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EXECUTIVE SUMMARY 

Environmental Resources Management (ERM) has prepared this 
Monitoring Report #1 for the Interim Remedial Measure (IRM) and 
Corrective Action Plan (CAP) remediation systems on behalf of Energizer 
Battery Manufacturing, Inc. (Energizer) for the Energizer facility at 401 
Gage Street, Bennington, Vermont (the “Site”).  The Vermont Department 
of Environmental Conservation (VTDEC), Sites Management Section has 
assigned the Site Number 2006-3509.   

The IRM remediation system was designed and installed to contain 
tetrachloroethene (PCE) and trichloroethene (TCE) impacts to 
groundwater and soil gas along the northern Energizer facility property 
line.  The CAP remediation system was designed and installed to abate 
PCE and TCE impacts to soil, groundwater, and soil gas in selected Areas 
of Concern (AOCs) at the Site.  The remedial objective is to achieve 
applicable regulatory cleanup standards at the Energizer facility property 
line. 

The IRM system consists of air sparging (AS) and soil vapor extraction 
(SVE) components.  The CAP system consists of integrated steam 
injection, AS, and SVE components.  The IRM system was installed during 
Summer and Fall 2007 and the CAP system was installed during Fall 2007 
and Winter 2007-2008.  The IRM system has been operating since 
September 2007 and the CAP system began operation in April 2008. 

The purpose of this report is to document the operations, maintenance, 
and monitoring (OM&M) data collected for the IRM and CAP remediation 
systems from September 2007 through March 2008. 
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1.0 INTRODUCTION 

1.1 OVERVIEW 

Environmental Resources Management (ERM) has prepared this 
Operations, Maintenance, and Monitoring (OM&M) Report #1 for the 
Interim Remedial Measure (IRM) and Corrective Action Plan (CAP) 
remediation systems on behalf of Energizer Holdings (Energizer) for the 
Energizer facility located at 401 Gage Street, Bennington, Vermont (the 
“Site”).  The Vermont Department of Environmental Conservation 
(VTDEC), Sites Management Section has assigned the Site Number 2006-
3509.  A Site Locus Map is provided as Figure 1.   

1.2 SITE BACKGROUND 

In February 2006, ERM conducted a limited soil and shallow groundwater 
investigation to determine if chlorinated solvents were present in the 
subsurface in the vicinity of an active vapor degreaser located in the 
northeast corner of Plant I (note: operation of this degreaser was 
subsequently discontinued in 2007).  The results of this initial 
investigation indicated that both tetrachloroethene (PCE) and 
trichloroethene (TCE) were present in soil and groundwater in the vicinity 
of the active degreaser (ERM, 2006).  Energizer verbally notified VTDEC 
of the findings of the initial investigation on 6 March 2006.  Subsequently, 
written notification was provided to the VTDEC on 16 March 2006. 

Site investigation activities focused on delineation of the extent of PCE 
and TCE impacts in soil, groundwater and soil gas.  ERM has identified 
six potential Areas of Concern (AOCs), which correspond to areas of 
former solvent usage at the facility (Figure 2): 

• AOC-1: Former degreaser area; 

• AOC-2: Former machine shop; 

• AOC-3: Current production area; 

• AOC-4: Former loading dock area; 

• AOC-5: Former drain line; and 

• AOC-6: Former process area sump. 

During 2006 and early 2007, ERM conducted a dynamic Triad site 
investigation in accordance with the VTDEC Site Investigation Procedure 
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(VTDEC, 2005).  In June 2007, ERM submitted a Site Investigation Report 
(SIR, ERM 2007a) to the VTDEC documenting the methods, results, and 
conclusions of the site investigation.  The SIR concluded that remediation 
and/or management of Site soil, groundwater and soil gas was necessary.   

The Corrective Action Feasibility Investigation (CAFI) was submitted to 
the VTDEC as part of the SIR.  The CAFI documented a formal evaluation 
of potential Site remedial alternatives.  Based on the results of the CAFI, 
ERM recommended implementation of the following remedial 
alternatives: 

• A containment remedy consisting of focused shallow soil 
excavation and air sparge/soil vapor extraction (AS/SVE) along 
the northern Site boundary; and 

• A source abatement remedy consisting of a combination of 
AS/SVE, steam-enhanced SVE, and possibly in-situ chemical 
oxidation (ISCO).  

The containment remedy design is documented in the CAFI as an Interim 
Remedial Measure (IRM).  The source area abatement remedy design is 
documented in the Corrective Action Plan Report (CAP, ERM 2007b).  A 
Final Construction Report (ERM, 2008a) was submitted on 20 June 2008 to 
document the construction of the IRM and CAP remediation systems. 

1.3 PURPOSE AND SCOPE 

The purpose of this report is to document the operations, maintenance, 
and monitoring (OM&M) data collected for the IRM and CAP remediation 
systems from September 2007 through March 2008.  The following 
activities were conducted during this reporting period: 

• Started the IRM and CAP AS/SVE system;  

• Conducted OM&M of the AS/SVE system;  

• Conducted baseline groundwater sampling in AOC-1 prior to 
steam injection; 

• Completed a steam injection calibration test; and 

• Completed monthly and quarterly soil gas and groundwater 
monitoring. 

1.4 REPORT ORGANIZATION 

The remainder of this report is divided into the following sections: 
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• Section 2.0 – Remediation System Operation and Maintenance  

• Section 3.0 – Ambient Air Sampling 

• Section 4.0 – Soil Gas Monitoring 

• Section 5.0 – Groundwater Monitoring 

• Section 6.0 – Results 



ERM 4 ENERGIZER/0081293–6/20/08 

2.0 REMEDIATION SYSTEM OPERATION AND MAINTENANCE 

Figure 3 shows the locations of the remediation wells. 

2.1 SOIL VAPOR EXTRACTION 

There are 18 SVE wells (SVE-1 through SVE-18) that are part of the IRM 
system.  Start-up of these wells occurred in September 2007.  There are an 
additional 12 SVE wells (SVE-19 through SVE-27; SVE-30 through SVE-32) 
associated with the CAP system, which became operational in January 
2008.  

Vacuum, flow and differential pressure readings from the SVE system 
collected during this reporting period are summarized in Tables 1, 2, and 
3, respectively. 

There are three 5,000-pound vapor-phase carbon vessels (VGAC-301, -302, 
and -303) onsite.  Two vessels are operated in parallel at one time, with the 
third vessel on stand-by.   

Grab air samples were collected from the inlet and outlet air streams of 
the carbon vessels using clean, laboratory-certified, stainless steel Summa-
type canisters.  Samples were collected at start-up and then 1, 2, 3, and 5 
weeks following start-up.  Monthly samples were collected thereafter.  
The air samples were analyzed by Alpha Woods Hole Laboratories of 
Westborough, Massachusetts (Alpha) for chlorinated volatile organic 
compounds (CVOCs) by Method TO-15.  These data are used to estimate 
the contaminant mass removed by the SVE system over time.  

Laboratory analytical results of the off-gas treatment system samples are 
summarized in Table 4.  Laboratory analytical reports for these air 
samples are attached as Appendix A.  A graph showing total CVOCs 
removed during this reporting period is provided as Figure 4.  

An additional effluent sample was collected in November 2007.  This 
sample was analyzed for CVOCs by Method TO-15 (Select Ion Method) to 
obtain lower detection limits to better understand if PCE and TCE were 
present in the effluent. 

Vessels VGAC-301 and -302 were operational from the start-up and 
testing of the IRM system in September 2007 through 1 April 2008.  Based 
on the data collected on 25 March 2008, it was determined that the carbon 
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in VGAC-301 was spent, and that vessel was taken out of service.  On 2 
April 2008, the vessels were reconfigured such that VGAC-302 and -303 
were online. 

2.2 AIR SPARGING 

There are 45 AS wells (AS-1 through AS-45) associated with the IRM 
system.  Start-up of these wells occurred in September 2008.  There are an 
additional 12 active AS wells (AS-53 through AS-57; AS-59 through AS-64; 
AS-66) associated with the CAP system, which became operational in 
January 2008.  There are also five inactive AS wells in AOC-2 (AS-69 
through AS-71, AS-74; AS-75), which can become operational, if needed. 

Pressure and flow readings from the AS system during this reporting 
period are summarized in Tables 5 and 6, respectively. 

2.3 GENERAL SYSTEM PARAMETERS 

Additional measurements are collected to monitor the operation of the 
AS/SVE remediation equipment. The measurements include: 

•  temperature of the AS and SVE blower effluent; 

• Temperature and pressure of the non-contact cooling water and 
effluent air at the air-to-water heat exchangers; and 

• Total combined flow of the SVE system. 

A summary of these measurements is provided in Table 7. 

2.4 STEAM INJECTION 

A calibration test of the steam injection system was conducted between 10 
and 14 March 2008.  A summary of the test is provided as Appendix B.  
The calibration test was conducted before the full-scale injection was 
conducted.  The objectives of the calibration test were to evaluate: 

• steam injection rates and back pressures; 

• heating rates at discrete depths within the aquifer; 
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• the efficacy of steam injection versus steam/air pulsed injection; 
and 

• system integrity (i.e., do all parts of the system operate as 
designed). 

The steam calibration test was conducted within AOC-1.  Short-term 
steam injections were conducted at steam injection wells SIW-8, SIW-9 
and SIW-12.  These steam injection wells were selected due to their close 
proximity to the following temperature monitoring points (TMPs): 

• SIW-8:  TMP-59 (12.3 ft), 

• SIW-9:  TMP-64 (6 ft), and 

• SIW-12:  TMP-53 and TMP-56 (11.4 ft and 9 ft, respectively). 

Steam was injected into SIW-8 and SIW-9, but air was also pulsed into 
SIW-12 to determine if an air/steam combination was more effective than 
steam injection alone.   

The TMPs were used to determine temperature changes in the subsurface.  
These data were graphed (Appendix B) and used to estimate the rates of 
heating that could be expected during full-scale steam injection. 

Groundwater extraction was not needed during the calibration test.  
However, two extraction wells (EW-3 and EW-4) were operated to test the 
onsite water treatment system. The extracted groundwater remained in 
the onsite holding tank at the end of the calibration test.   

A discussion of the full-scale steam injection program is provided in 
Section 6.0.   
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3.0 OUTDOOR AMBIENT AIR MONITORING 

At the request of the VTDEC, outdoor ambient air sampling was 
conducted as part of the start-up of the IRM system.  Samples were 
collected at two locations along the northern property boundary.  The 
purpose of these samples was to determine if the IRM system operation 
(particularly the SVE off-gas effluent) would have an effect on ambient air 
quality.  Ambient air sample OAA-105 was located at the southwest 
corner of the residential property at 403 Gage Street.  Sample OAA-106 
was collected northwest of the facility, at the corner of Pratt and Gage 
Streets.  Locations of OAA-105 and OAA-106 are shown on Figure 3. 

Baseline ambient air samples were collected prior to start-up of the IRM 
system.   Three weekly and then three monthly ambient air samples were 
collected following start-up of the IRM system.  

Samples were collected using clean, laboratory-certified, 6-liter, Summa-
type canisters with two-hour calibrated regulators connected to the 
dedicated polyethylene tubing with a “swagelok®-type” fitting.  The 
samples were 8-hour composite samples.  Samples were submitted to 
Alpha for analysis of CVOCs using EPA Method TO-15 select ion 
monitoring (SIM).   

Table 8 summarizes the ambient air analytical data collected during this 
reporting period.  Laboratory analytical reports are attached as Appendix 
A. Results of the outdoor ambient air sampling are discussed in Section 
6.0. 
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4.0 SOIL GAS MONITORING 

ERM has conducted active soil gas sampling since July 2006 to delineate 
the extent of CVOC impacts to soil gas on and off Site.  Figure 5 shows the 
locations of the 33 active soil gas locations (ASG-1 through ASG-33).  
Active soil gas samples were collected from locations ASG-14, -16, -17, -18, 
-20, -28, -32, and -33 during this reporting period.   

Prior to collection of the soil gas samples, the soil gas probes and tubing 
were purged of a minimum of three tubing volumes at a rate not 
exceeding 0.2 liters per minute.  Helium was used as a tracer gas to 
determine whether ambient air was being drawn into the sampling zone.  
Samples were collected using clean, laboratory-certified, 6-liter, Summa-
type canisters with two-hour calibrated regulators connected to the 
dedicated polyethylene tubing with a “swagelok®-type” fitting.   

Soil gas samples were submitted to Alpha for analysis of CVOCs using 
EPA Method TO-15.  Results were reported for site-specific target 
analytes.  Table 9 and Figure 5 present a summary of active soil gas 
sample results collected during this reporting period.  Laboratory 
analytical reports are attached as Appendix A. Results of the soil gas 
sampling are discussed in Section 6.0.   

As requested by the VTDEC, monthly sampling of locations ASG-32 and 
ASG-33 occurred in October, November and December 2007 following 
start up of the IRM AS/SVE system.  In February 2008, soil gas samples 
were collected in conjunction with residential indoor air samples and 
outdoor ambient air samples.  Additional samples were collected in March 
2008.  Results of this investigation were presented in the Vapor Intrusion 
Investigation Report submitted to the VTDEC in April 2008 (ERM, 2008b).   
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5.0 GROUNDWATER MONITORING 

Groundwater monitoring was performed following start-up of the IRM 
system to determine the system’s effectiveness in reducing CVOC 
concentrations.  Additional groundwater sampling was conducted prior 
to the steam injection calibration test to establish baseline CVOC 
concentrations.  

Historic groundwater data is presented in the SIR and CAP reports (ERM 
2007a, 2007b).   

Groundwater samples from the monitoring wells were collected using 
low-flow sampling techniques and submitted to Alpha for analysis of 
CVOCs by EPA Method 8260, unless otherwise noted.  Groundwater 
monitoring analytical results for this reporting period are summarized in 
Table 10.  Laboratory reports for groundwater analytical results are 
provided in Appendix C.   

5.1 MONTHLY & QUARTERLY GROUNDWATER MONITORING 

Samples were collected from ERM-12, ERM-13, ERM-14, ERM-15, ERM-16 
and ERM-17 in September 2007 as part of additional off-site investigation 
activities.  These samples were analyzed for target compounds only by 
Stone Environmental (Stone) using their on-site field laboratory.   

After start-up of the IRM AS/SVE system, groundwater samples were 
collected in October, November, and December 2007 from ERM-12, ERM-
19 and ERM-20.   

Quarterly groundwater monitoring commenced in March 2008.  
Monitoring points sampled during the quarterly event included ERM-12, 
ERM-13, ERM-14, ERM-16, ERM-17, ERM-18, ERM-19 and ERM-20.  The 
SIR (ERM, 2007a) shows groundwater elevations at the site.  Figures 6 and 
7 show PCE and TCE concentrations, respectively, at these monitoring 
wells in March 2008. 

5.2 BASELINE GROUNDWATER SAMPLING 

Following installation of the CAP wells, groundwater samples were 
collected between July and September 2007 at AS well locations and IW 
locations in AOC-1.  These wells are screened in the sand and gravel layer.  
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These samples were analyzed primarily by Stone and their on-site field 
laboratory, with four AS/IW locations from July 2007 being sent to Alpha 
for CVOC analysis.  Two soil boring locations, SB-68 and SB-72, were also 
sampled for CVOCs in groundwater by Stone and their onsite lab in 
September 2007.  These locations were originally intended to be AS/IW 
locations but were determined to be unnecessary during final 
construction. 

The groundwater results are presented in Table 10.  Figures 8 and 9 show 
PCE and TCE concentrations, respectively, in AOC-1. 

In February 2007, ERM also collected groundwater samples from nine SIW 
wells (SIW-8, SIW-9, SIW-10, SIW-11, SIW-12, SIW-13, SIW-14, SIW-15, 
and SIW-16) and four groundwater extraction wells (EW-1, EW-2, EW-3, 
and EW-4).  These wells are screened in the silt layer.  These samples were 
collected to measure baseline CVOC groundwater concentrations in the 
silt layer prior to steam injection.  

Due to low hydraulic conductivity in the silt layer, groundwater samples 
were collected by purging each well dry and then letting it recharge.  
Samples were collected using a peristaltic pump and disposable tubing 
and submitted to Alpha for analysis of CVOCs by EPA Method 8260.  
Figures 10 and 11 show PCE and TCE concentrations, respectively, in the 
SIW and EW wells. 

Groundwater results are discussed in Section 6.0.    
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6.0 RESULTS AND RECOMMENDATIONS 

6.1 REMEDIATION SYSTEM OPERATION 

6.1.1 AS/SVE Systems 

Based on the OM&M data collected during this reporting period, the 
following conclusions can be made regarding the operation of the 
remediation systems: 

• Based on SVE system vacuum data, the SVE system is adequately 
capturing vapors within the vadose zone. 

• The air flow from each SVE well is greater than or equal to what 
was anticipated based on a field-scale pilot study conducted in 
March 2007 (ERM, 2007b). 

• The vapor-phase activated carbon is effective in treating the SVE 
off-gas. 

• The AS pressures and flows are consistent with the system design. 

• The remediation equipment (i.e., blowers, moisture separators, heat 
exchangers) is operating as designed and has adequate capacity for 
operating the AS and SVE wells.  

6.1.2 Steam Injection 

Full-scale steam injection commenced in April 2008.  Details of the full-
scale implementation will be provided in OM&M Report #2.  However, 
based on the steam injection calibration test, the following assumptions 
can be made regarding the full-scale steam injection: 

• The maximum steam injection rate at each SIW location is 
estimated to be 1,500 pounds per hour (lb/hr).  This is less then the 
design flow rate of 2,500 lb/hr. 

• It will be possible to inject into four SIW locations simultaneously. 

• Fuel and water use is expected to be less than the design 
consumption rates. 
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6.2 AMBIENT AIR 

Changes in ambient air quality do not appear to be significant following 
start-up of the SVE system.  PCE and TCE concentrations are consistent 
with other ambient air samples collected in the vicinity of the facility, as 
reported in the Vapor Intrusion Investigation Report (ERM, 2008b). 

6.3 SOIL GAS 

The following conclusions can be made relative to the active soil gas 
sampling during this reporting period: 

• PCE and TCE concentrations at ASG-14, located in the facility’s 
northwest parking lot, have decreased since the start-up of the IRM 
system. PCE concentrations decreased from 7,890 micrograms per 
cubic meter (ug/m3) in July 2006 to 3.2 ug/m3 in March 2008. 

• PCE and TCE concentrations at ASG-32 and ASG-33, the residential 
locations closest to the IRM barrier, have decreased since the start-
up of the IRM system.  At ASG-32, PCE concentrations decreased 
from 332 ug/m3 in July 2007 to 6.14 ug/m3 in February 2008.  At 
ASG-32, PCE concentrations decreased from 5,530 ug/m3 in July 
2007 to 6.8 ug/m3 in February 2008. 

6.4 GROUNDWATER 

The following conclusions can be made relative to the groundwater 
sampling during this reporting period: 

• PCE and TCE concentrations in groundwater at ERM-12, ERM-13, 
ERM-17, ERM-19 and ERM-20 have decreased since the start-up of 
the IRM system.  At ERM-12, PCE has decreased from 120 
micrograms per liter (ug/L, February 2007) to 69 ug/l (March 
2008).  At ERM-20, PCE decreased from 190 ug/L (July 2007) to 96 
ug/L (March 2008). 

• PCE and TCE concentrations in groundwater have remained 
generally constant at ERM-14, ERM-15, and ERM-16.  The most 
significant change in PCE is at ERM-16, with a decrease from 54 
ug/L (May 2007) to 31 ug/L (March 2008). 
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6.5 RECOMMENDATIONS 

The following are recommended for the next reporting period: 

• Continue operation and maintenance of the IRM system; 

• Initiate full-scale start-up of the steam injection system; 

• Continue quarterly active soil gas sampling at ASG-14, ASG-32, 
and ASG-33; and 

• Continue quarterly groundwater monitoring at ERM-12, ERM-13, 
ERM-14, ERM-15, ERM-16, ERM-17, ERM-19, and ERM-20. 
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Appendix A 
Air Sample Analytical Results 



 
 
 
 

Appendix B 
Steam Injection Calibration Test Memo 
 
 



 
 
 
 

Appendix C 
Groundwater Sample Analytical Results 
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