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1.0 INTRODUCTION 

This report entitled "Certification of Lagoon Closure Report" (Report) has been prepared 
by Conestoga-Rovers & Associates (CRA) to present the Certification of Closure for the 
wastewater settling lagoons (North and South Lagoons), at the former General Motors 
(GM) Harrison Radiator Division Facility (Harrison Facility).  The Harrison Facility is 
located at 3600 Dryden Road in Moraine, Ohio.  Figure 1.1 presents the Site Location 
Plan.  Figure 1.2 presents the Site Plan.  The lagoons are RCRA Interim Status Units 
(U.S. EPA ID #OHD 000 817 577). 
 
The North and South Lagoons were closed in accordance with the Lagoon Closure Plan 
approved by the Ohio Environmental Protection Agency (Ohio EPA) on August 24, 2000 
with modifications as noted in this Report.  The closure activities outlined in the 
approved Lagoon Closure Plan include solidifying sludge in situ, backfilling the lagoons 
with material from existing on-Site soil stockpiles and/or imported material, and 
constructing a vegetated soil cover on the South Lagoon and an asphalt pavement cover 
on the North Lagoon.  This Report is being submitted to Ohio EPA in accordance with 
OAC 3745-66-15. 
 
This Report is organized as follows: 
 
Section 1.0 - Provides background information and a summary of Lagoon Closure 

Plan requirements; 

Section 2.0 - Presents a description of North and South Lagoons and the sludges 
solidified; 

Section 3.0 - Presents a description of the closure administration; 

Section 4.0 - Presents a chronology of closure activities; and 

Section 5.0 - Presents a description of closure activities, arranged by activity. 
 
The Certification of Closure Statement, signed by the Owner and an independent 
Professional Engineer, as required by OAC 3745-66-15, can be found in Appendix A to 
this report.  In accordance with OAC 3745-66-16, a certified survey plat of the closed 
wastewater settling lagoons will be filed with the Montgomery County Land Registry 
Office.  In accordance with OAC 3745-66-19, a restrictive land use covenant will be 
registered on the deed to the North and South Lagoon properties. 
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1.1 BACKGROUND INFORMATION 

The Harrison Facility originally submitted closure plans for the North and South 
Lagoons on November 8, 1985.  The Ohio EPA disapproved these closure plans on 
November 14 and 15, 1988.  The Harrison Facility filed a request for an adjudication 
hearing on December 13, 1988.  The Harrison Facility and Ohio EPA commenced 
negotiations to discuss settlement of the filed appeal and approval of closure plans for 
the units.  As part of ongoing settlement discussions, GM submitted revised closure 
plans in November 1989.  The negotiations continued into 1991, when the United States 
Environmental Protection Agency (USEPA) issued a RCRA Corrective Action Order for 
the Harrison Facility.  At that point, the Harrison Facility and Ohio EPA agreed to 
further negotiate the closure of the lagoons after the implementation of the Corrective 
Action Order at the Site.  The Harrison Facility then focused its attention to the 
implementation of the Corrective Action Order.  In the summer of 1999, Ohio EPA and 
GM resumed negotiations concerning the development of the closure plan for the 
lagoons. 
 
The RCRA Facility Investigation (RFI) conducted as part of the USEPA Corrective 
Action at the Harrison Facility, which included an evaluation of the lagoons, was 
completed in 1996 and a Supplemental RFI for the adjacent GM Powertrain Group, 
Moraine Engine Plant (Moraine Engine) and the GM Truck Group, Moraine Assembly 
Plant (Moraine Assembly) was completed in 1999.  The 1996 RFI Baseline Risk 
Assessment evaluated both groundwater and non-groundwater exposure pathways and 
the 1999 Supplemental RFI Baseline Risk Assessment re-evaluated the groundwater 
pathway for the lagoons in combination with potential effects from the Areas of Interest 
(AOIs) investigated in the Supplemental RFI (ENVIRON 2000). 
 
On June 3 and August 11, 1999, GM met with Ohio EPA to present and discuss a revised 
approach for closure of the lagoons.  The revised approach was agreed upon.  A Closure 
Plan was prepared that detailed the agreed upon closure approach and was submitted 
to Ohio EPA on June 14, 2000.  Ohio EPA approved the revised Lagoon Closure Plan on 
August 24, 2000, and GM implemented the Lagoon Closure Plan.  Ohio EPA's approval, 
responses to Ohio EPA's approval conditions, along with other select correspondence 
with Ohio EPA are presented in Appendix B to this Report. 
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1.2 CLOSURE REQUIREMENTS 

The essential elements of the Lagoon Closure Plan can be summarized as follows: 
 
 clear remaining vegetation; 

 solidify sludge in situ utilizing a mixture of soil and reagent to achieve a minimum 
compressive strength of 25 psi; 

 demolish and/or abandon existing underground pipes and facilities; 

 backfill overtop of solidified sludge to provide positive drainage away from the 
former lagoons; 

 install surface drainage features to control stormwater runoff; 

 install a compacted clay soil with vegetated topsoil soil cover system for the South 
Lagoon; and 

 install an asphalt pavement cover for the North Lagoon. 
 
These elements together with the additional information provided in Section 5.0 of this 
report collectively satisfy the closure requirements specified in the approved Lagoon 
Closure Plan. 
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2.0 SITE DESCRIPTION- PRE-CLOSURE CONDITIONS 

2.1 PRE-CLOSURE CONDITIONS IN THE LAGOONS 

2.1.1 NORTH LAGOON 

The existing conditions in the North Lagoon, at the start of closure activities, were 
surveyed, with the as-found survey information presented in Plan 1.  The lagoon area is 
approximately 4.6 acres in size and consists of a primary and secondary basin separated 
by an earthen berm.  The secondary basin is also partially divided by an earthen berm, 
which was used to increase residence time in the basin.  During the active life of the 
lagoon, flow entered the system through the primary basin, was diverted to the 
secondary basin after initial settling of solids, discharged under a National Pollutant 
Discharge Elimination System (NPDES) permit to a ditch, which crosses the Site, and 
eventually discharged to the Great Miami River. 
 
The North Lagoon operated between 1972 and October 1989, when the lagoon was taken 
out of service.  Between 1972 and 1979, the lagoon received industrial wastewater 
including metal plating wastes (zinc, nickel, and chrome), cutting fluids, pickling 
wastes, oils, porcelain sludge, and electrodeposition paint rinse waters.  Between 
May 1980 and September 1984, the lagoon received only dilute process rinse wastewater, 
non-contact cooling water, and stormwater runoff.  Beginning in September 1984, all 
process wastewater was diverted to the on-Site pretreatment facility.  All stormwater 
and non-contact cooling water was diverted into a new concrete stormwater retention 
facility when the lagoon was taken out of service in October 1989. 
 
 
2.1.2 SOUTH LAGOON 

The existing conditions in the South Lagoon, at the start of closure activities, were 
surveyed, with the as-found survey information presented in Plan 2.  The lagoon area is 
approximately 7.9 acres in size and consists of a primary basin, secondary basin, and 
sludge drying basin that had been individually excavated at different times.  During the 
active life of the lagoon, flow entered the system through the primary basin, was 
diverted to the secondary basin after initial settling of solids, discharged under a NPDES 
permit to a ditch, and eventually discharged to the Great Miami River.  The sludge 
drying basin was previously used for the dewatering of sludge removed from the 
primary and secondary basins. 
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The South Lagoon originally consisted of a single basin occupying the footprint of the 
secondary basin, which was constructed in 1965.  The sludge drying basin was added in 
1967 and the primary basin was added in 1974.  Between 1965 and 1979, the lagoon 
received industrial wastewater including zinc plating wastes, anodizing wastes, pickling 
wastes, oils, and porcelain sludge.  Between 1980 and November 1985, the lagoon 
received process wastewater (consisting of dilute acid and alkali rinses from small parts 
cleaning and non-cyanodic electroplating processes and fly ash dewatering filtrate), 
water softening sludge, non-contact cooling water, and stormwater runoff.  Beginning in 
November 1985, all process wastewater was diverted to the on-Site pretreatment facility.  
All stormwater and non-contact cooling water was diverted into a new concrete 
stormwater retention facility when the lagoon was taken out of service in October 1989. 
 
 
2.2 SLUDGE CHARACTERIZATION 

The RCRA Part A permit application dated June 13, 1988 indicated that the sludge in the 
North Lagoon was generated in part by mixed wastewater streams from the following 
listed hazardous wastes. 
 
1. F006 - wastewater treatment sludges from electroplating operations; 

2. F007 - spent cyanide plating bath solutions from electroplating operations; 

3. F009 - spent stripping and cleaning bath solutions from electroplating operations; 

4. F012 - quenching wastewater treatment sludges from metal heat treating 
operations; and 

5. F019 - wastewater treatment sludges from the chemical conversion coating of 
aluminum. 

 
F001 and F005 were identified on the Part A Permit Application.  However, both F001 
and F005 were not included in the mixed wastewater streams for the lagoons.  The 
mixed wastewater stream included non-hazardous process waste, non-contact cooling 
water and stormwater. 
 
The November 3, 1989, "Draft North Settling Lagoon Revised Closure/Post-Closure 
Plan" characterized the lagoon sludge and underlying soil.  Samples were analyzed for 
total priority pollutants, VOC priority pollutants, selected metals and cyanide, full 
RCRA Appendix IX, oil and grease, percent solids and bulk density in 1988.  The sludge 
was found to be not characteristically hazardous.  VOCs were not detected in the 
underlying soils.  In addition, levels of metal concentrations in soils do not exceed 
Site-specific background levels developed for the RFI Baseline Risk Assessment. 
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Similarly, the RCRA Part A permit application dated June 13, 1988 indicated that the 
sludge in the South Lagoon was generated in part by mixed wastewater streams from 
the following listed hazardous wastes. 
 
1. F006 - wastewater treatment sludge from electroplating operations; 

2. F007 - spent cyanide plating bath solutions from electroplating operations; 

3. F009 - spent stripping and cleaning bath solutions from electroplating operations; 

4. F012 - quenching wastewater treatment sludge from metal heat treating 
operations; and 

5. F019 - wastewater treatment sludge from the chemical conversion coating of 
aluminum. 

 
F001 and F005 were identified on the Part A Permit Application.  However both F001 
and F005 were not included in the mixed wastewater streams for the lagoons.  In 
addition, the mixed wastewater stream included non-hazardous process waste, 
non-contact cooling water, and stormwater. 
 
The November 3, 1989, "Draft South Settling Lagoon Revised Closure/Post-Closure 
Plan" characterized the lagoon sludge and underlying soil.  Samples were analyzed for 
total priority pollutants, VOC priority pollutants, selected metals and cyanide, full 
RCRA Appendix IX parameters, oil and grease, percent solids, and bulk density.  The 
sludge was found to be not characteristically hazardous.  VOCs were not detected in the 
underlying soils.  In addition, levels of metal concentrations in the soil do not exceed 
Site-specific background levels developed for the RFI Baseline Risk Assessment. 
 
 
2.3 SLUDGE VOLUMES 

At the start of closure activities in 2000, the sludge thickness in the primary and 
secondary basins of the North and South Lagoons was measured in situ utilizing a steel 
probe that was pushed through the sludge until resistance to the probe was found.  This 
probe was advanced utilizing hand pressure until refusal, and was then given two 
blows with a small sledge hammer to confirm the refusal.  The top of the probe was then 
surveyed, with the length of the probe subtracted to obtain a survey of the bottoms of 
the lagoons. 
 
The sludge volume was then calculated utilizing an average-end method comparison of 
the top of sludge and bottom of lagoon surfaces for each lagoon.  A summary of this 
determination is presented in Appendix C.  The actual sludge volume for the sludge 
drying basin located at the South Lagoon was calculated during the relocation of sludge 
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to the secondary basin of the South Lagoon.  The North Lagoon was found to have a 
sludge volume of 7,074 cubic yards, whereas the South Lagoon was found to have a 
sludge volume of 47,614 cubic yards. 
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3.0 CLOSURE ADMINISTRATION 

General Motors Corporation formed a subsidiary corporation, Remediation and Liability 
Management (REALM), to manage and bring to closure several sites, including the 
North and South Lagoons.  REALM, in turn, retained CRA to adminster and provide 
oversight of the closure of the lagoons.  REALM also retained Sevenson Environmental 
Services (SES) of Niagara Falls, NY to perform the lagoon closure. 
 
CRA retained H. C. Nutting & Co. (Nutting), of Cincinnati, Ohio to provide geotechnical 
testing services and Datachem Analytical Services (DataChem) of Cincinnati, Ohio to 
provide chemical analytical services. 
 
Major subcontractors and suppliers retained by Sevenson included: 
 

Trade or Material Supplied Subcontractor/Supplier 

Surveying services Judge Engineering, Dayton, OH 
Cartage of soil Cornett Trucking, Dayton, OH 
Supply of aggregate Martin Marietta Mineral Resources, Dayton, OH 
Supply of CKD Mintek Resources, Kettering, OH 
Supply of Portland cement Lafarge Cement, Columbus, OH 
Precast Concrete Products CSR Durocrete, Dayton, OH 
Heavy equipment rental Holt Equipment, Troy, OH 
Heavy equipment rental Columbus Equipment, Dayton OH 
Fuel for equipment Creech Oil Services, Dayton, OH 
Office Trailer rentals Williams - Scottsman Rental,  
Clay and Topsoil Miller Brothers Excavating, Tipp City, OH 
Ready mix concrete, flowable fill Ernst Ready Mix, Springboro, OH 
Paving Barrett Construction Inc., Dayton, OH 
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4.0 CHRONOLOGY OF EVENTS 

SES mobilized to the Site on August 21, 2000.  Initial closure activities included the set 
up of Site support facilities such as field offices, improvement of existing access roads, 
installation of new access gates and surveying of existing conditions.  Milestones for 
significant closure activities at the Site are summarized below. 
 
 Event Date 
 
Closure Plan Submitted to Ohio EPA June 14, 2000 

SES mobilization to the Site August 21, 2000 

Closure Plan approved by Ohio EPA August 24, 2000 

Commenced waste transfer in South Lagoon from  

sludge drying basin to secondary basin September 8, 2000 

Completed waste transfer in South Lagoon from  

sludge drying basin to secondary basin September 13, 2000 

Commenced solidification in South Lagoon September 14, 2000 

Commenced backfill of South Lagoon September 19, 2000 

Completed solidification in South Lagoon October 20, 2000 

Completed backfill of South Lagoon December 13, 2000 

Commenced solidification in North Lagoon October 23, 2000 

Commenced backfill of North Lagoon (sludge had previously 

been transferred from one side of the secondary basin to the other) October 23, 2000 

Completed solidification in North Lagoon November 27, 2000 

Completed backfill of North Lagoon March 5, 2001 

Commenced South Lagoon cover system installation March 26, 2001 

Completed South Lagoon cover system installation May 8, 2001 

Commenced North Lagoon cover system installation June 5, 2001 

Completed North Lagoon cover system installation June 13, 2001 

SES demobilized from Site June 15, 2001 



 
  
 

12611 (5) 10 CONESTOGA-ROVERS & ASSOCIATES 

5.0 DESCRIPTION OF CLOSURE ACTIVITIES 

Closure activities included removal, demolition, and/or abandonment of certain 
subsurface structures; mixing all sludge with soil and either Cement Kiln Dust (CKD) or 
Portland cement; placing and compacting soil for backfill up to subgrade elevations; 
installing stormwater drainage features; installing a compacted clay cover system with a 
vegetated topsoil layer over the former South Lagoon; and installing an asphalt paving 
system over the former North Lagoon.  Quality Assurance (QA) and Quality Control 
(QC) measures formed an integral part of the closure activities and are discussed in the 
appropriate following subsections of this report.  A set of 'As-Built' Plans is included 
with this report to provide surveyed locations and elevations of the closure work.  These 
Plans will provide a useful reference for locating the installed features of the cover 
systems. 
 
In addition to the Plans, select photos taken during the closure activities have also been 
included as an attachment to this report. 
 
 
5.1 SITE PREPARATION AND MOBILIZATION 

The initial activity conducted as part of the closure was to install new access gates at 
both the North and South Lagoons.  These new larger gates allowed for separate 
entrances for vehicles arriving at and leaving the site.  For additional privacy and wind 
protection, a geotextile fabric was attached to the northern and eastern section of the 
fence surrounding the South Lagoon.  A screen was also installed along the western side 
of the South Lagoon fence where a break in the tree line occurs. 
 
Once the new gates were installed at the South Lagoon, mobile office equipment for 
CRA and SES was set up in the northwest corner of the Site.  Electrical service was 
connected to the office trailers from an existing power line that was located in the 
northwest corner of the Site.  A telephone line was installed under Dryden Road and 
aboveground along the northern fence line.  Within each trailer data lines and a 
facsimile service were also provided. 
 
Existing access roads on the Site were upgraded or were constructed by placing a woven 
geotextile fabric directly on the ground topped with 6 to 8 inches of crushed limestone.  
The upgraded access roads on the Site allowed for continuous Site operations following 
periods of rain. 
 



 
  
 

12611 (5) 11 CONESTOGA-ROVERS & ASSOCIATES 

A temporary vehicle decontamination facility was set up adjacent to the northeast corner 
of the south secondary basin.  This facility included a large metal pan that was equipped 
with grating to keep equipment tracks above the bottom of the pan.  Side wall spray 
shields and a temporary water supply line were installed.  The water supply line was 
partially buried so as to be protected from construction traffic.  Water was obtained 
under permit from Montgomery County, and was metered through a flow meter 
provided by Montgomery County.  The flow meter was connected to a fire hydrant 
located along Dryden Road.  Water for filling the water truck and street sweepers was 
also obtained from this fire hydrant through the flow meter. 
 
An erosion control silt fence and straw bales were installed in the two on-property soil 
borrow areas.  Runoff controls for stormwater in contact with sludge material were not 
required, as all sludge material was located and contained within the base of the lagoons 
below the surrounding ground surface. 
 
Although the lagoons were cleared of substantial vegetative growth during the summer 
of 1999, additional growth occurred prior to closure activities, which required removal.  
In addition to the re-growth, stumps and roots that were not cleared in 1999 were also 
removed from lagoon surfaces and from the sidewalls.  Nothing was removed that was 
in contact with the sludge.  These stumps, logs and previously chipped wood piles were 
consolidated at the northwest corner of the south secondary basin.  Prior to 
consolidation, a composite sample of the wood, obtained by drilling into the logs, 
stumps and chips, was analyzed for presence of PCBs and for waste characterization 
parameters utilizing the Toxicity Characteristic Leaching Procedure (TCLP) method.  
The wood was found to be non-hazardous and did not contain PCBs.  All remaining 
wood was chipped in a mobile grinder, combined with other wood chips and spread as 
mulch around the base of trees that form the perimeter of the South Lagoon. 
 
 
5.2 DEMOLITION AND UNDERGROUND ABANDONMENT 

Pipes, inlet sewers, outlet structures, utility poles, vaults, and other structures located 
within the surface impoundment system were either plugged in place with concrete, 
removed, partially demolished and removed, or filled with a flowable cement fill.  
Plans 3 and 4 show the locations of the features that were modified. 
 
Underground pipes left in place were filled with flowable fill.  A suitable location was 
selected for filling the pipes to be abandoned.  Flowable fill was poured into the suitable 
opening at a rapid rate until such time that the pipe appeared to be full, as indicated by 
standing flowable fill in the fill opening.  The flowable fill had a design mix compressive 
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strength of 100 psi.  Pipes that were only to be sealed were sealed by placement of a 
mass of stiff, fresh concrete, which had a design mix compressive strength of 3,000 psi, at 
the pipe opening.  The inside surface was formed utilizing sandbags that were placed 
prior to the concrete. 
 
Metal debris removed from the lagoons was size reduced and then power washed at the 
vehicle decontamination facility.  The metal debris was then transferred from the Site to 
a metal recycling facility. 
 
A tank with an approximate capacity of 2,000 gallons was located to the south of the 
primary basin of the North Lagoon.  The underground flow-through tank was part of 
the lagoon system.  An investigation of the tank found that it was completely empty and 
appeared to have been previously closed or was not used.  The soils surrounding the 
tank were carefully removed to fully expose the tank.  No evidence of staining was 
observed.  The tank was then removed, size reduced and transferred to an off-Site metal 
recycling facility.  The resulting excavation was filled with crushed limestone to 
subgrade elevation. 
 
 
5.3 WASTE SOLIDIFICATION 

One of the main activities of the lagoon closure was the in situ physical solidification of 
the waste.  Solidification was conducted by adding soil and a pozzolanic material (CKD 
or Portland cement) to the sludge.  Sludge solidification was conducted to achieve a 
minimum physical strength criterion of 25 pounds per square inch (psi) (closure 
criteria).  In accordance with the approved Lagoon Closure Plan, this strength and 
method was selected as it meets the four criteria listed in the Ohio EPA, March 1999 
document entitled "Closure Plan Review Guidance for RCRA Facilities".  Specifically, 
the following requirements were met: 
 
1. Increasing strength over time:  Pozzolanic materials such as CKD and Portland 

cement are known to increase the strength of soil or sludge material over time, as 
the cement hydrates. 

2. Capable of supporting a final cap plus a safety factor of two (2):  Calculations 
provided in Appendix F of approved Lagoon Closure Plan. 

3. Capable of supporting a load-bearing capacity plus a safety factor of two (2):  
Calculations provided in Appendix F of approved Lagoon Closure Plan. 

4. Proof of chemical stabilization:  TCLP analysis of samples of sludge material 
from the North and South Lagoons, conducted in 1989 demonstrated that the 
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existing sludge material was not characteristically hazardous.  The addition of 
CKD and/or Portland cement would further reduce the mobility of any organic 
or inorganic constituents contained in the sludge material. 

 
Solidifying reagents and soil were added to the waste and thoroughly mixed in place.  
The mixture was then leveled and the process was repeated adjacent to the previous mix 
area.  Up to five mixing operations were conducted simultaneously, with backfill 
commencing upon receipt of confirmation that the minimum compressive strengths 
were being achieved. 
 
The following subsections describe the solidification methods used along with the 
testing that was performed. 
 
 
5.3.1 GENERAL SOLIDIFICATION PROCEDURES 

Deployment of solidification reagents and soil occurred in two steps:  (1) a layer of soil 
was spread over the sludge to be solidified, and (2) either CKD or Portland cement was 
then unloaded within a covered trench excavated into the sludge.  Soil was end dumped 
directly onto the unsolidified sludge from the banks working progressively towards the 
middle of each lagoon.  The soil was spread to a uniform thickness utilizing a 
low-ground pressure bulldozer.  Soil was placed to provide a mix ratio up to 1 to 1 on a 
weight basis with the sludge.  Given that the soil has a dry density three to four times 
that of the sludge, the added soil thickness necessary to achieve the desired mix ratio 
varied between 1 and 2 feet. 
 
After the layer of soil was spread over a given area, a trench with a width of 4 feet was 
excavated through the soil and into the sludge.  The trench was typically excavated to a 
depth of about 6 feet or to full depth of sludge in areas where the sludge thickness was 
less than 6 feet.  A single sheet of 6-mil visqueen with a width of 20 feet was then placed 
within the trench.  The sides and ends were anchored along the top of the trench 
utilizing soil to seal the visqueen to the ground surface.  Stabilizing agent was delivered 
to the Site in bulk tankers that had pneumatic unloading capacity.  A flexible hose was 
connected to a tanker and then inserted into the visqueen pocket.  The tanker then 
applied air pressure to the tank to expel the reagent from the tank into the hose and then 
into the visqueen pocket.  Up to five tankers of reagent were dispensed in this manner 
into each visqueen pocket.  Once sufficient reagent was unloaded into the pocket, an 
excavator would commence the mixing process.  Trenches with visqueen pockets were 
installed in parallel with spacing that varied from 10 to 25 feet, depending on the nature 
and thickness of the sludge.  An overall target concentration of 20 to 30 percent reagent 
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to sludge was desired to achieve the required compressive strength, as determined 
during a bench scale study.  The results of this bench scale study were reported in the 
Lagoon Closure Plan. 
 
Mixing was accomplished utilizing a track-hoe.  The track-hoe would excavate a small 
pit into the soil-sludge, casting the spoils adjacent to this small pit.  A bucket of reagent 
was then placed into the mix pit, with the spoils from the pit added and blended 
utilizing a back-and-forth hoeing action.  Once the reagent was initially added, the pit 
was excavated again, with the blending action continuing.  This blending was repeated 
until such time that the soil-sludge reagent mix had a uniform appearance.  At that 
point, another mix pit was excavated and the process was repeated. 
 
Prior to mixing any sludge with reagents, the bottom of the lagoons were surveyed as 
described in Section 2.3.  Utilizing the thickness information of the sludge layer, the 
contractor was able to determine and control the placement of the reagent filled 
visqueen pockets to ensure that adequate reagent was placed into the sludge to meet the 
20 to 30 percent target concentration after mixing.  All of the basins within the lagoons 
had relatively solid bottoms.  During mixing activities, the equipment operators were 
readily able to ascertain the bottom of each basin through resistance of the equipment 
with the bottom soil.  Sludge and solidifying agents were mixed to full depth of the 
in situ sludge. 
 
 
5.3.2 NORTH LAGOON SLUDGE SOLIDIFICATION 

Sludge in the North Lagoon was generally solidified as described above, with the 
exception of the two areas further described below. 
 
Surveying of the sludge thickness in the secondary basin confirmed that the sludge layer 
on the western half was only a few inches thick.  Utilizing a bulldozer, SES scraped the 
thin layer of sludge from the bottom of the western half towards the center berm.  
Utilizing an excavator, SES then transferred the dry sludge from the western side of the 
berm to the eastern side where it was then solidified with the sludge present in the 
eastern half.  As no sludge was present in the western half, backfilling was able to 
commence without solidification.  This modification to the Lagoon Closure Plan was 
communicated to Ohio EPA in correspondence dated October 20, 2000 (Appendix B). 
 
The northern end of the secondary basin contained a ponded area with a water depth of 
approximately 6 to 8 feet.  In this area only a small amount of sludge was present, 
approximately 1 foot in depth.  Starting at the west side of the pond, 3-inch size riprap 



 
  
 

12611 (5) 15 CONESTOGA-ROVERS & ASSOCIATES 

rock was pushed into the water.  As rock was added to the west side, the rock was able 
to mobilize the sludge at the bottom, and displaced the sludge towards the east bank of 
the ponded area.  The rock was added by an excavator that was able to directly place the 
rock where needed to keep the surge wall of sludge advancing across the bottom of the 
pond.  This continued until the surface of the rock was above the elevation of the 
standing water.  Once the ponded area was filled with rock, the displaced sludge on the 
east side was then solidified in place with Portland cement utilizing the trench method 
as described above. 
 
The primary basin was solidified with Portland cement starting at the west end and 
working eastwards.  The secondary basin was solidified with Portland cement starting 
at the southern end and working northwards to the aforementioned ponded area. 
 
 
5.3.3 SOUTH LAGOON SLUDGE SOLIDIFICATION 

While the sludge in the primary and secondary basins of the South Lagoon was 
solidified using the previously described general methods, the dry sludge found in the 
sludge drying basin was handled in a different manner, as communicated to Ohio EPA 
in correspondence dated September 13 and October 11, 2000 (Appendix B). 
 
Prior to commencing any of the solidification activities, the dry sludge that was present 
in the sludge drying basin was transferred to the secondary basin of the South Lagoon.  
The sludge transfer allowed a more uniform stabilized sludge elevation, facilitating final 
grading of the cover to a uniform slope.  This transfer was accomplished through the use 
of an excavator to initially create a longitudinal stockpile of dry sludge along the middle 
of the sludge drying basin.  This stockpiled dry sludge was then loaded into off-road 
trucks which then carried the dry sludge to the southwest corner of the secondary basin 
where it was end dumped into the basin.  Once transferred, the dry sludge was spread 
in a thin layer across the unsolidified sludge in the secondary basin.  The haul road 
between the sludge drying basin and the secondary basin was scraped and the soil was 
placed into the secondary basin as well.  Once all of the sludge was transferred out of 
the sludge drying basin, backfilling of the sludge drying basin was commenced. 
 
Solidification generally commenced in the northern end of the primary basin and 
progressed southwards.  Additional solidification in the primary basin was conducted 
as necessary.  Solidification in the secondary basin commenced in the southeast corner 
and progressed northwards along the east bank.  After the easternmost portion was 
initially stabilized, stabilization then proceeded from the southeast corner westwards 
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along the south bank, then northwards along the west bank to the northwest corner and 
then eastwards along the northern bank to the northeast corner. 
 
Solidification was initially conducted utilizing CKD as the solidification reagent, but was 
changed to Portland cement after supply problems limited the amount of CKD that was 
available for solidification.  In addition to supply problems with CKD, several areas 
required remixing with additional CKD to achieve the required design strength due to 
strength and performance concerns.  Therefore, the reagent was switched to Portland 
cement approximately two thirds of the way through solidifying the secondary basin. 
The Portland cement was delivered in a reliable fashion resulting in a consistent 
schedule, and the high early strength of the solidified sludge allowed backfilling 
operations to commence sooner, resulting in additional schedule savings. 
 
 
5.3.4 SOLIDIFICATION QUALITY ASSURANCE TESTING 

After solidification, representative samples of the sludge were sampled and tested to 
ensure that the minimum unconfined compressive strength at 28 days met the specified 
unconfined strength criterion of 25 psi.  Representative samples were collected from the 
recently solidified sludge and formed into several identical molds.  A representative 
sample was collected approximately every 2,500 cubic yards of solidified sludge. 
 
All samples were collected by personnel from H. C. Nutting Company from the Site and 
were brought to their facility for curing and testing.  Solidification testing of the 
solidified sludge for unconfined compressive strength was in accordance with American 
Society for Testing Materials (ASTM) method number D 2166.  Generally speaking, a 
compressive strength test was conducted the next day, and if the one day strength did 
not achieve the required 28-day strength, then another sample was tested within 2 or 
3 days later.  A summary of the locations of the representative samples along with the 
compressive strength achieved is presented in Table 5.1.  The locations of the samples in 
the North and South Lagoons are presented on Figures 5.1 and 5.2, respectively. 
 
If the required 28-day strength was not achieved after approximately 1 week, then the 
area impacted by the low test strength was resolidified utilizing the procedures 
described above for adding solidification agents.  New representative samples were then 
collected and tested as before.  In areas of initial under-strength, testing following 
resolidification indicated that the minimum strength was being achieved. 
 
After a representative sample had achieved the required minimum strength, which in 
some cases was the next day after sampling, backfill of the solidified sludge was allowed 
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to proceed.  All compressive strength criteria was met in each lagoon, as presented in 
Table 5.1. 
 
The laboratory reports for the compressive strength tests are included in Appendix D of 
this report. 
 
 
5.4 BACKFILL OF LAGOONS 

Following successful solidification, the lagoons were backfilled with soil material from 
existing on-property soil stockpiles. As per the approved Lagoon Closure Plan, a 
minimum of 10 feet of soil barrier was placed between the solidified sludge and the 
cover.  Although not needed for the 10-foot buffer, additional crushed limestone was 
used for topping the subgrade of the North Lagoon to provide additional bearing 
capacity for the asphalt pavement cover. The North Lagoon area may be used for either 
new vehicle or employee parking or other similar uses in the future.  The backfill 
operations and QA testing is described in the following subsections. 
 
 
5.4.1 BACKFILL OPERATIONS 

Two on-property soil stockpiles were available for backfilling the lagoons.  Due to the 
location of both stockpiles relative to the South Lagoon, all fill material for the South 
Lagoon was trucked in licensed dump trucks.  As the North Lagoon was located 
adjacent to the larger of the two soil stockpiles, transfer of soil to the North Lagoon was 
accomplished utilizing off-road trucks.  Loading of the trucks and stockpile maintenance 
activities were the same at both stockpiles and for both truck types.  Bulldozers were 
used to maintain the piles and roadways, allowing track-hoe excavators to fully 
maximize their ability to load trucks with the stockpiled soils. 
 
The backfill soil was end-dumped overtop of the solidified sludge.  Bulldozers were 
used to maintain constant lift thickness, while sheep's foot compactors were used to 
compact the in place soil.  At the end of each day, a smooth drum roller was used to seal 
the surface of the backfilled soil, preventing penetration of rainwater into the upper 
layer of backfilled soil.  Compaction testing was performed a minimum of every 
2,500 cubic yards to ensure that the backfilled soils were achieving sufficient 
compaction.  Soils that were too wet were dried out using a wind-row technique where 
the bulldozer would create troughs or wind rows of soil that could air dry.  Once 
sufficiently dried, the soil was then leveled and compacted.  The next 1-foot thick lift of 
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soil would be placed after compaction testing confirmed that the soil did indeed dry 
sufficiently. 
 
The soil in the stockpiles, while generally gravel like in consistency, also contained a fair 
amount of silt soil.  This caused the soil to be generally unworkable following rain 
events.  While the backfill soil was delivered and roughly placed in the South Lagoon 
prior to the start of the rainy winter, final grading was not conducted until the spring of 
2001.  However, for the North Lagoon, backfill operations were halted due to wet and 
freezing winter weather conditions in early December  2000, and were not completed 
until early March  2001. 
 
Final grades were adjusted to match the volume of soil available in the on-property soil 
stockpiles.  Ohio EPA approved the revised grades that were presented in a letter dated 
March 9, 2001 (Appendix B).  The minimum 10-foot barrier between the solidified 
sludge and the cover system was maintained.  This adjustment to the final grading plan 
resulted in reducing the amount of fill to be transferred to the South Lagoon by over 
50,000 cubic yards, while a similar reduction in fill volume was realized for the North 
Lagoon.  Stormwater drainage structures were adjusted accordingly.  Completed 
surveys of the subgrade elevations for the North and South Lagoons are presented in 
Plans 5 and 6, respectively. 
 
 
5.4.2 BACKFILL QUALITY ASSURANCE 

Backfill material was placed continuously in uniform layers approximately 1 foot thick.  
Backfill material was placed in lifts and was compacted to achieve the modified proctor 
density of 95 percent minimum for the lagoons.  Compaction testing of backfill material 
was performed periodically, with an in situ moisture and an in situ density 
determination made for each 2,500 cubic yards of fill.  The compaction testing was 
performed by Nutting.  The results of the compaction testing are included in 
Appendix E.  Nutting also performed the maximum dry density and optimum soil 
moisture content analyses for the backfill soil. 
 
Table 5.2 presents a summary of the soil compaction inspection results.  Figures 5.3 
and 5.4 present the locations of the inspections for the North and South Lagoons, 
respectively. 
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5.5 STORMWATER DRAINAGE SYSTEMS 

Surface water drainage for each lagoon was installed.  As part of the cover construction 
activities, a Notice of Intent was submitted to the Ohio EPA (Appendix F).  Surface 
water is collected in a network of swales, catchbasins, and underground pipes.  
Collected stormwater is discharged to the existing underground 84-inch diameter storm 
sewer present along the north perimeter of the South Lagoon.  Stormwater drainage 
from the North Lagoon is collected in a network of catchbasins and underground pipes.  
Collected stormwater is discharged to the GM stormwater retention basins located 
adjacent to the southwest side of the North Lagoon.  No modification to the NPDES 
permit was required because the system discharges to existing drainage points. 
 
 
5.5.1 NORTH LAGOON DRAINAGE SYSTEM 

Pre-cast catchbasins have been located along the center drainage swale of the asphalt 
paved cover system.  The catchbasins are connected in series with a buried HDPE pipe 
that varies from 24 inches to 30 inches in diameter.  The locations of the catchbasins 
along with the sizing of the pipes is provided in Plan 7.  There are five catchbasins 
connected to the pipe.  The pipe drains from the North Lagoon towards the south, where 
a previously abandoned 36-inch diameter concrete pipe line was placed back into 
service.  A transition manhole was installed at the intersection of the HDPE pipe and the 
concrete pipe.  The concrete pipe flows to the existing underground storm drain line 
prior to discharge into the existing stormwater retention basin.  Details of the 
installations are included in Plan 9. 
 
 
5.5.2 SOUTH LAGOON DRAINAGE SYSTEM 

The South Lagoon was graded such that the drainage focal point for the sludge drying 
basin and the secondary basin is to a catchbasin located just to the east of the northwest 
corner of the secondary basin in a naturally occurring low spot of the surrounding 
terrain.  The catchbasin in turn is connected with a buried pipe to a new pre-cast 
concrete transition manhole that was installed in the previously abandoned drain line in 
the northwest corner of the Site.  The previously abandoned drain line in turn flows to 
the existing concrete junction chamber in the far northwest corner of the Site.  This 
chamber is located beneath the meter house. 
 
The primary basin was graded such that all runoff travels eastwards to a drainage swale 
that runs parallel to Dryden Road.  The drainage swale in turn drains into a new precast 
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catchbasin.  This new catchbasin in turn drains through a newly installed pipe into the 
existing concrete junction chamber located directly on the existing 84-inch diameter 
storm sewer line.  Both new catchbasins were of an underflow design, and were 
surrounded with a riprap apron.  The locations of the catchbasins are provided in Plan 8.  
Details of the installations are included in Plan 9. 
 
 
5.6 FINAL COVER SYSTEMS 

In accordance with the approved Lagoon Closure Plan, the final cover systems could not 
be installed until a 90-day settlement period had passed for the subgrade.  This 
settlement period was to allow the majority of anticipated settlement of the solidified 
sludge to occur prior to completing the final cover systems.  As the cover systems for the 
North and South Lagoons are different, they are each described in the following 
subsections. 
 
 
5.6.1 NORTH LAGOON COVER SYSTEM 

The North Lagoon cover system consisted of a compacted 5-inch thick layer of granular 
material that was overlain with a 3-inch thick asphalt pavement.  The pavement extends 
from fence to fence along each side, with a narrow soil transition between the completed 
pavement and the existing fence.  The pavement was placed in two lifts:  an inch and a 
half thick base coarse (HL-3) overlain by an inch and a half thick layer of surface coarse 
asphalt (HL-6).  Although not a requirement of the approved Lagoon Closure Plan, the 
in-place density of the asphalt pavement was determined to ensure that sufficient 
compaction of asphalt had occurred. 
 
The asphalt pavement was extended through a new gate on the west side of the lagoons 
to match the existing paved areas.  To complete the paving, precast curb stops were 
installed along the southern boundary of the pavement area.  Plan 7 provides the final 
surface elevations and limits of the completed paving system. 
 
 
5.6.2 SOUTH LAGOON COVER SYSTEM 

The cover system for the South Lagoon consisted of a foot thick compacted clay layer 
which was covered with a 6-inch thick vegetated top soil layer. 
 



 
  
 

12611 (5) 21 CONESTOGA-ROVERS & ASSOCIATES 

The clay soil was selected based on its ability to achieve a maximum hydraulic 
conductivity of 1 x 10-7 cm/sec.  Hydraulic conductivity testing of the clay was 
conducted at a specified density of 95 percent of standard dry density and optimum 
moisture content.  The test was repeated at a higher moisture content.  These tests 
indicated that the clay achieved the permeability requirements, provided that at least 
95 percent of the standard dry density was achieved.  Soil geotechnical properties are 
presented in Appendix G. 
 
The soil at the clay borrow was also tested for presence of USEPA's Target Compound 
List/Target Analyte List parameters.  The borrow soils sample results were found to be 
non detect for all compounds, and within background levels for metals. Both clay and, 
soil were sourced from Barrett Minerals, located on Olive Road in northwest Dayton.  
Soil chemical properties are presented in Appendix H. 
 
The clay soil at the borrow was overlain with a dark brown topsoil layer.  The topsoil 
layer was removed and stockpiled, and the underlying clay layer was then extracted and 
loaded into dump trucks for transfer to the Site.  At the Site, the clay was end-dumped, 
leveled and compacted utilizing a sheeps-foot compactor.  Nutting conducted periodic 
testing of the compaction effort to verify that at least 95 percent of the standard dry 
density was being achieved.  Soil compaction test results are presented in Appendix E. 
 
SES maintained a surveyor on staff to conduct measurements of the clay thickness and 
to provide grading stakes for the bulldozer operators to utilize when establishing 
finished surfaces.  In addition to these surveys, CRA also measured the thickness of the 
installed clay layer at several random locations to verify that a foot of compacted clay 
was installed. 
 
On top of the completed clay layer was placed a nominal 6-inch thick layer of topsoil.  
The topsoil was fine graded to ensure positive drainage.  The final grade elevations were 
surveyed, and are presented in Plan 8. 
 
Due to a moist as-received condition, the topsoil required cultivating and extensive 
raking in preparation for grass seeding.  The grass seed mix selected was a combination 
of perennial rye grass and red fescue.  The grass seed was installed using two methods: 
a seed drill traversed the Site in orthogonal directions, followed by hydroseeding.  The 
hydroseed mix contained a slurry of grass seed, 19-19-19 fertilizer, emulsified tackifier 
and mulch that was sprayed over the entire South Lagoon area. 
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5.7 HEALTH AND SAFETY 

All Closure activities were conducted under the supervision of a qualified health and 
safety officer (HSO).  Routine activities were carefully controlled and monitored, while 
non-routine activities (such as confined space entry, traffic lane reductions, tree felling, 
etc.) were thoroughly reviewed and planned, with proper safety gear obtained and other 
measures taken prior to activity implementation.  Site workers were kept informed of 
planned daily activities through morning safety briefings during which time proper 
procedures for the daily activities were discussed and reviewed. 
 
 
5.7.1 PERSONNEL PROTECTION 

Personnel who came in contact, or who expected to come in contact, with sludge 
material wore personnel protective equipment.  PPE selection was based on the 
equipment specified in the health and safety plan contained in Appendix E of the 
approved Lagoon Closure Plan.  It included, as a minimum, overboots, gloves, 
disposable coveralls, glasses or goggles, and hard hats.  Respirators were also worn by 
personnel mixing and handling solidification agents. 
 
Personnel decontamination was conducted in the established decontamination area(s) 
utilizing the following procedures: 
 
 brushing off heavily caked-on material from overboots and gloves, as necessary; 

 washing overboots, gloves and hard hats and goggles, as necessary, with soapy 
water; 

 removing respirators (if worn); 

 placing overboots and gloves on plastic sheeting to dry if reusable or disposing in 
plastic bags if unusable; and 

 disposing of disposable coveralls in plastic bags. 
 
These procedures were repeated each time an individual left the closure area or before 
conducting a non-contaminated closure activity. 
 
 
5.7.2 EQUIPMENT DECONTAMINATION 

Equipment and structures that contacted sludge materials during closure activities were 
decontaminated prior to leaving the closure area.  The majority of equipment that 
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contacted sludge materials was that used to apply and mix the solidification agents with 
the sludge.  Other equipment cleaned included a bulldozer used to level and grade the 
solidified sludge. 
 
Equipment that was used to haul soil material for backfill or to construct the final cover 
did not become contaminated as this equipment only operated on a clean layer of soil.  
The trucks hauling clean backfill material did not come in contact with the sludge and 
therefore were not decontaminated prior to leaving the Site.  Backfilling was conducted 
such that clean soil material was pushed over solidified sludge material to eliminate 
contact of backfilling equipment with sludge material. 
 
Equipment decontamination consisted of removal of heavily caked material from the 
equipment using wire brushes and shovels followed by three separate rinses using a 
high pressure, low volume water wash.  As the decontamination was conducted within 
the confines of each lagoon on top of a thin layer of backfill soil, with the solids and rinse 
water allowed to freely drain to the solidified sludge, collection of solids and wash 
wastewater were not required. 
 
All decontaminated equipment was visually inspected prior to being allowed to leave 
the Site or to further work on Site with clean materials. 
 
 
5.8 FUGITIVE EMISSION CONTROLS 

5.8.1 DUST CONTROLS AND MONITORING 

Fugitive dust prevention measures were undertaken during construction activities.  
These measures included work inspection, watering and cleaning of haul roads, 
covering material stockpiles when not in use, and conducting solidification activities in a 
manner to minimize dust emissions. 
 
Full time ambient air monitoring was conducted during periods of active solidification 
utilizing portable real-time instruments.  In addition to the real-time instruments, 
time-weighted average (TWA) samples were also collected from four perimeter locations 
around both the North and South Lagoon Sites each day.  These TWA samples were 
collected in accordance with OAC 3745-17-02. 
 
Dust control was also conducted along Dryden Road.  A street sweeper supplemented 
with a water truck spray was used to keep Dryden Road damp and free of mud and dirt 
during soil hauling operations.  It should be noted that during peak soil transfer 
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operations, approximately 70 truck loads of soil were brought to the South Lagoon each 
hour during a 10-hour day. 
 
 
5.8.2 VOLATILE EMISSIONS CONTROL 

To verify that VOC emissions from the sludge were not an issue, total VOC monitoring 
was conducted using a photo ionization detector (PID) during the first 5 days of 
solidification activities in each lagoon.  No VOCs were detected.  Additional monitoring 
was conducted periodically to verify, for worker protection, that VOC emissions were 
not present from the sludge. 
 
 
5.9 PROJECT CLOSEOUT AND DEMOBILIZATION 

Following completion of the various activities, certain pieces of equipment were no 
longer required at the Site and were then demobilized.  Once all Site activities were 
completed, the office and other support trailers were demobilized from the Site.  Fencing 
was replaced where damaged or where access gates were no longer required. 
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TABLE 5.1

UNCONFINED COMPRESSIVE STRENGTH TESTING RESULTS
GM MORAINE LAGOON CLOSURE

MORAINE, OHIO

Page 1 of 7

Sample No Date Mixed Mix Location Test # Date tested Age Result Result Status (1)
(days) (psi) (tsf)

013 9/14/2000 South Primary a 9/19/2000 5 26.1 1.88 ok
25 feet from b 9/19/2000 5 26.5 1.91
north end c 9/22/2000 7 26.0 1.87

014 9/19/2000 South Primary 0 9/19/2000 <1 20 1.44
100 feet from a 9/20/2000 1 39.6 2.85 ok
south end

015 9/19/2000 South Primary 0 9/19/2000 <1 38.8 2.79 ok
200 feet from 
south end

016 9/19/2000 South Secondary 0 9/19/2000 <1 45.8 3.3 ok
south east corner
40'N, 580' E

017 9/22/2000 South Primary 0 9/22/2000 <1 22.5 1.62
40 feet from a 9/25/2000 3 41.4 2.98 ok
south end
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UNCONFINED COMPRESSIVE STRENGTH TESTING RESULTS
GM MORAINE LAGOON CLOSURE

MORAINE, OHIO

Page 2 of 7

Sample No Date Mixed Mix Location Test # Date tested Age Result Result Status (1)
(days) (psi) (tsf)

018 9/22/2000 South Secondary 0 9/22/2000 <1 19 1.37
east side a 9/25/2000 3 33.9 2.44
200'N, 600' E b 9/29/2000 7 35 2.52 ok

019 9/22/2000 South Secondary 0 9/22/2000 <1 20.8 1.5
east side a 9/25/2000 3 27.2 1.96
300'N, 600' E b 9/29/2000 7 30.7 2.21 ok

020 9/26/2000 South Secondary 0 9/26/2000 <1 6 0.72 Reworked
se quadrant a 9/29/2000 3 28.2 2.03 see 030
180'N, 550 E b 10/3/2000 7 24.3 1.75

021 9/26/2000 South Secondary 0 9/26/2000 <1 3.5 0.25 Reworked
se quadrant a 9/29/2000 3 5.6 0.4 see 031
120'N, 400 E b 10/3/2000 7 6.3 0.45

022 9/26/2000 South Secondary 0 9/26/2000 <1 4.3 0.31 reworked
se quadrant a 9/29/2000 3 5.6 0.4 see 031
100'N, 450'E b 10/3/2000 7 6.8 0.49

CRA 12611 (5)
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UNCONFINED COMPRESSIVE STRENGTH TESTING RESULTS
GM MORAINE LAGOON CLOSURE

MORAINE, OHIO
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Sample No Date Mixed Mix Location Test # Date tested Age Result Result Status (1)
(days) (psi) (tsf)

023 9/28/2000 South Secondary 0 10/2/2000 4 10.1 0.73 reworked
se quadrant see 031
150'N, 420'E

024 9/28/2000 South Secondary 0 10/2/2000 4 10.4 0.75 reworked
se quadrant see 031
160'N, 460'E

025 9/28/2000 South Secondary 0 10/2/2000 4 7.8 0.56 reworked
NE quadrant see 030
210'N, 500'E

026 10/3/2000 South Secondary 0 10/6/2000 2 1.9 0.14 reworked
*MIXED with soil NE quadrant a 10/11/2000 8 2.6 0.19 see 035

and 25% CKD* 330'N, 450' E

027 10/3/2000 South Secondary 0 10/6/2000 2 6.9 0.5 reworked
*MIXED with soil NE quadrant a 10/11/2000 8 9.6 0.69 see 035

and 50% CKD* 330'N, 450' E

CRA 12611 (5)
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UNCONFINED COMPRESSIVE STRENGTH TESTING RESULTS
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Sample No Date Mixed Mix Location Test # Date tested Age Result Result Status (1)
(days) (psi) (tsf)

028 10/3/2000 South Secondary 0 10/6/2000 2 23.6 1.7
SW quadrant a 10/11/2000 8 33.2 2.39 ok
80'N, 210'E

029 10/3/2000 South Secondary 0 10/6/2000 2 8.9 0.64 reworked
SE quadrant a 10/11/2000 8 10.8 0.78 see 036
80'N, 350'E

030 10/4/2000 South Secondary 0 10/6/2000 1 33.9 2.44 ok
*REMIXED with soil SE quadrant a 10/11/2000 7 46.1 3.32

and CKD* 190'N, 550'E

031 10/4/2000 South Secondary 0 10/6/2000 1 35.6 2.56 ok
*REMIXED with soil SE Quadrant a 10/11/2000 7 68.6 4.94

and  CKD* 175'N, 440'E

032 10/4/2000 South Secondary 0 10/6/2000 1 37.9 2.73 ok
SW quadrant a 10/11/2000 7 49.0 3.53
40'N, 140'E
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UNCONFINED COMPRESSIVE STRENGTH TESTING RESULTS
GM MORAINE LAGOON CLOSURE

MORAINE, OHIO
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Sample No Date Mixed Mix Location Test # Date tested Age Result Result Status (1)
(days) (psi) (tsf)

033 10/9/2000 South Secondary 0 10/11/2000 1 36.4 2.62 ok
SW quadrant
125'N, 75E

034 10/10/2000 South Secondary 0 10/13/2000 2 102.5 7.38 ok
NW quadrant
330N, 60E

035 10/10/2000 South Secondary 0 10/13/2000 2 35.8 2.58 ok
NE quadrant
310N, 440 E

036 10/11/2000 South Secondary 0 10/13/2000 2 35.8 2.58 ok
SE quad
80'N, 350'E

037 10/11/2000 South Secondary 0 10/13/2000 2 45.4 3.27 ok
NW quad
250'N, 130E
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038 10/17/2000 South Secondary 0 10/20/2000 3 38.2 2.75 ok
NW quad
270'N, 250' E

039 10/19/2000 South Secondary 0 10/23/2000 4 90.1 6.49 ok
NW quad
325N, 250'E

040 10/19/2000 South Secondary 0 10/23/2000 4 135 9.72 ok
NW quad
240'N, 340' E

041 10/27/2000 North Primary 0 10/31/2000 4 90.7 6.53 ok

25 feet from west 
end along center

042 11/1/2000 North secondary 0 11/3/2000 2 175 12.6 ok
east side
25 feet from south 
end along center

CRA 12611 (5)
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Sample No Date Mixed Mix Location Test # Date tested Age Result Result Status (1)
(days) (psi) (tsf)

043 11/3/2000 North secondary 0 11/7/2000 4 72.5 5.22 ok
east side
150 feet from 
south end along 

Note:

(1) - OK Status refers to no further action required for sludge represented by the sample. 
Reworded Status refers to the sludge represented by sample as being remixed with additional reagent.
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TABLE 5.2

SOIL COMPACTION INSPECTION RESULTS
GM MORAINE LAGOON CLOSURE

MORAINE, OHIO

Page 1 of 3

Inspection Inspection Lift Test Percent 
Number Date Location Number Number Compaction Status (1)

North Primary (1,100 cy/lift; 1 test/2 lifts)

16 11/6/2000 North Primary 1 5 96 ok
16 11/6/2000 North Primary 1 6 100 ok
17 11/15/2001 North Primary 2 4 95 ok
17 11/15/2001 North Primary 2 5 97 ok

North Secondary (7,100 cy/lift; 3 tests/1 lift)

13 10/31/2000 North Secondary 1 6 93 reworked - see 14-1-3
14 11/1/2000 North Secondary 1 3 94 bridge lift - see 16-2-7
14 11/1/2000 North Secondary 1 4 93 bridge lift - see 16-2-7
16 11/6/2000 North Secondary 1 9 92 reworked - see 17-1-6
17 11/15/2001 North Secondary 1 6 97 ok
14 11/1/2000 North Secondary 2 5 98 ok
15 11/3/2001 North Secondary 2 1 97 ok
16 11/6/2000 North Secondary 2 7 100 ok
16 11/6/2000 North Secondary 3 8 101 ok
18 12/1/2000 North Secondary 3 1 99 ok
18 12/1/2000 North Secondary 3 2 98 ok
18 12/1/2000 North Secondary 3 3 99 ok
17 11/15/2001 North Secondary 4 7 100 ok
17 11/15/2001 North Secondary 4 8 95 ok
19 12/8/2000 North Secondary 5 1 88 reworked - see 20-5-4
19 12/8/2000 North Secondary 5 2 98 ok
20 3/1/2001 North Secondary 5 1 98 ok
20 3/1/2001 North Secondary 5 2 98 ok
20 3/1/2001 North Secondary 5 3 99 ok
20 3/1/2001 North Secondary 5 4 99 ok
19 12/8/2000 North Secondary 6 3 92 reworked - see 21-6-4
19 12/8/2000 North Secondary 6 4 92 reworked - see 21-6-4
21 3/7/2001 North Secondary 6 1 97 ok
21 3/7/2001 North Secondary 6 2 96 ok
21 3/7/2001 North Secondary 6 3 96 ok
21 3/7/2001 North Secondary 6 4 95 ok

          22    (2) 6/8/2001 North Secondary G 1 100 ok
          22    (2) 6/8/2001 North Secondary G 2 102 ok
          22    (2) 6/8/2001 North Secondary G 3 100 ok
          22    (2) 6/8/2001 North Secondary G 4 95 ok
          22    (2) 6/8/2001 North Secondary G 5 100 ok
          22    (2) 6/8/2001 North Secondary G 6 97 ok
          22    (2) 6/8/2001 North Secondary G 7 101 ok
          22    (2) 6/8/2001 North Secondary G 8 100 ok
          22    (2) 6/8/2001 North Secondary G 9 98 ok

South Drying (2,500 cy/lift; 1 test/1 lift)

1 09/20/00 South Drying 1 1 94 reworked - see 1-1-2
1 09/20/00 South Drying 1 2 98 ok
1 09/20/00 South Drying 1 3 96 ok
2 9/22/2000 South Drying 2 1 98 ok
2 9/22/2000 South Drying 2 2 95 ok
2 9/22/2000 South Drying 2 3 95 ok
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SOIL COMPACTION INSPECTION RESULTS
GM MORAINE LAGOON CLOSURE

MORAINE, OHIO

Page 2 of 3

Inspection Inspection Lift Test Percent 
Number Date Location Number Number Compaction Status (1)

4 10/2/2000 South Drying 4 5 97 ok
4 10/2/2000 South Drying 4 6 95 ok
7 10/9/2000 South Drying 5 3 99 ok
7 10/9/2000 South Drying 5 4 97 ok
8 10/12/2000 South Drying 6 1 101 ok
8 10/12/2000 South Drying 6 2 103 ok
9 10/16/2000 South Drying 7 5 104 ok
9 10/16/2000 South Drying 7 6 100 ok
10 10/20/2000 South Drying 8 2 96 ok
10 10/20/2000 South Drying 9 1 96 ok

South Primary (1,700 cy/lift; 1 test/2 lifts)

3 9/28/2000 South Primary 2 1 97 ok
3 9/28/2000 South Primary 2 2 95 ok
4 10/2/2000 South Primary 4 1 92 reworked - see 4-4-2
4 10/2/2000 South Primary 4 2 94 bridge lift - see 7-5-1
4 10/2/2000 South Primary 4 3 92 reworked - see 4-4-4
4 10/2/2000 South Primary 4 4 92 bridge lift - see 7-5-1
5 10/3/2000 South Primary 5 1 89 reworked - see 5-5-2
5 10/3/2000 South Primary 5 2 92 reworked - see 5-5-3
5 10/3/2000 South Primary 5 3 89 reworked - see 5-5-4
5 10/3/2000 South Primary 5 4 89 reworked - see 6-5-1
6 10/4/2000 South Primary 5 1 92 reworked - see 6-5-2
6 10/4/2000 South Primary 5 2 93 reworked - see 6-5-3
6 10/4/2000 South Primary 5 3 93 reworked - see 7-5-1
7 10/9/2000 South Primary 5 1 97 ok

11 10/25/2000 South Primary 6 3 96 ok
11 10/25/2000 South Primary 6 4 98 ok
11 10/25/2000 South Primary 7 1 100 ok
11 10/25/2000 South Primary 7 2 100 ok

South Secondary (9,400 cy/lift; 4 tests/1 lift)

9 10/16/2000 South Secondary 1 3 107 ok
9 10/16/2000 South Secondary 1 4 108 ok

10 10/20/2000 South Secondary 1 3 97 ok
10 10/20/2000 South Secondary 1 4 96 ok
12 10/27/2000 South Secondary 1 2 98 ok
8 10/12/2000 South Secondary 2 3 104 ok
8 10/12/2000 South Secondary 2 4 102 ok

12 10/27/2000 South Secondary 2 1 99 ok
13 10/31/2000 South Secondary 2 4 100 ok
9 10/16/2000 South Secondary 3 1 102 ok
9 10/16/2000 South Secondary 3 2 104 ok

13 10/31/2000 South Secondary 3 1 99 ok
13 10/31/2000 South Secondary 3 5 98 ok
16 11/6/2000 South Secondary 3 1 103 ok
12 10/27/2000 South Secondary 4 3 99 ok
13 10/31/2000 South Secondary 4 2 97 ok
13 10/31/2000 South Secondary 4 3 98 ok
14 11/1/2000 South Secondary 4 2 98 ok
16 11/6/2000 South Secondary 4 2 102 ok
7 10/9/2000 South Secondary 5 2 102 ok
14 11/1/2000 South Secondary 5 1 97 ok
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TABLE 5.2

SOIL COMPACTION INSPECTION RESULTS
GM MORAINE LAGOON CLOSURE

MORAINE, OHIO

Page 3 of 3

Inspection Inspection Lift Test Percent 
Number Date Location Number Number Compaction Status (1)

16 11/6/2000 South Secondary 5 3 96 ok
17 11/15/2001 South Secondary 5 1 95 ok
16 11/6/2000 South Secondary 6 4 104 ok
17 11/15/2001 South Secondary 6 3 95 ok
17 11/15/2001 South Secondary SG 2 95 ok

Notes:

#-#-# First number designates inspection number, second number designates lift number, third number 
designates test number.

(1) OK Status refers to no further action required for backfill represented by the sample. 
(2) Random, locations unidentified.
bridge lift Dry material was added to the compaction area, as maximum compaction appeared to have been reached

with the reworked material.  After adding dry material, the area was recompacted and inspected.

SG subgrade
G at grade

CRA 12611 (5)
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