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EXECUTIVE SUMMARY 

On behalf of EnviroAnalytics Group (EAG), ARM Group Inc. (ARM) prepared this Interim 
Measures (IM) Supplemental Investigation Report for a portion of the Tradepoint Atlantic Property 
that has been designated as the Former Coke Oven Area (COA). This evaluation was based on the 
findings and recommendations from the Coke Oven Interim Measures 2019 Progress Report, 
Revision 0, dated January 31, 2020, and the United States Environmental Protection Agency 
(USEPA) comment letter dated December 3, 2018.1 The results described herein better define the 
nature and extent of constituents of concern in the COA and will be used in a Corrective Measures 
Study (CMS) to optimize the corrective action and enhance, modify and or develop alternatives to 
existing interim measures, as needed.  The information provided in the report will be used in the 
CMS to optimize the corrective action. 

The objectives of the supplemental investigation included: i) evaluate groundwater and offshore data 
to assess whether current conditions could be adversely impacting the offshore environment; ii) 
delineate the areas of the COA where elevated concentrations of constituents of concern in 
groundwater could be causing surface water or pore water impacts; iii) further delineate the extent 
of constituents of concern in groundwater to further characterize potential source areas; iv) evaluate 
the efficacy of currently implemented interim measures; and v) evaluate the potential to optimize the 
interim measures to better achieve corrective action objectives. Each objective was attained as 
detailed in the report and summarized below. 

. General characteristics typical of the COA include: 

 The COA is entirely made land from historical slag fill placement that expanded the areal 
extent of the Sparrows Point peninsula, which is important in considering corrective 
actions. The slag was placed to create land and slag along shorelines provides poor habitat 
for benthic organisms. 

 Beneath the surficial slag fill layer lie alternating layers of native fine-grained sediments 
(clays and silts) and coarse-grained sediments (sands). 

 Groundwater occurrence was segregated into the shallow zone and the intermediate zone. 
The shallow zone contains groundwater in the surficial slag unit. The intermediate zone 
contains groundwater found in the deeper native materials.  

 
1 EPA comments were in response to the report Assessment of Current Groundwater to Surface Water Discharges from 
the Coke Point Area (ARM, 2018).The activities described were conducted in accordance with the Former COA 
Interim Measures (IM) Supplemental Investigation Work Plan, Revision 1 (dated March 7, 2019) and the Offshore 
Investigation Work Plan, Revision 1 (dated February 27, 2019). All methods and protocols for this investigation 
followed the procedures included in the Quality Assurance Project Plan (QAPP) dated April 5, 2016, which was 
approved by the agencies to support the investigation and remediation of the Tradepoint Atlantic property.  
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 Groundwater exhibits very little elevation difference in the shallow zone.  Flow is 
impacted by this flat gradient and is generally radial from the center of the northern 
boundary of the peninsula outward toward the east, south and western shores of the 
peninsula. It is locally affected along the shoreline by tide. 

 Groundwater flow in the intermediate zone is variable and is typically controlled locally 
by the operation of remedial extraction wells and pumping at the proximate shipyard 
graving dock. Vertical gradient between wells in the shallow and intermediate zones is 
generally downward and is affected by groundwater extraction. 

A conceptual site model (CSM), based on the above, was used to evaluate potential exposure risks 
and to refine the understanding of the nature and extent of constituents of concern. The CSM was 
developed based on the following considerations: i) the potential sources and release mechanisms 
for constituents with elevated concentrations; ii) the fate and transport of the constituents; iii) the 
media of concern; iv) potential pathways for human and ecological receptors, if any; and v) potential 
human populations and wildlife receptors that could be exposed to constituents of concern.  

The Site is currently developed for industrial use. The area is supplied by municipal potable water 
and a groundwater use restriction will be imposed.  Therefore, an industrial worker would not be 
exposed to groundwater.  Exposure through volatilization into indoor air would be a potential future 
exposure pathway if buildings were to be constructed within impacted areas. The shallow and 
intermediate groundwater concentrations exceed vapor intrusion screening levels across much of the 
COA.  

The exposures of concern are potential recreational exposure and aquatic life exposure to surface 
water and sediment pore water impacted by nearshore groundwater discharges. Benthic organisms 
in bottom substrates and fish and water column invertebrates are the primary aquatic receptors in the 
nearshore areas.  This supplemental investigation included the collection of sediment pore water and 
surface water samples to assess potential exposures in these receptors.    Additionally, people could 
be exposed to chemicals in surface water directly or via consumption of fish that have accumulated 
chemicals.  However, because all of the constituents of concern are rapidly eliminated in aquatic 
organisms, fish consumption pathways are not considered to be an important exposure pathway. The 
supplemental investigation focused on three subareas within the COA designated as Cell 2, Cell 3, 
and Cell 5, the fundamental and distinguishing characteristics of which are described subsequently. 
In the areas investigated, the nature and extent of groundwater impacts have been adequately defined 
to support a CMS to optimize the corrective action. A summary of area-specific salient information 
includes: 

 Cell 2 - Located in the former Benzol Processing area.  It includes an air sparge/soil vapor 
extraction (AS/SVE) system for the shallow groundwater zone and a groundwater pump and 
treat (GWPT) system for the intermediate groundwater zone. The primary focus of the interim 
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measures is to address the presence of elevated concentrations of benzene, toluene, 
ethylbenzene, and xylenes (BTEX) and naphthalene in the intermediate groundwater zone. 
The existing GWPT system appears to be effectively removing hydrocarbons from the 
subsurface and should continue to be operated and monitored in accordance with current 
practices.  The AS/SVE system was deactivated in 2018 because components of the SVE 
trench were submerged by shallow groundwater elevations caused by historically high 
rainfall.  

Constituent concentrations in shallow and intermediate groundwater exceed potential 
sitewide cleanup levels for vapor intrusion or potable groundwater use.  Surface water is not 
impacted. Pore water constituent concentrations at some locations exceed criteria for human 
consumption of organisms and protection of benthic aquatic life.  Data presented herein 
demonstrate that the current discharges of groundwater are not exacerbating the previously 
identified offshore impacts from historical direct releases. No unacceptable concentrations 
were identified in surface water. The offshore sediment impacts can be attributed to historical 
releases of non-aqueous phase liquids (NAPL) offshore. There is no direct connection 
between the constituent of concern data observed within pore water and current discharges 
of groundwater.  

 Cell 3 - Located south of the former Benzol Processing area and north of a cove on the 
western shore. No specific former steel mill operations have been identified in this area. The 
interim measure consists of an AS/SVE system for the shallow groundwater zone. The 
primary focus of the interim measure is to address the presence of elevated concentrations of 
BTEX and naphthalene in the shallow groundwater zone. The existing AS/SVE system 
performance was below expectations and will be further evaluated in the CMS. Constituent 
concentrations in shallow groundwater exceed potential sitewide cleanup levels for vapor 
intrusion or potable groundwater use. Constituent concentrations in surface water exceed 
water quality criteria for human consumption of organisms close to shore in a confined, small 
manmade cove area, but in-stream water quality criteria are met within a reasonable mixing 
zone distance. The sporadic distribution of benzene in surface water will not result in 
accumulation in fish.  Pore water samples were obtained from slag fill. The concentrations of 
naphthalene at some pore sample locations exceeded criteria for protection of benthic aquatic 
life. Data presented herein demonstrate that the current discharges of groundwater are not 
exacerbating the previously identified offshore impacts from historical direct releases., The 
offshore sediment impacts can be attributed to historical releases of non-aqueous phase 
liquids (NAPL) to the cove or offshore prior to the shoreline being extended with slag fill.  
Given that historical releases is the source of elevated naphthalene levels in this area, it can 
be concluded that groundwater is not contributing significantly to chemical concentration.  
Regardless of source, however, the overall ecological impacts to the benthic community from 
naphthalene are considered minimal given that the degraded benthic habitat conditions limit 
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the quality and quantity of the benthic community in the slag dominated nearshore areas. 

 Cell 5 - Located in the former Coal Tar Storage area, west of the Turning Basin.  It includes 
a Dual Phase Extraction (DPE) system and a Dense Non-Aqueous Phase Liquid (DNAPL) 
recovery system for the shallow groundwater zone. The primary focus of the interim measure 
is to address naphthalene in the shallow groundwater zone. The DPE system will be further 
evaluated in the CMS. The DNAPL system was operating effectively and should continue to 
operate. Constituent concentrations in shallow groundwater exceed potential sitewide 
cleanup levels for vapor intrusion and potable groundwater use. Surface water is not 
impacted.  

The pore water investigation generally showed no significant impacts along the associated 
shoreline. The pore water at the northernmost shoreline sample locations contained elevated 
naphthalene concentrations, however the data indicates that the impacts are attributed to 
direct historical discharges or placement of slag when the land was created rather than current 
groundwater discharges. Pore water constituent concentrations at some locations collected 
from slag fill matrix rather than aquatic habitat exceeded criteria for protection of benthic 
aquatic life.. The current discharge of groundwater does not exacerbate the impacts already 
observed in the pore water and given the source of the pore water constituents, the interim 
measure cannot affect pore water quality. Regardless of source, the overall ecological impacts 
to the benthic community from naphthalene are minimal given the slag-dominated nearshore 
areas. 
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1.0 INTRODUCTION 

ARM Group LLC (ARM), on behalf of EnviroAnalytics Group (EAG), has prepared this Interim 
Measures (IM) Supplemental Investigation Report for a portion of the Tradepoint Atlantic Property 
that has been designated as the Former Coke Oven Area (COA).  This report summarizes the 
findings of investigation activities at the COA conducted in accordance with the Former COA 
Interim Measures (IM) Supplemental Investigation Work Plan, Revision 1 (dated March 7, 2019) 
and the Offshore Investigation Work Plan, Revision 1 (dated February 27, 2019).  

The activities summarized in this report were proposed based on the findings and recommendations 
from the Coke Oven Interim Measures 2019 Progress Report, Revision 0, dated January 31, 2020, 
and the United States Environmental Protection Agency (USEPA) letter, dated December 3, 2018, 
submitted in response to the report Assessment of Current Groundwater to Surface Water 
Discharges from the Coke Point Area (ARM, 2018). 

1.1 Tradepoint Atlantic – Site Background 

The Tradepoint Atlantic property is located in Baltimore County, Maryland at the southeastern 
corner of the Baltimore metropolitan area, approximately nine miles from the downtown area. The 
property encompasses approximately 3,100 acres located on a peninsula situated on the Patapsco 
River near its confluence with the Chesapeake Bay, physically positioned in the mouth of the 
heavily industrialized and urbanized Baltimore Harbor / Patapsco River region. A land connection to 
the northeast links the peninsula with the adjacent community of Edgemere. 

From the late 1800s until 2012, the property was used for the production and manufacturing of 
steel. Iron and steel production operations and processes at the Site included raw material 
handling, coke production, sinter production, iron production, steel production, and semi-finished 
and finished product preparation. In 1970, Sparrows Point was the largest steel facility in the 
United States, producing hot and cold rolled sheets, coated materials, pipes, plates, and rod and 
wire. The steelmaking operations at the facility ceased in fall 2012, and current plans for the Site 
include demolition and redevelopment over the next several years. Some portions of the site have 
already undergone remediation and/or redevelopment. 

1.2 Coke Oven Area – General Information 

The COA is located on a peninsula in the southwestern portion of the Tradepoint Atlantic Property, 
shown on Figure 1.  It is bordered by the Patapsco River to the west and south, and the Turning 
Basin to the east. This peninsula comprises approximately 308 acres of the approximately 
3,100-acre former plant property, includes the former COA and the Coke Point Landfill. 

Within the COA, this Supplemental Investigation focused on three distinct smaller areas designated 
as Cell 2, Cell 3, and Cell 5.  Figure 2 shows the location and boundaries of the COA and the Cells.  
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Below is a list of the cells, the name of the area they cover, and their current IM system(s): 

 Cell 2 (former Coal Basin Area): Air-sparging/soil-vapor extraction (AS/SVE) 
system in the shallow groundwater zone and groundwater pump and treat (GWPT) 
system in the intermediate groundwater zone; 

 Cell 3 (Cove Area): AS/SVE system in the shallow zone; and 

 Cell 5 (Turning Basin side of COA): Dual Phase Extraction (DPE) system and 
Dense Non-Aqueous Phase Liquid (DNAPL) recovery system for the shallow zone. 

An overview, including system performance and recommendations from the CO IM 2019 Progress 
Report (ARM, 2020), of these three IM systems is discussed below.  Relevant findings of the Pre-
Design Investigation (PDI) Summary Report (Key Environmental, 2015) are also discussed. 

1.3 Cell 2 Description and Background 

Cell 2 is located in the former Benzol Processing area.  Figure 3 shows the historic plant drawings 
indicating the past operations in this area and the locations of all wells within the area.  Cell 2 includes 
an AS/SVE system for the shallow groundwater zone and a GWPT system for the intermediate 
groundwater zone in the former Coal Basin Area of the site. The primary focus of the IMs for this 
area is to address the presence of elevated concentrations of benzene, toluene, ethylbenzene, and 
xylenes (BTEX) and naphthalene in the intermediate groundwater zone.  

The PDI Summary Report (Key, 2015) focused on potential light non-aqueous phase liquid 
(LNAPL) communication between Cell 2 and Cell 6 in the area southeast of Cell 2. Minimal impacts 
were observed east and southeast of Cell 2.  

The findings in the CO IM 2019 Progress Report (ARM, 2020) indicated the existing GWPT system 
appeared to be effectively removing hydrocarbons from the subsurface and should continue to be 
operated and monitored in accordance with current practices.  The AS/SVE system was not providing 
effective removal (i.e., less than 0.1 pounds of hydrocarbons removed in 2018) and did not operate 
in 2019 as a result. 

1.4 Cell 3 Description and Background 

Cell 3 is located south of the former Benzol Processing area and north of a cove on the western shore 
of the COA.  Figure 4 shows Cell 3 features overlain on historic plant drawings indicating the past 
operations in this area and the locations of all wells within the area.  No specific plant operations are 
identified in this area.  The Cell 3 IM consists of an AS/SVE system for the shallow groundwater 
zone.  The primary focus of the IM for this area is to address the presence of elevated concentrations 
of BTEX and naphthalene in the shallow groundwater zone (between approximately 20 and 27 feet 
below grade, near the base of the fill materials located above the native underlying clay and silt 
layers).   
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The findings of the PDI Summary Report (Key, 2015) revealed minimal impacts at monitoring 
wells CO32-PZM004 and TS06-PPM008 located east of the cove that lies to the south of Cell 3.  
Therefore, groundwater discharge from east of the cove is not believed to be a source of the surface 
water impacts observed in the cove during the investigation outlined in the Assessment of Current 
Groundwater to Surface Water Discharges from the Coke Point Area. (ARM, 2018). In addition, 
minimal impacts were observed in iso-flow groundwater samples collected at location CO130-
SB036, located northeast of the Cell 3, and at location CO126-SB036, along the western portion of 
the remedial trench. These borings suggested that the eastern and western horizontal extents of 
impacted groundwater in this area were delineated. 

The findings in the CO IM 2019 Progress Report (ARM, 2020) indicated that the existing AS/SVE 
system performance was below expectations and recommended that consideration be given to 
modifying the system or utilizing alternate approaches. 

1.5 Cell 5 Description and Background 

Cell 5 is located in the former Coal Tar Storage area, just west of the Turning Basin.  Figure 5 shows 
the historic plant drawings indicating the past operations in this area and the locations of all wells 
within the area.  Cell 5 includes a DPE system and a DNAPL recovery system for the shallow 
groundwater zone on the Turning Basin side of the former COA. The primary focus of the IMs for 
this area is to address naphthalene in the shallow groundwater zone. 

The PDI Summary Report (Key, 2015) focused on the horizontal and vertical delineation of 
DNAPL in an area located west of Cell 5, but no additional soil borings and/or monitoring wells 
were installed within the vicinity of Cell 5.  

The findings in the CO IM 2019 Progress Report (ARM, 2020) indicated that the DPE system was 
not effectively removing hydrocarbons and recommended that consideration be given to modifying 
the current system.  The DNAPL system seemed to be operating effectively and should continue to 
be operated and monitored in accordance with current practices. 
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2.0 SITE INVESTIGATION ACTIVITIES 

Information regarding the project organization, field activities (including installation, development 
and sampling), field equipment, sample handling and management procedures, the selected 
laboratory and analytical methods, quality control and quality assurance procedures, investigation-
derived waste (IDW) management methods, and reporting requirements are described in detail in the 
approved Former COA Interim Measures (IM) Supplemental Investigation Work Plan, Revision 1 
(dated March 7, 2019).  All methods and protocols for this investigation followed the procedures 
included in the Quality Assurance Project Plan (QAPP) dated April 5, 2016, which was approved by 
the agencies to support the investigation and remediation of the Tradepoint Atlantic property. 

2.1 Cell 2 

2.1.1 Groundwater Investigation 

Shallow monitoring wells were installed in Cell 2 to investigate the extent of shallow impacts near 
the western shoreline.  Shallow wells were also installed between the sparge wells and the northern 
shoreline to determine whether the treatment system has reduced concentrations within the expected 
zone of influence.  In addition, shallow wells were installed in spatial gaps between existing 
monitoring wells in Cell 2 and Cell 1.  Although some of the new wells were installed within or very 
close to Cell 1, they are referred to as Cell 2 wells for the sake of this investigation.  Intermediate 
monitoring wells were installed to improve horizontal delineation of contamination to the south and 
west of the Cell 2 AS/SVE system. 

A total of 12 shallow and nine intermediate groundwater monitoring wells were installed in 
accordance with the procedures referenced in the QAPP Worksheet 21 – Field Standard Operating 
Procedures (SOPs), SOP No. 13 – Drilling and SOP No. 14 –Monitoring Well Construction.  The 
new monitoring wells were constructed with a stick-up steel protective casing.  Locations of the new 
monitoring wells in Cell 2 are shown on Figure 6. 

The new monitoring wells were installed using an 8140LS Geoprobe® Sonic drill rig.  During 

installation, each soil core was visually inspected and screened with a hand-held photoionization 
detector (PID) prior to logging soil types, which were recorded by a geologist in accordance with 
QAPP Worksheet 21 – Field SOPs, SOP No. 12 – Geologic Logging.  Unless otherwise indicated, 
all Unified Soil Classification System (USCS) group symbols provided on the attached boring logs 
are from visual observations.  Well construction and boring logs are provided in Appendix A. 

During the completion of field work, it was necessary to shift some groundwater points from the 
proposed locations shown in the Work Plan, primarily due to utility and accessibility conflicts. Field 
shifts were completed during the installation of proposed monitoring wells COK-MWS, COK-MWI, 
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CON-MWS, CON-MWI, COO-MWS, COO-MWI, and COU-MWS. The necessary field location 
shifts were completed due to the following: 

 COK-MWS and COK-MWI due to the location of a berm surrounding the perimeter of Cell 
2 

 CON-MWS, CON-MWI, COO-MWS, and COO-MWI due to dredge material located along 
the western edge of Cell 2 located inside of the berm area 

 COU-MWS due to utilities 

During monitoring well installation, several screen intervals were adjusted due to site conditions.  
The adjustments listed below were made to the proposed monitoring well construction specifications. 

 COR-MWI: screen interval was shifted to 22-37 feet bgs to capture product (NAPL) observed 
in the soil core 26-30 feet bgs. 

 COS-MWS and COT-MWS: screen intervals were shifted to 5-20 feet bgs to match the 
bottom screen level depths of other shallow monitoring wells in Cell 1 at similar grade. 

 COU-MWS, COW-MWS, and COY-MWS: screen intervals were shifted to 5-20 feet bgs to 
bridge the water level observed in the soil cores. 

 COX-MWS and COZ-MWS: screen intervals were shifted to 10-20 feet bgs to more closely 
match the screen intervals of existing nearby shallow monitoring wells. 

 

The newly installed monitoring wells were developed in accordance with QAPP Worksheet 21 – 
Field SOPs, SOP No. 15 – Well Development.  After development, the depth to bottom in each well 
was recorded to compare to the original drilled depth.  Well Development Forms for the newly 
installed monitoring wells have been included in Appendix B. 

The new monitoring wells installed during this investigation were surveyed by a Maryland-licensed 
surveyor to obtain top of casing (TOC) elevation data.  Supporting documentation from the surveys 
is included as Appendix C.  A synoptic round of groundwater measurements was collected from the 
monitoring wells included in the monitoring network.  Surveyed TOC elevations for all applicable 
locations can be found in Table 1, along with the depth to water (DTW) measurements from this 
date, and the calculated groundwater elevation. 

Groundwater samples were collected from the new monitoring wells in accordance with the 
procedures referenced in Worksheet 21 – Field SOPs, SOP No. 007 – Low Flow Groundwater 
Sampling provided in Appendix A of the QAPP. Groundwater samples were collected using 
laboratory supplied sample containers and preservatives, a peristaltic pump, dedicated polyethylene 
tubing, a YSI water quality meter with a flow-through cell.  The purge logs have been included in 
Appendix D.  Calibration of the YSI meter was performed before the start of each day of the 
sampling event.  Documentation of the YSI meter calibration has also been included in Appendix 
D.   
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All groundwater samples were analyzed for BTEX, naphthalene, total petroleum hydrocarbons diesel 
range organics (TPH-DRO), and TPH gasoline range organics (GRO).   

2.1.2 Pore Water Investigation 

Pore water sampling was conducted in the offshore areas of Cell 2 to investigate possible effects of 
groundwater discharge to surface water at each of the proposed pore water sampling locations shown 
on Figure 7. Sampling was attempted at each of the proposed pore water sampling locations shown 
on Figure 7.  At each location, attempts were made to drive separate push-point samplers to depths 
of nine inches and three feet below the bottom-water interface.  Pore water sampling was not 
successful at many of the proposed locations because of refusal of the sampler on hard (rocky) 
substrate including slag and debris fill, or the presence of low permeability fine-grain deposits at the 
proposed sample interval which clogged the screen of the sampler.  In some cases, the sample was 
collected from a depth of two feet below the bottom-water interface when a sample could not be 
collected from a depth of three feet.  Figure 7 notes the proposed locations and relative depths where 
sampling was unsuccessful, as well as the reason that the pore water sample could not be collected 
from the proposed sample interval.  Table 2 provides a summary of pore water sampling locations.  
Appendix E provides a photographic summary of common sampling issues that prevented pore water 
sample collection at various locations. 

Where successful, separate push-point samplers were advanced to a depth of nine inches and three 
feet below the bottom-water interface.  Each push-point sampler was equipped with a spiked 
sampling flange to secure the instrument to the sediment floor, gauge the proper depth of the sampler 
below the sediment surface, and to serve as a surface seal to prevent intrusion of surface water into 
the sampler.  All pore water samples were collected using disposable tubing.   

Pore water samples were collected at a total of 20 locations.  Pore water samples were collected in 
accordance with the procedures referenced in SOP No. 29 – Pore Water Sampling, which is a new 
SOP proposed for addition to the QAPP, and SOP No. 006 – Groundwater Sampling in the approved 
QAPP (Revision 3).  Prior to filling sampling containers with pore water from the push-point 
sampler, water quality parameters (temperature, pH, dissolved oxygen, conductivity, oxidation-
reduction potential) of surface water and of pore water were monitored to assess to verify the push-
point sampler was sealed and isolated from the surface water.  The pore water samples placed directly 
into laboratory-supplied preserved sample bottles and placed on ice in coolers to be transported to 
the laboratory under a completed Chain of Custody. 

All pore water samples were analyzed for BTEX, naphthalene, TPH-DRO and TPH-GRO.  
Analytical methods, sample containers, preservatives, and holding times for the sample analyses are 
listed in the QAPP Worksheet 19 & 30 – Sample Containers, Preservation, and Holding Times. 
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2.1.3 Surface Water Investigation 

Following receipt of the analytical laboratory data for the pore water samples, the preliminary results 
were shared with the MDE and the USEPA at a meeting on June 6th, 2019.  The agencies 
subsequently requested the collection of supplemental surface water samples from the offshore areas 
of the COA.  A supplemental work plan for the collection of surface water samples was approved in 
an email dated July 9, 2019.    

Six surface water samples were collected offshore of Cell 2 at locations that corresponded with pore 
water sampling locations with elevated analytical data. Surface water samples were collected at a 
depth of two feet below the water surface.  At three of the sampling locations, the depth of the water 
was greater than six feet.  At these locations a second surface water sample was collected at a depth 
that was two feet above the sediment-water interface.  All surface water samples were collected in 
accordance with the procedures referenced in SOP No. 4 – Surface Water Sampling.  Samples were 
analyzed for benzene and naphthalene.  

2.2 Cell 3 

2.2.1 Groundwater Investigation 

In Cell 3, monitoring wells were installed to investigate groundwater from deeper zones. It was 
observed that monitoring wells CO101-PZM, CO102-PZM, CO103-PZM, and CO104-PZM were 
installed to an approximate depth of 20 feet bgs, while the most contaminated monitoring well 
at Cell 3, CO30-PZM015, was installed to a depth of 27.5 feet bgs. Therefore, the target depths for 
screen intervals in the new monitoring wells at Cell 3 was 20-35 feet bgs, as described below. 

In Cell 3, Vertical Aquifer Profiling (VAP) was performed to define the vertical extent of 
groundwater impact. VAP was performed during drilling of the borehole for monitoring well COD-
MWS, located in the central portion of Cell 3. Groundwater samples were collected from seven 
different five-foot intervals. The VAP samples were collected and analyzed for BTEX.  The VAP 
was performed in accordance with the QAPP, Worksheet 21 – Field SOPs, SOP No. 30 Vertical 
Aquifer Profiling – Sonic Drilling.  The results of the VAP (discussed in Section 3.0) determined the 
screen intervals of the new monitoring wells installed at Cell 3. 

A total of 10 shallow zone monitoring wells were installed in accordance with the procedures 
referenced in the QAPP Worksheet 21 – Field SOPs, SOP No. 13 – Drilling and SOP No. 14 –
Monitoring Well Construction.  The new monitoring wells were constructed with a stick-up steel 
protective casing.  Locations of the new monitoring wells in Cell 3 are shown on Figure 8. 

The new monitoring wells were installed using an 8140LS Geoprobe® Sonic drill rig.  During 
installation, each soil core was visually inspected and screened with a hand-held PID prior to logging 
soil types, which were recorded by a geologist in accordance with QAPP Worksheet 21 – Field SOPs, 
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SOP No. 12 – Geologic Logging.  All USCS group symbols provided on the attached boring logs 
are from visual observations.  Well construction and boring logs are provided in Appendix A. 

During the completion of field work, it was necessary to shift some groundwater points from the 
proposed locations shown in the Work Plan, primarily due to accessibility conflicts. Field shifts were 
completed during the installation of proposed monitoring wells COA-MWS and COB-MWS. The 
necessary field location shifts were completed due to the following: 

 COA-MWS due to a large stockpile  

 COB-MWS due to a trench 

During monitoring well installation, several screen intervals were adjusted due to site conditions. 
The following adjustments were made to the proposed monitoring well construction specifications: 

 COB-MWS, COE-MWS, and COJ-MWS screen intervals were shifted to 10-25 feet bgs due 
to the presence of clay from 25 to 35 bgs. 

 COD-MWS screen interval was shifted to 12-28 feet bgs to bridge the water level observed 
in the soil core.  

The new monitoring wells installed during this investigation were surveyed by a Maryland-licensed 
surveyor to obtain TOC elevation data.  Supporting documentation from the surveys is included as 
Appendix C.  A synoptic round of groundwater measurements was collected from the monitoring 
wells included in the monitoring network.  Surveyed TOC for all applicable locations can be found 
in Table 3, along with the DTW measurements and the calculated groundwater elevation. 

All groundwater samples were analyzed for BTEX and the remaining (non-VAP groundwater 
samples) were additionally analyzed for naphthalene.   

2.2.2 Pore Water Investigation 

Pore water sampling was conducted in the offshore areas of Cell 3 to investigate possible effects of 
groundwater discharge to surface water in the manner described for Cell 2.  Sampling was attempted 
at each of the proposed pore water sampling locations shown on Figure 9.  In some cases, the sample 
was collected from a depth of two feet below the sediment-water interface when a sample could not 
be collected from a depth of three feet.  Figure 9 notes the proposed locations and relative depths 
where sampling was unsuccessful, as well as the reason that the pore water sample could not be 
collected from the proposed sample interval.  Table 4 provides a summary of pore water sampling 
locations.   

All pore water samples obtained from Cell 3 were analyzed for BTEX and naphthalene.  Analytical 
methods, sample containers, preservatives, and holding times for the sample analyses are listed in 
the QAPP Worksheet 19 & 30 – Sample Containers, Preservation, and Holding Times. 
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2.2.3 Surface Water Investigation 

Surface water samples were collected offshore of Cell 3 at 20 locations.  Surface water samples were 
collected directly offshore at distances of 30 feet, 60 feet, 90 feet, 120 feet, and 150 feet from the 
shoreline.  Surface water samples were collected at a depth of two feet below the water surface.  At 
some of the sampling locations, the depth of the water was greater than six feet.  At these locations 
a second surface water sample was collected at a depth that was two feet above the bottom-water 
interface.  All surface water samples were collected in accordance with the procedures referenced in 
SOP No. 4 – Surface Water Sampling.  Samples were analyzed for BTEX and naphthalene. 

2.2.4 Offshore Bathymetry Mapping 

A boat and a Furuno FCV 667 Depth Sounder Fish Finder were used to measure the depth to the 
bottom at 65 locations to develop a contour of the bottom of the cove south of Cell 3.  A Trimble 
Geo7X handheld GPS was used to obtain coordinates for each of these locations, 26 of which were 
former surface and/or pore water sampling locations. The additional 39 locations were added to 
provide bathymetry for the full Cell 3 cove.  The bathymetric map developed from the data is 
discussed in Section 5 of this report. 

2.3 Cell 5 

2.3.1 Groundwater Investigation 

During this supplemental investigation, a total of six shallow zone groundwater monitoring wells 
were installed in accordance with the procedures referenced in the QAPP Worksheet 21 – Field 
SOPs, SOP No. 13 – Drilling and SOP No. 14 –Monitoring Well Construction.  The new monitoring 
wells were constructed with a stick-up or a flush mount steel protective casing.  Locations of new 
monitoring wells in Cell 5 are shown on Figure 10. 

During the completion of field work, it was necessary to shift some groundwater points from the 
proposed locations shown in the Work Plan, primarily due to utility and accessibility conflicts. Field 
shifts were not completed during the installation of proposed monitoring well COEE-MWS due to a 
large stockpile.  As a result, a monitoring well was not installed at this location. 

All new monitoring wells in Cell 5 were installed with well screen intervals of 5-25 feet bgs due to 
the groundwater table observed in the soil cores. 

The new monitoring wells installed during this investigation were surveyed by a Maryland-licensed 
surveyor to obtain TOC elevation data.  Supporting documentation from the surveys is included as 
Appendix C.  A synoptic round of groundwater measurements was collected from the monitoring 
wells included in the monitoring network.  Surveyed TOC for all applicable locations can be found 
in Table 5, along with the DTW measurements and the calculated groundwater elevation. 
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All groundwater samples were analyzed for naphthalene. 

2.3.2 Pore Water Investigation 

Pore water sampling was conducted in the offshore areas of Cell 5 to investigate possible effects of 
groundwater discharge to surface water in the same manner as described above.  Sampling was 
attempted at each of the proposed pore water sampling locations shown on Figure 11.  In some cases, 
the sample was collected from a depth of two feet below the bottom-water interface when a sample 
could not be collected from a depth of three feet.  Figure 11 notes the proposed locations and relative 
depths where sampling was unsuccessful, as well as the reason that the pore water sample could not 
be collected from the proposed sample interval.  Table 6 provides a summary of pore water sampling 
locations.  Appendix E provides a photographic summary of common sampling issues that prevented 
pore water sample collection at various locations. 

All pore water samples were analyzed for naphthalene.  Analytical methods, sample containers, 
preservatives, and holding times for the sample analyses are listed in the QAPP Worksheet 19 & 30 
– Sample Containers, Preservation, and Holding Times. 

2.3.3 Surface Water Investigation 

Surface water samples were collected offshore of Cell 5 at 11 locations that corresponded with pore 
water sampling locations with elevated analytical data.  Surface water samples were collected at a 
depth of two feet below the water surface.  At some of the sampling locations, the depth of the water 
was greater than six feet.  At these locations a second surface water sample was collected at a depth 
that was two feet above the bottom-water interface.  All surface water samples were collected in 
accordance with the procedures referenced in SOP No. 4 – Surface Water Sampling.  Samples were 
analyzed for naphthalene.  

2.4 Laboratory Analysis 

Samples were sent by courier to PACE. of Greensburg, Pennsylvania to perform the laboratory 
analysis. Analytical methods, sample containers, preservatives, and holding times for the sample 
analyses are listed in the QAPP Worksheet 19 & 30 – Sample Containers, Preservation, and Holding 
Times.  Quantitation limits and project action limits for all analytes are provided in QAPP 
Worksheet 15 – Project Action Limits and Laboratory-Specific Detection/Quantitation Limits.  All 
laboratory reports are included as an electronic attachment. 

2.5 Quality Assurance (QA) and Quality Control (QC) Samples 

QC samples for the entire field effort are collected during field studies for various purposes, among 
which are to isolate site effects (control samples), to define background conditions (background 
sample), and to evaluate field/laboratory variability (spikes and blanks, duplicates, etc.). 
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The following QC samples were submitted for analysis to support the data validation: 

 Trip Blank 

 Blind Field Duplicate – at a rate of one duplicate per twenty samples 

 Matrix Spike/Matrix Spike Duplicate – at a rate of one per twenty samples 

 Field Blank – at a rate of one per twenty samples 

The QC samples were collected and analyzed in accordance with the QAPP Worksheet 12 – 
Measurement Performance Criteria, QAPP Worksheet 20 – Field Quality Control and QAPP 
Worksheet 28 – Analytical Quality Control and Corrective Action.  A summary of QA/QC samples 
collected is included in Appendix F. 
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3.0 ANALYTICAL RESULTS 

3.1 Cell 2  

3.1.1 Shallow Groundwater 

Groundwater data for shallow zone wells are summarized in Table 7.  Benzene was detected in every 
shallow well sampled during this investigation, with values ranging from a minimum of 1.1 
micrograms per liter (µg/L) in CO42-PZM004 to maximum of 514,000 µg/L in COU-MWS.  Figure 
12 shows the distribution of benzene concentrations in the shallow zone in the vicinity of Cell 2. As 
indicated, the highest concentration in the immediate vicinity of the Cell 2 shallow AS/SVE system 
is 16,100 µg/L in COL-MWS.  Concentrations to the west of Cell 2 toward the Patapsco River were 
approximately twice the highest level in Cell 2.  The shallow zone benzene concentrations decrease 
to the east and southeast from Cell 2, with low concentrations that seem to separate Cell 2 from the 
Cell 1 area to the southeast.  The highest concentrations of benzene were found farther to the 
southeast in the Cell 1 area and in the area west of Cell 1.  Benzene concentrations in this area were 
above 100,000 µg/L. 

Ethylbenzene was detected in 16 shallow zone groundwater wells in Cell 2.  The highest detection 
of ethylbenzene was measured at 1,020 µg/L at COT-MWS.  Three historical groundwater 
monitoring wells (CO40-PZM008, CO41-PZM001, and CO42-PZM004) had undetectable levels of 
ethylbenzene in the groundwater. Toluene was detected in all shallow zone groundwater monitoring 
wells in Cell 2. The maximum concentration of toluene was 122,000 µg/L and was detected at COT-
MWS; the lowest concentration was detected at CO41-PZM001 at a concentration of 0.6 J µg/L.  
Xylenes were detected in all shallow zone groundwater monitoring wells in Cell 2, excluding 
historical well CO41-PZM001.  For xylenes, the highest detection of 24,400 µg/L was measured in 
COT-MWS. 

Naphthalene was detected in every shallow zone groundwater monitoring well in Cell 2, excluding 
two historical groundwater wells (CO41-PZM001 and CO42-PZM004). The distribution of 
naphthalene (Figure 13) is very different from benzene.  Naphthalene concentrations were much 
lower than benzene concentrations, and the maximum concentrations were found along the shoreline 
within Cell 2 and to the west of Cell 2.  Naphthalene concentrations farther inland and to the east 
and southeast are generally less than 1,000 µg/L.   

DRO and GRO were both detected in all newly installed shallow zone groundwater monitoring wells. 
Historical groundwater monitoring wells throughout Cell 2 were not sampled for DRO and GRO.  
The highest concentration of DRO was measured at 10,300 µg/L at COM-MWS, whereas the lowest 
concentration of DRO was measured at 1,010 µg/L at COK-MWS.  GRO was measured between 
16,500 µg/L at COK-MWS and 871,000 µg/L (at COW-MWS).  
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3.1.2 Intermediate Groundwater  

All groundwater data for intermediate zone monitoring wells are summarized in Table 8.  Benzene 
was detected in every intermediate zone groundwater well in Cell 2.  Detections ranged from 0.4 J 
µg/L in well CO38-PZM043 to 361,000 µg/L in COV-MWI.  Figure 14 shows the distribution of 
benzene in the intermediate zone.  The maximum benzene concentration at COV-MWI is south of 
Cell 2.  From there, the benzene plume extends to the west toward the Patapsco River and in a narrow 
swath to the north to well CO27-PZM046 near the pump and treat system.  Directly to the north, the 
concentration of benzene in COL-MWI is an order of magnitude lower than that of CO27-PZM046. 

Ethylbenzene was detected in all intermediate groundwater monitoring wells, excluding CO38-
PZM043. The highest concentration of ethylbenzene was measured at 918 µg/L at COV-MWI. 
Toluene was detected in all intermediate groundwater wells, excluding CO38-PZM043.  The highest 
detection of toluene was 71,800 µg/L at CO41-PZM036.  Similar to ethylbenzene and toluene, 
xylenes were detected in all intermediate groundwater wells, excluding CO38-PZM043.  The highest 
concentration of xylenes was measured at 58,500 µg/L at COV-MWI. 

Naphthalene was detected in all intermediate zone groundwater locations monitored, excluding 
CO38-PZM043. The highest detection was measured at 43,500 µg/L at COR-MWI.  Figure 15 
shows the highest naphthalene concentrations are to the west and southwest of Cell 2 toward the 
Patapsco River.  In addition, naphthalene is slightly elevated along the northern shore near the pump 
and treat system in well CO27-PZM046.  However, similar to concentrations of benzene, the 
concentration of naphthalene in COL-MWI (directly to the north) is an order of magnitude lower 
than that of CO27-PZM046. 

DRO and GRO were both detected in all newly installed intermediate zone groundwater wells. 
Historical groundwater wells throughout Cell 2 were not sampled for DRO and GRO. The highest 
measured concentration of DRO was measured at 24,200 µg/L at COR-MWI, whereas the lowest 
concentration of DRO was measured at 348 µg/L at COK-MWI.   GRO was measured between 6,620 
µg/L at COK-MWI and 600,000 µg/L at COR-MWI.  

3.1.3 Pore Water  

Table 9 presents the results of the pore water investigation at Cell 2.  As indicated, samples were not 
obtained at several of the proposed locations due to the presence of either a hard bottom or low 
permeability sediments.  The table also indicates whether sample concentrations exceeded surface 
water quality criteria to provide a preliminary screening against these available ecological criteria to 
identify issues for further evaluation.  The relevance and significance of any exceedances of these 
criteria will be considered in the conceptual site model development and problem formulation and 
assessed in the CMS. 
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Figure 16 shows the locations of pore water sample results for benzene.  Benzene was not detected 
at significant concentrations in the pore water north of Cell 2 in the coal basin.  Benzene was only 
detected in four samples in this area, with the highest concentration detected being 3.4 µg/L.  
Benzene was detected in six of the eight pore water samples collected off the western shore near Cell 
2.  Concentrations in this area ranged up to 19,100 µg/L.  Concentrations of benzene in five of the 
eight pore water samples collected off the western shore exceeded the human health ambient water 
quality criteria (AWQC) for consumption of organism only (noncarcinogenic) of 90 µg/L. 

Ethylbenzene was detected in five samples, all near the western shore, with a maximum 
concentration of 127 µg/L in CO-070-PW-1.  None of the concentrations of ethylbenzene exceeded 
the applicable AWQC.  Toluene was detected in five samples, all also near the western shore, with 
a maximum concentration of 1,910 µg/L in sample CO-070-PW-1.  Two concentrations of toluene 
exceeded the applicable AWQC.  Xylenes were detected in the same five western shore samples, 
with a maximum concentration of 511 µg/L in CO-070-PW-1.  There is no applicable AWQC for 
xylenes. 

Figure 17 presents the results for naphthalene in the pore water samples.  Naphthalene was detected 
in 16 samples in the coal basin area.  The highest concentration detected was relatively low at 63.9 
µg/L.  Naphthalene was detected in all of the samples from the western shore, with the maximum 
concentration being 72,000 µg/L.  The results varied substantially with both location and depth.  The 
naphthalene concentrations exceeded the narcosis secondary chronic value (SCV) in five of the 32 
samples. 

DRO was detected in all pore water samples offshore of Cell 2, while GRO was detected in only six 
of the 25 samples.  The maximum concentrations for both DRO and GRO were measured in sample 
CO-049-PW-3 (off the western shore) at concentrations of 26,400 µg/L and 47,400 µg/L, 
respectively. 

3.1.4 Surface Water  

The results for the surface water samples at Cell 2 are presented in Table 10.  The table also indicates 
whether sample concentrations exceeded surface water quality criteria to provide a preliminary 
screening against these available ecological criteria to identify issues for further evaluation.  The 
relevance and significance of any exceedances of these criteria will be considered in the conceptual 
site model development and problem formulation and assessed in the CMS. 

Benzene was detected in five of 10 samples, with a maximum concentration of 2.8 µg/L.  There were 
also trace detections of toluene and naphthalene.  Ethylbenzene and xylenes were not detected.   

Figure 18 shows the locations of the surface water results.  While there were trace detections of 
benzene and naphthalene in the surface water west of Cell 2, there were no exceedances of surface 
water quality criteria.   
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3.2 Cell 3 

3.2.1 VAP Results 

VAP analyses indicate that BTEX concentrations were highest in the 20-25-foot depth sample, while 
the naphthalene was highest in the 25-30-foot depth sample.  Based on these observations, all 
remaining proposed wells in Cell 3 of the COA were installed with a screen interval of 20-35 feet 
bgs to capture the majority of the impacted groundwater. The table below presents the results of the 
vertical profile samples.   

COD-MWS VAP Sample Results 
Depth (bgs)  Benzene Toluene Ethylbenzene Xylenes Naphthalene Total 

15-20 9,660 742 20.6 236 553 11,211.60 

20-25 14,600 1150 31.8 346 4,860 20,987.80 

25-30 6,250 554 13.4 128 67,300 74,245.40 

30-35 1,460 22.5 21.4 53.1 20,700 22,257 

35-40 25 2.3 0.5 2.5 1,340 1,370.30 

40-45 12.6 1.3 0.3 1.1 438 453.3 

45-50 2.6 0.4 0.3 0.8 89.3 93.4 

 
3.2.2 Shallow Groundwater  

All groundwater data for shallow zone wells in Cell 3 are summarized in Table 11. 

Benzene was detected in every shallow zone groundwater well in Cell 3.  The maximum 
concentration of benzene (51,000 µg/L) was detected at well CO30-PZM015. Figure 19 shows the 
distribution of benzene concentrations in the shallow zone of Cell 3.  The maximum benzene 
concentrations are located within a narrow north-south swath in the center of the Cell 3 area.  

Ethylbenzene was detected in all shallow groundwater samples, excluding CO101-PZM and CO104-
PZM.  The highest concentration of ethylbenzene was measured at 90.9 µg/L at COG-MWI.  Toluene 
was detected in all shallow groundwater samples, excluding CO101-PZM and CO104-PZM.  The 
highest detection of toluene was 4,140 µg/L at COC-MWS.  Xylenes were detected in all shallow 
groundwater samples, excluding CO101-PZM and CO104-PZM.  The highest concentration of 
xylenes was measured at 1,440 µg/L at COG-MWS. 

Naphthalene was detected in all shallow zone groundwater locations, excluding CO101-PZM. The 
highest concentration was measured at 10,600 µg/L at COG-MWS.  Figure 20 shows the 
naphthalene distribution in the shallow zone in Cell 3.  The naphthalene plume generally coincides 
with the benzene plume.  
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3.2.3 Pore Water  

Figure 21 shows the results for the five pore water samples that were successfully collected.  The 
results are also summarized in Table 12. The table also indicates whether sample concentrations 
exceeded surface water quality criteria to provide a preliminary screening against these available 
ecological criteria to identify issues for further evaluation.  The relevance and significance of any 
exceedances of these criteria will be considered in the conceptual site model development and 
problem formulation and assessed in the CMS. 

Although a sample was collected from location CO-016-PW-1, furthest to the east, no analytes were 
detected.  Benzene was detected in each of the other four cove samples (CO-020-PW-1, CO-040-
PW-1, CO-040-PW-3, and CO-025-PW-1).  The maximum detection of benzene was 1,900 µg/L in 
sample CO-020-PW-1.  Concentrations of benzene in CO-020-PW-1 and CO-040-PW-3 exceeded 
the applicable AWQC. 

Ethylbenzene was detected in all samples (except CO-016-PW-1) with a maximum concentration of 
14.4 µg/L in sample CO-040-PW-3.  Toluene was detected in the four western samples, with a 
maximum concentration of 141 µg/L in sample CO-020-PW-1.  There were no exceedances of 
AWQC for ethylbenzene or toluene.  Xylenes were also detected in the four western samples with 
the maximum concentration of 332 µg/L in sample CO-040-PW-3.   

Naphthalene was detected in the four western samples.  The maximum detection of naphthalene was 
18,700 µg/L in sample CO-025-PW-1.  In addition to CO-025-PW-1, concentrations of naphthalene 
in CO-040-PW-1 and CO-040-PW-3 exceeded the narcosis SCV. 

3.2.4 Surface Water  

Figure 22 shows the locations and results for all 31 surface water samples that were collected.  The 
results are also summarized in Table 13.  The table also indicates whether sample concentrations 
exceeded surface water quality criteria to provide a preliminary screening against these available 
ecological criteria to identify issues for further evaluation.  The relevance and significance of any 
exceedances of these criteria will be considered in the conceptual site model development and 
problem formulation and assessed in the CMS. 

Benzene was detected in every sample except SW-23-8.5 and exceeded the AWQC in seven samples 
(SW-14-2, SW-15-2, SW-16-2, SW-18-2, SW-26-1, SW-27-1, and SW-29-2).  The maximum 
detection of benzene was 736 µg/L in sample SW-29-2. 

Ethylbenzene was detected in two samples (SW-26-1 and SW-27-1), with a maximum concentration 
of 1.5 µg/L at location SW-21-1.  Toluene was detected in 25 of the 31 samples, with a maximum 
concentration of 67.2 µg/L in sample SW-27-1. There were no exceedances of AWQC for 
ethylbenzene or toluene.  Xylenes were detected in 13 of the 31 samples, with a maximum 
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concentration of 21.4 µg/L in sample SW-27-1. 

Naphthalene was detected in 30 of the 31 samples, with a maximum concentration of 18.5 µg/L at 
location SW-27-1.  None of the concentrations of naphthalene exceeded the narcosis SCV. 

3.3 Cell 5  

3.3.1 Shallow Groundwater  

Figure 23 maps the distribution of naphthalene concentrations in the shallow zone of Cell 5.  All 
groundwater data for shallow zone wells are summarized in Table 14. 

Naphthalene was detected in all shallow zone groundwater locations, excluding CO57-PZP002 and 
CO59-PZP002.  The maximum concentration was detected in well CODD-MWS at 14,800 µg/L. 

3.3.2 Pore Water  

Figure 24 shows the locations and results for the nine pore water samples that were successfully 
collected.  The results are summarized in Table 15.  The table also indicates whether sample 
concentrations exceeded surface water quality criteria to provide a preliminary screening against 
these available ecological criteria to identify issues for further evaluation.  The relevance and 
significance of any exceedances of these criteria will be considered in the conceptual site model 
development and problem formulation and assessed in the CMS. 

Naphthalene was detected in all pore water samples.  The minimum concentration was 0.33 J µg/L 
detected in sample CO-086-PW-1, while the maximum concentration was 9,230 µg/L detected in 
sample CO-074-PW-1.  Concentrations in five samples exceeded the narcosis SCV. 

3.3.3 Surface Water  

Figure 25 shows the locations and results for the 16 surface water samples that were collected.  The 
results are summarized in Table 16.  The table also indicates whether sample concentrations 
exceeded surface water quality criteria to provide a preliminary screening against these available 
ecological criteria to identify issues for further evaluation.  The relevance and significance of any 
exceedances of these criteria will be considered in the conceptual site model development and 
problem formulation and assessed in the CMS. 

Naphthalene was detected in all samples except CO-079-SW-2 and CO-098-SW-2.  The maximum 
concentration was 1.1 µg/L in sample CO-073-SW-5.  None of the concentrations exceeded the 
narcosis SCV. 
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4.0 DATA USABILITY ASSESSMENT 

All data validation procedures will be carried out in accordance with the QAPP Worksheet 34 – 
Data Verification and Validation Inputs, QAPP Worksheet 35 – Data Verification Procedures and 
QAPP Worksheet 36 – Data Validation Procedures. 
 
Quality assurance and quality control (QA/QC) samples were collected during field studies to 
evaluate field/laboratory variability.  A summary of QA/QC samples associated with this 
investigation has been included as Appendix F.  The following QC samples were submitted for 
analysis to support the data validation: 

 Blind Field Duplicate – at a rate of one duplicate per twenty samples 

 Matrix Spike/Matrix Spike Duplicate – at a rate of one per twenty samples 

 Field Blank – at a rate of one per twenty samples 

Each of these QA/QC samples was analyzed for the appropriate analytes corresponding to the 
analyses run for samples from each Cell.  The QC samples were collected and analyzed in accordance 
with the QAPP Worksheet 12 – Measurement Performance Criteria, QAPP Worksheet 20 – Field 
Quality Control and QAPP Worksheet 28 – Analytical Quality Control and Corrective Action. 

4.1 Data Verification 

A verification review was performed on documentation generated during sample collection and 
analysis.  The verification included a review of field log books, field data sheets, and chain-of-
custody (COC) forms to ensure that all planned samples were collected, and to ensure consistency 
with the field methods and decontamination procedures specified in the QAPP Worksheet 21 – Field 
SOPs and Appendix A of the QAPP.  In addition, calibration logs were reviewed to ensure that field 
equipment was calibrated and/or checked once per day.  The logs have been provided in Appendix 
D. 

The laboratory deliverables were reviewed to ensure that all records specified in the QAPP as well 
as necessary signatures and dates are present. Sample receipt records were reviewed to ensure that 
the sample condition upon receipt was noted, and any missing/broken sample containers (if any) 
were noted and reported according to plan. The data packages were compared to the COCs to verify 
that results were provided for all collected samples. The data package case narratives were reviewed 
to ensure that all exceptions (if any) are described. 

4.2 Data Validation 

The complete analytical dataset underwent USEPA Stage 2B data validation for the environmental 
sample analyses performed by PACE and supporting Level IV Data Package information by 
Environmental Data Quality Inc. (EDQI).  The full Data Validation Reports (DVRs) provided by 
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EDQI have been included as an electronic attachment. 

Sample analyses have undergone an analytical quality assurance review to ensure adherence to the 
required protocols.  The Stage 2B review was performed as outlined in “Guide for Labeling 
Externally Validated Laboratory Analytical Data for Superfund Use”, EPA-540-R-08-005.  Results 
were validated or qualified according to general guidance provided in “USEPA National Functional 
Guidelines for Inorganic Superfund Data Review (ISM02.1)”, USEPA October 2013.  Region III 
references this guidance for validation requirements.  This document specifies procedures for 
validating data generated for Contract Laboratory Program (CLP) analyses.  The approved QAPP 
dated April 5, 2016 and the quality control requirements specified in the methods and associated 
acceptance criteria were also used to evaluate the non-CLP data. 

4.3 Data Usability 

The data were evaluated with respect to the quality control elements of precision, bias, 
representativeness, comparability, completeness and sensitivity relative to data quality indicators and 
performance measurement criteria outlined in QAPP Worksheet 12 – Measurement Performance 
Criteria. The following discussion details deviation from the performance measurement criteria, and 
the impact on data quality and usability. 

The measurement performance criteria of precision and bias were evaluated in the data validation 
process as described in the DVRs.  Where appropriate, potential limitations in the results have been 
indicated through final data flags.  These flags indicate whether particular data points were 
quantitative estimates, biased high/low, associated with blank contamination, etc. Individual data 
flags are provided with the results in the detection summary tables and on exceedance figures.  A 
qualifier code glossary is included with each data validation report provided by EDQI.  Particular 
results may have been marked with the “R” flag if the result was deemed to be unreliable and was 
not included in any further data evaluation.  None of the results were flagged with an “R” qualifier 
during data validation.  A discussion of data completeness (the proportion of valid data) is included 
below. 

Representativeness is a measure of how accurately and precisely the data describe the Site conditions.  
Representativeness of the samples submitted for analysis was ensured by adherence to standard 
sampling techniques and protocols, as well as appropriate sample preservation prior to analysis. 
Sampling was conducted in accordance with the QAPP Worksheet 21 – Field SOPs and Appendix 
A of the QAPP.  Specific Field SOPs applicable to the assessment of representativeness include Field 
SOP Numbers 004, 006, 007, 009, 010, 011, 012, 013, 014, 016, 017, 018, 019, 020, 024, 027, 029, 
and 030.  Review of the field notes and laboratory sample receipt records indicated that collection of 
groundwater, pore water, and surface water at the Site was representative, with no significant 
deviations from the SOPs. 
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Comparability describes the degree of confidence in comparing two sets of data.  Comparability is 
maintained across multiple datasets by the use of consistent sampling and analytical methods across 
multiple project phases.  Comparability of sample results was ensured through the use of approved 
standard sampling and analysis methods outlined in the QAPP.  QA/QC protocols help to maintain 
the comparability of datasets, and in this case were assessed via blind duplicates, blank samples, and 
spiked samples, where applicable.  No deviations from the QAPP were noted in the data set. 

Sensitivity is a determination of whether the analytical methods and quantitation limits will satisfy 
the requirements of the project.  The laboratory reports were reviewed to verify that reporting limits 
met the quantitation limits for specific analytes provided in QAPP Worksheet #15 – Project Action 
Limits and Laboratory-Specific Detection/Quantitation Limits.  In general, the laboratory reporting 
limits met the detection and quantitation limits specified in the QAPP.   

Completeness is expressed as a ratio of the number of valid data points to the total number of 
analytical data results.  Non-usable (“R” flagged) data results were determined through the data 
validation process.  The approved QAPP specifies that the completeness of data is assessed by 
professional judgement but should be greater than or equal to 90%.  Data completeness for each 
compound is summarized in Appendix G.  All analytes evaluated had a computed completeness 
ratio of 100%.  Based on the completeness evaluation, there were no significant data gaps. 
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5.0 CONCEPTUAL SITE MODEL 

5.1 COA Geology 

The Description of Current Conditions (DCC) report (Rust Environment & Infrastructure, 1998) 
describes how historical slag fill placement along shorelines expanded the Sparrows Point peninsula 
in size.  In 1916, the Coke Point peninsula did not exist.  It was created over the years as slag was 
placed along the shoreline, creating land in the southwestern area of the Site outward from the 
original shoreline.  Appendix H shows the outward progression of the Coke Point peninsula 
shoreline over time as compiled from various historical aerial photographs.  As a result, the entire 
present-day Coke Point peninsula is covered with a surficial layer of slag.  Likewise, much of the 
near-shore, submerged bottom is comprised of slag. The surficial slag unit is 20 or more feet thick 
across most of the Site.  Off-shore borings (EA, 2009) show the slag fill to extend at least 100 to 200 
ft out into the river from the shoreline. 

Beneath the surficial slag fill layer lie alternating layers of native fine-grained sediments (clays and 
silts) and coarse-grained sediments (sands). 

Cross-sections were developed from the site boring logs to illustrate the site-specific lithologies.  
Figure 26 shows the locations of the cross-sections.  Cross-sections A-A’ (Figure 27) and B-B’ 
(Figure 28) depict the subsurface through Cell 2 from west to east and north to south, respectively.  
Cross-section C-C’ (Figure 29) depicts the subsurface from the western side of Cell 2 in the north 
to Cell 3 in the south.  Cross-section D-D’ (Figure 30) shows the subsurface of Cell 3 from west to 
east.  Cross-sections E-E’ (Figure 31) and F-F’ (Figure 32) depict the subsurface through Cell 5 
from north to south and west to east, respectively. 

5.2 COA Hydrogeology 

Groundwater occurrence in the COA has been segregated into the shallow zone and the 
intermediate zone.  The shallow zone is considered to be the groundwater found in the surficial 
slag unit.  Wells in this zone typically have screened intervals between 5 and 25 feet bgs. 

In most areas of the COA, a native sand layer lies directly underneath the surficial slag unit, 
separated from the slag layer in some places by a silt/clay layer.  The intermediate zone is 
considered to be the groundwater found in the native sand layer.  Wells in the intermediate zone 
screened in this sand layer.  Wells in this zone typically have screened intervals between 30 and 
50 feet bgs. 

The cross-sections indicate the screened intervals of the wells or well pairs in the shallow and 
intermediate flow zones. The water levels in the shallow and intermediate zones are also indicated 
on the cross-sections. 
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5.2.1 Shallow Zone Groundwater Flow  

Figure 33 shows the groundwater elevations in the shallow zone in wells across the Coke Point 
Peninsula.  In general, with the exception of localized mounding, the shallow groundwater flows 
radially from an elevation of approximately 2 ft AMSL in the center of the northern boundary of 
the peninsula outward toward the east, south and western shores of the peninsula where the water 
level is approximately 0.5 ft AMSL or lower.   

Groundwater flow in the shallow zone is not affected appreciably by pumping at the Graving Dock 
located at the former shipyard to the north of the COA.  The seawall at the coal dock that extends 
through the full thickness of the shallow zone at the COA and the surface water in the coal basin 
both serve as hydraulic barriers to isolate the shallow zone in the COA from the Graving Dock.  

Shallow groundwater in the Cell 2 area generally flows from east to west toward the Patapsco 
River.  Localized mounding is evident near the reinjection wells in the southeast corner of Cell 2.  
The presence of the seawall along the northern shore restricts flow to the north and directs it to the 
west.  To the south the gradient appears to crown in the at approximately 1 ft AMSL in the area 
west of Cell 1, with southerly flow further south in the peninsula. 

The groundwater elevations for Cell 3 show shallow groundwater to be at approximately 0.4 to 0.5 
ft AMSL, with less than two tenths of a foot of difference between all the wells and no consistent 
gradient. The water table is essentially flat within this area.  Overall groundwater flow direction is 
toward the cove south of Cell 3, but the flow direction is likely to be affected by tidal fluctuations 

The groundwater elevations for Cell 5 show very little gradient over this relatively large area.  The 
apparent general groundwater flow direction is from northwest to southeast, with some evidence of 
mounding around the Cell 5 reinjections wells, but the flat gradient and the potential effect of tidal 
fluctuations make it complicate further definition of the local flow direction although net flow is 
toward the Turning Basin. 
 
5.2.2 Intermediate Zone Groundwater Flow  

The intermediate groundwater contour map (Figure 34) is shown for the northwestern portion of 
the peninsula (around the Cell 2 IM).  A more extensive groundwater contour map for the 
intermediate zone is not feasible due to limited groundwater elevation measurements available 
outside this area.  Additional wells are being installed to facilitate the generation of a groundwater 
contour map for the intermediate zone across the entire peninsula as outlined in the Coke Point 
Area Corrective Measures Study Work Plan (Rev. 0, October 18, 2019).     

Within the Cell 2 area, the contour map shows a fairly consistent gradient to the north toward the 
extraction wells.  Vertical gradients between wells in the shallow and intermediate zones in the 
Cell 2 area are consistently downward with exception of the CO028 well pair on the western 
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shoreline.  The effect of the groundwater extraction is evident in the negative elevations and the 
depression around the extraction wells.  In fact, a localized capture area has been documented in 
the intermediate zone, indicated by water levels in the intermediate zone measured one to two feet 
lower in the vicinity of the Cell 2 IM pumping system than in nearby intermediate zone wells.  This 
provides evidence that the Cell 2 pump and treat system is providing hydraulic control along the 
northern border of Cell 2.   

Groundwater flow in the intermediate zone is affected to some extent by pumping at the Graving 
Dock located at the former shipyard to the north of the COA. This is evident by the presence of 
benzene at relatively low concentrations (750 µg/L) in the water pumped at the Graving Dock.  
The Graving Dock pumps continuously at a rate of approximately 750 gpm from an underdrain 
system that controls the water level within the dock area below the surrounding river level. The 
Graving Dock comprises an area of 184 ft wide by approximately 1400 ft long (6.4 acres) 
projecting to the west out into the river. The dock is constructed with slag berms surrounding the 
north and south walls.  The southern berm forms the northern bank of the coal basin adjacent to 
Cell 2, approximately 300 ft north of the coal pier seawall. The drainage system extends from the 
surface to an elevation of approximately -38 ft below the mean high-water level.  The Graving 
Dock is surrounded by open water on three sides that serves as a source of recharge and the 
pumping is spread over the entire 6.4-acre area of the Graving Dock. Thus, the drainage system 
intercepts primarily river water infiltrating through the slag berms as well as some groundwater 
upwelling from the intermediate zone.  The concentration of benzene in the Graving Dock water 
(average of 733.4 µg/L in 2019) is almost 500 times lower than the maximum benzene 
concentration in the intermediate ground water in the COA (320,000 µg/L in COV-MWI), 
indicating that flow from the COA makes up a fraction of the water pumped at the Graving Dock.  

5.3 Contaminant Sources 

Figure 35 shows the sitewide distribution of benzene concentrations in the shallow groundwater 
zone wells across the whole Coke Point Peninsula (CPP).  The figure shows the area of LNAPL 
recovery at Cell 6. The highest shallow groundwater benzene concentrations are located around Cell 
1 immediately west of the Cell 6 LNAPL zone.  The Cell 6 area is located in the area of the former 
Benzol Processing area, which was the original source of the LNAPL and benzene contamination.  
The Cell 6 LNAPL area is likely the source area for the elevated benzene concentrations observed 
in the shallow zone groundwater in Cell 1, which then migrates to Cell 2 and possibly Cell 3, where 
concentrations are at least an order of magnitude lower.   

In the eastern half of the CPP, there are three separate and distinct areas where benzene 
concentrations are elevated above the surrounding concentrations. These likely represent impacts 
from separate isolated sources near wells CP08-PZM008, CO112-PZM and CO08-PZM005.  
However, the benzene concentrations at each of these three locations are all an order of magnitude 
lower than the levels observed in the Cell 1 area.  Well CP08-PZM008 is located in the Coke Point 
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Landfill so the impact here is likely formerly associated with the landfill.  This portion of the landfill 
has now been excavated and removed.  Well CO112-PZM is located within the known DNAPL 
source area in Cell 5, which is the source of the benzene impact.  DNAPL recovery is ongoing in this 
area.  Well CO08-PZM005 appears to be an isolated impact associated with an unidentified local 
source.   

Figure 36 shows the distribution of naphthalene in the shallow groundwater across the CPP.  The 
highest concentration is associated with the known DNAPL source in the Cell 5 area.  The Cell 6 
NAPL area also appears to be serving as a source of naphthalene in the shallow zone at well CO93-
PZM.  There appear to be separate minor sources in the vicinity of CO05-PZM006, COG-MWS in 
the Cell 3 area, and CO28-PZM010.  As noted, the 1964 and 1966 aerials show discharges occurring 
very close to the current location of well CO28-PZM010.   

Figure 37 shows the benzene distribution in the intermediate zone.  This figure shows the primary 
impact to be located in Cell 2 and to the south and to the west of Cell 2.  The LNAPL in the Cell 6 
area may also represent a possible source for benzene observed in the intermediate zone at COV-
MWI and CO41-PZM036, potentially migrating through the shallow zone within the Cell 1 area and 
drawn to the intermediate zone by pumping at the Graving Dock. The elevated benzene 
concentrations in the intermediate groundwater extend to the west around well CO28-PZM048. 
Historical aerial photographs (Appendix H) show the past operations and expansion of the shoreline 
over time, as well as the locations of visible historical discharges to the river.  The photographs show 
that as fill was added to make land and expand the peninsula, outfalls were relocated to the west 
toward the area of well CO28-PZM048, with the 1964 and 1966 aerials showing discharges occurring 
right in the area of well CO28-PZM048. These former direct discharge locations, and contamination 
that settled out at the discharge locations, have been buried by the fill and new discharge locations 
have been created along the new shorelines.  This is the likely source of the elevated benzene 
concentrations in the intermediate groundwater in well CO28-PZM048 and the NAPL observed as 
sheen or staining in some borings for intermediate zone wells. Like CO08-PZM005 in the shallow 
zone, well CO08-PZM036 appears to show an isolated impact in the intermediate zone associated 
with an unidentified local source. 

Figure 38 shows the naphthalene distribution in the intermediate zone groundwater.  The maximum 
concentration of naphthalene in the intermediate zone is located at COR-MWI.  Concentrations in 
the shallow zone within this area are much lower than observed in the intermediate zone.  As 
discussed above, the historical aerial photographs in Appendix H show visible historical discharge 
points within this area.  The source of the elevated naphthalene concentrations in the intermediate 
zone groundwater, as well as NAPL observed in soil borings, near well COR-MWI, is likely 
contamination deposited in historical river bottom sediments by direct discharges and then later 
buried by slag fill.  
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Lesser concentrations of naphthalene are present in the Cell 2 wells CO39-PZM042 and COM-MWI 
but are separated from the impacts centered on COR-MWI.  The concentrations in the intermediate 
zone at these Cell 2 locations are higher than in the levels observed in the paired shallow zone wells.  
Therefore, it is likely that the source of the impact in this area was also historical direct discharges 
later covered by slag fill.  As with benzene, well CO08-PZM036 appears to show an isolated impact 
for naphthalene in the intermediate zone associated with an unidentified local source. 

The benzene and naphthalene plumes in the shallow groundwater in Cell 3 originate north of new 
well COA-MWS, north of the large slag pile at Cell 3.  The benzene isoconcentration map for the 
CPP (Figure 35) indicates that the benzene plume may connect to the plume to the west of Cell 1 
and may have originated from the Cell 1 area.  However, the current benzene concentration in well 
COA-MWS is slightly lower than the levels currently observed in well CO30-PZM015 and in COG-
MWS, indicating that the maximum concentrations in the source of the plume may have attenuated.  
Figure 36 shows that the naphthalene concentrations are highest close to the shoreline at Cell 3, 
indicating that they could potentially be associated with sediments impacted by historical direct 
discharges later buried by slag fill.  

An area of NAPL has been identified in previous investigations as the apparent source of the 
dissolved naphthalene plume at Cell 5.  This supplemental investigation indicated the highest 
naphthalene concentration in the new wells to be just east of the NAPL area, supporting the previous 
conclusions of the NAPL area as the source of the dissolved plume.   

5.4 Migration Pathways and Extent 

5.4.1 Shallow Zone 

Figures 35 and 36 show the benzene and naphthalene distributions, respectively, in the shallow 
groundwater zone across the CPP. As indicated in Figure 35, the highest benzene concentrations in 
the shallow groundwater are associated with the former Benzol Processing area in the Cell 6 LNAPL 
zone and the Cell 1 area.  Benzene has migrated from this source area to the to the northwest toward 
the coal basin at Cell 2. The extent of the groundwater plume is limited by the coal dock seawall to 
the north where the migration appears to have continued to the west along the seawall to the river.  
Similarly, benzene in the shallow groundwater appears to have migrated to the southwest from Cell 
1 toward the cove at Cell 3. The benzene concentrations in the shallow groundwater in Cell 2 and 3 
are an order of magnitude lower relative to the concentrations within and immediately to the west of 
Cell 1.   

The new wells installed during this supplemental investigation further refined the identified plume 
of benzene and naphthalene within the shallow groundwater at Cell 3.  The plume continues to be 
centered within the existing Cell 3 system, and the new well COA-MWS confirms that the benzene 
plume originates farther north than the limits of the existing wells. The benzene and naphthalene 
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plumes in shallow groundwater terminate to the south at the local discharge within the cove area.  
The extents of the benzene and naphthalene plumes have been defined to the east and west.     

The vertical profiling at the location of well COD-MWS indicated that the benzene plume is located 
primarily in the interval from 15 ft to 25 ft bgs, which extends below the depth of the air sparge wells 
in the existing Cell 3 system.  In addition, the vertical profiling identified elevated naphthalene 
concentrations primarily in the interval from 25 to 35 ft bgs.  

The naphthalene distribution in the shallow zone does not show clear migration pathways within the 
western half of the COA.  With the exception of one elevated naphthalene concentration at CO93-
PZM, the naphthalene concentrations in the shallow zone are highest along the shorelines with 
relatively low levels inland, again indicating that they could potentially be associated with sediments 
impacted by historical direct discharges later buried by slag fill. 

The benzene impact associated with the isolated source associated with CP08-PZM008 in the former 
coke point landfill appears to be fully delineated and does not appear to be migrating to the shoreline 
within the shallow groundwater zone.  The elevated naphthalene concentrations associated with this 
source area are similarly fully defined and do not indicate migration of naphthalene in the shallow 
groundwater to the shoreline. 

In the eastern half of the COA, the benzene and naphthalene associated with the DNAPL zone in 
Cell 5 would be expected to migrate to the southeast based on the shallow groundwater contours.   
Migration in this direction may be controlled by the existing IM.  The supplemental wells COAA-
MWS, COBB-MWS, and COCC-MWS identified higher concentrations of benzene and naphthalene 
than previously documented.  As a result, and as shown on Figure 23, the naphthalene plume extends 
north of the existing Cell 5 IM system but is bounded to the north by existing wells CO20-PZM004 
and CO10-PZM006.  The plume is bounded to the east by the shoreline of the Turning Basin, a 
surface water feature constructed from slag fill with the highest perimeter concentrations for both 
benzene and naphthalene located at wells COAA-MWS and COCC-MWS. The elevated benzene 
drops off at well CO35-PZM013 to the south.   

5.4.2 Intermediate Zone 

Benzene and naphthalene distribution in the intermediate groundwater zone are shown on Figure 37 
and Figure 38, respectively.  The highest benzene concentrations in the intermediate zone are located 

in the area to the west and northwest of the former Benzol Processing area.  Benzene in the 
intermediate zone migrated downward from the shallow zone impacts associated with the LNAPL 
source zone in Cell 6 and the higher concentration shallow groundwater observed in and to the west 
of Cell 1.   The downward and northward migration within this area was enhanced by historical 
pumping from the intermediate zone at the Graving Dock to the north.  However, it is likely that the 
pumping at the Graving Dock is having less of an effect and pumping at the Cell 2 intermediate zone 
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IM is now having a greater influence on migration in the intermediate zone.  

The intermediate wells placed between the recovery wells and the seawall (COK-MWI, COL-MWI 
and COM-MWI) show that the concentration of benzene downgradient from the recovery wells is 
lower than the concentrations upgradient.  The benzene concentration drops from 318,000 µg/L in 
COP-MWI upgradient of the recovery wells to 40,800 µg/L in COL-MWI further north and 
downgradient of the recovery wells. The groundwater contours also show the water level in the 
intermediate zone to be 1 to 2 ft lower near the pumping wells relative to the surrounding wells.  
These results indicate that the pump and treat system is effectively controlling the migration of 
contaminants in the intermediate zone to the north from Cell 2.  Using the Graving Dock withdrawal 
rate of 1,080,000 gallons per day (750 gpm) and the average influent benzene concentration of 733.4 
µg/L results in 2,412 pounds of benzene removed in 2019 by the Graving Dock pumping.  By 
comparison, the Cell 2 system removed 5,800 pounds of hydrocarbons (mostly benzene) in 2019 
pumping at less than 10 gpm. 

The new intermediate well COR-MWI placed between existing wells CO41-PZM036 and CO28-
PZM048 confirms that the elevated benzene concentration in CO28-PZM048 is likely resulting from 
migration of benzene in the intermediate zone to the west toward the Patapsco River.  Well COV-
MWI indicates that the known north-south plume originates further south than CO41-PZM036.   

The naphthalene distribution indicated on Figure 38 does not correspond to the benzene distribution, 
suggesting different predominant sources and migration pathways.  As discussed above, the highest 
concentrations of naphthalene in the intermediate zone align with the historical location of outfalls.  
Therefore, it is likely that the naphthalene was deposited in sediments proximate to the outfalls that 
were then buried by slag fill as the peninsula was expanded.  As noted with the shallow groundwater, 
the elevated level of benzene, and to a lesser extent naphthalene, at well CO08-PZM036 may be 
associated with an isolated local source. 

There were no significant impacts in the intermediate zone outside of the two areas discussed above.  
The impacts within these areas are limited to the shallow zone.  Figures 29 and 30 show the vertical 
distribution of benzene and naphthalene in the Cell 3 area.  In general, the boring logs in this area 
show a silt/clay layer or layers between the shallow slag fill and the underlying intermediate zone 
sand.  Intermediate well CO30-PZM060 has only low concentrations, indicating little migration from 
the shallow zone to the intermediate zone within the Cell 3 area.  Figures 31 and 32 show the vertical 
distribution of naphthalene concentrations in the Cell 5 area.  Some borings show a clay layer 
separating the shallow zone slag fill layer from the intermediate zone sand layer.  Other borings do 
not show the clay layer and indicate a potential hydraulic connection between the slag fill and the 
underlying sand layer. However, data from intermediate zone well CO26-PZM032 shows a very low 
concentration of naphthalene in the intermediate zone, indicating little migration from the shallow 
zone to the intermediate zone.    
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5.5 Potential Receptors and Exposure Pathways 

The Site is currently developed for industrial use.  The area is supplied by municipal potable water 
and a groundwater use restriction will be imposed.  Therefore, an industrial worker would not be 
exposed to groundwater.  Exposure through volatilization into indoor air would be a potential future 
exposure pathway if buildings were to be constructed within impacted areas. The shallow and 
intermediate groundwater concentrations exceed vapor intrusion screening levels across much of the 
COA.  

The groundwater ultimately discharges to surface water bodies including the coal basin at Cell 2, 
manmade cove at Cell 3, and the Turning Basin at Cell 5, but also directly to the Patapsco River west 
of Cell 2.  Therefore, the exposures of concern are potential recreational exposure and aquatic life 
exposure to surface water and sediment. Benthic organisms in bottom substrates and fish and water 
column invertebrates are the primary aquatic receptors in the nearshore areas. This supplemental 
investigation included the collection of sediment pore water and surface water samples to assess 
potential exposures in these receptors. 

Pore water is a potential exposure medium for benthic organisms.  Benthic organisms can be exposed 
to chemicals in groundwater that discharges to sediments and is present in the pore water of nearshore 
areas.   Overall, ecological impact of this type of exposure is expected to be low, however, largely 
because the benthic communities in the nearshore area will be limited in both diversity and number 
due to the presence of slag fill, which dominates the nearshore areas.  Slag provides poor habitat for 
benthic organisms.  This is due in part to a relatively homogenous distribution of large-sized particles 
and an absence of organic matter that is a necessary food source for some organisms.  The benthic 
environment created by slag is significantly different from the natural conditions of the surrounding 
natural waters and creates conditions in which few organisms can adapt.  Additionally, elevated pH 
associated with slag not only creates an additional stressor that would limit benthic communities, but 
also creates a geochemical conditions that favor calcite precipitation which could smother benthic 
organisms that are present and create very dense, fine grained particles that also provide poor benthic 
habitat.  As noted earlier, pore water samples could not be collected in many near shore areas due to 
presence of hard bottom or low permeability sediments.     

The slag fill does provide a medium through which chemicals transported via groundwater into the 
pore water could reach the surface water column above the fill.  Surface water is potential exposure 
medium for fish and other aquatic organisms that inhabit the area.  Fish and invertebrates could be 
exposed to dissolved phase chemicals in surface water largely via uptake over the gills.   

People could be exposed to chemicals in surface water via direct contact and incidental ingestion 
while recreating in the waters and via consumption of fish that have accumulated chemicals.  The 
surface water criteria for human health are developed to protect for these exposures and the AWQC 
developed for benzene is for the protection of consumption of fish by people.  Because benzene as 
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well as all of the chemicals detected in the surface water are rapidly eliminated in aquatic organisms, 
it will not accumulate in fish unless the exposure to the fish is constant.  If benzene is present in 
surface water in some areas in which a fish roams but not in others, it will not accumulate in the fish.  
As a result, distribution of benzene in surface water, even if above the AWQC, will not result in 
accumulation in fish unless it is elevated across the majority of the area within the fish’s home range. 
Pore water concentrations of benzene are not representative of water column concentrations to which 
fish are exposed. 

5.6 Preliminary Risk Evaluation 

The discharge of groundwater from the Cell 2 area is not causing significant impacts to the coal basin 
to the north of Cell 2.  No unacceptable concentrations were identified offshore to the north of Cell 
2.  The pore water and surface water data show only trace impacts offshore in this inlet, with the 
exception of some DRO detections, which are likely associated with historical direct discharges to 
the coal basin as noted by the reported presence of NAPL sheen at Location 1 in the previous off-
shore investigation report (EA, 2009). The concentrations in the shallow groundwater along this 
northern shore are relatively low and discharge from the shallow zone to the pore water and surface 
water appears to be cut off by the seawall along the northern shoreline, as shown on Figure 28 (Cross 
-section B-B’). 

Pore water samples from the Patapsco River bottom sediments to the west of the Cell 2 area indicate 
that benzene and naphthalene are present.  The finding of these constituents in pore water off the 
western shore is consistent with the findings of previous sediment investigations (EA, 2009) that 
reported  evidence of NAPL in the sediment off the western shore.  Positive dye tests, PID readings, 
and petroleum odor were reported at EA’s Location 2 off the western shore (see Figure 4-4 and Table 
4-9 in Appendix H).  Therefore, the presence of benzene and naphthalene in these offshore areas 

appears to be due to historical releases of NAPL directly to the Patapsco, and not the result of ongoing 
groundwater transport to this shoreline area. 

In fact, the groundwater and pore water results indicate that there is no direct connection between 
the observed pore water impacts and current discharges of groundwater. The concentrations of 
naphthalene in the offshore pore water samples CO-070-PW-2 and CO-049-PW-3 are 63,200 µg/L 
and 72,000 µg/L, respectively.  Both the shallow and intermediate wells along the shoreline had 
lower total naphthalene concentrations (maximum of 8,570 µg/L in COO-MWI) than observed in 
the pore water samples.  In addition, the pore water impacts are predominantly naphthalene, with 
naphthalene concentrations being roughly 3 to 5 times the concentration of benzene.  The shallow 
and intermediate groundwater in the shoreline wells consistently has higher benzene than 
naphthalene concentrations, with benzene being 8 to 33 times higher than naphthalene in the shallow 
groundwater and 8 to 47 times higher in the intermediate zone groundwater. 
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At Cell 3, groundwater discharges to a shallow cove (approximately 700 feet long by 300 feet wide) 
constructed of slag fill, as indicated in the historical aerial photographs.  As shown on Figure 39, the 
bottom of the cove was measured to be approximately 8 to 10 feet deep at center.  The VAP sampling 
indicated the highest concentration of benzene was found approximately -8.37 to – 13.37 feet above 
mean sea level (amsl) (20-25 feet bgs), which is generally consistent with bottom elevations at the 
center of the cove.  

Surface water concentrations exceeded the current Maryland surface water quality standard for 
benzene at one location immediately offshore within the manmade cove south of Cell 3. The surface 
water benzene concentrations exceed the AWQC for human consumption of organisms at a few 
additional locations within this cove.  However, benzene concentrations are below these potentially 
applicable surface water quality criteria in all samples in the western transect.  Thus, the surface 
water meets in-stream water quality criteria within a reasonable mixing zone and the sporadic 
distribution of benzene in surface water within the confined space of the cove will not result in 
accumulation in fish, since fish will roam in areas where benzene concentrations are lower or not 
detected. 

The pore water samples offshore at Cell 3 showed naphthalene is present in the bottom deposits in 
the cove.  These results are consistent with the previous offshore investigation (EA, 2009) which 
reported an odor and sheen in the sediment boring at EA’s Location 5 in the cove (see Figure 4-4 
and Table 4-9 in Appendix I).  These observations indicate that pore water concentrations of 
naphthalene can be attributed to historical direct NAPL discharges to the cove or to residual NAPL 
present in the offshore sediments prior to the shoreline being extended. 

Naphthalene concentrations in pore water exceed the SCV in some locations, but groundwater 
discharges will not exacerbate the pore water issue. Contaminants found in pore water in the 
submerged slag were entrained in the slag when it was placed within the water column during the 
creation of land and are not a result of contaminants migrating in groundwater.  Pore water sampling 
was unsuccessful at most locations around the COA due a hard slag bottom encountered that 
prevented sampler penetration into the top foot.  The previous EA offshore investigation (EA, 2009) 
noted the presence of NAPL in cores of the bottom sediments within each of the area where 
significant pore water concentrations were observed.  The NAPL found in bottom cores could not 
have occurred through accumulation related to any groundwater flow mechanism. LNAPL has only 
been identified inland at the Cell 6 location and LNAPL would not flow from on-shore to a 
submerged off-shore location - it would instead float and discharge at the water’s edge; DNAPL is 
only present inland at the Cell 5 area and has not been identified in perimeter wells. The NAPL was 
directly discharged off-shore, or was present as contamination in the slag placed during the creation 
of the peninsula, and has been hydraulically trapped (due to surface tension and permeability) in the 
pore spaces of the slag beneath the bottom-water interface.  
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In the Turning Basin east of the peninsula, the surface water sampling indicated no exceedances of 
surface water criteria.  The pore water investigation showed no significant impacts in the southern 
portion of the shoreline downgradient of the existing Cell 5 system, much lower than concentrations 
in shoreline wells COFF-MWS and COGG-MWS.  However, the pore water sampling identified 
relatively high pore water naphthalene concentrations at the three northernmost sample locations 
(CO-073-PW, CO-074-PW and CO-079-PW).  These results are consistent with the findings of the 
previous offshore investigation (EA, 2009) which indicated a sheen and odor in sediment at their 
Locations 13A and 13C (see Figure 4-4 and Table 4-9 in Appendix I), such that these impacts can 
be attributed to direct historical discharges or placement of slag when the land was created rather 
than current groundwater discharges.  As such, it is not habitat. Given that historic releases is the 
source of elevated naphthalene levels in this area, it can be concluded that groundwater is not 
contributing significantly to chemical concentration.  Regardless of source, however, the overall 
ecological impacts to the benthic community from naphthalene are considered minimal given that 
the degraded benthic habitat conditions limit the quality and quantity of the benthic community in 
the slag dominated nearshore areas. 
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6.0 FINDINGS 

The results of this supplemental investigation were reviewed and evaluated to fulfill the 
objectives listed below. 

1. Evaluate the groundwater and offshore data to assess whether current conditions could be 
adversely impacting the offshore environment; 

2. Delineate the areas of the COA where elevated concentrations of constituents of concern in 
groundwater could be causing surface water or pore water impacts; 

3. Further delineate the extent of constituents of concern in groundwater in selected locations to 
further characterize potential source areas;  

4. Assess whether the currently implemented remedies require modifications in order to 
address potential impact from constituents of concern to sediment pore water or surface 
water; 

5. Assess improvements and/or alternatives to the currently implemented remedies in order 
to meet groundwater remedial objectives. 

The findings of the investigation of each IM area are discussed in the sections below. 

6.1 Cell 2 

The nature and extent of groundwater impacts in and around Cell 2 have been adequately defined in 
both the shallow and intermediate zones to support a Corrective Measures Study (CMS) to determine 
a final remedy. The shallow and intermediate groundwater in the Cell 2 area exceeds potential 
sitewide cleanup levels for vapor intrusion or potable groundwater use.  Surface water is not impacted 
in the Cell 2 area. Pore water concentrations at some locations west of Cell 2 exceed criteria for 
human consumption of organisms and protection of benthic aquatic life.  However, the current 
discharges of groundwater are not exacerbating the previously identified offshore impacts from 
historical direct releases.  

6.2 Cell 3  

The nature and extent of groundwater impacts in and around Cell 3 have been adequately defined to 
support a CMS to determine a final remedy. The shallow groundwater in the Cell 3 area exceeds 
potential sitewide cleanup levels for vapor intrusion or potable groundwater use.  Surface water 
exceeds water quality criteria for human consumption of organisms close to shore in the manmade 
cove area. However, the impact is highly localized and in-stream water quality criteria are met within 
a reasonable mixing zone distance.  Pore water concentrations at some locations west of Cell 3 
exceed criteria for human consumption of organisms and protection of benthic aquatic life. As noted, 
the pore water samples were collected from a slag fill matrix rather than a natural aquatic habitat. 
The current discharges of groundwater may be causing localized surface water quality exceedances, 
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but not exacerbating the previously identified pore water impacts from historical direct releases.     

The results of this investigation indicate that the existing Cell 3 IM may not prevent groundwater 
discharge to surface water or pore water above potentially relevant criteria.  The contaminant 
distribution indicates the system extends far enough to the east and west, but that the existing sparge 
wells are not deep enough to fully intercept the plume.  The groundwater elevation map shows an 
essentially flat gradient, likely fluctuating with tidal influence.  This flat gradient and the resulting 
low groundwater velocity further inhibits the effectiveness of the Cell 3 system, which is designed 
to treat groundwater as it migrates through the system. 

The current IM could be modified to address the identified benzene plume to prevent the discharge 
of benzene in shallow groundwater to the cove.  However, it should be noted that the observed surface 
water benzene impacts could be resulting from direct groundwater discharge or from desorption and 
upwelling from the historical sediment impacts, or both.  Therefore, eliminating the discharge of 
contaminants in groundwater may not reduce the surface water concentrations to the AWQC level.  

6.3 Cell 5 

The nature and extent of groundwater impacts in and around Cell 5 have been adequately defined to 
support a CMS to determine a final remedy. The shallow groundwater in the Cell 5 area exceeds 
potential sitewide cleanup levels for vapor intrusion or potable groundwater use.  Surface water is 
not impacted in the Cell 5 area.  Pore water concentrations at some locations east of Cell 5 exceed 
criteria for protection of benthic aquatic life.  As noted, the pore water samples were collected from 
a slag fill matrix rather than a natural aquatic habitat.  

Well CODD-MWS indicates that the highest concentration portion of the naphthalene plume is 
located within the area upgradient of the existing Cell 5 DPE treatment system.  However, the 
additional shallow wells COAA-MWS, COBB-MWS and COCC-MWS indicate a naphthalene 
plume extending to the shoreline north of the existing Cell 5 system.  These wells are located adjacent 
to the three pore water sample locations that exhibit elevated naphthalene concentrations, indicating 
that the current IM may not be preventing the discharge of naphthalene in groundwater at 
concentrations exceeding potentially relevant criteria.  However, as noted above, previous 
investigations have indicated that these impacts may have resulted from historical direct discharges 
due the indication of NAPL impacts in the sediment.  The naphthalene concentrations in the wells 
are of the same magnitude as the concentrations already present in the pore water.  Therefore, the 
current discharge of groundwater would not exacerbate the impacts already observed in the sediment. 
The CMS will assess corrective action objectives relative to groundwater discharges to pore water 
east of Cell 5 and remedies evaluated in the CMS will include potential modifications to the current 
IM or alternative remedies with the objective of mitigation of naphthalene above relevant criteria. 
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!? SVE Trench (SV) Riser

SVE Extraction Trench (Under-Ground)

Former Coke Oven Area - Cell 3
Well Locations

Aerial View 8
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AS-13 AS-12 AS-11 AS-10 AS-9 AS-8 AS-7 AS-6
AS-5 AS-4 AS-3 AS-2
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CO-042-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-038-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-039-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-041-PW
Sha llow: N S (LP )
De e p: N S (LP )

CO-043-PW
Sha llow: N S (HB)
De e p: N S (HB)
CO-044-PW
Sha llow: N S (LP )
De e p: N S (LP )

CO-045-PW
Sha llow: N S (LP )
De e p: N S (LP )

CO-034-PW
Sha llow: N S (HB)
De e p: N S (HB) CO-021-PW

Sha llow: N S (HB)
De e p: N S (HB)

CO-035-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-027-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-019-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-026-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-037-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-036-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-028-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-022-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-029-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-018-PW
Sha llow: N S (HB)
De e p: N S (HB)

CO-017-PW
Sha llow: N S (HB)
De e p: N S (HB)CO-040-PW CO-020-PW

De e p: N S (HB)

CO-025-PW
De e p: N S (LP )

CO-016-PW
De e p: N S (LP )

Form e r Coke Ove n Are a  - Ce ll 3
P ore  Wate r Sa m ple  Locations

Ae ria l Vie w
Figure³ 0 10050 Fe e t³ 1 inch = 100 fe e t
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P ore  Wate r Sa m ple
(N ot Colle cte d )
P ore  Wate r Sa m ple

Notes:
● "N S (HB)" = N ot Sa m ple d
 d ue  to ha rd  bottom
● "N S (LP )" = N ot Sa m ple d
 d ue  to low pe rm e a bility
● "N S (<30SP C)" = N ot 
 Sa m ple d  d ue  to <30%
 d iffe re nce in specific
 cond uctance betw e e n pore
 w a te r a nd  s urfa ce  w a te r
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Former Coke Oven Area - Cell 5
 Well Locations

Aerial View 

Figure
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Feet 10
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CO56-PZP001
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CO63-PZM007 CO64-PZM006

CO65-PZM005

CO66-PZM005

CO67-PZM006

CO68-PZM005

CO69-PZM005

CO70-PZM005

CO71-PZM006

CO72-PZM005

CO73-PZM007

CO74-PZM007
CO75-PZM006

CO76-PZM006
CO77-PZM006

CO78-PZM006CO12-PZM008

CO23-PZM008

CO24-PZM007

CO25-PZM008

CO26-PZM007/032

CO34-PZM048
CO106-PZM

COAA-MWS

COBB-MWS

CODD-MWS

COFF-MWS

COGG-MWS

COCC-MWS

COEE-MWS

Supplemental Shallow Well
Supplemental Shallow Well (Not Completed)

@A Existing Shallow Well
@A Existing Intermediate Well
@A Re-Injection Well
@A Extraction Well



CO-099-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-102-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-075-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-078-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-081-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-084-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-087-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-090-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-093-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-096-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-097-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-094-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-091-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-092-PW
Shallow: NS (LP)
De e p: NS (LP)

CO-088-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-089-PW
Shallow: NS (LP)
De e p: NS (LP)

CO-085-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-082-PW
Shallow: NS (HB)
De e p: NS (HB)

CO-083-PW
Shallow: NS (LP)
De e p: NS (LP)

CO-076-PW
Shallow: NS (LP)
De e p: NS (HB) CO-077-PW

Shallow: NS (HB)
De e p: NS (HB)

CO-100-PW
Shallow: NS (HB)
De e p: NS (HB) CO-101-PW

Shallow: NS (<30SPC)
De e p: NS (<30SPC)

CO-098-PW
De e p: NS (LP)

CO-095-PW

CO-086-PW
De e p: NS (LP)

CO-079-PW
De e p: NS (HB)

CO-080-PW
De e p: NS (LP)

CO-073-PW
De e p: NS (HB)

CO-074-PW

Forme r Coke  O ve n Are a - Ce ll 3
Pore  W ate r Sample  Locations

Ae rial Vie w
Figure³ 0 17085 Fe e t³ 1 inc h = 170 fe e t
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Pore  W ate r Sample
(Not Colle c te d )
Pore  W ate r Sample

Notes:
● "NS (HB)" = Not Sample d
 d ue  to hard  bottom
● "NS (LP)" = Not Sample d
 d ue  to low pe rme ability
● "NS (<30SPC)" = Not
 Sample d  d ue  to <30%
 d iffe re nc e  in spe c ific
 c ond uc tanc e  be twe e n pore
 wate r and  surfac e  wate r



@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

CON-MWS
33,400

COO-MWS
38,400

COS-MWS
11,100

COT-MWS
337,000

COW-MWS
210,000
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4,660

CO39-PZM007
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CO40-PZM008
40.5
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1.7

CO42-PZM004
1.1

CO18-PZM006
338,000

CO122-PZM
N S

CO100-PZM
N S

TS05-PDM004
N S

CO03-PZM005*
N D

CO15-PZM005*
169,000

CO88-PZM*
166,000

CO28-PZM010*
20,900

CO19-PZM004*
409

CO17-PZM005^
28,000

TS05-PPM007^
360

Figure

³³
1 inc h = 120 fe e t
0 12060

Fe e t 12

Notes:
● COA W e lls Colle c te d
 M arc h 25-M arc h 26, 2019
 ● *M ost Re c e nt Sam ple
    2014-2016
 ● ̂M ost Re c e nt Sam ple
 2001-2004

● Supple m e ntal W e lls Colle c te d
 M ay 1-M ay 14, 2019
● Conc e ntrations are  in µg/L
● "ND" = Not De te c te d
● "NS" = Not Sam ple d

Cell 1

Cell 2

Cell 6

Supple m e ntal Sha llow W e ll
Supple m e ntal Sha llow W e ll
(N APL  Obs e rve d  in Boring)

@A COA Shallow W e ll

Benzene Distribution (µg/L)
N D - 10
>10 - 100
>100 - 1,000
>1,000 - 10,000
>10,000 - 100,000
>100,000

Interim Measures Cell

COX-MWS
148,000

CO02-PZM006
127,000

CO16-PZM006*
119,000

CO93-PZM
162,000

@A

@A

@A

CO121-PZM*
1,970

CO37-PZM003*
22,100

COM-MWS
2,390COL-MWS

16,100
COK-MWS
7,420

CO36-PZM008
5,380

@A

@A

Cell 2
Groundwater Benzene Distribution

Shallow Zone
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@A

@A
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@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

CON-MWS
2,700

COO-MWS
4,810

COS-MWS
1,880

COT-MWS
126

COW-MWS
895

COY-MWS
271

COU-MWS
600

CO27-PZM012
316

CO38-PZM006
1,520

CO39-PZM007
433

CO40-PZM008
16

CO41-PZM001
N D

CO42-PZM004
N D

CO122-PZM
N S

TS05-PDM004
N S

CO03-PZM005*
44.1

CO15-PZM005*
88.7

CO88-PZM*
809

CO28-PZM010*
627

CO19-PZM004*
N D

CO17-PZM005^
640

TS05-PPM007^
N D

Figure

³³
1 inc h = 120 fe e t
0 12060

Fe e t

Notes:
● COA W e lls  Colle c te d
 Ma rc h 25-Ma rc h 26, 2019.
 Re porte d  via m e thod  8260.
 ● *Mos t Re c e nt Sa m ple
    2014-2016. Re porte d  via 
    m e thod  8260 or 8270.
 ● ̂Mos t Re c e nt Sa m ple
 2001-2004. Re porte d  via
 m e thod  8260 or 8270.

● Supple m e nta l W e lls  Colle c te d
 May 1-May 14, 2019.
 Re porte d  via m e thod  8270.
● Conc e ntrations  a re  in µg/L
● "N D" = N ot De te c te d
● "N S" = N ot Sa m ple d
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Cell 1

Cell 2

Supple m e ntal Sha llow W e ll
Supple m e ntal Sha llow W e ll
(N APL  Obs e rve d  in Boring)

@A COA Shallow W e ll

Naphthalene Distribution
(µg/L)
N D - 10
>10 - 100
>100 - 1,000
>1,000 - 10,000
>10,000

Interim Measures Cell

Cell 6

CO02-PZM006
231

CO16-PZM006*
524

COZ-MWS
120

COX-MWS
39.8

@A

@A

@A

CO93-PZM
1,670

CO100-PZM
N S

CO18-PZM006
221

CO121-PZM*
1,760

CO37-PZM003*
1,730

COM-MWS
2,710COL-MWS

2,520
COK-MWS
83

CO36-PZM008
248

@A

@A

Cell 2
Groundwater Naphthalene Distribution

Shallow Zone
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@A

@A

@A

@A

@A

CO27-PZM046
191,000

CO37-PZM038
13,900

CO38-PZM043
0.4

CO39-PZM042
1,290

CO41-PZM036
224,000

51,700

66,600

COR-MWI
252,000

COQ-MWI
116,000

COP-MWI
264,000

COV-MWI
361,000

CO28-PZM048*
219,000

Figure

³³
1 inc h = 100 fe e t
0 10050

Fe e t 14

Notes:
● COA W e lls Colle c te d
 M arc h 25-M arc h 26, 2019
 ● *M ost Re c e nt Sam ple
    2014-2016
 ● ̂M ost Re c e nt Sam ple
 2001-2004

● Supple m e ntal W e lls Colle c te d
 M ay 1-M ay 14, 2019
● Conc e ntrations are  in µg/L
● "ND" = Not De te c te d
● "NS" = Not Sam ple d

COO-MWI

CON-MWI

Cell 6
Cell 1

Cell 2 Supple m e ntal Inte rm e d iate
W e ll
Supple m e ntal Inte rm e d iate
W e ll (N APL  Obs e rve d  in
Boring)

@A COA Inte rm e d iate  W e ll

Benzene Distribution (µg/L)
N D - 10
>10 - 100
>100 - 1,000
>1,000 - 10,000
>10,000 - 100,000
>100,000

Interim Measures Cell

CO02-PZM041*
36.4

3,080
COK-MWI 18,800

COL-MWI
33,600
COM-MWI

@A
CO36-PZM043
22,200

Cell 2
Groundwater Benzene Distribution

Intermediate Zone



@A

@A

@A

@A

@A

@A

@A

CO27-PZM046
14,100

CO37-PZM038
1,370

CO38-PZM043
N D

CO39-PZM042
1,280

CO41-PZM036
382

3,370

8,570

COR-MWI
43,500

COQ-MWI
1,800

COP-MWI
947

COV-MWI
1,770

CO28-PZM048*
4,620

Figure

³³
1 inc h = 100 fe e t
0 10050

Fe e t

Notes:
● COA W e lls  Colle c te d
 Ma rc h 25-Ma rc h 26, 2019.
 Re porte d  via m e thod  8260.
 ● *Mos t Re c e nt Sa m ple
    2014-2016. Re porte d  via 
    m e thod  8260 or 8270.
 ● ̂Mos t Re c e nt Sa m ple
 2001-2004. Re porte d  via
 m e thod  8260 or 8270.

● Supple m e nta l W e lls  Colle c te d
 May 1-May 14, 2019.
 Re porte d  via m e thod  8270.
● Conc e ntrations  a re  in µg/L
● "N D" = N ot De te c te d
● "N S" = N ot Sa m ple d
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CON-MWI

COO-MWI

Cell 6
Cell 1

Cell 2

CO02-PZM041*
376

Supple m e ntal Inte rm e d iate
W e ll
Supple m e ntal Inte rm e d iate
W e ll (N APL  Obs e rve d  in
Boring)

@A COA Inte rm e d iate  W e ll

Naphthalene Distribution
(µg/L)
N D - 10
>10 - 100
>100 - 1,000
>1,000 - 10,000
>10,000

Interim Measures Cell

4,060
COM-MWI

2,050
COL-MWI

56.4
COK-MWI

@A
CO36-PZM043
745

Cell 2
Groundwater Naphthalene Distribution

Intermediate Zone



CO-049-PW-1
149
CO-049-PW-3
19,100

CO-048-PW-1
ND
CO-048-PW-3
ND

CO-069-PW-1
0.99 J
CO-069-PW-2
104

CO-070-PW-1
17,200
CO-070-PW-2
9,470

CO-053-PW-2
ND

CO-052-PW-1
ND
CO-052-PW-2
ND

CO-051-PW-1
ND

CO-056-PW-2
ND

CO-055-PW-1
ND
CO-055-PW-2
ND

CO-054-PW-1
ND
CO-054-PW-3
ND

CO-058-PW-1
0.8 J
CO-058-PW-2
ND

CO-057-PW-1
ND

CO-062-PW-1
ND

CO-061-PW-1
ND

CO-065-PW-1
ND
CO-065-PW-2
ND

CO-064-PW-3
ND

CO-063-PW-1
3.4
CO-063-PW-2
ND

CO-068-PW-1
ND
CO-068-PW-2
ND

CO-067-PW-1
ND
CO-067-PW-2
ND

CO-066-PW-1
0.78 J
CO-066-PW-2
0.62 J

Form e r Coke  O ve n Are a  - Ce ll 2
Pore  Wa te r Sa m ple  Loca tions

Be nze ne  Re su lts

Figure

³³
1 inch  = 80 fe e t

Pore  Wa te r Sa m ple

0 8040
Fe e t

Notes:
● Pore  Wa te r Colle cte d
   April 25-M a y 9, 2019
● Conce ntra tions in µg /L
● "ND" = Not De te cte d
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CO-049-PW-1
500
CO-049-PW-3
72,000

CO-048-PW-1
2.9
CO-048-PW-3
6,380

CO-069-PW-1
3.6
CO-069-PW-2
192

CO-070-PW-1
52,000
CO-070-PW-2
63,200

CO-053-PW-2
11.5

CO-052-PW-1
2
CO-052-PW-2
0.096 J

CO-051-PW-1
1.7

CO-056-PW-2
0.35

CO-055-PW-1
8.4
CO-055-PW-2
0.33

CO-054-PW-1
ND
CO-054-PW-3
ND

CO-058-PW-1
6.2
CO-058-PW-2
0.59

CO-057-PW-1
1.5

CO-062-PW-1
6.4

CO-061-PW-1
0.14 J

CO-065-PW-1
ND
CO-065-PW-2
ND

CO-064-PW-3
0.29

CO-063-PW-1
63.9
CO-063-PW-2
ND

CO-068-PW-2
ND

CO-067-PW-1
0.045 J
CO-067-PW-2
0.33

CO-066-PW-1
ND
CO-066-PW-2
ND

Form e r Coke  O ve n Are a  - Ce ll 2
Pore  Wa te r Sa m ple  Loca tions
Na ph th a le ne  Re su lts

Figure

³³
1 inch  = 80 fe e t

Pore  Wa te r Sa m ple

0 8040
Fe e t

Notes:
● Pore  Wa te r Colle cte d
 April 25-M a y 9, 2019
● Conce ntra tions in µg /L
● "ND" = Not De te cte d
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CO-048-SW-2
Benzene: 2.8
Naph th alene: 0.56
CO-048-SW-8
Benzene: 1
Naph th alene: 1.5

CO-069-SW-2
Benzene: ND
Naph th alene: 0.34
CO-069-SW-6
Benzene: 0.34 J
Naph th alene: 0.24

CO-070-SW-2
Benzene: ND
Naph th alene: 0.064 J
CO-070-SW-7.5
Benzene: ND
Naph th alene: 0.055 J

CO-049-SW-2
Benzene: ND
Naph th alene: 0.18
CO-049-SW-6
Benzene: 1.1
Naph th alene: 0.32

CO-047-SW-2
Benzene: 1.2
Naph th alene: 0.19

CO-072-SW-2
Benzene: ND
Naph th alene: 0.099 J

Form er Coke Oven Area - Cell 2
Surface Water Sam ple Locations
Benzene and Naph th alene R esults

Figure³ 0 8040 Feet³ 1 inch  = 80 feet
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Surface Water Sam ple Notes:
● Surface Water Collected
   July 16, 2019
● Concentrations are in µg/L
● "ND" = Not Detected
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@A

@A

@A

@A

@A

@A

COF-MWS
748 COG-MWS

47,300

COH-MWS
25,800

COI-MWS
145

COJ-MWS
1,440

COD-MWS
16,400

COA-MWS
34,100

COC-MWS
46,300

COE-MWS
4,700

COB-MWS
1,290

CO101-PZM
9.6

CO102-PZM
9,730

CO103-PZM
995

CO104-PZM
1.9 CO30-PZM015

51,000

CO32-PZM004*
0.35

TS06-PPM008*
7.3

CO130-WS25*
145

CO129-WS25*
10,300

SW17-PZM007^
20,000

Figure³ 0 12060 Fe e t³ 1 inc h = 120 fe e t
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Sup p le m e ntal Shallow W e ll
Sup p le m e ntal Shallow W e ll
(N APL Ob se rve d  in Boring)

@A COA Shallow W e ll
Benzene Distribution
(µg/L)

N D - 10
>10 - 100
>100 - 1,000
>1,000 - 10,000
>10,000 - 100,000
>100,000

Notes:
● COA W e lls Colle c te d
   March 28, 2019
   ● *Most Re c e nt Sam p le
      2014-2016
   ● ̂Most Re c e nt Sam p le
      2001-2004
● Sup p le m e ntal W e lls Colle c te d
   May 10-May 14, 2019
● Conc e ntrations are  in µg/L
● "N D" = N ot De te c te d
● "N S" = N ot Sam p le d

Cell 3
Groundwater Benzene Distribution

Shallow Zone



@A

@A

@A

@A
@A

@A

@A

@A

@A

@A

COF-MWS
4,650 COG-MWS

10,600

COH-MWS
2,350

COI-MWS
4,840

COJ-MWS
1,600

COD-MWS
3,400

COA-MWS
2,630

COC-MWS
5,530

COE-MWS
3,430

COB-MWS
4,400

CO101-PZM
N D

CO102-PZM
888

CO103-PZM
70.5

CO104-PZM
1.9 CO30-PZM015

2,710
CO32-PZM004*
N D

TS06-PPM008*
3.4

CO130-WS25*
1,150

CO129-WS25*
417

SW17-PZM007^
1,200

Figure³³ 1 inc h = 120 fe e t
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Sup p le m e ntal Shallow W e ll
Sup p le m e ntal Shallow W e ll
(N APL Ob se rve d  in Boring)

@A COA Shallow W e ll
Naphthalene Distribution
(µg/L)

N D - 10
>10 - 100
>100 - 1,000
>1,000 - 10,000
>10,000

Notes:
● COA W e lls Colle c te d
 March 28, 2019. Re p orte d
 via m e thod  8260.
 ● *Most Re c e nt Sam p le
    2014-2016. Re p orte d  via
    m e thod  8260 or 8270.
 ● ̂Most Re c e nt Sam p le
 2001-2004. Re p orte d  via
 m e thod  8260 or 8270.

● Sup p le m e ntal W e lls Colle c te d
 May 10-May 14, 2019.
 Re p orte d  via m e thod  8270.
● Conc e ntrations are  in µg/L
● "N D" = N ot De te c te d
● "N S" = N ot Sam p le d

0 12060 Fe e t

Cell 3
Groundwater Naphthalene Distribution 

Shallow Zone



CO-040-PW-1
Be nze ne : 9.9
N a ph th a le ne : 7,160
CO-040-PW-3
Be nze ne : 165
N a ph th a le ne : 17,900

CO-025-PW-1
Be nze ne : 19.4
N a ph th a le ne : 18,700

CO-016-PW-1
Be nze ne : N D

Form e r Coke  Ove n Are a  - Ce ll 3
P ore  Wa te r Sa m ple  Loca tions

Be nze ne  a nd N a ph th a le ne  Re sults
Figure³ 0 10050 Fe e t³ 1 inch  = 100 fe e t
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P ore  Wa te r Sa m ple ● Pore W a ter Collec ted
   Ma rc h 14-Ap ril 9, 2019
● Conc entra tions a re in µg/L
● "ND" = Not Detec ted
● CO-020-PW -1* d id  not ha ve
   a  30% d ifferenc e in sp ec ific
   c ond uc ta nc e a nd  ha d  signific a nt
   d ifferenc es in tem p ., ORP, a nd
   DO b etween p ore wa ter a nd
   surfa c e wa ter

CO-020-PW-1*
Benzene: 1,990
Na p htha lene: 176

Notes:



SW-22-2
Be nze ne : 2.4
Na phtha le ne : 0.12

SW-21-2
Be nze ne : 5.6
Na phtha le ne : 0.41

SW-20-2
Be nze ne : 19.2
Na phtha le ne : 1.2
SW-20-4.5
Be nze ne : 25.5
Na phtha le ne : 1.5 SW-25-2

Be nze ne : 27.3
Na phtha le ne : 3.4
SW-25-4
Be nze ne : 10.1
Na phtha le ne : 0.78

SW-27-1
Be nze ne : 736
Na phtha le ne : 18.5

SW-19-1
Be nze ne : 7.8
Na phtha le ne : 0.46

SW-26-1
Be nze ne : 373
Na phtha le ne : 4.4

SW-28-1
Be nze ne : 50.9
Na phtha le ne : 1.7

SW-29-2
Be nze ne : 142
Na phtha le ne : 4.3

SW-18-2
Be nze ne : 91.4
Na phtha le ne : 4

SW-17-2
Be nze ne : 75.6
Na phtha le ne : 4.1

SW-16-2
Be nze ne : 99.1
Na phtha le ne : 5.3
SW-16-4
Be nze ne : 67.7
Na phtha le ne : 3.1

SW-23-2
Be nze ne : 2.5
Na phtha le ne : 0.084 J
SW-23-8.5
Be nze ne : ND
Na phtha le ne : ND

SW-24-2
Be nze ne : 1.5
Na phtha le ne : 0.12
SW-24-7
Be nze ne : 36.3
Na phtha le ne : 0.72

SW-30-2
Be nze ne : 11.6
Na phtha le ne : 0.36
SW-30-6.5
Be nze ne : 1.8
Na phtha le ne : 0.06 J

SW-33-2
Be nze ne : 3.1
Na phtha le ne : 0.40
SW-33-6
Be nze ne : 1
Na phtha le ne : 0.054 J

SW-31-2
Be nze ne : 6.4
Na phtha le ne : 0.45
SW-31-4.5
Be nze ne : 11.6
Na phtha le ne : 0.35

SW-32-2
Be nze ne : 26.8
Na phtha le ne : 0.38
SW-32-5
Be nze ne : 8.5
Na phtha le ne : 0.20

SW-15-2
Be nze ne : 158
Na phtha le ne : 7
SW-15-4
Be nze ne : 64.5
Na phtha le ne : 2.7SW-14-2

Be nze ne : 121
Na phtha le ne : 8.8
SW-14-4
Be nze ne : 46.5
Na phtha le ne : 2.3

Form e r Coke  O ve n Are a  - Ce ll 3
Surfa ce  Wate r Sa m ple  Locations
Be nze ne  a nd  Na phtha le ne  Re s ults

Figure³ 0 8040 Fe e t³ 1 inch = 80 fe e t
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Notes:
● Surfa ce  Wate r Colle cte d
 M a rch 13-M a rch 19, 2019
● Conce ntra tions  a re  in µg /L
● "ND" = Not Detecte d

Surfa ce  Wate r Sa m ple



@A

@A

@A

@A
@A

@A

@A

@A

@A

@A

@A@A
@A

@A

@A

@A @A

CO23-PZM008
2,760

CO26-PZM007
961

CO24-PZM007
2,190

CO55-PZM000
8.9

CO56-PZP001
2,400

CO57-PZP002
N D

CO58-PZM001
701

CO59-PZP002
N D

CO60-PZP001
1,540

COAA-MWS
8,650

COBB-MWS
9,040

CODD-MWS
14,800

COFF-MWS
2,490

COGG-MWS
2,120

COCC-MWS
9,110

CP02-PZM007
N D CP21-PZM004

10.5

CO08-PZM005*
257

CO118-PZM007*
33,200

CO120-PZM009*
13,000

CO13-PZM008*
1,830

CO20-PZM004*
231

CO10-PZM006*
1.9

CO09-PZM007*
810

CO25-PZM008*
3,710

CO11-PZM007^
2.1

CO32-PZM004*
N D

CO35-PZM013*
210

SW18-PZM008^
890

TS08-PPM007^
340

CO12-PZM008^
2,300

Figure³ 0 300150 Fe e t³ 1 inch = 300 fe e t
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Supple m e ntal Shallow We ll
@A COA Shallow We ll
Naphthalene Distribution
(µg/L)

N D - 10
>10 - 100
>100 - 1,000
>1,000 - 10,000
>10,000

Notes:
● COA We lls  Colle cte d
 March 27, 2019. Re porte d
 via m e thod  8260.
 ● *Mos t Rece nt Sam ple
    2014-2015. Re porte d  via
    m e thod  8260 or 8270.
 ● ̂Mos t Rece nt Sam ple
 2001-2006. Re porte d  via
 m e thod  8260 or 8270.

● Supple m e ntal We lls  Colle cte d
 May 9-May 14, 2019.
 Re porte d  via m e thod  8270.
● Conce ntrations  are  in µg /L
● "N D" = N ot Detecte d
● "N S" = N ot Sam ple d

Cell 5
Groundwater Naphthalene Distribution 

Shallow Zone



CO-098-PW-1
Nap hthale ne : 352

CO-095-PW-1
Nap hthale ne : 0.14
CO-095-PW-2
Nap hthale ne : 30.4

CO-086-PW-1
Nap hthale ne : 0.33

CO-080-PW-1
Nap hthale ne : 0.41

CO-073-PW-1
Nap hthale ne : 1,530

CO-074-PW-1
Nap hthale ne : 9,230
CO-074-PW-2
Nap hthale ne : 8,880

Form e r Coke  Ove n Are a - Ce ll5
Pore  W ate r Sam p le  Locations
Nap hthale ne  Re sults

Figure³ 0 17085 Fe e t³ 1 inc h = 170 fe e t
24
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Notes:
● Pore  W ate r Colle c te d
 Ap ril 10-Ap ril 23, 2019
● Conc e ntrations are  in µg/L
● "ND" = Not De te c te d

Pore  W ate r Sam p le

CO-079-PW-1
Nap hthale ne : 3,680



CO-098-SW-2
Naph th alene: ND
CO-098-SW-4
Naph th alene: 0.11

CO-093-SW-2
Naph th alene: 0.045 J

CO-090-SW-2
Naph th alene: 0.31

CO-087-SW-2
Naph th alene: 0.25

CO-084-SW-2
Naph th alene: 0.59

CO-081-SW-2
Naph th alene: 0.3

CO-075-SW-2
Naph th alene: 0.45
CO-075-SW-5
Naph th alene: 0.67

CO-074-SW-2
Naph th alene: 0.051 J
CO-074-SW-9
Naph th alene: 0.058 J

CO-099-SW-1
Naph th alene: 0.065 J

CO-073-SW-2
Naph th alene: 0.5
CO-073-SW-5
Naph th alene: 1.1

Form er Coke Oven Area - Cell 5
S urface Water S am ple Locations

Naph thalene Results
Figure³ 0 17085 Feet³ 1 inch = 170 feet
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S urface Water S am ple Notes:
● S urface Water Collected
 July 9-16, 2019
● Concentrations are in µg /L
● "ND" = Not Detected

CO-079-SW-2
Na phtha lene: ND
CO-079-SW-8.5
Na phtha lene: 0.064 J
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@A @A

COG-MWS

COI-MWS

CO44-PZM048

COF-MWS COH-MWS COJ-MWS

COO-MWI

COD-MWS

COA-MWS

CON-MWI

COM-MWI

COK-MWI

COQ-MWI

COP-MWI

COV-MWI

COW-MWS

COY-MWS

COAA-MWS

COFF-MWS

COGG-MWS

COCC-MWS

CO71-PZM006

CO171-SB031
CO124-PZM

CO123-PZM

CO125-PZM

CO173-SB036

CO133-SB026

CO123-SB072

CO124-SB073

CO127-SB036

CO121-SB075

CO136-SB027

SW17-PZM113

CO11-PZM007

CO10-PZM090

CO26-PZM032

CO35-PZM056

CO30-PZM060

COC-MWS
AS-8

CO27-PZM122
CO46-PZM047

CO33-PZM141

CO43-PZM048

CO45-PZM047

CO47-PZM046

CO48-PZM044

BH-SED-01

BH-SED-02

BH-SED-05

BH-SED-13A

¬«D

¬«A

¬«B

¬«E

¬«C

¬«F¬«D'

¬«A'

¬«B'

¬«E'

¬«C'

¬«F'

Former Coke Oven Area
Cross Section Overview

Sample Locations

Figure³ 0 500250 Feet³ 1 inch = 500 feet
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Supplemental Shallow Well
Supplemental Intermediate Well

@A Existing Shallow Well
@A Historical Shallow Well
@A Existing Intermediate/Lower Well

@A Historical Intermediate/Lower Well
@A Shallow Extraction Well
@A Intermediate Extraction
!? Soil Boring
@A Air Sparge

Pore Water Sample
EA Offshore Sample
Cross Section Line
Property Boundary
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20 20

10 10

0 0

-10 -10

-20 -20

-30 -30

-40 -40

-50 -50

-60 -60

-70 -70

-80 -80

-90 -90

-100 -100

-110 -110

-120 -120

-130 -130

-140 -140

-150 -150

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600

E
L

E
V

A
T

IO
N

 (
fe

et
)

DISTANCE (feet)

CON-MWS/I CO123-SB072 COK-MWS/I COM-MWS/I CO133-SB026 CO121-SB075 CO136-SB027

Seawall

Slag

Sand

Silt/Clay

LEGEND

02-24-2020  P:\EnviroAnalytics Group\190342M COA Onshore Supplemental Investigation\Documents\COA Cross Sections\XSection Bor Logs\QuickCross\A-A' Rev 1.cro

CO43-PZM048 CO44-PZM047 CO45-PZM047 CO47-PZM046 CO48-PZM044

(extraction well) (extraction well) (extraction well) (extraction well) (extraction well)

BH-SED-02

-046 (interm.)

CO27-PZM well cluster:
-012 (shallow)

-122 (deep)

ARM Project 190342M
Sparrows Point, MD
Tradepoint Atlantic

Figure 27

(Revision 1)
Cross-Section A-A'

- B: Benzene concentration in micrograms per liter

NOTES:

- Groundwater levels measured July 15-16, 2019.

- Cross-section is vertically exaggerated.

- N: Naphthalene concentration in micrograms per liter.
Sample collection date is March/May 2019 unless otherwise noted.

- U=Non-detect qualifier

Shallow Well Groundwater Elevation

Groundwater Flow Direction

Facility at Sparrows Point; EA, 2009)
for Proposed Coke Point Dredged Material Containment
NAPL Observation (offshore sample from Site Assessment

Intermediate Well Groundwater Elevation

Pore Water
Sampling Location

B: 33,400
N: 2,700

B: 51,700
N: 3,370

B: 7,420
N: 83

B: 3,080
N: 56.4

B: 3,630
N: 316

B: 2,390
N: 2,710

B: 33,600
N: 4,060

B: 3.2
N: 10 U

B: 2,350
N: 12.2

B: 1 U
N: 2.7

B: 609
N: 13.5 B: 15,900

N: 959

B: 191,000
N: 14,100

B: 15,200
N: 1,470
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B (north) B' (south)
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CO46-PZM047

COP-MWI COQ-MWI COV-MWI COW-MWS CO33-PZM141 COY-MWS

Graving Dock

Seawall
Coal Slip

(extraction well)

Slag

Sand

Silt/Clay

LEGEND

Underdrain System

BH-SED-01

- B: Benzene concentration in micrograms per liter

NOTES:

- Groundwater levels measured July 15-16, 2019.

- Cross-section is vertically exaggerated.

- N: Naphthalene concentration in micrograms per liter.
Sample collection date is March/May 2019 unless otherwise noted.

- U=Non-detect qualifier

Shallow Well Groundwater Elevation

Groundwater Flow Direction

Facility at Sparrows Point; EA, 2009)
for Proposed Coke Point Dredged Material Containment
NAPL Observation (offshore sample from Site Assessment

Intermediate Well Groundwater Elevation

-046 (interm.)

CO27-PZM well cluster:
-012 (shallow)

-122 (deep)

Pore Water Sampling

Location (~30 ft spacing)

ARM Project 190342M
Sparrows Point, MD
Tradepoint Atlantic

Figure 28

(Revision 1)
Cross-Section B-B'

B: 3,630
N: 316

B: 191,000
N: 14,100

B: 148,000
N: 604

B: 264,000
N: 947

B: 116,000
N: 1,800

B: 361,000
N: 1,770

B: 210,000
N: 895 B: 117,000

N: 271

(July 2004)

B: 53
N: 11 U

(July 2004)

B: 3.2
N: 10 U
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C (north) C' (south)
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CO124-SB073
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COC-MWS

AS-8 Sparge Well

F0

Cove

Coal SlipGraving Dock
Sea Wall

ARM Project 190342M
Sparrows Point, MD
Tradepoint Atlantic

Figure 29

(Revision 1)
Cross-Section C-C'

Slag

Sand

Silt/Clay

LEGEND

System

BH-SED-05

Underdrain

- B: Benzene concentration in micrograms per liter

NOTES:

- Groundwater levels measured July 15-17, 2019.

- Cross-section is vertically exaggerated.

- N: Naphthalene concentration in micrograms per liter.
Sample collection date is March/May 2019 unless otherwise noted.

- U=Non-detect qualifier

Shallow Well Groundwater Elevation

Groundwater Flow Direction

Facility at Sparrows Point; EA, 2009)
for Proposed Coke Point Dredged Material Containment
NAPL Observation (offshore sample from Site Assessment

Pore Water Sampling

Location (~30 ft spacing)

-060 (interm.)

CO30-PZM well pair:
-015 (shallow)-038 (interm.)

SW17-PZM well cluster:
-007 (shallow)

-113 (deep)

Pore water
sampling locations

Intermediate Well Groundwater Elevation

B: 33,400
N: 2,700

B: 51,700
N: 3,370

B: 38,400
N: 2,700

B: 66,600
N: 8,570

(July 2004)

B: 20,000
N: 1,200

(July 2004)

B: 54,000
N: 30

B: 34,100
N: 2,630

B: 46,300
N: 5,530

B: 51,000
N: 2,710

(Dec. 2019)

B: 49.8
N: 2 U

(July 2004)

B: 2.6
N: 10 U
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D (west) D' (east)
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ARM Project 190342M
Sparrows Point, MD
Tradepoint Atlantic

Figure 30

(Revision 1)
Cross-Section D-D'

LEGEND

Slag

Sand

Silt/Clay

Sparge Zone

Shallow Well Groundwater Elevation

- B: Benzene concentration in micrograms per liter

Intermediate Well Groundwater Elevation

NOTES:

- Groundwater levels measured 7/17/2019.

- Cross-section is vertically exaggerated.

- N: Naphthalene concentration in micrograms per liter.
Sample collection date is March/May 2019 unless otherwise noted.

- U=Non-detect qualifier

-060 (interm.)

CO30-PZM well pair:
-015 (shallow)

B: 748
N: 4,650

B: 47,300
N: 10,600

N: 2,710
B: 51,000

N: 2,350
B: 25,800

B: 145
N: 4,840

B: 1,440
N: 1,600

(Dec. 2019)

B: 49.8
N: 2 U
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E (north) E' (south)
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-006 (shallow)
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-090 (deep) COAA-MWS

COCC-MWS
-032 (interm.)

COFF-MWS
COGG-MWS

ARM Project 190342M
Sparrows Point, MD
Tradepoint Atlantic

Figure 31

(Revision 1)
Cross-Section E-E'

Slag

Sand

Silt/Clay

LEGEND
Shallow Well Groundwater Elevation

NOTES:

- Groundwater levels measured 7/17/2019.

- Cross-section is vertically exaggerated.

- N: Naphthalene concentration in micrograms per liter.
Sample collection date is March/May 2019 unless otherwise noted.

CO26-PZM well pair:
-007 (shallow)

-056 (interm.)

CO35-PZM well pair:
-013 (shallow)

N: 11 U
(July 2004)

N: 280
(July 2004)

N: 19
(June 2015) N: 8,650 N: 9,110

N: 961

N: 48.6
(Dec. 2019)

N: 2,490 N: 2,120 N: 481
(Oct. 2019)

N: 6.6
(June 2015)

- U=Non-detect qualifier
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F (west) F' (east)
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Sparrows Point, MD
Tradepoint Atlantic

Figure 32

(Revision 1)
Cross-Section F-F'

Shallow Well Groundwater Elevation

Pore Water Sampling

Location (~30 ft spacing)

Groundwater Flow Direction

-032 (interm.)

CO26-PZM well pair:
-007 (shallow)

Pore water sampling locations

NOTES:

- Groundwater levels measured 7/17/2019.

- Cross-section is vertically exaggerated.

- N: Naphthalene concentration in micrograms per liter.
Sample collection date is March/May 2019 unless otherwise noted.

Facility at Sparrows Point; EA, 2009)
for Proposed Coke Point Dredged Material Containment
NAPL Observation (offshore sample from Site Assessment

(Dec. 2001)
N: 2.1

N: 719

N: 961

N: 48.6
(Dec. 2019)
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Notes:
● COA Wells M ea sured  on
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● CPLF Wells M ea sured  on
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● Potentiom etric  surfa c e d eterm ined
   from  CPLF well m ea surem ents is
   typ ic a lly fla t a nd  therefore not
   inc lud ed  in genera tion of c ontours
   



@A

@A

@A

@A

@A

@A

@A 1

-1

CON-MWI
0.45'

COO-MWI
0.48'

COR-MWI
0.6'

COQ-MWI
-0.13'

COP-MWI
-0.82'

COV-MWI
0.18'

CO38-PZM043
-0.17'

CO39-PZM042
-0.1'

CO28-PZM048
1.1'

Figure

³³
1 inch = 100 feet

0 10050
Feet 34

@A @A
@A

@A
@A

@A

@A @A @A
@A

@A

@A
Notes:
● Synopotic Round on
 July 15-16, 2019

● "NM" = Not Measured
● CO02-PZM041* Not
 Included in contours
 because TOC outdated

Cell 6Cell 1

Cell 2

Supplemental Intermediate
Well

@A Existing Intermediate Well

@A Re-injection Well

@A Extraction Well

Groundwater Elevation
Contour (1 ft)

Interim Measures Cell

CO02-PZM041*
-2.08'

0

CO41-PZM036
0.2'

COK-MWI
-1.75' CO27-PZM046

-1.81'

COL-MWI
-1.47'

COM-MWI
-1.82'

CO37-PZM038
0.05'

@A

CO36-PZM043
-0.26'

Cell 2
Groundwater Elevation Contour Map

Intermediate Zone



@A

@A

@A
@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A @A

@A
@A @A

@A

@A

@A

@A

@A

@A

@A

@A

@A
@A

@A

@A
@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A

@A @A
@A @A

@A

@A

@A

@A

@A

@A

@A

@A

!? !?!?
!?!? !?
!?

CO04-PZM004
660

CO21-PZM005
0.46

SW18-PZM008
110

CO06-PZM008
Non-Detect

CO11-PZM007
4.4

CO22-PZM005
560

SW17-PZM007
20,000

TS05-PPM007
360

CO17-PZM005
28,000

CO12-PZM008
590

TS08-PPM007
Not Sampled

CO03-PZM005
Non-Detect

CO07-PZM008
27,000

CO112-PZM
12,300

CO121-PZM
1,970

CO16-PZM006
119,000

CO19-PZM004
409

CO25-PZM008
1,210

CO28-PZM010
20,900

CO29-PZM010
15.1

CO35-PZM013
109

CO37-PZM003
22,100

CO88-PZM
166,000

TS06-PPM008
7.3

SW-030-MWS
Non-Detect

SW13-PZM003
20.4

SW14-PZM004
Non-Detect

CO05-PZM006
1,850

CO08-PZM005
15,000

CO09-PZM007
358

CO10-PZM006
0.32

CO20-PZM004
70.9

CO32-PZM004
0.35

B18-007-PZ
67.2

B18-046-PZ
Non-Detect

B18-061-PZ
Non-Detect

B18-074-PZ
2.8B18-076-PZ

Non-Detect
B18-075-PZ
Non-Detect

CO15-PZM005
169,000

CO129-WS25
10,300

CO130-WS25
145

CO13-PZM008
332

CO118-PZM007
2,310CO120-PZM009

1,750

CP02-PZM007
Non-Detect

CP05-PZM008
5.1

CP07-PZM006
410 CP08-PZM008

21,100

CP09-PZM010
Non-Detect

CP10-PZM008
7.9

CP11-PZM010
9.3

CP12-PZM012
17

CP14-PZM009
85

CP15-PZM020
3.3

CP16-PZM008
107

CP18-PZM009
669

CP19-PZM008
1,950

CP20-PZM011
7.7

CP21-PZM004
4.3

CO02-PZM006
127,000

CO101-PZM
9.6

CO102-PZM
9,730

CO103-PZM
995

CO104-PZM
1.9

CO18-PZM006
338,000

CO23-PZM008
460

CO24-PZM007
1.5

CO26-PZM007
98.2

CO27-PZM012
3,630

CO30-PZM015
51,000

CO36-PZM008
5,380

CO38-PZM006
4,660

CO39-PZM007
282

CO40-PZM008
40.5

CO41-PZM001
1.7

CO42-PZM004
1.1

CO55-PZM000
6

CO56-PZP001
246

CO57-PZP002
Non-Detect

CO58-PZM001
114CO59-PZP002

Non-Detect

CO60-PZP001
197

CO93-PZM
162,000

CON-MWS
33,400

COF-MWS
748

COG-MWS
47,300

COH-MWS
25,800

COI-MWS
145

COJ-MWS
1,440

COD-MWS
16,400

COA-MWS
34,100

COC-MWS
46,300

COAA-MWS
Not Sampled

COBB-MWS
Not Sampled

CODD-MWS
Not Sampled COFF-MWS

Not Sampled

COGG-MWS
Not Sampled

COL-MWS
16,100

COM-MWS
2,390COK-MWS

7,420

COE-MWS
4,700

COB-MWS
1,290 COCC-MWS

Not Sampled

COS-MWS
11,100

COT-MWS
337,000

COW-MWS
210,000

COY-MWS
117,000

COX-MWS
148,000

COZ-MWS
57,700

COU-MWS
514,000

COO-MWS
38,400

Parcel B12

Parcel B11

Parcel B10

Parcel B13

Parcel B18

Parcel B4

Parcel B5

Cell 6

Cell 1

Cell 5

Cell 2

Cell 3

MD iMAP, USDA

1 inch = 200 feet
0 400200

Feet³

Coke Point Peninsula
Groundwater Benzene Distribution

Shallow Zone 35Figure

Date: 4/14/2020

@A

@A Sha llow Well
!? DNAPL Rec overy Well
NAPL Rec overy Area
Interim  M ea sures Cell
Pa rc el Bound a ry

Benzene (ug/L)
ND - 10
>10 - 100
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>1,000 - 10,000
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>100,000

Notes:
● COA Wells Collec ted
   M a rc h 25-M a rc h 28, 2019
   ● 
   ● 
● Supplem enta l Wells Collec ted
   M a y 1-M a y 14, 2019
● CPLF Wells Collec ted
   M a y 15-M a y 29, 2019
   

M ost Rec ent Sa m ple 2001-2006
M ost Rec ent Sa m ple 2014-2016
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Table 1
Cells 1, 2 and 6

Groundwater Elevations

Well Name
Measurement 

Date
DTW (ft) TOC Elev (ft) GW Elev (ft) Well Name

Measurement 
Date

DTW (ft) TOC Elev (ft) GW Elev (ft)

CO02-PZM006 9/25/2019 14.80 15.71 0.91 CO100-PZM 9/25/2019 10.38 12.27 1.89
CO02-PZM041 7/16/2019 15.96 13.88* -2.08* CO121-PZM 9/25/2019 10.93 11.87 0.94
CO03-PZM005 9/25/2019 6.93 13.53 6.6 COK-MWS 9/25/2019 6.06 6.62 0.56
CO16-PZM006 9/25/2019 11.71 12.88 1.17 COK-MWI 7/15/2019 8.58 6.83 -1.75
CO18-PZM006 9/25/2019 12.15 13.57 1.42 COL-MWS 9/25/2019 6.82 7.38 0.56
CO19-PZM004 9/26/2019 10.95 13.27 2.32 COL-MWI 7/15/2019 9.03 7.56 -1.47
CO27-PZM012 9/25/2019 4.50 5.12 0.62 COM-MWS 9/25/2019 7.30 8.11 0.81
CO27-PZM046 7/15/2019 6.98 5.17 -1.81 COM-MWI 7/15/2019 9.25 7.43 -1.82
CO28-PZM010 9/25/2019 11.70 12.34 0.64 CON-MWS 9/25/2019 11.49 12.01 0.52
CO28-PZM048 7/16/2019 11.59 12.69 1.10 CON-MWI 7/15/2019 11.54 11.99 0.45
CO36-PZM008 9/25/2019 6.47 6.94 0.47 COO-MWS 9/25/2019 12.16 12.70 0.54
CO36-PZM043 7/15/2019 7.18 6.92 -0.26 COO-MWI 7/15/2019 12.20 12.68 0.48
CO37-PZM038 7/15/2019 12.07 12.12 0.05 COP-MWI 7/15/2019 8.35 7.53 -0.82
CO38-PZM006 9/25/2019 6.06 6.75 0.69 COQ-MWI 7/15/2019 6.55 6.42 -0.13
CO38-PZM043 7/15/2019 6.82 6.65 -0.17 COR-MWI 7/15/2019 11.05 11.65 0.60
CO39-PZM007 9/25/2019 6.90 7.75 0.85 COS-MWS 9/25/2019 13.86 14.43 0.57
CO39-PZM042 7/15/2019 8.01 7.91 -0.10 COT-MWS 9/25/2019 10.76 11.74 0.98
CO40-PZM008 9/25/2019 6.60 7.47 0.87 COU-MWS 9/25/2019 13.26 14.48 1.22
CO41-PZM001 9/25/2019 12.45 13.57 1.12 COV-MWI 7/15/2019 12.02 12.20 0.18
CO41-PZM036 7/15/2019 13.40 13.60 0.20 COW-MWS 9/25/2019 12.90 13.97 1.07
CO42-PZM004 9/25/2019 8.55 10.83 2.28 COX-MWS 9/25/2019 14.26 15.45 1.19
CO88-PZM 9/25/2019 13.03 14.07 1.04 COY-MWS 9/25/2019 12.41 13.48 1.07
CO93-PZM 9/25/2019 10.70 12.12 1.42 COZ-MWS 9/25/2019 13.50 14.70 1.20

*Note: TOC Elevation for CO02-PZM041 is likely incorrect.
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Table 2
Pore Water Sampling Locations

Descriptions and Notes
 Coke Oven Area: Cell 2

Northing Easting
CO-046-PW - 563037.4667 1454208.472 Could not sample this location due to hard bottom
CO-047-PW - 563035.7934 1454248.437 Could not sample this location due to hard bottom

CO-048-PW-1 9 inches 563115.2998 1454165.659
CO-048-PW-3 3 feet 563115.2998 1454165.659
CO-049-PW-1 9 inches 563133.6603 1454201.504
CO-049-PW-3 3 feet 563133.6603 1454201.504
CO-050-PW - 563133.874 1454253.466 Cannot sample this location due to hard bottom

CO-051-PW-1 9 inches 563361.1131 1454614.597
3 foot sample was not collected due to low permeability 

of substrate; screen filter is covered in black mud with no 
petroleum odor

CO-052-PW-1 9 inches 563328.1399 1454612.062
Screen filter is covered in black mud with no petroleum 

odor

CO-052-PW-2 2 feet 563328.1399 1454612.062
Screen filter is covered in black mud with no petroleum 

odor

CO-053-PW-2 2 feet 563287.0226 1454631.006
9 inch sample was not collected due to low permeability 

of substrate; screen filter is covered in black mud with no 
petroleum odor

CO-054-PW-1 9 inches 563380.1098 1454709.354
Screen filter is covered in black mud with no petroleum 

odor

CO-054-PW-3 3 feet 563380.1098 1454709.354
Screen filter is covered in black mud with no petroleum 

odor

CO-055-PW-1 9 inches 563333.9165 1454724.699
Screen filter is covered in black mud with no petroleum 

odor

CO-055-PW-2 2 feet 563333.9165 1454724.699
Screen filter is covered in black mud with no petroleum 

odor

CO-056-PW-2 2 feet 563290.0779 1454710.743
9 inch sample was not collected due to low permeability 

of the substrate; screen filter is covered in black mud with 
no petroleum odor

Photo: 5

Sample Depth
Sampling Coordinates

Description/Notes
Picture (in 

Appendix E)

ARM Project No. 190342M Page 1 of 3 June 29, 2019



Table 2
Pore Water Sampling Locations

Descriptions and Notes
 Coke Oven Area: Cell 2

Northing Easting

Sample Depth
Sampling Coordinates

Description/Notes
Picture (in 

Appendix E)

CO-057-PW-1 9 inches 563401.094 1454768.381
3 foot sample was not collected due to low permeability 

of the substrate; screen filter is covered in black mud with 
no petroleum odor

CO-058-PW-1 9 inches 563346.5461 1454802.23
Screen filter is covered in black mud with no petroleum 

odor

CO-058-PW-2 2 feet 563346.5461 1454802.23
Screen filter is covered in black mud with no petroleum 

odor

CO-059-PW - 563300.4633 1454811.622
Could not sample this location due to low permeability of 
the substrate; screen filter is covered in black mud with 

no petroleum odor
Photo: 6

CO-060-PW - 563400.204 1454901.352
Could not sample this location due to low permeability of 
the substrate; screen filter is covered in black mud with 

no petroleum odor

CO-061-PW-1 9 inches 563355.5803 1454917.679
3 foot sample was not collected due to low permeability 

of substrate; screen filter is covered in black mud with no 
petroleum odor

Photo: 7

CO-062-PW-1 9 inches 563309.9829 1454887.332
3 foot sample was not collected due to low permeability 

of substrate; screen filter is covered in black mud with no 
petroleum odor

Photo: 8

CO-063-PW-1 9 inches 563422.9763 1454987.356
Screen filter is covered in black mud with no petroleum 

odor

CO-063-PW-2 2 feet 563422.9763 1454987.356
Screen filter is covered in black mud with no petroleum 

odor

CO-064-PW-3 3 feet 563367.3641 1455002.893
9 inch sample was not collected due to low permeability 

of substrate; screen filter is covered in black mud with no 
petroleum odor

CO-065-PW-1 9 inches 563321.8146 1455011.101
Screen filter is covered in black mud with no petroleum 

odor
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Table 2
Pore Water Sampling Locations

Descriptions and Notes
 Coke Oven Area: Cell 2

Northing Easting

Sample Depth
Sampling Coordinates

Description/Notes
Picture (in 

Appendix E)

CO-065-PW-2 2 feet 563321.8146 1455011.101
Screen filter is covered in black mud with no petroleum 

odor

CO-066-PW-1 9 inches 563418.8298 1455102.179
Screen filter is covered in black mud with no petroleum 

odor

CO-066-PW-2 2 feet 563418.8298 1455102.179
Screen filter is covered in black mud with no petroleum 

odor

CO-067-PW-1
9 inches

563368.6234 1455077.557
Screen filter is covered in black mud with no petroleum 

odor

CO-067-PW-2
2 feet

563368.6234 1455077.557
Screen filter is covered in black mud with no petroleum 

odor

CO-068-PW-2 2 feet 563332.4074 1455109.412
9 inch sample was not collected due to low permeability 

of substrate; screen filter is covered in black mud with no 
petroleum odor

Photo: 9

CO-069-PW-1 9 inches 563049.7789 1454128.916
CO-069-PW-2 2 feet 563049.7789 1454128.916
CO-070-PW-1 9 inches 562946.0499 1454147.482
CO-070-PW-2 2 feet 562946.0499 1454147.482
CO-071-PW - 562941.8181 1454194.334 Could not sample this location due to hard bottom
CO-072-PW - 562940.4391 1454234.31 Could not sample this location due to hard bottom
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Table 3
Cell 3 Groundwater Elevations

Well Name
Measurement 

Date
DTW (ft) TOC Elev (ft) GW Elev (ft)

CO30-PZM015 9/25/2019 11.87 12.3 0.43
CO30-PZM060 7/17/2019 13.09 13.29 0.20
CO101-PZM 9/25/2019 11.90 12.39 0.49
CO102-PZM 9/25/2019 12.40 12.88 0.48
CO103-PZM 9/25/2019 13.02 13.48 0.46
CO104-PZM 9/25/2019 12.92 13.29 0.37
COA-MWS 9/25/2019 15.14 15.63 0.49
COB-MWS 9/25/2019 13.86 14.23 0.37
COC-MWS 9/25/2019 13.94 14.32 0.38
COD-MWS 9/25/2019 13.29 13.74 0.45
COE-MWS 9/25/2019 13.39 13.98 0.59
COF-MWS 9/25/2019 14.13 14.51 0.38
COG-MWS 9/25/2019 13.30 13.77 0.47
COH-MWS 9/25/2019 13.39 13.76 0.37
COI-MWS 9/25/2019 12.89 13.30 0.41
COJ-MWS 9/25/2019 13.34 13.86 0.52
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Table 4

Pore Water Sampling Locations

Descriptions and Notes

 Coke Oven Area: Cell 3

Northing Easting

CO-016-PW-1 9 inches 561553.5854 1454927.706

Screen filter is covered in black mud with petroleum 

odor; 3 foot sample was not collected due to low 

permeability of substrate

Photo: 1

CO-017-PW - 561589.8535 1454935.465 Could not sample this location due to hard bottom

CO-018-PW - 561619.6198 1454931.728 Could not sample this location due to hard bottom

CO-019-PW - 561571.7742 1454723.153 Could not sample this location due to hard bottom

CO-020-PW-1 9 inches 561559.2165 1454610.617

Pore water and surface water specific conductance did 

not have a 30% difference and had significant 

differences in temp., ORP and DO; 3 foot sample could 

not be collected due to hard bottom

CO-021-PW - 561589.0102 1454607.104 Could not sample this location due to hard bottom

CO-022-PW - 561588.1813 1454827.463 Could not sample this location due to hard bottom

CO-025-PW-1 9 inches 561527.9356 1454615.503

Screen filter is covered in black mud with petroleum 

odor; 3 foot sample could not be collected due to low 

permeability of the substrate

Photo: 2

CO-026-PW - 561542.1386 1454727.814 Could not sample this location due to hard bottom

CO-027-PW - 561601.4099 1454718.491 Could not sample this location due to hard bottom

CO-028-PW - 561617.8169 1454822.801 Could not sample this location due to hard bottom

CO-029-PW - 561558.5456 1454832.124 Could not sample this location due to hard bottom

CO-034-PW - 561618.8039 1454603.592 Could not sample this location due to hard bottom

CO-035-PW - 561631.0455 1454713.83 Could not sample this location due to hard bottom

CO-036-PW - 561647.4526 1454818.14 Could not sample this location due to hard bottom

CO-037-PW - 561649.3861 1454927.99 Could not sample this location due to hard bottom

CO-038-PW - 561620.9393 1454383.395 Could not sample this location due to hard bottom

CO-039-PW - 561591.2518 1454379.076 Could not sample this location due to hard bottom

CO-040-PW-1 9 inches 561567.131 1454356.522 Screen filter is covered in black mud Photo: 3

Sampling Coordinates
DepthSample Description/Notes

Picture (in 

Appendix E)
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Table 4

Pore Water Sampling Locations

Descriptions and Notes

 Coke Oven Area: Cell 3

Northing Easting

Sampling Coordinates
DepthSample Description/Notes

Picture (in 

Appendix E)

CO-040-PW-3 3 feet 561567.131 1454356.522 Screen filter is covered in black mud 

CO-041-PW - 561531.8769 1454370.438

Could not sample this location due to low permeability 

of the substrate; screen filter is covered in black mud 

with petroleum odor

CO-042-PW - 561605.4205 1454490.065 Could not sample this location due to hard bottom

CO-043-PW - 561575.4205 1454490.065 Could not sample this location due to hard bottom

CO-044-PW - 561545.4205 1454490.065 Could not sample this location due to low permeability 

of the substrate; screen filter is covered in black mud 

CO-045-PW - 561515.4205 1454490.065

Could not sample this location due to low permeability 

of the substrate; screen filter is covered in black mud 

with petroleum odor

Photo: 4
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Table 5
Cell 5 Groundwater Elevations

Well Name
Measurement 

Date
DTW (ft) TOC Elev (ft) GW Elev (ft)

CO23-PZM008 9/25/2019 14.79 15.74 0.95
CO24-PZM007 9/25/2019 14.42 15.95 1.53
CO35-PZM013 9/25/2019 10.31 11.06 0.75
CO55-PZM000 9/25/2019 14.22 15.10 0.88
CO56-PZP001 9/25/2019 15.06 15.92 0.86
CO58-PZM001 9/25/2019 13.48 14.31 0.83
CO59-PZP002 9/25/2019 15.84 16.75 0.91
CO60-PZP001 9/25/2019 14.99 15.83 0.84
SW18-PZM008 9/25/2019 13.2 13.36 0.16
COAA-MWS 9/25/2019 9.8 10.65 0.85
COBB-MWS 9/25/2019 15.25 16.27 1.02
COCC-MWS 9/25/2019 15.08 15.55 0.47
CODD-MWS 9/25/2019 13.36 14.37 1.01
COFF-MWS 9/25/2019 13.88 14.78 0.90
COGG-MWS 9/25/2019 12.21 12.69 0.48
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Table 6
Pore Water Sampling Locations

Descriptions and Notes
 Coke Oven Area: Cell 5

Northing Easting
CO-073-PW-1 9 inches 562099.775 1458102.681 3 foot sample was not collected due to hard bottom
CO-074-PW-1 9 inches 562077.8959 1458136.024
CO-074-PW-2 2 feet 562077.8959 1458136.024
CO-075-PW - 561949.4456 1458096.093 Could not sample this location due to hard bottom

CO-076-PW - 561953.4747 1458125.821
9 inch sample could not be collected due to low 

permeability of substrate; 3 foot sample could not be 
collected due to hard bottom

CO-077-PW - 561957.5039 1458155.55 Could not sample this location due to hard bottom
CO-078-PW - 561850.9765 1458109.439 Could not sample this location due to hard bottom

CO-079-PW-1 9 inches 561852.7893 1458139.384
CO-080-PW-1 9 inches 561853.247 1458165.104
CO-081-PW - 561750.0392 1458115.549 Could not sample this location due to hard bottom
CO-082-PW - 561753.1364 1458145.389 Could not sample this location due to hard bottom

CO-083-PW - 561756.2337 1458175.229
Could not sample at this location due to low permeability 

of substrate; screen filter is covered in black mud with 
slight petroleum odor

Photo: 10

CO-084-PW - 561637.447 1458127.236 Could not sample this location due to hard bottom
CO-085-PW - 561637.447 1458157.236 Could not sample this location due to hard bottom

CO-086-PW-1 9 inches 561666.1498 1458183.07
3 foot sample could not be collected due to low 

permeability of substrate
CO-087-PW - 561541.0459 1458128.612 Could not sample this location due to hard bottom
CO-088-PW - 561541.0459 1458158.612 Could not sample this location due to hard bottom

CO-089-PW - 561541.0459 1458188.612
Could not sample this location due to low permeability of 
substrate; screen filter is covered in black mud with slight 

petroleum odor

Photo: 11
Photo: 12

CO-090-PW - 561448.53 1458126.511 Could not sample this location due to hard bottom
CO-091-PW - 561448.53 1458156.511 Could not sample this location due to hard bottom

Sample Depth
Sampling Coordinates

Description/Notes
Picture (in 

Appendix E)
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Table 6
Pore Water Sampling Locations

Descriptions and Notes
 Coke Oven Area: Cell 5

Northing Easting

Sample Depth
Sampling Coordinates

Description/Notes
Picture (in 

Appendix E)

CO-092-PW - 561448.53 1458186.511
Could not sample this location due to low permeability of 
substrate; screen filter is covered in black mud with slight 

petroleum odor
CO-093-PW - 561348.1177 1458135.579 Could not sample this location due to hard bottom
CO-094-PW - 561350.816 1458165.457 Could not sample this location due to hard bottom

CO-095-PW-1 9 inches 561360.0423 1458199.751
Screen filter is covered in black mud 

with slight petroleum odor

CO-095-PW-2 2 feet 561360.0423 1458199.751
Screen filter is covered in black mud 

with slight petroleum odor
Photo: 13

CO-096-PW - 561252.7034 1458149.966 Could not sample this location due to hard bottom
CO-097-PW - 561257.1765 1458179.631 Could not sample this location due to hard bottom

CO-098-PW-1
-

561238.9088 1458208.577
Screen filter is covered in black mud 

with slight petroleum odor; 3 foot sample could not be 
collected due to low permeability of substrate

CO-099-PW - 562193.4503 1458068.083 Could not sample this location due to hard bottom
CO-100-PW - 562195.4336 1458098.018 Could not sample this location due to hard bottom

CO-101-PW
-

562197.417 1458127.952
Could not sample this location due to <30% difference in 

specific conductance between pore water and surface 
water

CO-102-PW - 562069.9233 1458076.268 Could not sample this location due to hard bottom
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Table 7
Cells 1, 2 and 6

Shallow Groundwater Sample Results

Parameter Units COK-MWS COL-MWS COM-MWS CON-MWS COO-MWS COS-MWS COT-MWS COU-MWS

Volatile Organic Compounds
Benzene μg/L 7,420 16,100 2,390 33,400 38,400 11,100 337,000 514,000
Ethylbenzene μg/L 31.5 231 299 147 155 17 1,020 780
Toluene μg/L 331 8,270 3,260 8,330 9,020 663 122,000 23,200
Xylene μg/L 240 1,980 2,970 2,540 2,420 269 24,400 11,100
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L 0.4 69.7 J 121 68.5 J 156 10 NA NA
Acenaphthene μg/L 0.22 103 U 98.5 U 98 U 99 U 0.68 NA NA
Acenaphthylene μg/L 0.2 103 U 98.5 U 40.1 J 102 2.7 NA NA
Anthracene μg/L 0.056 J 103 U 98.5 U 98 U 99 U 0.2 NA NA
Benzo(a)anthracene μg/L 0.1 U 103 U 98.5 U 98 U 99 U 0.068 J NA NA
Benzo(a)pyrene μg/L 0.019 J 103 U 98.5 U 98 U 99 U 0.062 J NA NA
Benzo(b)fluoranthene μg/L 0.041 J 103 U 98.5 U 98 U 99 U 0.1 NA NA
Benzo(g,h,i)perylene μg/L 0.1 U 103 U 98.5 U 98 U 99 U 0.039 J NA NA
Benzo(k)fluoranthene μg/L 0.036 J 103 U 98.5 U 98 U 99 U 0.092 J NA NA
Chrysene μg/L 0.1 U 103 U 98.5 U 98 U 99 U 0.047 J NA NA
Dibenz(a,h)anthracene μg/L 0.1 U 103 U 98.5 U 98 U 99 U 0.098 U NA NA
Fluoranthene μg/L 0.077 J 103 U 98.5 U 98 U 99 U 0.27 NA NA
Fluorene μg/L 0.17 103 U 98.5 U 98 U 99 U 1.0 NA NA
Indeno(1,2,3-cd)pyrene μg/L 0.1 U 103 U 98.5 U 98 U 99 U 0.035 J NA NA
Naphthalene μg/L 83 2,520 2,710 2,700 J 4,810 J 1,880 126 600
Phenanthrene μg/L 0.2 103 U 98.5 U 98 U 99 U 0.94 NA NA
Pyrene μg/L 0.059 J 103 U 98.5 U 98 U 99 U 0.19 NA NA
TPH
Diesel Range Organics μg/L 1,010 J 4,300 10,300 3,100 4,550 2,160 J 3,780 4,540
Gasoline Range Organics μg/L 16,500 48,800 17,300 92,700 89,100 30,000 615,000 J 726,000 J

Detections in bold
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NA: Not Analyzed
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Table 7
Cells 1, 2 and 6

Shallow Groundwater Sample Results

Parameter Units

Volatile Organic Compounds
Benzene μg/L
Ethylbenzene μg/L
Toluene μg/L
Xylene μg/L
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L
Acenaphthene μg/L
Acenaphthylene μg/L
Anthracene μg/L
Benzo(a)anthracene μg/L
Benzo(a)pyrene μg/L
Benzo(b)fluoranthene μg/L
Benzo(g,h,i)perylene μg/L
Benzo(k)fluoranthene μg/L
Chrysene μg/L
Dibenz(a,h)anthracene μg/L
Fluoranthene μg/L
Fluorene μg/L
Indeno(1,2,3-cd)pyrene μg/L
Naphthalene μg/L
Phenanthrene μg/L
Pyrene μg/L
TPH
Diesel Range Organics μg/L
Gasoline Range Organics μg/L

COW-MWS COX-MWS COY-MWS COZ-MWS CO02-PZM006 CO18-PZM006 CO27-PZM012 CO36-PZM008

210,000 148,000 117,000 57,700 127,000 338,000 3,630 5,380
316 49.5 269 194 252 63.5 35.2 15.3

23,100 9,200 11,900 2,850 86 5,360 854 1,160
4,120 437 2,750 548 206 1,480 308 536

14.9 NA NA NA NA NA NA NA
8.6 NA NA NA NA NA NA NA
2.7 NA NA NA NA NA NA NA
2.7 NA NA NA NA NA NA NA
0.41 NA NA NA NA NA NA NA
0.16 NA NA NA NA NA NA NA
0.3 NA NA NA NA NA NA NA

0.037 J NA NA NA NA NA NA NA
0.27 NA NA NA NA NA NA NA
0.23 NA NA NA NA NA NA NA

0.04 J NA NA NA NA NA NA NA
3.5 NA NA NA NA NA NA NA
8.9 NA NA NA NA NA NA NA

0.043 J NA NA NA NA NA NA NA
895 39.8 271 120 231 221 316 248
15.8 NA NA NA NA NA NA NA
2.0 NA NA NA NA NA NA NA

4,030 J 2,450 4,110 3,460 NA NA NA NA
871,000 180,000 J 146,000 J 68,000 J NA NA NA NA
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Detections in bold
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NA: Not Analyzed



Table 7
Cells 1, 2 and 6

Shallow Groundwater Sample Results

Parameter Units

Volatile Organic Compounds
Benzene μg/L
Ethylbenzene μg/L
Toluene μg/L
Xylene μg/L
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L
Acenaphthene μg/L
Acenaphthylene μg/L
Anthracene μg/L
Benzo(a)anthracene μg/L
Benzo(a)pyrene μg/L
Benzo(b)fluoranthene μg/L
Benzo(g,h,i)perylene μg/L
Benzo(k)fluoranthene μg/L
Chrysene μg/L
Dibenz(a,h)anthracene μg/L
Fluoranthene μg/L
Fluorene μg/L
Indeno(1,2,3-cd)pyrene μg/L
Naphthalene μg/L
Phenanthrene μg/L
Pyrene μg/L
TPH
Diesel Range Organics μg/L
Gasoline Range Organics μg/L

CO38-PZM006 CO39-PZM007 CO40-PZM008 CO41-PZM001 CO42-PZM004 CO93-PZM

4,660 282 40.5 1.7 1.1 162,000
59 0.99 J 1 U 1 U 1 U 752

1,100 9.9 4.7 0.60 J 1.4 425,00
490 4.7 2.8 J 3 U 1.4 J 9,840

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

1,520 433 16 2 U 2 U 1670
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
NA NA NA NA NA NA

ARM Project No. 190342M Page 3 of 3 March 3, 2020

Detections in bold
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NA: Not Analyzed



Table 8
Cells 1, 2 and 6

Intermediate Groundwater Sample Results

Parameter Units COK-MWI COL-MWI COM-MWI CON-MWI COO-MWI COP-MWI COQ-MWI COR-MWI COV-MWI

Volatile Organic Compounds
Benzene μg/L 3,080 18,800 33,600 51,700 66,600 J 264,000 116,000 252,000 361,000
Ethylbenzene μg/L 9.2 206 379 182 271 917 716 574 918
Toluene μg/L 50.8 6,460 9,900 11,700 17,500 37,100 42,700 57,000 50,200
Xylene μg/L 46.7 1,750 2,580 2,870 4,210 10,800 13,800 8,940 58,500
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L 0.55 59.5 J 165 75.9 J 293 NA NA NA 41.6 J
Acenaphthene μg/L 0.45 103 U 99.5 U 99 U 97.6 U NA NA NA 4.9
Acenaphthylene μg/L 0.21 103 U 99.5 U 43.1 J 182 NA NA NA 9.7
Anthracene μg/L 0.14 103 U 99.5 U 99 U 97.6 U NA NA NA 2.2
Benzo(a)anthracene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.17
Benzo(a)pyrene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.038 J
Benzo(b)fluoranthene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.083 J
Benzo(g,h,i)perylene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.099 U
Benzo(k)fluoranthene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.074 J
Chrysene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.084 J
Dibenz(a,h)anthracene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.099 U
Fluoranthene μg/L 0.35 103 U 99.5 U 99 U 97.6 U NA NA NA 2.5
Fluorene μg/L 0.66 103 U 99.5 U 99 U 55.3 J NA NA NA 7.7
Indeno(1,2,3-cd)pyrene μg/L 0.099 U 103 U 99.5 U 99 U 97.6 U NA NA NA 0.099 U
Naphthalene μg/L 56.4 2,050 4,060 3,370 J 8,570 947 J 1,800 J 43,500 J 1,770
Phenanthrene μg/L 1.7 103 U 99.5 U 99 U 56.8 J NA NA NA 11.4
Pyrene μg/L 0.23 103 U 99.5 U 99 U 97.6 U NA NA NA 1.4
TPH
Diesel Range Organics μg/L 348 J 3,910 6,330 2,940 5,320 3,510 4,050 24,200 5,110 J
Gasoline Range Organics μg/L 6,620 49,500 76,100 123,000 147,000 419,000 J 234,000 J 600,000 472,000

Detections in bold
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NA: Not Analyzed
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Table 8
Cells 1, 2 and 6

Intermediate Groundwater Sample Results

Parameter Units

Volatile Organic Compounds
Benzene μg/L
Ethylbenzene μg/L
Toluene μg/L
Xylene μg/L
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L
Acenaphthene μg/L
Acenaphthylene μg/L
Anthracene μg/L
Benzo(a)anthracene μg/L
Benzo(a)pyrene μg/L
Benzo(b)fluoranthene μg/L
Benzo(g,h,i)perylene μg/L
Benzo(k)fluoranthene μg/L
Chrysene μg/L
Dibenz(a,h)anthracene μg/L
Fluoranthene μg/L
Fluorene μg/L
Indeno(1,2,3-cd)pyrene μg/L
Naphthalene μg/L
Phenanthrene μg/L
Pyrene μg/L
TPH
Diesel Range Organics μg/L
Gasoline Range Organics μg/L

CO27-PZM046 CO36-PZM043 CO37-PZM038 CO38-PZM043 CO39-PZM042 CO41-PZM036

191,000 22,200 13,900 0.4 J 1,290 224,000
552 76.1 244 1 U 12.3 520

35,100 4,210 8,190 1 U 377 71,800
7,360 1,150 1,930 3 U 117 11,300

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

14,100 745 1,370 2 U 1,280 382
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
NA NA NA NA NA NA
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Detections in bold
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NA: Not Analyzed



Table 9
Cell 2 Pore Water Sample Results

Parameter Units
Water Quality 

Criteria
CO-046-PW CO-047-PW CO-048-PW-1 CO-048-PW-3 CO-049-PW-1 CO-049-PW-3 CO-050-PW CO-051-PW-1 CO-052-PW-1 CO-052-PW-2 CO-053-PW-2 CO-054-PW-1 CO-054-PW-3

Volatile Organic Compounds
Benzene μg/L 90* NS (HB) NS (HB) 1 U 1 U 149 19,100 NS (HB) 1 U 1 U 1 U 1 U 1 U 1 U
Ethylbenzene μg/L 130‡ NS (HB) NS (HB) 1 U 1 U 1.6 34.2 NS (HB) 1 U 1 U 1 U 1 U 1 U 1 U
Toluene μg/L 520‡ NS (HB) NS (HB) 1 U 1 U 34.9 631 NS (HB) 1 U 1 U 1 U 1 U 1 U 1 U
Xylene μg/L --- NS (HB) NS (HB) 3 U 3 U 25.4 382 NS (HB) 3 U 3 U 3 U 3 U 3 U 3 U
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L --- NS (HB) NS (HB) 0.13 102 U 3.2 J 1,980 NS (HB) 0.15 J 0.16 0.1 U 0.31 0.15 U 0.041 J
Acenaphthene μg/L 90‡ NS (HB) NS (HB) 0.06 J 55 J 10.3 U 1,020 U NS (HB) 0.27 U 0.076 J 0.1 U 0.1 U 0.15 U 0.1 U
Acenaphthylene μg/L 306.9~ NS (HB) NS (HB) 0.38 102 U 3.9 J 1,590 NS (HB) 0.24 J 0.3 0.1 U 0.14 0.15 U 0.084 J
Anthracene μg/L 400‡ NS (HB) NS (HB) 0.37 102 U 10.3 U 1,020 U NS (HB) 0.27 0.38 0.1 U 0.1 U 0.15 U 0.073 J
Benzo(a)anthracene μg/L 0.0013‡ NS (HB) NS (HB) 1.0 102 U 4.5 J 1,020 U NS (HB) 0.62 0.97 0.05 J 0.048 J 0.061 J 0.19
Benzo(a)pyrene μg/L 0.00013‡ NS (HB) NS (HB) 1.9 102 U 3.3 J 1,020 U NS (HB) 1.2 1.8 0.067 J 0.045 J 0.068 J 0.35
Benzo(b)fluoranthene μg/L 0.0013‡ NS (HB) NS (HB) 3.2 102 U 5.6 J 1,020 U NS (HB) 2.1 3.0 0.096 J 0.065 J 0.13 J 0.67
Benzo(g,h,i)perylene μg/L 0.4391~ NS (HB) NS (HB) 1.1 102 U 10.3 U 1,020 U NS (HB) 0.68 1.1 0.1 U 0.036 J 0.15 U 0.21
Benzo(k)fluoranthene μg/L 0.013‡ NS (HB) NS (HB) 2.7 102 U 4.8 J 1,020 U NS (HB) 1.9 2.8 0.034 J 0.1 U 0.11 J 0.57
Chrysene μg/L 0.13‡ NS (HB) NS (HB) 1.1 102 U 10.3 U 1,020 U NS (HB) 0.72 1.0 0.1 U 0.1 U 0.15 U 0.22
Dibenz(a,h)anthracene μg/L 0.00013‡ NS (HB) NS (HB) 0.33 102 U 10.3 U 1,020 U NS (HB) 0.16 J 0.29 0.1 U 0.1 U 0.15 U 0.044 J
Fluoranthene μg/L 20‡ NS (HB) NS (HB) 2.8 102 U 11.6 1,020 U NS (HB) 1.5 1.5 0.07 J 0.07 J 0.11 J 0.45
Fluorene μg/L 70‡ NS (HB) NS (HB) 0.12 102 U 10.3 U 436 J NS (HB) 0.11 J 0.14 0.1 U 0.1 U 0.15 U 0.1 U
Indeno(1,2,3-cd)pyrene μg/L 0.0013‡ NS (HB) NS (HB) 1 102 U 10.3 U 1,020 U NS (HB) 0.57 0.89 0.1 U 0.1 U 0.15 U 0.17
Naphthalene μg/L 193.5~ NS (HB) NS (HB) 2.9 6,380 500 72,000 NS (HB) 1.7 J 2 0.096 J 11.5 0.45 B 0.42 B
Phenanthrene μg/L 19.13~ NS (HB) NS (HB) 0.61 56.9 J 10.3 U 862 J NS (HB) 0.45 0.62 0.1 U 0.048 J 0.15 U 0.11
Pyrene μg/L 30‡ NS (HB) NS (HB) 2.6 102 U 9.7 J 1,020 U NS (HB) 1.3 1.4 0.1 0.059 J 0.099 J 0.36
TPH
Diesel Range Organics μg/L 50^ NS (HB) NS (HB) 343 J 4,620 1,210 J 26,400 NS (HB) 3,970 J 2,610 J 118 J 69.4 B 262 265 J
Gasoline Range Organics μg/L 1,700^ NS (HB) NS (HB) 200 U 200 U 457 47,400 NS (HB) 185 J 200 U 200 U 200 U 200 U 200 U

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria.
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
B: This analyte was not detected substantially above the level of the associated method blank/preparation or field blank.
NS (HB): Not sampled due to hard bottom
NS (LP): Not sampled due to low porosity
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value
^Marine No Observed Effect Concentrations (NOEC) Environmental Effects-Based Concentrations for TPH, Toxicity in Marine Water and Freshwater  
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Table 9
Cell 2 Pore Water Sample Results

Parameter Units
Water Quality 

Criteria

Volatile Organic Compounds
Benzene μg/L 90*
Ethylbenzene μg/L 130‡
Toluene μg/L 520‡
Xylene μg/L ---
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L ---
Acenaphthene μg/L 90‡
Acenaphthylene μg/L 306.9~
Anthracene μg/L 400‡
Benzo(a)anthracene μg/L 0.0013‡
Benzo(a)pyrene μg/L 0.00013‡
Benzo(b)fluoranthene μg/L 0.0013‡
Benzo(g,h,i)perylene μg/L 0.4391~
Benzo(k)fluoranthene μg/L 0.013‡
Chrysene μg/L 0.13‡
Dibenz(a,h)anthracene μg/L 0.00013‡
Fluoranthene μg/L 20‡
Fluorene μg/L 70‡
Indeno(1,2,3-cd)pyrene μg/L 0.0013‡
Naphthalene μg/L 193.5~
Phenanthrene μg/L 19.13~
Pyrene μg/L 30‡
TPH
Diesel Range Organics μg/L 50^
Gasoline Range Organics μg/L 1,700^

CO-055-PW-1 CO-055-PW-2 CO-056-PW-2 CO-057-PW-1 CO-058-PW-1 CO-058-PW-2 CO-059-PW CO-060-PW CO-061-PW-1 CO-062-PW-1 CO-063-PW-1 CO-063-PW-2 CO-064-PW-3

1 U 1 U 1 U 1 U 0.80 J 1 U NS (LP) NS (LP) 1 U 1 U 3.4 1 U 1 U
1 U 1 U 1 U 1 U 1 U 1 U NS (LP) NS (LP) 1 U 1 U 1 U 1 U 1 U
1 U 1 U 1 U 1 U 1 U 1 U NS (LP) NS (LP) 1 U 1 U 1 1 U 1 U
3 U 3 U 3 U 3 U 3 U 3 U NS (LP) NS (LP) 3 U 3 U 3 U 3 U 3 U

0.72 0.03 J 0.1 U 0.09 J 0.68 J 0.097 J NS (LP) NS (LP) 0.18 U 0.54 J 4.4 0.059 J 0.03 J

0.41 0.099 U 0.1 U 0.28 U 0.25 J 0.34 U NS (LP) NS (LP) 0.18 U 0.24 J 2 0.031 J 0.098 U

1.6 0.055 J 0.1 U 0.28 U 0.83 0.34 U NS (LP) NS (LP) 0.18 U 0.68 8.1 0.13 0.098 U

1.9 0.052 J 0.1 U 0.28 U 1.1 0.12 J NS (LP) NS (LP) 0.18 U 1.1 7.8 0.14 0.098 U

5.4 0.12 0.1 U 0.15 J 3.1 0.3 J NS (LP) NS (LP) 0.18 U 2.3 23.2 0.61 0.054 J

9.1 0.19 0.018 J 0.17 J 4.9 0.47 NS (LP) NS (LP) 0.061 J 3.8 42.2 0.76 0.094 J

15.2 0.34 0.1 U 0.33 8.2 0.63 NS (LP) NS (LP) 0.11 J 7.3 72.1 1.3 0.12

5.5 0.12 0.1 U 0.28 U 3.1 0.32 J NS (LP) NS (LP) 0.18 U 2.2 15.9 0.35 0.061 J

14 0.32 0.1 U 0.28 J 7.7 0.25 J NS (LP) NS (LP) 0.11 J 6.2 61.6 1.1 0.046 J

5.8 0.11 0.1 U 0.28 U 3.1 0.29 J NS (LP) NS (LP) 0.18 U 2.7 24.6 0.34 0.052 J

1.6 0.031 J 0.1 U 0.28 U 0.84 0.34 U NS (LP) NS (LP) 0.18 U 0.6 J 4.8 0.083 J 0.098 U

6.3 0.26 0.1 U 0.24 J 5.3 0.67 NS (LP) NS (LP) 0.094 J 4.5 32.2 1.6 0.19

0.74 0.099 U 0.1 U 0.28 U 0.42 J 0.34 U NS (LP) NS (LP) 0.18 U 0.38 J 3.2 0.051 J 0.098 U

4.5 0.1 0.1 U 0.28 U 2.7 0.26 J NS (LP) NS (LP) 0.18 U 1.8 15.2 0.29 0.046 J

8.4 0.33 0.35 1.5 J 6.2 0.59 NS (LP) NS (LP) 0.14 B 6.4 63.9 J 1.2 B 0.29
3.2 0.086 J 0.1 U 0.28 U 1.8 0.2 J NS (LP) NS (LP) 0.18 U 1.7 13.3 0.17 0.098 U

7.1 0.27 0.1 U 0.2 J 4.9 0.59 NS (LP) NS (LP) 0.18 U 4.4 38.4 1.5 0.2

565 J 113 J 113 J 245 J 158 J 1150 J NS (LP) NS (LP) 379 J 1,010 J 6,280 193 J 143 J
200 U 200 U 200 U 200 U 200 U 200 U NS (LP) NS (LP) 200 U 200 U 200 U 200 U 200 U
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Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria.
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
B: This analyte was not detected substantially above the level of the associated method blank/preparation or field blank.
NS (HB): Not sampled due to hard bottom
NS (LP): Not sampled due to low porosity
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value
^Marine No Observed Effect Concentrations (NOEC) Environmental Effects-Based Concentrations for TPH, Toxicity in Marine Water and Freshwater  



Table 9
Cell 2 Pore Water Sample Results

Parameter Units
Water Quality 

Criteria

Volatile Organic Compounds
Benzene μg/L 90*
Ethylbenzene μg/L 130‡
Toluene μg/L 520‡
Xylene μg/L ---
Semi-Volatile Organic Compounds
2-Methylnaphthalene μg/L ---
Acenaphthene μg/L 90‡
Acenaphthylene μg/L 306.9~
Anthracene μg/L 400‡
Benzo(a)anthracene μg/L 0.0013‡
Benzo(a)pyrene μg/L 0.00013‡
Benzo(b)fluoranthene μg/L 0.0013‡
Benzo(g,h,i)perylene μg/L 0.4391~
Benzo(k)fluoranthene μg/L 0.013‡
Chrysene μg/L 0.13‡
Dibenz(a,h)anthracene μg/L 0.00013‡
Fluoranthene μg/L 20‡
Fluorene μg/L 70‡
Indeno(1,2,3-cd)pyrene μg/L 0.0013‡
Naphthalene μg/L 193.5~
Phenanthrene μg/L 19.13~
Pyrene μg/L 30‡
TPH
Diesel Range Organics μg/L 50^
Gasoline Range Organics μg/L 1,700^

CO-065-PW-1 CO-065-PW-2 CO-066-PW-1 CO-066-PW-2 CO-067-PW-1 CO-067-PW-2 CO-068-PW-1 CO-068-PW-2 CO-069-PW-1 CO-069-PW-2 CO-070-PW-1 CO-070-PW-2 CO-071-PW CO-072-PW

1 U 1 U 0.78 J 0.62 J 1 U 1 U 1 U 1 U 0.99 J 104 17,200 9,470 NS (HB) NS (HB)
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 0.53 J 41 127 NS (HB) NS (HB)
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1,910 128 NS (HB) NS (HB)
3 U 3 U 3 U 3 U 3 U 3 U 3 U 3 U 3 U 2.5 J 511 421 NS (HB) NS (HB)

0.1 U 0.1 U 0.17 U 0.099 U 0.099 U 0.099 U NS (LP) 0.099 U 0.07 J 33.3 U 679 J 1,020 U NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.037 J 0.099 U 0.099 U NS (LP) 0.099 U 0.22 33.3 U 990 U 956 J NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.049 J 0.099 U 0.037 J NS (LP) 0.099 U 0.32 33.3 U 580 J 1,020 U NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.043 J 0.099 U 0.099 U NS (LP) 0.099 U 0.83 11.1 J 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.045 J 0.075 J 0.13 0.099 U 0.058 J NS (LP) 0.099 U 1.3 20.5 J 990 U 1,020 U NS (HB) NS (HB)

0.013 J 0.052 J 0.11 J 0.13 0.099 U 0.071 J NS (LP) 0.099 U 2.8 29.9 J 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.072 J 0.22 0.26 0.099 U 0.11 NS (LP) 0.099 U 3.4 52.9 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.058 J 0.099 U 0.041 J NS (LP) 0.099 U 1.5 16.6 J 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.032 J 0.19 0.22 0.099 U 0.1 NS (LP) 0.099 U 1.4 45.4 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.1 0.099 U 0.05 J NS (LP) 0.099 U 1.5 20.5 J 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.099 U 0.099 U 0.099 U NS (LP) 0.099 U 0.38 33.3 U 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.085 J 0.16 J 0.48 0.099 U 0.13 NS (LP) 0.099 U 7.5 83.7 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.099 U 0.099 U 0.099 U NS (LP) 0.099 U 0.28 33.3 U 990 U 1,020 U NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.05 J 0.099 U 0.034 J NS (LP) 0.099 U 1.4 14.9 J 990 U 1,020 U NS (HB) NS (HB)
0.10 B 0.15 B 0.31 B 0.44 B 0.045 B 0.33 NS (LP) 0.099 U 3.6 192 52,000 63,200 NS (HB) NS (HB)
0.1 U 0.1 U 0.17 U 0.052 J 0.099 U 0.099 U NS (LP) 0.099 U 1.3 20.8 J 990 U 609 J NS (HB) NS (HB)
0.1 U 0.085 J 0.15 J 0.4 0.099 U 0.12 NS (LP) 0.041 J 8 115 990 U 1,020 U NS (HB) NS (HB)

114 J 60.7 B 247 J 186 J 82.7 J 273 J NS (LP) 217 J  1,070 J 2,220 J 10,100 18,000 NS (HB) NS (HB)
200 U 200 U 200 U 200 U 200 U 200 U 200 U 200 U 200 U 202 38,200 22,900 NS (HB) NS (HB)
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Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria.
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
B: This analyte was not detected substantially above the level of the associated method blank/preparation or field blank.
NS (HB): Not sampled due to hard bottom
NS (LP): Not sampled due to low porosity
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value
^Marine No Observed Effect Concentrations (NOEC) Environmental Effects-Based Concentrations for TPH, Toxicity in Marine Water and Freshwater  



Table 10
Cell 2 Surface Water Sample Results

Parameter Units
Water Quality 

Criteria
CO-047-SW-2 CO-048-SW-2 CO-048-SW-8 CO-049-SW-2 CO-049-SW-6

Benzene μg/L 90* 1.2 2.8 1 1 U 1.1
Ethylbenzene μg/L 130‡ 1 U 1 U 1 U 1 U 1 U
Toluene μg/L 520‡ 0.41 J 0.86 J 1 U 1 U 1 U
Xylene μg/L --- 3 U 3 U 3 U 3 U 3 U
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ 0.19 0.56 1.5 0.18 0.32

Parameter Units
Water Quality 

Criteria
CO-069-SW-2 CO-069-SW-6 CO-070-SW-2 CO-070-SW-7.5 CO-072-SW-2

Volatile Organic Compounds

Benzene μg/L 90* 1 U 0.34 J 1 U 1 U 1 U
Ethylbenzene μg/L 130‡ 1 U 1 U 1 U 1 U 1 U
Toluene μg/L 520‡ 1 U 1 U 1 U 1 U 1 U
Xylene μg/L --- 3 U 3 U 3 U 3 U 3 U
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ 0.34 J 0.24 0.064 J 0.055 J 0.099 J

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value

Volatile Organic Compounds
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Table 11
Cell 3 Shallow Groundwater Sample Results

Parameter Units COA-MWS COB-MWS COC-MWS COD-MWS COE-MWS COF-MWS COG-MWS COH-MWS

Benzene μg/L 34,100 1,290 46,300 16,400 4,700 748 47,300 25,800
Ethylbenzene μg/L 53.1 4.8 J 83.5 33.6 12.1 4.6 J 90.9 40.6
Toluene μg/L 2,770 160 4,140 1,330 389 145 3,560 1,910
Xylene μg/L 609 75.1 1,120 395 127 71.3 1,440 537

Naphthalene μg/L 2,630 4,400 5,530 3,400 J 3,430 J 4,650 10,600 2,350

Parameter Units COI-MWS COJ-MWS CO30-PZM015 CO101-PZM CO102-PZM CO103-PZM CO104-PZM

Volatile Organic Compounds
Benzene μg/L 145 1,440 51,000 10 9,730 995 1.9
Ethylbenzene μg/L 0.97 J 3.2 87.3 1 U 17.4 2.5 J 1 U
Toluene μg/L 12.7 120 3,890 1 U 716 53.6 1 U
Xylene μg/L 9.8 41 1,190 3 U 202 31.1 3 U
Semi-Volatile Organic Compounds
Naphthalene μg/L 4,840 1,600 2,710 2 U 888 71 1.9 J

Detections in bold
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.

Semi-Volatile Organic Compounds

Volatile Organic Compounds

ARM Project No. 190342M Page 1 of 1 June 27, 2019



Table 12
Cell 3 Pore Water Sample Results

Parameter Units
Water Quality 

Criteria
CO-016-PW-1 CO-017-PW CO-018-PW CO-019-PW CO-020-PW-1 CO-021-PW CO-022-PW

Benzene μg/L 90* 1 U NS (HB) NS (HB) NS (HB) 1,990 NS (HB) NS (HB)
Ethylbenzene μg/L 130‡ 1 U NS (HB) NS (HB) NS (HB) 2.9 NS (HB) NS (HB)
Toluene μg/L 520‡ 1 U NS (HB) NS (HB) NS (HB) 141 NS (HB) NS (HB)
Xylene μg/L --- 3 U NS (HB) NS (HB) NS (HB) 45.4 NS (HB) NS (HB)
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ NS (LP) NS (HB) NS (HB) NS (HB) 176 NS (HB) NS (HB)

Parameter Units
Water Quality 

Criteria
CO-025-PW-1 CO-026-PW CO-027-PW CO-028-PW CO-029-PW CO-034-PW CO-035-PW

Volatile Organic Compounds
Benzene μg/L 90* 19.4 NS (HB) NS (HB) NS (HB) NS (HB) NS (HB) NS (HB)
Ethylbenzene μg/L 130‡ 1.4 NS (HB) NS (HB) NS (HB) NS (HB) NS (HB) NS (HB)
Toluene μg/L 520‡ 8.6 NS (HB) NS (HB) NS (HB) NS (HB) NS (HB) NS (HB)
Xylene μg/L --- 17.8 NS (HB) NS (HB) NS (HB) NS (HB) NS (HB) NS (HB)
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ 18,700 NS (HB) NS (HB) NS (HB) NS (HB) NS (HB) NS (HB)

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
NS (HB): Not sampled due to hard bottom
NS (LP): Not sampled due to low porosity
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value

Volatile Organic Compounds

ARM Project No. 190342M Page 1 of 2 June 27, 2019



Table 12
Cell 3 Pore Water Sample Results

Parameter Units
Water Quality 

Criteria

Benzene μg/L 90*
Ethylbenzene μg/L 130‡
Toluene μg/L 520‡
Xylene μg/L ---
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~

Parameter Units
Water Quality 

Criteria

Volatile Organic Compounds
Benzene μg/L 90*
Ethylbenzene μg/L 130‡
Toluene μg/L 520‡
Xylene μg/L ---
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~

Volatile Organic Compounds

CO-036-PW CO-037-PW CO-038-PW CO-039-PW CO-040-PW-1 CO-040-PW-3 CO-041-PW

NS (HB) NS (HB) NS (HB) NS (HB) 9.9 165 NS (LP)
NS (HB) NS (HB) NS (HB) NS (HB) 1.6 14.4 NS (LP)
NS (HB) NS (HB) NS (HB) NS (HB) 3.6 110 NS (LP)
NS (HB) NS (HB) NS (HB) NS (HB) 7.5 332 NS (LP)

NS (HB) NS (HB) NS (HB) NS (HB) 7,160 17,900 NS (LP)

CO-042-PW CO-043-PW CO-044-PW CO-045-PW

NS (HB) NS (HB) NS (LP) NS (LP)
NS (HB) NS (HB) NS (LP) NS (LP)
NS (HB) NS (HB) NS (LP) NS (LP)
NS (HB) NS (HB) NS (LP) NS (LP)

NS (HB) NS (HB) NS (LP) NS (LP)

ARM Project No. 190342M Page 2 of 2 June 27, 2019

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
NS (HB): Not sampled due to hard bottom
NS (LP): Not sampled due to low porosity
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value



Table 13
Cell 3 Surface Water Sample Results

Parameter Units
Water Quality 

Criteria
SW-14-2 SW-14-4 SW-15-2 SW-15-4 SW-16-2 SW-16-4 SW-17-2 SW-18-2 SW-19-1

Volatile Organic Compounds
Benzene μg/L 90* 121 46.5 158 64.5 99.1 67.7 75.6 91.4 7.8
Ethylbenzene μg/L 130‡ 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
Toluene μg/L 520‡ 9.5 3.8 12.3 5.1 7.8 5.4 6 7.2 0.70 J
Xylene μg/L --- 3.3 0.94 J 4.4 1.8 J 2.6 J 1.9 J 2.1 J 2.4 J 3 U
Semi-Volatile Organic Compounds
Naphthalene~ μg/L 193.5~ 8.8 2.3 7 2.7 5.3 3.1 4.1 4 0.46

Parameter Units
Water Quality 

Criteria
SW-20-2 SW-20-4.5 SW-21-2 SW-22-2 SW-23-2 SW-23-8.5 SW-24-2 SW-24-7 SW-25-2

Volatile Organic Compounds

Benzene μg/L 90* 19.2 25.5 5.6 2.4 2.5 1 U 1.5 36.3 27.3
Ethylbenzene μg/L 130‡ 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
Toluene μg/L 520‡ 1.6 2.1 0.57 J 1 U 1 U 1 U 1 U 2.9 2.4
Xylene μg/L --- 3 U 3 U 3 U 3 U 3 U 3 U 3 U 3 U 0.81 J
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ 1.2 1.5 0.41 0.12 0.084 J 0.10 U 0.12 0.72 3.4

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NS: Not sampled
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value

ARM Project No. 190342M Page 1 of 2 June 27, 2019



Table 13
Cell 3 Surface Water Sample Results

Parameter Units
Water Quality 

Criteria

Volatile Organic Compounds
Benzene μg/L 90*
Ethylbenzene μg/L 130‡
Toluene μg/L 520‡
Xylene μg/L ---
Semi-Volatile Organic Compounds
Naphthalene~ μg/L 193.5~

Parameter Units
Water Quality 

Criteria

Volatile Organic Compounds

Benzene μg/L 90*
Ethylbenzene μg/L 130‡
Toluene μg/L 520‡
Xylene μg/L ---
Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~

SW-25-4 SW-26-1 SW-27-1 SW-28-1 SW-29-2 SW-30-2 SW-30-6.5 SW-31-2 SW-31-4.5

10.1 373 736 50.9 142 11.6 1.8 6.4 11.6
1 U 0.74 J 1.5 1 U 1 U 1 U 1 U 1 U 1 U

0.99 J 27.7 67.2 4.1 10.7 1 1 U 0.64 J 1
3 U 8.6 21.4 1.1 J 3.8 3 U 3 U 3 U 3 U

0.78 4.4 18.5 1.7 4.3 0.36 0.060 J 0.45 0.35

SW-32-2 SW-32-5 SW-33-2 SW-33-6 SW-34 SW-35 SW-36 SW-37

26.8 8.5 3.1 1 NS NS NS NS
1 U 1 U 1 U 1 U NS NS NS NS

2 0.78 J 0.34 J 1 U NS NS NS NS
3 U 3 U 3 U 3 U NS NS NS NS

0.38 0.2 0.4 0.054 J NS NS NS NS

ARM Project No. 190342M Page 2 of 2 June 27, 2019

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NS: Not sampled
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value



Table 14
Cell 5 Shallow Groundwater Sample Results

Parameter Units COAA-MWS COBB-MWS COCC-MWS CODD-MWS COEE-MWS COFF-MWS

Naphthalene μg/L 8,650 J 9,040 J 9,110 J 14,800 J NA 2,490 J

Parameter Units COGG-MWS CO23-PZM008 CO24-PZM007 CO26-PZM007 CO55-PZM000 CO56-PZP001

Naphthalene μg/L 2,120 J 2,760 2,190 961 8.9 2,400

Parameter Units CO57-PZP002 CO58-PZM001 CO59-PZP002 CO60-PZP001

Naphthalene μg/L 2 U 701 2 U 1,540

Detections in bold
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
NA: Not Analyzed

Semi-Volatile Organic Compounds

Semi-Volatile Organic Compounds

Semi-Volatile Organic Compounds

ARM Project No. 190342M Page 1 of 1 March 4, 2020



Table 15
Cell 5 Pore Water Sample Results

Parameter Units
Water Quality 

Criteria
CO-073-PW-1 CO-074-PW-1 CO-074-PW-2 CO-075-PW CO-076-PW CO-077-PW CO-078-PW CO-079-PW-1

Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ 1,530 9,230 8,880 NS (HB) NS (HB/LP) NS (HB) NS (HB) 3,680

 

Parameter Units
Water Quality 

Criteria
CO-080-PW-1 CO-081-PW CO-082-PW CO-083-PW CO-084-PW CO-085-PW CO-086-PW-1 CO-087-PW

Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ 0.41 NS (HB) NS (HB) NS (LP) NS (HB) NS (HB) 0.33 NS (HB)

Parameter Units
Water Quality 

Criteria
CO-088-PW CO-089-PW CO-090-PW CO-091-PW CO-092-PW CO-093-PW CO-094-PW CO-095-PW-1

Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ NS (HB) NS (LP) NS (HB) NS (HB) NS (LP) NS (HB) NS (HB) 0.14

Parameter Units
Water Quality 

Criteria
CO-095-PW-2 CO-096-PW CO-097-PW CO-098-PW-1 CO-099-PW CO-100-PW CO-101-PW CO-102-PW

Semi-Volatile Organic Compounds
Naphthalene μg/L 193.5~ 30.4 NS (HB) NS (HB) 352 NS (HB) NS (HB) NS (30) NS (HB)

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria
NS (HB): Not sampled due to hard bottom
NS (LP): Not sampled due to low porosity
NS (30): Not sampled due to <30% difference in specific conductance between pore water and surface water
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value

ARM Project No. 190342M Page 1 of 1 June 27, 2019



Table 16
Cell 5 Surface Water Sample Results

Parameter Units
Water Quality 

Criteria
CO-073-SW-2 CO-073-SW-5 CO-074-SW-2 CO-074-SW-9 CO-075-SW-2 CO-075-SW-5

Naphthalene μg/L 193.5~ 0.5 1.1 0.051 J 0.058 J 0.45 0.67

Parameter Units
Water Quality 

Criteria
CO-079-SW-2 CO-079-SW-8.5 CO-081-SW-2 CO-084-SW-2 CO-087-SW-2 CO-090-SW-2

Naphthalene μg/L 193.5~ 0.1 U 0.064 J 0.3 0.59 0.25 0.31

Parameter Units
Water Quality 

Criteria
CO-093-SW-2 CO-098-SW-2 CO-098-SW-4 CO-099-SW-1

Naphthalene μg/L 193.5~ 0.045 J 0.1 U 0.11 0.065 J

Detections in bold
Values in red indicate an exceedance of the Water Quality Criteria
U: The analyte was not detected in the sample. The numeric value represents the sample quantitative/detection limit.
J: The positive result reported for this analyte is a quantitative estimate.
*Human health Ambient Water Quality Criteria for consumption of organism only (noncarcinogenic)
‡Human health Ambient Water Quality Criteria for consumption of organism only (carcinogenic)
~Narcosis Secondary Chronic Value

Semi-Volatile Organic Compounds

Semi-Volatile Organic Compounds

Semi-Volatile Organic Compounds

ARM Project No. 190342M Page 1 of 1 October 8, 2019



APPENDIX A 

Boring and Well Construction Logs
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Well ID: COAA-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Development
Date: 04/25/2019
Purged Amount: 16 gallons
Well Volumes Removed: 6.56

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 5

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561979.89

Easting (ft) : 1457970.98

Date/Time Started : 4/13/19 1450

Date/Time Completed : 4/13/19 1535

Surf. Elev. (ft AMSL) : 11.27

TOC Elev. (ft AMSL) : 10.65

Total Well Depth (ft) : 25' bgs

Depth to Water (ft) : 0 Hr: 10.18' TOC

Depth to Water (ft) : 48 hr: 9.93' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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7.3

1.6
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DESCRIPTION

(0-24') SLAG SAND and GRAVEL-sized, 
with SILT, loose, brown grading to black at 
20' bgs, moist, non-plastic, non-cohesive

(24-25') SAND, very fine, very dense, 
greenish brown, wet, non-plastic, 
non-cohesive

U
S

C
S

GW-GM

SP

Bentonite Seal

Sand

Casing

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Flush Mount 
Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 0' 

Wet at 14' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 25' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 25' bgs
Total Screen: 20'

Casing
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Well ID: COA-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/07/2019
Purged Amount: 15 gallons
Well Volumes Removed: 4.04

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 

Easting (ft) : 

Date/Time Started : 4/28/19 0745

Date/Time Completed : 4/28/19 0915

Surf. Elev. (ft AMSL) : 

TOC Elev. (ft AMSL) : 

Total Well Depth (ft) : 35' bgs

Depth to Water (ft) : 0 Hr: 15.31' TOC

Depth to Water (ft) : 48 hr: 15.28' TOC

Bit/Auger Size (in.) : 4.25"

Depth
(ft.)
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DESCRIPTION

(0-10') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown, moist, 
non-plastic, non-cohesive

(10-25') SLAG, SAND and GRAVEL-sized, 
loose, dark gray with some black, wet, 
non-plastic, non-cohesive

(25-35') SAND, very fine, medium dense, 
gray then very light brown, wet, 
non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

SW/GW

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.77'

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 14.5' bgs

Wet at 15' bgs

Bentonite Seal: 3/8" chips
Top: 14.5' bgs 
Bottom: 17.5' bgs 

Sand Blotter: #1 Sand
Top: 17.5' bgs
Bottom: 18' bgs

Filter Pack: #2 Sand
Top: 18' bgs 
Bottom: 35' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 20' bgs 
Bottom: 35' bgs
Total Screen: 15'

Casing
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Well ID: COBB-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Development
Date: 04/25/2019
Purged Amount: 16 gallons
Well Volumes Removed: 8.12

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 5

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561776.15

Easting (ft) : 1457813.75

Date/Time Started : 4/13/19 1400

Date/Time Completed : 4/13/19 1735

Surf. Elev. (ft AMSL) : 13.61

TOC Elev. (ft AMSL) : 16.27

Total Well Depth (ft) : 25' bgs

Depth to Water (ft) : 0 Hr: 14.47' TOC

Depth to Water (ft) : 48 hr: 15.37' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-25') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown, moist then 
wet at 14.5' bgs, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.69' 

Wet at 14.5' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 25' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 25' bgs
Total Screen: 20'

Casing
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Well ID: COB-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/07/2019
Purged Amount: 10 gallons
Well Volumes Removed: 5.32

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561768.07

Easting (ft) : 1454242.77

Date/Time Started : 4/27/19 0945

Date/Time Completed : 4/27/19 1130

Surf. Elev. (ft AMSL) : 11.30

TOC Elev. (ft AMSL) : 14.23

Total Well Depth (ft) : 35' bgs

Depth to Water (ft) : 0 Hr: 13.82' TOC

Depth to Water (ft) : 48 hr: 13.97' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-10') SILT and SLAG, SAND and 
GRAVEL-sized, loose, dark brown to gray, 
dry, non-plastic, non-cohesive

(10-25') SLAG, SAND and GRAVEL-sized, 
loose, dark brown and gray, moist, wet at 
15' bgs, non-plastic, non-cohesive

(25-35') CLAY, very firm, gray, moist, low 
plasticity, cohesive

End of boring

U
S

C
S

ML/GW

SW/GW

CL

Grout

Bentonite Seal

Fine Sand

Sand

Bentonite Seal

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.88'

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 4.5' bgs

Wet at 15' bgs

Bentonite Seal: 3/8" chips
Top: 4.5' bgs and 26' bgs
Bottom: 7.5' bgs and 35' bgs

Sand Blotter: #1 Sand
Top: 7.5' bgs
Bottom: 8' bgs

Filter Pack: #2 Sand
Top: 8' bgs 
Bottom: 25' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 10' bgs 
Bottom: 25' bgs
Total Screen: 15'

Casing
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Well ID: COCC-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Development
Date: 04/25/2019
Purged Amount: 23 gallons
Well Volumes Removed: 10.70

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 5

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561794.48

Easting (ft) : 1457978.39

Date/Time Started : 4/13/19 1345

Date/Time Completed : 4/13/19 1430

Surf. Elev. (ft AMSL) : 13.16

TOC Elev. (ft AMSL) : 15.55

Total Well Depth (ft) : 25' bgs

Depth to Water (ft) : 0 Hr: 15.21' TOC

Depth to Water (ft) : 48 hr: 15.22' TOC

Bit/Auger Size (in.) : 4.25"

Depth
(ft.)
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21.8

11.5

37.8

10.5

21.4

DESCRIPTION

(0-4.5') SILT with SAND, loose, dark brown, 
moist, non-plastic, non-cohesive

(4.5-6') CONCRETE

(6-14') SLAG, SAND and GRAVEL-sized, 
loose, dark brown, dry, non-plastic, 
non-cohesive

(14-16') SILT with SAND, loose, dark 
brown, moist then wet at 14.5' bgs, 
non-plastic, non-cohesive

(16-25') SLAG, SAND and GRAVEL-sized,  
loose, dark brown grading to black, wet, 
non-plastic, non-cohesive

End of boring

U
S

C
S

ML

NA

SW/GW

ML

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.73' 

Wet at 14.5' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 25' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 25' bgs
Total Screen: 20'

Casing
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Well ID: COC-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/07/2019
Purged Amount: 16 gallons
Well Volumes Removed: 3.94

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561775.58

Easting (ft) : 1454539.22

Date/Time Started : 4/27/19 1215

Date/Time Completed : 4/27/19 1515

Surf. Elev. (ft AMSL) : 11.56

TOC Elev. (ft AMSL) : 14.32

Total Well Depth (ft) : 35' bgs

Depth to Water (ft) : 0 Hr: 13.98' TOC

Depth to Water (ft) : 48 hr: 14.64' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-10') SLAG, SAND and GRAVEL-sized, 
loose, dark brown and gray, dry, 
non-plastic, non-cohesive

(10-15') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown and gray, 
moist, dry then wet at 13' bgs, non-plastic, 
non-cohesive

(15-32') SLAG, SAND and GRAVEL-sized, 
loose, gray, wet, non-plastic, non-cohesive

(32-35') SAND, very fine, medium dense, 
very light brown, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

SW/GW

GW-GM

SW/GW

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.91'

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 14.5' bgs

Wet at 13' bgs

Bentonite Seal: 3/8" chips
Top: 14.5' bgs 
Bottom: 17.5' bgs 

Sand Blotter: #1 Sand
Top: 17.5' bgs
Bottom: 18' bgs

Filter Pack: #2 Sand
Top: 18' bgs 
Bottom: 35' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 20' bgs 
Bottom: 35' bgs
Total Screen: 15'

Casing
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Well ID: CODD-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/02/2019
Purged Amount: 19 gallons
Well Volumes Removed: 8.41

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 5

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561604.50

Easting (ft) : 1457576.29

Date/Time Started : 4/14/19 1100

Date/Time Completed : 4/14/19 1205

Surf. Elev. (ft AMSL) : 12.30

TOC Elev. (ft AMSL) : 14.37

Total Well Depth (ft) : 25' bgs

Depth to Water (ft) : 0 Hr: 15.01' TOC

Depth to Water (ft) : 48 hr: 13.55' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-23') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown, dry then wet 
at 10.5' bgs, non-plastic, non-cohesive

(23-25') SAND, very fine, dense, black 
grading to gray, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

SW/GW

SP

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 3.81'

Wet at 10.5' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs 

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 25' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 25' bgs
Total Screen: 20'

Casing



06
-1

8-
20

19
  P

:\E
nv

iro
A

na
ly

tic
s 

G
ro

up
\1

90
34

2M
 C

O
A

 O
ns

ho
re

 S
up

pl
em

en
ta

l I
nv

es
tig

at
io

n\
D

oc
um

en
ts

\B
or

in
g 

Lo
gs

\2
_B

or
 L

og
s\

C
O

D
-M

W
S

.b
or

Well ID: COD-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Development
Date: 04/22/2019
Purged Amount: 19 gallons
Well Volumes Removed: 6.93

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561792.57

Easting (ft) : 1454723.99

Date/Time Started : 4/9/19 0930

Date/Time Completed : 4/10/19 1700

Surf. Elev. (ft AMSL) : 11.63

TOC Elev. (ft AMSL) : 13.74

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 16.82' TOC

Depth to Water (ft) : 48 hr: 13.29' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-6.5') SILT with trace SLAG GRAVEL, 
soft, dark brown, dry, non-plastic, 
non-cohesive

(6.5-10') SILTY SAND with SLAG GRAVEL, 
loose, dark brown, dry, non-plastic, 
non-cohesive

(10-11') SLAG GRAVEL and SILT, loose, 
dark brown, dry, non-plastic, non-cohesive

(11-15') SILT with trace SLAG GRAVEL, 
soft, dark brown, dry then very moist at 
12.5' bgs, non-plastic, non-cohesive

(15-20') SILTY SAND and SLAG GRAVEL, 
loose, dark brown, wet,non-plastic, 
non-cohesive

(20-24.5') SILTY SAND and SLAG GRAVEL, 
loose, dark brown, wet, non-plastic, 
non-cohesive, strong naphtalene-like odor 
and product at 24.5' bgs

(24.5-27') SILT and SAND, loose, black, 
wet, non-plastic, non-cohesive

(27-29.8') CLAY, very soft, black, wet, low 
plasticity, cohesive

(29.8-30') SAND, fine, very dense, light 
brown, moist, non-plastic, non-cohesive, oil 
present at 30' bgs

(30-32.4') SILTY SAND, very loose, black, 
wet, non-plastic, non-cohesive

(32.4-34.2') SANDY SILT grading to SILT 
with CLAY, soft, black, wet, non-plastic, 
non-cohesive

(32.7-34.2') CLAYEY SILT, very soft, black, 
wet, non-plastic, non-cohesive

(34.2-39') CLAY, very soft, black, wet, low 
plasticity, cohesive

(39-50') SAND, fine, very dene, very light 
brown, wet, non-plastic, non-cohesive

End of boring

U
S

C
S

ML

SM

GW/ML

ML

SM

SM/GW

ML/SW

CL

SP
SM

ML
ML

CL

SP

Grout

Bentonite Seal

Sand

Bentonite Seal

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.54' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 7' bgs

Wet at 15' bgs

Bentonite Seal: 3/8" chips
Top: 7' bgs 
Bottom: 10' bgs

Filter Pack: #2 Sand
Top: 10' bgs 
Bottom: 28' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 12' bgs 
Bottom: 28' bgs
Total Screen: 16'

Casing
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Well ID: COE-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/06/2019
Purged Amount: 10 gallons
Well Volumes Removed: 4.29

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561802.96

Easting (ft) : 1454925.93

Date/Time Started : 4/24/19 1320

Date/Time Completed : 4/24/19 1700

Surf. Elev. (ft AMSL) : 11.34

TOC Elev. (ft AMSL) : 13.98

Total Well Depth (ft) : 35' bgs

Depth to Water (ft) : 0 Hr: 13.37' TOC

Depth to Water (ft) : 48 hr: 13.50' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-15') SILT with SLAG, SAND and 
GRAVEL-sized, soft, dark brown, dry, 
non-plastic, non-cohesive

(15-25') SLAG, SAND and GRAVEL-sized, 
loose, dark brown, wet, non-plastic, 
non-cohesive

(25-35') CLAY, soft, dark brown, moist, low 
plasticity, cohesive

End of boring

U
S

C
S

ML/GW

GW/SW

CL

Grout

Bentonite Seal

Fine Sand

Sand

Bentonite Seal

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.61' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 4.5' bgs

Wet at 15' bgs

Bentonite Seal: 3/8" chips
Top: 4.5' bgs and 30' bgs
Bottom: 7.5' bgs and 35' bgs

Filter Pack: #2 Sand
Top: 8' bgs 
Bottom: 30' bgs

Sand: #1
Top: 7.5' bgs
Bottom: 8' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 10' bgs 
Bottom: 25' bgs
Total Screen: 15'

Casing
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Well ID: COFF-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/25/2019
Purged Amount: 22 gallons
Well Volumes Removed: 9.40

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 5

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561492.27

Easting (ft) : 1458030.69

Date/Time Started : 4/14/19 0800

Date/Time Completed : 4/14/19 0850

Surf. Elev. (ft AMSL) : 11.72

TOC Elev. (ft AMSL) : 14.78

Total Well Depth (ft) : 25' bgs

Depth to Water (ft) : 0 Hr: 14.04' TOC

Depth to Water (ft) : 48 hr: 14.22' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-14') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown, dry then wet 
at 11' bgs, non-plastic, non-cohesive

(14-15') BRICK, red

(15-25') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown, wet, 
non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

NA

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 3.03'

Wet at 11' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs 

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 25' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 25' bgs
Total Screen: 20'

Casing
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Well ID: COF-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/07/2019
Purged Amount: 16 gallons
Well Volumes Removed: 4.11

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561671.42

Easting (ft) : 1454219.19

Date/Time Started : 4/26/19 1400

Date/Time Completed : 4/27/19 0930

Surf. Elev. (ft AMSL) : 11.62

TOC Elev. (ft AMSL) : 14.51

Total Well Depth (ft) : 35' bgs

Depth to Water (ft) : 0 Hr: 14.05' TOC

Depth to Water (ft) : 48 hr: 14.51' TOC

Bit/Auger Size (in.) : 4.25"
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DESCRIPTION

(0-7') SLAG, SAND and GRAVEL-sized, 
loose, dark brown to gray, dry, non-plastic, 
non-cohesive

(7-10') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown, dry, 
non-plastic, non-cohesive

(10-24') SLAG, SAND and GRAVEL-sized, 
loose, dark brown to gray, then gray at 15' 
bgs, dry then wet at 14.5' bgs, non-plastic, 
non-cohesive, napthalene-like odor from 
23-25' bgs

(24-25') SANDY CLAY, medium dense, 
gray, wet, low plasticity, cohesive

(25-33') SILTY SLAG, SAND and 
GRAVEL-sized, medium dense, gray, wet, 
non-plastic, non-cohesive

(33-35') SILTY CLAY, medium dense, gray, 
wet, low plasticity, cohesive

End of boring

U
S

C
S

SW/GW

SW/GW

SW/GW

CL

GM/SM

CL

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.88' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 14.5' bgs

Wet at 14.5' bgs

Bentonite Seal: 3/8" chips
Top: 14.5' bgs 
Bottom: 17.5' bgs

Filter Pack: #2 Sand
Top: 18' bgs 
Bottom: 35' bgs

Sand Blotter: #1 Sand
Top: 17.5' bgs
Bottom: 18' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 20' bgs 
Bottom: 35' bgs
Total Screen: 15'

Casing
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Well ID: COGG-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/25/2019
Purged Amount: 17.5 gallons
Well Volumes Removed: 7.00

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 5

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561156.32

Easting (ft) : 1458040.33

Date/Time Started : 4/14/19 0915

Date/Time Completed : 4/14/19 1010

Surf. Elev. (ft AMSL) : 10.60

TOC Elev. (ft AMSL) : 12.69

Total Well Depth (ft) : 25' bgs

Depth to Water (ft) : 0 Hr: 12.50' TOC

Depth to Water (ft) : 48 hr: 12.57' TOC

Bit/Auger Size (in.) : 4.25"
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DESCRIPTION

(0-25') SLAG, SAND and GRAVEL-sized, 
and SILT, loose, dark brown, dry then wet 
at 11.5' bgs, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.31' 

Wet at 11.5' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 25' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 25' bgs
Total Screen: 20'

Casing
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Well ID: COG-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/07/2019
Purged Amount: 16 gallons
Well Volumes Removed: 3.97

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561660.62

Easting (ft) : 1454465.55

Date/Time Started : 4/26/19 1030

Date/Time Completed : 4/26/19 1200

Surf. Elev. (ft AMSL) : 11.28

TOC Elev. (ft AMSL) : 13.77

Total Well Depth (ft) : 35' bgs

Depth to Water (ft) : 0 Hr: 13.64' TOC

Depth to Water (ft) : 48 hr: 13.99' TOC

Bit/Auger Size (in.) : 4.25"
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DESCRIPTION

(0-8') SILTY SLAG GRAVEL, loose, brown, 
moist, non-plastic, non-cohesive

(8-13.5') SLAG, SAND and GRAVEL-sized, 
loose, brown and gray, moist, non-plastic, 
non-cohesive

(13.5-15') SILT with SLAG, loose, brown, 
moist, non-plastic, non-cohesive

(15-30') SLAG, SAND and GRAVEL-sized, 
loose, gray, wet, non-plastic, non-cohesive

(30-32') CLAY, soft, gray, moist, low 
plasticity, cohesive

(32-35') SAND, fine, dense, gray, wet, 
non-plastic, non-cohesive

End of boring

U
S

C
S

GM

GW/SW

ML

SW/GW

CL

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.51' 

Grout: Portland w/ 5% 
Bentonite
Top: 0' bgs
Bottom: 14.5' bgs

Wet at 15' bgs

Bentonite Seal: 3/8" chips
Top: 14.5' bgs 
Bottom: 17.5' bgs

Filter Pack: #2 Sand
Top: 18' bgs 
Bottom: 35' bgs

Sand Blotter: #1 Sand
Top: 17.5' bgs
Bottom: 18' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 20' bgs 
Bottom: 35' bgs
Total Screen: 15'

Casing
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Well ID: COH-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/06/2019
Purged Amount: 20 gallons
Well Volumes Removed: 4.80

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig

Northing (ft) : 561707.14

Easting (ft) : 1454648.50

Date/Time Started : 4/26/19 0750

Date/Time Completed : 4/26/19 1000

Surf. Elev. (ft AMSL) : 10.60

TOC Elev. (ft AMSL) : 13.76

Total Well Depth (ft) : 35' bgs

Depth to Water (ft) : 0 Hr: 12.09' TOC

Depth to Water (ft) : 48 hr: 12.29' TOC

Bit/Auger Size (in.) : 4.25"
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DESCRIPTION

(0-3') SILT, loose, dark brown, dry, 
non-plastic, non-cohesive

(3-10') SLAG, SAND and GRAVEL-sized, 
loose, dark brown, dry, non-plastic, 
non-cohesive

(10-11') SILTY SLAG, loose, dark brown, 
moist, non-plastic, non-cohesive

(11-21.5') SLAG, SAND and 
GRAVEL-sized, loose, light brow to very 
pale brown 11-14' bgs, dark brown 14-15' 
bgs, gray 15-21.5' bgs, dry, non-plastic, 
non-cohesive

(21.5-33') SILTY SLAG, loose, gray, wet, 
non-plastic, non-cohesive

(33-35') SLAG, SAND and GRAVEL-sized, 
loose, gray, wet, non-plastic, non-cohesive

End of boring

U
S

C
S

ML

GW

GM

SW/GW

GM

SW/GW

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.11' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 14.5' bgs

Wet at 14' bgs

Bentonite Seal: 3/8" chips
Top: 14.5' bgs 
Bottom: 17.5' bgs

Filter Pack: #2 Sand
Top: 18' bgs 
Bottom: 35' bgs

Sand Blotter: #1 Sand
Top: 17.5' bgs
Bottom: 18' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 20' bgs 
Bottom: 35' bgs
Total Screen: 15'

Casing
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Well ID: COI-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/06/2019
Purged Amount: 14 gallons
Well Volumes Removed: 3.76

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561676.61

Easting (ft) : 1454778.73

Date/Time Started : 4/25/19 1230

Date/Time Completed : 4/26/19 1000

Surf. Elev. (ft AMSL) : 10.77

TOC Elev. (ft AMSL) : 13.30

Total Well Depth (ft) : 32' bgs

Depth to Water (ft) : 0 Hr: 12.35' TOC

Depth to Water (ft) : 48 hr: 12.75' TOC

Bit/Auger Size (in.) : 4.25"
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DESCRIPTION

(0-9.5') SLAG, SAND and GRAVEL-sized, 
loose, brown to black, moist, non-plastic, 
non-cohesive

(9.5-10.5') CLAY with SILT, very firm, very 
light brown to light brown, dry, low 
plasticity, cohesive

(10.5-28') SLAG, SAND and 
GRAVEL-sized, with some SILT 10.5-15' 
bgs, loose, brown to black, moist then wet 
at 15' bgs, non-plastic, non-cohesive

(28-30') SILTY SAND, very fine, dense, 
gray, wet, non-plastic, non-cohesive

(30-35') CLAY, very firm, brown, moist, low 
plasticity, cohesive

End of boring

U
S

C
S

SW/GW

CL

SW/GW

SM

CL

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.13' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 6.5' bgs

Wet at 15' bgs

Bentonite Seal: 3/8" chips
Top: 6.5' bgs 
Bottom: 9.5' bgs

Filter Pack: #2 Sand
Top: 10' bgs 
Bottom: 35' bgs

Sand Blotter: #1 Sand
Top: 9.5' bgs
Bottom: 10' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 12' bgs 
Bottom: 32' bgs
Total Screen: 20'

Casing
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Well ID: COJ-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/06/2019
Purged Amount: 12 gallons
Well Volumes Removed: 5.06

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 3

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 561684.22

Easting (ft) : 1454936.95

Date/Time Started : 4/25/19 730

Date/Time Completed : 4/25/19 1100

Surf. Elev. (ft AMSL) : 10.38

TOC Elev. (ft AMSL) : 13.86

Total Well Depth (ft) : 25' bgs

Depth to Water (ft) : 0 Hr: 13.14' TOC

Depth to Water (ft) : 48 hr: 13.55' TOC

Bit/Auger Size (in.) : 4.25"
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DESCRIPTION

(0-25') SLAG, SAND and GRAVEL-sized, 
loose, brown to dark brown, dry then wet 
at 15' bgs, non-plastic, non-cohesive

(25-35') CLAY, very firm, brown, moist, low 
plasticity, cohesive

(35-45') SLAG, SAND and GRAVEL-sized, 
loose, brown to dark brown, wet, 
non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

CL

SW/GW

Grout

Bentonite Seal

Fine Sand

Sand

Bentonite Seal

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 3.65' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 4.5' bgs

Wet at 15' bgs

Bentonite Seal: 3/8" chips
Top: 4.5' bgs 
Bottom: 7.5' bgs

Filter Pack: #2 Sand
Top: 8' bgs 
Bottom: 25' bgs

Sand Blotter: #1 Sand
Top: 7.5' bgs
Bottom: 8' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 10' bgs 
Bottom: 25' bgs
Total Screen: 15'

Casing
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Well ID: COK-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/24/2019
Purged Amount: 36 gallons
Well Volumes Removed: 5.15

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563234.63

Easting (ft) : 1454749.25

Date/Time Started : 4/12/19 0825

Date/Time Completed : 4/12/19 0920

Surf. Elev. (ft AMSL) : 4.60

TOC Elev. (ft AMSL) : 6.83

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 8.72' TOC

Depth to Water (ft) : 48 hr: 9.42' TOC

Bit/Auger Size (in.) : 4.25"
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0.8
-
-
-
-
-
-
-
-

3.9
17.9

-
-
-
-
-
-
-
-
-
-
-
-
-

4.8
12.6
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14.1
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6.7

DESCRIPTION

(0-4') SANDY SILT, medium dense, brown, 
dry, non-plastic, non-cohesive

(4-6') SAND and GRAVEL, loose, dark 
brown, dry, non-plastic, non-cohesive

(6-9.9') SAND, very fine, dense, dark 
brown, wet, non-plastic, non-cohesive

(9.9-11.5') Fine GRAVEL and SAND, 
medium, loose, brown, wet, non-plastic, 
non-cohesive

(11.5-18') SLAG, SAND and 
GRAVEL-sized, loose, gray to light gray, 
wet, non-plastic, non-cohesive

(18-29') SLAG, SAND and GRAVEL-sized, 
loose, light gray grading to gray, then 
grading to dark gray, wet, non-plastic, 
non-cohesive

(29-50') SAND, very fine, very dense, light 
gray then black at 48' bgs, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

ML

SW/GW

SP

GW/SW

GW/SW

SW/GW

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.39' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 6' bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing
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Well ID: COK-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/24/2019
Purged Amount: 7 gallons
Well Volumes Removed: 3.83

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563234.96

Easting (ft) : 1454751.72

Date/Time Started : 4/12/19 0740

Date/Time Completed : 4/12/19 0815

Surf. Elev. (ft AMSL) : 4.61

TOC Elev. (ft AMSL) : 6.62

Total Well Depth (ft) : 15' bgs

Depth to Water (ft) : 0 Hr: 6.69' TOC

Depth to Water (ft) : 48 hr: 6.61' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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91.8

DESCRIPTION

(0-4') SANDY SILT, medium dense, brown, 
dry, non-plastic, non-cohesive

(4-6') SAND and GRAVEL, loose, dark 
brown, dry, non-plastic, non-cohesive

(6-9.9') SAND, very fine, dense, dark 
brown, wet, non-plastic, non-cohesive

(9.9-11.5') Fine GRAVEL and SAND, 
medium, loose, brown, wet, non-plastic, 
non-cohesive

(11.5-15') SLAG, SAND and 
GRAVEL-sized, loose, gray to light gray, 
wet, non-plastic, non-cohesive

End of boring

U
S

C
S

ML

SW/GW

SP

GW/SW

GW/SW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.79' 

Wet at 6' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 15' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 15' bgs
Total Screen: 10'

Casing
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Well ID: COL-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/23/2019
Purged Amount: 33 gallons
Well Volumes Removed: 4.63

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563246.33

Easting (ft) : 1454911.00

Date/Time Started : 4/11/19 1440

Date/Time Completed : 4/11/19 1600

Surf. Elev. (ft AMSL) : 4.62

TOC Elev. (ft AMSL) : 7.56

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 9.99' TOC

Depth to Water (ft) : 48 hr: 9.80' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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15.9
27.6
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DESCRIPTION

(0-2') CLAY, firm, red to light red, dry, low 
plasticity, cohesive

(2-5') SILT, SAND and GRAVEL, medium 
dense, brown, moist, non-plastic, 
non-cohesive

(5-11') SLAG, SAND-sized, very fine, 
dense, black, wet, non-plastic, 
non-cohesive

(11-13') SLAG, SAND and GRAVEL-sized, 
medium dense, dark bluish gray, wet, 
non-plastic, non-cohesive

(13-18.5') SAND with some GRAVEL, 
medium dense, dark gray, wet, non-plastic, 
non-cohesive

(18.5-19.5') CLAY, soft to firm, dark gray, 
wet, low plasticity, cohesive

(19.5-23') GRAVEL and SAND, fine, dense, 
dark gray, wet, non-plastic, non-cohesive

(23-25') SAND, very fine, dense, dark gray, 
wet, non-plastic, non-cohesive

(25-35.7') SANDY CLAY, hard, very pale 
brown, moist, low plasticity, cohesive, with 
a sand lens from 28-28.2' bgs

(35.7-37.5') SAND, very fine, very dense, 
very pale brown, wet, non-plastic, 
non-cohesive

(37.5-40') SANDY CLAY, hard, very pale 
brown, moist, low plasticity, cohesive

(40-50') SAND, very fine, very dense, dark 
gray, wet, non-plastic, non-cohesive

End of boring

U
S

C
S

CL

ML/SW

SP

SW/GW

SW

CL

GW/SW

SP

CL

SP

CL

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.86' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 5' bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Product odor 11-50' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing



06
-1

8-
20

19
  P

:\E
nv

iro
A

na
ly

tic
s 

G
ro

up
\1

90
34

2M
 C

O
A

 O
ns

ho
re

 S
up

pl
em

en
ta

l I
nv

es
tig

at
io

n\
D

oc
um

en
ts

\B
or

in
g 

Lo
gs

\2
_B

or
 L

og
s\

C
O

L-
M

W
S

.b
or

Well ID: COL-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/23/2019
Purged Amount: 18 gallons
Well Volumes Removed: 10.29

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563247.85

Easting (ft) : 1454916.39

Date/Time Started : 4/11/19 1340

Date/Time Completed : 4/11/19 1430

Surf. Elev. (ft AMSL) : 4.65

TOC Elev. (ft AMSL) : 7.38

Total Well Depth (ft) : 15' bgs

Depth to Water (ft) : 0 Hr: 6.74' TOC

Depth to Water (ft) : 48 hr: 6.69' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-2') CLAY, medium, red to light red, dry, 
low plasticity, cohesive

(2-5') SILT, SAND and GRAVEL, medium 
dense, brown, moist, non-plastic, 
non-cohesive

(5-11') SLAG, SAND-sized, very fine, 
dense, black, wet, non-plastic, 
non-cohesive

(11-13') SLAG, SAND and GRAVEL-sized, 
medium dense, dark bluish gray, wet, 
non-plastic, non-cohesive

(13-18') SAND with some GRAVEL, medium 
dense, dark gray, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

CL

ML/SW

SP

SW/GW

SW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.72' 

Product-like odor in core 
11-18' bgs

Wet at 5' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 15' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 15' bgs
Total Screen: 10'

Casing
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Well ID: COM-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/23/2019
Purged Amount: 33 gallons
Well Volumes Removed: 4.65

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563260.43

Easting (ft) : 1455059.50

Date/Time Started : 4/11/19 0930

Date/Time Completed : 4/11/19

Surf. Elev. (ft AMSL) : 5.70

TOC Elev. (ft AMSL) : 7.43

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 9.83' TOC

Depth to Water (ft) : 48 hr: 9.70' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-1') CLAY, firm, brown, dry, low 
plasticity, cohesive

(1-5') SILT and CLAY with GRAVEL, soft, 
black, dry, low plasticity, cohesive

(5-9') SAND, fine, dense, black, wet, 
non-plastic, non-cohesive

(9-11') SLAG, SAND and GRAVEL-sized, 
loose, gray, wet, non-plastic, non-cohesive

(11-21.5') SLAG, SAND-sized, fine, and 
some GRAVEL-sized, medium dense, gray 
to green, wet, non-plastic, non-cohesive

(21.5-28.5') CLAY, soft, gray, wet, low 
plasticity, cohesive

(28.5-37') SAND, fine, dense, brown to light 
brown then gray to dark gray 29-37' bgs, 
wet, non-plastic, non-cohesive

(37-39') SAND, very fine, very dense, light 
gray, moist, non-plastic, non-cohesive

(39-46') SAND, fine, dense, gray to dark 
gray, wet, non-plastic, non-cohesive

(46-50') SAND, very fine, very dense, light 
gray, moist, non-plastic, non-cohesive

End of boring

U
S

C
S

CL

ML

SP

SW/GW

SW/GW

CL

SP

SP

SP

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 1.58' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 5' bgs

Product in core 5-11' bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing



06
-1

8-
20

19
  P

:\E
nv

iro
A

na
ly

tic
s 

G
ro

up
\1

90
34

2M
 C

O
A

 O
ns

ho
re

 S
up

pl
em

en
ta

l I
nv

es
tig

at
io

n\
D

oc
um

en
ts

\B
or

in
g 

Lo
gs

\2
_B

or
 L

og
s\

C
O

M
-M

W
S

.b
or

Well ID: COM-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/23/2019
Purged Amount: 14 gallons
Well Volumes Removed: 8.28

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563262.59

Easting (ft) : 1455064.51

Date/Time Started : 4/11/19 0830

Date/Time Completed : 4/11/19 0915

Surf. Elev. (ft AMSL) : 5.80

TOC Elev. (ft AMSL) : 8.11

Total Well Depth (ft) : 15' bgs

Depth to Water (ft) : 0 Hr: 6.61' TOC

Depth to Water (ft) : 48 hr: 7.09' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-1') CLAY, firm, brown, dry, low 
plasticity, cohesive

(1-5') SILT and CLAY with GRAVEL, soft, 
black, dry, low plasticity, cohesive

(5-9') SAND, fine, dense, black, wet, 
non-plastic, non-cohesive

(9-11') SLAG, SAND and GRAVEL-sized, 
loose, gray, wet, non-plastic, non-cohesive

(11-15') SLAG, SAND-sized, fine, and some 
GRAVEL-sized, medium dense, gray to 
green, wet, non-plastic, non-cohesive

End of boring

U
S

C
S

CL

ML

SP

SW/GW

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.38' 

Wet at 5' bgs

Product in core 5-11' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 3' bgs

Filter Pack: #2 Sand
Top: 3' bgs 
Bottom: 15' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 15' bgs
Total Screen: 10'

Casing
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Well ID: CON-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/24/2019
Purged Amount: 22 gallons
Well Volumes Removed: 3.26

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563192.15

Easting (ft) : 1454354.47

Date/Time Started : 4/12/19 1150

Date/Time Completed : 4/12/19 1510

Surf. Elev. (ft AMSL) : 10.11

TOC Elev. (ft AMSL) : 11.99

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 10.97' TOC

Depth to Water (ft) : 48 hr: 11.25' TOC

Bit/Auger Size (in.) : 4.25"
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DESCRIPTION

(0-10') SANDY SILT, loose, brown then red 
(2-3.5' bgs), dark brown grading to black 
(3.5-5' bgs), dry, non-plastic, non-cohesive

(10-44.5') SLAG, SAND and 
GRAVEL-sized, loose, gray to black, wet, 
non-plastic, non-cohesive

(44.5-50') SAND, very fine, very dense, 
gray grading to light brown, wet, 
non-plastic, non-cohesive

End of boring

U
S

C
S

ML

SW/GW

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.14' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 9' bgs

Odor in core 14-20' bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing
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Well ID: CON-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/24/2019
Purged Amount: 19 gallons
Well Volumes Removed: 18.10

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563190.14

Easting (ft) : 1454350.59

Date/Time Started : 4/12/19 1120

Date/Time Completed : 4/12/19 1150

Surf. Elev. (ft AMSL) : 10.03

TOC Elev. (ft AMSL) : 12.01

Total Well Depth (ft) : 15' bgs

Depth to Water (ft) : 0 Hr: 10.95' TOC

Depth to Water (ft) : 48 hr: 11.41' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-10') SANDY SILT, loose, brown then red 
(2-3.5' bgs), dark brown grading to black 
(3.5-5' bgs), dry, non-plastic, non-cohesive

(10-15') SLAG, SAND and GRAVEL-sized, 
loose, gray to black, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

ML

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.10' 

Wet at 9' bgs

Odor in core from 14-15' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 15' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 15' bgs
Total Screen: 10'

Casing
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Well ID: COO-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/25/2019
Purged Amount: 22 gallons
Well Volumes Removed: 3.30

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563028.38

Easting (ft) : 1454319.03

Date/Time Started : 4/13/19 0830

Date/Time Completed : 4/13/19 0945

Surf. Elev. (ft AMSL) : 10.38

TOC Elev. (ft AMSL) : 12.68

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 11.00' TOC

Depth to Water (ft) : 48 hr: 10.99' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-9') SILT with SAND and GRAVEL, loose, 
dark brown, dry, non-plastic, non-cohesive

(9-40') SLAG, SAND and GRAVEL-sized, 
loose, dark brown, wet, non-plastic, 
non-cohesive

(40-50') SAND, very fine, very dense, light 
gray to very pale brown, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

ML

SW/GW

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 1.62' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 9' bgs

Napthalene-like odor in core 
17-40' bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing
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Well ID: COO-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/15/2019
Purged Amount: 17 gallons
Well Volumes Removed: 19.32

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563024.25

Easting (ft) : 1454318.34

Date/Time Started : 4/13/19 0750

Date/Time Completed : 4/13/19 0820

Surf. Elev. (ft AMSL) : 10.31

TOC Elev. (ft AMSL) : 12.70

Total Well Depth (ft) : 15' bgs

Depth to Water (ft) : 0 Hr: 12.50' TOC

Depth to Water (ft) : 48 hr: 12.08' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-9') SILT with SAND and GRAVEL, loose, 
dark brown, dry, non-plastic, non-cohesive

(9-15') SLAG, SAND and GRAVEL-sized, 
loose, dark brown, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

ML

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.48' 

Wet at 9' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 15' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 15' bgs
Total Screen: 10'

Casing
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Well ID: COP-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/3/2019
Purged Amount: 34 gallons
Well Volumes Removed: 4.72

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563127.66

Easting (ft) : 1454935.03

Date/Time Started : 4/24/19 1100

Date/Time Completed : 4/24/19 1330

Surf. Elev. (ft AMSL) : 5.11

TOC Elev. (ft AMSL) : 7.53

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 8.38' TOC

Depth to Water (ft) : 48 hr: 8.84' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-15') SLAG, SAND and GRAVEL-sized, 
loose, dark black to brown (0-9' bgs), 
blueish gray (10-15' bgs), dry to wet at 5.5' 
bgs, non-plastic, non-cohesive

(15-19') SAND, fine, medium dense, brown, 
wet, non-plastic, non-cohesive

(19-20') CLAY, firm, brown, wet, low 
plasticity, cohesive

(20-37') SAND, fine, medium dense, brown, 
wet, non-plastic, non-cohesive

(37-41.5') CLAYEY SAND, fine, dense, very 
pale brown to light brown, then light gray at 
41.5' bgs, wet, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

SP

CL

SP

SC

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.52' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 5.5' bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing
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Well ID: COQ-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/3/2019
Purged Amount: 42 gallons
Well Volumes Removed: 5.69

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 563001.86

Easting (ft) : 1454907.17

Date/Time Started : 4/24/19 0800

Date/Time Completed : 4/24/19 0940

Surf. Elev. (ft AMSL) : 3.78

TOC Elev. (ft AMSL) : 6.42

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 7.57' TOC

Depth to Water (ft) : 48 hr: 6.67' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-18') SLAG, SAND and GRAVEL-sized, 
loose, black to dark gray, moist to wet at 6' 
bgs, non-plastic, non-cohesive

(18-35') SAND, fine, medium dense to 
dense, brown (19-22' bgs), reddish yellow 
(22-24' bgs), very pale brown (24-25' bgs), 
and brown (25-35' bgs), wet, non-plastic, 
non-cohesive

(35-40') CLAYEY SAND, medium dense, 
gray, wet, non-plastic, non-cohesive

(40-50') SAND, fine to coarse, medium 
dense, brown, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

SW/GW

SP

SC

SW

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 3.57' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 6' bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing
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Well ID: COR-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/8/2019
Purged Amount: 20 gallons
Well Volumes Removed: 4.47

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562836.85

Easting (ft) : 1454628.12

Date/Time Started : 4/23/19 0800

Date/Time Completed : 4/23/19 1130

Surf. Elev. (ft AMSL) : 9.59

TOC Elev. (ft AMSL) : 11.65

Total Well Depth (ft) : 37' bgs

Depth to Water (ft) : 0 Hr: 11.24' TOC

Depth to Water (ft) : 48 hr: 11.04' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-26') SLAG, SAND and GRAVEL-sized, 
with SILT, loose, dark brown grading to 
gray/black with light gray from 10-12' bgs, 
dry then wet at 10' bgs, non-plastic, 
non-cohesive

(26-30') SAND, very fine, dense, black, 
wet, non-plastic, non-cohesive

(30-50') SAND, very fine, very dense, very 
pale brown to white grading to light brown 
at 46' bgs, wet, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

SP

SP

Grout

Bentonite Seal

Fine Sand

Sand

Bentonite Seal

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.21' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 16.5' bgs

Product in core 26-30' bgs

Wet at 10' bgs

Bentonite Seal: 3/8" chips
Top: 16.5' bgs 
Bottom: 19.5' bgs

Sand Blotter: #1 Sand
Top: 19.5' bgs
Bottom: 20' bgs

Filter Pack: #2 Sand
Top: 20' bgs 
Bottom: 37' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 22' bgs 
Bottom: 37' bgs
Total Screen: 15'

Casing
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Well ID: COS-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/2/2019
Purged Amount: 14 gallons
Well Volumes Removed: 8.92

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562664.68

Easting (ft) : 1454530.10

Date/Time Started : 4/17/19 0730

Date/Time Completed : 4/17/19 0830

Surf. Elev. (ft AMSL) : 11.47

TOC Elev. (ft AMSL) : 14.43

Total Well Depth (ft) : 20' bgs

Depth to Water (ft) : 0 Hr: 13.50' TOC

Depth to Water (ft) : 48 hr: 13.28' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-20') SLAG, SAND and GRAVEL-sized, 
loose, dark brown, moist then wet at 10.5' 
bgs, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.29' 

Wet at 10.5' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 20' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 20' bgs
Total Screen: 15'

Casing
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Well ID: COT-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/3/2019
Purged Amount: 10 gallons
Well Volumes Removed: 4.98

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562911.80

Easting (ft) : 1455128.85

Date/Time Started : 4/23/19 1250

Date/Time Completed : 4/23/19 1420

Surf. Elev. (ft AMSL) : 9.39

TOC Elev. (ft AMSL) : 11.74

Total Well Depth (ft) : 20' bgs

Depth to Water (ft) : 0 Hr: 10.42' TOC

Depth to Water (ft) : 48 hr: 10.54' TOC

Bit/Auger Size (in.) : 4.25"

Depth
(ft.)
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-

DESCRIPTION

(0-20') SLAG, SAND and GRAVEL-sized, 
medium dense, dark brown then light gray 
18-20' bgs, dry then wet at 11.5' bgs, 
non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.07' 

Wet at 11.5' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Product sheen in core 13-15' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 20' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 20' bgs
Total Screen: 15'

Casing
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Well ID: COU-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/3/2019
Purged Amount: 20 gallons
Well Volumes Removed: 11.63

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562820.60

Easting (ft) : 1455382.44

Date/Time Started : 4/23/19 1430

Date/Time Completed : 4/23/19 1630

Surf. Elev. (ft AMSL) : 11.64

TOC Elev. (ft AMSL) : 14.48

Total Well Depth (ft) : 20' bgs

Depth to Water (ft) : 0 Hr: 13.16' TOC

Depth to Water (ft) : 48 hr: 13.34' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-4') SILT with SLAG, loose, dark brown, 
dry, non-plastic, non-cohesive

(4-5') CLAY, hard, gray, dry, low plasticity, 
cohesive

(5-10') SILT with SLAG, loose, dark brown, 
moist then wet at 10' bgs, non-plastic, 
non-cohesive

(10-20') SLAG, SAND and GRAVEL-sized, 
medium dense, black, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

ML

CL

ML

SW/GW

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 3.08' 

Wet at 10' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Product sheen in core 12-20' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 20' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 20' bgs
Total Screen: 15'

Casing
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Well ID: COV-MWI

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/2/2019
Purged Amount: 60 gallons
Well Volumes Removed: 9.68

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562760.83

Easting (ft) : 1455004.68

Date/Time Started : 4/16/19 1300

Date/Time Completed : 4/16/19 1545

Surf. Elev. (ft AMSL) : 10.36

TOC Elev. (ft AMSL) : 12.20

Total Well Depth (ft) : 50' bgs

Depth to Water (ft) : 0 Hr: 16.31' TOC

Depth to Water (ft) : 48 hr: 12.41' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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-
-
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-
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-
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1761
2122

-
2472
174.1
2100
3563

DESCRIPTION

(0-10.5') SLAG, SAND and GRAVEL-sized, 
loose, dark brown grading to black, dry then 
wet at 9.5' bgs, non-plastic, non-cohesive

(10.5-19') SAND, very fine, very dense, 
black, wet, non-plastic, non-cohesive

(19-20') CLAY, soft, black, moist, low 
plasticity, cohesive

(20-39') SAND, very fine, very dense, dark 
gray and yellow (20-27' bgs), red to 
brownish red (27-31' bgs), brown and 
yellow (31-38' bgs), very light red (38-38.5' 
bgs), pale brown to white (38.5-39' bgs),  
wet, non-plastic, non-cohesive

(39-50') CLAYEY SAND, very fine, very 
dense, white to light gray, wet, non-plastic, 
non-cohesive

End of boring

U
S

C
S

SW/GW

SP

CL

SW

SC

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.09' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 24.5' bgs

Wet at 9.5' bgs

Product Sheen in core 10-19' 
bgs

Bentonite Seal: 3/8" chips
Top: 24.5' bgs 
Bottom: 27.5' bgs

Sand Blotter: #1 Sand
Top: 27.5' bgs
Bottom: 28' bgs

Filter Pack: #2 Sand
Top: 28' bgs 
Bottom: 50' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 30' bgs 
Bottom: 50' bgs
Total Screen: 20'

Casing
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Well ID: COW-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/2/2019
Purged Amount: 17 gallons
Well Volumes Removed: 10.97

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562667.55

Easting (ft) : 1455015.35

Date/Time Started : 4/16/19 1120

Date/Time Completed : 4/16/19 1145

Surf. Elev. (ft AMSL) : 11.75

TOC Elev. (ft AMSL) : 13.97

Total Well Depth (ft) : 20' bgs

Depth to Water (ft) : 0 Hr: 13.13' TOC

Depth to Water (ft) : 48 hr: 13.20' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-15.5') SLAG, SAND and GRAVEL-sized, 
loose, dark brown grading to black, dry then 
wet at 11' bgs, non-plastic, non-cohesive

(15.5-20') SAND, fine, medium dense, black, 
wet, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

SP

Bentonite Seal

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.32' 

Wet at 11' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Product sheen in core 14.5-15.5' 
bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 20' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 20' bgs
Total Screen: 15'

Casing
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Well ID: COX-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/2/2019
Purged Amount: 9 gallons
Well Volumes Removed: 5.56

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562623.23

Easting (ft) : 1455434.17

Date/Time Started : 4/16/19 0830

Date/Time Completed : 4/16/19 0910

Surf. Elev. (ft AMSL) : 12.18

TOC Elev. (ft AMSL) : 15.45

Total Well Depth (ft) : 20' bgs

Depth to Water (ft) : 0 Hr: 12.66' TOC

Depth to Water (ft) : 48 hr: Bubbling over

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-14') SLAG, SAND and GRAVEL-sized, 
loose, dark brown grading to black, dry, 
moist at 9' bgs, then wet at 10' bgs, 
non-plastic, non-cohesive

(14-14.2') WOOD

(14.2-15') GRAVEL, loose, black, wet, 
non-plastic, non-cohesive

(15-18.5') SAND, loose, black, wet, 
non-plastic, non-cohesive

(18.5-19') SAND, fine, medium dense, black, 
wet, non-plastic, non-cohesive

(19-20') CLAYEY SAND, medium dense, 
black, wet, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

NA
GW

SW

SP

SC

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 1.96' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 4.5' bgs

Wet at 10' bgs

Bentonite Seal: 3/8" chips
Top: 4.5' bgs 
Bottom: 7.5' bgs

Product odor in core 14-20' bgs 
with product in core from 14-15' 
bgs

Sand Blotter: #1 Sand
Top: 7.5' bgs
Bottom: 8' bgs

Filter Pack: #2 Sand
Top: 8' bgs 
Bottom: 20' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 10' bgs 
Bottom: 20' bgs
Total Screen: 10'

Casing
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Well ID: COY-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 05/2/2019
Purged Amount: 23 gallons
Well Volumes Removed: 14.20

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562392.83

Easting (ft) : 1455088.30

Date/Time Started : 4/16/19 1015

Date/Time Completed : 4/16/19 1100

Surf. Elev. (ft AMSL) : 11.49

TOC Elev. (ft AMSL) : 13.48

Total Well Depth (ft) : 20' bgs

Depth to Water (ft) : 0 Hr: 11.50' TOC

Depth to Water (ft) : 48 hr: 12.86' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-20') SLAG, SAND and GRAVEL-sized, 
loose, dark brown grading to black, dry then 
wet at 10' bgs, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.44' 

Wet at 10' bgs

Bentonite Seal: 3/8" chips
Top: 0' bgs 
Bottom: 4' bgs

Filter Pack: #2 Sand
Top: 4' bgs 
Bottom: 20' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 5' bgs 
Bottom: 20' bgs
Total Screen: 15'

Casing
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Well ID: COZ-MWS

(page 1 of 1)

TOC - Top of PVC Casing
AMSL - Above Mean Sea Level
ags - above ground surface
bgs - below ground surface
W - weight of hammer

Monitoring Well Developent
Date: 04/24/2019
Purged Amount: 18 gallons
Well Volumes Removed: 11.11

Project Name : COA Onshore Supp. Inv.

Project Number : 190342M-2

Client : EnviroAnalytics Group

Site : Sparrow's Point

Borehole Location : Cell 2

ARM Representative : L. Glumac

Checked by : M. Replogel, EIT

Drilling Company : Geologic Explorations

Driller : Kenny Sargent

Drilling Equipment : Sonic Rig 8140LS

Northing (ft) : 562421.66

Easting (ft) : 1455560.77

Date/Time Started : 4/16/19 0935

Date/Time Completed : 4/16/19 1000

Surf. Elev. (ft AMSL) : 11.88

TOC Elev. (ft AMSL) : 14.70

Total Well Depth (ft) : 20' bgs

Depth to Water (ft) : 0 Hr: 12.53' TOC

Depth to Water (ft) : 48 hr: 12.52' TOC

Bit/Auger Size (in.) : 4.25"

Depth
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DESCRIPTION

(0-15') SLAG, SAND and GRAVEL-sized, 
loose, dark brown grading to black, moist 
then wet at 10.5' bgs, non-plastic, 
non-cohesive

(15-20') SAND, fine, medium dense, black, 
wet, non-plastic, non-cohesive

End of boring

U
S

C
S

SW/GW

SP

Grout

Bentonite Seal

Fine Sand

Sand

Cover

2" PVC Riser

2" PVC Screen

End Cap

COMPLETION DETAILS

4" Protective Steel 
Casing with Locking Lid
2x2' concrete pad
2" expandable-type cap

Riser: Sch 40 PVC
Riser Diameter: 2 in
Riser Stickup (ags): 2.08' 

Grout: Portland w/ 5% Bentonite
Top: 0' bgs
Bottom: 4.5' bgs

Wet at 10.5' bgs

Bentonite Seal: 3/8" chips
Top: 4.5' bgs 
Bottom: 7.5' bgs

Odor in core 15-20' bgs with 
product in core from 15-16' bgs

Sand Blotter: #1 Sand
Top: 7.5' bgs
Bottom: 8' bgs

Filter Pack: #2 Sand
Top: 8' bgs 
Bottom: 20' bgs

Screen: Sch 40 PVC
Screen Diameter: 2 in
Slot Size: 0.010" 
Top: 10' bgs 
Bottom: 20' bgs
Total Screen: 10'

Casing
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Well Development Logs















































































APPENDIX C 

Survey Data



 
 
June 11, 2019 
 
Mr. James Calenda 
EnviroAnalytis Group, LLC 
1650 Des Peres Road, Suite 303 
St. Louis, MO 63131 
 
    Re:  Sparrows Point Well Survey 
 Sparrows Point, MD 
 Triad Engineering Job No. 03-15-0343 
 
Mr. Calenda: 
Below are the specified surveyed wells, date of last field work completed on June 6, 2019.  
The coordinate values shown were derived from G.P.S. observations based on National 
Geodetic Surveys stations “GIS 1”, PID AC7684 and “GIS 2”, PID AC7685 which purport 
to be on NAD83(2011) Maryland Grid coordinate system with NAVD88 (AMSL) elevations.  
 

FORMER COKE OVEN AREA WELL LOCATIONS 

DESCRIPTIO
N 

NORTHIN
G 

EASTING 
TOP CASING 
ELEVATION 

GROUND AT 
WELL ELEVATION 

NOTES 

COAA‐MWS  561979.891 
1457970.98

1  10.65  11.27 
FLUSH MOUNT 

COA‐MWS  NO WELL FOUND 

COBB‐MWS  561776.152 
1457813.75

0  16.27  13.61 
  

COB‐MWS  561768.065 
1454242.76

6  14.23  11.30 
  

COCC‐MWS  561794.484 
1457978.38

6  15.55  13.16 
  

COC‐MWS  561775.581 
1454539.22

3  14.32  11.56 
  

CODD‐MWS  561604.499 
1457576.28

7  14.37  12.30 
  

COD‐MWS  561792.574 
1454723.99

3  13.74  11.63 
  

COEE‐MWS  NO WELL FOUND 

COE‐MWS  561802.955 
1454925.92

6  13.98  11.34 
  

COFF‐MWS  561492.274 
1458030.69

1 
14.78  11.72 

GROUND SHOT 
TAKEN ON SOUTHERN 

SIDE 

COF‐MWS  561671.419 
1454219.18

7  14.51  11.62 
  



EnviroAnalytis Group, LLC June 11, 2019 
RE:  Sparrows Point Well Survey 03-15-0343 Page 2 

COGG‐MWS  561156.320 
1458040.33

0  12.69  10.60 
  

COG‐MWS  561660.615 
1454465.54

9  13.77  11.28 
  

COH‐MWS  561707.142 
1454648.49

7  13.76  10.60 
  

COI‐MWS  561676.613 
1454778.72

5  13.30  10.77 
  

COJ‐MWS  561684.219 
1454936.94

5  13.86  10.38 
  

COK‐MWI  563234.629 
1454749.24

8  6.83  4.60 
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DESCRIPTION  NORTHING  EASTING 
TOP CASING 
ELEVATION 

GROUND AT 
WELL ELEVATION 

NOTES 

COK‐MWS  563234.958  1454751.722 6.62  4.61    

COL‐MWI  563246.333  1454911.001 7.56  4.62    

COL‐MWS  563247.848  1454916.386 7.38  4.65 
WELL SHOT ON LOWER, 

EASTERN POINT OF CASING 

COM‐MWI  563260.434  1455059.494 7.43  5.70    

COM‐MWS  563262.594  1455064.514 8.11  5.80    

CON‐MWI  563192.145  1454354.472 11.99  10.11    

CON‐MWS  563190.136  1454350.586 12.01  10.03    

COO‐MWI  563028.379  1454319.031 12.68  10.38    

COO‐MWS  563024.252  1454318.335 12.70  10.31    

COP‐MWI  563127.662  1454935.030 7.53  5.11    

COQ‐MWI  563001.855  1454907.172 6.42  3.78    

COR‐MWI  562836.854  1454628.124 11.65  9.59    

COS‐MWS  562664.676  1454530.099 14.43  11.47    

COT‐MWS  562911.804  1455128.854 11.74  9.39    

COU‐MWS  562820.595  1455382.444 14.48  11.64    

COV‐MWI  562760.829  1455004.678 12.20  10.36    

COW‐MWS  562667.550  1455015.345 13.97  11.75    

COX‐MWS  562623.230  1455434.171 15.45  12.18 
GROUND SHOT TAKEN ON 

WESTERN SIDE 

COY‐MWS  562392.829  1455088.298 13.48  11.49    

COZ‐MWS  562421.661  1455560.773 14.70  11.88    
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Purge and YSI Calibration Logs



























































































































APPENDIX E 

Pore Water Sampling Photograph Log
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Pore Water Sampling
Coke Oven Area

Sparrows Point, Maryland

Photo 1: View of CO-016-PW-3 after attempting a 3 foot sample in Cell 3 of the Coke Oven Area.

Photo 2: View of CO-025-PW-1 after attempting a 9 inch sample in Cell 3 of the Coke Oven Area.



Pore Water Sampling
Coke Oven Area

Sparrows Point, Maryland

Photo 3: View of CO-040-PW-1 after attempting a 9 inch sample in Cell 3 of the Coke Oven Area.

Photo 4: View of CO-045-PW-3 after attempting a 3 foot sample in Cell 3 of the Coke Oven Area. 
Black mud extends nearly up to the flange of the push-point sampler. 
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Photo 5: View of CO-056-PW-1 after attempting a 9 inch sample in Cell 2 of the Coke Oven Area. .

Photo 6: View of CO-059-PW-1 after attempting a 9 inch sample in Cell 2 of the Coke Oven Area. .

Pore Water Sampling
Coke Oven Area

Sparrows Point, Maryland
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Photo 7: View of CO-061-PW-2 after attempting a 2 foot sample in Cell 2 of the Coke Oven Area. .

Pore Water Sampling
Coke Oven Area

Sparrows Point, Maryland

Photo 8: View of CO-062-PW-1 after attempting a 9 inch sample in Cell 2 of the Coke Oven Area. .
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Pore Water Sampling
Coke Oven Area

Sparrows Point, Maryland

Photo 9: View of CO-068-PW-1 after attempting a 9 inch sample in Cell 2 of the Coke Oven Area. .

Photo 10: View of CO-083-PW-3 after attempting a 3 foot sample in Cell 5 of the Coke Oven Area. .
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Pore Water Sampling
Coke Oven Area

Sparrows Point, Maryland

Photo 11: View of CO-089-PW-1 after attempting a 9 inch sample in Cell 5 of the Coke Oven Area. .

Photo 12: View of CO-089-PW-3 after attempting a 3 foot sample in Cell 5 of the Coke Oven Area.
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Pore Water Sampling
Coke Oven Area

Sparrows Point, Maryland

Photo 13: View of CO-095-PW-2 after attempting a 2 foot sample in Cell 5 of the Coke Oven Area. .
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QA/QC Tracking Log 



QA/QC Tracking Log

Trip 
Blank: Date:

Trip 
Blank:

Date:

Y 5/1/2019 1) COM-MWS 1)

Y 2) COM-MWI 2)

Y 3) COL-MWS 3)

Y 4) COL-MWI 4)

Y 5/6/2019 5) COS-MWS 5)

Y 6) COW-MWS 6)

Y 7) COV-MWI Duplicate: COV-MWI 7) Duplicate:

Y 8) COK-MWS      Date: 5/6/2019 8)      Date:

Y 9) COK-MWI MS/MSD: COO-MWI 9) MS/MSD:

Y 5/7/2019 10) CON-MWS      Date: 5/7/2019 10)      Date:

Y 11) CON-MWI Field Blank: 11) Field Blank:

Y 12) COO-MWS      Date: 5/7/2019 12)      Date:

Y 13) COO-MWI Eq. Blank: - 13) Eq. Blank:

Y 5/8/2019 14) COT-MWS      Date: - 14)      Date:

Y 15) COY-MWS 15)

Y 16) COZ-MWS 16)

Y 17) COX-MWS 17)

Y 18) COU-MWS 18)

Y 5/9/2019 19) COQ-MWI 19)

Y 20) COP-MWI 20)

1) COBB-MWS 1)

2) COCC-MWS 2)

3) COFF-MWS 3)

4) COGG-MWS 4)

Y 5/10/2019 5) COH-MWS 5)

Y 6) COF-MWS 6)

Y 7) COG-MWS Duplicate: COB-MWS 7) Duplicate:

Y 8) COI-MWS      Date: 5/13/2019 8)      Date:

Y 5/13/2019 9) COB-MWS MS/MSD: COAA-MWS 9) MS/MSD:

Y 10) COC-MWS      Date: 5/14/2019 10)      Date:

Y 11) COA-MWS Field Blank: 11) Field Blank:

Y 12) COJ-MWS      Date: 5/13/2019 12)      Date:

5/14/2019 13) COAA-MWS Eq. Blank: - 13) Eq. Blank:

14) CODD-MWS      Date: - 14)      Date:

Y 15) COR-MWI 15)

Y 16) COE-MWS 16)

Y 17) COD-MWS 17)

18) 18)

19) 19)

20) 20)

Sample IDs Sample IDs
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Evaluation of Data Completeness



EVALUATION OF DATA COMPLETENESS
Percentage of Non-Rejected Results vs. Total Results

Parameter Matrix Unit
Number of 
Validated 

Results
Detections

Number of 
Rejected 
Results

Number of 
Non-rejected 

Results
Completeness

Benzene Groundwater ug/L 31 31 0 31 100%
Ethylbenzene Groundwater ug/L 31 31 0 31 100%
Toluene Groundwater ug/L 31 31 0 31 100%
Xylene Groundwater ug/L 31 31 0 31 100%
Naphthalene Groundwater ug/L 37 37 0 37 100%
Diesel Range Organics Groundwater ug/L 21 21 0 21 100%
Gasoline Range Organics Groundwater ug/L 21 21 0 21 100%
Benzene Pore Water ug/L 38 14 0 38 100%
Ethylbenzene Pore Water ug/L 38 9 0 38 100%
Toluene Pore Water ug/L 38 9 0 38 100%
Xylene Pore Water ug/L 38 9 0 38 100%
Naphthalene Pore Water ug/L 45 37 0 45 100%
Diesel Range Organics Pore Water ug/L 32 32 0 32 100%
Gasoline Range Organics Pore Water ug/L 33 6 0 33 100%
Benzene Surface Water ug/L 57 35 0 57 100%
Ethylbenzene Surface Water ug/L 57 2 0 57 100%
Toluene Surface Water ug/L 57 27 0 57 100%
Xylene Surface Water ug/L 57 13 0 57 100%
Naphthalene Surface Water ug/L 57 54 0 57 100%

ARM Project No. 190342M Page 1 of 1 July 26, 2019
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1938-1982 Aerial Plumes
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Select Figures and Table from Previous Offshore Studies
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