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1. Introduction 

GHD Services, Inc. (GHD1) has prepared this Design Report to present the work to be completed 
as part of an Interim Measure (IM) for the Former South Lagoons and Outfall 002 Area of Interest 
(AOI 8) at the General Motors LLC (GM) Castings, Engines, and Transmissions (CET) Bedford 
Facility (Facility) located in Bedford, Indiana. The overall Facility Location and Plan, including the 
location of AOI 8 are presented on Figures 1.1 and 1.2, respectively. 

Evidence of recoverable Light Non-Aqueous Phase Liquid (LNAPL) and Dense Non-Aqueous 
Phase Liquid (DNAPL) have been observed within AOI 8 at monitoring wells CH-5 and CH-2A, 
respectively. Long-term removal of Non-Aqueous Phase Liquid (NAPL) from the AOI 8 area will be 
accomplished by removing accumulating NAPL from wells CH-2A and CH-5, as outlined in the 
report entitled “AOI 8 Area Groundwater Source Collection System Interim Measures Work Plan – 
Revision 1” (IM Work Plan), dated March 2, 2017). LNAPL observed in CH-5 will be removed 
utilizing a passive collection system comprised of absorbent socks that will be routinely replaced 
based on sock saturation. DNAPL observed in CH-2A will be removed by an automated pumping 
system. It is the automated pumping system that is the focus of this Design Report. 

A summary of the AOI 8 investigations, along with a general discussion of the passive LNAPL 
collection system (absorbent socks) for CH-5 and the recommended conceptual design for the 
automated DNAPL pumping system at CH-2A were previously presented in the IM Work Plan. 

2. Background 

2.1 Facility Location 

The Bedford CET Facility is located at 105 GM Drive in the City of Bedford, Shawswick Township, 
Lawrence County, Indiana on approximately 152.2 acres of land located on both sides of GM Drive. 
The overall Facility location is presented on Figure 1.1. The East Plant Area represents the portion 
of the Facility that is bounded by GM Drive to the west and Bailey Scales Road to the east (see 
Figure 1.2). The West Plant represents the portion of the Facility that is bounded by GM Drive to the 
east and an abandoned railroad line to the west. Manufacturing operations are included in the West 
Plant Area. The AOI 8 area is located within both the East Plant and West Plant Areas, as shown 
on Figures 1.1 and 1.2. 

2.2 Regional Environmental Setting 

A detailed description of the regional environmental setting (physiography, topography, land use, 
geology, hydrogeology, and hydrology) was previously provided in the Current Conditions Report 
(CCR) prepared by Conestoga Rovers & Associates, Inc (CRA), dated May 25, 2001 and has been 
updated as required based on findings from various phases of the Resource Conservation and 

                                                      
1 On July 2, 2014, GHD and Conestoga-Rovers & Associates (CRA) merged. On July 1, 2015, CRA changed its 

name to GHD. Where work was conducted prior to July 1, 2015, CRA is identified as the entity performing the 
work. 
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Recovery Act (RCRA) Facility Investigation (RFI) Work Plan (CRA, October 29, 2001) at the CET 
Bedford Facility. The complete regional environmental setting description has not been reproduced 
for this report; however some of the pertinent bedrock geological and hydrogeological information 
regarding the Facility is presented here for background purposes. 

The uppermost bedrock formation beneath the Facility is comprised of the lower beds of the Middle 
Mississippian St. Louis Limestone (the oldest formation within the Blue River Group). This bedrock 
formation is approximately 25 ft thick (Melhorn and Smith, 1959) in the immediate vicinity of the 
Facility. Immediately underlying the St. Louis Limestone, and outcropping to the east of the Facility, 
are the Salem Limestone, Harrodsburg Limestone and the Ramp Creek formations, respectively. 
These three Mississippian formations make up most of the Sanders Group. The Salem Limestone is 
approximately 70 to 80 ft thick, the Harrodsburg Limestone is approximately 80 to 90 ft thick, and 
the Ramp Creek is approximately 20 ft thick (Melhorn and Smith, 1959). 

The near surface regional geology is characterized by karst rock topography. Several geomorphic 
features, such as sinkholes, characterize the land surface near Bedford. This karst topography is 
especially prominent along the western portion of Lawrence County, with substantially less surface 
expression through the middle and eastern portions of the county. The City of Bedford lies within 
the physiographic province known as the Mitchell Plain, or Plateau (karst plain). The Mitchell Plain 
extends from near Bloomington to the north and south to the Ohio River within the State of Indiana. 

There are two basic types of aquifers: unconfined and confined. Unconfined aquifers in Lawrence 
County generally occur along Salt Creek and the East Fork of the White River within the proglacial 
outwash deposits, glaciolacustrine deposits, and recent alluvium. The unconsolidated aquifers are 
often exposed to the ground surface or have a very thin covering of non-aquifer material, generally 
comprised of silt and clay (Fenelon and Bobay, 1994). 

Groundwater flow within the confined (carbonate) aquifers takes place along the joints, fractures, 
and bedding planes that eventually may become enlarged by solution to cave passages or karst 
features. Recharge to a karst rock system occurs through surface openings that vary in scale from 
narrow, solutionally widened joints to large sinkholes. Discharge typically occurs through springs, 
from solutionally widened joints or bedding planes, but may be enlarged, to sizable cave openings. 
Most groundwater within this aquifer system discharges to surficial water bodies, to underground 
water bodies, and to springs (Etzel, 1982). 

3. Historical Operations 

3.1 Former Lagoon Closure Activities 

The former General Motors Corporation (GMC) utilized five lagoons (South Lagoons #1 through #5) 
at the Facility for the purpose of treating process wastewater from their manufacturing operations 
prior to discharge to Outfall 002, pursuant to a National Pollutant Discharge Elimination System 
(NPDES) permit (IN 0003573), originally issued in 1974. These five former South Lagoons (also 
referred to as the Process Lagoons) operated in a cascading-type fashion in order to separate and 
reclaim the heavier hydraulic oils (settled to the bottom) contained in the process wastewater. The 
process wastewater was primarily from the existing service tunnels beneath the die cast machines. 
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GMC constructed the former South Lagoons in 1959. These Lagoons were eventually removed as 
a more complete treatment system was installed to treat process water prior to discharge. South 
Lagoon #4 (also referred to as the Sludge Storage Lagoon) was the last lagoon to be removed and 
was remediated in 1983. The Facility’s existing wastewater treatment plant (WWTP) occupies the 
location of former South Lagoons 1#, #2, #3, and #5. Although there have been no documented 
releases from the area of the former South Lagoons #1, #2, #3, and #5, there is a potential that 
subsurface conditions may have been impacted due to the nature of the operations of the lagoons. 
The Facility’s WWTP currently discharges treated wastewater through Outfall 002. The location of 
the five former South Lagoons is presented on Figure 2.1. 

GMC completed closure activities (soil and sediment removal and disposal) for the lagoon settling 
basin within the former South Lagoon #4 in 1983. GMC retained CECOS to complete the closure of 
the South Lagoon #4. Excavation activities at former South Lagoon #4 began on August 22, 1983, 
with removed soil and sludge being transported under manifest for disposal at the Toxic Substances 
Control Act (TSCA) approved Secure Chemical Management Facility near Williamsburg, Ohio. The 
excavation activities were completed on September 30, 1983. 

On October 5, 1983, GMC notified the National Response Center (NRC), the Indiana State Board of 
Health (ISBH), and the United States Environmental Protection Agency (U.S. EPA) that water was 
flowing into the bottom of the former lagoon, as observed upon completion of the excavation. Small 
amounts of oil were also observed entering the excavation along with the water. It was estimated 
that approximately 1,500 to 2,000 gallons per day (gpd) of water was entering the excavation. 
Analytical results of the oil indicated a PCB concentration of 36,000 milligrams per liter (mg/L). 

As such, prior to backfilling and capping the excavation, a collection system was installed for the 
purpose of collecting the oil and accumulating water. The collection system consisted of four-inch 
diameter, perforated polyvinyl chloride (PVC) pipe placed around the perimeter of the excavation 
bottom. Approximately one foot of gravel was used to cover the pipe and a compacted clay berm 
was constructed around the gravel. The horizontal pipe drained to a five-foot diameter manhole 
(sump), where an electric pump was installed. The collection system discharge was tied into the 
existing WWTP at the Bedford Facility for treatment. 

Approximately 27,000 tons of clay was used to backfill the excavation, with six inches of topsoil 
cover that was seeded to create a (unused) grassy area. GMC notified the ISBH and U.S. EPA of 
the completion of the final cleanup of former South Lagoon #4 on January 11, 1984. The installed 
sump is still in place but is currently not being operated. 

3.2 RFI Investigation Summary 

Under the RFI Work Plan, four soil borings were advanced within AOI 8 for the purpose of verifying 
the existing conditions. B-X193Y098 was advanced within the area of the former South Lagoon #4, 
while B-X219Y095, B-X223Y097A, and B-X223Y097B were advanced within the area of the former 
South Lagoon #5. Borings could not be completed at the former locations of South Lagoons #1, #2, 
or #3 due to the presence of the Facility’s WWTP at these locations. 



 
 

GHD | AOI 8 NAPL Recovery Design Report | 013968 (390) | Page 4 

The subsurface conditions at former South Lagoon #4 (B-X193Y098) consisted of topsoil underlain 
by approximately 13 ft of clay fill. At approximately 12 ft below ground surface (bgs), the clay fill was 
observed to be visibly stained and exhibited a noticeable petroleum odor. Bedrock was encountered 
at 14 ft bgs. The subsurface conditions in the three soil borings within the former South Lagoon #5 
area generally consisted of variable fill materials (clay, sand, and gravel) ranging in thickness from 
6 to 14 ft, below which bedrock was encountered. 

Five of the 12 soil samples (including one duplicate) collected from the subsurface within the AOI 8 
area exceeded the polychlorinated biphenyl (PCB) screening level of 7.4 mg/kg. Exceedances were 
from soil collected near the bedrock at each of the boring locations. Concentrations of total PCBs 
ranged from non-detect (ND) to a maximum concentration of 1,700 mg/kg. The maximum PCB 
concentration was found immediately above bedrock beneath former South Lagoon #4 (13 to 14 ft 
bgs at soil boring B-X193Y098). 

In May 2002 after a period of significant rainfall, DNAPL/oil was discovered in the creek bottom, 
downgradient from the Former South Lagoons #4 and 5, following soil removal near the existing 
Outfall 002. The DNAPL was observed to be seeping into the excavated area from the underlying 
bedrock. Measures were implemented to contain, remove, and appropriately dispose of the DNAPL. 
In order to determine a possible source for the DNAPL, several borings were advanced between the 
Facility’s WWTP and the Outfall 002 area, as described in the RFI Work Plan Addendum No. 1 
(CRA, November 2002) to evaluate the water and NAPL in the rock. 

Three borings (B-X209Y078A/B/C) were advanced within the footprint of the removed million gallon 
above ground storage tank, just south of the Former South Lagoon #4. One of these borings was 
later advanced into bedrock for installation of a shallow monitoring well (MW-X209Y078S). Two 
wells were advanced northeast of the million gallon aboveground storage tank (AST) Monitoring 
well MW-X225Y080S was completed within the shallow bedrock, while adjacent TMW-X225Y080 
was completed within the overburden due to the presence of perched groundwater during drilling. 
Soil samples collected indicated no results exceeding screening levels. 

To further characterize the transport of water/NAPL within the bedrock in the vicinity of Outfall 002, 
a series of shallow bedrock monitoring wells were installed at a 30 degree angle (to vertical). The 
borings were completed on an angle to increase the chance in locating vertical fractures within the 
bedrock. These wells are located along a line perpendicular to the flow of the creek at Outfall 002 
(along east side of GM property). Fifteen angle-monitoring wells were completed at nine locations in 
total. Six of the nine monitoring well locations were completed as well nests (shallow and deep wells 
completed next to each other). The monitoring well nests were completed as a result of substantial 
loss of drilling fluids via the shallow bedrock fractures that occurred during drilling at those locations. 
Therefore, many of the shallow wells within a well nest were completed above the water table and a 
nested monitoring well was installed deeper. Eighteen (including one duplicate) soil samples were 
submitted for laboratory analysis for PCBs. 
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4. Review of NAPL Recovery Investigations 

The initial scope of work for the AOI 8 area investigation was described in the memorandum entitled 
“Work Plan Addendum, AOI 8 Interim Measures” (CRA, January 22, 2008). After submittal and 
review of several additional memoranda containing responses to comments on the scope of work in 
the initial Work Plan Addendum (CRA, February 20, 2008; July 16, 2008; September 23, 2009; and 
July 16, 2010), the scope of work was finalized in a revised memorandum entitled “Work Plan 
Addendum, AOI 8 Interim Measures - Revision 1”, dated September 2, 2010. 

The finalized Work Plan Addendum included additional investigations of AOI 8, including installation 
of additional monitoring wells and a plan for implementing a NAPL removal and monitoring test at 
two wells with historical NAPL presence (CH-2A and CH-5). The following section provides a short 
summary of the additional investigative activities that have occurred in the AOI 8 area since the RFI. 

4.1 NAPL Delineation and Recovery Evaluation 

Bedrock coreholes CH-1B, CH-2A. and CH-5 were installed in 2005 as part of an investigation to 
determine the proposed bedrock groundwater collection trench alignment. NAPL was first observed 
at corehole CH-5 in July 2005, and later observed in CH-1B and CH-2A, as well as monitoring wells 
MW-X209Y053 and MW-X227Y049. MW-X209Y053 and MW-X227Y049 were installed as part of 
the NAPL delineation discussed in Section 4.1.1 below. 

4.1.1 NAPL Delineation (2006) 

Eight (8) groundwater monitoring wells (MW-X190Y048; MW-X192Y048; MW-X209Y053; 
MW-X214Y041; MW-X227Y049; MW-X227Y054; MW-X228Y032; and MW-X234Y042, all of which 
have subsequently been abandoned due to placement of the East Plant Area cover system), were 
installed between July and December 2006 to delineate the extent of NAPL in shallow bedrock 
south and southeast of AOI 8. Measureable thicknesses of NAPL were present in two of the eight 
monitoring wells (MW-X209Y053 and MW-X227Y049). A trace amount of NAPL (not measurable or 
recoverable) was noted upon removal of the pump from MW-X227Y054; but NAPL has not been 
observed since. 

During subsequent sampling, groundwater samples were not collected from the two groundwater 
monitoring wells that exhibited NAPL (MW-X209Y053 and MW-X227Y049) presence. An oil-water 
characterization sample was collected from MW-X209Y053, which exhibited a PCB concentration of 
400,000 mg/kg (but this well did not contain NAPL in later sampling).  

4.1.2 NAPL Recovery Evaluation (2007) 

In October 2007 (based on the scope of work presented to U.S. EPA on June 19, 2007), inflatable 
packers were installed at various vertical intervals at five monitoring well locations (MW-X209Y053, 
MW-X227Y049, CH-1B, CH-2A, and CH-5) in an attempt to identify the vertical interval in which the 
NAPL was present or entering at each location. This study was completed to collect pertinent data 
for determination of the potential for a full scale recovery system at any of these well or corehole 
locations, particularly to determine the most effective locations for significant NAPL removal. 
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The results of this testing were inconclusive in determining actual intervals. Additional follow-up 
testing for longer durations was proposed at CH-2A and MW-X209Y053, once the Parcel 201 cap 
was completed (see subsequent discussion in this Design Report). NAPL accumulation at each 
monitoring well was removed manually on a weekly basis from March 2008 to August 2008. The 
recovery was halted due to worker safety concerns during construction activities in the area. Manual 
NAPL removal was never resumed due to continuing construction activities, as well as the pending 
installation of an automated NAPL recovery system and finalization of a waste profile for off-Site 
disposal of NAPL. 

4.2 AOI 8 Work Plan Addendum 

On March 17, 2010, a meeting was held between GM and U.S. EPA to discuss the results of the 
NAPL investigation at AOI 8 and to determine if additional data would be necessary in order to 
approve the Interim Measures design. At this meeting it was agreed that two additional monitoring 
wells (MW-X146Y084 and MW-X165Y068) would be installed to the west and southwest of AOI 8 
and that temporary pumping would be performed at two of the NAPL locations (CH-2A and CH-5). 
This pumping would be used to conduct NAPL recovery tests and monitor sustainability and rate of 
NAPL recovery within CH-2A and CH-5. 

4.2.1 Vertical DNAPL Entry Evaluation (CH-2A and MW-X209Y053) 

An evaluation was conducted in March 2011 at corehole CH-2A and monitoring well MW-X209Y053 
via discrete interval packer testing to determine the vertical intervals where DNAPL was present at 
each location. Based on the monitoring and observations of separate vertical zones at CH-2A and 
MW-X209Y053 during the packer testing, clear indication was obtained of the vertical intervals the 
DNAPL is present at each well location. The lowest elevation that DNAPL appears to be present in 
corehole CH-2A is 652.0 ft AMSL and the lowest elevation that DNAPL appears to be present in 
monitoring well MW-X209Y053 is 657.5 ft AMSL. Results of the packer testing activities conducted 
at CH-2A and MW-X209Y053 were discussed with U.S. EPA at a May 26, 2011 meeting, with the 
final memorandum sent to U.S. EPA on July 5, 2011. 

4.2.2 NAPL Removal and Monitoring at CH-2A and CH-5 

The scope of work presented in the final Work Plan Addendum for AOI 8 included performing NAPL 
removal testing at two locations (CH-2A and CH-5). Results of the NAPL removal testing at the two 
coreholes is summarized in the following sub-sections of this report. 

4.2.2.1 LNAPL Removal Testing at CH-5 

In September 2012, pumping of total fluids (water and NAPL) was performed at CH-5 using a QED 
Pulse pneumatic pump with a bottom intake. Pressure transducers were installed in ten adjacent 
monitoring wells and coreholes to determine background groundwater elevations prior to initiation of 
pumping. The well was evacuated (pumped dry) within 88 minutes, with approximately 10.5 gallons 
of total fluids (mostly water) recovered from CH-5 during the pumping cycle. The pumping rate at 
CH-5 averaged 0.12 gallons per minute (gpm). Within three hours, the fluid level within CH-5 had 
recovered approximately 80 percent of the recorded pre-pumping level and the recovery phase was 
deemed to have ended. 
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Due to the appearance of an emulsified oil product (or mixed water/LNAPL), samples of the CH-5 
oil/water mixture were shipped to an off-site laboratory for determination of treatment options. The 
results of the laboratory testing showed that the oil/water mixture could be effectively treated in a 
two-step process. Initially, the recovered oil/water could be processed through a batch treatment 
process utilizing a clay-based flocculent for removal of the free product, with the resultant sludge 
discharged into a collection container while the filtrate (water) could be secondarily processed 
through an organophillic clay filter media. 

When collecting the oil/water mixture for laboratory testing, field technicians noted that the mixture 
quickly separated into visible LNAPL and water. The fluid removal within CH-5 continued until the 
fluid column was evacuated - approximately 10 to 15 gallons. The water level in the well recovered 
within 24 hours, but NAPL was much slower to respond (weeks). Based on this data, an on-Site 
bench scale test was performed to determine if a passive collection system would be effective for oil 
recovery at CH-5. The on-Site bench scale testing consisted of removing the LNAPL/water mixture 
from CH-5 and placing the LNAPL/water mixture into clear sample containers. Various coagulants 
were added to the different sample containers to separate the emulsion. Absorbent socks were then 
lowered into the separated LNAPL/water mixtures. 

The on-Site bench scale tests determined that the recovered liquid did not appear to stay emulsified 
upon removal from the well, as there was noticeable separation upon minimal settlement time, even 
before coagulant was added. The addition of coagulant did not appear to have a significant effect 
on separation time. During the bench scale tests, absorbent socks appeared to readily remove the 
separated LNAPL, suggesting that implementation of a manual system of using absorbent socks in 
CH-5 is a viable solution for LNAPL removal. This is important because pumping action appears to 
contribute to emulsification of the LNAPL present in CH-5. Based on previous testing, LNAPL enters 
CH-5 quite slowly, so absorbent socks are expected to be quite effective. The quantity of DNAPL in 
CH-5 appears to be insignificant, but will be periodically monitored. 

4.2.2.2 DNAPL Removal at CH-2A 

In September 2012, oil-water interface probes were utilized to attempt to measure the thickness of 
the DNAPL at the CH-2A location. Two separate interface probes from two different manufacturers 
were both unable to get an accurate reading due to coating of the probe by DNAPL, so the initial 
thickness was unknown. Pumping at CH-2A was performed using a QED Pulse pneumatic pump. 
Pumping was conducted for 45 minutes, with approximately 5.5 gallons of heavy oil (i.e., DNAPL) 
being removed from CH-2A, with very little water present. The pump failed just as traces of water 
were starting to be observed in the discharge. The pumping rate at CH-2A averaged 0.12 gpm. 
Within three hours, the water level within CH-2A had recovered to more than 70 percent of its 
pre-pumping level and the recovery phase was deemed to have ended. 

4.2.2.3 NAPL Recovery Testing Conclusions 

A summary memorandum presenting the AOI 8 NAPL Pumping Results was sent to U.S. EPA on 
February 26, 2013. 
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Previously reported NAPL entrance rates and thicknesses at CH-5 were shown to be inaccurate 
during both the pre-field (bench scale and laboratory testing) and field activities. A separate LNAPL 
phase (globules of oil) at the surface of the water were shown to coat the oil-water interface probe, 
thereby giving false readings of true thickness of NAPL within CH-5 in the past. As such, it appears 
that recoverable total fluids from CH-5 were essentially greater than 95 percent water. In addition, 
it was shown CH-5 could not sustain a prolonged pumping rate before being completely evacuated. 
As such, due to the nature of the water/LNAPL mixture at CH-5, future removal at this location was 
determined to be best suited for a passive collection system (not part of this Design Report). 

Results of pumping at CH-2A confirmed previously estimated DNAPL removal rates. This DNAPL 
forms a distinct layer that is denser than water and remains at the bottom of the corehole. As such, 
it was determined that future DNAPL removal from CH-2A could be completed using an automated 
pumping system designed to cycle on a timed basis. However; the actual timing of operation and 
non-operation would need to be determined by making adjustments once the automated system 
was installed and operational. This is the focus of the next section of this Design Report. 

5. Recommended Design For CH-2A 

5.1 CH-2A Automated Pumping System 

Data collected from previous investigations to define the vertical interval of DNAPL presence at 
corehole CH-2A and its recovery rate determined it to be an effective location for DNAPL removal. 
DNAPL will be removed from CH-2A using a dedicated, automated pumping system designed to 
cycle on a timed basis, with a sensor to prevent the system from pumping water (i.e., just DNAPL) 
out of CH-2A. The system will be set up such that removed DNAPL will be transferred directly into 
a receiving vessel (drum) placed within a hazardous materials (HAZMAT) enclosure with TSCA 
compliant secondary containment. 

Due to the remote location of CH-2A, there are special considerations for the continuous operation 
of an automated pumping system. As discussed in the AOI 8 IM Work Plan, the system is intended 
to operate on solar power without the use of conventional power sources (e.g., power grid or diesel 
generator). The selection of solar powered equipment was also incorporated into the design as part 
of GM’s approach at Bedford to the RCRA Greener Remediation Best Management Practices 
(BMP), as requested by the U.S. EPA for the AOI 8 IM in a letter to GM dated November 1, 2013. 

Further details including placement, operation, and monitoring of the CH-2A automated pumping 
system are presented in the sections below. 

5.1.1 Solar Sipper System 

The system proposed for use at CH-2A is called the Solar Sipper, and is manufactured by Geotech 
Environmental Equipment, Inc. (Geotech). The Solar Sipper is a solar powered remediation system, 
designed for remote applications. The Solar Sipper system is typically provided with a HAZMAT 
enclosure that is capable of storing two standard 55-gallon drums, as well as a control panel and 
deep cycle battery pre-mounted and pre-wired before delivery for ease of installation. The unique 
Fixed Intake Downwell vacuum/pressure canister pump assembly, as provided by Geotech, will be 
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inserted down the well to recover DNAPL. The pump includes a conductivity sensor, which will be 
placed at or below the oil/water interface to ensure only DNAPL recovery is performed (i.e., not a 
total fluids recovery pump). The canister assembly fills under vacuum, and once full the canister is 
pressurized to push the recovered fluid (DNAPL) to the surface storage vessel (drum). The control 
box mounted to the HAZMAT enclosure is connected to the Downwell pump assembly. 

The vacuum cycle for filling of the canister with recovered product can be set by the operator over a 
range of 0 to 30 seconds. The subsequent pressure cycle for emptying the canister can be adjusted 
by the operator over a range of 30 seconds to four minutes, dependent upon the collected product 
removal volume. There is then a delay cycle before the next vacuum/pressure cycle, which ranges 
from 30 seconds to 24 hours. These different cycle settings will be established upon initiation of 
DNAPL pumping, but will need to be monitored and adjusted over time as the volume of available 
DNAPL within the well decreases as a result of pumping. 

Vendor information provided by Geotech is presented in Appendix A. 

5.1.2 Equipment Placement 

The proposed location of the Solar Sipper System is presented on Drawing C-02 – Site Works, as 
part of the complete design drawing package included in Appendix B. Drawing C-02 illustrates the 
construction of an 8 ft by 10 ft concrete pad directly west of the CH-2A location for the placement of 
the HAZMAT enclosure, modular spill containment pallet, and the solar panels. The concrete pad 
will be 8 inches thick and will be reinforced with No. 5 steel bars at 12-inch centers and underlain 
with 6 inches of #53 stone for sub-base. The HAZMAT enclosure and solar panel assembly will be 
mounted to the concrete pad. 

An access road consisting of 12 inches of #53 stone will be constructed along the north slope of 
Parcel 201 in provide access to the concrete pad and CH-2A by equipment required for handling 
the collected DNAPL. The granular access road will be constructed at an approximate 10 percent 
slope to climb from an elevation of approximately 690 ft AMSL at the base of the slope to 
approximately 696 ft AMSL in the vicinity of CH-2A. 

5.1.3 Energy Consumption/Backup Power 

The Solar Sipper uses photovoltaic cells, which convert sunlight continuously into electrical energy. 
As there is no conventional power source available in the CH-2A area, a solar powered system was 
selected to meet the power source needs and to meet the RCRA Greener Remediation BMPs. The 
pumping system itself uses a 12VDC, 75 amp hour deep cycle glass mat battery (which has better 
freeze resistance than a standard deep cycle lead acid marine battery) placed within a stainless 
steel box mounted on the side of the HAZMAT enclosure that will be charged by an 85 Watt solar 
panel. As such, excess converted energy is stored within the back-up battery. During extended 
periods of cloudy weather and winter-like conditions, the Solar Sipper system will continue to be 
operational; however, its conversion efficiency will decrease (up to 50 percent on exceptionally 
cloudy days). To maximize the amount of sunlight received, the solar panels will be placed at the 
optimal angle (to be determined in the field). In particular, the panels will be oriented and adjusted 
with respect to seasonal sunlight variations. 
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Although the HAZMAT enclosure itself is not insulated, the battery compartment on the outside of 
the enclosure can be insulated in order to protect the battery during unusually cold temperatures. In 
addition, a backup battery will be kept on-Site at the Groundwater Treatment Plant (GWTP) should 
the battery fail to hold a charge during extremely cold weather. An electric powered battery charger 
will also be available at the GWTP to insure a fully-charged battery is always available on site. 

5.1.4 DNAPL Pumping and Temporary Storage 

Historically, CH-2A has shown an estimated recovery of approximately one gallon per day. Since 
the proposed system recovers 0.2 gallons per cycle, the system will initially be set to pump for five 
cycles in a 24-hour period. As the recharge rate varies, the conductivity sensor will alert the control 
box to disengage a cycle if it detects water. 

The recovered DNAPL from CH-2A will be pumped and collected within two product drums located 
within the HAZMAT enclosure, which includes a secondary containment system (110% of primary 
container, or approx. 60 gallons) in the base of the enclosure. If it is observed that the first storage 
drum is nearly full, then the operator will change the discharge tubing over to the second (backup) 
storage drum. The Solar Sipper system is designed to shut off on high level in the drums.  

The storage drum(s) will periodically be emptied and prepared for off-Site transport and disposal 
based on applicable RCRA and TSCA storage requirements (including use of overpack drums if 
required). A modular spill containment pallet (minimum 60 gallon storage capacity) will be placed on 
the concrete pad directly in front of the HAZMAT enclosure to ensure any leaks within the transfer 
tubing are collected. The intent of providing a modular spill containment pallet (i.e., temporary spill 
containment instead of permanently constructed within the concrete pad) allows for the unit to be 
turned over when not in use and avoid rain water collection. Should a spill occur during DNAPL 
transfer, the spill containment pallet will be decontaminated prior to reuse. 

As the drums are filled, the drums will need to be placed in a drum storage facility while awaiting 
off-site disposal. As an alternative to the integrated HAZMAT enclosure provided by Geotech, the 
final design for the CH-2A automated NAPL recovery system may incorporate installation of the 
separate components of Geotech Solar Sipper system (i.e., control panel and battery) within the 
drum storage facility (i.e,, roof and walls) constructed on the same concrete pad. For the alternative 
design, the concrete pad would be constructed with secondary containment equivalent 25 percent 
of the total volume of all staged drums. The drum(s) will be staged/stored until such time (not to 
exceed 90 days) that they can be loaded into an authorized transport vehicle for transport to the 
approriate disposal facility. At the time of the collected product transfer, the volume of DNAPL 
recovered will be recorded. Waste containers designated for off-Site disposal will be labeled and 
marked, as required by law, prior to shipping to off-Site facilities for treatment and/or disposal. 

A conceptual; design for the drum storage and HAZMAT enclosure, the modular spill containment 
pallet, and the solar panel on aluminum mounting frame is presented on Drawing C-02, with the 
specifications for this equipment listed in the notes. Appendix A presents photographs of the Solar 
Sipper System and HAZMAT enclosure, as provided by Geotech. As GM and GHD make decisions 
regarding the appropriate and most cost-effective procedures for drum handling and NAPL disposal 
in accordance with TSCA regulations, the final detailed design may combine the automated NAPL 
recovery system and the drum storage facility on the same (slightly larger) concrete pad. Should a 
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building be constructed within the curbs for secondary containment, the HAZMAT enclosure will be 
eliminated as the required equipment (other than the solar panels) could be placed within the small 
building. 

5.1.5 Manual Evacuation 

In Section 5.1.3, there was a reference to the potential requirement for manual operation of the 
DNAPL recovery pump due to low battery voltage or the potential removal of the battery during 
extremely cold weather. The intent would be to manual operate the dedicated pump at the same 
cycle frequency as the automated system, if possible. This periodic manual operation would mimic 
the automated pumping when colder weather would not allow the battery to remain outdoors at the 
well location, but is not intended for long-term operation. 

Another reason for potential manual evacuation would be if the long-term (future) recovery rates at 
CH-2A do not allow for continuation of automated DNAPL removal due to insufficient volume. The 
dedicated pump would be maintained and manually operated routinely, based on recovery rates, to 
remove accumulated DNAPL. The field technician would pump accumulated DNAPL to the storage 
drum within the HAZMAT enclosure and would cease manual pumping when the visual presence of 
DNAPL could no longer be detected (i.e., only water being pumped). Over time, the frequency of 
manual pump operation may decrease further as the DNAPL accumulation further diminishes. 

Regular or consistent manual evacuation is not expected or predicted at this time. The automated 
pumping system is expected to be resilient under many conditions and manual evacuation will only 
be initiated following unforeseen site situations and circumstances (i.e., breakdown of the 
permanent system or the pumps.  

5.1.6 Operation, Maintenance and Monitoring 

Operation, Maintenance, and Monitoring (OM&M), which includes pulling the downhole sipper pump 
to manually inspect the pump intake screen and discharge tubing, will be conducted quarterly. It is 
noted that the pump manufacturer recommends monthly OM&M, but that frequency is directed at 
the skimmer assembly for removing floating LNAPL (which is not included in our configuration as 
we have a fixed intake downhole pump for DNAPL removal). The requirement to open the pump 
and clean out the interior will be maintained at the yearly frequency. 

The Installation and Operational Manual for the Geotech Sipper Pump is presented in Appendix C. 

6. Waste Disposal 

The recovered NAPL, collection and sampling equipment, absorbent socks, and personal protective 
equipment (PPE) will be contained within steel drums. The NAPL recovered from both the CH-2A 
corehole where the automated pumping system will be installed, as well as the CH-5 location where 
passive NAPL removal will be performed using absorbent socks, has been previously determined to 
be a TSCA and RCRA hazardous material. As such, the drums will be stored consistent with TSCA 
and RCRA regulations. 
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Collected NAPL will be properly containerized within United States Department of Transportation 
(U.S. DOT) approved bulk storage containers (drums) and transported off Site for treatment and/or 
disposal. Storage, transportation, and disposal activities will be completed in accordance with the 
Waste Management Plan (WMP) (current version in draft form at the time of this publication). 
Although there will be secondary containment for both systems, it is currently the intent that drums 
will be shipped for proper disposal every four weeks. The waste stream has been previously 
approved for disposal at Veolia’s Port Arthur, Texas facility. 

7. Schedule 

Preparation of the area and installation of the Solar Sipper unit is anticipated to occur upon approval 
of this Design Report by U.S. EPA, but will likely need to be coordinated with currently planned 
Facility decommissioning activities which may be occurring in 2017 and 2018. 

8. References 

GHD, July 11, 2016. AOI 8 Groundwater Source Collection System Interim Measures Work Plan – 
Revision 1, GM CET Bedford Facility, 105 GM Drive, Bedford, Indiana. 

GHD, (draft at the time of this publication). Waste Management Plan, GM CET Bedford Facility, 
105 GM Drive, Bedford, Indiana. 
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