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1.0 INTRODUCTION 

1.1 Scope 

This Bioremediation Pilot Study Work Plan has been prepared for remedial action at the 

Chem Core site as required under Subtask 3.1 of Work Assignment D003825-61.  The report 

describes the means and methods for implementing a bioremediation pilot study at an off-site 

location south of the site. 

1.2 Background 

The Record of Decision (ROD) for the Chem Core site includes the following elements to 

address groundwater remediation: 

1. Install and operate a groundwater pump and treat system on site. 

2. Evaluate results from the on-site pump and treat system after five years and 

determine if additional measures (e.g. bioremediation) are necessary to achieve the 

remediation goal. 

3. Implement a bioremediation pilot study off site to use as a basis for full scale 

implementation of bioremediation at the five year point of remediation, if necessary. 

This report addresses the conceptual design for the third element of groundwater 

remediation presented above.   

1.3 Objectives  

A 1-year pilot study will be implemented to satisfy the following objectives: 

1. Evaluate the impact of in-situ bioremediation on concentrations of chlorinated 

hydrocarbons in groundwater south of the site. 
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2. Develop a basis for full scale design with regard to the quantity and frequency of 

injection of bioremediation products into the groundwater.  (It should be noted that 

this basis will only be valid if groundwater concentrations at the source are reduced 

significantly by the pump and treat system so they are similar (no greater than 10 

ppm VOCs) to concentrations in the pilot test area.) 
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2.0 DESIGN 

2.1 Bioremediation Products 

Bioremediation products chosen for this pilot study include compounds that act as 

hydrogen donors in biological reactions and stimulate anabolic biological activity that leads to 

reductive dechlorination of chlorinated aliphatic hydrocarbons.  For the pilot study, chlorinated 

hydrocarbons of primary concern include vinyl chloride, cis 1,2 dichloroethene, trans 1,2 

dichloroethene, trichloroethene, and tetrachlorethene.  URS considered two bioremediation 

products for the bioremediation pilot test at the Chem Core site.  These products are:   

• Hydrogen Release Compound (HRC™) manufactured by Regenesis Bioremediation 

Products.  

• Edible Oil Substrate (EOS™) manufactured by EOS Remediation, Inc. 

Although experience using these products in fractured bedrock is believed to be limited, 

both products have been successfully used for chlorinated hydrocarbon remediation in 

groundwater.  URS performed an analysis (Appendix 2A) of the two products.  In our opinion 

EOS™ is more suitable for the pilot study for the following reasons: 

• EOSTM has a lower viscosity than HRCTM and may spread more completely into 

bedrock fractures and joints since a lower viscosity means it can move more readily 

in the bedrock aquifer. 

• EOSTM is a slower release compound than HRCTM.  A slow release compound is 

more appropriate for the site because of the relatively flat gradient and lower 

concentrations in the downgradient area.  

• EOSTM is blended with vitamin B12 which provides micronutrients for enhancing 

bioremediation. 

• HRCTM has to be heated before injection. 
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In addition, for this application, EOSTM is less costly than HRCTM.  As shown in 

Appendix 2A, Section 3.3, the estimated cost of EOSTM is about 40% less than HRCTM.  However 

it should be noted that the economics of a full scale application at the source could favor HRCTM, 

so economics was not the major criterion for selecting EOSTM over HRCTM.  Depending on pilot 

scale results, it is possible that HRCTM or other hydrogen donors could be evaluated for full scale 

treatment at the source.   

2.2 Injection Well Locations and Construction 

2.2.1 Well Locations 

EOS™ will be applied using 24 injection wells constructed in a nominal 4,000 square 

foot area, which is over two hundred feet south of the site (Figure 2-1).  This area was chosen 

because it is easily accessible (no buildings restrict access) and because total chlorinated 

hydrocarbon concentrations in area monitoring wells are relatively high (1-2 parts per million - 

ppm), but not as high as the source area.  In the source area, total chlorinated hydrocarbon 

concentrations are in the range of 10-50 ppm.  Source area concentrations are expected to 

decrease as a result of implementing pump and treat technology at the source, and it is hoped that 

they will be comparable to the present downgradient pilot study concentrations in the future (i.e. 

after five years).   

2.2.2 Well Construction 

Injection wells will be installed in a grid pattern using spacing of approximately 15 feet.  

Each injection well will be installed to depth of approximately 40 feet (20 feet into the saturated 

zone.)  Construction specifications shall be as follows:   

• 4-inch diameter steel casing installed approximately 2-3 feet into bedrock. 

• 3 ⅞-inch diameter open rock hole from the base of the casing to a depth of 40 feet. 

• Annular backfill consisting of cement/bentonite grout. 

• Flush-mount protective curb box with locking cover and concrete apron. 
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Prior to drilling, each proposed injection well location will be cleared to avoid 

underground utilities and structures.  Commercial utility locating services, public utilities, and the 

City of Buffalo will be contacted to provide subsurface utility information.   

2.2.3 Well Development 

All new injection wells will be developed by pumping until the discharge water is 

relatively free of sediment and measured water quality parameters have stabilized.  Measurements 

of pH, conductivity, and temperature will be taken from the pump discharge at the following 

frequency: 

• Initial discharge 

• Every static well water volume 

The static water level will be measured in each well prior to and at the conclusion of 

development.   

2.3 Injection Rate 

As currently envisioned, EOSTM will be injected once at the beginning of the one-year 

pilot test period.  URS and the Department will evaluate monitoring results periodically.  Another 

injection may be performed during the one-year period if results of the first injection are not 

satisfactory. 

EOSTM concentrate, in the amount of 844 pounds (110 gallons), will be used for the pilot 

study.  Prior to injection, the concentrate will be mixed with water on site.  The dilute solution 

will be prepared and applied to the saturated zone using a pressurized injection system that 

includes a motorized mixing hopper, hydraulic pump, and pneumatic packer assembly that will 

isolate each of three injection zones in each well.  Approximately 1.5 gallons of concentrated 

EOSTM (see Appendix A) diluted in 50 gallons of water will be injected into each of three equal 

intervals (zones) in each well.   
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2.4 Groundwater Flow in the Pilot Study Area 

Groundwater elevations were measured and potentiometric surfaces were plotted during 

Phase I and Phase II of the Remedial Investigation (1999 – 2002) and during the Remedial 

Design Investigation.  These data showed the following:  

• The potentiometric surface at the Chem-Core site and in and around the pilot study 

area is relatively flat. 

• Groundwater beneath the Chem-Core site generally moves westward toward the 

Black Rock Canal. 

• There is a southward component of flow from the Chem-Core site toward the pilot 

study area. 

• During the Remedial Design Investigation, flow from the pilot study area was north 

to northeast, toward the site.  This flow direction is attributed to influence of a pump 

test that was being performed on site during the Remedial Design Investigation.   

The water level data from the Remedial Design Investigation was used to calculate the 

gradient, which is an input parameter to calculate the amount of bioremediation product required 

for the pilot test.  Even though the gradient may be a temporary condition caused by pumping, it 

is believed this data provides a conservative estimate for bioremediation product use.  

Groundwater levels will continue to be monitored during the pilot test to insure conditions are 

favorable to bioremediation, and groundwater flow conditions remain in line with the model used 

to develop the remedial program.   

Monitoring wells are located immediately north, south, and east of the pilot study area.  

An additional well will be installed north of the pilot study area as shown on Figure 2-1.  These 

wells will be used to monitor groundwater flow and quality during the pilot study.  Ideally, one or 

more monitoring wells would be installed immediately west of the pilot study area.  However, 

property in this area is owned by CSX and access is restricted.  Groundwater monitoring west of 

the pilot study area is not included in the pilot study program.   
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2.5 Sampling and Monitoring 

Eight wells will be sampled four times during the pilot test.  These wells include MW-8S, 

MW-8D, MW-12, MW-16, MW-18, a new well (see Figure 2-1) and two injection wells located 

on the east edge of the injection grid.  Sampling activities are summarized in Table 2-1.  

Sampling will occur once before the pilot study begins (a baseline event), and three times during 

the one-year pilot study period.  In addition, all wells will be monitored once a month for the 

following parameters:  DO, ORP, pH, temperature, conductivity and static water level (See Table 

2-1).  A schedule for sampling events is included in Table 5-1. 
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3.0 FIELD PROGRAM 

3.1 Injection Method 

EOSTM will be mixed on site at a ratio of 33.3 gallons of water to 1 gallon of EOSTM 

concentrate.  Five hundred milliliters of Vitamin B12 supplement, supplied by the manufacturer, 

will be added to each 55-gallon drum of EOSTM concentrate.  In addition, sodium sulfite will be 

added as an oxygen scavenger to prevent the introduction of oxygen into the EOSTM mixture 

during injection.  The dilute solution will be prepared and applied the saturated zone using a 

direct pressurized injection system that includes a motorized mixing hopper, hydraulic pump 

(with a minimum pressure rating of 1,500 pounds per square inch - psi), and pneumatic packer 

assembly.  The solution will be injected under pressure in three successive increments of 

approximately 6 to 7 feet, starting from the bottom of each open rock intake.  Each zone will be 

isolated by the packers.  Approximately 1.5 gallons of concentrated EOSTM mixed in 50 gallons 

of water will be injected into each 6 to 7 foot increment.  The quantity of water injected into each 

increment represents about one half the pore volume in a section of bedrock 15 feet in diameter 

(the distance between wells) and 7 feet high.   

3.2 Decontamination 

All drilling equipment will be steam cleaned prior to use at the site and prior to 

demobilization from the site.  Downhole equipment, such as drive points and rods, will also be 

cleaned between well and injection locations. 

3.3 Borehole Logging/Well Installation 

A geologist will oversee the drilling and well construction processes.  He/she will log 

each borehole and document the as-built well details on well construction log sheets.  
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3.3.1 Hydraulic Conductivity Testing 

Slug tests will be performed in all 24 injection wells using a Hermit Data Logger, 

pressure transducer, and stainless-steel slugs. Both falling head (slug-in) and rising head (slug-

out) tests will be performed. The tests will consist of inserting or removing the slug from the well 

and monitoring the recovery of the water level in the well to static conditions. If the recovery of 

the water level in the well is less than 30 minutes, only the relative order of magnitude of 

hydraulic conductivity will be estimated. If the recovery of the water level in the well is more 

than 30 minutes, then detailed calculations of the hydraulic conductivity will be conducted. These 

calculations will be made using the methods of Bouwer and Rice (1976) and Bouwer (1989). The 

field crew will conduct the slug tests using the procedures outlined in the work plan used as part 

of the Remedial Investigation. 

3.4 Location of Injection Wells 

Each injection well will be surveyed by URS.  Survey will include northing, easting and 

elevations of ground and top of well casing. 

3.5 Groundwater Sampling 

The static groundwater level will be measured at each monitoring well prior to purging 

and sample collection.  An electronic water level indicator will be used to measure the depth to 

the water surface, from the top of the well riser pipe, to the nearest 0.01-foot. 

Groundwater samples will be collected using low-flow purging and sampling procedures.  

Water will be purged from each well using a low-flow peristaltic pump operated at a discharge 

rate of less than one (1) liter per minute.  The purging rate will be maintained at a rate sufficient 

to prevent drawdown in excess of ten percent of the standing water column.  Dedicated new 

discharge and intake tubing will be used for each well.  The tubing inlet will be set at the 

midpoint of the well screen.  Purging will continue until the water quality parameters have 

stabilized, determined by the following criteria: 
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• pH ± 0.10 SU 

• Specific conductivity ± 3% of full scale 

• Temperature ± 0.2° C 

Water quality parameter readings will be recorded on low-flow purging and sampling 

procedures.  Once purging is complete, groundwater samples will be collected using the 

peristaltic pump.  Groundwater samples will be analyzed for the parameters listed in Table 2-1. 

3.6 Chain of Custody and Shipping 

Chain of Custody (COC) procedures will be used to ensure the custody and integrity of 

the samples from the time of sampling and continuing through transport, sample receipt, 

preparation, analysis, storage, reporting, and sample disposal.  Records concerning the custody 

and condition of the samples will be maintained in the field and laboratory records.  Information 

on the custody, transfer, and shipping of samples will be recorded on COC forms that will be 

initiated in the field by the sampler.  Each COC form will include the following information: 

• Project Number 

• Site name 

• Name of sampler(s) 

• Unique sample identification 

• Date and time of sample collection 

• Sample type 

• Preservative used 

• Analytical requirements 

• Method of shipment 

• Custody transfer signatures and the dates and times of sample transfer from the field 

to the transporter and to the laboratory. 
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Samples collected in the field will be transported in coolers to the laboratory as 

expeditiously as possible.  The samples will be packed with ice or freezer packs to maintain a 

temperature of 4° C. 

3.7 Field Documentation 

Field activities will be documented using field notebooks, photographs, and standard 

field forms.  Field notebooks will serve as the primary record of activities at the site.  Field 

notebooks will be bound with consecutively numbered pages.  All entries into the notebook will 

contain a variety of information including:  dates, times, weather, personnel at the site and 

affiliations, equipment being used, level of personnel protective equipment, instrument 

calibration, drilling information, sampling/measurement data, and any other relevant information.  

If any incorrect entry is made, the information will be crossed out with a single strike mark and 

initialed.  Field notebooks will be stored in a project file when not in use. 
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4.0 DATA ANALYSIS AND REPORTING 

A bioremediation pilot study report will be prepared under Subtask 3.4 of Work 

Assignment D003825-61 at the completion of the pilot test.  The report will include the 

following: 

1. Drilling Data 

a.) Boring logs 

b.) Well construction diagrams 

c.) Well development logs 

d.) Well purging and sampling logs 
 

2. EOS™ Injection Data 

a.) Product data 

b.) Injection method 

c.) Injection parameters (interval, amount, and pressure) 

 
 3. Monitoring Data 

a.) Groundwater surface elevations 

b.) Chemical analytical data 

c.) Geochemical data (attenuation parameters) 

 

 4. Data Evaluation and Results 

a.) Temporal variations of contaminant concentrations 

b.) Geochemical and biological condition of aquifer 

c.) Biodegradation decay rates (if applicable) 

 
 5. Conclusions and Recommendations 

A short monitoring report will be prepared after each monitoring event.  These reports 

will summarize analytical results and water level data.   
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5.0 SCHEDULE 

The proposed bioremediation pilot study schedule is presented on Table 5-1. 
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TABLES 
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TABLE 2-1 

MONITORING/SAMPLING SCHEDULE 
CHEM CORE SITE (ID# 9-15-176), BUFFALO, NY 

BIOREMEDIATION PILOT STUDY 
GROUNDWATER MONITORING SCHEDULE 

 
QA/QC Samples 

Parameter 
Method Number/ 

References1 

Number of 
Samplers per 

Event 
Number 
of Events MS/MSD/MD 

Field 
Duplicates 

Equipment 
Rinse 

Blanks 
Trip 

Blanks 
Total No. 

of Samples 
 

TCL Volatiles OLM04.2 8 4 4/4/0 0 4 8 52 
Nitrate/Nitrite 9056 8 4 4/4/0 0 0 0 40 
Total Kjeldahl Nitrogen 351.3 8 4 4/4/0 0 0 0 40 
Ammonia SM4500_NH3 8 4 4/4/0 0 0 0 40 
Chloride 9056 8 4 4/4/0 0 0 0 40 
Sulfate 9056 8 4 4/4/0 0 0 0 40 
Total Iron ILM04.1 8 4 4/0/4 0 0 0 40 
Dissolved Iron ILM04.1 8 4 4/0/4 0 0 0 40 
TOC 415 8 4 0/0/0 0 0 0 32 
Alkalinity  310 8 4 0/0/0 0 0 0 32 
Ferric Iron (Fe+3) calculation* 8 4 0/0/0 0 0 0 32 
Ferrous Iron (Fe+2) field 8 4 0/0/0 0 0 0 32 
Methane, ethane, ethene RSK-175 8 4 4/4/0 0 0 0 40 
pH Field 8 12 0/0/0 0 0 0 96 
Temperature Field 8 12 0/0/0 0 0 0 96 
Dissolved Oxygen Field 8 12 0/0/0 0 0 0 96 
Redox Potential Field 8 12 0/0/0 0 0 0 96 
Conductivity Field 8 12 0/0/0 0 0 0 96 
*URS must provide results for Ferrous Iron from the field testing. 
 
Notes: 
1) NYSDEC Analytical Services Protocol, June 2000 
 
Field – Field Personnel will perform Analysis 
TCL – Target Compound List 
MS/MSD/MD – Matrix Spike/Matrix Spike Duplicate/Matrix Duplicate 
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TABLE 5-1 

PILOT STUDY PROJECT SCHEDULE 
 

Work Element Duration 
(Weeks) 

Completion 
Date 

Submit Draft Work Plan  February 21, 2005 
NYSDEC Review Draft Work Plan  February 28, 2005 
Submit Final Work Plan  March 4, 2005 
Perform Baseline Sampling  March 7, 2005 
Install Injection Wells  March 11, 2005 
Inject EOS™  March 18, 2005 
Submit First Monitoring Report  April 20, 2005 
Groundwater Monitoring (Round 1)  May 18, 2005 
Submit Second Monitoring Report  July 6, 2005 
Groundwater Monitoring (Round 2)  September 16, 2005 
Submit Third Monitoring Report  November 2, 2005 
Groundwater Monitoring (Round 3) – Complete Program  March 17, 2006 
Submit Fourth Monitoring Report  April 28, 2006 
   
Submit Pilot Study Report  June 2, 2006 
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FIGURES 
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APPENDIX 2A 

BIOREMEDIATION PRODUCT ANALYSIS 
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