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1.0 INTRODUCTION 

This document presents an Addendum No. 6 to the Resource Conservation and 
Recovery Act (RCRA) Facility Investigation (RFI) Work Plan (RFI Work Plan) for the 
General Motors Corporation (GM) Powertrain Bedford Plant (Facility) located in 
Bedford, Indiana (U.S. EPA ID# IND006036099). 
 
 
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. 
 
The Facility, located on 152.5 acres, contains approximately 915,000 square feet of floor 
space and employs approximately 1,000 people.   
 
 
1.2 RFI APPROACH 

GM signed a Performance-Based RCRA Corrective Action Agreement (Agreement) with 
the United States Environmental Protection Agency (U.S. EPA) for the Bedford Facility 
on March 20, 2001, as amended on August 31, 2002.  The signed Agreement states that 
GM will work with the U.S. EPA to identify and define the nature and extent of releases 
of hazardous waste and/or hazardous constituents at or from the Bedford Facility. 
 
 
1.3 PURPOSE 

The purpose of RFI Work Plan Addendum No. 6 is to document the approach discussed 
with U.S. EPA for dye trace testing at two small swallet features within the stream 
channel.  In conjunction with the dye trace test, a stream flow study will also be 
conducted to determine the approximate volume of surface water entering each of the 
two swallets, and the approximate volume of water being discharged at various springs 
located downstream. 
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2.0 SCOPE OF WORK 

Two swallet features have been identified within the creek channel of Bailey's Branch 
Creek.  These features are small vertical cracks where a portion of the surface water is 
currently being diverted underground.  These swallets are located within the limestone 
bedrock (Harrodsburg Formation) that serves as the bed for the creek in this area.  
Swallet #1 is located on Parcel 15 and Swallet #2 is located on Parcel 216, approximately 
220 feet downstream of Swallet #1 (Figure 2.1).  It has been noted that at certain times of 
the year, the surface water also flows over the creek bed.   
 
Several small springs are located downstream of the two swallets, which contribute 
water back into the stream system.  Three of these springs are located close to each other, 
including one fairly large spring (Spring_018).  This is the first spring located 
downstream where a significant amount of flow re-enters the stream system.  The 
proposed Scope of Work (SOW) includes gauging the approximate gains and losses of 
surface water flow within the system in this portion of the creek.  Concurrent with the 
flow study, dye will be injected into each of the swallets (separate tests) and the known 
downstream springs will be monitored for the presence of dye.  This testing is aimed at 
determining a rough estimate of the amount of potential underground storage to aid in 
the determination of appropriate course of action during cleanup of this portion of the 
stream system.   
 
The following presents the details of the proposed SOW. 
 
 
2.1 SURFACE WATER FLOW QUANTIFICATION 

Field examination of the swallet areas identified two locations where a significant 
portion of the discharge in Bailey's Branch Creek was being diverted into underground 
channels and at least three locations where water of some source was entering or 
re-entering Bailey's Branch Creek.  The swallets, or inlets, are on either side of the 
junction with Tributary 3 (Figure 2.1).  There are at least three spring locations where the 
surface water apparently reappears within about a 20-foot reach and located about 600 
feet (straightline distance) downstream of the diversion/inlet swallets.  The narrow 
creek valley makes a 90-degree righthand bend between the inlet and source swallows, 
placing the straightline about 200 feet eastwards into the hillside. 
 
Downstream of the first three springs, the creek is highly irregular, meandering within 
the low flow channel, with a streambed consisting of cobble and rock.  The reach 
between the swallets and springs is a continuous series of small waterfalls over rock 
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ledges with short pools and riffles, alternating between accelerating and decelerating 
flow.   Stream depth in the thalweg (deepest portion of the channel) typically varies 
between 1-1/4 inch and four inches.  In short, conventional stream gauging will not 
provide results. 
 
 
2.1.1 WEIR CONSTRUCTION AND INSTALLATION 

To measure the flow into and out of this portion of the creek, weir plates will be placed 
at seven locations.  The weir plates will have a lower, central notch, to measure low 
flows of about 0.5 cfs, and an upper rectangular section to measure flows up to about 
5 cfs.  By measuring the height of the water surface above the weir, the discharge (Q) can 
be calculated.  Electronic pressure transducers will be used to measure water depth.  
Pressure transducers will be used that collect and record data within the instrument.  
Data will be downloaded into a laptop computer.1 
 
The width of the stream where the weir plates will be placed varies from about seven to 
ten feet.  The weir plates will be cut from aluminum plate and be six feet wide.  The weir 
plates will be mounted on plywood cut to roughly match the stream cross-section at the 
specific weir location.  Sandbags and/or limited concreting will be used to hold the 
weirs in place. 
 
 
2.1.2 WEIR CALIBRATION/MEASUREMENT 

Weir plates, to be able to fully define the discharge ratios (system inputs), will be placed 
at the following locations: 
 
1. upstream of the Swallet #1 above the junction with Tributary 3 (Q1); 

2. downstream of Swallet #1 (Q2); 

3. in Tributary 3 (Q3); and,  

4. downstream of Swallet #2 (Q4). 

The flow into Swallet #1 is:  Qsw1 = Q1 –Q2. 

The flow into Swallet #2 is:  Qsw2 = (Q2 + Q3) – Q4. 

 
At the downstream spring locations, weir plates will be placed: 
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1. upstream of the Spring_018 (Q5); 

2. downstream of Spring_018 and Spring_021-002 (Q6); and, 

3. downstream of the Spring_021-003 (Q7). 

The discharge from Spring_018 and Spring_0210-002 is:  Qss1 = Q6 – Q5. 

The discharge from Spring_021-003 is:  Qss2 = Q7 – Q6. 

 
These calculations will be used for approximations only.  Leakage around the weirs, 
precipitation, and other factors will contribute to apparent imprecision of the calculated 
flow rates. 
 
 
2.1.3 MEASUREMENT FREQUENCY/DATA ANALYSIS 

Bailey's Branch Creek shows a strong diurnal effect in discharge.  Therefore data will be 
collected on 15-minute intervals.  Data from the existing monitoring system has shown 
that this provides an accurate record of discharge. 
 
The quantity of water diverted through the swallets will vary with the depth of water in 
the creek.  As well, the amount of surface water/groundwater baseflow to the outlet 
spring(s) will vary with rainfall and time since last rain event.  Therefore data collection 
may extend over days or weeks. 
 
Data will be downloaded into a laptop computer and converted into 
discharge-with-time in a spreadsheet.  The relative discharge ratios between the swallets 
and the downstream springs will be calculated in the same spreadsheet.  Results will be 
presented graphically. 
 
 
2.2 DYE TRACE TESTING 

Approximately one week after the surface water weirs have been installed and 
calibrated, a small amount of Rhodamine WT will be injected into Swallet #1.  Upon 
completion of this test, an additional injection will be completed at Swallet #2.   
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2.2.1 DYE INJECTION 

Approximately 60 milliliters (ml) of Rhodamine WT will be injected at Swallet #1 for the 
initial test.  Depending upon the results of the initial test, this volume may be adjusted in 
the field for testing at Swallet #2.  Rhodamine WT is pink to purple in color and will 
fluoresce at a wavelength of 577 nanometers (+/- 5 nanometers). 
 
 
2.2.2 DYE RECOVERY/MONITORING 

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. 
 
 
2.2.2.1 MONITORING LOCATIONS 

The monitoring points for dye recovery will consist of springs in the vicinity of the 
injection point that have been identified during recent and past reconnaissance.  The 
automated ISCO samplers will be utilized at the following springs:  Spring_018 and 
Spring_021-002.  Water grab samples will be collected at the following locations:  
Spring_021-003, Spring_021-004, Spring_009, Spring_020-002, and Spring_Well 1 
(Figures 2.1 and 2.2).  Charcoal packages will be placed at each of these locations and 
will only be utilized as backup in the case of equipment failure.  Table 2.1 presents the 
dye recovery locations, sample method, and frequency. 
 
 
2.2.2.2 MONITORING FREQUENCY 

The dye recovery sampling frequency will be as follows:  at a minimum, samples will be 
collected at the ISCO auto-samplers every 15 minutes until the dye is visibly clear from 
the springs (beginning at the time of injection), then every hour, or two-hour increments.  
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Grab samples will be collected at the same schedule.  Charcoal packets, at a minimum, 
will be collected at the end of each test.   
 
Once the majority of the dye has been recovered, the ISCO samples and grab samples 
will be discontinued.  The charcoal packs will remain at the recovery points where the 
dye is not detected during the test for two weeks following the dye injection.   
 
 
2.2.2.3 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.  Additional dyes can be injected if they fluoresce at a wavelength far 
enough apart from Rhodamine WT so that their peaks do not overlap.  A table of 
common dyes and the wavelength for fluorescence is given in Table 2.2.  However, for 
this initial test, only Rhodamine WT will be used. 
 
A calibration curve will be constructed for aqueous dye solutions, and also for the 
elutant in equilibrium with charcoal samples.  The instrumentation parameters will be 
5x5 for both water and charcoal.  In addition, blanks will be employed for both water 
and charcoal as well as a daily mid-range Rhodamine WT standard 
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3.0 REPORTING AND SCHEDULE 

The weir installation will take approximately two weeks.  An additional week of data 
collection prior to dye injection will be done in order to establish typical flows.  The dye 
trace test at each swallet will be completed within one week after dye injection to 
recover a majority of the dye.  Upon completion of all field activities and upon receipt of 
all final, validated analytical data and the information will be submitted to U.S. EPA. 
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TABLE 2.1

SUMMARY OF DYE RECOVERY METHODS AND FREQUENCIES

Recovery Location Sampling Method Backup

Spring_018 ISCO Charcoal
Spring_021-002 ISCO Charcoal
Spring_021-003 Grab Charcoal
Spring_021-004 Grab Charcoal
Spring_009 Grab Charcoal
Spring_020-002 Grab Charcoal
Spring Well 1 Grab Charcoal

Notes:
1 - Frequency will be every 15 minutes for the first 6 hours,
      then every hour or two-hour increments

CRA 13968 (107)
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TABLE 2.2

COMMON DYES AND WAVELENGTHS

Dye Wavelength (nanometers)
Optical Brighteners 435±5 and 410±5
Direct Yellow 452±5
Fluorescein 510�518
Eosine 535±5
Rhodamine WT 577±5
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