCTION DETAILS

  

PVC SCREEN



DRILLING SUMMARY

Geologist: Flush-Mount Protective Casing

Scott McCabe and Lockable Cap

Drilling Company:  

Buffalo Drilling Co. Elevation 597.17 Ground Level

Driller: Elevation 596.71
Kevin Bush AUGERHOLE
Rig Make/Model: 10 inch dia.

Mite-E-Mite 14.7 feet length

Date:
3/7/02  

 
GEOLOGIC LOG D PVC RISER

 1.0 4.0 inch dia.

Depth(ft.) Description E 3.0 feet length

0-14.7 See SB-2 for lithologic  
description. P

 
T 2.5
 
H 3.0

 
(ft)

 
 

4.0 inch dia.

11.7 feet length

14.7
14.7

 

WELL DESIGN Not to Scale

CASING MATERIAL SCREEN MATERIAL                                         FILTER MATERIAL
Type: NSF #2 sand      Setting: 2.5-14.7'

Surface: 8-inch steel flush-mount Type: 4" Schedule 40 PVC
SEAL MATERIAL
Type: Bentonite      Setting: 1.0-2.5'

Monitor: 4" Schedule 40 PVC Slot Size: .010 -inch Chips

COMMENTS: LEGEND

  Cement/Bentonite Grout

  Bentonite Seal

  Sand Pack

Client: NYSDEC Location: Chem Core Project No.: 05-00035890.04

URS Corporation BEDROCK MONITORING WELL Well Number: VO-3

CONSTRUCTION DETAILS

  

PVC SCREEN



DRILLING SUMMARY

Geologist: Flush-Mount Protective Casing

Scott McCabe and Lockable Cap

Drilling Company:  

Buffalo Drilling Co. Elevation 597.17 Ground Level

Driller: Elevation 596.71
Kevin Bush AUGERHOLE
Rig Make/Model: 10 inch dia.

Mite-E-Mite 17.2 feet length

Date:
3/6/02  

 
GEOLOGIC LOG D PVC RISER

 1.0 2.0 inch dia.

Depth(ft.) Description E 3.0 feet length

0-17.2 See SB-2 for lithologic  
description. P

 
T 2.5
 
H 3.0

 
(ft)

 
 

2.0 inch dia.

14.2 feet length

17.2
17.2

 

WELL DESIGN Not to Scale

CASING MATERIAL SCREEN MATERIAL                                         FILTER MATERIAL
Type: NSF #2 sand      Setting: 2.5-17.2'

Surface: 8-inch steel flush-mount Type: 2" Schedule 40 PVC
SEAL MATERIAL
Type: Bentonite      Setting: 1.0-2.5'

Monitor: 2" Schedule 40 PVC Slot Size: .010 -inch Chips

COMMENTS: LEGEND

  Cement/Bentonite Grout

  Bentonite Seal

  Sand Pack

Client: NYSDEC Location: Chem Core Project No.: 05-00035890.04

URS Corporation BEDROCK MONITORING WELL Well Number: VO-4

CONSTRUCTION DETAILS

  

PVC SCREEN
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APPENDIX B

SVE UNIT SPECIFICATIONS
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APPENDIX C

STEP TEST FIELD DATA SUMMARY SHEETS
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APPENDIX D

CONSTANT-RATE TEST FIELD DATA

SUMMARY SHEET
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APPENDIX E

SOIL GAS LABORATORY ANALYSIS

DATA SHEET
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APPENDIX F

SVE PILOT TEST CALCULATIONS

















Table F-1
Chem Core Site

Calculation of Radius of Influence

Monitoring 
Location Pr Pw PRI r Rw PRI

2-Pw
2 Pr

2-Pw
2 ln(r/Rw) Calculated RI

(in. H2O) (atm) (in. Hg) (in. H2O) (atm) (atm) (feet) (feet) (feet)

VO-1 0.0273 0.999933 19.92 270.95 0.334 1 5 0.167 0.8885 0.8883 3.40         5.00                  

VO-2 0.0113 0.999972 19.92 270.95 0.334 1 15 0.167 0.8885 0.8884 4.50         15.00                 

VO-3 0.0309 0.999924 19.92 270.95 0.334 1 10 0.167 0.8885 0.8883 4.09         10.01                  

VO-4 0.0336 0.999917 19.92 270.95 0.334 1 20 0.167 0.8885 0.8883 4.79         20.02                

Calculation:  Pr
2-Pw

2 = (PRI
2-Pw

2) [ln(r/Rw)] / [ln(RI/Rw)]

j:\35890.02\CalcROI.xls\calcROI
7/11/02\9:17 AM
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