






































oxygen concentration was 21%. No organic vapors were detected in the new horizontal SVE
extraction line. The existing observation wells did not appear to be in communication with the
unsaturated formation above the groundwater table. Therefore, no reliable measurements of soil
gas composition could be performed at the observation wells.

The above results are indicative of an unsaturated zone largely free of petroleum hydrocarbons
and other organic materials subject to biological degradation. As a result, no usual indicators of
biological degradation processes (reduced oxygen, increased carbon dioxide, or methane) were
detected. These observations support previous data that indicated no S-3/GW-1 exceedances in
unsaturated soils.

4.2 SVE Process Parameters

The SVE extraction blower was turned on (November 30, 1999) and the SVE system operated
without air injection for approximately three hours to establish SVE baseline conditions. The air
dilution valve was closed so no dilution was utilized.

Approximately 3 inches water column of vacuum was maintained in the horizontal extraction
line. The resultant soil gas flow was approximately 60 SCFM. These high flow/low vacuum
conditions are indicative of a highly permeable zone (gravel bed) immediately beneath the
pavement. These levels were maintained without a change during the entire test

No detectable organic vapors were initially measured at the GAC inlet when the SVE system was
operated alone. Then, shortly after the air sparging system was turned on with a 0.5 SCFM
injection rate, the inlet vapor concentration gradually increased to a maximum of 8 parts per
million by volume (ppmv). The inlet vapor concentration dropped to 6 ppmv at the end of a
continuous phase of air injection at 0.5 SCFM.

The inlet vapor concentration increased to a maximum of 11.2 ppmv in response to an increase in
air injection rate from 0.5 SCFM to 1.4 SCFM. However, the inlet vapor concentration did not
change when the air injection rate was increased from 1.4 SCFM to 2.2 SCFM. At the end of the
test, the inlet vapor concentration was 9.6 ppmv.

No detectable organic vapors were measured at the GAC outlet during the entire test.

The above measurements of the inlet vapor concentration clearly indicate that the air sparging
system removed dissolved BTEX from groundwater. The maximum BTEX removal rate from
groundwater at 11.2 ppmv and 60 SCFM was approximately 0.01 lbs of BTEX per hour. Refer
to Table 1 for complete details.

Carbon dioxide, oxygen, and methane measurements of the soil gas in the horizontal extraction
line did not change after the SVE was turned on and remained the same after air sparging began.
Carbon dioxide and methane were below the detection limit (0.5%) and the oxygen concentration
was 21%. As it was mentioned earlier, the measurements of carbon dioxide, methane, and
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oxygen are indicative of an unsaturated zone largely free of petroleum hydrocarbons and other
organic materials subject to biological degradation. As a result, no usual indicators of biological
degradation processes (reduced oxygen, increased carbon dioxied and methane) were detected.

When the air sparging system was turned on, positive pressure was measured first in observation
wells WE-4S and WE-4D and later in WE-8. Refer to Table 1 for complete measurements of the
SVE process parameters during the entire test.

4.3 Air Sparging Process Parameters

The air sparging test was conducted on December 1 and 2, 1999. The test equipment was not
operated during the night. Three different air injection rates were applied: 5.5 hours at 0.5
SCFM, 3 hours at 1.4 SCFM, and 3.5 hours at 2.2 SCFM.

4.3.1 Air Injection Rates and Wellhead Pressures

When the compressed air injection rate was adjusted to approximately 0.5 SCFM at each
injection point, the resultant injection pressure initially ranged between 6.6 psi to 9 psi. During
the operation the injection pressure decreased and then stabilized between 4 and 5.5 psi (See
Table 2).

After 5.5 hours of operation at 0.5 SCFM, the compressed air injection rate was adjusted to 1.4
SCFM. The resultant injection pressure increased and stabilized at 7.5 - 8.5 psi at the end of the
run with 1.4 SCFM. The system was operated at a 1.4 SCFM injection rate for 3 hours.

The air injection rate was next increased to 2.2 SCFM. The resultant injection pressure further
increased and stabilized at 10.3 - 11.5 psi at the end of the run with 2.2 SCFM. The system was
operated at a 2.2 SCFM injection rate for 3.5 hours.

The above data indicate a fairly typical relationship between the injected compressed air flow and
the resultant pressure at the head of the sparge points. The required formation entrance pressure
measured at the sparge points was moderate. Refer to Table 2 for the complete records of the
compressed air injection rates and the pressures for each of the sparge points.

4.3.2 Dissolved Oxygen and Oxidation Reduction Potential

The most direct measure of biosparging system impact on the saturated formation is an increase
in the dissolved oxygen concentration in response to the air sparging system operation. Also, a
shift in ORP (from negative towards positive) may occur as the conditions become less reducing.

Three observation wells (WE-4D, WE-4S and WE-8) located 6 to 15 feet from the injection
points indicated a sharp increase in the dissolved oxygen concentration compared to the pre-test
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conditions. This increase in DO was monitored first in WE-4S and WE-4D and later in WE-8.
The increase in DO was followed by a shift in ORP from negative towards positive.

The DO concentration in WE-4D (6 feet from the closest sparge point SP-4) increased from 0.37
mg/L before the test to a maximum of 13.55 mg/L at the end of the test. The ORP changed from
-157mV before the test to -17 mV towards the end of the test. The small diameter diffused
bubbles could be seen in the groundwater inside the flow-through cell during the measurements.

The DO concentration in WE-4S (8 feet from the closest sparge point SP-1) increased from 0.36
mg/L before the test to a maximum of 10.84 mg/L at the end of the test. The ORP changed from
-151mV before the test to +7 mV towards the end of the test. At the end of the test the small
diameter diffused bubbles could be seen in the groundwater inside the flow-through cell during
the measurements.

The DO concentration in WE-8 (15 feet from the closest sparge point SP-2) first increased from
0.37 mg(L before the test to 2.09 mg/L. The next day the DO concentration dropped back to
almost pre-test level (0.61 mg/L) and remained at this level for some time. However, during the
last phase of the test the DO concentration in this location rapidly increased to a maximum of 8.9
mgfL at the end of the test. The ORP changed from -104 mV before the test to -40 mV towards
the end of the test. At the end of the test the small diameter diffused bubbles could be seen in the
groundwater inside the flow-through cell during the measurements.

Two observation wells (WE-7 and WE-9) located approximately 30 feet from the injection points
indicated a relatively small increase in the dissolved oxygen concentration (from 0.32 to 0.66
mg/L in WE-9 and from 0.41 to 0.77 mg/L in WE-7). The measured values of ORP changed
from -204 to -57 mV in WE-9 and from -84 to -14 mV in WE-7.

The background well WE-2 located at 63 feet from the injection points did not indicate
appreciable changes in DO or ORP. DO concentrations ranged from 3.7 to 4.1 mg/L and ORP
ranged from +77 to +130 mV during the test. The difference in ORP was most likely due to a
change in sensitivity of the electrode.

4.3.3 Depth to Groundwater Table and Saturated Zone Pressures

Air injection often causes a local groundwater table upwelling due to displacement of
groundwater by air. This upwelling of groundwater table is one of several indirect indicators of
an air sparging system radius of influence. Usually, the degree of upwelling of the groundwater
table is higher for formations with low hydraulic conductivity of the saturated formation. Such
upwelling of the groundwater table was measured during the pilot test. As expected, the
observation wells closer to the injection points indicated greater upwelling than more distant
observation wells. The maximum upwelling ofthgrougndwater tae w4asJ.48 feet inWE-4D,
0.48 feet in WE-4S, 0.20 feet in WE-8, and 0.14 feet in WE-9. No appreciable change in
groundwater table occurred in WE-7 or WE-2.
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Another indirect indicator of an air sparging system radius of influence is a positive pressure
build-up measured in the observation wells screened below the groundwater table. The increased
pressure inside an observation well is associated with injected air that is moving out of the
formation into the observation well. This positive pressure is measured using a pressure gauge
connected to the top of a temporarily sealed observation well. Three observation wells located
near the injection points (WE-4D, WE-4S and WE-8) exhibited a notable increase in pressure.
The maximum pressure increases measured in WE-4D, WE-4S and WE-8 were 81, 55, and 24
in.w.c., respectively. Refer to Table 2 for complete details.

4.3.4 Groundwater Analytical Samples

Two groundwater samples were collected from WE-4S and WE-8 at the end of the test. The
samples were sent to Toxicon for analyses using EPA Method 8020 plus MTBE. As expected,
the VOC concentration in groundwater did not change appreciably during a short duration pilot
test. The total VOCs concentration in WE-4S increased from 6,730 ug/ (baseline) to 9810 ug/l
at the end of the test. The total VOC concentration in WE-8 decreased from 17,101 ug/l
(baseline) to 14,340 ug/l at the end of the test. The predominant compound in both samples was
m,p-Xylene. Benzene concentrations in WE-4S increased from 530 ug/l to 750 ug/l. MTBE
concentrations in WE-4S decreased from 300 ug/l to 280 ug/l. Benzene concentrations in WE-8
decreased from 91 ug/l to non-detect. See Appendix A for the analytical laboratory analysis
reports.
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5.0 CONCLUSIONS

The primary objectives of the pilot testing program were accomplished. The pilot test confirmed
that a biospargingSVE technology is a viable technolo for the Tank k Area groundwater
remediation._Theinformation necessar to design afull-scale biosparging system at t e site was
obtained during the pilot test. The following particular questions were answered during tipilot
test:

* It was found that the aquatic environment in the source area is extremely oxygen deficient, in
sharp contrast to the highly oxygenated groundwater outside of the area of concern. This
indicates that biological degradation of petroleum hydrocarbons actively occurs but is limited
by available oxygen. Therefore, the primary reason to apply a biosparging/SVE technology is
valid: adding oxygen to the aquatic system should significantly accelerate the naturally
occurring biodegradation of petroleum hydrocarbons.

" The effectiveness of a direct-push technique (Geoprobe) to install injection points in the area
of concern was confirmed. However, the injection wells had to be installed at some distance
from the locations designated in the work plan due to refusals. Therefore, a hollow stem
drilling technigue may have to be used in conjunction with a Geoprobe in the more difficult
areas during full-scale implmentation.

* The design of the air injection points proved to be adequate. However, a larger diameter
tubing and a larger connection fitting are recommended for the injection points to reduce the
injection pressures.

* It was determined that the compressed air injection rates necessary to achieve effective
contaminant removal were close to the level predicted in the work plan (1 to 2 SCFM).

* Some channeling and pressure build up occurred during the injection. However, it was found
that these effects were temporary and could be alleviated by reducing the injection rates
during the initial phase of the test.

" The biosparging radius of influence was determined to be at least 15 feet and possibly up to
25 feet.

e The horizontal SVE extraction line proved to be effective in capturing the VOCs stripped
from groundwater. A full scale SVE system may benefit if the depth of the horizontal
extraction lines is somewhat increased. As expected, the SVE system operated with high
flow and low vacuum levels. This finding will be utilized for the full-scale system design.

" As expected, the hydrocarbon mass removal rate was quite low (maximum 0.01 lbs/hour).
Approximately 0.1 lbs of hydrocarbons was removed during the entire test. This finding will
be utilized to evaluate the need for air treatment and, if necessary, to size an air treatment
device for a full scale remediation system.
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6.0 RECOMMENDATIONS

The conclusions of the pilot test verify that biosparging/SVE is a viable technology that can
achieve the cleanup goals in the Tank K Area. It is therefore recommendedothls technology
be selected for implementation at the Tank K Area. Biosparging/SVE is an enhanced variation
of the original SVE technology selected in the1993 RAP. The evaluation of the SVE technology
in the 1993 RAP is applicable to biosparging/SVE. Therefore, no new evaluation of
biosparging/SVE is necessary under 310 CMR 40. 0861 to select this technology.

It is recommended that a Phase IV Remedy Implementation Plan (RIP) be prepared for
biosparging/SVE for the Tank K Area based on the pilot test results. A Phase IV RIP will be
prepared after-DP'Fas^concEiird-withtis recommendation. A RIP will be completed within
three months of DEP concurrence with this RAP Addendum.
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APPENDIX A

GROUNDWATER ANALYTICAL RESULTS
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TOXIKON CORPORATION

15 WIGGINS AVENUE

BEDFORD, MA 01730

TEL: (781) 275-3330

December 03, 1999

JOHN HANISCH
TRC ENVIRONMENTAL CONSLT.INC.
BOOTT MILLS SOUTH
LOWELL, MA 01852
TEL: (978) 970-5600
FAX: (978) 453-1995

RE: LOCKHEED MARTIN/BIOSPURGING PI Order No.: 9911522

Dear JOHN HANISCH,

Toxikon received 2 samples on 11/30/99 for the analyses presented in the following report.

There were no problems with the analyses and all data for associated QC met EPA or laboratory
specifications except where noted in a Case Narrative.

If you have any questions regarding these tests results, please feel free to call.

Sincerely,

Doug Sheeley

Certifications: MA: MA 064, NH: 204099A and 204099B, ME: MA064, RI: 55, VT: MA064, TN: MA
NY: 10778, FL: E87143 and 87394, NC: 286, PA 68-461, CT: PH 0563, NJ: 59538, MD



Toxikon Date: 03-Dec-99

CLIENT: TRC ENVIRONMENTAL CONSLT.INC.
Project: LOCKHEED MARTIN/BIOSPURGING PILOT Work Order Sample Summary
Lab Order: 9911522

Date Received: 11/30/99

Lab Sample ID

9911522-01A

9911522-02A

Client Sample ID

WE-4S

WE-8

Collection Date

11/29/99 3:00:00 PM

11/29/99 3:30:00 PM

I



Date: 03-Dec-99

CLIENT: TRC ENVIRONMENTAL CONSLT.INC. Client Sample ID: WE-4S
Lab Order: 9911522 Collection Date: 11/29/99 3:00:00 PM
Project: LOCKHEED MARTIN/BIOSPURGING PILOT Matrix: AQUEOUS
Lab ID: 9911522-O1A

Analyses Result Rpt Limit Qual Units DF Date Analyzed

VOLATILE AROMATICS SW8020A Analyst: SP
1,2-Dichlorobenzene
1,3-Dichlorobenzene

1,4-Dichlorobenzene
Benzene
Chlorobenzene
Ethylbenzene
m,p-Xylene

Methyl tert-butyl ether
o-Xylene
Toluene

ND 400 pg/L
ND 400 pg/L

ND 400 pg/L

530 100 pg/L

ND 200 pg/L

750 200 pg/L

4900 200 pg/L
300 200 pg/L
250 200 pg/L

ND 200 pg/L

100

100
100
100
100
100
100
100
100
100

12/1/99

1211/99

12/11/99
12/1/99

12/1/99

12/1/99
12/1/99

12/1/99

12/1/99

12/1/99

ND - Not Detected at the Reporting Limit

J - Analyte detected below quantitation limits

B - Analyte detected in the associated Method Blank

* - Value exceeds Maximum Contaminant Level

S - Spike Recovery outside accepted recovery limits

R - RPD outside accepted recovery limits

E - Value above quantitation range

I

Toxikon

Qualifiers:



Toxikon Date: 03-Dec-99

CLIENT: TRC ENVIRONMENTAL CONSLT.INC. Client Sample ID: WE-8
Lab Order: 9911522 Collection Date: 11/29/99 3:30:00 PM
Project: LOCKHEED MARTIN/BIOSPURGING PILOT Matrix: AQUEOUS
Lab ID: 9911522-02A

Analyses Result Rpt Limit Qual Units DF Date Analyzed

VOLATILE AROMATICS SW8020A Analyst: SP
1,2-Dichlorobenzene
1,3-Dichlorobenzene

1,4-Dichlorobenzene
Senzene
Chlorobenzene
Ethytbenzene
m,p-Xylene
Methyl tert-butyl ether
o-Xylene

Toluene

200
ND

720

450

ND

1100
14000

91

370

170

40
40
40
10
20

20
100
20
20
20

pg/L

pg/L
pg/L
pg/L
pg/L
pg/L
pg/L
pg/L
pg/L
pg/L

10

10
10

10
10
10
10
10
10
10

12/1/99
12/1/99
12/1/99
12/1/99
12/1/99
12/1/99
12/1/99
12/1/99
12/1/99
12/1/99

ND -Not Detected at the Reporting Limit

J - Analyte detected below quantitation limits

B - Analyte detected in the associated Method Blank

* - Value exceeds Maximum Contaminant Level

S - Spike Recovery outside accepted recovery limits

R - RPD outside accepted recovery limits

E - Value above quantitation range

2

Qualifiers:
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TOXIKON CORPORATION

15 WIGGINS AVENUE

BEDFORD, MA 01730

TEL: (781) 275-3330

December 06, 1999

PAOLA MACCHIOROLI
TRC ENVIRONMENTAL CONSLTINC.
BOOTT MILLS SOUTH
LOWELL, MA 01852
TEL: (978) 970-5600
FAX: (978) 453-1995

RE: LOCKHEED MARTIN/BIOSPARGING PI Order No.: 9912056

Dear PAOLA MACCHIOROLI,

Toxikon received 2 samples on 12/2/99 for the analyses presented in the following report.

There were no problems with the analyses and all data for associated QC met EPA or laboratory
specifications except where noted in a Case Narrative.

If you have any questions regarding these tests results, please feel free to call.

Sincerely,

Paul

Certifications: MA: MA 064, NH: 204099A and 204099B, ME: MA064, RI: 55, VT: MA064, TN: MA
NY: 10778, FL: E87143 and 87394, NC: 286, PA 68-461, CT: PH 0563, NJ: 59538, MD



Toxikon Date: 06-Dec-99

CLIENT: TRC ENVIRONMENTAL CONSLT.INC.
Project: LOCKHEED MARTIN/BIOSPARGING PLO Work Order Sample Summary
Lab Order 9912056

Date Received: 12/2/99

Lab Sample D

9912056-01A
9912056-02A

Client Sample ID

WE-4S

WE-8

Collection Date

12/2/99 3:00:00 PM

12/2/99 3:30:00 PM

I



Toxikon Date: 06-Dec-99

CLIENT: TRC ENVIRONMENTAL CONSLT.INC. Client Sample ID: WE-4S
Lab Order: 9912056 Collection Date: 12/2/99 3:00:00 PM
Project: LOCKHEED MARTIN/BIOSPARGING PILO Matrix: AQUEOUS
Lab ID: 9912056-OA

Analyses Result Rpt Limit Qual Units DF Date Analyzed

VOLATILE AROMATICS
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichliorobenzene
Benzene
Chlorobenzene
Ethylbenzene
m,p-Xylene

Methyl tert-butyl ether

o-Xytene
Toluene
Xylenes, Total

SW8020A
ND 400 pg/LI
ND 400 pg/L
ND 400 pg/L
750 100 pg/L
ND 200 pg/L

1200 200 pg/L
7200 200 pg/L

200 200 pg/L
200 200 pg/L
200 200 ig/L

7400 200 pg/L

100

100
100
100
100
100
100

100

100
100
100

Analyst: CR
1214/99

12/4/99

12/4/99

12/4/99

12/4/99

12/4/99
12/4/99

12/4/99
12/4/99

12/4/99

12/4/99

ND - Not Detected at the Reporting Limit

J- Analyte detected below quantitation limits

B - Analyte detected in the associated Method Blank

* - Value exceeds Maximum Contaminant Level

S - Spike Recovery outside accepted recovery limits

R - RPD outside accepted recovery limits

E - Value above quantitation range

I

Qualifiers:



Toxikon Date: 06-Dec-99

CLIENT: TRC ENVIRONMENTAL CONSLT.INC. Client Sample D: WE-8
Lab Order: 9912056 Collection Date: 12/2/99 3:30:00 PM
Project: LOCKHEED MARTIN/BIOSPARGING PILO Matrix: AQUEOUS
Lab ID: 9912056-02A

Analyses Result Rpt Limit Qual Units DF Date Analyzed

VOLATILE AROMATICS SW8020A Analyst CR
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzene
Chlorobenzene
Ethytbenzene
m,p-Xylene
Methyl tert-butyl ether
o-Xylene

Toluene
Xylenes, Total

ND

ND

ND
520
ND

1100
12000

ND
520

200
12520

400

400
400
100
200

200

200
200
200

200

200

pg/L
pg/L
pg/L
pg/L
pg/L
pg/L

pg/L
pg/L
pg/L
pg/IL
pg/L

100
100
100
100
100
100
100
100
100
100
100

12/4/99
12/4/99
12/4/99
1214/99
1214/99
12/4/99
12/4/99
12/4/99
12/4/99
12/4/99
12/4/99

ND - Not Detected at the Reporting Limit

J - Analyte detected below quantitation limits

B - Analyte detected in the associated Method Blank

* - Value exceeds Maximum Contaminant Level

S - Spike Recovery outside accepted recovery limits

R - RPD outside accepted recovery limits

E - Value above quantitation range

2

Quadlers:



I
cr

a0
vU-

0

mL
0
ZC

00 L

LU

(

tu
0

(A

0

:z

0

N

0.

wz
0




