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B.1 Introduction 

From July 2008 through March 2009, MACTEC Engineering and Consulting, Inc. (MACTEC) 
conducted data gap investigation and treatability study activities in accordance with the Data Gap 
Investigation and Treatability Studies Work Plan, dated July 15, 2008 (MACTEC, 2008a).  The 
overall objectives of these activities were to: 

• Confirm the magnitude of the residual source of volatile organic compounds (VOCs) in 
soil and groundwater at the original primary source location (i.e., the degreasing room area 
in former Schlage Lock Plant 3; Figure B-1); 

• Determine the extent of impacted soils in the vicinity of boring TR-21 and monitoring 
wells SW-8 and GWE-8 (Figure B-2); 

• Conduct bench scale testing to assess the suitability of in-situ chemical oxidation (ISCO) 
for remediation of impacted soils and groundwater, and estimate the required dosage rate 
of the chemical oxidant to be used during the ISCO pilot scale treatability test and verify 
contaminant destruction; 

• Conduct groundwater and soil sampling prior to in-situ pilot scale treatability tests to 
collect baseline soil analytical and groundwater analytical, biological, and geochemical 
data; 

• Assess the suitability of ISCO and enhanced reductive dechlorination (ERD) through in-
situ pilot scale treatability tests; and 

• Conduct post-injection groundwater and soil sampling to assess the effectiveness of ISCO 
and ERD in reducing chlorinated volatile organic compounds (CVOCs) concentrations. 

Boring logs of monitoring wells drilled in the treatability study areas, field documentation 
compiled during the data gap investigation and treatability studies, and report(s) describing the 
bench scale and the field ISCO treatability studies (prepared by ISOTEC under subcontract to 
MACTEC) are presented as an Attachment to this appendix.  Laboratory chemical analytical and 
geotechnical testing reports are presented in Appendix C. 

B.1.1 Data Gap Investigation Objectives 

The objectives of the data gap investigation activities were to: 

• Compare the current concentrations of CVOCs in soil with historical concentrations 
collected prior to soil vapor extraction [SVE] treatment within the SVE treatment system 
area of influence (SVETS area). 

• Assess the current CVOC concentrations between the SVETS area and the area around soil 
boring TR-21 and groundwater monitoring wells SW-08 and LF-10B. 

• Assess the current CVOC concentrations in Upper and Lower A-Zone groundwater at the 
location of the former degreasing room/strip room areas (i.e., the historical primary 
source). 
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• Assess the CVOC concentrations in Upper and Lower A-Zone groundwater between the 
SVETS area and the area around soil boring TR-21 and groundwater monitoring wells 
SW-08 and LF-10B. 

• Classify soils based on soil physical property (geotechnical) testing. 

B.1.2 ISCO Bench Scale Treatability Study Objectives 

The objectives of the ISCO bench scale treatability study were to: 

• Estimate the dosage rate of Modified Fenton’s Reagent (MFR) required to complete the 
destruction of CVOC-impacted groundwater. 

• Estimate the dosage rate of MFR required for complete destruction of CVOCs in a finite 
volume of saturated soil slurry. 

B.1.3 ISCO Pilot Scale Treatability Study Objectives 

The objectives of the ISCO pilot scale treatability study were to: 

• Estimate the volumes and flow rates of MFR that can be injected through injection points. 

• Estimate the percentage reduction in CVOC concentrations in Upper and Lower A-Zone 
groundwater from application of MFR. 

• Estimate the radius of influence (ROI) of injection points by estimating the response in 
field parameters (dissolved oxygen [DO]) and reduction in CVOC concentrations in nearby 
monitoring wells. 

B.1.4 ERD Pilot Scale Treatability Study Objectives 

The objectives of the ERD pilot scale treatability study were to: 

• Estimate the volumes and flow rates of sodium lactate [electron donor source] that can be 
injected through injection points. 

• Estimate the response in field parameters (oxidation reduction potential [ORP]), 
concentrations of electron donors (sulfate, nitrate, ferric ion), and concentrations of 
CVOCs in nearby monitoring wells from application of ERD. 

• Assess the change in dehaloccocoides (Dhc) bacteria and vinyl chloride reductase (VCR) 
enzyme in nearby monitoring wells due to injection of lactate. 

• Estimate the ROI of injection points by estimating the response in field parameters and 
reduction in CVOC concentrations in nearby monitoring wells. 
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B.2 Summary of Data Gap Investigation  

B.2.1 Sample Collection and Testing 

Soil samples were collected to assess the physical properties of the soil at the Site for the remedial 
design parameters.  Seventeen soil samples were collected from the six borings MEC-1 through 
MEC-6, at depths ranging between 3 and 22 feet bgs.  Samples were tested for the following:  

• pH (EPA 9045),  

• Atterberg limits (ASTM D4318),  

• bulk density (API RP40),  

• soil moisture (ASTM D2216),  

• grain size distribution (ASTM D422) and  

• porosity (API RP40). 

B.2.2 Results 

B.2.2.1 Chemical Analyses 

Figures B-1 and B-2 present the soil and groundwater chemical analytical results, respectively, in 
samples collected during this investigation.  Relevant data from previous investigations are also 
presented on the figures.   

SVETS Area Results:  PCE and TCE concentrations in shallow vadose soils (i.e., above the 
groundwater table present at 3 to 14 feet bgs) range from below reporting limits to 1,000 
microgram per kilogram (µg/kg), and to 230 µg/kg, respectively.  The 1,000 µg/kg PCE 
concentration was reported in a sample collected at 11 feet bgs, the approximate groundwater 
interface depth. 

PCE and TCE concentrations in Upper A-Zone groundwater ranged from 11 to 13 micrograms per 
liter (µg/L) and 20 to 40 µg/L, respectively, in borings MEC-1 and MEC-2.  In the Lower A-Zone, 
PCE and TCE concentrations ranged from 4.1 to 28,000 µg/L, and from 100 to 19,000 µg/L, 
respectively. 

Between SVETS Area and Area Around TR-21, SW-8, and LF-10B:  Soil sample analytical 
results from borings MEC-3 through -6 generally indicate low PCE and TCE concentrations 
(<300 µg/kg).  In this area, MEC-6, the southernmost soil boring, produced the soil sample with the 
highest concentrations of PCE (210 µg/kg) and TCE (230 µg/kg), which was collected from 7 feet 
bgs. 

PCE and TCE concentrations in Upper A-Zone groundwater ranged from 5.7 to 110 µg/L, and 
from 12 to 250 µg/L, respectively.  In the Lower A-Zone, PCE and TCE concentrations ranged 
from 2,700 to 20,000 µg/L, and from 9,100 to 110,000 µg/L, respectively.  
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B.2.2.2 Geotechnical Analyses 

Table B-1 presents a summary of the physical properties test results for the 17 soil samples 
analyzed.  The locations of the borings MEC-1 through MEC-6 that were sampled are presented on 
Figure B-1.  Chain of custody and analytical reports are presented in Appendix C.  Soil samples 
were analyzed for soil physical properties to aid in the development of the remedial design.  The 
pH ranged from 6.75 (MEC-2-6) to 8.35 (MEC-3-3) in the soil samples analyzed.  Atterberg limits 
were classified as non-plastic with the exception of one sample, MEC-6-5, with a reported plastic 
limit of 11.7 and plasticity index of 8.6.  The bulk density of the samples ranged from 1.55 grams 
per cubic centimeter (MEC-5-5) to 1.92 grams per cubic centimeter (MEC-6-5).  The moisture 
content in the samples range from 4.0% (MEC-1-8) to 18.3% (MEC-4-15).  Based on the sieve 
analysis, the grain size distribution of the samples was predominately classified as a fine sand in 
accordance with Unified Soil Classification System/American Society of Testing Materials 
(USCS/ASTM) classification.  Two samples were classified as medium sand (MEC-5-5 and 
MEC-5-15).  One sample, MEC-15-20, was classified as a fine sand; however, the sieve analysis 
results show 70% of the particles within the silt/clay range.  Three samples were tested for 
porosity.  Two samples from boring MEC-3 (MEC-3-3 and MEC-3-10) had a porosity of 34.2 and 
33.4% by bulk volume, respectively.  The porosity of sample MEC-5-20 was reported at 38.9%.   

B.2.2.3 Conclusions 

The chemical analytical results from the data gap investigation indicate the following: 

• In soil samples collected from soil borings MEC-1 and MEC-2 in the SVETS area after 
operation of the SVETS, the maximum reported PCE and TCE concentrations of 1 mg/kg 
and 230 µg/kg, respectively, are significantly lower than maximum concentrations reported 
prior to SVETS operation (95,000 µg/kg and 100 mg/kg, respectively), in soil boring 
SVE-4, located within close proximity of the MEC borings. 

• In soil samples collected from soil borings MEC-3 through MEC-6 in the area between the 
SVETS area and the area around TR-21, SW-08, and LF-10B, PCE and TCE 
concentrations are generally lower than those reported in the SVETS area. 

• Reported PCE and TCE concentrations in groundwater were higher in the Lower A-Zone 
than in the Upper A-Zone, which is consistent with routine groundwater monitoring 
analytical results. 

• The highest total combined PCE and TCE concentrations in groundwater (123,000 µg/L) 
were reported in a Lower A-Zone groundwater sample collected from boring MEC-5,  near 
well LF-10B; the well location where the highest combined PCE and TCE concentrations 
have consistently been reported during routine groundwater monitoring activities. 

The results of the geotechnical testing show the pH, soil types and porosity appear favorable to 
in-situ remediation.  Additionally, the medium to fine sand beneath the site have relatively low 
percentages of silt and clays, which appears conducive for remediation of CVOCs in vadose zone 
soil through aeration of soil stockpiles.  
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B.3 ISCO Bench Scale Treatability Study 

MACTEC contracted with ISOTEC of West Windsor, New Jersey to perform a laboratory 
treatability study (bench-scale test) of the potential applicability and effectiveness of treatment of 
CVOCs in groundwater by ISCO using MFR.  MACTEC personnel collected saturated soil and 
groundwater samples from soil borings MEC-2 and MEC-5 and shipped the samples to ISOTEC’s 
facility.  The samples were composited and a 2.5:1 (soil: groundwater) by weight slurry mixture 
was prepared for use in the study.  The slurry and groundwater samples were both treated with low, 
medium, and high doses of MFR in order to evaluate CVOC removal effectiveness. 

Analytical testing was conducted by Integrated Analytical Laboratories, LLC (IAL), a National 
Environmental Laboratory Accreditation Program (NELAP) certified analytical laboratory, as 
sub-contractors to ISOTEC.  Samples were analyzed before MFR treatment for VOCs by EPA 
Method 8260, for iron and manganese by EPA Method 6020, and for TOC by modified Lloyd 
Kahn method.  After MFR treatment, samples were analyzed for VOCs by EPA Method 8260.  The 
complete Laboratory Treatability Study Report, prepared by ISOTEC, is included as an Attachment 
to this appendix. 

B.3.1 Bench-Scale Test Results 

Groundwater Sample Treatment Results:  Applications of three different solutions prepared using 
0.25%, 0.75%, and 1.5% concentration by weight of hydrogen peroxide (100% H2O2 solution) all 
resulted in a 99.9% reduction in CVOC concentrations. 

Slurry Sample Treatment Results:  Applications of three different solutions prepared using 0.5%, 
1.0%, and 3.0% concentration by weight of 100% H2O2 solution resulted in a 60%, 92.5%, and 
100% reduction in CVOC concentrations, respectively. 

B.3.2 Bench-Scale Test Conclusions 

The results of the bench-scale test indicated that complete destruction of CVOCs can be achieved 
in mixed soil and groundwater from the Site when the H2O2 concentration is as low as 0.5% (under 
the conditions of the test).  Based on the results of the bench-scale test, ISOTEC recommended an 
oxidant dose of approximately 1.0% (1 pound of 100% oxidant per every 100 pounds of subsurface 
mass) be applied in a pilot scale test. 

A reduction in CVOC concentrations of approximately 90% in a slurry sample was reported at a 
1.0% oxidant level (100% H2O2 solution) by weight of soil.  Based on the reported bulk densities 
of soil, each cubic yard of onsite soil weighs approximately 2,998 pounds (i.e., 1.77 grams/cubic 
centimeter [g/cc]).  1.0% by weight of 100% H2O2 (with a specific gravity of 1.44) applied per 
cubic yard of soil represents a weight of 29.98 pounds and a volume of 2.49 gallons of 100% H2O2 
solution. 

Based on ISOTEC’s recommendations from the bench-scale test results, the typical strength of 
H2O2 that would be injected into the subsurface in order to achieve an approximate target of a 90% 
reduction in CVOC concentrations is 12.5% H2O2 per cubic yard of soil requiring treatment, which 
is approximately 19.97 gallons (8 x 2.49 gallons of 100% H2O2 solution). 
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B.4 ISCO Pilot Scale Treatability Study 

Figure B-3 shows the locations of the two areas where ISCO was applied during the pilot scale 
treatability study areas at the Site: (1) in the northern area near monitoring wells SW-02UA/LA and 
MEC-11UA, where CVOC concentrations are typically lower (with TCE concentrations of up to 
140 µg/L in well MEC-11UA in the baseline sampling which was conducted prior to the reagent 
injection); and (2) in the southern area near monitoring wells MEC-10UA/LA and LF-
10A/LF-10B, where CVOC concentrations are high (with TCE concentrations up to 400,000 µg/L 
in Lower A-Zone well LF-10B in the baseline sampling).  Wells SW-23 and SW-08UA/LA were 
used to monitor upgradient groundwater conditions in the northern area and the southern area, 
respectively.   

During the period of August 1 to 5, 2008, Wells MEC-11UA and MEC-10UA/LA were installed in 
the northern area and the southern area of the pilot scale treatability study areas, respectively, in 
accordance with the Data Gap Investigation and Treatability Studies Work Plan (MACTEC, 
2008a).  Well installation permits were obtained from the SFDPH, and the work was conducted 
under the oversight and supervision of a MACTEC registered professional geologist.  Boring logs 
and well construction logs are included as an Attachment to this appendix. 

B.4.1 ISCO Pilot Test Field Activities 

Prior to conducting the ISCO injection, baseline sampling was conducted at the monitoring wells 
noted above.  Following the baseline sampling, two ISCO injection events were conducted at the 
Site.  The first event was conducted during the week of August 18, 2008, and the second event was 
conducted during the week of October 6, 2008.  In both cases, ISOTEC personnel prepared and 
handled the MFR, which consisted of two parts oxidant chemical (12.5% H2O2) and one part iron 
catalyst.  The MFR mixture also contained a proprietary buffer chemical intended to prolong the 
chemical oxidation reaction in the subsurface.  In addition, varying quantities of pure water were 
injected in front of the oxidant-catalyst mixture to pre-check the injection system plumbing 
connections, and following the mixture as a safety precaution, to flush the plumbing of chemical 
residue. 

First ISCO Event:  During the first event, in the northern area, approximately 1,100 gallons 
(400 gallons of catalyst and 700 gallons of oxidant) of MFR were injected.  Injection was 
attempted via probes inserted into six borings (Figure B-4), but only four of the attempts were 
successful.  Only one shallow depth interval was targeted in this area (shallow), and the maximum 
depth of injection was 18 feet bgs.  The average flow rate of the catalyst was 4.00 gallons per 
minute (gpm), and the oxidant flow rate was 2.97 gpm. 

During the first event, in the southern ISCO area, approximately 9,800 gallons (3,300 gallons of 
catalyst and 6,520 gallons of oxidant) of MFR were injected.  MFR was delivered via probes 
inserted into six borings (Figure B-5).  The Lower A-Zone extends to a depth of approximately 
42 feet bgs in this area.  The injection borings were advanced to three depth intervals to cover the 
span of the saturated A-Zone: deep, intermediate, and shallow.  MFR was injected into each depth 
interval at each injection boring, except that only 5 of the 6 injection locations allowed successful 
injection of the oxidant into the deeper interval.  The deeper interval received approximately 2,500 
gallons of MFR during this event, the intermediate interval received approximately 3,700 gallons, 
and the shallow interval received approximately 3,600 gallons of MFR.  Average flow rate of the 
catalyst was 5.61 gpm and that of the oxidant was 4.65 gpm. 
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Second ISCO Event:  During the second event, in the northern ISCO area, approximately 
650 gallons of MFR (250 gallons of catalyst and 400 gallons of oxidant) were injected into the 
shallow depth interval only (Figure B-4).  MFR was delivered via four injection borings, to a 
maximum depth of 18 feet bgs.  Average flow rate of the catalyst was 3.47 gpm and that of the 
oxidant was 3.35 gpm. 

During the second event, in the southern ISCO area, approximately 11,000 gallons of MFR 
(3,550 gallons of catalyst and 7,085 gallons of oxidant) was delivered via five injection borings 
(Figure B-5).  Approximately 5,185 gallons of MFR were injected into the deeper interval, 
approximately 3,000 gallons into the intermediate interval, and approximately 2,500 gallons into 
the shallow interval.  Average flow rate of the catalyst was 6.72 gpm and that of the oxidant was 
4.40 gpm. 

B.4.2 ISCO Pilot Test Monitoring: Groundwater Testing 

Groundwater quality field parameter monitoring and laboratory analyses were conducted on 
groundwater samples collected during one baseline monitoring event (August 2008) and four 
post-injection monitoring events (performed between September 2008 to November 2008).  

Graphs showing the trends in groundwater parameter values relevant to the pilot test effectiveness 
monitoring and in chemical analytical results for the northern area during the monitoring period are 
presented on Figures B-6 and B-7, respectively.  Graphs showing the trends in groundwater 
parameter values and in chemical analytical results for the southern area during the monitoring 
period are presented on Figures B-8 through B-11, respectively. 

B.4.2.1 Northern Area Monitoring Results 

Groundwater Field Parameter Measurements:  During the first injection event, both DO and ORP 
levels increased significantly relative to baseline levels in response to the introduction of oxidant 
into the local aquifer environment.  As shown on Figure B-6, DO levels increased from 4.3 to 
33.15 mg/L in SW-02U, from 2.7 to 27.5 mg/L in SW-02LA, and from 1.67 to 12.99 mg/L in 
MEC-11UA right after the first injection.  ORP increased from < 70 millivolts (mV) to > 200 mV 
in the three wells.  No significant changes in the values of these parameters were observed in wells, 
SW-23UA, located upgradient of the area of injection. 

Following the second injection event, DO and ORP levels again increased to substantially above 
baseline levels in wells SW-02UA/LA and MEC-11UA during injection.  Values higher than 
baseline were sustained for at least a period of two weeks following the second injection event 
(Figure B-6). 

Laboratory Analysis:  Baseline measurements of CVOCs in monitoring wells SW-02UA/LA and 
MEC-11UA indicate levels of CVOCs, dominated by TCE, in the 100 µg/L range.  Post-injection 
monitoring indicated that TCE concentrations increased slightly relative to baseline concentrations 
in wells, SW-2UA/LA and MEC-11UA (Figure B-7), located within and downgradient of the 
injection array following the second monitoring event (Figure B-5). 

Hexavalent chromium was detected in the monitoring wells during baseline monitoring at 
approximately 20 µg/L, which did not change significantly during the pilot test.  Reported 
concentrations were below the California Primary Maximum Contaminant Level (MCL) for 
hexavalent chromium of 50 µg/L. 
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B.4.2.2 Southern Area Monitoring Results 

Groundwater Field Parameter Measurements:  DO levels higher than baseline levels were 
reported in wells MEC-10UA/LA and LF-10A/10B during the first injection event (e.g., DO in 
MEC-10UA increased to 35.1 mg/L from 2.53 mg/L).  No significant changes in DO levels were 
observed in well SW-08UA/LA, located upgradient of the injection area.  Following the second 
injection event, DO levels again increased to substantially above baseline levels in MEC-
10UA/LA, and LF-10A/10B during injection and values higher than baseline were sustained for at 
least a period of two weeks following the second injection event (Figures B-8 and -9). 

Laboratory Analysis:  Baseline CVOC analytical results in Lower A-Zone monitoring wells 
MEC-10LA and LF-10B indicated elevated concentrations of CVOCs with TCE concentrations of 
34,000 µg/L and 400,000 µg/L, respectively.  Baseline TCE levels in the Upper A-Zone wells were 
substantially lower; approximately 540 µg/L in LF-10A and 21 µg/L in MEC-10UA.  Total CVOC 
concentrations in MEC-10LA and LF-10B were 38,344 and 413,130 µg/L, respectively.  Total 
CVOC concentrations in LF-10A and MEC-10UA were 592 µg/L and 23 µg/L, respectively. 

Following ISCO injection, CVOC concentrations declined in Lower A-Zone wells.  TCE dropped 
from baseline concentrations of 34,000 µg/L and 400,000 µg/L to 13,000 µg/L and 230,000 µg/L 
in samples collected four weeks after the second injection event in wells MEC-10LA and LF-10B, 
respectively.  This represents a reduction in TCE concentrations of 62% and 43% in MEC-10LA 
and LF-10B, respectively.  Reductions in total CVOC concentrations in these wells were 63% and 
42%, respectively. 

Following ISCO injection, total CVOC concentrations dropped over the course of the pilot scale 
treatability study in Upper A-Zone well LF-10A; however, concentrations increased in Upper 
A-Zone well MEC-10UA.  TCE dropped from 510 µg/L to 410 µg/L in well LF-10A, but increased 
from 21 to 740 µg/L in well MEC-10UA.  The increase in TCE concentrations in MEC-10UA 
could be the result of desorption effects due to the injection of oxidant. 

Hexavalent chromium was observed in baseline analytical results in three of the four principal pilot 
study monitoring wells at concentrations ranging from 13 µg/L to 15 µg/L.  Hexavalent chromium 
was not detected in baseline monitoring of LF-10A.  The highest level of hexavalent chromium 
reported during the pilot test was 30 µg/L in LF-10A; hexavalent chromium concentrations 
remained at or near baseline in the other monitoring wells.  All reported concentrations were below 
the primary MCL of 50 µg/L. 

B.4.3 Conclusions of ISCO Pilot Scale Treatability Study 

Comparison of analytical results between the baseline sampling and the fourth post-injection 
sampling indicates the following: 

• In the northern area, where CVOC concentrations are low, concentrations of TCE 
increased slightly relative to baseline concentrations in the wells located within and 
downgradient of the injection array over the course of the pilot test. 

• In the southern area, concentrations of TCE were reduced by 20% in well LF-10A; 
however, TCE concentrations increased significantly in well MEC-10UA.  The reason for 
this significant increase is unclear, but likely the result of desorption effects due to 
injection.  
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• In the southern area, where CVOC concentrations are high in the Lower A-Zone, 
concentrations of TCE decreased by 62% and 43% in wells MEC-10LA and LF-10B, 
located at radial distances of 10 to 15 feet from the nearest injection point; corresponding 
reductions in total CVOC concentrations in these wells were 63% and 42%, respectively. 

General increases in TCE concentrations in Upper A-Zone wells (except in well LF-10A) relative 
to baseline concentrations indicate the ineffectiveness of this technology for remediation of the 
Upper A-Zone groundwater under the conditions of the pilot scale treatability testing.  In Lower A-
Zone wells located within and downgradient of the injection array in the southern area, significant 
declines in CVOC concentrations were noted, with TCE declining as much as 62% in well MEC-
10LA, located within the injection array. 

Based on the pilot study results, more significant declines in CVOC concentrations were noted in 
the Lower A-Zone than in the Upper A-Zone in response to H2O2 injection.  Further, results of the 
pilot study indicated that some decline in CVOC concentrations were even observed in one of the 
Upper A-Zone wells, LF-10A, in the southern area, where a much larger volume of oxidant was 
injected compared to the southern area.  Based on these results, if the volumes of oxidant projected 
to be required by the bench scale study are injected in the subsurface, significant declines in CVOC 
concentrations should result.  However, the overall effectiveness of this technology in achieving a 
concentration decline of more than 90% is anticipated to be cost prohibitive.  In summary, H2O2 is 
not expected to be effective for full-scale implementation at the Site.   

B.5 ERD Pilot Scale Treatability Study 

The pilot treatability study for ERD injection was performed near monitoring wells SW-07UA/LA 
and MEC-12UA/LA, MEC-13UA/LA, installed for the pilot treatability study in the central portion 
of the Site (Figure B-3).  Wells SW-05UA/LA served as the upgradient wells for the ERD pilot 
test.   

Wells MEC-12UA/LA and MEC-13UA/LA were installed in accordance with the Data Gap 
Investigation and Treatability Studies Work Plan (MACTEC, 2008a).  Well installation permits 
were obtained from the SFDPH and the work was conducted under the oversight and supervision of 
a registered professional geologist.  Boring and well completion logs are included as an Attachment 
to this appendix. 

B.5.1 ERD Pilot Test Field Activities 

Prior to conducting the ERD injection, baseline sampling was conducted at the monitoring wells 
noted above.  Following completion of the baseline sampling, two ERD injection events were 
conducted at the Site.  The first event was conducted during the week of August 18, 2008, and the 
second event was conducted on October 30 to 31, 2008.  Figure B-12 presents the locations of the 
injection borings relative to the monitoring wells used in the ERD pilot test. 

During the first injection event, six injection borings were located in an array upgradient and 
cross-gradient of SW-07UA/LA.  Each boring was advanced to a pre-determined depth and sodium 
lactate was administered through a 4-foot injection screen attached to the probe-end.  Injection 
depths were chosen to span the Upper A- and Lower A-Zones.  Approximately 2,030 gallons of 
20% sodium lactate solution were injected into the Upper A-Zone (15 to 25 feet bgs), and 
1,040 gallons of 20% sodium lactate solution into the Lower A-Zone (26 to 40 feet bgs), with an 
average injection flow rate of approximately 3 gpm. 
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During the second injection event, four new injection borings were drilled at the locations depicted 
on Figure B-12.  Approximately 500 gallons of 12.5% sodium lactate were injected into the Upper 
A-Zone, and approximately 985 gallons were injected into the Lower A-Zone, with an average 
injection flow rate of approximately 7 gpm. 

B.5.2 ERD Pilot Test Monitoring: Groundwater Testing 

Groundwater quality field parameter monitoring and laboratory analyses were conducted on 
groundwater samples collected during one baseline monitoring event (August 2008) and six post-
injection monitoring events (September 2008 to January 2009).  Further, microbiological analyses 
were also conducted on baseline groundwater samples and following the second ERD injection 
event in December 2008.  Graphs showing the trends in groundwater parameter values and in 
chemical analytical results for the ERD pilot test area are presented on Figures B-13 through B-20. 

Groundwater Field Parameter Measurements:  During the course of the pilot study, groundwater 
parameters (i.e., DO, ORP, Fe2+, and pH) were measured in the monitoring wells.  Decline in DO 
and ORP levels and increase in Fe2+ concentrations in response to sodium lactate injection in wells 
SW-7UA/LA, MEC-12UA/LA, and MEC-13UA, indicates creation of the reducing environment 
favorable for anaerobic bacteria necessary for ERD.  Significant changes in these parameters were 
not observed in upgradient wells SW-5UA/LA or the artesian well MEC-13LA, which is screened 
below the targeted treatment zone. 

Microbiological Analyses:  Microbiological analyses consisting of Gene Trac Dhc and VCR 
enzyme testing were conducted on wells MEC-12UA/LA and MEC-13UA/LA prior to injection, 
and on wells SW-7UA/LA, MEC-12UA, and MEC-13UA/LA following the second round of 
injection (December 2008 sampling).  The analytical results are presented in Appendix C. 

In baseline samples, Dhc results ranged from non-detect to a maximum of 1 x 103 cells/L, and the 
VCR results ranged from non-detect to a maximum of 3 x 105 cells/L.  In the December 2008 
sampling, Dhc results ranged from non-detect to a maximum of 5 x 107 cells/L.  In this sampling 
event, VCR was not reported above laboratory reporting limits. 

Laboratory Analytical Measurements: 

Electron Donor and Electron Acceptor Testing:  Concentrations of sodium lactate injected to 
supply carbon/energy for stimulation of anaerobic bacteria necessary for the ERD process were 
tracked through total organic carbon (TOC) testing in monitoring wells.  Increase in TOC levels 
indicates the ability of ERD in delivering this carbon/energy source necessary for ERD.  Following 
injection, TOC levels increased in wells SW-7UA/LA, 10 feet away from the nearby injection 
wells, and MEC-13UA, located approximately 30 feet downgradient of the southernmost injection 
boring, which indicates a ROI of 10 to 30 feet could be achieved through this application (Figure 
B-12).  Post-injection observations also demonstrate that greater than100 mg/L TOC 
concentrations were maintained in SW-7UA from September 2008 to March 2009 and in SW-7LA 
from November 2008 to March 2009, indicating a potential residence time of 4 to 6 months 
(Figures B-13 and B-14).  

Concentrations of electron acceptors (i.e., nitrate and sulfate) reduced in wells SW-7UA/LA and 
MEC-13UA; concentration reduction of these acceptors is indicative of the stimulation of the 
reducing environment necessary for ERD.  Limited reductions in nitrate concentrations were also 
observed in well, MEC-12UA.  Significant changes to the concentrations or electron donors or 
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acceptors after injection were not observed in upgradient wells, SW-5UA/LA, or in the artesian 
well MEC-13LA.  

CVOC and Dissolved Gases Testing:  Over the course of ERD pilot test, PCE/TCE concentrations 
have shown significant decline in wells SW-7UA, SW-7LA, and MEC-13UA (Figures B-18 and 
B-20).  PCE and TCE concentrations in well SW-7UA have consistently declined as much as one 
order of magnitude since September 2008.  Observations during January through May 2009 
demonstrate that both PCE and TCE concentrations in well SW-7LA appeared to be approaching 
50 µg/L, representing over 50 times reductions as compared to their concentrations observed in 
early September 2008.  In well MEC-13UA, PCE/TCE concentrations have declined by about one 
order of magnitude relative to their baseline concentrations.  No significant changes were observed 
in PCE/TCE concentrations in well MEC-13LA, which is screened below the targeted treatment 
zone, and the upgradient wells, SW-5UA/LA.  Further, the PCE/TCE concentrations in wells 
MEC-12UA/LA remained below 50 µg/L throughout the course of the pilot study, and PCE 
concentrations in MEC-12LA was observed to decline to below MCL (i.e., 5 µg/L) in sampling 
events from October 2008 through February 2009.  It is also noted that following the first and/or 
second injections, an increases of total CVOC concentrations relative to their baseline 
concentrations in wells SW-7UA/LA and MEC-13UA were observed.  The reason for this increase 
is unclear, but likely the result of desorption effects due to injection. 

Cis-1,2-dichloroethene (cis-1,2-DCE or cis-DCE) and vinyl chloride (VC) are PCE and TCE 
degradation products.  Over the course of the pilot treatability study, concentrations of cis-1,2-DCE 
increased by approximately three orders of magnitude in wells SW-7UA/LA and MEC-13UA.  
VC concentrations also increased from non-detectable to highs of 1,600 µg/L (February 2009), 
730 µg/L (January 2009), and 910 µg/L (March 2009) in wells SW-7UA, SW-7LA, and MEC-
13UA, respectively.  Concentrations of cis-1,2-DCE have declined from a high of 2,400 µg/L in 
October 2008 to 100 µg/L in May 2009 in well SW-7UA, and from 1,400 µg/L in December 2008 
to 180 µg/L in May 2009 in well SW-7LA, which indicates faster breakdown relative to the 
formation rates of cis-1,2-DCE in these wells. 

Increases in one or more dissolved gases (ethene, ethane, and methane), which are the final 
degradation products of PCE/TCE reductive dechlorination, have been reported in wells 
MEC-12UA/LA, SW-7UA/LA, and MEC-13UA (Appendix C).  Samples collected in March 2009 
were analyzed for dissolved hydrocarbon gasses.  Only methane was detected in those samples.  
Methane was detected in all samples (SW-07UA/LA and MEC-13UA) at levels from 1.5 mg/L to 
6.4 mg/L.  Previously, low ethene levels were observed in samples collected from SW-07UA in 
December 2008.   

B.5.3 Contaminant Attenuation Analysis 

In general, the overall attenuation of CVOCs in groundwater is a combined effect of several 
processes including advection, dispersion, dilution, sorption, and biodegradation.  However, as 
discussed Section B.5.2, the majority of reduced CVOC (e.g., PCE and TCE) concentrations over 
the course of ERD pilot test are due to the enhanced reductive dechlorination (i.e., biodegradation).  
Because of this reason and considering the difficulties in separating the enhanced biodegradation 
from other effects responsible for the overall attenuation, the overall CVOC attenuation in wells 
SW-7UA and SW-7LA over the course of ERD pilot test will be illustrated as “apparent 
biodegradation.”  
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It is appropriate to employ the first-order approximation to estimate the rates of CVOCs, assuming 
the rate of biodegradation is solely controlled by the CVOC concentrations.  The first-order rate 
law can be described by the following ordinary differential equation: 

C
dt
dC λ−=  

where C = concentration at time t, and λ = first-order rate constant [1/T].  

Solving this differential equation yields C = C0*exp(-λt) (where C0 is the initial concentration).  
Accordingly, the half-life of the reaction (denoted as t1/2) is expressed as: 

λ
2ln

2/1 =t  

Attenuation Rate Analysis: As shown on Figure B-13, a reducing condition was fully developed 
and maintained in SW-7UA from early October 2008 through March 2009, evidenced by low 
nitrate (<5.0 mg/L) and sulfate (< 20.0 mg/L) concentrations and negative ORP (< -50 mV).  This 
reducing condition is considered to be favorable for stimulating microorganisms to complete 
“reductive dechlorination.”  Given that there might be a lag (likely 1-week to 1-month) for 
bacterial accumulation from the established reducing condition, it would be appropriate to use the 
field data over the period of November 2008 through March 2009 to estimate the first-order 
biodegradation rate constants.  

Figure B-21 depicts an exponential regression of CVOC concentrations in SW-7UA against the 
attenuation time (in days).  The power of the exponential regression is –λt, corresponding to a first-
order biodegradation with a rate constant of λ.  The correlation coefficient, R2, is a measurement of 
how well the regression relationship approximates the data.  Values of R2 can range from 0 to 1; 
the closer R2 is to 1, the more accurate the equation describing the trend in the data.  Values of R2 
for PCE, TCE, and cis-1,2-DCE (i.e., cis-DCE) regressions are close to or above 0.80, suggesting 
that the first-order rate law reasonably describes the attenuation of CVOCs in SW-7UA over the 
period of November 2008 through March 2009.   

Similar to SW-7UA, also depicted on Figure B-21 is the exponential regression of CVOC 
concentrations in SW-7LA against the elapsed days.  Compared to SW-7UA where the reducing 
condition (i.e., ][ 3

−NO < 5 mg/L, ][ 2
4
−SO < 20 mg/L, and ORP < -50 mV) favorable for reductive 

dechlorination was established in early October 2008, the development of this reducing condition 
in SW-7LA had not been completed before the second injection event (i.e., October 31 2008), 
leading to relatively weaker regression relationships of CVOC concentrations vs. time in SW-7LA 
(e.g., less than 0.70 of R2 for PCE and cis-DCE). 

Regardless of the correlation coefficients, regression analyses demonstrate that degradation rates 
range from 0.012 to 0.023 per day for PCE, 0.008 to 0.030 per day for TCE, and 0.006 to 0.013 per 
day for cis-DCE.  The values of the estimated biodegradation rates for PCE and TCE fall in the 
documented ranges of biodegradation rate constants (day-1) of [0.0, 0.071] for PCE and [0.00082, 
0.04] for TCE (Aronson, D. and P.H. Howard, 1997, Anaerobic Biodegradation of organic 
chemicals in groundwater: a summary of field and laboratory, Syracuse Research Center, NY).  
Accordingly, the half-life of biodegradation varies in the range of 30 to 58 days for PCE, 23 to 
87 days for TCE, and 53 to 115 days for cis-DCE.   
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Anticipated CVOC Changes in Concentrations: The estimated rate constants and/or half-life 
values of CVOC biodegradations can be used in predicting the change in CVOC concentrations 
under the reducing conditions to be established during the full-scale ERD application.  Based on 
the half-lives of PCE and TCE, it is anticipated to take 30 to 58 days and 23 to 87 days to destruct 
half of the original PCE and TCE concentrations, respectively.  Moreover, Figure B-22 presents the 
anticipated CVOC concentration change, assuming a hypothetical date of May 2009 for the ERD 
treatment to be initiated.  To be conservative, this calculation was performed using the maximum 
CVOC concentrations observed during the most recent groundwater monitoring event and the low 
bound values of the biodegradation rates for CVOCs (i.e., 0.012, 0.008, and 0.006 per day for PCE, 
TCE, and cis-DCE, respectively).  The calculation indicates that the anticipated time to meet MCLs 
are 23, 44, and 63 months for PCE, TCE, and DCE, respectively (MCL of 5.0 parts per billion 
(ppb) for PCE and TCE, and 6.0 ppb for DCE).  The change in VC concentrations could not be 
predicted primarily because current data indicate that the sequential dechlorination appears to be 
stalled at the final stage (i.e., from VC to ethene) likely due to an insufficient number of VCRs 
(Appendix C; Laboratory Analytical Results), which may be indicative of the potential need for 
“bioaugmentation” through addition of bacteria capable of sustained dechlorination of VC. 

B.5.4 Conclusions of the ERD Pilot Scale Treatability Study 

The analytical results of the baseline sampling and post-injection sampling through January 2009 
indicate the following: 

• Field conditions suitable for reductive dechlorination, as demonstrated by a decline in ORP 
levels at wells SW-7UA/LA, MEC-12UA/LA, and MEC-13UA, were created in response 
to sodium lactate injection. 

• Significant decline in concentrations of electron acceptors were noted in monitoring wells 
located at distances of 8 feet (SW-7UA/LA) to 30 feet (MEC-13UA) downgradient of the 
injection array. 

• Significant decline in concentrations of PCE/TCE and increase in concentrations of 
degradation products (cis-1,2-DCE, VC, ethene, ethane, methane) were noted in wells 
located 8 to 30 feet downgradient of the injection array. 

• In well MEC-13UA, PCE/TCE concentrations have reduced significantly below their 
baseline concentrations. 

• Significant increase in Dhc bacterial counts were also noted following injection relative to 
baseline conditions. 

• No increase in VCR enzyme counts were reported following injection over the course of 
the pilot study. 

• The first-order rate law can reasonably describe the degradation of groundwater CVOCs 
under the reducing conditions produced by the ERD treatment.  

• It is anticipated that concentrations of PCE and TCE will be reduced below MCLs within 
approximately 4 years after ERD is initiated. 
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Continued sampling and testing for CVOCs, electron acceptors, and TOC is anticipated for wells 
SW-7UA, SW-7LA, and MEC-13-UA in order to: 

• Continue to evaluate trends in electron donor source (TOC) in pilot study monitoring 
wells. 

• Continue to assess the CVOC trends in wells SW-7UA, SW-7LA, and MEC-13UA. 

• Assess whether biostimulation of bacteria capable of VC dechlorination is occurring 
through testing of dissolved gases, methane, ethene, and ethane in wells SW-7UA, 
SW-7LA, and MEC-13UA.  Presence of dissolved gases in the wells with a concurrent 
stability or decline in VC concentrations would be indicative of the creation of an 
environment that will result in sustained dechlorination of CVOCs. 
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Sample Soil
Sample ID Date Sampled Depth pH Liquid Limits Plastic Limit

(feet) EPA 9045 API RP 40
MEC-1-8 7/21/2008 7-7.5 8.01 9 --
MEC-1-12 7/21/2008 11-11.5 7.89 3.5 --
MEC-2-5 7/21/2008 3.5-4 7.48 5 --
MEC-2-6 7/21/2008 6-6.5 6.75 11.1 --
MEC-2-11 7/21/2008 12-12.5 7.29 9.2 --
MEC-3-3 7/21/2008 2.5-3.5 8.35 15.8 34.2
MEC-3-4 7/21/2008 4-4.5 7.15 7.9 --
MEC-3-10 7/21/2008 9.5-10 7.48 17.8 33.4
MEC-4-5 7/22/2008 4-4.5 7.64 11.5 --
MEC-4-7 7/22/2008 6.5-7 7.33 10.9 --
MEC-4-15 7/22/2008 14.5-15 7.05 10.2 --
MEC-5-5 7/22/2008 4-4.5 7.76 5.6 --
MEC-5-15 7/22/2008 14-14.5 7.53 6.5 --
MEC-5-20 7/22/2008 19.5-20 7.47 7.5 38.9
MEC-6-5 7/22/2008 4-4.5 7.58 20.3 11.7 --
MEC-6-8 7/22/2008 7.5-8 7.68 3 --
MEC-6-23 7/22/2008 22.5-23 7.4 11.9 --

Checked:  MH-F

Approved:  MLS

Table B-1.  Summary of Soil Physical Properties

Non-Plastic

Atterberg

ASTM D4318

Non-Plastic
Non-Plastic
Non-Plastic
Non-Plastic
Non-Plastic
Non-Plastic

Non-Plastic

Total Porosity 
(% bulk volume)

Non-Plastic
Non-Plastic

Non-Plastic

Non-Plastic
Non-Plastic
Non-Plastic
Non-Plastic
Non-Plastic
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