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1.0 INTRODUCTION 

This document presents Addendum No. 5 to the Site Source Control Work Plan (SSC 
Addendum No. 5) for the General Motors Corporation (GM) Powertrain Bedford 
Facility (Facility) located in Bedford, Indiana (U.S. EPA ID# IND006036099).  This SSC 
Addendum No. 5 has been developed to present changes to the Site Source Control 
Work Plan (SSC Work Plan, November 2003), in accordance with the Administrative 
Order on Consent (Docket Number V-W-'03-C-747, effective July 31, 2003)(AOC). 
 
 
1.1 GENERAL 

The Facility is located at 105 GM Drive, Bedford, Lawrence County, Indiana, 47421 
(Figure 1.1).  The Facility produces aluminum casting products, such as transmission 
cases, pistons, and engine blocks.  Major aluminum production processes include die 
casting and permanent molding.  The Bedford Facility has been operating as an 
aluminum foundry since 1942, with major facility modifications completed in 1950, 1953, 
1966, 1971, 1974, 1977, 1979, and 1980. 
 
 
1.2 PURPOSE 

The purpose of this SSC Addendum No. 5 is to present additional investigation activities 
in the Spring 018 Study Area (Spring 018 Area).  The Spring 018 Area includes the 
former springs Spring 018, Spring 018B, Spring 021-002, Spring 021-003, Spring 021-004, 
Spring 021-005, and the existing Spring 018C which now combines the water from the 
former noted springs.  The investigations will serve to further define groundwater flow 
pathways previously identified during completion of two separate geophysical surveys, 
and to further delineate the area of the Spring 018 groundwater drainage basin.  The 
proposed Scope of Work (SOW) includes the installation of 10 to 15 coreholes and three 
dye trace investigations along interpreted groundwater flowpaths in the Spring 018 
Area. 
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2.0 REVIEW OF EXISTING CONDITIONS 

2.1 BACKGROUND 

Spring 018 is located along Bailey's Branch, at the boundary of Parcels 15, 20, and 216 
(see Figure 1.1).  A plan of the Spring 018 Area is presented on Figure 2.1.  The surface 
expression of the spring is exposed along the rock sidewall of the excavated stream.  The 
area is heavily forested and topographically varied.  The stream banks in this reach are 
steep sided rock cliffs.  Extensive work has been completed during the ongoing Removal 
Action (RA) in this area, exposing sections of the underlying bedrock in the stream and 
on the banks. 
 
Two dye trace investigations completed in July 2004 demonstrated that surface water 
from Bailey's Branch and Tributary 3, which had previously entered the underlying 
karstic bedrock via swallets (a fracture system in the bedrock within the upper portion 
of the streambed), discharged from the karst system at the Spring 018 Area.  
Groundwater in the karst system originating to the east, outside the creek channel, also 
discharges to the Spring 018 Area.   
 
The swallets have been a source of low level PCB contamination because creek water 
containing PCBs entered the swallets and thus, the karst pathways near the creek.  As 
water and sediment passes through these karstic fractures, a portion of the accumulated 
clay particles can become dislodged from the walls of the fracture and flow with the 
groundwater ultimately discharging at Spring 018. 
 
Each of the swallets, located within the upstream portion of the Spring 018 Area, were 
sealed with concrete in 2005, in order to reduce the groundwater discharge at Spring 018 
(this reduced the flow of water to be treated prior to discharge to the creek).  This 
activity was performed during initial streambed restoration completed in the summer of 
2005.  Discharge at the Spring 018 Area has been reduced by approximately 90% (based 
on qualitative and quantitative assessments) from 3,000 to 5,000 gpm to 300 to 500 gpm.  
The water is currently being collected and treated prior to discharge to the creek.  In 
addition, sealing of the swallets with concrete reduced the potential for clay particles to 
be dislodged by reducing the scour velocity within Spring 018.  However, residual levels 
of PCBs continue to be detected at Spring 018, although with lower flow rates.   
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2.2 SUMMARY OF PREVIOUS INVESTIGATIONS 

2.2.1 GEOLOGICAL 

The surficial geology of the Spring 018 Area generally consists of a relatively thin layer 
of unconsolidated deposits of sand, clay, and chert produced by the weathering of 
limestone bedrock (regolith) and loess.  The unconsolidated, or overburden materials, 
vary in thickness across this area from a few inches near the edge of the streambed to 
approximately 10 to 15 feet beneath the crests of the surrounding hillsides.  Thicker 
deposits of proglacial outwash and lake sediment, and recent alluvium, occur along the 
major stream valleys, including Bailey's Branch Creek, although not within the 
Spring 018 Area. 
 
The uppermost or youngest bedrock unit encountered within the Spring 018 Area is the 
Salem Formation.  This massively bedded limestone consists of medium to 
coarse-grained calcarenite.  The base of this formation is characterized by microfossils 
and grains of broken fossils which are cemented with calcite.  The Salem Formation 
grades into and conformably overlies the Harrodsburg Formation. 
 
The Harrodsburg Formation generally consists of medium to coarse-grained limestone 
with beds of variable thickness.  Calcareous shale is present in beds and as thin laminae 
throughout the formation (argillaceous) but is more dominant toward the base.  The 
Harrodsburg Formation has been divided in the literature into an Upper and a Lower 
Unit.  The Upper Unit of the Harrodsburg Formation consists of coarse-grained 
biocalcirudite and bioclastic calcarenite.  The Lower Unit of the Harrodsburg Formation 
consists of a fine to medium-grained calcarenite which is interbedded with shale beds 
and shale laminae.  The base of the lower Harrodsburg Formation contains numerous 
siliceous geodes.  The contact between the Harrodsburg Formation and the underlying 
Ramp Creek Formation is conformable and distinct, and can be mapped in the field 
based on a distinguishable change in lithology.  The pre-excavation outlet of Spring 018 
to Bailey's Branch was also identified along the contact between the Harrodsburg and 
Ramp Creek Formations. 
 
The Ramp Creek Formation consists of medium grained calcarenite and is interbedded 
with fine-grained dolomitic limestone, shale, and chert.  Geodes are abundant 
throughout the approximate 20 feet thickness of the Ramp Creek Formation.  The 
contact between the Ramp Creek Formation and the underlying Edwardsville Formation 
is characterized by disconformity, observed in the field as a sharp lithologic break.  The 
Edwardsville Formation ranges in composition from a siltstone to a sandy shale, with 
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occasional thin interbeds of limestone.  A thin bed of glauconite is typically found 
marking the top of the Edwardsville Formation. 
 
Additional information on the Spring 018 Area geology is presented in the RFI Work 
Plan (CRA, October 2001) and Technical Memorandum RFI, Soil, Sediment, Surface 
Water, Wipe Sampling (CRA, April 2004). 
 
 
2.2.2 DYE TRACE 

Two dye trace studies were completed in July 2004 as part of the original swallet 
investigation to determine the flow characteristics of these swallets.  The dye injection 
was completed as two tests (one at each of the two main swallets at separate times).  
These activities were described in the RCRA Facility Investigation (RFI) Work Plan 
Addendum No. 6 (CRA, September 2004). 
 
As part of the first dye trace study, 60 milliliters (mL) of Rhodamine WT was injected 
into Swallet #1 (See Figure 2.1), approximately 500 feet away from Spring 018.  Visual 
evidence of dye was observed at Spring 018 approximately 36 minutes after injection.  
Dye was also observed at Spring 021-002, Spring 021-003, and at Spring 021-004 at 
approximately 37, 38, and 55 minutes after injection, respectively.  These springs are 
approximately 600, 700, and 800 feet away from Swallet #1, respectively.  Recovery 
monitoring was continued for approximately four days.   
 
During the second dye trace study, dye injection took place at Swallet #2 (see Figure 2.1) 
where 40 mL of Rhodamine WT was used for the injection during this test.  The recovery 
monitoring frequency was increased to every five minutes to account for the rapid 
transport through the system that was observed during the initial test at Swallet #1.  
Visual evidence of dye was observed at Spring 018 approximately 24 minutes after 
injection.  Dye was also observed at Spring 021-002, Spring 021-003, and at 
Spring 021-004 at approximately 24, 25, and 45 minutes after injection, respectively.  This 
test was discontinued at Spring 018 when the Facility's discharge was significantly 
reduced, resulting in limited amounts of surface water entering the swallets and no flow 
at Spring 018.   
 
These tests identified relatively fast travel times from the swallets to the springs thereby 
indicating a well developed open flow pathway.   
 
The results of both dye trace studies are presented in detail in the RFI Technical 
Memorandum for Swallet Testing (CRA, September 2004). 

 
  
 

013968 (205) 4 CONESTOGA-ROVERS & ASSOCIATES 



November 9, 2006 
 
 

 
 
2.2.3 VIDEO 

CRA conducted a video inspection of the Spring 018 opening in June 2005.  Review of 
the video indicated that fractures and select bedding planes have been subject to 
selective dissolution and infilling with clay.  Water flow within this karstic system 
appears to be along voids between bedding planes and also within vertical fractures.  
The video inspections provided a general understanding of the flow pathway 
orientation in the vicinity of the spring opening, extending into a larger conduit within 
the karstic rock to approximately 30 feet (where refusal occurred). 
 
 
2.2.4 GEOPHYSICAL 

In order to better understand flow within the karstic rock within the Spring 018 Area, 
CRA directed the performance of various geophysical testing studies using a variety of 
methods.  The purpose of conducting several studies was to compare and contrast the 
results to better understand actual flow paths and conditions.   
 
 
2.2.4.1 WILLOWSTICK 

Willowstick Technologies, LLC (Willowstick) was retained as a subcontractor to CRA to 
perform an assessment using electromagnetic gradients in the groundwater regime.  The 
purpose of the Willowstick study was to identify and map the groundwater flow 
pathways from the swallets to the current spring (Spring 018C) in order to assist in 
determining RA strategies.   
 
The Willowstick geophysical technology identified electrically conductive subsurface 
zones and preferential groundwater flow pathways potentially capable of channeling 
subsurface flow as it moves into and beneath the Spring 018 Area.  The Willowstick 
AquaTrack Geophysical Investigation Report was provided to the United States 
Environmental Protection Agency (U.S. EPA) on April 13, 2006. A summary 
interpretation of the AquaTrack geophysical results with the identified subsurface 
groundwater flowpaths is presented on Figure 2.2. 
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2.2.4.2 GROUND PENETRATING RADAR (GPR) 

CRA conducted a GPR survey over the Spring 018 Area in the summer of 2005.  The 
GPR study focused on the identification of potential highly fractured zones that could 
represent preferred groundwater flow pathways to the existing Spring 018C.  The GPR 
Spring 018 Area consisted of the hillside located between Spring 018C and the upstream 
swallets.  The complete GPR Memorandum was provided to U.S. EPA on April 13, 2006.   
 
Review of the GPR survey results for the Spring 018 Area indicates that the bedding 
planes were strong reflectors, and produced a very strong response, as presented on 
Figure 2.3.  The strata generally appeared as sub-horizontal bedding planes; however, 
there was evidence of vertical fractures based on the discontinuous nature of the 
bedding planes.  In addition to the suspected subsurface conduit system, numerous 
other fractures were interpreted based on the GPR results.  In general, fractures appear 
to occur along two main orientations, namely as shallow-dipping features to the west 
and as vertical to sub-vertical fractures dipping steeply to the east.  A cross section of the 
interpreted trend of the suspected conduit is presented on Figure 2.4.  The cross section 
illustrates the GPR response over suspected Spring 018 conduit for GPR Lines D 
through N. 
 
 
2.2.5 ANALYTICAL RESULTS 

Spring 018/018C has been sampled routinely over the past couple of years.  Available 
analytical results are summarized in Table 2.1.  Figure 2.5 presents these results in 
graphical form. 
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3.0 SCOPE OF WORK 

This section outlines the proposed investigations and methods, which will be utilized to 
achieve the objectives presented in Section 1.0.  The information acquired through these 
investigations will be used to determine if further investigation is warranted and to 
support the design of a RA strategy for the Spring 018 Area.   

The investigations are summarized as follows: 
 
• installation of 10 to 15 coreholes to further define the stratigraphy of the bedrock and 

to provide ground truthing of the Spring 018 Area to delineate the area of the spring 
drainage basin (Figure 3.1); and 

• three proposed dye tracer investigations, as outlined below. 

 
 
3.1 COREHOLE INSTALLATION AND DESIGN 

RFI protocols (RFI Work Plan, CRA, October 2001) will be followed to complete the 
corings.  At each location, the overburden material will be sealed from the bedrock with 
a four-inch steel casing, grouted into the upper portion of the bedrock surface.  The 
grout will be allowed to cure for a minimum of 48 hours prior to continuing the 
advancement of the corehole.  The bedrock will then be cored using a HQ 
(approximately 3.8-inch diameter) core barrel.  Cores will be observed and described at 
ten-foot increments during advancement.  
 
Upon completion to the final depth, each corehole will be immediately developed by 
flushing with water and will be completed as an open-hole with a 2-foot PVC sump at 
the bottom of the corehole and left available for future evaluation.   
 
Each corehole will be completed with a locking, hinged cap, welded into place on the 
four-inch outer casing.   
 
Selected samples may be collected, where appropriate, to evaluate whether PCBs are 
present in the groundwater conduit system in a particular area.  Bedrock and/or clay 
seam samples from the corehole locations may be also collected during the drilling 
program, should the suspected conduit system (from fractures at an appropriate 
elevation) be encountered while advancing the corehole.  All collected samples will be 
submitted to STL for analysis of PCBs.  All sampling activities conducted in accordance 
with RFI protocols.   
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Bedrock cores will be retrieved from the core barrel and immediately placed into 
wooden core boxes.  Core boxes are 4 feet in length and consist of three rows for core 
placement, thus allowing for approximately 12 feet of core in each box.  The top of the 
retrieved core will be placed in the upper left-hand corner (i.e., laid out from left to right, 
and from top to bottom).  Each core box will be labeled as to contents on the top and 
front, photographed, and placed into a storage container located at the Facility, or other 
secured location, as necessary. 
 
To supplement the mapping near Spring 018, the field geologist will map the outcrops in 
the area of the dye trace. 
 
 
3.2 DYE TRACE INVESTIGATIONS 

Three separate qualitative dye trace investigations will be conducted as part of this SSC 
Addendum No. 5.  The purposes of the proposed dye trace investigations are: 
 
1) evaluating of the effectiveness of the concrete sealing of the streambed in the 

vicinity of the swallets; 

2) monitoring and evaluation of various potential groundwater flowpaths between 
Swallet 1A and Spring 018C; and 

3) monitoring and evaluation of potential groundwater flowpaths from the east 
(upgradient).  

 
The following presents the details of the proposed SOW and will be conducted in 
sequence, as presented.  The proposed dye trace investigation locations are presented on 
Figure 3.2.  Background, or baseline, water and charcoal samples will be collected at 
each sampling location prior to dye injection. 
 
 
3.2.1 DYE  TRACE STUDY #1 

Injection of dye (eosine) is proposed within the stream flow of the main channel of 
Bailey's Branch during a low flow event, located upstream of the swallets, with 
subsequent monitoring at Spring 018C discharge and the newly installed coreholes.  The 
objective of this study is to evaluate the effectiveness of the concrete sealing within the 
streambed in the vicinity of the swallets.    
 

 
  
 

013968 (205) 8 CONESTOGA-ROVERS & ASSOCIATES 



November 9, 2006 
 
 

It is proposed that 500 to 1,000 mL of eosine dye be injected directly within the surface 
water flow upstream of the swallets.  The injection will occur over approximately 
15 minutes in order to allow for a slow release of the dye into the surface water.  This 
slow release will increase the potential for the dye to seep into the underlying bedrock 
and potentially be detected at Spring 018C.  
 
 
3.2.2 DYE TRACE STUDY #2 

Injection of dye (rhodamine WT) is proposed within a new corehole to be located at the 
former Swallet 1A; and subsequent monitoring at various proposed coreholes along the 
interpreted groundwater flowpaths, and at the Spring 018C discharge. 
 
The objective of this dye trace test is to determine if the newly installed coreholes are 
appropriately placed within the underground groundwater flow pathways, as 
determined through the previously conducted geophysical studies.  The injection will 
consist of approximately 100 mL of rhodamine WT dye with water flow to flush the dye 
through the system.  
 
 
3.2.3 DYE TRACE STUDY #3 

Injection of dye (fluoroscein) is proposed to be conducted into a sinkhole located east of 
Spring 018C on Parcel 14.  Monitoring points will consist of the newly installed 
coreholes and springs in the vicinity. 
 
The objective of this dye trace test is to determine if the sinkholes located to the east of 
the Spring 018 Area are significantly contributing to the discharge at Spring 018C.  
Approximately 500 to 1,000  mL (actual amount will depend upon actual site conditions 
at the time of the injection) of fluoroscein dye will be injected at the sinkhole, which will 
be subsequently flushed with 2,000 to 3,000 gallons of potable water.  The timing of this 
test may occur ahead of the others, should a significant precipitation event be 
anticipated. 
 
 
3.2.4 DYE RECOVERY/MONITORING 

Monitoring will occur at the newly installed coreholes and at springs in the area.  The 
actual proposed monitoring network and frequency of sample collection is provided on 
Figure 3.3/Table 3.1. 
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Three methods of sample collection will be used during the dye trace testing:  water 
grab samples, passive detectors, and ISCO continuous water samples.  A passive 
detector is a material such as activated charcoal that allows the dye to accumulate on its 
surface over time.  This method allows dye detection for very low concentrations in 
water.  The charcoal samples are washed and covered with a mixture of ammonium 
hydroxide, ethanol, and distilled water for three hours.  After the three-hour period, the 
resulting solution is analyzed for the presence of the dye.  Charcoal packages are best 
used to establish either the absence or presence of dye at a monitoring location, while 
grab samples are best used to establish a dye concentration in water.  Both types of 
sampling will be utilized in this study, along with automated water sample collection 
using ISCO devices. 
 
Monitoring will be discontinued after it is determined that useful data is no longer being 
collected (approximately one to two weeks after commencement but no longer than one 
month after commencement).   
 
 
3.2.5 LABORATORY PROCEDURE 

All samples (grab, charcoal, or ISCO) will be analyzed on the Shimadzu 5000U scanning 
spectrofluorophotometer.  The instrument can detect dyes in the parts per trillion (ppt) 
ranges.  It produces a fluorogram of intensity vs. wavelength (nanometers) for each 
sample analyzed.  The intensity will be converted to concentration allowing for 
construction of a breakthrough curve of time vs. concentration.  Water samples allow for 
construction of the breakthrough curve that can give an accurate time of arrival, 
apparent velocity, and information concerning the mode of transport.  If the 
breakthrough curve is a sharp peak of short duration it indicates rapid flow along a 
fracture.  Broader peaks with a long duration indicate a more diffuse pathway of 
groundwater flow.  A table of common dyes and the wavelength for fluorescence is 
presented in Table 3.2.  
 
A calibration curve will be constructed for aqueous dye solutions, and also for the 
elutant in equilibrium with charcoal samples.  The instrumentation excitation and 
emission parameters will be 5 x 5 nanometers (nm) for both water and charcoal 
(different slit widths may also be used for confirmation purposes).  Dilutions will be 
performed on samples with higher dye concentrations, as necessary.  In addition, blanks 
will be employed for both water and charcoal as well as a daily mid-range dye 
standards, as appropriate. 
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4.0 REPORTING AND SCHEDULE 

The results of this SSC Addendum No. 5 will be presented to the U.S. EPA and the 
Indiana Department of Environmental Management (IDEM) in a Technical 
Memorandum. 
 
The SOW presented in this SSC Addendum No. 5 will be initiated as soon as is 
practicable based upon U.S. EPA approval, contracting, and weather conditions. 
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