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TABLES 



TABLE 4A: SUMMARY OF SOIL EXPERIMENT CHROMIUM RESULTS
                   2701 North Harbor Drive, San Diego, CA

SiREM

Chromium Hexavalent Chromium Percent Solids
TREATMENT Extraction Date Day Treatment Replicate

mg/kg mg/kg %
Anaerobic Active 17-May-06 1 ANAC-1 289 109 79

ANAC-2 285 115 78
ANAC-3 283 118 78

Average Concentration 286 114 78
23-May-06 7 ANAC-4 271 116 77

ANAC-5 272 104 78
ANAC-6 277 99 78

Average Concentration 273 106 77
Microscale 0.1% 17-May-06 1 MICROSCALE 0.1%-1 270 136 76

MICROSCALE 0.1%-2 283 127 77
MICROSCALE 0.1%-3 294 125 77

Average Concentration 282 129 77
23-May-06 7 MICROSCALE 0.1%-4 290 115 76

MICROSCALE 0.1%-5 292 115 77
MICROSCALE 0.1%-6 286 115 76

Average Concentration 289 115 76
Microscale 1% 17-May-06 1 MICROSCALE 1%-1 266 127 76

MICROSCALE 1%-2 262 119 76
MICROSCALE 1%-3 275 121 76

Average Concentration 268 122 76
23-May-06 7 MICROSCALE 1%-4 273 103 77

MICROSCALE 1%-5 265 98 77
MICROSCALE 1%-6 271 106 76

Average Concentration 270 102 77
Microscale 10% 17-May-06 1 MICROSCALE 10%-1 305 103 79

MICROSCALE 10%-2 322 93 78
MICROSCALE 10%-3 321 92 78

Average Concentration 316 96 78
23-May-06 7 MICROSCALE 10%-4 318 73 78

MICROSCALE 10%-5 298 77 78
MICROSCALE 10%-6 317 77 78

Average Concentration 311 76 78
Granular 0.1% 17-May-06 1 GRANUALR 0.1%-1 272 120 77

GRANULAR 0.1%-2 249 121 77
GRANULAR 0.1%-3 277 124 76

Average Concentration 266 122 77
23-May-06 7 GRANULAR 0.1%-4 252 108 76

GRANULAR 0.1%-5 240 96 77
GRANULAR 0.1%-6 265 98 76

Average Concentration 252 100 77
Granular 1% 17-May-06 1 GRANULAR 1%-1 290 105 78

GRANULAR 1%-2 309 112 78
GRANULAR 1%-3 298 109 79

Average Concentration 299 109 78
23-May-06 7 GRANULAR 1%-4 288 73 78

GRANULAR 1%-5 240 87 79
GRANULAR 1%-6 258 100 77

Average Concentration 262 87 78
Granular 10% 17-May-06 1 GRANULAR 10%-1 455 35 79

GRANULAR 10%-2 479 32 79
GRANULAR 10%-3 516 59 79

Average Concentration 483 42 79
23-May-06 7 GRANULAR 10%-4 447 29 78

GRANULAR 10%-5 405 21 78
GRANULAR 10%-6 367 5 79

Average Concentration 406 18 78
FeSO4 0.5 g/kg 17-May-06 1 FeSO4 0.5 g/Kg -1 295 70 77

FeSO4 0.5 g/Kg -2 254 32 78
FeSO4 0.5 g/Kg -3 283 44 78

Average Concentration 277 48 78
23-May-06 7 FeSO4 0.5 g/Kg -4 257 79 77

FeSO4 0.5 g/Kg -5 271 49 78
FeSO4 0.5 g/Kg -6 275 61 78

Average Concentration 268 63 78
FeSO4 5 g/kg 17-May-06 1 FeSO4 5 g/Kg - 1 291 32 77

FeSO4 5 g/Kg - 2 269 68 77
FeSO4 5 g/Kg - 3 297 30 77

Average Concentration 286 44 77
23-May-06 7 FeSO4 5 g/Kg - 4 259 33 78

FeSO4 5 g/Kg - 5 229 29 78
FeSO4 5 g/Kg - 6 252 30 78

Average Concentration 247 30 78
FeSO4 10 g/kg 17-May-06 1 FeSO4 10 g/Kg -1 333 27 77

FeSO4 10 g/Kg -2 265 18 78
FeSO4 10 g/Kg -3 320 31 78

Average Concentration 306 25 78
23-May-06 7 FeSO4 10 g/Kg -4 296 26 77

FeSO4 10 g/Kg -5 288 23 77
FeSO4 10 g/Kg -6 291 16 77

Average Concentration 292 22 77

Page 1 of 1 6/29/2006



TABLE 4B: SUMMARY OF GROUNDWATER EXPERIMENT CHROMIUM RESULTS
                    2701 North Harbor Drive, San Diego, CA

SiREM

Chromium (dissolved) Hexavalent Chromium (dissolved)
TREATMENT Extraction Date DAY Treatment Replicate bottle # mg/kg mg/kg

Active Control ANAC-1 1 602 592
ANAC-2 2 575 591

average concentration 589 592
Nanoscale ZVI nZVI-1 3 372 391

nZVI-2 4 377 396
average concentration 375 394

FeSO4 FeSO4-1 5 1.49 <0.005
FeSO4-2 6 0.989 <0.005

average concentration 1.24 0

16-Jun-06 1

16-Jun-06

16-Jun-06 1

1

1 of 1 6/29/2006
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Soil Experiment Total Chromium Results ( Day 7)

2701 North Harbor Drive, San Diego, California

29-Jun-06 Figure: 1
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Soil Treatment Hexavalent Chromium Results (Day 7)

2701 North Harbor Drive, San Diego, California

29-Jun-06 Figure: 2
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Groundwater Experiment Chromium Results

2701 North Harbor Drive, San Diego, California

29-Jun-06 Figure: 3
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1. INTRODUCTION 

GeoSyntec Consultants (GeoSyntec) retained SiREM Laboratory (SiREM) to perform a 
laboratory biotreatability study for volatile organic compounds (VOCs) in groundwater 
collected from 2701 North Harbor Drive, San Diego, California (the Site).  The purpose 
of the study was to assess natural attenuation, enhanced bioremediation, and 
bioaugmentation processes for the remediation of the target VOCs (namely 
tetrachloroethene [PCE] and its respective degradation products trichloroethene [TCE], 
cis-1,2-dichloroethene [cis-DCE], vinyl chloride [VC], and ethene) in the groundwater at 
the Site. 
 
Natural attenuation processes occur in situ and are mediated by indigenous microbial 
populations present at the Site.  Enhanced anaerobic bioremediation can be achieved 
by stimulating the indigenous microbial populations through the addition of electron 
donors.  Bioaugmentation is the process by which a microbial population known to 
promote complete reductive dechlorination is introduced to Site groundwater.  KB-1® 

Dechlorinator (KB-1®) is a natural microbial consortium containing microorganisms 
(Dehalococcoides) known to be responsible for mediating the complete dechlorination 
of PCE, TCE, cis-1,2-DCE, and VC  to ethene 1,2.  The culture is non-pathogenic 
according to biannual testing by an external laboratory (results available upon request). 
 
Groundwater used in this study was collected by GeoSyntec personnel from well B131-
MW2 on 15 March 2006 and was received by SiREM on 22 March 2006.  Soil cores 
collected on 14 March 2006 from location B131-MW2D between depths of 6.5 to 18 
feet below ground surface were received from GeoSyntec on 22 March 2006.  
Microcosms were prepared under anaerobic conditions in an effort to simulate in situ 
Site conditions in the laboratory to the extent practicable.  The remainder of this report 
is divided into two sections.  Section 2 presents the experimental approach and 
methods; Section 3 presents the results of the microcosm study. 
 
 
2. APPROACH AND METHODS 

The following sections describe the approach and methods for microcosm construction 
and incubation (Section 2.1), and microcosm sampling and analysis (Section 2.2).   

2.1 Microcosm Construction and Incubation 

A total of 18 microcosms were constructed on 07 April 2006.  Site soil and groundwater 
were placed in a disposable anaerobic glove bag with the materials required to 
construct the various treatment and control microcosms.  The glove bag was purged 
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with a carbon dioxide/nitrogen (20:80) gas mixture to create an anaerobic environment. 
The soil was combined and mixed by hand to improve reproducibility between 
replicates.  Microcosms were constructed by filling sterile 250 milliliter (mL) (nominal 
volume) screw cap Boston round clear glass bottles (Systems Plus, New Hamburg, 
Ontario) with 30 mL of homogenized soil and 180 mL of Site groundwater. The bottles 
were capped with MininertTM closures to allow repetitive sampling of the bottle with 
minimal VOC loss, and to allow nutrient amendment, as needed, throughout the 
incubation period.  All controls and treatments were constructed in triplicate. 

Anaerobic sterile control microcosms were constructed to quantify potential abiotic and 
experimental VOC losses from the microcosms. The sterile controls were constructed 
by autoclaving the Site soil once at 121 degrees Celsius (°C) and 15 pounds per 
square inch (PSI) pressure for 45 to 60 minutes (min).  After autoclaving, the control 
microcosms were returned to the anaerobic chamber, filled with 180 mL of Site 
groundwater and amended with 2.8 mL of 2.7 per cent (%) mercuric chloride (equal to 
a final liquid concentration of 0.05 %) and 0.5 mL of 5 % sodium azide (equal to a final 
liquid concentration of 0.017 %) to inhibit microbial activity. Intrinsic Control 
microcosms were not amended with electron donors or other amendments in order to 
replicate non-amended Site conditions. 
 
All microcosms were sampled and incubated in an anaerobic chamber (Coy Laboratory 
Products, Grass Lake, MI) filled with approximately 80% nitrogen, 10% carbon dioxide, 
and 10% hydrogen (BOC gases).  Hydrogen was present to scavenge low levels of 
oxygen via a palladium catalyst, and anaerobic conditions were verified by an open 
bottle of resazurin-containing mineral medium, which turns pink in color if oxygen is 
present.   During quiescent incubation, all microcosms were covered to minimize 
photodegradation, and placed on their side to minimize VOC losses via the 
(submerged) MininertTM closure.  Microcosms were incubated for a period of up to 76 
days at 22oC (room temperature). 
 
Treatment microcosms were amended with either a soluble electron donor (sodium 
lactate [LAC]) or a slow release electron donor (emulsified vegetable oil [commercially 
available, EOS]).  The EOS and LAC treatment microcosms were amended with 
electron donor at approximately 10 times the stoichiometric demand of the VOCs and 
selected inorganic compounds (i.e., nitrate and sulfate). The LAC microcosms were 
amended with 1.66 mL of a 60% sodium lactate solution corresponding to a target 
concentration of 5,520 mg/L.  The EOS microcosms were amended with 486 µL of 
EOS corresponding to a target concentration of 0.27 % EOS as oil (EOS is 59.8 % soy 
bean oil).  The amount of EOS added was based on the anticipated dosing rate in the 
field. 
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To assess the ability of bioaugmentation to improve the extent and rate of PCE 
dechlorination to ethene, one set of each electron donor treatments was bioaugmented 
with KB-1® culture on 05 May 2006 (day 28).  Microcosms were bioaugmented to a 
target Dehalococcoides (DHC) concentration of 106 cells per liter (cells/L) in the 
microcosms. To achieve this cell concentration, a 1 mL aliquot of a culture with a 
steady state concentration of approximately 1011 DHC cells/L (determined by monthly 
Gene-Trac testing) was serially diluted in 9 mL of anaerobic mineral medium and 1.8 
mL of the diluted culture was added to the microcosms to achieve the final DHC 
concentration.  Microcosms were bioaugmented at day 28 to allow for development of 
reducing conditions required by the KB-1® culture.  Reducing conditions in these 
microcosms were observed after the addition of the electron donor.   

Table 1 summarizes the details of microcosm construction and amendments for the 
various treatment and control microcosms. 
 
2.2 Microcosm Sampling and Analysis 

2.2.1 Microcosm Sampling 

Aqueous samples were collected from the control and treatment microcosms on a 
weekly to biweekly (i.e., every two weeks) basis for analysis of VOCs (PCE, TCE, cis-
1,2-DCE, and VC), dissolved hydrocarbon gases (DHGs) (ethene, ethane, and 
methane), anions (sulfate, nitrate, nitrite, chloride, phosphate, bromide) and selected 
electron donors (lactate).  Microcosms were sampled using gas-tight 1 mL Hamilton 
glass syringes.  Separate sets of syringes were used for bioaugmented and non-
bioaugmented treatments to reduce the potential for transfer of KB-1® microorganisms 
to non-bioaugmented treatments.  Syringes were cleaned with acidified water (pH ~2) 
and rinsed 10 times with deionized water between samples, to ensure that VOCs and 
microorganisms were not transferred between different samples or treatments.  The 
analytical methods employed by SiREM are described below.  
 
2.2.2 Analysis of VOCs and Dissolved Hydrocarbon Gases 

This section describes the methods used to quantify the chlorinated ethenes and 
DHGs.  The quantitation limits (QL) for the chlorinated ethenes and DHGs were 
typically 10 to 20 micrograms per liter (µg/L) in the microcosm based on the lowest 
concentration standards that were included in the linear calibration trend. 

 
Aqueous VOC concentrations in the microcosms were measured using a Hewlett-
Packard (Hewlett Packard 5890 series II Plus) gas chromatograph (GC) equipped with 
an auto sampler (Hewlett Packard 7684) programmed to heat each sample vial to 75°C 
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for 45 min prior to headspace injection into a GSQ Plot column (0.53 millimeters x 30 
meters, J&W) and a flame ionization detector.  Sample vials were heated to ensure 
that all VOCs in the aqueous sample would partition to the headspace.  The injector 
temperature was 200°C, and the detector temperature was 250°C.  The oven 
temperature was programmed as follows: 35°C for 2 min, increase to 100°C at 50 
degrees Celsius per minute (°C/min), then increase to 185°C at 25°C/min and hold at 
185°C for 5.80 min.  The carrier gas was helium at a flow rate of 11 milliliters per 
minute (mL/min). 

 
After withdrawing a 1.0 mL sample (as described in section 2.2.1), the sample was 
injected into a 10 mL auto sampler vial containing 5.0 mL of acidified deionized water 
(pH ~2).  The water was acidified to inhibit microbial activity between microcosm 
sampling and GC analysis.  The vial was sealed with an inert TeflonTM-coated septum 
and aluminum crimp cap for automated injection of 3 mL of headspace onto the GC.  
One VOC standard was analyzed with each batch of samples to verify the yearly five-
point calibration using methanolic stock solutions containing known concentrations of 
the target analytes.  Calibration was performed using external standards that were 
purchased as standard solutions (Sigma). Known volumes of standard solutions were 
added to acidified water in auto sampler vials and analyzed as described above for 
microcosm samples.   Data were integrated using Peak Simple Chromatography Data 
System Software (SRI, Inc.).  Concentrations were converted from mg/L to total 
millimoles per bottle (Figures 1 to 6 and Table 2A) using Henry’s Law as shown in 
Appendix A. 

 
2.2.3 Analysis of Anions and Lactate  

This section describes the methods to quantify anions and lactate.   
 

Analysis was performed on a Dionex DX-600 ion chromatograph (IC) equipped with a 
Dionex AS-40 auto sampler and an AS18 column.  The sample loop volume was 25 
µL.  An isocratic separation was performed using 33 millimolar (mM) sodium hydroxide 
(reagent grade, Fisher) eluent for 13 minutes.  One standard was analysed with each 
batch of samples to verify the yearly seven-point calibration using external standards of 
known concentrations.  External standards were prepared gravimetrically using 
chemicals of the highest purity available (Sigma or Bioshop). Data were integrated 
using Dionex’s Peaknet chromatography software.  The QLs were as follows: 0.25 
mg/L lactate, 0.03 mg/L chloride, 0.28 mg/L nitrite, 0.1 mg/L nitrate, 0.03 mg/L sulfate, 
0.57 mg/L phosphate and 0.14 mg/L bromide.  The lactate value included most other 
volatile fatty acids, such as formate, acetate, propionate, pyruvate, and butyrate 
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(valerate has not been tested), as the analytical method does not resolve these 
compounds. 

 
After withdrawing a 0.5 mL sample (as described in section 2.2.1), the sample was 
placed in a 1.5 mL micro-centrifuge tube.  Samples were centrifuged for five minutes to 
settle out solids. The supernatant was removed, diluted 10-fold in deionized water and 
placed in a Dionex auto sampler vial with a cap that filters the sample during 
automated injection onto the IC. 
 
3. RESULTS 

Tables 2A and 2B provide chlorinated ethene, ethene, and anion data from the control 
and treatment microcosms over the incubation period for the study.  All chlorinated 
ethene and ethene concentrations are presented in units of mg/L and mmol/bottle to 
demonstrate mass balances on a molar basis.    Figures 1 through 6 present trends in 
the concentrations of chlorinated ethenes and ethene in the control and treatment 
microcosms over the incubation period for the study.   
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Notes:               

                EOS - Emulsified Oil Substrate 
           mg/L - milligrams per liter 
           LAC - 60% Sodium Lactate 

Microcosm Name Electron Donor Treatment Description 

ANSC Anaerobic Sterile Control Autoclaved and amended with mercuric chloride and sodium azide. 

ANAC  Anaerobic Intrinsic (Active) 
Control Unamended.  

LAC Sodium Lactate amended Initial donor concentration of 5,520 mg/L sodium lactate and re-amended as 
necessary to maintain a sufficient supply. 

EOS EOS  Amended Initial donor concentration of 0.27 % EOS as oil. 

LAC + KB-1® Sodium Lactate amended 
Initial donor concentration of 5,520 mg/L sodium lactate and re-amended as 
necessary. Bioaugmented with KB-1® culture to a target concentration of 
106cells/liter on day 28.  

EOS + KB-1® Emulsified Oil Substrate  
Amended 

Initial donor concentration of 0.27 % EOS as oil. Bioaugmented with KB-1® culture 
to a target concentration of 106cells/liter on day 28.   



TABLE 2A: SUMMARY OF MICROCOSM CHORINATED ETHENE AND ETHENE RESULTS
                    2701 North Harbor Drive, San Diego, California

SiREM

comment
PCE TCE cis-1,2-DCE VC Ethene Total Ethenes Ethane Methane
mg/L mg/L mg/L mg/L mg/L mmol/L mg/L mg/L

Anaerobic Sterile Control 05-Apr-06 -2 Poisoned with 2.8 mL Mercuric Chloride and 
0.5 mL Sodium Azide and amended the first 
replicate with 100 µL of resazurin

07-Apr-06 0 ANSC-1 3.2 1.3 4.6 0.30 0.01 -- <0.010 0.12
ANSC-2 3.2 1.3 4.7 0.29 0.01 -- <0.010 0.12
ANSC-3 3.2 1.3 4.6 0.29 0.01 -- <0.010 0.11

Average Concentration (mg/L) 3.2 1.3 4.7 0.29 0.01 -- ND 0.11
Standard Deviation (mg/L) 3.5E-05 2.1E-06 9.1E-05 1.5E-05 1.6E-05 -- 0.0E+00 5.6E-04
Average Total (mmoles) 0.0045 0.0021 0.0096 0.0011 0.00026 1.8E-02 ND 0.013

20-Apr-06 13 ANSC-1 3.4 1.5 5.0 0.31 0.02 -- <0.010 0.10
ANSC-2 3.5 1.6 4.9 0.32 0.02 -- <0.010 0.10
ANSC-3 3.2 1.4 4.5 0.30 0.01 -- <0.010 0.11

Average Concentration (mg/L) 3.4 1.5 4.8 0.31 0.02 -- ND 0.11
Standard Deviation (mg/L) 2.3E-04 1.5E-04 5.4E-04 3.7E-05 7.1E-05 -- 0.0E+00 4.9E-04
Average Total (mmoles) 0.0048 0.0023 0.0098 0.0012 0.00037 1.8E-02 ND 0.012

04-May-06 27 ANSC-1 3.5 1.4 5.0 0.34 0.02 -- <0.010 0.12
ANSC-2 3.5 1.4 4.9 0.31 0.01 -- <0.010 0.10
ANSC-3 3.1 1.3 4.7 0.29 <0.010 -- <0.010 0.11

Average Concentration (mg/L) 3.4 1.4 4.9 0.31 0.01 -- ND 0.11
Standard Deviation (mg/L) 3.1E-04 1.1E-04 3.6E-04 8.7E-05 2.0E-04 -- 0.0E+00 1.1E-03
Average Total (mmoles) 0.0048 0.0022 0.01 0.0012 0.00023 1.8E-02 ND 0.012

01-Jun-06 55 ANSC-1 3.1 1.3 4.6 0.30 0.01 -- <0.010 0.11
ANSC-2 2.8 1.1 4.2 0.26 <0.010 -- <0.010 0.10
ANSC-3 3.2 1.3 4.6 0.30 0.01 -- <0.010 0.10

Average Concentration (mg/L) 3.0 1.2 4.5 0.29 0.01 -- ND 0.10
Standard Deviation (mg/L) 3.4E-04 1.1E-04 4.0E-04 8.5E-05 1.9E-04 -- 0.0E+00 6.9E-04
Average Total (mmoles) 0.0043 0.002 0.0091 0.0011 0.00022 1.7E-02 ND 0.012

05-Apr-06 -2 Amended the first replicate with 100 µL of 
resazurin

07-Apr-06 0 ANAC-1 3.0 1.2 4.2 0.23 <0.010 -- <0.010 0.08
ANAC-2 3.4 1.3 4.7 0.30 0.01 -- <0.010 0.10
ANAC-3 3.8 1.4 4.9 0.26 <0.010 -- <0.010 0.10

Average Concentration (mg/L) 3.4 1.3 4.6 0.26 0.00 -- ND 0.09
Standard Deviation (mg/L) 5.5E-04 1.9E-04 7.3E-04 1.4E-04 1.6E-04 -- 0.0E+00 1.7E-03
Average Total (mmoles) 0.0048 0.0021 0.0095 0.001 0.000092 1.7E-02 ND 0.01

20-Apr-06 13 ANAC-1 2.9 1.2 4.1 0.26 <0.010 -- <0.010 0.07
ANAC-2 3.0 1.3 4.3 0.29 <0.010 -- <0.010 0.08
ANAC-3 3.3 1.3 4.4 0.28 <0.010 -- <0.010 0.08

Average Concentration (mg/L) 3.1 1.3 4.3 0.27 ND -- ND 0.07
Standard Deviation (mg/L) 3.1E-04 1.0E-04 3.6E-04 6.0E-05 0.0E+00 -- 0.0E+00 9.8E-04
Average Total (mmoles) 0.0044 0.002 0.0087 0.001 ND 1.6E-02 ND 0.0084

04-May-06 27 ANAC-1 3.1 1.2 4.4 0.27 <0.010 -- <0.010 0.07
ANAC-2 3.4 1.3 4.8 0.30 0.01 -- <0.010 0.09
ANAC-3 3.4 1.3 4.5 0.28 <0.010 -- <0.010 0.07

Average Concentration (mg/L) 3.3 1.3 4.6 0.28 0.00 -- ND 0.08
Standard Deviation (mg/L) 2.2E-04 8.0E-05 3.2E-04 6.7E-05 1.5E-04 -- 0.0E+00 1.1E-03
Average Total (mmoles) 0.0047 0.0021 0.0094 0.0011 0.000086 1.7E-02 ND 0.0085

01-Jun-06 55 ANAC-1 2.9 1.2 4.2 0.28 <0.010 -- <0.010 0.07
ANAC-2 2.0 1.7 4.0 0.28 <0.010 -- <0.010 0.07
ANAC-3 3.2 1.5 4.6 0.31 <0.010 -- <0.010 0.08

Average Concentration (mg/L) 2.7 1.4 4.3 0.29 ND -- ND 0.07
Standard Deviation (mg/L) 8.9E-04 4.0E-04 5.7E-04 7.8E-05 0.0E+00 -- 0.0E+00 5.7E-04
Average Total (mmoles) 0.0038 0.0023 0.0087 0.0011 ND 1.6E-02 ND 0.008

05-Apr-06 -2 Amended the first replicate with 100 µL of 
resazurin

07-Apr-06 0 Amended with sodium lactate to a target 
concentration of 5,520 mg/L

07-Apr-06 0 LAC-1 3.4 1.3 4.6 0.28 <0.010 -- <0.010 0.09
LAC-2 3.2 1.3 4.5 0.27 <0.010 -- <0.010 0.08
LAC-3 3.1 1.2 4.4 0.28 <0.010 -- <0.010 0.07

Average Concentration (mg/L) 3.2 1.3 4.5 0.28 ND -- ND 0.08
Standard Deviation (mg/L) 2.0E-04 6.6E-05 1.8E-04 2.8E-05 0.0E+00 -- 0.0E+00 1.3E-03
Average Total (mmoles) 0.0046 0.002 0.0093 0.0011 ND 1.7E-02 ND 0.0091

20-Apr-06 13 LAC-1 3.1 1.3 4.3 0.27 <0.010 -- <0.010 0.07
LAC-2 3.0 1.2 4.3 0.27 <0.010 -- <0.010 0.06
LAC-3 2.7 1.2 4.1 0.26 <0.010 -- <0.010 0.07

Average Concentration (mg/L) 2.9 1.2 4.2 0.27 ND -- ND 0.07
Standard Deviation (mg/L) 2.8E-04 8.8E-05 2.4E-04 1.8E-05 0.0E+00 -- 0.0E+00 6.9E-04
Average Total (mmoles) 0.0041 0.002 0.0087 0.001 ND 1.6E-02 ND 0.0076

04-May-06 27 LAC-1 3.1 1.3 4.4 0.33 <0.010 -- <0.010 0.08
LAC-2 3.1 1.3 4.5 0.30 <0.010 -- <0.010 0.07
LAC-3 <0.010 0.59 6.4 0.32 <0.010 -- <0.010 0.06

Average Concentration (mg/L) 2.1 1.1 5.1 0.31 ND -- ND 0.07
Standard Deviation (mg/L) 2.6E-03 6.6E-04 2.3E-03 5.7E-05 0.0E+00 -- 0.0E+00 8.8E-04
Average Total (mmoles) 0.003 0.0017 0.01 0.0012 ND 1.6E-02 ND 0.0078

18-May-06 41 LAC-1 2.9 1.3 4.3 0.32 <0.010 -- <0.010 0.08
LAC-2 2.8 1.3 4.3 0.31 <0.010 -- <0.010 0.07
LAC-3 <0.010 0.18 6.3 0.28 <0.010 -- <0.010 0.06

Average Concentration (mg/L) 1.9 0.92 4.9 0.30 ND -- ND 0.07
Standard Deviation (mg/L) 2.4E-03 1.0E-03 2.4E-03 6.5E-05 0.0E+00 -- 0.0E+00 1.2E-03
Average Total (mmoles) 0.0027 0.0015 0.01 0.0011 ND 1.5E-02 ND 0.0076

01-Jun-06 55 LAC-1 2.40 1.7 4.1 0.26 <0.010 -- <0.010 0.07
LAC-2 2.60 1.5 4.1 0.25 <0.010 -- <0.010 0.06
LAC-3 0.01 0.12 6.5 0.28 <0.010 -- <0.010 0.06

Average Concentration (mg/L) 1.70 1.1 4.9 0.27 ND -- ND 0.06
Standard Deviation (mg/L) 2.0E-03 1.4E-03 2.9E-03 5.4E-05 0.0E+00 -- 0.0E+00 1.0E-03
Average Total (mmoles) 0.0024 0.0018 0.01 0.001 ND 1.5E-02 ND 0.0071

15-Jun-06 69 LAC-1 2.5 1.20 4.0 0.24 <0.010 -- <0.010 0.07
LAC-2 2.4 1.20 3.9 0.24 <0.010 -- <0.010 0.05
LAC-3 <0.010 0.10 6.3 0.26 <0.010 -- <0.010 0.05

Average Concentration (mg/L) 1.6 0.82 4.7 0.25 ND -- ND 0.06
Standard Deviation (mg/L) 2.0E-03 9.9E-04 2.7E-03 3.5E-05 0.0E+00 -- 0.0E+00 7.7E-04
Average Total (mmoles) 0.0023 0.0013 0.0097 0.00093 ND 1.4E-02 ND 0.0065

07-Apr-06 0 Amended the first replicate with 100 µL of 
resazurin

07-Apr-06 0 Amended with EOS to a target concentration 
of 0.27% as oil 

07-Apr-06 0 EOS-1 1.0 0.83 3.9 0.22 <0.010 -- <0.010 0.08
EOS-2 1.2 0.84 4.2 0.25 <0.010 -- <0.010 0.09
EOS-3 2.5 1.10 4.2 0.24 <0.010 -- <0.010 0.08

Average Concentration (mg/L) 1.6 0.92 4.1 0.24 ND -- ND 0.08
Standard Deviation (mg/L) 1.1E-03 2.3E-04 3.4E-04 6.6E-05 0.0E+00 -- 0.0E+00 1.1E-03
Average Total (mmoles) 0.0022 0.0015 0.0084 0.0009 ND 1.3E-02 ND 0.0095

20-Apr-06 13 EOS-1 0.86 0.80 2.8 0.06 <0.010 -- <0.010 0.03
EOS-2 0.70 0.72 3.7 0.20 <0.010 -- <0.010 0.04
EOS-3 0.73 0.72 3.7 0.25 <0.010 -- <0.010 0.08

Average Concentration (mg/L) 0.76 0.75 3.4 0.17 ND -- ND 0.05
Standard Deviation (mg/L) 1.2E-04 7.9E-05 1.0E-03 3.6E-04 0.0E+00 -- 0.0E+00 2.7E-03
Average Total (mmoles) 0.0011 0.0012 0.007 0.00065 ND 1.0E-02 ND 0.0058

04-May-06 27 EOS-1 0.61 1.0 2.8 0.05 <0.010 -- <0.010 0.03
EOS-2 0.80 0.80 4.0 0.22 <0.010 -- <0.010 0.04
EOS-3 0.78 0.73 3.8 0.25 <0.010 -- <0.010 0.08

Average Concentration (mg/L) 0.73 0.84 3.5 0.17 ND -- ND 0.05
Standard Deviation (mg/L) 1.5E-04 2.3E-04 1.2E-03 4.0E-04 0.0E+00 -- 0.0E+00 2.7E-03
Average Total (mmoles) 0.001 0.0013 0.0072 0.00066 ND 1.0E-02 ND 0.0055

18-May-06 41 EOS-1 0.69 1.3 2.9 0.05 <0.010 -- <0.010 0.03
EOS-2 0.79 0.81 4.1 0.21 <0.010 -- <0.010 0.04
EOS-3 0.83 0.79 3.8 0.24 <0.010 -- <0.010 0.07

Average Concentration (mg/L) 0.77 0.96 3.6 0.17 ND -- ND 0.05
Standard Deviation (mg/L) 1.0E-04 4.3E-04 1.3E-03 3.9E-04 0.0E+00 -- 0.0E+00 2.6E-03
Average Total (mmoles) 0.0011 0.0015 0.0074 0.00065 ND 1.1E-02 ND 0.0054

01-Jun-06 55 EOS-1 0.72 1.5 2.8 0.06 <0.010 -- <0.010 0.03
EOS-2 0.69 0.69 3.5 0.23 <0.010 -- <0.010 0.07
EOS-3 0.03 0.06 6.2 0.2 <0.010 -- <0.010 0.04

Average Concentration (mg/L) 0.48 0.74 4.2 0.16 ND -- ND 0.05
Standard Deviation (mg/L) 5.6E-04 1.1E-03 3.7E-03 3.4E-04 0.0E+00 -- 0.0E+00 2.4E-03
Average Total (mmoles) 0.00068 0.0012 0.0086 0.00061 ND 1.1E-02 ND 0.0054

15-Jun-06 69 EOS-1 1.10 2.1 3.0 0.06 <0.010 -- <0.010 0.03
EOS-2 <0.010 0.16 6.4 0.21 <0.010 -- <0.010 0.04
EOS-3 0.77 0.77 3.6 0.24 <0.010 -- <0.010 0.07

Average Concentration (mg/L) 0.62 1.0 4.3 0.17 ND -- ND 0.05
Standard Deviation (mg/L) 7.9E-04 1.6E-03 3.7E-03 3.6E-04 0.0E+00 -- 0.0E+00 2.3E-03
Average Total (mmoles) 0.00088 0.0016 0.0088 0.00064 ND 1.2E-02 ND 0.0053

Treatment

Anaerobic Active Control

Day

Sodium Lactate Amended

Date

Chlorinated Ethenes Methane and Ethane

EOS Amended

Replicate
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TABLE 2A: SUMMARY OF MICROCOSM CHORINATED ETHENE AND ETHENE RESULTS
                    2701 North Harbor Drive, San Diego, California

SiREM

comment
PCE TCE cis-1,2-DCE VC Ethene Total Ethenes Ethane Methane
mg/L mg/L mg/L mg/L mg/L mmol/L mg/L mg/L

Treatment DayDate

Chlorinated Ethenes Methane and Ethane

Replicate

05-Apr-06 -2 Amended the first replicate with 100 µL of 
resazurin

07-Apr-06 0 Amended with sodium lactate to a target 
concentration of 5,520 mg/L

07-Apr-06 0 LAC+KB-1-1 3.3 1.30 4.5 0.29 <0.010 -- <0.010 0.07
LAC+KB-1-2 3.3 1.30 4.6 0.28 <0.010 -- <0.010 0.10
LAC+KB-1-3 1.7 0.91 4.1 0.24 <0.010 -- <0.010 0.10

Average Concentration (mg/L) 2.8 1.20 4.4 0.27 ND -- ND 0.09
Standard Deviation (mg/L) 1.3E-03 3.5E-04 5.1E-04 1.0E-04 0.0E+00 -- 0.0E+00 1.7E-03
Average Total (mmoles) 0.004 0.0019 0.009 0.001 ND 1.6E-02 ND 0.01

20-Apr-06 13 LAC+KB-1-1 2.8 1.4 4.0 0.24 <0.010 -- <0.010 0.09
LAC+KB-1-2 3.0 1.2 4.3 0.27 <0.010 -- <0.010 0.09
LAC+KB-1-3 2.6 1.1 3.8 0.24 0.01 -- <0.010 0.17

Average Concentration (mg/L) 2.8 1.2 4.0 0.25 0.00 -- ND 0.12
Standard Deviation (mg/L) 2.4E-04 2.5E-04 5.1E-04 8.2E-05 1.6E-04 -- 0.0E+00 4.9E-03
Average Total (mmoles) 0.004 0.002 0.0083 0.00095 0.00009 1.5E-02 ND 0.013

04-May-06 27 LAC+KB-1-1 3.1 1.8 4.2 0.26 <0.010 -- <0.010 0.07
LAC+KB-1-2 <0.010 0.09 6.8 0.28 0.01 -- <0.010 0.09
LAC+KB-1-3 <0.010 0.13 6.1 0.21 <0.010 -- <0.010 0.07

Average Concentration (mg/L) 1.0 0.68 5.7 0.25 0.00 -- ND 0.08
Standard Deviation (mg/L) 2.5E-03 1.6E-03 2.7E-03 1.4E-04 1.6E-04 -- 0.0E+00 1.7E-03
Average Total (mmoles) 0.0015 0.0011 0.012 0.00096 0.000091 1.6E-02 ND 0.0084

05-May-06 28 Bioaugmented with KB-1® to a target 
concentration of 106 cells/L

12-May-06 35 LAC+KB-1-1 1.4 1.5 5.1 0.33 <0.010 -- <0.010 0.09
LAC+KB-1-2 <0.010 0.08 6.7 0.29 0.01 -- <0.010 0.08

Average Concentration (mg/L) 0.68 0.78 5.9 0.31 0.01 -- ND 0.08
Standard Deviation (mg/L) 1.4E-03 1.6E-03 2.2E-03 1.0E-04 1.8E-04 -- 0.0E+00 2.1E-04
Average Total (mmoles) 0.00096 0.0012 0.012 0.0012 0.00012 1.5E-02 ND 0.0095

18-May-06 41 LAC+KB-1-1 0.14 0.08 6.7 0.33 0.01 -- <0.010 0.17
LAC+KB-1-2 <0.010 0.09 6.7 0.29 0.02 -- <0.010 0.09
LAC+KB-1-3 <0.010 0.15 6.7 0.31 0.02 -- <0.010 0.14

Average Concentration (mg/L) 0.05 0.11 6.7 0.31 0.02 -- ND 0.13
Standard Deviation (mg/L) 1.2E-04 6.2E-05 3.6E-05 6.9E-05 1.2E-04 -- 0.0E+00 4.6E-03
Average Total (mmoles) 0.000067 0.00017 0.014 0.0012 0.00041 1.6E-02 ND 0.015

25-May-06 48 LAC+KB-1-1 0.13 0.08 5.9 0.48 0.01 -- <0.010 0.16
LAC+KB-1-2 <0.010 0.18 6.5 0.31 <0.010 -- <0.010 0.07
LAC+KB-1-3 <0.010 0.68 3.6 0.77 0.02 -- <0.010 0.05

Average Concentration (mg/L) 0.05 0.31 5.3 0.52 0.01 -- ND 0.09
Standard Deviation (mg/L) 1.1E-04 5.2E-04 3.2E-03 8.8E-04 2.3E-04 -- 0.0E+00 6.6E-03
Average Total (mmoles) 0.000063 0.0005 0.011 0.002 0.00025 1.4E-02 ND 0.011

01-Jun-06 55 LAC+KB-1-1 <0.010 0.05 3.4 2.00 0.14 -- <0.010 0.19
LAC+KB-1-2 <0.010 0.08 6.6 0.31 0.01 -- <0.010 0.09
LAC+KB-1-3 <0.010 0.06 6.5 0.33 0.01 -- <0.010 0.11

Average Concentration (mg/L) ND 0.07 5.5 0.88 0.05 -- ND 0.13
Standard Deviation (mg/L) 0.0E+00 2.6E-05 3.7E-03 3.7E-03 1.8E-03 -- 0.0E+00 6.0E-03
Average Total (mmoles) ND 0.0001 0.011 0.0033 0.0013 1.6E-02 ND 0.015

08-Jun-06 62 LAC+KB-1-1 0.18 0.02 0.016 0.25 0.62 -- <0.010 0.20
LAC+KB-1-2 <0.010 0.03 6.6 0.30 0.02 -- <0.010 0.10
LAC+KB-1-3 <0.010 0.04 6.3 0.34 <0.010 -- <0.010 0.08

Average Concentration (mg/L) 0.06 0.03 4.3 0.30 0.21 -- ND 0.12
Standard Deviation (mg/L) 1.5E-04 1.2E-05 7.6E-03 1.8E-04 8.7E-03 -- 0.0E+00 7.5E-03
Average Total (mmoles) 0.000086 0.000046 0.0088 0.0011 0.0052 1.5E-02 ND 0.014

12-Jun-06 66 Amended with sodium lactate to a target 
concentration of 5,520 mg/L

15-Jun-06 69 LAC+KB-1-1 0.15 0.02 <0.010 0.07 0.40 -- <0.010 0.27
LAC+KB-1-2 <0.010 0.08 6.5 0.35 <0.010 -- <0.010 0.08
LAC+KB-1-3 <0.010 0.09 6.2 0.47 <0.010 -- <0.010 0.08

Average Concentration (mg/L) 0.05 0.06 4.3 0.30 0.13 -- ND 0.14
Standard Deviation (mg/L) 1.2E-04 5.7E-05 7.6E-03 7.9E-04 5.7E-03 -- 0.0E+00 1.2E-02
Average Total (mmoles) 0.00007 0.0001 0.0087 0.0011 0.0033 1.3E-02 ND 0.016

22-Jun-06 76 LAC+KB-1-1 0.20 0.02 <0.010 0.12 0.48 -- <0.010 1.1
LAC+KB-1-2 <0.010 0.32 6.3 0.30 <0.010 -- <0.010 0.07
LAC+KB-1-3 <0.010 0.15 5.2 0.50 <0.010 -- <0.010 0.09

Average Concentration (mg/L) 0.07 0.16 3.8 0.30 0.16 -- ND 0.42
Standard Deviation (mg/L) 1.7E-04 2.4E-04 6.9E-03 7.2E-04 6.9E-03 -- 0.0E+00 6.6E-02
Average Total (mmoles) 0.000096 0.00026 0.0079 0.0011 0.004 1.3E-02 ND 0.047

05-Apr-06 -2 Amended the first replicate with 100 µL of 
resazurin

07-Apr-06 0 Amended with EOS to a target concentration 
of 0.27% as oil 

07-Apr-06 0 EOS-KB-1-1 0.87 0.73 4.0 0.25 <0.010 -- <0.010 0.09
EOS-KB-1-2 0.91 0.76 4.0 0.28 0.01 -- <0.010 0.13
EOS-KB-1-3 3.5 1.30 4.7 0.30 0.01 -- <0.010 0.10

Average Concentration (mg/L) 1.8 0.93 4.2 0.28 0.01 -- ND 0.11
Standard Deviation (mg/L) 2.1E-03 5.1E-04 7.7E-04 9.2E-05 1.6E-04 -- 0.0E+00 2.3E-03
Average Total (mmoles) 0.0025 0.0015 0.0087 0.001 0.00018 1.4E-02 ND 0.012

20-Apr-06 13 EOS-KB-1-1 <0.010 0.08 5.2 0.08 <0.010 -- <0.010 0.03
EOS-KB-1-2 0.63 0.72 3.8 0.25 <0.010 -- <0.010 0.08
EOS-KB-1-3 0.77 0.77 3.8 0.28 0.01 -- <0.010 0.11

Average Concentration (mg/L) 0.47 0.52 4.3 0.20 0.00 -- ND 0.08
Standard Deviation (mg/L) 5.8E-04 6.1E-04 1.7E-03 4.0E-04 1.7E-04 -- 0.0E+00 4.7E-03
Average Total (mmoles) 0.00067 0.00083 0.0088 0.00077 0.000097 1.1E-02 ND 0.0085

04-May-06 27 EOS-KB-1-1 <0.010 0.06 5.6 0.09 <0.010 -- <0.010 0.04
EOS-KB-1-2 0.72 0.72 3.7 0.24 0.02 -- <0.010 0.10
EOS-KB-1-3 0.86 0.77 3.7 0.25 0.01 -- <0.010 0.11

Average Concentration (mg/L) 0.53 0.52 4.3 0.19 0.01 -- ND 0.08
Standard Deviation (mg/L) 6.6E-04 6.3E-04 2.3E-03 3.5E-04 2.3E-04 -- 0.0E+00 4.0E-03
Average Total (mmoles) 0.00075 0.00082 0.0088 0.00074 0.00025 1.1E-02 ND 0.0092

05-May-06 28 Bioaugmented with KB-1® to a target 
concentration of 106 cells/L

12-May-06 35 EOS-KB-1-1 <0.010 0.04 4.5 0.11 <0.010 -- <0.010 0.04
EOS-KB-1-2 <0.010 0.04 5.9 0.76 0.02 -- <0.010 0.12
EOS-KB-1-3 0.09 0.03 6.2 0.69 0.02 -- <0.010 0.13

Average Concentration (mg/L) 0.03 0.04 5.5 0.52 0.02 -- ND 0.10
Standard Deviation (mg/L) 7.3E-05 1.4E-05 1.8E-03 1.3E-03 3.1E-04 -- 0.0E+00 5.4E-03
Average Total (mmoles) 0.000042 0.000059 0.011 0.002 0.00036 1.3E-02 ND 0.011

18-May-06 41 EOS-KB-1-1 <0.010 0.08 4.6 0.36 <0.010 -- <0.010 0.05
EOS-KB-1-2 <0.010 0.09 <0.010 <0.010 0.61 -- <0.010 0.15
EOS-KB-1-3 0.10 0.06 4.9 1.3 0.06 -- <0.010 0.13

Average Concentration (mg/L) 0.03 0.08 3.2 0.57 0.22 -- ND 0.11
Standard Deviation (mg/L) 8.0E-05 2.6E-05 5.6E-03 2.6E-03 8.3E-03 -- 0.0E+00 6.2E-03
Average Total (mmoles) 0.000046 0.00012 0.0065 0.0022 0.0055 1.4E-02 ND 0.012

25-May-06 48 EOS-KB-1-1 <0.010 0.10 6.1 0.27 0.01 -- <0.010 0.11
EOS-KB-1-2 <0.010 0.07 <0.010 <0.010 0.57 -- <0.010 0.56
EOS-KB-1-3 0.11 0.05 2.3 2.0 0.23 -- <0.010 0.13

Average Concentration (mg/L) 0.04 0.07 2.8 0.77 0.27 -- ND 0.27
Standard Deviation (mg/L) 8.7E-05 4.4E-05 6.3E-03 4.2E-03 6.9E-03 -- 0.0E+00 2.9E-02
Average Total (mmoles) 0.00005 0.00011 0.0057 0.0029 0.0067 1.5E-02 ND 0.03

01-Jun-06 55 EOS-KB-1-1 <0.010 0.22 2.30 1.3 0.05 -- <0.010 0.05
EOS-KB-1-2 <0.010 0.06 <0.010 <0.010 0.59 -- <0.010 1.1
EOS-KB-1-3 0.11 0.04 0.03 0.33 0.76 -- <0.010 0.17

Average Concentration (mg/L) 0.04 0.11 0.78 0.55 0.47 -- ND 0.44
Standard Deviation (mg/L) 9.4E-05 1.5E-04 2.7E-03 2.6E-03 9.2E-03 -- 0.0E+00 6.5E-02
Average Total (mmoles) 0.000054 0.00017 0.0016 0.0021 0.012 1.6E-02 ND 0.049

08-Jun-06 62 EOS-KB-1-1 <0.010 0.22 0.78 1.3 0.24 -- <0.010 0.06
EOS-KB-1-2 <0.010 0.05 <0.010 <0.010 0.54 -- <0.010 1.6
EOS-KB-1-3 0.13 0.03 <0.010 <0.010 0.73 -- <0.010 0.31

Average Concentration (mg/L) 0.04 0.10 0.26 0.43 0.51 -- ND 0.66
Standard Deviation (mg/L) 1.0E-04 1.7E-04 9.3E-04 2.8E-03 6.1E-03 -- 0.0E+00 9.5E-02
Average Total (mmoles) 0.00006 0.00016 0.00054 0.0016 0.013 1.5E-02 ND 0.075

15-Jun-06 69 EOS-KB-1-1 <0.010 0.10 0.02 0.06 0.43 -- <0.010 0.05
EOS-KB-1-2 <0.010 0.10 <0.010 <0.010 0.57 -- <0.010 2.4
EOS-KB-1-3 0.15 0.06 <0.010 <0.010 0.70 -- <0.010 0.37

Average Concentration (mg/L) 0.05 0.09 0.01 0.02 0.57 -- ND 0.95
Standard Deviation (mg/L) 1.2E-04 4.0E-05 1.9E-05 1.3E-04 3.4E-03 -- 0.0E+00 1.5E-01
Average Total (mmoles) 0.000069 0.00014 0.000011 0.000073 0.014 1.4E-02 ND 0.11

22-Jun-06 76 EOS-KB-1-1 <0.010 0.04 <0.010 <0.010 0.42 -- <0.010 0.20
EOS-KB-1-2 <0.010 0.04 <0.010 <0.010 0.50 -- <0.010 3.1
EOS-KB-1-3 0.15 0.03 <0.010 <0.010 0.71 -- <0.010 0.51

Average Concentration (mg/L) 0.05 0.04 ND ND 0.55 -- ND 1.3
Standard Deviation (mmoles) 1.2E-04 1.1E-05 0.0E+00 0.0E+00 3.7E-03 -- 0.0E+00 1.8E-01

Average Total mmoles 0.000069 0.000057 ND ND 0.013 1.3E-02 ND 0.14

Notes:
ANAC - anaerobic active control
ANSC - anaerobic sterile control
cells/L - cells per liter
cis -1,2-DCE - cis -1,2-dichloroethene
LAC - sodium lactate
mg/L - milligrams per liter
µL - microliter
mmoles - millimoles
mmol/bottle - millimoles per bottle
ND - not detected
% - percent
TCE - trichloroethene
VC - vinyl chloride
-- - not analyzed/not applicable

EOS Amended and KB-1® 

Bioaugmented

Sodium Lactate Amended 
and KB-1® Bioaugmented
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TABLE 2B: SUMMARY OF MICROCOSM ANION RESULTS
                    2701 North Harbor Drive, San Diego, California

SIREM

TREATMENT DATE DAY Treatment Replicate Lactate Chloride Nitrite Nitrate Sulphate Bromide Phosphate
mg/L mg/L mg/L mg/L mg/L mg/L mg/L

7-Apr-06 0 ANSC-1 5.7 733 <0.28 15 286 3.2 <0.57
ANSC-2 4.5 769 <0.28 15 316 4.0 <0.57
ANSC-3 3.5 774 <0.28 15 293 4.0 <0.57

Average Concentration 4.6 758 ND 15 298 3.7 ND
20-Apr-06 13 ANSC-1 5.7 795 <0.28 16 313 2.4 <0.57

ANSC-2 6.0 842 <0.28 17 329 4.1 <0.57
ANSC-3 5.7 814 <0.28 16 314 2.6 <0.57

Average Concentration 5.8 817 ND 16 319 3.0 ND
4-May-06 27 ANSC-1 3.4 782 <0.28 15 288 2.5 <0.57

ANSC-2 3.6 986 <0.28 18 389 3.5 <0.57
ANSC-3 3.3 697 <0.28 13 261 2.6 <0.57

Average Concentration 3.5 822 ND 16 313 2.9 ND
1-Jun-06 55 ANSC-1 8.5 778 <0.28 14 314 6.8 <0.57

ANSC-2 9.2 827 <0.28 15 326 6.5 <0.57
ANSC-3 8.3 811 <0.28 14 319 6.2 <0.57

Average Concentration 8.7 805 ND 14 320 6.5 ND
7-Apr-06 0 ANAC-1 3.4 683 <0.28 <0.1 285 1.1 <0.57

ANAC-2 3.4 694 <0.28 <0.1 284 1.4 <0.57
ANAC-3 4.0 669 <0.28 <0.1 280 1.5 <0.57

Average Concentration 3.6 682 ND ND 283 1.3 ND
20-Apr-06 13 ANAC-1 3.0 759 <0.28 <0.1 322 5.8 <0.57

ANAC-2 3.3 765 <0.28 <0.1 320 4.1 <0.57
ANAC-3 2.8 743 <0.28 <0.1 321 4.1 <0.57

Average Concentration 3.0 756 ND ND 321 4.6 ND
4-May-06 27 ANAC-1 3.1 702 <0.28 <0.1 274 5.4 <0.57

ANAC-2 3.8 809 <0.28 <0.1 344 4.4 <0.57
ANAC-3 3.4 707 <0.28 <0.1 317 3.7 <0.57

Average Concentration 3.4 739 ND ND 312 4.5 ND
1-Jun-06 55 ANAC-1 5.7 724 <0.28 <0.1 315 6.5 <0.57

ANAC-2 5.7 739 <0.28 <0.1 318 4.8 <0.57
ANAC-3 5.8 702 <0.28 <0.1 314 4.5 <0.57

Average Concentration 5.7 722 ND ND 316 5.2 ND
7-Apr-06 0 LAC-1 1833 653 <0.28 <0.1 278 1.7 <0.57

LAC-2 1841 654 <0.28 <0.1 280 1.8 <0.57
LAC-3 2049 682 <0.28 <0.1 281 1.9 <0.57

Average Concentration 1908 663 ND ND 280 1.8 ND
20-Apr-06 13 LAC-1 1778 706 <0.28 <0.1 284 1.8 <0.57

LAC-2 2087 726 <0.28 <0.1 303 1.8 <0.57
LAC-3 2082 762 <0.28 <0.1 304 1.9 <0.57

Average Concentration 1982 731 ND ND 297 1.8 ND
4-May-06 27 LAC-1 1454 677 <0.28 <0.1 8.5 1.8 <0.57

LAC-2 1700 667 <0.28 <0.1 80 1.8 <0.57
LAC-3 1522 709 <0.28 <0.1 4.7 1.9 <0.57

Average Concentration 1558 684 ND ND 31 1.8 ND
1-Jun-06 55 LAC-1 931 674 <0.28 <0.1 2.8 2.4 <0.57

LAC-2 912 676 <0.28 <0.1 12 0.51 <0.57
LAC-3 882 713 <0.28 <0.1 5.3 2.6 <0.57

Average Concentration 909 688 ND ND 6.7 1.8 ND
7-Apr-06 0 EOS-1 124 675 <0.28 <0.1 285 1.6 <0.57

EOS-2 93 682 <0.28 <0.1 294 1.5 <0.57
EOS-3 90 687 <0.28 <0.1 288 1.4 <0.57

Average Concentration 102 681 ND ND 289 1.5 ND
20-Apr-06 13 EOS-1 91 751 <0.28 <0.1 313 3.7 <0.57

EOS-2 89 759 <0.28 <0.1 312 3.8 <0.57
EOS-3 54 746 <0.28 <0.1 304 3.3 <0.57

Average Concentration 78 752 ND ND 310 3.6 ND
4-May-06 27 EOS-1 108 712 <0.28 <0.1 288 3.0 <0.57

EOS-2 104 761 <0.28 <0.1 253 3.6 <0.57
EOS-3 117 831 <0.28 <0.1 365 3.9 <0.57

Average Concentration 109 768 ND ND 302 3.5 ND
1-Jun-06 55 EOS-1 159 707 <0.28 <0.1 254 3.6 <0.57

EOS-2 194 721 <0.28 <0.1 9.4 3.6 <0.57
EOS-3 78 726 <0.28 <0.1 301 4.3 <0.57

Average Concentration 144 718 ND ND 188 3.8 ND
7-Apr-06 0 LAC+KB-1-1 1558 648 <0.28 <0.1 273 1.8 <0.57

LAC+KB-1-2 1576 664 <0.28 <0.1 277 1.8 <0.57
LAC+KB-1-3 1646 659 <0.28 <0.1 279 1.8 <0.57

Average Concentration 1593 657 ND ND 277 1.8 ND
20-Apr-06 13 LAC+KB-1-1 1754 738 <0.28 <0.1 309 1.9 <0.57

LAC+KB-1-2 1730 741 <0.28 <0.1 304 1.8 <0.57
LAC+KB-1-3 1245 447 <0.28 <0.1 181 1.1 <0.57

Average Concentration 1576 642 ND ND 265 1.6 ND
4-May-06 27 LAC+KB-1-1 1749 786 <0.28 <0.1 169 2.1 <0.57

LAC+KB-1-2 818 775 <0.28 <0.1 325 1.9 <0.57
LAC+KB-1-3 778 696 <0.28 <0.1 283 1.8 <0.57

Average Concentration 1115 752 ND ND 259 1.9 ND
1-Jun-06 55 LAC+KB-1-1 784 643 <0.28 <0.1 2.0 2.3 <0.57

LAC+KB-1-2 744 680 <0.28 <0.1 266 2.3 <0.57
LAC+KB-1-3 760 669 <0.28 <0.1 240 2.3 <0.57

Average Concentration 763 664 ND ND 169 2.3 ND

Anaerobic Active Control

Anaerobic Sterile Control

Sodium Lactate Amended

EOS Amended

Sodium Lactate Amended 
and KB-1® Bioaugmented

SCO307
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TABLE 2B: SUMMARY OF MICROCOSM ANION RESULTS
                    2701 North Harbor Drive, San Diego, California

SIREM

TREATMENT DATE DAY Treatment Replicate Lactate Chloride Nitrite Nitrate Sulphate Bromide Phosphate
mg/L mg/L mg/L mg/L mg/L mg/L mg/L

7-Apr-06 0 EOS+KB-1-1 113 634 <0.28 <0.1 275 1.4 <0.57
EOS+KB-1-2 95 664 <0.28 <0.1 281 1.5 <0.57
EOS+KB-1-3 85 687 <0.28 <0.1 294 1.4 <0.57

Average Concentration 98 662 ND ND 283 1.4 ND
20-Apr-06 13 EOS+KB-1-1 71 751 <0.28 <0.1 316 3.7 <0.57

EOS+KB-1-2 91 756 <0.28 <0.1 306 3.7 <0.57
EOS+KB-1-3 43 735 <0.28 <0.1 294 3.4 <0.57

Average Concentration 69 747 ND ND 305 3.6 ND
4-May-06 27 EOS+KB-1-1 96 931 <0.28 <0.1 394 4.6 <0.57

EOS+KB-1-2 122 892 <0.28 <0.1 228 3.8 <0.57
EOS+KB-1-3 103 699 <0.28 <0.1 232 3.1 <0.57

Average Concentration 107 841 ND ND 285 3.8 ND
1-Jun-06 55 EOS+KB-1-1 183 696 <0.28 <0.1 61 2.2 <0.57

EOS+KB-1-2 195 704 <0.28 <0.1 2.5 2.3 <0.57
EOS+KB-1-3 254 711 <0.28 <0.1 9.2 2.4 <0.57

Average Concentration 211 704 ND ND 24 2.3 ND

Notes:
ANAC - anaerobic active control
ANSC - anaerobic sterile control
LAC - sodium lactate
mg/L - milligrams per liter
NZ - newman zone
ND - not detected
-- - not analyzed/not applicable

EOS Amended and KB-1® 

Bioaugmented

SCO307
Biotreatability Study Report Page 2 of 2
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Chlorinated Ethene and Ethene Concentration Trends  

2701 North Harbor Drive, San Diego, California

22-Jun-06 Figure: 1

in Anaerobic Sterile Control Microcosms
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Chlorinated Ethene and Ethene Concentration Trends  

2701 North Harbor Drive, San Diego, California

22-Jun-06 Figure: 2

in Anaerobic Intrinsic Control Microcosms
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Chlorinated Ethene and Ethene Concentration Trends  

2701 North Harbor Drive, San Diego, California

22-Jun-06 Figure: 3

in Sodium Lactate Amended Microcosms
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Chlorinated Ethene and Ethene Concentration Trends  

2701 North Harbor Drive, San Diego, California

22-Jun-06 Figure: 4

in EOS Amended Microcosms
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2701 North Harbor Drive, San Diego, California

Figure: 5

Chlorinated Ethene and Ethene Concentration Trends in
Sodium Lactate Amended and KB-1® Bioaugmented Microcosms

22-Jun-06

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

0 10 20 30 40 50 60 70 80

Time (days)

 
C

hl
or

in
at

ed
 E

th
en

e 
an

d 
Et

he
ne

 (m
m

ol
es

/b
ot

tle
)

PCE TCE
cis-1,2-DCE VC
Ethene Total Ethenes

Bioaugmented with KB-1®



Amended and KB-1® Bioaugmented Microcosms

2701 North Harbor Drive, San Diego, California

22-Jun-06 Figure: 6

Chlorinated Ethene and Ethene Concentration Trends in EOS
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The following Henry’s Law calculation was used to convert aqueous concentrations 
(Table 2A) to total mmoles of each analyte per microcosm bottle (Figures 1 to 6): 
 
 
 
                                Total mmoles =        Cliq x (Vliq + H x Vgas)      . 

  Molecular Weight (mg/mmol) 
 
 

Where  
 
Cliq = liquid concentration (mg/L) 
Vliq = liquid volume (0.18 L) per bottle 
Vgas = headspace volume (0.04 L) per bottle 
H = Henry’s Law constant (dimensionless) 
 
 
The Henry’s Law constants used are summarized in the table below. 
 
 

Analyte Henry’s Law Constant a 
(dimensionless) 

Trichloroethene 0.48 
cis-1,2-dichloroethene 0.31 

Vinyl chloride 0.95 
Ethene 8.76 

Methane 27.2 
 

a Source: Montgomery, J.H. 2000.  Groundwater Chemicals Desk Reference, Third 
Edition.  CRC Press LLC, Boca Raton, Fl. 
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APPENDIX A 

SITE-SPECIFIC BACKGROUND EVALUATION 
 

Prepared by S.S. Papadopoulos and Associates, Inc. 
12 May 2005 

 
 
A.1  Methodology 
 

Inorganic constituents such as metals and cyanide occur naturally in the 
environment.  A determination of whether site-related activities have resulted in elevated 
concentrations of these constituents requires an understanding of the range of background 
concentrations representative of natural conditions.  Existing site data for metals and 
cyanide in soil and groundwater were evaluated to derive site-specific maximum 
background concentrations,  following guidance provided in the California Department of 
Toxic Substances Control document Selecting Inorganic Constituents as Chemicals of 
Potential Concern at Risk Assessments at Hazardous Waste Sites and Permitted 
Facilities, Final Policy (DTSC, 1997). The site-specific maximum background 
concentrations for soil and groundwater are presented in Table 3-1. 
 

The 2003 site-specific dataset for soil contains between 408 and 431 analytical 
results for each metal, 161 results for total cyanide, and 159 results for amenable cyanide 
in soil samples collected across the site.  The existing site-specific dataset for 
groundwater contains between 121 and 127 analytical results for each metal, and 19 
results each for total cyanide, and amenable cyanide in groundwater samples collected 
across the site. 
 

The soil and groundwater datasets include samples from both potentially impacted 
and non-impacted areas.  For each constituent, each dataset may therefore represent either 
one population, representative of background conditions, or two or more separate 
populations, one representative of background conditions and the other(s) impacted by 
facility-related activities.  The impacted soil and groundwater sample populations, if 
present, are characterized by higher concentrations, relative to background, of those 
constituents.  The soil and groundwater datasets were statistically analyzed to determine 
whether the two or more populations could be identified and distinguished, and to 
estimate the maximum concentration of each constituent that could be attributed to the 
background population.  

For each constituent in each of the two media, the statistical evaluation included: 

1. An initial screening to determine whether the dataset contained sufficient values 
greater than the detection limit (at least 10% of samples and at least 10 samples 
for each constituent), 



 

 
A-2 

 
attachment a background analysis 12-16-05 (3).doc 
16-Dec-05 

 

2. Computation and review of summary statistics for concentrations and log-
transformed concentrations of each constituent in each media, 

3. Construction and review of histograms, box-and-whisker percentile plots, and 
normal quantile plots of concentrations and log-transformed concentrations of 
each constituent in each media, to determine whether the dataset more closely 
follows a normal or log-normal distribution (both analyses are presented for each 
constituent), to identify whether more than one population is evident and to 
estimate the maximum concentration associated with the background population, 
and 

4. Comparison of the site-specific maximum background concentrations in soil with 
published maximum background values for these same metals in California and 
Western U.S. soils. 

 

A.2 Results 

The statistical analyses are presented in Exhibit A.  Beryllium, silver, thallium, 
and total and amenable cyanide were not detected frequently enough in soils to permit a 
meaningful analysis. In groundwater, there were insufficient detections for antimony, 
arsenic, beryllium, cadmium, copper, lead, mercury, silver, thallium, and total and 
amenable cyanide (Table 3-1). 
 

For arsenic, barium, and vanadium in soil, and for barium in groundwater, 
quantile plots of concentration or log-transformed concentration plot as a single linear 
trend, indicating a single sample population. For these, the maximum observed value is 
taken as the maximum site-specific background concentration.  For the remaining metals, 
quantile plots of either concentration or log-transformed concentration indicated a break 
in slope.  The population nearest the origin was taken as the background population, and 
the maximum background concentration was estimated from the concentration 
corresponding to the break in slope on the quantile diagram.  The interpreted break in 
slope is indicated by a line on the diagram.  The site-specific maximum background 
concentrations for soil are compared to published maximum background values for 
California and Western U.S. soils in Table 3-2.  All of the site-specific maximum values 
are less than state or regional maximum background except for antimony, cadmium, and 
selenium.    



Statistical Analysis of Constituents in Groundwater



analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Barium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 0.066
95% CI 0.054 to 0.079  

Variance 0.0049
SD 0.0698
SE 0.0063
CV 106%

% Detection 96.7%
Minimum 0.0099
Maximum 0.49

Median 0.044
95.5% CI 0.036 to 0.053  

Range 0.4801
IQR 0.05

Percentile 
2.5th 0.015
25th 0.029
50th 0.044
75th 0.079

97.5th 0.352

Coefficient p
Kolmogorov-Smirnov 2.3859 < 0.01 

Skewness 3.6599 <0.0001
Kurtosis 17.1296 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Barium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -1.318
95% CI -1.377 to -1.259  

Variance 0.1070
SD 0.3271
SE 0.0297
CV -25%

% Detection 96.7%
Minimum -2.0044
Maximum -0.3098

Median -1.357
95.5% CI -1.444 to -1.276  

Range 1.6946
IQR 0.4352

Percentile 
2.5th -1.824
25th -1.538
50th -1.357
75th -1.102

97.5th -0.456

Coefficient p
Kolmogorov-Smirnov 0.7846 0.1391

Skewness 0.5167 0.0214
Kurtosis 0.2692 0.4481
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Cobalt in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 0.009
95% CI 0.007 to 0.012  

Variance 0.0003
SD 0.0162
SE 0.0015
CV 172%

% Detection 24.8%
Minimum 0.0008
Maximum <0.3

Median 0.004
95.5% CI 0.002 to 0.015  

Range 0.1492
IQR 0.0135

Percentile 
2.5th 0.001
25th 0.002
50th 0.004
75th 0.015

97.5th 0.017

Coefficient p
Kolmogorov-Smirnov 3.7796 < 0.01 

Skewness 6.4942 <0.0001
Kurtosis 51.5265 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Cobalt in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -2.334
95% CI -2.428 to -2.240  

Variance 0.2749
SD 0.5243
SE 0.0477
CV -22%

% Detection 24.8%
Minimum -3.0969
Maximum <-0.5228

Median -2.409
95.5% CI -2.824 to -1.824  

Range 2.2730
IQR 1

Percentile 
2.5th -3.094
25th -2.824
50th -2.409
75th -1.824

97.5th -1.772

Coefficient p
Kolmogorov-Smirnov 2.8351 < 0.01 

Skewness 0.2041 0.3440
Kurtosis -1.1669 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Chromium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 2.074
95% CI -2.017 to 6.165  

Variance 516.4959
SD 22.7265
SE 2.0660
CV 1096%

% Detection 10.7%
Minimum 0.002
Maximum 250

Median 0.003
95.5% CI 0.002 to 0.015  

Range 249.9985
IQR 0.0135

Percentile 
2.5th 0.002
25th 0.002
50th 0.003
75th 0.015

97.5th 0.020

Coefficient p
Kolmogorov-Smirnov 5.8360 < 0.01 

Skewness 11.0000 <0.0001
Kurtosis 121.0000 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Chromium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -2.303
95% CI -2.420 to -2.185  

Variance 0.4255
SD 0.6523
SE 0.0593
CV -28%

% Detection 10.7%
Minimum -2.6989
Maximum 2.3979

Median -2.523
95.5% CI -2.824 to -1.824  

Range 5.2218
IQR 1

Percentile 
2.5th -2.824
25th -2.824
50th -2.523
75th -1.824

97.5th -1.699

Coefficient p
Kolmogorov-Smirnov 2.7749 < 0.01 

Skewness 3.1244 <0.0001
Kurtosis 20.9241 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Molybdenum in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 0.050
95% CI 0.041 to 0.058  

Variance 0.0023
SD 0.0480
SE 0.0044
CV 97%

% Detection 90.9%
Minimum 0.004
Maximum 0.29

Median 0.033
95.5% CI 0.030 to 0.040  

Range 0.286
IQR 0.025

Percentile 
2.5th 0.007
25th 0.025
50th 0.033
75th 0.050

97.5th 0.248

Coefficient p
Kolmogorov-Smirnov 3.1235 < 0.01 

Skewness 2.8654 <0.0001
Kurtosis 9.5750 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Molybdenum in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -1.434
95% CI -1.492 to -1.375  

Variance 0.1052
SD 0.3243
SE 0.0295
CV -23%

% Detection 90.9%
Minimum -2.3979
Maximum -0.5376

Median -1.481
95.5% CI -1.523 to -1.398  

Range 1.8603
IQR 0.3010

Percentile 
2.5th -2.167
25th -1.602
50th -1.481
75th -1.301

97.5th -0.606

Coefficient p
Kolmogorov-Smirnov 1.6089 < 0.01 

Skewness 0.2005 0.3523
Kurtosis 1.0308 0.0530
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Nickel in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 0.022
95% CI 0.013 to 0.031  

Variance 0.0025
SD 0.0499
SE 0.0045
CV 227%

% Detection 57.0%
Minimum <0.003
Maximum 0.45

Median 0.011
95.5% CI 0.006 to 0.015  

Range 0.4485
IQR 0.0115

Percentile 
2.5th 0.002
25th 0.004
50th 0.011
75th 0.015

97.5th 0.160

Coefficient p
Kolmogorov-Smirnov 4.1378 < 0.01 

Skewness 6.1426 <0.0001
Kurtosis 46.7203 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Nickel in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -2.042
95% CI -2.138 to -1.947  

Variance 0.2804
SD 0.5295
SE 0.0481
CV -26%

% Detection 57.0%
Minimum <-2.5228
Maximum -0.3468

Median -1.959
95.5% CI -2.222 to -1.824  

Range 2.477121255
IQR 0.632023215

Percentile 
2.5th -2.824
25th -2.456
50th -1.959
75th -1.824

97.5th -0.796

Coefficient p
Kolmogorov-Smirnov 1.7517 < 0.01 

Skewness 0.5135 0.0222
Kurtosis 0.2152 0.5148
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Selenium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 0.184
95% CI 0.144 to 0.224  

Variance 0.0489
SD 0.2212
SE 0.0201
CV 120%

% Detection 93.4%
Minimum 0.025
Maximum 1.3

Median 0.120
95.5% CI 0.093 to 0.140  

Range 1.275
IQR 0.146

Percentile 
2.5th 0.025
25th 0.064
50th 0.120
75th 0.210

97.5th 1.187

Coefficient p
Kolmogorov-Smirnov 2.6135 < 0.01 

Skewness 3.3040 <0.0001
Kurtosis 12.4574 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Selenium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -0.920
95% CI -0.989 to -0.851  

Variance 0.1479
SD 0.3845
SE 0.0350
CV -42%

% Detection 93.4%
Minimum -1.6021
Maximum 0.1139

Median -0.921
95.5% CI -1.032 to -0.854  

Range 1.7160
IQR 0.5160

Percentile 
2.5th -1.602
25th -1.194
50th -0.921
75th -0.678

97.5th 0.074

Coefficient p
Kolmogorov-Smirnov 0.6479 > 0.15 

Skewness 0.3524 0.1077
Kurtosis 0.0621 0.7475
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Vanadium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 0.013
95% CI 0.010 to 0.017  

Variance 0.0005
SD 0.0212
SE 0.0019
CV 158%

% Detection 52.9%
Minimum 0.0006
Maximum <0.3

Median 0.010
95.5% CI 0.008 to 0.015  

Range 0.1494
IQR 0.013

Percentile 
2.5th 0.001
25th 0.002
50th 0.010
75th 0.015

97.5th 0.116

Coefficient p
Kolmogorov-Smirnov 3.7436 < 0.01 

Skewness 4.7396 <0.0001
Kurtosis 25.5187 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Vanadium in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -2.168
95% CI -2.263 to -2.073  

Variance 0.2809
SD 0.5300
SE 0.0482
CV -24%

% Detection 52.9%
Minimum -3.2218
Maximum <-0.5228

Median -2.009
95.5% CI -2.119 to -1.824  

Range 2.3979
IQR 0.8751

Percentile 
2.5th -3.094
25th -2.699
50th -2.009
75th -1.824

97.5th -0.941

Coefficient p
Kolmogorov-Smirnov 1.9913 < 0.01 

Skewness -0.1558 0.4684
Kurtosis -0.5991 0.0750

-3

-2

-1

0

1

2

3

-3
.2

5 -3

-2
.7

5

-2
.5

-2
.2

5 -2

-1
.7

5

-1
.5

-1
.2

5 -1

-0
.7

5

Log [ ]

N
or

m
al

 Q
ua

nt
ile

0

5

10

15

20

25

30

35

40

45

50

Fr
eq

ue
nc

y

0

1

Page 14 of 16



analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Zinc in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean 0.047
95% CI 0.025 to 0.070  

Variance 0.0158
SD 0.1258
SE 0.0114
CV 266%

% Detection 59.5%
Minimum 0.006
Maximum 1.3

Median 0.031
95.5% CI 0.015 to 0.050  

Range 1.295
IQR 0.04

Percentile 
2.5th 0.006
25th 0.010
50th 0.031
75th 0.050

97.5th 0.233

Coefficient p
Kolmogorov-Smirnov 4.7057 < 0.01 

Skewness 8.7733 <0.0001
Kurtosis 84.4713 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Zinc in groundwater

Performed by tl Date 28 April 2005

n 121  

Mean -1.606
95% CI -1.682 to -1.531  

Variance 0.1754
SD 0.4189
SE 0.0381
CV -26%

% Detection 59.5%
Minimum -2.2218
Maximum 0.1139

Median -1.509
95.5% CI -1.824 to -1.301  

Range 2.4150
IQR 0.6990

Percentile 
2.5th -2.219
25th -2.000
50th -1.509
75th -1.301

97.5th -0.639

Coefficient p
Kolmogorov-Smirnov 2.2674 < 0.01 

Skewness 0.7018 0.0025
Kurtosis 1.3746 0.0201
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Statistical Analysis of Constituents in Soil



analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Antimony in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.780
95% CI 0.716 to 0.844  

Variance 0.4271
SD 0.6535
SE 0.0324
CV 84%

% Detection 85.0%
Minimum 0.3
Maximum 8.5

Median 0.600  
95.8% CI 0.600 to 0.700

Range 8.2
IQR 0.4

Percentile 
2.5th 0.300
25th 0.500
50th 0.600
75th 0.900

97.5th 1.978

Coefficient p
Kolmogorov-Smirnov 4.6811 < 0.01 

Skewness 6.6115 <0.0001
Kurtosis 63.3227 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Antimony in soil

Performed by tl Date 15 April 2005

n 408  

Mean -0.175
95% CI -0.196 to -0.154  

Variance 0.0470
SD 0.2168
SE 0.0107
CV -124%

% Detection 85.0%
Minimum -0.5229
Maximum 0.9294

Median -0.222
95.8% CI -0.222 to -0.155  

Range 1.452
IQR 0.255

Percentile 
2.5th -0.523
25th -0.301
50th -0.222
75th -0.046

97.5th 0.296

Coefficient p
Kolmogorov-Smirnov 2.9000 < 0.01 

Skewness 1.0335 <0.0001
Kurtosis 2.5887 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Arsenic in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.824
95% CI 0.683 to 0.965  

Variance 2.0932
SD 1.4468
SE 0.0716
CV 176%

% Detection 14.7%
Minimum 0.4
Maximum 23

Median 0.500
95.8% CI 0.500 to 0.500  

Range 22.6
IQR 0

Percentile 
2.5th 0.500
25th 0.500
50th 0.500
75th 0.500

97.5th 3.700

Coefficient p
Kolmogorov-Smirnov 8.9812 < 0.01 

Skewness 10.2139 <0.0001
Kurtosis 140.4708 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Arsenic in soil

Performed by tl Date 15 April 2005

n 408  

Mean -0.215
95% CI -0.239 to -0.191  

Variance 0.0597
SD 0.2442
SE 0.0121
CV -113%

% Detection 14.7%
Minimum -0.3979
Maximum 1.3617

Median -0.301
95.8% CI -0.301 to -0.301  

Range 1.7597
IQR 0

Percentile 
2.5th -0.301
25th -0.301
50th -0.301
75th -0.301

97.5th 0.568

Coefficient p
Kolmogorov-Smirnov 9.9685 < 0.01 

Skewness 3.1077 <0.0001
Kurtosis 9.9225 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Barium in soil

Performed by tl Date 15 April 2005

n 408  

Mean 48.735
95% CI 44.806 to 52.664  

Variance 1629.8119
SD 40.3709
SE 1.9987
CV 83%

% Detection 100.0%
Minimum 1
Maximum 440

Median 39.000
95.8% CI 36.000 to 43.000  

Range 439
IQR 33

Percentile 
2.5th 8.823
25th 26.000
50th 39.000
75th 59.000

97.5th 140.000

Coefficient p
Kolmogorov-Smirnov 3.1388 < 0.01 

Skewness 3.9154 <0.0001
Kurtosis 27.8067 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Barium in soil

Performed by tl Date 2 May 2005

n 408  

Mean 1.580
95% CI 1.549 to 1.610  

Variance 0.0988
SD 0.3144
SE 0.0156
CV 20%

% Detection 100.0%
Minimum 0
Maximum 2.6435

Median 1.591
95.8% CI 1.556 to 1.633  

Range 2.6435
IQR 0.3559

Percentile 
2.5th 0.946
25th 1.415
50th 1.591
75th 1.771

97.5th 2.146

Coefficient p
Kolmogorov-Smirnov 1.3536 < 0.01 

Skewness -0.4128 0.0009
Kurtosis 1.5572 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Cadmium in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.390
95% CI 0.338 to 0.442  

Variance 0.2862
SD 0.5349
SE 0.0265
CV 137%

% Detection 57.1%
Minimum 0.06
Maximum 6.8

Median 0.400
95.8% CI 0.200 to 0.500  

Range 6.74
IQR 0.4

Percentile 
2.5th 0.070
25th 0.100
50th 0.400
75th 0.500

97.5th 1.000

Coefficient p
Kolmogorov-Smirnov 7.3263 < 0.01 

Skewness 8.0748 <0.0001
Kurtosis 81.5026 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Cadmium in soil

Performed by tl Date 15 April 2005

n 408  

Mean -0.567
95% CI -0.601 to -0.532  

Variance 0.1284
SD 0.3584
SE 0.0177
CV -63%

% Detection 57.1%
Minimum -1.2218
Maximum 0.8325

Median -0.398
95.8% CI -0.699 to -0.301  

Range 2.0544
IQR 0.6990

Percentile 
2.5th -1.155
25th -1.000
50th -0.398
75th -0.301

97.5th 0.000

Coefficient p
Kolmogorov-Smirnov 5.2266 < 0.01 

Skewness 0.0924 0.4408
Kurtosis -0.0041 0.9247
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Chromium in soil

Performed by tl Date 15 April 2005

n 431  

Mean 35.810
95% CI 19.911 to 51.710  

Variance 28203.2237
SD 167.9382
SE 8.0893
CV 469%

% Detection 100.0%
Minimum 1.8
Maximum 2200

Median 12.000
95.7% CI 11.000 to 12.000  

Range 2198.2
IQR 9.8

Percentile 
2.5th 2.480
25th 6.700
50th 12.000
75th 16.500

97.5th 195.200

Coefficient p
Kolmogorov-Smirnov 8.9863 < 0.01 

Skewness 9.4342 <0.0001
Kurtosis 98.0679 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Chromium in soil

Performed by tl Date 15 April 2005

n 431  

Mean 1.066
95% CI 1.025 to 1.107  

Variance 0.1866
SD 0.4320
SE 0.0208
CV 41%

% Detection 100.0%
Minimum 0.2553
Maximum 3.3424

Median 1.079
95.7% CI 1.041 to 1.079  

Range 3.0872
IQR 0.3912

Percentile 
2.5th 0.394
25th 0.826
50th 1.079
75th 1.217

97.5th 2.290

Coefficient p
Kolmogorov-Smirnov 3.0872 < 0.01 

Skewness 1.8141 <0.0001
Kurtosis 6.5654 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Cobalt in soil

Performed by tl Date 15 April 2005

n 408  

Mean 5.050
95% CI 4.328 to 5.772  

Variance 55.0294
SD 7.4182
SE 0.3673
CV 147%

% Detection 99.0%
Minimum 0.5
Maximum 100

Median 3.800
95.8% CI 3.400 to 4.100  

Range 99.5
IQR 3.2

Percentile 
2.5th 0.900
25th 2.400
50th 3.800
75th 5.600

97.5th 14.775

Coefficient p
Kolmogorov-Smirnov 5.5840 < 0.01 

Skewness 8.1063 <0.0001
Kurtosis 83.6260 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Cobalt in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.558
95% CI 0.527 to 0.589  

Variance 0.1034
SD 0.3216
SE 0.0159
CV 58%

% Detection 99.0%
Minimum -0.3010
Maximum 2

Median 0.580
95.8% CI 0.531 to 0.613  

Range 2.3010
IQR 0.3680

Percentile 
2.5th -0.046
25th 0.380
50th 0.580
75th 0.748

97.5th 1.169

Coefficient p
Kolmogorov-Smirnov 1.2053 < 0.01 

Skewness 0.4368 0.0005
Kurtosis 1.7240 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Copper in soil

Performed by tl Date 15 April 2005

n 408  

Mean 5.987
95% CI 4.775 to 7.198  

Variance 154.8845
SD 12.4453
SE 0.6161
CV 208%

% Detection 98.8%
Minimum 0.2
Maximum 200

Median 3.300
95.8% CI 3.000 to 3.800  

Range 199.8
IQR 4.275

Percentile 
2.5th 0.500
25th 1.900
50th 3.300
75th 6.175

97.5th 25.775

Coefficient p
Kolmogorov-Smirnov 6.5025 < 0.01 

Skewness 10.9017 <0.0001
Kurtosis 154.0327 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Copper in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.538
95% CI 0.497 to 0.579  

Variance 0.1771
SD 0.4208
SE 0.0208
CV 78%

% Detection 98.8%
Minimum -0.6990
Maximum 2.3010

Median 0.519
95.8% CI 0.477 to 0.580  

Range 3
IQR 0.5119

Percentile 
2.5th -0.301
25th 0.279
50th 0.519
75th 0.791

97.5th 1.411

Coefficient p
Kolmogorov-Smirnov 0.8743 0.0636

Skewness 0.2462 0.0423
Kurtosis 0.8923 0.0049
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Mercury in soil

Performed by tl Date 15 April 2005

n 409  

Mean 0.053
95% CI 0.050 to 0.055  

Variance 0.0006
SD 0.0236
SE 0.0012
CV 45%

% Detection 12.2%
Minimum 0.03
Maximum 0.38

Median 0.050
95.2% CI 0.050 to 0.050  

Range 0.35
IQR 0

Percentile 
2.5th 0.030
25th 0.050
50th 0.050
75th 0.050

97.5th 0.098

Coefficient p
Kolmogorov-Smirnov 9.8767 < 0.01 

Skewness 9.2175 <0.0001
Kurtosis 106.7591 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Mercury in soil

Performed by tl Date 15 April 2005

n 409  

Mean -1.294
95% CI -1.304 to -1.285  

Variance 0.0097
SD 0.0983
SE 0.0049
CV -8%

% Detection 12.2%
Minimum -1.5229
Maximum -0.4202

Median -1.301
95.2% CI -1.301 to -1.301  

Range 1.1027
IQR 0

Percentile 
2.5th -1.523
25th -1.301
50th -1.301
75th -1.301

97.5th -1.011

Coefficient p
Kolmogorov-Smirnov 9.5062 < 0.01 

Skewness 3.9773 <0.0001
Kurtosis 28.6427 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Lead in soil

Performed by tl Date 15 April 2005

n 408  

Mean 5.600
95% CI 4.251 to 6.948  

Variance 192.1289
SD 13.8611
SE 0.6862
CV 248%

% Detection 91.4%
Minimum 0.6
Maximum 150

Median 2.800
95.8% CI 2.500 to 3.100  

Range 149.5
IQR 3.4

Percentile 
2.5th 0.500
25th 1.300
50th 2.800
75th 4.700

97.5th 35.550

Coefficient p
Kolmogorov-Smirnov 7.2118 < 0.01 

Skewness 6.9936 <0.0001
Kurtosis 56.4009 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Lead in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.427
95% CI 0.383 to 0.471  

Variance 0.2046
SD 0.4524
SE 0.0224
CV 106%

% Detection 91.4%
Minimum -0.222
Maximum 2.1761

Median 0.447
95.8% CI 0.398 to 0.491  

Range 2.4771
IQR 0.5582

Percentile 
2.5th -0.301
25th 0.114
50th 0.447
75th 0.672

97.5th 1.551

Coefficient p
Kolmogorov-Smirnov 1.5464 < 0.01 

Skewness 0.6770 <0.0001
Kurtosis 1.3649 0.0002
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Molybdenum in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.490
95% CI 0.437 to 0.543  

Variance 0.2977
SD 0.5456
SE 0.0270
CV 111%

% Detection 53.4%
Minimum 0.1
Maximum 10

Median 0.500
95.8% CI 0.500 to 0.500  

Range 9.9
IQR 0.2

Percentile 
2.5th 0.200
25th 0.300
50th 0.500
75th 0.500

97.5th 1.100

Coefficient p
Kolmogorov-Smirnov 7.8843 < 0.01 

Skewness 13.6056 <0.0001
Kurtosis 229.0684 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Molybdenum in soil

Performed by tl Date 15 April 2005

n 408  

Mean -0.376
95% CI -0.397 to -0.355  

Variance 0.0447
SD 0.2115
SE 0.0105
CV -56%

% Detection 53.4%
Minimum -1
Maximum 1

Median -0.301
95.8% CI -0.301 to -0.301  

Range 2
IQR 0.2218

Percentile 
2.5th -0.699
25th -0.523
50th -0.301
75th -0.301

97.5th 0.041

Coefficient p
Kolmogorov-Smirnov 5.3802 < 0.01 

Skewness 0.6261 <0.0001
Kurtosis 5.7055 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Nickel in soil

Performed by tl Date 15 April 2005

n 408  

Mean 6.173
95% CI 4.804 to 7.541  

Variance 197.7843
SD 14.0636
SE 0.6963
CV 228%

% Detection 99.5%
Minimum 0.7
Maximum 170

Median 4.000
95.8% CI 3.500 to 4.300  

Range 169.3
IQR 3.475

Percentile 
2.5th 1.000
25th 2.300
50th 4.000
75th 5.775

97.5th 27.875

Coefficient p
Kolmogorov-Smirnov 7.0967 < 0.01 

Skewness 8.6885 <0.0001
Kurtosis 84.0218 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Nickel in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.586
95% CI 0.553 to 0.619  

Variance 0.1149
SD 0.3389
SE 0.0168
CV 58%

% Detection 99.5%
Minimum -0.1549
Maximum 2.2304

Median 0.602
95.8% CI 0.544 to 0.633  

Range 2.385
IQR 0.400

Percentile 
2.5th 0.000
25th 0.362
50th 0.602
75th 0.762

97.5th 1.444

Coefficient p
Kolmogorov-Smirnov 1.8578 < 0.01 

Skewness 1.0457 <0.0001
Kurtosis 3.7124 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Selenium in soil

Performed by tl Date 15 April 2005

n 408  

Mean 4.263
95% CI 3.816 to 4.711  

Variance 21.1874
SD 4.6030
SE 0.2279
CV 108%

% Detection 63.2%
Minimum 0.3
Maximum 30

Median 2.950
95.8% CI 2.100 to 3.800  

Range 29.7
IQR 5.8

Percentile 
2.5th 0.500
25th 0.500
50th 2.950
75th 6.300

97.5th 15.775

Coefficient p
Kolmogorov-Smirnov 4.0844 < 0.01 

Skewness 1.6584 <0.0001
Kurtosis 3.9183 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Selenium in soil

Performed by tl Date 15 April 2005

n 408  

Mean 0.329
95% CI 0.275 to 0.383  

Variance 0.3064
SD 0.5535
SE 0.0274
CV 168%

% Detection 63.2%
Minimum -0.5229
Maximum 1.4771

Median 0.470
95.8% CI 0.322 to 0.580  

Range 2
IQR 1.1004

Percentile 
2.5th -0.301
25th -0.301
50th 0.470
75th 0.799

97.5th 1.198

Coefficient p
Kolmogorov-Smirnov 5.0049 < 0.01 

Skewness 0.0155 0.8971
Kurtosis -1.5700 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Vanadium in soil

Performed by tl Date 15 April 2005

n 408  

Mean 22.636
95% CI 21.373 to 23.899  

Variance 168.4383
SD 12.9784
SE 0.6425
CV 57%

% Detection 100.0%
Minimum 0.8
Maximum 70

Median 20.000
95.8% CI 18.000 to 22.000  

Range 69.2
IQR 17

Percentile 
2.5th 4.613
25th 13.000
50th 20.000
75th 30.000

97.5th 57.000

Coefficient p
Kolmogorov-Smirnov 1.8808 < 0.01 

Skewness 0.8751 <0.0001
Kurtosis 0.6938 0.0190
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Vanadium in soil

Performed by tl Date 15 April 2005

n 408  

Mean 1.274
95% CI 1.247 to 1.302  

Variance 0.0811
SD 0.2847
SE 0.0141
CV 22%

% Detection 100.0%
Minimum -0.0969
Maximum 1.8451

Median 1.301
95.8% CI 1.255 to 1.342  

Range 1.942008053
IQR 0.363177902

Percentile 
2.5th 0.664
25th 1.114
50th 1.301
75th 1.477

97.5th 1.756

Coefficient p
Kolmogorov-Smirnov 1.7008 < 0.01 

Skewness -0.7273 <0.0001
Kurtosis 0.8552 0.0064
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Zinc in soil

Performed by tl Date 15 April 2005

n 408  

Mean 30.377
95% CI 25.097 to 35.658  

Variance 2943.7091
SD 54.2560
SE 2.6861
CV 179%

% Detection 100.0%
Minimum 2
Maximum 710

Median 20.0
95.8% CI 18.0 to 22.0  

Range 708
IQR 18

Percentile 
2.5th 4.245
25th 13.000
50th 20.000
75th 31.000

97.5th 135.500

Coefficient p
Kolmogorov-Smirnov 6.7671 < 0.01 

Skewness 7.6780 <0.0001
Kurtosis 74.8426 <0.0001
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analysed with: Analyse-it + General 1.71 

Test  Continuous summary descriptives
 

Variable Zinc in soil

Performed by tl Date 15 April 2005

n 408  

Mean 1.298
95% CI 1.264 to 1.332  

Variance 0.1217
SD 0.3488
SE 0.0173
CV 27%

% Detection 100.0%
Minimum 0.3010
Maximum 2.8513

Median 1.301
95.8% CI 1.255 to 1.342  

Range 2.5502
IQR 0.3774

Percentile 
2.5th 0.628
25th 1.114
50th 1.301
75th 1.491

97.5th 2.131

Coefficient p
Kolmogorov-Smirnov 1.9110 < 0.01 

Skewness 0.6076 <0.0001
Kurtosis 2.3122 <0.0001
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1 INTRODUCTION

This Pilot Study Report (Report) has been prepared by Geosyntec Consultants 
(Geosyntec) on behalf of TDY Industries, Inc. for the Airport/Former Teledyne Ryan 
Aeronautical site located at 2701 North Harbor Drive in San Diego, California (Site).  
This Report summarizes the methods and results of the Enhanced In-situ 
Bioremediation (EISB) Pilot Study that was commenced on 11 September 2007 in the 
Building 131/242 Area of Concern (AOC). The work was performed in accordance 
with the Remedial Investigation and Feasibility Study (RI/FS) dated 30 March 2007 and 
the Remedial Action Plan (RAP) dated 30 May 2007.  This Report was prepared by   
Mr. Chris Lieder and reviewed by Mr. Brian Hitchens, PG, CHG, and Mr. Sam 
Williams, PG, CHG, of Geosyntec in accordance with the peer review policy of the 
firm. 

1.1 Background

The Building 131/242 AOC consists of by an area of soil, soil gas, and groundwater 
impacted predominantly with volatile organic compounds (VOCs) located between 
Buildings 131 and 242 (Figure 1).  A bench scale study was performed to evaluate 
whether EISB is a viable option to reduce concentrations of VOCs in Site groundwater.
Bench-scale microcosms evaluated the attenuation of VOCs after the addition of 
various electron donors and, in some cases, microbial cultures.  The bench scale study 
data indicated that EISB, using an emulsified oil donor, and supplemented with the KB-
1 microbial culture, resulted in complete degradation of chlorinated hydrocarbons to 
ethene.  Based on the results of this pilot study it was estimated that Risk Based 
Concentrations (RBCs), as presented in the RI/FS, could be achieved within treated 
areas within approximately 2 years.   

Based on the promising bench scale results, a pilot study was recommended to evaluate 
the effectiveness of EISB in a field implementation and to refine field techniques in 
advance of a full scale implementation.  The Building 131/242 AOC was selected as the 
pilot study area as it contains a relatively discreet area of impacted groundwater with 
elevated VOC concentrations indicative of potential dense non-aqueous phase liquid 
(DNAPL).
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1.2 Purpose

The purpose of this Report is to present the results of the EISB Pilot Study, evaluate the 
effectiveness of EISB as a remedial option, and, if appropriate, make recommendations 
for full scale remediation. 

1.3 Report Organization

Section 2, “Pre-Pilot Study Injection Test,” summarizes the implementation  
and results of the injection test performed prior to the pilot study. 

Section, 3, “Pilot Study Injection Implementation,” summarizes the methods 
used in the implementation of the pilot study injections. 

Section 4, “Pilot Study Groundwater Monitoring Results,” summarizes the 
groundwater monitoring results for the pilot study performed in the Building 
131/242 AOC. 

Section 5, “Summary and Recommendations,” summarizes the results of the 
pilot study and presents recommendations for future full scale EISB. 

Section 6, “References,” lists the documents cited in this report 
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2 PRE-PILOT STUDY INJECTION TEST 

Geosyntec performed an injection test in Area of Concern (AOC) Building 131/242 to 
evaluate design parameters assumptions for implementation of EISB Pilot Study.  The 
design parameters assumptions to be evaluated were: 

An initial 5-foot radius of influence (ROI) could be achieved by injecting 1,310 
gallons of 1% emulsified vegetable oil (EVO) solution (volume of EVO per 
volume of solution); 
An injection rate of fifteen gallons per minute (gpm) could be achieved with an 
injection pressure of 15 psig. 

2.1 Radius of Influence Estimate

As described in the radius of influence test technical memorandum (Attachment A), the 
injection test indicated that the initially proposed injection volume of 1,310 gallons of 
EVO solution per point resulted in a radius of influence (ROI) slightly greater than 4 
feet.  To increase the ROI to 5 feet, it was recommended that 310 gallons of push water 
(unamended municipal water) be injected after the injection of the EVO solution had 
been completed.   

2.2 Injection Flow Rates and Pressure

Flow rates and pressure were measured during the injection test.  The first test was 
conducted at a pressure of 15 pounds per square inch (psi).  A flow rate (11 gallons per 
minute (gpm)) was recorded.  The second injection test was conducted at a flow rate of 
20 gpm.  The resulting pressure was somewhat less than 30 psi.  
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3 PILOT TEST IMPLEMENTATION 

Emulsified vegetable oil (EVO) and KB-1® microbial culture were injected into the 
subsurface using temporary injection points during the period from 11 September 2007 
to 4 October 2007.  Prior to construction of the temporary injection points, a 
geophysical subcontractor identified and marked all subsurface utilities and 
obstructions.  Also, Underground Services Alert of Southern California (DigAlert) was 
notified at least 48 hours prior to commencement of sub-surface activities. A blanket 
boring permit was obtained from the County of San Diego Department of 
Environmental Health (DEH) for all of the pilot study injection points.

3.1 Injection Point Layout and Design

The injection points were installed by direct-push to an approximate depth of 15 feet 
below ground surface (bgs) and were screened from 7 to 15 feet bgs.  The injection 
screen was 1½-inch in diameter and was covered with a coarse filter cloth to prevent 
clogging of the screen with silt.  The blank portion, from the top of the screen to ground 
surface, was 3¼-inches in diameter to provide a more competent surface seal.   

The injection points were installed on 12-foot centers in the portion of the AOC 
containing  groundwater with VOC concentrations indicative of the potential presence 
of dense non-aqueous phase liquid (DNAPL).  Areas of the AOC with groundwater 
impacts above the RBC, but below the concentrations indicative of potential DNAPL 
were injected on 14-foot centers (Figure 2).  Using this injection pattern, 254 injection 
points were advanced across the AOC. Approximately 1,310 gallons of 1% EVO 
solution, 0.14 gallons microbial culture, and 310 gallons of unamended municipal water 
(approximately 1,620 gallons total) were injected into each well across the 8-foot screen 
interval.

During the injection test, fine silt within the formation was observed to flow into the 
perforated injection rods.  The silt prevented efficient injection into the rods.  This was 
later determined to occur immediately during advancement and could not be effectively 
mitigated through maintaining a water column in the rods.  This issue was resolved in 
the field by wrapping a coarse filter cloth around the rods prior to advancement at each 
location.
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3.2 Injection Procedures

Because reductively dechlorinating bacteria are adversely affected by oxygen, 
municipal water, which contains significant dissolved oxygen (DO), is typically not 
appropriate for direct injection of the microbial culture.  Therefore, the following 
procedure was employed for the injection of the anaerobic microbial culture in 
conjunction with EVO solution mixed using municipal water.   

The procedure that was employed consisted of the following: 

1. Inject approximately 50% of the target volume of EVO solution mixed 
with municipal water; 

2. Inject 50 gallons of a pre-prepared anaerobic EVO solution; 

3. Inject the microbial culture; 

4. Inject 50 more gallons of the anaerobic EVO solution to follow the 
culture;

5. Inject the remaining EVO solution mixed with municipal water;  and 

6. Inject 310 gallons of unamended municipal water to push the entire 
solution to the proposed 5 foot ROI. 

By following this procedure, the culture was introduced into the groundwater within a 
protective ring of anaerobic water.  In this manner, the natural microbial community in 
the subsurface rapidly depleted the dissolved oxygen in the municipal water before the 
microbial culture could be adversely affected.  

The EVO solution was metered into each injection point using an in-line doser 
(Attachment C). Individual flow totalizers were used to manage the volume of injectant 
which was introduced at each point.  Control valves were used to meter and control the 
pressure and volume injected into each injection point.  After injection at a given point 
was completed, the injection rods were removed and the injection location was 
backfilled with grout. 
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4 PILOT STUDY GROUNDWATER MONITORING RESULTS

A baseline sampling event was performed on 23 August 2007 in advance of the 
implementation of the pilot study injections.  Groundwater samples were collected from 
monitor wells B131-MW2, -MW6, and -MW5 for volatile organic compounds (VOCs), 
ethane, ethene, methane, organic acids, chloride, nitrate, nitrite, sulfate, sulfide, and 
TOC (EISB sampling suite) using low flow purge methodology.  B131-MW3 was 
added to the EISB sampling program during the first quarter 2008 sample event.Post 
injection sampling using low flow purge methodology was performed at 1, 3, and 6-
months (19 November 2007, 22 January 2008, and 21 April 2008, respectively) after 
final injections.  Samples were analyzed for the same parameters as the baseline 
sampling.  At 1-month, Gene Trac samples were collected at monitor wells      B131-
MW2, -MW5, and -MW6.  Gene Trac samples measure the concentration of the active 
microbial strain Dehalococcoides ethenogenes (DHE) in the groundwater.  A Gene Trac 
sample was collected from monitor well B131-MW3 at 3-months.  

4.1 Baseline Sample Results

The baseline data supports that biodegradation is occurring naturally in this area (Table 
1).  Each well sampled during the baseline monitor event on 23 August 2007 contained 
ethene, which demonstrates complete degradation of chlorinated VOCs is occurring 
over a wide area in the AOC.  The groundwater within the pilot study area was strongly 
reducing during the baseline event, and contained low levels of TOC to support 
microbial activity, although high background sulfate levels within the study areas would 
compete for this limited supply of electron donor.  

Distribution of parent and daughter compounds throughout the study area also strongly 
indicates that natural degradation is occurring within the study area.  Elevated 
concentrations of parent chlorinated VOCs (PCE and TCE) are observed in 
groundwater samples from monitor well B131-MW2, which appears to be near a 
potential source area for this AOC.  Downgradient monitor wells B131-MW6 and 
B131-MW5 contain little to no parent compounds but elevated concentrations of 
daughter products cis-1,2-DCE and vinyl chloride.  This is a further indication that 
natural degradation was occurring prior to biostimulation or bioaugmentation, although 
the degradation rate was likely limited due to naturally low TOC and high sulfate 
conditions.
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4.2 Potential DNAPL Area Results

Monitor well B131-MW2 is located in the northern section of the area of potential 
DNAPL (Figure 3) and is located 3.2 feet from the nearest injection point.  After the 
first month, RBCs had been achieved for tetrachloroethene (PCE) and trichloroethene 
(TCE).  Cis-1,2-Dichloroethene (cis-1,2 DCE) was reduced from 3,200 µg/L to 1,900 
µg/L, while an interim increase in vinyl chloride (VC) from 340 µg/L to 680 µg/L was 
observed.  Ethene increased substantially from 13.1 µg/L to 1,220 µg/L.  This data is 
indicative of complete chlorinated hydrocarbon degradation to ethene.  The 
groundwater samples collected from B131-MW2 during the 3-month and the 6-month 
sampling event contained no detectable concentrations of PCE or TCE, with cis-1,2-
DCE and VC concentrations reduced to well below RBCs.  Ethene concentrations 
detected in the 3-month and 6-month samples were lower than the concentrations 
detected in the 1-month sample, as a result of correspondingly lower VOC 
concentrations (Table 1, Figure 4). 

Monitor well B131-MW3 is located in the southern section of the area of potential 
DNAPL (Figure 3) and is located 5.6 feet from the nearest injection point.  This well 
was added to the performance sampling schedule to evaluate the southern portion of the 
potential DNAPL zone.  This well was not sampled during the baseline sampling event 
so the site wide data collected in 2005 (Geosyntec, 2005) is used as an approximate 
baseline.  When this well was first sampled 3-months after injection, groundwater 
samples contained no detectable chlorinated VOCs.  The ethene concentration at 3-
months was 431 µg/L.  The 6-month sampling event showed similar chlorinated VOC 
and lower ethene (6.57 µg/L) concentrations (Table 1, Figure 5). 

4.3 Dissolved Phase Area Results

Monitor well B131-MW6 is located in the center of the AOC (Figure 3), is located 4.5 
feet from the nearest injection point, and did not contain baseline concentration 
indicative of potential DNAPL.  Groundwater samples collected from monitor well 
B131-MW6 show a decrease in cis-1,2-DCE from a baseline concentration of 22,000 
µg/L to below the RBC within the first month.  VC also decreased from 4,600 µg/L to 
2,100 µg/L and ethene concentrations increased from 36.2 µg/L to 1,720 µg/L.  The 
elevated ethene concentration indicates that complete degradation of VOCs is 
occurring.  Chlorinated VOC concentrations continued to decline at the 3-month post 
injection sample event with a slight rebound observed of cis-1,2-DCE and VC during 
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the 6-month monitoring event.  Increasing ethene concentrations greater than 1,000 
µg/L provide continued strong indication of complete degradation (Table 1, Figure 6).   

Monitor well B131-MW5 is located in the downgradient section of the AOC (Figure 3), 
is located 6.5 feet from the nearest injection point, and did not contain baseline 
concentrations indicative of potential DNAPL.  Groundwater samples collected from 
monitor well B131-MW5 contained no detectable concentrations of PCE or TCE.  At 
the 1-month sampling event, chlorinated VOCs showed a decrease from baseline 
conditions, with cis-1,2-DCE decreasing from 27,000 µg/L to 7,200 µg/L and VC 
decreasing from 4,200 µg/L to 3,800 µg/L.  Ethene increased from 19.6 µg/L to 774 
µg/L demonstrating that complete reductive dechlorination of VOCs was occurring.  
Groundwater samples collected from monitor well B131-MW5 during the 3-month 
sampling event showed continued reduction of cis-1,2-DCE and VC.  After 6-months, 
cis-1,2-DCE concentrations in the groundwater sample from B131-MW5 were reduced 
to below the RBC.  The slight increase of VC observed during the 6-month sampling 
event is typical of the chlorinated VOC degradation pathway and was accompanied by a 
corresponding increase in ethene (Table 1, Figure 7). 

4.4 Evaluation of Microbial Culture and EVO Distribution

Gene Trac samples were collected during the 1-month post injection sampling event 
from B131-MW2, -MW5, -MW6 and 3-month post injection sampling for B131-MW3.  
These samples indicate extremely robust DHE populations throughout the injected area 
(Table 2).  Typically, concentrations of DHE of 1x107 cells/L indicate the potential for 
strong degradation activity.  The observed concentrations of 6x107 to 2x109observed in 
samples collected from throughout the Building 131/242 pilot study area are consistent 
with the rapid degradation rates observed.

TOC concentrations within the potential DNAPL area remained high throughout post 
injection sampling events, indicating that sufficient electron donor was injected to effect 
complete dechlorination within the potential DNAPL area.  The residual elevated TOC 
concentrations will continue to support a robust microbial community within this area.  
Because of this ongoing microbial degradation, the potential for rebound of VOC 
concentrations in groundwater is reduced.  Measured TOC concentrations within the 
downgradient, dissolved phase area were significantly lower.  Monitor well B131-MW5 
is located 6.5 feet from the closet injection point, outside of the immediate ROI of the 
injectant.  Although there is a greater spacing between injection points in the 
downgradient area, significant VOC reductions have been observed in the initial six 
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months of observation (Table 1).  It is anticipated that measured VOC concentrations 
will continue to decline in the downgradient monitor wells as the ROI of the 
surrounding injection points continue to expand through diffusion.

Sulfate is a primary competing electron receptor which is reduced concurrently with 
VOCs.  The sulfate concentrations within the potential DNAPL area were significantly 
reduced indicating that sulfate concentrations were effectively addressed by the initial 
injection of electron donor.  Small increases in sulfide were also observed in several 
wells associated with this sulfate reduction.  Some residual sulfate is observed in 
downgradient monitor wells B131-MW5 and B131-MW6, which corresponds with the 
generally lower TOC observed in these monitor wells.  It is anticipated that sulfate 
concentrations will continue to decline in the downgradient monitor wells as the ROI of 
surrounding injections expands through diffusion.  Nitrate, another potential electron 
receptor, was not detected during the baseline or subsequent monitoring events.   

The high background chloride concentration in groundwater masked any trends in 
chloride concentration which could be attributed to VOC reduction.  Methane was 
observed to increase for approximately 3-6 months after the injection of electron donor 
while TOC concentrations were elevated.  This indicates the stimulation of highly 
reductive (methanogenic) microbial conditions, typically observed in biostimulation/ 
bioaugmentation.  These highly reducing conditions were further confirmed by very 
low oxidation reduction potential (ORP) readings from the monitor wells within the 
pilot study area.  High concentrations of organic acids (lactic acid, acetic acid, and 
propionic acid), which are formed during the fermentation of the emulsified oil, also 
correlate well with elevated TOC concentrations in monitor wells B131-MW2 and 
B131-MW3.  
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5 SUMMARY AND RECOMMENDATIONS 

The Building 131/242 EISB pilot study has demonstrated the suitability of EISB to 
degrade chlorinated VOCs and achieve RBCs in groundwater.  During the pilot study, 
EISB was able to rapidly degrade VOC concentrations (including those potentially 
indicative of DNAPL) to RBCs in as quickly as 6-months.  RBCs have been met in two 
of the four monitor wells with significant VOC reductions and elevated ethene 
concentrations indicative of complete dechlorination in the other two monitor wells.  
Ongoing monitoring will be conducted to further document the results of the EISB pilot 
study in the Building 131/242 area. 

It is recommended that this remedial alternative be applied to the remediation of 
remaining AOCs with chlorinated VOCs in excess of RBCs in groundwater.  Based 
upon this study, the one recommended design modification consists of increasing EVO 
solution volume by 10% in 14-foot spaced wells to 1,450 gallons per point, followed by 
310 gallons of push water.  This modification will increase the injection ROI and TOC 
distribution within the AOC.
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Table 1
Summary of Building 131/242 EISB Pilot Study Analytical Results

2701 North Harbor Drive
San Diego , California

Well ID Date PCE
(ug/L)

PCE
(mMol/L)

TCE
(ug/L)

TCE
(mMol/L)

cis-1,2-
DCE

(ug/L)

cis-1,2-
DCE

(mMol/L)

Vinyl
chloride
(ug/L)

Vinyl
chloride

(mMol/L)

Ethene
(ug/L)

Ethene
(mMol/L)

Ethane
(ug/L)

Ethane
(mMol/L)

B131-MW2 8/4/2005 39,000 2.4E-01 7,400 5.6E-02 6,200 6.4E-02 810 1.3E-02 NA NA NA NA
8/23/2007 28,000 1.7E-01 5,300 4.0E-02 3,200 3.3E-02 340 5.4E-03 13.1 4.7E-04 16.3 5.8E-04
11/19/2007 9.5 5.7E-05 11 8.4E-05 1,900 2.0E-02 680 1.1E-02 1,220 4.3E-02 95 3.4E-03
1/21/2008 ND<0.5  - ND<0.5  - 1.6 1.7E-05 4.9 7.8E-05 214 7.6E-03 38.2 1.4E-03
4/21/2008 ND<1.0  - ND<1.0  - 4.2 4.3E-05 13 2.1E-04 444 1.6E-02 11.9 4.2E-04

B131-MW3 8/4/2005 9,400 5.7E-02 4,300 3.3E-02 11,000 1.1E-01 1,900 3.0E-02 NA NA NA NA
1/22/2008 ND<0.5  - ND<0.5  - ND<0.5  - ND<0.5  - 431 1.5E-02 14.6 5.2E-04
4/21/2008 ND<1.0  - ND<1.0  - ND<1.0  - 0.98 1.6E-05 6.57 2.3E-04 1.67 6.0E-05

B131-MW5 8/5/2005 25 1.5E-04 25 1.9E-04 5,000 5.2E-02 4,200 6.7E-02 NA NA NA NA
8/23/2007 24 1.4E-04 4.9 3.7E-05 27,000 2.8E-01 4,200 6.7E-02 19.6 7.0E-04 154 5.5E-03
11/19/2007 ND<2.5  - ND<2.5  - 7,200 7.4E-02 3,800 6.1E-02 774 2.8E-02 191 6.8E-03
1/22/2008 ND<12.5  - ND<12.5  - 3,100 3.2E-02 2,700 4.3E-02 19.2 6.8E-04 52.2 1.9E-03
4/21/2008 ND<20  - ND<20  - 1,500 1.5E-02 3,900 6.2E-02 640 2.3E-02 88 3.1E-03

B131-MW6 8/23/2007 ND<0.5  - ND<0.5  - 22,000 2.3E-01 4,600 7.4E-02 36.2 1.3E-03 262 9.3E-03
11/19/2007 ND<2.5  - ND<2.5  - 510 5.3E-03 2,100 3.4E-02 1,720 6.1E-02 112 4.0E-03
1/21/2008 ND<2.5  - ND<2.5  - 190 2.0E-03 600 9.6E-03 451 1.6E-02 30.6 1.1E-03
4/21/2008 ND<5.0  - ND<5.0  - 800 8.3E-03 850 1.4E-02 1,070 3.8E-02 52.8 1.9E-03

Risk Based 
Concentration
(RBC) ug/L
PCE 320
TCE 260
cis-1,2-DCE 2400
Vinyl chloride 500
 - Not calculated based on non-detect result
ND<0.5 - Not detected at concentration greater than or equal to the reporting limit
NA  - Constituent not analyzed
µg/L - Micrograms per liter
mMol/L - Millimoles per liter
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Table 2
Summary of Building 131/242 Gene Trac /General Chemistry Results

2701 North Harbor Drive
San Diego, California

Well ID Date Gene Trac 
cells/L

ORP
(mV)

TOC
(mg/L)

Sulfate
(mg/L)

Sulfide
(mg/L)

Nitrite
(mg/L)

Nitrate
(mg/L)

Chloride
(mg/L)

Methane
(µg/L)

Acetic Acid 
(mg/L)

Lactic Acid 
(mg/L)

Propionic Acid 
(mg/L)

B131-MW2 8/23/2007 NA -76 5.7 300 ND<0.05 ND<0.1 ND<0.1 490 395 ND<1.0 ND<1.0 ND<1.0
11/19/2007 3.0E+08 -155 NA ND<2.0 0.2 ND<0.2 ND<0.2 130 7,350 ND<100 1,000 130
1/21/2008 NA -97 600 1.3 ND<0.05 ND<0.1 ND<0.1 200 8,970 ND<100 1,100 ND<100
4/21/2008 NA -116 620 1.1 0.4 ND<0.1 ND<0.1 380 4,600 1,300 ND<50 ND<50

B131-MW3 1/22/2008 6.0E+07 -161 760 1.5 ND<0.05 ND<0.1 ND<0.1 330 9,940 ND<100 1,400 ND<100
4/21/2008 NA -334 400 6 4.2 ND<0.1 ND<0.1 390 4,090 910 ND<50 ND<50

B131-MW5 8/23/2007 NA -110 9.7 580 ND<0.05 ND<0.1 ND<0.1 690 4,420 ND<1.0 ND<1.0 ND<1.0
11/19/2007 1.0E+09 -307 NA 220 3.6 ND<0.2 ND<0.2 640 7,590 ND<25 310 ND<25
1/22/2008 NA -232 27 170 1.3 ND<0.1 ND<0.1 540 5,020 ND<1.0 19 ND<1.0
4/21/2008 NA -193 12 290 1.1 ND<0.1 ND<0.1 470 3,760 ND<1.0 ND<1.0 ND<1.0

B131-MW6 8/23/2007 NA -105 7.6 400 ND<0.05 ND<0.1 ND<0.1 1,000 5,270 ND<1.0 ND<1.0 ND<1.0
11/19/2007 2.0E+09 -328 NA 6.2 16 ND<0.2 ND<0.2 850 5,590 ND<50 590 ND<50
1/21/2008 NA -235 200 5.2 6.8 ND<0.1 ND<0.1 820 3,290 ND<100 390 ND<100
4/21/2008 NA -325 15 46 2.3 ND<0.2 ND<0.2 850 4,110 5.2 ND<1.0 ND<1.0

ND<0.5 - Not detected at concentration greater than or equal to the reporting limit
µg/L - Micrograms per liter
mg/L - Milligrams per liter
NA - Constituent not analyzed
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10875 Rancho Bernardo Road, Suite 200 
San Diego, CA 92127 

PH 858.674.6559 
FAX 858.674.6586 

www.geosyntec.com 

TDYInjectionTest Tech Memo 8-15-2007.doc 

Techn ica l  Memorandum 

Date: 15 August 2007 

To: Tom Alo, Regional Water Quality Control Board   

Copies to: John Anderson, Regional Water Quality Control Board                
Edgard Bertaut, TDY Industries
Bill Hays, San Diego Unified Port District                                               
Paul Manasjan, San Diego County Regional Airport Authority
Ben Chandler, H&A 

From: Brian Hitchens, P.G., C.Hg., Geosyntec Consultants                                  
Jim Cox, Geosyntec Consultants 

Subject: Results of Injection Test 
Airport / Former TRA Site                                                                 
2701 N. Harbor Drive
San Diego, California 

INTRODUCTION

Geosyntec Consultants (Geosyntec) performed an injection test in Area of Concern (AOC) 
Building 131/242 at the Airport / Former TRA site in San Diego, California (Site).  The injection 
test was performed to evaluate design parameters for implementation of enhanced in-situ 
bioremediation (EISB).  The design parameters assumptions were: 

An initial 5-foot radius of influence (ROI) could be achieved by injecting 1,310 gallons 
of 1% emulsified vegetable oil (EVO) solution (volume of EVO per volume of solution); 

An injection rate of fifteen gallons per minute (gpm) could be achieved with an injection 
pressure of 15 psig. 
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SCOPE

Two injection probes (IP-1 and IP-2) and four piezometers (P1, P2, P3, and P4) were installed 
using direct push technology (Figure 1).  The injection probes were perforated from 7 to 15 feet 
below ground surface (bgs).  The piezometers were also screened over the same interval.  The 
injection probes were spaced fourteen feet apart (Figure 1).  Piezometers P1, P2, P3, and P4 were 
placed in a line, directly between the probes, at distances from IP-1of 2.5, 5.0, 7.5, and 10.0 feet, 
respectively.  This spacing correlates to distances from IP-2 of 4.0, 6.5, 9.0, and 11.5 feet for 
piezometers P4, P3, P2, and P1, respectively.  

Each piezometer was equipped with a data logging pressure transducer capable of recording the 
groundwater level and specific conductivity throughout the duration of the injection test.  The 
groundwater level data were used to evaluate the lateral hydraulic influence of the injection.  The 
specific conductivity data were used to evaluate the initial ROI of the injectant.  Because the oil 
emulsion solution consisted of 99% municipal water, which contains fewer ions than the 
groundwater at the Site, a decrease in conductivity was interpreted as indicative of the presence 
of the injectant.

The piezometers were installed the day before the injection test.  Water samples were collected 
from each piezometer and analyzed for baseline total organic carbon (TOC) concentrations 
(Attachment 1).  Water levels were monitored overnight to evaluate the influence of tidal cycles 
on water table elevations prior to commencing the injection test.  The observed changes in 
elevation due to tidal influence were less than a one-half inch and thus considered negligible.

Two separate injection tests were performed (Test 1 and Test 2).  Baseline conditions were 
recorded prior to commencing Test 1.  For Test 1, the target volume of 1,310 gallons was 
injected into IP-1 at a constant pressure (Table 1).  The injection rate was observed and recorded 
while the injection pressure was maintained at 15 pounds per square inch (psi).  Water level and 
specific conductivity data were logged by the transducers.  After the target volume was injected, 
the transducers monitored the decay in groundwater levels in the piezometers until levels 
returned to within approximately 0.5 feet of the baseline water level (Figure 2).   

For Test 2, the target volume of 1,310 gallons of EVO solution was injected into IP-2 at a 
starting flow rate of 15 gpm, which increased to over 19 gpm by the end of the test (Table 1).  
Injection pressures were observed and recorded throughout the test (Figure 3).

Post-injection groundwater samples were collected from each piezometer and analyzed for TOC 
concentrations to evaluate initial distribution of the injected EVO solution (Table 2). 
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RESULTS AND DISCUSSION 

Radius of Influence 

For both tests, measurable hydraulic influence was observed in the farthest piezometer from the 
injection well, corresponding to a minimum hydraulic ROI of 11.5 feet.  The water level data 
indicate both the increasing responses during the start of the test and decreasing responses after 
the end of the test occurred proportionally and nearly simultaneously in all four piezometers 
(Figures 2 and 3).

For Test 1, a significant change in conductivity was observed in piezometer P1 (Figure 4).  The 
initial conductivity in P-1 was approximately 2,200 microsiemens per centimeter ( S/cm) and 
the final conductivity was approximately 1,200 S/cm.  This change of approximately 1,000 

S/cm represents approximately a 45% drop in conductivity.  For Test 2, a significant change in 
conductivity was observed in piezometer P4 (Figure 5).  The initial conductivity in P-4 was 
approximately 2,500 S/cm and the final conductivity was approximately 2,000 S/cm.  This 
change of approximately 500 S/cm represents approximately a 20% drop in conductivity.  
Conductivity did not significantly decrease to below background levels in piezometers located at 
5 feet or more from the closest injection point during the period conductivity was recorded.  
Based on these data, the initial ROI of the EVO solution achieved was between 4 and 5 feet.   

The average baseline TOC concentration was 8.7 mg/L.  The post-injection TOC concentrations 
in piezometers P1, P2, P3, and P4 were 300 milligrams per liter (mg/L), 6.8 mg/L, 10 mg/L, and 
67 mg/L, respectively.  Based on these data, 35-fold concentration increase (above background) 
was observed at 2.5 feet from IP-1 and an 8-fold increase was observed at 4 feet from IP-2.  TOC 
concentrations were comparable to background levels in piezometers located 5 feet or more from 
the closest injection point.  The post-injection TOC analytical results support the observed 
conductivity data that the initial ROI of the EVO solution is between 4 and 5 feet. 

Pumping Rate and Pressure 

For Test 1, the average injection rate that was achieved while the pressure was maintained at 
approximately 15 psi was approximately 11 gpm.  For Test 2, the flow rate started at 15 gpm, 
and increased to nearly 20 gpm by the end of the test.  The increasing flow rate throughout Test 
2 did not directly correlate with the injection pressure, which was observed to fluctuate between 
20 and 30 psi.  However, these data indicate that up to 20 gpm of EVO solution could be injected 
at pressures less than 30 psi.  No breakthrough of EVO solution to ground surface was observed 
during either test. 
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CONCLUSIONS AND RECOMMENDATIONS 

Although the injection rate of 15 gpm was not achieved at the anticipated injection pressure of 
15 psi, flow rates of 15 gpm or higher were demonstrated to be achievable utilizing higher 
pressures without breakthrough of EVO solution to ground surface.  According to the data, an 
injection pressure of 30 psi may be utilized without surface breakthrough.  Associated higher 
injection rates should not affect performance of the EISB program. 

Based on the combined results of conductivity monitoring for Test 1 and Test 2, the initial ROI 
of the injected solution was between 4 and 5 feet.  Although this ROI is expected to increase 
over time due to dispersion and diffusion associated with adjacent injections and subsidence of 
induced groundwater level increases, a design modification is recommended to achieve the target 
ROI of 5 feet.  Because the actual ROI achieved was approximately 4.5 feet, 310 additional 
gallons would be required to achieve the recommended initial ROI of 5 feet.  Therefore, it is 
recommended that injection of the initial 1,310 gallons of EVO solution be followed by injection 
of 310 gallons of unamended (no EVO) municipal water to achieve the 5-foot ROI.  Based on 
observed TOC results, concentrations of the injected TOC are highest closest to the injection 
point and decrease with radial distance.  After the injection of the 310 gallons of unamended 
water, a zone of lower but adequate concentration EVO solution will result from the dispersion 
of the concentrated EVO solution left in close proximity to the injection point after injection of 
the 1,310 gallons of EVO solution.

* * * * *



TABLES



Time Pumping Rate 
(gpm)

Pumping Pressure 
(psi)

9:25 10.2 15
9:27 12.2 16
9:35 11.3 15
9:40 11.3 15
9:45 11.3 15
10:06 11.2 15

15:58 15.0 30
16:18 16.0 25
16:26 16.6 23
16:45 16.8 20
16:57 17.1 21
16:58 19.0 25
17:00 19.6 27

gpm-gallons per minute
psi- pounds per square inch

Table 1
Injection Pressures and Pumping Rates

Test 1

Test 2

SC0445\Injection Test Data\PilotStudy_DTW.080707xls.xls 8/8/2007



Piezometer

Radius
(feet from closest 

injection point)
Baseline TOC 

concentration (mg/L)
Post-Injection TOC 

concentration (mg/L)

P1 2.5 7.3 300
P4 4 7.9 67
P2 5 8.5 6.8
P3 7.5 11 10

Average = 8.7

TOC - total organic carbon
mg/L - milligrams per liter

Total Organic Carbon Concentrations in Water Samples
Table 2

SC0445\Injection Test Data\PilotStudy_DTW.080707xls.xls 8/9/2007
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Injection Test Layout
2701 North Harbor Drive

San Diego, California

Figure

1
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Figure 2
Water Level Response - Test 1

SC0445\Injection Test Data\Data Analysis.080707.revised.xls 8/9/2007
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Figure 3
Water Level Response - Test 2

SC0445\Injection Test Data\Data Analysis.080707.revised.xls 8/9/2007
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Figure 4
Specific Conductivity - Test 1

SC0445\Injection Test Data\Data Analysis.080707.revised.xls 8/9/2007
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Figure 5
Specific Conductivity - Test 2
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   ATTACHMENT B 
Pilot Study Analytical Reports 

 



aboratories, Inc.

nvironm ental

alscience

August 02, 2007

Brian Hitchens
G eoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

P

07-07-1934Calscience W ork Order No.:Subject:
TDY / SC0445Client Reference:

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The sam ples
included in this report were received 7/27/2007 and analyzed in accordance with
the attached chain-of-custody.

Unless otherwise noted, all analytical testing was accom plished in accordance with
the guidelines established in our Q uality System s M anual, applicable standard
operating procedures, and other related docum entation.  The original report of
subcontracted analysis, if any, is provided herein, and follows the standard Calscience
data package. The results in this analytical report are lim ited to the sam ples tested
and any reproduction thereof m ust be m ade in its entirety.

If you have any questions regarding this report, please do not hesitate to contact

the undersigned.

Sincerely,

Calscience Environm ental
Laboratories, Inc.

Stephen Nowak
Project M anager

7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQM D ID: 93LA0830

Page 1 of 8



Analytical Reportnvironm ental

aboratories, Inc.

alscience

GeoSyntec Consultants 07/27/07Date Received:

10875 Rancho Bernardo Road, Suite 200 07-07-1934W ork O rder No:
San Diego, CA 92127-2116

Project: TDY / SC0445 Page 1 of 2

Lab Sam ple Num ber Date
CollectedClient Sam ple Num ber M atrix

07/27/07 AqueousP-1 07-07-1934-1

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 10 20300 SM  5310 D07/30/07N/A

07/27/07 AqueousP-2 07-07-1934-2

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 0.50 16.8 SM  5310 D07/30/07N/A

07/27/07 AqueousP-3 07-07-1934-3

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 0.50 110 SM  5310 D07/30/07N/A

07/27/07 AqueousP-4 07-07-1934-4

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 5.0 1067 SM  5310 D07/30/07N/A

07/27/07 AqueousEVO-H2O 07-07-1934-5

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 2500 500070000 SM  5310 D07/30/07N/A

RL - Reporting Lim it , DF - Dilution Factor , Qual - Q ualifiers

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

Page 2 of 8



Analytical Reportnvironm ental

aboratories, Inc.

alscience

GeoSyntec Consultants 07/27/07Date Received:

10875 Rancho Bernardo Road, Suite 200 07-07-1934W ork O rder No:
San Diego, CA 92127-2116

Project: TDY / SC0445 Page 2 of 2

Lab Sam ple Num ber Date
CollectedClient Sam ple Num ber M atrix

N/A AqueousM ethod Blank

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 0.50 1ND SM  5310 D07/30/07N/A

RL - Reporting Lim it , DF - Dilution Factor , Qual - Q ualifiers

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

Page 3 of 8



alscience

nvironm ental

aboratories, Inc.

Quality Control - Spike/Spike Duplicate

W ork Order No: 07-07-193410875 Rancho Bernardo Road, Suite 200

San Diego, CA 92127-2116

G eoSyntec Consultants

TDY / SC0445Project:

Date Received: N/A

M atrix: Aqueous

M S%
REC

M SD %
REC

% REC
CL

RPD
CL

Date
Analyzed

Quality Control
Sam ple ID

Date
ExtractedParam eter RPD QualifiersM ethod

0-25Carbon, Total O rganic 295 70-1309107/30/07SM  5310 D P-2 N/A

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Lim it

Page 4 of 8



alscience

nvironm ental

aboratories, Inc.

Quality Control - Laboratory Control Sam ple

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

TDY / SC0445

07-07-1934
Date Received:
W ork O rder No:

Project:

N/A

M atrix : Aqueous

Param eter Qualifiers
Conc
Added

LCS
% Rec

% Rec
CL

Conc
 Recovered

Date
 AnalyzedM ethod

Q uality Control
 Sam ple ID

Date
 Extracted

80-12095Carbon, Total O rganic 5.00 4.77SM  5310 D 099-05-097-2,690 07/30/07 N/A

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Lim it

Page 5 of 8



alscience

nvironm ental

aboratories, Inc.
Glossary of Term s and Qualifiers

W ork Order Num ber:

Q ualifier Definition

07-07-1934

See applicable analysis com m ent.*

Surrogate com pound recovery was out of control due to a required sam ple dilution,
therefore, the sam ple data was reported without further clarification.

1

Surrogate com pound recovery was out of control due to m atrix interference.  The
associated m ethod blank surrogate spike com pound was in control and, therefore, the
sam ple data was reported without further clarification.

2

Recovery of the M atrix Spike or M atrix Spike Duplicate com pound was out of control due
to m atrix interference.  The associated LCS and/or LCSD was in control and, therefore,
the sam ple data was reported without further clarification.

3

The M S/M SD RPD was out of control due to m atrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sam ple data was reported without further clarification.

4

The PDS/PDSD associated with this batch of sam ples was out of control due to a m atrix
interference effect. The associated batch LCS/LCSD was in control and, hence, the
associated sam ple data was reported with no further corrective action required.

5

Result is the average of all dilutions, as defined by the m ethod.A

Analyte was present in the associated m ethod blank.B

Analyte presence was not confirm ed on prim ary colum n.C

Concentration exceeds the calibration range.E

Sam ple received and/or analyzed past the recom m ended holding tim e.H

Analyte was detected at a concentration below the reporting lim it and above the
laboratory m ethod detection lim it.  Reported value is estim ated.

J

Nontarget Analyte.N

Param eter not detected at the indicated reporting lim it.ND

Spike recovery and RPD control lim its do not apply resulting from  the param eter
concentration in the sam ple exceeding the spike concentration by a factor of four or
greater.

Q

Undetected at the laboratory m ethod detection lim it.U

%  Recovery and/or RPD out-of-range.X

Analyte presence was not confirm ed by second colum n or G C/M S analysis.Z

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

Page 6 of 8
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aboratories, Inc.

nvironm ental

alscience

July 30, 2007

Brian Hitchens
G eoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

P

07-07-1824Calscience W ork Order No.:Subject:
TDY / SC0445Client Reference:

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The sam ples
included in this report were received 7/26/2007 and analyzed in accordance with
the attached chain-of-custody.

Unless otherwise noted, all analytical testing was accom plished in accordance with
the guidelines established in our Q uality System s M anual, applicable standard
operating procedures, and other related docum entation.  The original report of
subcontracted analysis, if any, is provided herein, and follows the standard Calscience
data package. The results in this analytical report are lim ited to the sam ples tested
and any reproduction thereof m ust be m ade in its entirety.

If you have any questions regarding this report, please do not hesitate to contact

the undersigned.

Sincerely,

Calscience Environm ental
Laboratories, Inc.

Stephen Nowak
Project M anager

7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQM D ID: 93LA0830

Page 1 of 7



Analytical Reportnvironm ental

aboratories, Inc.

alscience

GeoSyntec Consultants 07/26/07Date Received:

10875 Rancho Bernardo Road, Suite 200 07-07-1824W ork O rder No:
San Diego, CA 92127-2116

Project: TDY / SC0445 Page 1 of 1

Lab Sam ple Num ber Date
CollectedClient Sam ple Num ber M atrix

07/25/07 AqueousP-1 07-07-1824-1

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 2.5 57.3 SM  5310 D07/26/07N/A

07/25/07 AqueousP-2 07-07-1824-2

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 0.50 18.5 SM  5310 D07/26/07N/A

07/25/07 AqueousP-3 07-07-1824-3

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 0.50 111 SM  5310 D07/26/07N/A

07/25/07 AqueousP-4 07-07-1824-4

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 0.50 17.9 SM  5310 D07/26/07N/A

N/A AqueousM ethod Blank

Q ualParam eter Result RL UnitsDF M ethodDate AnalyzedDate Prepared

m g/LCarbon, Total O rganic 0.50 1ND SM  5310 D07/26/07N/A

RL - Reporting Lim it , DF - Dilution Factor , Qual - Q ualifiers

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
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alscience

nvironm ental

aboratories, Inc.

Quality Control - Spike/Spike Duplicate

W ork Order No: 07-07-182410875 Rancho Bernardo Road, Suite 200

San Diego, CA 92127-2116

G eoSyntec Consultants

TDY / SC0445Project:

Date Received: N/A

M atrix: Aqueous

M S%
REC

M SD %
REC

% REC
CL

RPD
CL

Date
Analyzed

Quality Control
Sam ple ID

Date
ExtractedParam eter RPD QualifiersM ethod

0-25Carbon, Total O rganic 074 70-1307407/26/07SM  5310 D 07-07-1830-3 N/A

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Lim it

Page 3 of 7



alscience

nvironm ental

aboratories, Inc.

Quality Control - Laboratory Control Sam ple

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

TDY / SC0445

07-07-1824
Date Received:
W ork O rder No:

Project:

N/A

M atrix : Aqueous

Param eter Qualifiers
Conc
Added

LCS
% Rec

% Rec
CL

Conc
 Recovered

Date
 AnalyzedM ethod

Q uality Control
 Sam ple ID

Date
 Extracted

80-12097Carbon, Total O rganic 5.00 4.85SM  5310 D 099-05-097-2,685 07/26/07 N/A

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Lim it

Page 4 of 7



alscience

nvironm ental

aboratories, Inc.
Glossary of Term s and Qualifiers

W ork Order Num ber:

Q ualifier Definition

07-07-1824

See applicable analysis com m ent.*

Surrogate com pound recovery was out of control due to a required sam ple dilution,
therefore, the sam ple data was reported without further clarification.

1

Surrogate com pound recovery was out of control due to m atrix interference.  The
associated m ethod blank surrogate spike com pound was in control and, therefore, the
sam ple data was reported without further clarification.

2

Recovery of the M atrix Spike or M atrix Spike Duplicate com pound was out of control due
to m atrix interference.  The associated LCS and/or LCSD was in control and, therefore,
the sam ple data was reported without further clarification.

3

The M S/M SD RPD was out of control due to m atrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sam ple data was reported without further clarification.

4

The PDS/PDSD associated with this batch of sam ples was out of control due to a m atrix
interference effect. The associated batch LCS/LCSD was in control and, hence, the
associated sam ple data was reported with no further corrective action required.

5

Result is the average of all dilutions, as defined by the m ethod.A

Analyte was present in the associated m ethod blank.B

Analyte presence was not confirm ed on prim ary colum n.C

Concentration exceeds the calibration range.E

Sam ple received and/or analyzed past the recom m ended holding tim e.H

Analyte was detected at a concentration below the reporting lim it and above the
laboratory m ethod detection lim it.  Reported value is estim ated.

J

Nontarget Analyte.N

Param eter not detected at the indicated reporting lim it.ND

Spike recovery and RPD control lim its do not apply resulting from  the param eter
concentration in the sam ple exceeding the spike concentration by a factor of four or
greater.

Q

Undetected at the laboratory m ethod detection lim it.U

%  Recovery and/or RPD out-of-range.X

Analyte presence was not confirm ed by second colum n or G C/M S analysis.Z

 7440 Lincoln W ay, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Pilot Study Analytical Reports 

 



aboratories, Inc.
nvironmental

alscience

September 06, 2007

Brian Hitchens
GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116
P

07-08-1696Calscience Work Order No.:Subject:
TDY / SC0307Client Reference:

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples
included in this report were received 8/23/2007 and analyzed in accordance with
the attached chain-of-custody.

Unless otherwise noted, all analytical testing was accomplished in accordance with
the guidelines established in our Quality Systems Manual, applicable standard
operating procedures, and other related documentation.  The original report of
subcontracted analysis, if any, is provided herein, and follows the standard Calscience
data package. The results in this analytical report are limited to the samples tested
and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact
the undersigned.

Sincerely,

Calscience Environmental
Laboratories, Inc.

Stephen Nowak
Project Manager

7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830

Page 1 of 27



Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 N/APreparation:

RSK-175MMethod:

Project: TDY / SC0307 Page 1 of 1
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

08/23/07 N/A 08/24/07Aqueous 070824L01BLD131-MW6 07-08-1696-1 GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane   4.00 4  262 Methane 80.0 805270
Ethylene   1.00 1    36.2

08/23/07 N/A 08/24/07Aqueous 070824L01BLD131-MW2 07-08-1696-2 GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane 1.00 1  16.3 Methane 4.00 4395
Ethylene 1.00 1  13.1

08/23/07 N/A 08/24/07Aqueous 070824L01BLD131-MW5 07-08-1696-3 GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane   4.00 4  154 Methane 80.0 804420
Ethylene   1.00 1    19.6

N/AN/A 08/24/07Aqueous 070824L01Method Blank 099-12-010-1,854 GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane 1.00 1ND Methane 1.00 1ND
Ethylene 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 2 of 27



Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 N/APreparation:

HPLC/UVMethod:

Project: TDY / SC0307 Page 1 of 1
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

08/23/07 09/04/07 09/04/07Aqueous 070904L01BLD131-MW6 07-08-1696-1 HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 1.0 1ND Propionic Acid 1.0 1ND
Lactic Acid 1.0 1ND

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12080

08/23/07 09/04/07 09/04/07Aqueous 070904L01BLD131-MW2 07-08-1696-2 HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 1.0 1ND Propionic Acid 1.0 1ND
Lactic Acid 1.0 1ND

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12090

08/23/07 09/04/07 09/04/07Aqueous 070904L01BLD131-MW5 07-08-1696-3 HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 1.0 1ND Propionic Acid 1.0 1ND
Lactic Acid 1.0 1ND

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12090

09/04/07N/A 09/04/07Aqueous 070904L01Method Blank 099-12-016-128 HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 1.0 1ND Propionic Acid 1.0 1ND
Lactic Acid 1.0 1ND

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12090

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 3 of 27



Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 EPA 5030BPreparation:

EPA 8260BMethod:

Project: TDY / SC0307 Page 1 of 6
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

08/23/07 08/27/07 08/27/07Aqueous 070827L01BLD131-MW6 07-08-1696-1 GC/MS BB

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone   50 1ND 1,3-Dichloropropane     1.0 1ND
Benzene     0.50 1      28 2,2-Dichloropropane     1.0 1ND
Bromobenzene     1.0 1ND 1,1-Dichloropropene     1.0 1ND
Bromochloromethane     1.0 1ND c-1,3-Dichloropropene     0.50 1ND
Bromodichloromethane     1.0 1ND t-1,3-Dichloropropene     0.50 1ND
Bromoform     1.0 1ND Ethylbenzene     1.0 1ND
Bromomethane   10 1ND 2-Hexanone   10 1ND
2-Butanone   10 1ND Isopropylbenzene     1.0 1ND
n-Butylbenzene     1.0 1ND p-Isopropyltoluene     1.0 1ND
sec-Butylbenzene     1.0 1ND Methylene Chloride   10 1ND
tert-Butylbenzene     1.0 1ND 4-Methyl-2-Pentanone   10 1ND
Carbon Disulfide   10 1ND Naphthalene   10 1ND
Carbon Tetrachloride     0.50 1ND n-Propylbenzene     1.0 1ND
Chlorobenzene     1.0 1        4.3 Styrene     1.0 1ND
Chloroethane     1.0 1ND 1,1,1,2-Tetrachloroethane     1.0 1ND
Chloroform     1.0 1ND 1,1,2,2-Tetrachloroethane     1.0 1ND
Chloromethane   10 1ND Tetrachloroethene     1.0 1ND
2-Chlorotoluene     1.0 1ND Toluene     1.0 1        1.7
4-Chlorotoluene     1.0 1ND 1,2,3-Trichlorobenzene     1.0 1ND
Dibromochloromethane     1.0 1ND 1,2,4-Trichlorobenzene     1.0 1ND
1,2-Dibromo-3-Chloropropane     5.0 1ND 1,1,1-Trichloroethane     1.0 1ND
1,2-Dibromoethane     1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane   10 1ND
Dibromomethane     1.0 1ND 1,1,2-Trichloroethane     1.0 1ND
1,2-Dichlorobenzene     1.0 1        1.4 Trichloroethene     1.0 1ND
1,3-Dichlorobenzene     1.0 1ND Trichlorofluoromethane   10 1ND
1,4-Dichlorobenzene     1.0 1        9.0 1,2,3-Trichloropropane     5.0 1ND
Dichlorodifluoromethane     1.0 1ND 1,2,4-Trimethylbenzene     1.0 1ND
1,1-Dichloroethane     1.0 1        1.0 1,3,5-Trimethylbenzene     1.0 1ND
1,2-Dichloroethane     0.50 1ND Vinyl Acetate   10 1ND
1,1-Dichloroethene     1.0 1      27 Vinyl Chloride 100 200  4600
c-1,2-Dichloroethene 200 20022000 p/m-Xylene     1.0 1ND
t-1,2-Dichloroethene 200 200    240 o-Xylene     1.0 1ND
1,2-Dichloropropane     1.0 1ND Methyl-t-Butyl Ether (MTBE)     1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-140102 1,2-Dichloroethane-d4 74-146108
Toluene-d8 88-112101 1,4-Bromofluorobenzene 74-11098

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 4 of 27



Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 EPA 5030BPreparation:

EPA 8260BMethod:

Project: TDY / SC0307 Page 2 of 6
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

08/23/07 08/27/07 08/27/07Aqueous 070827L01BLD131-MW2 07-08-1696-2 GC/MS BB

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone   50 1ND 1,3-Dichloropropane     1.0 1ND
Benzene     0.50 1ND 2,2-Dichloropropane     1.0 1ND
Bromobenzene     1.0 1ND 1,1-Dichloropropene     1.0 1ND
Bromochloromethane     1.0 1ND c-1,3-Dichloropropene     0.50 1ND
Bromodichloromethane     1.0 1ND t-1,3-Dichloropropene     0.50 1ND
Bromoform     1.0 1ND Ethylbenzene     1.0 1ND
Bromomethane   10 1ND 2-Hexanone   10 1ND
2-Butanone   10 1ND Isopropylbenzene     1.0 1ND
n-Butylbenzene     1.0 1ND p-Isopropyltoluene     1.0 1ND
sec-Butylbenzene     1.0 1ND Methylene Chloride   10 1ND
tert-Butylbenzene     1.0 1ND 4-Methyl-2-Pentanone   10 1ND
Carbon Disulfide   10 1ND Naphthalene   10 1ND
Carbon Tetrachloride     0.50 1ND n-Propylbenzene     1.0 1ND
Chlorobenzene     1.0 1        1.1 Styrene     1.0 1ND
Chloroethane     1.0 1ND 1,1,1,2-Tetrachloroethane     1.0 1ND
Chloroform     1.0 1ND 1,1,2,2-Tetrachloroethane     1.0 1ND
Chloromethane   10 1ND Tetrachloroethene 500 50028000
2-Chlorotoluene     1.0 1ND Toluene     1.0 1ND
4-Chlorotoluene     1.0 1ND 1,2,3-Trichlorobenzene     1.0 1ND
Dibromochloromethane     1.0 1ND 1,2,4-Trichlorobenzene     1.0 1ND
1,2-Dibromo-3-Chloropropane     5.0 1ND 1,1,1-Trichloroethane     1.0 1ND
1,2-Dibromoethane     1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane   10 1ND
Dibromomethane     1.0 1ND 1,1,2-Trichloroethane     1.0 1ND
1,2-Dichlorobenzene     1.0 1        3.8 Trichloroethene 500 500  5300
1,3-Dichlorobenzene     1.0 1ND Trichlorofluoromethane   10 1ND
1,4-Dichlorobenzene     1.0 1      15 1,2,3-Trichloropropane     5.0 1ND
Dichlorodifluoromethane     1.0 1ND 1,2,4-Trimethylbenzene     1.0 1ND
1,1-Dichloroethane     1.0 1ND 1,3,5-Trimethylbenzene     1.0 1ND
1,2-Dichloroethane     0.50 1ND Vinyl Acetate   10 1ND
1,1-Dichloroethene     1.0 1        6.6 Vinyl Chloride 250 500    340
c-1,2-Dichloroethene 500 500  3200 p/m-Xylene     1.0 1ND
t-1,2-Dichloroethene     1.0 1      16 o-Xylene     1.0 1ND
1,2-Dichloropropane     1.0 1ND Methyl-t-Butyl Ether (MTBE)     1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-140103 1,2-Dichloroethane-d4 74-146106
Toluene-d8 88-112100 1,4-Bromofluorobenzene 74-11095

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 5 of 27



Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 EPA 5030BPreparation:

EPA 8260BMethod:

Project: TDY / SC0307 Page 3 of 6
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

08/23/07 08/27/07 08/27/07Aqueous 070827L01BLD131-MW5 07-08-1696-3 GC/MS BB

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone   50 1ND 1,3-Dichloropropane     1.0 1ND
Benzene     0.50 1        9.4 2,2-Dichloropropane     1.0 1ND
Bromobenzene     1.0 1ND 1,1-Dichloropropene     1.0 1ND
Bromochloromethane     1.0 1ND c-1,3-Dichloropropene     0.50 1ND
Bromodichloromethane     1.0 1ND t-1,3-Dichloropropene     0.50 1ND
Bromoform     1.0 1ND Ethylbenzene     1.0 1ND
Bromomethane   10 1ND 2-Hexanone   10 1ND
2-Butanone   10 1ND Isopropylbenzene     1.0 1ND
n-Butylbenzene     1.0 1ND p-Isopropyltoluene     1.0 1ND
sec-Butylbenzene     1.0 1ND Methylene Chloride   10 1ND
tert-Butylbenzene     1.0 1ND 4-Methyl-2-Pentanone   10 1ND
Carbon Disulfide   10 1ND Naphthalene   10 1ND
Carbon Tetrachloride     0.50 1ND n-Propylbenzene     1.0 1ND
Chlorobenzene     1.0 1ND Styrene     1.0 1ND
Chloroethane     1.0 1ND 1,1,1,2-Tetrachloroethane     1.0 1ND
Chloroform     1.0 1ND 1,1,2,2-Tetrachloroethane     1.0 1ND
Chloromethane   10 1ND Tetrachloroethene     1.0 1      24
2-Chlorotoluene     1.0 1ND Toluene     1.0 1        2.1
4-Chlorotoluene     1.0 1ND 1,2,3-Trichlorobenzene     1.0 1ND
Dibromochloromethane     1.0 1ND 1,2,4-Trichlorobenzene     1.0 1ND
1,2-Dibromo-3-Chloropropane     5.0 1ND 1,1,1-Trichloroethane     1.0 1ND
1,2-Dibromoethane     1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane   10 1ND
Dibromomethane     1.0 1ND 1,1,2-Trichloroethane     1.0 1ND
1,2-Dichlorobenzene     1.0 1ND Trichloroethene     1.0 1        4.9
1,3-Dichlorobenzene     1.0 1ND Trichlorofluoromethane   10 1ND
1,4-Dichlorobenzene     1.0 1ND 1,2,3-Trichloropropane     5.0 1ND
Dichlorodifluoromethane     1.0 1ND 1,2,4-Trimethylbenzene     1.0 1ND
1,1-Dichloroethane     1.0 1ND 1,3,5-Trimethylbenzene     1.0 1ND
1,2-Dichloroethane     0.50 1ND Vinyl Acetate   10 1ND
1,1-Dichloroethene     1.0 1      58 Vinyl Chloride 100 200  4200
c-1,2-Dichloroethene 200 20027000 p/m-Xylene     1.0 1ND
t-1,2-Dichloroethene 200 200    210 o-Xylene     1.0 1ND
1,2-Dichloropropane     1.0 1ND Methyl-t-Butyl Ether (MTBE)     1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-140105 1,2-Dichloroethane-d4 74-146106
Toluene-d8 88-112103 1,4-Bromofluorobenzene 74-11098

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 6 of 27



Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 EPA 5030BPreparation:

EPA 8260BMethod:

Project: TDY / SC0307 Page 4 of 6
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

08/27/07N/A 08/27/07Aqueous 070827L01Method Blank 099-10-006-22,582 GC/MS BB

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone 50 1ND 1,3-Dichloropropane   1.0 1ND
Benzene   0.50 1ND 2,2-Dichloropropane   1.0 1ND
Bromobenzene   1.0 1ND 1,1-Dichloropropene   1.0 1ND
Bromochloromethane   1.0 1ND c-1,3-Dichloropropene   0.50 1ND
Bromodichloromethane   1.0 1ND t-1,3-Dichloropropene   0.50 1ND
Bromoform   1.0 1ND Ethylbenzene   1.0 1ND
Bromomethane 10 1ND 2-Hexanone 10 1ND
2-Butanone 10 1ND Isopropylbenzene   1.0 1ND
n-Butylbenzene   1.0 1ND p-Isopropyltoluene   1.0 1ND
sec-Butylbenzene   1.0 1ND Methylene Chloride 10 1ND
tert-Butylbenzene   1.0 1ND 4-Methyl-2-Pentanone 10 1ND
Carbon Disulfide 10 1ND Naphthalene 10 1ND
Carbon Tetrachloride   0.50 1ND n-Propylbenzene   1.0 1ND
Chlorobenzene   1.0 1ND Styrene   1.0 1ND
Chloroethane   1.0 1ND 1,1,1,2-Tetrachloroethane   1.0 1ND
Chloroform   1.0 1ND 1,1,2,2-Tetrachloroethane   1.0 1ND
Chloromethane 10 1ND Tetrachloroethene   1.0 1ND
2-Chlorotoluene   1.0 1ND Toluene   1.0 1ND
4-Chlorotoluene   1.0 1ND 1,2,3-Trichlorobenzene   1.0 1ND
Dibromochloromethane   1.0 1ND 1,2,4-Trichlorobenzene   1.0 1ND
1,2-Dibromo-3-Chloropropane   5.0 1ND 1,1,1-Trichloroethane   1.0 1ND
1,2-Dibromoethane   1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane 10 1ND
Dibromomethane   1.0 1ND 1,1,2-Trichloroethane   1.0 1ND
1,2-Dichlorobenzene   1.0 1ND Trichloroethene   1.0 1ND
1,3-Dichlorobenzene   1.0 1ND Trichlorofluoromethane 10 1ND
1,4-Dichlorobenzene   1.0 1ND 1,2,3-Trichloropropane   5.0 1ND
Dichlorodifluoromethane   1.0 1ND 1,2,4-Trimethylbenzene   1.0 1ND
1,1-Dichloroethane   1.0 1ND 1,3,5-Trimethylbenzene   1.0 1ND
1,2-Dichloroethane   0.50 1ND Vinyl Acetate 10 1ND
1,1-Dichloroethene   1.0 1ND Vinyl Chloride   0.50 1ND
c-1,2-Dichloroethene   1.0 1ND p/m-Xylene   1.0 1ND
t-1,2-Dichloroethene   1.0 1ND o-Xylene   1.0 1ND
1,2-Dichloropropane   1.0 1ND Methyl-t-Butyl Ether (MTBE)   1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-140101 1,2-Dichloroethane-d4 74-14699
Toluene-d8 88-112101 1,4-Bromofluorobenzene 74-11098

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 EPA 5030BPreparation:

EPA 8260BMethod:

Project: TDY / SC0307 Page 5 of 6
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

08/28/07N/A 08/28/07Aqueous 070828L01Method Blank 099-10-006-22,595 GC/MS O

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone 50 1ND 1,3-Dichloropropane   1.0 1ND
Benzene   0.50 1ND 2,2-Dichloropropane   1.0 1ND
Bromobenzene   1.0 1ND 1,1-Dichloropropene   1.0 1ND
Bromochloromethane   1.0 1ND c-1,3-Dichloropropene   0.50 1ND
Bromodichloromethane   1.0 1ND t-1,3-Dichloropropene   0.50 1ND
Bromoform   1.0 1ND Ethylbenzene   1.0 1ND
Bromomethane 10 1ND 2-Hexanone 10 1ND
2-Butanone 10 1ND Isopropylbenzene   1.0 1ND
n-Butylbenzene   1.0 1ND p-Isopropyltoluene   1.0 1ND
sec-Butylbenzene   1.0 1ND Methylene Chloride 10 1ND
tert-Butylbenzene   1.0 1ND 4-Methyl-2-Pentanone 10 1ND
Carbon Disulfide 10 1ND Naphthalene 10 1ND
Carbon Tetrachloride   0.50 1ND n-Propylbenzene   1.0 1ND
Chlorobenzene   1.0 1ND Styrene   1.0 1ND
Chloroethane   1.0 1ND 1,1,1,2-Tetrachloroethane   1.0 1ND
Chloroform   1.0 1ND 1,1,2,2-Tetrachloroethane   1.0 1ND
Chloromethane 10 1ND Tetrachloroethene   1.0 1ND
2-Chlorotoluene   1.0 1ND Toluene   1.0 1ND
4-Chlorotoluene   1.0 1ND 1,2,3-Trichlorobenzene   1.0 1ND
Dibromochloromethane   1.0 1ND 1,2,4-Trichlorobenzene   1.0 1ND
1,2-Dibromo-3-Chloropropane   5.0 1ND 1,1,1-Trichloroethane   1.0 1ND
1,2-Dibromoethane   1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane 10 1ND
Dibromomethane   1.0 1ND 1,1,2-Trichloroethane   1.0 1ND
1,2-Dichlorobenzene   1.0 1ND Trichloroethene   1.0 1ND
1,3-Dichlorobenzene   1.0 1ND Trichlorofluoromethane 10 1ND
1,4-Dichlorobenzene   1.0 1ND 1,2,3-Trichloropropane   5.0 1ND
Dichlorodifluoromethane   1.0 1ND 1,2,4-Trimethylbenzene   1.0 1ND
1,1-Dichloroethane   1.0 1ND 1,3,5-Trimethylbenzene   1.0 1ND
1,2-Dichloroethane   0.50 1ND Vinyl Acetate 10 1ND
1,1-Dichloroethene   1.0 1ND Vinyl Chloride   0.50 1ND
c-1,2-Dichloroethene   1.0 1ND p/m-Xylene   1.0 1ND
t-1,2-Dichloroethene   1.0 1ND o-Xylene   1.0 1ND
1,2-Dichloropropane   1.0 1ND Methyl-t-Butyl Ether (MTBE)   1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-140106 1,2-Dichloroethane-d4 74-146105
Toluene-d8 88-11298 1,4-Bromofluorobenzene 74-110100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 8 of 27



Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116 EPA 5030BPreparation:

EPA 8260BMethod:

Project: TDY / SC0307 Page 6 of 6
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

08/30/07N/A 08/30/07Aqueous 070830L01Method Blank 099-10-006-22,621 GC/MS O

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone 50 1ND 1,3-Dichloropropane   1.0 1ND
Benzene   0.50 1ND 2,2-Dichloropropane   1.0 1ND
Bromobenzene   1.0 1ND 1,1-Dichloropropene   1.0 1ND
Bromochloromethane   1.0 1ND c-1,3-Dichloropropene   0.50 1ND
Bromodichloromethane   1.0 1ND t-1,3-Dichloropropene   0.50 1ND
Bromoform   1.0 1ND Ethylbenzene   1.0 1ND
Bromomethane 10 1ND 2-Hexanone 10 1ND
2-Butanone 10 1ND Isopropylbenzene   1.0 1ND
n-Butylbenzene   1.0 1ND p-Isopropyltoluene   1.0 1ND
sec-Butylbenzene   1.0 1ND Methylene Chloride 10 1ND
tert-Butylbenzene   1.0 1ND 4-Methyl-2-Pentanone 10 1ND
Carbon Disulfide 10 1ND Naphthalene 10 1ND
Carbon Tetrachloride   0.50 1ND n-Propylbenzene   1.0 1ND
Chlorobenzene   1.0 1ND Styrene   1.0 1ND
Chloroethane   1.0 1ND 1,1,1,2-Tetrachloroethane   1.0 1ND
Chloroform   1.0 1ND 1,1,2,2-Tetrachloroethane   1.0 1ND
Chloromethane 10 1ND Tetrachloroethene   1.0 1ND
2-Chlorotoluene   1.0 1ND Toluene   1.0 1ND
4-Chlorotoluene   1.0 1ND 1,2,3-Trichlorobenzene   1.0 1ND
Dibromochloromethane   1.0 1ND 1,2,4-Trichlorobenzene   1.0 1ND
1,2-Dibromo-3-Chloropropane   5.0 1ND 1,1,1-Trichloroethane   1.0 1ND
1,2-Dibromoethane   1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane 10 1ND
Dibromomethane   1.0 1ND 1,1,2-Trichloroethane   1.0 1ND
1,2-Dichlorobenzene   1.0 1ND Trichloroethene   1.0 1ND
1,3-Dichlorobenzene   1.0 1ND Trichlorofluoromethane 10 1ND
1,4-Dichlorobenzene   1.0 1ND 1,2,3-Trichloropropane   5.0 1ND
Dichlorodifluoromethane   1.0 1ND 1,2,4-Trimethylbenzene   1.0 1ND
1,1-Dichloroethane   1.0 1ND 1,3,5-Trimethylbenzene   1.0 1ND
1,2-Dichloroethane   0.50 1ND Vinyl Acetate 10 1ND
1,1-Dichloroethene   1.0 1ND Vinyl Chloride   0.50 1ND
c-1,2-Dichloroethene   1.0 1ND p/m-Xylene   1.0 1ND
t-1,2-Dichloroethene   1.0 1ND o-Xylene   1.0 1ND
1,2-Dichloropropane   1.0 1ND Methyl-t-Butyl Ether (MTBE)   1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-14096 1,2-Dichloroethane-d4 74-14690
Toluene-d8 88-11296 1,4-Bromofluorobenzene 74-110101

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Reportnvironmental
aboratories, Inc.

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116

Project: TDY / SC0307 Page 1 of 2

Lab Sample Number Date
CollectedClient Sample Number Matrix

08/23/07 AqueousBLD131-MW6 07-08-1696-1

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

mg/LChloride 200 2001000 EPA 300.008/24/07N/A
mg/LNitrite (as N)     0.20 2ND EPA 300.008/24/07N/A
mg/LNitrate (as N)     0.20 2ND EPA 300.008/24/07N/A
mg/LSulfate 100 100  400 EPA 300.008/24/07N/A
mg/LSulfide, Total 0.050 1ND SM 4500 S2 - D08/24/07N/A
mg/LCarbon, Total Organic 0.50 17.6 SM 5310 D08/24/07N/A

08/23/07 AqueousBLD131-MW2 07-08-1696-2

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

mg/LChloride 100 100490 EPA 300.008/24/07N/A
mg/LNitrite (as N)     0.10 1ND EPA 300.008/24/07N/A
mg/LNitrate (as N)     0.10 1ND EPA 300.008/24/07N/A
mg/LSulfate   50 50300 EPA 300.008/24/07N/A
mg/LSulfide, Total 0.050 1ND SM 4500 S2 - D08/24/07N/A
mg/LCarbon, Total Organic 0.50 15.7 SM 5310 D08/24/07N/A

08/23/07 AqueousBLD131-MW5 07-08-1696-3

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

mg/LChloride 100 100690 EPA 300.008/24/07N/A
mg/LNitrite (as N)     0.20 2ND EPA 300.008/24/07N/A
mg/LNitrate (as N)     0.20 2ND EPA 300.008/24/07N/A
mg/LSulfate 100 100580 EPA 300.008/24/07N/A
mg/LSulfide, Total 0.050 1ND SM 4500 S2 - D08/24/07N/A
mg/LCarbon, Total Organic 0.50 19.7 SM 5310 D08/24/07N/A

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
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Analytical Reportnvironmental
aboratories, Inc.

alscience

GeoSyntec Consultants 08/23/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-08-1696Work Order No:
San Diego, CA 92127-2116

Project: TDY / SC0307 Page 2 of 2

Lab Sample Number Date
CollectedClient Sample Number Matrix

N/A AqueousMethod Blank

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

mg/LChloride 1.0 1ND EPA 300.008/24/07N/A
mg/LNitrite (as N) 0.10 1ND EPA 300.008/24/07N/A
mg/LNitrate (as N) 0.10 1ND EPA 300.008/24/07N/A
mg/LSulfate 1.0 1ND EPA 300.008/24/07N/A
mg/LSulfide, Total 0.050 1ND SM 4500 S2 - D08/24/07N/A
mg/LCarbon, Total Organic 0.50 1ND SM 5310 D08/24/07N/A

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 07-08-1696

Method: HPLC/UV

10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

GeoSyntec Consultants

TDY / SC0307Project

N/APreparation:

08/23/07Date Received:

Quality Control Sample ID

BLD131-MW6

MS/MSD Batch
Number

070904S01

Matrix

Aqueous

Date
Analyzed

09/04/07

Date
Prepared

09/04/07

Instrument

HPLC 6

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-30Acetic Acid 4120 70-130125
0-30Butyric Acid 5100 70-13095
0-30Lactic Acid 5105 70-130110
0-30Propionic Acid 080 70-13080
0-30Pyruvic Acid 0100 70-130100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 12 of 27



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 07-08-1696

Method: EPA 8260B

10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

GeoSyntec Consultants

TDY / SC0307Project

EPA 5030BPreparation:

08/23/07Date Received:

Quality Control Sample ID

07-08-1529-3

MS/MSD Batch
Number

070827S01

Matrix

Aqueous

Date
Analyzed

08/27/07

Date
Prepared

08/27/07

Instrument

GC/MS BB

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-7Benzene 189 88-11890
0-11Carbon Tetrachloride 280 67-14582
0-7Chlorobenzene 190 88-11890
0-301,2-Dibromoethane 089 70-13089
0-81,2-Dichlorobenzene 091 86-11691
0-251,1-Dichloroethene 0100 70-130100
0-30Ethylbenzene 188 70-13087
0-8Toluene 190 87-12391
0-10Trichloroethene 087 79-12787
0-13Vinyl Chloride 1100 69-129101
0-13Methyl-t-Butyl Ether (MTBE) 493 71-13190
0-45Tert-Butyl Alcohol (TBA) 979 36-16872
0-9Diisopropyl Ether (DIPE) 194 81-12394
0-12Ethyl-t-Butyl Ether (ETBE) 295 72-12697
0-12Tert-Amyl-Methyl Ether (TAME) 094 72-12695
0-31Ethanol 388 53-14990

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 07-08-1696

Method: EPA 8260B

10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

GeoSyntec Consultants

TDY / SC0307Project

EPA 5030BPreparation:

08/23/07Date Received:

Quality Control Sample ID

07-08-1362-1

MS/MSD Batch
Number

070828S01

Matrix

Aqueous

Date
Analyzed

08/28/07

Date
Prepared

08/28/07

Instrument

GC/MS O

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-7Benzene 1102 88-118101
0-11Carbon Tetrachloride 1109 67-145110
0-7Chlorobenzene 0106 88-118106
0-301,2-Dibromoethane 2111 70-130113
0-81,2-Dichlorobenzene 0107 86-116107
0-251,1-Dichloroethene 0113 70-130113
0-30Ethylbenzene 0112 70-130112
0-8Toluene 0106 87-123106
0-10Trichloroethene 0106 79-127105
0-13Vinyl Chloride 1106 69-129107
0-13Methyl-t-Butyl Ether (MTBE) 1100 71-131101
0-45Tert-Butyl Alcohol (TBA) 10109 36-168120
0-9Diisopropyl Ether (DIPE) 199 81-12398
0-12Ethyl-t-Butyl Ether (ETBE) 198 72-12697
0-12Tert-Amyl-Methyl Ether (TAME) 0101 72-126100
0-31Ethanol 390 53-14994

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 07-08-1696

Method: EPA 8260B

10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

GeoSyntec Consultants

TDY / SC0307Project

EPA 5030BPreparation:

08/23/07Date Received:

Quality Control Sample ID

07-08-1803-3

MS/MSD Batch
Number

070830S01

Matrix

Aqueous

Date
Analyzed

08/30/07

Date
Prepared

08/30/07

Instrument

GC/MS O

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-7Benzene 1100 88-118101
0-11Carbon Tetrachloride 2101 67-145100
0-7Chlorobenzene 1106 88-118107
0-301,2-Dibromoethane 2117 70-130119
0-81,2-Dichlorobenzene 2106 86-116108
0-251,1-Dichloroethene 190 70-13089
0-30Ethylbenzene 1110 70-130111
0-8Toluene 3102 87-123105
0-10Trichloroethene 1103 79-127104
0-13Vinyl Chloride 181 69-12982
0-13Methyl-t-Butyl Ether (MTBE) 691 71-13196
0-45Tert-Butyl Alcohol (TBA) 11109 36-168122
0-9Diisopropyl Ether (DIPE) 191 81-12389
0-12Ethyl-t-Butyl Ether (ETBE) 387 72-12689
0-12Tert-Amyl-Methyl Ether (TAME) 697 72-126103
0-31Ethanol 790 53-14997

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 07-08-169610875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

GeoSyntec Consultants

TDY / SC0307Project:

Date Received: N/A

Matrix: Aqueous

MS%
REC

MSD %
REC

%REC
CL

RPD
CL

Date
Analyzed

Quality Control
Sample ID

Date
ExtractedParameter RPD QualifiersMethod

0-3Chloride 197 56-1349808/24/07EPA 300.0 07-08-1714-1 N/A

0-8Nitrite (as N) 095 68-1229508/24/07EPA 300.0 07-08-1714-1 N/A

0-6Nitrate (as N) 594 58-1429808/24/07EPA 300.0 07-08-1714-1 N/A

0-3Sulfate 0108 49-13310808/24/07EPA 300.0 07-08-1714-1 N/A

0-25Carbon, Total Organic 195 70-1309708/24/07SM 5310 D 07-08-1653-3 N/A

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Duplicate

Work Order No:

Project:

Date Received:GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

TDY / SC0307

07-08-1696
N/A

Matrix: Aqueous

QualifiersRPD CLParameter RPDSample Conc DUP ConcDate AnalyzedMethod QC Sample ID

Sulfide, Total 0-25ND ND NA08/24/07SM 4500 S2 - D 07-08-1606-1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: RSK-175M

07-08-1696

TDY / SC0307

N/APreparation:
Work Order No:
Date Received:

Project:

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

N/A

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC 33 070824L01

Date
Prepared

N/A

Date
Analyzed

08/24/07

Quality Control Sample ID

099-12-010-1,854

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

96 0-20180-120Ethane 95
97 0-20179-109Methane 96

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: HPLC/UV

07-08-1696

TDY / SC0307

N/APreparation:
Work Order No:
Date Received:

Project:

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

N/A

09/04/07

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

HPLC 6 070904L01

Date
Prepared

Date
Analyzed

09/04/07

Quality Control Sample ID

099-12-016-128

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

110 0-20080-120Acetic Acid 110
85 0-20080-120Butyric Acid 85
95 0-20080-120Lactic Acid 95
90 0-20080-120Propionic Acid 90
100 0-20080-120Pyruvic Acid 100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 19 of 27



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8260B

07-08-1696

TDY / SC0307

EPA 5030BPreparation:
Work Order No:
Date Received:

Project:

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

N/A

08/27/07

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC/MS BB 070827L01

Date
Prepared

Date
Analyzed

08/27/07

Quality Control Sample ID

099-10-006-22,582

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

98 0-8284-120Benzene 96
99 0-10363-147Carbon Tetrachloride 97
99 0-7289-119Chlorobenzene 97
92 0-20280-1201,2-Dibromoethane 91
96 0-9389-1191,2-Dichlorobenzene 93
111 0-16777-1251,1-Dichloroethene 104
99 0-20380-120Ethylbenzene 96
99 0-9183-125Toluene 97
98 0-8289-119Trichloroethene 96
110 0-13363-135Vinyl Chloride 107
88 0-13282-118Methyl-t-Butyl Ether (MTBE) 86
76 0-32346-154Tert-Butyl Alcohol (TBA) 74
97 0-11481-123Diisopropyl Ether (DIPE) 93
96 0-12274-122Ethyl-t-Butyl Ether (ETBE) 93
93 0-10076-124Tert-Amyl-Methyl Ether (TAME) 93
102 0-32160-138Ethanol 101

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8260B

07-08-1696

TDY / SC0307

EPA 5030BPreparation:
Work Order No:
Date Received:

Project:

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

N/A

08/28/07

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC/MS O 070828L01

Date
Prepared

Date
Analyzed

08/28/07

Quality Control Sample ID

099-10-006-22,595

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

99 0-8184-120Benzene 100
109 0-10163-147Carbon Tetrachloride 110
104 0-7089-119Chlorobenzene 104
107 0-20380-1201,2-Dibromoethane 109
104 0-9289-1191,2-Dichlorobenzene 106
110 0-16177-1251,1-Dichloroethene 112
110 0-20080-120Ethylbenzene 111
103 0-9183-125Toluene 104
103 0-8289-119Trichloroethene 105
104 0-13163-135Vinyl Chloride 103
94 0-13282-118Methyl-t-Butyl Ether (MTBE) 96
102 0-32146-154Tert-Butyl Alcohol (TBA) 101
96 0-11181-123Diisopropyl Ether (DIPE) 97
95 0-12174-122Ethyl-t-Butyl Ether (ETBE) 96
95 0-10276-124Tert-Amyl-Methyl Ether (TAME) 97
77 0-321460-138Ethanol 89

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8260B

07-08-1696

TDY / SC0307

EPA 5030BPreparation:
Work Order No:
Date Received:

Project:

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

N/A

08/30/07

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC/MS O 070830L01

Date
Prepared

Date
Analyzed

08/30/07

Quality Control Sample ID

099-10-006-22,621

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

99 0-8184-120Benzene 100
100 0-10363-147Carbon Tetrachloride 103
105 0-7289-119Chlorobenzene 107
109 0-20480-1201,2-Dibromoethane 113
106 0-9089-1191,2-Dichlorobenzene 106
90 0-16377-1251,1-Dichloroethene 93
110 0-20080-120Ethylbenzene 110
103 0-9183-125Toluene 102
102 0-8189-119Trichloroethene 104
82 0-13163-135Vinyl Chloride 82
90 0-13282-118Methyl-t-Butyl Ether (MTBE) 91
103 0-32146-154Tert-Butyl Alcohol (TBA) 103
88 0-11281-123Diisopropyl Ether (DIPE) 90
87 0-12274-122Ethyl-t-Butyl Ether (ETBE) 89
97 0-10076-124Tert-Amyl-Methyl Ether (TAME) 97
70 0-321060-138Ethanol 78
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

TDY / SC0307

07-08-1696
Date Received:
Work Order No:

Project:

N/A

Matrix : Aqueous

Parameter Qualifiers
Conc
Added

LCS
%Rec

%Rec
CL

Conc
 Recovered

Date
 AnalyzedMethod

Quality Control
 Sample ID

Date
 Extracted

81-111100Chloride 4.00 3.99EPA 300.0 099-05-118-4,081 08/24/07 N/A
73-11590Nitrite (as N) 1.00 0.899EPA 300.0 099-05-118-4,081 08/24/07 N/A
87-11193Nitrate (as N) 2.00 1.86EPA 300.0 099-05-118-4,081 08/24/07 N/A
89-107102Sulfate 4.00 4.07EPA 300.0 099-05-118-4,081 08/24/07 N/A
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RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116

TDY / SC0307

07-08-1696
Date Received:
Work Order No:

Project:

N/A

Matrix : Aqueous

Parameter Qualifiers
Conc
Added

LCS
%Rec

%Rec
CL

Conc
 Recovered

Date
 AnalyzedMethod

Quality Control
 Sample ID

Date
 Extracted

80-12095Carbon, Total Organic 5.00 4.77SM 5310 D 099-05-097-2,712 08/24/07 N/A
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RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

07-08-1696

See applicable analysis comment.*
Surrogate compound recovery was out of control due to a required sample dilution,
therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of
control due to matrix interference.  The associated LCS and/or LCSD was in control and,
therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD associated with this batch of samples was out of control due to a matrix
interference effect. The associated batch LCS/LCSD was in control and, hence, the
associated sample data was reported with no further corrective action required.

5

Result is the average of all dilutions, as defined by the method.A
Analyte was present in the associated method blank.B
Analyte presence was not confirmed on primary column.C
Concentration exceeds the calibration range.E
Sample received and/or analyzed past the recommended holding time.H
Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

Nontarget Analyte.N
Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

Undetected at the laboratory method detection limit.U
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z
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aboratories, Inc.
nvironmental

alscience

November 29, 2007

Brian Hitchens
GeoSyntec Consultants
10875 Rancho Bernardo Road, Suite 200
San Diego, CA 92127-2116
P

07-11-1606Calscience Work Order No.:Subject:
TDY / SC0445Client Reference:

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples
included in this report were received 11/20/2007 and analyzed in accordance with
the attached chain-of-custody.

Unless otherwise noted, all analytical testing was accomplished in accordance with
the guidelines established in our Quality Systems Manual, applicable standard
operating procedures, and other related documentation.  The original report of
subcontracted analysis, if any, is provided herein, and follows the standard Calscience
data package. The results in this analytical report are limited to the samples tested
and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact
the undersigned.

Sincerely,

Calscience Environmental
Laboratories, Inc.

Stephen Nowak
Project Manager

7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830
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Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 11/20/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-11-1606Work Order No:
San Diego, CA 92127-2116 N/APreparation:

RSK-175MMethod:

Project: TDY / SC0445 Page 1 of 1
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

11/19/07 N/A 11/27/07Aqueous 071127L02B131-MW2 07-11-1606-1-G GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane   8.00 8    94.6 Methane 80.0 807350
Ethylene 80.0 801220

11/19/07 N/A 11/27/07Aqueous 071127L02B131-MW6 07-11-1606-2-G GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane   8.00 8  112 Methane 80.0 805590
Ethylene 80.0 801720

11/19/07 N/A 11/27/07Aqueous 071127L02B131-MW5 07-11-1606-3-G GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane   8.00 8  191 Methane 80.0 807590
Ethylene 80.0 80  774

N/AN/A 11/27/07Aqueous 071127L02Method Blank 099-12-010-1,940 GC 33

ResultResult ParameterQual QualParameter RL RLDF DF
Ethane 1.00 1ND Methane 1.00 1ND
Ethylene 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

GeoSyntec Consultants 11/20/07Date Received:
10875 Rancho Bernardo Road, Suite 200 07-11-1606Work Order No:
San Diego, CA 92127-2116 N/APreparation:

HPLC/UVMethod:

Project: TDY / SC0445 Page 1 of 1
Lab Sample

Number
Date

Collected
Date

Prepared
Date

Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

11/19/07 11/27/07 11/27/07Aqueous 071127L01B131-MW2 07-11-1606-1-E HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 100 100ND Propionic Acid 100 100  130
Butyric Acid 100 100ND Pyruvic Acid   50 100ND
Lactic Acid 100 1001000

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12094

11/19/07 11/27/07 11/27/07Aqueous 071127L01B131-MW6 07-11-1606-2-E HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 50 50ND Propionic Acid 50 50ND
Butyric Acid 50 50ND Pyruvic Acid 25 50ND
Lactic Acid 50 50590

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12098

11/19/07 11/27/07 11/27/07Aqueous 071127L01B131-MW5 07-11-1606-3-E HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 25 25ND Propionic Acid 25 25ND
Butyric Acid 25 25ND Pyruvic Acid 12 25ND
Lactic Acid 25 25310

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12090

11/27/07N/A 11/27/07Aqueous 071127L01Method Blank 099-12-016-134 HPLC 6

ResultResult ParameterQual QualParameter RL RLDF DF
Acetic Acid 1.0 1ND Propionic Acid 1.0 1ND
Butyric Acid 1.0 1ND Pyruvic Acid 0.50 1ND
Lactic Acid 1.0 1ND

REC (%) QualSurrogates: Control
Limits

Dibromopropionic Acid 80-12091

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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ATTACHMENT D 
Photographs of Pilot Study 



Photo No. 5 Date: 9/24/07
Description: 500 ml of microbial culture being injected at point IP 121. This system allowed for a
precise volume of microbial culture to be measured and injected at each point.
Project: TDY Photographer: Dave Skippon



Photo No. 1 Date: 9/12/07
Description: Oil emulsion doser, pressure gauge, and totalizer setup used for the injections in the
Building 131/242 area. Field sheets were attached to document injection rates, volumes, and pressures
at each injection point.
Project: TDY Photographer: Dave Skippon



Photo No. 2 Date: 9/21/07
Description: Injection rod wrapped in filter material. This material prevented fine sands and silts from
clogging the injection rods.
Project: TDY Photographer: Dave Skippon



Photo No. 3 Date: 9/24/07
Description: Municipal water was delivered to the injection points through a manifold system, allowing
up to seven injections to occur simultaneously from a single water source.
Project: TDY Photographer: Dave Skippon



Photo No. 4 Date: 9/21/07
Description: Injection of pre batched anaerobic water. The anaerobic water protects the microbial
culture until the balance of the injected water becomes anaerobic. The large storage tank in the
background was used to produce batches of anaerobic water for injection, which was transported in the
small foreground tank.
Project: TDY Photographer: Dave Skippon



 
 
 

   

 

APPENDIX H 
ECONOMIC FEASIBILITY ANALYSIS 

TABLES FOR ALTERNATIVE PCB CLEANUP 
GOAL 



Alternate PCB Goal Calculation Worksheet

A B C D E F G H I J K L M N
2 total PCB mass(mg) cumulative % mass Ind. % mass Excavation cost
3 above 4.2 (25 mg/kg ave) 6325000 0.916188655 0.916188655 Cleanup Goal PCBs mass (kg) % of total mass Volume of Soil (cy) percent removed estimated cost Cost per % mass removed
4 above 4.2 (6.5 mg/kg ave) 143000 0.936902486 0.02071383 197000 4.2 mg/kg 6.468 93.7% 250.0 93.7% 197,000.00$         $2,103
5 above 1 (2 mg/kg ave) 220000 0.968769917 0.031867431 94500 1 mg/kg 0.220 3.2% 100.0 96.9% 94,500.00$           $29,654
6 above .3 (.5 mg/kg ave) 55000 0.976736775 0.007966858 94500 0.3 mg/kg 0.055 0.8% 100.0 97.7% 94,500.00$           $118,616
7 above .1 (.2 mg/kg ave) 132000 0.995857234 0.019120459 430250 0.1 mg/kg 0.132 1.9% 600.0 99.6% 430,250.00$         $225,021
8 above ND (.05 mg/kg ave) 28600 1 0.004142766 491400 ND<0.05 mg/kg 0.029 0.4% 520.0 100.0% 491,400.00$         $1,186,164
9 Total 6903600
10
11 cost ($1,000) % Removed
12 0 0
13 RBC 197.00$                       93.7%
14 1 mg/kg 291.50$                       96.9%
15 .3 mg/kg 386.00$                       97.7%
16 .1 mg/kg 816.25$                       99.6%
17 ND 1,307.65$                    100.0%
18
19 soil density (kg/yd3) soil volume (yd3) soil mass (kg) ave. PCB conc.(mg/kg) mass (mg)
20 above 4.2  1100 230 253000 25 6325000
21 above 4.2 1100 20 22000 6.5 143000
22 above 1  1100 100 110000 2 220000
23 above .3  1100 100 110000 0.5 55000
24 above .1  1100 600 660000 0.2 132000
25 above ND 1100 520 572000 0.05 28600

90.00%

100.00%

Cost vs. mass reduction
Soil Volume Estimate Assumptions:                                                                                            
Above 4.2 mg/kg  ‐ Area 1: 30 inch East SWCS excavations ‐ 25 mg/kg ave ‐ 1‐ 10x10x5 excavation

2‐ 10x20x8 excavations
1‐ 10x30x8 excavation

Estimated volumes Based on confirmation sampling from 30 inch SWCS removal and replacement
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Remediation Cost ($1,000)

Cost vs. mass reduction

RBC (4.2 mg/kg)
1.0 mg/kg
0.3 mg/kg
0.1 mg/kg
Non‐Detect (0.05 mg/kg)

Soil Volume Estimate Assumptions:                                                                                            
Above 4.2 mg/kg  ‐ Area 1: 30 inch East SWCS excavations ‐ 25 mg/kg ave ‐ 1‐ 10x10x5 excavation

2‐ 10x20x8 excavations
1‐ 10x30x8 excavation

Estimated volumes Based on confirmation sampling from 30‐inch SWCS removal and replacement             
Above 4.2 mg/kg ‐ Building 156 excavation ‐ 6.5 mg/kg ave 6.5 mg/kg ave‐ 1‐ 10x10x5 excavation
Based on actual post‐ex results from interim action                                                                             
Above 1 mg/kg ‐ Based on five known single point exceedances 5‐ 10x10x5 excavations
Above 0.3 mg/kg ‐ Based on five known single point exceedances 5‐ 10x10x5 excavations
Above 0.1 mg/kg ‐ 4‐ 10x10x5 excavations

2‐40x20x8 excavations
Based on 4 single point exceedances and estimated excavations in Building 120 South AOC
above ND ‐ Based on 26 known single point exceedances 26‐10x10x5 excavations



Alternate PCB Goal Calculation Worksheet

A B C D E F G H I J K L M N
2 total PCB mass(mg) cumulative % mass Ind. % mass Excavation cost
3 above 4.2 (25 mg/kg ave) =G20 =C3/C9 =D3 Cleanup Goal PCBs mass (kg) % of total mass Volume of Soil (cy) percent removed estimated cost Cost per % mass removed
4 above 4.2 (6.5 mg/kg ave) =G21 =SUM(C3:C4)/C9 =D4‐D3 197000 4.2 mg/kg =(C4+C3)/1000000 =E3+E4 =SUM(D20:D21) =D4 =F4 =M4/(J4*100)
5 above 1 (2 mg/kg ave) =G22 =SUM(C3:C5)/C9 =D5‐D4 94500 1 mg/kg =C5/1000000 =E5 =D22 =D5 =F5 =M5/(J5*100)
6 above .3 (.5 mg/kg ave) =G23 =SUM(C3:C6)/C9 =D6‐D5 94500 0.3 mg/kg =C6/1000000 =E6 =D23 =D6 =F6 =M6/(J6*100)
7 above .1 (.2 mg/kg ave) =G24 =SUM(C3:C7)/C9 =D7‐D6 430250 0.1 mg/kg =C7/1000000 =E7 =D24 =D7 =F7 =M7/(J7*100)
8 above ND (.05 mg/kg ave) =G25 =SUM(C3:C8)/C9 =D8‐D7 491400 ND<0.05 mg/kg =C8/1000000 =E8 =D25 =D8 =F8 =M8/(J8*100)
9 Total =SUM(C3:C8)
10
11 cost ($1,000) % Removed
12 0 0
13 RBC =M4/1000 =L4
14 1 mg/kg =SUM(M4:M5)/1000 =L5
15 .3 mg/kg =SUM(M4:M6)/1000 =L6
16 .1 mg/kg =SUM(M4:M7)/1000 =L7
17 ND =SUM(M4:M8)/1000 =L8
18
19 soil density (kg/yd3) soil volume (yd3) soil mass (kg) ave. PCB conc.(mg/kg) mass (mg)
20 above 4.2  1100 230 =D20*C20 25 =F20*E20
21 above 4.2 1100 20 =D21*C21 6.5 =F21*E21
22 above 1  1100 100 =D22*C22 2 =F22*E22
23 above .3  1100 100 =D23*C23 0.5 =F23*E23
24 above .1  1100 600 =D24*C24 0.2 =F24*E24
25 above ND 1100 520 =D25*C25 0.05 =F25*E25

90.00%

100.00%

Cost vs. mass reduction
Soil Volume Estimate Assumptions:                                                                                            
Above 4.2 mg/kg  ‐ Area 1: 30 inch East SWCS excavations ‐ 25 mg/kg ave ‐ 1‐ 10x10x5 excavation

2‐ 10x20x8 excavations
1‐ 10x30x8 excavation

Estimated volumes Based on confirmation sampling from 30 inch SWCS removal and replacement
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Remediation Cost ($1,000)

Cost vs. mass reduction

RBC (4.2 mg/kg)
1.0 mg/kg
0.3 mg/kg
0.1 mg/kg
Non‐Detect (0.05 mg/kg)

Soil Volume Estimate Assumptions:                                                                                            
Above 4.2 mg/kg  ‐ Area 1: 30 inch East SWCS excavations ‐ 25 mg/kg ave ‐ 1‐ 10x10x5 excavation

2‐ 10x20x8 excavations
1‐ 10x30x8 excavation

Estimated volumes Based on confirmation sampling from 30‐inch SWCS removal and replacement             
Above 4.2 mg/kg ‐ Building 156 excavation ‐ 6.5 mg/kg ave 6.5 mg/kg ave‐ 1‐ 10x10x5 excavation
Based on actual post‐ex results from interim action                                                                             
Above 1 mg/kg ‐ Based on five known single point exceedances 5‐ 10x10x5 excavations
Above 0.3 mg/kg ‐ Based on five known single point exceedances 5‐ 10x10x5 excavations
Above 0.1 mg/kg ‐ 4‐ 10x10x5 excavations

2‐40x20x8 excavations
Based on 4 single point exceedances and estimated excavations in Building 120 South AOC
above ND ‐ Based on 26 known single point exceedances 26‐10x10x5 excavations




