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1.0  INTRODUCTION 

Roux Associates, Inc. (Roux Associates) and Remedial Engineering, P.C. (Remedial 

Engineering) have prepared this Interim Remedial Measure (IRM) Work Plan for Product 

Recovery in Operable Unit 4 (OU-4) via Chemical Oxidation (ChemOx), on behalf of 

ExxonMobil Oil Corporation (ExxonMobil).  This IRM Work Plan describes the proposed IRM 

to address an area of separate-phase product at the Former ExxonMobil Buffalo Terminal 

considering the historic, current, and reasonably anticipated future use of OU-4 as industrial.   

The former ExxonMobil Terminal and offsite areas formerly and currently owned by 

ExxonMobil, located at 625 Elk Street in Buffalo, New York, are shown on Figure 1.  In order to 

address the environmental conditions, ExxonMobil entered into a Brownfield Site Cleanup 

Agreement with the New York State Department of Environmental Conservation (NYSDEC) on 

April 3, 2006.  Under this agreement, the Site entered into New York State’s Brownfield Cleanup 

Program (BCP).  The “Site” is defined, for the purposes of the BCP, as the area within the limits 

of the five Operable Units (OU) as shown in Figure 2.  In addition, the Site was previously 

divided into nine geographic areas for the purpose of assessing environmental conditions and 

reporting the results of area-specific activities (Figure 3).  These geographic areas were 

designated according to the historical primary operations that occurred in each portion of the 

Site.  The separate-phase product plume that is the subject of this IRM Work Plan is located in 

Operable Unit 4 (OU-4) within the area formerly designated as the Eastern Tank Yard Area 

(ETYA).  Plate 1 shows a layout of the entire OU-4.   

A portion of the Site south of Elk Street, including OU-4, is currently operating as a petroleum 

products storage and distribution facility owned and operated by Buckeye Terminals, LLC 

(Buckeye) with the surrounding non-operating area (formerly part of historic operations) owned 

by ExxonMobil.   

The requirements and recommendations of the NYSDEC guidance document, Draft Brownfield 

Cleanup Program Guide (May 2004), were incorporated into this OU-4 IRM Work plan, in 

addition to the requirements and recommendations of the NYSDEC “Draft DER-10 Technical 

Guidance for Site Investigation and Remediation (DER-10),” dated December 25, 2002. This 

OU-4 IRM Work Plan has been prepared in accordance with the requirements of Section 5 
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DER-10 for a Remedial Action Work Plan since previous experience with the system during the 

pilot test and the site-specific knowledge of the contractors to be selected for the work do not 

warrant full design plans and specifications. 

The process that was followed to field test, evaluate, and select ChemOx as the IRM for the 

OU-4 product plume area is presented in the document entitled “Remedial Action Selection 

Report (RAS) for the Interim Remedial Measure for Product Recovery in the ETYA”, dated 

January 5, 2005.  

As part of the remedial action selection process, field tests of four technologies were performed 

to evaluate potential remedial technologies for the OU-4 product plume.  The field-testing 

included the following: 

Long-term separate-phase product-only recovery testing; • 

• 

• 

• 

• 

• 

• 

Aquifer testing of groundwater recovery for containing and recovering groundwater, 
controlling the migration of separate-phase product, and enhancing separate-phase 
product recovery; 

Vacuum enhanced recovery (VER) pilot testing; and 

ChemOx pilot testing. 

ChemOx was selected as the technology that best met the remedial goals and remedial action 

objectives (RAOs) for the OU-4 product plume area.  The RAS included an evaluation of 

ChemOx against the criteria presented in Section 4.4 of the DER-10, as well as a conceptual 

design and operation, maintenance and monitoring (OM&M) program.  This IRM Work Plan 

provides additional details required to implement the IRM in the OU-4 product plume area. 

The remainder of this OU-4 IRM Work Plan is organized as follows: 

Section 2.0 provides a summary of the history of OU-4 (ETYA), including ownership, 
current and future land use, past and present operations (i.e., buildings, tanks, etc), and 
spills or releases; 

Section 3.0 provides a summary of environmental conditions based upon the results of 
previous investigations; 

Section 4.0 identifies remedial goals and remedial action objectives; 
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Section 5.0 describes the IRM selection process; • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Section 6.0 describes the components of the ChemOx system;  

Section 7.0 describes health and safety procedures; 

Section 8.0 describes OM&M procedures and proposed system shutdown criteria; 

Section 9.0 describes the quality assurance/quality control procedures for the IRM; 

Section 10.0 describes reporting;  

Section 11.0 describes citizens participation;  

Section 12.0 describes institutional and engineering controls; 

Section 13.0 describes the project schedule; and 

Section 14.0 provides references. 

Included with the IRM Work Plan are the following appendices: 

A.  Hydrographs 

B.  Separate Phase Product Analysis Results for OU-4 Wells 

C.  Quality Assurance Project Plan (QAPP) for the Chemical Oxidation IRM in Operable 
Unit 4 
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2.0  SITE SETTING AND HISTORY 

The historical information presented in this Section was obtained from the document entitled 

“History of Operations at Buffalo Terminal” (Roux Associates, 2000).  Historically, the major 

Site refinery and terminal operations occurred south of Elk Street in an area of approximately 

89 acres.  The petroleum refining operations at the Site began during 1880.  The majority of the 

Site was purchased by Standard Oil Company of New York (SOCONY), ExxonMobil's 

predecessor, in 1892.  In May 1981, the Site terminated all refinery operations.  The Site 

continued as an ExxonMobil distribution terminal, receiving product via a pipeline and barge 

until May 2005.  The active petroleum products storage and distribution terminal portion of the 

Site was sold on May 4, 2005 and is now owned and operated by Buckeye.  The area of 

Buckeye’s active terminal is approximately 35.8 acres.  Throughout the Site’s history, the areal 

extent of property owned by ExxonMobil changed as portions of property were acquired or sold 

for various reasons.  The area within the current ExxonMobil property boundary is 

approximately 43.6 acres. 

2.1  Eastern Tank Yard Area 
OU-4 (Plate 1) is located between the eastern side of the Erie Lackawanna Railroad Company 

(formerly D.L.& W.R.R.) rail tracks and the bank of the Buffalo River.  Prior to the straightening 

of the Buffalo River between 1914 and 1917, the river’s course ran in a generally north to south 

direction through OU-4, parallel to the D.L. & W.R.R. tracks.  The river was filled in, relocated 

to the east, and rerouted to continue in a west-southwesterly direction.  A small parcel of land 

that existed prior to the rerouting between the D.L. & W.R.R. tracks and the original river was 

owned by SOCONY.  This parcel of land was relinquished by SOCONY to the City of Buffalo 

on July 8, 1915.  The City of Buffalo reportedly utilized the land between the D.L. & W.R.R. 

tracks and the rerouted river channel for disposal of municipal waste between the years 1921 and 

1951.  ExxonMobil purchased the parcel of land in 1951.  OU-4 is part of the active terminal that 

is owned and operated by Buckeye and encompasses 15.3 acres. 

2.1.1  Former and Current Structures 
The City of Buffalo reportedly utilized the land between the D.L. & W.R.R. tracks and the 

rerouted river channel for disposal of municipal waste between the years 1921 and 1951.  In 

1953, two aboveground storage tanks (Tanks 175 and 176), each with 70,000-barrel capacities, 
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were constructed in OU-4.  The details concerning these storage tanks are provided in Table 1.  

To the southwest of the storage tanks, four propane tanks and a propane loading rack were 

constructed between 1958 and 1966.  According to discussions with former and/or current 

ExxonMobil employees, the propane loading rack was never utilized.  The propane tanks and 

loading rack were removed in 1988. 

Three product pipelines are present within OU-4 (Plate 1).  Two of the pipelines were formerly 

owned by ExxonMobil and are currently owned by Buckeye.  One is abandoned in-place and the 

other is currently active.  ExxonMobil’s abandoned former pipeline enters OU-4 at the northeast 

boundary and crosses through the length of OU-4 in a south/southwesterly direction and 

continues into the STYA along the bulkhead immediately adjacent to the Buffalo River.  

According to a drawing of the pipeline, the depth of burial within OU-4 is approximately 4 feet.  

According to this drawing, the pipeline was purged of product and abandoned in-place. 

The active portion of the former ExxonMobil pipeline enters the property in the northwest corner 

of OU-4 and follows the fence line in a southerly direction.  The pipeline continues to follow the 

fence line until it crosses underneath the former Erie-Lackawanna Railroad and into OU-3 (the 

area formerly designated as the Southern Tank Yard Area [STYA]) at the location of the access 

road between OU-4 and OU-3. 

Lakehead Pipeline Company, Inc. (Lakehead) owns the third product pipeline.  The approximate 

location of this pipeline is shown on Plate 1.  This pipeline enters OU-4 at a location near the 

former ExxonMobil pipeline and then generally runs in a west/southwesterly direction south of 

the containment berm for Tanks 175 and 176 to a point approximately 200 feet beyond the tanks, 

where it turns northwest and enters the STYA.  Information provided to ExxonMobil by 

Lakehead indicates that the line was removed from active service in 1982 when the product was 

purged and the line was filled with nitrogen. 

2.2  Waste Handling Areas 
ExxonMobil also used OU-4 for disposal purposes.  According to company records, the waste 

disposed in OU-4 included storage tank bottom material, spent cracking and reforming catalysts, 

oil/water separator material, slop oil solids, demolition debris, and asphalt-containing soil.  
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ExxonMobil reportedly used this area for disposal between the years 1952 and 1974.  Plate 1 

shows disposal locations of wastes disposed in OU-4 as reported in the company records.  In 

addition, a review of available aerial photographs indicates that the area southwest of the tanks 

was a possible disposal location.  Following several subsurface investigations, the disposal area 

within OU-4 was re-classified in 1988 by the NYSDEC from a New York State Registry of 

Inactive Hazardous Waste Disposal Sites Class 2a site (indicating that additional information is 

needed to accurately categorize the site) to a Class 3 site.  This Class 3 classification indicates 

that the area does not pose a significant threat to the public or environment. 

2.3  Spills/Releases 
Two spills were documented to have occurred in this area (Table 2).  The following releases have 

supporting documentation in the form of ExxonMobil records and NYSDEC Spill Report Forms. 

On August 28, 1989, approximately 6,500 gallons of unleaded gasoline were released.  
This incident was reported to the NYSDEC and assigned Spill No. 8905279.  It was also 
reported to the City of Buffalo Fire Department.  The incident occurred when Tank 176 
was overfilled due to incorrect safe fill and high alarm settings being used.  The area was 
barricaded and approximately 2,800 gallons of product were removed with a vacuum 
truck.  In addition, the safe fill and high level alarm settings were corrected.  
Subsequently, monitoring wells were installed and monitored for the presence of product.  
The containment berm for this tank and Tank 175 were lined during the storage tank 
realignment project completed in 1991. 

• 

• On October 4, 2000, a sheen and seepage area was identified along the Buffalo River 
Bank adjacent to OU-4 (within OU-5) during the installation of MW-28.  The NYSDEC 
was notified on that date and assigned Spill No. 0075417.  In response, ExxonMobil 
installed a sorbent boom around two areas where impacts were observed (total length of 
approximately 300 feet).  The booms were inspected and maintained daily until 
December 18, 2000 to prevent any adverse impacts to the Buffalo River from this area.  
The booms were destroyed on December 18, 2000 due to significant ice accumulation 
and movement in the river.  Through March 2001, it was not possible to install permanent 
booms due to ice conditions in the river.  Sorbent booms were installed along the 
riverbank around the seepage areas on March 16, 2001 and have been maintained since.  
Permanent slick-bar booms were installed around the areas of seepage in May 2001 (see 
Plate 1 for locations).  The seepage areas have been inspected regularly since 
October 2000.  These inspections include a description of the area of seepage, noting any 
differences in the appearance of the area (i.e., presence or absence of sheen and its 
location. if present).  The inspections also noted the position of the boom and any 
adjustments required.  The inspection results are presented in the site monitoring reports 
issued to the NYSDEC on a quarterly basis.  The boomed area has been expanded based 
on additional sheen observed outside the boomed areas in June 2003, as discussed in 
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Section 2.4.2.  Each winter, the booms are removed to prevent damage due to freezing 
conditions in the Buffalo River.  The booms are reinstalled the following spring. 

2.4  Environmental Remediation History in OU-4 
The environmental remediation efforts on OU-4 include operation of the eastern leg of the well 

point system (WPS), treatment of extracted water, separate-phase product recovery (automated 

recovery and manual bailing), and the installation and maintenance of booms around the seepage 

area south of OU-4 (within OU-5). 

2.4.1  Well Point System  
Two groundwater extraction systems are currently operating at the Site: the well point system 

and the dual-phase recovery system.  The groundwater recovered by these systems is treated by 

the Site’s Water Treatment System, which has been operational since 1993.  The Water Treatment 

system is installed in the Remediation Building in OU-3 within the area formerly designated as 

the Former Refinery Area (FRA).  Treated water is discharged to the Buffalo Sewer Authority 

(BSA) municipal sewer system.  The well point system extends into OU-4.  The dual phase 

product recovery systems are not located in OU-4 and, therefore, they are not discussed. 

Total fluids pulled from the WPS are pumped directly into the piping system and transmitted to 

the Site’s Water Treatment System. 

The Site’s Water Treatment System was installed and operational by 1993.  The Water Treatment 

System is located in the Remediation Building in OU-3 within the area formerly designated as 

the Former Refinery Area (FRA).  The treatment system handles all extracted groundwater, as 

well as storm water not associated with the lined active tank farm drainage system, prior to 

discharge to the BSA sewer system. 

Following treatment and flow monitoring by an ultrasonic flow meter, water is discharged to the 

BSA outfall.  Recovered separate phase product is pumped to a storage tank and disposed of 

offsite. 
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2.4.2  Installation and Maintenance of the Booms Around 
          the Seepage Areas Adjacent to OU-4 (within OU-5) 
A sheen and seepage area along the Buffalo River bank adjacent to OU-4 (within OU-5) was first 

observed on October 4, 2000 during the installation of monitoring well MW-28.  The NYSDEC 

was notified on that date and assigned Spill No. 0075417.  In response, ExxonMobil installed a 

sorbent boom around two areas (shown on Plate 1) where impacts were observed.  The booms 

were inspected and maintained daily until December 18, 2000 to prevent any adverse impacts to 

the Buffalo River from this area.  The booms were destroyed on December 18, 2000 due to 

significant ice accumulation and movement in the river. 

Through March 2001, it was not possible to install permanent booms due to ice conditions in the 

river.  Sorbent booms were installed along the riverbank around the seepage areas on March 16, 

2001 and have been maintained since.  Permanent slick-bar booms were installed around the 

areas of seepage in May 2001 (see Plate 1 for locations). 

On June 4, 2003, the shoreline of the Buffalo River was inspected by the NYSDEC.  Areas of 

sheen were observed outside the currently boomed areas to the south and west of the 

southernmost boom.  On June 6, 2003, approximately 120 feet of temporary absorbent booms 

were placed on the Buffalo River along the south end of the southern containment boom.  On 

June 19 and 20, 2003, the absorbent booms were replaced with permanent booms and attached to 

the south end of the existing southern containment boom, therefore converting it into a single 

containment boom measuring 375 feet long.  The northern containment boom remains intact.  

The permanent booms are removed during the winter months due to freezing conditions in the 

Buffalo River. 

The seepage areas have been inspected regularly since October 2000.  These inspections include 

a description of the area of seepage noting any differences in the appearance of the area 

(i.e., presence or absence of sheen and its location, if present).  The inspections also note the 

position of the boom and any adjustments required. 
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2.4.3  Separate-Phase Product Recovery  

Separate-phase product recovery is ongoing in OU-4.  Product recovery efforts in OU-4 have 

included automated product recovery using a solar powered product only pumping system and 

manual bailing.  Product recovery from selected wells has been conducted in order to provide 

additional data on the recoverability of product and evaluate the appropriateness of the 

technology for the OU-4 product plume area.   

Between February 2000 and March 2006, a total of approximately 282 gallons of separate-phase 

product have been recovered from wells in OU-4 as follows:  

169 gallons from the solar powered pumps (MW-28 and LF-6); and • 

• 

• 

• 

113 gallons manually bailed from OU-4 wells (LF-1S, LF-3, LF-6, MW-28, P-15 and 
VERMW-3 ).  

Of this total, approximately 81 gallons of product was recovered during the ChemOx pilot study 

(between April and June 2004) as follows: 

32 gallons from the solar powered pump (MW-28); and 

49 gallons manually bailed from OU-4 wells (LF-1S, LF-6 and VERMW-3). 
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3.0  SUMMARY OF ENVIRONMENTAL CONDITIONS 

Data regarding environmental conditions at the Site, and particularly OU-4, were obtained from 

a review of the results of previous investigations and the ongoing monitoring program at the Site.  

The following sections include: 

a listing and brief description of previous investigations completed; and • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

a summary of the environmental quality based on previous investigations, including soil 
quality, groundwater quality, separate-phase product occurrence, and sediment quality. 

3.1  Previous Investigations 
The following is a summary of the previous investigations conducted in OU-4: 

Phase I Investigation at OU-4 (former Disposal Area), conducted by Recra Research, Inc. 
in 1983 ((Recra Research, 1983); 

Phase II investigation at OU-4 (former Disposal Area), conducted by URS Company, Inc. 
in 1986 (URS, 1986) and follow-up sampling for the Phase II investigation in OU-4 
conducted in the fall of 1986, spring of 1987, and March 1988; 

Installation of five monitoring wells (B-1MW, B-2MW, and B-4MW through B-6MW) in 
various areas of the Site and performance of water-level and product thickness 
measurements in these new wells, by Empire Soils Investigations, Inc. in July 1989 
(ESI, 1989a); 

Installation of two monitoring wells (W-1 and W-2) in OU-4 and performance of water-
level and product thickness measurements in these new wells, by Empire Soils 
Investigations, Inc. in October 1989 (ESI, 1989b); 

Installation of 25 monitoring piezometers (P-1 through P-25) in OU-4 and performance 
of water-level and product thickness measurements in these new piezometers, by Empire 
Soils Investigations, Inc. in April 1990 (ESI, 1990); 

Site Facility Investigation (SFI), conducted by Groundwater & Environmental Services, 
Inc. (GES) from June through August 1998 (Roux Associates, 1998); 

SFI Completion, conducted by GES and Roux Associates from July through 
October 1999 (Roux Associates, 1999);  

Field inspection of approximately 1,000 feet of shoreline along the Buffalo River by 
representatives of ExxonMobil, the NYSDEC, and Roux Associates on October 26, 2000; 

Installation of MW-28 in OU-4 on October 4, 2000 and installation of soil borings, 
collection of soil samples, installation of monitoring wells, and collection of sediment 
samples conducted by GES and Roux Associates between December 2000 and April 2001 
summarized in the Separate-Phase Product Investigation Report for the Eastern Tank 
Yard Area (Roux Associates 2001); 
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Site Investigation Completion, conducted by GES from August 2001 through 
February 2002 (Roux Associates, 2002); and 

• 

• 

• 

Evaluation of Aquifer Characteristics conducted by GES and Roux Associates from 
June 2002 through August 2002 (Roux Associates, 2003a). 

Additional Sediment Sampling of the Buffalo River Shoreline Completion Letter Report, 
dated October 8, 2003 (Roux Associates 2003b) 

3.2  Topography  
The topography in OU-4 is generally flat, with a steeply sloped embankment to the Buffalo 

River.  The ground surface elevation drops by approximately 22 to 25 feet in a horizontal span of 

approximately 25 to 30 feet from the top of the embankment to the river level.  High water 

elevations in the Buffalo River prevent access to the shoreline. 

3.3  Geology and Hydrogeology 
In general, the geology of the entire OU-4 is influenced by the former disposal activities that 

were conducted in this area and re-routing of the Buffalo River.  Four unconsolidated deposits 

exist in the area under consideration.  The first is a fill layer that consists of black cinders, 

concrete, brick, glass, wood, silt, gravel, sand, and slag that is consistent with the historical 

disposal activities.  This layer varies in thickness from 7 to 23 feet.  The second unit consists of 

sands; silt (sandy silt to clayey silts); and silts and clays.  The thickness of this layer is between 

0 and 20 feet throughout the area of interest.  The third layer is predominantly comprised of sand 

and gravel and ranges in thickness from 4 to 11 feet.  Underlying the sand and gravel layer is a 

clay layer.  Bedrock was not encountered in any of the wells installed in OU-4.  Three 

generalized hydrogeologic cross-sections are presented on Figure 4.  The cross section lines are 

shown on Plate 1.   

Depth to groundwater across the entire OU-4 ranges from approximately 6 to 31 feet below 

grade.  In the pilot test area, the depth to groundwater ranges from approximately 24 to 31 feet 

below grade.  The influence of the eastern leg of the WPS can be seen in monitoring wells in the 

STYA and the southwest portion of OU-4.  A groundwater divide, caused by the operation of the 

eastern leg of the WPS, exists in the southwestern portion of OU-4.  The groundwater flow 

direction east of the divide is generally southeast toward the Buffalo River.  The groundwater 
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flow direction west of the divide, in the southwestern portion of OU-4, is generally west toward 

the WPS. 

3.4  Environmental Quality 
The following sections present a brief summary of the data generated during prior investigations 

regarding the occurrence of separate-phase product, soil, sediment, and groundwater quality in 

OU-4. 

3.4.1  Separate-Phase Product 
The historical and current extent of separate-phase product within monitoring wells is shown on 

Plate 1 south of Tank 176.  The results of the long-term gauging program from June 2003 

through March 2006 for wells in OU-4 are shown in Table 3.  As noted, the data back to 2003 

that was previously shown on Table 3 of the RAS is duplicated in Table 3 of this work plan since 

column headings were inadvertently omitted from the previous table.  Hydrographs showing 

water-table elevation and thickness of product with time, as well as thickness of product and 

gallons of product bailed with time, for selected wells with separate-phase product in OU-4 

(LF-1S, LF-3, LF-6, MW-28, VERMW-3, and VERMW-4) are presented in Appendix A.  

Separate-phase product has not been recorded in MW-3URS since July 1998; however, historical 

data indicates that product was present at this location.  In addition to existing wells that 

currently have measurable separate-phase product present, separate-phase product (light golden 

colored product that could be squeezed out of the recovered soil) was noted at or near the water 

table interface during the completion of borings/wells SB-82 and SB-84 during December 2000.  

However, none of the wells installed in December 2000 have indicated the presence of 

measurable separate-phase product during ongoing water/product level gauging and/or 

groundwater sampling.  In addition, no volatile organic compounds (VOCs) or semivolatile 

organic compounds (SVOCs) were detected in the groundwater samples collected from these 

wells in January 2001.  Above the water table, heavier black product (still capable of being 

squeezed from the recovered soil) was observed at SB-82 (7 to 9 feet below land surface [ft bls]) 

and SB-84 (5 to 9 ft bls).  Finally, thick black tar-like material, which was relatively solid, was 

observed above the water table at SB-79 (5 to 7 ft bls), SB-80 (7 to 9 ft bls), SB-81 (15-17 ft bls), 

SB-82 (11 to 11.5, 15 to 17, and 18.5 to 19 ft bls) and SB-85 (5 to 7 ft bls). 
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Samples of separate-phase product were collected and analyzed from four wells in this portion of 

OU-4 (P-15, MW-3URS, LF-1S and MW-28).  Appendix B presents the results of the laboratory 

analyses performed on these samples.  The results from MW-28 and LF-1S indicate that the 

separate-phase product at these locations is comprised entirely of severely biodegraded diesel 

fuels.  The results from P-15 indicate that the product is comprised of 80 percent diesel range 

hydrocarbons and 20 percent gasoline range hydrocarbons.  Finally, the results from MW-3URS, 

in which separate-phase product has not been observed since 1998, indicate that the product was 

comprised of 85 percent diesel range organics and 15 percent gasoline range organics. 

Long-term product recovery since 2001 is described in Section 2.4.3.   

3.4.2  Soil Quality 
The summary of soil quality includes comparisons of the Site data collected to the NYSDEC soil 

quality criteria, described below. 

Soil Quality Criteria 

Soil quality data from previous investigations has been compared to the available NYSDEC soil 

quality criteria.  The soil quality data generated during previous investigations have been 

evaluated against the criteria presented in the following NYSDEC documents: 

NYSDEC Recommended Soil Cleanup Objectives (RSCOs) presented in the “Division of 
Hazardous Waste Remediation.  Division Technical and Administrative Guidance 
Memorandum (TAGM) 4046:  Determination of Soil Cleanup Objectives and Cleanup 
Levels” (NYSDEC 1994) and NYSDEC revised soil cleanup criteria tables for 
TAGM 4046 for gasoline and fuel oil contaminated soil dated August 22, 2001 
(NYSDEC 2001). 

• 

This type of comparison enables identification of areas that may pose a potential risk under a 

residential land use scenario, as well as those areas that may have potential to impact 

groundwater at concentrations exceeding drinking water standards.   

However, it should be noted, that the BCP allows for consideration of the current and reasonably 

anticipated future use of the Site when selecting a remedy and provides for four potential cleanup 

“Tracks”.  ExxonMobil and Buckeye intend for land use of OU-4 remain as industrial for the 

foreseeable future.  Based upon information from the City of Buffalo website, the current zoning 
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of the portion of the site South of Elk Street is either M2-General Industrial District (OU-4) or 

M3-Heavy Industrial District (all other areas) with allowable industrial land use.  Additional 

information regarding zoning and land use was provided by the City of Buffalo during the public 

comment period on ExxonMobil’s BCP application.  This information indicates that, per the 

City’s Local Waterfront Revitalization Program (LWRP), the proposed zoning of the portion of 

the Site south of Elk Street is CM-Central Commercial District with a proposed land use of 

mixed-use commercial/light industrial. 

Given the nature and extent of contamination in OU-4 and the current and reasonably anticipated 

future land use as industrial, ExxonMobil anticipates that the remediation for OU-4, including 

the IRM, will follow a Track 4 cleanup approach, which would entail development of site-

specific cleanup criteria.  The Track 4 approach recognizes that it may not be technically feasible 

or practicable to remove or treat all contamination at the Site.  The NYSDEC has issued a second 

draft revised 6 NYCRR Part 375 dated June 14, 2006.  This regulation will include the 

requirements to implement the BCP and will include the track-specific cleanup criteria tables.  

The schedule for finalizing the regulation has not been provided at this time. 

Regarding the four Track cleanup approach, and the lack of currently promulgated regulations to 

implement the four Track approach, the draft BCP guide includes the following: 

“Until the Soil Cleanup Tables are developed as required by Title 14, the multi-track 
approach will not be available.  Instead, the Department will continue to implement the 
approach used in the past under the VCP which most closely resembles Tracks 1 
(unrestricted use) and 4 (site specific use based cleanup). Under this approach, the 
Department will continue to look at unrestricted remedies and site-by-site evaluations.” 

In general, the results of previous investigations indicate that soil quality in OU-4 has been 

impacted by historical activities.  The samples collected during the previous investigations in 

OU-4 indicate that several VOCs, SVOCs, and metals exceeded NYSDEC RSCOs, though these 

will be reevaluated based upon site-specific criteria once developed. 

Impacts due to diesel range constituents (SVOCs and total petroleum hydrocarbons-diesel range 

organics [TPH-DRO]) are more widespread with generally higher concentrations and 

concentrations of more compounds exceeding RSCOs than impacts due to gasoline constituents 
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(VOCs and TPH-gasoline range organics [TPH-GRO]).  Limited impacts due to gasoline range 

constituents were observed within the product plume and in the west/southwest portion of OU-4. 

3.4.3  Sediment Quality 
Sediment quality data collected from the area adjacent to OU-4 (within OU-5) during previous 

investigations have indicated the presence of VOCs, SVOCs, and metals. 

The results of a Phase II investigation of OU-4 (formerly referred to as the Buffalo Terminal 

Disposal Site) conducted in 1985 (URS, 1986) indicated that the sediment adjacent to OU-4 

(within OU-5) was impacted by metals, VOCs, and SVOCs.  The locations of the two sediment 

samples collected during the Phase II investigation are shown on Plate 1.  The investigation 

concluded that the impact to sediment could, at least in part, be attributed to non-ExxonMobil 

source(s).  As a result of the Phase II investigation and additional sampling, the NYSDEC 

concluded that the Buffalo Terminal Disposal Site does not present a significant threat to human 

health and the environment. 

In addition, on a regional scale, historical sediment quality data was collected and evaluated by 

the United States Environmental Protection Agency (USEPA) during the period of 1981-1994 as 

part of several studies.  This data indicates that the sediment both upstream and downstream 

from the Terminal is impacted by industrial activities.  The impact upstream was demonstrated to 

be as great or greater than that found adjacent to the Terminal (USEPA 1984 and 1994). 

The analytical results from sediment samples collected from the Buffalo River shoreline in 

April 2001 confirm field observations of petroleum-related impacts made during the 

October 2000 shoreline inspection and during the April 2001 sediment sampling program.  

Where odor, staining, sheen and/or separate-phase product were observed, the analytical results 

indicated the presence of petroleum-related constituents. 

Laboratory results indicate that sediment quality in the 1,000-foot segment of Buffalo River 

shoreline inspected in October 2000 has been impacted by diesel range and gasoline range 

constituents.  Impacts related to diesel fuel constituents (SVOCs and TPH-DRO) are more 

widespread with higher concentrations than impacts due to gasoline constituents (VOCs and 
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TPH-GRO).  This information is consistent with the analytical results of product samples 

collected from OU-4 wells that indicate the product is primarily comprised of diesel fuel and 

diesel range hydrocarbons.  The highest impacts from gasoline constituents were observed within 

the boomed areas at locations where product/iron staining and/or product seepage were observed 

during the October 2000 inspection of the shoreline and during the April 2001 sampling 

program. 

The distribution of petroleum-related impacts along the shoreline is consistent with the 

possibility that impacts may be transported along the riverbank by the actions of currents and 

wind in either direction. 

3.4.4  Groundwater Quality 
The summary of groundwater quality includes comparisons of the Site data to the NYSDEC 

groundwater criteria, as described below. 

Groundwater Criteria 

In the discussions of previous investigations that follow, the groundwater data collected during 

these investigations is compared to the NYSDEC Ambient Water Quality Standards and 

Guidance values (AWQSGVs) for Class GA groundwater presented in the Division of Water 

Technical and Operational Guidance Series (TOGS 1.1.1) “Ambient Water Quality Standards and 

Guidance Values and Groundwater Effluent Limitations” (NYSDEC, 1998), as amended in 

April 2000. 

Many wells in OU-4 have been sampled during the previous investigations and the quarterly 

groundwater sampling rounds conducted since January 2001.  The results of the groundwater 

sampling confirmed the conclusions drawn from previous investigations, that concentrations of 

VOCs and SVOCs in groundwater are generally low in OU-4 and that NYSDEC AWQSGVs are 

exceeded only in localized areas (in the southwest portion of OU-4 and in the vicinity of the 

separate-phase product plume).  Metal concentrations exceeding AWQSGVs were distributed 

throughout the area. 
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3.4.5  Field Observations Along the Buffalo River Bank Adjacent to OU-4 
           (within OU-5) 
On October 26, 2000, representatives from ExxonMobil, the NYSDEC, and Roux Associates 

inspected the Buffalo River shoreline for evidence of sheen and product seepage.  Approximately 

1,000 feet of shoreline was inspected, as indicated on Plate 1 (the width of the shoreline area 

inspected is exaggerated for clarity).  The following observations were made during the 

inspection.  The locations of the items listed below are shown on Plate 1. 

The area where product seepage and the greatest product/iron staining was observed 
along the river bank is shown within the limits of the northeastern boomed area.  The 
product seepage was observed just above the river level on October 26, 2000 (570.76 feet 
above mean sea level [amsl]) and the product/iron staining extended two to five feet into 
the river. 

• 

• 

• 

• 

• 

• 

• 

Two areas where significant product/iron staining and sheen were observed and are 
shown within the southwestern boomed area.  The product/iron staining extended several 
feet into the river. 

Two areas where product staining was observed within the embankment adjacent to the 
river are shown near the northeast boomed area.  These areas were observed at an 
approximate elevation of 573 feet amsl to 574 feet amsl (approximately 2 to 3 feet above 
the river level on October 26, 2000). 

Three areas adjacent to the Buffalo River bank where an asphalt material was observed 
within the embankment are shown.  The asphalt material was observed at an elevation of 
approximately 577 to 578 feet amsl (approximately 6 to 7 feet above the river level on 
October 26, 2000). 

An area where an asphalt/tar-like material was observed on the ground surface is shown 
to the northeast of monitoring well MW-4URS. 

An area where drum remnants were observed within the embankment is shown.  The 
drum remnants were observed at an approximate elevation of 581 to 586 feet amsl 
(approximately 10 to 15 feet above the river level). 

On June 4, 2003, the shoreline of the Buffalo River was inspected by the NYSDEC.  Areas of 

sheen were observed outside the currently boomed areas to the south and west of the 

southernmost boom.  Boom placement in these areas is discussed in Section 2.4.2. 

The shoreline continues to be inspected regularly.  The results of the inspections are 
reported in the Site Monitoring Report that is issued on a quarterly basis.   
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4.0  REMEDIAL GOALS, SCGS AND REMEDIAL ACTION OBJECTIVES 

This section describes the remedial goals and RAOs for the proposed remediation of the 

separate-phase product plume in OU-4, located south of Tank 176 as an IRM.  Based upon the 

results of the previous site investigations and the current and potential future use of the property, 

the remedial goals and RAOs have been developed for the IRM.  Also included is a description 

of Standards, Criteria and Guidance applicable to the IRM.  This section was initially presented 

in the RAS document.  However, since the Site had not yet entered the BCP at that time, this 

section has been revised, as applicable, to reflect changes due to the BCP. 

4.1  Remedial Goals 

As described in Section 4.1 of the Draft BCP Guide, “the goal of the remedy selection process in 

the BCP is to select a remedy for a site that is fully protective of public health and the 

environment, taking into account the current, intended, and reasonably anticipated future land 

use of the site”.  In addition, the draft BCP guide indicates that “Source removal should be the 

goal of all BCP remedies”. 

Consistent with the Draft BCP Guide, the proposed IRM for the OU-4 product plume, coupled 

with planned future remedial activities for the remainder of OU-4, will be fully protective of 

public health and the environment, taking into account the current, intended, and potential future 

land use.  The proposed IRM removes, to the extent practicable, the source of contamination in 

the OU-4 product plume area.  It also eliminates or mitigates significant threats to public health 

and the environment presented by the contaminants within the OU-4 product plume area.   

4.2  Standards, Criteria and Guidance 
SCGs are promulgated requirements (“standards” and “criteria”) and non-promulgated guidance 

(“guidance”) that govern activities that may affect the environment and are used by the DER at 

various stages in the investigation and remediation of a site.  SCGs incorporate both the 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, as amended 

by Superfund Amendments and Reauthorization Act of 1986 (CERCLA) concept of “applicable 

or relevant and appropriate requirements” (ARARs) and the USEPA’s “to be considered” 

(TBCs) category of non-enforceable criteria or guidance.  SCGs applicable to the OU-4 product 

plume area are presented below. 
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Citation Title Regulatory Agency

Soil  

TAGM-4046 

 

Determination of Soil Cleanup 
Objectives and Cleanup Levels 

NYSDEC 

Draft BCP Guide Site Specific Use Based Cleanup Criteria NYSDEC 

Draft Part 375 Proposed Track 4 Site-Specific Cleanup 
Criteria 

NYSDEC 

Ground Water/ Surface Water  

40 CFR Part 131 Water Quality Criteria USEPA 

40 CFR Part 141.11-16 Maximum Contaminant Levels USEPA 

40 CFR Part 141.50-52 Maximum Contaminant Level Goals USEPA 

6 New York Code of Rules and 
Regulations (NYCRR) Part 608 

Use and Protection of Waters NYSDEC 

6 NYCRR Part 700-705 Surface Water and Ground Water 
Classification Standards 

NYSDEC 

Technical Operational Guidance 
Series (TOGS) 1.1.1 

Ambient Water Quality Standards and 
Guidance Values 

NYSDEC 

Air  

40 CFR Part 50 National Ambient Air Quality Standards USEPA 

40 CFR Part 60 Standards for Performance of New 
Stationary Sources 

USEPA 

40 CFR Part 61 National Emissions Standards for 
Hazardous Air Pollutants 

USEPA 

Air Guide No. 1 Guideline for the Control of Toxic 
Ambient Air Contaminants 

NYSDEC 

6 NYCRR Part 212 General Process Emission Sources NYSDEC 

6 NYCRR Part 257 Air Quality Standards NYSDEC 

 

The prior Site investigations have identified the contaminants exceeding RSCOs and Class GA 

AWQSGVs and environmental media impacted by the contaminants.  It is understood that the 

NYSDEC is in the process of finalizing the regulation (draft 6 NYCRR Part 375) to implement 

the BCP, which includes the Track 4 cleanup approach (i.e., restricted use with site-specific 

cleanup objectives) applicable to sites where the current and reasonably anticipated future land 
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will be commercial or industrial.  The Draft BCP Guide (which describes the cleanup approach 

to be used until the final regulations are promulgated) and the draft Part 375 (Track 4 approach) 

provide for the development of site-specific soil cleanup objectives.  Therefore, given the current 

and anticipated land use at the Site, ExxonMobil will develop site-specific cleanup objectives for 

approval by the NYSDEC and re-evaluate the soil quality data based upon these values. 

4.3  Remedial Action Objectives  
The RAOs for the OU-4 separate-phase product plume area have been established for the 

protection of public health and the environment and are developed based on the SCGs, described 

above. 

As specified in Draft DER-10, Section 4.1(c), RAOs are to be established by: 

1. identifying all contaminants exceeding applicable SCGs and the environmental media 
impacted by the contaminants; 

2. identifying applicable SCGs, taking into consideration the current and, where applicable, 
future land use for the Site; 

3. identifying all actual or potential public health and/or environmental exposures resulting 
from contaminants in environmental media at, or impacted by, the Site; and 

4. identifying any site-specific cleanup levels developed pursuant to Draft DER-10, 
Section 3.10.3(e). 

As outlined in DER-10, Appendix 4B, the primary RAO for public health protection at the Site is 

to eliminate potential exposure pathways by preventing humans from contacting, ingesting, or 

inhaling contaminated environmental media.  In addition, the following RAOs will be applicable 

to the OU-4 IRM for environmental protection: 

removal of the source of  groundwater or surface water contamination, including free 
product and grossly contaminated soil, to the extent technically and practicably feasible; 

• 

• 

• 

preventing migration of contamination that would result in groundwater, surface water, or 
sediment contamination; and 

preventing impacts to biota from ingestion/direct contact with surface water and 
sediments causing toxicity and impacts from bioaccumulation through the marine or 
aquatic food chain. 
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5.0  IRM SELECTION PROCESS 

The RAS Report detailed the selection process that was followed for the IRM described in this 

work plan.  However, since the Site had not yet entered the BCP at that time, the rationale for 

selection of the IRM has been revised, as applicable, to reflect changes due to the BCP.   

As part of the IRM selection process, the following field tests were performed in the OU-4 in 

order to evaluate potential remedial technologies: 

Long-term separate-phase product-only recovery testing; • 

• 

• 

• 

Aquifer testing of groundwater recovery for containing and recovering groundwater, 
controlling the migration of separate-phase product, and enhancing separate-phase 
product recovery; 

VER pilot testing; and 

ChemOx pilot testing.  

The results of the testing are described in detail in the RAS report and are summarized below.  

The rationale for selection of ChemOx is provided below and incorporates modifications to the 

original selection rationale presented in the RAS due to the Site entering the BCP. 

5.1  Field Test Conclusions 

Based upon the data presented above for the testing of the four technologies conducted in the 

separate-phase product plume in the OU-4, the following conclusions have been drawn regarding 

the potential applicability of these technologies to this area of the site. 

5.1.1  Product-Only Recovery 
The results of the long-term product only recovery testing has shown that product only pumping 

alone is not a viable option for achieving the RAOs for the OU-4 product plume area.  Product 

only recovery through manual bailing and/or automated pumping does successfully remove the 

product that accumulates in the wells in the OU-4 product plume area; however, since it is a 

passive operation, the product must make its way into the well to be recovered and a single well 

influences only a small portion of the OU-4 product plume area.  Multiple wells and pumping 

systems, as well as long operational periods, would be required to achieve large scale recovery 

across the OU-4 product plume area, which is impractical.  Product-only recovery will continue 
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to be employed to recover available product and increase recovery rates when used in 

combination with technologies that have been shown to increase product thicknesses in OU-4 

product plume area wells (i.e., ChemOx). 

5.1.2  Groundwater Recovery for Containment and Product Recovery Enhancement 

Based upon the results of the aquifer testing, groundwater recovery for containment and product 

recovery enhancement is not a feasible technology for the OU-4 product plume area.  

Measurable water table drawdown was not observed in any of the surrounding monitoring wells 

during the pump testing at RW-8R, indicating a negligible zone of influence caused by the 

pumping well.  Water level fluctuations were observed in all monitoring wells that were 

correlated directly to Buffalo River level changes.  In addition, water table fluctuations 

corresponding to changes in Buffalo River levels were evident in the pumping well during the 

entire test period, indicating that even under pumping conditions, the influence of the river was 

not completely overcome.  Though not calculated during the aquifer testing, a significant portion 

of the extracted groundwater volume was likely Buffalo River water.  Due to the significant 

influence of the Buffalo River on the ability to extract groundwater and to effect drawdown in 

the area surrounding the pumping well, groundwater recovery is not a viable option to meet the 

RAOs for the OU-4 product plume area.  The excessive volumes of groundwater/river water that 

would need to be recovered and treated in order to provide containment and product recovery 

enhancement would be cost prohibitive. 

5.1.3   VER Pilot Test 
The primary intent of the VER pilot test was to verify the effectiveness of VER at several 

different operating conditions based on the constraints of the site and equipment.  The various 

tests were completed with all equipment operating within the expected ranges and without any 

test delays due to equipment or instrument malfunction.  The test succeeded in acknowledging 

the limitations of the technology.  The operation of the VER test showed the difficulties with 

utilizing the technology in an aquifer with a high permeability, a water table depth close to 

limitation of the technology and in close proximity to the Buffalo River. 

Unfortunately, adjustments to the drop tube depth while operating at various recovery wells, the 

addition of a packer, and the installation of a pneumatic pump did not succeed in generating a 
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higher vacuum on the well and, thus, extracting/entraining separate-phase product.  The lithology 

of the OU-4 product plume area with a combination of fine to medium sands with some silt and 

clay, and the overlying fill with ash, glass, brick and concrete, allowed the applied vacuum to 

dissipate easily in the formation.  The available equipment could not overcome the rate of 

vacuum dissipation. 

The inability to maintain a high vacuum and observe significant influence at the wellhead or 

monitoring wells showed that the application of vacuum to entrain product would prove difficult 

without substantial expense.  The only substantial hydrocarbon recovery was completed through 

the removal of vapor phase hydrocarbons. 

Based upon these results, VER did not meet the RAOs for the remediation of the OU-4 product 

plume area and is not considered feasible for implementation in this area of the Site.  

5.1.4  ChemOx Pilot Test 

The ChemOx Pilot test was successful in reducing petroleum related contaminant concentrations 

in soil, groundwater, and separate phase product (the primary RAOs for the remediation).  It also 

contributed to reducing product thicknesses in some wells within the pilot test area (either 

directly or through making additional product available for manual recovery) and in changing the 

physical properties and appearance of the product, indicating that breakdown of the product was 

occurring.  Achieving a full understanding of the actual physical/chemical/biological processes 

responsible for these changes was beyond the scope of the pilot test.  

ChemOx has been selected for implementation in the OU-4 separate-phase product plume area 

based upon the pilot test results. A description of the proposed full-scale remedy for the OU-4 

product plume area is presented in Section 6.0.  It was clear from the pilot test data that some 

modifications to the design of the pilot test injection points would be required to optimize system 

performance (i.e., deeper ozone and peroxide injection points and additional supplemental 

hydrogen peroxide-only injection points at the water table interface).  These changes are 

discussed in Section 6.0, along with a conceptual layout of a full-scale ChemOx system for the 

OU-4 product plume area.   
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5.2  Rationale for Selection 

This section includes a revised evaluation, as applicable, to reflect changes due to the BCP, of 

the selected IRM for the OU-4 product plume.  ChemOx was selected as the recommended IRM 

for the OU-4 product plume based on the following eight evaluation criteria presented in 

Section 4.1 of the Draft DER-10 Technical Guidance and/or the Draft BCP Guide: 

Overall protection of public health and the environment; • 

• 

• 

• 

• 

• 

• 

• 

Compliance with SCGs; 

Long-term effectiveness and permanence; 

Reduction of toxicity, mobility, or volume with treatment; 

Short-term effectiveness; 

Implementability;  

Cost; and 

Compatibility with land use. 

Each of the criteria is described below, along with an evaluation of the proposed recommended 

remedy against the criteria.  In addition, DER-10 and the Draft BCP Guide require that the 

remedy be evaluated on the basis of Community Acceptance following public participation 

activities.  However, per the Draft BCP Guide Section 3.14, since the proposed remedial action 

is being completed as an IRM that does not constitute the final remedy for OU-4, ExxonMobil 

contends that formal citizen participation activities are not required and the Community 

Acceptance criteria does not apply. 

5.2.1  Overall Protection of Human Health and the Environment 
Description of Criteria 

From DER-10:  “This criterion is an evaluation of the remedy’s ability to protect public health 

and the environment, assessing how risks posed through each existing or potential pathway of 

exposure are eliminated, reduced, or controlled through removal, treatment, engineering controls, 

or institutional controls.  The remedy’s ability to achieve each of the RAOs is evaluated.” 
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Evaluation of Proposed Remedy 

The proposed ChemOx IRM system will be protective of human health and the environment by 

reducing the concentrations of petroleum-related hydrocarbons in groundwater, soil, and 

separate-phase product, as evidenced by the pilot test data for each of these media.  In addition, 

operation of the ChemOx system will enhance separate-phase product recovery efforts by 

making more product available for manual and/or automated recovery efforts, as evidenced by 

the increase in product recovery during the pilot test.  The potential for human and 

environmental exposure to the petroleum-related contaminants in the remediation OU-4 product 

plume will be reduced as the source of contamination (i.e., separate-phase product) is recovered 

and/or degraded and the concentrations of contaminants in groundwater discharging to the river 

are reduced.   

5.2.2  Compliance with Standards, Criteria and Guidance (SCGs) 

Description of Criteria 

From DER-10:  “Compliance with SCGs addresses whether or not a remedy will meet applicable 

environmental laws, regulations, standards, and guidance.  All SCGs for the site will be listed 

along with a discussion of whether or not the remedy will achieve compliance.  For those SCGs 

that will not be met, provide a discussion and evaluation of the impacts of each, and whether 

waivers are necessary.” 

Evaluation of Proposed Remedy 

SCGs for the proposed remedy are presented in Section 4.0.  As noted previously, it is 

understood that the NYSDEC is in the process of finalizing the regulation (draft 6 NYCRR 

Part 375) to implement the BCP, which includes the Track 4 cleanup approach (i.e., restricted use 

with site-specific cleanup objectives) applicable to sites where the current and reasonably 

anticipated future land will be commercial or industrial.  The Draft BCP Guide (which describes 

the cleanup approach to be used until the final regulations are promulgated) and the draft 

Part 375 (Track 4 approach) provide for the development of site-specific soil cleanup objectives.  

Therefore, given the current and anticipated land use at the Site, ExxonMobil will develop site-

specific cleanup objectives for approval by the NYSDEC and re-evaluate the soil quality data 

based upon these values.  Even if SCGs are not met within a reasonable operating timeframe due 

to the practical limitations of the technology, significant reductions of contaminant 
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concentrations and prevention of migration of contaminants to the Buffalo River are expected, 

which meet the RAOs for the site. 

Though development of site-specific cleanup criteria is appropriate for the Site, it should be 

noted that pilot test data indicates that implementation of ChemOx in the pilot area has the 

potential to remediate concentrations of petroleum-related compounds in soil to NYSDEC 

RSCOs and groundwater to NYSDEC AWQSGVs.  For example, concentrations of VOCs and 

SVOCs in groundwater at several monitoring wells within the pilot test area were reduced below 

applicable SCGs (NYSDEC AWQSGVs).  Similarly, the soil sample from SB-194 indicated that 

concentrations were below NYSDEC RSCOs.   

5.2.3  Long-term Effectiveness and Permanence 
Description of Criteria 

From DER-10:  “This criteria evaluates the long-term effectiveness of the remedy after 

implementation.  If wastes or treated residuals remain onsite after the selected remedy has been 

implemented, the following items are evaluated: 

The magnitude of the remaining risks (i.e., will there be any significant threats, exposure 
pathways, or risks to the community and environment from the remaining wastes or 
treated residuals); 

• 

• 

• 

• 

The adequacy of the engineering and institutional controls intended to limit the risk; 

The reliability of these controls; and 

The ability of the remedy to continue to meet RAOs in the future.” 

Evaluation of Proposed Remedy 

The monitoring plan for the proposed remedy will evaluate the long-term effectiveness of the 

remediation with regard to the magnitude of remaining risk.  The ChemOx process is expected to 

provide a long-term solution for the OU-4 product plume by treating petroleum-related 

contaminant concentrations in soil, groundwater, and separate-phase product through multiple 

physical, chemical, and biological processes and by enhancing recovery of separate-phase 

product.  Therefore, if contamination does remain in the OU-4 product plume after 

implementation of the remedy, due to practical limitations of the technology, concentrations of 
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contaminants will be significantly reduced from present conditions and migration of 

contaminants to the Buffalo River will be prevented.   

Since ChemOx for the OU-4 product plume is an IRM, institutional controls (i.e., an 

environmental easement) are not required. 

5.2.4  Reduction in Toxicity, Mobility or Volume through Treatment 
Description of Criteria 

From DER-10:  “The remedy’s ability to reduce the toxicity, mobility, or volume of site 

contamination is evaluated.  Preference should be given to remedies that permanently and 

significantly reduce the toxicity, mobility, or volume of the wastes at the Site.” 

Evaluation of Proposed Remedy 

As demonstrated during the pilot test, ChemOx was successful in reducing the concentrations of 

petroleum-related hydrocarbons in groundwater, soil, and separate-phase product.  In addition, 

operation of the ChemOx system will enhance separate-phase product recovery efforts by 

making more product available for manual and/or automated recovery efforts, as evidenced by 

the increase in product recovery during the pilot test.  The ChemOx process destroys 

contaminants in the various Site media (soil, groundwater, and separate-phase product) without 

producing significant byproducts (some carbon monoxide is produced).  The process also 

enhances separate-phase product recovery through physical transformations and/or changes in 

water table elevations that make additional product available for manual and/or automated 

recovery.  The byproduct of this recovery process is waste petroleum that is temporarily stored 

onsite and ultimately disposed offsite.  It is expected that several hundred gallons of separate-

phase product may be recovered during the remediation. 

5.2.5  Short-term Effectiveness 
Description of Criteria 

From DER-10:  “The potential short-term adverse impacts and risks of the remedy upon the 

community, the workers, and the environment during the construction and/or implementation are 

evaluated.  A discussion of how the identified adverse impacts and health risks to the community 

or workers at the site will be controlled and the effectiveness of the controls should be presented.  
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Provide a discussion of engineering controls that will be used to mitigate short-term impacts 

(i.e., dust control measures).  The length of time needed to achieve the remedial objectives is also 

estimated.” 

Evaluation of Proposed Remedy 

The health and environmental risks associated with implementation of ChemOx in the OU-4 

product plume are minimal.  The total remediation process is expected to take between one and 

two years of active operation (phased across the OU-4 product plume as described below), 

followed by two years of long-term monitoring.  With the health and safety precautions and 

procedures developed during the pilot test operation, the system can be operated safely and 

without adverse impacts to human health and the environment.  The ChemOx implementation 

area is located in an area of the Site where access is restricted by the steep slope to the Buffalo 

River and by a fence that surrounds much of OU-4.  The ChemOx equipment trailer will be 

located within the fenced area of OU-4. 

Although the ChemOx process produces an exothermic reaction in the subsurface, monitoring 

data collected during the pilot test indicated the process did not produce subsurface conditions 

that would pose a threat to human health (i.e., explosive conditions, harmful vapors, excessive 

temperatures, etc).  Continued monitoring of conditions in the subsurface to assess for health and 

safety concerns will be conducted during full-scale operation. 

5.2.6  Implementability 
Description of Criteria 

From DER-10:  “The technical and administrative feasibility of implementing the remedy is 

evaluated.  Technical feasibility includes the difficulties associated with the construction and the 

ability to monitor the effectiveness of the remedy.  For administrative feasibility, the availability 

of the necessary personnel and material is evaluated along with potential difficulties in obtaining 

specific operating approvals, access for construction, etc.” 

Evaluation of Proposed Remedy 

The materials, equipment, and personnel associated with the implementation of ChemOx are 

commercially available and have been proven effective and reliable for remediation of the media 
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of concern at the Site under similar circumstances, as evidenced by the success of the pilot test in 

the OU-4 product plume.  In general, the components of the remediation system can be 

constructed, maintained, and operated. 

5.2.7  Cost 

Description of Criteria 

From DER-10:  “Capital, operation, maintenance and monitoring costs are estimated for the 

remedy and presented on a present worth basis.” 

Evaluation of Proposed Remedy 

The estimated construction and equipment costs and long-term operation, maintenance, and 

monitoring costs for two years (approximate annual cost of $270,000 per year) associated with 

the full-scale remedy are estimated as follows: 

• 

• 

Construction and Equipment Cost $560,000

O&M Cost $540,000

Total Cost $1,100,000

For cost estimating purposes, a two-year period of operation followed by a two year period of 

monitoring was assumed throughout this document.   

5.2.8  Compatibility with Land Use 
Description of Criteria 

From the Draft BCP Guide:  “Preliminary information regarding the land use factor was 

submitted as part of the application.  The Department accepted this initial determination of use 

by approval of the application.  This preliminary determination is confirmed and updated as 

necessary during the remedy selection process.  Current, intended, or reasonably anticipated 

future land uses of the site and its surroundings must be considered in the selection of the 

remedy.” 

Evaluation of Proposed Remedy 

Due to the fact that this is an IRM and not the final remedy for OU-4/OU-5, this criteria is not 

applicable.  
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6.0  CHEMOX SYSTEM COMPONENTS 

The following is a detailed description of the components of the ChemOx system.   

6.1  ChemOx System Layout 

The proposed implementation of ChemOx as an IRM in the OU-4 product plume area will 

consist of installation of a network of 25 new nested ChemOx injection points in five ChemOx 

“Cells”, eight existing or new supplemental peroxide-only injection points within ChemOx 

Cells 1 and 2 (additional points may be added in other cells based upon long-term data) and the 

operation of one mobile injection unit (similar to the pilot test injection unit).  Operation of the 

ChemOx system will be in a phased approach within ChemOx Cells consisting of five nested 

injection points each (one ozone and one hydrogen peroxide point) plus up to four supplemental 

hydrogen peroxide injection points across the Site.  It should be noted that the number of 

supplemental hydrogen peroxide points required per cell will be determined based upon long-

term monitoring data from Cells 1 and 2.  Construction of all equipment within the mobile 

injection units, as well as the aboveground piping, will be consistent with the pilot test 

configuration, except as noted below.  Proposed full-scale ChemOx injection point construction 

and spacing is discussed further below. 

Monitoring of the progress of the remediation will be conducted through a network of newly 

installed and existing groundwater monitoring wells and membrane interface probe (MIP) 

borings, with confirmatory soil borings collected at select locations.  Construction of the 

proposed monitoring wells will be similar to the “VERMW” series wells installed for the pilot 

testing, except that they will be a 4-inch diameter.  Operation, maintenance, and monitoring of 

the proposed ChemOx system is discussed below in Section 8.  The proposed locations of 

ChemOx injection points, existing and proposed supplemental hydrogen peroxide points, 

existing and proposed monitoring wells, and MIP borings are presented on Plate 2.  As evident in 

Plate 2, initially all ChemOx injection points and monitoring wells will be located outside the 

bermed area, downgradient of the Tank 176.  This is to verify the long-term use of the 

technology prior to entrance into the ongoing active operations within the berm.  Five 

MIP borings (Plate 2) will be installed initially within the bermed area to evaluate current 

conditions and to determine the appropriate need for ChemOx within the tank berm.  During the 
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monitoring phase of the ChemOx cells located outside the tank berm, the steps necessary to 

address impacts that may exist beneath the tank berm will be evaluated.  

6.1.1  Proposed ChemOx Injection Point Spacing  
Based upon the results of the pilot testing, a radius of influence of approximately 20 feet per 

injection point can reasonably be expected.  Therefore, in order to provide overlapping coverage 

of the OU-4 product plume area, the proposed nested ChemOx injection points are spaced at 

approximately 30 feet apart, except nearest to the Buffalo River bank, which are spaced slightly 

closer (24 to 28 feet apart).  This slightly closer spacing of nested injection points is intended to 

provide additional treatment of this critical area.  Supplemental hydrogen peroxide points 

screened just below the water table, comprised of four proposed new points and four existing 

pilot test points (CO-2, CO-3, CO-4 and CO-5) within the first two cells, are staggered between 

the nested injection points.  If, during long-term operation, particularly in the first two cells, it is 

determined that there are portions of the OU-4 product plume area that are not receiving 

adequate coverage, additional ChemOx nested injection points or supplemental hydrogen 

peroxide injection points will be installed in future cells.  Conversely, if it is determined that 

certain portions of the area could be adequately covered by fewer nested or supplemental 

injection points, fewer points may be installed.   

6.1.2  Proposed ChemOx Injection Point Construction  
A cross section running generally west to east through the proposed ChemOx IRM area is 

presented as Figure 5.  The cross section line is shown on Plate 2.  The cross section shows the 

proposed configuration of the ChemOx injection points throughout this portion of the OU-4 

product plume area.  Based upon the results of the ChemOx pilot test MIP borings, the mass 

removal of hydrocarbons from the subsurface occurred at and above the elevation of the 

top/midpoint of the hydrogen peroxide injection point.  It has been surmised that this is the zone 

at which the cone of influence created by the ozone rising from the ozone injection point meets 

the cone of influence created by the peroxide dispersed from the peroxide injection point.  At all 

pilot test injection point locations, the peroxide injection screen was located within the second 

layer of unconsolidated deposits consisting of sands; silt (sandy silt to clayey silts); and silts and 

clays located directly below the first layer of unconsolidated deposits comprised of fill.  At all 

locations except CO-1 (which was inoperable during the pilot test), the ozone injection point was 
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located within the third layer of unconsolidated deposits comprised primarily of sand and gravel.  

The water table, separate-phase product and associated smear zone of residual product 

throughout the OU-4 product plume area are located within the two upper geologic layers.  

Therefore, they comprise the critical zone for treatment by the proposed ChemOx technology.  

The combination of nested ChemOx injection points (one deep ozone injection point and one 

hydrogen peroxide point) and supplemental hydrogen peroxide injection points screened just 

below the water table are intended to target this critical zone. 

Nested Injection Point Configuration 

Typical nested ChemOx injection point construction is provided on Figure 6. The proposed, 

nested ChemOx injection points will include two screens, as follows: 

One two-foot air/ozone injection point located just above the clay layer with the bottom 
of the screen ranging in depth from approximately 33 to 38 feet below grade (actual 
depths will vary throughout the site and will be determined based on encountering the 
clay layer) in a nested configuration; 

• 

• One two-foot hydrogen peroxide injection point located at the bottom of the second layer 
of unconsolidated deposits (sands; silt [sandy silt to clayey silts]; and silts and clays), 
(depths will vary throughout the OU-4 product plume area and will be determined based 
on the depth of the air/ozone injection point and geology encountered) in a nested 
configuration with the air/ozone injection point. 

The proposed, nested ozone injection point configuration is deeper than that used during the pilot 

test and is, therefore, expected to provide a wider cone of influence of ozone.  The proposed 

configuration of the nested hydrogen peroxide injection points is also a few feet deeper than the 

pilot test peroxide injection points.  This configuration is intended to maximize the treatment 

provided in the vicinity of the water table/product table interface and smear zone, while still 

providing an additional treatment to a portion of the deeper contamination that was indicated by 

the pilot test MIP borings.   

In order to ensure compatibility with the chemicals to be injected, the ozone injection wells will 

be constructed of stainless steel.  Each “nested” location will include two injection wells 

constructed by installing two 1/2–inch diameter stainless steel risers (one riser pipe for 

oxygen/ozone and one riser pipe for hydrogen peroxide) into a six-inch diameter borehole.  Each 
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borehole will be advanced to approximately 33 to 38 ft bls.  All wells will be installed above the 

clay interval (denoting the base of the water table aquifer).   

Each nested hydrogen peroxide and ozone injection well will be completed with a two foot long 

by ½ inch diameter section of stainless steel well screen (diffuser), installed at the end of a 

stainless steel casing into saturated soil.  The ozone diffuser will be installed at the bottom of the 

nested injection well boring, approximately 33 to 38 ft bls depending upon the depth at which the 

clay layer is encountered.  Sand pack will be placed surrounding the diffuser and to a depth of 

one foot above the top of the diffuser.  A bentonite seal (minimum of one foot thick) will be 

placed above the sand pack surrounding the ozone diffuser to prevent short-circuiting.  The two-

foot hydrogen peroxide injection well screen will be installed at the bottom of the second layer of 

unconsolidated deposits (depths and screen interval will vary throughout the OU-4 product 

plume area and will be determined based on the geology encountered at each location).  Sand 

pack will be placed surrounding the well screen and to a depth of two feet above the top of the 

screen.  A bentonite seal (minimum of one foot thick) will be placed above the sand pack to 

prevent short-circuiting.  Following the installation of the diffuser and the well casing, each 

borehole will be filled with concrete grout and completed with a stick-up protective casing. 

Supplemental Injection Point Configuration 

Supplemental hydrogen peroxide points that are staggered laterally from the ChemOx injection 

point will be existing or new wells screened just below the water table.  

Each supplemental hydrogen peroxide point is or will be constructed such that the stainless steel 

diffuser is located just below the water table interface (approximately 26-28 ft bls).  The actual 

depth will be based upon conditions encountered.  Pilot test wells CO-2, CO-3, CO-4, and CO-5 

will be utilized during the full-scale operation and there will be an additional four supplemental 

hydrogen peroxide only points installed within Cells 1 and 2.  The construction will be of ½-inch 

stainless steel diffuser and riser in a 6-inch diameter borehole.  The sand pack will be placed 

surrounding the diffuser and to a depth of two feet above the top of the diffuser. A bentonite seal 

(minimum of one foot thick) will be placed above the sand pack.  The remainder of the well 

annulus will be filled with concrete grout and completed with a stick-up protective casing.  

Typical supplemental hydrogen peroxide injection point construction is provided on Figure 6.  
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The supplemental points may be added to the other cells based upon the field observations 

obtained from the operation within Cells 1 and 2. 

6.1.3  Proposed Mobile ChemOx  Injection Units  
The proposed mobile ChemOx injection unit(s) will be similar to the equipment used during the 

pilot test.  The use of one mobile injection unit that can operate within one or two ChemOx cells 

simultaneously is planned for the full-scale ChemOx system.  The unit will be stationed in a 

centralized location in order to maximize the number of cells that can be treated without moving 

the unit, to the extent possible.  The ChemOx system is housed in a 16-foot trailer.  The trailer 

includes the air/ozone and hydrogen peroxide injection systems with individual controls for each 

well.  A Process and Instrumentation Diagram depicting the oxidation system is included as 

Figure 7 and a Process and Instrumentation Diagram Legend is included as Figure 8.   

The ozone components include an air compressor, pressure swing adsorption unit, and dual 

ozone generators.  The air compressor and pressure swing adsorption unit are utilized to generate 

90-95% pure oxygen and are commonly used with ozone generators.  This approach was selected 

because it is regarded to be safer than the alternative method of storing oxygen tanks at the site.  

The air produced by the compressor is directed into a pressure swing adsorption unit that adsorbs 

the nitrogen naturally present in the air stream, resulting in an oxygen-rich air stream to feed the 

ozone generator.  The nitrogen adsorption unit systematically exhausts small volumes of nitrogen 

back into the atmosphere.  A flow indicator monitors the flow of the oxygen stream.  A low flow 

and high/low pressure alarms will cause the air compressor to shut down to avoid a leak in the 

system or malfunctioning oxygen generation equipment.  The flow is also transmitted to a flow 

controller, which operates a solenoid valve to ensure a constant flow is delivered to the ozone 

generator.  Downstream of the flow indicator is a pressure indicator with a high pressure alarm 

and pressure relief valve.   

As a safety precaution, the trailer is equipped with an ambient air ozone detector and an exhaust 

fan with a run light.  If, at any time the ambient air ozone detector is activated, the system will 

shut down until manually reset.  Additionally, the cabinet that houses the valves for the ozone is 

exhausted to the atmosphere through an ozone destruction media.  If an ozone leak is detected 
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(via inline ozone detector), the ozone detector would shut down the system and any ozone in the 

atmosphere would be destroyed prior to being vented from the trailer. 

The hydrogen peroxide system within the trailer includes a holding tank and injection pump.  

The holding tank is double-walled and was used to store the solution of up to 35% hydrogen 

peroxide.  An exterior hydrogen peroxide holding tank may be used during warm weather 

operation and will be equipped with a secondary containment.  A high and low pressure alarm 

was in place on the hydrogen peroxide injection line in order to shut down the pump under high 

pressure or low pressure conditions. 

6.1.4 Control Panel 
The advanced oxidation system includes a programmable logic controller (PLC) to control the 

operation of the oxygen, ozone, air, and hydrogen peroxide injection system.  The PLC will be 

used to manage the injection flow rates at each point and to pulse the operation of the system to 

cycle injection wells and flows.   

6.1.5  Above Grade Piping 

The injection wells will be connected to the remediation system trailer via an above grade piping 

network.  Piping for the advanced oxidation system will include individual Teflon tubes to each 

oxygen/ozone injection well (Figure 7) and Polyvinyl chloride (PVC) lines for hydrogen 

peroxide delivery (1/2” diameter lines).  The Teflon and PVC lines will be sleeved within high-

density polyethylene tubing (HDPE) for physical protection.   

Piping will be connected to the top of each injection well.  Since the ozone lines are individually 

controlled from the equipment trailer, the Teflon tubing will be connected directly to the 

stainless steel injection point via a compression fitting.  The individual hydrogen peroxide lines 

will be connected directly to the stainless steel injection points.  A check valve will be installed 

at each hydrogen peroxide well.   

6.1.6  Proposed Monitoring Network 
The monitoring network for the full-scale ChemOx system will include existing and proposed 

ChemOx injection wells, existing and proposed monitoring wells, and MIP borings.  This 
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monitoring network will be used to assess the progress of the remediation, evaluate temporary 

shut downs of ChemOx cells, monitor for rebound after shutdown to determine if additional 

operation is required and to ultimately justify permanent shutdown of the system.  Location of 

the proposed monitoring network is shown on Plate 2.  Confirmatory soil borings will also be 

performed at select locations in the vicinity of MIP borings (locations will be selected based on 

monitoring data as described in Section 8.0 and are not shown on the Plate 2). 

6.1.6.1  Existing and Proposed Monitoring Wells 
In order to monitor water levels and separate-phase product thickness, groundwater quality and 

groundwater temperature, each ChemOx cell will have at least two monitoring wells (new and/or 

existing) located within or near the cell boundary.  In addition, the hydrogen peroxide injection 

point at each nested ChemOx injection point and each supplemental hydrogen peroxide point 

will also be monitored for groundwater temperature.  Parameters to be monitored and proposed 

monitoring schedules are described in Section 8.3.  The proposed monitoring well network 

within or near each ChemOx cell is listed below and may be modified for ChemOx Cells 3, 4, 

and 5 based upon the results of long-term monitoring in ChemOx Cells 1 and 2.  As a note, the 

numbering sequence of the ChemOx cells has been changed from that provided in the RAS in 

order to reflect the current anticipated operating sequence.  The first two cells to be operated will 

be ChemOx Cells 1 and 2, followed by ChemOx Cells 3 and 4, and then ChemOx Cell 5.  

ChemOx Cell 1 

Existing monitoring wells LF-3 and RW-8R; • 

• 

• 

One proposed monitoring well located outside the cell boundary between ChemOx 
Cells 1 and 2; and 

Five hydrogen peroxide points of the proposed nested ChemOx injection points and four 
supplemental peroxide injection points (two existing hydrogen peroxide injections points 
[CO-3 and CO-5]) and two proposed points to be monitored for groundwater temperature 
only. 

ChemOx Cell 2 

Existing monitoring wells VERMW-3, VERMW-4, MW-28, SB-75, and LF-6;  • 

• One proposed monitoring well located outside the cell boundary between ChemOx 
Cells 1 and 2; and  
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Five hydrogen peroxide points of the proposed nested ChemOx injection points and four 
supplemental peroxide injection points (two existing hydrogen peroxide injections points 
[CO-2 and CO-4]) and two proposed to be monitored for groundwater temperature only. 

• 

ChemOx Cell 3 

Existing monitoring wells RW-8R, LF-5, P-15, and LF-1S; • 

• 

• 

No proposed monitoring wells; and 

Five proposed ChemOx nested hydrogen peroxide wells to be monitored for groundwater 
temperature only.  The number of supplemental hydrogen peroxide injection points to be 
determined. 

ChemOx Cell 4 

Existing monitoring wells MW-3URS, VERMW-1, VERMW-3, and LF-5; • 

• 

• 

Two proposed monitoring wells; and 

Five proposed ChemOx nested hydrogen peroxide point wells to be monitored for 
groundwater temperature only.  The number of supplemental hydrogen peroxide injection 
points to be determined. 

ChemOx Cell 5 

Existing monitoring wells LF-4, B-6MW and LF-5; • 

• 

• 

One proposed monitoring well; and 

Five proposed ChemOx nested hydrogen peroxide point wells to be monitored for 
groundwater temperature only.  The number of supplemental hydrogen peroxide injection 
points to be determined. 

6.1.6.2  Monitoring Well Construction 
The proposed monitoring wells will be four-inch diameter wells and will be installed using a 

hollow stem auger rig.  In accordance with ExxonMobil ground disturbance protocols, the 0 to 

5 foot interval will be hand cleared using a hand auger and post hole digger.  Soil samples will be 

collected for field documentation continuously from 15 feet below grade to the bottom of the 

boring, approximately 35 ft bls.  The supervising technical staff will inspect soil samples and 

record applicable lithologic characteristics.  In addition, all soil samples will be visually 

inspected for evidence of separate-phase product (i.e., separate-phase product sheen, odors, 

staining, etc.) and screened for organic vapors with a Photo-ionization Detector (PID). 
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Each well will be constructed of 20-slot screen extending from five feet above the water table to 

15 feet below the water table.  The annular space between the well and borehole will be filled 

with #1 sand to two feet above the top of the screen and a two-foot bentonite seal will be placed 

above the sand pack.  The remainder of the annulus will be grouted within two feet of land 

surface and finished with a concrete cap.  The concrete cap will be sloped to divert precipitation 

away from the well.  Each monitoring well will be finished approximately two feet above grade 

and fitted with a five-foot steel casing. 

The wells will be developed by surging and pumping until each monitoring well produces 

sediment-clear water, to the extent possible, and a good hydraulic connection is established 

between the well screen and the aquifer.  Well development water will be transferred to the onsite 

water treatment system for treatment prior to discharge. 

Each well will be surveyed for horizontal and vertical coordinates relative to the New York State 

Plane Coordinate System by a surveyor licensed in the State of New York after completion.  Both 

ground surface and top of casing (i.e., measuring point) elevations will be determined for each 

well.  Horizontal coordinates will be accurate to ±0.1 feet and vertical coordinates will be 

accurate to ±0.01 feet. 

All of the monitoring wells will be fitted with a removable expansion plug to allow for water 

level and free product thickness measurements.  A hand-held Magnehelic gauge will be 

configured for measuring pressure response from the monitoring well during ChemOx injections.  

A schematic of a typical monitoring well is shown in Figure 9. 

6.1.6.3  Proposed MIP Boring Locations 
In order to provide a qualitative assessment of total VOCs in the subsurface prior to, during, and 

after long-term operation of the ChemOx system, MIP borings will be completed within each 

ChemOx Cell.  The locations of proposed MIP borings in the first two cells are shown on Plate 2.  

As shown, initially, three borings within Cells 1 and 2 will be installed.  The number of 

MIP borings required for monitoring remedial progress in the other cells will be determined 

based on the performance of the first two cells.  The MIP borings will be advanced to the 
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approximate depth of the clay layer that forms the base of the aquifer in the OU-4 product plume 

area (approximately 33 to 38 feet below grade, which will vary slightly throughout the area). 

In addition, during the baseline MIP round, five MIP borings will be completed within the 

Tank 176 tank berm, as shown on Plate 2.  These borings will be used to evaluate current 

conditions and the potential need for ChemOx within the tank berm.  During the monitoring 

phase of the ChemOx cells located outside the tank berm, steps necessary to address impacts that 

may exist beneath the tank berm will be evaluated. 

The MIP is a percussion-tolerant VOC sensor that can continuously log volatile organics that 

diffuse through a semi-permeable membrane.  Using a carrier gas, the VOCs are brought to the 

surface through tubing, which is connected to a laboratory grade PID, Flame Ionization Detector 

(FID), and Electron Capture Detector (ECD) for immediate screening.  All three of these 

detectors are mounted in a Hewlett Packard 5890 Series II Gas Chromatograph cabinet.  

As the operator advances the MIP sensor into the subsurface, a log is displayed onscreen by the 

field computer.  This log provides information about VOCs in the subsurface using either the 

PID or FID or any combination of detectors.  The real time log also provides a depth/speed 

graph, electrical log of the formation, and temperature log of the heated sensor onscreen.  For 

this project, the FID and PID will be used.  

The data provided is a scan of the subsurface, measured in micro-volts.  The higher micro-volts 

equate to higher VOC concentrations.  Generally, the micro-volts translate into a qualitative 

measurement of the VOCs present in the soil.  Since there is no direct correlation between 

analytical data (measured in parts per million [ppm]) and the micro-voltage measurements at the 

boring locations, VOC distribution following full-scale implementation of ChemOx will be 

solely based on micro-voltage measurements before and after the completion ChemOx in each 

cell. 
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7.0  HEALTH AND SAFETY PROCEDURES 

All remedial construction activities will be performed in a manner consistent with 29CFR 1910 

and 1926.  Each Consultant and Contractor onsite will be covered under a site-specific Health 

and Safety Plan (HASP) for the project.  The HASP will be readily available during the Work.  

During all phases of site work, the Constultants/Contractor will monitor safety and health 

conditions and fully enforce the site-specific HASP.  The Consultant/Contractor will be 

responsible for monitoring general site conditions and for safety hazards.  Specifically, 

monitoring will be performed to verify that all requirements of the Occupational Safety and 

Health Administration as outlined on 29 CFR Part 1910 and 1926 are adhered to.  A copy of the 

HASP, prepared by GES, has been submitted under separate cover. 
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8.0  OPERATION, MAINTENANCE AND MONITORING 

A detailed description of the OM&M procedures that will be implemented during full-scale 

operation of the proposed ChemOx system are provided in the OM&M plan that has been 

prepared in accordance with the DER-10.  This stand alone OM&M plan has been submitted 

under separate cover.  A brief description of the operating sequence and OM&M procedures is 

provided below. 

8.1  Proposed ChemOx System Phased Operation Sequence 
Each ChemOx Cell covers an area of between 3,100 square feet (ChemOx Cell 5) and 

3,800 square feet (ChemOx Cell 4).  The proposed operation sequence will be to operate in 

ChemOx Cells 1 and 2 for approximately two months (plus approximately two weeks for receipt 

of groundwater quality data) and monitor conditions as described below.  Once this initial 

operating period is completed and the monitoring data is evaluated, the injection will either be 

continued in these cells or will be initiated in Cells 3 and 4 for a two-month period (plus or 

minus) and followed by operation in ChemOx Cell 5.  If it is determined that pulsing of the 

system to allow water levels in the area to return to normal conditions may be beneficial to 

separate-phase product recovery efforts (i.e., if continuous operation is believed to have 

submerged product), consideration will be given to altering operating parameters accordingly 

during operation in each cell.  This determination will be made after evaluation of long-term 

water-level data during operation. 

Due to the increased number and type of injection wells, the injection sequencing, air/ozone, and 

peroxide flow rates are expected to be different than those used during the long-term pilot test.  

Therefore, in order to confirm optimum injection rates and injection sequencing within each cell, 

an initial one-day startup and testing period will be performed.  During that time, injection rates, 

cycles, intervals, and concentrations will be varied to maximize system effectiveness. 

8.2  Operation and Maintenance 
The ChemOx mobile system is a fully automated unit requiring minimal maintenance.  Typical 

operational and preventative maintenance activities for the system are detailed in the OM&M 

plan.  
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8.3  Monitoring 

The OM&M plan provides a detailed description of the proposed monitoring schedule for the 

full-scale ChemOx system.  Monitoring will be conducted in the monitoring network described 

above for each operating ChemOx cells.  At this time, operation of one or two cells at a time is 

proposed (Cells 1 and 2 operated together, Cells 3 and 4 operated together, and Cell 5 operated 

individually).  The monitoring parameters and frequency described in the OM&M plan will be 

modified based upon information gathered during the full-scale system operation.  The following 

is a brief description of the monitoring that will be conducted: 

Injection System Monitoring 

Includes monitoring of system operating parameters throughout long-term operation on a 
daily basis.   

• 

• 

• 

Modifications to operating parameters will be made, as necessary, based upon the data 
collected.   

Ambient air measurements in the IRM area for VOCs will also be conducted.  Periodic 
measurements of ambient ozone, particularly during startup, will also be conducted. 

System Performance Monitoring 

Performance of the system and, ultimately, the criteria for system shutdown will be monitored 

based upon separate-phase product thickness, groundwater quality, MIP results, and soil quality.  

The OM&M plan provides a detailed description of the monitoring plan for the system, which 

includes the following activities: 

Baseline Groundwater Sampling within the OU-4 Product Plume and Each ChemOx Cell • 

• 

• 

• 

• 

• 

• 

• 

First Day – Startup and Testing 

Long-Term Operation - Weekly Monitoring 

Long-Term Operation - Monthly Monitoring 

Long-Term Operation - Membrane Interface Probe Borings 

Temporary Shutdown 

Monitoring for Rebound and Additional Operation 

Long-Term Monitoring for System Decommissioning 
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8.4  System decommissioning 

Once this long-term monitoring has been completed in all cells indicating that RAOs have been 

met for the OU-4 product plume, the system will be decommissioned (i.e., piping will be 

removed and ChemOx injection wells and monitoring wells installed for the ChemOx system 

will be abandoned). 
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9.0  QUALITY ASSURANCE/QUALITY CONTROL  

Groundwater and confirmatory soil samples will be submitted to TestAmerica, a NYSDOH 

ELAP certified laboratory.  Category A laboratory data deliverables as defined in the analytical 

services protocol (ASP) will be requested for all sampling data. 

Quality assurance and quality control for all laboratory sampling conducted as part of IRM 

implementation will be completed in accordance to the site-specific QAPP provided in 

Appendix C.  This QAPP was prepared in accordance with the DER-10 Section 2.2.   
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10.0  REPORTING 

IRM status reports will be prepared on a quarterly basis during the implementation of the IRM 

and included with the overall quarterly progress reports for the Site.  The reports will include a 

summary of the progress of the IRM, including OM&M activities performed during the quarter, 

sampling results, water and product level gauging results, and MIP results, when appropriate.  

Any changes or modifications to the scope of the IRM during the quarter will be documented. 

At the completion of all IRM activities, an Interim Remedial Action Report will be prepared in 

accordance with Section 5.7 of the Draft BCP Guide and Section 5.8 of the Draft DER-10.  The 

Remedial Action Report will describe the work performed as part of the remediation and will 

include: 

Survey drawings and site maps of the final IRM components; • 

• 

• 

• 

Documentation of all gauging, sampling and MIP results; 

A certification by a New York professional engineer that all activities completed during 
the implementation of the IRM were performed in accordance with the specifications 
provided in this IRM work plan, as approved by the NYSDEC, and that the activities 
were personally witnessed by a person under the direct supervision of the professional 
engineer; and 

Any changes or modifications to the scope of the IRM. 
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11.0  CITIZEN PARTICIPATION PLAN 

Per the Draft BCP Guide Section 3.14, since the proposed remedial action is being completed as 

an IRM that does not constitute the final remedy for OU-4, ExxonMobil contends that formal 

citizen participation activities are not required. 
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12.0  INSTITUTIONAL AND ENGINEERING CONTROLS 

Since ChemOx is being completed as an IRM that is not the final remedy for OU-4, institutional 

controls are not required. 

Engineering controls currently in place include a chain link fence that surrounds the majority of 

OU-4 and IRM implementation area.  This fence is part of the main fence that surrounds the 

main portion of the Former Buffalo Terminal located south of Elk Street.  Access to this main 

portion of the site, and the majority of the IRM implementation area, is through a locked security 

gate.  The chain link fence and gate will be maintained throughout the implementation of the 

IRM.  
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13.0  SCHEDULE 

Installation of ChemOx injection points, monitoring wells, MIP borings, and aboveground piping 

will be initiated following NYSDEC approval of this IRM work plan.  This is anticipated to be 

initiated during the third quarter of 2006.  Once all wells and equipment within ChemOx Cells 1 

and 2 are completed, operation will begin within that cell.  Based upon this proposed approach, 

startup of the first ChemOx cells is anticipated during the third quarter of 2006. 
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Respectfully submitted, 

ROUX ASSOCIATES, INC. 
 
 
 
Wendy Shen 
Project Engineer 
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Noelle M. Clarke, P.E. 
Principal Engineer 
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Table 1.  Summary of Spills/Releases in OU-4, Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Date of 
Incident Quantity Product Cause/Source of Spill Geographic Area

Media 
Affected Agency Notified Action Taken/Comments Source

Date Spill Closed 
by NYSDEC

OPERABLE UNIT 4 (OU-4)

8/28/1989 6500 gallons Unleaded 
gasoline

Overfill from Mobil pipeline at Tank 176 due 
to incorrect safe fill and high alarm heights 
used.

ETYA Soil
NYSDEC - #8905279

Albany & Buffalo
Buffalo Fire Department

Area was barricaded; approximately 2800 
gallons of product was removed with a vacuum 
truck; safe fill and alarm heights on tank were 
revised, monitoring wells installed.  The 
containment berm for this tank and Tank 175 
were lined during the storage tank r

Mobil Files/
NYSDEC Spills 6/11/1991

10/4/2000 Unknown
Unknown 
Petroleum 
Product

Sheen observed along the Buffalo River 
shoreline adjacent to the ETYA. ETYA Buffalo River NRC  NYSDEC - #0075417

Installed and maintained sorbent boom since 
10/4/00.  Spill report from notes that this spill 
was closed on 10/18/00 and would be 
incorporated into spill No. 8808982

Mobil Files/
NYSDEC Spills 10/18/2000

SPILLS FOR WHICH THE AREA OF OCCURRENCE COULD NOT BE DETERMINED FROM AVAILABLE INFORMATION (UNKNOWN)

7/17/1987 1 gallon Gasoline Gasoline found in trench excavation.  
(No other information) Unknown Unknown NYSDEC - #8703102 Recovered one gallon.  NYSDEC Spills 8/4/1987

9/7/1989 Unknown  #2 Fuel Oil Underground tanks failed tightness test. Unknown Unknown NYSDEC - #8905567 Unknown NYSDEC Spills 11/20/1989

2/2/1990 <1 gallon Gasoline Product pipeline test failure Unknown Unknown NYSDEC - #8910543

Product was removed from the pipeline; 
location of the leak was to be located.  Follow-
up action by NYSDEC to be made under spill # 
8808982.

NYSDEC Spills 12/7/1990

5/18/1991 15-20 gallons Caustic
Contractor cut 3-inch pipe in pipe rack with a 
shear with (believed to be) caustic remaining in
the pipeline

Unknown Unknown NYSDEC - #9101954
Drained the pipe and cleaned area; NYSDEC 
Spill Report Form noted no further action 
required.

Mobil Files/
NYSDEC Spills 5/20/1991

7/12/1990 50 gallons Diesel Fuel Equipment failure in the diked area (No 
additional information) Unknown Soil NYSDEC - #9004061 NYSDEC Spill Report Form indicates spill was 

cleaned up by Mobil. NYSDEC Spills 7/12/1990

3/24/1992 25 gallons #6 Fuel Oil Pipeline severed during construction Unknown Soil NYSDEC - #9113037 Impacted soil removed and placed in the 
biotreatment cell, no further action required. NYSDEC Spills 4/3/1992

3/27/1992 50 gallons
Unknown 
Petroleum 
Product

Contractor cutting up old piping released 
residual oil trapped in piping Unknown Soil NYSDEC - #9113176 Spill cleaned up and debris placed in 

biotreatment cell. NYSDEC Spills 3/31/1992

7/31/1992 15 gallons Mixed Product Oil/water separator overflowed due to rain Unknown Soil NYSDEC - #9205006 Impacted soil removed and placed in the 
biotreatment cell. NYSDEC Spills 8/3/1992

9/20/1992 10 gallons Gasoline Pressure valve malfunction Unknown Soil NYSDEC - #9207108 Spill cleaned up, no further action required. NYSDEC Spills 9/21/1992

10/22/1992 5 gallons Jet  Fuel During demolition, jet fuel leaked from an out 
of service line Unknown Soil NYSDEC - #9208484

Pipe was blanked; absorbent pads placed; 
impacted soil removed and placed in the 
biotreatment cell.  No further action required.

NYSDEC Spills 10/23/1992

3/1/1993 Unknown Petroleum 
Product

4,000 cubic yards of contaminated soil 
(Source not specified) Unknown Soil NYSDEC - #9314328 NYSDEC Spill Report Form noted no further 

action required. NYSDEC Spills 3/8/1994

6/23/1993 20 gallons
Unknown 
Petroleum 
Product

Unknown Unknown Soil/Stone NYSDEC - #9303750 Soil and stone were excavated and placed in 
biotreatment cell, no further action required. NYSDEC Spills 7/23/1993

7/5/1993 40 gallons Gasoline Equipment failure Unknown Soil/Stone NYSDEC - #9304257
Impacted soil removed and replaced with new 
stone; repairs were made, no further action 
required.

NYSDEC Spills 7/23/1993

1/17/1995 10 gallons Petroleum 
Product Sewer backup due to storm water and runoff Unknown Sewer NYSDEC - #9413823

One cubic yard of soil removed and placed in 
biotreatment cell; auto dialer installed in the 
event of high alarm at storm sewer lift station.

Mobil Files/
NYSDEC Spills 5/15/1995

5/18/1999 30 Diesel Fuel Product Spill from a tractor trailer onto the 
road and in the parking lot. Unknown Sewer NYSDEC - #9901860

Speedy-dri applied; contractor cleaned up 
debris; disposal records provided to NYSDEC; 
no further action required.

Mobil Files/
NYSDEC Spills 6/7/1999
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Table 2.  Storage Tank History for OU-4, Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Size

Length Width
Diameter

(Feet)
Height
(Feet) Gross Available Removed

Operable Unit 4 (OU-4)

175 130 32 68,548 63,366 1953 Existing
ETYA (Former 
Disposal Area)

TCC Charge/ No. 6 Fuel Oil 
and Cutter, No.2 Fuel Oil Cone Welded

176 130 30 68,548 63,366 1953 Existing
ETYA (Former 
Disposal Area)

TCC Charge/ No. 6 Fuel Oil 
and Cutter, Unleaded 
Gasoline Cone Welded

F213 46 10 1977 map 1987 map
ETYA (Former 
Disposal Area) Liquefied Petroleum Gas

F214 46 10 1977 map 1987 map
ETYA (Former 
Disposal Area) Liquefied Petroleum Gas

F215 46 10 1977 map 1987 map
ETYA (Former 
Disposal Area) Liquefied Petroleum Gas

F216 46 10 1977 map 1987 map
ETYA (Former 
Disposal Area) Liquefied Petroleum Gas

Notes:
1.  Where blanks entries exist, information from the existing documentation was not available.
2.  For Construction dates, an entry referencing a map or aerial photo indicates the map/aerial photo that the tank first appeared.  
3.  For Removal Dates, an entry referencing a map or aerial photo indicates the first map/aerial photo that the tank does not appear on. 
4.  Not all 1917 tanks are listed.

Tank No Year Built
Duplicate Tank 

Designation  Notes

Capacity (BBL)

Product Stored Roof Type Shell Location
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

B-6MW 06/25/03 596.35 24.64 0.8 571.71
B-6MW 07/22/03 596.35 24.81 0.8 571.54
B-6MW 07/23/03 596.35 24.81 0.8 571.54
B-6MW 08/27/03 596.35 24.54 0.8 571.81
B-6MW 09/30/03 596.35 24.35 0.8 572.00
B-6MW 10/13/03 596.35 25.56 0.8 570.79
B-6MW 11/25/03 596.35 25.12 0.8 571.23
B-6MW 12/31/03 596.35 24.42 0.8 571.93
B-6MW 01/19/04 596.35 24.83 0.8 571.52
B-6MW 01/20/04 596.35 24.83 0.8 571.52
B-6MW 02/27/04 596.35 25.87 0.8 570.48
B-6MW 03/31/04 596.35 25.03 0.8 571.32
B-6MW 04/07/04 596.35 24.68 0.8 571.67
B-6MW 04/07/04 596.35 24.68 0.8 571.67
B-6MW 05/28/04 596.35 23.87 0.8 572.48
B-6MW 06/30/04 596.35 23.96 0.8 572.39
B-6MW 07/12/04 596.35 24.31 0.8 572.04
B-6MW 08/31/04 596.35 24.43 0.8 571.92
B-6MW 09/15/04 596.35 24.36 0.8 571.99
B-6MW 09/30/04 596.35 24.67 0.8 571.68
B-6MW 10/11/04 596.35 25.29 0.8 571.06
B-6MW 11/29/04 596.35 25.24 0.8 571.11
B-6MW 12/28/04 596.35 24.77 0.8 571.58
B-6MW 01/25/05 596.35 23.38 0.8 572.97
B-6MW 02/28/05 596.35 24.55 0.8 571.80
B-6MW 03/31/05 596.35 24.21 0.8 572.14
B-6MW 04/06/05 596.35 23.74 0.8 572.61
B-6MW 05/27/05 596.35 24.09 0.8 572.26
B-6MW 07/18/05 596.35 24.55 0.8 571.80
B-6MW 08/25/05 596.35 25.27 0.8 571.08
B-6MW 09/30/05 596.35 24.77 0.8 571.58
B-6MW 10/12/05 596.35 25.64 0.8 570.71
B-6MW 11/30/05 596.35 25.32 0.8 571.03
B-6MW 12/30/05 596.35 25.75 0.8 570.60 RIVER FROZEN
B-6MW 01/17/06 596.35 25.79 0.8 570.56
B-6MW 01/20/06 596.35 25.79 0.8 570.56
B-6MW 02/23/06 596.35 24.69 0.8 571.66
B-6MW 03/29/06 596.35 24.87 0.8 571.48
B-6MW 04/10/06 596.35 24.81 0.8 571.54
B-6MW 06/30/06 596.35 24.14 0.8 572.21
LF-1S 06/03/03 596.27 24.85 25.34 0.49 0.884 571.36 0.1
LF-1S 06/11/03 596.27 24.38 0.884 571.89
LF-1S 06/18/03 596.27 24.61 24.87 0.26 0.884 571.63 0.1
LF-1S 06/25/03 596.27 24.54 24.94 0.4 0.884 571.68 0.1
LF-1S 07/02/03 596.27 24.65 24.71 0.06 0.884 571.61
LF-1S 07/10/03 596.27 24.75 24.76 0.01 0.884 571.52
LF-1S 07/18/03 596.27 24.7 0.884 571.57
LF-1S 07/23/03 596.27 24.73 0.884 571.54
LF-1S 07/30/03 596.27 24.75 0.884 571.52
LF-1S 08/08/03 596.27 24.65 24.65 0 0.884 571.62
LF-1S 08/20/03 596.27 24.68 24.75 0.07 0.884 571.58 0.06
LF-1S 09/04/03 596.27 25.08 25.76 0.68 0.884 571.11 0.1
LF-1S 09/12/03 596.27 25.22 26.4 1.18 0.884 570.91 0.25
LF-1S 09/18/03 596.27 25.25 26.66 1.41 0.884 570.86 0.25
LF-1S 09/30/03 596.27 24.68 0.884 571.59
LF-1S 10/10/03 596.27 25.3 26.34 1.04 0.884 570.85 0.25
LF-1S 10/13/03 596.27 25.34 26.5 1.16 0.884 570.80
LF-1S 10/17/03 596.27 25.25 25.67 0.42 0.884 570.97 0.125
LF-1S 10/30/03 596.27 0.884 0.25 IP PROBE NOT WORKING 

PROPERLY
LF-1S 11/05/03 596.27 25.37 26.41 1.04 0.884 570.78 0.33
LF-1S 11/12/03 596.27 25.52 26.7 1.18 0.884 570.61 0.125
LF-1S 11/21/03 596.27 26.54 26.72 0.18 0.884 569.71
LF-1S 12/05/03 596.27 25.5 25.55 0.05 0.884 570.76
LF-1S 12/10/03 596.27 0.884 NOT GAUGED- ACCESS BLOCKED 

DUE TO TANK 176 CLEAN

LF-1S 12/19/03 596.27 25.06 0.884 571.21
LF-1S 12/31/03 596.27 24.95 24.95 0 0.884 571.32
LF-1S 01/08/04 596.27 24.76 24.76 0 0.884 571.51
LF-1S 01/19/04 596.27 24.77 0.884 571.50
LF-1S 02/13/04 596.27 25.34 25.35 0.01 0.884 570.93
LF-1S 02/27/04 596.27 25.73 26.8 1.07 0.884 570.42 0.25
LF-1S 03/05/04 596.27 24.45 0.884 571.82
LF-1S 03/17/04 596.27 25.44 0.884 570.83
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

LF-1S 03/29/04 596.27 25.17 25.5 0.33 0.884 571.06 0.04
LF-1S 04/07/04 596.27 24.56 0.884 571.71
LF-1S 04/13/04 596.27 24.56 0.884 571.71
LF-1S 04/23/04 596.27 0.884 NOT GAUGED- CHEMOX TEST
LF-1S 05/19/04 596.27 24.63 24.83 0.2 0.884 571.62 0.25
LF-1S 05/28/04 596.27 0.884 NOT GAUGED- CHEMOX TEST
LF-1S 06/04/04 596.27 25.21 23.91 -1.3 0.884 571.21 0.25
LF-1S 06/30/04 596.27 23.79 25.3 1.51 0.884 572.30 0.5
LF-1S 07/12/04 596.27 24.07 24.77 0.7 0.884 572.12
LF-1S 07/16/04 596.27 24.07 24.77 0.7 0.884 572.12 0.25
LF-1S 07/23/04 596.27 24.14 24.15 0.01 0.884 572.13
LF-1S 07/30/04 596.27 24.27 24.29 0.02 0.884 572.00
LF-1S 08/06/04 596.27 24 24.51 0.51 0.884 572.21 0.25
LF-1S 08/17/04 596.27 24.28 25.46 1.18 0.884 571.85 0.5
LF-1S 08/27/04 596.27 24.43 24.99 0.56 0.884 571.78
LF-1S 09/07/04 596.27 24.38 0.884 571.89
LF-1S 09/23/04 596.27 24.71 24.71 0 0.884 571.56
LF-1S 10/11/04 596.27 25.25 25.25 0 0.884 571.02
LF-1S 10/21/04 596.27 25.22 0.884 571.05
LF-1S 11/03/04 596.27 25.25 0.884 571.02
LF-1S 11/18/04 596.27 25.34 0.884 570.93
LF-1S 11/30/04 596.27 24.47 0.884 571.80
LF-1S 12/08/04 596.27 25.81 0.884 570.46
LF-1S 12/14/04 596.27 24.8 0.884 571.47
LF-1S 01/07/05 596.27 24.24 0.884 572.03
LF-1S 01/14/05 596.27 23.5 0.884 572.77
LF-1S 01/20/05 596.27 24.29 0.884 571.98
LF-1S 01/25/05 596.27 23.27 0.884 573.00
LF-1S 02/03/05 596.27 25.54 0.884 570.73
LF-1S 02/15/05 596.27 23.95 0.884 572.32
LF-1S 02/28/05 596.27 24.5 0.884 571.77
LF-1S 03/14/05 596.27 24.29 24.47 0.18 0.884 571.96
LF-1S 03/24/05 596.27 24.38 0.884 571.89
LF-1S 03/30/05 596.27 24.29 0.884 571.98
LF-1S 04/06/05 596.27 23.83 0.884 572.44
LF-1S 04/15/05 596.27 25.09 26.1 1.01 0.884 571.06 0.25
LF-1S 04/22/05 596.27 23.95 24.25 0.3 0.884 572.29
LF-1S 05/06/05 596.27 23.94 25.2 1.26 0.884 572.18
LF-1S 05/13/05 596.27 24.4 25.15 0.75 0.884 571.78 0.25
LF-1S 05/18/05 596.27 24.05 25.01 0.96 0.884 572.11 1
LF-1S 05/24/05 596.27 24.1 24.95 0.85 0.884 572.07
LF-1S 06/03/05 596.27 24.15 24.19 0.04 0.884 572.12
LF-1S 06/10/05 596.27 25.79 25.85 0.06 0.884 570.47
LF-1S 06/17/05 596.27 24.11 25.1 0.99 0.884 572.05 0.25
LF-1S 06/24/05 596.27 24.2 24.82 0.62 0.884 572.00
LF-1S 07/06/05 596.27 24.75 25.1 0.35 0.884 571.48 0.12
LF-1S 07/14/05 596.27 24.69 24.97 0.28 0.884 571.55
LF-1S 07/18/05 596.27 24.43 24.67 0.24 0.884 571.81 0.12 PRODUCT BAILED ON 7/21
LF-1S 07/26/05 596.27 24.29 24.55 0.26 0.884 571.95 0.06
LF-1S 08/05/05 596.27 24.86 0.884 571.41
LF-1S 08/12/05 596.27 24.76 0.884 571.51 TRACE PRODUCT
LF-1S 08/18/05 596.27 24.92 25.1 0.18 0.884 571.33 0.03
LF-1S 08/25/05 596.27 25.25 25.6 0.35 0.884 570.98 0.12
LF-1S 09/15/05 596.27 25.15 26.1 0.95 0.884 571.01 0.12
LF-1S 09/20/05 596.27 25.99 26.3 0.31 0.884 570.24 0.06
LF-1S 09/30/05 596.27 25 25.03 0.03 0.884 571.27
LF-1S 10/06/05 596.27 25.15 25.3 0.15 0.884 571.10 0.12
LF-1S 10/12/05 596.27 25.5 26.74 1.24 0.884 570.63 0.12 PRODUCT BAILED ON 10/19
LF-1S 10/27/05 596.27 25.41 25.5 0.09 0.884 570.85
LF-1S 11/10/05 596.27 24.94 0.884 571.33
LF-1S 11/22/05 596.27 25.7 25.73 0.03 0.884 570.57
LF-1S 12/08/05 596.27 25.4 0.884 570.87 RIVER FROZEN
LF-1S 12/15/05 596.27 25.85 0.884 570.42 RIVER FROZEN
LF-1S 12/27/05 596.27 25.77 25.79 0.02 0.884 570.50 RIVER FROZEN
LF-1S 01/10/06 596.27 25.3 0.884 570.97 TRACE PRODUCT
LF-1S 01/17/06 596.27 25.61 27.15 1.54 0.884 570.48 0.25 PRODUCT BAILED ON 1/24
LF-1S 01/31/06 596.27 25.1 25.15 0.05 0.884 571.16
LF-1S 02/09/06 596.27 24.82 0.884 571.45
LF-1S 02/16/06 596.27 24.87 0.884 571.40
LF-1S 02/23/06 596.27 24.81 0.884 571.46
LF-1S 03/02/06 596.27 25.3 0.884 570.97
LF-1S 03/23/06 596.27 24.71 0.884 571.56
LF-1S 03/30/06 596.27 25.02 0.884 571.25
LF-1S 04/05/06 596.27 25.04 0.884 571.23
LF-1S 04/10/06 596.27 24.76 0.884 571.51
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

LF-1S 04/28/06 596.27 24.94 0.884 571.33
LF-1S 05/05/06 596.27 24.71 0.884 571.56
LF-1S 05/18/06 596.27 24.6 0.884 571.67
LF-1S 05/23/06 596.27 24.35 0.884 571.92
LF-1S 06/15/06 596.27 24.39 0.884 571.88
LF-1S 06/23/06 596.27 24.41 0.884 571.86
LF-1S 06/30/06 596.27 24.06 0.884 572.21
LF-2D 07/23/03 581.83 11.22 0.8 570.61
LF-2D 10/13/03 581.83 11.64 0.8 570.19
LF-2D 01/19/04 581.83 10.96 0.8 570.87
LF-2D 04/07/04 581.83 10.15 0.8 571.68
LF-2D 07/12/04 581.83 10.69 0.8 571.14
LF-2D 09/15/04 581.83 11.22 0.8 570.61
LF-2D 10/11/04 581.83 11.92 0.8 569.91
LF-2D 01/25/05 581.83 11.41 0.8 570.42
LF-2D 04/06/05 581.83 11.74 0.8 570.09
LF-2D 07/18/05 581.83 11.79 0.8 570.04
LF-2D 10/12/05 581.83 12.58 0.8 569.25
LF-2D 01/17/06 581.83 11.91 0.8 569.92
LF-2D 04/10/06 581.83 11.49 0.8 570.34
LF-2S 07/23/03 581.77 9.49 0.8 572.28
LF-2S 10/13/03 581.77 10.41 0.8 571.36
LF-2S 01/19/04 581.77 7.49 0.8 574.28
LF-2S 04/07/04 581.77 6.57 0.8 575.20
LF-2S 07/12/04 581.77 8.89 0.8 572.88
LF-2S 09/15/04 581.77 7.75 0.8 574.02
LF-2S 10/11/04 581.77 9.59 0.8 572.18
LF-2S 01/25/05 581.77 7.02 0.8 574.75
LF-2S 04/06/05 581.77 6.29 0.8 575.48
LF-2S 07/18/05 581.77 10.72 0.8 571.05
LF-2S 10/12/05 581.77 11.18 0.8 570.59
LF-2S 01/17/06 581.77 7.55 0.8 574.22
LF-2S 04/10/06 581.77 8.29 0.8 573.48
LF-3 07/23/03 596.17 24.62 24.63 0.01 0.883 571.55
LF-3 10/13/03 596.17 25.39 25.48 0.09 0.883 570.77
LF-3 01/19/04 596.17 24.92 24.97 0.05 0.883 571.24
LF-3 04/07/04 596.17 24.3 0.883 571.87 SHEEN PRESENT
LF-3 07/12/04 596.17 23.68 0.883 572.49
LF-3 10/11/04 596.17 25.13 25.17 0.04 0.883 571.04
LF-3 01/25/05 596.17 23.08 0.883 573.09 Trace product
LF-3 04/06/05 596.17 23.65 23.71 0.06 0.883 572.51
LF-3 07/18/05 596.17 24.31 24.47 0.16 0.883 571.84 0.25 PRODUCT BAILED ON 7/21
LF-3 10/06/05 596.17 25.37 25.39 0.02 0.883 570.80
LF-3 10/12/05 596.17 25.45 25.68 0.23 0.883 570.69
LF-3 10/27/05 596.17 25.27 25.4 0.13 0.883 570.88
LF-3 11/10/05 596.17 24.7 0.883 571.47
LF-3 11/22/05 596.17 25.57 25.66 0.09 0.883 570.59
LF-3 12/08/05 596.17 25.62 25.65 0.03 0.883 570.55 RIVER FROZEN
LF-3 12/15/05 596.17 26.01 26.1 0.09 0.883 570.15 RIVER FROZEN
LF-3 12/27/05 596.17 25.71 25.72 0.01 0.883 570.46 RIVER FROZEN
LF-3 01/10/06 596.17 25.12 25.18 0.06 0.883 571.04
LF-3 01/17/06 596.17 25.71 25.8 0.09 0.883 570.45
LF-3 01/31/06 596.17 24.92 25.02 0.1 0.883 571.24
LF-3 02/09/06 596.17 24.99 25.05 0.06 0.883 571.17
LF-3 02/16/06 596.17 24.65 24.72 0.07 0.883 571.51
LF-3 02/23/06 596.17 24.38 24.4 0.02 0.883 571.79
LF-3 03/15/06 596.17 0.883 NOT GAUGED- ACCESS BLOCKED 

BY WATER
LF-3 03/23/06 596.17 24.45 24.51 0.06 0.883 571.71
LF-3 03/30/06 596.17 24.79 24.85 0.06 0.883 571.37 0.1
LF-3 04/05/06 596.17 24.8 24.85 0.05 0.883 571.36
LF-3 04/10/06 596.17 24.52 24.59 0.07 0.883 571.64
LF-3 04/28/06 596.17 24.81 24.86 0.05 0.883 571.35
LF-3 05/05/06 596.17 24.58 24.7 0.12 0.883 571.58
LF-3 05/11/06 596.17 24.58 24.6 0.02 0.883 571.59
LF-3 05/18/06 596.17 24.45 24.48 0.03 0.883 571.72
LF-3 05/23/06 596.17 24.2 0.883 571.97 TRACE PRODUCT
LF-3 06/15/06 596.17 24.2 0.883 571.97 TRACE PRODUCT
LF-3 06/23/06 596.17 24.25 24.26 0.01 0.883 571.92
LF-3 06/30/06 596.17 23.92 0.883 572.25
LF-4 07/23/03 594.87 22.16 0.8 572.71
LF-4 10/13/03 594.87 22.92 0.8 571.95
LF-4 01/19/04 594.87 22.22 0.8 572.65
LF-4 04/07/04 594.87 22.02 0.8 572.85
LF-4 07/12/04 594.87 21.62 0.8 573.25
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

LF-4 10/11/04 594.87 22.63 0.8 572.24
LF-4 01/25/05 594.87 0.8 Could not locate
LF-4 04/06/05 594.87 21.34 0.8 573.53
LF-4 07/18/05 594.87 21.92 0.8 572.95
LF-4 10/12/05 594.87 23 0.8 571.87
LF-4 01/17/06 594.87 23.16 0.8 571.71
LF-4 04/10/06 594.87 22.12 0.8 572.75
LF-5 07/23/03 597.62 26.06 0.8 571.56
LF-5 10/13/03 597.62 26.83 0.8 570.79
LF-5 01/19/04 597.62 26.1 0.8 571.52
LF-5 04/07/04 597.62 25.94 0.8 571.68
LF-5 07/12/04 597.62 25.49 0.8 572.13
LF-5 10/11/04 597.62 26.61 0.8 571.01
LF-5 01/25/05 597.62 25.74 0.8 571.88
LF-5 04/06/05 597.62 25.11 0.8 572.51
LF-5 07/18/05 597.62 25.78 0.8 571.84
LF-5 10/12/05 597.62 26.98 0.8 570.64
LF-5 01/17/06 597.62 27.07 0.8 570.55
LF-5 04/10/06 597.62 26.09 0.8 571.53
LF-6 06/03/03 598.14 26.75 27.1 0.35 0.883 571.35 0.5 ADSORBENT SOCK PRESENT
LF-6 06/11/03 598.14 26.06 26.49 0.43 0.883 572.03 0.5 ADSORBENT SOCK PRESENT
LF-6 06/18/03 598.14 25.5 25.52 0.02 0.883 572.64 0.5 ADSORBENT SOCK PRESENT
LF-6 06/25/03 598.14 25.9 26.35 0.45 0.883 572.19 0.25
LF-6 07/02/03 598.14 25.43 27.2 1.77 0.883 572.50 1.06
LF-6 07/18/03 598.14 27.65 28.33 0.68 0.883 570.41 0.5
LF-6 07/23/03 598.14 26.56 27.08 0.52 0.883 571.52
LF-6 08/20/03 598.14 26.42 26.95 0.53 0.883 571.66 0.75
LF-6 10/13/03 598.14 27.39 27.54 0.15 0.883 570.73
LF-6 11/12/03 598.14 27.53 28.12 0.59 0.883 570.54 0.25
LF-6 11/21/03 598.14 27.49 27.6 0.11 0.883 570.64
LF-6 12/05/03 598.14 27.42 27.8 0.38 0.883 570.68 0.25
LF-6 12/10/03 598.14 0.883 NOT GAUGED- ACCESS BLOCKED 

DUE TO TANK 176 CLEAN

LF-6 12/19/03 598.14 25.98 25.99 0.01 0.883 572.16
LF-6 12/31/03 598.14 26.9 26.91 0.01 0.883 571.24
LF-6 01/08/04 598.14 26.67 26.67 0 0.883 571.47
LF-6 01/19/04 598.14 26.55 0.883 571.59
LF-6 02/13/04 598.14 27.24 27.49 0.25 0.883 570.87
LF-6 02/27/04 598.14 27.85 28.2 0.35 0.883 570.25
LF-6 03/05/04 598.14 26.37 0.883 571.77
LF-6 03/17/04 598.14 27.28 0.883 570.86
LF-6 03/29/04 598.14 27.06 27.24 0.18 0.883 571.06 0.1
LF-6 04/07/04 598.14 26.39 26.4 0.01 0.883 571.75
LF-6 04/13/04 598.14 26.39 26.4 0.01 0.883 571.75
LF-6 04/23/04 598.14 0.883 NOT GAUGED- CHEMOX TEST
LF-6 05/19/04 598.14 26.43 28.1 1.67 0.883 571.51 1.5
LF-6 05/28/04 598.14 0.883 NOT GAUGED- CHEMOX TEST
LF-6 06/04/04 598.14 25.5 25.68 0.18 0.883 572.62 0.1
LF-6 06/30/04 598.14 25.77 25.94 0.17 0.883 572.35
LF-6 07/12/04 598.14 26 26.09 0.09 0.883 572.13
LF-6 10/11/04 598.14 27.13 27.35 0.22 0.883 570.98 0.25
LF-6 11/18/04 598.14 27.09 0.883 571.05
LF-6 12/08/04 598.14 27.55 0.883 570.59
LF-6 01/07/05 598.14 26.14 0.883 572.00
LF-6 01/14/05 598.14 25.3 0.883 572.84
LF-6 01/25/05 598.14 25.07 0.883 573.07 Trace product
LF-6 02/15/05 598.14 25.87 0.883 572.27
LF-6 02/28/05 598.14 26.4 0.883 571.74
LF-6 03/14/05 598.14 26.18 0.883 571.96
LF-6 03/24/05 598.14 26.32 0.883 571.82
LF-6 03/30/05 598.14 26.11 0.883 572.03
LF-6 04/06/05 598.14 25.74 0.883 572.40
LF-6 04/15/05 598.14 26.16 0.883 571.98
LF-6 04/22/05 598.14 26.05 0.883 572.09
LF-6 05/13/05 598.14 26.45 0.883 571.69 TRACE PRODUCT
LF-6 05/18/05 598.14 26.01 26.07 0.06 0.883 572.12
LF-6 05/24/05 598.14 25.97 25.98 0.01 0.883 572.17
LF-6 06/03/05 598.14 26.1 26.16 0.06 0.883 572.03
LF-6 06/10/05 598.14 26.11 0.883 572.03
LF-6 06/17/05 598.14 26.09 0.883 572.05 TRACE PRODUCT
LF-6 06/24/05 598.14 26.15 26.26 0.11 0.883 571.98
LF-6 07/06/05 598.14 26.7 26.85 0.15 0.883 571.42
LF-6 07/14/05 598.14 26.55 26.64 0.09 0.883 571.58
LF-6 07/18/05 598.14 26.31 26.41 0.1 0.883 571.82
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

LF-6 07/26/05 598.14 26.31 26.43 0.12 0.883 571.82
LF-6 08/05/05 598.14 26.7 26.71 0.01 0.883 571.44
LF-6 08/12/05 598.14 26.75 0.883 571.39 TRACE PRODUCT
LF-6 08/18/05 598.14 26.79 26.8 0.01 0.883 571.35
LF-6 08/25/05 598.14 27.2 27.21 0.01 0.883 570.94
LF-6 09/09/05 598.14 27.15 27.19 0.04 0.883 570.99
LF-6 09/15/05 598.14 27.07 27.1 0.03 0.883 571.07
LF-6 09/20/05 598.14 28.07 0.883 570.07 TRACE PRODUCT
LF-6 10/06/05 598.14 27.36 27.42 0.06 0.883 570.77
LF-6 10/12/05 598.14 27.44 27.45 0.01 0.883 570.70
LF-6 10/27/05 598.14 27.28 27.3 0.02 0.883 570.86
LF-6 11/10/05 598.14 26.7 0.883 571.44
LF-6 11/22/05 598.14 27.61 0.883 570.53
LF-6 12/08/05 598.14 27.75 0.883 570.39 TRACE PRODUCT; RIVER FROZEN

LF-6 12/15/05 598.14 27.68 0.883 570.46 RIVER FROZEN
LF-6 12/27/05 598.14 27.61 27.69 0.08 0.883 570.52 RIVER FROZEN
LF-6 01/10/06 598.14 27.15 27.21 0.06 0.883 570.98
LF-6 01/17/06 598.14 27.68 27.85 0.17 0.883 570.44
LF-6 01/31/06 598.14 27.01 0.883 571.13
LF-6 02/09/06 598.14 26.75 0.883 571.39
LF-6 02/16/06 598.14 26.72 0.883 571.42
LF-6 02/23/06 598.14 26.45 0.883 571.69
LF-6 03/02/06 598.14 27.16 0.883 570.98
LF-6 03/15/06 598.14 0.883 NOT GAUGED- ACCESS BLOCKED 

BY WATER
LF-6 03/23/06 598.14 26.6 0.883 571.54
LF-6 03/30/06 598.14 26.86 26.92 0.06 0.883 571.27
LF-6 04/05/06 598.14 26.87 26.9 0.03 0.883 571.27
LF-6 04/10/06 598.14 26.65 26.74 0.09 0.883 571.48
LF-6 04/28/06 598.14 26.8 27.13 0.33 0.883 571.30
LF-6 05/05/06 598.14 25.52 25.86 0.34 0.883 572.58
LF-6 05/11/06 598.14 25.42 25.7 0.28 0.883 572.69 0.5
LF-6 05/18/06 598.14 26.38 26.5 0.12 0.883 571.75
LF-6 05/23/06 598.14 26.2 26.31 0.11 0.883 571.93
LF-6 06/15/06 598.14 26.23 26.29 0.06 0.883 571.90
LF-6 06/23/06 598.14 26.24 26.37 0.13 0.883 571.88 0.25
LF-6 06/30/06 598.14 25.85 25.94 0.09 0.883 572.28
LF-7 07/23/03 598.28 26.72 0.8 571.56
LF-7 10/13/03 598.28 27.61 0.8 570.67
LF-7 01/19/04 598.28 27.04 0.8 571.24
LF-7 04/07/04 598.28 26.53 0.8 571.75
LF-7 07/12/04 598.28 26.37 0.8 571.91
LF-7 10/11/04 598.28 27.39 0.8 570.89
LF-7 01/25/05 598.28 25.28 0.8 573.00
LF-7 04/06/05 598.28 25.96 0.8 572.32
LF-7 07/18/05 598.28 26.57 0.8 571.71
LF-7 10/12/05 598.28 27.77 0.8 570.51
LF-7 01/17/06 598.28 27.97 0.8 570.31
LF-7 04/10/06 598.28 26.75 0.8 571.53
LF-8 07/23/03 596.99 21.72 0.8 575.27
LF-8 10/13/03 596.99 21.98 0.8 575.01
LF-8 01/19/04 596.99 21.06 0.8 575.93
LF-8 04/07/04 596.99 20.25 0.8 576.74
LF-8 07/12/04 596.99 21.33 0.8 575.66
LF-8 10/11/04 596.99 21.61 0.8 575.38
LF-8 01/25/05 596.99 20.34 0.8 576.65
LF-8 04/06/05 596.99 19.73 0.8 577.26
LF-8 07/18/05 596.99 21.68 0.8 575.31
LF-8 10/12/05 596.99 11.81 0.8 585.18
LF-8 01/17/06 596.99 21.57 0.8 575.42
LF-8 04/10/06 596.99 22.37 0.8 574.62

MW-1URS 06/25/03 594.82 13.38 0.8 581.44
MW-1URS 07/22/03 594.82 13.73 0.8 581.09
MW-1URS 07/23/03 594.82 13.73 0.8 581.09
MW-1URS 08/27/03 594.82 13.75 0.8 581.07
MW-1URS 09/30/03 594.82 16.35 0.8 578.47 WELL DAMAGED ON 9/22, NEW 

RISER INSTALLED, NOT YET 
SURVEYED

MW-1URS 10/13/03 594.82 15.17 0.8 579.65
MW-1URS 11/25/03 594.82 14.93 0.8 579.89
MW-1URS 12/31/03 594.82 14.39 0.8 580.43
MW-1URS 01/19/04 594.82 14.46 0.8 580.36
MW-1URS 01/20/04 594.82 14.46 0.8 580.36
MW-1URS 02/27/04 594.82 14.91 0.8 579.91
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

MW-1URS 03/31/04 594.82 14.27 0.8 580.55
MW-1URS 04/07/04 594.82 9.66 0.8 585.16
MW-1URS 04/07/04 594.82 9.66 0.8 585.16
MW-1URS 05/28/04 594.82 13.99 0.8 580.83
MW-1URS 06/30/04 594.82 14.56 0.8 580.26
MW-1URS 07/12/04 594.82 14.52 0.8 580.30
MW-1URS 08/31/04 594.82 14.6 0.8 580.22
MW-1URS 09/30/04 594.82 14.54 0.8 580.28
MW-1URS 10/11/04 594.82 14.69 0.8 580.13
MW-1URS 11/29/04 594.82 14.53 0.8 580.29
MW-1URS 12/28/04 594.82 13.68 0.8 581.14
MW-1URS 01/25/05 594.82 13.55 0.8 581.27
MW-1URS 02/28/05 594.82 14.17 0.8 580.65
MW-1URS 03/31/05 594.82 13.99 0.8 580.83
MW-1URS 04/06/05 594.82 13.52 0.8 581.30
MW-1URS 05/27/05 594.82 14.09 0.8 580.73
MW-1URS 07/18/05 594.82 14.55 0.8 580.27
MW-1URS 08/25/05 594.82 14.88 0.8 579.94
MW-1URS 09/30/05 594.82 14.39 0.8 580.43
MW-1URS 10/12/05 594.82 14.5 0.8 580.32
MW-1URS 11/30/05 594.82 14.19 0.8 580.63
MW-1URS 12/30/05 594.82 14.59 0.8 580.23 RIVER FROZEN
MW-1URS 01/17/06 594.82 14.18 0.8 580.64
MW-1URS 01/20/06 594.82 14.18 0.8 580.64
MW-1URS 02/23/06 594.82 14.1 0.8 580.72
MW-1URS 03/29/06 594.82 14.4 0.8 580.42
MW-1URS 04/10/06 594.82 14.7 0.8 580.12
MW-1URS 06/30/06 594.82 15.59 0.8 579.23
MW-2URS 07/23/03 581.83 12.44 0.8 569.39
MW-2URS 10/13/03 581.83 12.64 0.8 569.19
MW-2URS 01/19/04 581.83 11.26 0.8 570.57
MW-2URS 04/07/04 581.83 9.61 0.8 572.22
MW-2URS 07/12/04 581.83 11.87 0.8 569.96
MW-2URS 09/15/04 581.83 12.56 0.8 569.27
MW-2URS 10/11/04 581.83 13.51 0.8 568.32
MW-2URS 01/25/05 581.83 13.14 0.8 568.69
MW-2URS 04/06/05 581.83 13.11 0.8 568.72
MW-2URS 07/18/05 581.83 13.66 0.8 568.17
MW-2URS 10/12/05 581.83 14.11 0.8 567.72
MW-2URS 01/17/06 581.83 13.03 0.8 568.80
MW-2URS 04/10/06 581.83 12.4 0.8 569.43
MW-3URS 07/23/03 599.58 27.95 0.8822 571.63
MW-3URS 10/13/03 599.58 28.66 0.8822 570.92
MW-3URS 01/19/04 599.58 28.24 0.8822 571.34
MW-3URS 04/07/04 599.58 27.73 0.8822 571.85
MW-3URS 07/12/04 599.58 27.45 0.8822 572.13
MW-3URS 09/15/04 599.58 27.52 0.8822 572.06
MW-3URS 10/11/04 599.58 28.38 0.8822 571.20
MW-3URS 01/25/05 599.58 26.56 0.8822 573.02
MW-3URS 04/06/05 599.58 27.05 0.8822 572.53
MW-3URS 07/18/05 599.58 27.66 0.8822 571.92
MW-3URS 10/12/05 599.58 28.73 0.8822 570.85
MW-3URS 01/17/06 599.58 29.15 0.8822 570.43
MW-3URS 04/10/06 599.58 28.05 0.8822 571.53
MW-4URS 06/25/03 594.59 23.08 0.8 571.51
MW-4URS 07/22/03 594.59 23.07 0.8 571.52
MW-4URS 07/23/03 594.59 23.07 0.8 571.52
MW-4URS 08/27/03 594.59 22.97 0.8 571.62
MW-4URS 09/30/03 594.59 22.86 0.8 571.73
MW-4URS 10/13/03 594.59 24.02 0.8 570.57
MW-4URS 11/25/03 594.59 23.5 0.8 571.09
MW-4URS 12/31/03 594.59 22.93 0.8 571.66
MW-4URS 01/19/04 594.59 23.36 0.8 571.23
MW-4URS 01/20/04 594.59 23.36 0.8 571.23
MW-4URS 02/27/04 594.59 24.39 0.8 570.20
MW-4URS 03/31/04 594.59 23.46 0.8 571.13
MW-4URS 04/07/04 594.59 23.2 0.8 571.39
MW-4URS 04/07/04 594.59 23.2 0.8 571.39
MW-4URS 05/28/04 594.59 22.35 0.8 572.24
MW-4URS 06/30/04 594.59 22.47 0.8 572.12
MW-4URS 07/12/04 594.59 22.79 0.8 571.80
MW-4URS 08/31/04 594.59 22.84 0.8 571.75
MW-4URS 09/15/04 594.59 22.85 0.8 571.74
MW-4URS 09/30/04 594.59 23.15 0.8 571.44
MW-4URS 10/11/04 594.59 23.74 0.8 570.85
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

MW-4URS 11/29/04 594.59 23.59 0.8 571.00
MW-4URS 12/28/04 594.59 22.97 0.8 571.62
MW-4URS 01/25/05 594.59 21.86 0.8 572.73
MW-4URS 02/28/05 594.59 22.98 0.8 571.61
MW-4URS 03/31/05 594.59 22.62 0.8 571.97
MW-4URS 04/06/05 594.59 22.13 0.8 572.46
MW-4URS 05/27/05 594.59 22.54 0.8 572.05
MW-4URS 07/18/05 594.59 22.93 0.8 571.66
MW-4URS 08/25/05 594.59 23.69 0.8 570.90
MW-4URS 09/30/05 594.59 23.22 0.8 571.37
MW-4URS 10/12/05 594.59 24.09 0.8 570.50
MW-4URS 11/30/05 594.59 23.79 0.8 570.80
MW-4URS 12/30/05 594.59 24.68 0.8 569.91 RIVER FROZEN
MW-4URS 01/17/06 594.59 24.22 0.8 570.37
MW-4URS 01/20/06 594.59 24.22 0.8 570.37
MW-4URS 02/23/06 594.59 23.13 0.8 571.46
MW-4URS 03/29/06 594.59 23.33 0.8 571.26
MW-4URS 04/10/06 594.59 23.23 0.8 571.36
MW-4URS 06/30/06 594.59 22.53 0.8 572.06
MW-5URS 07/23/03 595.36 14.26 0.8 581.10
MW-5URS 10/13/03 595.36 14.36 0.8 581.00
MW-5URS 01/19/04 595.36 0.8 NOT GAUGED- WELL RISER 

BROKEN
MW-5URS 04/07/04 595.36 9.66 0.8 585.70 WELL CASING APPROX. 30'' 

BROKEN OFF
MW-5URS 07/12/04 595.36 3.64 0.8 591.72 WELL CASING APPROX. 28'' 

BROKEN OFF
MW-5URS 10/11/04 595.36 15.35 0.8 580.01 NEW RISER DTB 19.50 (TO BE 

SURVEYED)
MW-5URS 01/25/05 595.36 14.84 0.8 580.52 Well damaged, readings unreliable
MW-5URS 04/06/05 595.36 14.56 0.8 580.80
MW-5URS 07/18/05 595.36 15.25 0.8 580.11
MW-5URS 10/12/05 595.36 15.31 0.8 580.05
MW-5URS 01/17/06 595.36 15.04 0.8 580.32
MW-5URS 04/10/06 595.36 16.53 0.8 578.83

MW-28 06/03/03 599.91 27.95 28.4 0.45 0.883 571.91 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

0
MW-28 06/11/03 599.91 27.57 27.7 0.13 0.883 572.32 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
0

MW-28 06/18/03 599.91 27.65 27.8 0.15 0.883 572.24 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.8
MW-28 06/25/03 599.91 27.48 27.74 0.26 0.883 572.40 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.8

MW-28 07/02/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.8
MW-28 07/10/03 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.8

MW-28 07/18/03 599.91 27.76 28.33 0.57 0.883 572.08 0.12 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.8, DOWN DUE TO BAD REEL 
MOTOR

MW-28 07/23/03 599.91 27.62 28.71 1.09 0.883 572.16
MW-28 07/30/03 599.91 27.64 28.92 1.28 0.883 572.12 0.5 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.8, DOWN DUE TO BAD REEL 

MOTOR
MW-28 08/08/03 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.8

MW-28 08/20/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.67
MW-28 09/04/03 599.91 28.35 28.45 0.1 0.883 571.55 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02
MW-28 09/12/03 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.5
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

MW-28 09/18/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.46
MW-28 09/30/03 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.80; REMOVED DRUM AND 

TRANSFERRED TO 8,000 AST; 0.35 
OF PRODUCT

MW-28 10/10/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.79
MW-28 10/13/03 599.91 28.49 28.51 0.02 0.883 571.42 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02
MW-28 10/17/03 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.78

MW-28 11/05/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.78
MW-28 11/12/03 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.76

MW-28 11/21/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.75
MW-28 12/05/03 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.74

MW-28 12/10/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.74
MW-28 12/19/03 599.91 28.13 28.15 0.02 0.883 571.78 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.74

MW-28 12/31/03 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.74
MW-28 01/08/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.74

MW-28 01/19/04 599.91 28.16 28.19 0.03 0.883 571.75
MW-28 02/13/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.74

MW-28 02/27/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.75
MW-28 03/05/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.74

MW-28 03/17/04 599.91 28.41 28.42 0.01 0.883 571.50 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.7
MW-28 03/29/04 599.91 28.04 28.08 0.04 0.883 571.87 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.68

MW-28 04/07/04 599.91 27.56 27.6 0.04 0.883 572.35 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02

MW-28 04/13/04 599.91 3.67 0.883 596.24 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.64. SYSTEM DOWN FOR 
CHEMOX TEST

MW-28 04/23/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; 

SYSTEM DOWN FOR CHEMOX 
TEST

MW-28 05/19/04 599.91 27.55 27.57 0.02 0.883 572.36 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02;DTP 

1.9
MW-28 05/28/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02;DTP 
1.68

MW-28 06/04/04 599.91 27.09 27.16 0.07 0.883 572.81 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02;DTP 

1.44
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

MW-28 06/28/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02;DTP 

1.15
MW-28 06/30/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02;DTP 
2.8- NEW DRUM CHANGED

MW-28 07/12/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02

MW-28 07/23/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.79
MW-28 07/30/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.78

MW-28 08/06/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.78
MW-28 08/17/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02;DTP 
2.76

MW-28 08/27/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02;DTP 

2.78
MW-28 09/07/04 599.91 27.57 27.59 0.02 0.883 572.34 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02;DTP 
2.77

MW-28 09/23/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02;DTP 

2.76
MW-28 10/11/04 599.91 28.38 28.94 0.56 0.883 571.46 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02
MW-28 10/21/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.79

MW-28 11/03/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.81
MW-28 11/18/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.80

MW-28 11/30/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.75
MW-28 12/08/04 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.76

MW-28 12/14/04 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.76
MW-28 01/07/05 599.91 0.883 Solar-powered product pump in well 

since 8/6/02;system down due to dead 
battery, 0.03 feet of product in well, 

DTP in drum = 
MW-28 01/14/05 599.91 0.883 Solar-powered product pump in well 

since 8/6/02; DTP in drum 2.8 feet

MW-28 01/20/05 599.91 0.883 Solar-powered product pump in well 
since 8/6/02; DTP in drum 2.8 feet

MW-28 01/25/05 599.91 26.38 0.883 573.53 Solar-powered product pump in well 
since 8/6/02

MW-28 02/03/05 599.91 0.883 Solar-powered product pump in well 
since 8/6/02; DTP in drum 2.85 feet

MW-28 02/15/05 599.91 0.883 Solar-powered product pump in well 
since 8/6/02

MW-28 02/28/05 599.91 0.883 Solar-powered product pump in well 
since 8/6/02; DTP in drum 2.79 feet

MW-28 03/14/05 599.91 27.3 27.95 0.65 0.883 572.53 Solar-powered product pump in well 
since 8/6/02; DTP in drum 2.8 feet

MW-28 03/24/05 599.91 27.42 0.883 572.49 Solar-powered product pump in well 
since 8/6/02; DTP 2.78
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

MW-28 03/30/05 599.91 0.883 Solar-powered product pump in well 
since 8/6/02; DTP 2.78

MW-28 04/06/05 599.91 26.99 0.883 572.92 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02

MW-28 04/15/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.78
MW-28 04/22/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.78

MW-28 05/13/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.78
MW-28 05/18/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.78

MW-28 05/24/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.78
MW-28 06/03/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.76

MW-28 06/10/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.75
MW-28 06/17/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.75

MW-28 06/24/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.69
MW-28 07/06/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.62

MW-28 07/14/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.58
MW-28 07/18/05 599.91 27.53 27.6 0.07 0.883 572.37 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02;
MW-28 07/26/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.57

MW-28 08/05/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.45
MW-28 08/12/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.43

MW-28 08/18/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02;DTP 

2.39
MW-28 08/25/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.36

MW-28 09/09/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.34
MW-28 09/15/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.31

MW-28 09/20/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 09/30/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.28

MW-28 10/06/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.29
MW-28 10/12/05 599.91 28.44 29.32 0.88 0.883 571.37 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02
MW-28 10/27/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02
MW-28 11/10/05 599.91 28.15 0.883 571.76 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02;
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

MW-28 11/22/05 599.91 28.87 28.88 0.01 0.883 571.04 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.27
MW-28 12/08/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.27; RIVER FROZEN

MW-28 12/15/05 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.27; RIVER FROZEN
MW-28 12/27/05 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.27; RIVER FROZEN

MW-28 01/10/06 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 01/17/06 599.91 29.06 29.08 0.02 0.883 570.85 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02
MW-28 01/31/06 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-28 02/09/06 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 02/16/06 599.91 27.9 0.883 572.01 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02
MW-28 02/23/06 599.91 27.63 0.883 572.28 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-28 03/02/06 599.91 28.44 0.883 571.47 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 03/15/06 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-28 03/23/06 599.91 27.8 0.883 572.11 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 03/30/06 599.91 28.09 0.883 571.82 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-28 04/05/06 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 04/10/06 599.91 27.95 0.883 571.96 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-28 04/28/06 599.91 28.08 28.18 0.1 0.883 571.82 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 05/05/06 599.91 27.83 27.86 0.03 0.883 572.08 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-28 05/18/06 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 05/23/06 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-28 06/23/06 599.91 0.883 SOLAR-POWERED PRODUCT 
PUMP IN WELL SINCE 8/6/02; DTP 

2.3
MW-28 06/30/06 599.91 0.883 SOLAR-POWERED PRODUCT 

PUMP IN WELL SINCE 8/6/02; DTP 
2.3

MW-39 07/23/03 596.21 19.47 0.8 576.74
MW-39 10/13/03 596.21 21.58 21.59 0.01 0.8 574.63
MW-39 01/19/04 596.21 23.96 0.8 572.25
MW-39 04/07/04 596.21 21.35 21.36 0.01 0.8 574.86
MW-39 07/12/04 596.21 18.8 0.8 577.41
MW-39 10/11/04 596.21 24.17 0.8 572.04
MW-39 01/25/05 596.21 18.89 0.8 577.32
MW-39 04/06/05 596.21 18.67 0.8 577.54
MW-39 07/18/05 596.21 20.5 0.8 575.71
MW-39 10/12/05 596.21 22.29 0.8 573.92
MW-39 01/17/06 596.21 22.81 0.8 573.40
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

MW-39 04/10/06 596.21 22.53 0.8 573.68
P-15 06/03/03 597.04 25.55 25.7 0.15 0.88 571.47
P-15 06/11/03 597.04 25.31 25.54 0.23 0.88 571.70
P-15 06/18/03 597.04 25.44 25.64 0.2 0.88 571.58
P-15 06/25/03 597.04 25.35 25.6 0.25 0.88 571.66
P-15 07/02/03 597.04 25.45 25.67 0.22 0.88 571.56
P-15 07/10/03 597.04 25.5 25.85 0.35 0.88 571.50
P-15 07/18/03 597.04 25.33 25.5 0.17 0.88 571.69
P-15 07/23/03 597.04 25.48 25.78 0.3 0.88 571.52
P-15 07/30/03 597.04 25.42 25.73 0.31 0.88 571.58
P-15 08/08/03 597.04 25.4 25.72 0.32 0.88 571.60
P-15 08/20/03 597.04 25.43 25.83 0.4 0.88 571.56 0.06
P-15 09/04/03 597.04 25.8 26.09 0.29 0.88 571.21 0.1
P-15 09/12/03 597.04 26.03 26.3 0.27 0.88 570.98 0.125
P-15 09/18/03 597.04 26.03 26.46 0.43 0.88 570.96 0.125
P-15 09/30/03 597.04 25.54 25.71 0.17 0.88 571.48 0.06
P-15 10/10/03 597.04 26.15 26.35 0.2 0.88 570.87
P-15 10/13/03 597.04 26.18 26.53 0.35 0.88 570.82
P-15 10/17/03 597.04 25.96 26.32 0.36 0.88 571.04 0.008
P-15 11/05/03 597.04 26.36 26.5 0.14 0.88 570.66 0.012
P-15 11/12/03 597.04 26.38 26.6 0.22 0.88 570.63
P-15 11/21/03 597.04 26.2 26.23 0.03 0.88 570.84
P-15 12/05/03 597.04 26.4 26.65 0.25 0.88 570.61
P-15 12/10/03 597.04 0.88 NOT GAUGED- ACCESS BLOCKED 

DUE TO TANK 176 CLEAN

P-15 12/19/03 597.04 25.85 25.96 0.11 0.88 571.18 0.1
P-15 12/31/03 597.04 25.66 25.72 0.06 0.88 571.37
P-15 01/08/04 597.04 26.36 26.42 0.06 0.88 570.67
P-15 01/19/04 597.04 25.66 25.72 0.06 0.88 571.37
P-15 02/13/04 597.04 26.34 26.45 0.11 0.88 570.69
P-15 02/27/04 597.04 25.6 25.9 0.3 0.88 571.40
P-15 03/05/04 597.04 25.37 25.41 0.04 0.88 571.67
P-15 03/17/04 597.04 25.45 25.65 0.2 0.88 571.57 0.05
P-15 03/29/04 597.04 25.95 26.15 0.2 0.88 571.07 0.04
P-15 04/07/04 597.04 25.44 25.54 0.1 0.88 571.59
P-15 04/13/04 597.04 25.44 25.54 0.1 0.88 571.59 0.05
P-15 04/23/04 597.04 0.88 NOT GAUGED- CHEMOX TEST
P-15 05/19/04 597.04 25.39 25.73 0.34 0.88 571.61 0.1
P-15 05/28/04 597.04 24.61 25.1 0.49 0.88 572.37 0.25
P-15 06/04/04 597.04 24.72 25.33 0.61 0.88 572.25 0.1
P-15 06/18/04 597.04 24.6 25.28 0.68 0.88 572.36 0.1
P-15 06/30/04 597.04 24.7 25.5 0.8 0.88 572.24 0.25
P-15 07/12/04 597.04 24.93 25.65 0.72 0.88 572.02
P-15 07/16/04 597.04 24.93 25.65 0.72 0.88 572.02 0.25
P-15 07/23/04 597.04 24.95 25.47 0.52 0.88 572.03 0.1
P-15 07/30/04 597.04 25.03 25.29 0.26 0.88 571.98
P-15 08/06/04 597.04 24.8 25.38 0.58 0.88 572.17 0.25
P-15 08/17/04 597.04 25.1 25.76 0.66 0.88 571.86 0.25
P-15 08/27/04 597.04 25.15 25.74 0.59 0.88 571.82
P-15 09/07/04 597.04 25.07 25.7 0.63 0.88 571.89 0.1
P-15 09/23/04 597.04 25.44 25.6 0.16 0.88 571.58
P-15 10/11/04 597.04 25.89 26.31 0.42 0.88 571.10 0.25
P-15 10/21/04 597.04 25.95 25.97 0.02 0.88 571.09
P-15 11/03/04 597.04 25.99 26.13 0.14 0.88 571.03
P-15 11/18/04 597.04 26.09 26.31 0.22 0.88 570.92
P-15 11/30/04 597.04 25.55 25.56 0.01 0.88 571.49
P-15 12/08/04 597.04 26.22 26.45 0.23 0.88 570.79 0.1
P-15 12/14/04 597.04 26.58 26.61 0.03 0.88 570.46
P-15 12/22/04 597.04 25.68 25.71 0.03 0.88 571.36
P-15 01/07/05 597.04 25.1 0.88 571.94
P-15 01/14/05 597.04 24.51 0.88 572.53
P-15 01/20/05 597.04 25.01 0.88 572.03
P-15 01/25/05 597.04 24.31 0.88 572.73 Trace product
P-15 02/03/05 597.04 25.37 25.4 0.03 0.88 571.67
P-15 02/15/05 597.04 24.8 24.92 0.12 0.88 572.23
P-15 02/28/05 597.04 25.23 25.47 0.24 0.88 571.78
P-15 03/14/05 597.04 25.1 25.39 0.29 0.88 571.91
P-15 03/24/05 597.04 25.39 25.6 0.21 0.88 571.62
P-15 03/30/05 597.04 25.17 25.39 0.22 0.88 571.84
P-15 04/06/05 597.04 24.54 24.72 0.18 0.88 572.48
P-15 04/15/05 597.04 25.05 25.27 0.22 0.88 571.96
P-15 05/06/05 597.04 24.79 25.22 0.43 0.88 572.20
P-15 05/13/05 597.04 25.25 25.69 0.44 0.88 571.74 0.25
P-15 05/18/05 597.04 24.81 25.42 0.61 0.88 572.16
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

P-15 05/24/05 597.04 25.01 25.59 0.58 0.88 571.96
P-15 06/03/05 597.04 25.02 25.55 0.53 0.88 571.96
P-15 06/10/05 597.04 25.3 25.39 0.09 0.88 571.73
P-15 06/17/05 597.04 24.99 25.5 0.51 0.88 571.99 0.25
P-15 06/24/05 597.04 25.02 25.51 0.49 0.88 571.96
P-15 07/06/05 597.04 25.45 25.73 0.28 0.88 571.56 0.12
P-15 07/14/05 597.04 25.5 25.8 0.3 0.88 571.50
P-15 07/18/05 597.04 25.27 25.52 0.25 0.88 571.74 0.12 PRODUCT BAILED ON 7/21
P-15 07/26/05 597.04 24.96 25.31 0.35 0.88 572.04 0.12
P-15 08/05/05 597.04 25.49 25.62 0.13 0.88 571.53 0.06
P-15 08/12/05 597.04 25.57 25.98 0.41 0.88 571.42 0.12
P-15 08/18/05 597.04 25.77 26.14 0.37 0.88 571.23 0.06
P-15 08/25/05 597.04 25.95 26.37 0.42 0.88 571.04 0.06
P-15 09/09/05 597.04 26 26.44 0.44 0.88 570.99 0.12
P-15 09/15/05 597.04 26.05 26.5 0.45 0.88 570.94 0.12
P-15 09/20/05 597.04 26.5 26.6 0.1 0.88 570.53
P-15 09/30/05 597.04 25.55 25.7 0.15 0.88 571.47 0.06
P-15 10/06/05 597.04 26.15 26.2 0.05 0.88 570.88
P-15 10/12/05 597.04 26.28 26.59 0.31 0.88 570.72 0.12 PRODUCT BAILED ON 10/19
P-15 10/27/05 597.04 26.25 26.4 0.15 0.88 570.77
P-15 11/10/05 597.04 25.47 0.88 571.57
P-15 11/22/05 597.04 26.11 26.25 0.14 0.88 570.91
P-15 12/08/05 597.04 26.2 26.5 0.3 0.88 570.80 0.12 RIVER FROZEN
P-15 12/15/05 597.04 26.55 26.66 0.11 0.88 570.48 RIVER FROZEN
P-15 12/27/05 597.04 26.45 26.55 0.1 0.88 570.58 RIVER FROZEN
P-15 01/10/06 597.04 26.08 26.2 0.12 0.88 570.95 0.1
P-15 01/17/06 597.04 26.45 26.5 0.05 0.88 570.58
P-15 01/31/06 597.04 25.75 25.76 0.01 0.88 571.29
P-15 02/09/06 597.04 25.7 0.88 571.34 TRACE PRODUCT
P-15 02/16/06 597.04 25.71 0.88 571.33
P-15 02/23/06 597.04 25.49 0.88 571.55
P-15 03/02/06 597.04 25.96 25.97 0.01 0.88 571.08
P-15 03/15/06 597.04 0.88 NOT GAUGED- ACCESS BLOCKED 

BY WATER
P-15 03/23/06 597.04 25.48 25.49 0.01 0.88 571.56
P-15 03/30/06 597.04 25.68 25.71 0.03 0.88 571.36
P-15 04/05/06 597.04 25.69 25.74 0.05 0.88 571.34
P-15 04/10/06 597.04 25.6 25.61 0.01 0.88 571.44
P-15 04/28/06 597.04 25.68 25.71 0.03 0.88 571.36
P-15 05/05/06 597.04 25.65 25.66 0.01 0.88 571.39
P-15 05/11/06 597.04 25.45 25.51 0.06 0.88 571.58
P-15 05/18/06 597.04 25.31 25.35 0.04 0.88 571.73
P-15 05/23/06 597.04 25.11 25.13 0.02 0.88 571.93
P-15 06/15/06 597.04 25.19 25.3 0.11 0.88 571.84 0.25
P-15 06/23/06 597.04 25.25 25.27 0.02 0.88 571.79
P-15 06/30/06 597.04 24.95 25.01 0.06 0.88 572.08

RW-8R 07/23/03 593.4 21.62 0.8 571.78
RW-8R 10/13/03 593.4 22.53 0.8 570.87
RW-8R 01/19/04 593.4 21.67 0.8 571.73
RW-8R 04/07/04 593.4 21.33 0.8 572.07
RW-8R 07/12/04 593.4 20.72 0.8 572.68
RW-8R 10/11/04 593.4 22.26 0.8 571.14
RW-8R 01/25/05 593.4 20.01 0.8 573.39
RW-8R 04/06/05 593.4 20.41 0.8 572.99
RW-8R 07/18/05 593.4 21.48 0.8 571.92 TRACE PRODUCT
RW-8R 10/12/05 593.4 22.47 0.8 570.93
RW-8R 01/17/06 593.4 22.79 0.8 570.61
RW-8R 04/10/06 593.4 21.75 0.8 571.65
SB-74 07/23/03 599.1 27.64 0.8 571.46
SB-74 10/13/03 599.1 28.39 0.8 570.71
SB-74 01/19/04 599.1 28.01 0.8 571.09
SB-74 04/07/04 599.1 27.46 0.8 571.64
SB-74 07/12/04 599.1 0.8 NOT GAUGED - ACCESS 

BLOCKED BY DENSE 
VEGETATION

SB-74 09/15/04 599.1 27.16 0.8 571.94
SB-74 10/11/04 599.1 28.09 0.8 571.01
SB-74 01/25/05 599.1 26.27 0.8 572.83
SB-74 04/06/05 599.1 26.73 0.8 572.37
SB-74 07/18/05 599.1 27.38 0.8 571.72
SB-74 10/12/05 599.1 28.48 0.8 570.62
SB-74 01/17/06 599.1 28.78 0.8 570.32
SB-74 04/10/06 599.1 27.75 0.8 571.35
SB-75 07/23/03 599.86 28.31 0.8 571.55
SB-75 10/13/03 599.86 29.04 0.8 570.82
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

SB-75 01/19/04 599.86 28.77 0.8 571.09
SB-75 04/07/04 599.86 28.13 0.8 571.73
SB-75 07/12/04 599.86 27.37 0.8 572.49
SB-75 09/15/04 599.86 27.81 0.8 572.05
SB-75 10/11/04 599.86 28.72 0.8 571.14
SB-75 01/25/05 599.86 26.46 0.8 573.40
SB-75 04/06/05 599.86 27.08 0.8 572.78
SB-75 07/18/05 599.86 28.07 0.8 571.79
SB-75 10/12/05 599.86 28.98 0.8 570.88
SB-75 01/17/06 599.86 29.65 0.8 570.21
SB-75 04/10/06 599.86 28.58 0.8 571.28
SB-76 07/23/03 600.96 26.24 0.8 574.72
SB-76 10/13/03 600.96 26.24 0.8 574.72
SB-76 01/19/04 600.96 26.38 0.8 574.58
SB-76 04/07/04 600.96 26 0.8 574.96
SB-76 07/12/04 600.96 25.91 0.8 575.05
SB-76 09/15/04 600.96 25.8 0.8 575.16
SB-76 10/11/04 600.96 26.22 0.8 574.74
SB-76 01/25/05 600.96 25.5 0.8 575.46
SB-76 04/06/05 600.96 25.69 0.8 575.27
SB-76 07/18/05 600.96 26.49 0.8 574.47
SB-76 10/12/05 600.96 25.98 0.8 574.98
SB-76 01/17/06 600.96 26.24 0.8 574.72
SB-76 04/10/06 600.96 26.81 0.8 574.15
SB-78 06/25/03 598.97 22.32 0.8 576.65
SB-78 07/22/03 598.97 22.3 0.8 576.67
SB-78 07/23/03 598.97 22.3 0.8 576.67
SB-78 08/27/03 598.97 22.53 0.8 576.44
SB-78 09/30/03 598.97 22.66 0.8 576.31
SB-78 10/13/03 598.97 22.43 0.8 576.54
SB-78 11/25/03 598.97 22.37 0.8 576.60
SB-78 12/31/03 598.97 22.31 0.8 576.66
SB-78 01/19/04 598.97 22.41 0.8 576.56
SB-78 01/20/04 598.97 22.41 0.8 576.56
SB-78 02/27/04 598.97 22.74 0.8 576.23
SB-78 03/31/04 598.97 22.16 0.8 576.81
SB-78 04/07/04 598.97 21.99 0.8 576.98
SB-78 04/07/04 598.97 21.99 0.8 576.98
SB-78 05/28/04 598.97 21.35 0.8 577.62
SB-78 06/30/04 598.97 22.25 0.8 576.72
SB-78 07/12/04 598.97 22.3 0.8 576.67
SB-78 08/31/04 598.97 22.43 0.8 576.54
SB-78 09/15/04 598.97 22.09 0.8 576.88
SB-78 09/30/04 598.97 22.34 0.8 576.63
SB-78 10/11/04 598.97 21.31 0.8 577.66
SB-78 11/29/04 598.97 22.26 0.8 576.71
SB-78 01/25/05 598.97 21.84 0.8 577.13
SB-78 02/28/05 598.97 22.13 0.8 576.84
SB-78 03/31/05 598.97 22.1 0.8 576.87
SB-78 04/06/05 598.97 21.54 0.8 577.43
SB-78 05/27/05 598.97 22.08 0.8 576.89
SB-78 07/18/05 598.97 22.3 0.8 576.67
SB-78 08/25/05 598.97 22.49 0.8 576.48
SB-78 09/30/05 598.97 21.82 0.8 577.15
SB-78 10/12/05 598.97 22.08 0.8 576.89
SB-78 11/30/05 598.97 27 0.8 571.97
SB-78 12/30/05 598.97 22.28 0.8 576.69 RIVER FROZEN
SB-78 01/17/06 598.97 22.13 0.8 576.84
SB-78 01/20/06 598.97 22.13 0.8 576.84
SB-78 02/23/06 598.97 22.02 0.8 576.95
SB-78 03/29/06 598.97 22.49 0.8 576.48
SB-78 04/10/06 598.97 23.14 0.8 575.83
SB-78 06/30/06 598.97 26.17 0.8 572.80
SB-79 06/26/03 599.26 26.81 0.8 572.45 VISUAL INSPECTION WELL- RUST

SB-79 07/23/03 599.26 26.83 0.8 572.43
SB-79 10/13/03 599.26 27.11 0.8 572.15
SB-79 01/19/04 599.26 26.72 0.8 572.54
SB-79 04/07/04 599.26 25.6 0.8 573.66
SB-79 07/12/04 599.26 26.16 0.8 573.10
SB-79 09/15/04 599.26 24.87 0.8 574.39
SB-79 10/11/04 599.26 24.76 0.8 574.50
SB-79 01/25/05 599.26 25.15 0.8 574.11
SB-79 04/06/05 599.26 25.28 0.8 573.98
SB-79 07/18/05 599.26 25.34 0.8 573.92 DRY
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

SB-79 10/12/05 599.26 0.8 DRY
SB-79 01/17/06 599.26 25.4 0.8 573.86
SB-79 04/10/06 599.26 0.8 WELL DRY
SB-80 06/26/03 599.11 25.93 0.8 573.18 VISUAL INSPECTION WELL- 

CLEAR
SB-80 07/23/03 599.11 26.22 0.8 572.89
SB-80 10/13/03 599.11 26.55 0.8 572.56
SB-80 01/19/04 599.11 25.74 0.8 573.37 SHEEN PRESENT
SB-80 04/07/04 599.11 25.11 0.8 574.00
SB-80 07/12/04 599.11 26.61 0.8 572.50
SB-80 09/15/04 599.11 22.88 0.8 576.23
SB-80 10/11/04 599.11 25.9 0.8 573.21
SB-80 01/25/05 599.11 24.63 0.8 574.48
SB-80 04/06/05 599.11 24.29 0.8 574.82
SB-80 07/18/05 599.11 25.87 0.8 573.24
SB-80 10/12/05 599.11 25.97 0.8 573.14
SB-80 01/17/06 599.11 26.14 0.8 572.97
SB-80 04/10/06 599.11 27.51 0.8 571.60
SB-81 06/26/03 597.81 24.88 0.8 572.93 VISUAL INSPECTION WELL- RUST

SB-81 07/23/03 597.81 25.28 0.8 572.53
SB-81 10/13/03 597.81 26.45 0.8 571.36
SB-81 01/19/04 597.81 25.23 0.8 572.58
SB-81 04/07/04 597.81 24.32 0.8 573.49
SB-81 07/12/04 597.81 24.54 0.8 573.27
SB-81 10/11/04 597.81 25.12 0.8 572.69
SB-81 01/25/05 597.81 23.48 0.8 574.33
SB-81 04/06/05 597.81 22.97 0.8 574.84
SB-81 07/18/05 597.81 24.37 0.8 573.44
SB-81 10/12/05 597.81 24.72 0.8 573.09
SB-81 01/17/06 597.81 24.74 0.8 573.07
SB-81 04/10/06 597.81 25.24 0.8 572.57
SB-82 06/26/03 596.83 23.7 0.8 573.13 VISUAL INSPECTION WELL- 

CLEAR
SB-82 07/23/03 596.83 24.04 0.8 572.79
SB-82 10/13/03 596.83 25.52 0.8 571.31
SB-82 01/19/04 596.83 24.11 0.8 572.72
SB-82 04/07/04 596.83 23.18 0.8 573.65
SB-82 07/12/04 596.83 23.6 0.8 573.23
SB-82 10/11/04 596.83 23.79 0.8 573.04
SB-82 01/25/05 596.83 22.9 0.8 573.93
SB-82 04/06/05 596.83 22.38 0.8 574.45
SB-82 07/18/05 596.83 23.95 0.8 572.88
SB-82 10/12/05 596.83 23.48 0.8 573.35
SB-82 01/17/06 596.83 23.75 0.8 573.08
SB-82 04/10/06 596.83 24.39 0.8 572.44
SB-83 06/26/03 596.61 22.85 0.8 573.76 VISUAL INSPECTION WELL- 

CLEAR
SB-83 07/23/03 596.61 23.29 0.8 573.32
SB-83 10/13/03 596.61 23.72 0.8 572.89
SB-83 01/19/04 596.61 22.67 0.8 573.94
SB-83 04/07/04 596.61 21.67 0.8 574.94
SB-83 07/12/04 596.61 22.98 0.8 573.63
SB-83 09/15/04 596.61 21.97 0.8 574.64
SB-83 10/11/04 596.61 23.24 0.8 573.37
SB-83 01/25/05 596.61 21.8 0.8 574.81
SB-83 04/06/05 596.61 21.29 0.8 575.32
SB-83 07/18/05 596.61 23.33 0.8 573.28
SB-83 10/12/05 596.61 22.59 0.8 574.02
SB-83 01/17/06 596.61 22.88 0.8 573.73
SB-83 04/10/06 596.61 28.77 0.8 567.84
SB-84 06/26/03 594.55 17.75 0.8 576.80 VISUAL INSPECTION WELL- 

CLEAR
SB-84 07/23/03 594.55 21.14 0.8 573.41
SB-84 10/13/03 594.55 21.61 0.8 572.94
SB-84 01/19/04 594.55 20.64 0.8 573.91
SB-84 04/07/04 594.55 19.86 0.8 574.69
SB-84 07/12/04 594.55 20.79 0.8 573.76
SB-84 09/15/04 594.55 19.96 0.8 574.59
SB-84 10/11/04 594.55 21.04 0.8 573.51
SB-84 01/25/05 594.55 19.7 0.8 574.85
SB-84 04/06/05 594.55 19.08 0.8 575.47
SB-84 07/18/05 594.55 21.32 0.8 573.23
SB-84 10/12/05 594.55 20.61 0.8 573.94
SB-84 01/17/06 594.55 20.81 0.8 573.74
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

SB-84 04/10/06 594.55 21.75 0.8 572.80
SB-85 07/23/03 593.65 18.12 0.8 575.53
SB-85 10/13/03 593.65 18.09 0.8 575.56
SB-85 01/19/04 593.65 17.1 0.8 576.55
SB-85 04/07/04 593.65 16.25 0.8 577.40
SB-85 07/12/04 593.65 17.61 0.8 576.04
SB-85 09/15/04 593.65 16.43 0.8 577.22
SB-85 10/11/04 593.65 17.87 0.8 575.78
SB-85 01/25/05 593.65 16.34 0.8 577.31
SB-85 04/06/05 593.65 15.88 0.8 577.77
SB-85 07/18/05 593.65 18.21 0.8 575.44
SB-85 10/12/05 593.65 16.99 0.8 576.66
SB-85 01/17/06 593.65 17.24 0.8 576.41
SB-85 04/10/06 593.65 18.35 0.8 575.30
SB-86 07/23/03 582.53 7.94 0.8 574.59
SB-86 10/13/03 582.53 8.02 0.8 574.51
SB-86 01/19/04 582.53 6.89 0.8 575.64
SB-86 04/07/04 582.53 5.89 0.8 576.64
SB-86 07/12/04 582.53 7.8 0.8 574.73
SB-86 09/15/04 582.53 6.61 0.8 575.92
SB-86 10/11/04 582.53 8.02 0.8 574.51
SB-86 01/25/05 582.53 6.11 0.8 576.42
SB-86 04/06/05 582.53 5.16 0.8 577.37
SB-86 07/18/05 582.53 8.3 0.8 574.23
SB-86 10/12/05 582.53 7.1 0.8 575.43
SB-86 01/17/06 582.53 7.11 0.8 575.42
SB-86 04/10/06 582.53 0.8 WELL DRY

VERMW-1 11/18/04 596.9367684 25.92 0.8 571.02
VERMW-1 12/08/04 596.9367684 26.25 0.8 570.69
VERMW-1 01/07/05 596.9367684 24.86 0.8 572.08
VERMW-1 01/14/05 596.9367684 24.08 0.8 572.86
VERMW-1 02/03/05 596.9367684 25.16 0.8 571.78
VERMW-1 02/15/05 596.9367684 24.6 0.8 572.34
VERMW-1 02/28/05 596.9367684 25.11 0.8 571.83
VERMW-1 03/14/05 596.9367684 29.9 0.8 567.04
VERMW-1 03/24/05 596.9367684 25.03 0.8 571.91
VERMW-1 03/30/05 596.9367684 24.85 0.8 572.09
VERMW-1 04/15/05 596.9367684 24.82 0.8 572.12
VERMW-1 04/22/05 596.9367684 24.75 0.8 572.19
VERMW-1 05/06/05 596.9367684 24.65 0.8 572.29
VERMW-1 05/13/05 596.9367684 25.18 0.8 571.76
VERMW-1 05/18/05 596.9367684 24.79 0.8 572.15
VERMW-1 05/24/05 596.9367684 24.74 0.8 572.20
VERMW-1 06/03/05 596.9367684 24.87 0.8 572.07
VERMW-1 06/10/05 596.9367684 24.8 0.8 572.14
VERMW-1 06/17/05 596.9367684 24.82 0.8 572.12
VERMW-1 06/24/05 596.9367684 24.89 0.8 572.05
VERMW-1 07/06/05 596.9367684 25.45 0.8 571.49
VERMW-1 07/14/05 596.9367684 25.31 0.8 571.63
VERMW-1 07/26/05 596.9367684 24.98 0.8 571.96
VERMW-1 08/05/05 596.9367684 25.47 0.8 571.47
VERMW-1 08/12/05 596.9367684 25.5 0.8 571.44
VERMW-1 08/18/05 596.9367684 25.56 0.8 571.38
VERMW-1 08/25/05 596.9367684 26.52 0.8 570.42
VERMW-1 09/09/05 596.9367684 26.1 0.8 570.84
VERMW-1 09/15/05 596.9367684 25.84 0.8 571.10
VERMW-1 09/20/05 596.9367684 26.65 0.8 570.29
VERMW-2 11/18/04 597.551381 26.5 0.8 571.05
VERMW-2 12/08/04 597.551381 26.86 0.8 570.69
VERMW-2 01/07/05 597.551381 25.46 0.8 572.09
VERMW-2 01/14/05 597.551381 24.65 0.8 572.90
VERMW-2 02/03/05 597.551381 25.85 0.8 571.70
VERMW-2 02/15/05 597.551381 25.26 0.8 572.29
VERMW-2 02/28/05 597.551381 25.75 0.8 571.80
VERMW-2 03/14/05 597.551381 25.54 0.8 572.01
VERMW-2 03/24/05 597.551381 25.68 0.8 571.87
VERMW-2 03/30/05 597.551381 25.52 0.8 572.03
VERMW-2 04/15/05 597.551381 25.42 0.8 572.13
VERMW-2 04/22/05 597.551381 25.35 0.8 572.20
VERMW-2 05/13/05 597.551381 25.8 0.8 571.75
VERMW-2 05/18/05 597.551381 25.41 0.8 572.14
VERMW-2 05/24/05 597.551381 25.39 0.8 572.16
VERMW-2 06/03/05 597.551381 25.49 0.8 572.06
VERMW-2 06/10/05 597.551381 25.37 0.8 572.18
VERMW-2 06/17/05 597.551381 25.35 0.8 572.20
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

VERMW-2 06/24/05 597.551381 25.52 0.8 572.03
VERMW-2 07/06/05 597.551381 26.1 0.8 571.45
VERMW-2 07/14/05 597.551381 25.94 0.8 571.61
VERMW-2 07/26/05 597.551381 25.5 0.8 572.05
VERMW-2 08/05/05 597.551381 26.08 0.8 571.47
VERMW-2 08/12/05 597.551381 26.11 0.8 571.44
VERMW-2 08/18/05 597.551381 26.15 0.8 571.40
VERMW-2 08/25/05 597.551381 26.57 0.8 570.98
VERMW-2 09/09/05 597.551381 26.41 0.8 571.14
VERMW-2 09/15/05 597.551381 26.45 0.8 571.10
VERMW-2 09/20/05 597.551381 27.38 0.8 570.17
VERMW-3 08/06/04 598.7911349 26.35 27.75 1.4 0.8 572.16 0.5
VERMW-3 08/17/04 598.7911349 26.71 28.93 2.22 0.8 571.64 0.25
VERMW-3 09/23/04 598.7911349 27.14 27.85 0.71 0.8 571.51 0.25
VERMW-3 10/11/04 598.7911349 27.75 28.57 0.82 0.8 570.88 0.25
VERMW-3 11/03/04 598.7911349 27.66 27.85 0.19 0.8 571.09
VERMW-3 11/18/04 598.7911349 27.65 27.8 0.15 0.8 571.11
VERMW-3 12/08/04 598.7911349 28.15 28.16 0.01 0.8 570.64
VERMW-3 01/07/05 598.7911349 26.78 0.8 572.01
VERMW-3 01/14/05 598.7911349 25.34 0.8 573.45
VERMW-3 02/03/05 598.7911349 27.07 0.8 571.72
VERMW-3 02/15/05 598.7911349 26.45 0.8 572.34
VERMW-3 02/28/05 598.7911349 26.98 0.8 571.81
VERMW-3 03/14/05 598.7911349 26.74 0.8 572.05
VERMW-3 03/24/05 598.7911349 26.82 0.8 571.97
VERMW-3 03/30/05 598.7911349 26.73 0.8 572.06
VERMW-3 04/15/05 598.7911349 26.5 0.8 572.29
VERMW-3 04/22/05 598.7911349 26.7 0.8 572.09
VERMW-3 05/13/05 598.7911349 27.04 27.05 0.01 0.8 571.75
VERMW-3 05/18/05 598.7911349 26.59 26.66 0.07 0.8 572.19
VERMW-3 05/24/05 598.7911349 26.53 26.56 0.03 0.8 572.26
VERMW-3 06/03/05 598.7911349 26.7 26.91 0.21 0.8 572.05
VERMW-3 06/10/05 598.7911349 26.29 0.8 572.50
VERMW-3 06/17/05 598.7911349 26.6 26.7 0.1 0.8 572.17
VERMW-3 06/24/05 598.7911349 26.75 27.1 0.35 0.8 571.97
VERMW-3 07/06/05 598.7911349 27.22 27.28 0.06 0.8 571.56
VERMW-3 07/14/05 598.7911349 27.11 27.43 0.32 0.8 571.62
VERMW-3 07/26/05 598.7911349 26.69 26.74 0.05 0.8 572.09
VERMW-3 08/05/05 598.7911349 27.27 27.48 0.21 0.8 571.48 0.06
VERMW-3 08/12/05 598.7911349 27.25 27.32 0.07 0.8 571.53
VERMW-3 08/18/05 598.7911349 27.32 27.51 0.19 0.8 571.43 0.03
VERMW-3 08/25/05 598.7911349 27.76 28.04 0.28 0.8 570.98 0.06
VERMW-3 09/09/05 598.7911349 27.5 27.6 0.1 0.8 571.27
VERMW-3 09/15/05 598.7911349 27.63 27.72 0.09 0.8 571.14
VERMW-3 09/20/05 598.7911349 28.6 28.65 0.05 0.8 570.18
VERMW-3 10/06/05 598.7911349 27.65 27.68 0.03 0.8 571.14
VERMW-3 10/27/05 598.7911349 27.89 27.91 0.02 0.8 570.90
VERMW-3 11/10/05 598.7911349 27.45 0.8 571.34
VERMW-3 11/22/05 598.7911349 28.28 0.8 570.51
VERMW-3 12/08/05 598.7911349 28.35 0.8 570.44 RIVER FROZEN
VERMW-3 12/15/05 598.7911349 28.29 0.8 570.50 RIVER FROZEN
VERMW-3 12/27/05 598.7911349 28.35 0.8 570.44 RIVER FROZEN
VERMW-3 01/10/06 598.7911349 27.77 0.8 571.02
VERMW-3 01/31/06 598.7911349 27.6 0.8 571.19
VERMW-3 02/09/06 598.7911349 27.41 0.8 571.38
VERMW-3 02/16/06 598.7911349 27.34 0.8 571.45
VERMW-3 02/23/06 598.7911349 27.03 0.8 571.76
VERMW-3 03/02/06 598.7911349 27.9 0.8 570.89
VERMW-3 03/15/06 598.7911349 0.8 NOT GAUGED- ACCESS BLOCKED 

BY WATER
VERMW-3 03/23/06 598.7911349 27.2 0.8 571.59
VERMW-3 03/30/06 598.7911349 27.46 0.8 571.33
VERMW-3 04/05/06 598.7911349 27.48 0.8 571.31
VERMW-3 04/28/06 598.7911349 27.47 0.8 571.32
VERMW-3 05/05/06 598.7911349 27.2 0.8 571.59
VERMW-3 05/11/06 598.7911349 27.01 0.8 571.78
VERMW-3 05/18/06 598.7911349 26.9 0.8 571.89
VERMW-3 05/23/06 598.7911349 26.82 0.8 571.97
VERMW-3 06/15/06 598.7911349 27.77 0.8 571.02
VERMW-3 06/23/06 598.7911349 27.8 0.8 570.99
VERMW-3 06/30/06 598.7911349 26.42 0.8 572.37
VERMW-4 11/18/04 597.5337037 26.52 0.8 571.01
VERMW-4 12/08/04 597.5337037 26.84 0.8 570.69
VERMW-4 01/07/05 597.5337037 25.45 0.8 572.08
VERMW-4 01/14/05 597.5337037 24.58 24.59 0.01 0.8 572.95
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Table 3.  Summary of Water-Level, Product Thickness and Product Bailing Data in OU-4
                Former Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Well Designation Date
Measuring Point 

Elevation
(ft msl)

Depth to 
Product

(ft)

Depth to 
Water      (ft)

Product 
Thickness

(ft)

Specific 
Gravity

Corrected 
Elevation
(ft msl)

Product 
Bailed
(gal)

Comments

VERMW-4 02/03/05 597.5337037 25.74 25.75 0.01 0.8 571.79
VERMW-4 02/15/05 597.5337037 25.27 0.8 572.26
VERMW-4 02/28/05 597.5337037 25.69 0.8 571.84
VERMW-4 03/14/05 597.5337037 25.48 0.8 572.05
VERMW-4 03/24/05 597.5337037 25.59 0.8 571.94
VERMW-4 03/30/05 597.5337037 26.39 26.4 0.01 0.8 571.14
VERMW-4 04/15/05 597.5337037 25 25.1 0.1 0.8 572.51
VERMW-4 04/22/05 597.5337037 24.9 25.08 0.18 0.8 572.60
VERMW-4 05/06/05 597.5337037 24.87 25.06 0.19 0.8 572.63
VERMW-4 05/13/05 597.5337037 25.5 25.62 0.12 0.8 572.01
VERMW-4 05/18/05 597.5337037 25.21 25.36 0.15 0.8 572.29
VERMW-4 05/24/05 597.5337037 25.29 25.35 0.06 0.8 572.23
VERMW-4 06/03/05 597.5337037 25.43 25.46 0.03 0.8 572.10
VERMW-4 06/10/05 597.5337037 25.23 25.3 0.07 0.8 572.29
VERMW-4 06/17/05 597.5337037 25.24 25.31 0.07 0.8 572.28
VERMW-4 06/24/05 597.5337037 25.25 25.51 0.26 0.8 572.23
VERMW-4 07/06/05 597.5337037 26.04 26.06 0.02 0.8 571.49
VERMW-4 07/14/05 597.5337037 25.9 25.94 0.04 0.8 571.63
VERMW-4 07/26/05 597.5337037 25.45 25.48 0.03 0.8 572.08
VERMW-4 08/05/05 597.5337037 26.03 26.04 0.01 0.8 571.50
VERMW-4 08/12/05 597.5337037 26.05 26.09 0.04 0.8 571.48
VERMW-4 08/18/05 597.5337037 26.11 26.15 0.04 0.8 571.42
VERMW-4 08/25/05 597.5337037 26.5 26.52 0.02 0.8 571.03
VERMW-4 09/09/05 597.5337037 26.31 26.37 0.06 0.8 571.21
VERMW-4 09/15/05 597.5337037 26.3 26.45 0.15 0.8 571.20
VERMW-4 09/20/05 597.5337037 26.95 0.8 570.58 TRACE PRODUCT
VERMW-4 10/06/05 597.5337037 26.42 26.43 0.01 0.8 571.11
VERMW-4 10/27/05 597.5337037 26.6 0.8 570.93 TRACE PRODUCT
VERMW-4 11/10/05 597.5337037 26.03 0.8 571.50
VERMW-4 11/22/05 597.5337037 26.65 26.67 0.02 0.8 570.88
VERMW-4 12/08/05 597.5337037 26.73 0.8 570.80 RIVER FROZEN
VERMW-4 12/15/05 597.5337037 27.01 0.8 570.52 RIVER FROZEN
VERMW-4 12/27/05 597.5337037 26.97 0.8 570.56 TRACE PRODUCT; RIVER FROZEN

VERMW-4 01/10/06 597.5337037 26.5 0.8 571.03
VERMW-4 01/31/06 597.5337037 26.35 0.8 571.18
VERMW-4 02/09/06 597.5337037 26.01 0.8 571.52
VERMW-4 02/16/06 597.5337037 25.92 0.8 571.61
VERMW-4 02/23/06 597.5337037 25.65 0.8 571.88
VERMW-4 03/02/06 597.5337037 26.48 0.8 571.05
VERMW-4 03/15/06 597.5337037 0.8 NOT GAUGED- ACCESS BLOCKED 

BY WATER
VERMW-4 03/23/06 597.5337037 25.75 25.77 0.02 0.8 571.78
VERMW-4 03/30/06 597.5337037 26.16 0.8 571.37
VERMW-4 04/05/06 597.5337037 26.15 0.8 571.38
VERMW-4 04/28/06 597.5337037 26.15 0.8 571.38
VERMW-4 05/05/06 597.5337037 25.91 0.8 571.62
VERMW-4 05/11/06 597.5337037 25.89 0.8 571.64
VERMW-4 05/18/06 597.5337037 25.65 0.8 571.88
VERMW-4 05/23/06 597.5337037 25.52 0.8 572.01
VERMW-4 06/15/06 597.5337037 26.55 0.8 570.98
VERMW-4 06/23/06 597.5337037 26.59 0.8 570.94
VERMW-4 06/30/06 597.5337037 25.25 0.8 572.28

W-1 07/23/03 595.98 17.46 0.8 578.52
W-1 10/13/03 595.98 17.55 0.8 578.43
W-1 01/19/04 595.98 17.41 0.8 578.57
W-1 04/07/04 595.98 16.96 0.8 579.02
W-1 07/12/04 595.98 17.3 0.8 578.68
W-1 10/11/04 595.98 17.48 0.8 578.50
W-1 01/25/05 595.98 17.08 0.8 578.90
W-1 04/06/05 595.98 16.73 0.8 579.25
W-1 10/12/05 595.98 17.31 0.8 578.67
W-1 01/17/06 595.98 17.35 0.8 578.63
W-1 04/10/06 595.98 18.02 0.8 577.96
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APPENDIX A 
 

Hydrographs 

 
REMEDIAL ENGINEERING, P.C. MC17252Y08.304/AP-CV 



Figure A-1.  Long-Term Hydrographs for MW-28 (ETYA), Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York
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Figure A-2. Long-Term Hydrographs for LF-3 (ETYA), Buffalo Terminal, ExxonMobil Oil Corporation, Buffalo, New York

Long-Term Hydrograph, Monitoring Well LF-3
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Figure A-3. Long-Term Hydrographs for LF-6 (ETYA) during ChemOx Pilot Test, Buffalo Terminal
                     ExxonMobil Oil Corporation, Buffalo, New York

Long-Term Hydrograph, Monitoring Well LF-6
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Figure A-4. Long-Term Hydrographs for LF-1S (ETYA) during ChemOx Pilot Test, Buffalo Terminal
                    ExxonMobil Oil Corporation, Buffalo, New York

Long-Term Hydrograph, Monitoring Well LF-1S
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1.0  INTRODUCTION 

Roux Associates, Inc. (Roux Associates) and Remedial Engineering, P.C. (Remedial 

Engineering) have developed this Quality Assurance Project Plan (QAPP) on behalf of 

ExxonMobil Oil Corporation (ExxonMobil) to describe in detail the field sampling and quality 

assurance/quality control methods to be used during implementation of Chemical Oxidation 

(ChemOx) Interim Remedial Measure (IRM) at the ExxonMobil Former Buffalo Terminal 

located south of Elk Street (Site).  The Former Buffalo Terminal and offsite area currently or 

formerly owned by ExxonMobil are shown on Figure 1 of the ChemOx IRM Work Plan.  The 

sampling activities to be conducted during implementation of the IRM are described in detail in 

the Operation, Maintenance and Monitoring (OM&M) Plan for the ChemOx System, dated 

August 23, 2006, which was submitted under separate cover. 

In order to address the environmental conditions, ExxonMobil entered into a Brownfield Site 

Cleanup Agreement with the NYSDEC on April 3, 2006.  Under this agreement, the Site entered 

into New York State’s Brownfield Cleanup Program (BCP)  The “Site” is defined, for the 

purposes of the BCP, as the area within the limits of the five Operable Units (OUs) as shown in 

Figure 2 of the ChemOx IRM Work Plan.  In addition, the Site was divided into nine geographic 

areas for the purpose of assessing environmental conditions and reporting the results of area-

specific activities (Figure 3 of the ChemOx IRM Work Plan).  These areas were designated 

according to the historical primary operations that occurred in each portion of the Site.  The area 

of separate-phase product to be addressed by the ChemOx IRM is located in Operable Unit 4, 

within the area previously designated as the Eastern Tank Yard Area (ETYA). 

Consistent with the Draft BCP Guide, the proposed IRM for the OU-4 product plume, coupled 

with planned future remedial activities for the remainder of OU-4, will be fully protective of 

public health and the environment, taking into account the current, intended and potential future 

land use.  The proposed IRM removes, to the extent practicable, the source of contamination in 

the OU-4 product plume area.  It also eliminates or mitigates significant threats to public health 

and the environment presented by the contaminants within the OU-4 product plume area. 

This QAPP was prepared in accordance with the NYSDEC’s December 2002 Draft DER-10 

Technical Guidance for Site Investigation and Remediation (DER-10) and provides guidelines 
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and procedures to be followed by field personnel during implementation of the ChemOx IRM.  

Information contained in this QAPP relates to: 

Sampling objectives (Section 2); • 

• 

• 

• 

• 

• 

Project organization (Section 3); 

Sample media, sampling locations, analytical suites, sampling frequencies, and analytical 
laboratory (Section 4);  

Field sampling procedures (Section 5); 

Sample handling, sample analysis, and quality assurance/quality control (Section 6); and 

Site control procedures and decontamination (Section 7). 
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2.0  SAMPLING OBJECTIVES 

The ChemOx IRM sampling program is designed to meet the data quality objectives (DQOs) set 

forth in the Draft DER-10.  Specifically, analytical parameters selected for each sample, as 

described in Section 4, are comprehensive and are intended to meet the following objectives: 

Analyze groundwater samples for VOCs and SVOCs to determine baseline contaminant 
levels; and 

• 

• Analyze groundwater and soil samples for VOCs and SVOCs to monitor the ChemOx 
treatment system effectiveness and evaluate the progress of the remediation. 

Sampling procedures are discussed in Section 5 of this QAPP.  A discussion of the data quality 

objectives (DQOs) and quality assurance/quality control for the IRM is provided in Section 6. 
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3.0  PROJECT ORGANIZATION 

The overall management structure and a general summary of the responsibilities of project team 

members are presented below. 

ExxonMobil Project Manager 

Joseph Abel is the ExxonMobil Project Manager.  The ExxonMobil Project Manager is 

responsible for defining project objectives, and bears ultimate responsibility for the successful 

completion of the remedial action.  This individual will provide overall management for the 

implementation of the scope of work and will coordinate all field activities with Remedial 

Engineering and GES.  The ExxonMobil Project Manager is also responsible for all regulatory 

interaction and correspondence. 

Project Manager 

Noelle Clarke of Roux Associates/Remedial Engineering will serve as the Project Manager.  The 

Project Manager is responsible for defining project objectives and bears responsibility for the 

successful completion of the investigation.  This individual will provide overall management for 

the implementation of the scope of work and will coordinate all field activities.  The Project 

Manager is also responsible for data review/interpretation and report preparation.  Activities of 

the Project Manager are supported by the Project Quality Assurance Coordinator. 

Field Team Leader 

Andrew Janik of Groundwater & Environmental Services, Inc. (GES) will serve as the Field 

Team Leader.  The Field Team Leader bears the responsibility for the successful execution of the 

field program, as scoped in the additional investigation letter work plan.  The Field Team Leader 

will direct the activities of the technical staff in the field, as well all subcontractors.  He will also 

assist in the interpretation of data.  The Field Team Leader reports to the Project Manager. 
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Laboratory Project Manager 

Gale Lage of TestAmerica, Inc. (TestAmerica) is responsible for sample container preparation, 

sample custody in the laboratory, and completion of the required analysis through oversight of 

the laboratory staff.  The Laboratory Project Manager will ensure that quality assurance 

procedures are followed and that an acceptable laboratory report is prepared and submitted.  The 

Laboratory Project Manager reports to the Field Team Leader. 
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4.0  SAMPLE MEDIA, LOCATIONS, ANALYTICAL SUITES, AND FREQUENCY 

The media to be sampled during the implementation of the ChemOx IRM are groundwater and 

soil.  Sampling locations, analytical suites, and frequency vary by the type of sample 

(i.e., baseline sample, monthly groundwater monitoring, etc).  A discussion of the sampling for 

each type of groundwater and soil sample is provided below.  Specifics regarding the collection 

of samples are provided in Section 5 of this QAPP. 

4.1  Baseline Groundwater Sampling 
A round of baseline groundwater samples will be collected from all monitoring wells in the 

target area (all five cells) prior to startup of the first cell.  Samples will be analyzed for VOCs 

and SVOCs by USEPA methods 8260 and 8270, respectively (Table C-1).  This round of 

sampling will serve as the baseline for the entire target area to assess the progress of the full 

scale remediation.  If all wells throughout the target area are not yet installed at the time 

operation at the first cell is due to be initiated, all available wells will be sampled.  QA/QC 

samples, including duplicates, field blanks and matrix spike/matrix spike duplicate (MS/MSD) 

will also be collected at the frequencies described in Table C-1. 

In addition, prior to initiation of operation in each subsequent cell, the monitoring wells will be 

sampled for VOCs and SVOCs to evaluate if any reductions from the baseline occurred that 

could be attributed to operation of adjacent cells. 

4.2  Monthly Groundwater Sampling 
Groundwater quality for VOCs and SVOCs will be sampled at Chemical Oxidation injection 

wells and monitoring wells within each cell monthly during long-term operation.  Samples will 

be analyzed for VOCs and SVOCs by USEPA methods 8260 and 8270, respectively (Table C-1).  

QA/QC samples, including duplicates, field blanks and matrix spike/matrix spike duplicate 

(MS/MSD) will also be collected at the frequencies described in Table C-1. 

If the following criteria are met for a ChemOx Cell, it will be temporarily shut down: 

Groundwater quality data from the first two rounds of sampling indicate that significant 
reductions of VOCs and SVOCs have been achieved. 

• 

• VOC/SVOC removals in groundwater have reached asymptotic levels. 
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MIP borings indicate total VOC removals. • 

• Separate-phase product has been reduced. 

Operation in the next ChemOx Cell will then commence (following baseline groundwater 

sampling in that cell). 

If the groundwater quality, MIP data and separate-phase product do not indicate significant 

remediation has occurred, operation in this ChemOx Cell will continue.  Monitoring during any 

additional operation period will be the same as described above. 

4.3  Groundwater Sampling for Rebound and System Decommissioning 
If a ChemOx Cell met the criteria for temporary shutdown, groundwater quality within the 

monitoring wells in that cell will be sampled to assess if rebound of VOC and SVOC 

concentrations is occurring.  The groundwater sampling will be performed during the next Site-

wide quarterly sampling event, unless that event occurs within 30 days of the previous sampling 

round in the ChemOx cells, in which case the sampling for rebound will occur during the 

following quarterly event. 

Groundwater quality samples will be collected after temporary shutdown, as described above.  If 

concentrations of VOCs and/or SVOCs increase significantly or if separate phase product 

thickness increases, this cell will undergo an additional operating period.  Monitoring during this 

additional operation period will be the same as described above. 

If, after several consecutive operating periods, the concentrations of VOCs and SVOCs in 

groundwater continue to rebound, VOCs in the subsurface based on membrane interface probe 

(MIP) borings do not indicate significant reductions, and separate-phase product has not been 

remediated, it will be assumed that operation of the ChemOx system within this cell has met the 

practical limit of its remediation potential.  At this time, if conditions within a particular cell still 

warrant additional remediation, modifications to the ChemOx system will be considered and/or 

alternative treatment methods will be evaluated. 
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For cells that meet the temporary shutdown criteria (following the initial or subsequent treatment 

periods), and that do not experience rebound (following the initial or subsequent treatment 

periods), monitoring wells will be sampled for VOCs and SVOCs by USEPA methods 8260 and 

8270, respectively (Table C-1) during the next quarterly sampling round.  The sampling 

frequency will depend upon field conditions encountered and the data will be used to determine 

if the system can be shut down in a particular cell.  If conditions remain consistent with the 

temporary shutdown criteria, indicating that the remediation has been successful in meeting 

remedial action objectives, monitoring will be discontinued on a cell-by-cell basis.  QA/QC 

samples, including duplicates, field blanks and matrix spike/matrix spike duplicate (MS/MSD) 

will also be collected at the frequencies described in Table C-1. 

4.4 Soil Sampling for System Decommissioning 
In addition to the groundwater sampling, for cells that meet the temporary shutdown criteria and 

do not experience rebound, soil samples will be collected at select locations in the vicinity of 

MIP borings, with analysis for VOCs and SVOCs by USEPA methods 8260 and 8270, 

respectively.  QA/QC samples, including duplicates, field blanks and matrix spike/matrix spike 

duplicate (MS/MSD) will also be collected at the frequencies described in Table C-1. 

4.5  Analytical Laboratory 
Laboratory analyses will be performed by a NYSDOH ELAP certified laboratory, in accordance 

with the NYSDEC Analytical Services Protocol (ASP) using USEPA SW-846 Methods.  The 

laboratory selected for this project is TestAmerica, located in Nashville, Tennessee. 

REMEDIAL ENGINEERING, P.C. - 8 - MC17252Y08.304/QAPP 



 

5.0  FIELD SAMPLING PROCEDURES 

This section provides a discussion of the field procedures to be used for sampling of soil and 

groundwater during implementation of the ChemOx IRM. 

5.1  Groundwater Sampling 
Groundwater sampling will be conducted throughout the monitoring phase of the IRM.  After 

gauging for potential separate-phase product and purging of three well volumes of water, 

selected monitoring wells will be sampled for the parameters listed in Section 4.1, 4.2 and 4.3. 

Additional details regarding groundwater-sampling protocols are described in Roux Associates’ 

Standard Operating Procedures (SOP), which are provided in Appendix A. 

5.2  Soil Sampling 
All soil samples will be collected using GeoprobeTM sampling equipment.  In accordance with 

ExxonMobil ground disturbance protocols, boring locations will be cleared from land surface to 

5 feet below land surface (bls) using an ExxonMobil approved method (i.e., hand auger, air-

knife, etc.).  Soil samples will be collected for field documentation continuously from 15 feet 

below grade to the bottom of the boring (i.e., the top of the clay layer), approximately 35 ft bls.  

The supervising technical staff will inspect soil samples and record applicable lithologic 

characteristics.  In addition, all soil samples will be visually inspected for evidence of separate-

phase product (i.e., separate-phase product sheen, odors, staining, etc.) and screened for organic 

vapors with a Photo-ionization Detector (PID). 

Soil borings with GeoprobeTM equipment will be conducted with van or truck mounted probing 

equipment, to the extent possible (i.e., in certain areas, hand-held GeoprobeTM  tools may need to 

be used due to access constraints).  The vehicle will be positioned over the selected boring 

location and a 2 feet or 4 feet long drive point sampler containing an acetate liner will be 

attached to steel rods and driven to the desired sample depth.  The drive point sampler remains 

closed while it is being driven to the sampling depth.  The sampler is opened by releasing the 

stop pin from the surface, and the sampler is driven 2 feet into the material to be sampled.  

Releasing the stop pin allows a piston to retract inside of the sampling tube while it is displaced 

by the soil core.  The soil core is contained within the acetate liner in the sampler.  The drive 
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point sampler is removed from the ground by retracting the steel rods.  The acetate liner, with the 

intact soil sample, is then removed from the drive point sampler.  Management of any wastes 

generated during the implementation of this task is discussed in Section 7. 

All GeoprobeTM boring locations will be surveyed for horizontal and vertical coordinates relative 

to the New York State Plane Coordinate System by a surveyor licensed in the State of New York 

after completion.  Horizontal coordinates will be accurate to ±0.1 feet and vertical coordinates 

will be accurate to ±0.01 feet. 

The number and type of samples to be collected and parameters to be analyzed for will be 

determined following temporary shutdown of the system. 

Additional details regarding soil sampling protocols are described in Roux Associates’ SOP, 

which are provided in Appendix A. 
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6.0  SAMPLE HANDLING AND ANALYSIS 

To ensure quality data acquisition and collection of representative samples, there are selective 

procedures to minimize sample degradation or contamination.  These include procedures for 

preservation of the samples, as well as sample packaging, shipping procedures, and quality 

assurance/quality control. 

6.1  Field Sample Handling 
A detailed discussion of the proposed number and types of samples to be collected during each 

task, as well as the analyses to be performed can be found in Section 4.0 and in Table C-1 of this 

QAPP.  The types of containers, volumes, holding times, and preservation techniques for the 

aforementioned testing parameters are presented in Table 2. 

6.2  Sample Custody Documentation 
The purpose of documenting sample custody is to ensure that the integrity and handling of the 

samples is not subject to question.  Sample custody will be maintained from the point of 

sampling through the analysis (and return of unused sample portion, if applicable).  Specific 

procedures regarding sample tracking from the field to the laboratory are described in 

Roux Associates’ SOP for Sample Handling (Appendix A). 

Each individual collecting the samples is personally responsible for the care and custody of the 

samples.  All sample labels should be pre-printed or filled out using waterproof ink.  The 

technical staff will review all field activities with the Field Team Leader to determine whether 

proper custody procedures were followed during the field work and to decide if additional 

samples are required. 

All samples being shipped offsite for analysis must be accompanied by a properly completed 

TestAmerica chain of custody form (Appendix B).  The sample numbers will be listed on the 

chain of custody form.  When transferring the possession of samples, individuals relinquishing 

and receiving will sign, date, and note the time on the record.  This record documents transfer of 

custody of samples from the sampler to another person and/or to/from a secure storage area 

and/or to the shipper, and/or to the laboratory. 
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Samples will be packaged for shipment and dispatched to the appropriate laboratory for analysis 

with a separate signed custody record enclosed in each sample box or cooler.  Shipping 

containers will be locked and/or secured with strapping tape in at least two locations for 

shipment to the laboratory. 

6.3  Sample Shipment 
Sample packaging and shipping procedures are based upon USEPA specifications, as well as 

U.S. Department of Transportation (DOT) regulations.  The procedures vary according to 

potential sample analytes, concentration, and matrix and are designed to provide optimum 

protection for the samples and the public.  Sample packaging and shipment must be performed 

using the general outline described below.  Additional information regarding sample handling is 

provided in Roux Associates’ SOP for Sample Handling (Appendix A). 

All samples will be shipped within 24 hours of collection and will be preserved appropriately 

from the time of sample collection. 

A description of the sample packing and shipping procedures is presented below: 

1. Prepare cooler(s) for shipment. 

Tape drain(s) of cooler shut; • 

• 

• 

Affix “This Side Up” arrow labels and “Fragile” labels on each cooler; and 

Place mailing label with laboratory address on top of cooler(s). 

2. Arrange sample containers in groups by sample number. 

3. Ensure that all bottle labels are completed correctly.  Place clear tape over bottle labels to 
prevent moisture accumulation from causing the label to peel off. 

4. Arrange containers in front of assigned coolers. 

5. Place packaging material approximately at the bottom of the cooler to act as a cushion for 
the sample containers. 

6. Arrange containers in the cooler so that they are not in contact with the cooler or other 
samples. 

7. Fill remaining spaces with packaging material. 
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8. Ensure all containers are firmly packed in packaging material. 

9. If ice is required to preserve the samples, ice cubes should be repackaged in Zip-lock™ 
bags and placed on top of the packaging material. 

10. Sign chain of custody form (or obtain signature) and indicate the time and date it was 
relinquished to courier as appropriate. 

11. Separate chain of custody forms.  Seal proper copies within a large Zip-lock™ bag and 
tape to inside cover of cooler.  Retain copies of all forms. 

12. Close lid and latch. 

13. Secure each cooler using custody seals. 

14. Tape cooler shut on both ends. 

15. Relinquish to overnight delivery service as appropriate.  Retain air bill receipt for project 
records.  (Note:  All samples will be shipped for “NEXT A.M.” delivery.) 

6.4  Quality Assurance/Quality Control 

The primary intended use for the samples that will be collected during implementation of the 

IRM are to document the effectiveness of the ChemOx treatment system and evaluate the 

progress of the remediation. 

The primary DQO for the ChemOx IRM sampling is that data be accurate and precise and, 

hence, representative of the actual Site conditions.  Accuracy refers to the ability of the 

laboratory to obtain a true value (i.e., compared to a standard) and is assessed through the use of 

laboratory quality control (QC) samples, including laboratory control samples and matrix spike 

samples, as well as through the use of surrogates, which are compounds not typically found in 

the environment that are injected into the samples prior to analysis.  Precision refers to the ability 

to replicate a value and is assessed through both field and laboratory duplicate samples. 

Sensitivity is also a critical issue in generating representative data.  Laboratory equipment must 

be of sufficient sensitivity to detect target compounds and analytes at levels below NYSDEC 

standards and guidelines whenever possible.  Equipment sensitivity can be decreased by field or 

laboratory contamination of samples and by sample matrix effects.  Assessment of instrument 

sensitivity is performed through the analysis of reagent blanks, near-detection-limit standards, 
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and response factors.  Potential field and/or laboratory contamination is assessed through use of 

trip blanks, method blanks, and equipment rinse blanks (also called “field blanks”). 

Table 1 lists the field and laboratory QC samples that will be analyzed to assess data accuracy 

and precision, as well as to determine if equipment sensitivity has been compromised.  These 

tables also list the data acceptance criteria against which the data will be compared to verify that 

the project DQOs have been achieved. 

All ChemOx IRM sample analyses will be performed in accordance with the NYSDEC using 

USEPA SW-846 methods.  TestAmerica is the laboratory selected to analyze the field samples 

collected during implementation of the ChemOx IRM.  TestAmerica maintains NYSDOH ELAP 

CLP certification for each of the analyses listed in Section 4.0. 

ChemOx IRM laboratory data will to be reported in NYSDEC ASP Category A deliverables. 
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7.0  SITE CONTROL PROCEDURES 

Site control procedures have been developed to minimize both the risk of exposure to 

contamination and the spread of contamination during field activities at the site.  In order to 

accomplish this objective, the QAPP addresses three main considerations: 

The establishment of discrete work zones in the investigative area; • 

• 

• 

The decontamination of field equipment; and  

The disposal of all investigation-derived waste. 

All personnel who come into designated work areas, including contractors and observers, will be 

required to adhere strictly to the conditions imposed herein and to the provisions of the 

consultant’s and/or contractor’s Site-Specific Health and Safety Plan (HASP). 

7.1  Field Work Zones 

Field work zones will be limited to areas where soil and groundwater sampling is being 

conducted.  Access to these areas will be limited in accordance with the HASP.  Control of work 

zone access will be the responsibility of the individual(s) designated as a Site Health and Safety 

Manager.  At the completion of each working day, all loose equipment (e.g., sampling 

equipment, coolers, etc.) will be secured.  Heavy equipment, such as the drill rig, will remain 

onsite within an established, secured zone, or be moved to the main portion of the Site south of 

Elk Street. 

7.2  Decontamination 
In an attempt to avoid the spread of contamination, all drilling (i.e., augers) and sampling 

equipment (i.e., hand augers, sample trowels, etc.) must be decontaminated at a reasonable 

frequency.  Temporary decontamination areas will be set up, as necessary.  Detailed procedures 

for the decontamination of field and sampling equipment are included in the attached Roux 

Associates’ SOPs (Appendix A).  The location of the decontamination area(s) will be determined 

as necessary during the field work.  The decontamination area will be constructed to ensure that 

any wash water generated during decontamination can be collected.  Decontamination water (if 

any) will be transported to ExxonMobil’s water treatment system, which is located in the main 

portion of the former terminal south of Elk Street or will be disposed offsite at an ExxonMobil-

approved disposal facility. 
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• 

• 

• 

• 

7.3  Waste Handling and Disposal 

Drill cuttings and all other investigation-derived waste will be transported and disposed of in 

accordance with all applicable federal, state, and local regulations at a facility selected by 

ExxonMobil.  The remediation-derived waste that will be generated during the construction 

activities include: 

Drill Cuttings; 

Personal Protective Equipment (PPE); 

Purge water from monitoring well sampling; and 

Decontamination water, if any is generated. 

PPE generated during the implementation of the ChemOx IRM will be consolidated and stored in 

appropriate bulk containers and temporarily staged at a waste storage area within the Site limits.  

Any full or partially filled containers will be appropriately labeled after the completion of the 

work.  ExxonMobil will coordinate waste characterization and disposal. 

Purge water and sampling equipment decontamination water will be collected and transported to 

ExxonMobil’s water treatment system, which is located in the main portion of the former 

terminal south of Elk Street.  The water will be treated through the system prior to discharge to 

the municipal sewer under the Site’s existing discharge permit. 

Decontamination water, if any, will be collected and transported to ExxonMobil’s water 

treatment system, which is located in the main portion of the former terminal south of Elk Street 

or disposed of offsite at an ExxonMobil-approved disposal facility. 

Drill cuttings generated during the implementation of the ChemOx IRM will be stored in drums 

and temporarily staged at a waste storage area within the site limits.  Any fully or partially filled 

drums will be appropriately labeled after the completion of the work.  ExxonMobil will 

coordinate waste characterization and disposal. 



Table 1. OU-4 Chemical Oxidation IRM Field and Quality Control Sampling Summary

VOCs TBD

SVOCs TBD

VOCs TBD

SVOCs TBD

1  -  The number of field samples will vary during each sampling round.
2  -  Based on 1 per 20 samples or 1 per Sample Delivery Group (3 days max)
3   - Based on 1 per day
VOCs - Volatile Organic Compounds
SVOCs - Semivolatile Organic Compounds

Field 
Blanks3 Matrix Spikes2 Spike Duplicates2Sample Medium Target Analytes

Field 
Samples1 Replicates2

Baseline, Monthly and System 
Decommissioning 

Groundwater Sampling

1 per 20 samples or 1 
per sample delivery 

group

1 per 20 samples or 1 
per sample delivery 

group

1 per day

1 per daySoil Sampling for System 
Decommissioning

1 per 20 samples 
or 1 per sample 
delivery group

1 per 20 samples or 
1 per sample 

delivery group

1 per 20 samples 
or 1 per sample 
delivery group

1 per 20 samples or 
1 per sample 

delivery group
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Table 2.  OU-4 Chemical Oxidation IRM Sample Containers, Preservation and Holding Times 

Bottle Type Preservation(a) Holding Time(b)

Water Samples
Volatile Organic Compounds (VOCs) Three 40 mL VOA vials Cool to 4°C 14 days
SW-846 8260B

Semivolatile Organic Compounds (SVOCs) 1 liter glass Cool to 4°C 7 days to extract
SW-846 8270C w/teflon lined cap 40 days for analysis

Soil Samples
Volatile Organic Compounds (VOCs) 2 oz. wide-mouth glass Cool to 4°C 14 days
SW-846 8260B w/teflon lined cap

Semivolatile Organic Compounds (SVOCs) 4 oz. wide-mouth glass Cool to 4°C 14 days to extract
SW-846 8270C w/teflon lined cap 40 days for analysis

(a) All samples to be preserved in ice during collection and transport
(b) Days from date of sample collection unless otherwise noted.

Analysis
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APPENDIX A 

Roux Associates' Standard Operating Procedure 
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APPENDIX B 

TestAmerica Chain of Custody Form 
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(Line reportedly purged and filled with nitrogen in 1982) OU-4 SITE LOCATION PLAN
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LOCATION OF HYDROGEOLOGIC 
CROSS SECTIONS A-A', B-B' AND C-C'
(LOCATION OF D-D' IN THE CHEMOX IRM
AREA IS SHOWN ON PLATE 2 FOR CLARITY)

PROPOSED CHEMOX IRM IMPLEMENTATION AREA
(SEE PLATE 2 FOR ADDITIONAL DETAIL)

EXXON MOBIL OIL CORP.'S  FORMER ACTIVE BURIED PRODUCT PIPELINE (CURRENTLY OWNED BY BUCKEYE TERMINALS LLC)

APPROXIMATE FORMER EXXONMOBIL (CURRENT BUCKEYE TERMINALS, LLC)  PROPERTY LINE AND OU-4 BOUNDARY

THIS DRAWING ONLY SHOWS EXISTING MONITORING WELLS AND SOIL BORINGS.  COMPONENTS OF THE CHEMOX PILOT TEST AND PROPOSED 
FULL SCALE CHEMOX IRM SYSTEM, INCLUDING INJECTION WELLS AND MONITORING WELLS, ARE SHOWN ON PLATE 2.
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D'

PROPSOED SUPPLEMENTAL HYDROGEN PEROXIDE INJECTION WELL
(ONE HYDROGEN PEROXIDE POINT JUST BELOW THE WATER TABLE)

2

PROPOSED IRM CHEMICAL OXIDATION 
SYSTEM AND MONITORING 

NETWORK LAYOUT

CHEMOX CELL 3

CHEMOX CELL 4

CHEMOX CELL 5

NOTES:

1.  PILOT TEST CHEMICAL OXIDATION WELL C0-1 HAD BEEN LOCATED IN CHEMOX CELL 2.  DURING THE PILOT TEST, 

IT WAS DISCOVERED THAT THE WELL WAS INOPERABLE DUE TO A BLOCKAGE IN THE HYDROGEN PEROXIDE POINT.

THIS WELL WILL NOT BE USED DURING FULL SCALE CHEMOX SYSTEM OPERATION AND IS NOT SHOWN FOR CLARITY.
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