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1. Introduction 

1.1 General 

This Construction Certification Report (Report) has been prepared by GHD Services Inc. (GHD) 
to document the construction of the Pilot Perimeter Groundwater Trench Collection System (Pilot 
Trench), at the General Motors LLC (GM) Global Propulsion Systems (GPS) Bedford Facility 
(Facility) located in Bedford, Indiana, as part of the Resource Conservation and Recovery Act 
(RCRA) Corrective Action (CA) activities being conducted under the Administrative Order on 
Consent (AOC) (effective August 4, 2014) between United States Environmental Protection Agency 
(U.S. EPA) and GM for the Facility (Docket No. RCRA-005-2014-0011). The Pilot Trench is the first 
phase of the Perimeter Groundwater Trench Collection System Interim Measure (IM), which is 
intended to work in conjunction with the East Plant Area Removal Action (RA) Site Source Control 
(SSC) systems and Cover System IMs to provide horizontal and vertical control of contaminated 
groundwater transport.  

This Report includes revisions based on responses to U.S. EPA comments received by GM on 
September 7, 2018, as well as email comments received on July 13, 2018. 

The Pilot Trench was constructed to competent bedrock as an initial phase of the Perimeter Trench 
to evaluate the effectiveness of the planned IM prior to design and construction of remaining trench, 
as required. The Pilot Trench was specifically designed to span the bedrock valley in the northeast 
corner of the East Plant Area Cover System. This Report documents construction of the Pilot 
Trench, including details of the restoration of the cover system, where a portion of the Pilot Trench 
fell within the limits of the East Plant Area Final Cover System. The Facility location and Facility plan 
are presented on Figures 1.1 and 1.2, respectively. 

1.2 Report Organization 

The Report is organized in the following sections: 

i. Section 2 presents the Site location, description, the design basis and components of the Pilot 
Trench  

ii. Section 3 provides a description of the Pilot Trench installation. 

iii. Section 4 presents the air monitoring program implemented during construction. 

iv. Section 5 summarizes the approved health and safety procedures implemented during the Pilot 
Trench construction. 

v. Section 6 presents a description of the security measures taken to secure the Site during 
construction of the Pilot Trench. 

vi. Section 7 presents the record keeping procedures implemented during construction. 

vii. Section 8 presents the lessons learned and changes made to the original design, for future 
construction of other trench phases. 
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viii. Section 9 summarizes the monitoring and maintenance that will be conducted for the completed 
Pilot Trench. 

ix. Section 10 presents various means of community participation and awareness that occurred 
during the Pilot Trench construction. 

x. Section 11 presents references cited in this Report. 

xi. Section 12 provides certification of the Pilot Trench construction completion. 

2. Site Information 

2.1 Site Location and Description 

The Facility is located at 105 GM Drive in the City of Bedford, Shawswick Township, Lawrence 
County, Indiana. The Facility lies on approximately 256 acres of land on either side of GM Drive, 
with a piece on the east side of Bailey Scales Road. The East Plant Area represents a portion of the 
Facility and is located to the east of GM Drive and west of Bailey Scales Road (see Figure 1.2). 

The Facility is bordered by residential and undeveloped areas to the north and east; to the south by 
the White River Port Authority (former Canadian and Pacific Railway railroad tracks have been 
removed), Bedford Recycling (formerly IMCO, a Kaiser Aluminum recycling facility) and a residential 
property; and to the west by the abandoned railway, a church, residential properties, commercial 
properties, and a cemetery. 

The Facility is currently zoned and used for industrial purposes. The reasonably foreseeable future 
land use is industrial.  

The Pilot Trench was constructed in the East Plant Area at the northeast corner of the East Plant 
Cover System. The alignment of the constructed Pilot Trench is presented on Figure 2.1.  

2.2 Pilot Trench Location and Description 

The Pilot Trench final design was presented to the U.S EPA in report entitled the “Pilot Perimeter 
Groundwater Trench Collection System Study”, dated December 7, 2015, with Revision 1 to this 
design report issued on February 19, 2016. The design elements of the Pilot Trench include the 
following: 

• Trench excavation to competent bedrock using specially-equipped trenching machine 

• Cement-bentonite grout layer placed on trench bottom to provide low permeability seal 

• Vinyl sheet piling on downgradient wall to prevent water from passing through trench 

• 6-inch HDPE drain collection pipe to convey groundwater to wet well collection sump 

• Gravel trench backfill providing preferential pathway in combination with collection pipe 

• Geotextile over gravel backfill for filtration control as separation from overlying material 

• Drainage media sand to provide hydraulic connection from overburden to bedrock trench 
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• Replacement of removed overburden soils, where suitable, or imported clean common fill 

• Restoration of GM Bedford East Plant Area low permeability cover system, where removed. 

The Pilot Trench is a section of the Perimeter Groundwater Trench Collection System IM 
approximately 750 feet (ft) in operational length, installed at the northeast corner of the East Plant 
Area Cover System along the downgradient extent of the property. The Pilot Trench alignment is 
approximately perpendicular to the karst valley feature defined by a drainage channel colloquially 
known as Tributary 3. The Pilot Trench consists of a continuous gravel-filled trench that crosses 
through detention basin 4 (DB-4) and along the east side of DB-5 to the south. The depth below 
grade of the Pilot Trench varies along its length with the deeper reaches being approximately 38 ft 
below ground surface (ft bgs) at the south end and approximately 28 ft bgs at the north end, while 
the shallowest depth below grade occurs near the mid-point beneath DB-4 at a depth of 
approximately 8 ft bgs.  

A 6-inch diameter perforated high density polyethylene (HDPE) pipe was placed at the bottom of the 
excavated trench prior to gravel backfilling to facilitate groundwater conveyance via this preferential, 
gravity drainage (equivalent to a French drain) to Wet Well (WW) #4 located at Station 3+77. Four 
30-inch diameter HDPE sumps were placed within the precast concrete WW#4 chamber to collect 
groundwater which is pumped to an on-Facility groundwater treatment plant (GWTP) via a buried 
underground forcemain. The GWTP was designed to remove low level polychlorinated biphenyl 
(PCB) concentrations in groundwater using a self-cleaning centrifugal filter system (Orival filtration) 
followed by granular activated carbon (GAC) treatment. Treated water is discharged under the 
National Pollutant Discharge Elimination System (NPDES) Permit No. IN0064424 back to 
Tributary 3. 

2.2.1 Pilot Trench Design Basis 

The planned Perimeter Groundwater Trench Collection System depth and alignment were 
determined based on bedrock topography, the elevation of competent bedrock, and groundwater 
flow direction. During the design process, the specific alignment for the Pilot Trench was based on 
the following considerations: 

• The nature and extent of impacted groundwater and preferential flow pathways based upon the 
RCRA Facility Investigation (RFI) results and GM property boundaries (e.g. horizontal/vertical 
flow in fractured zones and horizontal flow at competent bedrock) 

• The limits of the East Plant Area Cover System  

• The number and location of RA SSC systems which have been installed upgradient of the trench 
within the bedrock valley directed to the existing Wet Well 3. 

• The location and depth of competent rock (no significant open fractures) along this specific 
portion of the Perimeter Groundwater Trench Collection System 

• Constraints of the bedrock trench construction methodology and bedrock trenching equipment 
(e.g., number of bends within the trench alignment, ability of the equipment to make turns, and 
depth restrictions of the equipment) 

The Pilot Trench was designed to work in conjunction with the East Plant Area IM (RA SSC systems 
and East Plant Area Cover System IM) to provide horizontal and vertical control of groundwater 
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transport. Source removal activities have already minimized contact between higher concentration 
soils with groundwater. High concentration (over 50 mg/kg PCB) waste removal was completed in 
2009 with these soils placed in the East Plant Area double lined TSCA landfill vault (Vault). The 
Vault Cover System construction was completed in 2013. The East Plant Area Cover System 
reduces groundwater recharge, thereby reducing the volume of groundwater collected by the 
Perimeter Groundwater Trench Collection System (minimization of vertical groundwater flow into the 
area from precipitation).  

The Pilot Trench consists of the installation of a portion of the Perimeter Groundwater Trench 
Collection System IM and will be used to evaluate the current and future performance and location 
of the groundwater collection system, as required. The Pilot Trench transects karstic bedrock 
features found in the shallow groundwater such as grikes, open fractures, solution cavities, and 
vugs. Groundwater conveyed within these features is intersected and collects in the Pilot Trench, 
providing efficient means to drain upgradient groundwater for collection and treatment prior to 
off-Site migration.  

The bottom elevation of the Pilot Trench was designed to be completed within competent rock, with 
a physical barrier (vinyl sheet piling) placed along the downgradient side of the Pilot Trench and a 
grout layer along the Pilot Trench floor to prevent leakage. The bottom elevations were determined 
through bedrock coring and geophysical testing prior to cutting the trench, and confirmed by video 
survey during the trenching activities. The physical barriers reduce the potential for downward 
migration of groundwater with a low-permeability seal (grout) along the bottom along the length of 
the Pilot Trench, as well as minimizing upgradient water from traversing across the Pilot Trench 
(plastic sheet piling). 

A description of the components used in the construction of the Pilot Trench is presented in the 
following sections of this Report. 

3. Execution of the Work 

Request for bids were sent out to prospective contractors, with the design package (drawings and 
technical specifications) to Envirocon Inc., HIS Constructors, Northstar Environmental Remediation, 
Remedial Construction Services (RECON), and Sevenson Environmental Services, Inc. (SES). The 
design package was based on the Pilot Trench final design report presented to the U.S EPA entitled 
the “Pilot Perimeter Groundwater Trench Collection System Study”, dated December 7, 2015, with 
Revision 1 to the report issued to U.S EPA on February 19, 2016. SES was the selected contractor 
and mobilized to the Site in August 2015 to commence construction of the Pilot Trench. The GWTP 
was constructed concurrently with the completion of the Pilot Trench. The GWTP was constructed 
by GHD, with trench forcemain tie-ins completed by SES under the Pilot Trench contract. 

3.1 Site Preparation 

Site preparation activities were completed prior to initiating Pilot Trench construction activities. 
Where possible, resources already in place to support the East Plant IMs were used for the Pilot 
Trench construction activities, including site trailers, first aid facilities, break facilities, tool and 
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material storage areas. The following is a list of Site preparation activities for the Pilot Trench 
construction not already completed in conjunction with other Site RCRA CA activities: 

• Mobilized remaining construction support facilities, equipment, and personnel necessary to 
perform the work. 

• Located and marked aboveground and underground utilities prior to commencing field activities. 
Utilities periodically required relocation during the course of the construction as needed, or 
required by law. 

• Established erosion/sediment transport controls. A soil erosion and sediment control permit was 
required for the Pilot Trench installation and is provided in Appendix A. 

• Constructed temporary berms and piping to divert surface water around the Pilot Trench area. 

• Established Site security, Site communications, temporary access roads, and equipment 
laydown/parking area. 

• Established on-Site staging areas for stockpiling overburden material removed during the 
construction of the working platform. 

• Implemented fugitive particulate controls and institutional controls. 

• Established air quality monitoring locations. 

• Install a temporary water treatment system to treat water from the Pilot Trench excavation only 
(surface water was rerouted around the excavation area). 

3.1.1 Working Platform 

A working platform was constructed along the Pilot Trench alignment by removal of the overburden 
soils with an excavator to provide a working surface for operation of the trencher and to provide an 
area for the trench spoils to be discharged and managed. The working platform was constructed as 
close to the top of bedrock as possible, with minimal granular material used to level the path for the 
rock trencher. SES removed scrub vegetation (specifically stump and brush removal) along the Pilot 
Trench alignment in advance of overburden removal and bedrock excavation, as larger vegetation 
(e.g. trees) had previously been removed as part of the corehole drilling program conducted along 
the proposed trench alignment.  

The top of bedrock was found to be irregular epi-karst, particularly along the south end of the Pilot 
Trench. Top of bedrock elevations were found to be higher than expected in some locations, as 
compared to the investigative corehole drilling data (coreholes were drilled at 150- to 200-ft intervals 
along the proposed Pilot Trench alignment). As a result, rock breaking was performed using an 
excavator with hoe ram attachment in order to remove the undulations in the bedrock surface. A 
layer of stone was placed over the exposed bedrock to create and level the working platform for 
loading and removal of bedrock. A protective construction fence was erected around the perimeter 
of the working platform during excavation to prevent unauthorized access into the Site and the open 
trench. Once the trench was cut, cuttings were placed back in the trench to prevent accidental falls 
into the trench by humans or animals. 

A portion of the constructed Pilot Trench crossed the previously constructed East Plant Area Cover 
System (Cover System). The Cover System incorporates a low permeability compacted clay layer 
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overlain with a Linear Low Density Polyethylene (LLDPE) liner, a lateral drainage layer (drainage 
geocomposite), a protective soil cover layer (common fill), and a vegetative topsoil layer. Cover soils 
removed from above the LLDPE liner/drainage geocomposite layer were treated as clean fill. The 
contractor then removed the drainage geocomposite material and LLDPE liner layers of the Cover 
System where it fell within the limits of the working platform. The leading edges of the liners were 
protected so that the Cover System could be re-established during restoration activities. Soils 
excavated from beneath the Cover System liner/drainage geocomposite, including the clay barrier 
layer, were segregated and managed as impacted soils (less than 50 mg/kg PCBs) and removed 
from the Facility for disposal at Twin Bridges Recycling and Disposal Facility. 

The bedrock surface topography along the trench alignment is presented on Figure 3.1. 

3.1.2 Electrical Resistivity Imaging  

Following construction of the working platform and prior to bedrock trenching, an electrical resistivity 
imaging (ERI) survey was completed to provide additional information on bedrock competency. The 
survey included delineation of potential groundwater migration pathways such as fractures and 
voids. The survey was completed using a Syscal R1 Plus receiver and a 72 electrode spread, with 
an internal switching board and a 200 Watt power source. Electrode spacing ranged from three to 
five feet. The results were assessed using a Wenner-Schumberger array. The results were found to 
be inconclusive due to variable trench conditions. Although the ERI survey was intended to be used 
to determine fractures and voids in the trench by reading the bedrock layer, the ERI survey also read 
other layers of soil and aggregate, which created obscure results. As such, it was determined that 
the ERI survey results would not be reliable and the pre-excavation identification of the fractures and 
voids within the trench would rely on the ground penetrating radar (GPR) survey results. 

3.1.3 Ground Penetrating Radar 

After the overlying overburden soils were removed and prior to bedrock trenching, GPR surveys 
along the Pilot Trench were completed following the ERI survey. GPR surveys were performed over 
two site visits (based on the sequencing of the overburden removal and platform construction) and in 
four segments along the length of the Pilot Trench. 

Two GPR surveys were performed during the first Site visit. One survey was performed over a 175-ft 
section (Station 6+75 to 8+50) at the south end of the Pilot Trench and a second survey performed 
over 168-ft section (Station 0+70 to 2+38) at the north end of the Pilot Trench. Further GPR work 
could not be completed during the initial visit due to a large rock outcropping located just north of 
Station 6+75 that prevented grounding of the electrodes, as well as the presence of still intact cover 
system (PCB-impacted overburden) within DB-4 (approximately Station 2+50 to 3+25) which had not 
been removed at the time the initial GPR surveys were being conducted.  

During the second Site visit, two additional GPR surveys were completed. The first survey covered a 
228-ft section (Station 2+70 to 4+98) of the Pilot Trench, within the DB-4 valley. This section was 
located, toward the south of the inflection point (i.e., bend in Pilot Trench alignment). The second 
survey was completed over a 190-ft section (Station 4+87 to 6+75) of the Pilot Trench after the large 
rock outcropping had been removed. It is noted that GPR survey for Station 2+70 to 4+97 was 
completed through the overlying aggregate material that had been placed for the working platform, 
as opposed being conducted directly over the exposed bedrock surface. 



 
 
 

GHD | General Motors, LLC   Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) Rev1 | Page 7 

Details of the GPR survey results, how the surveys were performed, how the data were acquired, 
downloaded and processed, where adjustment were made to correlate with any known information 
(i.e.,  coreholes), and the conclusions made by the GHD technician are presented in Appendix B. 
The GPR results were used to confirm the appropriate Pilot Trench depth was achieved by defining 
any change in rock conditions from fractured to more massive rock types. 

In conclusion, acquired data provided on the generated GPR survey plots presented in Appendix B 
demonstrates that an adequate depth of investigation to confirm competent bedrock was achieved 
along all conducted transects. A strong GPR reflector identifying competent bedrock was observed 
to be present at the base of interpreted fracture/void responses along these transects. Comparison 
and ground-truthing of the acquired GPR survey results to historical corehole information was used 
to make final adjustments to the generated plots, involving slightly modified GPR velocities in order 
to account for the non-homogeneous properties of the shallow bedrock. Finally, the location of the 
strong GPR reflector as provided on the trench profile figures presented with the memorandum in 
Appendix B indicates that an appropriate depth of excavation to competent bedrock at the base of 
the trench was achieved. 

3.2 Trench Excavation 

A specially-equipped bedrock trenching machine, Trencor 1660, was used by H.L. Chapman 
Pipeline Construction, Inc. (HL Chapman), a rock trenching company subcontracted by SES to 
perform the bedrock excavation for the Pilot Trench. Bedrock trench excavation commenced on 
November 2, 2015 at the north end of the Pilot Trench alignment (Station 0+00) and continued to the 
south. Bedrock trenching was completed on December 12, 2015. Trenching progressed at a rate of 
approximately 30 linear feet per day. 

The working platform and rock trenching equipment were leveled to be plumb within one percent of 
vertical to achieve vertical walls within the Pilot Trench excavation and followed the designed Pilot 
Trench alignment within two feet of the designated centerline. The rock trencher cutting arm worked 
to the prescribed design elevations using its own built-in internal positioning system, with the depths 
manually measured at regular intervals along the excavation to verify completed depths. The trench 
width cut was approximately two feet. 

A clay dam and a temporary storm pipe were constructed adjacent to the Pilot Trench excavation to 
direct stormwater away from the excavation, preventing water from DB-3 and other upstream areas 
from entering the Pilot Trench.  

The Pilot Trench was remotely inspected, to the extent it could be done safely, prior to installation of 
the remaining components, discussed in the following sections (See Section 3.3). 

Groundwater and stormwater collected in the trench during the construction of the Pilot Trench was 
treated as PCB-impacted remediation water. This remediation water was collected and treated via a 
temporary water treatment plant constructed by SES. No oil was encountered during Pilot Trench 
construction. Water treatment consisted of tank settlement for sediments, influent bag filters, sand 
filtration, carbon filtration, and effluent bag filters. The treated water was batched and tested prior to 
discharge at the permitted Outfall 003 located directly east of the Pilot Trench. A summary of the 
temporary water treatment plant discharge analytical data is presented on Table 3.1. 
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3.2.1 Soil Handling and Stockpiling 

Soils removed during the construction of the working platform outside the Cover System footprint 
and overburden soils above the Cover System liner were handled as clean soil (based on historical 
soil sampling results). The material was stockpiled for reuse as clean backfill.  

Soil from beneath the Cover System liner were transported off-Site for disposal as <50 mg/kg 
PCBs-non-TSCA impacted soil. The PCB-impacted soil was transported to Twin Bridges Recycling 
and Disposal Facility by Young Trucking, Baugh Trucking, Bloomington Trucking Inc. and Strouse 
Trucking. A summary of the PCB-impacted soil disposal weights can be found in Table 3.2. An 
analytical summary of the soil samples (collected as required by Twin Bridges prior to material 
acceptance at the landfill) are provided in Table 3.3. 

Rock cuttings from the trenching activities were placed back into the open trench for temporary 
storage. Storing the rock cuttings in the trench prevented the trench from potential collapse until the 
final construction components. This also alleviated safety concerns regarding maintaining an open 
trench. A sample of the rock spoils were collected by GHD to determine if PCBs were present in the 
rock. The rock cutting sample results were non-detect for total PCBs. A summary of the analytical 
results for the Pilot Trench rock cuttings are presented in Table 3.4. Off-Site disposal of the trench 
cuttings was not required due to the sample results. 

Although the rock cutting samples were non-detect, the rock cuttings were deemed not suitable for 
re-use within the Pilot Trench as the drainage layer. It was determined that the rock cuttings could 
be stored on-Site for potential re-use at the Site in the future (in conformance with Indiana 
Department of Environmental Management’s [IDEM] non-rule policy). A portion of the rock cuttings 
were stockpiled on the former lower modutank pad, located on Parcel 216 across Bailey Scales 
Road. The balance of the rock cuttings were used to raise the elevation of the bedrock trencher 
laydown area. 

3.3 Bedrock Quality Verification 

After a section of bedrock trenching was completed, but before the rock cuttings were placed back 
into the trench, GHD oversight personnel performed “trial” video inspections of the excavated trench 
wall to determine an effective method for documenting the nature of bedrock competency and for 
observation of the ability of any observed fractures to transmit groundwater into the trench. Several 
different methods for lowering the camera into the open trench and viewing the bedrock trench walls 
were field tested in order to determine the most practical, effective, and safe method to conduct the 
eventual confirmatory video recordings.  

GHD completed a review of the 17 trial high definition quality video recordings performed during 
initial bedrock trenching. This preliminary review indicated that the video inspections provided high 
quality pictures with sufficient coverage of the bedrock walls to document that the trench had been 
completed within competent bedrock. The trial video inspections were used to support the decision 
to demobilize the bedrock trenching machine from the Site immediately upon completion of the rock 
trenching work, based on the conclusion that competent rock had been encountered. A summary of 
the general rock fracture conditions observed from these “trial” videos is provided in Appendix B. 
Copies of the “trial” videos have been sent separately.  
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Following determination of the most effective method for video inspection of the open trench, GHD 
oversight personnel regularly conducted final video inspections of the trench during the bedrock 
trench construction process. As a result, the video inspection process became a two-step process, 
including the initial “trial” inspection of the bedrock trench shortly after each trench section was cut, 
but before the trench was temporarily backfilled with the rock cuttings, and the confirmatory “final” 
inspections after the rock cuttings were removed, but before the sheet piling and pipe was installed 
and the trench backfilled with drainage media.  

Once the temporarily stored rock cuttings were removed from the trench, confirmatory inspection 
videos documenting both the upgradient and downgradient sides of the trench wall were recorded. 
The videos were taken at approximately 5-ft intervals along the length of the Pilot Trench to provide 
documentation of the vertical and horizontal bedrock conditions. Copies of the confirmatory videos 
are provided in Appendix C (copies of these videos were supplied to U.S. EPA separately). A total of 
165 videos were recorded and reviewed over the length of the Pilot Trench excavation. The final 
videos documented 59 vertical and 26 horizontal fractures.  

The physical location (related to chainage along the trench centerline) of the majority of the vertical 
fractures were surveyed from a safe position along the top of the open trench. The videos identified 
additional fractures at deeper depths that could not be visually observed from the top of the trench, 
and therefore the location of those deeper features are approximated.  

It should also be noted that seepage from the fractures was visually observed by field personnel to 
have diminished at the time of the final confirmatory video work performed in December 2015, as 
compared to general observations made during initial excavation of the Pilot Trench and the “trial” 
video recordings completed in late October/early November 2015. The general observation that 
trench seepage appeared to decrease is an intuitive outcome of drier weather and does not appear 
to be a reflection of trench performance, but evidence of seasonal variation. However, both the Pilot 
Trench and the GWTP have been designed with capacity sufficient for the varying productivity (i.e., 
groundwater removal) of the Pilot Trench. 

Vertical fractures located at Stations 1+00 (VF9), 1+55 (VF15), 2+00 (VF19), 2+20 (VF22), 8+05 
(VF55), and 8+10 (VF56) were identified as water bearing fractures. The majority of the vertical 
fractures terminated before the bottom of the trench, with the bedrock at the base of the trench 
generally observed to be in sound condition. Two of the water bearing vertical fractures (those at 
Stations 1+00 and 8+05) carried to the base of the trench but, narrowed significantly to very thin 
fractures as they approached the base of the trench. The vertical fracture locations are presented on 
Drawings C-06 and C-07 in Appendix D. 

In general, the quality of the high definition video recordings demonstrated an exceptional ability to 
observe and record fractures within the trench walls and to see water emanating from the fractures 
(if present). The video recording technique that was tested and selected allowed GHD to perform a 
thorough survey along the entire Pilot Trench length. This video survey provided an indication of the 
fracture density, size of fractures, and ability to transmit groundwater, demonstrating that the rock 
fractures decreased with depth. Qualitative observations of rock fractures, groundwater flow, and 
comparison of general rock competency to expectations based on the pre-design investigation data 
were the feasible remote methods available for visual inspection of the trench sidewalls due to 
safety concerns with respect to standing too close to the edge of an open rock trench.  
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Table 3.5 presents the stations and approximate depths and/or lengths of the fractures observed 
from the confirmatory videos. Observations of the fracture cavities made during the review of the 
final confirmatory videos are provided on Table 3.5 and include both a determination if the cavity 
formed by the fracture was filled with native material (e.g., clay) or was potentially void of material 
and an indication that the fracture showed evidence of water flow. 

Two station-based cross-sections along the length of the east and west walls of the Pilot Trench 
(Figures 3.2 and 3.3) have been prepared illustrating the visually observed horizontal and vertical 
fractures discussed above to allow for spatial reference of the information presented in this Report. 
Please note that a number of the deeper fractures were approximately positioned as they could not 
be visually identified from observing from the top of the trench because the field survey personnel 
could not get close to the edge of the open rock trench to safely perform this task. Therefore these 
deeper fracture locations could not be accurately surveyed. It should also be noted that many of the 
horizontal features within the Harrodsburg Formation are thin bedding features and not necessarily 
fractures or voids that can transmit water as part of the flow regime. 

Although the video inspection data was instrumental in the preparation of the cross-sections, the 
decision process related to the final selected depth of the Pilot Trench involved the use of multiple 
lines of evidence collected prior to, during, and after trench construction. In addition to a qualitative 
assessment of the fractures presented in the cross-section figures, other physical evidence such as 
that derived from the series of pre-design coreholes installed along the proposed trench alignment 
was used to identify where competent bedrock generally exists along the east side of the East Plant 
Area. Subsequent to the design, other evidence such as geophysical (see Sections 3.1.2 and 3.1.3) 
and direct visual observations were employed to validate that the base of the bedrock trench was 
constructed within competent bedrock. Several examples of these lines of evidence are discussed in 
the next paragraph. 

Visual observation of the post-construction cross-sections (Figures 3.2 and 3.3) clearly show a 
decreased frequency and density of the significant vertical fractures with depth within the Salem 
Formation. These vertical fractures are prevalent in the Salem Formation karstic features. The 
majority of the vertical fractures terminate above the bottom of the Pilot Trench. It should be noted 
that the two station-based cross-section figures are not an exact reproduction of all the fractures 
listed in Table 3.5, but a generalization of the video review and presentation of those fractures of 
significance. 

The ability for fractures observed in the coreholes to convey water was also assessed as a line of 
evidence. Fractures identified in retrieved rock cores during pre-design drilling were measured and 
pressure testing of fractures was conducted. 

Section 2.7 of the draft RFI Report presents a discussion of the site hydrogeologic characterization, 
including a mathematical evaluation of the hydraulic aperture width of karst bedrock fractures as it 
relates to transport of groundwater and DNAPL. Appendix J of the draft RFI Report presents the 
calculations performed by Dr. B.H. Keuper and subsequent testing, while Figures 2.41 and 2.42 of 
the draft RFI Report present graphs of the data with respect to hydraulic aperture width. When 
discussing the pressure testing results, the RFI Report also indicated that statistically the hydraulic 
conductivity of the bedrock decreased with depth. 
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Based on limited (thin) fractures near the base of the Pilot Trench and the observation that these 
fractures did not appear to produce substantial water, the base of the Pilot Trench was determined 
to have been completed within competent, more massive, bedrock. For confirmation, the final trench 
depth was also consistent with the bedrock corehole information used for design of the Pilot Trench. 

To further confirm that the Pilot Trench was constructed to the appropriate depth, implementation of 
a Pilot Trench Performance Monitoring Plan (PMP) will evaluate the vertical and horizontal hydraulic 
performance of the Pilot Trench. The PMP activities will include dye trace studies to further support 
the observations that the Pilot Trench was sufficiently constructed into competent bedrock. 

3.3.1 Horizontal Fractures 

During the Pilot Trench bedrock wall inspection process, two horizontal fractures were observed to 
be discharging a small volume of water into the trench. The significance of this water flow is further 
evaluated in the context of verifying the Pilot Trench has been installed into the competent bedrock. 

The horizontal fractures were not physically surveyed (in relation to the trench chainage), as they 
could not be observed from the top of the trench, however they were positioned upon review of the 
confirmatory videos. Two fractures on the west side of the trench at Stations 1+55 (HF5) and 8+65 
(HF26) were found to have minimal flow, however at both locations the observed water flow from the 
horizontal fractures appeared to be hydraulically connected with surface water sources along the 
overburden/bedrock interface. The suggestion of contribution from the overburden regime is based 
on visual observations of the water quality (i.e., clarity/turbidity) and quantity. Therefore, this flow 
does not appear to represent a source of groundwater flow through the fracture system. The basis 
for concluding that water emanating from these two fractures is derived from near-surface infiltration 
is based on one or more of the following observations: visual observations of the fracture 
connections to the overburden geology, groundwater table elevation relative to the water producing 
fracture, presence of turbid water quality indicative of direct contact with unconsolidated soils and 
the quantity of water emanating from the fractures. 

For the fracture located at Station 1+55 (HF5), Table 3.5 specifically indicates that there was a large 
V-notch in the bedrock surface at the top of the trench connected to a vertical fracture at the same 
station. Although the horizontal fracture was observed to be approximately three-quarters of the way 
down the trench wall (approx. 15 ft), there was a clear visual connection of the vertical fracture 
originating from the top of the bedrock to the horizontal fracture at depth. As well, the observation of 
turbid water and varying flow rate related to precipitation are other lines of evidence that the water 
source was related to near surface infiltration. 

As for the observed fracture located at Station 8+65 (HF26), Table 3.5 specifically notes that this 
horizontal fracture was one-quarter of the way down the trench wall (approx. 30 ft), but there was a 
vertical fracture in close proximity (Station 8+60). It should be noted that the horizontal fracture was 
estimated to extend from Station 8+60 to 8+65, with the vertical fracture at Station 8+60 extending 
vertically from the top of the trench to the mid-depth (i.e., past the horizontal fracture). As such, it 
was postulated that the flow observed in the horizontal fracture originated from the vertical fracture 
that extended down from the top of bedrock (i.e., below the water table). Although it is possible that 
groundwater flow observed in horizontal and vertical fractures could be considered potential “flow 
through” within the bedrock formation, the observations in the field during at the two fractures in 
question appeared to indicate vertical flow from the overburden/bedrock interface was more likely. 
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In addition, a water bearing horizontal fracture was observed to run between Stations 6+50 and 
8+65 (HF23). This fracture was measured 14 ft below the bedrock surface. Iron staining from water 
seepage can be observed along the side of the trench in the video coverage. The seepage from the 
horizontal fracture diminished over the dry winter months relative to the time of trench construction.  

3.4 Trench Completion 

Once bedrock trenching was completed by HL Chapman, SES constructed the drainage features of 
the Pilot Trench. The work was completed in three stages. The first stage included the installation of 
drainage components in trench portions north of WW#4. The second stage included the installation 
of drainage components in trench portions south of WW#4. The third stage included installation of 
WW#4 and the associated water transmission lines.  

Prior to installing the drainage components, the temporarily stored rock cuttings were removed. The 
excavated trench cuttings from the northern half of the Pilot Trench were stockpiled on Parcel 216 at 
the former lower modutank pad and trench cuttings from the southern half of the Pilot Trench were 
placed on the trencher laydown area. 

The Pilot Trench as-built bottom of trench elevations are presented on Drawing C-02 in Appendix D. 

3.4.1 Physical Barrier 

A physical barrier was constructed on the downside wall of the trench once the cuttings were 
removed. ShoreGuard Synthetic Sheet Piling (vinyl sheet piling) made by Crane Materials 
International was installed on the eastern (downgradient) wall of the Pilot Trench to serve as a water 
resistant membrane to minimize the potential for groundwater entering the trench from the west from 
migrating beyond the downgradient trench wall. The technical data sheet for the vinyl sheet piling is 
provided in Appendix E.  

Prior to installation, the vinyl sheet piles and geotextile materials were visually inspected to ensure 
they were free from damage. The visual inspections of materials were performed on an ongoing 
basis as the materials were used and the work progressed, however no specific written forms were 
generated during construction to document these visual inspections. There were no instances of 
damaged vinyl sheets that precluded them from being used and no geotextile rolls were deemed 
to have been damaged and returned to the supplier.  

The vinyl sheet piling was cut to appropriate lengths, progressively lowered into the bottom of the 
open trench and the tongue and groove joints individually sealed with 1-component hydro swell 
Swellseal Sealant. The bottom of the vinyl sheet piles were marked six inches from the bottom to 
assist with grout placement by indicating the minimum depth of grout required to be placed at the 
base of the Pilot Trench. Inflated tire tubes were used during the vinyl sheet piling installation to 
keep the sheet piling in place until the trench bottom could be grouted and the gravel fill could be 
placed. The excess vinyl sheet piling was cut off to grade with the top of bedrock surface along the 
Pilot Trench alignment. 

With regards to sealing of the tongue and groove joints, the groove of each sheet pile was filled with 
the sealing compound in a horizontal position, prior to lifting the sheet and sliding along the tongue 
of the vertical sheet pile within the trench. A continuous bead of the sealing compound was placed 
within the groove, which was visually observed for uniformity by the field Quality Assurance (QA) 
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personnel from both SES and GHD. The sealing compound was purchased separately from the 
plastic sheet piling as the sheet pile manufacturer did not supply this material, hence there were no 
manufacturer’s installation procedures related to sealing of the tongue and groove joints in the 
plastic sheet piling. The sealing of the sheet piles was added as a design component to provide for 
an impermeable barrier on the back side of the bedrock trench. The sealing compound used was a 
hydrophilic waterstop that was designed for sealing smooth to very irregular construction joints and 
pipe penetrations. The sealing compound cures and swells in the presence of moisture or water. A 
field photo is included in the photographic log to clearly illustrate the sealing process. 

A summary of the vinyl sheet piling installation log is presented in Table 3.6. 

3.4.2 Grout Placement 

Temporary clay dams were placed upstream and downstream of the sections of the trench where 
grout was placed. This was done to minimize the amount of water collecting in those sections while 
the grout was curing. Once the grout was sufficiently cured (curing completion time was determined 
by tapping the grout surface with rods and by previous field experience with grout curing time), the 
temporary clay dams were removed. This sequence continued until grout had been placed along the 
length of the barrier wall. The grout was placed at the bottom of the trench to seal the trench floor 
from potential groundwater migration and to cement the barrier wall in place. The combination of 
grout placement on the trench bottom and the vinyl sheet piling barrier wall on the downgradient wall 
was designed to inhibit groundwater from bypassing the trench, either by flowing vertically out the 
bottom or horizontally through (across) the trench. 

Pure Gold Gel (bentonite) from CETCO Drilling Products was mixed with cement to form the grout 
mixture. The bentonite powder was added to the cement trucks as they arrived at the Site and was 
allowed to thoroughly mix, prior to emptying the grout mixture into the cement truck hopper. The 
technical data sheet and material safety data sheet for Pure Gold Gel is provided in Appendix F. 

The grout mixture was tested in accordance with the American Society for Testing and Materials 
(ASTM) Method C109 (Standard Test Method for Compressive Strength of Hydraulic Cement 
Mortars) at a frequency of one sample per batch. Testing confirmed the minimum unconfined 
compressive strength results met the acceptance criteria of 100 psi. 

The cement-bentonite grout mixture was poured into the Pilot Trench using a concrete hopper. A 
minimum of six inches of grout was placed at the base of the trench to provide a low-permeability 
seal to key in the physical barrier and thus prevent water from circumventing the barrier system by 
going under the installed physical barrier. To confirm that at least six inches of grout was placed, the 
trench bottom/floor was surveyed after the rock cuttings were removed and prior to placement of the 
grout. A second survey was completed following placement of the grout to confirm the grout 
thickness. The second survey also documented the slope of the trench bottom, which was used to 
determine whether additional grout was required to ensure the trench floor was sloped to effectively 
transport water to the Wet Well. The top of grout as-built topographic survey confirming the grout 
layer thickness is presented on Drawing C-02 in Appendix D. 

Detail 1 on Drawing C-09 of the Bedrock Pilot Trench Record (As-Built) Drawings presented in 
Appendix D illustrates that the base of the excavated bedrock trench was covered with a 6-inch 
minimum thickness of cement-bentonite grout prior to placement of the perforated HDPE drain pipe 
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and granular backfill. The grout layer was installed to cover over remaining fractures still present at 
the base of the trench, and to prevent any groundwater that had entered the Pilot Trench via the 
horizontal and vertical fractures present in the sidewalls from escaping collection by exiting through 
the bottom of the Pilot Trench. Note that groundwater within water bearing fractures that are located 
partially above, and partially below, the grouted trench bottom will still discharge into the trench as 
groundwater within the fracture will flow in direction of lower hydraulic pressure (i.e., the trench 
cavity creates the lowest hydraulic pressure point within the geologic system).  

The cement-bentonite grout layer was placed after installation of the plastic sheet piling on the back 
side of the excavated rock trench, such that the base of the plastic sheet piling was embedded into 
the grout layer to ensure complete containment of collected groundwater. As such, this combination 
of grout seal and sheet piling provides both vertical and horizontal control of contaminated 
groundwater. 

3.4.3 Perforated Drain Pipe  

A 6-inch perforated HDPE drain pipe was placed at the bottom of the excavated trench to facilitate 
groundwater conveyance via gravity drainage to the Wet Well location. The drain pipe was placed at 
the bottom of the trench once the grout had sufficiently set. The drain pipe was installed in 
accordance with the manufacturer’s recommendations, and without kinks or bends. The grade of the 
pipe was maintained continuously without mounds or sags in the pipe, as confirmed by survey. 

3.4.4 Wet Well Chamber (WW#4) 

A Wet Well chamber was installed to house four vertical 2-ft diameter HDPE sump pipes. The 
chamber is located between Stations 3+50 and 4+00, at the low point within the Pilot Trench. 
Groundwater from the 6-inch diameter HDPE drain pipe installed at the bottom of the trench 
free-flows to the 4 sumps. The sumps, along with the wet well chamber, pumps and controls are 
referred to as WW#4. Water collected in WW#4 is transferred via buried forcemain to the on-Site 
GWTP for treatment prior to discharge at Outfall 004 under the NPDES permit (NPDES Permit No. 
IN0064424). 

Two of the four 30-inch diameter sump pipes are equipped with electric submersible pumps (EPG 
Series 60, Model 60-6 vertical sump drainer pumps capable of 340 USGPM at total dynamic head of 
166-ft.) with individual 3-inch diameter discharge lines connected to a 6-inch diameter header pipe 
within the WW#4 chamber. The header pipe leads to a buried HDPE forcemain. The third sump was 
installed to provide additional pumping capacity (i.e., install third pump if required). 

The remaining fourth sump pipe was installed to facilitate the use of a diesel pump, to be installed as 
a backup pumping source in the event of a power outage and to provide supplemental pumping 
capabilities, if necessary. 

As-built drawings for the WW#4 sumps and chamber construction are presented on Drawing C-10 
and C-11 in Appendix D, however it should be noted that the internal piping was not surveyed as to 
the exact positioning within the WW#4 chamber but it closely replicates the original design (i.e., as-
built drawings for WW#4 are copies of design drawings).  
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3.4.5 Pilot Trench Backfill  

The drain pipe was covered using imported 1/4 inch diameter granular material. The gravel backfill 
extended to the top of bedrock. Prior to construction, the imported granular material was tested to 
ensure the material was acceptable for use as trench backfill. The results of the analytical test are 
present in Table 3.7. The granular material was transported from Ben’s Quarry, LLC (Ben’s Quarry), 
an approved off-Facility source, located in Springville, Indiana and end dumped directly into the 
trench. Multiple lifts of backfill were placed, allowing for natural spreading and compaction of the 
granular material. 

3.4.5.1 Piezometers 

Fifteen vertical 2-inch diameter piezometers were installed at approximate 50-ft intervals along the 
Pilot Trench. Seven piezometers were installed north of WW#4 and 8 were installed south of 
WW#4). Eleven piezometers were installed within the trench, along the inside groove of the vinyl 
sheet piling and rested on the grout base. Four piezometers were installed along the outside of the 
vinyl sheet piling (east of the sheet piling, downgradient of the trench). The piezometers were 
secured with a U-clamp drilled into the vinyl sheet piling. The piezometers will assist in evaluating 
the Pilot Trench performance. Piezometers locations are presented on Figure 3.4 and on Drawing 
C-03 in Appendix D. 

3.4.6 Geotextile 

Geotextile was placed over the top of the granular backfill to keep separation between the granular 
backfill and the overburden soil. The geotextile layer also acts as filtration control to minimize the 
fines from the overburden soil from entering the gravel backfill. The geotextile fabric was installed 
such that overlaps of the fabric panels were at least four feet.  

Table 3.8 presents a summary of the manufacturer’s testing results for the selected geotextile fabric, 
which were provided by the contractor as a submittal and reviewed and approved by the engineer 
prior to placement in the trench.  

Prior to installation, SES and Quality Assurance (QA) personnel visually inspected the geotextile 
material to ensure the material was free from damage and contamination. The product tags were 
removed from each roll to cross-check against the contractor’s submittal of the technical data for the 
material, confirming QA testing procedures were met prior to installation of the geotextile.  

3.4.7 Drainage Media Sand 

In areas where the trench extends beneath the Cover System, a sand component was added to the 
geotextile layer. The sand was placed above the geotextile placed over the backfilled trench and 
then the geotextile was wrapped over top of the sand (burrito-wrap). The purpose of the sand 
blanket is to create a vertical extension of the Pilot Trench to provide a downward pathway into the 
trench for water that had been in contact with <50 mg/kg soil within the Cover System from 
traversing past the Pilot Trench.  

A schematic representation of the geotextile wrapped sand backfill over the bedrock trench is 
presented on detail Drawing C-09 in Appendix D. 
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3.4.8 Stockpiled Fill Placement 

Stockpiled fill material was placed on either side of the geotextile-wrapped sand by end-dumping to 
complete backfilling of the excavated working platform. Fill material was placed and spread in 
approximate eight-inch (maximum) uncompacted lifts using a bulldozer, compacted to approximate 
six-inch thick lifts, and graded to promote surface water drainage away from the Pilot Trench. 

A topographical survey of the completed backfill layer was performed. The as-built survey for the top 
of backfill layer is presented on Drawing C-02 in Appendix D. 

3.4.9 East Plant Cover System 

For the portion of the Pilot Trench located within the limits of the Cover System, the area was 
restored consistent with the previously installed Cover System design. The design included the 
following components (listed from bottom to top) placed over the compacted native and/or common 
fill backfill layer: 

• Soil barrier layer – compacted clay (12 inches) 

• 60-mil LLDPE Liner 

• Drainage geocomposite 

• Common fill (12 inches) 

• Topsoil (6 inches) and vegetative cover. 

The East Plant Area Cover System Design Report (CRA, April 18, 2008) provides a detailed 
description of the Cover System design elements. As-built construction details for the East Plant 
Area Cover System are provided in the Construction Certification Report for the East Plant Area 
Cover System – Revision 1 (CRA, January 25, 2016). 

3.4.9.1 Soil Barrier Layer – Compacted Clay  

The soil (compacted clay) barrier layer consists of a one-foot thick layer of compacted clay taken 
from the former lower modutank area on Parcel 216.  

The clay was trucked from Parcel 216 and end-dumped directly onto the pre-graded surface layer. 
The soil (clay) barrier layer was placed in two six-inch compacted lifts to achieve the desired 
twelve-inch thick common fill layer. 

Following the placement of each compacted clay layer, CQA testing was performed. The maximum 
dry density and optimum moisture content results (Proctor) from the Parcel 216 samples were 
collected and used to calibrate the field nuclear densometer in order to confirm that the required 
95 percent in place compaction had been achieved. Table 3.9 presents a summary of the clay 
compaction test data that was collected by Professional Service Industries, Inc. (PSI).  

Grade control for the clay placement activities was initially performed using grade stakes and later 
using Global Positioning System (GPS) equipped dozers. The depth/thickness of the soil (clay) 
barrier layer was confirmed by survey, conducted on a 50-ft grid after completion of the clay 
placement activities. The top of clay surface was compared to the previous survey of the grading 
layer surface (at a similar 50-ft grid, where possible) to ensure the specified clay thickness of 
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12 inches (compacted). The surveyed top of clay contours are presented on Drawing C-02 in 
Appendix D. 

3.4.9.2 Linear Low Density Polyethylene Liner 

The 60-mil thick textured LLDPE liner (geomembrane) was placed above the completed compacted 
clay layer. The specifications for the 60-mil textured LLDPE liner were presented in the East Plant 
Area Cover System Design Report (CRA, April 18, 2008). The liner used for the trench was excess 
material stored on-Site from the East Plant Area Cover System. The manufacturer’s liner product 
data has been previously reviewed and accepted.  

The material was visually inspected by the field QA personnel prior to installation of the liner. 
Table 3.10 presents a summary of the LLDPE liner installation log maintained by the field QA 
personnel.  

Test seams (i.e. trial welds) were conducted at a minimum frequency of twice per day for each piece 
of seaming equipment (hot wedge fusion and/or extrusion welders). If a test seam failed, the 
seaming equipment was rejected for field seaming until the deficiencies were corrected (i.e., 
reducing or increasing the machine speed) and a successful seam test was produced. Table 3.11 
presents a summary of the test seam results for the LLDPE liner layer of the Cover System. 

Non-destructive seam testing was performed by air pressure testing over the full length of the 
installed seams, including tie-in seams to the LLDPE liner layer of the existing Cover System,. 
Seams where non-destructive testing results did not meet the QA testing acceptance criteria were 
repaired using extrusion welding in lieu of the fusion welding. Less than 7-percent of the 
non-destructive seam tests completed on the LLDPE liner were rejected. Table 3.12 summarizes the 
non-destructive seam tests completed during the LLDPE liner installation for the Cover System.  

Destructive seam tests were completed at a minimum frequency of one test per 500 linear feet of 
continuous seam or 300 linear feet of combined seams. Destructive seam test included five field test 
coupons tested for both shear and peel using a calibrated field tensiometer. A set of five test 
coupons for each passing destructive seam test performed in the field was provided to the field QA 
personnel to submit for similar peel and sheer laboratory testing. Table 3.13 summarizes the 
destructive seam test results completed during the LLDPE liner installation for the Pilot Trench. 
Destructive seam tests completed in the field and laboratory achieved acceptable results (i.e., 
destructive seam testing had a zero percent failure rate). 

Some of the liner seams were damaged and repaired during construction (e.g. a result of the 
destructive seam testing). A summary of the LLDPE seam repairs is presented in Table 3.14. Seam 
repairs were tested in a non-destructive manner using vacuum box testing, with periodic destructive 
seam testing as appropriate.  

Drawing C-08 in Appendix D presents the panel layout drawing, destructive seam test, and seam 
repair locations. 
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3.4.9.3 Drainage Geocomposite Layer 

The drainage geocomposite used for the construction of the Cover over the Pilot Trench was excess 
material from the East Plant Area Cover System. Since the material was previously used and 
approved, a submittal containing the QA testing results was not required.  

The drainage geocomposite was initially placed over the completed LLDPE liner layer by unrolling 
the panels in their general intended location. The panels were then adjusted for proper alignment to 
provide the required overlap for joining, including overlapping with the tie-in to the existing Cover 
System. Appropriate care was exercised to not damage the drainage geocomposite material or the 
underlying textured LLDPE liner material during placement and joining activities. 

3.4.9.4 Common Fill Layer 

Common fill was obtained from Ben’s Quarry and delivered to the Pilot Trench by Young’s Trucking. 
A sample of common fill was collected from the source to ensure the material was acceptable for 
use in the Cover System. The analytical testing results for the common fill are presented in 
Table 3.7. 

A minimum of one foot of imported common fill material was placed by end-dumping directly onto 
the completed drainage geocomposite material. The common fill was spread in approximately 
eight-inch (maximum) thick uncompacted lifts using a bulldozer, resulting in approximate six-inch 
thick compacted lifts upon completion.  

Grade control for the common fill placement activities was performed by SES using a combination of 
grade stakes and GPS located on their equipment (i.e., GPS-equipped dozer). A survey of the top of 
the common fill surface was compared to the previously surveyed pre-graded clay barrier layer 
surface to ensure the specified common fill thickness was placed over the Cover System footprint 
within the Pilot Trench alignment. Additional common fill was placed where required, to create a 
uniform surface prior to installation of the topsoil and vegetative cover layers. The surveyed top of 
Cover System common fill contours are presented on Drawing C-02 in Appendix D.  

These stockpile fill material (discussed previously in Section 3.4.8) and the common fill material 
were field compacted with the construction equipment, however no formal compaction testing was 
performed (or required per the specifications). The underlying clay is either (1) the impermeable 
layer for the East Plant Area final cover system or (2) a clay cover placed over the trench in areas 
outside the final cover system to reduce surface water recharge directly into the trench. As such, the 
compaction testing of these clay layers is critical to achieving the specifications for cover 
permeability, not the stockpiled or common fill placement. Also, with the liner (geomembrane) and 
drainage geocomposite being placed over the clay layer comprising the final cover system, it would 
not be appropriate to compact the overlying common fill layer due to the potential for damaging the 
drainage geocomposite and/or liner. It should be noted that this same process was followed during 
implementation of the East Plant Area final cover system, with compaction of the common fill being 
completed using standard construction equipment. 

3.4.10 Topsoil Layer  

Following placement of the common fill material, a 6-inch lift of topsoil was placed over the working 
platform where the surface was backfilled with common fill material. The topsoil from the existing 
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East Plant Area Cover System was removed, stockpiled and reused for the Cover over the Pilot 
Trench Construction area. 

As recorded-final contours representing the final surface of the topsoil layer is presented on Drawing 
C-01 in Appendix D. 

3.4.11 Vegetative Cover Layer 

Following placement of the topsoil material, grass seed was planted via drill seeding to establish a 
vegetative cover over the replaced Cover System and Pilot Trench alignment. Erosion control 
matting was placed over the seeded area to prevent erosion of the topsoil and loss of seed during 
the first growing season. Curlex II, a biodegradable blanket constructed of Aspen excelsior fabric 
was used for the slopes and swales.  

3.5 Design Deviations 

Deviations from the final design presented Pilot Trench design report entitled the “Pilot Perimeter 
Groundwater Trench Collection System Study”, issued to U.S EPA dated December 7, 2015, with 
Revision 1 dated February 19, 2016, were as follows: 

• The excavated bedrock trench was backfilled with rock cuttings for health and safety purposes 
(i.e., prevent accidental entry into deep trench by personnel or wildlife), with the cuttings 
subsequently removed via backhoe immediately prior to perforated pipe and stone drainage 
media backfill installation. This was a safety precaution determined to be appropriate in the field. 

• During implementation of the Pilot Trench, the contractor determined that a more appropriate 
method of providing for possible future extension of the Pilot Trench was to lengthen the 
distance between the primary and secondary cleanouts. This eliminated the need for a steel 
plate at each end of the trench to hold back the stone drainage media should either end of the 
trench be extended during future trench construction. 

• As part of restoration, a clay cap was placed over the entire length of the Pilot Trench, not just 
the section within the East Plant Area Cover System, to reduce the potential for infiltration of 
surface water and thus reducing the unnecessary infiltration of precipitation into the trench 
collection system and requiring treatment at the new Groundwater Treatment Plant (GWTP). 
This was also a decision made during backfilling and was efficient because of the availability of 
clean clay stockpiled on site for previous work. 

4. Monitoring Procedures 

4.1 Air Quality Monitoring 

Air monitoring was conducted during Pilot Trench construction activities where there was a potential 
of airborne contaminants. Monitoring was performed in accordance with the Ambient Air Quality 
Monitoring Plan (AAQMP) (GHD, February 19, 2016) to quantify any airborne concentrations of 
contaminants. Monitoring occurred at locations nearest potential receptors during rock trenching 
activities and during the excavation of low-level non-TSCA PCB-impacted soil (<50 mg/kg) and 
subsequent loading for off-Site disposal. 
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Air monitoring was conducted by GHD from October 14, 2015 through March 16, 2016 (in addition 
portable dust monitors were used by SES in the immediate work areas (i.e., worker’s breathing 
zone) under the Contractor’s Site-specific HASP). Real time air monitoring for TSPs was conducted 
at the perimeter of the working zone for the Pilot Trench construction activities that included 
trenching and excavation activities for the Cover System. Air monitoring readings collected on 
October 14 and 15, 2015 prior to commencing excavation activities were used as background air 
results. Daily air monitoring activities began on October 16, 2015, coinciding with the start of 
excavation work.  

Real-time air monitoring for dust was performed using TSI DustTrak aerosol monitors during 
operations that involved the disturbance/handling of potentially impacted material (remedial 
activities). The instruments were calibrated and operated in accordance with the manufacturer's 
specifications. Real time air monitoring was performed at the perimeter of the Pilot Trench work 
zone, including one upwind (background) location and three downwind locations. Figure 4.1 
presents the locations of the air monitoring stations that were used during the Pilot Trench 
construction. 

DustTraks were placed at the beginning of each work day and were programmed to continuously 
monitor dust concentrations through 15-minute time weighted average (TWA) readings. The action 
level was set at 0.15 milligrams per cubic meter (mg/m3) (action level) over the 15 minute TWA. The 
DustTraks were housed in environmental enclosures. Enclosures were attached to a surveying 
tripod and powered by a deep cycle marine battery. DustTraks were connected to a Netronix modem 
that streamed the data (in real-time) to a secure website called Environet. The Environet website 
allowed authorized users to set custom alert levels to send an email that notified an alarm, or some 
other threshold, had been triggered within the Pilot Trench construction work zone. 

The daily air monitoring results are summarized in Table 4.1. The real-time dust concentrations 
collected between 0700 – 1700 hours were used as the work shift dust concentrations indicating 
potential exposure.  

The action level for the daily TWA for TSPs/dust was not exceeded during the course of the 
trenching work. The daily TWA for TSPs/dust presented in Table 4.1 are considerably lower than the 
action level of 0.15 mg/m3. Appendix G provides a description of how the daily TWA was calculated. 

The maximum daily TWA (0.108 mg/m3) for TSPs/dust occurred at the west station on November 2, 
2016. On this day, the bedrock trenching process began at the north end of the Pilot Trench, nearest 
to the location of the west air monitoring station. The initial trench cut resulted in dust generation 
sufficient to trigger the maximum daily TWA. Once the trenching process continued down-gradient 
and the cutting action was below grade, the creation of airborne dust during the trenching activities 
was diminished  

The second maximum daily TWA (0.094 mg/m3) for TSPs/dust occurred at the south station on 
December 12, 2015 and corresponded to the completion of rock cutting when the trench arm and 
final cut was again at the surface of the bedrock where the particulates more easily became 
airborne.  

November 2, and December 12, 2015 were considered the "worst case" days for the creation of dust 
and similar conditions were not anticipated to complete the remainder of the installation of the Pilot 
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Trench. Neither of the ‘worst case’ readings exceeded the action level of 0.15 mg/m3 over the 15 
minute TWA.  

On March 10, 2016, GM formally requested approval from U.S. EPA for the cessation of the 
real-time ambient air monitoring activities described in the AAQMP based on the air monitoring 
results collected and the remaining stages of construction/restoration with unimpacted materials. 
The request to terminate the ambient air monitoring program did not include termination of the use of 
portable dust monitors in the immediate work area (worker’s breathing zones) used by SES. U.S. 
EPA approved cessation of the ambient air monitoring activities on March 14, 2016. 

5. Health and Safety Plan 

Work conducted by GHD was performed in accordance with the Site-specific HASP entitled “GM 
Bedford Site Specific Project Health and Safety Plan” dated May 2016. The general contractor 
(SES) and their subcontractors followed their contractor Site-specific HASPs. 

6. Security 

Temporary high visibility orange construction fencing was erected to enclose the active work areas.  
The general contractor was responsible for maintaining security during the construction period. The 
contractor inspected, maintained, and repaired the fencing, as necessary, to ensure protection of the 
public and security of the trenching work area. To increase security and safety of the site, the open 
areas of the bedrock trench were minimized by replacing the rock cuttings in the trench until pipe 
installation. The trench rock cuttings were used to backfill the trench as the work progressed which 
resulted in less open trench area, which increased overall safety.  

7. Record Keeping 

The record keeping activities included the following: 

• Photographs and video of the Pilot Trench construction. 

• Preparation of corehole logs. 

• Records of inspections and cleanups performed during excavation and transportation of <50 
mg/kg PCB impacted soils, as required. 

• Waste manifests. 

In addition, field records including inspection logs, field notes, surveys, GPR reports, videos, and 
sample results, were collected and are stored at the Site trailer or in GHD’s archival records storage. 

Appendix H presents a photographic log containing representative photographs of different phases 
of construction of the Pilot Trench. Appendix I presents copies of the field records pertinent to 
documentation that QA procedures were followed and the construction met the requirements of the 
design. 
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8. Lessons Learned During Pilot Trench 

The Pilot Trench was constructed in accordance with the plans and specifications. The construction 
activities for the Pilot Trench installation were generally completed as expected, with few deviations 
during field implementation. The following bullets provide a summary of the successes and lessons 
learned during the Pilot Trench construction: 

• The working platform constructed along the Pilot Trench alignment for operation of the trencher 
required removal of the overlying soil. During this soils removal, the top of bedrock was found to 
be irregular epi-karst, such that the top of bedrock elevations were often found to be higher than 
expected in various locations, as compared to the investigative corehole drilling data. Although 
this irregular bedrock surface was anticipated based on prior work on the project, the corehole 
data showed the expected top of bedrock along the trench alignment (north to south). With the 
overall width of the working platform being almost 40 ft, the working platform design should have 
accounted for the general cross slope from west to east perpendicular the bedrock trench. 
Although the corehole drilling for subsequent sections of the perimeter bedrock collection trench 
was also performed at 150- to 200-ft intervals along the proposed alignment, the design of the 
future trench will recognize the cross slope when designing the working platform. This lesson 
learned does not change the fact that rock removal will be required, but recognition of this fact 
will allow for inclusion of an estimated quantity of rock breaking in the Contract Form of Bid so 
this cost can be accounted for by the construction contractor up front (and not require a change 
order). 

• Rock trencher excavated through bedrock very efficiently and at a progress rate consistent with 
the advertised rate (approx. 30 feet per day), resulting in clean vertical side walls that facilitated 
access for visual observation of fractures and water discharge via video camera inspection. GM 
has previously shared with U.S. EPA select “trial” videos of both the actual trenching, as well as 
the trench interior walls, which show very clearly that the rock trenching methodology worked 
very efficiently for the Pilot Trench construction. Upon removal of the backfilled rock cuttings, 
final “confirmatory” videos were performed at 5-ft interval along the entire Pilot Trench length. 
GM has separately provided these additional videos of the trenching and interior trench walls to 
U.S. EPA due to the excessive file size for 165 video recordings. 

• The excavated bedrock trench was backfilled with rock cuttings for health and safety purposes 
(i.e., prevent any accidental entry into deep trench by personnel or wildlife), with the cuttings 
subsequently removed via backhoe immediately prior to perforated pipe and stone drainage 
media backfill installation. This was a safety precaution determined to be appropriate in the field. 

• The post-trenching video inspections validated the design depth of the Pilot Trench, which was 
intended to terminate within competent bedrock. This method, which was developed in the field, 
involved the use of a GoPro™ camera affixed to a long pole, with rope and pulley system used 
to raise and lower video camera into the open trench. The video camera was very effective in 
performing the remote inspection across the entire length and width of the trench. Personnel 
operating the video camera enhanced their ability to gain photographic coverage by standing 
on a movable temporary bridge placed across the trench. This method allowed close up and 
detailed photographic documentation of the conditions along the entire trench length.  
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- Observations of the open trench walls provided a detailed evaluation of the bedrock fracture 
conditions, including any evidence of residual non-aqueous phase liquids (NAPL) in the 
observable voids or smeared on the trench walls. However, no such evidence of either 
condition was observed on the videos. Note that no evidence of residual NAPL has been 
observed in the water collected from trench to date. 

- Observations of open trench side walls showed fractures typically narrowed in width and 
reduced in length with increasing depth, as observed on the face of the excavated trench 
walls, confirming previous observations regarding depth of competent bedrock made using 
ground penetrating radar (GPR), electrical resistivity imaging (ERI), and the rock core 
descriptions and downhole geophysical logging of exploratory coreholes that were installed 
in advance of trench construction. 

- No fractures yielding a substantial volume of water were observed in the basal portion of the 
trench. 

• Sheet pile installation performed efficiently and safely, with vinyl sheet piles being easy to cut in 
the field to individual lengths as measured upon reaching the required depth in the trench. GM 
intended to limit hydrogeologic communication with the downgradient side of the trench and 
evaluate several options (grout for one) before determining the cost effectiveness and ease of 
installation of the plastic sheet wall interlocking materials. 

• During implementation of the Pilot Trench, the contractor determined that a more appropriate 
method of providing for any possible future extension of the Pilot Trench was to lengthen the 
distance between the primary and secondary cleanouts. This eliminated the need for a steel 
plate at each end of the trench to hold back the stone drainage media should either end of the 
trench be extended during future trench construction. 

• As part of restoration, a clay cap was placed over the entire length of the Pilot Trench, not just 
the section within the East Plant Area Cover System, to reduce the potential for infiltration of 
surface water and thus reducing the unnecessary infiltration of precipitation into the trench 
collection system and requiring treatment at the new Groundwater Treatment Plant (GWTP). 
This was also a decision made during backfilling and was efficient because of the availability of 
clean clay stockpiled on site for previous work.  

• The ERI survey investigation results were found to be inconclusive. Despite the inconclusive 
results from the ERI survey, other assessment methods used during trench excavation (visual, 
video recordings, etc.) were sufficient for determination of rock fractures and voids and 
confirmation of the depth of competent rock. In particular, the GPR survey data yielded much 
better resolution in the identification of significant fractures and voids in the bedrock in the area 
of the Pilot Trench. To supplement the GPR survey for the next phase of trenching, other 
geophysical methods will be researched and evaluated during design and planning that might 
provide better resolution or better identify the competent rock surface. 

• In general, based on the limited (thin) fractures near the base of the Pilot Trench and the 
observation that these fractures did not appear to produce substantial water, the Pilot Trench 
was determined to have been completed within the competent, more massive, bedrock. For 
confirmation, the final trench depth was also in compliance with bedrock corehole information 
used for design of the Pilot Trench. 
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9. Operation, Maintenance, and Monitoring 

The Pilot Trench Interim Groundwater Monitoring Program and Operation Schedule (Interim 
Monitoring Program) will be included as Appendix J upon approval by U.S EPA. This Interim 
Monitoring Program presents the parameters for monitoring the effectiveness of the Pilot Trench. 

9.1 Vegetated Cover System 

Routine inspections of the restored Cover System over the Pilot Trench area have been and will be 
conducted to ensure that the IM continues to meet the remedial action objectives. Inspections will be 
conducted concurrently with the East Plant Area Cover System inspections outlined in the 
Construction Certification Report for the East Plant Area Cover System Revision 1 (CRA, 
January 25, 2016). 

The restored Cover System is inspected for the following items: 

• Evidence of erosion, exposure of liner, settlement causing ponding of water, and areas of 
insufficient grass coverage. 

• Evidence of burrowing animals, rooting trees, or other evidences of conditions impacting the 
integrity of the soil cover 

• Evidence of damage caused by environmental conditions and/or monitoring and maintenance 
vehicular traffic 

Areas where repairs are needed are recorded and reported to a representative of GM, whereupon 
arrangements are made to effectuate the repair. Maintenance of the Cover System and other 
grassed areas consists of the following elements, as required: 

• Woody growth is removed, as needed, following routine OMM inspections. 

• Areas where erosion is observed will be repaired by replacing vegetative cover soil to meet the 
surrounding grades and re-establishing the grass cover. 

• Areas where the grass cover has declined to less than 75 percent as determined by visual 
inspection will be fertilized and re-seeded. 

10. Community Relations 

Prior to initiation of the construction activities, the project engineer went door-to-door along Bailey 
Scales Road to inform neighbors to the Site of the Pilot Trench project, specifically the use of the 
large rock trenching machine and the potential increased truck traffic, as well as to remind them of 
project contacts if they have concerns about the activities (i.e., noise). 

On-going community relation activities and community participation in the review of the East Plant 
Area IM prior to initiation of the Pilot Trench included:  

• Project Fact Sheets specific to the East Plant Area IM activities (March 2006 to December 2015) 

• Project website (www.bedfordpowertraincorrectiveaction.com) 

http://www.bedfordpowertraincorrectiveaction.com/
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• GM organized community meetings for neighbors and the general public 

• Community Liaison Panel involvement, as required 

Project update meetings with the public are held bi-annually with meetings documenting the Pilot 
Trench construction for the public and the Community Liaison Panel (CLP) were held on: 

• June 10, 2015, prior to construction kick-off  

• December 12, 2015, following trencher activities 

• June 29, 2016, following substantial completion of construction. 

During these meetings the public was informed about the final design, expected impacts to traffic, 
noise, and reminded how to get in touch with the project team with any concerns.  
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Temporary Water Treatment Plant Discharge Analytical Data
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GM CET Bedford Facility
Bedford, Indiana
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GHD 013968 (394) Rev 1

Area P216 P216 P216 P216 P216 P216
Sample Location: Effluent Post Bag Filter Effluent Post Bag Filter Effluent Post Bag Filter Effluent Post Bag Filter Effluent Post Bag Filter Effluent Post Bag Filter
Sample Identification: WW-216-102915-PB-40293 WW-216-110515-PB-40300 WW-216-110615-PB-40305 WW-216-110915-PB-40311 WW-216-111115-PB-40320 WW-216-112415-PB-40327
Sample Date: 10/29/2015 11/5/2015 11/6/2015 11/9/2015 11/11/2015 11/24/2015 
Sample Type:

Units
Polychlorinated biphenyls
(PCBs)

Aroclor-1016 (PCB-1016) ug/L 0.19 U 0.19 U 0.19 U 0.19 U 0.20 U 0.20 U 
Aroclor-1221 (PCB-1221) ug/L 0.19 U 0.19 U 0.19 U 0.19 U 0.20 U 0.20 U 
Aroclor-1232 (PCB-1232) ug/L 0.19 U 0.19 U 0.19 U 0.19 U 0.20 U 0.20 U 
Aroclor-1242 (PCB-1242) ug/L 0.19 U 0.19 U 0.19 U 0.19 U 0.20 U 0.20 U 
Aroclor-1248 (PCB-1248) ug/L 0.19 U 0.19 U 0.19 U 0.19 U 0.20 U 0.20 U 
Aroclor-1254 (PCB-1254) ug/L 0.19 U 0.19 U 0.19 U 0.19 U 0.20 U 0.20 U 
Aroclor-1260 (PCB-1260) ug/L 0.19 U 0.19 U 0.19 U 0.19 U 0.20 U 0.20 U 
Total PCBs ug/L ND ND ND ND ND ND

Notes:

U - Not detected at the associated reporting limit.
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Temporary Water Treatment Plant Discharge Analytical Data
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Area
Sample Location:
Sample Identification:
Sample Date:
Sample Type:

Units
Polychlorinated biphenyls
(PCBs)

Aroclor-1016 (PCB-1016) ug/L
Aroclor-1221 (PCB-1221) ug/L
Aroclor-1232 (PCB-1232) ug/L
Aroclor-1242 (PCB-1242) ug/L
Aroclor-1248 (PCB-1248) ug/L
Aroclor-1254 (PCB-1254) ug/L
Aroclor-1260 (PCB-1260) ug/L
Total PCBs ug/L

Notes:

U - Not detected at the associated reporting lim

P216 P216 P216 P216 P216
Effluent Post Bag Filter Effluent Post Bag Filter Effluent Post Bag Filter Effluent Post Bag Filter Effluent Post Bag Filter

WW-216-120115-PB-40335 WW-216-120815-PB-40342 WW-216-010516-PB-40353 WW-216-021616-PB-40353 WW-216-030716-PB-40368
12/1/2015 12/8/2015 1/5/2016 2/16/2016 03/07/2016

0.19 U 0.19 U 0.19 U 0.096 U 0.19 U
0.19 U 0.19 U 0.19 U 0.096 U 0.19 U
0.19 U 0.19 U 0.19 U 0.096 U 0.19 U
0.19 U 0.19 U 0.19 U 0.096 U 0.19 U
0.19 U 0.19 U 0.19 U 0.096 U 0.19 U
0.19 U 0.19 U 0.19 U 0.096 U 0.19 U
0.19 U 0.19 U 0.19 U 0.096 U 0.19 U

ND ND ND ND ND
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Pilot Trench Construction off-Facility Hauling Summary
Construction Certification Report

GM GPS Bedford Facility
Bedford, Indiana

Page 1 of 7

GHD 013968 (394) Rev 1

Date Profile Waste Waste Landfill
Shipped Number Manifest No. Description Source Truck No. Transporter Weight (tons) Contractor
9/11/2015 608669IN 110915-001 Special Waste Solid Other Pilot Trench 51 Young's Trucking 18.48 SES 
9/11/2015 608669IN 110915-002 Special Waste Solid Other Pilot Trench 55 Young's Trucking 17.57 SES 
9/11/2015 608669IN 110915-003 Special Waste Solid Other Pilot Trench 53 Young's Trucking 19.23 SES 
9/11/2015 608669IN 110915-004 Special Waste Solid Other Pilot Trench 54 Young's Trucking 20.15 SES 
9/11/2015 608669IN 110915-005 Special Waste Solid Other Pilot Trench B16 Baugh 16.10 SES 
9/11/2015 608669IN 110915-006 Special Waste Solid Other Pilot Trench 28 Young's Trucking 14.70 SES 
9/11/2015 608669IN 110915-007 Special Waste Solid Other Pilot Trench 17 Young's Trucking 16.38 SES 
9/11/2015 608669IN 110915-008 Special Waste Solid Other Pilot Trench 34 Young's Trucking 14.26 SES 
9/11/2015 608669IN 110915-009 Special Waste Solid Other Pilot Trench 53 Young's Trucking 20.04 SES 
9/11/2015 608669IN 110915-010 Special Waste Solid Other Pilot Trench 51 Young's Trucking 19.77 SES 
9/11/2015 608669IN 110915-011 Special Waste Solid Other Pilot Trench 55 Young's Trucking 18.38 SES 
9/11/2015 608669IN 110915-012 Special Waste Solid Other Pilot Trench B16 Baugh 16.42 SES 
10/11/2015 608669IN 110915-013 Special Waste Solid Other Pilot Trench 54 Young's Trucking 19.34 SES 
10/11/2015 608669IN 110915-014 Special Waste Solid Other Pilot Trench 34 Young's Trucking 14.55 SES 
10/11/2015 608669IN 110915-015 Special Waste Solid Other Pilot Trench 28 Young's Trucking 16.15 SES 
10/11/2015 608669IN 110915-016 Special Waste Solid Other Pilot Trench 17 Young's Trucking 17.88 SES 
10/11/2015 608669IN 111015-001 Special Waste Solid Other Pilot Trench B16 Baugh 16.66 SES 
10/11/2015 608669IN 111015-002 Special Waste Solid Other Pilot Trench 47 Young's Trucking 16.63 SES 
10/11/2015 608669IN 111015-003 Special Waste Solid Other Pilot Trench 48 Young's Trucking 17.50 SES 
10/11/2015 608669IN 111015-004 Special Waste Solid Other Pilot Trench 42 Young's Trucking 17.36 SES 
10/11/2015 608669IN 111015-005 Special Waste Solid Other Pilot Trench 16 Young's Trucking 16.24 SES 
10/11/2015 608669IN 111015-006 Special Waste Solid Other Pilot Trench 34 Young's Trucking 18.16 SES 
10/11/2015 608669IN 111015-007 Special Waste Solid Other Pilot Trench 28 Young's Trucking 17.08 SES 
10/11/2015 608669IN 111015-008 Special Waste Solid Other Pilot Trench 17 Young's Trucking 17.75 SES 
10/11/2015 608669IN 111015-009 Special Waste Solid Other Pilot Trench B16 Baugh 18.29 SES 
10/11/2015 608669IN 111015-010 Special Waste Solid Other Pilot Trench 47 Young's Trucking 16.71 SES 
10/11/2015 608669IN 111015-011 Special Waste Solid Other Pilot Trench 48 Young's Trucking 15.27 SES 
10/11/2015 608669IN 111015-012 Special Waste Solid Other Pilot Trench 42 Young's Trucking 14.24 SES
10/11/2015 608669IN 111015-013 Special Waste Solid Other Pilot Trench 16 Young's Trucking 14.60 SES
10/11/2015 608669IN 111015-014 Special Waste Solid Other Pilot Trench 34 Young's Trucking 16.42 SES
10/11/2015 608669IN 111015-015 Special Waste Solid Other Pilot Trench 28 Young's Trucking 15.67 SES
10/11/2015 608669IN 111015-016 Special Waste Solid Other Pilot Trench 17 Young's Trucking 17.60 SES
11/11/2015 608669IN 111115-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.33 SES
11/11/2015 608669IN 111115-002 Special Waste Solid Other Pilot Trench 3 Young's Trucking 15.82 SES
11/11/2015 608669IN 111115-003 Special Waste Solid Other Pilot Trench 16 Young's Trucking 19.18 SES
11/11/2015 608669IN 111115-004 Special Waste Solid Other Pilot Trench 17 Young's Trucking 18.49 SES
11/11/2015 608669IN 111115-005 Special Waste Solid Other Pilot Trench 34 Young's Trucking 18.90 SES
11/11/2015 608669IN 111115-006 Special Waste Solid Other Pilot Trench 47 Young's Trucking 17.39 SES
11/11/2015 608669IN 111115-007 Special Waste Solid Other Pilot Trench 48 Young's Trucking 15.93 SES
11/11/2015 608669IN 111115-008 Special Waste Solid Other Pilot Trench B16 Baugh 17.80 SES



Table 3.2

Pilot Trench Construction off-Facility Hauling Summary
Construction Certification Report

GM GPS Bedford Facility
Bedford, Indiana

Page 2 of 7

GHD 013968 (394) Rev 1

Date Profile Waste Waste Landfill
Shipped Number Manifest No. Description Source Truck No. Transporter Weight (tons) Contractor

11/11/2015 608669IN 111115-009 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.59 SES
11/11/2015 608669IN 111115-010 Special Waste Solid Other Pilot Trench 3 Young's Trucking 17.46 SES
11/11/2015 608669IN 111115-011 Special Waste Solid Other Pilot Trench B16 Baugh 16.80 SES
11/11/2015 608669IN 111115-012 Special Waste Solid Other Pilot Trench 17 Young's Trucking 17.07 SES
11/11/2015 608669IN 111115-013 Special Waste Solid Other Pilot Trench 34 Young's Trucking 16.45 SES
11/11/2015 608669IN 111115-014 Special Waste Solid Other Pilot Trench 16 Young's Trucking 18.51 SES
11/11/2015 608669IN 111115-015 Special Waste Solid Other Pilot Trench 48 Young's Trucking 17.87 SES
11/12/2015 608669IN 111215-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.95 SES
11/12/2015 608669IN 111215-002 Special Waste Solid Other Pilot Trench 3 Young's Trucking 17.93 SES
11/12/2015 608669IN 111215-003 Special Waste Solid Other Pilot Trench B16 Baugh 19.83 SES
11/12/2015 608669IN 111215-004 Special Waste Solid Other Pilot Trench 47 Young's Trucking 17.91 SES
11/12/2015 608669IN 111215-005 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.25 SES
11/12/2015 608669IN 111215-006 Special Waste Solid Other Pilot Trench 28 Young's Trucking 17.79 SES
11/12/2015 608669IN 111215-007 Special Waste Solid Other Pilot Trench 17 Young's Trucking 18.58 SES
11/12/2015 608669IN 111215-008 Special Waste Solid Other Pilot Trench 34 Young's Trucking 17.76 SES
11/12/2015 608669IN 111215-009 Special Waste Solid Other Pilot Trench 16 Young's Trucking 22.41 SES
11/12/2015 608669IN 111215-010 Special Waste Solid Other Pilot Trench B16 Baugh 17.41 SES
11/12/2015 608669IN 111215-011 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.56 SES
11/12/2015 608669IN 111215-012 Special Waste Solid Other Pilot Trench 3 Young's Trucking 17.61 SES
11/12/2015 608669IN 111215-013 Special Waste Solid Other Pilot Trench 48 Young's Trucking 17.03 SES
11/12/2015 608669IN 111215-014 Special Waste Solid Other Pilot Trench 47 Young's Trucking 16.35 SES
11/12/2015 608669IN 111215-015 Special Waste Solid Other Pilot Trench 28 Young's Trucking 15.14 SES
11/12/2015 608669IN 111215-016 Special Waste Solid Other Pilot Trench 17 Young's Trucking 17.78 SES
11/12/2015 608669IN 111215-017 Special Waste Solid Other Pilot Trench 16 Young's Trucking 20.94 SES
11/12/2015 608669IN 111215-018 Special Waste Solid Other Pilot Trench 34 Young's Trucking 17.51 SES
11/13/2015 608669IN 111315-001 Special Waste Solid Other Pilot Trench 28 Young's Trucking 17.01 SES
11/13/2015 608669IN 111315-002 Special Waste Solid Other Pilot Trench 16 Young's Trucking 19.95 SES
11/13/2015 608669IN 111315-003 Special Waste Solid Other Pilot Trench 50 Young's Trucking 17.32 SES
11/13/2015 608669IN 111315-004 Special Waste Solid Other Pilot Trench 6 Young's Trucking 15.45 SES
11/13/2015 608669IN 111315-005 Special Waste Solid Other Pilot Trench 11 Young's Trucking 18.24 SES
11/13/2015 608669IN 111315-006 Special Waste Solid Other Pilot Trench 17 Young's Trucking 18.93 SES
11/13/2015 608669IN 111315-007 Special Waste Solid Other Pilot Trench B16 Baugh 18.90 SES
11/13/2015 608669IN 111315-008 Special Waste Solid Other Pilot Trench 33 Young's Trucking 15.79 SES
11/13/2015 608669IN 111315-009 Special Waste Solid Other Pilot Trench 34 Young's Trucking 17.03 SES
11/13/2015 608669IN 111315-010 Special Waste Solid Other Pilot Trench B16 Baugh 18.46 SES
11/13/2015 608669IN 111315-011 Special Waste Solid Other Pilot Trench 50 Young's Trucking 16.33 SES
11/13/2015 608669IN 111315-012 Special Waste Solid Other Pilot Trench 16 Young's Trucking 18.35 SES
11/13/2015 608669IN 111315-013 Special Waste Solid Other Pilot Trench 6 Young's Trucking 16.12 SES
11/13/2015 608669IN 111315-014 Special Waste Solid Other Pilot Trench 11 Young's Trucking 17.03 SES
11/13/2015 608669IN 111315-015 Special Waste Solid Other Pilot Trench 34 Young's Trucking 17.66 SES
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11/13/2015 608669IN 111315-016 Special Waste Solid Other Pilot Trench 33 Young's Trucking 17.27 SES
11/13/2015 608669IN 111315-017 Special Waste Solid Other Pilot Trench 41 Young's Trucking 15.18 SES
11/16/2015 608669IN 111615-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 15.84 SES
11/16/2015 608669IN 111615-002 Special Waste Solid Other Pilot Trench 6 Young's Trucking 17.08 SES
11/16/2015 608669IN 111615-003 Special Waste Solid Other Pilot Trench 11 Young's Trucking 17.68 SES
11/16/2015 608669IN 111615-004 Special Waste Solid Other Pilot Trench 28 Young's Trucking 14.25 SES
11/16/2015 608669IN 111615-005 Special Waste Solid Other Pilot Trench 40 Young's Trucking 16.56 SES
11/16/2015 608669IN 111615-006 Special Waste Solid Other Pilot Trench 34 Young's Trucking 16.74 SES
11/16/2015 608669IN 111615-007 Special Waste Solid Other Pilot Trench 16 Young's Trucking 18.91 SES
11/16/2015 608669IN 111615-008 Special Waste Solid Other Pilot Trench B16 Baugh 18.53 SES
11/16/2015 608669IN 111615-009 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.86 SES
11/16/2015 608669IN 111615-010 Special Waste Solid Other Pilot Trench 6 Young's Trucking 16.85 SES
11/16/2015 608669IN 111615-011 Special Waste Solid Other Pilot Trench 11 Young's Trucking 16.15 SES
11/16/2015 608669IN 111615-012 Special Waste Solid Other Pilot Trench 28 Young's Trucking 14.81 SES
11/16/2015 608669IN 111615-013 Special Waste Solid Other Pilot Trench 40 Young's Trucking 15.96 SES
11/16/2015 608669IN 111615-014 Special Waste Solid Other Pilot Trench 34 Young's Trucking 16.49 SES
11/16/2015 608669IN 111615-015 Special Waste Solid Other Pilot Trench B16 Baugh 16.34 SES
11/16/2015 608669IN 111615-016 Special Waste Solid Other Pilot Trench 16 Young's Trucking 17.70 SES
11/19/2015 608669IN 111915-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 18.38 SES
11/19/2015 608669IN 111915-002 Special Waste Solid Other Pilot Trench 16 Young's Trucking 18.55 SES
11/19/2015 608669IN 111915-003 Special Waste Solid Other Pilot Trench 44 Young's Trucking 16.64 SES
11/19/2015 608669IN 111915-004 Special Waste Solid Other Pilot Trench 48 Young's Trucking 17.26 SES
11/19/2015 608669IN 111915-005 Special Waste Solid Other Pilot Trench 43 Young's Trucking 17.79 SES
11/19/2015 608669IN 111915-006 Special Waste Solid Other Pilot Trench 24 Young's Trucking 17.35 SES
11/19/2015 608669IN 111915-007 Special Waste Solid Other Pilot Trench 47 Young's Trucking 18.59 SES
11/19/2015 608669IN 111915-008 Special Waste Solid Other Pilot Trench 34 Young's Trucking 16.89 SES
11/19/2015 608669IN 111915-009 Special Waste Solid Other Pilot Trench 33 Young's Trucking 15.91 SES
11/19/2015 608669IN 111915-010 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.66 SES
11/19/2015 608669IN 111915-011 Special Waste Solid Other Pilot Trench 44 Young's Trucking 17.06 SES
11/19/2015 608669IN 111915-012 Special Waste Solid Other Pilot Trench 16 Young's Trucking 18.02 SES
11/19/2015 608669IN 111915-013 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.80 SES
11/19/2015 608669IN 111915-014 Special Waste Solid Other Pilot Trench 43 Young's Trucking 15.24 SES
11/19/2015 608669IN 111915-015 Special Waste Solid Other Pilot Trench 24 Young's Trucking 16.10 SES
11/19/2015 608669IN 111915-016 Special Waste Solid Other Pilot Trench 47 Young's Trucking 16.41 SES
11/19/2015 608669IN 111915-017 Special Waste Solid Other Pilot Trench 34 Young's Trucking 15.96 SES
11/20/2015 608669IN 112015-001 Special Waste Solid Other Pilot Trench 33 Young's Trucking 16.65 SES
11/20/2015 608669IN 112015-002 Special Waste Solid Other Pilot Trench 42 Young's Trucking 14.94 SES
11/20/2015 608669IN 112015-003 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.07 SES
11/20/2015 608669IN 112015-004 Special Waste Solid Other Pilot Trench 34 Young's Trucking 16.42 SES
11/20/2015 608669IN 112015-005 Special Waste Solid Other Pilot Trench B16 Baugh 17.59 SES



Table 3.2

Pilot Trench Construction off-Facility Hauling Summary
Construction Certification Report

GM GPS Bedford Facility
Bedford, Indiana

Page 4 of 7

GHD 013968 (394) Rev 1

Date Profile Waste Waste Landfill
Shipped Number Manifest No. Description Source Truck No. Transporter Weight (tons) Contractor

11/20/2015 608669IN 112015-006 Special Waste Solid Other Pilot Trench 40 Young's Trucking 16.44 SES
11/20/2015 608669IN 112015-007 Special Waste Solid Other Pilot Trench 24 Strouse 14.87 SES
11/20/2015 608669IN 112015-008 Special Waste Solid Other Pilot Trench 20 Strouse 16.21 SES
11/20/2015 608669IN 112015-009 Special Waste Solid Other Pilot Trench 9 Strouse 15.74 SES
11/20/2015 608669IN 112015-010 Special Waste Solid Other Pilot Trench 41 Young's Trucking 15.71 SES
11/20/2015 608669IN 112015-011 Special Waste Solid Other Pilot Trench 42 Young's Trucking 17.64 SES
11/20/2015 608669IN 112015-012 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.11 SES
11/20/2015 608669IN 112015-013 Special Waste Solid Other Pilot Trench 34 Young's Trucking 15.91 SES
11/20/2015 608669IN 112015-014 Special Waste Solid Other Pilot Trench B16 Baugh 17.16 SES
11/20/2015 608669IN 112015-015 Special Waste Solid Other Pilot Trench 40 Young's Trucking 15.42 SES
11/20/2015 608669IN 112015-016 Special Waste Solid Other Pilot Trench 24 Young's Trucking 17.58 SES
11/20/2015 608669IN 112015-017 Special Waste Solid Other Pilot Trench 9 Strouse 16.03 SES
11/20/2015 608669IN 112015-018 Special Waste Solid Other Pilot Trench 41 Young's Trucking 14.58 SES
11/20/2015 608669IN 112015-019 Special Waste Solid Other Pilot Trench 1 Strouse 15.40 SES
11/20/2015 608669IN 112015-020 Special Waste Solid Other Pilot Trench 20 Strouse 15.81 SES
11/23/2015 608669IN 112315-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.06 SES
11/23/2015 608669IN 112315-002 Special Waste Solid Other Pilot Trench 44 Young's Trucking 17.37 SES
11/23/2015 608669IN 112315-003 Special Waste Solid Other Pilot Trench 36 Young's Trucking 17.69 SES
11/23/2015 608669IN 112315-004 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.08 SES
11/23/2015 608669IN 112315-005 Special Waste Solid Other Pilot Trench 9 Strouse 16.87 SES
11/23/2015 608669IN 112315-006 Special Waste Solid Other Pilot Trench 1 Strouse 18.73 SES
11/23/2015 608669IN 112315-007 Special Waste Solid Other Pilot Trench 20 Strouse 15.90 SES
11/23/2015 608669IN 112315-008 Special Waste Solid Other Pilot Trench 47 Young's Trucking 17.89 SES
11/23/2015 608669IN 112315-009 Special Waste Solid Other Pilot Trench B16 Baugh 20.26 SES
11/23/2015 608669IN 112315-010 Special Waste Solid Other Pilot Trench 43 Young's Trucking 18.06 SES
11/23/2015 608669IN 112315-011 Special Waste Solid Other Pilot Trench 42 Young's Trucking 17.97 SES
11/23/2015 608669IN 112315-012 Special Waste Solid Other Pilot Trench 9 Strouse 18.44 SES
11/23/2015 608669IN 112315-013 Special Waste Solid Other Pilot Trench 44 Young's Trucking 17.79 SES
11/23/2015 608669IN 112315-014 Special Waste Solid Other Pilot Trench 1 Strouse 17.86 SES
11/23/2015 608669IN 112315-015 Special Waste Solid Other Pilot Trench B16 Baugh 19.30 SES
11/23/2015 608669IN 112315-016 Special Waste Solid Other Pilot Trench 20 Strouse 17.67 SES
11/23/2015 608669IN 112315-017 Special Waste Solid Other Pilot Trench 47 Young's Trucking 18.53 SES
11/23/2015 608669IN 112315-018 Special Waste Solid Other Pilot Trench 36 Young's Trucking 17.83 SES
11/23/2015 608669IN 112315-019 Special Waste Solid Other Pilot Trench 48 Young's Trucking 17.46 SES
11/23/2015 608669IN 112315-020 Special Waste Solid Other Pilot Trench 43 Young's Trucking 17.01 SES
11/24/2015 608669IN 112415-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 17.45 SES
11/24/2015 608669IN 112415-002 Special Waste Solid Other Pilot Trench 9 Strouse 16.95 SES
11/24/2015 608669IN 112415-003 Special Waste Solid Other Pilot Trench 1 Strouse 16.65 SES
11/24/2015 608669IN 112415-004 Special Waste Solid Other Pilot Trench 20 Strouse 15.28 SES
11/24/2015 608669IN 112415-005 Special Waste Solid Other Pilot Trench 36 Young's Trucking 17.33 SES
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11/24/2015 608669IN 112415-006 Special Waste Solid Other Pilot Trench 48 Young's Trucking 15.64 SES
11/24/2015 608669IN 112415-007 Special Waste Solid Other Pilot Trench 47 Young's Trucking 17.02 SES
11/24/2015 608669IN 112415-008 Special Waste Solid Other Pilot Trench 2 Bloomington 16.14 SES
11/24/2015 608669IN 112415-009 Special Waste Solid Other Pilot Trench 3 Bloomington 11.24 SES
11/24/2015 608669IN 112415-010 Special Waste Solid Other Pilot Trench 1 Bloomington 14.04 SES
11/24/2015 608669IN 112415-011 Special Waste Solid Other Pilot Trench B16 Baugh 19.48 SES
11/24/2015 608669IN 112415-012 Special Waste Solid Other Pilot Trench 9 Strouse 17.08 SES
11/24/2015 608669IN 112415-013 Special Waste Solid Other Pilot Trench 1 Strouse 17.21 SES
11/24/2015 608669IN 112415-014 Special Waste Solid Other Pilot Trench 20 Strouse 17.23 SES
11/24/2015 608669IN 112415-015 Special Waste Solid Other Pilot Trench 47 Young's Trucking 18.71 SES
11/24/2015 608669IN 112415-016 Special Waste Solid Other Pilot Trench 36 Young's Trucking 16.14 SES
11/24/2015 608669IN 112415-017 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.42 SES
11/24/2015 608669IN 112415-018 Special Waste Solid Other Pilot Trench B16 Baugh 18.76 SES
11/24/2015 608669IN 112415-019 Special Waste Solid Other Pilot Trench 1 Bloomington 16.84 SES
11/24/2015 608669IN 112415-020 Special Waste Solid Other Pilot Trench 2 Bloomington 18.51 SES
11/24/2015 608669IN 112415-021 Special Waste Solid Other Pilot Trench 3 Bloomington 13.17 SES
11/30/2015 608669IN 113015-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.64 SES
11/30/2015 608669IN 113015-002 Special Waste Solid Other Pilot Trench B16 Baugh 20.07 SES
11/30/2015 608669IN 113015-003 Special Waste Solid Other Pilot Trench 20 Strouse 18.66 SES
11/30/2015 608669IN 113015-004 Special Waste Solid Other Pilot Trench 9 Strouse 18.09 SES
11/30/2015 608669IN 113015-005 Special Waste Solid Other Pilot Trench 36 Young's Trucking 17.98 SES
11/30/2015 608669IN 113015-006 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.92 SES
11/30/2015 608669IN 113015-007 Special Waste Solid Other Pilot Trench 47 Young's Trucking 19.20 SES
11/30/2015 608669IN 113015-008 Special Waste Solid Other Pilot Trench 23 Young's Trucking 18.89 SES
11/30/2015 608669IN 113015-009 Special Waste Solid Other Pilot Trench 1 Strouse 20.78 SES
11/30/2015 608669IN 113015-010 Special Waste Solid Other Pilot Trench 13 Strouse 18.91 SES
11/30/2015 608669IN 113015-011 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.98 SES
11/30/2015 608669IN 113015-012 Special Waste Solid Other Pilot Trench 20 Strouse 15.91 SES
11/30/2015 608669IN 113015-013 Special Waste Solid Other Pilot Trench 9 Strouse 16.68 SES
11/30/2015 608669IN 113015-014 Special Waste Solid Other Pilot Trench B16 Baugh 20.01 SES
11/30/2015 608669IN 113015-015 Special Waste Solid Other Pilot Trench 36 Young's Trucking 17.19 SES
11/30/2015 608669IN 113015-016 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.80 SES
11/30/2015 608669IN 113015-017 Special Waste Solid Other Pilot Trench 1 Strouse 18.86 SES
11/30/2015 608669IN 113015-018 Special Waste Solid Other Pilot Trench 13 Strouse 18.24 SES
11/30/2015 608669IN 113015-019 Special Waste Solid Other Pilot Trench 47 Young's Trucking 16.38 SES
11/30/2015 608669IN 113015-020 Special Waste Solid Other Pilot Trench 23 Young's Trucking 18.85 SES
12/1/2015 608669IN 120115-001 Special Waste Solid Other Pilot Trench B16 Baugh 18.18 SES
12/1/2015 608669IN 120115-002 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.52 SES
12/1/2015 608669IN 120115-003 Special Waste Solid Other Pilot Trench 2 Bloomington 17.36 SES
12/1/2015 608669IN 120115-004 Special Waste Solid Other Pilot Trench 3 Bloomington 13.70 SES
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Date Profile Waste Waste Landfill
Shipped Number Manifest No. Description Source Truck No. Transporter Weight (tons) Contractor
12/1/2015 608669IN 120115-005 Special Waste Solid Other Pilot Trench 20 Strouse 17.16 SES
12/1/2015 608669IN 120115-006 Special Waste Solid Other Pilot Trench 9 Strouse 14.99 SES
12/1/2015 608669IN 120115-007 Special Waste Solid Other Pilot Trench 1 Strouse 18.67 SES
12/1/2015 608669IN 120115-008 Special Waste Solid Other Pilot Trench 13 Strouse 15.89 SES
12/1/2015 608669IN 120115-009 Special Waste Solid Other Pilot Trench 47 Young's Trucking 17.30 SES
12/1/2015 608669IN 120115-010 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.92 SES
12/1/2015 608669IN 120115-011 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.35 SES
12/1/2015 608669IN 120115-012 Special Waste Solid Other Pilot Trench B16 Baugh 18.41 SES
12/1/2015 608669IN 120115-013 Special Waste Solid Other Pilot Trench 9 Strouse 18.37 SES
12/1/2015 608669IN 120115-014 Special Waste Solid Other Pilot Trench 20 Strouse 18.28 SES
12/1/2015 608669IN 120115-015 Special Waste Solid Other Pilot Trench 1 Strouse 17.71 SES
12/1/2015 608669IN 120115-016 Special Waste Solid Other Pilot Trench 13 Strouse 17.86 SES
12/1/2015 608669IN 120115-017 Special Waste Solid Other Pilot Trench 47 Young's Trucking 17.74 SES
12/1/2015 608669IN 120115-018 Special Waste Solid Other Pilot Trench 48 Young's Trucking 16.27 SES
12/1/2015 608669IN 120115-019 Special Waste Solid Other Pilot Trench 2 Bloomington 18.33 SES
12/1/2015 608669IN 120115-020 Special Waste Solid Other Pilot Trench 3 Bloomington 12.70 SES
12/2/2015 608669IN 120215-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 15.41 SES
12/2/2015 608669IN 120215-002 Special Waste Solid Other Pilot Trench B16 Baugh 15.79 SES
12/2/2015 608669IN 120215-003 Special Waste Solid Other Pilot Trench 20 Strouse 16.43 SES
12/2/2015 608669IN 120215-004 Special Waste Solid Other Pilot Trench 3 Bloomington 9.67 SES
12/2/2015 608669IN 120215-005 Special Waste Solid Other Pilot Trench 9 Strouse 17.63 SES
12/2/2015 608669IN 120215-006 Special Waste Solid Other Pilot Trench 1 Strouse 15.44 SES
12/2/2015 608669IN 120215-007 Special Waste Solid Other Pilot Trench 2 Bloomington 16.50 SES
12/2/2015 608669IN 120215-008 Special Waste Solid Other Pilot Trench 40 Young's Trucking 16.91 SES
12/2/2015 608669IN 120215-009 Special Waste Solid Other Pilot Trench 13 Strouse 14.52 SES
12/2/2015 608669IN 120215-010 Special Waste Solid Other Pilot Trench 48 Young's Trucking 15.75 SES
12/2/2015 608669IN 120215-011 Special Waste Solid Other Pilot Trench B16 Baugh 18.88 SES
12/2/2015 608669IN 120215-012 Special Waste Solid Other Pilot Trench 42 Young's Trucking 14.02 SES
12/2/2015 608669IN 120215-013 Special Waste Solid Other Pilot Trench 48 Young's Trucking 15.19 SES
12/2/2015 608669IN 120215-014 Special Waste Solid Other Pilot Trench 20 Strouse 16.20 SES
12/2/2015 608669IN 120215-015 Special Waste Solid Other Pilot Trench 9 Strouse 16.10 SES
12/2/2015 608669IN 120215-016 Special Waste Solid Other Pilot Trench 13 Strouse 15.58 SES
12/2/2015 608669IN 120215-017 Special Waste Solid Other Pilot Trench 1 Strouse 17.39 SES
12/2/2015 608669IN 120215-018 Special Waste Solid Other Pilot Trench 40 Young's Trucking 15.13 SES
12/2/2015 608669IN 120215-019 Special Waste Solid Other Pilot Trench 3 Bloomington 12.94 SES
12/2/2015 608669IN 120215-020 Special Waste Solid Other Pilot Trench 2 Bloomington 20.18 SES
12/3/2015 608669IN 120315-001 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.78 SES
12/3/2015 608669IN 120315-002 Special Waste Solid Other Pilot Trench B16 Baugh 19.36 SES
12/3/2015 608669IN 120315-003 Special Waste Solid Other Pilot Trench 9 Strouse 18.78 SES
12/3/2015 608669IN 120315-004 Special Waste Solid Other Pilot Trench 1 Strouse 19.00 SES
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Date Profile Waste Waste Landfill
Shipped Number Manifest No. Description Source Truck No. Transporter Weight (tons) Contractor
12/3/2015 608669IN 120315-005 Special Waste Solid Other Pilot Trench 20 Strouse 19.74 SES
12/3/2015 608669IN 120315-006 Special Waste Solid Other Pilot Trench 13 Strouse 18.51 SES
12/3/2015 608669IN 120315-007 Special Waste Solid Other Pilot Trench 40 Young's Trucking 17.40 SES
12/3/2015 608669IN 120315-008 Special Waste Solid Other Pilot Trench 43 Young's Trucking 17.99 SES
12/3/2015 608669IN 120315-009 Special Waste Solid Other Pilot Trench 44 Young's Trucking 17.41 SES
12/3/2015 608669IN 120315-010 Special Waste Solid Other Pilot Trench 47 Young's Trucking 18.77 SES
12/3/2015 608669IN 120315-011 Special Waste Solid Other Pilot Trench B16 Baugh 16.74 SES
12/3/2015 608669IN 120315-012 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.21 SES
12/3/2015 608669IN 120315-013 Special Waste Solid Other Pilot Trench 40 Young's Trucking 16.86 SES
12/3/2015 608669IN 120315-014 Special Waste Solid Other Pilot Trench 9 Strouse 18.60 SES
12/3/2015 608669IN 120315-015 Special Waste Solid Other Pilot Trench 1 Strouse 17.09 SES
12/3/2015 608669IN 120315-016 Special Waste Solid Other Pilot Trench 13 Strouse 17.90 SES
12/3/2015 608669IN 120315-017 Special Waste Solid Other Pilot Trench 43 Young's Trucking 17.61 SES
12/3/2015 608669IN 120315-018 Special Waste Solid Other Pilot Trench 20 Strouse 17.64 SES
12/3/2015 608669IN 120315-019 Special Waste Solid Other Pilot Trench 47 Young's Trucking 17.10 SES
12/3/2015 608669IN 120315-020 Special Waste Solid Other Pilot Trench 44 Young's Trucking 16.97 SES
12/8/2015 608669IN 120815-001 Special Waste Solid Other Pilot Trench B16 Baugh 16.96 SES
12/8/2015 608669IN 120815-002 Special Waste Solid Other Pilot Trench 42 Young's Trucking 16.60 SES
12/8/2015 608669IN 120815-003 Special Waste Solid Other Pilot Trench 50 Young's Trucking 18.63 SES
12/8/2015 608669IN 120815-004 Special Waste Solid Other Pilot Trench 46 Young's Trucking 17.69 SES
12/8/2015 608669IN 120815-005 Special Waste Solid Other Pilot Trench 49 Young's Trucking 18.20 SES
12/8/2015 608669IN 120815-006 Special Waste Solid Other Pilot Trench B16 Baugh 17.31 SES
12/8/2015 608669IN 120815-007 Special Waste Solid Other Pilot Trench 42 Young's Trucking 2.95 SES
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Area P215 P215 P215 P215 P215 P215 P215 P215
Sample Location: 215-40268 215-40269 215-40270 215-40271 215-40272 215-40273 215-40274 215-40275
Sample Identification: S-100815-PB-40268 S-100815-PB-40269 S-100815-PB-40270 S-100815-PB-40271 S-100815-PB-40272 S-100815-PB-40273 S-100815-PB-40274 S-100815-PB-40275
Sample Date: 10/8/2015 10/8/2015 10/8/2015 10/8/2015 10/8/2015 10/8/2015 10/8/2015 10/8/2015 
Sample Depth: (0-0.33) ft (0.5-1.5) ft (0-0.33) ft (0-0.33) ft (1.5-2.25) ft (0-0.5) ft (2-2.5) ft (0-0.33) ft
Sample Type: Duplicate

Notes

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath 

liner for trenching 
operation

Units
Polychlorinated biphenyl (PCBs)
Aroclor-1016 (PCB-1016) mg/kg 0.23 U 0.22 U 0.23 U 0.24 U 0.25 U 0.23 U 0.24 U 1.2 U 
Aroclor-1221 (PCB-1221) mg/kg 0.23 U 0.22 U 0.23 U 0.24 U 0.25 U 0.23 U 0.24 U 1.2 U 
Aroclor-1232 (PCB-1232) mg/kg 0.23 U 0.22 U 0.23 U 0.24 U 0.25 U 0.23 U 0.24 U 1.2 U 
Aroclor-1242 (PCB-1242) mg/kg 0.23 U 0.22 U 0.23 U 0.24 U 0.25 U 0.23 U 0.24 U 1.2 U 
Aroclor-1248 (PCB-1248) mg/kg 0.23 U 0.22  0.23 U 0.24 U 0.25 U 0.23 U 0.24 U 4.5  
Aroclor-1254 (PCB-1254) mg/kg 0.23 U 0.22 U 0.23 U 0.24 U 0.25 U 0.23 U 0.24 U 1.2 U 
Aroclor-1260 (PCB-1260) mg/kg 0.23 U 0.22 U 0.23 U 0.24 U 0.25 U 0.23 U 0.24 U 1.2 U 
Total PCBs mg/kg ND 0.22  ND ND ND ND ND 4.5  

Notes:

U - Not detected at the associated reporting limit.
TCLP - Toxicity Characteristic Leaching Procedure
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Area
Sample Location:
Sample Identification:
Sample Date:
Sample Depth:
Sample Type:

Notes

Units
Polychlorinated biphenyl (PCBs)
Aroclor-1016 (PCB-1016) mg/kg
Aroclor-1221 (PCB-1221) mg/kg
Aroclor-1232 (PCB-1232) mg/kg
Aroclor-1242 (PCB-1242) mg/kg
Aroclor-1248 (PCB-1248) mg/kg
Aroclor-1254 (PCB-1254) mg/kg
Aroclor-1260 (PCB-1260) mg/kg
Total PCBs mg/kg

Notes:

U - Not detected at the associated reporting limit.
TCLP - Toxicity Characteristic Leaching Procedure

P215 P215 P215 P215 P215 P216 P216
215-40276 215-40277 215-40333 215-40340 215-40341 216-40316 216-40317

S-100815-PB-40276 S-100815-PB-40277 SO-215-112415-PB-40333 SO-215-120415-PB-40340 SO-215-120415-PB-40341 SO-216-111015-PB-40316 SO-216-111015-PB-40317
10/8/2015 10/8/2015 11/24/2015 12/4/2015 12/4/2015 11/10/2015 11/10/2015 

(1-2) ft - - - - (0-0.5) ft (0-0.5) ft
Duplicate Duplicate

Characterization of 
material beneath 

liner for trenching 
operation

Characterization of 
material beneath liner 

for trenching 
operation

General Motors LLC - 15 
point composite of 
trenching stockpile 

between 5+50 and 7+00

General Motors LLC - 15 
point composite of 
trenching stockpile 

between 7+00 and 8+25

General Motors LLC - 15 
point composite of 
trenching stockpile 

between 7+00 and 8+25

General Motors LLC - 15 
point composite of 
trenching stockpile 

between 2+00 and 4+00

General Motors LLC - 15 
point composite of 
trenching stockpile 

between 2+00 and 4+00

1.3 U 0.24 U 0.21 U 0.035 U 0.035 U 0.037 U 0.037 U 
1.3 U 0.24 U 0.21 U 0.035 U 0.035 U 0.037 U 0.037 U 
1.3 U 0.24 U 0.21 U 0.035 U 0.035 U 0.037 U 0.037 U 
1.3 U 0.24 U 0.21 U 0.035 U 0.035 U 0.037 U 0.037 U 
14  1.1  0.21 U 0.035 U 0.035 U 0.037 U 0.037 U 

1.3 U 0.24 U 0.21 U 0.035 U 0.035 U 0.037 U 0.037 U 
1.3 U 0.24 U 0.21 U 0.035 U 0.035 U 0.037 U 0.037 U 
14  1.1  ND ND ND ND ND
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Area
Sample Location:
Sample Identification:
Sample Date:
Sample Depth:
Sample Type:

Notes

Units
Polychlorinated biphenyl (PCBs)
Aroclor-1016 (PCB-1016) mg/kg
Aroclor-1221 (PCB-1221) mg/kg
Aroclor-1232 (PCB-1232) mg/kg
Aroclor-1242 (PCB-1242) mg/kg
Aroclor-1248 (PCB-1248) mg/kg
Aroclor-1254 (PCB-1254) mg/kg
Aroclor-1260 (PCB-1260) mg/kg
Total PCBs mg/kg

Notes:

U - Not detected at the associated reporting limit.
TCLP - Toxicity Characteristic Leaching Procedure

P216 P216 P216 P216 P216
216-40326 216-40349 216-40350 216-40351 216-40352

SO-216-111615-PB-40326 SO-216-121015-PB-40349 SO-216-121015-PB-40350 SO-216-121015-PB-40351 SO-216-121015-PB-40352
11/16/2015 12/10/2015 12/10/2015 12/10/2015 12/10/2015 

- - - - -

MS/MSD,  General Motors 
LLC - 15 point composite 

of trenching stockpile 
between 4+00 and 5+50

General Motors LLC - 5 
point composite from 

beneath NW quadrant of 
<50 ppm PCB Stockpile

MS/MSD,  General Motors 
LLC - 5 point composite 

from beneath NW 
quadrant of <50 ppm PCB 

Stockpile

General Motors LLC - 5 
point composite from 

beneath NW quadrant of 
<50 ppm PCB Stockpile

General Motors LLC - 5 
point composite from 

beneath NW quadrant of 
<50 ppm PCB Stockpile

0.21 U 0.037 U 0.038 U 0.038 U 0.039 U 
0.21 U 0.037 U 0.038 U 0.038 U 0.039 U 
0.21 U 0.037 U 0.038 U 0.038 U 0.039 U 
0.21 U 0.037 U 0.038 U 0.038 U 0.039 U 
0.21 U 0.053  0.054  0.038 U 0.039 U 
0.21 U 0.037 U 0.038 U 0.038 U 0.039 U 
0.21 U 0.037 U 0.038 U 0.038 U 0.039 U 

ND 0.053  0.054  ND ND
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Area P216
Sample Location: 216-40299
Sample ID: S-216-110315-PB-40299
Sample Date: 11/3/2015 

Parameters Units
PCBs

Aroclor-1016 (PCB-1016) ug/kg 35 U 
Aroclor-1221 (PCB-1221) ug/kg 35 U 
Aroclor-1232 (PCB-1232) ug/kg 35 U 
Aroclor-1242 (PCB-1242) ug/kg 35 U 
Aroclor-1248 (PCB-1248) ug/kg 35 U 
Aroclor-1254 (PCB-1254) ug/kg 35 U 
Aroclor-1260 (PCB-1260) ug/kg 35 U 
Total PCBs ug/kg ND 

Footnotes:

ND Not detected at the associated reporting limit.
U Not detected at the associated reporting limit.
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Name Location Depth/Length Fill Water Fracture Notes 

VF1 0+35 T - B Clay Dry Only visible on West side. 
VF2 0+45 T - B Clay Dry East and West. West ends about 3/4, east goes to bottom.
VF3 0+50 T - 1/4 Clay Dry East and West. Small fracture only found near top.
VF4 0+55 T - B Clay Flow (west East and West. Only flowing on west side near bottom of trench. Starts as a large V at top and then gets narrower. Large fracture on both 
VF5 0+65 T - B Clay Dry East and West. Both sides diagonal towards 0+60 and end at that station. East side breaks into 2 VF near bottom, one VF ends at this station, the other 

at 0+60. 
VF6 0+70 T - B Clay Dry Only visible on west side. Diagonals to South and ends at 0+75. 
HF1 1/4 0+70 - 0+80 Clay Dry HF at 1/4 way down goes on for 3 stations Visible east and west. 
HF2 M 0+80 - 0+90 Clay  Dry Visible on East and West 
VF7 0+80 M - B Clay  Dry Only visible on west side. Large hole in middle of trench, VF forms after hole and carries on to the bottom of the trench.
VF8 0+85 T - 1/4 Clay  Dry Only visible on east side. 
HF3 B 0+85 - 0+90 Clay Dry East and West 
HF4 T 0+90 - 1+00 Clay Dry Both East and West sides. 
VF9 1+00 T - B Clay Flow (west West side water flowing out of VF 3/4 way down. On East side 2 small VF lead to large hole in middle of trench. Carries out to bottom as 2 VF. 
VF10 1+10 T - 1/4 Clay Dry Only visible on west side. 
VF11 1+20 T - 3/4 Clay Dry Only visible on East side. Ends around station 1+15.
VF12 1+25 1/4 - 3/4 Clay Dry Both East and West sides. 
VF13 1+30 T - 3/4 Clay Dry Both East and West sides. 
VF14 1+45 T - M Clay Dry Both East and West sides. 
HF5 B 1+50 - 1+60 Clay Flow (west 

 
Only visible on West side. Water flowing at station 1+55 at VF. 

VF15 1+55 T - 3/4 Clay Flow Only visible on West side. Large V shape at top of trench. Water flowing 3/4 way down trench.
VF16 1+60 T - 3/4 Clay Dry Only visible on East side. Splits into 2 VF's after middle.
HF6 M 1+60 - 1+70 Clay Dry Only visible on East side. 
VF17 1+70 T - 3/4 Clay Dry East and West. 
VF18 1+80 T -3/4 Clay Dry East and West. On west, starts as 2 VFs and forms into one at middle. On east, starts as 3 VFs and forms 1 VF at about middle of trench. 
VF19 2+00 T - 3/4 Clay Flow (west 

only) & 
 

Only visible on West side. Water flowing near bottom of trench. Large section missing at top.

VF20 2+05 T - M Clay Dry Only visible on East side. Starts at this station but ends at 2+00 in the middle of the trench (on a diagonal). 
VF21 2+10 T - 3/4 Clay Dry Only visible on East side. Starts at this station but ends at 2+00 at the bottom of the trench (on a diagonal). Large chunks missing throughout the VF.
VF22 2+20 T - B Clay Flow (west 

only) & 
 

East and West. On West water flowing and staining near bottom of trench. East side ends at 3/4. West ends just before bottom of trench.

VF23 2+25 T - 1/4 Clay Dry East and West. On East, 2 small VF's. 
VF24 2+40 T - M Clay Dry East and West. 
VF25 2+60 T - M Clay Dry Only visible on East Side. 
HF7 M 2+60 - 2+70 Clay Dry Only visible on East side. Starts at 2+60 appearing as a VF but, turns and becomes HF at this station. 
HF8 B 2+65 - 2+70 Clay Dry Only visible on West side. 
HF9 M 2+70 - 3+85 Clay Dry & Staining East and West. Staining on the west side can be found at stations 2+75, 2+80, 2+90, 3+15, 3+25, 3+40 and 3+60
VF26 2+85 T - B Clay Dry East and West.
VF27 3+10 T - B Clay Dry East and West. 
VF28 3+44 T - 3/4 Clay Dry East and West. 
VF29 3+45 T - M Clay Dry East and West. On East side, the VF at this station joins the VF at 3+44 to create 1 VF from the middle to 3/4 way down the trench. On the 

West side, the VF does not join the VF at 3+44, just ends in middle. 
VF30 3+50 T - M Clay Dry Only visible on East side. Ends at HF9
HF10 T 3+55 - 3+60 Clay Dry Only visible on West side.
VF31 3+60 T - M Clay Dry & Staining East and West. Both end at the HF in middle (HF9)
VF32 3+75 T - M Clay Dry East and West. Both end at the HF in middle (HF9)
VF33 3+80 T - 3/4 Clay Staining East and West. Both have staining, west appears to be wet but no water flowing.
VF34 3+90 T - 3/4 Clay Dry East and West. West side has a large V shape at top of trench and then narrows out. East side has large hole just above the bottom of the 

trench, VF ends there.
HF11 B 3+85 - 4+00 Nothing Staining East and West. West ends at 3+95, East ends at 4+00. 
HF12  3/4 3+95 - 4+45 Clay Dry East and West. West ends at 4+25, East ends at 4+45
HF13 B 4+00 - 4+30 Clay Dry West side only. 
VF35 4+00 T - M Clay Dry East and West. Large V shape at top and gets narrower as it decreases. 
HF14 T 4+10 - 4+15 Clay Dry Only visible on West Side.
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Name Location Depth/Length Fill Water Fracture Notes 

VF36 4+15 T - 3/4 Clay Dry & Staining East and West. Staining on West side near bottom of VF, the rest is dry.

VF37 4+25 T - M Clay Dry Only visible on East Side, very thin.
VF38 4+40 T - M Clay  Dry & Staining East and West. Staining at bottom of VF on West side. Large V shape at top of trench and then narrows after.

HF15 B 4+45 - 4+55 Nothing Dry Only visible on West side. Fracture is very fine.
VF39 4+57 T - 3/4 Clay Dry & Staining East and West. Staining at bottom of VF on West side. West side, one VF goes top to middle and then breaks into 2 thin VF and continues to 3/4 way 

down trench. East side, one large VF goes top to middle and a second thin VF starts beside it and goes middle to close but not through the bottom of 
HF16 M 4+70 - 4+75 Clay Dry West side only. 
VF40 4+95 T - 3/4 Clay Dry East and West. Large V shape at top and gets narrower as it decreases. 
VF41 5+00 M - B Nothing Dry & Staining East and West. Very fine fracture starting from middle and ends just before the bottom of the trench. West has staining at bottom.

VF42 5+20 1/4 - 3/4 Clay Dry East and West.
VF43 5+25 T - M Clay Dry East and West. 
VF44 5+40 T - B Clay Dry East and West. Large V shape at top and gets narrower as it decreases. Ends just before the bottom of the trench.
HF17 M 5+40 - 5+50 Clay Dry East and West. Both start at VF's at 5+40. On east side HF is in 2 small fractures very close to one another.
HF18 T 5+50 - 6+00 Clay Dry East and West. East ends at 5+75, west ends a 6+00. 
HF19 M 5+70 - 5+80 Clay Dry East side only. 
VF45 5+80 & 5+85 T - M Clay Dry East and West. East appears closer to 5+80 and west is closer to 5+85, but still appear to be the same fracture. Large V shape at top and gets 

narrower as it decreases. 
HF20  3/4 5+90 - 6+05 Clay  Dry East and West. 
VF46 6+20 T - B Clay Dry East and West.
HF21 T 6+20 - 6+90 Clay Dry East and West.
VF47 6+40 T - B Clay Dry East and West. Goes to bottom of trench.
HF22 1/4 & M 6+40 - 7+05 Clay Dry East and West. Starts at 1/4 down trench, at station 6+50 moves to middle of trench.
HF23 1/4 & M 6+50 - 8+65 Clay Dry & Staining East and West. Starts at 1/4 down trench, at station 7+70 moves to middle of trench. Staining apparent from 8+10 to 8+65 on West side. 
VF48 6+75 T - 3/4 Clay Dry East and West.
VF49 6+90 T - M Clay Dry East and West. Large V shape at top and gets narrower as it decreases. 
HF24 T & 1/4 7+05 - 7+80 Clay Dry East and West. At 7+70 appears to move to 1/4 of the trench rather than the top. 
VF50 7+35 T - 3/4 Clay Dry & Staining East and West. Staining near bottom of the trench on the west side. Large V shape at top and gets narrower.

VF51 7+55 T - M Clay Dry Only visible on East Side. 
VF52 7+60 T - 3/4 Clay Dry East and West. 
VF53 7+75 T - M Clay Wet East and West. Both sides appear wet after the fracture ends. 
HF25 T 7+90 - 8+65 Clay Dry East and West.
VF54 8+00 T - M Clay Dry East and West. East is in 2 VF, the one to the south only goes 1/4 of the way down the trench.
VF55 8+05 T - B Clay & Nothing Flow (east 

side)
Only visible on East side. Large gaps missing at top of trench. Water flowing near bottom of trench just trickling.

VF56 8+10 T - B Clay Dry, Staining & 
Flow (west 

East and West. Large water stains and flow coming from bottom of fracture on West side. On East side, large V shape chunk missing at top of 
trench. East ends about half way down trench. Goes to bottom.

VF57 8+30 T - 1/4 Clay Dry & Staining East and West. Water stains coming from bottom of fracture on west side. East side has a very thin VF that is dry.

VF58 8+50 T - M Clay Dry East and West. 
VF59 8+60 T - M Clay Dry East and West.
HF26  1/4 8+60 - 8+65 Clay Staining & 

Flow
West side only. Water flowing out of HF at station 8+65.

Notes:
VF - Vertical Fracture
HF - Horizontal Fracture
T - Top
M - Approximately mid-height of trench at that station
B - Bottom
1+15 - Station designation, for example, 115 feet along length of trench from the north-most section
BOLD - Indicates fractures depicted on Figures 3.2 and 3.3.  Table and figures represent two independent reviews of the final videos and may not represent actual scale.

- Fractures depicted on Figures 3.2 and 3.3 are intended to be a general representation of the more significant fractures viewed from the videos.
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Date Length (L.F.) Start Station End Station Number of Panels 
1/26/2016 10 3+10 3+20 5
1/27/2016 30 2+80 3+10 15
1/28/2016 42 2+38 2+80 21
1/28/2016 26 3+20 3+46 13
2/2/2016 68 1+70 2+38 34
2/3/2016 126 0+44 1+70 63
2/4/2016 2 0+40 0+44 1
2/22/2016 76 3+46 4+22 38
2/23/2016 40 4+22 4+62 20
2/26/2016 20 4+62 4+82 10
2/29/2016 100 4+82 5+82 50
3/1/2016 34 5+82 6+20 17
3/2/2016 70 6+20 6+90 35
3/3/2016 38 6+90 7+28 19
3/4/2016 40 7+28 7+68 20
3/7/2016 40 7+68 8+08 20
3/8/2016 49 8+08 8+57 24.5
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Parameter Method Units 

IDEM Screening Soil 
Exposure Direct 

Contact Excavation 
2015

IDEM Screening Soil 
Exposure Direct Contact 

Commercial/Industrial 
2015

IDEM Screening Soil 
Exposure Direct 

Contact Residential 
2015

Common 
Fill Stone 

Aluminum EPA 6010 mg/kg 100000 100000 100000 13600 2810
Arsenic EPA 6010 mg/kg 920 30 9.4 4.6 7.8
Barium EPA 6010 mg/kg 100000 100000 21000 99.9 61.2

Beryllium EPA 6010 mg/kg 3800 2300 220 0.63 NA
Cadmium EPA 6010 mg/kg 1900 980 98 0.33 J 0.45 J
Calcium EPA 6010 mg/kg - - - 2930 246000

Chromium EPA 6010 mg/kg - - - 16.8 7.8
Chromium, Hexavalent EPA 7196A mg/kg 2700 63 4.2 NA NA

Cobalt EPA 6010 mg/kg 590 350 32 5.9 4.9
Copper EPA 6010 mg/kg 79000 47000 4300 8.6 4
Cyanide EPA 9012 mg/kg 510 130 29 NA 0.16 J

Endrin aldehyde EPA 8081 mg/kg - - - NA NA
Iron EPA 6010 mg/kg 100000 100000 77000 12800 10700
Lead EPA 6010 mg/kg 1000 800 400 11.1 3.6

Magnesium EPA 6010 mg/kg - - - 1580 22200
Manganese EPA 6010 mg/kg 46000 26000 2500 391 349

Mercury EPA 7471 mg/kg 3.1 3.1 3.1 0.036 J NA
Nickel EPA 6010 mg/kg 38000 22000 2100 13.7 18.3

Percent Moisture ASTM D2974-87 % - - 15.9 6.4
Potassium EPA 6010 mg/kg - - - 802 1190

Sodium EPA 6010 mg/kg - - - 35.3 J 235
Vanadium EPA 6010 mg/kg 9900 5800 550 24.3 15.4

Zinc EPA 6010 mg/kg 100000 100000 32000 51.5 51.7

Notes

"-"    No limits have been set by IDEM
NA    No result recorded 
J        Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit 
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Roll Number Weight Thickness 
Machine 
Direction 

Cross 
Direction 

Machine 
Direction 

Cross 
Direction 

Machine 
Direction 

Cross 
Direction 

CBR 
Puncture UV Resistance AOS

Water Flow 
Rate Permeability Permittivity 

(oz/sq yd) (mils) (lbs)
(% strength retained/500 

hrs) (U.S. sieve) (gpm/sq ft) (cm/sec) (sec-1)
J10135072 11.56 166.4 338 369 63 78 148 179 1099 70 100 95 0.514 1.29
J10135073 11.56 166.4 338 369 63 78 148 179 1099 70 100 95 0.514 1.29
J10135089 11.56 166.4 338 369 63 78 148 179 1099 70 100 95 0.514 1.29
J10135090 11.56 166.4 338 369 63 78 148 179 1099 70 100 95 0.514 1.29
J10135091 11.56 166.4 338 369 63 78 148 179 1099 70 100 95 0.514 1.29
J10135092 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135093 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135094 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135095 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135096 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135097 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135098 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135099 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135100 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135101 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135102 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2
J10135103 11 161.6 325 327 62 79 136 163 1006 70 100 88 0.464 1.2

Grab Tensile Grab Elongation

(lbs) (%) (lbs)

Trap Tear 
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Daily Optimum Moisture Content Moisture Maximum Dry PSI 
Test Test Elevation of Proctor Soil Moisture Moisture Above/Below  Content Density Dry Density Wet Density Compaction Pass/Fail Overall Test


Test Date Location Test ID Number Depth Test ID/Lab # (1) Content Content Optimum Moisture  Test  (Pound-Force  (Pound-Force  (Pound-Force Compaction Test Pass/Fail  Code (5) Pass/Fail Comments
Depth (ft)  (%) (1,2) (%)  (%) (3)  Pass/Fail per ft3) (1)  per ft3)  per ft3) (%) (4)

05/20/2016 Pilot Trench 6 6 -  00141392-29-S1 16.8 21.9 5.1 PASS 105.7 103.9 126.6 98.3 PASS A PASS
05/24/2016 Pilot Trench 1 6 623.3  00141392-29-S1 16.8 17.9 1.1 PASS 105.7 108.3 127.7 102.5 PASS A PASS
05/24/2016 Pilot Trench 2 6 604.7  00141392-29-S1 16.8 17.2 0.4 PASS 105.7 105.9 124.1 100.2 PASS A PASS

Notes:
(1)  Soil proctor information.
(2)  Test results included a fail value for the compaction test and/or moisture content, which required a subsequent retest either the same day or the next if a failure occurred.
(3)  Accepted moisture content to be within 0-5% of optimum moisture content of proctor.
(4)  Accepted compaction to be at least 95% of maximum dry density of proctor.
(5)  PSI Pass/Fail Codes are as follows:

1 = Fill material A = Test results comply with specifications
2 = Backfill B = Compaction does not comply with specifications
3 = Base course C = Retest of previous test
4 = Sub-base D = Moisture in excess of specifications
5 = Soil cement E = Moisture below specifications
6 = Other

(6)  Moisture content results were below optimum moisture percentage, however the compaction at these locations all exceeded the 95% criteria.  
"-"  Information unavailable
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Panel ID Panel Dimensions Installation
Number Date Deployed Area Length Width Area  Approved Comment

(feet) (1)  (feet)  (feet2) (QA ID) (2)

EP808 05/24/2016
 

Trench 163 22.5 3,667.50 CRH
EP809 05/24/2016

 
Trench 190 22.5 4,275.00 CRH

EP810 05/24/2016
 

Trench 57 22.5 1,282.50 CRH
EP811 05/24/2016

 
Trench 23 22.5 517.50 CRH

EP812 05/24/2016
 

Trench 23 22.5 517.50 CRH
EP813 05/24/2016

 
Trench 64 22.5 1,440.00 CRH

EP814 05/24/2016
 

Trench 92 22.5 2,070.00 CRH
EP815 05/24/2016

 
Trench 90 22.5 2,025.00 CRH

EP816 05/24/2016
 

Trench 18 22.5 405.00 CRH

Notes:
(1) Installed length represents field measurement of actual deployed length.  For trapezoidal shapes, the measured length was the longer side.
(2)  Installation approval refers to visual inspection of installation procedures.
(3) The panel shape was not always recorded on the Panel Installation Log form; however, the panel shape is presented on the respective Drawing.
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Ambient Seamer Machine Fusion/Extrusion Peel Test (1,2) (ppi) Shear Test (1) (ppi)
Date Time Temperature  ID ID Weld Type Temperature Speed Coupon 1  Coupon 2 Coupon 3  Coupon 4  Coupon 5  Coupon Coupon QA ID Pass/Fail Comments

 (°F)  (°F) A/B  A/B A/B A/B A/B 1/2/3 4/5
24-May-16 11:50 - KS 22 Fusion 550 500 97/98 98/91 92/96 97/101 100/99 98/98/99 99/99 CRH Pass
24-May-16 14:55 - MM 53 Extrusion 550 500 96 96 87 106 104 96/109/100 97/90 CRH Pass
24-May-16 16:35 - KS 22 Fusion 800 500 86/90 91/92 85/92 86/89 94/86 102/106/99 91/91 CRH Pass
24-May-16 16:40 - KS 22 Fusion 800 500 92/89 93/91 91/86 89/94 90/89 86/91/106 97/99 CRH Pass
25-May-16 8:00 - KS 56 Extrusion 500 500 103 103 99 102 103 108/112/111 112/116 CRH Pass
25-May-16 8:00 - MM 53 Extrusion 550 500 114 118 107 114 118 117/115/113 120/120 CRH Pass
25-May-16 13:00 - MM 53 Extrusion 550 500 100 101 110 101 107 108/113/112 107/93 CRH Pass
25-May-16 13:00 - KS 56 Extrusion 500 500 97 92 100 95 110 104/99/108 96/108 CRH Pass

Notes:

" - " Data not available
T/T Weld was made between the textured side of both panels.
S/S Weld was made between the smooth side of both panels.
S/T or T/S Weld was made between the textured side of one panel and the smooth side of the second panel.
(1) Acceptance of test seams requires shear test results of 90 ppi (1,500 psi) and peel test results of 75 ppi (1,250 psi) for fusion welds and 66 (1,100 psi) for extrusion welds.
(2) Extrusion welds result in a single, continuous seam for peel tests to be performed on (therefore, only one sided peel test required).



Table 3.12

Summary of LLDPE Non Destructive Seam Test Results
Construction Certification Report

GM GPS Bedford Facility
Bedford, Indiana

Page 1 of 1

GHD 013968 (394) Rev 1

Pressure Testing
Seam Station Pressure (psi) Time Pass/Fail  (1)(2)

Seam Number Test Date Location Start End Start End Start End Test Test Crew ID QA ID Comments  (3)

808/809 24-May-16 Pilot Trench 0+94 1+63 32 32 2:40 2:45 Pass SS CRH
809/810 24-May-16 Pilot Trench 0+57 T/S 32 31 2:45 2:50 Pass SS CRH
810/811 24-May-16 Pilot Trench 0+23 T/S 32 29 2:50 2:55 Fail SS CRH
810/811 24-May-16 Pilot Trench 0+23 T/S 32 30 3:00 3:05 Pass SS CRH
808/809 24-May-16 Pilot Trench 0+94 0+27 32 31 3:10 3:15 Pass SS CRH
808/809 24-May-16 Pilot Trench 0+27 0+10 32 31 4:00 4:05 Pass SS CRH
808/809 24-May-16 Pilot Trench 0+08 0+00 32 31 4:05 4:10 Pass SS CRH
815/814 24-May-16 Pilot Trench 0+00 0+91 32 32 4:20 4:25 Pass SS CRH
815/808 24-May-16 Pilot Trench Text 20' 32 31 4:25 4:30 Pass SS CRH
809/812 24-May-16 Pilot Trench 0+00 0+23 32 30 4:55 5:00 Pass SS CRH
813/814 24-May-16 Pilot Trench Text 18' 32 31 5:05 5:10 Pass SS CRH
809/813 24-May-16 Pilot Trench 0+00 0+28 32 32 5:10 5:15 Pass SS CRH
809/813 24-May-16 Pilot Trench 0+39 0+46 32 31 5:20 5:25 Pass SS CRH
809/813 24-May-16 Pilot Trench 0+50 0+64 32 31 5:29 5:34 Pass SS CRH
812/813 24-May-16 Pilot Trench Text 8' 32 31 5:35 5:40 Pass SS CRH

Notes:

" - " Data not available
T/T Weld was made between the textured side of both panels.
S/S Weld was made between the smooth side of both panels.
S/T or T/S Weld was made between the textured side of one panel and the smooth side of the second panel.
(1)  The following are acceptance/rejection criteria for non-destructive seam testing:
(2)  - Per GRI GM6, the maximum pressure drop for 60 mil smooth and textured LLDPE over a 2 minute pressure test is 3.0 psi.

 - Per GRI GM6, the minimum air pressure for the air pressure test is 25 psi and the maximum air pressure is 35 psi for 60 mil smooth and textured LLDPE liner.
 - Per ASTM 5641, a vacuum is applied to a soaped section of seam, if bubbles appear, it indicates unbonded areas that will therfore require repair (i.e. seam failed test). No bubbles indicate 
an acceptable seam.
The vacuum box test does not require time or air pressure measurements to be collected.

(3) Refer to Table 3.21 for seam repair details and Table 3.20 for destructive test details.
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Test Sample Location Seam Number Field Test Weld Type  (1) Peel Peel Peel Peel Peel Peel Peel Peel Peel Peel Shear Shear Shear Shear Test Pass/Fail (3) Laboratory 
 ID  Date 1A (1) 1B (1) 2A (1)  2B (1) 3A  (1)  3B  (1) 4A (1) 4B  (1) 5A  (1)  5B (1)  1A  (1)  1B (1) 2A  (1) 2B  (1) Test Date

DS 380 Pilot Trench 809-810 5/25/2016 Fusion 104 110 117 117 120 109 111 116 115 113 116 131 115 122 Pass 6/15/2016
DS 381 Pilot Trench 808-Tie-in 5/25/2016 Extrusion 106 - 107 - 97 - 104 - 85 - 122 122 166 166 Pass 6/15/2016
DS 382 Pilot Trench 808-809 5/25/2016 Fusion 114 110 113 99 110 113 99 111 114 110 122 122 123 116 Pass 6/15/2016
DS 383 Pilot Trench 813-Tie-in 5/25/2016 Extrusion 114 - 85 - 97 - 94 - 106 - 117 125 151 123 Pass 6/15/2016
DS 384 Pilot Trench 809-815 5/24/2016 Fusion 111 105 104 105 103 101 107 101 102 107 95 105 104 106 Pass 6/15/2016
DS 385 Pilot Trench 814-815 5/24/2016 Fusion 94 100 105 98 103 104 106 96 96 103 105 102 101 102 Pass 6/15/2016

Notes:

" - " Data not available or not recorded.
(1) Destructive seam quality assurance field test results 

obtained using field tensiometer (ASTM D4437).
(2) Destructive seam quality assurance test results 

obtained from TRI/Environmental, Inc. laboratory 
testing final reports (ASTM D6392).

(3) Acceptance of destructive seam shear test requires 
a minimum of 90 ppi (1,500 psi) and acceptance of
destructive seam peel test requires a minimum of 
75 ppi (1,250 psi) for fusion welds and 66 ppi (1,100 psi) 
for extrusion welds.
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Test Sample Location Seam Number Field Test
 ID  Date

DS 380 Pilot Trench 809-810 5/25/2016
DS 381 Pilot Trench 808-Tie-in 5/25/2016
DS 382 Pilot Trench 808-809 5/25/2016
DS 383 Pilot Trench 813-Tie-in 5/25/2016
DS 384 Pilot Trench 809-815 5/24/2016
DS 385 Pilot Trench 814-815 5/24/2016

Notes:

" - " Data not available or not recorded.
(1) Destructive seam quality assurance field test results 

obtained using field tensiometer (ASTM D4437).
(2) Destructive seam quality assurance test results 

obtained from TRI/Environmental, Inc. laboratory 
testing final reports (ASTM D6392).

(3) Acceptance of destructive seam shear test requires 
a minimum of 90 ppi (1,500 psi) and acceptance of
destructive seam peel test requires a minimum of 
75 ppi (1,250 psi) for fusion welds and 66 ppi (1,100 psi) 
for extrusion welds.

Weld Type (2) Peel Peel Peel Peel Peel Peel Peel Peel Peel Peel Shear Shear Shear Shear Shear Mean Mean Mean Test Pass/Fail (3)

1A  (2) 1B (2) 2A  (2) 4A (2) 5A  (2)  1B  (2) 2B (2) 3B  (2)  4B  (2) 5B (2)  1  (2) 2 (2) 3  (2) 4  (2)  5  (2)  Peel A  Peel B  Shear
(ppi) (2) (ppi) (2)  (ppi) (2)

Heat Fusion 113 113 108 111 108 122 124 119 118 116 124 120 121 123 122 111 120 122 Pass 
Single Extrusion 112 118 112 119 116 - - - - - 120 130 123 122 120 115 - 123 Pass 

Heat Fusion 115 111 118 118 116 117 117 119 125 120 130 124 117 126 126 116 120 125 Pass 
Single Extrusion 114 114 123 111 121 - - - - - 119 118 117 120 121 117 - 119 Pass 

Heat Fusion 119 119 118 122 114 119 118 118 128 130 123 129 126 132 124 118 123 127 Pass 
Heat Fusion 113 112 114 114 110 119 111 117 114 116 119 119 120 116 117 113 115 118 Pass 
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Repair Repair Repair Repair-Size
Number Location 
Date Seam ID Panel Location (Station) (1) Type (2) Length
 Width
 Pass/Fail Comment  (3)

(in) (in)
R 2006 Pilot Trench 24-May-16 EP399 - Fireman PIV east of WTP P 2 27 Fail 
R 2006 Pilot Trench 24-May-16 EP399 - Fireman PIV east of WTP P 2 27 Pass
R 2007 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 3 6 Pass
R 2008 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 1 3 Pass
R 2009 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 2 3 Pass
R 2010 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 1 1 Pass
R 2011 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 2 2 Pass
R 2012 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 2 5 Pass
R 2013 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 1 5 Pass
R 2014 Pilot Trench 26-May-16 808/Tie-in - E edge 808/Tie-in P 1 2 Pass
R 2015 Pilot Trench 26-May-16 808/Tie-in - NE edge 808/Tie-in P 3 3 Pass
R 2016 Pilot Trench 26-May-16 808/Tie-in - NE edge 808/Tie-in P 3 3 Pass
R 2017 Pilot Trench 26-May-16 808/Tie-in - NE edge 808/Tie-in P 2 3 Pass
R 2018 Pilot Trench 26-May-16 808/Tie-in - NE edge 808/Tie-in P 3 4 Pass
R 2019 Pilot Trench 26-May-16 808/Tie-in - NW edge of 808/809 P 2 6 Pass
R 2020 Pilot Trench 26-May-16 808/Tie-in - NW edge of 808/810 P 2 3 Pass
R 2021 Pilot Trench 26-May-16 808/Tie-in - NE edge 808/Tie-in P 1 2 Pass
R 2022 Pilot Trench 26-May-16 - 809 S end panel 809 P 3 7 Pass
R 2023 Pilot Trench 26-May-16 809/815 - S end 809/N end 815 P 2 5 Pass
R 2024 Pilot Trench 26-May-16 Tie-in/815 - E centre of 815/W on Tie-in P 2 3 Pass
R 2025 Pilot Trench 26-May-16 Tie-in/815 - E centre of 815 on Tie-in P 1 1 Pass
R 2026 Pilot Trench 26-May-16 815/814 - E central 814/W of 815 P 2 5 Pass DS 385
R 2027 Pilot Trench 26-May-16 814/Tie-in - W central 814/Tie-in P 3 6 Pass
R 2028 Pilot Trench 26-May-16 814/Tie-in - W central 814/Tie-in P 1 2 Pass
R 2029 Pilot Trench 26-May-16 814/Tie-in - SW 814 P 1 1 Pass
R 2030 Pilot Trench 26-May-16 814/813 - 814/813/819 P 1 2 Pass
R 2031 Pilot Trench 26-May-16 - 813 N of DB-5 outfall P 1 1 Pass
R 2032 Pilot Trench 26-May-16 - 813 Around DB-5 outfall P 10 9 Pass
R 2033 Pilot Trench 26-May-16 816/Tie-in - W on 814/Tie-in P 3 3 Pass
R 2034 Pilot Trench 26-May-16 - 813 S of DB-5 outfall P 1 1 Pass
R 2035 Pilot Trench 26-May-16 - 813 SW of DB-5 outfall P 1 1 Pass
R 2036 Pilot Trench 26-May-16 - 813 NE WW-4 P 2 2 Pass
R 2037 Pilot Trench 26-May-16 - 813 N side WW-4 P 9 2 Pass
R 2038 Pilot Trench 26-May-16 813/819 - NW of WW-4 P 3.5 4 Pass
R 2039 Pilot Trench 26-May-16 - 813 N of electrical panel P 3 1 Pass
R 2040 Pilot Trench 26-May-16 - 813 N of electrical panel P 3 2 Pass
R 2041 Pilot Trench 26-May-16 - 813 NW WW-4 P 2 2 Pass
R 2042 Pilot Trench 26-May-16 - 813 NW ground inspection well P 2 4 Pass
R 2043 Pilot Trench 26-May-16 - 813 N elctrical panel post beside 42 P 3.5 2 Pass 
R 2044 Pilot Trench 26-May-16 - 813 Beside (E) of R 2045 P 1.5 1.5 Pass
R 2045 Pilot Trench 26-May-16 - 813 nduit line to electrical panel (cen P 2.5 3 Pass
R 2046 Pilot Trench 26-May-16 - 813 S electrical conduit P 4 8 Pass
R 2047 Pilot Trench 26-May-16 - 813 C post electical panel P 5 3 Pass 
R 2048 Pilot Trench 26-May-16 - 813 W of electrical panel P 1.5 1.5 Pass
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Repair Repair Repair Repair-Size
Number Location 
Date Seam ID Panel Location (Station) (1) Type (2) Length
 Width
 Pass/Fail Comment  (3)

(in) (in)
R 2049 Pilot Trench 26-May-16 - 813 N of R 2051 P 2 1.5 Pass
R 2050 Pilot Trench 26-May-16 - 813 S electrical panel post P 4 5 Pass
R 2051 Pilot Trench 26-May-16 - 813 N of R 2054 P 2 2 Pass
R 2052 Pilot Trench 26-May-16 - 813 Grounding inspection well P 2.5 2.5 Pass
R 2053 Pilot Trench 26-May-16 - 813 SW WW-4 P 2 3 Pass
R 2054 Pilot Trench 26-May-16 813/812 - S end 812 P 2 2 Pass
R 2055 Pilot Trench 26-May-16 813/Tie-in - N of R 2057 P 1.5 1.5 Pass
R 2056 Pilot Trench 26-May-16 813/812 - NE corner of panel 812 P 1 1.5 Pass
R 2057 Pilot Trench 26-May-16 - Tie-in Tie-in, W of R 2058 P 2 2 Pass
R 2058 Pilot Trench 26-May-16 - 812 Centre P 2.5 2.5 Pass
R 2059 Pilot Trench 26-May-16 - Tie-in Panel south of R 2057 P 1 1 Pass
R 2060 Pilot Trench 26-May-16 808/Tie-in - NW edge of 808/819 P 1 4 Pass DS 382
R 2061 Pilot Trench 26-May-16 - 809 Monitoring wel P 4 7 Pass
R 2062 Pilot Trench 26-May-16 808/Tie-in - W centre of 809/808 P 1 2 Pass
R 2063 Pilot Trench 26-May-16 808/Tie-in - W centre of 809/808 P 4 5 Pass
R 2064 Pilot Trench 26-May-16 808/Tie-in - E centre 809/810 P 2 4 Pass DS 380
R 2065 Pilot Trench 26-May-16 808/Tie-in - W of 810 on Tie-in P 1 1 Pass
R 2066 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 1 1 Pass
R 2067 Pilot Trench 26-May-16 808/Tie-in - SE end of 808/Tie-in P 1 5 Pass DS 381
R 2068 Pilot Trench 26-May-16 808/Tie-in - SE end of 808 P 1 1 Pass
R 2069 Pilot Trench 26-May-16 808/Tie-in - NE edge 808/Tie-in P 1 1 Pass
R 2070 Pilot Trench 26-May-16 813/Tie-in - NW on 813/Tie-in P 1 6 Pass DS 383
R 2071 Pilot Trench 26-May-16 808/Tie-in - N central 810 P 2 4 Pass
R 2072 Pilot Trench 26-May-16 - 812 NE corner of panel P 1.5 2 Pass

Notes:
" - " Data not available or not recorded.
"D" Damaged
"DS #" Destruct Sample
"P" Patch Repair
"Ex" Extrusion Weld
(1) Destructive seam quality assurance field test results obtained using field tensiometer (ASTM D4437).
(2) Destructive seam quality assurance test results obtained from TRI/Environmental, Inc. laboratory testing final reports (ASTM D6392).
(3) Acceptance of destructive seam shear test requires minumum 90 ppi (1,500 psi) and acceptance of destructive seam peel test requires 

minimum 75 ppi (1,250 psi) for fusion weld and 66 ppi (1,100 psi) for extrusion welds.
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Work 
Shift 

Average

24 hour 
TWA

Work 
Shift 

Average

24 hour 
TWA

Work 
Shift 

Average

24 hour 
TWA

Work 
Shift 

Average

24 hour 
TWA

10/16/2015 0.007 0.026 NA NA NA NA 0.04 0.037
10/19/2015 0.007 0.025 NA NA NA NA 0.015 0.026
10/20/2015 0.018 0.03 NA NA NA NA 0.025 0.031
10/21/2015 0.023 0.032 NA NA NA NA 0.076 0.052
10/22/2015 0.029 0.035 NA NA NA NA 0.073 0.051
10/23/2015 0.035 0.037 0.029 0.027 NA NA 0.047 0.04
10/26/2015 0.012 0.028 0.007 0.018 NA NA 0.008 0.023
10/27/2015 0.016 0.029 0.012 0.02 NA NA 0.016 0.027
10/28/2015 0.012 0.028 0.007 0.018 NA NA 0.009 0.024
10/29/2015 0.009 0.026 0.004 0.017 NA NA 0.009 0.024
10/30/2015 0.016 0.029 0.012 0.021 NA NA 0.014 0.026
10/31/2015 0.019 0.031 0.014 0.021 NA NA 0.018 0.028
11/2/2015 0.108 0.068 0.029 0.027 NA NA 0.014 0.026
11/3/2015 0.058 0.047 0.019 0.024 NA NA 0.017 0.027
11/4/2015 0.079 0.056 0.026 0.026 NA NA 0.026 0.031
11/5/2015 0.031 0.036 0.024 0.026 NA NA 0.035 0.035
11/6/2015 0.011 0.027 0.008 0.019 NA NA 0.011 0.025
11/9/2015 0.026 0.033 0.026 0.026 NA NA 0.024 0.03
11/10/2015 0.036 0.037 0.027 0.027 NA NA 0.04 0.037
11/11/2015 0.041 0.04 0.067 0.043 NA NA 0.051 0.041
11/12/2015 0.019 0.03 0.013 0.021 NA NA 0.022 0.029
11/13/2015 0.008 0.026 0.006 0.018 NA NA 0.015 0.026
11/16/2015 0.033 0.036 0.022 0.025 NA NA 0.025 0.03
11/17/2015 0.026 0.034 0.018 0.023 NA NA 0.025 0.03
11/18/2015 0.021 0.031 0.007 0.018 NA NA 0.008 0.023
11/19/2015 0.008 0.026 0.005 0.018 NA NA 0.01 0.024
11/20/2015 0.021 0.032 0.016 0.022 NA NA 0.022 0.029
11/23/2015 0.015 0.029 0.011 0.02 NA NA 0.015 0.026
11/24/2015 0.031 0.036 0.025 0.026 NA NA 0.031 0.033
11/25/2015 0.026 0.034 0.016 0.022 NA NA 0.018 0.028
11/30/2015 0.031 0.036 0.032 0.029 NA NA 0.039 0.036
12/1/2015 0.011 0.027 0.007 0.019 NA NA 0.012 0.025
12/2/2015 0.029 0.035 0.024 0.025 NA NA 0.033 0.034
12/3/2015 0.034 0.037 0.03 0.028 NA NA 0.043 0.038
12/4/2015 0.043 0.041 0.035 0.03 NA NA 0.047 0.04
12/7/2015 0.057 0.046 0.045 0.034 NA NA 0.064 0.047
12/8/2015 0.043 0.04 0.036 0.03 NA NA 0.043 0.038
12/9/2015 0.03 0.035 0.028 0.027 NA NA 0.039 0.036
12/10/2015 0.056 0.046 0.04 0.032 NA NA 0.059 0.045
12/11/2015 0.078 0.055 0.063 0.042 NA NA 0.094 0.059
12/14/2015 0.006 0.025 0.006 0.018 NA NA 0.001 0.021
12/15/2015 0.01 0.027 0.006 0.018 NA NA 0.008 0.023

*East Station *South StationDate #West Station *North Station
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Work 
Shift 

Average

24 hour 
TWA

Work 
Shift 

Average

24 hour 
TWA

Work 
Shift 

Average

24 hour 
TWA

Work 
Shift 

Average

24 hour 
TWA

*East Station *South StationDate #West Station *North Station

12/16/2015 0.027 0.034 0.021 0.024 NA NA 0.033 0.034
12/17/2015 0.014 0.028 0.012 0.021 NA NA 0.016 0.027
12/18/2015 0.014 0.029 0.013 0.021 NA NA 0.018 0.028
12/21/2015 0.025 0.033 0.016 0.022 NA NA 0.018 0.028
12/22/2015 0.03 0.035 0.023 0.025 NA NA 0.032 0.034
12/23/2015 0.013 0.028 0.006 0.018 NA NA 0.008 0.023
1/4/2016 0.007 0.025 0.024 0.026 NA NA 0.008 0.023
1/5/2016 0.014 0.028 0.015 0.022 NA NA 0.016 0.027
1/6/2016 0.024 0.033 0.019 0.023 0.014 0.02 0.023 0.03
1/7/2016 0.029 0.035 0.023 0.025 0.023 0.024 0.032 0.033
1/8/2016 0.047 0.042 0.029 0.027 0.034 0.029 0.045 0.039
1/11/2016 0.022 0.032 0.019 0.023 0.022 0.024 0.013 0.025
1/12/2016 0.02 0.031 0.019 0.023 0.019 0.023 0.025 0.031
1/13/2016 0.031 0.036 0.027 0.027 0.03 0.027 0.036 0.035
1/14/2016 0.03 0.035 0.022 0.025 0.021 0.023 0.025 0.031
1/15/2016 0.019 0.031 0.013 0.021 0.012 0.02 0.018 0.028
1/18/2016 0.006 0.025 0.009 0.019 0.006 0.017 0.01 0.024
1/19/2016 0.013 0.028 0.015 0.022 0.013 0.02 0.017 0.027
1/20/2016 0.03 0.035 0.024 0.025 0.025 0.025 0.032 0.033
1/21/2016 0.049 0.043 0.037 0.031 0.04 0.031 0.052 0.042
1/22/2016 0.05 0.043 0.037 0.031 0.046 0.034 0.056 0.043
1/25/2016 0.023 0.032 0.018 0.023 NA NA 0.024 0.03

Minimum 0.001 0.023 0.004 0.017 0.003 0.016 0.001 0.021
Maximum 0.108 0.068 0.067 0.043 0.07 0.044 0.094 0.059
Average 0.028 0.034 0.021 0.024 0.024 0.025 0.029 0.032

Notes:

Modem connection problem to the network denoted by "NA"
Bold  denotes station generally considered to be upwind on day of readings 
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Appendix B 
Field Data Interim Review - GPR and “Trial” 

Bedrock Quality Verification Videos 
(videos provided separately) 
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GHD Limited 
651 Colby Drive Waterloo Ontario N2V 1C2 Canada 
T 519 884 0510   F 519 884 0525  W www.ghd.com  
 

To: Cheryl Hiatt (GM), Ed Peterson (GM) Ref. No.: 013968 

    

From: Rick Hoekstra/Bill Steinmann/crh/798 Date: December 17, 2015 

CC: Glenn Turchan (GHD), Jim McGuigan (GHD) 
Katie Kamm (GHD), Joe Rothfischer (GHD) 
Paul Gallaway (GHD) 

  

Re: Bedrock Trench Field Data Interim Review 
Geophysical Surveys, Inspections, Photographs, and Videos 
GM CET Bedford Facility 
Bedford, Indiana 

This Memorandum is intended to document field observations made prior to and during initial rock trenching 

activities for the pilot bedrock pilot trench being constructed in the northeast corner of the East Plant Area at 

the GM Bedford facility.  This is an interim memorandum to document that the bedrock pilot trench has been 

completed to the correct depth and that no identified major vertical fractures were observed to the installed 

depth, supporting the previous decision to demobilize the rock trenching machine from the Site.  Additional 

information will be presented in the Construction Certification Report. 

The initial field activity required by the contractor to facilitate the rock trenching machine for installation of the 

bedrock pilot trench for groundwater collection involved removal of the overburden materials to the bedrock 

surface.  During this initial construction activity, the top of bedrock was found to be very irregular and often at 

different elevations than expected, as the design was based on coreholes drilled at 150 to 200-foot intervals 

along the proposed alignment.  As such, field adjustments were required to the proposed working platform 

elevation upon which the rock trenching equipment would be situated (i.e., rock breaking was performed to 

remove the undulations and create a more uniform working surface).   

The attached Figure 1 (from Drawing C-05 of the pilot trench construction drawings) presents the surveyed 

top of bedrock after the overburden soils were removed and the adjusted top of working platform after rock 

breaking to facilitate implementation of the rock trencher.  At the north end of the pilot trench, top of bedrock 

was found to be 2 to 3 feet below original design elevation as the excavation proceeded up the slope north of 

detention basin 4, with the adjusted top of working platform following the exposed top of rock (i.e., little rock 

breaking required).  However, for the south half of the pilot trench, top of bedrock was found to be as much 

as 8 feet higher than expected (approximate chainage 6+50), but then flattening out to become 3 to 5 feet 

lower than the original design elevation at the far south end of the trench (approximate chainage 8+50).  To 

facilitate a more appropriate working platform for the rock trencher, substantial rock breaking was performed 

to provide a more even surface. 

http://www.ghd.com/
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The above discussion of the adjusted working platform depths/elevations is important to understanding the 

field observations made during the geophysical surveys and video recordings, as the depths to fractures and 

interpolated top of competent bedrock (strongest reflector) is based on actual (not design) conditions. 

Geophysical Survey Results 

Ground penetrating radar (GPR) surveys were completed over the pilot trench alignment after the overlying 

overburden soils were removed but prior to rock excavation itself.  The GPR surveys were completed along 

four segments as the contractor provided appropriate access for the GHD technician.  Besides overburden 

removal, the contractor was required to perform rock breaking at some locations along the trench alignment 

to remove undulations in the bedrock surface in order to provide a more consistent working platform for the 

rock trenching subcontractor. 

During the initial site visit by the GHD technician, two GPR surveys were performed over a 175-foot section 

(6+75 to 8+50) at the south end of the pilot trench and a 168-foot section (0+70 to 2+38) at the north end of 

the trench.  No further GPR work could be completed at that time due to a large rock outcropping just north 

of 6+75 that prevented grounding of the electrodes any further to the south, while the overburden removal 

had not been completed within detention basin 4 (approximately 2+50 to 3+25).  During a subsequent site, 

two additional GPR surveys were completed over a 228-foot section (2+70 to 4+97.5) in the valley where 

detention basin 4 had been located toward the south beyond the inflection point (bend in trench alignment) 

and a 190-foot section (4+87 to 6+75) from the inflection point to the north end of the previous GPR survey 

completed at the south end of the trench.  It should be noted that for the 2+70 to 4+97.5 section, the GPR 

survey was completed through the overlying aggregate material placed as the working platform for the rock 

trenching machine, as opposed to directly over the exposed bedrock surface like the other three surveys. 

A separate memorandum prepared by the GHD technician is attached to this interim memorandum providing 

details of how the GPR surveys were performed, how the data was acquired, how it was downloaded and 

processed, where adjustment were made to correlate with known information (i.e., coreholes), and the 

conclusions made by the GHD technician.  Figure 2 presents the results of the four GPR surveys overlain on 

the design Drawing C-05 to illustrate the correlation between the strong reflector noted in the GPR survey at 

the various locations along the pilot trench alignment and the previously delineated top of competent bedrock 

used for design of the pilot trench.  In summary, the location of the strong GPR reflector as provided on the 

trench profile figures (see attached separate memorandum) indicates that based on the GPR results, an 

appropriate depth to the base of the trench was achieved. 

Trench Photographic/Video Observations 

As the trench was being cut through the bedrock, GHD conducted several “trial” videos of the trench walls in 

order to refine the field process for final confirmatory video recordings to be completed immediately prior to 

collection system construction.  Current construction involved cutting through the bedrock to the prescribed 

depth, with sampling of the rock cuttings to determine if contamination was present and then placement of 

the rock cuttings back into the pilot trench until sample results were obtained as well as to ensure safety on 

the project site (i.e., no open trench for any extended length of time).  As the bedrock trenching progressed, 

oversight personnel performed video recordings on a “trial” basis utilizing several different methodologies for 

lowering the camera and viewing the trench walls in order to determine the most practical and effective 
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method for conducting the final confirmatory video recordings at a later date (after the rock cuttings were 

removed from the backfilled trench). 

The intent of the future final video recordings would be to fully document all encountered rock stratigraphy 

and associated visual observations of fractures, rock staining, infiltrating water, and any other evidence of 

groundwater having travelled through the bedrock in this area at frequent (10 to 20-foot) intervals along the 

trench alignment.  However, GHD has completed a review of the “trial” video recordings performed during 

rock trenching in order to provide sufficient documentation in support of the decision to demobilize the rock 

trenching machine from the site.  The following bullet points summarize the general conditions observed at 

the 17 video recording locations illustrated on the attached Figure 3 (as marked up from Drawing C-05 of the 

pilot trench construction drawings): 

Video 1 (0+30) - several large clay-filled fractures on both sides of trench near ground surface 

- two vertical fractures extending to bottom of excavated trench 

- rock cut located within sloped portion leading to start of trench at 0+40 

  (i.e., trench not yet cut to full design depth at this location) 

Video 2 (0+50) - excavation approximately 22 feet in depth below top of bedrock 

- horizontal fracture located 2 to 3 feet from bottom of trench 

- vertical fracture observed approx. 10 feet up slope (not observed at surface) 

Video 3 (0+75) - excavation approximately 20 feet in depth below top of bedrock 

- waterbearing open fracture noted by on-site personnel at approx. 0+60 

- vertical fracture observed up slope approx. 10-15 feet, which extends to 16 feet 

- significant void observed on east side approx. 4-8 feet down (much less on west side) 

- vertical fracture extends down from void, but does not extend to bottom 

- no major horizontal fractures observed over entire depth 

Video 4 (1+25) - excavation approximately 20 feet in depth below top of bedrock 

- clay-filled vertical fracture connects to horizontal fracture approx. 5 feet from bottom 

- similar fracturing noted on east side, fracture splits in three (still ends before bottom) 

- diagonal fracture observed looking to the south but no evidence near bottom 

- no major horizontal fractures observed over entire depth 

Video 5 (2+50) - excavation only 8 feet deep, as noted on Drawing C-05 (not stated on video) 

- horizontal fracture observed approx. 3 feet from bottom 

- wet trench walls, but no evidence of visible flow 

- some stylolites observed on west wall near bottom 

Video 6 (3+90) - recorded in the approximate location of the future wet well 

- excavation approximately 15 feet, as noted on Drawing C-05 

- vertical fracture observed when looking to the north 

- horizontal fracture located approx. 4-5 feet from bottom 

- some water in trench, with visible flow noted on west wall 

- second horizontal fracture located approx. 2 feet from bottom, rising to north 

- significant vug observed on east wall when looking to the north 
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Video 7 (4+50) - excavation up to 20 feet deep, as noted on Drawing C-05 

- vertical fracture noted 20 feet to south, does not extend to bottom (but wet to bottom) 

- horizontal fracture located approx. 1-2 feet from bottom 

- no fracturing noted when looking south from this location 

Video 8 (4+80) - location of video recording after inflection point (bend in trench) 

- excavation approx. 20-25 feet deep (based on adjusted working platform) 

- no noticeable fractures looking to the north 

- contractor noted much harder rock as excavation moved south of inflection point 

Video 9 (4+90) - excavation approx. 20-25 feet deep (based on adjusted working platform) 

- waterbearing fracture noted on west wall by on-site personnel at approx. 5+20 

- vertical fracture observed to south, connecting to horizontal fracture 5 feet from bottom 

- vertical fracture does not appear extend to bottom (definitely not on east side) 

Video 10 (5+50) - excavation approx. 25 feet deep (based on adjusted higher working platform) 

- horizontal fracture observed approx. 5 feet from top of bedrock 

- possible smaller horizontal fracture approx. 10 feet from top 

- no vertical fractures observed on either side 

- horizontal fracture visible near bottom on east wall (but did not see on west wall) 

Video 11 (6+25) - horizontal fracture observed approx. 5 feet from top of bedrock 

- wet on west wall, but could have originated from ground surface 

- two more horizontal fractures noted approx. 10-12 feet down 

- clay-filled void at surface appears to lead to vertical fracture near (but not to) bottom 

Video 12 (6+50) - excavation approx. 25 feet deep (based on adjusted higher working platform) 

- clay-filled vertical fracture crosses horizontal fracture neat top of trench 

- extends close to bottom of trench, but appears to pinch out before bottom 

- orange staining from vertical fracture extends down below fracture to bottom 

  (visible orange staining appears to be iron staining from the ground surface) 

- same fracture is slightly offset on east side, but not nearly as obvious (less staining) 

- vertical fracture on east side reduces considerably about halfway down 

Video 13 (6+70) - excavation approx. 25-30 feet deep (no adjustment to working platform) 

- clay-filled vertical fracture to north, with orange staining, likely from iron leaching 

- vertical fracture ends at horizontal fracture approximately halfway down 

- horizontal fracture near bottom of trench when looking south 

Video 14 (6+90) - vertical fracture located approx. 10 feet to south 

- horizontal fracture approx. 5 feet down (ends at vertical fracture) 

- staining observed below horizontal fracture, but no vertical fracture visible 

- horizontal fracture observed about halfway down both trench walls 

- horizontal fracture noted approx. 3 feet from bottom, wet but no visible water 

Video 15 (7+50) - excavation approx. 30 feet deep (working platform adjusted lower at far south end) 

- vertical fracture at approx. 7+50 on east side, offset approx. 5 feet south on west side) 

- two horizontal fractures observed 10-15 feet below top of bedrock (wet) 
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- vertical fracture ends at lower horizontal fracture, but wet below this depth 

- no fractures visible in bottom half of trench in either direction 

Video 16 (8+00) - horizontal fracture located approx. 5 feet below top of bedrock 

- another horizontal fracture noted approx. 15 feet down, with what appears to be 

  iron staining below this depth 

- clay-filled vertical fracture (with flowing water) extends to bottom (almost pinched out) 

- bottom of trench has some backfilled cuttings to create berm to block water 

  (i.e., could not visually confirm if vertical fracture actually went to bottom of trench) 

- same vertical fracture on east side (offset 5 feet north), much smaller with no staining 

  (fairly large near surface, but much thinner after horizontal fracture halfway down) 

- looking south, smaller vertical fracture, pinching out at horizontal fracture 15 feet down 

Video 17 (8+25) - excavation approx. 30 feet deep (working platform adjusted lower at far south end) 

- looking north, small clay-filled vertical fracture (upper 5 feet only), offsets to east 

- two horizontal fractures approx. 10 feet below top of bedrock (approx. 1-foot apart) 

- another horizontal fracture noted about halfway down (approx. 15 feet deep) 

- no fractures visible in bottom half of trench in either direction 

In summary, there were many horizontal fractures present along the length of the bedrock pilot trench, but 

only a few vertical fractures were observed at depth.  Only one or two potentially extended to the bottom of 

the trench, but these appeared to pinch out or there were some rock cuttings present that prevented viewing 

to the actual bottom of the trench at that location.  Based on the observations made above for the 17 videos 

completed to December 9, 2015 (completion of rock trenching), excavation appears to have been completed 

to the appropriate depth for installation of the groundwater collection system, recognizing that the bedrock 

pilot trench cannot collect 100 percent of groundwater but not wanting to extend the trench into any lower 

waterbearing aquifers in subsequent geologic units where groundwater has been deemed clean based on 

historical groundwater sampling. 

Additional Considerations 

In addition to the review of the geophysical surveys and video recordings presented in this interim memo, 

GHD presents the following additional considerations that further confirm that the rock excavation has been 

performed to the correct depth for the pilot trench installation and re-confirm the design considerations: 

- pilot trench was designed as a prescriptive remedy to exert more control of the potentially impacted 

groundwater that could migrate off-Site 

- elevation of the bottom of the trench will drain the water flowing horizontally to the wet well pumping 

system for treatment at the new GWTP 

- pilot trench bottom elevation was selected to go as deep as any identified major fractures but without 

encountering the next geologic unit and potential clean aquifer 

- pilot trench designed on the balance of probabilities to intercept most of the impacted groundwater 
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- prescriptive design is based on the collected information from bedrock corehole review, downhole 

geophysical results, packer-pressure test results, analytical results of groundwater and surface water 

samples, and evaluation of the groundwater flow systems at the Site 

- pilot trench was intended supplement (or replace) the Site Source Control System (which has been 

operating well over the past 10+ years) 

- historical dye tracer testing found that no impacted water from the Site was migrating downstream in 

the creeks past the Site Source Control System 

- pilot trench is the “Cadillac” version of the Site Source Control System (as discussed during the 

U.S. EPA annual meeting) 

- nature of the bedrock is such that the upper bedrock has been demonstrated to be more weathered, 

while the lower bedrock has lower hydraulic conductivity with less fractures 

- infiltration percolates vertically from surface within the karstic rock and migrates horizontally to the 

creeks (CSM agreed with Dr. Kueper) 

- observed fractures were not created by the trenching activities but are naturally occurring 

- completion of the final trench construction is designed so that the trenching will not create any new 

cross-connections to lower aquifers 
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To: Glenn Turchan, Jim McGuigan Ref. No.: 013968-00 

    

From: Joe Rothfischer Date: December 16, 2015 

CC: Rick Hoekstra, Bill Steinmann, Katie Kamm   

Re: Draft GPR Survey Results 
Pilot Trench Alignment 
GM Powertrain Bedford Facility 
Bedford, Indiana 

1. Introduction 

GHD Limited completed a ground penetrating radar (GPR) geophysical survey on behalf of General Motors 

(GM) at the Bedford Facility (Site) between October 1 and 4, 2015, and also between October 27 and 30, 

2015.  The focus of the investigation was the bedrock pilot trench located near the downgradient property 

boundary, adjacent to Bailey Scales Road.  In order to characterize the nature of the bedrock subsurface 

and assess the degree and extent of fractures and voids, a GPR survey was completed along the bedrock 

pilot trench alignment prior to excavation with a rock trenching machine.  Details of the GPR survey can be 

described as follows. 

2. Geophysical Survey Method 

The GPR investigation was completed with a GroundExplorer™ GPR System equipped with an 80 MHz high 

dynamic range (HDR) antenna.  The GPR antennas were mounted to a plastic sled, which was pulled along 

the survey transects.  GPR traces were recorded in a GPR controller, which stacked GPR traces as the sled 

was being pulled and distance measured with an odometer wheel.  Position control was maintained by tying 

in GPR survey transects to the chainages painted on the bedrock surface along the pilot trench alignment.  

Prior to commencing the GPR work, a level survey was completed along the bedrock pilot trench alignment 

to facilitate topographic correction of the GPR transects.  

3 GPR Data Processing 

Upon return from the Site, the GPR data were downloaded to a computer and compiled for data processing 

and plotting.  Data processing for the GPR trace plots generally consisted of the following:  noise (DC) 

removal, background removal, amplitude correction and band-pass filtering.  In addition, topographic 

corrections were applied to the data based on the initial level survey.  Where necessary some trace plots 

http://www.ghd.com/
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were re-processed with slightly modified velocities, in order to correlate with corehole information (where 

available) regarding the presence of fractures. 

4. GPR Survey Results 

The GPR data were processed as four trace plots as presented in Figures 1 to 4, from north to south along 

the chainages provided on each figure.  For Figures 1, 3, and 4 the GPR survey was completed on the 

excavated bedrock surface, while for Figure 2 the GPR survey was completed over the working platform 

consisting of coarse aggregate material.  Based on these plots, it is evident that for each transect, an 

adequate depth of investigation was achieved with the GPR survey. 

Review of Figures 1 to 4 indicates that a strong GPR reflector was identified at the base of interpreted 

fracture and void responses along the four transects.  The depth to the strong reflector varied along the 

profiles as follows.  At the north end of the trench, the depth to the strong reflector varied from 17 feet (ft) 

below ground surface (bgs) at station 0+70 to 6 ft bgs at station 2+35, adjacent to corehole CH-23.  Figure 2 

reveals that based on the GPR results, the thickness of the overlying coarse aggregate platform generally 

ranged from 3 to 5 ft bgs.  The depth to the strong reflector ranged from 2 to 4 feet at the topographic trough 

along the alignment, and became gradually thicker to the south where a depth of 11 ft bgs was measured at 

station 4+75.  The results presented on Figure 3 reveal that the depth to the strong reflector ranged from 

approximately 15 ft bgs at station 4+85 to 22 ft bgs at station 6+75, indicating that the interpreted zone of 

fracturing and voids become slightly thicker as chainage increased to the south.  From that point (6+75), the 

trace plot results on Figure 4 suggest that the strong reflector appears to level out, where the depth to the 

interpreted reflector was a consistent 24 ft bgs. 

The depth to the strong reflector as interpreted from the trace plots was transferred to the pilot trench profile, 

as discussed in the summary memorandum to which this memo is attached.  Review of the location of the 

strong reflector on the trench profile indicates that based on the GPR results, an appropriate depth to the 

base of the trench was achieved. 

5. Conclusions  

Review of the GPR data provided on the trace plots demonstrates that an adequate depth of investigation 

was achieved along all four transects.  A strong GPR reflector was also identified at the base of interpreted 

fracture and void responses along these transects.  Comparison and ground-truthing of the GPR results to 

historical corehole information where available yielded final adjustment of the trace plots, which consisted of 

reprocessing of some trace plots with slightly modified velocities in order to account for non-homogeneous 

properties of the shallow bedrock. 

Finally, the location of the strong GPR reflector as provided on the trench profile figure indicates that based 

on the GPR results, an appropriate depth to the base of the trench was achieved. 
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Appendix C 
Final Confirmatory Videos 

(videos provided separately) 

 
 
  



GHD | Construction Certification Report | 013968 (394) 

Appendix D 
As-Built Drawings 

 
  



G

704

702

696

69
8

62
6

62
4

62
2

61
8

61
6

61
4

61
2

60
8

60
8 60

6 60
4

61
2

61
4

61
6

61
8

62
2

62
4

62
6

62
8

63
2

63
4

63
6

638

64
2

644

60
8

60
6

60
4

60
2

62
8

62
6

62
4

62
2

61
8

61
6

61
4

61
2

60
8

60
6

60
4

60
2

622

624

62
6

62
8

61
2

61
4

616

61
8

60
8

60
6

60
4

60
2

59
8

59
6

618

616

614

612

608

606

604

602

59
2

59
4

59
6

59
8

60
2

604

60
6

60
8

616

61
4

61
2

60
8

60
6

60
4

60
2

59
8

59
6

59
4

59
2

59
2

598

596

594

59
2

58
8

58
6

592 594
596 598

602

604

606

608

586
588

588

586

616

614

612

608

606

604

602

598

596

61
8

61
6

614

612

608 60
6 604 602

606

604

596

594

598

59
6

59
4

59
2

60
2

60
4

60
6

60
8

612

58
8

58
6

592

594
594

596

598

606

604

602

616

614

612

608

606

604

602

598

596

594

592

588
586

584
582

578

576
574

572

594

596

598

60
8

60
6

60
4

60
2

59
8

59
6

59
4

59
2

58
8

58
6

58
4

58
2

57
8 57

6 57
4 57

2

60
660
4

60
259

8

59
6

59
4

59
2

58
8

58
6

58
4

58
2

57
857

6

57
457

2

61
2

61
4

60
8

60
6

60
4

60
2

59
8

59
6

59
4

59
2

58
8

58
6

58
4

58
2

57
8

57
6

57
4

57
2

56
8

598598

59
6

59
4

59
2

58
8

586

58
4

58
2

57
857

6

604

60
2

61
0

62
0

63
0

63
0

64
0

64
0

65
0

65
0

66
0

66
0

650

650

650

660

660

66
0

66
0

67
0

670

670

670

67
0

670

670

67
0

690

690

680

680

68
0

69
0

69
068
0

68
0

69
0

690

69
0

68
0

680

68
0

70
0

700

70
0

70
0

700

700

70
0

700

70
0

710

720

720

720

72
0

720

72
0

720

720

72
0

72
0

72
0

72
0

720

71
0

71
0

710

710

710

710

720

72
0

710

71
0

73
0

730

730

730

73
0

730

730

710

70
0

700

680

690

690

67
0

67
0

660

660

650

65
0

64
0

670

630

630

664

666

668

670

672

674

676

560
570

570

580

580

580

600

60
0

598

596

596

598

59
8

59
6

59
4

59
4

596

59
8

59
2

59
2

59
8

59
6

59
4

59
2

60
0

58
8

58
2

58
4

58
6

58
8

586
584

582

58
8

58
6

58
4

58
2

582 584

584

582

584

582

578
576

574

580

578

572

574

576

578

57
0

56
8

56
656

456
256

8
56

6
56

4 56
2

56
6

56
4

56
2

558

680

640

642

644

64
6

64
8

65
0

65
2

65
4

656

658
660

662

664

666

66
8

670

672

674

676

678

680

682

684

686

68
8

690

69
2

69
4

69
6

698

70
0

698

700
700

702
704

706
708

71
0

71
2

714

670

690

700

57
0

58
0

58
0

600

61
0

610

61
0

620

620

62
0

62
0

62
0

62
0

620

630

63
0

63
0

63
0

63
0

630

63
0

630

63
0

64
0

64
0

64
0

64
0

64
0

64
0

650

65
0

65
0

650

650

650

66
0

660

66
0

67
0

670

67
0

690

680

680

70
0

700

70
0

70
0

710

710

72
0

71
0

71
0

71
0

59
0

60
0

60
0

59
0

60
0

60
0

59
0

58
0

57
0

590

600

580

610

600

59
0

610

600

59
0

62
0

64
0

63
0

62
061

0

61
0

63
0

60
0

610
620

610

600

60
0

61
0

620

59
0

59
0

60
0

61
0

610

600

590

590

600

61
0

600

600

590

580

610

61
2

612

608

608610

610

62
2

622

628

630

632

63
2

634

634

634

636

638

640

Pave
d ro

adw
ay

Paved roadway

Paved roadway

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

S

S

S

D

D

D

D

D

D

D

D

D

D

D

D

D

D
D

D

MH

MH-1 (ABANDONED)

W.V.W.V.

MH

MH

MH

SUMP

MH (ABANDONED)

VC

ABANDONED 16" FIRELINE

48"

36"

24"

30
" 

CB (ABANDONED)

CB

X

MW-X169Y058S
MW-X169Y058D-3MW-X169Y058S-1

MW-X178Y367D

MW-X178Y367D-4

MW-X178Y367D-2

MW-X204Y288 (ABANDONED)

HYD.

CB1

CB2

CB (ABANDONED)

X

X

GAS LOCATE

CB

CB

CB
MH

MH

MH

MH

MH

MH

MH

MH

CB

24" 
24" 

24" 

24" 

24" 

24" 

18" 

O
E

O
E

O
E

O
E

O
E

L.P.

L.P.

L.P.

L.P.

L.P.

OE

OEO
E

O
E

O
E

OE
OE

CH-7 (ABANDONED)

CH-19

CH-20

CH-23
CH-25 (ABANDONED)

CH-41 (ABANDONED)

CH-3A

CH-22

CH-2A

CH-6 (ABANDONED)
CH-5

CH-15B (ABANDONED)

CH-10A (ABANDONED)

CH-4A (ABANDONED)

CH-11 (ABANDONED)

CH-11A (ABANDONED)
CH-12B (ABANDONED)

CH-13B (ABANDONED)

CH-14B (ABANDONED)

CH-33 (ABANDONED)

CH-31 (ABANDONED)

CH-30 (ABANDONED)

CH-28 (ABANDONED)

CH-27 (ABANDONED)

CH-26 (ABANDONED)

CH-1 (ABANDONED)
CH-1A (ABANDONED)

CH-3 (ABANDONED)

CH-9A

CH-2 (ABANDONED)

CH-8

CH-34 (ABANDONED)

CH-39 (ABANDONED)

CH-39A (ABANDONED)

CH-15 (ABANDONED)

CH-15A (ABANDONED)

CH-16 (ABANDONED)

CH-17 (ABANDONED)

CH-18 (ABANDONED)

CH-40 (ABANDONED)

CH-4 (ABANDONED)

CH-10 (ABANDONED)

CH-9 (ABANDONED)

CH-1B

CH-34C (ABANDONED)
CH-34B

CH-34A (ABANDONED)

D

D

D

D

D
D

MW-X085Y070D
MW-X085Y070D-1
MW-X085Y070D-2
MW-X085Y070D-3

MW-X085Y070S
MW-X085Y070S-1
MW-X085Y070S-2

MW-X106Y102

MW-X169Y058D
MW-X169Y058D-1
MW-X169Y058D-2

MW-X169Y058I

MW-X169Y058S-2

MW-X178Y367D-1

MW-X178Y367D-3

MW-X178Y367D-5

MW-X184Y285

MW-X209Y078S

MW-X220Y088S

MW-X225Y080S

MW-X233Y071A
MW-X233Y071B

MW-X233Y087S

MW-X233Y095

MW-X233Y100

MW-X233Y105A

MW-X233Y105B

MW-X233Y110A
MW-X233Y110B

MW-X233Y115A

MW-X233Y115B

MW-X233Y120A

MW-X233Y120B

MW-X233Y125A
MW-X233Y125B

MW-X234Y157D
MW-X234Y157D-1
MW-X234Y157D-2
MW-X234Y157D-3
MW-X234Y157D-4

MW-X234Y157S

MW-X242Y060S

MW-X251Y189D
MW-X251Y189D-1
MW-X251Y189D-2
MW-X251Y189D-3
MW-X251Y189D-4
MW-X251Y189D-5
MW-X251Y189D-6
MW-X251Y189D-7

MW-X257Y073

MW-X261Y356D
MW-X261Y356D-1
MW-X261Y356D-2
MW-X261Y356D-3
MW-X261Y356D-4
MW-X261Y356D-5

MW-X263Y128

MW-X269Y201D
MW-X269Y201D-1
MW-X269Y201D-2
MW-X269Y201D-3

MW-X297Y305D
MW-X297Y305D-1
MW-X297Y305D-2

MW-X300Y199

BH-1
BH-2 AbandonedBH-3

BH-3A

BH-4

BH-5

BH-EA010-1

(ABANDONED)

F

F

F
F

E

E

E

9-1 (ABANDONED)

9-2 (ABANDONED)

9-3 (ABANDONED)

9-4

VALVE CHAMBERMGT LIFT
STATION

8" Ø FORCEMAIN

217

326

327328

329

330

331

332

333

334

335

336

337

338

216

7

8

9

10

11

12

13

15

363

366

364

365

367

368

369

370

371

375

374

387

389

392

406

407

405

404

403

202

203

204

207

210

216

339

340

3

4

5

6

372

373

383

376

377

382

386

417

208

209

211

212

213

214

379

378

380
381384

385

399

402

401

416

415

414

412

413

205

215

STM

CH-17A (ABANDONED)

D

D

D

WETWELL 2

PULLBOX (ABANDONED)

C.O. C.O.

VENT
VENT

CH-29A (ABANDONED)

CH-29 (ABANDONED)

CH-28A (ABANDONED)

PIV

SEEP 001

PULLBOX

R.S.
R.S.

CBMH (ABANDONED)

WV
WV

CH-29D

CH-29B

CH-29C

ST
M

MW-X234Y042

MW-X228Y032

EX. ELEC. PANEL

EX. ELEC. PANEL

EX. ELEC. PANEL

VC

CH-7A

MH

710

700

690

680

670

640

72
0

700

690

680

670

MW-X214Y041

MW-X237Y058

MW-X190Y048

MW-X192Y048

MW-X227Y049

MW-X227Y054
MW-X209Y053

C.O.

EX. ELEC. PANEL

RELOCATED 16" FIRELINE

FILLED WITH
CONCRETE

EXISTING
12" Ø HDPE

ABANDONED
16" FIRELINE

2-3" Ø ELECTRICAL
(ABANDONED)

FE

F

F

EX. ELEC. PANEL

MH

MH

MH-1

MHCB-4

MHCB-3

C.O.

2-3" ELECTRICAL
(ABANDONED)

2-2" FORCEMAIN
(ABANDONED)

2-2" Ø FORCEMAIN
(ABANDONED)

16" FORCEMAIN
(ABANDONED)

48" STORM
(ABANDONED)

EX. ELEC. PANEL

S-2593

WETWELL 1

C.O.

C.O.

C.O.

C.O.

C.O.

ST
M

ST
M

UNDERDRAIN SUMP

LDS MANHOLE

LCS MANHOLE

X

X

STM

24
"

24
"

24"

36"

36"

CB-ST-44

24"

48"

22
"

36
"

MH

MH-ST-38

MH-ST-41

MH-ST-42

MH-ST-107

CB-ST

CB-ST

MW-X143Y245S

X
MH-ST

CB-ST-39

TMW-X128Y255B

MW-X128Y255

TMW-X128Y255A

702.00

700.00

698.00
696.00

694.00
692.00

690.00

690.00

686.00

684.00

682.00

684.00

686.00688.00

690.00

702.00
700.00

698.00
696.00

694.00

692.00

690.00

688.00

686.00

704.00

702.00

700.00

698.00

696.00

694.00

692.00

704.00

702.00

700.00

698.00

696.00

694.00

692.00

BECKENRIDGE  ROAD

N
O

R
TH

 J
A

C
K

S
O

N
 S

TR
E

E
T

BAILEY SC
ALES R

O
AD

GM CET FACILITY

G
M

 D
R

IVE

DRAWING INDEX

KEY MAP

G.T.C.R.H.13968-00394G-00

13968-00(394)GN-WA001 SEP 22, 2017
JULY 2010001WAGN

TITLE

BEDROCK PILOT TRENCH - PLAN AND PROFILE
BEDROCK PILOT TRENCH - OVERBURDEN EXCAVATION

DWG. No.

C-01

C-05

C-02

C-07
C-06

C-08
C-09

BEDROCK PILOT TRENCH - SOUTH AREA FINAL CONTOURS

BEDROCK PILOT TRENCH - OVERALL RESTORATION PLANC-03
BEDROCK PILOT TRENCH - NORTH AREA FINAL CONTOURSC-04

BEDROCK PILOT TRENCH - FINAL COVER SYSTEM 60-MIL LLDPE LINER
BEDROCK PILOT TRENCH - DETAILS

BEDROCK PILOT TRENCH - NORTH AREA VERTICAL FRACTURES
BEDROCK PILOT TRENCH - SOUTH AREA VERTICAL FRACTURES

REV. No

0

0

0

0
0

0
0

0
0

C-10
C-11

WET WELL 4 DETAILS (1 OF 2)
WET WELL 4 DETAILS (2 OF 2)

0
0

AutoCAD SHX Text
~

AutoCAD SHX Text
~

AutoCAD SHX Text
GM CET BEDFORD FACILITY

AutoCAD SHX Text
BEDFORD, INDIANA

AutoCAD SHX Text
GROUNDWATER COLLECTION SYSTEM

AutoCAD SHX Text
BEDROCK PILOT TRENCH DESIGN

AutoCAD SHX Text
EAST PLANT AREA

AutoCAD SHX Text
SITE

AutoCAD SHX Text
AS-BUILT DRAWINGS

AutoCAD SHX Text
SEPTEMBER 22, 2017

AutoCAD SHX Text
CONSTRUCTION CERTIFICATION REPORT

AutoCAD SHX Text
(REVISED JULY 19, 2019)



64
0

65
0

66
0

63
2

63
4

63
6

63
8

64
2

64
4

64
6

64
8

65
2

65
4

65
6

65
8

66
2

66
4

66
6

66
8

66
6

66
8

67
2

67
4

67
6

78

66
4

66
2

664

666

680

690

676
678

682

684

686

688

692

694

696

698

630

640

650

660

670

680

690

632

634

636

638

642

644

646

648

652

654

656

658

662

664

666

668

672

672

672

674

674

674

676

676

676

678

682

684

686

688

692

694

696

698

62
0

63
0

64
0

65
0

66
0

67
0

61
4

61
6

61
8

62
2

62
4

62
6

62
8

63
2

63
4

63
4

63
4

63
6

63
8

64
2

64
4

64
6

64
8

65
2

65
4

65
4

65
4

65
6

65
8

66
2

66
4

66
6

66
8

67
2

67
4

67
6

67
8

61
4

61
6

61
8

620

622

624

626

628

620

622

624

626

628

61
0

62
0

60
8

61
2

61
4

61
6

61
8

62
2

62
4

606

620

630

618

622

624

626

628

632

634

636

61
4

610

608

612

614

616

63
0

61
0

67
0

632

634

636

638

638

636
634

632
630

63
263

463
6

63
8

60
4

60
6

60
8

61
0

62
0

62
2

62
4

626

626

606

608

616

614

612

61
8

61
8

63
8

63
8

70
4

702

70
0

700

70
2

70
4

706

60
4

60
6

60
8

62
0

63
0

64
0

64
0

63
0

62
0

61
0

610

62
0 63

0

64
0

63
0

640

650

700

70
0

700

690

680

670

660

650

640

630

690

680

670

660

650

640

67
0

66
0

65
0

64
0

63
0

62
0

62
0

61
4

61
4

60
6

60
6

61
0

62
0

62
061

0

61
0

61
0

620

63
0

630

66
0

65
0

64
0

63
2

63
2

63
6

63
4 63

0

662

66
2

670

672

674

676
678

67
0

67
6

67
2 69

0

70
0

700

690

680

680

670

690

700

690

700

680

690

660

670

650

650

640

670

630

620

62
0

610

OE

OE
OEOEOEOE

X
X

X
X

X
X

XXXXXXXXXXXXX

X
X

X
X

X
X

X
X

X
X

X
X

X
XX

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

DL

D
L

DL

DL

D
L

D
L

D
L

D
L

DL

DL

DL

D
L

D
L

D
L

D
L

D
L

D
L

D
L

D
L

DL

DL

DL

DL

DL

DL

D
L

DL

D
L

D
L

D
L

DL

DL

DL

DL

DL

DL

DL

DL

DL

DL

D
L

D
L

D
L

D
L

DL

DL DL

DL

DL

D
L

DL

DL

DL

DL

DL

D
L

DF
DF

DF

DF

DF

DF

DF

E

E

P

P

P

P

P

ST
M

ST
M

ST
M

ST
M

STM

STM

STM

STM

ST
M

ST
M

STM

STM

STM

STM

ST
M

ST
M

ST
M

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

F

F

FF

F

F

F

F

F

F

F

F

F

F

F

F

F

F

ST
M

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

E

E

E

E

E

E

E

E

E

E

E

E

E

E

EE

E

F

F
F

F
FF

F

F

F

F

F
F

F

F

F

F

F

F

F

F

F

F

41
5

41
6

BAILEY SCALES ROAD

63
8.0

63
4.

0 62
8.

0

62
8.

0
62

6.
0 62

4.0

62
2.

0 61
8.

0

61
6.

0

61
4.

0

61
2.

0

60
8.

0
60

6.
0 60

4.
0

602.0

60
4.

0 60
6.

0
60

8.
0

61
2.

0

61
4.

0

61
6.

0

61
8.

0

62
6.

0

62
4.

0

62
2.

0

62
2.

0
62

4.
0

62
6.

0

62
8.

0

63
4.

0
63

8.
0

63
6.

0
63

6.
0

63
6.

0

63
8.

0

64
2.

0
64

4.
0

64
6.

0
64

8.
0

62
8.

0

63
0.

0

63
0.

0

630.0

62
6.

0

62
0.

0

62
0.

0 61
0.

0 61
0.

0

602.0

60
8.

0

61
0.

0

61
8.

0

62
0.

0

62
2.

0

63
2.

0
62

8.
0

62
6.

0
62

6.
0

63
0.

0

63
2.

0

63
4.

0
63

4.
0 636.0

64
0.

0

0+
00

0+
50

1+
00

1+
50

2+
00

2+
50

3+
00

3+
50

4+
00

4+
50

5+
00

5+
50

6+
00

6+
50

7+
00

7+
50

8+
00

8+
50

9+
00

9+
37

63
0.0

634.0

60
0.

0

C.O.

C.O.

C.O.

C.O.

ABANDONED 2 x 2" Ø FORCEMAIN
WITH PARALLEL ELECTRICAL CONDUITS

EXISTING CONCRETE HEADWALL

EXISTING 2 x 24" Ø HDPE
GRAVITY STORM SEWER

WET WELL 3
ELECTRICAL PANEL

EXISTING 30" Ø HDPE
GRAVITY SEWER

EXISTING
WET WELL 3

ELECTRICAL
CONDUIT FROM

BAILEY SCALES ROAD

EXCAVATED OVERBURDEN AND
CONSTRUCTED TRENCHING PLATFORM
NEAR TOP OF THE BEDROCK

EXCAVATED THROUGH EXISTING CAP STRUCTURE WITHIN
DETENTION POND (INCLUDING HDPE LINER),SECURED IN PLACE

LIMIT OF CUTS AND FULLY RESTORED CAP STRUCTURE

EXCAVATED TRENCH IN BEDROCK AND INSTALLED
GROUNDWATER COLLECTION SYSTEM C/W PERFORATED

6-IN DIA. PIPE AND BACKFILLED WITH GRAVEL

DETENTION
BASIN 5

DETENTION
BASIN 4

SEE DRAWING C-05SEE DRAWING C-04

CB-2
MHCB-2

MH-2

ACTIVE 6" Ø HDPE
GRAVITY DRAIN PIPE

ACTIVE
COLLECTION

SYSTEM 'B'

36" Ø HDPE GRAVITY
STORM SEWER

36" Ø HDPE GRAVITY
STORM SEWER

6" Ø HDPE GRAVITY
DRAIN PIPE

ACTIVE
COLLECTION
SYSTEM 'G'

COLLECTION
SYSTEM 'F'

2 x 24" Ø ACTIVE BURIED
STORM SEWER PIPESTREATED WATER

MONITORING CHAMBER

COLLECTION SYSTEM 'H'
WITH CONCRETE
CONTAINMENT WALL

8" Ø FORCEMAIN

2 x 2" Ø FORCEMAIN
WITH PARALLEL ELECTRICAL CONDUITS

CONCRETE
HEADWALL

ABOVEGROUND 4" Ø
FORCEMAIN FROM WET WELL 3

COLLECTION
SYSTEM 'C'

8" Ø FORCEMAIN

48" Ø HDPE GRAVITY
STORM SEWER

6" Ø HDPE GRAVITY
DRAIN PIPE

INACTIVE
COLLECTION
SYSTEM 'D'BURIED OUTFALL 003

INLET STRUCTURE

12" Ø HDPE GRAVITY
STORM SEWER

INACTIVE 6" Ø HDPE
GRAVITY DRAIN PIPE

COLLECTION
SYSTEM 'A'

COLLECTION
SYSTEM 'E'

DETENTION
BASIN 3

DETENTION
BASIN 2

Approved

DRAWING STATUS

ON Revision

Date Initial

Date Initial

Status

Scale:

Source Reference:

Project Manager: Reviewed By:

Project N :o

Date:

Report N :o Drawing No :

THIS BAR MEASURES 1" ON ORIGINAL.  ADJUST SCALE ACCORDINGLY.

SCALE VERIFICATION

GM CET BEDFORD FACILITY
BEDFORD, INDIANA

BEDROCK PILOT TRENCH
OVERBURDEN EXCAVATION

GROUNDWATER COLLECTION SYSTEM CERTIFICATION REPORT

BASE MAP COMPLETED BY AIR-LAND SURVEYS, FLINT, MI. APRIL 2001

G.T. C.R.H. SEPTEMBER 2017

13968-00 394 C-01
13968-00(394)CI-WA004 JULY 19, 2019

AS SHOWN

0 20 50ft

645

LEGEND

SSC EXTRACTION TRENCH

STM STORM SEWER

GRAVITY DRAIN (HDPE SOLID WALL PIPE)D

ROADS / PAVED AREAS

FENCE LINE

DIRT ROADS

X

610
GROUND SURFACE
ELEVATION CONTOURS (feet AMSL)

VEGETATION

APPROXIMATE SURFACE WATER LOCATION
APPROXIMATE PROPERTY BOUNDARY

E ELECTRICAL POWER LINE
FORCEMAIN TO TREATMENT FACILITYF

OE OVERHEAD ELECTRICAL POWER LINE

MW-X233Y120A MONITORING WELL TO/IN ROCK

TOP OF BEDROCK CONTOUR

EXISTING LIMIT OF CAPPING

CH-20
C.O.

CB-3
MH-2

650

LOW FLOW CHANNEL

CLEANOUT
BOREHOLE

MANHOLE
CATCHBASIN
POWER POLE

RIPRAP EROSION PROTECTION

FINAL CONTOUR

E POWER SUPPLY
U/G CONTROL CONDUIT

F HDPE FORCEMAIN
PILOT TRENCH

CLEANOUTC.O.

WM WATERMAIN
O/H OVERHEAD WIRES
U/G UNDERGROUND ELECTRICAL LINE
UT UNDERGROUND TELEPHONE LINE

C.O.

GUARD RAIL

GRAVEL ROAD AREA

AS-BUILT SEPT. 15, 2017 C.R.H.

CORRECTED REFERENCE TO OTHER DRAWINGS JULY 19, 2019 C.R.H.



DISTANCE (feet)

630

640

650

590

600

610

620

580

570

625

585

575

565

630

640

650

590

600

655

595

605

615

625

585

575

565

0+
00

0+
50

4+
00

5+
00

5+
50

6+
00

6+
50

7+
00

7+
50

8+
00

8+
50

9+
00

TOP OF GRAVEL
BACKFILL

ELEVATION

61
3.

89

60
7.

24

60
3.

94

60
1.

49

59
9.

18

60
0.

84

60
2.

44

60
5.

74

60
3.

91

60
7.

13

660

635

645

655

595

605

615

610

620

580

570

660

635

645

1+
50

2+
00

4+
50

1+
00

2+
50

3+
00

3+
50

COLLECTION PIPE
INVERT ELEVATION

CHAINAGE

FINISHED GRADE
ELEVATION

3+
69

.7
6

59
7.

31

59
4.

94

59
4.

89

PERMANENT CLEANOUT
TOP OF CAP ELEVATION = 634.26'

59
7.

14

59
8.

90

6"Ø HDPE SDR11 WYE FITTING
INVERT ELEVATION = 604.22'

PERMANENT CLEANOUT
TOP OF CAP ELEVATION = 644.05'

59
9.

43

W
E

T 
W

E
LL

 4

TOP OF CONCRETE
CHAMBERS

TOP OF 6" THICK
CEMENT

BENTONITE GROUT

COLLECTION PIPE
INVERT ELEVATION

CHAINAGE

FINISHED GRADE
ELEVATION

TOP OF GRAVEL
BACKFILL

ELEVATION

TEMPORARY CLEANOUT
TOP OF CAP ELEVATION = 647.66'

TEMPORARY CLEANOUT
TOP OF CAP ELEVATION = 650.28'

TOP OF 6" THICK
CEMENT

BENTONITE GROUT

59
4.

30

~290' RESTORED COVER SYSTEM

3+
80

.3
7

LIMIT OF BEDROCK PILOT TRENCH ~853'

6" Ø HDPE 45° SDR11 ELBOW
ELEVATION = 623.98'

6" Ø HDPE 45° SDR11 ELBOW
ELEVATION = 619.50'

C.O.

C.O.

C.O.

C.O.

63
8.

03

63
3.

26

62
6.

60

62
0.

94

60
8.

73

3+
73

.7
3

60
4.

24

3+
84

.3
4

64
0.

53

64
2.

09

64
4.

07

6"Ø HDPE SDR11 WYE FITTING
INVERT ELEVATION = 605.45'

64
3.

44

59
9.

98

60
7.

83

60
7.

83
61

5.
32

60
1.

13

62
3.

98
61

3.
87

61
9.

24

62
6.

54

62
5.

17

62
8.

01

63
0.

65

63
4.

21

63
7.

78

63
3.

30

63
3.

75

63
5.

39

62
7.

27

62
1.

21

61
5.

33

63
8.

81

60
4.

90

59
4.

06

59
6.

05

59
7.

43

59
8.

73

60
0.

17

60
1.

70
62

9.
21

63
2.

26
60

3.
31

60
4.

96

60
7.

60

60
6.

23

60
9.

28

FINAL GRADE

60
6.

22

TOP OF DRAINAGE MEDIA

6" Ø PERFORATED HDPE SDR 11

60
3.

41

60
0.

84

59
8.

72

TOP OF 6" THICK CEMENT
BENTONITE GROUT

59
6.

63

PRE-CONSTRUCTION
TOP OF BEDROCK

59
4.

23

59
4.

30

TOP OF GRAVEL
BACKFILL

DETENTION
BASIN 4

RESTORED 60 MIL LLDPE LINER
AND CAP STRUCTURE

TOP OF CLEAN BACKFILL

LOW FLOW
CHANNEL

ACCESS
ROAD

592.30
590.92

605.00

613.70

DETENTION
BASIN 5

DETENTION
BASIN 4

630

632

620

622

624

626

628

620

622
624

626

628

61
0

62
0

60
8

61
2

61
4

61
6

61
8

62
2

62
4

606

610
608

612

614

616

61
0

60
4

60
6

60
8

61
0

62
0

62
2

62
4

626

626

606
608

616

614
612

61
8

61
8

60
4

60
6

60
8

62
0

63
0

64
0

64
0

63
0

62
0

61
0

610

62
0 63

0

640

63
0

640
650

D
L

D
L

DL

DL

DL

DL

D
L

D
L

D
L

DL

DL

DL

DL

DL

E

E

STM

ST
M

ST
M

STM

STM

STM

ST
M

STM STM

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

E

E

E

E

EE

E

F

F

F

F

F

41
5

41
6

BAILEY SCALES ROAD

LIMIT OF PILOT TRENCH  APPRX. ~853'
LIMIT OF PILOT TRENCH  APPRX. ~853'

630

60
6

60
6

61
0

62
0

62
061

0

61
0

61
0

620

63
0

630

62
0

610

X
X

X

XXXXXXXXXXXXX

X
X

X
X

X
X

X
X

X
X

X
XX

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

62
0.

0 63
0.

0

64
0.

0

61
2.

0 61
4.

0
61

6.
0

61
8.

0 62
2.

0
62

4.
0

62
6.

0 62
8.

0

63
2.

0

63
4.

0

63
6.

0

63
8.

0

64
2.0

644.0

64
6.0

64
8.

0

61
0.

0

62
0.

0

63
0.

0

64
0.

0

60
6.

0

60
6.

0

60
8.

0

60
8.

0

61
2.

0
61

4.
0

61
6.

0
61

8.
0

62
2.

0

62
4.

0
62

6.
0

62
8.

0

63
2.

0

63
4.

0

63
6.

0

63
8.

00+
00

0+
50

1+
00

1+
50

2+
00

2+
50

3+
00

3+
50

4+
00

4+
50

5+
00

5+
50

6+
00

6+
50

7+
00

7+
50

8+
00

8+
50

9+
00

9+
38

U
E

UE

U
E

U
E

61
0.

0

C.O.

C.O.

C.O.

C.O.

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

F
F

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

IPT-1

IPT-2 OPT-1
IPT-3

IPT-4
OPT-2

IPT-5

IPT-6

OPT-3

IPT-7

IPT-8

IPT-9

OPT-4

IPT-10

IPT-11

CH-67
647.40

CH-61
610.50

CH-62
611.50

CH-63
623.60

CH-64
636.70

CH-65
647.50

CH-66
640.10

EXCAVATED THROUGH CAP STRUCTURE WITHIN DETENTION POND
(INCLUDING HDPE LINER),SECURED IN PLACE LIMIT OF CUTS,
FULLY RESTORED CAPPING STRUCTURE

EXCAVATED TRENCH IN BEDROCK AND INSTALLED
GROUNDWATER COLLECTION SYSTEM C/W PERFORATED

6-IN DIA. PIPE AND BACKFILLED WITH GRAVEL
SEE DETAIL

INSTALLED POWER SUPPLY TO WETWELL 4 AND
ELECTRICAL CABLE AND CONTROL CONDUITS

1
C-09

RESTORATION WITHIN EXISTING COVER SYSTEM,
SEE DETAIL

3
C-09

RESTORED OUTSIDE CAPPING AREA TO PRIOR CONDITIONS,
SEE DETAIL

2
C-09

INSTALLED NEW PUMP
CONTROL PANEL

INSTALLED NEW BURIED HDPE 6"Ø. SUCTION LINE AND 4"Ø.
DISCHARGE LINE FROM WET WELL 4 TO DIESEL PUMP AREA

CONSTRUCTED NEW DIESEL PUMP CONCRETE PAD AT FINISH
FLOOR EL. 612.30' AND TOP OF CONTAINMENT CURB AT EL.613.35'

WET WELL 3

WET WELL 3
ELECTRICAL PANEL

INSTALLED 8" Ø DR17 HDPE
FORCEMAIN TO NEW GROUNDWATER
TREATMENT PLANT

INSTALLED PRECAST CONCRETE ENCLOSURE, WETWELL 4
SUMPS INCLUDING MECHANICAL AND ELECTRICAL WORKS

Approved

DRAWING STATUS

ON Revision

Date Initial

Date Initial

Status

Scale:

Source Reference:

Project Manager: Reviewed By:

Project N :o

Date:

Report N :o Drawing No :

THIS BAR MEASURES 1" ON ORIGINAL.  ADJUST SCALE ACCORDINGLY.

SCALE VERIFICATION

GM CET BEDFORD FACILITY
BEDFORD, INDIANA

BEDROCK PILOT TRENCH
PLAN AND PROFILE

GROUNDWATER COLLECTION SYSTEM CERTIFICATION REPORT

BASE MAP COMPLETED BY AIR-LAND SURVEYS, FLINT, MI. APRIL 2001

G.T. C.R.H. SEPTEMBER 2017

13968-00 394 C-02
13968-00(394)CI-WA003 NOV 8, 2017

AS SHOWN

0 20 50ft

PLAN
SCALE: 1"=50'

PROFILE
HORZ: 1"=50'
VERT: 1"=10'

PROPOSED BEDROCK PILOT TRENCH
ALIGNMENT LAYOUT

STATION NORTHING EASTING
0+00 1324792.15 3124937.10

0+50 1324745.14 3124954.12

1+00 1324698.17 3124971.27

1+50 1324651.15 3124988.27

2+00 1324604.18 3125005.38

2+50 1324557.31 3125022.79

3+00 1324510.63 3125040.71

3+50 1324463.57 3125057.58

4+00 1324416.36 3125074.04

4+50 1324369.42 3125091.27

5+00 1324321.36 3125090.89

5+50 1324272.41 3125080.72

6+00 1324223.58 3125069.95

6+50 1324174.70 3125059.44

7+00 1324125.79 3125049.06

7+50 1324076.89 3125038.64

8+00 1324027.94 3125028.45

8+50 1323979.01 3125018.17

9+00 1323930.13 3125007.64

9+38 1323892.96 3124999.73

645

LEGEND

SSC EXTRACTION TRENCH

STM STORM SEWER

GRAVITY DRAIN (HDPE SOLID WALL PIPE)D

ROADS / PAVED AREAS

FENCE LINE

DIRT ROADS

X

610
GROUND SURFACE
ELEVATION CONTOURS (feet AMSL)

VEGETATION

APPROXIMATE SURFACE WATER LOCATION
APPROXIMATE PROPERTY BOUNDARY

E ELECTRICAL POWER LINE
FORCEMAIN TO TREATMENT FACILITYF

OE OVERHEAD ELECTRICAL POWER LINE

MW-X233Y120A MONITORING WELL TO/IN ROCK

TOP OF BEDROCK CONTOUR

EXISTING LIMIT OF CAPPING

CH-20
C.O.

CB-3
MH-2

650

LOW FLOW CHANNEL

CLEANOUT
BOREHOLE

MANHOLE
CATCHBASIN
POWER POLE

RIPRAP EROSION PROTECTION

FINAL CONTOUR

E POWER SUPPLY
U/G CONTROL CONDUIT

F HDPE FORCEMAIN
PILOT TRENCH

CLEANOUTC.O.

WM WATERMAIN
O/H OVERHEAD WIRES
U/G UNDERGROUND ELECTRICAL LINE
UT UNDERGROUND TELEPHONE LINE

C.O.

GUARD RAIL

GRAVEL ROAD AREA

AS-BUILT SEPT. 15, 2017 C.R.H.

CH-65

647.50 ADDITIONAL COREHOLE MONITORING INSTALLATION
SURVEY COMPLETED ON AUGUST 13, 2018

ADDED REFERENCE TO DETAIL 2 JULY 19, 2019 C.R.H.



BAILEY SCALES ROAD

41
5

41
6

21
4

21
3

BAILEY SCALES ROAD
DL

D
L

DL

DL

D
L

D
L

D
L

D
L

DL

DL

DL

D
L

D
L

D
L

D
L

D
L

D
L

D
L

D
L

DL

DL

DL

DL

DL

DL

D
L

DL

D
L

D
L

D
L

DL

DL

DL

DL

DL

DL

DL

DL

DL

DL

D
L

D
L

D
L

D
L

DL

DL DL

DL

DL

D
L

DL

DL

DL

DL

DL

D
L

DF
DF

DF

DF

DF

DF

DF

E

E

P

P

P

P

P

P

P

ST
M

ST
M

ST
M

ST
M

STM

STM

STM

STM

ST
M

ST
M

STM

STM

STM

STM

STM

ST
M

ST
M

ST
M

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

STM

F

F

F
F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

ST
M

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F
F

F

E

E

E

E

E

E

E

E

E

E

E

E

E

E

EE

E

F

F
F

F
F

F

F
F

F

F

F
F

F

F

F

F

F

F

F

F

F

F

64
0

65
0

66
0

63
2

63
4

63
6

63
8

64
2

64
4

64
6

64
8

65
2

65
4

65
6

65
8

66
2

66
4

66
6

66
8

678

68
0

66
6

66
8

67
2

67
4

67
6

67
8

66
4

66
2

664
666

680

690

676678

682
684

686
688

692
694

696

698

630

640

650

660

670

680

690

632

634

636

638

642

644

646

648

652

654

656
658

662

664

666

668

672

672

672

674

674

674

676

676

676

678

682

684

686

688

692

694

696

698

62
0

63
0

64
0

65
0

66
0

67
0

61
4

61
6

61
8

62
2

62
4

62
6

62
8

63
2

63
463

463
4

63
6

63
8

64
2

64
4

64
6

64
8

65
2

65
4

65
4

65
4

65
6

65
8

66
2

66
4

66
6

66
8

67
2

67
4

67
6

67
8

61
461

661
8

620

622

624

626

628

620

622
624

626

628

61
0

62
0

60
8

61
2

61
4

61
6

61
8

62
2

62
4

606

620

630

618

622

624

626

628

632

634

636

61
4

610
608

612

614

616

63
0

61
0

67
0

632
634

636

638

638 636 634 632 630
63

263
463

6

63
8

60
4

60
6

60
8

61
0

62
0

62
2

62
4

626

626

606
608

616

614
612

61
8

61
8

63
8

63
8

706

70
4

702

70
0

700

70
2

70
4

706

60
4

60
6

60
8

62
0

63
0

64
0

64
0

63
0

62
0

61
0

610

62
0 63

0

640

63
0

640
650

OE

OE
OEOEOEOE

X
X

X
X

X
X

X

XXXXXXXXXXXXX

X
X

X
X

X
X

X
X

X
X

X
X

X
XX

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

C
.O

.

CB-2
MHCB-2

MH-2

2 x 24" Ø HDPE GRAVITY
STORM SEWER

ACTIVE 6" Ø HDPE
GRAVITY DRAIN PIPE

ACTIVE
COLLECTION

SYSTEM 'B'

36" Ø HDPE GRAVITY
STORM SEWER

36" Ø HDPE GRAVITY
STORM SEWER

6" Ø HDPE GRAVITY
DRAIN PIPE

ACTIVE
COLLECTION
SYSTEM 'G'

COLLECTION
SYSTEM 'F'

30" Ø HDPE
GRAVITY SEWER

2 x 24" Ø ACTIVE BURIED
STORM SEWER PIPESTREATED WATER

MONITORING CHAMBER

COLLECTION SYSTEM 'H'
WITH CONCRETE
CONTAINMENT WALL

8" Ø FORCEMAIN

2 x 2" Ø FORCEMAIN
WITH PARALLEL ELECTRICAL CONDUITS

CONCRETE
HEADWALL

ABOVEGROUND 4" Ø
FORCEMAIN FROM WET WELL 3

COLLECTION
SYSTEM 'C'

8" Ø FORCEMAIN

48" Ø HDPE GRAVITY
STORM SEWER

6" Ø HDPE GRAVITY
DRAIN PIPE

INACTIVE
COLLECTION
SYSTEM 'D'BURIED OUTFALL 003

INLET STRUCTURE

12" Ø HDPE GRAVITY
STORM SEWER

INACTIVE 6" Ø HDPE
GRAVITY DRAIN PIPE

COLLECTION
SYSTEM 'A'

COLLECTION
SYSTEM 'E'

LIMIT OF PILOT TRENCH  APPRX. ~853' LIMIT OF PILOT TRENCH  APPRX. ~853'

62
0.

0 63
0.

0

64
0.

0

61
2.

0 61
4.

0
61

6.
0

61
8.

0 62
2.

0
62

4.
0

62
6.

0 62
8.

0

63
2.

0

63
4.

0

63
6.

0

63
8.

0

64
2.0

644.0

64
6.0

64
8.

0

61
0.

0

62
0.

0

63
0.

0

64
0.

0

60
6.

0

60
6.

0

60
8.

0

60
8.

0

61
2.

0
61

4.
0

61
6.

0
61

8.
0

62
2.

0

62
4.

0
62

6.
0

62
8.

0

63
2.

0

63
4.

0

63
6.

0

63
8.

00+
00

0+
50

1+
00

1+
50

2+
00

2+
50

3+
00

3+
50

4+
00

4+
50

5+
00

5+
50

6+
00

6+
50

7+
00

7+
50

8+
00

8+
50

9+
00

9+
38

U
E

UE

U
E

U
E

61
0.

0

C.O.

C.O.

C.O.

C.O.

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

F
F

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

UE

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

IPT-1

IPT-2 OPT-1
IPT-3

IPT-4
OPT-2

IPT-5

IPT-6

OPT-3

IPT-7

IPT-8

IPT-9

OPT-4

IPT-10

IPT-11

CH-67
647.40

CH-61
610.50

CH-62
611.50

CH-63
623.60

CH-64
636.70

CH-65
647.50

CH-66
640.10

INSTALLED PRECAST CONCRETE
ENCLOSURE, WETWELL 4 SUMPS WITH
MECHANICAL AND ELECTRICAL WORKS

INSTALLED POWER SUPPLY TO WETWELL 4 AND
ELECTRICAL CABLE AND CONTROL CONDUITS

DETENTION
BASIN 3

INSTALLED 8" Ø DR17 HDPE FORCEMAIN TO
NEW GROUNDWATER TREATMENT PLANT

DETENTION
BASIN 2

WET WELL 3

WET WELL 3
ELECTRICAL PANEL

WET WELL 3
ELECTRICAL BOX

DETENTION
BASIN 5

INSTALLED TEMPORARY
CLEANOUT

SEE DRAWING C-05SEE DRAWING C-04
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BILL OF MATERIALS

MARK DESCRIPTION

1 EPG-ELECTRICAL SUBMERSIBLE PUMP SERIES S60, MODEL 60-6, 25 HP, 3
PHASE, 460 VOLTS, 3 INCH DISCHARGE, VERTICAL SUMP DRAINER, Q= 340

USGPM AT TDH=166FT. C/W STARTER CONTROL PANEL

2 3"Ø CS GALVANIZED PIPE

3 EPG 3"Ø CHECK VALVE, TYPE CVSE300

4 EPG 3"Ø PITLESS ADAPTOR NW SERIES MTD ON CHANNEL AT MID POINT

5 3"Ø NPT FLANGE ADAPTOR

6 C8X11.5 STEEL CHANNEL WELD OR BOLT TO 24" STEEL PIPE

7 EPG 2"Ø PERFORATED PVC STILLING WELL MOUNTED TO C-CHANNEL
WITH 2 U-BOLT CLAMPS

8 3"Ø WAFER STYLE BUTTERFLY VALVE C/W HANDLE AND 10 POSITION
NOTCH PLATE

9 3"Ø x 8"Ø CS GALVANIZED CONCENTRIC INCREASER

10 30"Ø X 18" LONG CS GALVANIZED PIPE C/W FLANGE

11 30"Ø HDPE ADAPTOR RING AND STEEL BACKING FLANGE

12 STILLING WELL LATERAL SUPPORT MOUNTED TO 30"Ø HDPE SDR9 PIPE
SUMP AT 12" ABOVE WELL PIPE PERFORATIONS AND BOTTOM OF WELL

PIPE AND AT MID POINT, TYP

13 8"Ø DR17 HDPE FORCEMAIN

14 8'-0"x8'-0"x8'-0" HIGH PRECAST CONCRETE VAULT SECTION

15 8'-0"x8'-0" PRECAST CONCRETE FLAT CAP C/W CAST-IN-PLACE BILCO
HATCH, VERIFY SIZE WITH HATCH SUPPLIER

16 4'-0"x6'-0" CLEAR OPENING, ACCESS DOOR TYPE JD, BILCO OR EQUAL C/W
LOCK, HANDLE, CAST INTO CAP, VERIFY WITH HATCH SUPPLIER

17 3"Ø GALVANIZED VENT PIPE C/W GOOSE NECK AND INSECT SCREEN

18 30"Ø HDPE SDR9 PIPE SUMP, WITH PERFORATED BOTTOM.

19 8"Ø CS GALVANIZED PIPE

20 3"Ø WELDOLET

21 6"Ø U-BOLT CLAMP AND FLOOR STANCHION

22 3"Ø x 90° THREADED CS GALVANIZED THREADED ELBOW

23 1 1/4"Ø BOLTS, NUTS AND WASHERS TO SUIT

24 6"Ø CS GALVANIZED ELBOW

25 VERTICAL LEVEL REGULATOR HANGER ASSEMBLY WITH FIBERGLASS FRP
GUIDE RAIL I-BEAM MOUNTED AT BOTTOM TO WELL PIPE BASE, TO

CHANNEL AT TOP OF WELL PIPE AND AT ITEM 15 UP TO U/S OF ITEM 16
WITH CHAIN HOOK

26 4"Ø DR17 HDPE PIPE

27 6"Ø CS GALVANIZED PIPE

28 6"Ø VICTAULIC SNAP-JOINT (STYLE 78) WITH GASKET SEALS

29 8"Ø VICTAULIC SNAP-JOINT (STYLE 78) WITH GASKET SEALS

30 3"Ø THREADED REMOVAL LEG WELDED TO HEEL OF 6"Ø ELBOW UP TO U/S
OF ITEM 16

31 6"Ø x 90° DR17 HDPE LR ELBOW

32 4"Ø x 90° DR17 HDPE ELBOW

33 8"x4" HDPE REDUCER TEE

34 4"Ø VICTAULIC RIGID COUPLING (STYLE HP-70) WITH CAP END

35 6"Ø VICTAULIC RIGID COUPLING (STYLE HP-70) WITH CAP END

36 6"Ø U-BOLT CLAMP

37 GUARDRAIL POST ANCHORAGE

38 2'-0"x2'-0" CLEAR OPENING, ACCESS DOOR TYPE J, BILCO OR EQUAL C/W
LOCK, HANDLE, CAST INTO CAP, VERIFY WITH HATCH SUPPLIER

39 42" STD OSHA RAILING SYSTEM WITH MID-RAIL, 11
2"Ø GALVANIZED PIPE

C/W CLAMP COMPONENTS

40 SELF CLOSING GALVANIZED LADDER SAFETY GATE

41 ALUMINUM ACCESS LADDER

42 30"Ø x 12" LONG CS GALVANIZED PIPE C/W FLANGE

43 6"Ø DR17 HDPE PIPE

44 PROLINE PROMAG 50P ELECTROMAGNETIC FLOWMETER QMAX =4850 usgpm

ALL EXPOSED PIPING FROM PITLESS ADAPTOR TO BE PROTECTED WITH 2"
INSULATION TO EXIT FROM CHAMBER

ALL PIPING, VALVES, FITTINGS AND PIPE SUPPORTS, ACCESSORIES, EQUIPMENT
AND SAFETY DEVICES WITHIN CHAMBER TO BE CS GALVANIZED UNLESS NOTED
OTHERWISE

27
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TWO RAIL
GUARDRAIL
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3 EPG 3"Ø CHECK VALVE, TYPE CVSE300
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5 3"Ø NPT FLANGE ADAPTOR

6 C8X11.5 STEEL CHANNEL WELD OR BOLT TO 24" STEEL PIPE

7 EPG 2"Ø PERFORATED PVC STILLING WELL MOUNTED TO C-CHANNEL
WITH 2 U-BOLT CLAMPS

8 3"Ø WAFER STYLE BUTTERFLY VALVE C/W HANDLE AND 10 POSITION
NOTCH PLATE

9 3"Ø x 8"Ø CS GALVANIZED CONCENTRIC INCREASER

10 30"Ø X 18" LONG CS GALVANIZED PIPE C/W FLANGE

11 30"Ø HDPE ADAPTOR RING AND STEEL BACKING FLANGE

12 STILLING WELL LATERAL SUPPORT MOUNTED TO 30"Ø HDPE SDR9 PIPE
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HATCH, VERIFY SIZE WITH HATCH SUPPLIER
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20 3"Ø WELDOLET
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22 3"Ø x 90° THREADED CS GALVANIZED THREADED ELBOW

23 1 1/4"Ø BOLTS, NUTS AND WASHERS TO SUIT
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"24

7.0" .250"

Impact Strength

Section Modulus (Z)

Thickness (t)

Section Depth

Section Width

Technology

Standard Packaging

Moment of Inertia (I)

Material

Allowable Moment (M)

SG-325

Standard Colors

13.17 kN-m/m

Weatherable Rigid Vinyl

213,750 in-lbs/in

/m

/ft

0.250 in

7.0 in

24 in

Grey, Clay

4

TM

20 sheets/bundle

Box Profile, I-Beam Lock, XCR

39 in

/ft

610 mm

178 mm

6.4 mm

311.1 in

/m4

22,406 N-mm/mm

5,326 cm

597 cm3

2,960 ft-lb/ft

© 2011 Crane Materials International
4501 Circle 75 Parkway, Suite E-5370 Atlanta, GA 30339 USA Phone 866-730-9210 INTL 001-770-933-8148 Fax 770-933-8363

CRANE MATERIALS INTERNATIONAL
Synthetic Sheet Piling

Physical properties are defined by ASTM testing standards, The Aluminum Association Design Manual, The Naval Facilities Design Manual DM 7.2, The US Army Corps of Engineers General Design Guide: PVC Sheet Pile and/or standard engineering practice. 
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Materials InternationalTM logo, CMI Sheet Piling SolutionsTM, Aqua Terra SystemTM, EnduranceTM, Endurance CSPTM, PolarisTM, EclipseTM, GridSpineTM, 21 PolyTM, PileClawTM, SheerScapeTM, SheerScape Retaining Wall SystemsTM, Sheer PanelTM and CMI 
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MATERIAL SAFETY DATA SHEET

1. Product and Company Identification

Material name PUREGOLD® GEL

Version # 13

Revision date 21-February-2009

Chemical description Smectite Clay

Manufacturer CETCO
Drilling Products Group
2870 Forbs Avenue
Hoffman Estates, IL 60192 US
safetydata@amcol.com
http://www.cetco.com/
General Information (800) 527-9948
CHEMTREC® (800) 424-9300

2. Hazards Identification

Emergency overview Material can be slippery when wet

Potential health effects

Routes of exposure Inhalation.

Eyes Dust or powder may irritate eye tissue.

Skin Non-irritating to the skin.

Inhalation Repeated or prolonged inhalation may cause toxic effects. For additional information on inhalation
hazards, see Section 11 of this safety data sheet.

Ingestion No significant adverse effects are expected upon ingestion of the product.

Target organs Lungs.

Chronic effects This product has the potential for generation of respirable dust during handling and use.  Dust may
contain respirable crystalline silica. Overexposure to dust may result in pneumocononiosis, a
respiratory disease caused by inhalation of mineral dust, which can lead to fibrotic changes to the
lung tissue, or silicosis, a respiratory disease caused by inhalation of silica dust, which can lead to
inflammation and fibrosis of the lung tissue. Occupational exposure to nuisance dust (total and
respirable) and respirable crystalline silica should be monitored and controlled.

3. Composition / Information on Ingredients

The manufacturer lists no ingredients as hazardous according to OSHA 29 CFR 1910.1200.

Composition comments Bentonite contains naturally occurring crystalline silica (not listed in Annex I of Directive
67/548/EEC) in quantities less than 6%. Occupational Exposure Limits for impurities are listed in
Section 8.

4. First Aid Measures

First aid procedures

Eye contact Flush eyes immediately with large amounts of water. If irritation persists get medical attention.

Skin contact No special measures required. Get medical attention if irritation develops or persists.

Inhalation Remove to fresh air. If not breathing, give artificial respiration or give oxygen by trained personnel.
Get medical attention, if needed.

Ingestion No special measures required. If ingestion of a large amount does occur, seek medical attention.

Notes to physician Provide general supportive measures and treat symptomatically.

5. Fire Fighting Measures

Flammable properties This material will not burn.

Extinguishing media

Suitable extinguishing
media

Use any media suitable for the surrounding fires. Dry chemical, CO2, water spray or regular foam.
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Protection of firefighters

Protective equipment
and precautions for
firefighters

Material can be slippery when wet

Hazardous combustion
products

None known.

6. Accidental Release Measures

Personal precautions Material can be slippery when wet. Wear a dust mask if dust is generated above exposure limits.

Environmental precautions No special environmental precautions required.

Methods for cleaning up Avoid the generation of dusts during clean-up. Collect dust or particulates using a vacuum cleaner
with a HEPA filter. Reduce airborne dust and prevent scattering by moistening with water.

7. Handling and Storage

Handling Keep formation of airborne dusts to a minimum. Provide appropriate exhaust ventilation at places
where dust is formed. In case of insufficient ventilation, wear suitable respiratory equipment.

Storage Guard against dust accumulation of this material. No special storage conditions required. No
special restrictions on storage with other products.

ACGIH

8. Exposure Controls / Personal Protection

Occupational exposure limits

Impurities Type Value Form

INERT OR NUISANCE DUST (SEQ250) 10 mg/m3 Inhalable particles.TWA

3 mg/m3 Respirable particles.

QUARTZ (14808-60-7) 0.025 mg/m3 Respirable fraction.TWA

 

U.S. - OSHA

Impurities Type Value Form

INERT OR NUISANCE DUST (SEQ250) 15 mg/m3 Total dust.PEL

5 mg/m3 Respirable fraction.

5 mg/m3 Respirable fraction.TWA

50 mppcf Total dust.

15 mppcf Respirable fraction.

15 mg/m3 Total dust.

QUARTZ (14808-60-7) 2.4 mppcf Respirable.TWA

0.3 mg/m3 Total dust.

0.1 mg/m3 Respirable.

0.1 mg/m3 Respirable dust.

 

Exposure guidelines Occupational exposure to nuisance dust (total and respirable) and respirable crystalline silica
should be monitored and controlled.

Engineering controls If material is ground, cut, or used in any operation which may generate dusts, use appropriate
local exhaust ventilation to keep exposures below the recommended exposure limits. If
engineering measures are not sufficient to maintain concentrations of dust particulates below the
OEL, suitable respiratory protection must be worn.

Personal protective equipment

Eye / face protection Wear dust goggles. Eye wash fountain is recommended.

Skin protection No special protective equipment required.

Respiratory protection Use a particulate filter respirator for particulate concentrations exceeding the Occupational
Exposure Limit.

General hygeine
considerations

Use good industrial hygiene practices in handling this material.

9. Physical & Chemical Properties

Appearance Not available.

Color Not available.
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Odor None.

Odor threshold Not available.

Physical state Solid.

Form Granular. Powder. Pellets. or Chips.

pH 7 - 11

Melting point Not available.

Freezing point Not available.

Boiling point Not available.

Flash point Non-flammable

Evaporation rate Not available.

Flammability Not available.

Flammability limits in air,
upper, % by volume

Not available.

Flammability limits in air,
lower, % by volume

Non-explosive

Vapor pressure Not available.

Vapor density Not available.

Specific gravity 2.5497 estimated

Relative density Not available.

Solubility (water) Negligible

Partition coefficient
(n-octanol/water)

Not available.

Auto-ignition temperature Not available.

Decomposition temperature Not available.

VOC 0 % estimated

10. Chemical Stability & Reactivity Information

Chemical stability Stable at normal conditions.

Conditions to avoid None known.

Incompatible materials None known.

Hazardous decomposition
products

None known.

Possibility of hazardous
reactions

Will not occur.

11. Toxicological Information

Chronic effects In 1997, IARC (the International Agency for Research on Cancer) concluded that crystalline silica
inhaled from occupational sources can cause lung cancer in humans.  However in making the
overall evaluation, IARC noted that "carcinogenicity was not detected in all industrial circumstances
studied. Carcinogenicity may be dependent on inherent characteristics of the crystalline silica or on
external factors affecting its biological activity or distribution of its polymorphs."  (IARC
Monographs on the evaluation of the carcinogenic risks of chemicals to humans, Silica, silicates
dust and organic fibres, 1997, Vol. 68, IARC, Lyon, France.)

In June 2003, SCOEL (the EU Scientific Committee on Occupational Exposure Limits) concluded
that the main effect in humans of the inhalation of respirable crystalline silica dust is silicosis.
"There is sufficient information to conclude that the relative risk of lung cancer is increased in
persons with silicosis (and, apparently, not in employees without silicosis exposed to silica dust in
quarries and in the ceramic industry).  Therefore, preventing the onset of silicosis will also reduce
the cancer risk..." (SCOEL SUM Doc 94-final, June 2003)

According to the current state of the art, worker protection against silicosis can be consistently
assured by respecting the existing regulatory occupational exposure limits. Occupational exposure
to nuisance dust (total and respirable) and respirable crystalline silica should be monitored and
controlled.
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Carcinogenicity

IARC Monographs on Occupational Exposures to Chemical Agents: Overall evaluation

1 Human carcinogen.QUARTZ (14808-60-7)

US ACGIH Threshold Limit Values: A2 carcinogen

Group A2 Suspected human carcinogen.QUARTZ (14808-60-7)

US NTP Report on Carcinogens: Known carcinogen

Known carcinogen.QUARTZ (14808-60-7)

Ecotoxicological data

12. Ecological Information

Product Test Results

LC50 Fish: 19005 mg/l 96.00 Hours estimatedPUREGOLD® GEL

* Estimates for product may be based on additional component data not shown.

Ecotoxicity This material is not expected to be harmful to aquatic life.

Environmental effects Based on the physical properties of this product, significant environmental persistence and
bioaccumulation would not be expected.

Persistence and degradability Not available.

13. Disposal Considerations

Disposal instructions Dispose in accordance with all applicable regulations. Material should be recycled if possible.

14. Transport Information

DOT

Not regulated as dangerous goods.

IATA

Not regulated as dangerous goods.

IMDG

Not regulated as dangerous goods.

15. Regulatory Information

US federal regulations OSHA Process Safety Standard: This material is not known to be hazardous by the OSHA Highly
Hazardous Process Safety Standard, 29 CFR 1910.119.

Superfund Amendments and Reauthorization Act of 1986 (SARA)

Hazard categories Immediate Hazard - No
Delayed Hazard - Yes
Fire Hazard - No
Pressure Hazard - No
Reactivity Hazard - No

Section 302 extremely
hazardous substance

No

Section 311 hazardous
chemical

Yes

Inventory status

Country(s) or region Inventory name On inventory (yes/no)*

YesAustralia Australian Inventory of Chemical Substances (AICS)

YesCanada Domestic Substances List (DSL)

NoCanada Non-Domestic Substances List (NDSL)

YesChina Inventory of Existing Chemical Substances in China (IECSC)

NoEurope European Inventory of New and Existing Chemicals (EINECS)

NoEurope European List of Notified Chemical Substances (ELINCS)

YesJapan Inventory of Existing and New Chemical Substances (ENCS)

YesKorea Existing Chemicals List (ECL)

YesNew Zealand New Zealand Inventory
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Country(s) or region Inventory name On inventory (yes/no)*

YesPhilippines Philippine Inventory of Chemicals and Chemical Substances
(PICCS)

YesUnited States & Puerto Rico Toxic Substances Control Act (TSCA) Inventory

A "Yes" indicates that all components of this product comply with the inventory requirements administered by the governing country(s)

State regulations WARNING:  This product contains a chemical known to the State of California to cause cancer.

US - California Proposition 65 - Carcinogens & Reproductive Toxicity (CRT): Listed substance

Listed.QUARTZ (14808-60-7)

US - California Proposition 65 - CRT: Listed date/Carcinogenic substance

Listed: October 1, 1988 Carcinogenic.QUARTZ (14808-60-7)

US - Pennsylvania RTK - Hazardous Substances: Listed substance

Listed.QUARTZ (14808-60-7)

16. Other Information

Further information This safety datasheet only contains information relating to safety and does not replace any product
information or product specification.

Recommended restrictions Workers (and your customers or users in the case of resale) should be informed of the potential
presence of respirable dust and respirable crystalline silica as well as their potential hazards.
Appropriate training in the proper use and handling of this material should be provided as required
under applicable regulations.

0

0

* 1

HMIS ratings

NFPA ratings Health: 1
Flammability: 0
Instability: 0

Disclaimer The information provided in this Safety Data Sheet is correct to the best of our knowledge,
information and belief at the date of its publication. The information given is designed only as a
guidance for safe handling, use, processing, storage, transportation, disposal and release and is
not to be considered a warranty or quality specification. The manufacturer expressly does not
make any representations, warranties, or guarantees as to its accuracy, reliability or completeness
nor assumes any liability, for its use. It is the user's responsibility to verify the suitability and
completeness of such information for each particular use.

Third party materials:  Insofar as materials not manufactured or supplied by this manufacturer are
used in conjunction with, or instead of this product, it is the responsibility of the customer to
obtain, from the manufacturer or supplier, all technical data and other properties relating to these
and other materials and to obtain all necessary information relating to them. No liability can be
accepted in respect of the use of this product in conjunction with materials from another supplier.
The information relates only to the specific material designated and may not be valid for such
material used in combination with any other materials or in any process, unless specified in the
text.

Issue date 21-February-2009

Other information CETCO is an AMCOL International company.
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PUREGOLD® GEL 
 
 
 

DESCRIPTION 
PUREGOLD GEL is a minimum 90 bbl yield, organic-free, untreated, high quality bentonite 
drilling fluid designed for the groundwater monitoring industry.  PUREGOLD GEL is certified to 
NSF/ANSI Standard 60, Drinking Water Treatment Chemicals - Health Effects. 

RECOMMENDED USE 
PUREGOLD GEL is recommended for environmental rotary drilling where ambient groundwater 
quality and soil chemistry must be maintained.  PUREGOLD GEL can be used in fresh or salt-
water mud systems. 

CHARACTERISTICS 
 Chemically stable. Results from TCLP Metals Analysis are below RCRA limits for 

hazardous constituents 
 Contaminant free. All 116 priority pollutants tested were below TCLP detection limits 
 Lubricates and cools drilling bit 
 Mixes quickly to achieve required viscosity 
 Removes cuttings and cavings from the borehole 
 Seals borehole wall to reduce fluid loss and impedes inter-aquifer groundwater 

movement 
 Stabilizes and supports borehole wall 

MIXING AND APPLICATION 
PUREGOLD GEL mixing ratios in lbs per 100 gallons of water: 
  
Normal Conditions 30-50 lbs 
Sand and Gravel 50-70 lbs 
Fluid Loss Control 70-80 lbs 

BULK DENSITY 
54 lbs/ft3 
 
PACKAGING 
50 lb bag, 48 per pallet.  All pallets are plastic-wrapped. 
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6400 Shafer Court – Suite 400 Rosemont Illinois 60018 USA 
T 773 380 9933  F 773 380 6421  W www.ghd.com  
 

To: Peter Ramanauskas – U.S. EPA,  
Gerald O'Callaghan - IDEM  

Ref. No.: 013968-25 

    

From: Jim McGuigan, Pete Bridcut, Brett Tarkington/jp/800 Date: March 10, 2016 

CC: Cheryl Hiatt, Ed Peterson, Katie Kamm, Paul Gallaway   

Re: Bedford Pilot Trench Air Monitoring – Summary of Ambient Air Monitoring to date and 
Recommendation for Cessation of Ambient Air Monitoring Portion of Program 
GM CET Bedford Facility 
Bedford, Indiana 

 

This memo has been prepared to summarize the results of the Ambient Air Quality Monitoring Plan 

(AAQMP) being carried out at the current construction of a Pilot Perimeter Groundwater Trench Collection 

System (Pilot Trench). The Ambient Air Quality Monitoring Plan is currently being performed in addition to 

the general contractor's (Sevenson Environmental Services (SES)) use of portable dust monitors in the 

immediate work area (worker's breathing zones) under the contractor's site-specific Health and Safety Plan. 

The ambient air monitoring program involves the real time air monitoring for dust surrounding the 

construction area for the Pilot Trench. The "worst case" construction activities, including; the removal of PCB 

impacted soils (<50 ppm) beneath the East Plant Cover System liner, transport and proper disposal of the 

PCB impacted soils, and the bedrock trenching during periods of low rain fall activity, have been completed. 

Results reported to date by the real time monitoring are consistently well below the established action level. 

Based on the current low results being reported on-site, we believe the real time ambient air monitoring is no 

longer warranted on site for the remaining stages of construction. 

1. Background 

This Ambient Air Quality Monitoring Plan (AAQMP) was prepared by GHD, Services, Inc. (GHD) for Interim 

Measure (IM) activities to be completed for the construction the Pilot Perimeter Groundwater Trench 

Collection System Study (Pilot Trench), at the General Motors LLC (GM) Bedford Casings, Engines and 

Transmissions (CET) Facility (Facility), located in Lawrence County, Indiana. The Pilot Trench is being 

constructed at the northeast corner of the Facility property west of Bailey Scales Road, with supporting 

temporary construction facilities (temporary access roads, staging areas) located to the north, west and 

south of the Pilot Trench with the combined Pilot Trench and support areas hereto referred to as the Site. 

The Pilot Trench construction activities required the excavation of soils and bedrock potentially impacted with 

polychlorinated biphenyls (PCBs) at low levels (<50 mg/kg). The objective of the ambient air monitoring 

program is to quantify the airborne concentrations of contaminants, if any, at the locations of the nearest 
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potential receptors. Based on historical sampling results, PCB concentrations in soils (within the excavation 

area) were reported at levels ranging from non-detect to a maximum concentration of 42.2 mg/kg. The 

purpose of the ambient air monitoring is to assess potential PCB and dust emissions at the perimeter of the 

working zone during the PCB-impacted soil excavation and subsequent loading for offsite transport and 

disposal, and during the bedrock trenching activities. The specific objectives included the following: 

• Perform real-time air monitoring for total dust in and around the work area to characterize potential 

exposures to workers in the exclusion zone and those in the area around the exclusion zone. 

• Perform real-time air monitoring for total dust levels to evaluate potential fugitive dust emissions 

containing PCBs at the property boundaries of the Site. 

• Establish and implement procedures to ensure appropriate responses to elevated levels of particulate 

matter. This may include slowing or stopping work activities, identifying areas requiring respiratory 

protection, application of dust suppressants, or arranging for a timely evacuation of the work site in the 

event that hazardous concentrations of airborne emissions are detected. 

• Perform background perimeter air monitoring to establish baseline real-time dust concentrations. 

• Communicate the hazards associated with exposures to dust and PCB-impacted dust to the affected 

workers and other potential receptors. 

• Provide recommendations for controlling site exposures, respiratory protection and other personal 

protective equipment (PPE) to site management. 

The Site perimeter air monitoring has been conducted during work activities in which PCB-impacted soils 

were encountered and have the potential for creating airborne dust. The air monitoring data was collected 

and compiled in accordance with established guidelines. In addition, the results were communicated to GM, 

site workers, and others as required and/or as necessary to ensure the safety and health of potentially 

affected individuals. 

2. Exposure Standards and Guidelines 

The U.S. Occupational Safety and Health Administration (OSHA) promulgate workplace standards to protect 

the safety and health of workers. The administration of these standards has been delegated to the Indiana 

Occupational Safety and Health Administration (IOSHA), which is part of the Indiana Department of Labor. 

The IOSHA standards are identical to the OSHA standards and apply to all places of employment in the 

state, with the exception of federal government employees, the U.S. Postal Service, private sector maritime 

activities, and certain agricultural operations. The National Institute for Occupational Safety and Health 

(NIOSH) and the American Conference of Governmental Industrial Hygienists (ACGIH) have established 

guidelines to protect workers from chemical hazards on the job. Table 2.1 summarizes the OSHA 

permissible exposure limits (PEL), NIOSH Immediately Dangerous to Life and Health (IDLH) guidelines, and 

ACGIH threshold limit values (TLV) for PCBs and total dust. 
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Table 2.1 Occupational Exposure Limits and Guidelines 

Analyte IOSHA PEL ACGIH-TLV NIOSH - IDLH3 Units 

TWA1 TWA2 

PCBs 
(chlorodiphenyl 54%) 

0.5 0.5 5 mg/m3 

Total Dust4 15 10 NE mg/m3 

Notes: 
1. Permissible Exposure Limit - Time Weighted Average (PEL-TWA) = An 8-hour time weighted average. 

An exposure to any material listed in 29 CFR 1910.1000, Tables Z1 and Z2, in any 8-hour work shift of a 
40-hour workweek shall not exceed the 8-hour time weighted average limit given for that material in the 
table. 

2. Threshold Limit Value - Time Weighted Average (TLV-TWA) = The TWA concentration for a 
conventional 8-hour workday and a 40-hour workweek, to which nearly all workers may be repeatedly 
exposed, day after day, without adverse effect (ACGIH, 2015). 

3. Immediately Dangerous to Life and Health (IDLH) = Indicates an exposure to airborne contaminants that 
is likely to cause death or immediate or delayed permanent adverse health effects or prevent escape 
from such an environment. 

4. A TLV for Particles Not Otherwise Specified (PNOS) has not been established. ACGIH recommends 
that airborne concentration for these compounds be kept below 10 mg/m3. 

The U.S. Environmental Protection Agency (U.S.EPA) has established National Ambient Air Quality 

Standards (NAAQS) for five primary pollutants, including particulate matter (dust). The NAAQS for 

particulate matter are based on a 24-hour average. The NAAQS are derived at levels designed to protect 

public health, and are based on the known effects of each substance on human health, vegetation and other 

components of the environment such as soil, water, materials (e.g. metalwork and masonry), visibility and 

personal comfort and well-being.  

There currently is no NAAQS for PCBs. However, U.S.EPA has established generic community exposure 

limits in the risk-based screening table (target cancer risk of 1E-6). GHD believes that the residential risk 

based screening level (low risk) of 0.000028 mg/m3 is appropriate based on the limited potential exposure 

period (4 – 5 months). However, GHD has chosen to use the "high risk" screening level of 0.0000049 mg/m3 

to provide additional protection to members of the surrounding community. 

The community exposure guideline values for the identified COI are summarized in Table 2.2: 

Table 2.2 Community Exposure Guidelines (Inhalation) 

Compound of Interest (COI) Averaging Period Exposure 
Standard/Guideline 

Units 

Particulate Matter (PM-10) 1 24-hour 0.15 mg/m3 

PCBs 24-hour 0.0000049 mg/m3 

Notes: 
1. PM10 is particulate matter 10 micrometers or less in diameter 
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3. Dust Action Level Derivation from PCB Data 

Work area and community action levels were established to facilitate a timely and appropriate response to 

the detection of airborne hazards associated with airborne dust. Action levels were set at levels lower than 

the established exposure limits and guidelines. The purpose was to ensure that if these levels are detected, 

they were effectively communicated to affected workers and Site management so that appropriate actions 

could be taken to reduce airborne concentrations to acceptable levels. The site-specific action levels for the 

project are listed in Table 3.1. The real-time dust monitoring data have been compared to the PELs for dust 

of 15 mg/m3. The concentration of PCB in soil (based on previous soil investigations) has been used to 

establish the PCB action level by estimating the concentration of airborne PCB-containing dust as outlined 

below.  

No real-time methods exist for detection of airborne PCBs. Measuring the total dust concentration provides 

the quickest means of screening potential exposure to workers and the community. The total dust 

concentration necessary to reach the work area action level of 0.5 mg/m3 (OSHA PEL) can be estimated 

from the soil sampling data. This estimate is based on calculating the Equivalent Airborne Dust 

Concentration based on the applicable exposure limit (EADCEL). The EADCEL calculation determines what 

dust level would equal the exposure limit for a specific soil contaminant, in this instance, PCBs. The following 

equation shows this relationship. 

EADCEL = EL × Conc-1
Contaminated soil × 106 

Where: 

EL = Exposure Limit, mg/m3 

Conc-1
Contaminated soil = Inverse of the soil PCB concentration, kg/mg 

The maximum soil concentration of PCBs is reported to be 42.2 mg of mg/kg of PCBs. Using the equation 

above, the EADCEL is calculated as shown below: 

Total dust = EADC𝐸𝐸 = 𝑚𝑔𝑠𝑠𝑠𝑠
𝑚𝑎𝑠𝑎
3 = �0.5 𝑚𝑔𝑃𝑃𝑃𝑠

𝑚𝑎𝑠𝑎
3 � � 𝑘𝑔𝑠𝑠𝑠𝑠

42.2 𝑚𝑔 𝑃𝑃𝑃𝑠
� �10

6𝑚𝑔𝑠𝑠𝑠𝑠
𝑘𝑔𝑠𝑠𝑠𝑠

�= 11,848 mg/m3 

Where: 

EL = The OSHA PEL of 0.5 mg/m3 

Conc-1
Contaminated soil = One kg of soil contains 42.2 mg of PCBs 

106 = The number of mg of soil in a kg of soil 

This calculated total dust concentration (11,848 mg/m3) for PCBs is unlikely. As such, real time air monitoring 

for worker exposure was based on dust readings as summarized in Table 3.1. 

Table 3.1 Real Time Air Monitoring Site Action Levels 

Analyte Action Level Description of Action 

Total Dust 
Readings 
(Work Zone Action 
Levels)1 

< 5.0 mg/m3 No action required 

≥ 5.0 - < 15 mg/m3 Apply water or dust suppressant to soils 
generating the dust.  

≥ 15 mg/m3 Initiate Stop Work Authority (SWA). Notify onsite 
contractor safety & health officer and construction 
superintendent. Institute engineering controls to 
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Table 3.1 Real Time Air Monitoring Site Action Levels 

Analyte Action Level Description of Action 

reduce dust levels. 

Total Dust 
Readings2 
(Perimeter Action 
Levels)3  

 

< 0.15 mg/m3  No action required. Continue monitoring at upwind 
perimeter (background) and at up to three 
perimeter downwind locations. 3 

 

≥ 0.15 mg/m3 1. Initiate SWA, immediately measure the 
upwind background level using the same 
monitor. 

2. Determine primary source of dust and then 
apply water or dust suppressant to dusting 
surfaces. Continue dust monitoring activities 
with increased focus on downwind dust levels 
until readings are consistently below 
2.5 mg/m3.  

3. If dust suppression efforts do not reduce 
perimeter dust concentrations below 
2.5 mg/m3 within 15 minutes after initiate SWA 
and consult with the Project Manager, others 
as appropriate to determine an appropriate 
course of action to reduce dust levels to 
acceptable levels. 

Notes: 
1. Work area action Levels are based on sustained (>1 min) airborne concentrations within the worker's 

breathing zone. Spurious or non-sustained peak readings or surface, contact readings while cause for 
concern may not indicate the need for additional action requiring PPE upgrade. 

2. Perimeter dust readings will be taken upwind (background) prior to initiating work.  
3. Dust readings will be taken over an integrated (average) sampling period not to exceed 15 minutes. 

The maximum PCB concentration in the soil samples collected was also used to determine the EADCEL for 

community exposures. The community exposure limit for PCBs GHD has chosen to use is 0.0000049 mg/m3  

Using the same maximum soil concentration reported for PCBs, the community EADCEL is calculated as 

follows:  

Total dust = EADC𝐸𝐸 = 𝑚𝑔𝑠𝑠𝑠𝑠
𝑚𝑎𝑠𝑎
3 = �0.000049 𝑚𝑔𝑃𝑃𝑃𝑠

𝑚𝑎𝑠𝑎
3 � � 𝑘𝑔𝑠𝑠𝑠𝑠

42.2 𝑚𝑔 𝑃𝑃𝑃𝑠
� �10

6𝑚𝑔𝑠𝑠𝑠𝑠
𝑘𝑔𝑠𝑠𝑠𝑠

� = 0.12 mg/m3 

Where: 

EL = The risk based community exposure limit of 0. 0.0000049 mg/m3 

106 = The number of mg of soil in a kg of soil 

The average dust concentration measured during the work day (10 hours) and the average background dust 

concentrations during non-work periods were used to calculate the 24-hour time weighted average (TWA) 

dust concentration. The averaged data was compared to the NAAQS for dust and the EADCEL for PCBs. 
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4. Real Time Perimeter Dust Monitoring 

Real-time air monitoring for dust has been performed during work operations involving the 

disturbance/handling of impacted material (remedial activities) using TSI Dustrak aerosol monitors or 

equivalent. The instruments are calibrated and operated in accordance with the manufacturer's specifications 

or applicable test/method specifications. Real time air monitoring has been performed at the Site perimeter – 

one upwind (background) and up to three downwind locations. 

DustTraks are placed at the beginning of each work day and programmed to continuously monitor dust 

concentrations taking 15-minute time weighted average (TWA) readings. The DustTraks are housed in 

environmental enclosures. Each enclosure is attached to a surveying tripod and powered by a deep cycle 

marine battery. Each DustTrak is connected to a Netronix modem that streams the data (in real-time) to a 

secure website called Environet. The Environet website allows authorized users to set custom alert levels 

that will send an email if an alarm or some other threshold is triggered at the site. 

1. Particulate dust levels are monitored at up to four locations which include 1 upwind location to monitor 

dust background concentrations and up to three downwind locations to monitor dust levels leaving the 

site. 

2. Dust levels are integrated over a period not to exceed 15 minutes; therefore the dust monitors are set 

to record the 15-minute time-weighted average over this period. The action level is set at 0.15 mg/m3 

over the 15 minute TWA. 

3. If particulate levels are detected in excess of 0.15 mg/m3 for two consecutive 15 minute intervals, the 

upwind background level is measured immediately using the same portable monitor. 

5. Monitoring Results 

The air monitoring program commenced on October 14, 2015 by setting the air stations up surrounding the 

lined portion of the landfill site in which the pilot trench was design to cross. Air readings were conducted 

over October 14 and 15 in order to collect background air results. The air monitoring program continued with 

daily air monitoring during trench construction activities commencing on October 16, 2015. The results of the 

daily air monitoring are summarized below in Table 5.1. The dust concentrations collected between 0700 – 

1700 were used as the work shift dust concentrations. The dust concentrations collected between 1700 – 

0700 were used to calculate the overall background dust concentration at each sampling locations. The daily 

24 hour time weighted average (TWA) dust concentrations for each sampling location were calculated as 

follows: 

24 − ℎ𝑜𝑜𝑜 𝑇𝑇𝑇 =  
(𝐶1 × 𝑇1) + (𝐶2 × 𝑇2)

24 ℎ𝑜𝑜𝑜𝑜
=
𝑚𝑚
𝑚3  

Where: 

C1 = Average concentration (in mg/m3) during the typical work shift, defined as 0700 – 1700 

T1 = 10 hours 

C2 = Overall project average concentration (in mg/m3) during the typical non-work hours (background), 

  defined as 1700 – 0700 

T2 = 14 hours 
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Table 5.1 Daily Air Monitoring Results 

Date #West Station *North Station *East Station *South Station 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

10/16/2015 0.007 0.026 NA NA NA NA 0.040 0.037 

10/19/2015 0.007 0.025 NA NA NA NA 0.015 0.026 

10/20/2015 0.018 0.030 NA NA NA NA 0.025 0.031 

10/21/2015 0.023 0.032 NA NA NA NA 0.076 0.052 

10/22/2015 0.029 0.035 NA NA NA NA 0.073 0.051 

10/23/2015 0.035 0.037 0.029 0.027 NA NA 0.047 0.040 

10/26/2015 0.012 0.028 0.007 0.018 NA NA 0.008 0.023 

10/27/2015 0.016 0.029 0.012 0.020 NA NA 0.016 0.027 

10/28/2015 0.012 0.028 0.007 0.018 NA NA 0.009 0.024 

10/29/2015 0.009 0.026 0.004 0.017 NA NA 0.009 0.024 

10/30/2015 0.016 0.029 0.012 0.021 NA NA 0.014 0.026 

10/31/2015 0.019 0.031 0.014 0.021 NA NA 0.018 0.028 

11/2/2015 0.108 0.068 0.029 0.027 NA NA 0.014 0.026 

11/3/2015 0.058 0.047 0.019 0.024 NA NA 0.017 0.027 

11/4/2015 0.079 0.056 0.026 0.026 NA NA 0.026 0.031 

11/5/2015 0.031 0.036 0.024 0.026 NA NA 0.035 0.035 

11/6/2015 0.011 0.027 0.008 0.019 NA NA 0.011 0.025 

11/9/2015 0.026 0.033 0.026 0.026 NA NA 0.024 0.030 

11/10/2015 0.036 0.037 0.027 0.027 NA NA 0.040 0.037 

11/11/2015 0.041 0.040 0.067 0.043 NA NA 0.051 0.041 

11/12/2015 0.019 0.030 0.013 0.021 NA NA 0.022 0.029 

11/13/2015 0.008 0.026 0.006 0.018 NA NA 0.015 0.026 

11/16/2015 0.033 0.036 0.022 0.025 NA NA 0.025 0.030 

11/17/2015 0.026 0.034 0.018 0.023 NA NA 0.025 0.030 

11/18/2015 0.021 0.031 0.007 0.018 NA NA 0.008 0.023 

11/19/2015 0.008 0.026 0.005 0.018 NA NA 0.010 0.024 
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Table 5.1 Daily Air Monitoring Results 

Date #West Station *North Station *East Station *South Station 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

11/20/2015 0.021 0.032 0.016 0.022 NA NA 0.022 0.029 

11/23/2015 0.015 0.029 0.011 0.020 NA NA 0.015 0.026 

11/24/2015 0.031 0.036 0.025 0.026 NA NA 0.031 0.033 

11/25/2015 0.026 0.034 0.016 0.022 NA NA 0.018 0.028 

11/30/2015 0.031 0.036 0.032 0.029 NA NA 0.039 0.036 

12/1/2015 0.011 0.027 0.007 0.019 NA NA 0.012 0.025 

12/2/2015 0.029 0.035 0.024 0.025 NA NA 0.033 0.034 

12/3/2015 0.034 0.037 0.030 0.028 NA NA 0.043 0.038 

12/4/2015 0.043 0.041 0.035 0.030 NA NA 0.047 0.040 

12/7/2015 0.057 0.046 0.045 0.034 NA NA 0.064 0.047 

12/8/2015 0.043 0.040 0.036 0.030 NA NA 0.043 0.038 

12/9/2015 0.030 0.035 0.028 0.027 NA NA 0.039 0.036 

12/10/2015 0.056 0.046 0.040 0.032 NA NA 0.059 0.045 

12/11/2015 0.078 0.055 0.063 0.042 NA NA 0.094 0.059 

12/14/2015 0.006 0.025 0.006 0.018 NA NA 0.001 0.021 

12/15/2015 0.010 0.027 0.006 0.018 NA NA 0.008 0.023 

12/16/2015 0.027 0.034 0.021 0.024 NA NA 0.033 0.034 

12/17/2015 0.014 0.028 0.012 0.021 NA NA 0.016 0.027 

12/18/2015 0.014 0.029 0.013 0.021 NA NA 0.018 0.028 

12/21/2015 0.025 0.033 0.016 0.022 NA NA 0.018 0.028 

12/22/2015 0.030 0.035 0.023 0.025 NA NA 0.032 0.034 

12/23/2015 0.013 0.028 0.006 0.018 NA NA 0.008 0.023 

1/4/2016 0.007 0.025 0.024 0.026 NA NA 0.008 0.023 

1/5/2016 0.014 0.028 0.015 0.022 NA NA 0.016 0.027 

1/6/2016 0.024 0.033 0.019 0.023 0.014 0.020 0.023 0.030 

1/7/2016 0.029 0.035 0.023 0.025 0.023 0.024 0.032 0.033 
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Table 5.1 Daily Air Monitoring Results 

Date #West Station *North Station *East Station *South Station 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

Work Shift 
Average 

24-hour 
TWA 

1/8/2016 0.047 0.042 0.029 0.027 0.034 0.029 0.045 0.039 

1/11/2016 0.022 0.032 0.019 0.023 0.022 0.024 0.013 0.025 

1/12/2016 0.020 0.031 0.019 0.023 0.019 0.023 0.025 0.031 

1/13/2016 0.031 0.036 0.027 0.027 0.030 0.027 0.036 0.035 

1/14/2016 0.030 0.035 0.022 0.025 0.021 0.023 0.025 0.031 

1/15/2016 0.019 0.031 0.013 0.021 0.012 0.020 0.018 0.028 

1/18/2016 0.006 0.025 0.009 0.019 0.006 0.017 0.010 0.024 

1/19/2016 0.013 0.028 0.015 0.022 0.013 0.020 0.017 0.027 

1/20/2016 0.030 0.035 0.024 0.025 0.025 0.025 0.032 0.033 

1/21/2016 0.049 0.043 0.037 0.031 0.040 0.031 0.052 0.042 

1/22/2016 0.050 0.043 0.037 0.031 0.046 0.034 0.056 0.043 

1/25/2016 0.023 0.032 0.018 0.023 NA NA 0.024 0.030 

 

Minimum  0.001 0.023 0.004 0.017 0.003 0.016 0.001 0.021 

Maximum 0.108 0.068 0.067 0.043 0.070 0.044 0.094 0.059 

Average 0.028 0.034 0.021 0.024 0.024 0.025 0.029 0.032 

Notes: 

• Modem connection problem to the network denoted by "NA" 
• Bold - denotes station generally considered to be upwind on day of readings  
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The maximum reading at the west station (0.108 mg/m3 - Nov. 2) corresponded to the commencement of the 

bedrock trenching process at the north end of the Pilot Trench in the proximity of the initial west air station 

set up. Upon starting the trenching process, minimal groundwater was initially encountered. Once the 

trenching process continued down-gradient, groundwater was continually encountered within the trench, 

limiting the creation of dust during the trenching process. The maximum reading at the south station 

(0.094 mg/m3 - Dec. 11) corresponded to the completion of the trenching when the trenching equipment was 

moved out of the trench area to the south and cleaned off prior to mobilizing to the laydown area for 

disassembly. These days were considered the "worst case" days in the creation of dust and similar 

conditions would not be anticipated as work to complete the installation of the trench components is 

conducted. 

6. Recommendation for Cessation of Ambient Air Monitoring 

The 24-hour TWA readings are considerably lower than the action level of 0.15 mg/m3. Any continued work 

in completing the trench will occur while dealing with the collected groundwater within the trench and should 

aid in the suppression of any created dust issues. 

In addition, composite samples of the created trench cuttings were collected and submitted for analyses of 

chemical testing for total PCBs. Sampling was performed between 0+40 to 2+00 at the north end of the 

trench, 2+00 to 4+00 over the shallow portion of the trench, 4+00 to 5+50, 5+50 to 7+00 and 7+00 to 8+30 

as the trenching proceeded south. The results of the chemical testing were all reported below the laboratory 

detection limits. 

At this juncture of the construction on the Pilot Trench, it does not appear that the ambient air monitoring is 

productive, as all results to date have been well below the action levels. The stone within the working 

platform around the Pilot Trench appears to act as a collection area for site run off. Along with the 

groundwater within the trench, the working conditions will be relatively moist during the clean out and 

installation of remaining components within the Pilot Trench and it appears that continued ambient air 

monitoring with the real time stations should not be required.  

The general contractor, Sevenson Environmental Services (SES), will continue to use portable dust monitors 

in the immediate work area (worker's breathing zones) and at designated off-site locations (if necessary) to 

monitor airborne dust concentrations as part of their Health and Safety program. At the conclusion of each 

work shift, the recorded data from these instruments will be filed, downloaded, and stored by SES. 

If airborne concentrations of dust or VOCs are detected above the action levels established for the site, 

designated site safety personnel, site superintendents, affected workers, and GHD representatives will be 

notified and appropriate actions will be taken to ensure the health and safety of the site workers as well as 

potential off-site receptors. 
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Photo 1: Trencher at WW, looking south. Nov. 2015 
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Photo 2: Trencher at WW, looking north. Nov. 2015 
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Photo 3: Trencher moving south from inflection point. Nov. 2015 
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Photo 4: Trencher prior to inflection point. Nov. 2015 
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Photo 5: Tree clearing north of new GWTP. Nov. 2015 
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Photo 6: Trench north of bend. Nov. 2015 
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Photo 7: East wall of trench at 5+00. Nov. 2015 
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Photo 8: West wall of trench at 5+00. Nov. 2015 
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Photo 9: Loading contaminated soil. Nov. 2015 
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Photo 10: Trench from 5+75 to 6+25. Nov. 2015 
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Photo 11: Trench at 6+50. Nov. 2015 
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Photo 12: Trench at 6+50 stopped. Nov. 2015 
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Photo 13: Surficial void at 6+70. Nov. 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 14 

 

 
 

 
Photo 14: East side of vertical fracture at 6+70. Nov. 2015 
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Photo 15: West side of vertical fracture at 6+70. Nov. 2015 
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Photo 16: Vertical fracture at 6+90. Nov. 2015  
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Photo 17: East side of vertical fracture at 6+90. Nov. 2015 
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Photo 18: West side of vertical fracture at 6+90. Nov. 2015 
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Photo 19: East trench wall near 7+50. Dec. 2015 
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Photo 20: Orange marking at 7+50. Dec. 2015 
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Photo 21: Pink line at end of trench. Dec. 2015 
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Photo 22: Extended working platform. Dec. 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 23 

 

 

 
Photo 23: Pipe trenches to WTP. Dec. 2015 
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Photo 24: Exposed trench from 3+50 to 3+20. Dec. 2015 
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Photo 25: Connection at WTP containment area. Dec. 2015 
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Photo 26: PIV for new firemain. Dec. 2015 
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Photo 27: Joint restraints on firemain (deep). Dec. 2015 
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Photo 28: Joint restraints on firemain (shallow). Dec. 2015 
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Photo 29: Thrust block for firemain. Dec. 2015 
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Photo 30: Concrete breaking at MH-10 and MH-14. Dec. 2015 
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Photo 31: Manhole placement at MH-10 and MH-14. Dec. 2015 
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Photo 32: Fire hydrant at new WTP. Dec. 2015 
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Photo 33: Rock breaking east of GWTP. Dec. 2015 
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Photo 34: Pressure testing of firemain. Dec. 2015 
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Photo 35: Laying pipe in trench. Dec. 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 36 

 

 

 
Photo 36: Fence panels over trench. Dec. 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 37 

 

 

 
Photo 37: Pipe trench towards Adler tank. Jan. 2016 
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Photo 38: Pipe trench looking southeast. Jan. 2016 
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Photo 39: Water in pipe trench. Jan. 2016 
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Photo 40: Trench cleared for sheet piling. Jan. 2016 
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Photo 41: Sanding access road due to freezing. Jan. 2016 
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Photo 42: East side of pilot trench at 3+20, looking north. Jan. 2016 
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Photo 43: West side of pilot trench at 3+20, looking north. Jan. 2016 
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Photo 44: Ice in pipe trench. Jan. 2016 
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Photo 45: Setting pipe into MH-7. Jan. 2016 
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Photo 46: Grading north of GWTP. Jan. 2016 
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Photo 47: Trench cleanout for vinyl sheet installation. Jan. 2016 
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Photo 48: Vinyl sheeting installation. Jan. 2016 
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Photo 49: Trench cleaned out north of 4+70. Feb. 2016 
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Photo 50: Cleaning out trench south of 4+70. Feb. 2016 
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Photo 51: Buildup of fines at trench bottom. Feb. 2016 
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Photo 52: Clay-infused fracture as trench turns north. Feb. 2016 
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Photo 53: Lowering super sack for dam. Feb. 2016 
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Photo 54: Sump location cleaned out. Feb. 2016 
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Photo 55: South trench with cuttings removed. Feb. 2016 
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Photo 56: Trench cave-in. Feb. 2016 
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Photo 57: Trench video and survey verification. Feb. 2016 
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Photo 58: Sump cleanout. Feb. 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 59 

 

 

 
Photo 59: Horizontal fracture from 8+00 to 8+65. Feb. 2016 
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Photo 60: Sheet piling to inflection point. Feb. 2016 
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Photo 61: Runoff from working platform. Feb. 2016 
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Photo 62: Piezometer in trench. Feb. 2016 
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Photo 63: Pouring grout using concrete bucket. Feb. 2016 
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Photo 64: Angle connection for vinyl sheeting. Feb. 2016 
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Photo 65: Vinyl sheet piling to the south. Feb. 2016 
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Photo 66: Monitoring wells inside the trench. Mar. 2016 
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Photo 67: Road erosion at guard rail on east side of Bailey Scales Road. Mar. 2016 
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Photo 68: Flow in creek downstream of site. Mar. 2016 
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Photo 69: Flow just past North Jackson. Mar. 2016 
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Photo 70: Flow at Broomsage Bridge. Mar. 2016 
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Photo 71: Water in DB-5 cleared up. Mar. 2016 
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Photo 72: Grout placement using concrete bucket. Mar. 2016 
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Photo 73: Erosion protection installed by SES on east side of the Bailey Scales Road. Mar. 2016 
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Photo 74: Riprap at discharge under Bailey Scales Road. Mar. 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 75 

 

 

 
Photo 75: Completion of vinyl sheeting. Mar. 2016 
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Photo 76: Floating barge in DB-5. Mar. 2016 
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Photo 77: Completion of grout placement. Mar. 2016 
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Photo 78: Stone placement in base of trench. Mar. 2016 
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Photo 79: Gravel base placed in trench. Mar. 2016 
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Photo 80: Absorbent boom at SW outfall to SW pond. Mar. 2016 
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Photo 81: Welded perforated pipe. Mar. 2016 
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Photo 82: Water quality in creek downstream from site. Mar. 2016 
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Photo 83: Welding perforated pipe to WW sump. Mar. 2016 
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Photo 84: Sump and perforated pipe in north trench. Mar. 2016 
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Photo 85: Stone placement at northern cleanout. Mar. 2016 
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Photo 86: Stormwater discharge from DBs (filter socks on discharge). Mar. 2016 
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Photo 87: Stone backfill in north trench section. Mar. 2016 
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Photo 88: WTP discharge around WW4 chamber. Mar. 2016 
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Photo 89: Piezometers in south trench. Mar. 2016 
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Photo 90: Perforated pipe in south trench. Mar. 2016 
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Photo 91: Welding south cleanout. Mar. 2016 
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Photo 92: Sump pipes set into trench, surrounded by 2-inch stone. Mar. 2016 
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Photo 93: Filter fabric over north trench. Mar. 2016 
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Photo 94: Clay backfill over north trench. Mar. 2016 
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Photo 95: Cutting vinyl sheets to bedrock. Mar. 2016 
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Photo 96: Cover clay before pending rain. Mar. 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 97 

 

 

 
Photo 97: Blind flange on backwash line. Apr. 2016 
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Photo 98: Stone backfill in south trench. Apr. 2016 
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Photo 99: Cutting holes in WW chamber. Apr. 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 100 

 

 

 
Photo 100: Filtration media over north trench. Apr. 2016 
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Photo 101: Covered filtration media over north trench. Apr. 2016 
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Photo 102: Discharge from pilot trench at modutanks. Apr. 2016 
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Photo 103: Pipe manifold connection at existing WTP. Apr. 2016 
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Photo 104: Backfill behind sheets at sump area. Apr. 2016 
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Photo 105: Stone placed in south trench. Apr. 2016 
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Photo 106: Secure site during rainfall event. Apr. 2016 
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Photo 107: SW discharge after DBs settled. Apr. 2016 
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Photo 108: Backfilling working platform. Apr. 2016 
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Photo 109: Placement of filtration media at working platform. Apr. 2016 
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Photo 110: Covering of filtration media at working platform. Apr. 2016 
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Photo 111: Backfilling around sumps with 2-inch stone. Apr. 2016 
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Photo 112: Levelling subgrade with #11 stone and filter fabric at WW sumps. Apr. 2016 
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Photo 113: Compacting subgrade around WW4 sumps. Apr. 2016 
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Photo 114: Setting south chamber base for WW sumps. Apr. 2016 
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Photo 115: Setting top of south chamber for WW sumps. Apr. 2016 
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Photo 116: Backfilling around WW chambers. Apr. 2016 
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Photo 117: HDPE sleeve between WW chambers. Apr. 2016 
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Photo 118: Overflow pipe from WW3. Apr. 2016 
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Photo 119: Clay level around WW chambers. Apr. 2016 
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Photo 120: Bypass access road. Apr. 2016 
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Photo 121: Pumping DB-2 water through bag filters. Apr. 2016 
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Photo 122: Risers installed on firemain and forcemain MHs. Apr. 2016 
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Photo 123: Filtration media over south trench. Apr. 2016 
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Photo 124: Killdeer eggs north of GWTP. Apr. 2016 
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Photo 125: Filtration media south of WW4. Apr. 2016 
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Photo 126: Backfilling south trench. Apr. 2016 
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Photo 127: Clay from GWTP placed over south trench. Apr. 2016 
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Photo 128: Removal of generator for GWTP. Apr. 2016 
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Photo 129: Excavating north of GWTP. Apr. 2016 
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Photo 130: Lightning strike of tree by GWTP. May. 2016 
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Photo 131: Backfilling south trench. May. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 132 

 

 

 

Photo 132: Storm drain along east side of GWTP. May. 2016 
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Photo 133: Excavating beside Old Barlow Lane. May. 2016 
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Photo 134: Excavation for 8-inch forcemain. May. 2016 
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Photo 135: Forcemain to EQ tank. May. 2016 
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Photo 136: Backfilling conduit trench to pull box. May. 2016 
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Photo 137: Forcemain in trench north of drive area. May. 2016 
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Photo 138: Storm drain from east side of GWTP to north area. May. 2016 
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Photo 139: First lift of stone on drive area. May. 2016 
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Photo 140: Blocked access road from Barlow Lane to trench. May. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 141 

 

 

 

Photo 141: Transition from 12-inch to 18-inch stone at drive area. May. 2016 
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Photo 142: Diverted outfall pipe and flagging around WW4 chamber. May. 2016 
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Photo 143: Compacting stone over outfall pipe. May. 2016 
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Photo 144: Infiltration media south of WW4 chamber. May. 2016 
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Photo 145: Grounding loop and conduits on west side of WW4 chambers. May. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 146 

 

 
 

 

Photo 146: Conduits run for WW4 cables and generator. May. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 147 

 

 

 

Photo 147: Conduit and forcemain at south edge of liner limits. May. 2016 
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Photo 148: Clay over fill along south trench forcemain. May. 2016 
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Photo 149: Grounding inspection well by generator. May. 2016 
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Photo 150: Forming rebar mat for generator pad. May. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 151 

 

 

 

Photo 151: Preparing for liner repair around power poles. May. 2016 
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Photo 152: Posts for electrical panel at WW4. May. 2016 
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Photo 153: Concrete pour for containment around generator pad at GWTP. May. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 154 

 

 

 

Photo 154: Grading clay over south trench area. May. 2016 
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Photo 155: Liner placement over trench area. May. 2016 
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Photo 156: Liner repair at firemain and PIV. May. 2016 
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Photo 157: Geocomposite and filter fabric over liner. May. 2016 
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Photo 158: Backfill over power pole and guy lines. May. 2016 
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Photo 159: Backfilling anchor trench at north end. May. 2016 
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Photo 160: Placing common fill over liner. May. 2016 
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Photo 161: Grout sealing of MH-16. May. 2016 
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Photo 162: Grading #53 stone around GWTP. May. 2016 
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Photo 163: Re-establishing low flow channels in DB-4. Jun. 2016 
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Photo 164: Placing stone in DB-4 low flow channels. Jun. 2016 
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Photo 165: Backwash pipe connected for SW pond discharge. Jun. 2016 
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Photo 166: Power cables and fiber optic pulled to WW4 control panel. Jun. 2016 
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Photo 167: Riprap around DB-5 outfall pipe. Jun. 2016 
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Photo 168: Riprap in low flow channel for DB-4. Jun. 2016 
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Photo 169: Lowering pump into WW4. Jun. 2016 
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Photo 170: Installation of electrical panels at WW4. Jun. 2016 
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Photo 171: Grading topsoil over trench area. Jun. 2016 
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Photo 172: Grading topsoil over PIV and MHs. Jun. 2016 
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Photo 173: Pressure valve outside of WW4. Jun. 2016 
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Photo 174: Grading topsoil around WW4 and to the north. Jun. 2016 
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Photo 175: Seeding north of new GWTP. Jun. 2016 
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Photo 176: Seeding and erosion control mat over trench. Jun. 2016 
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Photo 177: Extending SW pipe at southeast corner of GWTP. Jun. 2016 
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Photo 178: Backfilling over 8-inch forcemain. Jun. 2016 
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Photo 179: Placing #53 stone for WW4 access road. Jun. 2016 
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Photo 180: Compaction of #53 stone for WW4 access road. Jun. 2016 
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Photo 181: Placement of rock southeast of WW4. Jun. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Construction Certification Report for Pilot 
Perimeter Groundwater Trench Collection System 

 
GHD | General Motors, LLC  - Construction Certification Report for Pilot Perimeter Groundwater Trench Collection System | 013968 (394) | 182 

 

 

 

Photo 182: Laying out diesel pump pad. Jun. 2016 
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Photo 183: Access road to WW4 and around DB-4. Jun. 2016 
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Photo 184: Seeding former modutanks area. Jun. 2016 
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Photo 185: Conduits between WW4 and diesel pump pad. Jun. 2016 
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Photo 186: Placing stone for pad around WW4. Jun. 2016 
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Photo 187: Hooking up backup pump near WW4. Jun. 2016 
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Photo 188: Floats and transducers in WW4. Jun. 2016 
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Photo 189: Re-enforcing rock barrier with riprap. Jun. 2016. 
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Photo 190: Seeding and placing erosion control mat in DB-3. Jun. 2016 
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Photo 191: Shutoff valve on generator pad discharge. Jun. 2016 
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Photo 192: WW4 guard rails installed. Jun. 2016 
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Photo 193: Raising pipe into MH-7. Jul. 2016 
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Appendix I 
Copies of Field QA Records 
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Appendix J 
Pilot Trench Interim Groundwater Monitoring 

Program and Operations Schedule 
(Pilot Trench Performance Monitoring Plan (PMP) 

provided separately) 
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1. Introduction 

This Pilot Trench Performance Monitoring Plan (PMP) has been prepared by GHD Services Inc. 
(GHD) to evaluate and monitor the groundwater collection hydraulic performance of the Pilot 
Perimeter Groundwater Trench Collection System (Pilot Trench) constructed at the General Motors 
(GM) LLC Global Propulsion Systems (GPS) Bedford Facility (Facility), located in Bedford Indiana. 
The Pilot Trench was installed as part of the Resource Conservation and Recovery Act (RCRA) 
Corrective Action (CA) activities being conducted under the Administrative Order on Consent (AOC) 
(effective date August 4, 2014) between United States Environmental Protection Agency (U.S. EPA) 
and GM LLC for the Facility (Docket No. RCRA-005-2014-0011). 

The Pilot Trench is part of a perimeter groundwater collection trench system to be installed through 
the karst bedrock and designed to collect the shallow, PCB-impacted groundwater beneath the East 
Plant Area, thereby intercepting potential shallow groundwater migration from the Facility. The 
inherent capture and removal of groundwater by the constructed Pilot Trench, located along a 
portion of the hydraulically downgradient Facility boundary associated with a bedrock valley 
drainage feature, is intended to accentuate the existing hydraulic gradients to define the hydraulic 
capture performance of the completed installation. Thus, the Pilot Trench may have a practical 
horizontal collection zone that exceeds the mere length of the trench by producing an inward flow 
path upgradient of the trench location. 

The Perimeter Groundwater Trench Collection System is intended to be installed in two or more 
phases of work, with the Pilot Trench segment constructed to demonstrate installation techniques, 
attainment of trench depth at or below the competent/karstic bedrock interface, and to assess the 
effectiveness of the horizontal groundwater hydraulic collection zone. Installation and subsequent 
inspection of the Pilot Trench has validated the appropriateness of the construction techniques and 
confirmed attainment of the required depth. This PMP is intended to further define and assess prior 
monitoring information that indicates (1) overall groundwater flow in the northern portion of the East 
Plant Area is controlled by an east-west trending bedrock valley that conducts groundwater towards 
the Pilot Trench, and (2) horizontal and vertical hydraulic capture of groundwater above the 
competent bedrock at the Pilot Trench effectively prevents contaminated groundwater from 
migrating off-site at levels which would result in unacceptable risk to human health and the 
environment (See the Problem Statements in Section X). 

Monitoring wells located in select areas in the vicinity of the Pilot Trench, and periodically monitored 
throughout the various seasons, will be used to monitor and measure the hydraulic performance of 
the capture zone of the Pilot Trench. The proposed installation of additional monitoring locations will 
be completed to augment the current monitoring network in this area.  

Furthermore, dye trace investigations will be implemented immediately upgradient of the trench to 
assist in the understanding of groundwater flow in the area of the trench and to provide more 
information on the broader capture potential from areas on the upgradient side of the East Plant 
Area. Each of these components, along with other geologic, hydrogeologic and chemical data, will 
be integrated into a lines of evidence approach to evaluate the overall performance of the hydraulic 
capture of the Pilot Trench operation. 
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The Pilot Trench PMP is organized into the following sections: 

1) Section 2 presents the Conceptual Site Model (CSM), including a generalized description of 
the local geologic and hydrogeologic conditions, groundwater movement, and contaminant 
transport 

2) Section 3 presents a description of the Pilot Trench construction 

3) Section 4 presents the proposed Performance Monitoring Plan, including monitoring well 
installation and multiple studies (thermal imaging reconnaissance, groundwater sampling, 
hydraulic monitoring, and dye tracer studies) that will be used to monitor the performance of 
the Pilot Trench 

4) Section 5 describes the reporting of results from the monitoring activities 

5) Section 6 presents the references referred in completing this work plan 

2. Conceptual Site Model – Pilot-Trench Area 

2.1 Physical Setting 

The Facility is in the Mitchell Plateau physiographic province, a carbonate karst plateau dissected 
by a few major stream systems. The term karst describes a terrane underlain by soluble rocks, 
where openings in the rocks are widened through dissolution, creating unique networks of 
preferential groundwater flow and, frequently, features including caves, sinkholes, and springs. The 
main Facility structures are situated on a flat hilltop in the West Plant Area (Inset 1). The land 
surface comprising the East Plant Area generally slopes to the east and is underlain by a veneer of 
recently placed fill materials situated on limestone bedrock. The bedrock surface is incised by two 
narrow, roughly east-west trending valleys that convey groundwater eastward to Bailey’s Branch 
creek. The Pilot Trench is constructed across the northernmost of these two bedrock valleys.  
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2.2 Geologic Conditions 

This section provides an overview of relevant geologic conditions at and around the Facility. Details 
regarding geologic conditions are contained in the draft RCRA Facility Investigation (RFI) Report 
(GHD, 2015). 

2.2.1 Geologic Materials 

The geology of the site and surroundings consists of a thin veneer of unconsolidated clay-rich and 
finer grained material overlying bedrock comprised of several Mississippian geologic formations 
(Inset 1). In descending order (youngest to oldest), these are the St. Louis Limestone (Msl) of the 
Blue River Group, the Salem Limestone (Ms), the Harrodsburg Limestone (Mh), the Ramp Creek 
Formation (Mrc) of the Sanders Group, and the Edwardsville Formation of the Borden Group (Mb)1. 

                                                      
1  The bedrock geologic map prepared by Thompson et al. (2008) does not differentiate between the three 
formations that comprise the Borden Group. All three are denoted by the symbol “Mb”. 

Inset 1. (Left) Bedrock geology map with topographic contours (after Thompson et al., 2008, with adjustments based 
on site-specific data); (Right) generalized stratigraphic column showing unit relationships. The thickness of the Blue 
River and Sanders Group Formations shown are relative to the approximate average thickness of formations 
penetrated at the site. Unit abbreviations explained in text. Yellow arrow denotes strike of regionally dominant joint set 
(Powell, 1976 [Plate 1]). Pilot trench shown in magenta. 
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Karst can form in all these formations except the Borden, which is not comprised of soluble rock. 
Figure 2.1 depicts the current surface topography with the underlying top of bedrock surface across 
the Facility. 

Descriptions of the unconsolidated material and bedrock formations beneath the site follow. 

Unconsolidated Material 

Unconsolidated, native materials overlying the bedrock at the Facility are relatively thin and consist 
chiefly of loess (silt deposited by wind) underlain by residuum. Residuum is mineral material that 
accumulated in place as the carbonate bedrock dissolved and disintegrated (chemically weathered). 
The residuum at the facility is described as predominantly clay with traces of silt and gravel, clayey 
sand, and silty sand. 

Fill materials placed at the Facility consist of gravel with varying amounts of finer-grained material. 
Debris such as wood, plastic, brick, and metal are occasionally encountered in the fill. 

St. Louis Limestone 

The St. Louis Limestone in Indiana is divided into two parts based on lithology: the upper St. Louis 
and the lower St. Louis. Only the lower St. Louis is present at the Facility. The lower St. Louis 
consists mostly of thin-bedded, generally micritic, limestone with thin beds of calcareous shale and 
silty dolostone (Carr, 1986). The average matrix (i.e., primary) porosity of samples tested from rock 
cores collected at the Facility was 8.6%. The St. Louis Limestone thins from the southwest to 
northeast across the Facility, with an average thickness of approximately 21 feet (GHD, 2015). This 
formation grades into and conformably overlies the Salem Limestone. 

Salem Limestone 

The Salem Limestone comprises the youngest unit of the Sanders Group. The most widely known 
rock type of the Salem Limestone is cross-bedded calcarenite2 that is medium to coarse grained, 
porous, and fairly well sorted which occurs in exceptionally thick beds. The individual grains consist 
of microfossils and fossil fragments cemented with calcite. Other rock types comprising the 
formation include biocalcirudites3, very fine grained argillaceous dolostone, and dense argillaceous 
limestone (Pinsak, 1957). 

The average thickness of the Salem Limestone beneath the Facility, where overlain by the St. Louis 
Limestone, is approximately 61 feet. In the northeast portion of the Facility, where the St. Louis 
Limestone has been eroded away, the Salem Limestone thins due to weathering. The base of the 
Salem Limestone grades into and conformably overlies the Harrodsburg Limestone. The average 
matrix porosity of samples tested from rock cores collected at the Facility was 9%. 

Harrodsburg Limestone 

The Harrodsburg Limestone has been divided in the literature into an upper and a lower unit. The 
upper unit at the Facility consists of bioclastic calcarenite and calcirudite with beds of variable 

                                                      
2  Calcarenite is a type of limestone that is composed predominantly of sand-sized carbonate grains.  
3  Biocalcirudite is a limestone formed predominantly of fossil fragments that are larger than sand 
(>2 millimeters). 



 
 

GHD | Pilot Trench Performance Monitoring Plan - Revision 2 | 013968 (404) | Page 5 

thickness. Occasional shale laminae and small vugs were also present (GHD 2015). The average 
matrix porosity of samples tested from rock cores of the upper unit collected at the Facility was 
5.4%. The thickness of the upper unit beneath the site averaged 51 feet. The lower Harrodsburg 
Limestone consists predominantly of fine-grained limestone with beds of variable thickness and 
contains interbedded shale laminae and thicker shale beds. Small vugs occur throughout the lower 
unit, with small siliceous geodes present near its base. The average thickness of the lower unit is 
approximately 26 feet. The matrix porosity of the lower unit was not measured. 

Ramp Creek Formation 

The Ramp Creek Formation beneath the site consists of very fine- to medium-grained, evenly-
bedded, dolomitic limestone with occasional shale seams. Vugs and geodes are numerous 
throughout the formation. The average thickness of the formation beneath the Facility is 
approximately 20 feet. The matrix porosity of the unit averaged 26%. 

Edwardsville Formation  

Only a few feet of the Edwardsville Formation were penetrated by borings at the Facility and 
consisted of relatively soft calcareous shale. The top of this formation was observed to contain a 
thin layer of glauconitic shale with small crystals of pyrite, which is consistent with information 
provided by Nicoll and Rexroad (1975). In addition to shale, Stockdale (1931) reports that the 
Edwardsville Formation also contains beds of siltstone and fine-grained sandstone, and that the 
formation thickness ranges from 40 to 200 feet in Indiana. 

2.2.2 Bedrock Structure 

Regionally, all the bedrock formations dip gradually toward the southwest at about 30 to 250 feet 
per mile (Powell, 1976). Mapping performed as part of the RFI indicates that the dip of the strata 
locally is on the order of 40 to 100 feet per mile. Local dip angle and direction can vary significantly 
from the regional trend (Perry and Smith, 1958) due to local folding of strata. 

The type, orientation, and frequency of fractures are important factors governing karst development 
and the movement of groundwater through the bedrock. Fractures represent a form of secondary 
porosity of the rock. Fractures present in the bedrock are divided into two types: bedding-plane 
fractures and joints. 

As their name implies, bedding-plane fractures occur along bedding planes. Because the bedding-
plane fractures are nearly horizontal, they are the type of fractures most-commonly intercepted by 
vertical borings. While bedding-plane fractures were identified in all the bedrock formations 
penetrated, their frequency tended to decrease with depth. Also, because bedding planes are less 
common in the Salem Limestone, bedding-plane fractures in this formation were also less common 
than in the other limestone formations. 

For the purposes of this CSM, joints are defined as rock fractures that are not aligned along 
bedding. Powell (1976) conducted an extensive study of jointing of Mississippian rocks in southwest 
Indiana and their implications in terms of karst formation and groundwater movement. He 
determined that the jointing was common in rocks in the region, including the Blue River and 
Sanders Groups. The joint system in the area consists of two sets of near-vertical joints, denoted 
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“master” and “cross”. The joints in the master-joint set normally transect more than one bed of rock 
vertically, are longer than cross joints, and have a preferred orientation that, in the region, is roughly 
east-west. Cross-joints commonly terminate at master joints, to which they are nearly normal 
(intercept at right angles) and generally transect only one bed. Powell (1976) notes that the spacing 
of master joints in the Salem Limestone ranges from 10 to 50 feet. 

2.2.3 Karst 

Karst refers to geologic terrain that is comprised of and underlain by soluble bedrock. Such terrains 
often have diagnostic landforms like sinkholes and hydrologic features such as sinking streams and 
springs. A karst aquifer is comprised of bedrock whose permeability has been enhanced by 
dissolution processes. A karst aquifer can be present even if there are no karst landforms nearby. 

Regionally, karst has been shown to form in all four of the limestone formations that underlie the 
site (the St. Louis, Salem, Harrodsburg, and Ramp Creek). Although it is calcite-rich, thick-bedded, 
and possesses the requisite secondary porosity, the Salem Limestone appears less susceptible to 
karstification than does the St. Louis Limestone (Thornbury 1969). 

Karst aquifers represent triple-porosity systems comprised of primary (matrix), secondary (fracture), 
and tertiary (solution or “conduit”) porosity. Worthington, et al. (2000) examined the storage and 
movement of groundwater in four well-studied karst aquifers. They found that, in all cases, more 
than 90% of the groundwater in the aquifers was stored in the matrix porosity and more than 90% of 
the flow through the aquifers occurred in the conduit porosity, with fractures playing an intermediate 
role. Hydraulic-head and groundwater-quality data from wells screened across conduit porosity, 
therefore, are most important in assessing the movement of contaminants dissolved in, or adsorbed 
to particulates moving with, groundwater in the bedrock. 

Solution-widened pathways in karst aquifers enlarge and become integrated over time forming 
networks of conduits that typically have apertures in the millimeter to centimeter range (Worthington 
and Ford 2009). These networks converge in the downgradient direction, focusing groundwater 
flow, and discharging at springs. 

2.3 Groundwater Movement 

Groundwater in karstic terrain moves, on a macro scale, from areas of relatively higher to lowest 
pore pressure. On this macro scale water flows principally within regions of the karstic rock where 
the voids are larger and more densely inter-connected, thus allowing easy communication (i.e., low 
pressure gradient) between them. On a micro scale, groundwater in the matrix porosity, or in closed 
or poorly interconnected fractures, drains more slowly towards nearby inter-connected fractures 
and/or conduits and requires much higher pore pressure gradients to achieve such movement. In 
practice, groundwater within these interconnected fractures and conduits drains relatively rapidly 
through the bedrock and discharges to the ground surface or within surface water bodies at seeps 
and springs.  

In the East Plant Area, as described in the RCRA Facility Investigation Report (Section 4.4.2), these 
interconnected conduits are preferentially located in the upper portion of the karstic rock. This 
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vertical fracture/void density gradient tends to result in a strong shallow horizontal groundwater flow 
component in the East Plant Area. 

In the northern portion of the East Plant Area, where the Pilot Trench is located, potentiometric 
mapping of groundwater in the shallow bedrock via monitoring wells, along with previous dye tracer 
testing results, suggests that prior to trench installation groundwater flowed to the east, with little 
vertical flow, and discharged to springs located along the historical and current Tributary 3. 
However, the imperfect knowledge of the bedrock permeability structure in such karst aquifers 
renders validation of these local groundwater flow directions using only potentiometric maps less 
certain than in non-karst settings. Nevertheless, supported by other available data (e.g., previous 
dye tracer testing results, observed geology) and professional experience with karst aquifers, it is 
reasonable to infer that, prior to trench installation, shallow groundwater in the northern portion of 
the East Plant Area indeed discharged to springs along Tributary 3 and/or Bailey’s Branch, but is 
now be expected to be captured by the Pilot Trench.  

To better characterize groundwater movement in karst aquifers, dye tracer studies are often used to 
supplement hydraulic data collected from monitoring wells and therefore provide better overall 
confidence in the characterization of groundwater flow. This PMP describes two such post-
construction tracer studies to be conducted as part of the performance monitoring program for the 
Pilot Trench, described later in this document. 

The bedrock aquifer is recharged by infiltration of precipitation. Historical water-level data 
demonstrate that the water levels in some monitoring wells respond rapidly to storm events 
whereas in other wells they do not. The rapid response suggests that recharge occurs rapidly and is 
focused along solution-widened fractures. In general, wells that respond rapidly are better-
connected hydraulically to the active flow system, while wells with muted responses (or no 
response) are poorly connected. Samples analyzed from the former represent the quality of 
groundwater that is in transit through the aquifer whereas samples analyzed from the latter 
represent the quality of groundwater that is essentially in storage in the aquifer. However, it is noted 
that rapid responses occur at greater magnitude at this site at wells that are not under the cover 
system materials. While, those wells that are located under the cover system, do show direct 
responses at some locations, however those responses are more muted (Figure 4.17 shows a 
graph of the transducer data that have been collected at the Facility, where these conditions can be 
observed. 

Comparison of groundwater elevation data from wells screened shallow (i.e., in the St. Louis or 
upper Salem Limestones) with those screened deeper (i.e., in the Harrodsburg Limestone or Ramp 
Creek Formation) demonstrates that a strong downward gradient exists. If all the limestone 
formations above the Edwardsville Formation represented one well-integrated karst aquifer, such a 
large vertical gradient would not exist. This observation is evidence that an interval of more 
competent rock exists at depth beneath the East Plant Area that retards downward movement of 
groundwater. 

2.4 Contaminant Transport 

Prior to the RCRA Corrective Action activities, the East Plant Area was used for the disposal of 
wastes, including PCB impacted soil and debris. In the northern portion of this area extensive soil 
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sampling was conducted to assess the nature of this fill material and elsewhere in the East Plant 
Area. The East Plant Area Interim Measure resulted in the removal and on-site containment of PCB 
material > 50 mg/kg in the landfill vault, and the placement of additional < 50 mg/kg floodplain soil 
and sediment as grading material prior to installation of a multi-component cover system.  

To date, PCBs have not been detected in samples of pilot-trench effluent, indicating that PCBs have 
not been migrating appreciably in the groundwater collected by the trench. Fill soils in the East Plant 
Area of the Facility have lower levels of PCBs, typically much less than 50 mg/kg. Such levels 
typically do not lead to appreciable levels of dissolved PCBs in groundwater because PCBs have 
low solubility and a high affinity to adhere to soil particles. Groundwater in certain areas upgradient 
of the pilot trench, including that issuing from select former seeps and springs, has been shown to 
contain PCBs (GHD, 2015) in either the total or dissolved fraction.  

The interpretation of PCB detections in groundwater samples located beyond the installed trench as 
a primary line of evidence is insufficient in determining Pilot Trench effectiveness because PCBs 
have low solubility and a high affinity to adhere to soil particles. Positive detections of PCBs 
downgradient of the Pilot Trench could be remnant artifacts of historic migration that have become 
entrained on soil particles, which can be inadvertently introduced into the groundwater sample 
collection process or they may become intermittently mobile in the fracture network of karstic 
terrain. 

Site Source Control (SSC) systems installed in northern portion of the East Plant Area prior to 
trench installation collect and separately route this groundwater for treatment. As noted in the 
previous section, springs represent discharge points for conduit networks. These springs result from 
natural conduit networks that are convergent and drain nearly all the local groundwater moving 
through the bedrock. Groundwater in the primary porosity and non-weathered fractures moves 
slowly toward, and discharges into, the conduit networks. The presence of springs upgradient of the 
Pilot Trench indicates that one-or-more local conduit networks exist in the area and are collecting 
and transporting impacted groundwater to the SSC systems. There is no evidence that PCB DNAPL 
is transported by the network(s); specifically, DNAPL has not accumulated in any wells in the area 
west (upgradient) of the pilot trench, nor has separate-phase oil been identified in the treatment 
plant that receives the water collected by the SSC systems. Based on this information, it is possible 
that all impacted groundwater upgradient of the pilot trench is being collected by the SSC systems, 
which would explain the absence of PCBs in water pumped from the trench. 

If a deeper conduit network in the bedrock exists, and impacted groundwater has reached such a 
network, the impacted groundwater would migrate through the network and would be expected to 
discharge to one-or-more springs located along Tributary 3 downstream of the pilot trench or along 
Bailey’s Branch. 

PCB concentrations in groundwater migrating through fractures toward conduit networks will be 
significantly attenuated by matrix diffusion, as noted by Dr. Kueper in Appendix J.2 of the draft RFI 
Report (GHD 2015). Additionally, due to the converging nature of karst conduit networks, 
contaminant concentrations in groundwater flowing through such networks are commonly reduced 
with distance downgradient, as tributary conduits containing clean groundwater join the flow system. 
Seepage of clean groundwater into the network from the rock matrix and unweathered fractures 
would also play a role in reducing concentrations (i.e., through dilution). 
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Based on the above discussion, and the length of time since the release of the contaminants, it is 
likely that the maximum extent of groundwater impacts due to sources in the northern portion of the 
East Plant Area has been attained, that is, the distribution and migration of contaminants in this 
area is at quasi-steady state. Under this condition, contaminant concentrations will gradually decline 
over time. Short term fluctuations in contaminant concentrations detected in samples collected from 
monitoring wells and springs can be expected. Storm events of a certain magnitude may create 
ephemeral, turbulent-flow conditions. Such “threshold” storms may temporarily mobilize stored 
contaminants, potentially including contaminants sorbed to aquifer sediments. If this transport 
mechanism occurs at the site, it has arguably been occurring periodically since the contaminants 
were released decades ago and can be characterized by implementing an appropriate storm-event-
based sampling program. This condition would be more accentuated for locations outside of the 
cover system and may not be applicable to those locations under the cover system. 

The conceptual model for karst groundwater flow described herein has several implications 
regarding contaminant characterization and transport: 

• With distance downgradient of a source area, impacted groundwater will be increasingly 
confined to the conduit network. This means that a conventional “plume” of impacted water will 
not develop; rather, the limits of impacted water will represent the architecture of the conduit 
network transmitting it. 

• Because the architecture of conduit networks cannot be characterized in detail, and individual 
monitoring wells often do not intercept the networks, more uncertainty exists regarding the 
details of groundwater flow and quality in the bedrock than in non-karst settings. 

• Some storm events likely result in a temporary reversal of the hydraulic gradient in the conduit 
network. Ewers, et al. (2012) note that in situations where such reversal of flow occurs, and 
contaminated groundwater is present in a major conduit, impacted groundwater can invade 
surrounding solution and fracture porosity during storm events. The invading water returns to 
the conduit when the flood is past; however, contaminants can remain outside the conduit due 
to various mechanisms. This would result in a “halo” of impacted groundwater and/or sediments 
in the solution porosity and fractures surrounding the conduit that is transmitting impacted 
groundwater (or had done so at some time, or many times in the past). Similarly, modeling 
performed by Smart (1999) implies that during flow-reversal storm events, clastic sediment will 
be transferred from primary conduits into the aquifer and will remain there rather than being 
transported back to the conduits when flow reverses after the storm peak passes. If such 
sediments are contaminated, those transported out of the primary conduits and into surrounding 
solution and fracture porosity may remain there indefinitely. If a monitoring well happens to tap 
into a fracture containing such sediments, they may be mobilized during sampling, resulting in a 
sampling artifact (that is, the detected contaminants were not moving with the groundwater but 
rather were mobilized by the sampling process). 

• Given the extreme heterogeneity of karst aquifers, water-quality data collected from monitoring 
wells must be interpreted with care and sound judgement. Data from some groundwater 
samples may represent sample collection artifacts, the quality of groundwater that is stored in 
(or moving very slowly through) the aquifer or the quality of groundwater moving relatively 
rapidly through the aquifer. Data collected from still other wells will represent some unique 
combination of storage and transport components. Chemical concentrations in samples 
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collected from some wells be affected by antecedent and current weather conditions, whereas 
samples from other wells will be largely unaffected by such conditions. 

• Samples from springs represent the average quality of the water drained by the conduit network 
feeding them. Such data are useful for assessing potential exposure risks posed by the spring 
water as well as for detecting potential changes in aquifer conditions and contaminant-transport 
conditions over time. 

2.5 Summary 

The Pilot Trench is constructed across the northernmost of two bedrock valleys in the East Plant 
Area. Both valleys are tributaries to Baily’s Branch, which drains northward near the Facility. The 
geology of the area surrounding the Pilot Trench consists of a relatively thin layer of unconsolidated 
material overlying bedrock. The unconsolidated material consists chiefly of residuum, the clay-rich, 
insoluble remnants of limestone bedrock that has been weathered in place, fill material or 
consolidated creek floodplain soil and sediment from the prior removal action. Bedrock beneath the 
area consists of four limestone formations deposited atop the Borden Group, a thick sequence of 
insoluble rocks – predominantly shales, siltstones, and fine-grained sandstones. 

In the region, all four limestone formations have been known to develop karst. In this process, 
certain pathways in the rock are enlarged by dissolution. These pathways converge downgradient, 
forming an enhanced drainage network in the rock, and discharge at springs. As the bedrock 
dissolves, crevices are enlarged and cavities are formed. While mitigated as a result of the 
installation of a cover system, unconsolidated material can move into these openings in the rock 
and can be intermittently transported through the conduit network. These networks occupy only a 
small percentage of the rock volume – most of the bedrock is sparsely fractured, particularly at 
depth, and poorly transmissive. However, because they are such efficient drains, 90 percent or 
more of the groundwater moving through the rock does so through the conduit network. Hydraulic 
head data collected from monitoring wells at the site exhibit a strong downward gradient across 
most of the East Plant Area. These data are evidence that all four limestone formations do not form 
a single, hydraulically-well-connected aquifer. 

Characterizing the movement of groundwater and contaminants in karst aquifers is made 
challenging by their extreme heterogeneity and anisotropy (i.e., unpredictability). Characterization 
approaches that work definitively in most other settings do not work as well in karst aquifers. Data 
collected from monitoring wells, while a necessary part of a characterization effort, must usually be 
supplemented with other data, including those collected from tracer studies. Such a study is an 
element of the performance monitoring plan presented in this document. 

Groundwater samples collected from those monitoring wells that are poorly connected to the 
conduit network draining the bedrock represent the quality of groundwater that is essentially stored 
in the aquifer or moving very slowly toward the network. Groundwater samples collected from 
monitoring wells that are well connected to the network represent the quality of groundwater moving 
through the site. With distance downgradient, most of the impacted groundwater is isolated in the 
conduit network; therefore, a conventional “plume” of impacted water does not develop. A mode of 
contaminant transport that is important in some karst aquifers is the episodic movement of 
sediments through the rock in response to storm events. Storm events may also cause a temporary 
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reversal of flow – from the conduits into narrower fractures and other openings in the rock. This 
process can form a “halo” of contaminants outside the conduits. Because most conduits cannot be 
remotely sensed and mapped, they cannot be targeted for installation of monitoring wells. This 
reality means that the extent of contamination in karst aquifers cannot be characterized as precisely 
as in non-karst aquifers. As such, identifying and mitigating potential risks to receptors is an 
essential element of groundwater remedial strategies in karst aquifers – arguably more important 
than in non-karst settings. PCB concentrations in groundwater migrating through fractures will be 
significantly attenuated by matrix diffusion, and the converging nature of karst conduit networks 
serves to reduce dissolved PCB concentrations with distance downgradient, as tributary conduits 
containing clean groundwater join the flow system. Samples from springs represent the average 
quality of the water drained by the conduit network feeding them. Such data are useful for 
assessing potential exposure risks posed by the spring water as well as for detecting potential 
changes in contaminant-transport conditions over time. 

Given the nature of the karst aquifer at the site and the length of time since the release of the 
contaminants, the maximum extent of groundwater impacts due to sources in the northern portion of 
the East Plant Area is interpreted to have been attained. Under this condition, groundwater 
contaminant concentrations will gradually decline over time. 

Figure 2.2 presents the Conceptual Site Model for the construction Pilot Trench (Section 3). This 
block diagram attempts to conceptually illustrate some of the groundwater movement and potential 
contaminant migration mechanisms presented above. 

3. Description of Pilot Trench Construction 

3.1 Pilot Trench Location and Description 

The Pilot Trench is approximately 800 feet in length, and was installed at the northeast corner of the 
East Plant Area along the downgradient extent of the groundwater table beneath the property. The 
surface expression of the Pilot Trench alignment is perpendicular to the geomorphic valley feature 
defined by a drainage channel referred to as Tributary 3. Tributary 3 is the surface expression of a 
subsurface ravine incised into bedrock. 

Groundwater flow in karstic shallow bedrock regimes, such as present beneath the Facility, are 
typically highly influenced by bedrock topography. Figure 2.1 shows the top of bedrock contours 
beneath the East Plant Area, with the Pilot Trench shown in the northeast corner. The approximate 
current and historical bedrock drainage channels are indicated by large arrows directed to the 
northeast. 

The location and alignment of the Pilot Trench was designed to work in conjunction with the local 
geology/hydrogeology and other East Plant Area Interim Measures (IM) to provide horizontal control 
of groundwater migration in the northern portion of the East Plant Area. The Pilot Trench exploits 
the intrinsic control of groundwater flow by the bedrock topography, which includes the 
northeasterly trending bedrock valley that consolidates the shallow bedrock groundwater flow as 
well as surface water flow along the topographic and bedrock valley axis. The Pilot Trench 
transects, and is oriented roughly perpendicular to, this bedrock valley. In addition, the East Plant 
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Area Final Cover System (Cover System) has reduced overall local groundwater recharge, thereby 
moderating and/or reducing the flow of groundwater through the karstic rock and into the Pilot 
Trench. In order to further demonstrate the effectiveness of the installed Pilot Trench, hydraulic 
monitoring of these wells, combined with a dye trace investigation and chemical testing (described 
in Section 4), in addition to data collected to date (hydraulic head measurements, observed geology 
through observation of retrieved bedrock cores, visual and video inspection of the pre-constructed 
vault area and completed trench walls, packer-pressure testing, etc., will document the hydraulic 
performance of the Pilot Trench. 

3.2 Pilot Trench Components 

The Pilot Trench section of the potential Perimeter Groundwater Trench Collection System is being 
used to evaluate the performance of the overall groundwater collection system. Construction of the 
Pilot Trench consisted of removal of the overlying overburden soil, excavation of a bedrock trench, 
installation of collection system components, backfilling of the trench, and re-construction of the 
engineered cover system. The bottom design elevation of the Pilot Trench was determined based 
on direct observation of bedrock cores collected during pre-design drilling activities, and further 
verified by geophysical testing performed after removal of the overburden and prior to excavating 
the bedrock. The base of the excavated trench was positioned just below the bottom, of identified 
transmissive fractures (both vertical and horizontal) in the epi or upper karst features in the 
erosional bedrock surface. These fracture features are the main conduits for shallow bedrock 
groundwater movement in a karstic environment. The general hydraulic gradient along the Pilot 
Trench was designed to allow collected groundwater to naturally fall via gravity to a water collection 
sump, which then would pump the water to the groundwater treatment system, located to the south. 

The Pilot Trench (2 feet wide, with variable depth) was cut into bedrock using a Trencor 1660 rock 
trenching machine, owned by H.L. Chapman Pipeline Construction, Inc. (HL Chapman), a specialty 
sub-contractor retained by Sevenson Environmental Services Inc, as general contractor. The rock 
cuttings were removed from the trench to allow for visual inspection of the trench walls and floor, 
along with obtaining survey data, to determine if an acceptable depth had been achieved.  

After the trench depth was confirmed by field survey and cleaned (i.e., rock removed), the collection 
system was installed. 

A physical barrier of vinyl sheet piling was installed on the east (back or downgradient) wall of the 
trench. The purpose of the vinyl sheet piling was to reduce the potential for groundwater entering 
the trench from the upgradient area to the west from passing through the downgradient trench wall. 
A cement-bentonite grout mixture was then poured on the trench floor to a depth of 6 inches up the 
sheet piling. The grout provided a low permeability seal to prevent water entering the trench from 
going beneath the bottom of the vinyl sheet piling, as well as to reduce the potential for downward 
migration. 

A 6-inch diameter perforated High Density Polyethylene (HDPE) drain pipe was placed on top of the 
hardened grout to facilitate conveyance of collected groundwater via gravity drainage towards Wet 
Well #4 (WW4). 
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The WW4 chamber was constructed to house two dual vertical 2-foot diameter HDPE sumps at the 
low point within the Pilot Trench. Each sump was designed to accept a single extraction pump and 
to permit the free flow of groundwater into WW4 from the 6-inch diameter HDPE drain pipe. Water 
collected in WW4 is transferred to the on-Site Groundwater Treatment Plant (GWTP) for filtration 
and granular activated carbon (GAC) treatment prior to discharge at Outfall 004 under the National 
Pollutant Discharge Elimination System (NPDES) Permit No. IN0064424. 

The excavated rock trench was backfilled around the HDPE drain pipe and to the top of the bedrock 
with clean imported granular material. Piezometers were installed along the east (downgradient) 
wall within the Pilot Trench, both along the upgradient and downgradient sides of the sheet piling. 
Above the granular backfill, a geotextile layer was placed to act as a filtration control to separate the 
granular backfill from the overlying soil. In the area where the trench extends beneath the Cover 
System, a sand component was added over the geotextile layer to create a vertical extension of the 
Pilot Trench. This extension creates a downward pathway into the trench for overburden 
groundwater that has been in contact with the cover system grading soils. 

For the portion of the Pilot Trench located within the limits of the East Plant Area Cover System, the 
area was restored consistent with the previously installed cover system design. In areas outside of 
the cover system, common fill was used to return the topography to pre-construction elevations. 

A full description of the Pilot Trench Construction can be found in the Pilot Trench Construction 
Certification Report (GHD, May 2, 2018). 

3.3 Groundwater Treatment Plant (GWTP) 

A GWTP was designed and constructed for treating PCB-impacted groundwater collected from the 
Pilot Trench, SCC Wet Wells #1, #2, and #3 (WW1, WW2, and WW3), and Vault collection systems 
[gravel underdrain system (GUS), leak detection system (LDS), and leachate collection system 
(LCS)], with the treated water being discharged to Bailey’s Branch Creek (Creek) via Tributary 3 
under a NPDES permit. The treatment processes include an equalization tank, Orival TM filtration, 
and GAC. Construction of the GWTP occurred concurrent with the Pilot Trench construction. Since 
July 2016, the constructed GWTP has treated and discharged approximately 43 million gallons of 
groundwater in accordance with the requirements of NPDES Permit No. IN0064424. 

4. Performance Monitoring Plan 

4.1 Objectives 

The objectives of this PMP are to determine if groundwater above the competent bedrock in the 
northern portion of the East Plant Area preferentially flows into the northern bedrock drainage valley 
and to the Pilot Trench, and to present multiple lines of evidence to assess whether the Pilot Trench 
operates as designed in capturing contaminated groundwater present above competent bedrock, 
thereby preventing contaminated groundwater from migrating beyond the trench at levels which 
would result in an unacceptable risk to human health and the environment.  
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Both of these objectives will be assessed during various seasons of the year. Constructed 
groundwater contour maps and data analyses will assist in visual depiction and analytical 
interpretation of the influenced hydraulic gradients, observations of the underlying geology as 
determined through bedrock coring retrieval, visual observations of the pre-constructed vault area 
and the completed trench wall, historical and new chemical data as a secondary line of evidence, 
thermal aerial mapping of the current spring system, and completion of a dye tracer test in this area 
of the Facility. Well installation logs for the existing monitoring wells can be found in Appendix A. 

The proposed Pilot Trench PMP includes completion of a thermal image reconnaissance to identify 
seeps and springs, installation of new monitoring wells, conduct of two dye tracer tests to assess 
groundwater flow remote from and close to the trench, recording water levels from monitoring wells, 
piezometers and surface water staff gauges, further assessment of geological features, and the 
collection of secondary evidence through the analysis of groundwater, surface water, and spring 
water samples for PCBs. Details of the monitoring activities are provided in the following sections. 

4.2 Groundwater Monitoring Well Installations 

Prior to completion of this PMP, GM has installed ten groundwater monitoring wells in the vicinity of 
the Pilot Trench in order to obtain additional sampling location for monitoring of the performance of 
the trench (CH-61 through CH-70). These locations are provided on Table 4.1.  

Seven new vertical groundwater monitoring locations were installed preceding this plan using a 6-
inch diameter outer steel casing set approximately two feet into the top of the bedrock surface in 
order to obtain a seal from the overburden materials. The steel casing was then grouted into place 
using a cement-bentonite grout mixture. Once the grout was set, bedrock coring continued below 
the depth of the outer steel casing using a HQ core barrel. Upon completion of the coring, the 
corehole remain open so that the length of the cored section of bedrock is open to groundwater, 
where present. All monitoring wells were completed with a concrete base and a locking cap at the 
surface. Additional bollards were also installed around the completed monitoring wells. All wells 
were developed and surveyed for ground and top of casing elevations. Total depths at each location 
were approximately 10 feet below the bottom elevation of the constructed Pilot Trench. Table 4.1 
presents the installed monitoring wells, the rationale and intended use of each of the locations, and 
the schedule of the proposed monitoring for the activities described herein.  

Three additional groundwater monitoring wells were installed at a 30-degree angle (from vertical) to 
be used as additional monitoring locations to assess the performance of the Pilot Trench. These 
three locations were completed using an angled installation (approximately 30 degrees from 
vertical) in order to enhance the possibility of locating the same fractures, or fracture system 
identified in the videos of the completed Pilot Trench. These angled coreholes were oriented in a 
north-south direction in an attempt to intersect the east-west trending vertical fracture. One of the 
paired coreholes was located upgradient and the other one will be located downgradient of the 
installed Pilot Trench. Figure 4.1 show the completed locations (CH-69 and the paired locations 
CH-68 and CH-70). Each of these newly proposed monitoring wells were cored via HQ coring 
techniques and were completed at depth to a similar elevation as the previously installed wells 
(approximately 580 feet above mean sea level (ft. AMSL).  
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4.3 Groundwater and Spring Water Monitoring for PCBs 

4.3.1 Background 

Historical detections of PCBs in groundwater have been detected during the RFI. . Groundwater 
results in the area of the Pilot Trench have historically detected concentrations of PCBs at locations 
upgradient of the Pilot Trench location. Detections of estimated PCBs have been detected at 8 
groundwater samples from 6 different wells in the shallow groundwater flow system in the area that 
is included within this study, ranging from estimated concentrations of 0.042J ug/L (MW-
X143Y245D-1) to 2.978J u/L (MW-X143Y193CG). In all, there have been 8 detections of total PCBs 
from 92 samples collected. In addition, detections of PCBs were reported at 510 ug/L and 5.1 ug/L, 
within the intermediate groundwater flow system at monitoring well MW-X178Y367D-2 and MW-
X178Y367D-3, respectively) out of 57 samples collected. However, these detections occurred 
during a period (May 2006) where the laboratory reported analytical issues related to a previous 
batch of samples that had been analyzed (non-project related). There were no detections of PCBs 
from samples collected in the deep groundwater flow system out of 21 collected. Spring water All 
results and locations are presented in Appendix H and Figures 7.1.1 through 7.1.5 located in the 
draft RFI Report, GHD, September 30, 2015). Figure 4.2 of this workplan also presents the 
historical PCB detections in groundwater. 

Historical detections of PCBs in seep and spring water have been detected during the RFI. Note 
that many of these detections were prior to completion of Interim Measures (IM) activities. The seep 
water is perched groundwater located upgradient and beneath former AOI 4, which was historically 
discharging to the ground surface near the northern limits of the fill material in the East Plant Area. 
These seeps and perched groundwater have been captured through implementation of the Site 
Source Control (SSC) systems in those areas. This groundwater is now all being drained to Wet 
Well #3 and is treated prior to discharge via a NPDES permit.  

There have been 4 estimated detections of the 17 surface water samples collected at the Tributary 
3-3 location ranging from 0.067J to 0.13J ug/L, prior to the completion of the SSC systems and prior 
to the installation of the surface cap and installations of the drainage basins. There have been no 
detections since May 2014 at the Tributary 3-3 location. Groundwater and surface water results are 
presented on Figure 4.2.  

There have been several springs identified during an aerial infra-red, thermal survey conducted in 
2004 and subsequently verified at the ground surface. These seeps and springs were included in 
the Site Source Control (SSC) Study, where several samples were collected during an 
approximately 3 year study (note that some springs were sampled prior to the SSC program). Many 
of these springs have been included in subsequent soil removal and surface water controls as part 
of Interim Measures implementation. The following provides a brief summary for the samples 
collected from the seeps and springs located within and near the current Pilot Trench Monitoring 
Plan (many of these results were from samples collected prior to IMs): 

• Four springs were previously sampled out of six identified along the Northern Tributary. Out of 
the 33 samples collected in total, there were 6 positive (some estimated) results for total and/or 
dissolved PCBs. The range of detections was from 0.33 to 6.05J ug/L located in the headwaters 
of the Northern Tributary. This area has since undergone an extensive soil removal IM. One 
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additional detection of PCBs was identified further downstream at an estimated concentration of 
0.947J (16 samples were collected from this location with only the one estimated detection 
collected during the middle of the SSC program). 

• From Outfall 002 (former and current), along Bailey’s Branch to the confluence of Tributary 3, 
Eight springs were identified prior to the completion of the water control and soil IMs. Of these 
8 springs, 5 were sampled during and prior to the SSC. Detections near the headwaters (Seep 
001 at Outfall 002), ranged from 0.14J (2007) to 9.9 ug/L (2004). An SSC collection system was 
installed during this time period. One other detection was reported from Spring 013 at 0.27 ug/L 
during 2004. 

• There were 6 springs identified from Bailey’s Scales Road along Tributary 3 to the confluence 
with Baily’s Branch. All of these spring were located along the southern bank on Parcel 15. Of 
the 17 total samples collected, there was one estimated detection of PCBs at 0.096J ug/L. 

• From the confluence of Tributary 3 and Bailey’s Branch to the confluence of Bailey’s Branch 
and the Northern Tributary, and including smaller ephemeral tributaries (exclusive of Spring 
018, Spring 018B, and Spring 018C), Sixteen seeps and springs were identified and sampled 
during the SSC program. In total, 14 locations were sampled with 21 detections out of 111 
samples collected along this stretch. Of those, 5 springs were located immediately 
downgradient of Spring 0018 Area (prior to containment). Of the 21 total detections, 14 
exhibited detections ranging from 0.11J to 810 ug/L in 2004. Containment at the Spring 018 
Area and remediation of the creek material has occurred subsequent to this time. The other 
7 estimated detections were a little further downstream and ranged from 0.038J to 0.12J ug/L. 

Figure 4.3 presents the locations and historical databoxes of the previous seeps and springs along 
with the currently identified thermal anomalies identified during the 2019 unmanned aerial systems 
(UAS) study. Several of the previous seeps and springs do not currently exist due to IM 
implementation. However, several current anomalies were determined to be previous seeps and 
springs that have been sampled for total and dissolved PCBs. All 2019 identified anomalies will be 
field verified, where access is granted. 

4.3.2 Proposed Groundwater Monitoring 

Groundwater samples for total and dissolved PCBs will be collected at 42 locations near the vicinity 
of the Pilot Trench and will be used as a secondary line of evidence to support and evaluate current 
conditions related to the performance of the Pilot Trench. Eleven of these samples will be collected 
from groundwater monitoring wells (existing and newly installed) and two will be collected from the 
two Wet Wells (3 & 4). Of the 42 locations, 7 are included in either the CA750 monitoring program 
or during the monthly collections at Wet Wells 3 & 4. Table 4.1 presents a list of monitoring wells 
and Figure 4.2 shows the locations where it is proposed to collect samples under this program. 

All groundwater samples will be collected using a zero-purge sampling protocol under low-flow 
sampling procedures. All samples will be submitted to Test America Laboratories (TAL) for analysis 
of total and dissolved PCBs under normal chain of custody protocol. Samples that are not part of 
the CA750 program (or monthly collection) that have positive detections will be considered for 
inclusion in part under the CA750 program or as a separate program specifically designed for the 
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evaluation of the trench performance. That decision will be discussed with the U.S. EPA prior to any 
future sampling events. 

4.4 Hydraulic Monitoring Locations 

The existing wells that are most appropriate for monitoring to assess performance of the Pilot 
Trench are listed in Table 4.1. Figure 4.1 presents the forty-nine existing locations to be monitored 
during this activity to assess the overall performance evaluation of the Pilot Trench, including 
existing monitoring wells and piezometers, the newly installed and newly proposed monitoring well 
locations, and staff gauge. Table 4.1 also presents the proposed schedule of water elevation 
collections, method of monitoring, and rationale for each location. 

4.5 Piezometer Locations within Pilot Trench  

Fifteen, 2-inch diameter piezometers were installed at approximate 50-foot intervals along the Pilot 
Trench alignment during construction. Of the 15 installed piezometers, 7 were installed to the north 
of WW4 and 8 were installed south of WW4. Eleven of those piezometers were installed within the 
Pilot Trench, along the inside groove of the vinyl sheet piling and rested on the grout base. The 
other four piezometers were installed along the outside groove of the vinyl sheet piling to similar 
depths. The purpose of installing these trench piezometers is to assist in the evaluation of the Pilot 
Trench hydraulic performance. Piezometer locations along the trench alignment are shown on 
Figure 4.1. Table 4.1 presents the frequency, method of hydraulic monitoring, and rationale two of 
the 15 piezometers. 

4.6 Well/Piezometer Monitoring 

Hydrostatic water levels will be recorded from monitoring of existing coreholes/wells/piezometers 
and proposed monitoring wells located downgradient and upgradient of the Pilot Trench. The 
proposed monitoring wells for pressure-transducer and hand measurements of hydraulic head, and 
schedule for monitoring are provided in Table 4.1. Water level recordings from both the installed 
transducers, as well as manual readings, will help to evaluate the Pilot Trench performance. 
Pressure transducers/data loggers will be set to record head readings every 15 minutes and will be 
downloaded monthly (the back-up sump at Wet Well 4 will be monitored with a pressure-transducer 
so that the working pump will not interfere or damage the equipment). Should it be determined that 
fewer, different or more locations are desirable for pressure transducers, they can be removed, 
moved, or added to in the future. All locations are presented on Figure 4.1. All hydraulic head 
measurements will be recorded more frequently during the first month of monitoring, then monthly, 
then quarterly in order to increase the opportunity to capture rainfall events and variable pumping 
rates from the operation of the trench. 

4.7 Staff Gauge Monitoring 

In addition to the existing and proposed monitoring wells and piezometers, one surface water staff 
gauge will be installed within Tributary 3, downgradient of the Pilot Trench (refer to Figure 4.1). The 
staff gauge will be mounted on a pipe installed within the bottom of the creek. The staff gauge will 
be graduated and surveyed to determine the elevation of the reference point for measurement. 
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Monitoring the surface water elevations will be included in the hydraulic assessment of the trench 
performance to help assess the groundwater-surface water interaction downgradient of the Pilot 
Trench. The rate of recording the surface water elevations will be the same as the hand 
measurement. 

4.8 Thermal Imaging Reconnaissance 

Prior to the preparation of this plan GM conducted a thermal image reconnaissance study along the 
upper portions of Bailey’s Branch to identify any existing and current springs flowing into those 
surface waters (areas approximate coverage area is shown on Figure 4.3). The purpose of this 
study was to identify any new, or previously unknown springs that can be used to monitor for the 
presence of dye (Section 4.9) and for the collection of sample for analysis of PCBs. 

To prevent the administrative burden and timing of securing access agreements and to mitigate the 
risks associated with a ground-based survey, unmanned aircraft systems (UAS) affixed with visible-
light and infrared cameras were determined to be the best solution for identifying groundwater 
seeps and springs. A remote pilot certified by the Federal Aviation Administration completed 
operations in public airspace to collect non-identifiable imagery of the creek systems north, east, 
and northeast of the Facility operations. As a courtesy to neighboring property owners, GM 
distributed mail-out flyers to the community notifying them of the proposed UAS operations. The 
survey was conducted during the week of March 18, 2019, in order to capture temperature 
differences between the warmer groundwater and the cooler ground surface and surface water. 

The thermal infrared camera utilized for this application was an uncooled VOx microbolometer with 
a 13mm lens capable of capturing 640x512 pixel resolution radiometric images. The sensor has a 
spectral band of (7.5-13.5 µm) and a scenic range -25° to 135°C. At 150 ft. above ground level, the 
sensor can scan a 200 ft. wide area, measure distinct thermal anomalies greater than/equal to 
0.90 ft2, and detect a temperature difference (ΔT) of 0.05 °C.  

Imagery was then compiled into a thermal report, side-by-side video of visible light and identified 
thermal anomalies, and a visible light mosaic of the area flown.  

4.9 Dye Tracer Testing 

Standard Operating Procedures for the collection and analyses for the dye tracing studies 
presented below are described in Appendix B. 

4.9.1 Previous Dye Tracer Study Near The Proposed Dye Tracer Study 

Overview 

On March 22, 2005, a dye trace test was conducted at the GM GPS Bedford Facility consisting of 
two separate injection of separate dyes near the Pilot Trench Area. The purpose of these traces 
was to identify groundwater flow-paths at the site. Injections were conducted in monitoring wells 
(bedrock and overburden). Below is a brief description of the lessons learned and results of the 
2005 tests (Figure 4.7). 
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Lessons Learned 

• AOI4 dye trace showed groundwater flow predominantly to the east, in the direction of the 
Pilot Trench. 

• AOI4 dye trace highlighted the complicated nature of injecting dye into wells as no dye was 
recovered from injections at three wells. The lack of detections was likely due to poor 
communication with existing conduits through the system at the injection locations, resulting 
in inconclusive testing results. 

AOI4 – Dye Trace Summary 

Injection Well 1: TMW-X193Y251. 

Formation: Overburden. 

Injection Elevation: 659.5 ft to 654.5.35 ft. 

Dye Used: Fluorescein 

Injection Date: 3/22/05 

Detections: 12 locations, See Table 1. 

Travel Time Range: 18.6 ft/day (SSC System F) to 1.5 ft/day (SSC System B). 

Arrival Time Range: 36 days (SSC System E) to 1 year 7 months (SSC System B). 

Travel Direction: Predominantly east, slight northerly component. 

Injection Well 2: MW-X145Y245S. 

Injection Formation: St Louis Limestone. 

Injection Elevation: 681.35 ft to 670.35 ft. 

Dye Used: Rhodamine WT 

Injection Date: 3/22/05 

Detections: None. Inconclusive results. 

Travel Time Range: NA. 

Travel Direction: NA. 

4.9.2 Goals and Objectives for Proposed Dye Tracer Study 

In order to assist in assessing project requirements, the following goals and objectives are provided: 

1. Enhance the understanding of the karst flow system upgradient of the Pilot Trench 

2. Assist in the evaluation of the lateral and vertical extent of capture of Pilot Trench to 
demonstrate the effectiveness of the Pilot Trench in capturing groundwater and minimizing 
by-pass 
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4.9.3 Background Monitoring for Proposed Dye Tracer Study 

In order to enhance the data collected during hydraulic head measurements, a dye tracer test will 
be conducted in the area of the Pilot Trench. This area was previously dye tracer tested in 2005 
(HGI, 2006) with fluorescent dyes being injected in the overburden (Fluoroscein), and shallow 
bedrock (Rhodamine WT). These two dyes are preferred when using two at one time due to the 
larger wavelength separation in laboratory detection techniques, in case of potential mixing of 
dye-injected water. Prior to injection of any new dyes, the proposed network will be sampled for 
background conditions to determine whether any prior dyes remain in the system before new testing 
at the locations described in Table 4.1 and depicted on Figures 4.5 and 4.6 

4.9.4 Dye Injection for Proposed Dye Tracer Study 

GM will monitor a large network of monitoring well locations, as well as surface water and spring 
water locations for the presence of dye, including a thorough dye background monitoring program 
prior to the final selection of dye types and prior to dye injection. The base set of surface water and 
spring water sampling locations will be based on the previous locations sampled during the AOI4 
dye tracing study, where locations are still available. Additional surface water and spring water 
locations may be added based on the thermal photographic and visual reconnaissance that was 
conducted as part of this PMP (Section 4.8).  

The overall success of any dye tracing is a direct result of the appropriateness and inter- connection 
of the dye introduction locations. It is undesirable to introduce dye into a location that is in poor 
connection to the bedrock drainage network, which could result in inconclusive results. It should be 
noted that PCBs have been primarily found in the shallow karstic groundwater system, and as such, 
it is appropriate to inject into that system. GM will not be evaluating injection locations in units where 
PCBs have not been identified in the past sampling. The following text discusses two general 
testing locations as they relate to distance from the Pilot Trench (Near Field and Far Field). The 
Near Field locations were chosen based on existing and proposed locations that can best 
demonstrate the horizontal performance of the Pilot Trench in capturing any groundwater in the 
vicinity of the trench. The second test, Far Field, was chosen by virtue of the vault underdrain 
system to distribute dye into the karst flow system , that it represents a potential PCB-impacted 
groundwater source and to assist in the understanding of the potential for groundwater in the 
northern portion of the East Plant Area to be captured by the Pilot Trench. 

Two dye tracer tests are being proposed under the PMP. The first test will be to inject dye in three 
areas immediately upgradient of the Pilot Trench. The initial injection is proposed at CH-20 
(mid-section of the trench which extends deeper into the bedrock), with a second injection of the 
same fluorescent dye at either end of the Pilot Trench, at a minimum of one month after the first, at 
the proposed angled wells (CH-68 and CH-69) and will include up to six months monitoring at 
downgradient locations (referred to as the Near Field testing). These injections will be focused on 
potential pathways in the immediate upgradient area of the trench to gauge the vertical and 
horizontal effectiveness of the Pilot Trench at collecting groundwater that flows within this northern 
bedrock valley. Figure 4.5 presents the proposed tracer injection and monitoring locations. The 
purpose of this testing, along with the results of head measurements, will be to assist in the 
assessment of the hydraulic capture of the Pilot Trench operation. Table 4.1 presents the proposed 
locations to be monitored for both of these injections. 
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At the conclusion of the Near Field test, a second dye trace test, referred to as the Far Field test, 
will inject a different fluorescent dye within the Vault Gravel Underdrain System (GUS) using the 
Vault cleanouts and will be monitored at the same locations as the first dye injection. In addition, the 
monitoring network will be expanded to include other locations south and north of the injected area. 
Table 4.1 presents the locations to be monitored during this separate dye tracer study. 

This second study (Far Field) will be conducted at the GUS to evaluate groundwater flow farther 
upgradient of the Pilot Trench in an area hydraulically connected to the northern bedrock valley. In 
addition, the GUS has PCB-impacted groundwater and is hydraulically connected to the shallow 
groundwater flow system. Figure 4.6 presents the dye injection location and monitoring locations for 
the GUS dye tracing testing. Monitoring at well locations under this program will also be for a 
duration of six months. Given that the surface and spring water locations are potentially longer 
travel times from the injection location, the sampling for dye at surface water and spring water, as 
identified through completion of the thermal and visual reconnaissance, may be extended for three 
additional months. While exact travel times are not necessary to assess either general groundwater 
flow nor the Pilot Trench capture potential, this evaluation (using charcoal packs) will record relative 
travel times for dyes to reach various sampling locations. 

The final PMP monitoring locations for sampling for dissolved and total PCBs at surface water and 
spring water locations will be dependent on only those locations with positive dye detections. The 
proposed monitoring sampling network will be sampled regardless of the outcome of the dye tracing 
study. The monitoring well and final surface water/spring water PCB sampling will help assess the 
broader understanding of the distribution of PCBs in the area of the trench, as well as potentially 
assist in the assessment of the performance of the Pilot Trench. Locations noted above may be 
re-sampled during the subsequent CA750 sampling event if PCB concentrations above the 
reporting limit are detected. This decision will be discussed with the U.S. EPA prior to future 
sampling events. 

The water that will be injected with dye tracers will likely be captured via Wet Well 3 and Wet Well 4, 
which will be sent to the groundwater treatment plant for treatment with activated granular carbon. 
The discharge of the treated water (Outfall 003/004) is then sent to a common discharge location on 
the Facility property prior to reaching the surface waters of Tributary 3. This location will be 
monitored for the presence of any dye that may not have been removed through the treatment 
process. Though unlikely, if dye is detected within the discharged water and allowed to move 
downstream, any potential future dye detections downstream of the Outfall may be compromised 
and the analysis/interpretation of those results may be impossible to distinguish between 
groundwater discharge of dyed water downstream and the discharged water from the treatment 
process. Surface water within portions of Bailey’s Branch and Tributary 3 are known to recharge the 
groundwater prior to returning to discharge downstream to the surface water. 

4.9.5 Dye Monitoring and Schedule for Proposed Dye Tracer Study 

Monitoring for background conditions and for the detection of the injected dyes will be at the 
locations presented in Figures 4.5 and 4.6. Monitoring will be completed through the collection of 
groundwater samples at the locations identified by means of pumps installed at the Waterloo well 
locations and through the placement and retrieval of charcoal packs, as described in Table 4.1. The 
frequency of sampling will vary by locations. Table 4.1 presents the locations, anticipated method of 
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sample collection, and anticipated schedule and duration for the twenty-three locations to be 
monitored for the presence of dye after injection. It should be noted that if a dye is not detected 
within a six month period, then the test will be deemed complete and that the fractures did not 
connect enough to form a pathway to the trench. In this case, the need for any additional testing will 
be evaluated and discussed with the U.S. EPA. 

4.9.6 Quality Assurance/Quality Control 

Field and laboratory standard operational procedures for the collection and analysis of fluorescent 
dye samples can be located in Appendix B to this PMP. 

4.10 GWTP Monitoring 

Monitoring activities for the GWTP includes sampling of the treated discharge as required by the 
NPDES permit. The discharged water is tested monthly for PCBs, Oil and Grease (HEM), and Total 
Suspended Solids (TSS). The GWTP monitoring will be reviewed as part of the scope of the Pilot 
Trench monitoring. GWTP operational samples include monthly monitoring of the system influent 
(including wet wells and vault sumps). All sampling regarding the GWTP will be reported in 
Quarterly Progress Reports and the CA750 Reports. 

4.11 Data Quality and Analyses 

4.11.1 Data Quality Objectives 

Problem Statements 

• Does the groundwater above the competent bedrock in the northern portion of the East Plant 
Area preferentially flow into the northern bedrock drainage valley and to the Pilot Trench? 

• Do lines of evidence support a determination that the Pilot Trench operates as designed in 
capturing contaminated groundwater present above competent bedrock, thereby preventing 
contaminated groundwater from migrating beyond the trench at levels which would result in an 
unacceptable risk to human health and the environment? 

Study Goals 

The goal of this study is to assess groundwater flow in the northern portion of the East Plant in 
relation to the groundwater above competent bedrock horizontal capture performance of the 
installed Pilot Trench with respect to this area. The study will gather relevant data and information, 
employ various techniques and use a multiple lines of evidence approach (e.g., existing geologic 
conditions as observed through bedrock corings and trench face evaluation through visual and 
video observation, ground penetrating radar, packer-pressure testing, groundwater head 
measurements and evaluation, PCB sampling of groundwater and spring water, dye tracer testing 
results, etc.), to evaluate the performance of the Pilot Trench relative to the design intent of 
capturing the horizontal groundwater flow above competent bedrock. Each line of evidence is 
described below.  
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Information Inputs 

The following types of data input will be evaluated during this study. 

Each of these lines of evidence, while individually not adequately define the overall capture 
performance of the Pilot Trench, can be used to assess trench performance: 

• Existing overall geologic conditions as determined through installation of coreholes, visual 
examination or collected cores, packer-pressure testing for hydraulic conductivity, downhole 
geophysical data collection and evaluation, the evaluation of the completed trench faces 
through the design process, and the installation of new vertical and angled coreholes post 
trench construction. 

• Hydraulic head measurements will be collected from a suite of monitoring wells at differing 
elevations that will provide the direction of groundwater flow, evaluation of hydraulic gradients, 
and seasonal and weather-related episodic conditions. Data will be collected both manually and 
with pressure transducers installed in select monitoring wells. 

• Sampling of PCBs in groundwater monitoring wells, collected trench water and spring and 
surface water will also be collected as part of the multiple line of evidence approach. These data 
will be evaluated as part of the multiple lines of evidence approach. 

• Dye tracer studies can provide information on groundwater flow from point A to point B so as to 
create a general picture of where groundwater may be flowing through the subsurface karstic 
system. They can also be used, in combination with other supporting lines of evidence, to 
assess where groundwater may not be readily flowing (within the time constraints of the study). 
In addition, dye introduced in a source area that subsequently shows at a distal location is not a 
sole indicator that any contamination would ever have been detected at the distal location, as 
the dye tracer is more soluble and conservative than a contaminant migrating. Conversely, the 
absence of dye at a distal location does not necessarily indicate that such a sampling point 
have never, nor would ever receive any migrating contamination from the point of introduction. 

Because there are no other scientific methods available to be able to map the actual subsurface 
conduits, this study will use each line of evidence together to provide a reasonable review of the 
Pilot Trench Performance. 

Study Boundaries 

Vertically, the study is primarily bounded by the shallow groundwater flow system, which is 
underlain by the top of the competent bedrock. While, there will be checks on monitoring wells in 
the intermediate and deep flow systems, data to date have shown that the majority of the 
contamination at the Facility is limited to the upper portions of groundwater flow which is dominated 
by karstic and significantly fractured rock. Horizontally, the study will include upgradient, side 
gradient, and downgradient locations within the northern portion of the East Plant Area of the 
Facility, near the Pilot Trench Area (The attached figure presents the horizontal physical 
boundaries). Each study, or line of evidence, will have slightly different boundaries specific to that 
task, as described in the above scope of work 
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Analytic Approach 

• Continuing assessment of the geologic conditions will be augmented through the installation of 
the new vertical and angled coreholes 

• Hydraulic head measurement will be completed through hand measurement and pressure-
transducers, in accordance with the existing QAPP for the RFI 

• Groundwater, collected trench water, surface water, and spring water will be sampled in 
accordance with the existing QAPP for the RFI 

Dye tracer tested will be completed by fluorescent dye injection, sampling of grab and charcoal 
packs, and analyses at a fixed facility laboratory, in accordance with Appendix B. 

Performance or Acceptance Criteria 

The collected analytical data will be evaluated as follows: 

• Hydraulic head will be measured to the nearest 0.01’. These data will be plotted on graphs 
showing head trends at each location along with recorded rainfall. These data will also be 
selectively presented as potentiometric surface figures in order to illustrate relationships 
between rainfall and the pumping operations at the Pilot Trench. The pumps within WW#3 and 
WW#4 may also be temporarily shut down in order to monitor the recovery of the aquifer and 
then re-started to monitor the response to pumping. GM will also be recording the staff gauge 
for surface water elevations at the Tributary 3-3 location. These head evaluations will provide, in 
part, a more complete definition of the general capture zone for the Pilot Trench operations. 

• Groundwater, collected trench water, surface water, and spring water sampling will include total 
and dissolved PCBs. Interpreting sample results can be challenging due to the potential for 
particulates, which preferentially retain PCBs, being inadvertently introduced into the sample 
during the collection process. The results of this sampling will provide a current condition for the 
presence or absence of PCBs at individual locations. Groundwater sampling will continue at 
twice per year thereafter at the locations included in the EI CA750 program. Additional locations 
may be added for further evaluation and will be discussed with the U.S. EPA prior to 
proceeding. 

• Dye tracing results will be analyzed from grab and charcoal sample collected at locations 
presented in Table 4.1. Final spring and seep sample locations, will be agreed upon in 
consultation with the U.S. EPA, and will be based on current conditions resulting from the 
completed thermal study, as well as previously collected seep and spring samples. The actual 
dyes that will be used will be based on a thorough background sampling to identify if any 
previously used dyes are still present within the groundwater system. The results of the 
monitoring after dye injection will assist in the evaluation of the performance of the Pilot Trench 
operations and will provide a better understanding of flow patterns in the area. Specific rates of 
travel through the karstic rock, though not the goal of, nor needed for, the study, will also be 
calculated based on distance traveled and sample collection time associated with a positive 
laboratory result. 
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4.11.2 Data Analysis 

The shallow groundwater potentiometric surface in the area of the Pilot Trench is influenced by the 
topography of the historical bedrock drainage valley defining Tributary 3 (Figure 2.1). The shallow 
groundwater potentiometric contouring in the Pilot Trench area shown on Figure 4.8 illustrates this 
influence prior to the completion of the East Plant Area Cover System. The potentiometric contours 
shown on Figure 4.8 are based on groundwater conditions in December 2010. Figures 4.9 to 4.12 
present the shallow groundwater potentiometric contours from yearly monitoring prior to the Pilot 
Trench completion and yearly monitoring after the Pilot Trench construction. Figures 4.13 to 
Figure 4.16 depict the shallow groundwater potentiometric surfaces after operation of the Pilot 
Trench began in March 2016, Figure 17 depicts a graphical chart of hydraulic heads from selected 
existing wells in the area prior and subsequent to the Pilot Trench completion. As can be seen in 
the progression of potentiometric surfaces, the influence of the Pilot Trench has lowered the 
potentiometric surface near the trench and increased the hydraulic gradients toward the trench at 
upgradient and side-gradient locations, as well as increased the area of capture of the shallow 
groundwater. Because the pump operates in a cyclic manner (i.e., activated by a high-float switch), 
steady-state conditions may never be technically realized. However, it is anticipated that a 
steady-shape will be clearly demonstrated. Continual monitoring of the proposed network will 
provide useful data for the evaluation to be completed under the Corrective Measures Proposal 
(CMP). The data collected from the dye tracing (Section 4.9) and the hydraulic head monitoring will 
be evaluated in a similar fashion as shown in Figures 4.8 to 4.16. Other analyses may include 
point-by-point data evaluation between monitored locations, time trends for seasonal pumping 
fluctuations and precipitation, hydraulic gradients, surface water-groundwater interaction 
downgradient of the trench, and comparison to previous dye tracing for a more complete evaluation 
of the performance of the Pilot Trench. 

U.S.EPA has requested that GM include PCB sampling as a “secondary line of evidence” to 
supplement the dye trace testing and hydraulic monitoring. GM has stated its concerns with relying 
on PCB groundwater results without additional lines of evidence for purposes of assessing the 
performance of the Pilot Trench collection system. Some of these concerns include:  

• There is a possibility for sampling artifacts. It is possible that PCBs migrated beyond the Pilot 
Trench prior to its installation and came to be adsorbed onto unconsolidated materials lining 
weathered fracture faces or unconsolidated materials deposited in grikes or other solution-
widened elements of the bedrock drainage network. If such features happen to be penetrated 
by a monitoring well located downgradient of the Pilot Trench, the sampling process could 
mobilize particulate matter to which PCBs are adsorbed, entraining them in the sample. Thus, 
the PCBs detected in the sample would not be indicative of PCBs moving with the groundwater, 
but rather of historical, immobile PCBs sorbed to the aquifer matrix and would have no relation 
to the operation of the Pilot Trench. 

• There is a possibility that some groundwater in more stagnant portions of the bedrock 
downgradient of the trench (for example, in tight fractures or in the matrix pore water) contains 
PCBs from historical migration prior to installation of the Pilot Trench. Such “pre-existing” PCBs, 
which would be moving very slowly toward more active elements of the bedrock flow system, 
would not be relevant to the performance of the trench.  
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• There are potential challenges associated with the ability of laboratories to consistently and 
accurately detect and report very low concentrations of PCBs in groundwater samples and 
sometimes false detects occur. To minimize this potential GM will rely on one laboratory so that 
a consistent detection/non-detection and identification of the specific Aroclor patterns will be 
reported. An additional laboratory may be used if any difficulties are noted at the original lab. 

• There are potential challenges associated with potential entrained sediment, or colloidal 
material, from surface water and/or spring water, after remediation to the cleanup standards 
(Ewers, et.al., 2012) 

If PCBs are detected downgradient of the Pilot Trench, they will be evaluated in light of the above 
potential issues with the data, which may include additional sampling or other potential additional 
investigation. 

As a result, data analysis of each monitoring activity individually, and in combination, will sufficiently 
document the hydraulic capture capability of the installed Pilot Trench. Individually, the dye tracer 
results will show a conservative groundwater flow pathway from the point of injection to points of 
detection qualitatively. The detailed hydraulic head evaluation through time will show a generalized 
flow pattern of the Shallow groundwater flow system in this area. PCB sampling will provide a 
current snapshot of existing concentrations in groundwater and surface water, which may result in 
additional sampling in the future. All, in combination, will provide demonstration of the overall 
performance of the Pilot Trench in the capture and treatment of the Shallow groundwater flow 
system in reducing, or eliminating, potential contaminant migration in this system from moving off-
Site. 

5. Reporting 

Note that not all data collected under the thermal and dye tracer studies, or the PCB sampling may 
end up being directly related to the performance of the Pilot Trench. However, all data will be 
provided, summarized, and described as to the relative usefulness in evaluating the performance of 
the Pilot Trench hydraulic control. All results of the activities described under the PMP will also be 
evaluated as to any data gaps identified that may be relevant to the Pilot Trench and/or any 
potential future IMs at the Facility. 

GM may also request future modifications to this proposed performance monitoring program based 
on the performance of the Pilot Trench through evaluation of the data, described herein. 

6. References 

• Carr, D.D. 1986. St. Louis Limestone, in Shaver, R.H., Ault, C.H., Burger, A.M., Carr, D.D., 
Droste, J.B., Eggert, D.L., Gray, H.H., Harper, Denver, Hasenmueller, N.R., Hasenmueller, W.A., 
Horowitz, A.S., Hutchison, H.C., Keith, B.D., Keller, S.J., Patton, J.B., Rexroad, C.B., and Wier, 
C.E., Compendium of Paleozoic rock-unit stratigraphy in Indiana–a revision: Indiana Geological 
Survey Bulletin 59, p. 125-126. 



 
 

GHD | Pilot Trench Performance Monitoring Plan - Revision 2 | 013968 (404) | Page 27 

• Ewers, R.O., K.A. White, and J.F. Fuller. 2012. Contaminant plumes and psuedoplumes in karst 
aquifers. Carbonates and Evaporites, 27(2): 153-159. 

• GHD. 2015. Draft Resource Conservation and Recovery Act Facility Investigation (RFI) Report, 
General Motors Castings, Engines, and Transmissions (CET) Bedford Facility. Prepared for 
General Motors LLC. September 30. 

• 2008, Groundwater Collection Trench, Pilot Study Area, East Plant – Station 24+00 TO WW-6. 
November 25 

• Hydrogeology, Inc. (HGI), 2006. Technical Memorandum on dye tracing results at AOI 4 

• Nicoll, R.S. and C.B. Rexroad. 1975. Stratigraphy and Conodont Paleontology of the Sanders 
Group (Mississippian) in Indiana and Adjacent Kentucky, Indiana Geological Survey Bulletin 51. 
36 p.  

• Kueper, Dr. B.H., January 20, 2006. Site Conceptual Model Migration, GM Powertrain Bedford, 
Facility, Bedford, Indiana. Technical Memorandum 

• Palmer, A.N., 1969, A Hydrologic Study of the Indiana Karst, Ph. D. thesis, Indiana University 

• Perry, T.G., and N.M. Smith. 1958. The Meramec-Chester boundaries and associated strata in 
Indiana: Indiana Dept. Cons., Geol. Survey, Bull. 12, 110 p., 1 fig., 6 pls. 

• Pinsak, A. P. 1957. Subsurface stratigraphy of the Salem Limestone and associated formations in 
Indiana: Indiana Geological Survey Bulletin 11, 62 p. 

• Powell, R.L., 1966, Caves, Speleology and Karst Hydrology, Reprinted from The Indiana 
Sesquicentennial Volume NATURAL FEATURES OF INDIANA, Indiana Academy of Science, 
State Library, Indianapolis, Indiana 

- 1976, Some Geomorphic and Hydrologic Implications of Jointing in Carbonate Strata of 
Mississippian Age in South-Central Indiana, Ph.D. thesis, Purdue University 

- 2001, Personal Communication with William Steinmann, CPG, GHD Services, Inc.  

• Smart, C.C. 1999. Subsidiary conduit systems: A hiatus in aquifer monitoring and modeling. In, 
Karst Modeling Symposium, Charlottesville, VA, Proceedings: A.N. Palmer, and M.V. Palmer 
(eds.), Special Publication 5, Karst Waters Institute, Charlestown, WV, p. 146-57. 

• Stockdale, P.B. 1931. The Borden (Knobstone) rocks of southern Indiana: Indiana Dept. Conserv. 
Pub. 98, 380 p. 

• Thompson, T.A., B.D. Keith, W.A. Hasenmueller, and C.M. Estell. 2008. Preliminary bedrock 
geologic map of the Bartlettsville 7.5-minute quadrangle, Indiana. Indiana Geological Survey 
open-file study 08-02. One sheet. Scale 1:24,000. 

• Thornbury, W.D. 1969. Principles of geomorphology, 2nd ed., New York, Wiley and Sons, 594 p. 

• Worthington, S.R.H., and D.C. Ford. 2009. Self-Organized Permeability in Carbonate Aquifers. 
Ground Water 47(3): 326-36. 

• Worthington, S. R. H., Ford, D. C. and Beddows, P. A. 2001. Porosity and permeability 
enhancement in unconfined carbonate aquifers as a result of solution. In Klimchouk, A.B., Ford, 



 
 

GHD | Pilot Trench Performance Monitoring Plan - Revision 2 | 013968 (404) | Page 28 

D.C., Palmer, A.N. and Dreybrodt, W. (Eds.), Speleogenesis: Evolution of Karst Aquifers. National 
Speleological Society, Huntsville, pp. 220-223. 



690

700

710

720

730

730

740

740

750

750

682

682

684

686

688

692

694

696

698

702

704

706

708

712714

714

714

716

718

722

724724

724

726

726

726

726

726

728

728

732

732

734

734

736

736

738

738

742

742

744

744

746

746

748

748

752

752

754

754

720

730

740

750

722

724

726

728

732

734

736

738

742

744

746

748

752

754

722

730

722

722

724

726

728

732

734

736

738

70
0

710

720

730

740

69
8

70
2

704

706

708

712

714

716

718

722

724

726

728

732

734

736

738

670664

666

668

670

670

680

680

680

690

700

710
710
710720730

664

664

666

666668

668

672

672

674

674

676

676

678

678

682684686688692694696698702

704
706
708

712714716718722724726728

732734736738

670
664

666

668

672

670
664

666

668

672

674

676

678

720

730

716

718

722

724

726

728

732

734

736

738

710706

708

712

714

716716

702

704

700

710

720

730

708

712

716

718

722

724

726

728

732

734

736

690

700

710

710

692

694

696

698

702

704

706

708

712

712

680

690

672

674

676

678

682

684

686

688

714

70
8

670

680

690

700

666

668

672

674

676

678

682

684

686

688

692

694

696

698

702

704

662

664

69
067

8

68
2

68
4

68
6

68
8

69
2

69
4

69
6

69
8

70
2 704 70
668

0

690

682684686688692694696698702704706

670

666668

672674676678682

710

720

730

712714716718722724726728

732734736738

700

710

698702704706708

680

710

682
684

686

688

692

694

696

698

702

704

706

708

712

714

696

674

680

690

700

710

678

682

684

686

688

692

694

696

698

698

698

702

704

706

708

712

680

678

676

66
0

67
0

65
6

65
8

66
2

66
4

66
6

66
8

67
2

674

676

678

678

654

656

654656

640

650

660

632

634

636

638

642

644

646

648

652

654

656

658

662

664

666

668

710

702
704

706

708

712

700

710

696

698

702

704

706

708

712712

674

678

672

676

714

674

676
678

680682

680

690

700

666

668

672

674

676

678

682

682

682

684
686

688

692
694

696
698

702

664 662

664

666

680

690

676
678

682

684

686

688

692

694

696

698

630

640

650

660

670

680

690

632634636638642644646648652654656658662664666668672

672672

674

674674

676

676

676678682684686688692694696698

640

640

63
2

634

634

636

636

638

638

620

630

640

650

660

670

614

616

618

622

624

626

628

632

634

634

634

636

638

642

644

646

648

652

654

654

654
656

658

662

664

666

668

672

674

676

678

614

616

618

62
062

262
462

662
8

62
0

62
2

62
4

62
6

62
8

610

620

608

612

614

616

618

622

624

606

706

70
8

706

670

690

700

684

686

688

692

694

696

698

702
704

706
708

680

674

676

678
682

62
0

63
0

61
8

62
262

462
662

8

63
263

463
6

614

61
0

60
861

261
461

6

670
664666668

672676

674678

72
4

722

720

718

716

714

712

710

708

706

704

702

700

698

696

694

692

690

688

686

684

682

690

690

708

714

630

630

640

650

610

700

70
0

680

700

720

730

68
0

670

632 634 636

638

63
8

63
6

63
4

63
2

63
0

632

634

636

638

604

606
608610

620

622

624

626 62
6

606

608

61
6

61
461

2

618

618

638

638

63
4

636

638

63
6

63
8

63
4

64
0

642

644

646

648

652

654

656

65
8

65
8

634

636

636

712

714 716

718

722 724

726

728

732

734 736

736

734

732

728

726

724

722

730

720

718

716

714

714

71
2

71
0

70
8

70
6

704

70
2

700

70
0

702

704

70
6

702

670

610

610

610

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

X

X

MW-X204Y288 (ABANDONED)

9-2 (ABANDONED)

9-3 (ABANDONED)

C.O. (ABANDONED)
C.O. (ABANDONED)

217

326

327328

329

330

216

8

10

11

12

13

15

363

364

365

367

368

369

370

371

406

407

405

404

403

210

216

372

373

376

377

208

209

211

212

213

214

379

378

402

401

416

415

414

412

413

215

C.O.

X X

F

F
F

F

C.O.

C.O.

C.O.

C.O.

C.O.

630

650

GM GPS
FACILITY

G
M

 DRIVE

BRECKENRIDGE ROAD

NO
RT

H 
JA

CK
SO

N 
ST

RE
ET

VAULT

ROBINS WAY

378

377

373

372

371

370

369

368

367

365

363

364

401

402

403

404

405

15

413

412

414

415

416

214

213

212

211
209

208

210

407

406

15

13

12

11

10
8

330

329

328 327

326

217

379

BAILEY SCALES RO
AD

BAILEY SCALES RO
AD

BARLOW LANE

G
M

 DRIVE

BRECKENRIDGE ROAD

NO
RT

H 
JA

CK
SO

N 
ST

RE
ET

LA
NE

BA
RL

O
W

HISTORICAL BEDROCK
DRAINAGE VALLEYS

BEDROCK PILOT TRENCH

650

650

64
0

700

690

69
0

680

680

690

680

64
0

640

64
0

660

600

610

610

600
590

580

630

620

670

600610620630650

660

60
0

61
0

62
0

670

660

650

65
0

640

630

61
0

600
610620

630

630

650

660

670

66
066

0670

MW-X178Y367D
(662.4)

15-1
(583.9)

15-2
(581.6)

15-3
(603.3)

15-4
(586.9) 15-5

(584.2)

15-6
(585.5)

15-6I
(588.0)

15-6D
(589.2)

15-7
(605.0)

15-8
(579.7)

15-9
(562.9)

15-10
(574.7)

15-11
(573.6)

15-12
(593.4)

15-13
(567.2)

15-14
(579.8)

15-15
(575.8)

15-16
(600.2)

15-17
(598.5)

15-18
(597.4)

15-19
(594.9)

15-20
(594.3)

CH18-1
(589.9)

CH18-2
(606.5)

CH18-3
(606.6)

CH18-4
(604.4)

CH18-5
(598.3)

CH18-6
(593.5)

CH18-9
(589.8)

CH18-10
(588.5)

CH18-11
(612.3)

CH18-12
(612.4)

CH18-13
(596.1)

CH-46
(624.6)

CH-47
(639.1) CH-48

(636.6)
CH-49
(637.6)

CH-45
(646.0)

CH-51
(637.3)

CH-52
(665.3)

CH-53
(675.2)

CH-54
(679.7)

MW-X315Y115

MW-X140Y180
(698.0)

MW-X130Y195
(678.6)

9-1
(667.2)

9-1
(663.3) C

.O
.

C
.O

.

C
.O

.

C
.O

.

MW-X367Y239
(598.1)

7-2
(675.3)

7-3
(669.4)

7-4
(672.4)

7-5
(675.9)

7-6
(675.9)

7-7
(665.3)

9-1
(667.2)

9-2
(664.6)

9-3
(660.5)

9-4
(657.9)

AD-1
(646.7)

AD-11
(628.8)

AD-12
(627.1)

AD-14
(632.3)

AD-16
(634.3)

AD-17
(627.4)

AD-18
(626.3)

AD-19
(628.3)
AD-20
(628.0)

AD-3
(635.7)

AD-4
(674.7)

AD-5
(672.4)

AD-6
(644.0)

AD-7
(636.0)

AD-8
(627.9)

AD-9
(634.2)

B-809012-1
(644.1)

B-809012-11
(641.1)

B-809012-12
(615.1)

(634.6)

B-809012-15
(614.5)

B-809012-17
(657.4)

B-809012-19
(645.7)

B-809012-2
(649.7)

B-809012-21
(640.9)

(638.0)

B-809012-23
(659.0)

B-809012-3
(651.4)

B-809012-8
(641.3)

B-809012-9
(660.2)

BH-28A
(633.8)

BH-A004-1
(670.8)

BH-A004-2
(683.6)

BH-EA010-2
(645.9)

BH-EA010-3
(660.2)

BH-EA010-4
(664.4)

B-X095Y206B

B-X097Y232
(692.6)

B-X100Y198
(689.7)

B-X102Y258
(686.0)

B-X107Y151
(692.8)

B-X107Y203
(692.4)

B-X108Y190
(691.6)

B-X108Y226A
(684.7)

B-X108Y226B
(686.6)

B-X108Y226C

B-X123Y129
(703.0)

B-X123Y245B
(675.5)

B-X128Y255B
(664.7)

B-X128Y255D
(667.2)

B-X130Y215
(675.0)

B-X132Y186B
(679.2)

B-X137Y132
(702.5)

B-X143Y193A
(675.3)

B-X143Y193B
(674.9)

B-X143Y193C
(675.7)

B-X158Y207
(672.5)

B-X165Y179
(702.5)

B-X169Y248
(666.4)

B-X170Y143
(703.7)

B-X170Y211
(664.5)

B-X173Y131
(704.2)

B-X176Y143
(701.3)

B-X177Y252D
(660.0)

B-X183Y133
(703.8)

B-X185Y185
(677.6)

B-X185Y195
(681.3)

B-X187Y217
(681.1)

B-X193Y194
(675.9)

B-X193Y251
(649.4)

B-X204Y132
(704.6)

B-X204Y149
(702.7)

B-X217Y159
(687.3)

B-X218Y141
(698.6)

B-X219Y249
(656.1)

B-X223Y247D
(645.9)

B-X243Y257
(638.7)

B-X253Y329A
(646.2)

B-X253Y329B
(656.8)

B-X253Y329C
(646.4)

B-X253Y329D
(647.3)B-X253Y329E

(655.0) B-X253Y329F
(650.7)

B-X253Y329G
(655.1)

B-X253Y329H
(646.3)B-X254Y336

(649.9)

B-X261Y356
(649.6)

B-X318Y217
(647.6)

CH-10 Abandoned
(683.9)

CH-10A
(679.3)

CH-11 Abandoned
(655.6)

CH-11A
(657.9)

CH-12 Abandoned
(657.4)

CH-12A Abandoned
(646.4)

CH-12B
(675.1)

CH-13 Abandoned
(650.1)

CH-13B
(664.4)

CH-14B
(655.0)

CH-15
(629.1)

CH-16
(618.7)

CH-17
(620.8) CH-17A

(616.0)

CH-18
(608.3)

CH-19
(616.5)

CH-21 Abandoned
(600.6)

CH-22
(604.2)

CH-23
(610.0)

CH-24 Abandoned
(607.9)

CH-25
(604.8)

CH-26 Abandoned
(622.9)

CH-27
(631.2)

CH-28
(637.9)

CH-29
(633.6)

CH-29A
(633.6)

CH-30
(652.8)

CH-31
(658.9)

CH-32 Abandoned
(663.9)

CH-33
(664.2)

CH-34 Abandoned
(665.0)

CH-34A Abandoned
(666.6)

CH-34B Abandoned
(675.4)

CH-34C
(675.9)

CH-35 Abandoned
(683.7)

CH-36 Abandoned
(671.6)

CH-37 Abandoned
(674.2)

CH-38 Abandoned
(675.5)

CH-39 Abandoned
(660.3)

CH-39A Abandoned
(651.1)

CH-4 Abandoned
(667.9)

CH-40
(643.9)

CH-41
(628.1)

CH-4A
(661.8)

MW-X178Y367D
(662.4)

MW-X184Y285
(643.8)

MW-X204Y288
(634.9)

MW-X211Y131 Abandoned
(700.6) MW-X233Y125B

(698.5)

MW-X234Y157D
(668.9)

MW-X261Y356D
(664.9)

MW-X269Y201D
(661.4)

MW-X297Y305D
(613.5)

MW-X300Y199
(669.1)

MW-X344Y230
(604.2)

MW-X350Y125

MW-X350Y144
(615.0)

MW-X354Y200
(607.3)

MW-X358Y160
(610.0)

MW-X361Y175
(610.1)

MW-X370Y178
(616.4)

PZ08
(619.1)

B-809012-16
(650.9)

B-809012-18
(652.6)

B-809012-20
(646.7)

B-809012-4
(644.5)

B-809012-5
(654.6)

B-809012-6
(646.0)

B-809012-7
(650.0)

Parcel 414 Well
(656.9)

Parcel 208 Well
(645.8)

BH-29A
(648.7)

AD-13
(629.5)

AD-15
(643.5)

AD-2
(643.8)

B-X231Y257
(651.5)

CH-28A
(636.0)

AD-10
(642.2)

BH-EA010-1
(637.7)

BH-EA010-5
(639.5)

BH-EA010-6
(633.1)

CH-14 Abandoned
(637.5)

CH-14A Abandoned
(636.5)

CH-15A
(635.1) CH-15B

(640.5)

CH-13A Abandoned
(641.0)

MW-X318Y217
(645.9)

MW-X263Y128
(697.2)

B-X224Y138A
(701.5)
B-X224Y138B
(688.5)

B-X223Y150A
(691.7)

B-X223Y150B
(686.2)

B-X232Y180
(692.1)

B-X209Y177
(677.9)

B-X211Y169
(680.0)

B-X221Y169
(680.2)

B-X176Y179
(693.1)

B-X176Y187
(678.7)

B-X193Y172
(683.1)

7-1
(680.1)

B-X132Y186A
(679.5) B-X132Y186C

(679.1)

B-X113Y194
(691.5)

B-X148Y233
(681.1)

B-X123Y245A
(669.7)

B-X123Y245C
(672.8)

MW-X143Y245D
(682.2)

B-X128Y255C
(668.1)

MW-X128Y255
(652.0)

B-X171Y157
(703.6)

B-X186Y159
(699.4)

B-X186Y180
(699.8)

B-X195Y133
(700.7)

B-X200Y161
(707.3)

B-X217Y131
(697.9)

B-X192Y234
(666.6)

CH-50
(631.8)

CH-60
(613.2)CH-20

(605.7)

     WET
WELL 3

WET
WELL 4

figure 2.1
TOP OF BEDROCK CONTOUR MAP

PROPOSED PILOT TRENCH PERFORMANCE MONITORING PLAN
TRENCH COLLECTION SYSTEM

GM GPS BEDFORD FACILITY
Bedford, Indiana

N:\US\Chicago\Legacy\DRAWINGS\13000S\13968\13968-REPORTS\13968-00(404)\13968-00(404)GN\13968-00(404)GN-CO001.dwg  Plot Date:  AUG 15, 2019

WET
WELL 4

0 150 300ft 300.000000 1" = 300'

WET WELL

NOTE:
GM PROPERTY BOUNDARY SURVEY BY BLEDSOE RIGGERT
GUERRETTAZ RECEIVED OCTOBER 2007. ADJACENT PROPERTY
BOUNDARY LOCATIONS APPROXIMATED FROM THE LAWRENCE
COUNTY SURVEY PLATS.  ADJOINING PROPERTY LINES MAY
NOT ACCURATELY REPRESENT THE TRUE PROPERTY
BOUNDARIES

EXISTING COREHOLE AND MONITORING
WELL LOCATIONS NEAR PROPOSED
BEDROCK TRENCH

SOURCE:  BASE MAP COMPLETED BY  AIR-LAND SURVEYS, FLINT, MI, APRIL 2001
AND CRA SURVEYS 2002 TO 2013.

610

APPROXIMATE GM PROPERTY

ROADS / PAVED AREAS

LEGEND

APPROXIMATE SURFACE WATER LOCATION

BOUNDARY

RAILROAD TRACKS

FENCE LINE

DIRT ROADS

EXISTING GROUND SURFACE
ELEVATION CONTOURS (feet AMSL)

EXISTING VEGETATION

EXISTING BUILDINGS

EAST PLANT AREA

APPROXIMATE PARCEL PROPERTY

PILOT TRENCH ALIGNMENT

680

WEST PLANT AREA

BEDROCK CONTOUR (FT AMSL)
DASHED WHERE INFERRED

GM LLC OWNED RESIDENTIAL
PROPERTIES

EAST PLANT COVER SYSTEM LIMIT

DIRECTION OF HISTORICAL SURFACE WATER FLOW



figure 2.2
CONCEPTUAL SITE MODEL OF TRENCH

PROPOSED PILOT TRENCH PERFORMANCE MONITORING PLAN
TRENCH COLLECTION SYSTEM

Bedford, Indiana
N:\US\Chicago\Legacy\DRAWINGS\13000S\13968\13968-REPORTS\13968-00(404)\13968-00(404)GN\13968-00(404)GN-CO021.DWG  Plot Date:  AUG 15, 2019

NOT TO SCALE



690

700

710

720

730

730

740

740

750

750

682

682

684

686

688

692

694

696

698

702

704

706

708

712714

714

714

716

718

722

724724

724

726

726

726

726

726

728

728

732

732

734

734

736

736

738

738

742

742

744

744

746

746

748

748

752

752

754

754

720

730

740

750

722

724

726

728

732

734

736

738

742

744

746

748

752

754

722

730

722

722

724

726

728

732

734

736

738

70
0

710

720

730

740

69
8

70
2

704

706

708

712

714

716

718

722

724

726

728

732

734

736

738

670664

666

668

670

670

680

680

680

690

700

710
710
710720730

664

664

666

666668

668

672

672

674

674

676

676

678

678

682684686688692694696698702

704
706
708

712714716718722724726728

732734736738

670
664

666

668

672

670
664

666

668

672

674

676

678

720

730

716

718

722

724

726

728

732

734

736

738

710706

708

712

714

716716

702

704

700

710

720

730

708

712

716

718

722

724

726

728

732

734

736

690

700

710

710

692

694

696

698

702

704

706

708

712

712

680

690

672

674

676

678

682

684

686

688

714

70
8

670

680

690

700

666

668

672

674

676

678

682

684

686

688

692

694

696

698

702

704

662

664

69
067

8

68
2

68
4

68
6

68
8

69
2

69
4

69
6

69
8

70
2 704 70
668

0

690

682684686688692694696698702704706

670

666668

672674676678682

710

720

730

712714716718722724726728

732734736738

700

710

698702704706708

680

710

682
684

686
688

692

694

696

698

702

704

706

708

712

714

696

674

680

690

700

710

678

682

684

686

688

692

694

696

698

698

698

702

704

706

708

712

680

678

676

66
0

67
0

65
6

65
8

66
2

66
4

66
6

66
8

67
2

674

676

678

678

654

656

654656

640

650

660

632

634

636

638

642

644

646

648

652

654

656

658

662

664

666

668

710

702
704

706

708

712

700

710

696

698

702

704

706

708

712712

674

678

672

676

714

674

676
678

680682

680

690

700

666

668

672

674

676

678

682

682

682

684
686

688

692
694

696
698

702

664 662

664

666

680

690

676
678

682

684

686

688

692

694

696

698

630

640

650

660

670

680

690

632634636638642644646648652654656658662664666668672

672672

674

674674

676

676

676678682684686688692694696698

640

640

63
2

634

634

636

636

638

638

620

630

640

650

660

670

614

616

618

622

624

626

628

632

634

634

634

636

638

642

644

646

648

652

654

654

654
656

658

662

664

666

668

672

674

676

678

614

616

618

62
062

262
462

662
8

62
0

62
2

62
4

62
6

62
8

610

620

608

612

614

616

618

622

624

606

706

70
8

706

670

690

700

684

686

688

692

694

696

698

702
704

706
708

680

674

676

678
682

62
0

63
0

61
8

62
262

462
662

8

63
263

463
6

614

61
0

60
861

261
461

6

670
664666668

672676

674678

72
4

722

720

718

716

714

712

710

708

706

704

702

700

698

696

694

692

690

688

686

684

682

690

690

708

714

630

630

640

650

610

700

70
0

680

700

720

730

68
0

670

632 634 636

638

63
8

63
6

63
4

63
2

63
0

632

634

636

638

604

606
608610

620

622

624

626 62
6

606

608

61
6

61
461

2

618

618

638

638

63
4

636

638

63
6

63
8

63
4

64
0

642

644

646

648

652

654

656

65
8

65
8

634

636

636

712

714 716

718

722 724

726

728

732

734 736

736

734

732

728

726

724

722

730

720

718

716

714

714

71
2

71
0

70
8

70
6

704

70
2

700

70
0

702

704

70
6

702

670

610

610

610

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

X

X

X

MW-X204Y288 (ABANDONED)

9-2 (ABANDONED)

9-3 (ABANDONED)

C.O. (ABANDONED)
C.O. (ABANDONED)

217

330

216

8

10

11

12

13

15

363

366

364

365

367

368

369

370

371

374

406

407

405

404

403

210

216

372

373

383

376

377

208

209

211

212

213

214

379

378

380
381

402

401

416

415

414

412

413

215

X X

F

F
F

F

GM GPS
FACILITY

G
M

 DRIVE

BRECKENRIDGE ROAD

NO
RT

H 
JA

CK
SO

N 
ST

RE
ET

VAULT

ROBINS WAY

378

380

381

377

376383

373

372

374
371

370

369

368

367

365
366

363

364

401

402

403

404

405

15

413

412

414

415

416

214

213

212

211
209

208

210

407

406

15

13

12

11

10
8

330 328

217

379

BAILEY SCALES RO
AD

BAILEY SCALES RO
AD

BARLOW LANE

650

640

63
0

64
0

65
0

620

630
620

610

710

700

690

710

680

690

700

710

700

690
680

670

660

680

680

680

670

670

660

650

640

680

68
0

680

690

690700

700

670

660

740

740

730

720

710

700
690

700

690

680

670

730

720

710

700

690

680

670

620

610

720

730

740

740

730

720

750

720

730

740

BA
RL

O
W

 L
AN

E

TOWER
SYSTEM
HENRY

OIL HOUSE

STORAGE
AREA

WASTE

WASTE STORAGE AREA
FORMER RCRA HAZARDOUS

DIAMOND
BALL

690

700

3125000 3126000

DETENTION
BASIN 2

DETENTION
BASIN 3

DETENTION
BASIN 4

DETENTION
BASIN 5

66
0

650

650

650

660

66
0

660

67
0

670

670

670

67
0

690

690

680

680

690
680

700

720

710

70
0

67
0

57
0

580

600

610

61
0

620

620

62
0

62
0

62
0

62
0

63
0

63
0

630

63
0

630

64
0

64
0

64
0

65
0

650

650

66
0

67
0

60
0

600

58
0 590

610

610

600

59
0

62
0

64
062

0

63
0

60
0

610620

610

600

640

700

57
0

580

61
0

600

590

60
0

590

600

610

61
0

60
0

59
0

59
0

61
0

60
0

60
0

580

580

670

720

700

710

STORMWATER
LAGOON

CH-60 Abandoned
MW-X184Y285

MW-X344Y230

MW-X233Y120A

CH-52

CH-45

CH-47

9-4

CH-48

CH-22

CH-20

MW-X130Y195

MW-X140Y180

MW-X233Y125AMW-X233Y125B

MW-X263Y128

CH-46

MW-X318Y217D-5

MW-X120Y203

TMW-X128Y255A

TMW-X128Y255B

MW-X261Y356D-5
MW-X261Y356D-4 15-1

15-10

15-11

15-12

15-13

15-14

15-15

15-16

15-1715-18

15-19

15-2
15-20

15-3

15-4
15-515-6

15-6D

15-6I

15-715-8

15-9 CH-18-1

CH-18-10

CH-18-11

CH-18-12

CH-18-13

CH-18-2

CH-18-3

CH-18-4

CH-18-5

CH-18-6

CH-18-9

MW-X261Y356D-3
MW-X261Y356D-2
MW-X261Y356D-1

MW-X178Y367D-4

MW-X178Y367D-1
MW-X178Y367D-3

MW-X178Y367D-2
MW-X178Y367D-5

IPT-8
IPT-9

OPT-4

IPT-7 CH-19

IPT-6

OPT-3
CH-60

IPT-5

IPT-3

CH-50

CH-23
IPT-2

IPT-4

OPT-1

OPT-2

IPT-10
CH-51

MW-X323Y226

MW-X300Y199I-1

MW-X300Y199I-3
MW-X300Y199I-4

MW-X318Y217D-1
MW-X318Y217D-2
MW-X318Y217D-3
MW-X318Y217D-4

MW-X315Y150

MW-X269Y201D-1
MW-X269Y201D-2
MW-X269Y201D-3

MW-X234Y157D-4
MW-X234Y157D-3
MW-X234Y157D-2
MW-X234Y157D-1

CH-54

CH-53
MW-X234Y157S

MW-X143Y193CG

MW-X128Y255 CH-64

CH-66
CH-65

CH-62

CH-63

CH-61

MW-X297Y305D-1

CH-67

MW-X143Y245D-1
MW-X143Y245D-2

MW-X143Y245S

CH-46B
CH-46A

MW-X300Y199I-2

WW4

SG-1

MW-X297Y305D-2

IPT-11

CH-68 CH-70

CH-49
IPT-1

CH-69

figure 4.1
PROPOSED PILOT TRENCH MONITORING NETWORK AND HYDRAULIC CONTROL MONITORING LOCATIONS

PROPOSED PILOT TRENCH PERFORMANCE MONITORING PLAN
TRENCH COLLECTION SYSTEM

GM GPS BEDFORD FACILITY
Bedford, Indiana

N:\US\Chicago\Legacy\DRAWINGS\13000S\13968\13968-REPORTS\13968-00(404)\13968-00(404)GN\13968-00(404)GN-CO002.dwg  Plot Date:  AUG 15, 2019

0 150 300ft 299.999931 1" = 300'

WET WELL

LEGEND

FENCE LINE

SURFACE WATER

EAST PLANT AREA BOUNDARY

APPROXIMATE PROPERTY BOUNDARY

600

SOURCE:  BASE MAP COMPLETED BY  AIR-LAND SURVEYS, FLINT, MI, APRIL 2001
AND CRA SURVEYS 2002 TO 2013.

EAST PLANT COVER SYSTEM LIMIT

EXISTING PIEZOMETER LOCATION

STAFF GAUGE LOCATION

GM LLC OWNED RESIDENTIAL
PROPERTIES

GROUND SURFACE
ELEVATION CONTOURS (feet AMSL)

APPROXIMATE GM PROPERTY
BOUNDARY

EXISTING COREHOLE AND MONITORING
WELL LOCATIONS NEAR PROPOSED
BEDROCK TRENCH

WEST PLANT AREA BOUNDARY

LOCATION TO BE MONITORED
FOR HYDRAULIC CONTROL

NOTE:
GM PROPERTY BOUNDARY SURVEY BY BLEDSOE RIGGERT
GUERRETTAZ RECEIVED OCTOBER 2007. ADJACENT PROPERTY
BOUNDARY LOCATIONS APPROXIMATED FROM THE LAWRENCE
COUNTY SURVEY PLATS.  ADJOINING PROPERTY LINES MAY
NOT ACCURATELY REPRESENT THE TRUE PROPERTY
BOUNDARIES

PILOT TRENCH ALIGNMENT

RECENTLY INSTALLED MONITORING WELL

EXISTING MONITORING WELL LOCATIONS
NOT BEING USED IN INVESTIGATION

AND PIEZOMETER LOCATION



690

700

710

720

730

730

740

740

750

750

682

682

684

686

688

692

694

696

698

702

704

706

708

712714

714

714

716

718

722

724724

724

726

726

726

726

726

728

728

732

732

734

734

736

736

738

738

742

742

744

744

746

746

748

748

752

752

754

754

720

730

740

750

722

724

726

728

732

734

736

738

742

744

746

748

752

754

722

730

722

722

724

726

728

732

734

736

738

71
0

72
0

70
6

70
8

71
2

71
4

71
6

71
8

72
2

72
4

72
6

72
8

732

734

736

73
8

70
0

710

720

730

740

69
8

70
2

704

706

708

712

714

716

718

722

724

726

728

732

734

736

738

670664

666

668

670

670

680

680

680

690

700

710
710
710720730

664

664

666

666668

668

672

672

674

674

676

676

678

678

682684686688692694696698702

704
706
708

712714716718722724726728732734736738

670
664

666

668

672

670
664

666

668

672

674

676

678

720

730

716

718

722

724

726

728

732

734

736

738

710706

708

712

714

716716

702

704

700

710

720

730

708

712

716

718

722

724

726

728

732

734

736

690

700

710

710

692

694

696

698

702

704

706

708

712

712

680

690

672

674

676

678

682

684

686

688

714

70
8

670

680

690

700

666

668

672

674

676

678

682

684

686

688

692

694

696

698

702

704

662

664

69
067

8

68
2

68
4

68
6

68
8

69
2

69
4

69
6

69
8

70
2 704 70
668

0

690

682684686688692694696698702704706

670

666668

672674676678682

71
2

710

720

730

712714716718722724726728

732734736738

700

710

698702704706708

680

710

682
684

686
688

692

694

696

698

702

704

706

708

712

714

696

674

680

690

700

710

678

682

684

686

688

692

694

696

698

698

698

702

704

706

708

712

680

678

676

66
0

67
0

65
6

65
8

66
2

66
4

66
6

66
8

67
2

674

676

678

678

654

656

654

656

640

650

660

632

634

636

638

642

644

646

648

652

654

656

658

662

664

666

668

710

702
704

706

708

712

700

710

696

698

702

704

706

708

712712

674

678

672

676

714

674

676
678

680682

680

690

700

666

668

672

674

676

678

682

682

682

684
686

688

692
694

696
698

702

664 662

664

666

680

690

676
678

682

684

686

688

692

694

696

698

630

640

650

660

670

680

690

632634636638642644646648652654656658662664666668672

672672

674

674674

676

676

676678682684686688692694696698

640

640

63
2

634

634

636

636

638

638

620

630

640

650

660

670

614

616

618

622

624

626

628

632

634

634

634

636

638

642

644

646

648

652

654

654

654
656

658

662

664

666

668

672

674

676

678

614

616

618

62
062

262
462

662
8

62
0

62
2

62
4

62
6

62
8

610

620

608

612

614

616

618

622

624

606

706

70
8

706

670

690

700

684

686

688

692

694

696

698

702
704

706
708

680

674

676

678
682

62
0

63
0

61
8

62
262

462
662

8

63
263

463
6

614

61
0

60
861

261
461

6

670
664666668

672676

674678

72
4

722

720

718

716

714

712

710

708

706

704

702

700

698

696

694

692

690

688

686

684

682

690

690

708

714

630

630

640

650

610

730

700

70
0

680

700

720

730

68
0

670

632 634 636

638

63
8

63
6

63
4

63
2

63
0

632

634

636

638

604

606
608610

620

622

624

626 62
6

606

608

61
6

61
461

2

618

618

638

638

63
4

636

638

63
6

63
8

63
4

64
0

642

644

646

648

652

654

656

65
8

65
8

634

636

636

712

714 716

718

722 724

726

728

732

734 736

736

734

732

728

726

724

722

730

720

718

716

714

714

71
2

71
0

70
8

70
6

704

70
2

700

70
0

702

704

70
6

702

670

610

610

610

630

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

C.O.

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

W.V.

X
X

XX

X

XX

X

X

X

MW-X204Y288 (ABANDONED)

L.P.

L.P.

L.P.

9-2 (ABANDONED)

9-3 (ABANDONED)

C.O. (ABANDONED)
C.O. (ABANDONED)

217

218

326

327328

329

330

216

8

9

10

11

12

13

15

362

363

366

364

365

367

368

369

370

371

375

374

406

407

408

410

409

405

418

404

403

210

216

6

372

373

383

376

377

382

208

209

211

212

213

214

379

378

380
381

402

401

416

415

414

412

413

215

VENT
VENT

C.O.

X X X X

X

F

F

F
F

F
F

FF

C.O.

C.O.

C.O.

C.O.

C.O.

680

690

700

710

680

690

700

71
0

70
0

700

700

690

680

670

68
0

680

68
0

700

690

680

670

660

650

640

630

690

680

670

660

650

640

670

660

650

640

630

620

620

614

614
606

606

610

620

620

610

610

610

620

630

63
0

660

650

640

632

632

636

634

630

630

640640

640

650

660

660

650

640

656

658658

656

654

65
4 656

660

670

670

660

660

656

656

662662

670 672

674 676
678

670

680

676

672
680

690

700

700

710

706

702

700

690

68
0

69
070

0

71
0

72
0

68
0

68
0

68
0

69
0

70
0

71
0

71
0

71
0

720730

700
700

710

720

730

720

720

730

740

69
0

70
0

71
0

740

730

720

690

700

710
710

750

740

730

720 720

720
720

720

710

700

690

690

750

740

730

720

730740

750

71
0

70
0

69
0

72
0

73
0

730

720710700

730

720

710

710

700

690

710

700

690

680

680

670

69
0

680

70
0

71
0

710

72
0

700

690

680680

690

680

670

670

690700

700

690680

680

690

700

700

710

720

71074
0 73

0

72
0

720

740

730

720

720

730

730

730

72
0

730

720

730

720

710

730 730

720

73
0

74
0

680

690 700

680

690

660

670

650

65
0

64
0

67
0

710

700

690

670

64
0

640

640

63
0

62
0

620

610

660

730

740

750

750

740

730

700

690

670

710

700

690

600

610

620

630

630

640

640

650

660

670

670

690

680

680

650

640

620

630

620

610

710

700

690

710

680

690

700

710

700

690
680

670

660

680

680

680

670

670

660

650
640

680

68
0

680

690

690700

700

670

660

730

710

720

730

740

740

730

720

710

700
690

700

690

680

670

730

720

710

700

690

680

670

620

610

720

730

740

740

730

720

750

720

730

740

BA
RL

O
W

 L
AN

E

TOWER

FORMER

SYSTEM
HENRY

OIL HOUSE

STORAGE
AREA

WASTE

WASTE STORAGE AREA
FORMER RCRA HAZARDOUS

DIAMOND
BALL

690
700

DETENTION
BASIN 2

DETENTION
BASIN 3

DETENTION
BASIN 4

DETENTION
BASIN 5

STORMWATER
LAGOON

MW-X233Y115A

WW4

GM GPS
FACILITY

GM GPS

G
M

 DRIVE

BRECKENRIDGE ROAD

NO
RT

H 
JA

CK
SO

N 
ST

RE
ET

BARLOW LANE

VAULT

ROBINS WAY

378

380

381382

377

376383

373

372

374
371

370

369

368

367

365
366

363
364

362

361

375

401

402

403

404

405

15

413

412

414

415

416

214

213

212

211
209

208

6

210

418

409

410

408

407

406

15

13

12

11

10

9

8

330

329

328 327

326

218

217

379

BAILEY SCALES RO
AD

BAILEY SCALES RO
AD

BARLOW LANE

OPT-4

MW-X178Y367D-2

MW-X178Y367D-4

MW-X178Y367D-1
MW-X178Y367D-3

MW-X178Y367D-5

MW-X261Y356D-3
MW-X261Y356D-2
MW-X261Y356D-1

MW-X261Y356D-5
MW-X261Y356D-4

CH-45

CH-47

CH-46 CH-46B
CH-46A

CH-67

CH-48

CH-49

IPT-1

IPT-2
OPT-1

CH-50

IPT-3

SG-1

CH-23

IPT-4
OPT-2

CH-61

IPT-5

CH-60 Abandoned
CH-62

CH-60 IPT-6

CH-19

IPT-8

IPT-7

OPT-3
CH-20

IPT-9

IPT-11

CH-51

IPT-10

CH-66

CH-65

CH-64

MW-X318Y217D-5
MW-X318Y217D-1
MW-X318Y217D-2
MW-X318Y217D-3
MW-X318Y217D-4

MW-X344Y230

MW-X323Y226

CH-53

CH-52

MW-X300Y199I-1

MW-X300Y199I-3
MW-X300Y199I-4

MW-X300Y199I-2

MW-X234Y157D-4
MW-X234Y157D-3
MW-X234Y157D-2
MW-X234Y157D-1

MW-X234Y157S

CH-54

MW-X315Y115
MW-X350Y125

MW-X315Y150

MW-X120Y203 MW-X143Y193CG

MW-X143Y245D-2
MW-X143Y245D-1

MW-X143Y245S

TMW-X128Y255B

TMW-X128Y255A

MW-X184Y285
CH-29C

CH-29B
CH-29D

MW-X297Y305D-2
MW-X297Y305D-1

MW-X263Y128

CH-68 CH-70

CH-69

MW-X269Y201D-3
MW-X269Y201D-2
MW-X269Y201D-1

CH-22

MW-X130Y195

MW-X140Y180

MW-X128Y255

9-4

CH-63

9-4

Total PCBs
Total PCBs (dissolved)

12/11/2014
ug/L

0.089 J
ND

5/7/2015
ug/L

ND/0.098 J
ND/ND

11/4/2015
ug/L
ND
ND

4/27/2016
ug/L
ND
ND

12/6/2016
ug/L
ND
ND

5/2/2017
ug/L
ND
ND

12/6/2017
ug/L
ND
ND

5/22/2018
ug/L

ND/ND
ND/ND

11/28/2018
ug/L

ND/ND
ND/ND

CH-20

Total PCBs
Total PCBs (dissolved)

5/7/2015
ug/L
ND
ND

11/5/2015
ug/L
ND
ND

4/28/2016
ug/L
ND
ND

12/7/2016
ug/L
ND
ND

5/2/2017
ug/L
ND
ND

12/6/2017
ug/L
ND
ND

5/24/2018
ug/L
ND
ND

11/28/2018
ug/L
ND
ND

CH-22

Total PCBs
Total PCBs (dissolved)

5/22/2007
ug/L
ND
ND

CH-29B

Total PCBs
Total PCBs (dissolved)

5/21/2007
ug/L
ND
ND

CH-29C

Total PCBs
Total PCBs (dissolved)

5/21/2007
ug/L
ND
ND

CH-29D

Total PCBs
Total PCBs (dissolved)

5/22/2007
ug/L
ND
ND

MW-X120Y203

Total PCBs
Total PCBs (dissolved)

6/1/2006
ug/L

ND/ND
ND/ND

MW-X128Y255

Total PCBs
Total PCBs (dissolved)

8/12/2004
ug/L
ND
ND

6/7/2006
ug/L
ND
ND

MW-X130Y195

Total PCBs
Total PCBs (dissolved)

3/23/2011
ug/L
ND
ND

MW-X140Y180

Total PCBs
Total PCBs (dissolved)

3/23/2011
ug/L
ND
ND

4/15/2011
ug/L
ND
ND

MW-X143Y193CG

Total PCBs
Total PCBs (dissolved)

2/25/2008
ug/L

2.978 J
1.7

MW-X143Y245D-1

Total PCBs
Total PCBs (dissolved)

5/29/2003
ug/L
ND
ND

6/15/2006
ug/L

0.042 J
ND

MW-X143Y245D-2

Total PCBs
Total PCBs (dissolved)

4/28/2003
ug/L
ND
ND

6/14/2006
ug/L
ND
ND

MW-X143Y245S

Total PCBs
Total PCBs (dissolved)

3/12/2003
ug/L
ND
ND

MW-X178Y367D-2

Total PCBs
Total PCBs (dissolved)

6/11/2003
ug/L

ND/ND
ND/ND

5/9/2006
ug/L
510
ND

6/19/2006
ug/L
ND
ND

4/4/2007
ug/L
ND
ND

MW-X178Y367D-3

Total PCBs
Total PCBs (dissolved)

6/12/2003
ug/L
ND
ND

5/9/2006
ug/L

ND/5.1
ND/ND

6/19/2006
ug/L
ND
ND

4/2/2007
ug/L
ND
NDMW-X178Y367D-4

Total PCBs
Total PCBs (dissolved)

6/12/2003
ug/L
ND
ND

MW-X234Y157D-1

Total PCBs
Total PCBs (dissolved)

5/7/2003
ug/L
ND
ND

MW-X234Y157D-2

Total PCBs
Total PCBs (dissolved)

4/29/2003
ug/L

ND/ND
ND/ND

6/13/2006
ug/L
ND
ND

MW-X234Y157D-3

Total PCBs
Total PCBs (dissolved)

4/16/2003
ug/L
ND
ND

6/13/2006
ug/L
ND
ND

MW-X234Y157D-4

Total PCBs
Total PCBs (dissolved)

4/24/2003
ug/L
ND
ND

6/13/2006
ug/L

ND/ND
ND/ND

MW-X234Y157S

Total PCBs
Total PCBs (dissolved)

3/11/2003
ug/L
0.38

0.15 J

6/15/2004
ug/L
ND
ND

5/11/2006
ug/L
ND
ND

9/29/2006
ug/L
0.45
ND

MW-X261Y356D-2

Total PCBs
Total PCBs (dissolved)

6/11/2003
ug/L
ND
ND

MW-X261Y356D-3

Total PCBs
Total PCBs (dissolved)

6/10/2003
ug/L
ND
ND

5/10/2006
ug/L
ND
ND

4/3/2007
ug/L
ND
ND

10/16/2008
ug/L
ND
ND

5/28/2009
ug/L
ND
ND

8/4/2010
ug/L

ND/ND
ND/ND

3/14/2011
ug/L
ND
ND

12/7/2011
ug/L
ND
ND

8/3/2012
ug/L
ND
ND

12/18/2012
ug/L
ND
ND

6/27/2013
ug/L
ND
ND

10/30/2013
ug/L
ND
ND

5/16/2014
ug/L
ND
ND

11/12/2014
ug/L

ND/ND
ND/ND

5/6/2015
ug/L
ND
ND

11/4/2015
ug/L
ND
ND

4/26/2016
ug/L
ND
ND

12/6/2016
ug/L
ND
ND

5/3/2017
ug/L
ND
ND

12/6/2017
ug/L
ND
ND

5/22/2018
ug/L
ND
ND

11/27/2018
ug/L
ND
ND

MW-X269Y201D-1

Total PCBs
Total PCBs (dissolved)

5/7/2003
ug/L
ND
ND

MW-X269Y201D-2

Total PCBs
Total PCBs (dissolved)

4/29/2003
ug/L
ND
ND

6/5/2006
ug/L
ND
ND

MW-X269Y201D-3

Total PCBs
Total PCBs (dissolved)

4/30/2003
ug/L
ND
ND

6/2/2006
ug/L
ND
ND

MW-X297Y305D-1

Total PCBs
Total PCBs (dissolved)

10/24/2003
ug/L
ND
ND

MW-X297Y305D-2

Total PCBs
Total PCBs (dissolved)

10/23/2003
ug/L
ND
ND

5/8/2006
ug/L
ND
ND

3/30/2007
ug/L
ND
ND

10/16/2008
ug/L
ND
ND

5/27/2009
ug/L

ND/ND
ND/ND

8/5/2010
ug/L
ND
ND

3/22/2011
ug/L
ND
ND

12/7/2011
ug/L
ND
ND

8/3/2012
ug/L
ND
ND

12/18/2012
ug/L
ND
ND

6/27/2013
ug/L

ND/ND
ND/ND

10/30/2013
ug/L

ND/ND
ND/ND

5/16/2014
ug/L
ND
ND

11/13/2014
ug/L
ND
ND

5/6/2015
ug/L
ND
ND

11/3/2015
ug/L

ND/ND
ND/ND

4/26/2016
ug/L

ND/ND
0.18 J/ND

12/6/2016
ug/L

ND/ND
ND/ND

5/2/2017
ug/L

ND/ND
ND/ND

12/6/2017
ug/L
ND
ND

5/22/2018
ug/L
ND
ND

11/27/2018
ug/L
ND
ND

MW-X300Y199I-1

Total PCBs
Total PCBs (dissolved)

10/14/2008
ug/L
ND
ND

5/28/2009
ug/L
ND
ND

8/6/2010
ug/L
ND
ND

3/21/2011
ug/L
ND
ND

12/7/2011
ug/L
ND
ND

8/1/2012
ug/L
ND
ND

12/18/2012
ug/L
ND
ND

6/27/2013
ug/L
ND
ND

10/31/2013
ug/L
ND
ND

5/15/2014
ug/L
ND
ND

11/11/2014
ug/L
ND
ND

5/5/2015
ug/L
ND
ND

11/4/2015
ug/L
ND
ND

4/28/2016
ug/L

ND/ND
ND/ND

12/6/2016
ug/L
ND
ND

5/2/2017
ug/L
ND
ND

12/5/2017
ug/L
ND
ND

5/24/2018
ug/L
ND
ND

MW-X300Y199I-2

Total PCBs
Total PCBs (dissolved)

10/15/2008
ug/L
ND
ND

5/27/2009
ug/L
ND
ND

8/10/2010
ug/L
ND
ND

3/21/2011
ug/L
ND
ND

12/7/2011
ug/L
ND
ND

8/1/2012
ug/L
ND
ND

12/17/2012
ug/L
ND
ND

6/26/2013
ug/L
ND
ND

10/31/2013
ug/L
ND

0.15 J

5/15/2014
ug/L
ND
ND

11/11/2014
ug/L
ND
ND

5/5/2015
ug/L
ND
ND

11/4/2015
ug/L
ND
ND

4/28/2016
ug/L
ND
ND

12/6/2016
ug/L
ND
0.32

5/2/2017
ug/L
ND
ND

12/5/2017
ug/L
ND
-

5/24/2018
ug/L
ND
ND

MW-X300Y199I-4

Total PCBs
Total PCBs (dissolved)

5/28/2009
ug/L
ND
ND

8/10/2010
ug/L
ND
ND

3/14/2011
ug/L
ND
ND

12/14/2011
ug/L
ND
ND

6/26/2013
ug/L
ND
-

5/14/2014
ug/L
ND
ND

11/11/2014
ug/L
ND
ND

5/5/2015
ug/L
ND
-

5/24/2018
ug/L
ND
ND

MW-X315Y150

Total PCBs
Total PCBs (dissolved)

5/16/2007
ug/L
ND
ND

11/3/2008
ug/L

0.15 J
0.3 J

5/28/2009
ug/L

ND/ND
ND/ND

8/9/2010
ug/L
ND
ND

4/15/2011
ug/L
ND
ND

12/16/2011
ug/L
ND
ND

8/1/2012
ug/L

0.061 J/0.065 J
ND/ND

12/19/2012
ug/L
ND
ND

6/27/2013
ug/L
ND
ND

10/29/2013
ug/L
ND
ND

5/15/2014
ug/L
ND
ND

11/11/2014
ug/L
ND
ND

5/5/2015
ug/L
ND
ND

11/3/2015
ug/L
ND
ND

4/26/2016
ug/L
ND
ND

12/6/2016
ug/L
0.3
ND

5/2/2017
ug/L
ND
ND

12/5/2017
ug/L
ND
ND

5/22/2018
ug/L
ND
ND

11/28/2018
ug/L
ND
ND

MW-X344Y230

Total PCBs
Total PCBs (dissolved)

7/13/2004
ug/L
ND
ND

5/5/2005
ug/L
ND
ND

5/17/2006
ug/L
ND
ND

TMW-X128Y255A

Total PCBs
Total PCBs (dissolved)

7/14/2004
ug/L
ND
ND

5/17/2006
ug/L
ND
ND

TMW-X128Y255B

Total PCBs
Total PCBs (dissolved)

6/30/2004
ug/L
ND
ND

5/18/2006
ug/L

ND/0.052 J
ND/ND

Tributary 3-3

Total PCBs
Total PCBs (dissolved)

5/22/2009
ug/L
ND
ND

8/11/2010
ug/L

ND/ND
ND/ND

3/15/2011
ug/L
ND
ND

12/9/2011
ug/L

0.11 J
ND

8/2/2012
ug/L

0.13 J
ND

12/19/2012
ug/L
ND
ND

6/28/2013
ug/L
ND
ND

10/30/2013
ug/L

ND/0.084 J
ND/ND

5/16/2014
ug/L

ND/ND

11/13/2014
ug/L

ND/ND
ND/ND

5/6/2015
ug/L

ND/ND
ND/ND

11/5/2015
ug/L
ND
ND

4/26/2016
ug/L
ND
ND

12/7/2016
ug/L

ND/ND
ND/ND

5/2/2017
ug/L
ND
ND

12/6/2017
ug/L
ND
ND

11/29/2018
ug/L
ND
ND

ND/0.067 J
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648.98

QUARRY

SPRING_028-001

SPRING_1590(5059)

Seep 001
PCBs
Total PCBs
Total PCBs (dissolved)

5/17/2002
 
R

ND

8/5/2004
 

2.3
ND

8/17/2004
 

9.9
ND

10/21/2004
 

0.43
ND

1/11/2005
 

0.37
ND

5/18/2005
 

0.71
ND

6/20/2005
 

0.94
ND

3/14/2007
 

0.14 J
ND

Seep 002
PCBs
Total PCBs
Total PCBs (dissolved)

6/1/2004
 

ND
ND

1/10/2005
 

0.32
ND

3/13/2006
 

ND
ND

9/15/2006
 

ND
ND

10/23/2006
 

ND
ND

1/9/2008
 

ND
ND

5/12/2008
 

ND
ND

Seep 5013A
PCBs
Total PCBs
Total PCBs (dissolved)

5/29/2002
 

0.51 J
ND

1/11/2005
 

0.35
ND

Seep 5013B
PCBs
Total PCBs
Total PCBs (dissolved)

6/1/2004
 

6.05 J
ND

10/21/2004
 

0.33
ND

3/13/2006
 

1.23 J
ND

1/9/2008
 

ND
ND

Spring 004
PCBs
Total PCBs
Total PCBs (dissolved)

1/10/2005
 

ND
ND

Spring 009
PCBs
Total PCBs
Total PCBs (dissolved)

5/22/2002
 

ND
ND

5/12/2004
 

ND
ND

6/1/2004
 

ND
ND

8/13/2004
 

ND
ND

10/20/2004
 

ND
ND

1/10/2005
 

ND
ND

2/1/2005
 

ND
ND

5/17/2005
 

ND
ND

6/17/2005
 

ND
ND

9/29/2005
 

ND
ND

11/21/2005
 

ND
ND

12/28/2005
 

ND/ND
ND/ND

3/3/2006
 

ND
ND

3/13/2006
 

ND
ND

9/6/2006
 

ND
ND

9/18/2006
 

ND
R

10/23/2006
 

ND
ND

3/14/2007
 

ND
ND

4/25/2007
 

ND
ND

Spring 013-001
PCBs
Total PCBs
Total PCBs (dissolved)

12/14/2004
 

0.27/0.097 J
ND/ND

1/14/2005
 

ND
ND

Spring 013-002
PCBs
Total PCBs
Total PCBs (dissolved)

1/14/2005
 

ND
ND

Spring 015-001
PCBs
Total PCBs
Total PCBs (dissolved)

12/14/2004
 

ND
ND

1/14/2005
 

0.096 J
0.096 J

Spring 015-002
PCBs
Total PCBs
Total PCBs (dissolved)

12/14/2004
 

ND
ND

1/14/2005
 

ND
ND

5/17/2005
 

ND
ND

12/29/2005
 

ND
ND

3/13/2006
 

ND
ND

Spring 015-003
PCBs
Total PCBs
Total PCBs (dissolved)

1/14/2005
 

ND
ND

4/25/2007
 

ND
ND

Spring 015-004
PCBs
Total PCBs
Total PCBs (dissolved)

1/14/2005
 

ND
ND

3/13/2006
 

ND
ND

10/23/2006
 

ND
ND

Spring 015-005
PCBs
Total PCBs
Total PCBs (dissolved)

1/14/2005
 

ND
ND

Spring 015-006
PCBs
Total PCBs
Total PCBs (dissolved)

1/14/2005
 

0.14 J
ND

9/18/2006
 

0.09 J
ND

10/23/2006
 

ND
ND

4/25/2007
 

ND
ND

Spring 020-002
PCBs
Total PCBs
Total PCBs (dissolved)

10/20/2004
 

ND
ND

1/10/2005
 

ND
ND

2/1/2005
 

0.1 J/0.11 J
ND/ND

5/17/2005
 

ND
ND

6/17/2005
 

ND
ND

9/29/2005
 

ND
ND

12/28/2005
 

ND
ND

3/3/2006
 

ND
ND

3/13/2006
 

ND
ND

9/18/2006
 

0.75
ND

10/23/2006
 

ND
ND

3/14/2007
 

ND
ND

4/25/2007
 

ND
ND

12/11/2007
 

ND
ND

1/10/2008
 

ND
ND

5/13/2008
 

ND
ND

Spring 021-002
PCBs
Total PCBs
Total PCBs (dissolved)

7/2/2004
 

2.2 J
ND

8/13/2004
 

1.5 J
ND

10/20/2004
 

25
ND

Spring 021-003
PCBs
Total PCBs
Total PCBs (dissolved)

7/2/2004
 

1.9 J
ND

8/13/2004
 

1 J/0.88 J
ND/ND

Spring 021-004
PCBs
Total PCBs
Total PCBs (dissolved)

7/2/2004
 

11
ND

8/13/2004
 

2.5 J
ND

10/7/2004
 

250
0.21

10/20/2004
 

4.8
ND

1/10/2005
 

5.5
ND

2/1/2005
 

2.8
0.098 J

5/17/2005
 
5

ND

6/17/2005
 

ND
ND

Spring 021-005
PCBs
Total PCBs
Total PCBs (dissolved)

12/16/2004
 

810
1.8

Spring 021-007
PCBs
Total PCBs
Total PCBs (dissolved)

1/9/2008
 

ND
ND

5/12/2008
 

ND
ND

Spring 022-002
PCBs
Total PCBs
Total PCBs (dissolved)

4/21/2006
 

ND
ND

9/14/2006
 

ND
ND

10/20/2006
 

ND
ND

Spring 022-003
PCBs
Total PCBs
Total PCBs (dissolved)

4/21/2006
 

ND
ND

9/14/2006
 

ND
ND

10/20/2006
 

ND
ND

Spring 022-004
PCBs
Total PCBs
Total PCBs (dissolved)

4/21/2006
 

ND
ND

9/14/2006
 

ND
ND

10/20/2006
 

ND
ND

4/24/2007
 

ND
ND

12/10/2007
 

ND
ND

1/9/2008
 

ND
ND

5/12/2008
 

ND
ND

12/29/2008
 

ND
ND

Spring 022-006
PCBs
Total PCBs
Total PCBs (dissolved)

4/21/2006
 

ND
ND

9/14/2006
 

ND
0.038 J

10/20/2006
 

ND
ND

3/13/2007
 

ND
ND

4/24/2007
 

ND
ND

1/9/2008
 

ND
ND

5/12/2008
 

ND
ND

Spring 1452
PCBs
Total PCBs
Total PCBs (dissolved)

3/19/2002
 

ND
ND

3/9/2005
 

ND
ND

5/18/2005
 

ND
ND

6/17/2005
 

ND
ND

9/6/2005
 

ND
ND

9/22/2005
 

ND
ND

12/8/2005
 

ND
ND

12/28/2005
 

ND
ND

3/2/2006
 

ND/ND
0.047 J/ND

3/10/2006
 

ND
ND

9/5/2006
 

ND
ND

9/15/2006
 

ND
ND

10/23/2006
 

ND
ND

3/13/2007
 

ND
ND

4/24/2007
 

ND
ND

8/23/2007
 

ND
ND

Spring 1459
PCBs
Total PCBs
Total PCBs (dissolved)

3/21/2002
 

ND/ND
ND/ND

5/12/2005
 

ND
ND

6/14/2005
 

ND
ND

9/8/2005
 

ND
ND

9/14/2005
 

ND
ND

12/8/2005
 

ND
ND

12/27/2005
 

ND
ND

3/1/2006
 

ND
ND

3/10/2006
 

ND
ND

9/5/2006
 

ND
ND

9/15/2006
 

ND
ND

10/23/2006
 

ND
ND

3/13/2007
 

ND
ND

4/24/2007
 

ND
ND

8/23/2007
 

ND
ND

Spring 1590
PCBs
Total PCBs
Total PCBs (dissolved)

4/3/2002
 

ND
ND

5/28/2002
 

ND
ND

5/13/2004
 

ND
ND

6/1/2004
 

ND
ND

8/17/2004
 

ND
ND

10/8/2004
 

ND
ND

10/21/2004
 

ND
ND

1/11/2005
 

ND
ND

2/1/2005
 

0.067 J
ND

5/18/2005
 

ND
ND

6/20/2005
 

ND
ND

9/8/2005
 

ND
ND

9/15/2005
 

ND
ND

12/8/2005
 

ND
ND

12/28/2005
 

ND
ND

3/2/2006
 

ND
ND

9/6/2006
 

ND
ND

9/18/2006
 

ND
ND

10/23/2006
 

ND
ND

3/14/2007
 

ND
ND

4/23/2007
 

ND
ND

8/27/2007
 

ND
ND

Spring 216-001
PCBs
Total PCBs
Total PCBs (dissolved)

1/12/2006
 

ND
ND

3/7/2006
 

ND
ND

Spring 389-001
PCBs
Total PCBs
Total PCBs (dissolved)

5/12/2008
 

ND
ND

Spring 389-002
PCBs
Total PCBs
Total PCBs (dissolved)

9/6/2006
 

ND
ND

9/18/2006
 

ND
ND

10/23/2006
 

ND
ND

3/14/2007
 

ND
ND

4/24/2007
 

ND/ND
ND/ND

12/10/2007
 

ND
ND

1/10/2008
 

ND
ND

5/12/2008
 

ND
ND

12/29/2008
 

ND
ND

1/21/2009
 

ND
ND

Spring East of Storm Pond-2
PCBs
Total PCBs
Total PCBs (dissolved)

3/12/2002
 

ND
ND

6/1/2004
 

5.87 J
ND

Spring Well 1
PCBs
Total PCBs
Total PCBs (dissolved)

1/9/2002
 

ND
-

5/12/2004
 

ND/ND
ND/ND

6/1/2004
 

ND/ND
ND/ND

8/13/2004
 

ND
ND

10/7/2004
 

ND
ND

10/20/2004
 

ND/ND
ND/ND

1/10/2005
 

ND/ND
ND/ND

1/31/2005
 

0.12 J
ND

5/16/2005
 

ND
ND

6/14/2005
 

0.13 J
ND

9/9/2005
 

ND
ND

9/15/2005
 

ND
ND

11/21/2005
 

ND/ND
ND/ND

12/28/2005
 

ND/ND
ND/ND

3/2/2006
 

ND
ND

3/10/2006
 

ND
ND

9/14/2006
 

0.048 J
ND

10/20/2006
 

ND/ND
ND/ND

3/13/2007
 

0.038 J/ND
ND/ND

4/24/2007
 

ND/ND
ND/ND

12/10/2007
 

0.077 J
ND

1/9/2008
 

ND/0.069 J
ND/ND

5/12/2008
 

ND/ND
ND/ND

6/16/2010
 

ND
ND
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figure 4.5
PROPOSED PILOT TRENCH MONITORING LOCATIONS

FOR DYE TRACER MONITORING (NEAR FIELD)
PROPOSED PILOT TRENCH PERFORMANCE MONITORING PLAN

TRENCH COLLECTION SYSTEM
GM GPS BEDFORD FACILITY

Bedford, Indiana
N:\US\Chicago\Legacy\DRAWINGS\13000S\13968\13968-REPORTS\13968-00(404)\13968-00(404)GN\13968-00(404)GN-CO003.dwg  Plot Date:  AUG 15, 2019

PILOT TRENCH ALIGNMENT (2016)

TENTATIVE SPRING SAMPLE LOCATION
(LOCATION HAS BEEN DEMONSTRATED TO BE CONNECTED
TO THE SURFACE WATER VIA SWALLETS. DETECTIONS MAY BE
THE RESULT OF SURFACE WATER CONVEYANCE)

RECENTLY INSTALLED MONITORING WELL
AND PIEZOMETER LOCATION
TENTATIVE SPRING WATER LOCATION
(PENDING RESULTS OF CREEK RECONNAISSANCE) 

NOTE:
· ALL SPRING SAMPLE LOCATIONS AND SURFACE

WATER LOCATIONS ALONG BAILEY'S BRANCH ARE
DEPENDANT UPON ACCESSIBILITY.
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figure 4.7
PREVIOUS DYE TRACING RESULTS AT AO14
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BASE SOURCE: HYDROGEOLOGY INC.
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figure 4.17
SHALLOW GROUNDWATER TRANSDUCER DATA INSTALLED IN 2019
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figure 4.18
SHALLOW GROUNDWATER TRANSDUCER DATA INSTALLED IN 2019
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Location ID Location Type Measurement Type Frequency Qualifier Rationale1

Hydraulic Monitoring (Figure 4.2) IPT-1 Trench Piezometer Pressure Transducer 15 Minutes/Monthly Download Provide control point for pumping level in the northern portion of the pilot trench

IPT-11 Trench Piezometer Pressure Transducer 15 Minutes/Monthly Download Provide control point for pumping level in the southern portion of the pilot trench

9-4 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence of the Pilot Trench

CH-20 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence of the Pilot Trench

CH-22 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence of the Pilot Trench

CH-45 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the northwest of the Pilot Trench

CH-46 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the northwest of the Pilot Trench

CH-47 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the northwest of the Pilot Trench

CH-48 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Obstruction may prevent location Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the northwest of the Pilot Trench

CH-49 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the northwest of the Pilot Trench

CH-52 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the south of the Pilot Trench

CH-53 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the south of the Pilot Trench

CH-54 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the south of the Pilot Trench

CH-61 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

CH-62 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

CH-63 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

CH-64 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

CH-65 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

CH-66 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

CH-67 Monitoring Well Pressure Transducer 15 Minutes/Monthly Download Obstruction may prevent location Data will allow for the collection of head measurements to evaluate the upgradient extent pf pumping influence to the north of the Pilot Trench

CH-68 Monitoring Well Hand Measurement Weekly up to the time of dye injection Data will allow for the collection of head measurements to evaluate the upgradient extent pf pumping influence of the Pilot Trench

CH-69 Monitoring Well Hand Measurement Weekly up to the time of dye injection Data will allow for the collection of head measurements to evaluate the upgradient extent pf pumping influence of the Pilot Trench

CH-70 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

MW-X128Y255 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent pf pumping influence to the west of the Pilot Trench

MW-X143Y193CG Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent pf pumping influence to the west of the Pilot Trench

MW-X184Y285 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent pf pumping influence to the northwest of the Pilot Trench

MW-X297Y305D-2 Waterloo Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

MW-X178Y367D-2 Waterloo Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence in the Intermediate Flow System to the north of the Pilot Trench

MW-X178Y367D-5 Waterloo Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the northwest of the Pilot Trench

MW-X234Y157S Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the southwest of the Pilot Trench

MW-X261Y356D-4 Waterloo Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the north of the Pilot Trench

MW-X261Y356D-5 Waterloo Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the upgradient extent of pumping influence to the north of the Pilot Trench

MW-X318Y217D-5 Waterloo Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

MW-X344Y230 Monitoring Well Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

SG-1 Staff Gauge Hand Measurement Weekly for 1 month, then monthly for 5 months Data will allow for the collection of head measurements to evaluate the downgradient influence, if any, of pumping at the Pilot Trench

WW-4 Collection Sump Pressure Transducer 15 Minutes/Monthly Download Evaluate pumping level at pumping location

Dye Tracing Injection and Monitoring (NEAR FIELD)

Pilot Trench (Figure 4.5)3

First Injection

CH-20 Injection NA NA For the near injection of a a dye tracer into the shallow groundwater flow system upgradient and near the middle portion of the Pilot Trench.

CH-22 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess tracer movement.

CH-46 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess tracer movement.

CH-48 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess tracer movement.

CH-49 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess tracer movement.

CH-52 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess potential tracer movement south of the Pilot Trench.
CH-61 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-62 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-63 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-64 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-65 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-66 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess tracer movement.
CH-67 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Obstruction may prevent location Data will be used to help assess potential tracer movement north of the Pilot Trench.
CH-68 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess potential tracer movement north of the Pilot Trench.
CH-69 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess potential tracer movement north of the Pilot Trench.
CH-70 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.

MW-X178Y367D-2 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to help identify the potential for other, upgradient dye in the area and within the intermediate flow system.
MW-X234Y157D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to help identify the potential for other, upgradient dye in the area and within the deep flow system.
MW-X234Y157D-2 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to help identify the potential for other, upgradient dye in the area and within the intermediate flow system.
MW-X261Y356D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X297Y305D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X297Y305D-2 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
MW-X318Y217D-5 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.

MW-X344Y230 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye travel beyond the trench to Bailey's Branch
BB-1 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to monitor the background fluorescence of water in the head waters of Bailey's Branch throughout the tracer study for inputs of non-site-related dye into the study area.
BB-2 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-1 and this location.
BB-3 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-2 and this location.
BB-4 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-3 and this location.
BB-5 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-4 and this location.

Tributary 3-3 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for AOI4 Dye Trace. Data will be used to evaluate the potential for dye to discharge to Tributary 3 upstream of this location.
Tributary 3-4 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge toTributary 3 upstream of this location and prior to joining Bailey's Branch.

WW-3 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye travel to the existing collections systems located upgradient of the Pilot Trench
WW-4 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months These data will be used to evaluate recovery of dye in water pumped from the trench.

Outfall 003/0044 NPDES Outfall Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months These data will be used to assess the viability of downstream dye detections.

NT-2 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Potential access issues exist for any remaning springs.  Location is primarily intended to bound the observed flow direction
Spring 021-004 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Spring 021-003 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Spring 021-002 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.

Spring 018C Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.

Second Injection
CH-68 Injection NA NA For the near injection of a a dye tracer into the shallow groundwater flow system upgradient and near the southern extent of the Pilot Trench operations
CH-69 Injection NA NA For the near injection of a a dye tracer into the shallow groundwater flow system upgradient and near the northern extent of the Pilot Trench operations
CH-22 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess tracer movement and, if dye is detected, estimate straight-line groundwater velocity.
CH-52 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess potential tracer movement south of the Pilot Trench.
CH-61 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-62 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-63 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-64 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.

Table 4.1

Monitoring Locations and Rationale

GHD 013968 (404)



Page 2 of 3

Location ID Location Type Measurement Type Frequency Qualifier Rationale1

Table 4.1

Monitoring Locations and Rationale

CH-65 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-66 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to help assess tracer movement.
CH-67 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Obstruction may prevent location Data will be used to help assess potential tracer movement north of the Pilot Trench.
CH-70 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.

MW-X178Y367D-2 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Intermediate Flow System.
MW-X234Y157D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X234Y157D-2 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Intermediate Flow System.
MW-X261Y356D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X297Y305D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X297Y305D-2 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
MW-X318Y217D-5 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.

MW-X344Y230 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye travel beyond the trench to Bailey's Branch
BB-1 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to monitor the background fluorescence of water in the head waters of Bailey's Branch throughout the tracer study for inputs of non-site-related dye into the study area.
BB-2 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-1 and this location.
BB-3 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-2 and this location.
BB-4 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-3 and this location.
BB-5 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-4 and this location.

Tributary 3-3 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for AOI4 Dye Trace. Data will be used to evaluate the potential for dye to discharge to Tributary 3 upstream of this location.
Tributary 3-4 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to discharge toTributary 3 upstream of this location and prior to joining Bailey's Branch.

WW-3 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye travel to the existing collections systems located upgradient of the Pilot Trench
WW-4 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months These data will be used to evaluate recovery of dye in water pumped from the trench.

Outfall 003/0044 NPDES Outfall Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months These data will be used to assess the viability of downstream dye detections.

NT-2 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Potential access issues exist for any remaning springs.  Location is primarily intended to bound the observed flow direction
Spring 021-004 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Spring 021-003 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Spring 021-002 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.

Spring 018C Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.

GUS (Figure 4.6)3 (FAR FIELD)
Vault CO1 Injection NA NA To distribute dye into the shallow bedrock groundwater flow system within the north-eastern portion of the Facility
Vault CO2 Injection NA NA To distribute dye into the shallow bedrock groundwater flow system within the north-eastern portion of the Facility

9-4 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye presence at this location will serve to confirm the successful introduction of dye to the shallow bedrock flow system.  Dye absence would indicate that the well is poorly connected to the flow system.
CH-20 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye presence at this location will serve to confirm the successful introduction of dye to the shallow bedrock flow system.  Dye absence would indicate that the well is poorly connected to the flow system.
CH-22 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye presence at this location will serve to confirm the successful introduction of dye to the shallow bedrock flow system.  Dye absence would indicate that the well is poorly connected to the flow system.
CH-45 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a northerly component
CH-46 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a northerly component
CH-47 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a northerly component
CH-48 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Obstruction may prevent location Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a northerly component
CH-49 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a north-easterly component
CH-52 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a south-easterly component
CH-53 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a south-easterly component
CH-54 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Postive dye detections at this location would indicate that a portion of the northeastern area of the Facility includes a south-easterly component
CH-61 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-62 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-63 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-64 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-65 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-66 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.
CH-67 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Obstruction may prevent location Data will be used to evaluate the potential for dye travel from the injection location around to the north-northeast of the Pilot Trench
CH-68 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye presence at this location will serve to confirm the successful introduction of dye to the shallow bedrock flow system.  Dye absence would indicate that the well is poorly connected to the flow system.
CH-69 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye presence at this location will serve to confirm the successful introduction of dye to the shallow bedrock flow system.  Dye absence would indicate that the well is poorly connected to the flow system.
CH-70 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye travel from the injection location around to the north-northeast of the Pilot Trench

MW-X033Y147S Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for westward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X128Y255 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northwestward movement of dye. Location is primarily intended to bound the observed flow direction

MW-X143Y193CG Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for westward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X184Y285 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Location is primarily intended to bound the observed flow direction

MW-X209Y078S Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X233Y071B Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for AOI6 Dye Trace. Monitor for southward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X233Y095 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X233Y100 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction

MW-X233Y110B Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X233Y115B Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X233Y120B Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X233Y125B Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-234Y157S Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for AOI4 Dye Trace. Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction

MW-X234Y157D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X234Y157D-2 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Intermediate Flow System.
MW-234Y157D-4 Waterloo Hand Collect Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for AOI4 Dye Trace. Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X242Y060S Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction

MW-X251Y189D-7 Waterloo Hand Collect Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X257Y073 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction

MW-X269Y201D-3 Waterloo Hand Collect Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X297Y305D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X297Y305D-2 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location.

MW-X178Y367D-2 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Intermediate Flow System.
MW-X178Y367D-5 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X261Y356D-1 Waterloo Hand Collection Weekly for 8 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X261Y356D-4 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X261Y356D-5 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Location is primarily intended to bound the observed flow direction
MW-X318Y217D-5 Waterloo Hand Collection Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction

MW-X344Y230 Monitoring Well Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye travel beyond the trench to Bailey's Branch
BB-1 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access Data will be used to monitor the background fluorescence of water in the head waters of Bailey's Branch throughout the tracer study for inputs of non-site-related dye into the study area.
BB-2 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-1 and this location.
BB-3 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-2 and this location.
BB-4 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-3 and this location.
BB-5 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access Data will be used to evaluate the potential for dye to discharge to Bailey's Branch between location BB-4 and this location.

Tributary 3-3 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for AOI4 Dye Trace. Data will be used to evaluate the potential for dye travel to the existing collections systems located upgradient of the Pilot Trench
Tributary 3-4 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months These data will be used to evaluate recovery of dye in water pumped from the trench.

NT-1 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Potential access issues exist for any remaning springs.  Location is primarily intended to bound the observed flow direction
NT-2 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for northward movement of dye. Potential access issues exist for any remaning springs.  Location is primarily intended to bound the observed flow direction

Western Tributary 1 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for westward movement of dye. Potential access issues exist for any remaning springs.  Location is primarily intended to bound the observed flow direction
WT-2 Surface Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for westward movement of dye. Potential access issues exist for any remaning springs.  Location is primarily intended to bound the observed flow direction
WW-1 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for Outfall 002 Dye Trace. Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
WW-2 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Monitor for southeastward movement of dye. Location is primarily intended to bound the observed flow direction
WW-3 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye travel to the existing collections systems located upgradient of the Pilot Trench
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WW-4 Collection Sump Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months These data will be used to evaluate recovery of dye in water pumped from the trench.

Outfall 003/0044 NPDES Outfall Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months These data will be used to assess the viability of downstream dye detections.

Spring 021-004 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Dye positive location for Swallet 1, 2 and 5 dye traces. Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Spring 021-003 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Dye positive location for Swallet 1, 2 and 5 dye traces. Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Spring 021-002 Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Dye positive location for Swallet 1, 2 and 5 dye traces. Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.

Spring 018C Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Dye positive location for Swallet 1, 2 and 5 dye traces. Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Bdfd A Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.
Bdfd W Spring Water Charcoal Daily for 2 weeks, weekly for 6 weeks, monthly for 4 months Pending Access and Thermal Reconnaisance Data will be used to evaluate the potential for dye to travel beyond the Pilot Trench, and if so, document where dyed water discharges to the surface.

PCB Sampling3 (Figure 4.4) 9-4 Monitoring Well Zero Purge/Low Flow CA750 (bi-annually)2 Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  This well is also included as part of the CA750 sampling program.

CH-20 Monitoring Well Zero Purge/Low Flow CA750 (bi-annually)2 Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  This well is also included as part of the CA750 sampling program.

CH-22 Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the curent overall shallow groundwater conditions in the northeast portion of the Facility. 
CH-46 Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
CH-48 Monitoring Well Zero Purge/Low Flow Baseline Obstruction may prevent location Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
CH-49 Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
CH-52 Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
CH-53 Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
CH-54 Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
CH-61 Monitoring Well Zero Purge/Low Flow Baseline, if PCB detections, then resample during CA750 Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-62 Monitoring Well Zero Purge/Low Flow Baseline, if PCB detections, then resample during CA750 Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-63 Monitoring Well Zero Purge/Low Flow Baseline, if PCB detections, then resample during CA750 Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-64 Monitoring Well Zero Purge/Low Flow Baseline, if PCB detections, then resample during CA750 Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-65 Monitoring Well Zero Purge/Low Flow Baseline, if PCB detections, then resample during CA750 Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-66 Monitoring Well Zero Purge/Low Flow Baseline, if PCB detections, then resample during CA750 Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-67 Monitoring Well Zero Purge/Low Flow Baseline Obstruction may prevent location Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-68 Monitoring Well Zero Purge/Low Flow Baseline Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-69 Monitoring Well Zero Purge/Low Flow Baseline Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation
CH-70 Monitoring Well Zero Purge/Low Flow Baseline Downgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility.  New installation

MW-X143Y193CG Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the immediately west of the Vault. 
MW-X234Y157S Monitoring Well Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. Static groundwater elevations indicate response to rainfall events.

MW-X178Y367D-2 Waterloo Zero Purge/Low Flow Baseline Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Intermediate Flow System.
MW-X178Y367D-5 Waterloo Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
MW-X234Y157D-1 Waterloo Zero Purge/Low Flow One Time Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.
MW-X234Y157D-2 Waterloo Zero Purge/Low Flow One Time Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Intermediate Flow System.
MW-X261Y356D-1 Waterloo Zero Purge/Low Flow One Time Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.

MW-X261Y356D-3 Waterloo Zero Purge/Low Flow CA750 (bi-annually)2 Upgradient of Pilot Trench. To assist in the evaluation of the existing overall groundwater conditions within the intermediate flow system in the northeast portion of the Facility. 

MW-X261Y356D-4 Waterloo Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
MW-X261Y356D-5 Waterloo Zero Purge/Low Flow Baseline Upgradient of Pilot Trench. To assist in the evaluation of the existing overall shallow groundwater conditions in the northeast portion of the Facility. 
MW-X297Y305D-1 Waterloo Zero Purge/Low Flow One Time Data will be used to evaluate the potential for dye to travel beneath the Pilot Trench at this location in the Deep Flow System.

MW-X297Y305D-2 Waterloo Zero Purge/Low Flow CA750 (bi-annually)2 Data will be used to evaluate the potential for dye travel from the injection location beneath the bottom of the Pilot Trench

MW-X300Y199D-2 Waterloo Zero Purge/Low Flow CA750 (bi-annually)2 Downgradient of Pilot Trench. To assist in the evaluation of the existing overall groundwater conditions within the intermediate flow system in the northeast portion of the Facility. 

Spring 021-004 Spring Water Grab Baseline Pending Access and Thermal Reconnaisance Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

Spring 021-003 Spring Water Grab Baseline Pending Access and Thermal Reconnaisance
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

Spring 021-002 Spring Water Grab Baseline Pending Access and Thermal Reconnaisance
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

Spring 018C Spring Water Grab Baseline
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

BB-1 Surface Water Grab Baseline Pending Access and Thermal Reconnaisance
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

BB-2 Surface Water Grab Baseline Pending Access and Thermal Reconnaisance
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

BB-3 Surface Water Grab Baseline Pending Access and Thermal Reconnaisance
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

BB-4 Surface Water Grab Baseline Pending Access and Thermal Reconnaisance
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

BB-5 Surface Water Grab Baseline Pending Access and Thermal Reconnaisance
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

Trib 3-3 Surface Water Grab Baseline
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

Trib 3-4 Surface Water Grab Baseline
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

WW-3 Wet Well Spigot Baseline
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

WW-4 Wet Well Spigot Baseline
Provide a current "snapshot" of the concentration of PCBs in groundwater discharging from this spring under base-flow conditions, if tested positive for dye. If PCBs are detected, a second, confirmatory sample will be collected and analyzed.

NOTES:

1: The rationale are representative of GM's current understanding of the data and the potential use of such in each category.  However, actual use of the data will be in conjunction with, and in context with, other collected information and will be part of a multiple lines of evidence approach.
2: Currently collected bi-annually as part of the CA750 program
3: At any monitoring location where dye is positively detected, a straight-line groundwater velocity will be estimated.
4: Outfall 003/004 is the location where treated groundwater discharges to Tributary 3.  Any dye detections after the groundwater is treated will nullify, or complicate, interpretations of any dye presence within Tributary 3 and downstream thereof (See Section 4.9.3).
5: Currently collected monthly
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- 1/2-inch yellow staining lens at 15.1ft BGS
- 1/2-inch yellow staining at 15.3ft BGS

- strong odor at 18.0ft BGS

CL-CLAY (FILL), with silt, trace fine grained
sand, soft, low plasticity, black, moist, moderate
odor
CL-CLAY, with silt, stiff, low plasticity, brown,
moist

END OF OVERBURDEN HOLE @ 21.3ft BGS

- 2.5-inches of wood debris at 11.6ft BGS

- 1/2-inch light gray at 9.2ft BGS
4" DIA. STEEL
CASING

0.0

681.8
679.2

676.2

2.5

0.0

0.0

0.0

0.0

0.0

- 7.3 feet of metal, plastic and wood debris
observed in soil cuttings during drilling at 14.0ft
BGS

2.4

1.8

2.2

1.3

ML-SILT (FILL), with fine grained sand, with
clay, trace fine round gravel, loose, light brown,
dry

CL-CLAY (FILL), with silt, soft, low plasticity,
black, moist
- 2-inches of concrete at 4.2ft BGS
- trace silty clay sand at 4.4ft BGS

SP-SAND (FILL), compact, fine grained, poorly
graded, black, moist
- 2.5-inches of silty clay at 6.6ft BGS
- trace fine round gravel, dark gray at 7.7ft BGS
- 1/2-inch light gray lens at 8.6ft BGS
- odor present at 8.7ft BGS
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE

STRATIGRAPHIC DESCRIPTION & REMARKS

DATE COMPLETED:  July 19, 2005

DRILLING METHOD:  6 1/4" HSA & HQ CORE

FIELD PERSONNEL:  D. DEITNER
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- stylolite at 37.0ft BGS
- medium grained, gray, calcite content at 37.6ft

BGS
- open stylolite at 38.2ft BGS
- 5-feet of porous section at 39.0ft BGS
- stylolite at 39.2ft BGS

- stylolite at 42.7ft BGS
- stylolite at 43.1ft BGS

- stylolite at 44.9ft BGS

- open stylolite at 45.9ft BGS

- open stylolite at 35.4ft BGS
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SEAL

4" DIA.
COREHOLE

1
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ft

AMSL

- stylolite at 45.7ft BGS

2

100

100

- stylolite at 36.7ft BGS

100

- open stylolite at 36.2ft BGS

LIMESTONE ( SALEM FORMATION),
weathered and fractured, thin bedded, gray,
medium grained
- no longer fractured rock at 21.9ft BGS

- set 4" steel casing at 24.0ft BGS

- horizontal fracture at 26.1ft BGS

- horizontal fracture at 32.2ft BGS

- horizontal fracture at 35.0ft BGS
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS
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MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  July 19, 2005

DRILLING METHOD:  6 1/4" HSA & HQ CORE

FIELD PERSONNEL:  D. DEITNER
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END OF BOREHOLE @ 54.1ft BGS

- open stylolite at 49.3ft BGS 98100
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DATE COMPLETED:  July 19, 2005

DRILLING METHOD:  6 1/4" HSA & HQ CORE

FIELD PERSONNEL:  D. DEITNER

NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE

STRATIGRAPHIC DESCRIPTION & REMARKS
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:
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CL-CLAY (FILL), with silt, gravel, firm, low
plasticity, brown, moist

ML-SILT (FILL), little clay, compact, beige, wet,
dilatant

CL-CLAY (FILL), little silt, soft, medium
plasticity, dark gray, very moist to wet

Rock fragments
END OF OVERBURDEN HOLE @ 14.0ft BGS
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  June 7, 2005

DRILLING METHOD:  6 1/4" HSA & HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN
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1

2

100

100

100
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Rock fragments
LIMESTONE (SALEM FORMATION), medium
grained, gray with brown in color

- set 4-inch steel casing at 17.0ft BGS
- stylolite at 17.6ft BGS
LIMESTONE (UPPER HARRODSBURG
FORMATION), medium to coarse grained,
gray/tan

- horizontal fracture at 20.8ft BGS

- horizontal fracture at 22.7ft BGS

- shale parting at 23.4ft BGS
- shale parting at 23.8ft BGS
- shale parting at 24.4ft BGS

- 1/2-inch vug at 25.4ft BGS
- open stylolite at 26.0ft BGS

- stylolite at 27.5ft BGS
- fossils present at 27.9ft BGS
- 8-inch slightly porous section at 28.6ft BGS

- stylolite at 30.4ft BGS
- stylolite at 30.9ft BGS
- stylolite at 31.5ft BGS
- open stylolite at 32.1ft BGS

- 10-inch slightly porous section at 33.3ft BGS
- horizontal fracture at 33.7ft BGS

- stylolite at 35.1ft BGS

- horizontal fracture at 37.1ft BGS

END OF BOREHOLE @ 38.0ft BGS
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  June 7, 2005

DRILLING METHOD:  6 1/4" HSA & HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN
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CL-CLAY (FILL), some silt, trace gravel, firm,
low to medium plasticity, strong brown, moist

END OF OVERBURDEN HOLE @ 9.2ft BGS
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  June 1, 2005

DRILLING METHOD:  6 1/4" HSA & HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN
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STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  June 1, 2005

DRILLING METHOD:  6 1/4" HSA & HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN
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1
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LIMESTONE (SALEM FORMATION), fine to
medium grained, occasional calcite content,
thin bedded, gray

- set 4-inch steel casing at 12.0ft BGS

LIMESTONE (UPPER HARRODSBURG
FORMATION), fine to medium grained,
occasional calcite content, thin bedded, gray
- stylolite at 13.9ft BGS
- stylolite at 14.1ft BGS
- open stylolite at 14.5ft BGS
- stylolite at 15.0ft BGS
- vertical fracture at 15.5ft BGS
- open stylolite at 16.3ft BGS
- 1.4 feet of porous section at 17.5ft BGS
- stylolite at 18.8ft BGS

- stylolite at 19.7ft BGS
- stylolite at 19.8ft BGS
- open stylolite at 20.7ft BGS

- open stylolite at 23.4ft BGS
- stylolite at 24.0ft BGS

- 3 feet of porous section at 24.9ft BGS

- stylolite at 27.1ft BGS
- stylolite at 27.5ft BGS
- open stylolite at 28.2ft BGS
- 4 feet porous section at 28.8ft BGS

- horizontal fracture at 30.5ft BGS

- horizontal fracture at 31.6ft BGS
- horizontal fracture at 31.8ft BGS
- horizontal fracture at 32.1ft BGS
END OF BOREHOLE @ 32.6ft BGS
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:



CL-SILTY CLAY, little silt, firm, medium
plasticity, strong brown, moist

END OF OVERBURDEN HOLE @ 3.5ft BGS
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CH-49

DATE COMPLETED:  August 23, 2012

DRILLING METHOD:  HSA / HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN

STRATIGRAPHIC AND INSTRUMENTATION LOG

PROJECT NAME:  INVESTIGATORY BEDROCK COREHOLES

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
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LIMESTONE (SALEM FORMATION), fine
grained, thin bedded, calcite content, light
grey

- set 4-inch steel casing at 6.5ft BGS

- stylolite at 7.3ft BGS

- horizontal fracture at 8.1ft BGS

- stylolite at 9.8ft BGS
- horizontal fracture at 10.2ft BGS

- open stylolite at 12.3ft BGS

- horizontal fracture at 13.1ft BGS

- horizontal fracture at 14.3ft BGS

- stylolite at 15.9ft BGS
- horizontal fracture at 16.3ft BGS

- 7-inch vertical fracture at 19.8ft BGS

- horizontal fracture at 20.9ft BGS

- horizontal fracture at 23.2ft BGS

- stylolite at 24.7ft BGS

- open stylolite at 27.1ft BGS
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4" DIA. HQ
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DRILLING METHOD:  HSA / HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN

STRATIGRAPHIC AND INSTRUMENTATION LOG

PROJECT NAME:  INVESTIGATORY BEDROCK COREHOLES

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
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- stylolite at 28.6ft BGS

- 6-inch medium grained section at 29.6ft BGS
- fine grained at 30.0ft BGS

- open stylolite at 30.9ft BGS
- trace small fosil content at 31.0ft BGS

END OF BOREHOLE @ 34.2ft BGS
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DRILLING METHOD:  HSA / HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN

STRATIGRAPHIC AND INSTRUMENTATION LOG

PROJECT NAME:  INVESTIGATORY BEDROCK COREHOLES

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
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CL-SILTY CLAY, little silt, firm, low plasticity,
strong brown, moist

END OF OVERBURDEN HOLE @ 3.0ft BGS
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DATE COMPLETED:  August 28, 2012

DRILLING METHOD:  HSA / HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN

STRATIGRAPHIC AND INSTRUMENTATION LOG

PROJECT NAME:  INVESTIGATORY BEDROCK COREHOLES

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

O
V

E
R

B
U

R
D

E
N

 L
O

G
  

A
D

D
IT

IO
N

A
L 

IN
V

E
S

T
IG

A
T

O
R

Y
 B

E
D

R
O

C
K

 C
O

R
E

H
O

LE
S

.G
P

J 
 C

R
A

_C
O

R
P

.G
D

T
  

8/
5/

15

COREHOLE

TOP OF CASING
GROUND SURFACE

ELEV.
ft

AMSL

671.0
668.3



1

2

89

100

89

100

LIMESTONE (SALEM FORMATION), fine
grained, thin bedded, light grey, trace calcite

- set 4-inch steel casing at 5.0ft BGS
- 1-feet broken rock at 5.5ft BGS

- horizontal fracture with clay infill at 8.5ft BGS

- horizontal fracture at 10.4ft BGS

- open stylolite at 11.9ft BGS

- open stylolite at 13.8ft BGS

- oxidized horizontal fracture at 16.0ft BGS

- horizontal fracture at 17.8ft BGS

- horizontal fracture with half-inch clay fill at
20.3ft BGS

- horizontal fracture at 23.0ft BGS

- horizontal fracture at 27.8ft BGS
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STEEL
CASING

4" DIA. HQ
COREHOLE

665.3
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DATE COMPLETED:  August 28, 2012

DRILLING METHOD:  HSA / HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN

STRATIGRAPHIC AND INSTRUMENTATION LOG

PROJECT NAME:  INVESTIGATORY BEDROCK COREHOLES

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
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- horizontal fracture at 28.4ft BGS
- open stylolite at 28.9ft BGS
- medium grained at 29.4ft BGS

- stylolite at 32.1ft BGS

- open stylolite at 33.0ft BGS

- stylolite at 34.0ft BGS

- medium grained, high calcite content, gray at
35.0ft BGS

- stylolite at 35.6ft BGS

- horizontal fracture at 36.5ft BGS

- stylolite at 38.4ft BGS

- horizontal fracture at 39.2ft BGS

- horizontal fracture at 40.4ft BGS
- half-inch open stylolite at 40.9ft BGS
- fine grained at 41.0ft BGS

- stylolite at 43.3ft BGS

- horizontal fracture at 44.0ft BGS

- stylolite at 45.0ft BGS

- horizontal fracture at 47.9ft BGS
- stylolite at 48.0ft BGS
- horizontal fracture at 48.8ft BGS

- stylolite at 50.3ft BGS

- horizontal fracture at 51.3ft BGS
- horizontal fracture at 51.8ft BGS

- horizontal fracture at 52.9ft BGS
- brown in color at 53.0ft BGS

4" DIA. HQ
COREHOLE
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DATE COMPLETED:  August 28, 2012

DRILLING METHOD:  HSA / HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN

STRATIGRAPHIC AND INSTRUMENTATION LOG

PROJECT NAME:  INVESTIGATORY BEDROCK COREHOLES

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
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- stylolite at 54.0ft BGS
- horizontal fracture at 54.7ft BGS

END OF BOREHOLE @ 55.0ft BGS
613.3

(BEDROCK) Page 4 of 4
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DATE COMPLETED:  August 28, 2012

DRILLING METHOD:  HSA / HQ CORE

FIELD PERSONNEL:  K. VANDER MEULEN

STRATIGRAPHIC AND INSTRUMENTATION LOG

PROJECT NAME:  INVESTIGATORY BEDROCK COREHOLES

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:
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TOPSOIL
LIMESTONE (SALEM FORMATION), medium
to coarse grained fossiliferous, granular,
calcite, thick bedding, gray to dark gray
- pair of horizontal fractures, unweathered at

2.9ft BGS

- horizontal fracture, slightly weathered at 5.3ft
BGS

- open stylolite, brown, weathered at 5.6ft BGS
- horizontal fracture at 7.3ft BGS

- horizontal fracture at 8.5ft BGS

- horizontal fracture, unweathered at 10.4ft
BGS

- stylolite at 11.6ft BGS

- stylolite, brown and parted at 12.7ft BGS
LIMESTONE (UPPER HARRODSBURG
FORMATION), well cemented bioclastic
calcarenite and calcirudite, stylolite, brown and
parted
- stylolite, gray at 13.0ft BGS
- 2-inch near vertical clean non-continuous

opening at 14.8ft BGS
- stylolite, gray at 15.6ft BGS

- 1.2-feet near vertical fracture, stylolites at
19.0ft BGS

- 2 thin stylolites at 19.8ft BGS

- horizontal fracture, dissolved at 21.5ft BGS

- 2 centimeter thick stylolite at 22.6ft BGS
- slightly dissolved horizontal fracture at 23.4ft

BGS
- stylolite, dark gray at 24.1ft BGS
- 1 to 4 centimeter dissolution vugs at 25.4ft

BGS
- stylolite, parted, dark gray at 26.7ft BGS
- stylolite, dark gray at 27.0ft BGS

- 2 stylolites, parted, dark gray at 28.7ft BGS
- stylolite, parted, slightly weathered and

oxidized at 28.8ft BGS
- horizontal fracture, stylolite, slightly oxidized

at 29.4ft BGS
- 3.5-inch near vertical non-continuous opening

at 30.7ft BGS
- near vertical fracture, parted, 0.8-feet section

of darker limestone with fossil hash at 31.3ft
BGS

- stylolite at 32.1ft BGS

4" DIA.
STEEL
CASING

CEMENT /
BENTONITE
GROUT

4" DIA. HQ
COREHOLE

NON-MONITORING
ZONE

614.2
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

DRILLING CONTRACTOR: RDNP

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  June 23, 2003

DRILLING METHOD:  6 1/4-INCH HSA

FIELD PERSONNEL:  J. MC COMBS & K. VANDER MEULEN
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- horizontal fracture at 32.6ft BGS
- stylolite, parted, dark gray at 34.0ft BGS
- stylolite, parted, weathered at 35.3ft BGS
- thin shale seam, dark gray at 35.5ft BGS

- stylolite, dark gray at 39.8ft BGS

- stylolite, dark gray at 40.7ft BGS

- horizontal fracture, shale parting at 42.0ft
BGS

- stylolite, dark gray at 42.6ft BGS
- stylolite, dark gray at 43.7ft BGS

- near vertical horizontal fracture, slightly
weathered, some fossils, thin mineralized
fracture at 45.8ft BGS

- stylolite, 2 centimeter mineralized vug at
47.1ft BGS

- open stylolite, dark gray at 48.3ft BGS
- pair stylolite, dark gray at 49.3ft BGS

- stylolite, dark gray at 50.5ft BGS
- 3-inch of unconsolidated limestone, mud

wash at 50.7ft BGS
- horizontal shale parting, weathered at 51.1ft

BGS
- horizontal shale parting, weathered at 52.0ft

BGS
- horizontal fracture, slightly weathered at

52.3ft BGS
- stylolite, dark gray at 52.7ft BGS
- stylolite, parted/fractured, weathered /

washed at 54.1ft BGS
- horizontal fracture, weathered at 54.6ft BGS
- horizontal shale parting, 1-feet thin vertical

fracture at 55.0ft BGS
- stylolite at 56.8ft BGS
- stylolite at 57.7ft BGS
- stylolite, parted, slightly weathered at 58.5ft

BGS
- stylolite, white at 60.8ft BGS
- stylolite, white at 61.4ft BGS
- stylolite, white at 61.8ft BGS
- stylolite, white at 62.6ft BGS
LIMESTONE (LOWER HARRODSBURG
FORMATION), horizontal fracture, interbedded
thin layers of shale
- horizontal fracture at 64.2ft BGS
- 1-inch shale seam at 64.5ft BGS
- 1-inch shale seam at 65.6ft BGS
- horizontal fracture at 66.1ft BGS
- horizontal fracture at 66.4ft BGS

4" DIA. HQ
COREHOLE

DOW
PACKER
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ZONE 2
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

DRILLING CONTRACTOR: RDNP

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  June 23, 2003

DRILLING METHOD:  6 1/4-INCH HSA

FIELD PERSONNEL:  J. MC COMBS & K. VANDER MEULEN

BE
D

R
O

C
K 

LO
G

  1
39

68
.G

PJ
  C

R
A_

C
O

R
P.

G
D

T 
 8

/1
6/

06

MONITORING WELL
ELEV.

ft
AMSL



9

10

11

99

100

100

98

99

100

- shale seam at 66.5ft BGS
- 7-inch section of shale at 66.7ft BGS
- horizontal fracture at shale at 67.7ft BGS
- stylolite at 68.0ft BGS
- stylolite at 69.0ft BGS
- stylolites, dark gray at 69.8ft BGS
- stylolites, dark gray at 70.0ft BGS
- stylolites, dark gray at 70.1ft BGS
- 1 centimeter thick stylolite, dark gray and

parted at 70.6ft BGS
- horizontal fracture at 71.7ft BGS
- thin shale seam at 72.6ft BGS
- 0.1-feet thick shale seam at 73.6ft BGS
- 1 centimeter thick stylolite, dark gray and

parted at 74.7ft BGS
- shale seam, parted at 75.7ft BGS
- 0.1-feet thick shale seam, dark gray at 76.0ft

BGS
- 0.2-feet thick shale seam at 76.7ft BGS
- horizontal fracture along shale parting, dark

gray at 78.2ft BGS
- horizontal fracture, interbedded thin layers of

shale at 79.6ft BGS
- 1-centimeter thick shale stringer at 80.0ft

BGS
- 1-centimeter thick shale stringer at 81.6ft

BGS
- 0.3-feet thick zone of shale stringers, dark

gray with pyrite crystals at 83.4ft BGS
- stylolite, wash out at 84.8ft BGS
- 0.4-feet thick geode within shale zone, bottom

of zone contains near vertical shale partings
at 86.2ft BGS

- horizontal fracture, slightly oxidized at 87.7ft
BGS

- horizontal fracture, shaley, 1-feet long vertical
non-continuous opening at 88.0ft BGS

- shale parting at 89.0ft BGS
- stylolite, dark gray at 89.4ft BGS
- 1-feet thick shale seam at 89.6ft BGS
- horizontal fracture, slightly weathered at

92.3ft BGS
LIMESTONE (RAMP CREEK FORMATION),
very fine grained, even bedded, shaley with
geodes
- 1-feet thick section of geodes, white, quartz at

94.8ft BGS
- 0.1-feet thick geode, tabular parted, white

with calcite / quartz and pyrite minerals,
slightly dissolved at 97.0ft BGS

- 0.1-feet thick vug slightly mineralized at 99.1ft
BGS

- 3.4-feet thick section of shaley limestone with
quartz geodes at 100.1ft BGS

- horizontal fractures, shale partings at 103.1ft
BGS

- 0.8-feet light gray limestone with shale

DOW
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA

DRILLING CONTRACTOR: RDNP

HOLE DESIGNATION:

STRATIGRAPHIC DESCRIPTION & REMARKS

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLENOTES:

DATE COMPLETED:  June 23, 2003

DRILLING METHOD:  6 1/4-INCH HSA

FIELD PERSONNEL:  J. MC COMBS & K. VANDER MEULEN
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  stringers, fossiliferous at 103.5ft BGS
- horizontal fracture at 105.1ft BGS
- horizontal fracture at 106.5ft BGS

- horizontal fracture along shale stringer at
108.5ft BGS

- 0.4-feet thick section of fossiliferous
limestone, shale stringers, light gray at
109.6ft BGS

SHALE (EDWARDSVILLE FORMATION),
moderately dense, pyrite, dark gray / blue, soft,
slightly fissile

END OF BOREHOLE @ 114.8ft BGS

SAMPLE
ZONE 1

4" DIA. HQ
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PROJECT NAME:  GM BEDFORD RFI

PROJECT NUMBER:  013968

CLIENT:  GENERAL MOTORS CORPORATION

LOCATION:  BEDFORD, INDIANA
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1. Introduction 
 
This document describes the standard field and laboratory operating procedures used by 
Hydrogeology Inc. (HGI) for the analysis of charcoal and water samples for the presence of 
fluorescent dyes. In some situations, these procedures are altered, and are noted as such in the 
laboratory report. 
 

2. Fluorescent Dyes 
 
The following dyes are typically used for tracing studies. These dyes have been used 
successfully and safely for groundwater tracing for the past 40 years.  
 
Common Name: Pyranine 
Color Index Number: 59040 
Color Index Name: Solvent Green 7 
 
Common Name: Fluorescein 
Color Index Number: 45350 
Color Index Name: Acid Yellow 73 
 
Common Name: Eosine 
Color Index: 45830 
Chemical Name: Acid Red 87 
 
Common Name: Phloxine B 
Color Index Number: 45410 
Color Index Name: Acid Red 92 
 
Common Name: Rhodamine WT 
Chemical Name: Acid Red 388 
 
Common Name: Sulforhodamine B 
Color Index Number: 45100 
Color Index Name: Acid Red 52 
 

3. Field Procedures 
 
3.1 Activated Charcoal Sample Preparation 
 
Activate Charcoal Sample (ACS) packets are constructed using fiberglass screen. The screen is 

formed into approximately 2-inch by 2-inch pouches for spring and surface water locations and 3-

inch by 0.5-inch cylindrical pouches for wells. The pouches are filled with 10 grams of Calgon 207C 

coconut shell carbon. Prior to being placed in the field, all ACS packets are washed with de-ionized 

water, until there are no carbon particulates visible in the water. This process typically requires 

three rinses. After rinsing, ACS packets are placed in plastic containers or plastic bags for transport. 
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Example of well ACS packet. 
 
 
3.2 Well ACS Installation 
 
In the case of monitoring well sampling, ACS packets are typically deployed to the mid-point of 
the targeted screen interval at each monitoring well using a non-colored nylon string and 
stainless-steel bolts as weights. However, each well will be evaluated on an individual basis to 
determine areas of high flow, with the possibility of multiple ACS packets being installed in a 
single well. Wells with no obvious high flow zones will have one ACS packet deployed for every 
15 feet of well screen 
 

 
 
Example of ACS installation. 
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3.3 Surface Water ACS Installation 
 
ACS packets deployed at surface water locations including springs and streams are connected to 
an anchored wire and submerged in the location with the highest estimated flow.  
 
3.4 ACS Sample Collection 
 
HGI staff will be responsible for all ACS sample collection. All collected samples will be logged on 
a form with notes documenting any irregularities with the sample collection.  ACS packets are 
collected in 250 milliliter opaque HDPE bottles. One out of every 100 sample bottles are analyzed 
for fluorescence.  The ACS packet is removed from the nylon line with gloved hands and placed 
in the bottle. All ACS samples will be stored in a cooler after collection and delivered same day to 
the HGI laboratory and refrigerated until analysis. 
 
3.5 Water Sample Collection 
 
HGI staff will be responsible for all water sample collection. All collected samples will be logged on 
a form with notes documenting any irregularities with the sample collection Surface water samples 
obtained from springs and streams are collected by direct dip with the sampling bottle, a method 
that is in general accordance with U.S. EPA operating procedures (specifically SESDPROC-201-
R4). 
 
Subsurface groundwater sampling from monitoring well locations is typically conducted using the 
“Standard/Well-Volume” method. If there is either a physical or chemical reason to reduce the rate 
of discharge or purge volume, “Low-Stress (low-flow)” sampling methods are employed during 
sampling. Both “Standard/Well-Volume” and “Low-Stress (low-flow)” methods are conducted in 
general accordance with U.S. EPA operating procedures (Ground-Water Sampling Guidelines for 
Superfund and RCRA Project Managers - EPA 542-S-02-001, May 2002).  
 
All water samples are collected in Cincinnati Container brand 2-ounce amber round bottles and 
stored in a cooler. One out of every 100 sample bottles are analyzed for fluorescence. Amber 
bottles are used to decrease potential UV exposure. All waters samples will be delivered same day 
to the HGI laboratory and refrigerated until analysis.  
 
For reference, excerpts of the referenced EPA guidance regarding water sample collection 
methods is included as Attachment 1.   
 

4. Laboratory Procedures 
 
4.1 ACS Laboratory Preparation  
 
During preparation in the laboratory, ACS packets are rinsed with de-ionized water to remove all 
excess sediment and particulates that can interfere with analysis.  All wash water used to clean 
ACS packets is processed through a de-ionizing system to remove chlorine. The water is analyzed 
for fluorescence prior to rinsing any ACS packets.  Once the ACS is properly rinsed the packet is 
manually opened (with a gloved hand) and the contents are poured back into the original HDPE 
sampling container. The ACS container is then filled with 10 mL of eluting solution which is 
composed of 5 parts alcohol, 3 parts de-ionized water, and 2 parts aqueous ammonia. The eluting 
solution is analyzed for fluorescence prior to being applied to the sample. The loose charcoal sits 
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in this solution for one hour and then 4 mL is poured into a cuvette for analysis. The remaining 
solution is reserved in the event it is needed for a secondary analysis.  
 
After one hour of eluting, approximately 4 milliliters (mL) of the elutant is poured into a disposable 
polyethylene cuvette. These cuvettes are designed for fluorometric analysis and are clear on all 
four sides. The cuvettes have a spectral range of 340 to 800 nanometer. The cuvette is then placed 
in the Shimadzu RF-5301PC and analyzed as noted Section 4.3.  
 
All cuvettes with elutant are placed in a constant temperature cell designed to maintain a 
temperature of 4⁰ Celsius prior to analysis. The constant temperature cells are placed in an ice-
bath with one temperature blank sample. A digital thermometer is placed in the temperature blank 
to ensure the samples maintain a constant temperature of 4⁰ Celsius. 
 
 
  
4.2 Water Sample Laboratory Preparation 
 
Approximately 4 ml of the water sample is poured into a disposable polyethylene cuvette. These 
cuvettes are designed for fluorometric analysis. The cuvettes have a spectral range of 340 to 
800mm. The cuvette is then placed in the Shimadzu RF-5301PC and analyzed as noted below. 
 
All water sample cuvettes are placed in a constant temperature cell designed to maintain a 
temperature of 4⁰ Celsius prior to analysis on the RF-5301PC. The constant temperature cells are 
placed in an ice-bath with one temperature blank sample. A digital thermometer is placed in the 
temperature blank to ensure the samples maintain a constant temperature of 4⁰ Celsius. The 
fluorescence intensity of fluorescein, eosine and pyranine is pH dependent. Water samples for 
those dyes are adjusted to pH 9.5 or higher prior to analysis. The water samples are placed in a 
high ammonia atmosphere for up to two (2) hours to achieve a pH of 9.5.  
 
4.3 Analysis on the Shimadzu RF-5301PCPC 
 
The Shimadzu RF-5301PC spectrofluorophotometer (RF-5301PC) is used for all sample analysis. 
This is a synchronous scanning model and is controlled by LabSolutions RF software. The 
Shimadzu RF-5301PCPC is operated and maintained in accordance with the manufacturer’s 
recommendations. Shimadzu Scientific Instrument technicians provided the initial installation and 
training of all HGI staff that operate the RF-5301PC.  
 
The standard excitation and emission slit widths used for the RF-5301PC can be seen in Table 1. 
Synchronous scanning of the excitation and emission wavelength is standard with a 17 nanometer 
(nm) separation between excitation and emission wavelengths. The following are the standard 
parameters used for analysis with the RF-5301PC: 
 
Scanning Speed = Fast 
Scanning Interval = 0.2 nanometers 
Sensitivity = High 
 
The fluorogram produced for each sample plots the emission wavelength (nanometer) versus the 
intensity (unitless). The fluorogram is inspected by the lab technician who identifies any 
fluorescence peaks indicative of the dyes used for the trace. For a sample to have been 
considered a potential dye positive a peak in the appropriate range must be identified in the 
LabSolutions RF interface. 
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Table 1: Typical excitation and emission slit widths for dye analysis 
 

Matrix Excitation Slit Width (EX) Emission Slit Width (EM) 

Water 5 5 

Elutant 3 5 
 
 
4.4 PeakFit Analysis 
 
All samples with a potential dye peak are imported into PeakFit for additional analysis. PeakFit is 
a non-linear curve matching program designed for spectroscopy. PeakFit allows for the 
separation of potential peaks from background noise. The peak wavelength, peak height and 
peak area are recorded for all samples analyzed with PeakFit. To quantify dye concentration, the 
peak area is calculated and compared to the appropriate dye calibration curve. 
 
4.5 Dilution 
 
Dilution of water and elutant samples is often required. Any sample with an intensity peak above 
the recordable range will be diluted prior to analysis on the RF-5301PC. Diluted samples will be 
identified in the laboratory report. 
 
4.6 Sample Retention 
 
After analysis, the cuvettes with elutant are stored in a freezer located at HGI’s office for possible 
re-analysis.  
 
 
5. Quality Assurance / Quality Control 
 
5. 1 Trip Blanks 
 
ACS and water trip blanks will be collected for each sampling event.  ACS trip blanks consist of 
one ACS packet placed in a 250 ml HDPE bottle, which is then placed in the sample storage cooler. 
The ACS blank will remain in the cooler for the duration of the sampling event. Water trip blanks 
consist of 2-ounce amber round bottle filled with laboratory de-ionized water. The water trip blank 
is kept in the sample storage cooler for the duration of the sampling event.   
 
Blank ACS packets exhibit a unique signal when analyzed on the RF-5301PC, with two 
fluorescence peaks that fall within the accepted emission wavelengths for Fluorescein and 
Rhodamine WT. The peaks are taken into consideration for potential detections of Fluorescein and 
Rhodamine WT. 
  
5.2 Laboratory Blanks 
 
Elutant and water blanks are analyzed for fluorescence prior to all lab sessions. De-ionized water 
used for rinsing ACS packets and elutant applied to ACS packets are also analyzed for 
fluorescence prior to use.  
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5.3 Dye Standards 
 
Dye standards are run prior to and after all analysis on the RF-5301PC. Dye standards are also 
run every 100 samples. The typical elutant standards used are as follows: 
 

I. Pyranine in elutant at concentrations of 1 & 10 ppb  
II. Fluorescein in elutant at concentrations of 0.1 & 1 ppb 
III. Eosine, Phloxine B, Rhodamine WT and Sulphorhodamine B in elutant at 

concentrations of 1 & 10 ppb 
 
Laboratory standards are prepared on a quarterly basis. Standards are kept refrigerated and in 
amber bottles to prevent photodegradation. The following procedures are followed in the event that 
a dye standard shows +/- 5 nanometer deviation from the accepted excitation wavelength range 
and/or a +/- 2% deviation in the accepted emission intensity for a given standard: 
 

1. Re-analyze standard. 
2. Shutdown Lab Solutions RF Software, then re-analyze standard. 
3. Adjust Xenon Lamp per RF-5301PC manual, then re-analyze standard. 
4. Contact manufacturer. 

 
 
6.0   Determination of Positive Dye Recovery for Water and Elutant 
 
The fluorescent emission wavelength ranges for all the dyes used have been established and are 
listed in Table 2. The following criteria are used to determine a dye positive in water and elutant 
samples: 
 

1. Fluorescence peak within +/- 5 nanometers of accepted emission range for the dye in 
question. 
 

2. Fluorescence peak must have typical sharp symmetrical peak exhibited by fluorescent 
dyes. 
 
 

3. The fluorescence peak must be ten times greater than the detection limit for the sample for 
that location. 
 

4. The fluorescence peak must be ten times greater than any fluorescent peak within the 
typical range observed in the background samples for that location. 
 
 

5. It must be reasonable that the dye detection came from the dye injection and no other 
source. Factors such as local hydrogeology are considered as part of this step. 

 
All fluorescence peaks that meet the above criteria are reported as dye positives. However, the 
following secondary set of qualifying terms are also applied to dye positives: 
 

1. High Confidence Result – Any location with two or more dye positives for the same 
dye and/or a concentration at least double the quantitation limit. 

 
2. Low Confidence Result – Any location with a single result, a concentration less than 

double the quantitation limit, or any other factor that calls the result into question. 
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Quantification 
 
The magnitudes of fluorescent peaks for all dyes used are determined using a series of dye 
standards. Dye concentrations are calculated based on the area of the fluorescence peak. The 
accepted emission wavelengths for each dye can be seen in Table 2 and the Limit of Detection 
(LOD) and Limit of Quantitation (LOQ) for each dye can be seen in Table 3. Please note the LOQ 
is ten times the LOD.  
 
 
Table 2: Elutant Emission Wavelength Ranges  
 

Dye  Emission Wavelength Range (nm) 

Pyranine  485.6 to 495.6 

Fluorescein  508.6 to 518.6 

Eosine  535.1 to 545.1 

Phloxine B  557.2 to 567.7 

Rhodamine WT  564.3 to 574.3 

Sulforhodamine B  573.0 to 583.0 

   

 
Table 3: 
LOD/LOQ  

 
Dye Name  Matrix  Limit Of Detection (ppb)  Limit Of Quantitation (ppb) 

Pyranine  Elutant  0.55  5.5 

Fluorescein  Elutant  0.007  0.07 

Eosine  Elutant  0.029  0.29 

Phloxine B  Elutant  0.016  0.16 

Rhodamine WT  Elutant  0.014  0.14 

Sulforhodamine B  Elutant  0.026  0.26 

 
 
7.0 Flagged Results  
 
Samples often meet some of the positive dye criteria but not all. Those samples are reported as 
flagged non-detects. The flagged results are described below. 
 
7.1 NDJ  
 
The NDJ designation indicates the analyte (in this case dye) is greater than any background level 
but the result is less than the quantitation limit. The NDJ designation is common in analytical 
chemistry. Locations with this designation would be considered to have weak evidence of dye 
present. 
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7.2 NDP  
 
Samples can have fluorescence peaks near, but outside the typical range for the dye used for the 
trace. Samples that display peaks near, but outside the typical range are given the NDP designation.  
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Responses to Comments received from U.S. EPA on September 7, 2018, 
as well as July 13, 2018 Comments (received via email), regarding Pilot 
Trench Construction Certification Report (dated June 22, 2018) 
 
I. GENERAL COMMENTS 
 
GENERAL COMMENT 1: The Construction Certification Report, Pilot Perimeter Groundwater Trench 
Collection System, dated June 22, 2018 (CCR) does not include adequate details on the vertical control of 
contaminated groundwater transport. Section 1.1, General, indicates vertical control of contaminated 
groundwater transport is part of the purpose of the Pilot Trench. 
 
For example, Section 3.3, Bedrock Quality Verification, indicates the final videos documented 59 vertical and 
26 horizontal fractures and notes the majority of the vertical fractures terminate before the bottom of the trench. 
Further, Table 3.4, Summary of Vertical Horizontal Fractures from Final Confirmatory Videos, includes notes of 
numerous vertical fractures near the bottom of the trench including fractures with flow (0+55, 1+50 – 1+60, 2+00, 
2+20, 8+05, 8+10). However, despite this information in the CCR, the text does not provide a rationale or 
significant discussion of these fractures and their potential impact on the vertical control. While Section, 3.3 does 
indicate the majority of the vertical fractures terminated before the bottom of the trench and fractures at 1+00 and 
8+05 narrowed significantly to very thin fractures as they approached the base of the trench; the CCR does not 
include a cross-section or statistical analysis of the fracture locations. A stationed-based cross-section would 
support the station by station summary in Table 3.4 by allowing for spatial reference to the information being 
presented. This analysis may provide support for the conclusion of Section 3.3, that the video survey, 
demonstrated that the rock fractures decreased with depth and that the base of the trench was completed within 
competent, more massive, bedrock. 
 
While it is understood and agreed, as stated in Appendix B, Field Data Interim Review - GPR and “Trial” 
Bedrock Quality Verification Video, that the bedrock Pilot Trench cannot collect 100 percent of the groundwater, 
and that there were concerns with trenching too deep and encountering the next geologic unit; it still appears that 
the CCR should be revised to include additional details on the vertical control of the trench, as installed, 
including a cross-section. 
 
GHD RESPONSE: 
 
Clarification. Please note that while the intent of the Pilot Trench operation is to vertically control potentially 
contaminated groundwater transport within the fractured bedrock, the construction (implementation) aspect of the 
Pilot Trench was to merely achieve rock excavation into competent bedrock. Additional supporting information, 
including two cross-sections of the Pilot Perimeter Groundwater Trench west and east sidewalls and discussion 
of the fractures near the basal termination of the trench, will be added to supplement the conclusion that the 
bottom of the Pilot Trench had encountered competent bedrock.  
 
GHD has prepared the attached station-based cross-section along the length of the east wall of the Pilot Trench 
(Figure 3.2) illustrating the visually observed horizontal and vertical fractures to allow for spatial reference of the 
information presented in the Pilot Trench CCR. Please note that a number of deeper fractures were approximately 
located as they could not be visually identified from the top of the trench (i.e., too close to the edge of the open 
rock trench for survey personnel to safely work) and therefore could not be accurately surveyed).  Note also that 
many of the horizontal features within the Harrodsburg Formation are thin bedding features and not necessarily 
fractures or voids that can transmit water as part of the flow regime.  The attached cross-section drawing provides 
the spatial representation to allow for a complete evaluation of the fracture locations relative to the final depth of 
the Pilot Trench.  
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Text will be added to aid in the assessment of this cross section in the revised CCR and to document the decision 
process related to the final depth of the Pilot Trench, specifically the use of multiple lines of evidence collected 
prior to, during, and after trench construction. This will include a qualitative assessment of the vertical fractures 
in the attached cross-section figure as well as other evidence, such as that derived from the series of pre-design 
coreholes installed along the proposed trench alignment to identify where competent bedrock generally exists 
along the east side of the East Plant Area. These coreholes, combined with borings generally located within the 
East Plant Area, were used to complete the trench design depth. Subsequent to the design, other evidence such as 
geophysical and direct observations were employed to validate the base of the trench was constructed within the 
competent bedrock.  Several examples of these lines of evidence are provided below. 
 
Visual observation of the post-construction cross-section (Figure 3.2) clearly shows a decreased frequency and 
density of the significant vertical fractures with depth within the Salem Formation. These vertical fractures are 
prevalent in the Salem Formation karstic features. The vertical fractures all terminate at or above the base of the 
Pilot Trench.  The ability for corehole fractures to convey water was also assessed. Fractures identified in cores 
were measured and pressure testing of fractures was conducted. Section 2.7 of the RFI presents a discussion of 
the site hydrogeologic characterization, including a mathematical evaluation of the hydraulic aperture width of 
fractures as it relates to transport of groundwater and DNAPL. Appendix J of the RFI presents the calculations 
performed by Dr. B.H. Keuper and subsequent testing, while Figures 2.41 and 2.42 present graphs of the data 
with respect to hydraulic aperture width. When discussing the pressure testing results, the RFI also indicated that 
statistically the hydraulic conductivity of the rock decreased with depth. The revised CCR will also include a 
reference to implementation of a Pilot Trench Performance Monitoring Plan (PMP) to further evaluate the 
vertical and horizontal hydraulic performance of the Pilot Trench.   
 
To supplement the pre-design corehole data and the post-construction observations, ground penetrating radar 
(GPR) was performed immediately before rock trenching (after overburden removal) to confirm the design base 
of the Pilot Trench would be constructed within more massive, competent rock. During construction (as the rock 
trencher proceeded from north to south), high definition quality “trial” video recordings were conducted at 
pre-determined critical locations along the Pilot Trench alignment, specifically near the two ends of the trench, 
beneath Detention Basin #4, in the immediate vicinity of the proposed WW#4, and at a few select locations in 
between. Finally, confirmatory video inspections were performed at 5-foot intervals along both the west and east 
sidewalls immediately before trench completion (i.e., placement of grout, drainage pipe, and stone backfill) as 
the final bedrock competency verification step to document that the previous selection of competent bedrock 
depths were achieved along the entire alignment of the Pilot Trench. It should also be noted that a Performance 
Monitoring Plan (PMP) will be implemented, including dye trace studies, to further support the observations that 
the Pilot Trench was sufficiently constructed into competent bedrock.  
 
Furthermore, additional discussion of the grout placed at the base of the trench will be provided with the revised 
CCR. This additional protective measure, along with the installation of the sheet piling on the downgradient side 
of the Pilot Trench, was designed to inhibit groundwater from bypassing trench, either by flowing vertically out 
the bottom or horizontally through the trench.  Detail 1 on Drawing C-09 of the Bedrock Pilot Trench Record 
(As-Built) Drawings presented in Appendix D of the Pilot Trench CCR illustrates that the base of the excavated 
rock trench was entirely covered with a 6-inch minimum thickness of cement bentonite grout prior to placement 
of the perforated HDPE drain pipe and granular backfill. The grout layer was installed to not only cover over any 
remaining fractures still present at the base of the trench, but also to prevent any groundwater that had entered the 
Pilot Trench via the horizontal and vertical fractures present in the sidewalls from escaping collection by exiting 
through the bottom of the Pilot Trench. The cement bentonite grout layer was placed after installation of the 
plastic sheet piling on the back (east) side of the excavated rock trench, such that the base of the plastic sheet 
piling was embedded into the grout layer to ensure complete containment of all collected groundwater. As such, 
this provides both vertical and horizontal control of contaminated groundwater. 
 
GENERAL COMMENT 2: Section 7, Record Keeping, of the CCR indicates field records including inspection 
logs, field notes were collected; however, these records are not included as an appendix to the CCR. As such, the 
CCR does not include a full record of construction activities to demonstrate the appropriate quality assurance 
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(QA) procedures were followed and that the construction met the requirements in the design. For completeness, 
provide these documents as an appendix to the CCR. 
 
GHD RESPONSE: 
 
Agreed. Additional records including field notes, daily QA/QC logs, and photos will be included as an appendix 
to the CCR. Due to the volume of documentation, these additional data will be provided in an electronic format. 
 
GENERAL COMMENT 3: The CCR includes several references to QA activities that are not documented in the 
report or cases where QA process was not included. For example: 
 

- Section 3.4.1, Physical Barrier, indicates that vinyl sheet piles were visually inspection to ensure they 
were free from damage; however, documentation of this process, in field notes or other forms, is not 
referenced or included. 

- Section 3.4.1 indicates the vinyl sheet pile tongue and grove joints were individually sealed; however, a 
QA process is not discussed nor is documentation referenced or provided. 

- Section 3.4.6, Geotextile, indicates that prior to installation, SES and Quality Assurance (QA) personnel 
visually inspected the geotextile material to ensure the material was free from damage and 
contamination; however, documentation is not referenced or included. 

- Section 3.4.8, Stockpiled Fill Placement, and Section 3.4.9.4, Common Fill Layer, indicates fill material 
was compacted, but documentation was not referenced or included. 

 
Revise the CCR to address these issues. 
 
GHD RESPONSE: 
 
Clarification. The examples listed in the comment above were associated with activities that were not planned to 
incorporate, or need, QA documentation as described below.  
 
Visual inspections of all materials used were performed on an ongoing basis as the work progressed, however no 
specific written forms were generated during construction to document these visual inspections. With regards to 
the plastic sheet piling, there were no instances of damaged sheets that precluded them from being used for the 
Pilot Trench. The geotextile materials were inspected upon delivery to the site and no rolls were deemed to have 
been damaged and returned to the supplier. 
 
With regards to sealing of the tongue and groove joints, the groove of each sheet pile was filled with the sealing 
compound in a horizontal position, prior to lifting the sheet and sliding along the tongue of the vertical sheet pile 
within the trench. A continuous bead of the sealing compound was placed within the groove, which was visually 
observed for uniformity by the field QA personnel. It should be noted that the sealing compound was purchased 
separate from the plastic sheet piling as the sheet pile manufacturer did not supply this material, hence there were 
no manufacturer’s installation procedures related to sealing of the tongue and groove joints in the plastic sheet 
piling (sealing was added as a design component to provide for an impermeable barrier on the back side of the 
trench).. The sealing compound used was a hydrophilic waterstop that was designed for sealing smooth to very 
irregular construction joints and pipe penetrations. The sealing compound cures and swells in the presence of 
moisture or water. A field photo will be added to the photographic log if it clearly illustrates the sealing process. 
 
As for compaction of the stockpiled excavated material and the imported common fill, these fill materials were 
field compacted with the construction equipment, but no formal compaction testing was performed (or required 
per the specifications). As the underlying clay is either (1) the impermeable layer for the East Plant Area final 
cover system or (2) a clay cover placed over the trench in areas outside the final cover system to reduce surface 
water recharge directly into the trench. Only the compaction testing of these clay layers is critical to achieving 
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the specifications for cover permeability, not the stockpiled or common fill.  Also, with the liner and drainage 
geocomposite being placed over the clay layer comprising the final cover system, it would not be appropriate to 
compact the overlying common fill layer due to the potential for damaging the drainage geocomposite and/or 
liner. It should be noted that this same process was followed during implementation of the East Plant Area final 
cover system, with compaction of the common fill only being completed using standard construction equipment 
and no compaction testing being performed. 
 
GENERAL COMMENT 4: The CCR does not include descriptions of deviations from the design. Further, the 
CCR does not include a reference to the design. While the lessons learned provided in the CCR were useful, 
specific deviations and their relationship to the design still appear warranted to document that the Pilot Trench 
was complete as designed, excluding the specific deviations and an analysis on whether the deviations affected 
the purpose of the Pilot Trench. Revise the CCR to address this issue. 
 
GHD RESPONSE: 
 
Clarification: Sections 2.2 and 3.0 of the CCR will be revised to include a specific references to the final design 
report dated February 19, 2016.  Section 2.2 will also be amended to include a more complete summary of the 
trench design elements.   
 
With regards to any deviations from the design, these are currently included in Section 8.0, Lessons Learned 
During Pilot Trench, however for clarity, the CCR will be revised to include a new Section 3.5 specifically listing 
the design deviations that are currently part of Section 8.0. The second bullet describes the process of backfilling 
the excavated trench with the rock cuttings for health and safety purposes during trench construction. The fifth 
bullet discusses lengthening of the distance between the primary and secondary cleanouts, which was performed 
for ease of construction (thus eliminating the need for sheet piling at the trench ends), although this had no effect 
on the design. The sixth (last) bullet discusses the addition of a clay cap over the full length of backfilled trench 
(not just the section within the East Plant Area Cover System), which was performed to reduce the potential for 
surface water infiltration (with no effect on the design of the trench itself). 
 
GENERAL COMMENT 5: The CCR includes several references to drawings that appear to be incorrect. For 
example: 
 

a. Section 3.4.4, Wet Well Chamber (WW#4), indicates as-built details of the WW#4 sumps and chamber 
construction are presented on Drawing C-06; however, this detail is not provided on Drawing C-6 and 
while Drawing C-8 has a WW#4 drawing, it has minimal details. 

b. Section 3.4.7, Drainage Media Sand, indicates details are provided on Drawing C-04; however, these 
details appear missing and the correct reference may be Drawing C-09. In addition Drawing C-04 
references Drawing C-01B, which was not included. 

c. Section 3.4.9.2, Linear Low Density Polyethylene Liner, references Drawing C-05 in the last sentence of 
this section; however, the correct reference appears to be Drawing C-08. 

 
Revise the CCR to ensure the drawing references are correct. 
 
GHD RESPONSE: 
 

a. Agreed. The reference to as-built details for the WW#4 sumps and chamber construction being presented 
on Drawing C-06 is incorrect. In fact, the WW#4 details are not currently shown on any of the as-built 
drawings, as the chamber was largely constructed in accordance with the design. The location of the 
WW#4 chamber was surveyed and the as-built location is shown on the drawings, including the field 
adjustment where the space between the two chambers was filled with additional concrete. To complete 
the as-built drawings, the original chamber design layout will be added to the as-builts, although it should 
be noted that the internal piping was not surveyed within the WW#4 chamber as to the exact positioning 
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within the chamber, but it closely replicates the original design. During installation of the equipment and 
instrumentation within the WW#4 sump, the elevation settings for the pumps and alarms were set to the 
design elevations.  

b. Agreed. The reference to as-built details regarding the drainage media sand placement being presented on 
Drawing C-04 is incorrect. The drainage sand media placement over the top of the Bedrock Pilot Trench 
is shown on Drawing C-09, as suggested. The text within Section 3.4.7 of the CCR will be appropriately 
corrected. Furthermore, the references on Drawing C-03 to Drawings C-01A and C-01B will be revised 
to correctly reference Drawings C-04 and C-05. 

c. Agreed. The reference to Drawing C-05 for the liner installation panel layout, including destructive seam 
test and seam repair locations, will be corrected to Drawing C-08.  

 
GENERAL COMMENT 6: Section 3.3 indicates the vertical fractures near the base of the Pilot Trench narrowed 
to very thin fractures and Section 8, Lessons Learned During Pilot Trench, indicates no fractures yielding a 
substantial volume of water were observed in the basal portion of the Pilot Trench; however, both descriptions 
are qualitative. As such, it is not clear what the decision criteria was, and how this affected the conclusion that 
the base of the trench was completed within competent, more massive, bedrock. Revise the CCR to discuss this 
issue. 
 
GHD RESPONSE: 
 
Agreed. Due to the overall depth of the Pilot Trench, observation of fractures, both vertical and horizontal, could 
only be performed through remote inspection via video camera lowered into the narrow excavated rock trench at 
approximate 5-foot intervals along the trench alignment. Qualitative observations of rock fractures, groundwater 
flow, and comparison of general rock competency to expectations based on the pre-design investigation were the 
only remote methods available for visual inspection of the trench sidewalls due to safety concerns with respect to 
standing too close to the edge of an open rock trench. This qualitative decision process will be discussed further 
in the revised CCR. Based on limited (very thin) fractures near the base of the Pilot Trench and the observation 
that these fractures did not appear to produce substantial water, the Pilot Trench was determined to have been 
excavated into competent bedrock. For confirmation, the final trench depth was also in compliance with bedrock 
coreholes used for design of the Pilot Trench. 
 
GENERAL COMMENT 7: Appendix B, Field Data Interim Review (Ground Penetrating Radar and “Trial” 
Bedrock Quality Verification Videos) includes important discussions on the appropriateness of the final trench 
excavation depth to re-confirm the design considerations and information on the fractures; however, it appears 
this information should also be included in the main text of the CCR. Revise the CCR to address this issue. 
 
GHD RESPONSE: 
 
Agreed. GHD will revise the text within Section 3.3 of the CCR to restate the major conclusions of the “Bedrock 
Trench Field Data Interim Review Memorandum”, as presented in Appendix B. 
 
II. SPECIFIC COMMENTS 
 
SPECIFIC COMMENT 1: Section 3.1.1, Working Platform, Page 5, indicates top of bedrock elevations were 
found to be higher than expected in some locations, as compared to the investigative corehole drilling data and as 
a result, rock breaking was performed; however, this is not included in Section 8, Lessons Learned During Pilot 
Trench. As such, it is not clear if additional coreholes would have provided additional information prior to 
construction and increased the efficiency of construction. Revise this.section or Section 8, as necessary to address 
this issue. Ensure this discussion addresses the potential for propagation of factures as a result of the rock 
breaking and how or if the CCR makes this assessment. 
 
GHD RESPONSE: 
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Clarification. The balance between the pre-construction design corehole spacing and the amount of rock removed 
during construction is not considered a “Lessons Learned” or a construction efficiency issue as much as it was a 
description of the activities necessary to prepare a wide level surface for the rock trencher. An irregular bedrock 
surface was anticipated based on prior work on the project and the primary mass rock removal work required for 
the construction of the trench was related more to leveling the top of bedrock surface across the entire width of 
the working platform (west to east) rather than incomplete knowledge of the precise rock topography (north to 
south) as defined on the drawings.  
 
Although better identification of bedrock outcrops might have created more pre-construction knowledge, it is 
unclear whether such knowledge would have enhanced the construction efficiency of the mass rock breaking 
task.  GHD will add a discussion of the irregularity of the top of the epi-karst bedrock surface to Section 8.0 - 
Lessons Learned During Pilot Trench, however it should be noted that there is little that can be done during 
design to obviate the potential for additional rock removal during construction of the working platform. 
 
It should be noted that GHD did apply this lesson learned from construction of the Pilot Trench to the design for 
the future Phase II Trench by recognizing that the bedrock surface has a general cross slope from west to east, 
such that rock removal would likely be required on the upslope (west) side of the trench alignment in order to 
construct a level working platform (side to side). This lesson learned does not change the fact that rock removal 
will be required, but does allow us to recognize this fact and include an estimated quantity of rock breaking on 
the Form of Bid for the construction contractor so this cost can be accounted for up front. 
 
SPECIFIC COMMENT 2: Section 3.1.2, Electrical Resistivity Imaging, Page 5, indicates the results were found 
to be inconclusive; however, this is not included in Section 8, Lessons Learned During Pilot Trench. Revise this 
section or Section 8, as necessary to address this issue. Ensure the discussion addresses what if anything could be 
done to affect a different result for the Phase II Trench, or why the remaining assessments methods are sufficient 
without this additional information. 
 
GHD RESPONSE: 
 
Agreed. GHD will add a discussion of the implementation of the ERI survey and its inconclusive results for the 
Pilot Trench to Section 8.0 – Lessons Learned During Pilot Trench. This investigative method was not as useful 
as the GPR survey data which yielded much better resolution in the identification of significant fractures and 
voids in the bedrock in the area of the Pilot Trench.  
 
Text will also be added to the CCR to confirm that the other assessment methods used during trench excavation 
were sufficient for determination of rock fractures and voids and confirmation of the depth of competent rock 
beneath any future bedrock trench installations. During design and planning for the next phase of trenching, GHD 
will evaluate other geophysical methods that might provide better resolution or better identify the competent rock 
surface. 
 
SPECIFIC COMMENT 3: Section 3.2, Trench Excavation, Page 7, indicates that treated water was batched and 
tested prior to discharge; however, the discharge location and sample data is not provided. For clarity, provide the 
discharge location and sample results. 
 
GHD RESPONSE: 
 
Agreed. The text of the Pilot Trench CCR will be revised to include additional information regarding remediation 
water treatment, including a summary of the discharge location and discharge analytical results. 
 
SPECIFIC COMMENT 4: Section 3.3, Bedrock Quality Verification, Page 8 and 9, indicates seepage from 
fractures diminished over the dry winter months; however, this section does not provide an analysis of this 
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observation in relation to fracture flow or a discussion on the impact on the Pilot Trench performance. Revise this 
section to discuss the impacts of this observation on the trench performance and the ability to assess the fractures. 
 
GHD RESPONSE: 
 
Clarification.  The comment in the Pilot Trench CCR that “seepage from the water bearing fractures was noted to 
have diminished over the dry winter months” was an observation made by field personnel during performance of 
the final confirmatory videos conducted at a later time than the initial trial videos. This general observation that 
trench seepage appeared to decrease is an intuitive outcome of drier weather and does not appear to result in any 
inciteful analysis of trench performance. The inferred impact would be that the long-term operational productivity 
(i.e., groundwater removal) of the Pilot Trench would therefore reduce during drier weather.  
 
GHD is unsure how these visual observations of reduced flow can quantitatively be related to bedrock fracture 
flow, but a general discussion of the expected long-term trench performance based on the observations of lower 
flows during drier weather will be added to the CCR, as requested. 
 
SPECIFIC COMMENT 5: Section 9, Operation, Maintenance, and Monitoring, Page 19, indicates the Pilot 
Trench Interim Groundwater Monitoring Program and Operation Schedule (Interim Monitoring Program) is 
included in Appendix I; however, this document was not provided. Include this document in the final CCR. 
Further, no Operations, Maintenance and Monitoring (OMM) is provided for the Pilot Trench. Include text 
reflective of OMM for the Pilot Trench. 
 
GHD RESPONSE: 
 
Agreed. The Pilot Trench Performance Monitoring Plan (PMP) document, with its discussion of operation, 
maintenance and monitoring will be added to the Pilot Trench CCR once approved.  
 
SPECIFIC COMMENT 6: Table 3.4 Summary of Vertical Horizontal Fractures from Final Confirmatory Video, 
includes column entitled “Fill” with most stations noted as “Clay”; however, it is unclear what this description 
means. Revise the text of the CCR or Table 3.4, to include a description of the meaning of this column. 
 
GHD RESPONSE: 
 
Agreed. The column entitled “Fill” references the material within the vertical fracture at the time that the final 
confirmatory videos were recorded. For better clarification, this heading will be revised to be “Fracture Cavity 
Appearance”. The observed conditions include “clay-filled” and “void” (instead of “nothing”). The Pilot Trench 
CCR text will be revised as follows: 

“Table 3.4 presents the stations and approximate depths and/or lengths of the fractures observed from the 
confirmatory videos. Observations of the fracture cavities made during the review of the final confirmatory 
videos are provided on Table 3.4 and include both a determination if the cavity formed by the fracture was 
filled with native material (e.g., clay) or was void of material and an indication if the fracture showed 
evidence of water flow. 

 
III. EMAIL  COMMENTS (7/13/2018) 
 
EMAIL COMMENT 1: Section 3.3 discusses GHD's review of "trial" videos used to determine that the trench 
had been completed in competent rock and to release the trencher from the site. GM/GHD should further explain 
how this review in conjunction with the GPR results determined competent rock. Discuss any field decision 
criteria as part of Construction Quality Assurance that GM/GHD may have used based on conditions observed 
during trenching activities to decide whether or not to release the trencher, continue potential deeper trenching, or 
perform “additional exploratory drilling” as noted in the Phase II Trench Design Response to Comment #4b. 
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GHD RESPONSE: 
 
Clarification. Please refer back to GHD’s response to General Comment 1 for a discussion regarding verification 
that competent rock was encountered along the length of the Pilot Trench. GM extended an invitation for EPA to 
observe trench construction and kept EPA informed of the progress regarding depth via the confirmatory videos 
and the “Field Data Interim Review” Memorandum sent to EPA prior to demobilization of the rock trencher. 
 
Although the “trial” videos were not performed at the frequency that the confirmatory videos were performed, the 
17 high definition quality “trial” video recordings were conducted at pre-determined critical locations along the 
Pilot Trench alignment, specifically close to the two ends, beneath Detention Basin #4, in the immediate vicinity 
of the proposed WW#4, and at select locations in between. Upon review of these “trial” videos, in conjunction 
with the pre-design coreholes, four GPR surveys that previously correlated the strong reflector to the design top 
of competent bedrock, and visual observation during field implementation, it was determined by GHD and GM 
that the rock trencher had achieved the required depth along the entire alignment of the Pilot Trench.  
 
The “Field Data Interim Review” Memorandum that is included in Appendix B of the CCR also discusses some 
additional considerations that were taken into account when determining that the rock trenching performed had 
achieved the appropriate depth. It should be noted that draft “Field Data Interim Review” Memorandum was 
provided to U.S EPA prior to release of the rock trenching machine (within a few days of trench completion), 
with the subsequent confirmatory videos being performed solely for the purpose of thoroughly documenting the 
fractures present on both walls of the trench. 
 
EMAIL COMMENT 2: In the discussion of horizontal fractures, two fractures on the west side of the trench at 
Stations 1+55 and 8+65 were noted to have minimal flow. In both cases it is stated that the observed flow from 
the horizontal fractures appeared to be hydraulically connected with water sources along the overburden/bedrock 
interface suggesting contribution from the overburden regime. 
 

- What is the basis for this interpretation? 
- Could the flow observed within vertical and horizontal fractures be potential “flow through” within 

bedrock coming from the west plant or north of the east plant area, for example? 
 

GHD RESPONSE: 
 
Clarification. The horizontal fractures within the trench excavation that were observed to have minimal flow were 
also visually noted to appear hydraulically connected to the overburden regime based on visual observations of 
the water quality (i.e., clarity/turbidity) and quantity.  
 
For the fracture located at Station 1+55, Table 3.4 specifically indicates that there was a large V-notch at the top 
of the trench connected to a vertical fracture at the same station. Although the horizontal fracture was observed to 
be approximately 3/4 of the way down the trench wall (approx. 15 feet), there was a clear visual connection of the 
vertical fracture originating from the top of the bedrock to the horizontal fracture at depth.  
 
As for the fracture located at Station 8+65, Table 3.4 notes that this horizontal fracture was 1/4 of the way down 
the trench wall (approx. 30 feet), but there was a vertical fracture in close proximity (Station 8+60). It should be 
noted that the horizontal fracture was estimated to extend from Station 8+60 to 8+65, with the vertical fracture at 
Station 8+60 extending vertically from the top of the trench to the mid-depth (i.e., past the horizontal fracture). As 
such, it was postulated that the flow observed in the horizontal fracture originated from the vertical fracture that 
extended down from the top of bedrock. Although it is possible that groundwater flow observed in horizontal and 
vertical fractures could be considered potential “flow through” within the bedrock formation, the observations in 
the field during at the two fractures in question appeared to indicate vertical flow from the overburden/bedrock 
interface was more likely. 
 
EMAIL COMMENT 3: Table 4.1 is missing units. 
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GHD RESPONSE: 
 
Agreed. The units on Table 4.1 should be mg/m3. This will be corrected in the revised CCR. 
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