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Cleanup Manager 
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Re: RACER Moraine Facilities 
 Plan 

Approval 
Post-Closure Plan 

 RCRA C - Hazardous Waste 
 Montgomery 
 OHD000817577

Subject: Amended Post-Closure Plan Approval 

Dear Ms. Barnett: 

On May 14, 2025, Ohio EPA received a Class 2 Permit Modification Request1 from ARCADIS on 
behalf of RACER Moraine Facilities for the Former South Settling Lagoon located at 3600 
Dryden Road, Moraine, Ohio. The request seeks to amend the 2002 Post-Closure Plan2 last 
amended on March 12, 2020,3 for the Former North and South Settling Lagoons with the 
following changes:  

• The engineering control at a portion of the Former South Settling Lagoon is proposed to 
be modified from a vegetated soil cover to an asphalt/concrete parking lot for semi-truck 
trailers from the adjacent property to the north, Heidelberg Distributing Company.  

• A stormwater conveyance system and a stormwater retention basin are proposed to be 
constructed on a portion of the Former South Settling Lagoon, which would be regulated 
through a National Pollutant Discharge Elimination System permit.  

• Inspections and maintenance of the parking lot, stormwater grates, and retention basin 
would occur quarterly, and the findings would be reported to Ohio EPA annually.  

The Former North Settling Lagoon portion will continue to be maintained by the 2002 Post-
Closure Plan amended on March 12, 2020.  

 
1 https://edocpub.epa.ohio.gov/publicportal/ViewDocument.aspx?docid=3638383  
2 https://edocpub.epa.ohio.gov/publicportal/ViewDocument.aspx?docid=2485163  
3 http://edocpub.epa.ohio.gov/publicportal/ViewDocument.aspx?docid=2194722  

https://edocpub.epa.ohio.gov/publicportal/ViewDocument.aspx?docid=3638383
https://edocpub.epa.ohio.gov/publicportal/ViewDocument.aspx?docid=2485163
http://edocpub.epa.ohio.gov/publicportal/ViewDocument.aspx?docid=2194722
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In accordance with the table listed in the Appendix to Ohio Administrative Code (OAC) Rule 
3745-50-51, my staff have recommended to the Director of Ohio EPA the request be approved 
as equivalent to a Class 2 permit modification (requiring review and approval). Therefore, the 
owner, operator, and the public were given the opportunity to submit written comments 
regarding the Amended Post-Closure Plan during the public comment period which ran from 
May 20, 2025, to July 7, 2025. No public comments were received.  

Ohio EPA approves RACER Trust’s above request to amend the Former South Settling Lagoon 
Post-Closure Plan submitted pursuant to OAC Rule 3745-55-18, and accordingly, Ohio EPA has 
amended the facility’s Former South Settling Lagoon Post-Closure Plan. Compliance with the 
approved Amended Post-Closure Plan is expected. Ohio EPA will monitor such compliance. 
Ohio EPA expressly reserves the right to take action pursuant to chapters 3734. and 6111. of 
the Ohio Revised Code and other applicable laws, to enforce such compliance, and to seek 
appropriate remedies in the event of noncompliance with the provisions of this approved 
plan. Please be advised, approval of this plan does not release RACER Trust from any 
responsibilities regarding corrective action for all releases of hazardous waste or constituents 
from any waste management unit, regardless of the time at which waste was placed in the 
unit. 

You are hereby notified that this action of the director is final and may be appealed to the 
Environmental Review Appeals Commission pursuant to Section 3745.04 of the Ohio Revised 
Code. The appeal must be in writing and set forth the action complained of and the grounds 
upon which the appeal is based. The appeal must be filed with the Commission within 30 
days after notice of the director’s action. The appeal must be accompanied by a filing fee of 
$70.00 (made payable to “Ohio Treasurer of State”) which the Commission, in its discretion, 
may reduce if by affidavit you demonstrate that payment of the full amount of the fee would 
cause extreme hardship. Notice of the filing of the appeal shall be filed with the director 
within three days of filing with the Commission. Ohio EPA requests that a copy of the appeal 
be served upon the Ohio Attorney General’s Office, Environmental Enforcement Section. An 
appeal may be filed with the Environmental Review Appeals Commission at the following 
address: 

Environmental Review Appeals Commission 
30 East Broad Street, 4th Floor 

Columbus, Ohio 43215 

When post-closure is completed, OAC Rules 3745-55-20 and 3745-66-20 require the owner or 
operator of a facility to submit, to the director of the Ohio EPA, certification by the owner or 
operator and a qualified professional engineer, that the post-closure care can be terminated 
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in accordance with the approved post-closure plan.  These certifications should be submitted 
to:  

Ohio Environmental Protection Agency 
Division of Environmental Response and Revitalization 

P.O. Box 1049 
Columbus, Ohio 43216-1049 

Attn: Eric Sainey, ERA 
Or Eric.Sainey@epa.ohio.gov 

A copy should also be sent to: 

Ohio Environmental Protection Agency 
Southwest District Office 

Division of Environmental Response and Revitalization 
401 E. Fifth Street 

Dayton, Ohio 45403 
Attn: Astrea Taylor  

Or Astrea.Taylor@epa.ohio.gov 

Alternatively, the certification can be submitted via email to Eric.Sainey@epa.ohio.gov and 
Astrea.Taylor@epa.ohio.gov or through Ohio EPA’s eBusiness Center at ebiz.epa.ohio.gov. 

If you have any questions concerning this letter, contact Astrea Taylor of my staff 
Astrea.Taylor@epa.ohio.gov or 937-286-6061. 

Sincerely, 

 
John Logue 
Director 

ec: Eric Leitz, U.S. EPA RCRA, Leitz.Eric@epa.gov  
Eric Sainey, Manager, ERAS, DERR, CO  
Melissa Langton, Supervisor, ERAS, DERR, CO 

  Mitch Mathews, Manager, DERR, CO 
  Sarah Miles, Legal 

 Randy Kirkland, Manager, DERR, SWDO  
 George Strobel, Supervisor, DERR, SWDO 
 Bob Ostendorf, Supervisor, DSW, SWDO  
 Daniel Hoit, DSW, SWDO 

10073805
Logue
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 Astrea Taylor, DERR, SWDO 
EPA.RCRAInfoData@epa.ohio.gov 



 

RACER Trust | Physical Office: 1505 Woodward Avenue, Suite 200, Detroit, MI 48226 |P.O. Box 43859, Detroit, MI 48243 
Tel: 313-486-2908 |www.racertrust.org 

May 14, 2025          
 
Ohio Environmental Protection Agency 
Division of Environmental Response and Revitalization 
P.O. Box 1049 
Columbus, Ohio 43216-1049 
Attn: Eric Sainey, ERAS 
 
RE: Class 2 Permit Modification Request  
 Former South Settling Lagoon Post-Closure Plan, Revision No. 1 
 RACER Trust Moraine Facilities 
 Moraine, Ohio 
 
Dear Mr. Sainey: 
 
The Revitalizing Auto Communities Environmental Response Trust (RACER Trust) is providing this Former 
South Settling Lagoon Post-Closure Plan (PCP), Revision 1 for the parcel located at 3801 Dryden Road 
and associated with the RACER Trust Moraine Facilities (Site) located in Moraine, Ohio. This PCP was 
prepared specifically for the closed South Settling Lagoon, should replace the previous plan, and 
incorporates new information and changes to the closed South Settling Lagoon parcel since submittal of 
the original Lagoon Post-Closure Plan. The PCP was revised to incorporate comments provided by the 
Ohio Environmental Protection Agency (Ohio EPA) on April 3, 2025. RACER Trust respectfully requests a 
Class 2 Permit Modification from the Ohio EPA for the Site. Details that support the modification request 
are incorporated herein. 
 
If you have any questions, please contact me at (937) 751-8635. 
 
Sincerely, 
 

 
 

Pamela L. Barnett, PG 
Cleanup Manager (DE, LA, MA, OH, PA, VA) 
RACER Trust 
 
cc: A. Taylor, Ohio EPA 
 M. Langton, DERR-CO 
 R. Kirkland, DERR-SWDO 
 G. Strobel, DERR-SWDO 
 B. Ostendorf, DSW-SWDO 
 D. Hoit, DSW-SWDO 
 Epa.rcrainfodata@epa.ohio.gov 
 B. Oaks, Heidelberg 
 G. Treherne, Heidelberg 
 C. Grogan, Arcadis 
 D. Bennett, Miller Valentine   
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1 Introduction 

1.1 General 
On behalf of Revitalizing Auto Communities Environmental Response Trust (RACER Trust), Arcadis U.S., Inc. 
(Arcadis) prepared this Closed South Settling Lagoon Post-Closure Plan (PCP), Revision No. 1 for the parcel 
located at 3801 Dryden Road and associated with the RACER Trust Moraine Facilities (Site) located in Moraine, 
Ohio (Figures 1 and 2). This PCP was revised to incorporate comments from the Ohio Environmental Protection 
Agency (Ohio EPA; 2025). A Lagoon Post-Closure Plan [Conestoga-Rovers & Associates (CRA) 2002] was 
prepared for both the closed South Settling Lagoon and the closed North Settling Lagoon and was approved by 
the Ohio EPA on December 24, 2003. This PCP was prepared specifically for the closed South Settling Lagoon, 
should replace the previous plan, and incorporates new information and changes to the closed South Settling 
Lagoon parcel since submittal of the original Lagoon Post-Closure Plan. Some of the changes were summarized 
in the Post-Closure Amendment Request (RACER Trust 2018) and included a Revised Human Health Risk 
Assessment and an Appendix to the Lagoon Post-Closure Plan with details on the Phase 1 Dynamic 
Groundwater Recirculation (DGR™) remediation system. Heidelberg Distributing, LLC (Heidelberg), located 
adjacent to the north, has plans to construct an asphalt trailer parking lot on the closed South Settling Lagoon 
parcel.  

The information included in this PCP was based on information included in the Lagoon Post-Closure Plan (CRA 
2002), the Revised Human Health Risk Assessment, the Post-Closure Amendment Request (RACER Trust 
2018), and trailer parking lot design information provided by Heidelberg. The Post-Closure Amendment Request 
(Appendix A) includes the Lagoon Post-Closure Plan (including the Site-Wide Groundwater Monitoring Plan), the 
Revised Human Health Risk Assessment, and the details associated with installation of the DGR™ remediation 
system installed at the property. The Heidelberg trailer parking lot design details are included in Appendix B. 

This PCP was prepared in accordance with the requirements of the Lagoon Closure Plan (CRA 2000) and with 
the requirements of the Ohio Administrative Code (O.A.C.) rules for new and interim status facilities. Figure 1 
shows the Site and the location of the closed South Settling Lagoon parcel. Details associated with the closed 
South Settling Lagoon are shown on Figure 2.  

1.2 Post-Closure Plan Objectives 
The PCP addresses the following elements: 

1. Control of future land use and access in accordance with O.A.C. Rules 3745-55-17 and 55-19. 
2. Inspection and maintenance of the covers, including regular mowing and erosion prevention in accordance 

with O.A.C. Rules 3745-55-18 and 56-28. 
3. Monitoring of the groundwater in accordance with O.A.C. Rules 3745-54-90 through 54-99, 55-01, and 55-

011. The rationale by which the intent of these rules is met is provided in the Site-Wide Groundwater 
Monitoring Plan (Appendix A). 

A brief summary of the relevant sections of the applicable regulations is presented in Appendix C (excerpt from 
the original Lagoon Post-Closure Plan). 



Closed South Settling Lagoon Post-Closure Plan, Revision No. 1 
 

www.arcadis.com 

RACER Moraine_Revised Post Closure Plan_SSL_Revision No. 1 2 

1.3 Administrative Procedures 
In accordance with O.A.C. Rule 3745-55-18, a copy of the approved PCP and any revisions will be kept at the 
Site while post-closure care activities are ongoing until certification and approval of completion of post-closure 
activities. A copy of the most current PCP will be furnished to the Ohio Environmental Protection Agency (Ohio 
EPA) upon request until final closure of the facility. The contact for the Site is: 

Ms. Pamela L. Barnett, PG 
Cleanup Manager 
RACER Trust 
660 Woodward Avenue, Suite 1521 
Detroit, MI 48226 
Cell Phone: 937-751-8635 
 

If an amendment to the PCP is required, a modification will be requested of the Ohio EPA within 60 days after 
occurrence of the event which affects the post-closure activities. 
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2 Description of the Former South Settling Lagoon 

2.1 Pre-Closure Conditions  

2.1.1 South Lagoon 

The existing conditions in the South Lagoon, at the start of closure activities, were surveyed (Figure 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. 

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 1988 RCRA Part A Permit Application filed by the former GM Corporation indicated that the sludge in the 
South Settling 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. 
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 lagoon. In addition, the mixed wastewater stream included non-
hazardous process waste, non-contact cooling water, and stormwater. 

The Draft South Settling Lagoon Revised Closure Plan [Geraghty & Miller Consulting Engineers, Inc. (G&M) 
1989] characterized the lagoon sludge and underlying soil. Samples were analyzed for total priority pollutants, 
volatile organic compound (VOC) priority pollutants, selected metals and cyanide, full Resource Conservation and 
Recovery Act (RCRA) Appendix IX parameters, oil and grease, percent solids, and bulk density. The sludge was 
not characteristically hazardous. VOCs were not detected in the underlying soils. The November 3, 1989, "Draft 
South Settling Lagoon Revised Closure/Post-Closure Plan" characterized the lagoon sludge and underlying soil. 
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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 (ENVIRON 1996). Appendix D (excerpt from the original Lagoon Closure Plan) includes a summary 
of the aforementioned analytical data. 

2.3 Sludge Volumes 
At the start of closure activities in 2000, the sludge thickness in the primary and secondary basins of the South 
Settling Lagoon 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 lagoon. 

The sludge volume was calculated utilizing an average-end method comparison of the top of sludge and bottom 
of lagoon surfaces. The South Settling Lagoon was found to have a sludge volume of 47,614 cubic yards. 

2.4 Lagoon 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 soil cover system with 
a vegetated topsoil layer over the former South Lagoon Further detail regarding closure activities is presented in 
Certification of Lagoon Closure Report (CRA 2001). 

2.4.1 Site Preparation 

In preparation for lagoon closure activities, most of the area was cleared and grubbed during August and 
September 1999. Regrowth, stumps, and roots not cleared in 1999, were removed from lagoon surfaces and 
sidewalls. Trees and shrubs removed from the lagoons were chipped and stockpiled onsite. 

2.4.2 Demolish Structures 

Pipes, inlet sewers, outlet structures, utility poles, vaults, and other structures located within the surface 
impoundment system were plugged in place with concrete, removed, partially demolished and removed, or filled 
with a flowable cement fill. 

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.  

2.4.3 Sludge Solidification 

The lagoon sludge was solidified by adding soil and a pozzolanic material (CKD or Portland cement) to the 
sludge. Solidification was conducted in place by placing the soil on the sludge surface, the pozzolanic material 
was placed in trenches excavated into the sludge, and the materials were mixed with a track hoe. Sludge 
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solidification was conducted to a minimum physical strength criterion of 25 pounds per square inch (psi). The 
actual strength 1 week following solidification ranged from 26 to 175 psi. 

2.4.4 Lagoon Backfilling 

Following successful solidification, the lagoons were backfilled with soil material from existing on-property soil 
stockpiles. A minimum of 10 feet of soil barrier was placed between the solidified sludge and the cover. 
Compaction testing was performed a minimum of every 2,500 cubic yards to ensure that the backfilled soils were 
achieving 95 percent modified proctor density. Final grades were adjusted to match the volume of soil available in 
the on-property soil stockpiles. Stormwater drainage structures were adjusted accordingly. 

2.4.5 Stormwater Drainage Systems 

A surface water drainage system was installed as during the closure activities in 2000. Surface water was 
collected in a network of swales, catch basins, and underground pipes. Collected stormwater was discharged to 
the existing underground 84-inch diameter storm sewer present along the north perimeter of the closed South 
Settling Lagoon. The drainage plan for Heidelberg’s asphalt trailer parking lot is shown on the plans included as 
Appendix B.  

2.4.6 Cover 

The current cover system for the closed South Settling Lagoon consists of a 1-foot thick compacted clay layer that 
was covered with a 6-inch thick vegetated top soil layer. The clay soil was selected based on its ability to achieve 
a maximum hydraulic conductivity of 1 x 10-7 centimeters per second (cm/sec). A 6-inch-thick layer of topsoil was 
placed on top of the completed clay layer. The topsoil was fine graded to ensure positive drainage. The cover was 
vegetated with a grass seed mix (combination of perennial rye grass and red fescue). The current cover system 
will be maintained for areas outside of the Heidelburg trailer parking lot.  

The cover as shown in the drainage plans for Heidelberg’s trailer parking lot (Appendix B) will be constructed. 
The trailer parking lot construction will be completed in two phases (i.e., Phase I and II). A total of 92 trailer 
parking spaces will be constructed during Phase I, and 184 trailer parking spaces will be constructed in Phase II, 
for a total of 276 total spaces. A total of 9.3 acres will be covered with asphalt, with 0.8 acres covered with 
concrete, for a total impervious area of 10.1 acres. Mass grading for both phases will be completed during the 
Phase I activities. Note that the Phase II area overlaps with the location of the DGR™ remediation system 
extraction well locations and associated subsurface piping. The DGR™ extraction wells will be retrofitted for 
access during and after construction activities. These activities are not anticipated to affect the DGR™ 
remediation system performance.  

Monitoring wells within the footprint of the asphalt trailer parking lot will be retrofitted for access after construction, 
replaced, or abandoned if no longer required for monitoring. A Monitoring Well Decommissioning and 
Reinstallation Plan for the indicated wells will be submitted to the Ohio EPA for review/approval prior to 
construction activities. The plan will state that a hydrated bentonite slurry grout will be pumped via a tremie pipe 
for monitoring wells where the screen and casing have been pulled by a drill rig and on any monitoring well(s) that 
cannot be pulled and must be grouted in place. The Regulations and Technical Guidance for Sealing Unused 
Water Wells and Boreholes (State of Ohio 2015) will be followed during well abandonment activities. When the 
monitoring well sealing is complete, the remaining well casing will be cut off to a depth of at least two or three feet 
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below ground level. Clean fill will be used to fill the remaining hole to the ground surface and finished with asphalt 
or concrete to match the surrounding material. A licensed well driller will be used for reinstallation activities, and 
the Ohio Department of Natural Resources will be notified of each monitoring well that is reinstalled or 
decommissioned. Re-installed monitoring wells will be properly developed prior to sampling. 

The asphalt trailer parking lot will consist of subgrade compaction overlain with 10 inches of ODOT Item 304 
Limestone Aggregate Base, 3.5 inches of ODOT Item 441 Asphalt Concrete Intermediate Course, and finished 
with 1.5 inches of ODOT Item 441 Asphalt Concrete Surve Course at the surface. A detention pond will be 
constructed to the west of the trailer parking lot, and new stormwater infrastructure will be installed throughout the 
trailer parking lot. In coordination with the City of Moraine, the water quality volume for the detention basin was 
estimated to be 32,017 cubic feet using the current Compliance Worksheet, Version 3.2 2020-07-07 (Appendix 
E) and is appropriately sized. A new fence with a secure gate will be constructed around the trailer parking lot. 
The fence will be 6-feet tall with barb wire. The current cover has been appropriate since installation in 2000, and 
the planned change in a portion of the cover will provide the same or more conservative cover as the construction 
materials (e.g., asphalt) will make it more difficult to access the subsurface in the applicable areas.  
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3 Post-Closure Groundwater Monitoring 

3.1 Groundwater Monitoring Plan Objectives 
The Site-wide Groundwater Monitoring Plan is generally consistent with Ohio EPA requirements as presented in 
applicable sections of O.A.C. 3745-54-90 through 3745-54-99, 3745-55-01, and 3745-55-011. 

The objective of the ongoing groundwater monitoring program is to collect sufficient data to evaluate changes 
and/or trends in groundwater quality or groundwater flow at the Site and to monitor site-wide corrective measures 
at the Site. 

3.2 Monitoring Program 
The monitoring program will be completed by the implementation of the Site-wide Groundwater Monitoring Plan 
(Appendix A) and per the recommendations within the subsequent Groundwater Monitoring Reports that are 
submitted annually as of the date of this PCP. 
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4 Inspections 
Regular inspections of the closed South Settling Lagoon and associated facilities will be conducted. The 
inspection program is presented in Table 1. 

An inspection log will be prepared each time an inspection is conducted. The log will contain the following 
information: 

1. Date of inspection. 
2. Inspection activities conducted. 
3. Problems/deficiencies noted. 
4. Corrections made (or actions taken to ensure corrections will be made). 
5. Inspector's signature. 

In addition to the regular inspections identified in Table 1, additional inspections will be conducted within 1 week 
after a documented 25-year, 24-hour storm event (approximately 4.5 inches of rain in 24 hours). 
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5 Maintenance Activities 
Maintenance will be performed in response to deficiencies noted during inspections described in Table 1. 
Maintenance and repair activities will be completed as soon as possible after problems are identified. Routine 
maintenance and repair activities will be completed no later than 6 weeks after problem identification. If significant 
repairs are required which will take longer than 6 weeks to complete, a schedule will be forwarded to the Ohio 
EPA indicating when repairs will be completed. 

5.1 Cover Maintenance 
Guidance from the following industry documents will be considered during evaluation of the asphalt and 
vegetation covers and for repair methods, as appropriate: 

 Standard Practice for Roads and Parking Lots Pavement Condition Index (PCI) Surveys (ASTM International 
2004). 

 Chapter 1400, Property Maintenance Code (City of Moraine, Ohio 2024). 

The following maintenance activities will be completed at a minimum of quarterly for the asphalt cover planned for 
the closed South Settling Lagoon: 

1. Erosion damage will be repaired through replacing asphalt, and minor regrading, if necessary. 
2. Regrading in response to subsidence, cracks, or settlement will be completed, as necessary, to maintain 

adequate surface water drainage. Damaged asphalt will be documented and repaired or replaced. 
Documentation of repairs and methodologies utilized will be incorporated into the site progress reports.  

3. Stormwater grates and the retention pond will be inspected to document condition and function consistent 
with the design. If repairs are needed, the methods and activities will be documented in the site progress 
reports. 

4. The fence and gates will be inspected to document condition and function. If repairs are needed, the methods 
and activities will be documented in the site progress reports. 

5. Damage to the asphalt by pests is not anticipated due the resistant nature of the asphalt cover. However, if 
evidence of pest damage is discovered, the pests will be exterminated, and the cover will be repaired. 

The following maintenance activities will be completed at a minimum of quarterly for the vegetated cover over the 
closed South Settling Lagoon: 

1. Erosion damage will be repaired through revegetation, and minor regrading, if necessary. 
2. Regrading in response to subsidence or settlement will be completed as necessary to maintain adequate 

surface water drainage. Disturbed areas will be revegetated. 
3. The grass will be mowed, as needed, during the growing season of April to October. At these times, bare 

areas or erosion damage will be repaired and deep-rooted vegetation will be removed. 
4. Regular grass mowing tends to discourage pests. If evidence of pest damage is discovered, the pests will be 

exterminated, and the cover will be repaired. 
An inspection log specific to the asphalt and vegetated covers will be used for documentation. 
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5.2 Monitoring System Maintenance 
Any damage to the well casing(s), cap(s), or locking system(s) will be repaired. In the event of damage to the 
below-grade installation, the well(s) will be assessed for potential repair or replacement. Since maintenance of the 
monitoring equipment is expected to be minimal, supplies of replacement materials will not be kept at the Site. 

If it is necessary to replace a monitoring well, the new well will be installed by experienced individuals and the 
abandoned well will be grouted to the surface. 

5.3 Security System Maintenance 
The closed South Settling Lagoon is enclosed within an 8-foot chain-link fence and access is gained via gates. 
Additionally, an interior 6-foot, barbwire fence will be constructed around the asphalt cover. An existing gate on 
the Heidelburg property will be used to access the asphalt trailer parking lot. The gate from the Heidelburg 
property requires a code for access. The trailer parking lot will be under video surveillance. Damage to the fence 
or gate, noted during quarterly inspections will be repaired. 

5.4 Responsible Party 
Maintenance will be conducted by firms that are qualified and familiar with appropriate procedures.   
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6 Cost Estimates 
The cost estimate to implement the PCP is presented in Table 2.  
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7 Post-Closure Certification 

7.1 Inspections 
The security system, including fencing, gate, and signs, will be inspected quarterly. The asphalt and vegetated 
covers will be inspected quarterly for erosion damage, pest damage, subsidence, and other issues (see Section 
5.1). Mowing will be completed as needed to prevent larger vegetation and/or pests from becoming an issue, 
between April and October. The groundwater monitoring system will be inspected quarterly. An inspection log 
specific to the asphalt and vegetated covers will be used for documentation. 

7.2 Testing and Analysis 
The groundwater monitoring program described in Section 3.0 is the only routine testing and analysis to be 
performed. 

7.3 Types of Documentation 
Post-closure care activities will be documented in the progress reports prepared for the Site and submitted to the 
USEPA, the Ohio EPA, property owners, and stakeholders.  
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Table 1
Summary of Post-Closure Activities and Inspections
Closed South Settling Lagoon
RACER Trust Moraine Facilities
Moraine, Ohio

Item Activity Frequency

Cover Maintenance

Erosion Damage

Check for bare spots, signs of damaged 
vegetation or asphalt, and areas of washout. 

Erosional damage will be identified if the 
topsoil layer or asphalt has been removed 

or exposed by water, wind, or any other 
erosional forces.

Quarterly

Pest Damage
Check for evidence of pests that may 

damage cover.
Monthly during April to October 

period

Settlement and Subsidence

Check for adequate surface water drainage. 
Surface water drainage will be evaluated by 
visual evaluation of proper grading and by 

looking for any areas of ponded water.

Quarterly

Mowing and Revegetation 
Mow grass and check for bare areas and 

erosion damage. Also check for deep-
rooted vegetation.

Monthly or as needed during April 
to October period

Parking Lot and Stormwater 
System Inspection

Erosion damage will be repaired through 
replacing asphalt, and minor regrading, if 

necessary.
Regrading in response to subsidence, 

cracks, or settlement will be completed, as 
necessary, to maintain adequate surface 
water drainage. Damaged asphalt will be 
documented and repaired or replaced. 

Documentation of repairs and 
methodologies utilized will be incorporated 

into the site progress reports. 
Stormwater grates and the retention pond 

will be inspected to document condition and 
function consistent with the design. If repairs 
are needed, the methods and activities will 
be documented in the site progress reports.

Quarterly

Groundwater Monitoring
Collect groundwater samples and  measure 

water levels.

See Site-Wide Groundwater 
Monitoring Plan and Subsequent 
Groundwater Monitoring Plans

Well Maintenance
Check for physical signs of damage to 

casing and cap locking system.
See Site-Wide Groundwater 

Monitoring Plan (Attachment A)

Security and Fencing

The fence, gates, and signs will be 
inspected to document condition and 

function. If repairs are needed, the methods 
and activities will be documented in the site 

progress reports.

Quarterly

Monitoring System Maintenance

Security System Maintenance

Moraine OH Tables 1/1



Table 2
Post-Closure Cost Estimate
Closed South Settling Lagoon
RACER Trust Moraine Facilities
Moraine, Ohio

Quantity Annual Total

1. Inspections 4 events/year  $                 5,250 

2. Groundwater Monitoring lump sum  $               10,000 

3. Grass Mowing/Vegetation
Monthly   

(7 events/year)
 $               16,350 

4. Repairs 1 event/year  $                 5,000 

Total Post-Closure Cost  $               36,600 

Notes:

Costs are based on 2025 rates.

Moraine OH Tables 1/1
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Appendix A 
 

 

Post-Closure Amendment Request



 

500 Woodward Avenue, Suite 2650 |Detroit, MI  48226 |313‐486‐2908 |racertrust.org 

October 9, 2018          

Ohio Environmental Protection Agency 
Division of Environmental Response and Revitalization 
Central Office 
P.O. Box 1049 
Columbus, Ohio 43216‐1049 
Attn: Craig Butler, Director 
 
RE:  Post‐Closure Amendment Request 
  Site Name: RACER Trust Moraine Facilities  
  Moraine, Ohio  
 
Dear Mr. Butler: 
 
The Revitalizing Auto Communities Environmental Response Trust (RACER Trust) is providing this Post‐
Closure Amendment Request for the RACER Trust Moraine Facilities in Moraine, Ohio (Site). This request 
is being provided to facilitate implementation of an interim measure called Phase 1 Dynamic 
Groundwater Recirculation (DGR™) on the closed South Settling Lagoon (SSL) property at the Site. The 
information in this request is being provided per comments from the Ohio Environmental Protection 
Agency (Ohio EPA) that were provided via email on August 29, 2018 and October 1, 2018. The objective 
of the Phase 1 DGR™ interim measure is to reduce site‐specific volatile organic compounds (VOCs) in 
groundwater within the Riverview Plat neighborhood (neighborhood) to concentrations below the 
United States Environmental Protection Agency (U.S. EPA) Maximum Contaminant Levels (MCLs), within 
5 years of initiating full‐scale operation. Once concentrations of VOCs have been adequately reduced, 
vapor intrusion mitigation systems in the neighborhood will no longer be necessary. Since RACER Trust 
has not been able to gain access to all the properties in the neighborhood for vapor intrusion 
assessment and/or mitigation, implementation of the Phase 1 DGR™ interim measure is a priority to 
reduce the risk of exposure from vapor intrusion and this amendment is needed. 
 
The SSL was closed per Ohio Administrative Code (OAC) 3745‐66‐11 by solidifying sludge in‐situ, 
backfilling the basins with material from existing on‐site soil stockpiles or imported material, and 
constructing a vegetated soil cover as documented in the Certification of Lagoon Closure Report1. A 
portion of the Phase 1 DGR™ interim measure is proposed to be installed through the cover at the SSL 
and this portion includes three extraction wells and portions of the subgrade piping. None of the work 
will be within the limits of the waste units. The cover will be restored around the extraction wells and 
applicable portions of the piping.   
 

                                                            
1 Conestoga‐Rovers & Associates, 2001. Closure Certification Report, General Motors, Harrison Radiator Division 
Facility, Moraine, Ohio. August 2001. 



Mr. Craig Butler 
October 9, 2018 

500 Woodward Avenue, Suite 2650 |Detroit, MI  48226 |313‐486‐2908 |racertrust.org 

The approved Lagoon Post‐Closure Plan2 (Attachment 1) and the approved Revised Human Health Risk 
Assessment Report3 (Attachment 2) are attached to this letter. An appendix to the Lagoon Post‐Closure 
Plan that includes the information requested by the Ohio EPA and details the proposed Phase 1 DGR™ 
activities is included as Attachment 3. The October 1, 2018 comments from the Ohio EPA indicated that 
“the table of contents and narrative of the post‐closure plan should refer to the new appendix.” The 
Lagoon Post‐Closure Plan was prepared by others, contains information regarding the Closed North 
Lagoon, and cannot be easily modified. Therefore, the three attachments enclosed should be considered 
the amended Lagoon Post‐Closure Plan.  If Ohio EPA wishes to have RACER Trust revise and separate the 
Lagoon Post Plan to cover the Closed North and South Lagoon separately, we would be willing to 
complete this administrative task as part of our 2019 activities. 
 

Please confirm the appropriate amendment modification required to allow the proposed activity 

to move forward as we work toward our collective groundwater remedial goals for this area. If 

you have questions or concerns, please contact me at 937‐751‐8635.  
 
Sincerely, 
 
 
 
Pamela L. Barnett, P.G. 
Cleanup Manager (DE, LA, MA, OH, PA, VA) 
RACER Trust 
RACER Properties, LLC 
 
cc:   Brian Gitzinger, Ohio EPA 
  Erik Hagen, Ohio EPA 

Randall Kirkland, Ohio EPA 
Mirtha Capiro, U.S. EPA 
Carolyn Grogan, Arcadis 

  D. Jason Manzo, Arcadis   
 
Enclosures:  
Attachment 1 ‐ Lagoon Post‐Closure Plan 
Attachment 2 – Revised Human Health Risk Assessment Report 
Attachment 3 – Appendix to the Lagoon Post‐Closure Plan 
 
 
 

                                                            
2 Conestoga‐Rovers & Associates, 2002. Lagoon Post‐Closure Plan, General Motors, Harrison Radiator Division 
Facility, Moraine, Ohio. December 2002. 
 
3 Arcadis U.S., Inc., 2012. Revised Human Health Risk Assessment Report, Closed South Settling Lagoon, Moraine, 
Ohio. July 2012. 



 

 

 

 

 

ATTACHMENT 1 
 

 

Lagoon Post-Closure Plan 





























































































































































































































































































































































































 

 

 

 

 

ATTACHMENT 2 
 

 

Revised Human Health Risk Assessment Report



             
    
 
 

 
 
 
 
 
 
July 3, 2012 
 
 
Mr. Ed Lim 
Manager 
Ohio Environmental Protection Agency 
Division of Environmental Response and Revitalization 
Engineering Section 
P. O. Box 1049, Columbus, Ohio 43216-1049 
 
 
RE: Response to Notice of Deficiency 

Human Health Risk Assessment for the Closed South Settling Lagoon 
RACER Moraine Facilities, Moraine, Ohio 
OHD 000 817 577 

 
Dear Mr. Lim: 
 
RACER Trust, respectfully submits the following responses to the letter dated May 31, 
2012 received by RACER Trust on June 4, 2012 from the Ohio Environmental 
Protection Agency (Ohio EPA). The letter provides comments on the Human Health 
Risk Assessment (HHRA) for the Closed South Settling Lagoon, RACER Moraine 
Facilities, Moraine, Ohio. The text, tables and figures associated with this report have 
been revised based on the Ohio EPA comments and the report in its entirety is being 
reissued. Upon the request of Ohio EPA, old language was over struck rather than 
eliminated and new language was included in capitalized font within the report text. 
 
The Ohio EPA comments from the May 31 2012 letter and responses (with the 
corresponding change to the report) are as follows: 
 
Comment 1. Section 1.4: Media of Concern 
 
Direct contact to a construction worker should be quantitatively evaluated for the entire 
soil column for the scenarios where the final cover will be disturbed in order to properly 
evaluate all potential exposure pathways. 
 
Response: On the recommendation of Ohio EPA, risk to a construction worker from 

direct exposure to soil was evaluated in the refined HHRA. As noted in 
the report, the SSL material is solidified and covered with a minimum of 
10 feet of clean soil, then a one foot layer of clay, and finally a 6 inch 
vegetated top soil layer.  Therefore, within the footprint of the solidified 
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waste, the soil column is defined as surface soil to immediately above the 
solidified waste (which is a minimum of 10 feet in depth), while in the 
area beyond the solidified waste, the soil column is defined as the 
vadose zone (i.e., from surface soil to the groundwater interface). Data 
from the fill soil was available and was used in the revised HHRA to 
evaluate exposure to soil above the solidified waste.  Data for soil outside 
the solidified waste footprint was not available but was assumed equal to 
the stockpile data since the stockpile soil was obtained from other 
portions of the Moraine site.  Fill stockpile data is presented in Table 0B 
in the revised HHRA report. Soil data was compared to USEPA Regional 
Screening Levels (RSLs) for an industrial scenario and to background 
concentrations at the site.  The exposure point concentration (based on 
the upper confidence limit on the mean (UCL)) of benzo(a)pyrene at 1.03 
milligram per kilogram (mg/kg) exceed the industrial soil RSL of 0.21 
mg/kg; therefore benzo(a)pyrene was selected as constituent of potential 
concern (COPC) for quantitative evaluation.  This selection of COPC for 
soil is presented in Table 3 in report; while the quantitative risk 
charactering for direct contact with soil for a construction worker receptor 
is presented in Table 10. The HHRA report text was revised accordingly. 
 

Comment 2. Section 2.2: Soil Gas Risk Assessment Dataset 
 
If soil gas sampling more recent than November 2010 has occurred, please include 
those results in the vapor intrusion evaluation. 
 
Response: On-site soil gas data was recently obtained at the SSL and was used in 

addition to the near off-site data to assess risk to receptors at the SSL. 
On-site soil gas data is presented in Table 1A. The HHRA report was 
revised accordingly. 
 

Comment 3. Section 2.3: Selection of Constituents of Potential Concern 
 
U.S. EPA has revised their recommendations for attenuation factors; 
http://www.epa.gov/superfund/sites/npl/Vapor Intrusion FAQs Feb2012.pdf (see page 
23). Based on this guidance, we recommend the use of an attenuation factor of 0.1 for 
exterior soil gas. 
 
Response: Consistent with USEPA 2012, an attenuation factor of 0.1 was used to 

estimate soil gas screening levels using air regional screening levels. 
Section 2.3 and Table 4 were revised accordingly. 
 

Comment 4. Section 3.0: Exposure Assessment 
 
Only the Reasonable Maximum Exposure (RME) scenario needs to be presented in 
future revisions. 
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Response: As requested, only the RME scenario was presented in the revised 
HHRA.  
 

Comment 5. Section 3.1: Exposure Scenarios 
 
A quantitative evaluation to a child recreational user should be included to verify that 
the risk to child receptors is within the risk goal for the site. 
 
Response: As requested, a quantitative evaluation to a child recreational user from 

exposure to vapors in air was presented in the revised HHRA. This 
evaluation is presented in Tables 15 through 18. The HHRA report text 
was revised accordingly. 
 

Comment 6. Section 4.3: Chemical-Specific Issues 
 
Prior to the report being sent to the Agency, the toxicity information for PCE 
(02/10/2012) and TCE (09/28/2011) were updated in IRIS. Please use the current 
toxicological information for these chemicals and revise the risk assessment. 
 
Response: The most current toxicological information for TCE and PCE were used in 

the revised HHRA. Those values are presented in Table 9 of the revised 
HHRA. 
 

Comment 7. Section 5.3.2: Construction Worker and Visitor Risk 
Characterization 
 
The incorrect section was noted in Section 5.3.2 of the HHRA. Revise the first 
sentence of Section 5.3.2 to state the following, "As discussed in Section 3.1, exposure 
of a future commercial worker to vapors volatizing from subsurface is higher than that 
of a future construction worker and a future visitor/recreator." 
 
Response: The correction was made in the revised HHRA report text. 

 
Comment 8. Maintaining Integrity of Final Cover 
 
According to the current Lagoon Post-Closure Plan dated December 13, 2002 as 
prepared by Conestoga-Rovers & Associates, the cover system of the SSL consists of 
a foot thick compacted clay layer which was covered with a 6-inch thick vegetative top 
soil layer. On top of the compacted clay layer was placed a nominal 6-inch thick layer 
of topsoil. The topsoil was fine graded to ensure positive drainage. The cover was 
vegetated with a grass seed mix consisting of perennial rye grass and red fescue.  
 
It is important that the integrity of the final cover system of the SSL not be disturbed. 
The intent of the final cover system is to prevent any migration of wastes out of the unit 
to the adjacent subsurface soil or ground water or surface water at any time during the 
active life of the unit. 
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In accordance with OAC Rule 3745-56-28, the final cover of the surface impoundment 
must be designed and constructed to: 
 
a. Provide long-term minimization of the migration of liquids through the closed 
impoundment; and 
 
b. Function with minimum maintenance; and 
 
c. Promote drainage and minimize erosion or abrasion of the final cover; and 
 
d. Accommodate settling and subsidence so that the cover's integrity is maintained; 
and 
 
e. Have permeability less or equal to the permeability of any bottom liner system or 
natural sub-soils present. 
 
The final cover system must continue to conform to the above conditions during the life 
of the unit. The current owner, RACER Trust, and any future owner or operator, must 
ensure that the cover is maintained in a manner to be protective of human health and 
the environment. There may be instances where the cover system may be disturbed 
on a temporary basis to facilitate the installation of various future land use activities 
(i.e. asphalt parking lots, utility trenches, slab-on-grade foundations). 
 
Under these situations, Ohio EPA would expect the cover system to be replaced in a 
manner that (1) does not increase the potential hazard to human health and the 
environment and (2) the cover system continues to conform to the criteria listed in OAC 
Rule 3745-56-28. Any change in the future land use of the SSL which could potentially 
impact the cover system must also conform to the approved Lagoon Post-Closure 
Plan. 
 
Response: A “Recommendations” section was added to the report which 

recommends that at the time of redevelopment, consideration must be 
given to the design, construction, and operation of any facilities to 
ensure that 1) the integrity of the cover is not affected, and 2) that any 
disturbance of the cover will not increase the potential hazard to human 
health and the environment. 
 

Comment 9. Slab-On-Grade Construction and Basement Scenarios 
 
The HHRA evaluated both slab-on-grade construction and basement scenarios. 
Although consideration may be given to slab-on-grade construction, Ohio EPA will not 
permit buildings with a basement. In order to minimize or avoid disturbance to the 
integrity of the cover, Ohio EPA recommends that all slab-on-grade buildings be 
located off the cover system and preferably in the northern and southeast areas of the 
site. Pursuant to OAC Rule 3745-55-17(C), in the event that buildings or any other 
structures (i.e. parking lots, soccer fields) are located on the cover, consideration must 
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be given to the design, construction, and operation of these facilities to ensure that any 
disturbance of the cover will not increase the potential hazard to human health and the 
environment. 
 
Response: Because Ohio EPA has stated that it would not permit buildings with a 

basement, the basement scenario was deleted from the revised HHRA.  
As previously stated a “Recommendations” section was added to the 
revised HHRA.  In that section, it is recommended that that the 
redevelopment plans design and the Post Closure Care Plan should 
consider that on-grade buildings could be located off the cover system 
and preferably in the northern and southeast areas of the site. Further 
that in the event that buildings or any other structures (i.e. parking lots, 
soccer fields) are located on the cover, consideration must be given to 
the design, construction, and operation of these facilities to ensure that 
any disturbance of the cover will not increase the potential hazard to 
human health and the environment. 
 

Comment 10. Storm Water Management 
 
The existing surface water drainage system for the SSL consists of a network of 
swales, catch basins, and underground pipes. The SSL was graded to ensure positive 
drainage. The grades and surface water controls direct water away from the cover, 
controlling the potential for run-on. The SSL cover system directs storm water runoff 
from the south toward the northwest corner of the site where it is collected and 
discharged to an underground 84-inch diameter storm sewer along the north perimeter 
of the SSL. The storm water is then directed to a storm sewer located along Dryden 
Road. Any future change in land use must be evaluated to ensure that storm water is 
managed to prevent run-on, promote drainage, and minimize erosion of the final cover. 
 
Response: A “Recommendations” section was added to the HHRA report that 

recommends that any future change in land use must be evaluated to 
ensure that storm water is managed to prevent run-on, promote 
drainage, and minimize erosion of the final cover. 
 

Comment 11. Amendment of Post-Closure Plan 
 
Pursuant to OAC Rule 3745-55-18(D), the owner or operator must submit a written 
notification of, or request for a permit modification to authorize a change in the 
approved post-closure plan in accordance with the applicable requirements of rules 
3745-50-40 to 3745-50-235 of the OAC. The owner or operator would be required to 
determine if any change in the future land use of the SSL would necessitate an 
amendment to the approved post-closure plan in accordance with OAC Rule 3745- 55-
18(D). 
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Response: A “Recommendations” section was added to the HHRA report which 
states the above information. 

 
Please contact me at (937) 751-8635 with any questions concerning the revised HHRA. 
 
Sincerely, 
 
 
 
Pamela L. Barnett, PG 
Assembly Region Cleanup Manager (DE, LA, MA, OH, PA, VA) 
RACER Trust 

Copies: 
Jeff Stark, Site Coordinator, 
Ohio Environmental Protection Agency, Southwest District Office 
Division of Environmental Response and Revitalization 
401 East Fifth Street, Dayton, Ohio 45402-2911 
 





































































































Table 0A

Sludge Data

South Settling Lagoon

Moraine, Ohio

Sludge Analytical Results [a]

Constituent

Frequency of

Detection

Minimum

Concentration

Maximum

Concentration

(mg/kg) (mg/kg)
Semi Volatile Organic Compounds
Bis(2-ethylhexyl)phthalate 4/13 1.33 2.76
Dibutyl Phthalate 1/13 -- 1.99
Aroclor 1254 8/13 1.6 206
Aroclor 1260 2/13 1.5 4.6
Inorganics
Antimony 14/36 5.03 52.8
Arsenic 36/36 3.4 157
Barium 36/36 713 6740
Cadmium 36/36 0.721 26.9
Chromium 36/36 55.3 2020
Cobalt 5/6 17.8 222
Copper 36/36 37.2 16900
Cyanide 36/36 0.562 18.9
Lead 36/36 87.1 398
Mercury 34/36 0.081 4.03
Nickel 36/36 26.3 1490
Selenium 1/36 -- 0.78
Silver 34/36 0.317 2.45
Tin 1/6 -- 28.3
Zinc 36/36 157 2190

[a] From South Settling Lagoon Revised Closure Plan (Geraghty and Miller 1989).



Table 0B

Fill Stockpile Soil Data

South Settling Lagoon

Moraine, Ohio

Constituent Units H1 H1 H2 H2 H3 H3 H4 H4 H5 H5 H6 H6 H10 H10 H11 H11 (1) H11 H12 H12 H13 H13 A1 A2 A3 A4 A5 A6 D1 D2 D3 D4

(2 -4 ) (10 -12 ) (4 -6 ) (8 -10 ) (14 -16 ) (18 -20 ) (4 -6 ) (10 -12 ) (12 -14 ) (30 -32 ) (2 -4 ) (12 -14 ) (6 -8 ) (18 -20 ) (16 -18 ) (22 -24 ) (24 -26 ) (10 -12 ) (32 -34 ) (6 -8 ) (8 -10 ) (2 -4 ) (2 -4 ) (2 -4 ) (2 -4 ) (2 -4 ) (2 -4 ) (2 -4 ) (2 -4 ) (2 -4 ) (2 -4 )

Volatile Organic Compounds

(VOCs) ug/Kg ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Semi Volatile Organic

Compounds (SVOCs)

Benzo(a)anthracene ug/Kg <330 <3,300 <330 <330 <330 <330 1,100 <330 <3,300 <3,300 <3,300 <330 <1,320 <3,300 <330 <3,300 <330 550 <3,300 <330 <330 <3,300 <3,300 <3,300 <3,300 7,560 <330 <3,300 <330 865 <3,300

Benzo(b)fluoranthene ug/Kg <330 <3,300 449 <330 <330 477 1,570 <330 <3,300 <3,300 <3,300 <330 1,550 <3,300 <330 <3,300 <330 821 <3,300 <330 <330 <3,300 <3,300 <3,300 <3,300 8,230 <330 <3,300 <330 1,120 <3,300

Benzo(k)fluoranthene ug/Kg <330 <3,300 <330 <330 <330 <330 <660 <330 <3,300 <3,300 <3,300 <330 <1,320 <3,300 <330 <3,300 <330 <330 <3,300 <330 <330 <3,300 <3,300 <3,300 <3,300 3,450 <330 <3,300 <330 <660 <3,300

Benzo(a)pyrene ug/Kg 204 1,690 242 <165 307 315 1,040 <165 <1,650 <1,650 <1,650 <165 1,330 <1,650 <165 <1,650 <165 507 <1,650 <165 <165 <1,650 <1,650 <1,650 <1,650 6,140 <165 <1,650 <165 868 <1,650

Chrysene ug/Kg <330 <3,300 <330 <330 351 341 1,170 <330 <3,300 <3,300 <3,300 <330 <1,320 <3,300 <330 <3,300 <330 608 <3,300 <330 <330 <3,300 <3,300 <3,300 <3,300 8,240 <330 <3,300 <330 998 <3,300

Fluoranthene ug/Kg 420 4,080 570 <330 812 734 2,340 337 3,500 <3,300 <3,300 <330 2,440 <3,300 <330 <3,300 <330 1,340 <3,300 <330 <330 <3,300 <3,300 <3,300 <3,300 10,200 <330 <3,300 <330 1,620 <3,300

Phenanthrene ug/Kg <330 <3,300 <330 <330 562 544 1,930 <330 <3,300 <3,300 <3,300 <330 <1,320 <3,300 <330 <3,300 <330 601 <3,300 <330 <330 <3,300 <3,300 <3,300 <3,300 3,480 <330 <3,300 <330 1,290 <3,300

Pyrene ug/Kg <330 3,490 588 <330 811 741 2,230 <330 <3,300 <3,300 <3,300 342 2,120 <3,300 <330 <3,300 <330 1,170 <3,300 <330 <330 <3,300 <3,300 <3,300 <3,300 12,200 <330 <3,300 <330 1,440 <3,300

Metals

Antimony mg/Kg <33 <32 <33 <33 <32 <32 <32 <33 <33 <33 <33 <330 <31 <32 <33 <33 <33 <31 <33 <33 <32 <33 <33 <32 <32 <32 <33 <33 <33 <32 <33

Arsenic mg/Kg 4.75 5.21 5.20 3.49 4.83 4.55 5.36 4.15 9.16 4.63 5.39 <0.808 5.19 5.25 4.49 5.66 4.51 3.77 5.05 5.24 4.01 5.89 4.49 3.51 9.03 6.46 4.31 2.36 4.51 5.38 4.20

Barium mg/Kg 17 44.8 15 30 77.2 65.6 44.6 23 64.0 20 60.7 <66 52.9 34.9 12 36 44.2 40.3 65.4 54.3 25 35.6 29 30 41.9 58 46 28 21 35.1 22

Beryllium mg/Kg <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2

Cadmium mg/Kg <9.9 <9.5 <9.8 <9.9 <9.5 <9.6 <9.6 <9.8 <9.9 <9.9 <9.8 <99 <9.4 <9.6 <9.9 <9.9 <10 <9.4 <10 <9.8 <9.7 <9.9 <9.9 <9.6 <9.5 <9.7 <10 <9.9 <9.8 <9.7 <9.9

Chromium mg/Kg <13 <13 <13 <13 14 20 <13 <13 13 <13 <13 <130 <13 <13 <13 <13 <13 <13 14 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13

Cobalt mg/Kg <6.6 <6.4 <6.5 <6.6 <6.3 <6.4 <6.4 <6.5 <6.6 <6.6 <6.6 <66 <6.3 <6.4 <6.6 <6.6 <6.6 <6.3 <6.6 <6.5 <6.4 <6.6 <6.6 <6.4 <6.3 <6.4 <6.6 <6.6 <6.5 <6.5 <6.6

Copper mg/Kg 7 12 8.2 10 14 11 9.0 7.5 12 9.2 12 <66 12 10 <6.6 7.9 12 9 11 10 9.0 11 8.6 9.9 15 12 11 8.0 8.2 10 <6.6

Lead mg/Kg 6.72 8.35 6.14 7.56 7.89 10.2 9.41 7.66 12.4 5.51 23.2 6.65 13.5 10.3 6.05 7.82 7.85 5.51 8.18 11.1 7.07 8.00 7.46 5.87 18.9 10.2 8.59 11.6 6.56 8.96 6.80

Manganese mg/Kg 219 410 221 437 286 395 388 235 264 290 423 360 382 254 181 339 328 330 445 351 680 359 285 309 352 393 388 261 226 328 340

Mercury mg/Kg 0.013 0.022 0.013 0.015 0.027 0.022 0.019 0.015 0.029 0.018 0.027 0.012 0.025 0.024 0.011 0.024 0.014 0.016 0.032 0.009 0.011 0.024 0.014 0.015 0.041 0.027 0.019 0.020 0.017 0.025 0.016

Nickel mg/Kg 5.3 11 7.5 7.3 15 15 8.0 6.2 14 9.6 12 <33 10 9.9 6.3 7.9 10 10 11 11 11 10 7.9 8.3 10 13 9.3 7 7.5 10 5.0

Selenium mg/Kg <0.166 0.264 0.518 <0.162 <0.161 <0.162 <0.160 <0.159 0.280 0.363 <0.161 <0.323 <0.165 <0.162 <0.164 <0.166 0.234 <0.166 0.288 <0.161 <0.166 <0.164 <0.162 <0.163 <0.163 0.297 <0.159 <0.161 0.463 0.189 <0.165

Silver mg/Kg <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <130 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13

Thallium mg/Kg 0.361 <0.330 0.352 <0.323 <0.322 <0.323 <0.319 <0.318 <0.325 <0.324 <0.322 0.352 0.340 0.342 0.468 <0.333 0.412 0.346 <0.320 <0.321 0.468 0.413 0.430 0.499 <0.326 <0.323 0.356 0.565 0.543 0.458 <0.330

Vanadium mg/Kg <17 <16 <16 <17 19 18 <16 <16 <17 <16 <16 <170 <16 <16 <16 <16 <17 <16 <17 <16 <16 <16 <17 <16 <16 <16 <17 <17 <16 <16 <17

Zinc mg/Kg 19 36 24 28 49 41 31 24 45 27 46 <170 43 26 19 29 40 35 38 37 31 33 30 30 64 42 35 25 26 34 21

PCBs mg/Kg <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

ND - VOCs and SVOCs not detected above their respective laboratory detection limit, unless presented on the table.

< - Constituent not detected above laboratory detection limit shown.

mg/Kg - Milligram per kilogram.

ug/Kg - Microgram per kilogram.



Table 1A

Groundwater Risk Assessment Data from the Shallow Portion of Upper Aquifer

South Settling Lagoon

Moraine, Ohio

SSL-1 SSL-2 SSL-3 SSL-3 GM-63
Constituent SSL-1-GW/02012012/ SSL-2-GW/01312012/ SSL-3-GW/01302012/ DUP-01/01302012/ GM-63/01282010/

2/1/2012 1/31/2012 1/30/2012 1/30/2012 1/28/2010
1,1,1-Trichloroethane µg/L < 1.0 U < 3.3 U < 5.0 U < 5.0 U 2.0 J
1,1-Dichloroethane µg/L 0.76 J < 3.3 U < 5.0 U < 5.0 U < 5.7 U
1,1-Dichloroethene µg/L < 1.0 U < 3.3 U < 5.0 U < 5.0 U < 5.7 U
Benzene µg/L < 1.0 U < 3.3 U < 5.0 U < 5.0 U < 5.7 U
cis-1,2-Dichloroethene µg/L 5.4 0.95 J 1.4 J 1.6 J 3.2 J
Ethylbenzene µg/L < 1.0 U < 3.3 U < 5.0 U < 5.0 U < 5.7 U
Tetrachloroethene µg/L 15 86 130 130 150
Toluene µg/L < 1.0 UB < 3.3 UB < 5.0 U < 5.0 U < 5.7 U
trans-1,2-Dichloroethene µg/L 0.41 J < 3.3 U < 5.0 U < 5.0 U < 5.7 U
Trichloroethene µg/L 11 74 120 130 140
Vinyl chloride µg/L < 1.0 U < 3.3 U < 5.0 U < 5.0 U < 5.7 U
Xylenes µg/L < 2.0 U < 6.7 U < 10 U < 10 U < 11 U

µg/L - Micrograms per Liter.
< - Chemical of concern not detected above laboratory reporting limit shown.
U - Chemical of concern not detected above laboratory reporting limit shown.
J - Value estimated.
UB - Chemical of concern considered non-detect at the listed due to associated blank contamination.
NA - No action level.

Bold indicates sample result is above the MCL.

Units
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Table 1B

Groundwater Risk Assessment Data from the Deep Portion of Upper Aquifer

South Settling Lagoon

Moraine, Ohio

Sample Location HR-16 HR-16 HR-16 HR-17 HR-17 HR-17 HR-17 W-2-S W-2-S W-2-S W-2-S W-3-S W-3-S W-3-S W-3-S W-4-S W-4-S W-4-S W-4-S

Constituent Date 9/23/1999 9/18/2002 1/21/2008 9/18/2006 9/25/2007 9/26/2008 11/12/2009 9/18/2006 9/24/2007 9/25/2008 11/12/2009 9/18/2006 9/24/2007 9/26/2008 11/12/2009 12/4/2007 3/4/2008 9/26/2008 11/12/2009

Benzene µg/L < 1.0 < 1.0 < 1.0 < 1.0 < 2.5 < 4.0 < 2.5 [< 2.5] < 1.0 < 1.0 < 1.0 0.43 J < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 [< 2.0] < 1.0

1,1-Dichloroethane µg/L < 1.0 < 1.0 < 1.0 0.60 J 1.2 J 1.1 J 1.7 J [1.7 J] 1.2 1.1 0.92 J 1.2 < 1.0 < 1.0 0.21 J < 1.0 1.5 1.6 1.6 [1.5 J] 1.6

1,1-Dichloroethene µg/L < 1.0 < 1.0 < 1.0 < 1.0 < 2.5 < 4.0 < 2.5 [< 2.5] < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 [< 2.0] < 1.0

cis-1,2-Dichloroethene µg/L < 1.0 0.46 J < 1.0 4.6 1.9 J 2.7 J 1.9 J [2.0 J] 1.2 0.89 J 0.78 J 0.90 J < 1.0 < 1.0 0.52 J 0.33 J 5.5 6.1 6.1 [7.1] 9.1

trans-1,2-Dichloroethene µg/L < 1.0 < 0.50 < 1.0 0.46 J 0.69 J 1.0 J 1.3 J [1.2 J] < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 1.2 1.5 1.5 [1.5 J] 1.5

Tetrachloroethene µg/L < 1.0 < 1.0 < 1.0 34 51 120 85 [84] < 1.0 < 1.0 < 1.0 0.35 J 0.60 J 0.72 J 1.3 0.87 J 22 29 29 [46] 39

1,1,1-Trichloroethane µg/L < 1.0 < 1.0 < 1.0 < 1.0 < 2.5 < 4.0 < 2.5 [< 2.5] 1.8 1.4 1.4 1.7 2.5 1.4 1.2 1.2 1.5 1.8 1.8 [1.1 J] 1.3

Trichloroethene µg/L 2.7 1.5 1.3 5.6 16 31 21 [20] 5.1 5.3 5.2 6.6 3.4 2 2.1 2.5 13 16 16 [22] 23

Notes:

µg/L = micrograms per liter.

J = estimated value.

Duplicate results are shown between brackets [ ].



Table 2A

On-Site Soil Gas Data

South Settling Lagoon

Moraine, Ohio

On-Site Samples

Constituent Units 6 feet bls 11 feet bls 14.2 feet bls
14.2 feet bls

DUP
6 feet bls 11 feet bls 14.2 feet bls 6 feet bls 11 feet bls 14.2 feet bls

1,1,1-Trichloroethane µg/m3
< 5.1 UB < 5.0 UB < 4.3 UB < 5.1 UB < 5.1 UB 13 91 < 4.8 UB 15 21

1,1-Dichloroethane µg/m3
< 3.8 U 2.1 J 2.7 J 4.9 < 3.8 U < 3.6 U 18 J < 3.6 U < 5.0 U < 8.2 U

1,1-Dichloroethene µg/m3
< 3.7 U < 3.6 U < 3.1 U < 3.7 U < 3.7 U < 3.5 U < 21 U < 3.5 U < 4.9 U < 8.1 U

Benzene µg/m3
22 < 3.5 UB < 2.5 UB < 4.7 UB < 3.0 UB < 4.2 UB < 26 UB 14 < 7.1 UB 18

cis-1,2-Dichloroethene µg/m3
< 3.7 U 3.8 8.8 16 < 3.7 U < 3.5 U < 21 UB < 3.5 U < 4.9 U < 8.1 U

Ethylbenzene µg/m3
28 3.0 J 1.0 J 1.8 J < 4.1 U 3.7 J 16 J 16 15 37

Tetrachloroethene µg/m3
86 94 96 200 52 1400 9600 360 2700 4500

Toluene µg/m3
130 7.4 2.9 J 5.6 < 3.5 UB 12 55 80 38 100

trans-1,2-Dichloroethene µg/m3
< 3.7 U 3.1 J 2.9 J 5.5 < 3.7 U < 3.5 UB 21 < 3.5 U < 4.9 U < 8.1 U

Trichloroethene µg/m3
8.3 45 47 96 7.0 320 3100 13 270 530

Vinyl chloride µg/m3
< 2.4 U < 2.3 U < 2.0 UB < 2.4 UB < 2.4 U < 2.3 U < 14 U < 2.3 U < 3.1 U < 5.2 U

Xylenes µg/m3
130 8.3 J 2.3 J 5.3 J < 8.2 U 6.0 J 20 J 72 51 110

bls - below land surface.

µg/m3 - Micrograms per cubic meter.

< - Chemical of concern not detected above laboratory reporting limit shown.

U - Chemical of concern not detected above laboratory reporting limit shown.

B - The chemical of concern has been found in the sample as well as its associated blank.

UB - Chemical of concern considered non-detect at the listed reporting limit due to associated blank contamination.

J - Value estimated.

Bold indicates chemical of concern is above the Action Level.

2/6/2012 2/6/2012

SSL-1 SSL-2 SSL-3

2/6/2012



Table 2B

Near Off-site Soil Gas Data

South Settling Lagoon

Moraine, Ohio

Near Offsite Sample
SGP-1(6) SGP-1(11) SGP-1(16) SGP-2(6) SGP-2(11) SGP-2(15.4)

Constituent Units 11/10/2010 11/10/2010 11/10/2010 11/11/2010 11/11/2010 11/11/2010

Benzene µg/m3
2 J 1.3 J 3 J 8.9 J ND ND

1,1-Dichloroethane µg/m3
ND 2.3 J 6.8 6.3 J 26 J 82

cis-1,2-Dichloroethene µg/m3
ND ND 8.6 2.3 J 10 J 54 J

trans-1,2-Dichloroethene µg/m3
ND 4.9 12 9.8 J 41 110

Ethylbenzene µg/m3
2.2 J ND 1.9 J ND ND ND

Tetrachloroethene µg/m3
370 970 2400 5700 21000 38000

Toluene µg/m3
8.2 1.8 J 3.2 J 21 ND ND

1,1,1-Trichloroethane µg/m3
10 13 23 77 140 260

Trichloroethene µg/m3
86 250 620 2000 6800 16000

m,p-Xylene µg/m3
7.4 ND 2.1 J 4.3 J ND ND

o-Xylene µg/m3
2.6 J ND 3.2 J ND ND ND

Notes:

µg/m3 = micrograms per cubic meter.

ND = not detected.

J = estimated value.

Sample depth indicated in parentheses in sample name.



Table 3

Selection of Constituents of Potential Concern in Soil

South Settling Lagoon

Moraine, Ohio

Data Summary [a] Exposure Point USEPA

Constituent Units Detection Detection Minimum Maximum Max Detect Minimum Maximum Concentration Industrial Background

Frequency Frequency (%) Detect Detect Location Non-Detect Non-Detect (EPC) [b] RSL [c] [d]

Volatile Organic Compounds ug/Kg 0/31 0 ND ND -- -- -- ND NA -- no
--

Semi Volatile Organic Compounds --

Benzo(a)anthracene ug/Kg 4/31 13 550 7560 A5(2 -4 ) 330 3300 1293 2,100 -- no

Benzo(b)fluoranthene ug/Kg 7/31 23 449 8230 A5(2 -4 ) 330 3300 1394 2,100 -- no

Benzo(k)fluoranthene ug/Kg 1/31 3 3450 3450 A5(2 -4 ) 330 3300 3450 21,000 -- no

Benzo(a)pyrene ug/Kg 10/31 32 204 6140 A5(2 -4 ) 165 1650 1027 210 -- YES

Chrysene ug/Kg 6/31 19 341 8240 A5(2 -4 ) 330 3300 1481 210,000 -- no

Fluoranthene ug/Kg 12/31 39 337 10200 A5(2 -4 ) 330 3300 1972 22,000,000 -- no

Phenanthrene ug/Kg 6/31 19 544 3480 A5(2 -4 ) 330 3300 1018 NA -- no

Pyrene ug/Kg 10/31 32 342 12200 A5(2 -4 ) 330 3300 1966 17,000,000 -- no

Metals

Antimony mg/Kg 0/31 0 ND ND 31 330 ND 410 -- no

Arsenic mg/Kg 30/31 97 2.36 9.16 H5(12 -14 ) 0.81 0.81 9.16 1.6 29 no

Barium mg/Kg 30/31 97 12 77.2 H3(14 -16 ) 66 66 45.16 190,000 229 no

Beryllium mg/Kg 0/31 0 ND ND -- 2 20 ND 2,000 2 no

Cadmium mg/Kg 0/31 0 ND ND -- 9.4 99 ND 800 13 no

Chromium mg/Kg 4/31 13 13 20 H3(18 -20 ) 13 130 20 1,500,000 47 no

Cobalt mg/Kg 0/31 0 ND ND -- 6.3 66 ND 300 26 no

Copper mg/Kg 28/31 90 7 15 A4(2 -4 ) 6.6 66 10.77 41,000 41 no

Lead mg/Kg 31/31 100 5.51 23.20 H6(2 -4 ) -- -- 10.42 800 49 no

Manganese mg/Kg 31/31 100 181 680 H13(8 -10 ) -- -- 371 23,000 1,600 no

Mercury mg/Kg 31/31 100 0.009 0.041 A4(2 -4 ) -- -- 0.0223 43 1 no

Nickel mg/Kg 30/31 97 5.0 15.0 H3(14 -16 ),H3(18 -20 ) 33.0 33.0 10.48 20,000 64 no

Selenium mg/Kg 9/31 29 0.189 0.518 H2(4 -6 ) 0.159 0.323 0.257 5,100 2 no

Silver mg/Kg 0/31 0 ND ND -- 13 130 ND 5,100 1 no

Thallium mg/Kg 16/31 52 0.34 0.565 D1(2 -4 ) 0.318 0.333 0.404 10 -- no

Vanadium mg/Kg 2/31 6 18 19 H3(14 -16 ) 16 170 19 5,200 84 no

Zinc mg/Kg 30/31 97 19 64 A4(2 -4 ) 170 170 37.15 310,000 152 no

PCBs mg/Kg 0/31 0 ND ND -- 0.5 0.5 ND NA no

ND - not detected.

mg/Kg - Milligram per kilogram.

ug/Kg - Microgram per kilogram.

[a] Raw data presented in Table 0B.

[b]

[c] From USEPA Regional Screening Level (RSL) Table (USEPA 2012a).

[d] Background data from RCRA Facility Investigation Report Volume II; Baseline Risk Assessment (RFI; Environ 200oa).

[e] Constituents were selected as COPCs if the EPC exceeded the RSL unless they were metals below the background concentration.

Constituent of Potential

Concern (COPC)? [e]

The exposure point concentration (EPC) was set at upper confidence limit on the mean (UCL) concentration as calculated by USEPA's ProUCL software (USEPA 2011; Appendix B) or the maximum concentration were a UCL was

incalculable.



Table 4

Selection of Constituents of Potential Concern in Groundwater

South Settling Lagoon

Moraine, Ohio

Data from Shallow Portion of Upper Aquifer [a] Data from Deep Portion of Upper Aquifer [a]
Henry's Law Henry's

Constituent Frequency Minimum Maximum Location Frequency Minimum Maximum Location USEPA Air Constant [c] Law

of Detect Detect of of Detect Detect of Residential (atm-m³/mol) Constant Residential

Detection (µg/L) (µg/L) Maximum Detection (µg/L) (µg/L) Maximum (µg/m
3
) (25 °C) (unitless) (µg/L) (YES/no) Rational

Benzene 0/5 NA NA NA 1/19 0.43 0.43 W-2-S 3.1E-01 5.6E-03 2.3E-01 1 no BSL

1,1-Dichloroethane 1/5 0.76 0.76 SSL-1 13/19 0.21 1.7 HR-17 1.5E+00 5.6E-03 2.3E-01 7 no BSL

cis-1,2-Dichloroethene 5/5 0.95 5.40 SSL-1 15/19 0.33 9.1 W-4-S 6.3E+01 4.1E-03 1.7E-01 378 no BSL

trans-1,2-Dichloroethene 1/5 0.41 0.41 SSL-1 8/19 0.46 1.5 W-4-S 6.3E+01 4.1E-03 1.7E-01 378 no BSL

Tetrachloroethene 5/5 15.00 150 GM-63 13/19 0.35 120 HR-17 9.4E+00 1.8E-02 7.2E-01 13.0 YES ASL

1,1,1-Trichloroethane 1/5 2.00 2 GM-63 12/19 1.1 2.5 W-3-S 5.2E+03 1.7E-02 7.0E-01 7397 no BSL
Trichloroethene 5/5 11.00 140 GM-63 19/19 1.3 31 HR-17 4.3E-01 9.9E-03 4.0E-01 1 YES ASL

Notes:

atm-m³/mol = atmosphere per cubic meter per mol; µg/L = micrograms per liter; µg/m3 = micrograms per cubic meter; NA = not available.

[a] Data from the shallow portion-of upper aquifer was comprised of data from the February 2012 investigation at SSL1, SSl2, SSL3, and data from 2010 at nearby GM 63 (Table 1A).

Data from the deep portion of upper aquifer was comprised of data from the last four events from upper aquifer wells: HR-16, HR-17, W-2-S, W-3-S, and W-4-S (Table 1B).

Frequency of detection = number of samples detected / total number of samples analyzed.

[b] From USEPA Regional Screening Level (RSL) Table (USEPA 2012a).

RSL for trans-1,2-dichloroethene was used as surrogate for cis-1,2-dichloroethene.

[c] Parameter obtained from USEPA RSL Table (USEPA 2012a).

[d] Calculated GW VI SL = IA RSL x CF x (1/HLC) x (1/AF)

GW VI SL = calculated groundwater to indoor air vapor intrusion Screening Level (µg/L)

Air RSL = indoor air Regional Screening Level (µg/m3; USEPA 2012a)

HLC = Henry's Law Constant (unitless)

CF = conversion factor (0.001 cubic meters per liter (m3/L))

AF = attenuation factor (0.001; USEPA 2012)

[e] Constituents were selected as COPCs if the maximum exceeded the residential screening level or if a screening level was not identified.

Rational: ASL = above screening level, NSL = no screening level, BSL = below screening level.

Constituent of Potential

Concern (COPC)? [e]

Calculated

GW VI RSL

[d]



Table 5

Selection of Constituents of Potential Concern in Soil Gas

South Settling Lagoon

Moraine, Ohio

On-Site Data Summary [a] Near Off-Site Data Summary [a]
Constituent Frequency Minimum Maximum Location Frequency Minimum Maximum Location

of Detect Detect of of Detect Detect of

Detection µg/m3 µg/m3 Maximum Detection µg/m3 µg/m3 Maximum (µg/m3) (µg/m3) (YES/no) Rational

Benzene 3/10 14 22 SSL-1 4/6 1.3 8.9 SGP-2 (6) 0.31 3 YES ASL
1,1-Dichloroethane 4/10 2.1 18 SSL-2 5/6 2.30 82 SGP-2 (15.4) 1.5 15 YES ASL
cis-1,2-Dichloroethene 3/10 3.8 16 SSL-1 4/6 2.30 54 SGP-2 (15.4) 63 630 no BSL
trans-1,2-Dichloroethene 4/10 2.9 21 SSL-2 5/6 4.90 110 SGP-2 (15.4) 63 630 no BSL
Ethylbenzene 9/10 1 37 SSL-3 2/6 1.9 2.2 SGP-2 (6) 0.97 10 YES ASL
Tetrachloroethene 10/10 52 9600 SSL-2 6/6 370 38000 SGP-2 (15.4) 9.4 94 YES ASL
Toluene 9/10 2.9 130 SSL-1 4/6 1.8 21 SGP-2 (6) 5,200 52,000 no BSL
1,1,1-Trichloroethane 4/10 13 91 SSL-2 6/6 10 260 SGP-2 (15.4) 5,200 52,000 no BSL
Trichloroethene 10/10 7 3100 SSL-2 6/6 86 16000 SGP-2 (15.4) 0.43 4 YES ASL
m,p-Xylene NA NA NA NA 3/6 2.1 7.4 SGP-2 (6) 100 1,000 no BSL
o-Xylene NA NA NA NA 2/6 2.6 3.2 SGP-2 (16) 100 1,000 no BSL
Xylenes 9/10 2.3 130 SSL-1 NA NA NA NA 100 1,000 no BSL

Notes:

µg/m3 = micrograms per cubic meter.

[a] From on-site soil gas risk assessment dataset comprised of data from SSL1, SSL2, and SS-3 (Table 2A).

From near off-site soil gas risk assessment dataset comprised of data from SGP-1 and SGP-2 (Table 2B).

Frequency of detection = number of samples detected / total number of samples analyzed.

[b] From USEPA Regional Screening Level (RSL) Table (USEPA 2012a).

RSL for trans-1,2-dichloroethene was used as surrogate for cis-1,2-dichloroethene.

[c] Calculated Soil Gas RSL = Air RSL x (1/AF)

Air RSL = indoor air Regional Screening Level (µg/m3; USEPA 2012a)

AF = attenuation factor (0.1; USEPA 2012b)

[d] Constituents were selected as COPCs if the maximum exceeded the screening level.

Rational: ASL = above screening level, NSL = no screening level, BSL = below screening level.

Constituent of Potential

Concern (COPC)? [d]

USEPA

Residential Air

RSL [b]

Calculated

Soil Gas RSL

[c]



Table 6
Receptor Exposure Parameters

South Settling Lagoon
Moraine, Ohio

Exposure Parameter Parameter Definition Units Reasonable Maximum Expsoure Intake Equation/

Route Code Value Rationale/ Model Name

Reference

Construction Worker Receptor

Ingestion CS Chemical concentration mg/kg Chemical specific -- CDI (mg/kg-day)=

CF Conversion factor kg/mg 1.00E-06 Unit conversion ( EPC x IR x EF x ED x CF ) / (BW x AT)

IR Soil ingestion rate mg/day 330 USEPA 2002c

FI Fraction ingested unitless 1

EF Exposure frequency days/year 250 USEPA 2002c

ED Exposure duration years 1 USEPA 2002c

BW Body weight kg 70 USEPA 2002c

ATc Averaging time - cancer days 25,550 USEPA 2002c

ATnc Averaging time - noncancer days 365 USEPA 2002c

Dermal CS Chemical concentration mg/kg Chemical specific -- CDI (mg/kg-day)=

Contact CF Conversion factor kg/mg 1.00E-06 Unit conversion ( EPC x SSA x ABSs x AF x EF x ED x CF ) / (BW x AT)

AF Skin adherence factor mg/cm2 0.3 USEPA 2004c

ABSd Dermal absorption factor

benzo(a)pyrene unitless 0.13 USEPA 2004c

EF Exposure frequency days/year 250 USEPA 2002c

ED Exposure duration years 1 USEPA 2002c

SA Skin surface area cm2/day 3300 USEPA 2002c

BW Body weight kg 70 USEPA 2002c

ATc Averaging time - cancer days 25,550 USEPA 2002c

ATnc Averaging time - noncancer days 365 USEPA 2002c

Inhalation CS Chemical concentration mg/kg Chemical specific -- CDI (mg/m3)=

PEF Particulate emission factor m3/kg 1.36E+09 USEPA 2002c ( EPC x EF x ED x ET x CF ) / AT

VF Volatilization factor m3/kg Chemical specific

ET Exposure time hour/day 8 workday

EF Exposure frequency day/year 250 USEPA 2002c

ED Exposure duration years 1 USEPA 2002c

CF Conversion factor day/hrs 0.042 by definition

ATc Averaging time - cancer days 25,550 USEPA 2002c

ATnc Averaging time - noncancer days 365 USEPA 2002c

Commercial/Industrial Worker Receptor

Inhalation EPC Chemical Concentration in Air mg/m3
TBD -- CDI (mg/m3)=

EF Exposure Frequency days/year 250 USEPA, 1991 ( EPC x EF x ED x ET x CF ) / AT

ED Exposure Duration years 25 USEPA, 1991

ET Exposure Time hrs/day 8 assumed

CF Conversion Factor day/hrs 0.042 --

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989

AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989

Child Recreational Visitor Receptor

Inhalation EPC Chemical Concentration in Air mg/m3
TBD -- CDI (mg/m3)=

EF Exposure Frequency days/year 156 assumed ( EPC x EF x ED x ET x CF ) / AT

ED Exposure Duration years 6 USEPA, 1991

ET Exposure Time hrs/day 3 assumed

CF Conversion Factor day/hrs 0.042 --

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989

Notes:

CDI = Chronic Daily Intake.

EPC = exposure point concetration.

hrs = hours.

kg = kilograms.

mg/m3 = milligrams per cubic meter.

TBD = To be determined.



Table 7
Johnston and Ettinger Vapor Intrusion Model Input Parameters

South Settling Lagoon
Moraine, Ohio

Model Parameter Parameter Units Value Justification

Code Slab-on grade Basement

All Runs

Average Soil temperature Ts ºC 11 11 site specific (USEPA 2004 Figure 8)

Soil Stratum A - Soil Type SL -- SL SL site-specific - silty sand (sandy loam (SL) used per USEPA 2004 Table 11)

Soil Stratum B - Soil Type C -- C C site-specific - clay

Soil Stratum C - Soil Type L -- L L site-specific - top soil (Loam (L) used)

Enclosed space floor thickness Lcrack cm 10 10 Default

Soil-building pressure differential ΔP g/cm-s2
40 40 Default

Enclosed space floor length LB cm 1000 1000 Default

Enclosed space floor width WB cm 1000 1000 Default

Enclosed space height HB cm 244 366 Default

Floor-wall seam crack width w cm 0.1 0.1 Default

Indoor air exchange rate ER 1/hr 0.25 0.25 Default

Groundwater Model

Depth below grade to bottom of enclosed space LF cm 15 200 Default

Depth below grade to water table LWT cm 533 533 site-specific

Thickness of Soil Stratum A a
hA cm 488 533 site-specific

Thickness of Soil Stratum B hB cm 30 -- site-specific

Thickness of Soil Stratum C hC cm 15 -- site-specific

Soil Gas Model

Depth below grade to bottom of enclosed space LF cm 15 200 Default

Soil Gas Sampling Depth b
Ls cm 472 472 site-specific

Thickness of Soil Stratum A hA cm 427 472 site-specific

Thickness of Soil Stratum B hB cm 30 -- site-specific

Thickness of Soil Stratum C hC cm 15 -- site-specific

Notes:

hr - hour

cm - centimeter

g/cm-s2 - gram per centimer per square second

a Set at 16 feet since depth to groundwater is 17.5 and the depth of clay cover and top soil is 1 and 0.5 foot, respectively.

b Set at 15.5 feet as soil gas concentrations were higher at deeper depths.



Table 8

Indirect Exposure Point Concentrations

Reasonable Maximum Expsoure

South Settling Lagoon

Moraine, Ohio

Air
Receptor/ Scenario Exposure Point Exposure Point

Concentration (EPC) [a] Concentration [b]
(µg/m3)

Slab-on-grade Scenario
Using on-site Shallow groundwater data µg/L
Tetrachloroethene 150 5
Trichloroethene 140 3.1

Using on-site Deep groundwater data µg/L
Tetrachloroethene 35 1.17
Trichloroethene 14 0.31

Using on-site soil gas data µg/m3

Benzene 22 0.0054
1,1-Dichloroethane 18 0.0042
Ethylbenzene 37 0.0088
Tetrachloroethene 9600 2.25
Trichloroethene 3100 0.74

Using near off-site soil gas data µg/m3

Reasonable Maximum Expsoure (RME)
Tetrachloroethene 38000 8.89
Trichloroethene 16000 3.83

ug/L = micrograms per liter

µg/m3 = micrograms per cubic meter

[a] For on-site groundwater: the EPC was set at the maximum concentration.

The EPCs for soil gas were set at the maximum detected concentration

[b] Calculated using USEPA's spreadsheet for the Johnson and Ettinger Vapor Intrusion Model (USEPA 2004a,c)

For off-site groundwater: the EPC was set at upper confidence limit on the mean (UCL) concentration as calculated by USEPA's ProUCL software (USEPA

2011; Appendix B).



Table 9
Toxicity Values for Constituents of Potential Concern

South Settling Lagoon
Moraine, Ohio

Constituent

value [ref] value value [ref] value [ref] value value [ref]

Volatile Organic Compounds

Benzene NAp NAp 3.0E-02 I 3.0E+01 NAp NAp 7.8E-03 I 7.8E-06 1

1,1-Dichloroethane NAp NAp NA NA NAp NAp 1.6E-03 C 1.6E-06 1

Ethylbenzene NAp NAp 1.0E+00 I 1.0E+03 NAp NAp 2.5E-03 C 2.5E-06 1

Tetrachloroethene NAp NAp 4.0E-02 I 4.0E+01 NAp NAp 2.6E-04 I 2.6E-07 1

Trichloroethene NAp NAp 2.0E-03 I 2.0E+00 NAp NAp 4.1E-06 I 4.1E-09 1

Semi Volatile Organic Compounds

Benzo[a]pyrene NA NA NA NA 7.3E+00 I 7.3E+00 1.1E+00 C 1.1E-03 1

References [ref]:

A Agency for Toxic Substances Disease Registry (ATSDR 2012).

C CalEPA, Toxicity Criteria database (CalEPA 2012).

I USEPA, Integrated Risk Information System (IRIS) (USEPA 2012c).

P Provisional Peer Reviewed Toxicity Values (PPRTV) (USEPA 2012d).

NA Not available.

NAp Not Applicable; not a direct contact constituent of potential concern.

mg/kg/day Milligrams per kilogram per day.

mg/m3
Milligrams per cubic meter.

(mg/kg/day)-1
Inverse milligrams per kilogram per day (risk per unit dose).

(mg/m3)-1
Inverse milligrams per cubic meter.

[a] Toxicity values were obtained per USEPA hierarchy (USEPA 2003).

[b] The oral-to-dermal adjustment factor (oral absorption efficiency [ABSGI]) was used to calculate the dermal RfD values.

RfD (dermal) = RfD (oral) × Adjustment Factor (oral absorption efficiency).

CSF (dermal) = CSF (oral) / Adjustment Factor (oral absorption efficiency).

Oral CSF

(mg/kg/day)
-1

[a]

Dermal CSF

(mg/kg/day)
-1

[b]

Inhalation Unit

Risk (mg/m
3
)
-1

[a]

ABSGI [b]
Inhalation Unit

Risk (µg/m
3
)
-1

[a]

Inhalation RfC

(µg/m
3
)

[a]

Oral RfD

(mg/kg/day)

[a]

Dermal RfD

(mg/kg/day)

[b]

Inhalation RfC

(mg/m
3
)

[a]



Table 10

Risk Characterization for Construction Worker from Direct Exposure to Soil

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Cancer Risk Calculations Non-Cancer Hazard Calculations

Medium
Exposure

Point

Exposure

Route

Chemical of

Potential Concern
CSF/Unit Risk

Cancer

Risk
Intake/Exposure

Concentration
RfD/RfC

Value Units Value Units Value Units Value Units Value Units

Soil Soil Soil Ingestion

Benzo(a)pyrene 1.0E+00 mg/kg 4.6E-08 mg/kg/day 7.3E+00 (mg/kg/day)-1 3.4E-07 3.2E-06 mg/kg/day NA mg/kg/day NA

Soil Dermal

Benzo(a)pyrene 1.0E+00 mg/kg 1.8E-08 mg/kg/day 7.3E+00 (mg/kg/day)-1 1.3E-07 1.3E-06 mg/kg/day NA mg/kg/day NA

Air Inhalation

Benzo(a)pyrene 7.4E-10 mg/kg 2.4E-12 mg/kg/day 1.1E+00 (mg/m3)-1 2.6E-12 1.7E-10 mg/kg/day NA mg/m3 NA

Soil Total 5E-07 NA

mg/kg = milligrams per kilogram

mg/kg/day = milligrams per kilogram per day

mg/m3 = milligrams per cubic meter

NA = not available/not applicable

RfC = reference concentration

RfD = reference dose

RME = reasonable maximum exposure

[a] The Exposure Point Concentration in soil was from Table 3.

The Exposure Point Concentration in air was the exposure point concentration in soil divided by the particulate emission factor (PEF; Table 6).

Hazard

Quotient

Exposure Point

Concentration [a]

Scenario: RME

Scenario Timeframe: Future

Receptor: Construction Worker

Receptor Age: Adult

Exposure

Medium
Intake/Exposure

Concentration

7/3/2012
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Table 11

Risk Characterization for Site Worker from Inhalation of Vapors due to Vapor Intrusion Using On-site Shallow Groundwater Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Site Worker

Receptor Age: Adult

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

ConcentrationValue Units Value Units Value Units Value Units Value Units

Groundwater Air Indoor Air Inhalation Tetrachloroethene 5.0E+00 µg/m3 4.1E-01 µg/m3 2.6E-07 (µg/m3)-

1

1.1E-07 1.1E+00 µg/m3 4.0E+01 µg/m3 0.029

Trichloroethene 3.1E+00 µg/m3 2.5E-01 µg/m3 4.1E-09 (µg/m3)-

1

1.0E-09 7.1E-01 µg/m3 2.0E+00 µg/m3 0.35

Exposure Route Total 1E-07 0.4

Exposure Point Total 1E-07 0.4

Exposure Medium Total 1E-07 0.4

Groundwater Total 1E-07 0.4

µg/m3 = micrograms per cubic meter

RME = reasonable maximum exposure

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern



Table 12

Risk Characterization for Site Worker from Inhalation of Vapors due to Vapor Intrusion Using On-site Deep Groundwater Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Site Worker

Receptor Age: Adult

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

ConcentrationValue Units Value Units Value Units Value Units Value Units

Groundwater Air Indoor Air Inhalation Tetrachloroethene 1.2E+00 µg/m3 9.5E-02 µg/m3 2.6E-07 (µg/m3)-

1

2.5E-08 2.7E-01 µg/m3 4.0E+01 µg/m3 0.0067

Trichloroethene 3.1E-01 µg/m3 2.5E-02 µg/m3 4.1E-09 (µg/m3)-

1

1.0E-10 7.1E-02 µg/m3 2.0E+00 µg/m3 0.035

Exposure Route Total 2E-08 0.04

Exposure Point Total 2E-08 0.04

Exposure Medium Total 2E-08 0.04

Groundwater Total 2E-08 0.04

µg/m3 = micrograms per cubic meter

RME = reasonable maximum exposure

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern



Table 13

Risk Characterization for Site Worker from Inhalation of Vapors due to Vapor Intrusion Using On-site Soil Gas Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Site Worker

Receptor Age: Adult

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

Concentration

Value Units Value Units Value Units Value Units Value Units

Groundwater Soil Gas Indoor Air Inhalation Benzene 5.4E-03 µg/m3 4.4E-04 µg/m3 7.8E-06 (µg/m3)-1 3.4E-09 1.2E-03 µg/m3 3.0E+01 µg/m3 0.000041

1,1-Dichloroethane 4.2E-03 µg/m3 3.5E-04 µg/m3 1.6E-06 (µg/m3)-1 5.5E-10 9.7E-04 µg/m3 NA µg/m3 NA

Ethylbenzene 8.8E-03 µg/m3 7.1E-04 µg/m3 2.5E-06 (µg/m3)-1 1.8E-09 2.0E-03 µg/m3 1.0E+03 µg/m3 0.0000020

Tetrachloroethene 2.2E+00 µg/m3 1.8E-01 µg/m3 2.6E-07 (µg/m3)-1 4.8E-08 5.1E-01 µg/m3 4.0E+01 µg/m3 0.013

Trichloroethene 7.4E-01 µg/m3 6.1E-02 µg/m3 4.1E-09 (µg/m3)-1 2.5E-10 1.7E-01 µg/m3 2.0E+00 µg/m3 0.085

Exposure Route Total 5E-08 0.1

Exposure Point Total 5E-08 0.1

Exposure Medium Total 5E-08 0.1

Groundwater Total 5E-08 0.1

µg/m3 = micrograms per cubic meter

RME = reasonable maximum exposure

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern



Table 14

Risk Characterization for Site Worker from Inhalation of Vapors due to Vapor Intrusion Using Off-site Soil Gas Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Site Worker

Receptor Age: Adult

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

Concentration

Value Units Value Units Value Units Value Units Value Units

Groundwater Soil Gas Indoor Air Inhalation Tetrachloroethene 8.9E+00 µg/m3 7.2E-01 µg/m3 2.6E-07 (µg/m3)-1 1.9E-07 2.0E+00 µg/m3 4.0E+01 µg/m3 0.051

Trichloroethene 3.8E+00 µg/m3 3.1E-01 µg/m3 4.1E-09 (µg/m3)-1 1.3E-09 8.7E-01 µg/m3 2.0E+00 µg/m3 0.44

Exposure Route Total 2E-07 0.5

Exposure Point Total 2E-07 0.5

Exposure Medium Total 2E-07 0.5

Groundwater Total 2E-07 0.5

µg/m3 = micrograms per cubic meter

RME = reasonable maximum exposure

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient



Table 15

Risk Characterization for Child Visitor from Inhalation of Vapors due to Vapor Intrusion Using On-site Shallow Groundwater Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Child Visitor

Receptor Age: Child

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

Concentration

Value Units Value Units Value Units Value Units Value Units

Groundwater Air Indoor Air Inhalation Tetrachloroethene 5.0E+00 µg/m3 2.3E-02 µg/m3 2.6E-07 (µg/m3)-1 6.0E-09 2.7E-01 µg/m3 4.0E+01 µg/m3 0.0067

Trichloroethene 3.1E+00 µg/m3 1.4E-02 µg/m3 4.1E-09 (µg/m3)-1 5.8E-11 1.7E-01 µg/m3 2.0E+00 µg/m3 0.083

Exposure Route Total 6E-09 0.09

Exposure Point Total 6E-09 0.09

Exposure Medium Total 6E-09 0.09

Groundwater Total 6E-09 0.09

µg/m3 = micrograms per cubic meter

RME = reasonable maximum exposure

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern



Table 16

Risk Characterization for Child Visitor from Inhalation of Vapors due to Vapor Intrusion Using On-site Deep Groundwater Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Child Visitor

Receptor Age: Child

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

Concentration

Value Units Value Units Value Units Value Units Value Units

Groundwater Air Indoor Air Inhalation Tetrachloroethene 1.2E+00 µg/m3 5.4E-03 µg/m3 2.6E-07 (µg/m3)-1 1.4E-09 6.3E-02 µg/m3 4.0E+01 µg/m3 0.0016

Trichloroethene 3.1E-01 µg/m3 1.4E-03 µg/m3 4.1E-09 (µg/m3)-1 5.8E-12 1.7E-02 µg/m3 2.0E+00 µg/m3 0.0083

Exposure Route Total 1E-09 0.01

Exposure Point Total 1E-09 0.01

Exposure Medium Total 1E-09 0.01

Groundwater Total 1E-09 0.01

µg/m3 = micrograms per cubic meter

RME = reasonable maximum exposure

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern



Table 17

Risk Characterization for Child Visitor from Inhalation of Vapors due to Vapor Intrusion Using On-site Soil Gas Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Child Visitor

Receptor Age: Child

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

Concentration

Value Units Value Units Value Units Value Units Value Units

Groundwater Soil Gas Indoor Air Inhalation Benzene 5.4E-03 µg/m3 2.5E-05 µg/m3 7.8E-06 (µg/m3)-1 1.9E-10 2.9E-04 µg/m3 3.0E+01 µg/m3 0.000010

1,1-Dichloroethane 4.2E-03 µg/m3 1.9E-05 µg/m3 1.6E-06 (µg/m3)-1 3.1E-11 2.3E-04 µg/m3 NA µg/m3 NA

Ethylbenzene 8.8E-03 µg/m3 4.0E-05 µg/m3 2.5E-06 (µg/m3)-1 1.0E-10 4.7E-04 µg/m3 1.0E+03 µg/m3 0.00000047

Tetrachloroethene 2.2E+00 µg/m3 1.0E-02 µg/m3 2.6E-07 (µg/m3)-1 2.7E-09 1.2E-01 µg/m3 4.0E+01 µg/m3 0.0030

Trichloroethene 7.4E-01 µg/m3 3.4E-03 µg/m3 4.1E-09 (µg/m3)-1 1.4E-11 4.0E-02 µg/m3 2.0E+00 µg/m3 0.020

Exposure Route Total 3E-09 0.02

Exposure Point Total 3E-09 0.02

Exposure Medium Total 3E-09 0.02

Groundwater Total 3E-09 0.02

µg/m3 = micrograms per cubic meter

NA = not available/not applicable

RME = reasonable maximum exposure

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern



Table 18

Risk Characterization for Child Visitor from Inhalation of Vapors due to Vapor Intrusion Using Off-site Soil Gas Samples

Slab-on-grade Scenario

Reasonable Maximum Exposure

South Settling Lagoon

Moraine, Ohio

Scenario: RME

Scenario Timeframe: Future

Receptor Population: Child Visitor

Receptor Age: Child

Cancer Risk Calculations

Inhalation Unit

Risk

Reference

Concentration

Value Units Value Units Value Units Value Units Value Units

Groundwater Soil Gas Indoor Air Inhalation Tetrachloroethene 8.9E+00 µg/m3 4.1E-02 µg/m3 2.6E-07 (µg/m3)-1 1.1E-08 4.7E-01 µg/m3 4.0E+01 µg/m3 0.012

Trichloroethene 3.8E+00 µg/m3 1.8E-02 µg/m3 4.1E-09 (µg/m3)-1 7.2E-11 2.0E-01 µg/m3 2.0E+00 µg/m3 0.10

Exposure Route Total 1E-08 0.1

Exposure Point Total 1E-08 0.1

Exposure Medium Total 1E-08 0.1

Groundwater Total 1E-08 0.1

µg/m3 = micrograms per cubic meter

RME = reasonable maximum exposure

Non-Cancer Hazard Calculations

Intake Cancer

Risk

Intake Hazard

Quotient

Exposure Point

ConcentrationMedium
Exposure

Medium

Exposure

Point

Exposure

Route

Chemical of

Potential

Concern



Table 19

Summary of Risk Characterization Results for the Vapor Intrusion Pathway for a Site Worker

South Settling Lagoon

Moraine, Ohio

Total Excess Total
Scenario Table Lifetime Non-Cancer

Number Cancer Risk Hazard
(unitless) (unitless)

Hypothetical Construction Worker Receptor
Direct contact with soil (ingestion, dermal, inhalation of dust) Table 10 5E-07 NA

Hypothetical Commercial Receptor
Inhalation of vapor in indoor air - slab-on-grade scenario

Using on-site shallow groundwater data Table 11 1E-07 0.4

Using on-site deep groundwater data Table 12 2E-08 0.04

Using near on-site soil gas data Table 13 5E-08 0.1

Using near off-site soil gas data Table 14 2E-07 0.5

Hypothetical Child Visitor Receptor
Inhalation of vapor in indoor air - slab-on-grade scenario

Using on-site shallow groundwater data Table 15 6E-09 0.09

Using on-site deep groundwater data Table 16 1E-09 0.01

Using near on-site soil gas data Table 17 3E-09 0.02

Using near off-site soil gas data Table 18 1E-08 0.1

NA = not applicable
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FUTURE RECEPTORS

PRIMARY SECONDARY PATHWAY/

PRIMARY RELEASE SECONDARY RELEASE EXPOSURE EXPOSURE

SOURCE MECHANISM SOURCE MECHANISM MEDIUM ROUTE

Ingestion NA NA NA

Dermal NA NA NA

Inhalation of Dust and 
Vapors in Outdoor Air

NA NA NA

Indoor Vapor Inhalation NA NA NA

Ingestion NA NA NA

Dermal NA NA NA

Indoor Vapor Inhalation X NA X (a)

NA Pathway not applicable - incomplete.
x Potential pathway.

(a) Risk/hazard to visitor receptor will be qualitatively assessed only.
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Soil ProUCL Outputs

South Settling Lagoon

Moraine, Ohio

30 29

27 1

3.33%

2.36 0.859

9.16 2.215

5.01 1.578

1.398 0.261

0.808 -0.213

0.808 -0.213

0.844 0.924

0.926 0.926

4.856 1.495

1.611 0.521

5.356 6.18

4.853 1.557

1.596 0.281

5.348 4.929

5.355 1.443

5.377

5.37

5.397

13.47

0.372Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

95% t UCL

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

SD SD in Log Scale

95% MLE (t) UCL Mean in Original Scale

95% MLE (Tiku) UCL SD in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

Mean Mean

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (arsenic)

General Statistics

Number of Valid Data Number of Detected Data

Full Precision OFF

Confidence Coefficient 95%

Number of Bootstrap Operations 2000

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File WorkSheet.wst



781

0.991

0.745

0.745 4.921

0.162 1.432

0.266

5.373

5.359

5.361

1.752 5.473

9.16 5.442

4.901 5.398

4.73 6.081

1.497 6.583

10.02 7.569

0.489

601

545.1 6.081

5.403

5.434

For additional insight, the user may want to consult a statistician.

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Nu star Potential UCLs to Use

AppChi2 95% KM (Chebyshev) UCL

95% Gamma Approximate UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

nu star



30 29

28 1

3.33%

12 2.485

77.2 4.346

39.88 3.589

16.95 0.465

66 4.19

66 4.19

0.965 0.969

0.926 0.926

39.65 3.586

16.7 0.457

44.83 47.15

N/A

3.589

0.456

39.73

16.67

44.9

44.83

44.97

4.818

8.277

279.5

0.189

0.747

0.747 39.83

0.163 16.61

3.132

45.16

44.99

45.16

12 45.44

77.2 45.26

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

SD in Original Scale

95% t UCL

95% Percentile Bootstrap UCL

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Maximum Non-Detect Maximum Non-Detect

UCL Statistics

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Result (barium)

General Statistics



39.98 45.1

38.15 53.49

16.66 59.4

4.992 71

8.008

299.5

260.5 45.16

45.98 45.1

46.36

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Theta star

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean 95% KM (Percentile Bootstrap) UCL



30 4

4 26

86.67%

550 6.31

7560 8.931

2519 7.252

3368 1.156

330 5.799

3300 8.102

29

1

96.67%

0.693 0.846

0.748 0.748

1139 6.436

1398 1.177

1572 2255

N/A

4.267

1.922

448.6

1379

876.2

898.4

1185

0.416

6060

3.325nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

95% t UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Warning: There are only 4 Distinct Detected Values in this data

Note: It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Result (benzo(a)anthracene)



0.608

0.667

0.667 839.4

0.402 1257

266.8

1293

1278

1188

1E-12 2365

176631 N/A

40504 1748

22811 2002

47340 2505

0.216 3494

187321

12.97

5.875 1293

89444

N/A

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL

95% Adjusted Gamma UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics



30 9

9 21

70.00%

242 5.489

6140 8.723

1382 6.695

1853 1.029

165 5.106

1650 7.409

28

2

93.33%

0.634 0.932

0.829 0.829

769.4 6.019

1101 1.198

1111 1548

N/A

5.252

1.465

551.9

1140

905.6

922.4

1155

0.786

1757

14.16

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

95% t UCL

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

SD in Log Scale

Mean in Original Scale

SD in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

Mean Mean

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning: There are only 9 Detected Values in this data

Note: It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (benzo(a)pyrene)

General Statistics

Number of Valid Data Number of Detected Data



0.541

0.742

0.742 656.9

0.286 1091

218.1

1027

1016

988.9

1E-12 1448

8722 1249

2377 1059

1431 1607

2496 2019

0.192 2827

12358

11.54

4.927 1027

5569

5864

For additional insight, the user may want to consult a statistician.

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean



30 7

7 23

76.67%

449 6.107

8230 9.016

2031 7.104

2771 0.984

330 5.799

3300 8.102

29

1

96.67%

0.606 0.881

0.803 0.803

1244 6.57

1488 1.15

1705 2447

N/A

5.452

1.485

697

1511

1166

1218

1501

0.731

2778

10.23

k star (bias corrected) Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star

nu star

95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

SD in Original Scale

95% t UCL

95% Percentile Bootstrap UCL

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Note: It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning: There are only 7 Detected Values in this data

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Result (benzo(b)fluoranthene)

General Statistics



0.717

0.726

0.726 907.3

0.319 1412

286.4

1394

1378

1353

1E-12 2149

19080 1736

5322 1480

3464 2156

5392 2696

0.24 3757

22193

14.39

6.838 1394

11198

11711

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

95% Gamma Approximate UCL

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Theta star

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method



30 4

3 26

86.67%

13 2.565

20 2.996

15.25 2.71

3.202 0.194

13 2.565

130 4.868

30

0

100.00%

0.753 0.777

0.748 0.748

9.617 2.06

10.94 0.497

13.01 10.63

N/A

1.798

0.551

7

4.078

8.265

8.258

8.418

8.608

1.772Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

95% t UCL

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

SD in Log Scale

Mean in Original Scale

SD in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

Mean Mean

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

However, results obtained using 4 to 9 distinct values may not be reliable.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Warning: There are only 3 Distinct Detected Values in this data set

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Result (chromium)



68.87

0.661

0.657

0.657 13.31

0.394 1.289

0.276

13.78

13.77

13.99

12.05 14.49

28.87 N/A

22.25 14.62

23.52 14.52

5.131 15.04

15.27 16.06

1.457

916.2

846.9 13.78

24.07 14.62

N/A

For additional insight, the user may want to consult a statistician.

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

nu star



30 6

6 24

80.00%

341 5.832

8240 9.017

1951 6.848

3099 1.179

330 5.799

3300 8.102

29

1

96.67%

0.595 0.849

0.788 0.788

1182 6.498

1498 1.142

1647 2243

N/A

4.667

1.777

522.5

1500

987.9

1041

1400

0.518

3768

6.215

k star (bias corrected) Data appear Lognormal at 5% Significance Level

Theta Star

nu star

95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

SD in Original Scale

95% t UCL

95% Percentile Bootstrap UCL

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Note: It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning: There are only 6 Detected Values in this data

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Result (chrysene)

General Statistics



0.768

0.719

0.719 717.9

0.343 1419

288

1207

1192

1167

1E-12 2422

41126 1481

9434 1395

5768 1973

11074 2516

0.179 3583

52778

10.72

4.399 1481

22996

24277

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

95% Gamma Approximate UCL

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Theta star

Nu star Potential UCLs to Use

AppChi2 95% KM (BCA) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method



30 27

13 3

10.00%

7.5 2.015

15 2.708

10.35 2.322

1.885 0.179

6.6 1.887

66 4.19

30

0

100.00%

0.943 0.96

0.923 0.923

10.64 2.286

4.921 0.403

12.16 12.27

N/A

2.292

0.201

10.09

2.016

10.72

10.69

10.72

28.72

0.36

1551

0.456

0.744

0.744 10.16

0.168 1.926

0.364

10.77

10.75

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

95% t UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Result (copper)



10.76

5.832 10.78

15 10.8

10.1 10.76

10 11.74

2.068 12.43

21.66 13.78

0.466

1300

1217 10.77

10.79 10.76

10.83

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

95% Adjusted Gamma UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL



30 11

11 19

63.33%

337 5.82

10200 9.23

2543 7.392

2816 0.992

330 5.799

3300 8.102

27

3

90.00%

0.731 0.985

0.85 0.85

1581 6.789

1908 1.185

2173 3258

N/A

6.206

1.37

1202

1992

1820

1845

2063

0.973

2613

21.41

0.283

0.747

0.747 1318

0.261 1931

384.9

1972

1951Assuming Gamma Distribution 95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

95% t UCL

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

SD in Log Scale

Mean in Original Scale

SD in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

Mean Mean

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (fluoranthene)

General Statistics

Number of Valid Data Number of Detected Data



1894

1E-12 2436

10200 2234

2931 2069

2343 2995

2815 3721

0.196 5147

14921

11.79

5.087 1972

6792

7147

For additional insight, the user may want to consult a statistician.

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL



30 28

5.51 1.707

23.2 3.144

9.176 2.154

7.945 0.337

3.851

0.42

2.293

0.761 0.91

0.927 0.927

10.37 10.23

11.6

10.65 12.68

10.42 14.8

7.372

1.245

9.176

3.38

442.3

394.6

0.041 10.33

392 10.37

10.29

1.122 11.11

0.746 15.26

0.161 10.39

0.16 10.73

12.24

13.57

16.17

10.29

10.36

10.37

10.42or 95% Modified-t UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.

95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Student's-t UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

95% Approximate Gamma UCL

Kolmogorov-Smirnov Test Statistic 95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value 95% BCA Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

95% Standard Bootstrap UCL

Anderson-Darling Test Statistic 95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value 95% Hall's Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance 95% CLT UCL

Adjusted Chi Square Value 95% Jackknife UCL

MLE of Mean

MLE of Standard Deviation

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

95% Adjusted-CLT UCL (Chen-1995) 97.5% Chebyshev (MVUE) UCL

95% Modified-t UCL (Johnson-1978) 99% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

95% Student's-t UCL 95% H-UCL

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

SD

Coefficient of Variation

Skewness

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

Number of Valid Observations Number of Distinct Observations

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Result (lead)

General Statistics



30 28

181 5.198

680 6.522

341.3 5.799

339.5 0.261

93.53

0.274

1.423

0.901 0.971

0.927 0.927

370.3 372.5

413

374.2 444

371.1 505

13.65

25.01

341.3

92.4

818.7

753.3

0.041 369.4

749.7 370.3

368.4

0.361 374.7

0.745 384.5

0.106 371.3

0.16 373.8

415.8

448

511.2

371

372.8

371

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

Potential UCL to Use Use 95% Approximate Gamma UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

95% Approximate Gamma UCL

95% Adjusted Gamma UCL

Kolmogorov-Smirnov 5% Critical Value 95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Anderson-Darling Test Statistic 95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value 95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic 95% Percentile Bootstrap UCL

Adjusted Level of Significance 95% CLT UCL

Adjusted Chi Square Value 95% Jackknife UCL

95% Standard Bootstrap UCL

MLE of Standard Deviation

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

MLE of Mean

95% Modified-t UCL (Johnson-1978) 99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

95% Student's-t UCL 95% H-UCL

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL

95% Adjusted-CLT UCL (Chen-1995) 97.5% Chebyshev (MVUE) UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Relevant UCL Statistics

Mean Mean of log Data

Median SD of log Data

SD

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Result (manganese)

General Statistics

Number of Valid Observations Number of Distinct Observations



30 18

0.009 -4.711

0.041 -3.194

0.0201 -3.968

0.019 0.358

0.00721

0.359

0.801

0.949 0.982

0.927 0.927

0.0223 0.0228

0.026

0.0225 0.0285

0.0224 0.0335

7.526

0.00267

0.0201

0.00733

451.6

403.3

0.041 0.0223

400.7 0.0223

0.0223

0.265 0.0225

0.746 0.0227

0.106 0.0222

0.16 0.0226

0.0258

0.0283

0.0332

0.0225

0.0227

0.0223Potential UCL to Use Use 95% Student's-t UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

95% Approximate Gamma UCL

95% Adjusted Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

Anderson-Darling 5% Critical Value 95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic 95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value 95% BCA Bootstrap UCL

Adjusted Chi Square Value 95% Jackknife UCL

95% Standard Bootstrap UCL

Anderson-Darling Test Statistic 95% Bootstrap-t UCL

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance 95% CLT UCL

Theta Star

MLE of Mean

MLE of Standard Deviation

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL

95% Adjusted-CLT UCL (Chen-1995) 97.5% Chebyshev (MVUE) UCL

95% Modified-t UCL (Johnson-1978) 99% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

95% Student's-t UCL 95% H-UCL

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Median SD of log Data

SD

Coefficient of Variation

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

General Statistics

Number of Valid Observations Number of Distinct Observations

Raw Statistics Log-transformed Statistics

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.

Result (mercury)



30 29

18 1

3.33%

5 1.609

15 2.708

9.679 2.237

2.524 0.265

33 3.497

33 3.497

0.955 0.969

0.926 0.926

9.907 2.256

2.775 0.281

10.77 10.9

N/A

2.237

0.261

9.669

2.48

10.44

10.39

10.47

13.63

0.71

790.6

0.383

0.745

0.745 9.679

0.162 2.48

0.469

10.48

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

95% t UCL

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

SD in Log Scale

Mean in Original Scale

SD in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

Mean Mean

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (nickel)

General Statistics

Number of Valid Data Number of Detected Data

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.



10.45

10.48

5 10.52

15 10.47

9.698 10.47

10 11.72

2.482 12.61

14.13 14.34

0.686

847.6

781.1 10.48

10.52 10.47

10.57

30 6

6 24

80.00%

544 6.299

3480 8.155

1401 6.985

1157 0.772

330 5.799

3300 8.102

29

1

96.67%

0.813 0.867

0.788 0.788

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Note: It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning: There are only 6 Detected Values in this data

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

For additional insight, the user may want to consult a statistician.

Result (phenanthrene)

General Statistics

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL



1072 6.526

832.2 1.091

1330 2094

N/A

5.601

1.119

507.9

710.3

728.3

739.1

822.1

1.149

1219

13.79

0.485

0.704

0.704 778.7

0.336 620.1

141

1018

1011

995.4

1E-12 1205

7201 1402

2849 1258

2707 1393

2017 1659

0.418 2181

6816

25.08

14.67 1018

4870 1258

5028

30 10

10 20

66.67%Percent Non-Detects

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

Result (pyrene)

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Theta star

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

SD in Original Scale

95% t UCL

95% Percentile Bootstrap UCL

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution



342 5.835

12200 9.409

2513 7.279

3535 1.021

330 5.799

3300 8.102

28

2

93.33%

0.605 0.96

0.842 0.842

1542 6.751

2175 1.16

2216 2987

N/A

6.045

1.398

1120

2253

1819

1874

2208

0.797

3152

15.95

0.595

0.747

0.747 1233

0.274 2180

431.4

1966

1943

1872

1E-12 3002

13048 2248

3537 2057

2151 3114

3923 3927

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

95% t UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected



0.188 5526

18768

11.31

4.774 1966

8376

8827

30 9

9 21

70.00%

0.189 -1.666

0.518 -0.658

0.322 -1.18

0.107 0.319

0.159 -1.839

0.323 -1.13

27

3

90.00%

0.906 0.957

0.829 0.829

0.156 -2.088

0.125 0.64

0.195 0.195

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning: There are only 9 Detected Values in this data

Note: It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (selenium)

General Statistics

Number of Valid Data Number of Detected Data

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL

95% Adjusted Gamma UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use



0.0177 -1.897

0.241 0.55

0.0923 0.176

0.331 0.115

0.212

0.212

0.217

7.358

0.0437

132.4

0.341

0.722

0.722 0.229

0.279 0.0824

0.016

0.257

0.256

0.259

0.189 0.267

0.518 0.306

0.318 0.294

0.306 0.299

0.0585 0.329

29.97 0.389

0.0106

1798

1701 0.257

0.336 0.294

0.338

30 15

13 15

50.00%

0.34 -1.079

0.565 -0.571

0.423 -0.875

0.0755 0.175

0.318 -1.146

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

For additional insight, the user may want to consult a statistician.

Result (thallium)

General Statistics

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

95% t UCL

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

SD SD in Log Scale

95% MLE (t) UCL Mean in Original Scale

95% MLE (Tiku) UCL SD in Original Scale

Mean Mean in Log Scale



0.333 -1.1

15

15

50.00%

0.898 0.901

0.881 0.881

0.292 -1.348

0.143 0.496

0.337 0.352

0.331 -1.111

0.117 0.273

0.367 0.342

0.376 0.0986

0.372

0.373

0.373

27.8

0.0152

833.9

0.598

0.735

0.735 0.381

0.221 0.0662

0.0125

0.403

0.402

0.402

0.34 0.409

0.565 0.406

0.423 0.404

0.424 0.436

0.0526 0.46

61.9 0.506

0.00683

3714

3573 0.403

0.44 0.404

0.441

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Theta star

Nu star Potential UCLs to Use

AppChi2 95% KM (t) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

95% MLE (Tiku) UCL SD in Original Scale

95% t UCL

95% Percentile Bootstrap UCL

Mean Mean in Log Scale

SD SD in Log Scale

95% MLE (t) UCL Mean in Original Scale

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect



30 29

24 1

3.33%

19 2.944

64 4.159

34.1 3.493

9.663 0.272

170 5.136

170 5.136

0.944 0.992

0.926 0.926

35.8 3.525

13.29 0.319

39.92 39.77

N/A

3.493

0.267

34.06

9.498

37.01

36.96

36.93

12.51

2.727

725.4

0.151

0.745

0.745 34.1

0.162 9.495

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

95% t UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

Result (zinc)



1.794

37.15

37.06

37.15

19 37.73

64 37

34.17 37.1

33.5 41.93

9.502 45.31

12.96 51.96

2.636

777.7

714 37.15

37.22 37.1

37.4

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

AppChi2 95% KM (t) UCL

95% Gamma Approximate UCL 95% KM (Percentile Bootstrap) UCL

95% Adjusted Gamma UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

Maximum 95% KM (BCA) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

Assuming Gamma Distribution 95% KM (z) UCL



Deep Groundwater ProUCL Outputs
South Settling Lagoon

Moraine, Ohio

19 13

13 6

31.58%

0.35 -1.05

120 4.787

32.37 2.205

36.43 2.166

1 0

1 0

0.834 0.832

0.866 0.866

22.31 1.29

33.42 2.246

35.6 541.6

N/A

1.421

2.215

22.53

33.27

35.76

35.65

38.76

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File WorkSheet.wst

Result (tetrachloroethene)

General Statistics

Number of Valid Data Number of Detected Data

Full Precision OFF

Confidence Coefficient 95%

Number of Bootstrap Operations 2000

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

Mean Mean

SD SD

95% DL/2 (t) UCL 95% H-Stat (DL/2) UCL

95% t UCL

95% Percentile Bootstrap UCL

95% BCA Bootstrap UCL

SD in Log Scale

Mean in Original Scale

SD in Original Scale



Deep Groundwater ProUCL Outputs
South Settling Lagoon

Moraine, Ohio

0.435

74.36

11.32

0.79

0.79

0.79 22.35

0.25 32.5

7.76

35.81

35.11

35.63

0.35 41.9

120 34.68

27.57 35.93

22 56.17

31.6 70.81

0.537 99.56

51.32

20.41

11.16 34.68

50.44

53.29

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

95% KM (t) UCL

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Maximum 95% KM (BCA) UCL

Mean 95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Assuming Gamma Distribution 95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data 95% KM (jackknife) UCL

Minimum 95% KM (bootstrap t) UCL

Nu star Potential UCLs to Use

AppChi2 95% KM (BCA) UCL

95% Gamma Approximate UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

For additional insight, the user may want to consult a statistician.

95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).



Deep Groundwater ProUCL Outputs
South Settling Lagoon

Moraine, Ohio

19 18

1.3 0.262

31 3.434

9.568 1.812

5.3 1.006

8.839

0.924

1.06

0.839 0.936

0.901 0.901

13.08 18.92

20.78

13.43 25.53

13.17 34.87

1.097

8.719

9.568

9.134

41.7

27.9

0.0369 12.9

26.92 13.08

12.86

0.646 14.08

0.763 13.39

0.175 12.86

0.203 13.26

18.41

22.23

29.74

14.3

14.83

14.3

General Statistics

Number of Valid Observations Number of Distinct Observations

Raw Statistics Log-transformed Statistics

Result (trichloroethene)

Median SD of log Data

SD

Coefficient of Variation

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL

95% Adjusted-CLT UCL (Chen-1995) 97.5% Chebyshev (MVUE) UCL

95% Modified-t UCL (Johnson-1978) 99% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

95% Student's-t UCL 95% H-UCL

Theta Star

MLE of Mean

MLE of Standard Deviation

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Adjusted Chi Square Value 95% Jackknife UCL

95% Standard Bootstrap UCL

Anderson-Darling Test Statistic 95% Bootstrap-t UCL

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance 95% CLT UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

Anderson-Darling 5% Critical Value 95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic 95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value 95% BCA Bootstrap UCL

Potential UCL to Use Use 95% Approximate Gamma UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.

95% Approximate Gamma UCL

95% Adjusted Gamma UCL
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To: 

Craig Butler, Ohio EPA 

 

Copies: 

Pam Barnett, RACER Trust 

Brian Gitzinger, Ohio EPA 

Randall Kirkland, Ohio EPA 

Mirtha Capiro, U.S. EPA 

Jason Manzo, Arcadis 

 

From:  

Carolyn Grogan, Arcadis  

Date: Arcadis Project No.: 

October 8, 2018 OH000294.2018.0003E 

Subject:  

Appendix to the Lagoon Post-Closure Plan 

Site: RACER Trust Moraine Facilities, Moraine, Ohio 

 

 

On behalf of Revitalizing Auto Communities Environmental Response Trust (RACER Trust), Arcadis U.S., 
Inc. (Arcadis) prepared this Appendix to the approved Lagoon Post-Closure Plan (Conestoga-Rovers & 
Associates [CRA], 2002) for the RACER Trust Moraine Facilities in Moraine, Ohio (Site). This Appendix is 
being provided per August 29, 2018 and October 1, 2018 emails from the Ohio Environmental Protection 
Agency (Ohio EPA) and since RACER Trust plans to implement an interim measure called Phase 1 
Dynamic Groundwater Recirculation (DGR™). The objective of the Phase 1 DGR™ interim measure is to 
reduce site-specific volatile organic compounds (VOCs) in groundwater within the Riverview Plat 
neighborhood (neighborhood) to concentrations below the United States Environmental Protection Agency 
(U.S. EPA) Maximum Contaminant Levels (MCLs), within 5 years of initiating full-scale operation. Once 
concentrations of VOCs have been adequately reduced, vapor intrusion mitigation systems in the 
neighborhood will no longer be necessary.  

Phase 1 DGR™ includes installation of two injection wells and three extraction wells; construction of a 
building with a groundwater treatment system; and subgrade trenching/piping to convey water to and from 
the treatment system at the closed South Settling Lagoon (SSL) property at the Site. Two existing injection 
wells at the property will be incorporated into the system. It should be noted that a smaller system will be 
installed to the south of the neighborhood. However, this system is not located on the SSL property and 
will not require a post-closure amendment. The planned activities will be completed in accordance with the 
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approved Phase 1 DGRTM Interim Measure Design Report and Work Plan (Arcadis, 2018; Report). Figure 
1 shows the general project layout, Figure 2 shows an example cross section, and Figures 3 through 6 
include design details associated with the project.   

The SSL was closed per Ohio Administrative Code (OAC) 3745-66-11 by solidifying sludge in-situ, 
backfilling the basins with material from existing on-site soil stockpiles or imported material, and 
constructing a vegetated soil cover as documented in the Certification of Lagoon Closure Report (CRA, 
2001). Three extraction wells and portions of the subgrade piping will be installed in the cover at the SSL. 
The injection wells, the treatment building, and portions of the subgrade piping will not be installed through 
the cover. None of the work will be within the limits of the waste units. The cover will be restored around 
the extraction wells and applicable portions of the piping.   

The following information is being provided as an appendix to the Lagoon Closure Report. 
 
1. Name of the facility, if any, and type of facility 

 
Name: RACER Trust Moraine Facilities – The work will be completed on the SSL portion of the Site. 
Type: The Site is a former automotive manufacturing facility with current mixed industrial/commercial use. 
The SSL portion of the Site is vacant.  
 
2. Address of the Site 

 
3600 Dryden Road 
Moraine, Ohio 45439 
 
3. County and township in which the Site is located 
 
County: Montgomery  
Township: Moraine 
 
4. Name, address, and telephone number of a person to contact for additional information regarding the 

activities at the Site 
 

Pamela Barnett 
Cleanup Manager (DE, LA, MA, OH, PA, VA) 
RACER Trust 
500 Woodward Avenue, Suite 2650 
Detroit, Michigan 48226 
937-751-8635 
 
5. Size of the Site 

 

The Site is approximately 423 acres and consists of 12 parcels. The parcel that the SSL is located on is 
owned by RACER Properties, LLC and is 18.174 acres. 
 
6. Identification of type and amount of waste present at the Site, including a description of the process 

that created the waste and time period of waste disposal 
 

Based on the Lagoon Closure Plan (CRA, 2000), approximately 60,700 cubic yards of sludge was present 
in the SSL. The June 13, 1988 Resource Conservation and Recovery Act (RCRA) Part A Permit 
Application indicated that the sludges within the SSL were generated by a mixed wastewater stream from 
the following processes: 
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 Wastewater treatment sludges from electroplating operations (Waste Code F006) 
 Spent cyanide plating bath solutions from electroplating operations (Waste Code F007) 
 Spent stripping and cleaning bath solutions from electroplating operations (Waste Code F009) 
 Quenching wastewater treatment sludges from metal heat treating operations (F012) 
 Wastewater treatment sludges from the chemical conversion coating of aluminum (F019) 
 

Per the Lagoon Closure Plan, the SSL received waste from 1965 to November 1985. 
 

7. Description of activities proposed at the Site 
 

The following is a summary of the planned activities. It should be noted that all the work will be completed 
outside the limits of the waste that was present at the Site. 
 
 Drilling will be completed within the lagoon cover area (between the boundaries of the former basins) 

for the three proposed extraction wells at the Site. The two proposed injection wells will be installed 
outside the extent of the cover. To avoid the former waste units during construction activities (i.e., 
drilling and piping installation), measurements from the historic construction drawings included in the 
Lagoon Closure Plan (CRA, 2000) and the Certification of Lagoon Closure Report (CRA, 2001) will be 
used to field survey and flag the limits of the former waste units. Additionally, the extent of the cover 
system will be flagged to verify the only work that completed through the cover is the three extraction 
wells and a portion of the subgrade piping. The work proposed to be completed through the cover will 
be completed approximately 50 feet from the limits of the former waste units. While it is not anticipated 
that waste will be encountered during the planned activities, if observations of waste are noted during 
construction, work will stop, compliance with OAC-3745-27-13 will be maintained, the Ohio EPA will 
be notified, and alternate locations for the system components will be evaluated. 

 Initial soil borings will be advanced at each of the two injection well and three extraction well locations, 
to the regional clay till (approximately 60 feet below ground surface [bgs]), to confirm lithology.  

 At the two injection well locations, the boreholes will be completed with an 8-inch steel drive casing 
and stainless-steel screens. The target depth of 62 feet bgs is approximately 2 to 3 feet into the 
regional clay till horizon, which has a known thickness of 11 feet or more in the area, to accommodate 
injection well sumps.  

o The injection well screens will be installed with a stainless-steel basal sump with a length of 3 
feet. The injection well screen lengths are expected to be 40 feet long, from approximately 20 
feet bgs to 60 feet bgs. A natural formation pack screen design will be used based on grain 
size analyses.  

o The annular seal in each injection well will be installed to the surface using neat cement.  
o The injection wells will be completed with pitless adapters that will be connected to a 

treatment system through underground piping (see below), and a lockable stickup cover with a 
concrete pad. 

 At the three extraction well locations, the boreholes will be completed with an 8-inch steel drive casing 
and stainless-steel screen. The target depth of 62 feet bgs is approximately 2 to 3 feet into the 
regional clay till horizon, which has a known thickness of 11 feet or more in the area, to accommodate 
extraction well sumps.  

o The extraction well screens will be installed with a stainless-steel basal sump with a length of 
3 feet. The extraction well screen lengths are expected to be 20 to 30 feet long, from 
approximately 30 or 40 feet bgs to 60 feet bgs. A natural formation pack screen design will be 
used based on grain size analyses.  

o The annular seal in each extraction well will be installed to the surface using neat cement.  
o The extraction wells will be completed with pitless adapters that will be connected to a 

treatment system through underground piping, and a lockable stickup cover with a concrete 
pad. 

 Well development will be completed on each of the two injection and three extraction wells: 
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o Pre-development – performed after screen installation to allow for the natural formation pack 
to settle and to avoid bridging. 

 Stages of well development: 1). Initial pumping or air-lift to remove fines, 2). Surge 
entire screen utilizing a double surge block in 2-feet screen increments, 3). Using 
pumps and backwash techniques to aggressively remove fines from well between 
rounds of surging.   

o Final well development – performed once the wells have been completed, utilizing the same 
three stage development process. 

o To gauge the development process, a baseline specific capacity test will be performed, and 
water quality parameters will be collected prior to engaging in well development procedures.  

o Once the stages of development are complete, a second round of water quality parameters 
will be collected along with an additional specific capacity test. A comparison between the 
baseline values will be assessed to identify if additional rounds of surging, backwashing, or 
jetting need to be performed. This process will be repeated until specific capacity shows an 
improvement of less than approximately 10% and measured parameters have stabilized 
against predetermined criteria. 

o After development is determined to be complete, an injection and/or extraction step test will be 
completed to document well-specific capacity and performance.  

 Subgrade/underground piping will be installed within trenches to connect the extraction wells to the 
aboveground treatment system. Subgrade/underground piping will also be installed within trenches to 
connect the centralized above ground treatment system to the injection wells. 

o Trenches for the underground piping will be constructed to a depth of 42 inches bgs and a 
width of 24 inches across. Where encountered, the cover will be properly restored once piping 
has been installed.  

o Extracted groundwater will be conveyed by way of 3-inch diameter, high-density polyethylene 
(HDPE) pipe to the above ground treatment system. 

o Flows from extraction wells will be combined in an equalization tank.  A transfer pump will be 
used to pump the extracted water through parallel bag filters and two granular activated 
carbon (GAC) vessels in series to remove particulates and contaminates, before being 
redistributed to the injection well network through the 3-inch diameter HDPE underground 
piping. 

 Cover restoration activities will be completed consistent with the methods summarized in the 
Lagoon Closure Plan (CRA, 2000). Sand bedding will be used to backfill 4-inches below and 6-
inches above the conveyance pipe. Spoils generated during the excavation for the subgrade pipe 
will be used to backfill to 1.5-feet bgs. The spoils will be placed in lifts and a smooth drum roller 
will be used to achieve 95% modified proctor density compaction. Clay with a permeability of 1 X 
10-7 centimeters per second will be used to backfill from 1.5 to 0.5-feet bgs. Once the clay is 
placed, it will be compacted using a pad foot roller to achieve 95% modified proctor density 
compaction. Approximately 6-inches of topsoil will be used to backfill from the ground surface to 
0.5 feet bgs. Backfill will be placed continuously in lifts not exceeding 12 inches. Compaction 
testing will be completed at a minimum frequency of one test per 2,500 cubic yards of backfill 
material for documentation. Compaction testing of backfill material will be conducted using a 
radioactive Troxler moisture density gauge operated by an independent geotechnical firm. The 
backfill will be completed to the grade specified in the Lagoon Closure Plan. The disturbed areas 
will be seeded. 
 
Since the extraction wells will replace the cover, restoration of the cover in these three locations 
will not be necessary. Well construction details are shown on Figure 2. Disturbed areas will be 
seeded. 

Waste was removed from the Sludge Drying Basin and placed in the Secondary Basin for solidification 
during closure activities. The approximate depths of the waste units are noted on Figure 2. The Report 
should be referenced for additional details regarding DGRTM and the proposed scope of work. The Work 
Plan was provided to the Ohio EPA, and additional copies can be made available upon request. The Ohio 
EPA will be provided with a construction schedule and 7-day notice prior to reconstruction of the cover. 
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Once construction is complete, the location of the new structure, the infrastructure location, and the cover 
reconstruction will be documented in a post-closure plan amendment and submitted to the Ohio EPA. 
 
8. Description of any institutional control that applies to the Site 
 

Property deed and land use restrictions are in place for the SSL. The SSL property is restricted to 
activities that will not disturb the integrity of the final cover in a manner that is inconsistent with the risk 
assessment for the Site. Since the cover will be restored around the proposed wells and piping, the cover 
will be maintained in a manner that is consistent with the risk assessment and compliance with the deed 
and land use restrictions will be maintained. 
 
9. Description of the manner in which the control of air emissions, control of leachate, surface water run-

on and runoff, explosive and toxic gas migration, and protection of groundwater will be performed. 
 

 Control of Air Emissions – While unacceptable air emissions are not anticipated, air monitoring will be 
completed during monitoring well and extraction well installation activities for worker safety and the 
safety of others near the SSL. Air in the work area will be monitored for VOCs, lower explosive limit, 
and oxygen per the site-specific health and safety plan. If unacceptable concentrations of these 
parameters are encountered, work will stop and measures to control the emissions will implemented. 

GAC will be used to treat the impacted groundwater extracted from the SSL property. Groundwater 
treatment using GAC does not result in emissions of VOCs.  

 Control of Leachate – Per the November 3, 1989 Draft North Settling Lagoon Revised Closure/Post-
Closure Plan, sludge within the SSL and the soil underlying the sludge were sampled. The sludge was 
determined to be characteristically non-hazardous, and concentrations of constituents of concern in 
the underlying soils were below site-specific background levels or non-detect. Given the nature of the 
waste, subsequent solidification, and location of the extraction and monitoring wells outside of the 
waste units, measures to control leachate are not necessary. 

 Surface Water Run-on and Runoff – Sediment and erosion control measures (e.g., silt fencing) will be 
implemented during drilling and construction activities. Containers used to store water during drilling 
and development and as part of the treatment system will have secondary containment. Water 
generated as part of the system operation will be treated and re-injected to the subsurface. 

 Explosive and Toxic Gas Migration – Given the nature of the waste as described in the Control of 
Leachate section above, explosive and toxic gas migration is not anticipated. However, air monitoring 
will be completed during drilling activities to ensure worker safety and the safety of others near the 
SSL. 

 Protection of Groundwater – The monitoring and extraction wells will be installed within a fenced area 
with a lock, and the wells will be installed with a proper seal and locked covers to prevent impacts to 
groundwater from a surficial source, if any. The planned activities are being completed in support of a 
remedy to improve groundwater quality. 

REFERENCES 

Arcadis U.S., Inc., 2018. Phase 1 Dynamic Groundwater Recirculation Interim Measure Design Report 
and Work Plan, Revision No. 1, RACER Trust, RACER Trust Moraine Facilities, Moraine, Ohio. July 2018. 

Conestoga-Rovers & Associates, 2000. Lagoon Closure Plan, General Motors, Harrison Radiator Division 
Facility, Moraine, Ohio. June 2000. 

Conestoga-Rovers & Associates, 2001. Closure Certification Report, General Motors, Harrison Radiator 
Division Facility, Moraine, Ohio. August 2001. 
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ENCLOSURES 

Figure 1 – Site Plan 

Figure 2 – Cross Section 

Figure 3 – Phase 1 DGR Site Plan and Monitoring Well Network 

Figure 4 ‐ Phase 1 DGR Site Plan and Monitoring Well Network North Treatment System 

Figure 5 ‐ Phase 1 DGR Site Plan and Monitoring Well Network South Treatment System 

Figure 6 – Pipe and Conduit Sections 
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Appendix B 
 

 

Heidelburg Asphalt Parking Lot Design Plans 
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Appendix C 
 

 

Summary of Applicable Regulations (Expert from the Lagoon 
Post-Closure Plan)







 
 
 
 
Appendix D 
 

 

Closure Analytical Data (Expert from the Lagoon Post-Closure 
Plan)







 
 
 
 

Appendix E 
 

 

Compliance Worksheet, Version 3.2 2020-07-07



 version 3.2 2020-07-07

 Project Summary

Project Name: HEIDELBERG TRAILER PARKING 

Subwatershed ID/Label: OVERALL DRAINAGE AREA

Submitted by: Steve Stewart, P.E.

Date: 8/1/2024

Subwatershed Drainage Area, Atotal = 16.00 acres = 696,960 ft2

Subwatershed Impervious Area, Aimp = 10.00 acres = 435,600 ft2

Imperviousness fraction, i = 0.63 63 %

Water Quality Volume, WQv = 32,017 ft
3

= 0.74 ac-ft

 Step 1 - Soil Suitability

Soil Series HSG 

 Step 2 - Dry ED Basin Volume Requirements

Extended Detention Volume, EDv = 32017 ft
3

Minimum Sediment Storage Volume, Vsediment = 6403 ft
3

Minimum Forebay Volume, Vforebay = 3202 ft
3

Minimum Permanent Micropool Volume, Vmicropool = 3202 ft
3

 Step 3 -  Basin Stage-Storage Relationship

Incremental Cumulative

Elevation Area Volume Volume

ft ft
2

ft
3

ft
3

Bottom of Permanent Micropool = 714.00 1,529

(include forebay area if below EDv) 715.00 2,245 1,876 1,876

716.00 3,029 2,627 4,503

717.00 3,880 3,446 7,949

718.00 4,798 4,331 12,279

719.00 5,785 5,284 17,563

720.00 6,838 6,304 23,867

721.00 7,959 7,391 31,259

 Step 4 - Outlet Elevations and Storage Volumes

Dry Extended Detention Basin WQv Compliance Tool



WQ Orifice Invert Elevation = 617.00

Elevation of Top of EDv = #N/A

Secondary Outlet Invert Elevation = 623.00 #N/A

WQ Treatment Volume Provided, Vtreatment = #N/A ft
3

Treatment Vol Provided Relative to EDv, Vtreatment/EDv = #N/A = #N/A #N/A

Permanent Pool Volume Provided, PPv = #N/A ft
3

Forebay Volume Provided, Vforebay = 3,202 ft
3

= 1.00

Is forebay volume below WQ outlet? (Yes or No) No = 100% OKAY

Permanent Micropool Volume Provided, Vmicropool = #N/A ft
3

Ratio Vmicropool Provided to Vmicropool Required = #N/A = #N/A #N/A

Sediment Storage Volume Provided, Vsediment = #N/A ft
3

Ratio Vsediment Provided to Vsediment Required = #N/A = #N/A #N/A

 Step 5 - Outlet (Orifice) Sizing

Maximum Hydraulic Head, Hmax = #N/A ft

Orifice Coefficient, C = 0.6

Target (Minimum) Draw-down Time, Td = 48 hr

Target Average Discharge, Qavg = 0.19 cfs

Average Hydraulic Head, Havg = #N/A ft

Estimated Orifice Area, Aorifice = #N/A in
2

= #N/A ft
2

Estimated Orifice Diameter, Dorifice = #N/A in = #N/A ft

Design Orifice Diameter, Dorifice = 1.40 in = 0.12 ft

Design Orifice Area, Aorifice = 1.53 in
2

= 0.011 ft
2

Time to Completely Drain EDv, Td = #N/A hr must be > 48 hr  #N/A

Volume Drained in First 16 hr = #N/A ft
3

% of EDv = #N/A % must be < 50%  #N/A
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Dry Basin - EDv Drawdown vs Time

The drawdown curve must be to the 

right of the markers ( ) to:  (1) meet a 

minimum drain time of 48 hours; and 

(2) show the outlet is draining no more 

than 0.5*EDv in the first 16 hr.
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7575 Huntington Park Drive, Suite 130 
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