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1.0 INTRODUCTION 

This report has been prepared to present the results of the In-Situ Bioremediation Pilot 

Study conducted as part of the remedial design at the Chem Core site as required under Subtask 

3.1 of Work Assignment D003825-61.  The report describes the means and methods that were 

used to implement the bioremediation pilot study at an off-site location south of the source area 

and presents results of the monitoring. 

1.1 Site Description  

The Chem-Core site is located at 1382 Niagara Street in the City of Buffalo, Erie County, 

New York (Figure 1-1).  The site was occupied by a two-story 39,000 square foot industrial 

building on approximately 0.5 acres that was demolished in 2006 as part remedial activities.  The 

site is situated on an historically industrial corridor in close proximity to residential 

neighborhoods to the east and adjacent to a rail corridor to the west with both the Interstate I-190 

highway and the Black Rock Canal (which leads from Lake Erie to the Niagara River) farther to 

the west.   

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. 
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This report presents the results of the bioremediation pilot study.  

1.3 Objectives  

An approximately 1-year pilot study was implemented to satisfy the following objectives: 

 Evaluate the impact of in-situ bioremediation using EOSTM on concentrations of 

chlorinated hydrocarbons in groundwater south of the site. 

 Develop a basis for full-scale design with regard to the quantity and frequency of 

injection of EOSTM into the groundwater.   
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2.0 DESIGN 

2.1 Bioremediation Products 

The bioremediation product chosen for this pilot study acts as a hydrogen donor in 

biological reactions and stimulates anabolic biological activity that leads to reductive 

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

hydrocarbons of primary concern include vinyl chloride (VC), cis 1,2-dichloroethene (cDCE), 

trans 1,2- dichloroethene (tDCE), trichloroethene (TCE), and tetrachlorethene (PCE).  URS 

considered initially 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 of the two products and in URS’ opinion, EOS™ was 

determined to be 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. 
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 HRCTM has to be heated before injection. 

EOSTM  was chosen for the pilot study. 

2.2 Field Program 

2.2.1 Injection Well Locations  

EOS™ was 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 1-1).  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 anticipated that they will be 

comparable to the present downgradient pilot study concentrations in the future.   

2.2.2 Well Construction 

Injection wells were installed generally in a grid pattern using spacing of approximately 

15 feet.  Each injection well was installed to depth of approximately 40 feet (20 feet into the 

saturated zone.)  Construction specifications were 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 was cleared to avoid underground 

utilities and structures.  Commercial utility locating services, public utilities, and the City of 

Buffalo was contacted to provide subsurface utility information.  Well construction logs are 

provided in Appendix A.  All drilling equipment was steam cleaned prior to use at the site and 

prior to demobilization from the site.  Downhole equipment, such as drive points and rods, was 

also cleaned between well and injection locations.  A geologist provided oversight during the 

drilling and well construction activities.  The field geologist logged each borehole and 

documented the as-built well details on well construction log sheets. Each injection well was 

surveyed by URS.  The survey included northing, easting and elevations of ground and top of 

well casing. 

2.2.3 Well Development 

All new injection wells were developed by pumping until the discharge water was 

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

pH, conductivity, and temperature were taken from the pump discharge at the following 

frequency: 

 Initial discharge 

 Every static well water volume 

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

development.  Well development logs are included in Appendix B. 

2.3 Injection Rate and Methods 

EOSTM was injected over a one-week period that took place between May 25 and May 30, 

2005.  EOSTM concentrate, in the amount of 844 pounds (110 gallons), was used for the pilot 

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

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

motorized mixing hopper, hydraulic pump, and pneumatic packer assembly that isolated each of 
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three injection zones in each well.  Approximately 1.5 gallons of concentrated EOSTM diluted in 

50 gallons of water was injected into each of three equal intervals (zones) in each well.  EOSTM 

was mixed on site at a ratio of 33.3 gallons of water to 1 gallon of EOSTM concentrate using a 

gas-powered cement mixer.  Five hundred milliliters of Vitamin B12 supplement, supplied by the 

manufacturer, was added to each 55-gallon drum of EOSTM concentrate.  In addition, sodium 

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

mixture during injection.  The dilute solution was prepared and applied to the saturated zone 

using a direct pressurized injection system with a hydraulic pump (with a minimum pressure 

rating of 1,500 pounds per square inch - psi), and pneumatic packer assembly.  The solution was 

injected under pressure in three successive increments of approximately 6 to 7 feet, starting from 

the bottom of each open rock intake.  The packers isolated each bedrock interval.  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. 

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.   
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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 were monitored during the pilot test.  

2.5 Sampling and Monitoring 

Eight wells were sampled during five sampling events as part of the pilot test.  These 

wells included MW-8S, MW-8D, MW-12, MW-16, MW-18, MW-19, IW-A2, and IW-A5. 

Sampling schedule is summarized in Table 2-1.  Sampling events included an initial a baseline 

event, and four quarterly events during the approximately one-year pilot study period. Sampling 

events took place on April 28, 2005 (baseline), September 22, 2005 (first event after injection), 

December 28, 2005 (second event after injection), April 11, 2006 (third event after injection), and 

September 29, 2006 (fourth event after injection). Table 2-1 summarizes the analytical and 

sampling schedule. 

2.6 Geology and Hydrogeology 

The site is situated in the Erie-Ontario Lowlands physiographic province of New York 

State (Broughton, et al. 1966).  The province is characterized by low plains with little relief.  

Glacial deposition and shoreline deposits have modified the topography.  Erie County was buried 

by glacial ice during the Wisconsin glaciation, which ended approximately 10,000 years ago.  

During the glaciations and subsequent retreats, glacial ice eroded soil material and bedrock 

material which were ultimately redeposited as a mixture of unconsolidated sediments.  In the 

northern part of the County, glacial lake waters were much broader than present day Lake Erie.  

The sediments deposited in the proglacial Lake Erie basin are lacustrine silts and clays (USDA-

SCS, 1986).  The overburden deposits in the region have been mapped as lake silts and clays 

(Muller, 1977).  The thickness of the overburden at the site varies in thickness from 

approximately 11.5 feet to 20 feet.  Beneath the overburden deposits, the bedrock consist of the 
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Silurian age Akron Dolostone.  The rocks strike east-west and dip gently to the south at 

approximately 1 degree or 40 to 50 feet per mile. 

2.6.1 Site Geology 

The stratigraphic sequence in the vicinity of the pilot study area includes from the surface 

down: fill; stratified clayey silt/silty clay; and bedrock.  The overburden was determined to be 

approximately 19 to 22.5 feet thick based upon drilling information.  The surficial deposits have 

been mapped as lacustrine silts and clays.  A thin veneer of fill was encountered at most drilling 

locations, which was described as heterogeneous mixture of sand, gravel, concrete, bricks, 

cinders and slag.  At the site, fill thickness ranged from 1 to 8 feet and fill was thickest beneath 

the building.  Off site, fill was thickest near the Erie Canal at MW-10 (i.e., 17 feet).  Silty clay 

and clayey silt was encountered beneath the fill.  The thickness ranged from approximately 9 feet 

in MW-03 to 17.5 feet in MW-01.  The clayey silt and silty clay unit was stratified and/or 

laminated and contained silt and fine sand partings where distinct wet seams occurred.  In a few 

instances, seams containing saturated mixtures of sand and gravel were encountered, typically 

immediately above the bedrock.  Bedrock was encountered beneath the silts and clays. 

Bedrock was encountered at depths ranging from 12.8 feet in MW-03 to 30 feet in MW-

10, and averaged approximately 20 feet in the pilot study area.  Bedrock was identified as 

dolostone with argillaceous partings.  It was characterized as light gray, thin to medium bedded, 

fine to medium grained dolomite.  It also contained thin beds of dark gray, medium hard, thinly 

bedded shale.  The upper several feet of bedrock has been mapped as the Akron Dolostone 

(Buehler and Tesmer 1963).  Although difficult to discern, the contact with the underlying Bertie 

Formation appears to be 15 to 20 feet below ground surface.  The upper portions of the Bertie 

Formation consist of dark gray shale and dolostone beds of variable thickness.  Bedrock surface 

elevation ranges from a high at MW-03 of 585.83 feet amsl to a low of 552.87 feet amsl at MW-

10.  Bedrock surface slopes steeply toward the Black Rock Canal from MW-03. 
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2.6.2 Site Hydrogeology 

The primary hydrogeologic unit identified beneath the site is the unconfined water-table 

aquifer present in the Akron Dolostone and Bertie Formation.  However, groundwater is present 

in the overburden and is found in the coarser sand and sandy silt partings and seams within the 

silty clay/clayey silt deposits.  The extent and quantity of the overburden water is limited, but the 

overburden immediately above bedrock was wet at several boring locations.  The water in the 

overburden is perched above the water levels measured in the bedrock.  Groundwater in the 

bedrock flows through primarily secondary porosity features in the rock including faults, joints, 

solution cavities and bedding planes.  Both the Akron Dolostone and Bertie Formation have little 

primary porosity so groundwater flow is controlled by the distribution of fractures within the 

rock. 

During the RI, confining sediments in the form of a wedge of lacustrine silts and clays 

draping over the sloping bedrock surface were observed in the vicinity of MW-10.  Because the 

Black Rock Canal bottoms into bedrock, there is a hydraulic connection between groundwater 

and the canal.  Monitoring well MW-09 is constructed as a water table monitor in soft sediments 

adjacent to the Black Rock Canal.  Based upon the water level data, the water level surface in 

MW-09 is not substantially different than MW-10.  The lacustrine silt and clay wedge draped 

over the bedrock along the I-190 corridor likely impedes groundwater flow toward the Black 

Rock Canal, however, a gentle horizontal hydraulic gradient exists towards the Black Rock 

Canal. 

Figures 3-1 and 3-2 depict the potentiometric surface of the shallow bedrock aquifer on 

September 10, 2004 and December 6, 2004.  Figure 3-3 depicts a potentiometric surface 

comparison of the bedrock aquifer in the pilot study area. The bedrock wells at the site monitor 

the lower Akron Dolostone and upper Bertie Formation rock units.  Figure 3-1 depicts the 

potentiometric surface at the site is nearly flat at approximately 573 feet amsl.  There is a slight 

gradient from the site toward the canal.  On the south side of the Garrett Leather Corp. building 

the groundwater gradient is toward the north and west.  The northerly component of groundwater 

flow may have been induced as part of the 72-hour pumping test. Figure 3-2 depicts the 

potentiometric surface at the site as nearly flat.  There is a westward component to the gradient 
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from the site toward the canal. South of the Garrett Leather Corp. building, the gradient is toward 

the north, but only slightly and less than that measured on September 10, 2004. Near MW-12, the 

gradient is nearly flat. 

During the RI, wide ranges of hydraulic conductivities were estimated from slug tests.  

This is indicative of the aquifer’s heterogeneity and the anisotropic nature of the fractured 

bedrock.  The hydraulic conductivities ranged from negligible (i.e., estimated to be less than 10-6 

cm/second in several wells) to 5.7 x 10 -3 cm/second in MW-4S. 

During the RDI, hydraulic conductivities of the newly installed bedrock monitoring wells 

and the extraction well (i.e., EX-01) were estimated by conducting slug tests.  Tests were 

performed by inserting (falling head test) or removing (rising head test) a stainless steel slug of 

known volume and recording the rate of recovery of the water level in the well.  Recovery data 

was gathered with an In-Situ down-hole data logger.  The slug test data was analyzed using the 

methods of Bouwer and Rice (1976) and/or Bouwer (1989).  Because the method of analyses 

assumes that the aquifer is a porous media, the values obtained by the methods should be 

considered as relative order of magnitude estimates.  Results were consistent with those observed 

during the RI.  The hydraulic conductivities range from 3.7 E-2 cm/second in well EX-01 to 2.2  

E –4 cm/second in well MW-17.  Likewise, the well transmissivities ranged from 2,535 square 

feet per day (ft2/d) in well EX-01 to14 ft2/d in well MW-17.  The analysis of the aquifer test 

performed on EX-01 indicates the transmissivity of the water-bearing zone at the Chem Core site 

ranges from 60 to 260 square feet per day (ft2/d).  Storativity of the aquifer is estimated to range 

from 0.013 to 0.0060.  Ranges are given because the aquifer responses observed did not fit any 

single coherent aquifer model.  Two possible models were used to estimate the aquifer 

transmissivity.  One model assumes the aquifer is limited by a no-flow barrier along the Black 

Rock Canal, possibly formed by the retaining walls and/or low permeability fill materials located 

along the canal.  The other model assumes there is a high transmissivity zone near EX-01 caused 

by a high degree of local fracturing in the vicinity of the well.   
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2.6.3 Hydraulic Conductivity Testing – Pilot Test 

Slug tests were 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 

were performed.  The tests consisted of inserting or removing the slug from the well and 

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

conductivities ranged from 1.29 E-4 cm/second to 8.82 E –5 cm/second.  Table 2-2 summarizes 

the results.  Results were similar to those calculated as part of previous investigations.  These 

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

field crew conducted the slug tests using the procedures outlined in the work plan. 

2.7 Groundwater Sampling 

Groundwater samples were collected from eight wells (i.e., MW-08S, MW-08D, MW-12, 

MW-16, MW-18, MW-19, IW-A2, and IW-A5) for each of the five sampling events and were 

analyzed for Target Compound List (TCL) volatiles, chloride, sulfate, total iron, dissolved iron, 

total organic carbon (TOC), alkalinity, ferric iron, and methane, ethane, and ethene.  Indicator 

parameters including pH, temperature, dissolved oxygen, redox potential, ferrous iron, and 

conductivity were measured in the field.  

The static groundwater level was measured at each monitoring well prior to purging and 

sample collection.  An electronic water level indicator was 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 were 

collected using low-flow purging and sampling procedures.  Water was 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 was maintained at a rate sufficient to prevent drawdown in excess of ten percent 

of the standing water column.  Dedicated new discharge and intake tubing was used for each well.  

The tubing inlet was set at the midpoint of the well screen.  Purging continued until the water 

quality parameters have stabilized, determined by the following criteria: 

 pH ± 0.10 SU 
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 Specific conductivity ± 3% of full scale 

 Temperature ± 0.2° C 

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

procedures.  Once purging was complete, groundwater samples were collected using the 

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

Purge logs are provided in Appendix C. 

2.8 Chain of Custody and Shipping 

Chain of Custody (COC) procedures were 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 were maintained in the field and laboratory records.  Information on the custody, 

transfer, and shipping of samples was recorded on COC forms that were initiated in the field by 

the sampler.  Each COC form included 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 
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 Custody transfer signatures and the dates and times of sample transfer from the field 

to the transporter and to the laboratory. 

Samples collected in the field were transported in coolers to the laboratory as 

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

temperature of 4° C. 

2.9 Field Documentation 

Field activities were documented using field notebooks, photographs, and standard field 

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

bound with consecutively numbered pages.  All entries into the notebook contained 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.   
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3.0 GROUNDWATER SAMPLING RESULTS  

Groundwater samples were collected from six monitoring wells (i.e., MW-08S, MW-

08D, MW-12, MW-16, MW-18, and MW-19) and two injection wells (i.e., IW-A2 and IW-A5) 

for each of the five sampling events and were analyzed for Target Compound list (TCL) volatiles, 

nitrate/nitrite, Total Kjeldahl Nitrogen, ammonia, chloride, sulfate, total iron, dissolved iron, total 

organic carbon, alkalinity, ferric iron, ferrous iron, and methane, ethane, and ethene.  Water 

indicator parameters including pH, temperature, dissolved oxygen, redox potential, and 

conductivity were measured in the field.  Table 3-1 summarizes the analytical results and these 

data and results are discussed below.  Complete data validation summary tables can be found in 

Appendix D. 

3.1 Baseline  

Baseline sampling took place on April 5, 2005.  The primary contaminants detected in the 

bedrock groundwater are chlorinated VOCs. Detected VOCs included cDCE, PCE, TCE, VC, and 

tDCE.  MW-16 reported the highest total chlorinated VOCs at 1,530 ug/L and MW-18 reported 

the lowest total chlorinated VOCs at 55 ug/L.  MW-16 is situated near the western edge of the 

injection area and MW-18 is situated along the southern and downgradient edge of the injection 

area.  Figure 3-1 depicts the VOCs detected at concentrations above New York State groundwater 

criteria in the wells.  Figure 3-2 depicts the wet chemistry parameter results in the wells.  

3.2 Post-Injection Results and Discussion 

Figures 3-3 through 3-6 depict the VOCs detected at concentrations above New York 

State groundwater criteria in the wells for the four sampling events.  Figures 3-7 through 3-10 

depict the wet chemistry parameters for each of the sampling events.  Table 3-2 summarizes the 

chlorinated hydrocarbon sampling results and Table 3-3 summarizes the geochemical indicator 

parameters.  Appendix E provides a summary of the analytical data trends for PCE, TCE, cis- and 

trans-DCE, VC, ethane, methane, and key geochemical indicator parameters. 
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In IW-A2, an in-field well, concentrations of PCE and TCE decreased to below detection 

limits (bdl) within 120 days of treatment and a significant increase in cis-1,2-

dichloroethene/trans-1,2-dichloroethene (cDCE/tDCE), and VC was observed.  After 220 days, 

concentrations of PCE and TCE remained bdl and concentrations of cDCE/tDCE and VC 

decreased by over 99 and 97 percent, respectively.  After 317 days, concentrations of PCE and 

TCE remained below detection limits and concentrations of cDCE/tDCE and VC continued to 

decline to levels below or near the NYS groundwater quality standards.  After 485 days, PCE and 

TCE remained below NYS standards, and concentrations of cDCE/tDCE and VC increased 

slightly.  Favorable geochemical conditions were observed after injection through approximately 

317 days.  Between the third and fourth sampling events, sulfate concentrations rebounded, TOC 

concentrations decreased, and oxidation-reduction potential (ORP) increased indicating that the 

carbon source was depleted and reducing conditions were less favorable for conversion to 

cDCE/tDCE and VC.  

In IW-A5, an in-field well, concentrations of PCE and TCE decreased over 99 percent 

within 120 days of treatment and a significant increase in cDCE/tDCE and VC was observed.  

After 220 days, concentrations of PCE and TCE increased slightly but remained at levels near the 

NYS groundwater standard, and concentrations of cDCE/tDCE and VC decreased by over 85 and 

48 percent, respectively.  After 317 days, concentrations of PCE and TCE remained below 

detection limits and concentrations of cDCE/tDCE and VC declined further.  After 485 days, 

concentrations of PCE and TCE remained below NYS standards, and cDCE/tDCE and VC 

concentrations continued to decline.  Favorable geochemical conditions were observed after 

injection through the first sampling event and sulfate concentrations and ORP fluctuated, possibly 

indicating dilution by groundwater flux. Between the third and fourth sampling events, sulfate 

concentrations rebounded, TOC concentrations decreased, and ORP increased indicating that the 

carbon source was depleted and reducing conditions were less favorable for reduction of 

cDCE/tDCE and VC.  

In MW-16, an in-field well, concentrations of PCE and TCE decreased substantially after 

treatment and remained low throughout the pilot study.  Concentrations of cDCE/tDCE and VC 

initially increased after treatment, and then generally decreased, although there was a slight 

increase between 317 and 485 days.  Sulfate concentrations initially decreased and then gradually 
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increased throughout the monitoring period.  Ferrous iron initially increased before decreasing 

and fluctuating throughout the monitoring period.  TOC remained in the formation throughout the 

317 day period before declining to near the baseline levels after 485 days.  ORP initially 

decreased substantially and increased and stabilized.  Methane concentrations increased 

throughout the monitoring period. 

In MW-12, an in-field well, concentrations of PCE and TCE decreased by approximately 

90 percent within 120 days of treatment and concentrations of cDCE/tDCE and VC increased.  

Concentrations of PCE and TCE fluctuated between 220 and 485 days.  Concentrations of 

cDCE/tDCE and VC also fluctuated during this period indicating that there was probably some 

hydraulic effect since this well is on the edge of the injection well array.  Geochemical indicator 

parameters indicated that the carbon source was inconsistent, although sulfate concentrations 

were initially depleted before gradually increasing.  These results may have been influenced by 

groundwater flux. 

In downgradient wells MW-8S and MW-8D, monitoring results were similar to those in 

in-field well IW-A5 (Appendix E). 

In downgradient well MW-19, PCE and TCE concentrations decreased to below 

detection limits within 120 days of treatment and an increase in cDCE, tDCE, and VC was 

observed.  After 220 days, very low concentrations of PCE and TCE were reported but below 

NYS standards, and levels of cDCE/tDCE and VC decreased.  Residual low levels of 

cDCE/tDCE and VC were observed after the third and fourth sampling events.  Geochemical 

indicators in MW-19 fluctuated throughout the sampling events.  

Results in the upgradient area (MW-18) indicated relatively stable concentrations of PCE, 

TCE, and VC, and an order of magnitude increase in cDCE and tDCE, coupled with relatively 

stable geochemical indicators. 
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4.0 CONCLUSIONS 

Results of this pilot study indicate that a single EOSTM injection event induced strongly 

reducing conditions and generally sustained favorable geochemical conditions for anaerobic 

reductive dechlorination to occur in fractured bedrock within the pilot area for about one year.  

The EOSTM injection event was successful in degrading PCE and TCE, as well as their daughter 

products, in the test area.  The monitoring results indicate that the reducing conditions accelerated 

degradation of PCE, TCE, and their daughter products to ethene or other innocuous end products 

while sufficient substrate was present.  The injection also positively impacted water quality in 

downgradient wells located approximately 45 feet away from the injection array.  However, 

within the injection area and between the third and fourth sampling events (i.e., 317 days and 485 

days after treatment), sulfate concentrations rebounded, TOC concentrations decreased, and ORP 

increased indicating that the carbon source was depleted and conditions were less favorable for 

reduction of cDCE/tDCE and VC, which resulted in production of cDCE/tDCE above baseline 

values and NYS groundwater standards.  The injection also positively impacted water quality in 

downgradient wells located approximately 45 feet away from the injection array.  

Based upon these results, the New York State Department of Environmental 

Conservation is now implementing full-scale design of EOSTM in the source area and adjacent 

off-site areas.  Three infiltration galleries were constructed on top of the bedrock surface during 

remedial activities, which will be used to help distribute EOSTM into the bedrock aquifer.  

Additional injection wells may be constructed in the future. In-situ bioremediation will be used in 

combination with the pump and treat groundwater extraction system to accelerate remediation of 

the bedrock groundwater aquifer.  Routine monitoring of groundwater contaminants and indicator 

parameters are an integral component of the full-scale design. 
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TABLES 



TABLE 2-1 

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

BIOREMEDIATION PILOT STUDY 
 
 

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 5 5/5/0 0 5 5 60 
Nitrate/Nitrite 9056 8 5 5/5/0 0 0 0 50 
Total Kjeldahl Nitrogen 351.3 8 5 5/5/0 0 0 0 50 
Ammonia SM4500_NH3 8 5 5/5/0 0 0 0 50 
Chloride 9056 8 5 5/5/0 0 0 0 50 
Sulfate 9056 8 5 5/5/0 0 0 0 50 
Total Iron ILM04.1 8 5 5/0/5 0 0 0 50 
Dissolved Iron ILM04.1 8 5 5/0/5 0 0 0 50 
TOC 415 8 5 0/0/0 0 0 0 40 
Alkalinity  310 8 5 0/0/0 0 0 0 40 
Ferric Iron (Fe+3) calculation* 8 5 0/0/0 0 0 0 40 
Ferrous Iron (Fe+2) field 8 5 0/0/0 0 0 0 40 
Methane, ethane, ethene RSK-175 8 5 5/5/0 0 0 0 50 
pH Field 8 5 0/0/0 0 0 0 40 
Temperature Field 8 5 0/0/0 0 0 0 40 
Dissolved Oxygen Field 8 5 0/0/0 0 0 0 40 
Redox Potential Field 8 5 0/0/0 0 0 0 40 
Conductivity Field 8 5 0/0/0 0 0 0 40 
*Determined via 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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May 2005 Chem Core Slug Tests

Well Hydraulic Conductivity [cm/sec]

ID Test #1 Test #2 Test #3 Test #4 N(*) Mean (**)

IWA-1 3.23E-04 3.18E-04 2 3.21E-04

IWA-2 2.30E-04 3.92E-04 2 3.11E-04

IWA-3 1.41E-04 1.47E-04 2 1.44E-04

IWA-4 8.38E-05 3.23E-05 2 5.81E-05

IWA-5 1.76E-04 1.92E-04 2 1.84E-04

IWA-6 2.24E-04 2.93E-04 2.49E-04 5.19E-04 4 3.21E-04

IWB-1 2.50E-04 2.51E-04 2 2.50E-04

IWB-2 2.46E-05 4.74E-05 2 3.60E-05

IWB-3 1.15E-04 1.44E-04 2 1.29E-04

IWB-4 1.24E-04 1.37E-04 2 1.30E-04

IWB-5 6.93E-05 6.82E-05 2 6.87E-05

IWB-6 8.42E-05 2.09E-04 2 1.47E-04

IWC-1 4.05E-05 4.19E-05 2 4.12E-05

IWC-2 7.17E-05 9.12E-05 2 8.14E-05

IWC-3 3.84E-05 3.71E-05 2 3.78E-05

IWC-4 9.87E-05 1.87E-04 2 1.43E-04

IWC-5 1.61E-05 1.34E-05 2 1.48E-05

IWC-6 1.86E-05 5.01E-06 2 1.18E-05

IWD-1 1.31E-04 1.43E-04 3.39E-04 3.69E-04 2 2.46E-04

IWD-2 5.03E-05 5.82E-05 2 5.43E-05

IWD-3 1.40E-04 1.47E-04 2 1.43E-04

IWD-4 1.35E-04 2.36E-05 2 7.93E-05

IWD-5 9.15E-05 8.49E-05 2 8.82E-05

IWD-6 2.49E-05 2.82E-05 2 2.66E-05

MW-19 1.03E-03 6.00E-04 2 8.16E-04

(*) - number of valid tests

(**) - geometric mean

TABLE 2-2

Summary of Hydraulic Conductivity Results - Pilot Study

N:\11173519.00000\EXCEL\May 05 Slug Tests\  ChemCore_slugtest_summary

2/25/2009  1:29 PM



















































TABLE 3-2

SUMMARY OF CHLORINATED HYDROCARBON SAMPLING RESULTS

CHEM-CORE PILOT STUDY

PCE (ug/L)

WELL LOCATION BASELINE 120 Days 220 Days 317 days 485 Days

IW-A2 Infield 560 ND ND ND ND

IW-A5 Infield 230 ND 9 ND 1

MW-8S 45 feet downgradient 130 2 ND 2 ND

MW-8D 45 feet downgradient 310 ND ND ND ND

MW-12 Infield 750 35 990 16 1300

MW-16 Infield 1000 ND 11 ND 15

MW-19 45 feet downgradient 370 ND 3 ND 13

MW-18 30 feet upgradient 12 - 5 13 33

TCE (ug/L)

IW-A2 Infield 65 ND ND ND 1

IW-A5 Infield 27 ND 3 ND 0.9

MW-8S 45 feet downgradient 21 1 1 1 0.7

MW-8D 45 feet downgradient 31 ND ND ND ND

MW-12 Infield 120 12 200 15 140

MW-16 Infield 140 ND 16 ND 10

MW-19 45 feet downgradient 37 ND 1 ND 3

MW-18 30 feet upgradient 3 - 3 10 15

c,t-DCE (ug/L)

IW-A2 Infield 150 2221 22 4 10

IW-A5 Infield 68 918 129 30 28

MW-8S 45 feet downgradient 96 3 6 4 3

MW-8D 45 feet downgradient 110 ND 4 14 7.7

MW-12 Infield 286 1300 1513 1511 290

MW-16 Infield 390 1221 236 59 191

MW-19 45 feet downgradient 121 196 11 14 49

MW-18 30 feet upgradient 40 - 273 283 320

VC (ug/L)

IW-A2 Infield ND 490 13 4 5

IW-A5 Infield ND 110 58 24 12

MW-8S 45 feet downgradient 3 47 10 ND ND

MW-8D 45 feet downgradient 7 1 8 35 18

MW-12 Infield ND 20 100 370 ND

MW-16 Infield ND 420 52 32 84

MW-19 45 feet downgradient 5 220 ND 11 13

MW-18 30 feet upgradient ND - 10 12 16

ETHENE (ug/L)

IW-A2 Infield ND 18 44 5 2.4

IW-A5 Infield ND 8 21 4 6

MW-8S 45 feet downgradient ND 0.8 3 ND ND

MW-8D 45 feet downgradient ND 42 13 15 25

MW-12 Infield ND 1 17 19 5.2

MW-16 Infield ND 26 31 6 13

MW-19 45 feet downgradient ND 21 22 1 ND

MW-18 30 feet upgradient ND - 0.5 ND ND

  ND - Not Detected

Injection dates occurred 5/25-30/2005



TABLE 3-3

SUMMARY OF GEOCHEMICAL INDICATOR PARAMETERS

CHEM-CORE PILOT STUDY

Sulfate (mg/L)

WELL LOCATION BASELINE 120 Days 220 Days 317 days 485 Days

IW-A2 Infield 213 19.7 40.3 35.2 90

IW-A5 Infield 181 8.85 80 32.9 80

MW-8S 45 feet downgradient 306 134 186 355 350

MW-8D 45 feet downgradient 220 258 171 374 74

MW-12 Infield 122 12.7 32.4 22.5 37

MW-16 Infield 108 9.26 27.5 38.6 47

MW-19 45 feet downgradient 137 9.55 15.4 17.3 97

MW-18 30 feet upgradient 105 - 81.6 102 93

     Ferrous Iron (mg/L)

IW-A2 Infield ND 19 16.1 19.4 12.1

IW-A5 Infield 0.01 16.3 1.02 2.31 2.7

MW-8S 45 feet downgradient 0.05 0.82 0.18 ND ND

MW-8D 45 feet downgradient 0.02 0.86 0.36 0.01 0.7

MW-12 Infield 0.03 3.19 7.9 0.62 0.15

MW-16 Infield 0.05 16.4 7.4 11 16.1

MW-19 45 feet downgradient ND 14.1 9.6 10.6 3

MW-18 30 feet upgradient 0.26 - 0.56 1.27 1.19

TOC (mg/L)

IW-A2 Infield 10.1 86.7 84.7 128 11

IW-A5 Infield 21.2 84.1 48.7 57.8 4.7

MW-8S 45 feet downgradient 6.8 12.6 5.65 5.66 3.5

MW-8D 45 feet downgradient 9.34 36.6 32.1 4.81 3.6

MW-12 Infield 3.08 70.6 21.6 18.7 1.9

MW-16 Infield 3.43 60.4 17.7 53 5

MW-19 45 feet downgradient 4 53 66.8 42.2 4.5

MW-18 30 feet upgradient 4.06 - 2.97 3.15 1.7

ORP (mV)

IW-A2 Infield 72 -470 -461 -445 -202

IW-A5 Infield 39 -459 -373 -380 -253

MW-8S 45 feet downgradient 71 -269 -84 -7 20

MW-8D 45 feet downgradient -194 -354 -312 -276 -211

MW-12 Infield 68 -331 -307 -326 -155

MW-16 Infield 18 -316 -345 -343 -253

MW-19 45 feet downgradient -113 -408 -326 -216 -183

MW-18 30 feet upgradient -124 - -216 -128 -105

METHANE (ug/L)

IW-A2 Infield ND 250 720 1800 9800

IW-A5 Infield ND 260 510 1600 10000

MW-8S 45 feet downgradient ND 13 6 ND 21

MW-8D 45 feet downgradient 20 240 420 250 5500

MW-12 Infield 10 20 120 550 360

MW-16 Infield 8 87 500 1100 5800

MW-19 45 feet downgradient ND 66 570 1400 3100

MW-18 30 feet upgradient 70 - 24 6 94

  ND - Not Detected

Injection dates occurred 5/25-30/2005

122/25/20091:27 PMTable3-3-Geochemical IndicatorsSheet1
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CHEM CORE
GROUNDWATER POTENTIOMETRIC SURFACE COMPARISON

(APRIL 2005 - APRIL 2006)
FIGURE 2-3
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            MW-08S           
____________________________
VOCs:
 cis-1,2-Dichloroethene, 94
 Tetrachloroethene, 130
 Trichloroethene, 21
 Vinyl chloride, 3

             MW-08D            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 110
 Tetrachloroethene, 310
 Trichloroethene, 31
 Vinyl chloride, 7

             MW-19            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 120
 Tetrachloroethene, 370
 Trichloroethene, 37
 Vinyl chloride, 5

             IW-A2            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 150
 Tetrachloroethene, 560
 Trichloroethene, 65

             IW-A5            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 66
 Tetrachloroethene, 230
 Trichloroethene, 27

             MW-16            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 390
 Tetrachloroethene, 1000
 Trichloroethene, 140

             MW-12            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 280
 Tetrachloroethene, 750
 trans-1,2-Dichloroethene, 6
 Trichloroethene, 120

             MW-18            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 38
 Tetrachloroethene, 12
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FIGURE 3-1

CHEM-CORE
GROUNDWATER CONTAMINANTS ABOVE SCGs (APRIL 2005)
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         MW-08S        
_________________________
 Sulfate (as SO4), 306
 Ferrous Iron, 0.05
 TOC, 6.8
 ORP, 71
 Methane, ND

         MW-08D        
_________________________
 Sulfate (as SO4), 220
 Ferrous Iron, 0.02
 TOC, 9.34
 ORP, -194
 Methane, 20

         MW-19        
_________________________
 Sulfate (as SO4), 137
 Ferrous Iron, ND
 TOC, 4
 ORP, -113
 Methane, ND

         IW-A2        
_________________________
 Sulfate (as SO4), 213
 Ferrous Iron, ND
 TOC, 10.1
 ORP, 72
 Methane, ND

         IW-A5        
_________________________
 Sulfate (as SO4), 181
 Ferrous Iron, 0.01
 TOC, 21.2
 ORP, 39
 Methane, ND

         MW-16        
_________________________
 Sulfate (as SO4), 108
 Ferrous Iron, 0.05
 TOC, 3.43
 ORP, 18
 Methane, 8

         MW-12        
_________________________
 Sulfate (as SO4), 122
 Ferrous Iron, 0.03
 TOC, 3.08
 ORP, 68
 Methane, 10

         MW-18        
_________________________
 Sulfate (as SO4), 105
 Ferrous Iron, 0.26
 TOC, 4.06
 ORP, -124
 Methane, 70
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FIGURE 3-2

CHEM-CORE
GROUNDWATER GEOCHEMICAL INDICATOR PARAMETERS

(APRIL 2005)
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1) ND - Not Detected
2) Sulfate (as SO4), concentration in mg/L
3) Ferrous Iron, concentration in mg/L
4) Total Organic Carbon (TOC), concentration in mg/L
5) Oxidation Reduction Potential (ORP), concentration in mV
6) Methane, concentration in ug/L
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ID Geochemical
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             MW-08S            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 260
 Vinyl chloride, 47

          MW-08D         
________________________
VOCs:
 1,1-Dichloroethane, 35

             MW-19            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 190
 trans-1,2-Dichloroethene, 6
 Vinyl chloride, 220

              IW-A2             
______________________________
VOCs:
 cis-1,2-Dichloroethene, 2,200
 trans-1,2-Dichloroethene, 21
 Vinyl chloride, 490

             IW-A5            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 910
 trans-1,2-Dichloroethene, 8
 Vinyl chloride, 110

              MW-16             
______________________________
VOCs:
 1,2-Dichlorobenzene, 7
 Chlorobenzene, 9
 Chloroform, 8
 cis-1,2-Dichloroethene, 1,200
 Methylene chloride, 13
 Toluene, 7
 trans-1,2-Dichloroethene, 21
 Vinyl chloride, 420

              MW-12             
______________________________
VOCs:
 cis-1,2-Dichloroethene, 1,300
 Methylene chloride, 7
 Tetrachloroethene, 35
 Trichloroethene, 12
 Vinyl chloride, 20
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FIGURE 3-3

CHEM-CORE
GROUNDWATER CONTAMINANTS ABOVE SCGs (SEPTEMBER 2005)

Legend

NI
AG

AR
A S

T.FORMER
CHEM-CORE

BLDG.

GARRETT
LEATHER

CORP. STUDY AREA

30 0 30
Feet

OVERVIEW

Injection Well Location
No Compounds Detected
No Compounds Exceed Criteria
At Least One Compound Exceeds Criteria

MW-12
Tetrachloroethene, 35

Location
ID Compound Exceeding

Criteria
Concentration

(UG/L)



(N
OR

TH
BO

UN
D 

LA
NE

)

NY
S T

HR
UW

AY
 (I-

19
0)

NI
AG

AR
A S

T.

FO
RM

ER
LY

 PE
NN

-C
EN

TR
AL

/
NE

W 
YO

RK
 C

EN
TR

AL
 R

AIL
RO

AD

PARKING
LOT

GARRETT LEATHER
CORP.

            MW-08S           
___________________________
VOCs:
 cis-1,2-Dichloroethene, 6
 Vinyl chloride, 10

           MW-08D          
__________________________
VOCs:
 1,1,1-Trichloroethane, 7
 1,1-Dichloroethane, 55
 Vinyl chloride, 8

             MW-19            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 11

             IW-A2            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 16
 trans-1,2-Dichloroethene, 6
 Vinyl chloride, 13

             IW-A5            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 120
 Tetrachloroethene, 9
 trans-1,2-Dichloroethene, 9
 Vinyl chloride, 58

             MW-16            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 230
 Tetrachloroethene, 11
 trans-1,2-Dichloroethene, 6
 Trichloroethene, 16
 Vinyl chloride, 52

              MW-12             
______________________________
VOCs:
 cis-1,2-Dichloroethene, 1,500
 Tetrachloroethene, 990
 trans-1,2-Dichloroethene, 13
 Trichloroethene, 200
 Vinyl chloride, 100

             MW-18            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 270
 Vinyl chloride, 10
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FIGURE 3-4

CHEM-CORE
GROUNDWATER CONTAMINANTS ABOVE SCGs (DECEMBER 2005)
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             MW-19            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 14
 Vinyl chloride, 11

            MW-08D           
____________________________
VOCs:
 1,1,1-Trichloroethane, 16
 1,1-Dichloroethane, 93
 1,2-Dichloroethane, 2
 cis-1,2-Dichloroethene, 11
 Vinyl chloride, 35

        IW-A2       
___________________
VOCs:
 Vinyl chloride, 4

             IW-A5            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 25
 Vinyl chloride, 24

             MW-16            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 57
 Vinyl chloride, 32

              MW-12             
______________________________
VOCs:
 Acetone, 65
 cis-1,2-Dichloroethene, 1,500
 Tetrachloroethene, 16
 trans-1,2-Dichloroethene, 11
 Trichloroethene, 15
 Vinyl chloride, 370

             MW-18            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 280
 Tetrachloroethene, 13
 Trichloroethene, 10
 Vinyl chloride, 12
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FIGURE 3-5

CHEM-CORE
GROUNDWATER CONTAMINANTS ABOVE SCGs (APRIL 2006)
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             MW-19            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 49
 Tetrachloroethene, 13
 Vinyl chloride, 13

            MW-08D           
____________________________
VOCs:
 1,1-Dichloroethane, 23
 Benzene, 5
 cis-1,2-Dichloroethene, 7
 Vinyl chloride, 18

        IW-A2       
___________________
VOCs:
 cis-1,2-Dichloroethene, 10
 Vinyl chloride, 5

             IW-A5            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 26
 Vinyl chloride, 12

             MW-16            
____________________________
VOCs:
 cis-1,2-Dichloroethene, 190
 Tetrachloroethene, 15
 Trichloroethene, 10
 Vinyl chloride, 84

              MW-12             
______________________________
VOCs:
 cis-1,2-Dichloroethene, 290
 Tetrachloroethene, 1,300
 Trichloroethene, 140

             MW-18            
_____________________________
VOCs:
 cis-1,2-Dichloroethene, 320
 Tetrachloroethene, 33
 Trichloroethene, 15
 Vinyl chloride, 16
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FIGURE 3-6

CHEM-CORE
GROUNDWATER CONTAMINANTS ABOVE SCGs (SEPTEMBER 2006)
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         MW-08S        
_________________________
 Sulfate (as SO4), 134
 Ferrous Iron, 0.82
 TOC, 12.6
 ORP, -269
 Methane, 13

         MW-08D        
_________________________
 Sulfate (as SO4), 258
 Ferrous Iron, 0.86
 TOC, 36.6
 ORP, -354
 Methane, 240

         MW-19        
_________________________
 Sulfate (as SO4), 9.55
 Ferrous Iron, 14.1
 TOC, 53
 ORP, -408
 Methane, 66

         IW-A2        
_________________________
 Sulfate (as SO4), 19.7
 Ferrous Iron, 19
 TOC, 86.7
 ORP, -470
 Methane, 250

         IW-A5        
_________________________
 Sulfate (as SO4), 8.85
 Ferrous Iron, 16.3
 TOC, 84.1
 ORP, -459
 Methane, 260

         MW-16        
_________________________
 Sulfate (as SO4), 9.26
 Ferrous Iron, 16.4
 TOC, 60.4
 ORP, -316
 Methane, 87

         MW-12        
_________________________
 Sulfate (as SO4), 12.7
 Ferrous Iron, 3.19
 TOC, 70.6
 ORP, -331
 Methane, 20
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FIGURE 3-7

CHEM-CORE
GROUNDWATER GEOCHEMICAL INDICATOR PARAMETERS

(SEPTEMBER 2005)
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No Compounds Detected
No Compounds Exceed Criteria
At Least One Compound Exceeds Criteria NOTE:

1) ND - Not Detected
2) Sulfate (as SO4), concentration in mg/L
3) Ferrous Iron, concentration in mg/L
4) Total Organic Carbon (TOC), concentration in mg/L
5) Oxidation Reduction Potential (ORP), concentration in mV
6) Methane, concentration in ug/L

MW-12
Methane, 10

Location
ID Geochemical

Indicator
Concentration
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         MW-08S        
_________________________
 Sulfate (as SO4), 186
 Ferrous Iron, 0.18
 TOC, 5.65
 ORP, -84
 Methane, 6

         MW-08D        
_________________________
 Sulfate (as SO4), 171
 Ferrous Iron, 0.36
 TOC, 32.1
 ORP, -312
 Methane, 420

         MW-19        
_________________________
 Sulfate (as SO4), 15.4
 Ferrous Iron, 9.6
 TOC, 66.8
 ORP, -326
 Methane, 570

         IW-A2        
_________________________
 Sulfate (as SO4), 40.3
 Ferrous Iron, 16.1
 TOC, 84.7
 ORP, -461
 Methane, 720

         IW-A5        
_________________________
 Sulfate (as SO4), 80
 Ferrous Iron, 1.02
 TOC, 48.7
 ORP, -373
 Methane, 510

         MW-16        
_________________________
 Sulfate (as SO4), 27.5
 Ferrous Iron, 7.4
 TOC, 17.7
 ORP, -345
 Methane, 500

         MW-12        
_________________________
 Sulfate (as SO4), 32.4
 Ferrous Iron, 7.9
 TOC, 21.6
 ORP, -307
 Methane, 120

         MW-18        
_________________________
 Sulfate (as SO4), 81.6
 Ferrous Iron, 0.56
 TOC, 2.97
 ORP, -216
 Methane, 24
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FIGURE 3-8

CHEM-CORE
GROUNDWATER GEOCHEMICAL INDICATOR PARAMETERS

(DECEMBER 2005)
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         MW-08S        
_________________________
 Sulfate (as SO4), 355
 Ferrous Iron, ND
 TOC, 5.66
 ORP, -7
 Methane, ND

         MW-08D        
_________________________
 Sulfate (as SO4), 374
 Ferrous Iron, 0.01
 TOC, 4.81
 ORP, -276
 Methane, 250

         MW-19        
_________________________
 Sulfate (as SO4), 17.3
 Ferrous Iron, 10.6
 TOC, 42.2
 ORP, -216
 Methane, 1400

         IW-A2        
_________________________
 Sulfate (as SO4), 35.2
 Ferrous Iron, 19.4
 TOC, 128
 ORP, -445
 Methane, 1800

         IW-A5        
_________________________
 Sulfate (as SO4), 32.9
 Ferrous Iron, 2.31
 TOC, 57.8
 ORP, -380
 Methane, 1600

         MW-16        
_________________________
 Sulfate (as SO4), 38.6
 Ferrous Iron, 11
 TOC, 53
 ORP, -343
 Methane, 1100

         MW-12        
_________________________
 Sulfate (as SO4), 22.5
 Ferrous Iron, 0.62
 TOC, 18.7
 ORP, -326
 Methane, 550

         MW-18        
_________________________
 Sulfate (as SO4), 102
 Ferrous Iron, 1.27
 TOC, 3.15
 ORP, -128
 Methane, 6

IW-D6

IW-D5

IW-D4

IW-D3

IW-D2

IW-D1

IW-C6

IW-C5

IW-C4

IW-C3

IW-C2

IW-C1

IW-B6

IW-B5

IW-B4

IW-B3

IW-B2

IW-B1

IW-A6

IW-A4

IW-A3

IW-A1

N:
\11

17
35

19
.00

00
0\D

B\G
IS\

Ar
cM

ap
\G

W 
Ge

oc
he

mi
ca

l In
dic

ato
r P

ara
me

ter
s_

04
06

.m
xd

  8
/7/

20
07

  1
0:4

6:5
7 A

M 
Lu

mb
, M

FIGURE 3-9

CHEM-CORE
GROUNDWATER GEOCHEMICAL INDICATOR PARAMETERS
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         MW-08S        
_________________________
 Sulfate (as SO4), 350
 Ferrous Iron, ND
 TOC, 3.5
 ORP, 20
 Methane, 21

         MW-08D        
_________________________
 Sulfate (as SO4), 74
 Ferrous Iron, 0.7
 TOC, 3.6
 ORP, -211
 Methane, 5500

         MW-19        
_________________________
 Sulfate (as SO4), 97
 Ferrous Iron, 3
 TOC, 4.5
 ORP, -183
 Methane, 3100

         IW-A2        
_________________________
 Sulfate (as SO4), 90
 Ferrous Iron, 12.1
 TOC, 11
 ORP, -202
 Methane, 9800

         IW-A5        
_________________________
 Sulfate (as SO4), 80
 Ferrous Iron, 2.7
 TOC, 4.7
 ORP, -253
 Methane, 10000

         MW-16        
_________________________
 Sulfate (as SO4), 47
 Ferrous Iron, 16.1
 TOC, 5
 ORP, -253
 Methane, 5800

         MW-12        
_________________________
 Sulfate (as SO4), 37
 Ferrous Iron, 0.15
 TOC, 1.9
 ORP, -155
 Methane, 360

         MW-18        
_________________________
 Sulfate (as SO4), 93
 Ferrous Iron, 1.19
 TOC, 1.7
 ORP, -105
 Methane, 94
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FIGURE 3-10
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IW-A2
Groundwater Analytical Trends

IW-A2  GROUNDWATER  ANALYTICAL TRENDS          (IN
FIELD)
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IW-A5
Groundwater Analytical Trends

IW-A5 Groundwater Analytical Trends
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MW-8D
Groundwater Analytical Trends

MW-8D Groundwater Analytical Trends
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MW-8S Groundwater Analytical Trends
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MW-12
Groundwater Analytical Trends

MW-12 Groundwater Analytical Trends
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MW-16
Groundwater Analytical Trends

MW-16 GROUNDWATER ANALYTICAL TRENDS
(IN-FIELD)

0
20
40
60
80

100
120
140

04
/2

8/
05

05
/2

8/
05

06
/2

8/
05

07
/2

8/
05

08
/2

8/
05

09
/2

8/
05

10
/2

8/
05

11
/2

8/
05

12
/2

8/
05

01
/2

8/
06

02
/2

8/
06

03
/2

8/
06

04
/2

8/
06

05
/2

8/
06

06
/2

8/
06

07
/2

8/
06

08
/2

8/
06

09
/2

8/
06

Date

C
on

ce
nt

ra
tio

n 
(m

g/
L)

-400
-350
-300
-250
-200
-150
-100
-50
0
50

O
R

P 
(m

V)

Sulfate Ferrous Iron TOC ORP

0

200

400

600

800

1000

1200

04
/2

8/
05

05
/2

8/
05

06
/2

8/
05

07
/2

8/
05

08
/2

8/
05

09
/2

8/
05

10
/2

8/
05

11
/2

8/
05

12
/2

8/
05

01
/2

8/
06

02
/2

8/
06

03
/2

8/
06

04
/2

8/
06

05
/2

8/
06

06
/2

8/
06

07
/2

8/
06

08
/2

8/
06

09
/2

8/
06

Date

So
lv

en
t C

on
ce

nt
ra

tio
n 

(u
g/

L)

0

1000

2000

3000

4000

5000

6000

7000

M
et

ha
ne

 C
on

ce
nt

ra
tio

n 
(u

g/
L)

PCE TCE c-,t-DCE VC Ethene Methane



MW-18
Groundwater Analytical Trends

MW-18 GROUNDWATER ANALYTICAL TRENDS
(UPGRADIENT)
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