
 

1505 Woodward Ave., Suite 200 |Detroit, MI  48226 |313-486-2908 |racertrust.org 

March 12, 2020      

Ohio Environmental Protection Agency 
Division of Environmental Response and Revitalization 
Central Office 
P.O. Box 1049 
Columbus, Ohio 43216-1049 
Attn: Laurie Stevenson, Director 
 
RE: Appendix to the Lagoon Post-Closure Plan  
 Site Name: RACER Trust Moraine Facilities  
 Moraine, Ohio  
 
Dear Ms. Stevenson: 
 
The Revitalizing Auto Communities Environmental Response Trust (RACER Trust) is providing this 
Appendix to the Lagoon Post-Closure Plan for the RACER Trust Moraine Facilities in Moraine, Ohio (Site). 
This Appendix includes the Phase 1 Dynamic Groundwater Recirculation (DGR™) Construction 
Completion Report (CCR) that details construction completion information associated with the Phase 1 
DGR™ interim measure that was installed on the closed South Settling Lagoon (SSL) property at the Site 
in 2019. The activities associated with this Amendment were detailed in the Post-Closure Amendment 
Request – Revision 11 that was approved by the Ohio Environmental Protection Agency (Ohio EPA)2. 
 
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 Report3. A 
portion of the Phase 1 DGR™ interim measure was installed through the cover at the SSL and this 

 
1 RACER Trust, 2019. Post-Closure Amendment Request – Revision 1, RACER Trust Moraine Facilities, Moraine, 
Ohio. February 6, 2019. 
2 Ohio EPA, 2019. Amended Post-Closure Plan Approval, RACER Moraine Facilities, OHD000817577, Moraine, Ohio. 
April 9, 2019. 
3 Conestoga-Rovers & Associates, 2001. Closure Certification Report, General Motors, Harrison Radiator Division 
Facility, Moraine, Ohio. August 2001. 



 

2 
 

portion includes three extraction wells and portions of the subgrade piping. None of the work was 
performed within the limits of the waste units. The cover was restored around the extraction wells and 
applicable portions of the piping.   
 
The approved Lagoon Post-Closure Plan4 (Attachment 1), the approved Revised Human Health Risk 
Assessment Report5 (Attachment 2), the approved Post-Closure Amendment Request – Revision 11 
(Attachment 3), and the enclosed CCR (Attachment 4) should be considered the amended Lagoon Post-
Closure Plan.  The CCR includes information regarding Phase 1 DGR™ system construction activities, 
including compaction testing, grading activities, and as-built drawings.   
 
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 
Molly Finn, U.S. EPA 
Carolyn Grogan, Arcadis 

 PJ Hart, Arcadis   
 
Enclosures:  
Attachment 1 – Lagoon Post-Closure Plan  
Attachment 2 – Revised Human Health Risk Assessment Report 
Attachment 3 – Appendix to the Lagoon Post-Closure Care Plan (Post-Closure Amendment Request – 
Revision 1) 
Attachment 4 – Appendix to the Lagoon Post-Closure Care Plan (Phase 1 DGR™ Construction Completion 
Report) 
 
 
 
 

 
4 Conestoga-Rovers & Associates, 2002. Lagoon Post-Closure Plan, General Motors, Harrison Radiator Division 
Facility, Moraine, Ohio. December 2002 
5 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/m3)-1

[a]

ABSGI [b]
Inhalation Unit
Risk (µg/m3)-1

[a]

Inhalation RfC
(µg/m3)

[a]

Oral RfD
(mg/kg/day)

[a]

Dermal RfD
(mg/kg/day)

[b]

Inhalation RfC
(mg/m3)

[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











POTENTIAL 

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).
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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 

Brad Mitchell, Ohio EPA 

Mirtha Capiro, U.S. EPA 

 

 

 

From:  

Carolyn Grogan, Arcadis 

 

 

Date: Arcadis Project No.: 

February 6, 2019 OH000294.2018.0003E 

Subject:  

Appendix to the Lagoon Post-Closure Plan – Revision 1 

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, October 1, 2018, and October 19, 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™). This Appendix also accounts for 
comments received from the Ohio EPA in the Notice of Deficiency – Amended Post-Closure Plan letter 
(Ohio EPA 2019). 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.  
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Phase 1 DGR™ includes installation of two injection wells and three extraction wells; installation of three 
Conex boxes containing groundwater treatment systems; 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. The activities planned at the 
closed SSL will be completed in accordance with the 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 and 4 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 Conex boxes containing the treatment systems, 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. Based on the 
criteria set forth in OAC 3745-50-51 (K.3 of the Appendix) and per the Ohio EPA’s recommendation, the 
modification of the cover at the proposed three extraction well points and portions of subgrade piping 
constitute a Class 3 Modification.   

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. 



 

arcadis.com 
 
\\OH02FP01\Data\Public\MOTORS\03- OMM IRZ_Pump and Treat (TW-2)\DGR Phase I Full Scale\Rule 13 Amendment\Class 3 Revision\2019.02_Revision\Attachment 3 - 
Appendix to Closure Plan-revised.docx Page: 

3/6 

MEMO 

 
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: 
 
• 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 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 be stopped to ensure compliance with OAC-3745-27-13, 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.  
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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: 
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 move 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. The clay will be placed in multiple lifts and 
compacted using a pad foot roller.  The clay lifts will not exceed the total depth of the compactor foot 
depth and compacted to achieve 95% modified proctor density compaction. 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. One compaction test will be conducted for each 100 linear feet of trench that disturbs 
the cover. The compaction testing will be conducted at each lift. Compaction testing of backfill material 
will be conducted using a radioactive Troxler moisture density gauge operated by an independent 
geotechnical firm. The compaction testing results and locations will be documented in the 
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Construction Completion Report. The backfill will be completed to the grade specified in the Lagoon 
Closure Plan. It is to be noted that the disturbed areas will be graded so the cover promotes drainage 
and does not pond water. 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. 

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. Once construction is complete, the location of the treatment systems, the associated 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. 
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ENCLOSURES 

Figure 1 – Site Plan 

Figure 2 – Cross Section 

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

Figure 4 – Pipe and Conduit Sections 
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1 INTRODUCTION 

This Phase 1 Dynamic Groundwater Recirculation (DGR™) Construction Completion Report (CCR) was 
prepared to present the as-built drawings for the groundwater treatment system that was installed at the 
Revitalizing Auto Communities Environmental Response Trust (RACER Trust) Moraine Facilities 
(formerly General Motors Corporation [former GM Corporation]) located in Moraine, Ohio (Site) in from 
June 11, 2019 to October 28, 2019. The work described herein was completed based on the Phase 1 
DGR Interim Measure (IM) Pilot Test Work Plan (Work Plan; Arcadis, Inc. 2017) that was approved by the 
United States Environmental Protection Agency (U.S. EPA) on June 6, 2017 (U.S. EPA 2017a). Following 
additional discussion with the U.S. EPA, Arcadis submitted the 2019 budget authorization to construct 
only the northern system proposed in the Work Plan (Arcadis, Inc. 2017) which was approved by the U.S. 
EPA on December 18, 2018. As stated in the Work Plan, this IM is in response to a request by the U.S. 
EPA (U.S. EPA 2017b). The overall objective of the Phase 1 DGRTM IM is to reduce site-specific volatile 
organic compounds (VOCs) in groundwater within the Riverview Plat neighborhood (neighborhood) to 
concentrations below the U.S. EPA Maximum Contaminant Levels (MCLs) within 5 years of initiating full-
scale operation. 

This CCR has been prepared to describe the following: 

 A summary of the final design and construction of the full-scale Phase I DGRTM IM system, including 
modifications and deviations from the final design 

 As-built layouts and design drawings 
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2 TREATMENT SYSTEM OVERVIEW 

The treatment system controls the extraction of groundwater from three extraction wells, EW-1, EW-2 and 
EW-3 (Appendix A, Drawing C-1). The treatment system was primarily designed to address site-specific 
VOCs in the extracted groundwater prior to discharge back into the aquifer through four injection wells (IW-
1, IW-2, IW-3, and IW-4). Subgrade piping conveys groundwater from each extraction well to an individual 
treatment system, where the groundwater is treated and discharged to the injection wells to be reinjected.  

The treatment systems were designed to process extracted groundwater with an average flow rate of 100 
gallons per minute (gpm).  Each of the three treatment systems consist of the following major components: 

 Four bag filters 

 Four liquid -phase granular activated carbon (GAC) adsorption units 

 An effluent flowmeter 

 A programmable logic controller (PLC)-based control system 

Each of the treatment systems (TS-1, TS-2, and TS-3) (Appendix A, Drawing C-2) are contained within 
steel Conex box structures. Extracted groundwater is pumped from the extraction wells to the treatment 
systems.  EW-1 conveys water to TS-3, EW-2 to TS-2, and EW-1 to TS-3.  Water is then directed through 
four bag filtration systems for removal of suspended solids prior to being directed to the liquid-phase GAC 
adsorption units for treatment of site-specific VOCs.  Treated water then flows out of the treatment system 
and into discharge conveyance lines where it is injected into four injection wells and back into the aquifer.  
The effluent from Treatment System TS-1 and TS-2 are injected into individual injection wells, IW-4 and 
IW-3 respectively.  The effluent from TS-3 is split between two different injection wells, IW-1 and IW-2. 

3 CONSTRUCTION COMPLETION SUMMARY 

The following construction and installation details as well as a summary of modifications to the original 
system design are included in this section: 

 Conveyance piping and related components 

 Treatment systems compacted pad details 

 Equipment construction and installation details, including the as-built piping and instrumentation 
diagrams (P&IDs) 

 Well details 

 Summary of final construction and installation details of the system utilities  

As-built drawings are provided in Appendix A. 

3.1 Conveyance Piping Details 

Pipeline and conduit trenches were excavated in accordance with the As-Built Drawings (Appendix A, 
Drawing C-3)Trench depth was excavated to provide a minimum of 32-inches of cover over water 
conveyance lines and 24-inches of cover over the top of electrical conduit.  During excavation activities, 
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temporary erosion and sediment control measures were installed to limit soil erosion and stormwater 
runoff. 

Trenches were backfilled in accordance with the As-Built Drawings (Appendix A, Drawing C-3), with a 
minimum of 6-inches of sand used to bed all pipe and conduit. Native backfill material was placed in 10-
inch loose lifts and compacted using vibratory compaction equipment.  Approximately 450-linear feet of 
the extraction trench falls within the existing clay cap. This section of trench was backfilled with native 
spoils to approximately 1.5-feet below grade. Trenching compaction testing was conducted once per lift 
for each 100 linear feet of trench that disturbed the cover.  Exact locations of compaction testing are 
shown in Appendix B.  Compaction testing was performed by an independent third-party geotechnical 
firm, CTL Engineering, Inc. (CTL). Spoils used for backfilling were compacted to at least 95% of the 
standard proctor maximum dry density in accordance with ASTM D698. A 12-inch layer of imported clay 
was installed in loose 4- to 6-inch lifts on top of the compacted spoils and compacted using a vibratory 
padfoot roller to 98% standard proctor to achieve the designed hydraulic conductivity of 1 x 10-7 
centimeters per second (cm/sec). Geotechnical testing reports are included in Appendix B. Native spoils 
were used as backfill for the final 6” to grade.  Sections of trenching not located within the existing cap 
were backfilled to grade with native spoils. Disturbed areas were graded so that water does not pool on 
the cap, and the disturbed areas were seeded.   

Injection and extraction conveyance lines were installed as 3-inch high density polyethylene (HDPE) pipe. 
Additionally, a 4-inch HDPE backflush line was installed at the injection well vaults and ties into the 
influent of TS-3 to allow for injection well rehabilitation water to be treated and re-injected.  The HDPE 
was hydrostatically tested up to 1.5 times the working pressure in accordance with the testing procedures 
outlined in ASTM F2164.  

3.2 Treatment Systems Compacted Pad Details 

The treatment system containers rest on compacted, imported fill material and four concrete anchors 
installed in the corner of each treatment system. 

The original area, where the treatment systems are located, was heavily wooded. After consultation and 
approval with the United States Fish and Wildlife Service, the trees and vegetation were removed in 
March 2019 to avoid any impacts to the federally listed endangered Indiana bat and threatened northern 
long-eared bat (U.S. Fish and Wildlife, 2019). Sediment and erosion control measures were installed and 
placed in accordance with the approved Stormwater Pollution Prevention Plan (SWPPP) prepared for the 
Ohio EPA (Arcadis, 2019).   

The Site was then graded and prepped for the remaining civil work.  The topsoil and organics were 
removed, and supplemental fill was imported to restore the elevation to original grade. The prepared 
subgrade was confirmed satisfactory by an independent geotechnical firm (CTL) via observing proof 
rolling of the subgrade with multiple passes of a 20- to 30- ton loaded truck.  Following preparation of the 
subgrade, the compacted gravel base was installed in accordance with the As-Built Drawings (Appendix 
A, Drawing C-5). The compacted gravel base consisted of 304 stone aggregate placed in horizontal 
loose 10-inch lifts on top of the compacted subgrade. This stone was compacted to 95% of the standard 
proctor maximum dry density (ASTM D 698).  
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The concrete anchor blocks were constructed to the dimensions shown on the As-Built Drawings 
(Appendix A, Drawing C-4). Concrete testing via ASTM C39 and ASTM C1231 was performed by CTL 
for each cement truck and confirmed to meet slump and compressive strength requirements. 

3.3 Well Details 

Pilot soil borings were installed via direct push drilling technology at respective injection and extraction 
well locations utilizing a 3.25-inches outer diameter and 60-iinches long polyvinyl chloride (PVC) lined 
core barrels. Each boring was continuously sampled and advanced to the top of the regional clay till unit. 
Soil samples were collected throughout the length of the projected well screen intervals and submitted for 
grain size analysis by Eurofins TestAmerica of North Canton, Ohio. Based on the grain size analysis 
results, it was determined that an 80-slot screen with Global #4 sand filter pack was appropriate for EW-1, 
EW-2, EW-3, IW-3, and IW-4. The screen for IW-4 required a second altered screen slot for the deeper 
portion of the screen finished with 30-slot and global #5 sand filter pack. Pre-existing wells, IW-1 and IW-
2 were installed in August 2017 and finished with a 60-slot screen and Perry #4 sand filter pack. The 
extraction and injection wells were installed using 12.25-inches inner diameter, hollow stem augers. 
Above the primary sand filter pack, a finer grained ‘choker’ sand filter pack was installed between the 8-
inch diameter Schedule-80 PVC to seal and prevent grout infiltration into the screen interval. After screen 
installation and sand filter pack installation, pre-development was performed to allow for the sand filter 
pack to settle and to avoid bridging. To complete the installation, the annular seal was installed between 
the PVC well casing and annulus using neat Portland Type I/II cement to 6 feet below ground surface 
(bgs). From 6 feet bgs to ground surface, sand pack material was added to allow for easy retrofitting for a 
permanent surface completion and plumbing. 

Well development was completed after 24-hours to allow for the well seal to cure. The well development 
process incorporated multiple development methods including surging, pumping, air-lifting, and jetting to 
remove fines and to increase hydraulic communication with the upper aquifer. To monitor the 
development process and well-aquifer connectivity, periodic specific capacity testing was performed. In 
addition, water quality parameters were collected before and after well development.  

The stages of development consisted of several rounds of the following: 

 Initial pumping and air-lifting to remove fines 

 Surging the entire screen utilizing a double surge block in 2-foot screen increments 

 Using a pump to remove fines periodically from the bottom of the well between rounds of surging 

 Using compressed air jetting techniques to increase well connectivity by physical agitation of the 
well sand filter pack and localized surrounding upper aquifer 

The three extraction wells were equipped with downhole pumps and vented pressure transducers. All four 
injection wells were also equipped with vented pressure transducers and injection drop piping that 
extends below the water table. Injection and extraction well construction drawings are included in 
Appendix C.  
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3.4 Utility Details 

Site power was available from Dayton Power and Light (DP&L) along the northern property boundary. A 
new three phase, 480-volt transformer was installed to provide a 200-ampere service to the treatment 
systems. In order to power the lights and instruments, a single-phase step-down transformer located 
within the main control panel was also installed to provide 240/120-volt single-phase service.  DP&L 
installed the necessary transformer for this project.  The electrical work consisted of the activities outlined 
below: 

 Installation of grounding grid around treatment systems 

 Installation of power supply between the transformer and the treatment systems 

 Installation of power and instrumentation supply to three extraction and four injection wells 

 Connection and installation of main control panel in TS-1. 

4 OPERATIONS, MAINTENANCE AND MONITORING PLAN 

An Operation, Maintenance, and Monitoring (OM&M) Plan is being prepared for the Phase 1 DGR™ 
system and will be provided under separate cover to system operators.  
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EQUIPMENT MUST BE CLEARED BY OPERATOR BEFORE BEING

RESTARTED.

3. TANK AND VESSEL DRAINS FLOW TO FLOOR SUMPS.
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RELAY, COMPUTE,

HIGH

READOUT OR

PASSIVE FUNCTION

MODIFIER

ALARM

USER'S CHOICE

SENSOR (PRIMARY ELEMENT)

GLASS, VIEWING DEVICE

FIRST LETTER

A = ANALYSIS

C = USER'S CHOICE

D = USER'S CHOICE

E = VOLTAGE

F = FLOW RATE

G = USER'S CHOICE

MEASURE OR INITIATING VARIABLE

B = BURNER, COMBUSTION
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LIGHT

USER'S CHOICE
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POINT (TEST) CONNECTION

RECORD

MULTIFUNCTION

WELL

UNCLASSIFIED

SCANJ = POWER
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N = USER'S CHOICE
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M = USER'S CHOICE

I = CURRENT (ELECTRICAL)

K = TIME, TIME SCHEDULE
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SAFETY

X AXIS

Y AXIS

R = RADIATION

T = TEMPERATURE

U = MULTIVARIABLE

W = WEIGHT, FORCE

X = UNCLASSIFIED

S = SPEED, FREQUENCY

V = VIBRATION, MECH. ANALYSIS
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Q = QUANTITY INTEGRATE, TOTALIZE

MOMENTARY

TIME RATE OF CHANGE

H = HAND

USER'S CHOICE

CONTROL, CLOSED

CONTROL STATION 

USER'S CHOICE

STOP

VALVE, DAMPER, LOUVER
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MULTIFUNCTION

Z AXIS

FIELD

MOUNTED

PRIMARY

CONTROL PANEL

NORMALLY

Z = POSITION, DIMENSION

INSTRUMENT SYMBOLS

OPERATOR

ACCESSIBLE TO

OPERATOR

ACCESSIBLE TO
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PANEL OR RACK

AUXILIARY
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FINAL CONTROL ELEMENT

DISCRETE

COMPUTER

FUNCTION

INCLUDING

LOGIC

CONTROLLER

FUNCTION

DISTRIB.

INSTRUMENTS

SHARED DISPLAY,

SHARED CONTROL

CNTL. SYS.

PROGRAMMABLE

OPEN

RUN

SWITCH

ABBREVIATIONS:

DPAH DIFFERENTIAL PRESSURE

ALARM HIGH

DPI DIFFERENTIAL PRESSURE INDICATOR

FAL FLOW ALARM LOW

FALL FLOW ALARM LOW LOW

FAH FLOW ALARM HIGH

FAHH FLOW ALARM HIGH HIGH

FC        FLOW CONTROL

FI FLOW INDICATOR

FIT FLOW INDICATING TRANSMITTER

GAC GRANULAR ACTIVATED CARBON

HOA HAND/OFF/AUTO

HS HAND SWITCH

HSA HAND SWITCH ALARM (E-STOP)

LAH LEVEL ALARM HIGH

LAHH LEVEL ALARM HIGH HIGH

LAL LEVEL ALARM LOW

LALL LEVEL ALARM LOW LOW

LIT LEVEL INDICATING TRANSMITTER

LS LEVEL SWITCH

LSHH LEVEL SWITCH HIGH HIGH

LSLL LEVEL SWITCH LOW LOW

LT LEVEL TRANSMITTER

M MOTOR

LB POUND(S)+

PAH PRESSURE ALARM HIGH

PAHH PRESSURE ALARM HIGH HIGH

PAL PRESSURE ALARM LOW

PALL PRESSURE ALARM LOW LOW

pH POTENTIAL OF HYDROGEN

PI PRESSURE INDICATOR

PT PRESSURE TRANSMITTER

PRV PRESSURE RELIEF VALVE

PS PRESSURE SWITCH

SC SPEED CONTROL

TYP TYPICAL

V VALVE

VFD VARIABLE FREQUENCY DRIVE

YI STATUS INDICATOR

YA FAULT ALARM

YC RUN CONTROL

YS RUN SWITCH

SIZE

MATERIAL

LINE TYPE

6"-S04P

PIPELINE DESIGNATION

TYPE:

D = DUCT

H = HOSE

P = PIPE

T = TUBE

MATERIAL:

PVC - SCHEDULE 80 POLYVINYL CHLORIDE

BRZ - BRASS/BRONZE

CIR - CAST IRON

CST - CARBON STEEL

CPR - COPPER

CPVC- CHLORINATED POLYVINYL CHLORIDE

DIR - DUCTILE IRON

FRP - FIBERGLASS

GCS - GALVANIZED CARBON STEEL

HDPE- HIGH DENSITY POLYETHYLENE

LCS - LINED CARBON STEEL

PET - POLYETHYLENE

POP - POLYPROPYLENE

RUB - RUBBER

S04 - 304 STAINLESS STEEL

S4L - 304L STAINLESS STEEL

S16 - 316 STAINLESS STEEL

S6L - 316L STAINLESS STEEL

TEF - TEFLON

VIT - VITON

TYG - TYGON

INSTRUMENT IDENTIFICATION LETTERS

LEGEND NOTES:

1. ANY FIRST LETTER COMBINED WITH MODIFIER REPRESENTS A NEW AND

SEPARATE MEASURED VARIABLE. EXAMPLES: DP = DIFFERENTIAL

PRESSURE FQ = FLOW TOTALIZED OR INTEGRATED. EXCEPTION IS THE

MODIFIER "J" FOR MULTIPOINT SCANNING.

2. FOR ANALYSIS NOT IDENTIFIED BY A SPECIFIC LETTER IN THE TABLE, USE

FIRST LETTER "A" NEAR THE INSTRUMENT SYMBOL, SPECIFY THE NATURE

OF THE ANALYSIS. EXAMPLE: PH

3. MEANING OF A "USER'S CHOICE" LETTER SHALL BE CONSISTENT

THROUGHOUT A PROJECT, AND SHALL BE SPECIFIED IN THE DRAWING

LEGEND.

4. UNCLASSIFIED LETTER MAY HAVE A FEW DIFFERENT MEANINGS ON A

PROJECT, THE MEANING SHALL BE SPECIFIED NEAR EACH INSTRUMENT

SYMBOL USING THE UNCLASSIFIED LETTER.
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VIRTUAL

HOA

GROUNDWATER EXTRACTION

WELL DETAIL (TYP. OF 3)
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LI
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SC

3" SCH. 80

PVC

1X

1X

TAG ID SCHEDULE

Extraction Wells
Pump

Tag No. (P-10X)

Pressure
Transmitter

Tag No. (PT-10X)

VFD
Tag No. (VFD-10X)

Hand Switch
Tag No. (HS-10X) Interlock (1X)

EW-1 P-101 PT-101 VFD-101 HS-101 1A

EW-2 P-102 PT-102 VFD-102 HS-102 1B

EW-3 P-103 PT-103 VFD-103 HS-103 1C

STAINLESS PITLESS

ADAPTOR

P-3

PUMP ON

PUMP OFF

VFD-10X

10X

YI

10X

YC

10X

HS

30X

FC

10X

YA
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3" HDPE

3" PVC

20X

PI

1/4"

3"X1/4"

20X

PI

20X

PAL

20X

PAH

20X

PALL

20X

PAHH

1X

1X

20X

PT

SAMPLE

PORT

LOCKABLE

BALL

VALVE

PRE-FABRICATED

CONTAINER (TYP.3)

3" x 1/4"

22X

PI

21XA

PT

P-4

TO GAC

SAMPLE

PORT

BF-20XA

P-2

(TYP.3)

EXTRACTION WELLS

3" SCH 80 PVC

1 1/2"-SCH. 80 PVC

1 1/2"-SCH. 80 PVC

22X

DPI

22X

PI

22X

DPAH

22X

PAH

22X

PAHH

3" x 1 1/2"

3" x 1 1/2"

20X

PS

20X

PSHH

1x

22X

PT

3"-SCH. 80 PVC

21XB

PT

BF-20XB

3"X1/4"

1/4"

21XA

PI

21XB

PI

TAG ID SCHEDULE

Container
Pressure Transmitter

Tag No. (PT-20X)
Pressure Switch
Tag No. (PS-20X)

Bag Filter
Tag No. (BF-20XA/B)

Pressure Transmitter
Tag No. (PT-21X)

Pressure Transmitter
Tag No. (PT-22X)

TS-1 PT-201 PS-201 BF-201A/B PT-211 PT-221
TS-2 PT-202 PS-202 BF-202A/B PT-212 PT-222
TS-3 PT-203 PS-203 BF-203A/B PT-213 PT-223

NOTES:

1. ANY ABOVE GRADE EXTRACTION OR INJECTION WELL

PIPING IS HEAT TRACED AND INSULATED.

2. INJECTION WELL BACK FLUSH LINE TIE IN AT TS-3.

GLOBE VALVE

INSULATION AND HEAT TRACE

22X

DPAHH

P-4

TO DPI-34X

1X1X

P-2

Back Flush Line

Injection Well

4" HDPE

SEE NOTE 2

4"X3"
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30X

FC

P-3

BAG FILTERS

P-5

INJECTION (TYP. 4)

3"-SCH. 80 PVC

3"-SCH. 80 PVC

GAC VESSEL

(1,000 LB)

75 PSI

30XA

PI

1 1/2" x 1/4"

31XA

PI

1 1/2" x 1/4"

1 1/2" x 1/4"

1 1/2" x 1/4"

30XB

PI

31SB

PI

GAC VESSEL

(1,000 LB)

75 PSI

T-30XA T-30XB

GAC VESSEL

(1,000 LB)

75 PSI

GAC VESSEL

(1,000 LB)

75 PSI

T-31XA T-31XB

PRE-FABRICATED CONTAINER (TYP.3)

SAMPLE

PORT

SAMPLE

PORT

SAMPLE

PORT

SAMPLE

PORT

30X

FIT

 30X

FAL

 30X

FAH

 30X

FAHH

3"-HDPE

3" X 1 1/2"

32XA

PI

1 1/2" x 1/4"

33XA

PI

1 1/2" x 1/4"

1 1/2" x 1/4"

1 1/2" x 1/4"

32XB

PI

33XB

PI

SAMPLE

PORT

SAMPLE

PORT

SAMPLE

PORT

SAMPLE

PORT

34X

PI

1/4"

3"X1/4"

34X

PI

34X

PAL

34X

PAH

34X

PALL

34X

PAHH

1X

X1

34X

PT

SAMPLE

PORT

3" X 1 1/2"

3"-SCH. 80 PVC

1 1/2" x 3" 1 1/2" x 3"

3" X 1-1/2" 3" X 1-1/2"

1 1/2" x 3" 1 1/2" x 3"

30X

LSHH

30X

LAHH

1X

LEAK

DETECTION

VACUUM BREAK

3" X 1-1/2" 3" X 1-1/2"

TAG ID SCHEDULE

Container
Pressure Gauge

Tag No. (PI-30XA/B, 31XA/B, 32XA/B, 33XA/B)
GAC Filter

Tag No. (T-30XA/B, 31XA/B)
Flow Meter

Tag No. (FIT-30X)
Pressure Transmitter

Tag No. (PT-34X)
Leak Detection

Tag No. (LSHH-30X)

TS-1 PI-301A/B, 311A/B, 321A/B, 331A/B T-301A/B, 311A/B FIT-301 PT-341 LSHH-301

TS-2 PI-302A/B, 312A/B, 322A/B, 332A/B T-302A/B, 312A/B FIT-302 PT-342 LSHH-302

TS-3 PI-303A/B, 313A/B, 323A/B, 333A/B T-303A/B, 313A/B FIT-303 PT-343 LSHH-303

INSULATION AND HEAT TRACE

P-3

FROM PT-22X

1X

34X

DPAHH

34X

DPAH

 34X

DPI

30X

TIT

30X

TAL

30X

TAH

GAC PIPING AND

INSTRUMENTATION DIAGRAM
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HAND HOLE
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8"Ø WELL SEAL
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3" SCH. 80 DROP PIPE
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CONDUIT & CABLE SCHEDULE
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Professional Engineer's Name
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CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 87

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 65

Partly Cloudy:: 19020025CIN Current ConditionsProject No.

0.0008/08/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

11:30 12:00 13:00 13:30

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

1.00200 Daily Activity Report 1013CIN-02 0.00

1.00119 Travel 1013CIN-02 0.00

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

N/A N/A

Vehicle No. Billable Miles

 Mileage

34.00T-401

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

General Remarks :  Technician left for job site at 11:30AM. Upon arriving on site technician checked in with
Project Superintendent Jordan Bochner with Arcadis, technician was informed that no work
needing testing would be performed today. Technician arrived at the Cincinnati office at 1:30
PM.

 Remarks

Job canceled

 Attention Items

Daily Activity Report Page 1 of 2Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/08/2019
19020025CINProject No.

:Date

CTL Signature

Name

:

: Timothy Isham

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.

Daily Activity Report Page 2 of 2



CTL Engineering, Inc.
2105 Schappelle Lane, , Cincinnati, Ohio, 45240
Phone: 513-722-8665 Fax: 513.834.6650

AN EMPLOYEE OWNED COMPANY

Consulting Engineers - Testing - Inspection Services - Analytical Laboratories Established 1927

Email: ctlcin@ctleng.com

SOIL COMPACTION REPORT

Client : Date :Arcadis U.S., Inc. 08/09/2019

Technician : Taylor KinmanProject : Racer Trust Phase I DGR

Gauge No. :Project No. : 19020025CIN C37

General Test Area

Water line trench

Moisture (%) Specifications

Plus : 3.0 Minus :  3.0

Density Specification

Description Min (%)

Standard 95.0

Field Test Data Control Test Data Results

Test
No.

Date Description Location MC
(%)

Dry Den.
(pcf)

Test
Method

Curve
Type

Curve No. Max
Dry 
Den. 
(PCF)

Opt. 
Moist.

Cont. (%)

Spec 
(%)

Compact.
(%)

Test Elev. Wet
Den.
(pcf)

Status

1 Water Line Trench 20' east of western end of
trench

15.4 107.5 D-698 ODOT ODOT-N 109.6 16.9 95.0 98.108/09/2019 1.5' below
surface

124.0 Conforms

2 Water Line Trench 120' east of western end
of trench

14.0 110.7 D-698 ODOT ODOT-N 109.6 16.9 95.0 101.008/09/2019 1.5' below
surface

126.2 Conforms

3 Water Line Trench 220' east of western end
of trench

14.4 109.2 D-698 ODOT ODOT-N 109.6 16.9 95.0 99.608/09/2019 1.5' below
surface

124.9 Conforms

Notes

Comments

Page 1 of 2



SOIL COMPACTION REPORT

Photos

Site plans showing test locations marked in yellow.
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CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 85

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 65

Clear:: 19020025CIN Current ConditionsProject No.

0.0008/09/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

8:45 9:30 15:30 16:30

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

6.00206 Compaction 1013CIN-02 0.00

1.75119 Travel 1013CIN-02 0.00

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

1.002NUC Nuclear Density Gauge

Vehicle No. Billable Miles

 Mileage

80.00Personal

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

Daily Activity Report Page 1 of 4Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/09/2019
19020025CINProject No.

:Date

General Remarks : Technician arrived on-site around 9:30AM and met with site personnel as to the work to be
done for the day. Technician performed field density and moisture content testing using a
nuclear density gauge on the fill soils placed and compacted for the water line and electrical
trench. Fill material consisted of clay obtained from on-site stockpile. Fill was placed in 6 inch
lifts. 1 lift was placed and tested during the day.  A total of 3 tests were performed. Equipment
used to compact material was a miniature sheepsfoot roller. Test locations were established
by estimation. Test elevations were established by estimation.

All field tests completed today met project specified compaction requirements of 95%. Work
completed around 3:30 PM and technician gave final remarks before departing. Arrived back
at office around 4:30 PM.

 Remarks

 Attention Items

CTL Signature

Name

:

: Taylor Kinman

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.

Daily Activity Report Page 2 of 4



Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/09/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site

Daily Activity Report Page 3 of 4



Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/09/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site

Daily Activity Report Page 4 of 4



CTL Engineering, Inc.
2105 Schappelle Lane, , Cincinnati, Ohio, 45240
Phone: 513-722-8665 Fax: 513.834.6650

AN EMPLOYEE OWNED COMPANY

Consulting Engineers - Testing - Inspection Services - Analytical Laboratories Established 1927

Email: ctlcin@ctleng.com

SOIL COMPACTION REPORT

Client : Date :Arcadis U.S., Inc. 08/12/2019

Technician : Taylor KinmanProject : Racer Trust Phase I DGR

Gauge No. :Project No. : 19020025CIN C37

General Test Area

Water and electrical line trench

Moisture (%) Specifications

Plus : 3.0 Minus :  3.0

Density Specification

Description Min (%)

Standard 95.0

Clay cap 98.0

Field Test Data Control Test Data Results

Test
No.

Date Description Location MC
(%)

Dry Den.
(pcf)

Test
Method

Curve
Type

Curve No. Max
Dry 
Den. 
(PCF)

Opt. 
Moist.

Cont. (%)

Spec 
(%)

Compact.
(%)

Test Elev. Wet
Den.
(pcf)

Status

1 Water Line Trench 30' east of EW-2 14.0 115.4 D-698 ODOT ODOT-N 109.6 16.9 95.0 105.308/12/2019 18 inches
below surface

131.5 Conforms

2 Water Line Trench 130' east of EW-2 14.2 111.6 D-698 ODOT ODOT-N 109.6 16.9 95.0 101.808/12/2019 18 inches
below surface

127.4 Conforms

Notes

Comments

Page 1 of 1



CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 85

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 65

Mostly Cloudy:: 19020025CIN Current ConditionsProject No.

0.0008/12/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

8:45 9:30 17:00 17:45

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

7.50206 Compaction 1013CIN-02 0.00

0.50119 Travel 1013CIN-02 1.00

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

1.002NUC Nuclear Density Gauge

Vehicle No. Billable Miles

 Mileage

80.00Personal

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

Daily Activity Report Page 1 of 7Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/12/2019
19020025CINProject No.

:Date

General Remarks : Technician arrived on-site around 9:30 AM and met with site personnel as to the work to be
done for the day. Technician performed field density and moisture content testing using a
nuclear density gauge on the fill soils placed and compacted for the waterline trench. Fill
material consisted of native material from on-site stockpile. Fill was placed in 6 inch lifts. 1 lift
was placed and tested during the day.  A total of 2 tests were performed. Equipment used to
compact material was a miniature sheepsfoot roller. Test locations were established by
estimation. Test elevations were established by estimation.

All field tests completed today met project specified compaction requirements of 95%. Work
completed around 5:00 PM and technician gave final remarks before departing. Arrived back
at office around 5:45 PM.

 Remarks

 Attention Items

CTL Signature

Name

:

: Taylor Kinman

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.

Daily Activity Report Page 2 of 7



Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/12/2019
19020025CINProject No.

:Date

PHOTOS

View of clay cap placed within trench, pre compaction

Daily Activity Report Page 3 of 7



Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/12/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, compaction in progress

Daily Activity Report Page 4 of 7



Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/12/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/12/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, compaction in progress

Daily Activity Report Page 6 of 7



Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/12/2019
19020025CINProject No.

:Date

PHOTOS

Site plans with test locations marked in yellow.

Daily Activity Report Page 7 of 7



CTL Engineering, Inc.
2105 Schappelle Lane, , Cincinnati, Ohio, 45240
Phone: 513-722-8665 Fax: 513.834.6650

AN EMPLOYEE OWNED COMPANY

Consulting Engineers - Testing - Inspection Services - Analytical Laboratories Established 1927

Email: ctlcin@ctleng.com

SOIL COMPACTION REPORT

Client : Date :Arcadis U.S., Inc. 08/13/2019

Technician : Taylor KinmanProject : Racer Trust Phase I DGR

Gauge No. :Project No. : 19020025CIN C37

General Test Area

Waterline trench between EW 2 and EW 3

Moisture (%) Specifications

Plus : 3.0 Minus :  3.0

Density Specification

Description Min (%)

Standard 98.0

Field Test Data Control Test Data Results

Test
No.

Date Description Location MC
(%)

Dry Den.
(pcf)

Test
Method

Curve
Type

Curve No. Max
Dry 
Den. 
(PCF)

Opt. 
Moist.

Cont. (%)

Spec 
(%)

Compact.
(%)

Test Elev. Wet
Den.
(pcf)

Status

1 Water Line Trench 130' east of EW-2 15.4 112.5 D-698 Project 1 110.4 17.7 98.0 101.908/13/2019 16 inches
below surface

129.8 Conforms

2 Water Line Trench 30' east of EW-2 17.8 108.4 D-698 Project 1 110.4 17.7 98.0 98.208/13/2019 16 inches
below surface

127.7 Conforms

Notes

Comments

Page 1 of 1



CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 85

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 65

Mostly Cloudy:: 19020025CIN Current ConditionsProject No.

0.0008/13/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

8:15 9:00 16:15 17:15

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

7.25206 Compaction 1013CIN-02 0.00

0.75119 Travel 1013CIN-02 1.00

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

1.002NUC Nuclear Density Gauge

Vehicle No. Billable Miles

 Mileage

80.00Personal

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

Daily Activity Report Page 1 of 7Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/13/2019
19020025CINProject No.

:Date

General Remarks : Technician arrived on-site around 9:00 AM and met with site personnel as to the work to be
done for the day. Technician performed field density and moisture content testing using a
nuclear density gauge on the fill soils placed and compacted for the waterline trench. Fill
material consisted of clay obtained from off site stockpile. Fill was placed in 2 inch lifts. 1 lift
was placed and tested during the day.  A total of 2 tests were performed. Equipment used to
compact material was a miniature sheepsfoot roller. Test locations were established by
estimation. Test elevations were established by estimation.

All field tests completed today met project specified compaction requirements of 98%. Work
completed around 4:15 PM and technician gave final remarks before departing. Arrived back
at office around 5:15 PM.

 Remarks

 Attention Items

CTL Signature

Name

:

: Taylor Kinman

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/13/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, clay placement in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/13/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, watering in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/13/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, tilling and watering in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/13/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, compaction in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/13/2019
19020025CINProject No.

:Date

PHOTOS

Site plans with test locations marked in yellow.
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CTL Engineering, Inc.
2105 Schappelle Lane, , Cincinnati, Ohio, 45240
Phone: 513-722-8665 Fax: 513.834.6650

AN EMPLOYEE OWNED COMPANY

Consulting Engineers - Testing - Inspection Services - Analytical Laboratories Established 1927

Email: ctlcin@ctleng.com

SOIL COMPACTION REPORT

Client : Date :Arcadis U.S., Inc. 08/14/2019

Technician : Taylor KinmanProject : Racer Trust Phase I DGR

Gauge No. :Project No. : 19020025CIN C43

General Test Area

Waterline trench between EW 2 and EW 3

Moisture (%) Specifications

Plus : 3.0 Minus :  3.0

Density Specification

Description Min (%)

Standard 98.0

Field Test Data Control Test Data Results

Test
No.

Date Description Location MC
(%)

Dry Den.
(pcf)

Test
Method

Curve
Type

Curve No. Max
Dry 
Den. 
(PCF)

Opt. 
Moist.

Cont. (%)

Spec 
(%)

Compact.
(%)

Test Elev. Wet
Den.
(pcf)

Status

1 Water Line Trench 30' east of EW-2 18.8 109.2 D-698 Project 1 110.4 17.7 98.0 98.908/14/2019 14 inches
below surface

129.7 Conforms

2 Water Line Trench 130' east of EW-2 14.8 109.2 D-698 Project 1 110.4 17.7 98.0 98.908/14/2019 14 inches
below surface

125.4 Conforms

Notes

Comments

Page 1 of 1



CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 85

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 65

Partly Cloudy:: 19020025CIN Current ConditionsProject No.

0.0008/14/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

9:15 10:00 16:00 17:00

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

6.00206 Compaction 1013CIN-02 0.00

1.75119 Travel 1013CIN-02 0.00

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

1.002NUC Nuclear Density Gauge

Vehicle No. Billable Miles

 Mileage

80.00Personal

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

Daily Activity Report Page 1 of 6Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/14/2019
19020025CINProject No.

:Date

General Remarks : Technician arrived on-site around 10:00 AM and met with site personnel as to the work to be
done for the day. Technician performed field density and moisture content testing using a
nuclear density gauge on the fill soils placed and compacted for the waterline trench. Fill
material consisted of clay obtained from off site stockpile. Fill was placed in 2 inch lifts. 1 lift
was placed and tested during the day.  A total of 2 tests were performed. Equipment used to
compact material was a miniature sheepsfoot roller. Test locations were established by
estimation. Test elevations were established by estimation.

All field tests completed today met project specified compaction requirements of 98%. Work
completed around 4:00 PM and technician gave final remarks before departing. Arrived back
at office around 5:00 PM.

 Remarks

 Attention Items

CTL Signature

Name

:

: Taylor Kinman

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/14/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, watering and tilling in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/14/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, compaction in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/14/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, clay placement in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/14/2019
19020025CINProject No.

:Date

PHOTOS

Site plans with test locations marked in yellow.
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CTL Engineering, Inc.
2105 Schappelle Lane, , Cincinnati, Ohio, 45240
Phone: 513-722-8665 Fax: 513.834.6650

AN EMPLOYEE OWNED COMPANY

Consulting Engineers - Testing - Inspection Services - Analytical Laboratories Established 1927

Email: ctlcin@ctleng.com

SOIL COMPACTION REPORT

Client : Date :Arcadis U.S., Inc. 08/15/2019

Technician : Taylor KinmanProject : Racer Trust Phase I DGR

Gauge No. :Project No. : 19020025CIN C43

General Test Area

Waterline trench between EW 2 and EW 3

Moisture (%) Specifications

Plus : 3.0 Minus :  3.0

Density Specification

Description Min (%)

Standard 98.0

Field Test Data Control Test Data Results

Test
No.

Date Description Location MC
(%)

Dry Den.
(pcf)

Test
Method

Curve
Type

Curve No. Max
Dry 
Den. 
(PCF)

Opt. 
Moist.

Cont. (%)

Spec 
(%)

Compact.
(%)

Test Elev. Wet
Den.
(pcf)

Status

1 Water Line Trench 30' east of EW-2 14.8 109.3 D-698 Project 1 110.4 17.7 98.0 99.008/15/2019 8 inches
below surface

125.5 Conforms

2 Water Line Trench 130' east of EW-2 17.5 109.4 D-698 Project 1 110.4 17.7 98.0 99.108/15/2019 8 inches
below surface

128.5 Conforms

Notes

Comments

Page 1 of 1



CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 85

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 65

Clear:: 19020025CIN Current ConditionsProject No.

0.0008/15/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

9:15 10:00 16:00 16:45

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

6.00206 Compaction 1013CIN-02 0.00

1.50119 Travel 1013CIN-02 0.00

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

1.002NUC Nuclear Density Gauge

Vehicle No. Billable Miles

 Mileage

80.00Personal

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

Daily Activity Report Page 1 of 6Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/15/2019
19020025CINProject No.

:Date

General Remarks : Technician arrived on-site around 10:00 AM and met with site personnel as to the work to be
done for the day. Technician performed field density and moisture content testing using a
nuclear density gauge on the fill soils placed and compacted for the waterline trench. Fill
material consisted of clay obtained from off site stockpile. Fill was placed in 2 inch lifts. 1 lift
was placed and tested during the day.  A total of 2 tests were performed. Equipment used to
compact material was a miniature sheepsfoot roller. Test locations were established by
estimation. Test elevations were established by estimation.

All field tests completed today met project specified compaction requirements of 98%. Work
completed around 4:00 PM and technician gave final remarks before departing. Arrived back
at office around 4:45 PM.

 Remarks

 Attention Items

CTL Signature

Name

:

: Taylor Kinman

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/15/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, watering and tilling in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/15/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/15/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, compaction in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/15/2019
19020025CINProject No.

:Date

PHOTOS

Site plans with test locations marked in yellow.
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CTL Engineering, Inc.
2105 Schappelle Lane, , Cincinnati, Ohio, 45240
Phone: 513-722-8665 Fax: 513.834.6650

AN EMPLOYEE OWNED COMPANY

Consulting Engineers - Testing - Inspection Services - Analytical Laboratories Established 1927

Email: ctlcin@ctleng.com

SOIL COMPACTION REPORT

Client : Date :Arcadis U.S., Inc. 08/20/2019

Technician : Taylor KinmanProject : Racer Trust Phase I DGR

Gauge No. :Project No. : 19020025CIN C39

General Test Area

Waterline trench between EW 1 and EW 2

Moisture (%) Specifications

Plus : 3.0 Minus :  3.0

Density Specification

Description Min (%)

Standard 98.0

Field Test Data Control Test Data Results

Test
No.

Date Description Location MC
(%)

Dry Den.
(pcf)

Test
Method

Curve
Type

Curve No. Max
Dry 
Den. 
(PCF)

Opt. 
Moist.

Cont. (%)

Spec 
(%)

Compact.
(%)

Test Elev. Wet
Den.
(pcf)

Status

1 Water Line Trench 30' east of EW-1 14.7 111.2 D-698 Project 1 110.4 17.7 98.0 100.708/20/2019 16 inches
below surface

127.5 Conforms

2 Water Line Trench 100' east of EW-1 14.8 108.5 D-698 Project 1 110.4 17.7 98.0 98.308/20/2019 16 inches
below surface

124.6 Conforms

3 Water Line Trench 40' west of EW-2 19.0 108.3 D-698 Project 1 110.4 17.7 98.0 98.108/20/2019 16 inches
below surface

128.9 Conforms

Notes

Comments

Page 1 of 2



SOIL COMPACTION REPORT

Photos

Site plans with test locations marked in yellow.
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CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 90

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 70

Mostly Cloudy:: 19020025CIN Current ConditionsProject No.

0.0008/20/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

9:15 10:00 14:30 15:15

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

4.50206 Compaction 1013CIN-02 0.00

1.50119 Travel 1013CIN-02 0.00

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

1.002NUC Nuclear Density Gauge

Vehicle No. Billable Miles

 Mileage

81.00Personal

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

Daily Activity Report Page 1 of 4Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/20/2019
19020025CINProject No.

:Date

General Remarks : Technician arrived on-site around 10:00 AM and met with site personnel as to the work to be
done for the day. Technician performed field density and moisture content testing using a
nuclear density gauge on the fill soils placed and compacted for the waterline trench. Fill
material consisted of clay obtained from off site stockpile. Fill was placed in 2 inch lifts. 1 lift
was placed and tested during the day.  A total of 3 tests were performed. Equipment used to
compact material was a miniature sheepsfoot roller. Test locations were established by
estimation. Test elevations were established by estimation.

All field tests completed today met project specified compaction requirements of 98%. Work
stopped around 2:30 PM due to weather conditions, and technician gave final remarks before
departing. Arrived back at office around 3:15 PM.

 Remarks

 Attention Items

CTL Signature

Name

:

: Taylor Kinman

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/20/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/20/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, compaction in progress
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CTL Engineering, Inc.
2105 Schappelle Lane, , Cincinnati, Ohio, 45240
Phone: 513-722-8665 Fax: 513.834.6650

AN EMPLOYEE OWNED COMPANY

Consulting Engineers - Testing - Inspection Services - Analytical Laboratories Established 1927

Email: ctlcin@ctleng.com

SOIL COMPACTION REPORT

Client : Date :Arcadis U.S., Inc. 08/21/2019

Technician : Taylor KinmanProject : Racer Trust Phase I DGR

Gauge No. :Project No. : 19020025CIN C39

General Test Area

Waterline trench between EW 1 and EW 2

Moisture (%) Specifications

Plus : 3.0 Minus :  3.0

Density Specification

Description Min (%)

Standard 98.0

Field Test Data Control Test Data Results

Test
No.

Date Description Location MC
(%)

Dry Den.
(pcf)

Test
Method

Curve
Type

Curve No. Max
Dry 
Den. 
(PCF)

Opt. 
Moist.

Cont. (%)

Spec 
(%)

Compact.
(%)

Test Elev. Wet
Den.
(pcf)

Status

1 Water Line Trench 30' east of EW-1 14.8 111.6 D-698 Project 1 110.4 17.7 98.0 101.108/21/2019 12 inches
below surface

128.1 Conforms

2 Water Line Trench 100' east of EW-1 14.7 111.0 D-698 Project 1 110.4 17.7 98.0 100.508/21/2019 12 inches
below surface

127.3 Conforms

3 Water Line Trench 40' west of EW-2 14.8 109.8 D-698 Project 1 110.4 17.7 98.0 99.508/21/2019 12 inches
below surface

126.1 Conforms

4 Water Line Trench 30' east of EW-1 15.1 108.8 D-698 Project 1 110.4 17.7 98.0 98.608/21/2019 6 inches
below surface

125.2 Conforms

5 Water Line Trench 100' east of EW-1 14.9 108.8 D-698 Project 1 110.4 17.7 98.0 98.608/21/2019 6 inches
below surface

125.0 Conforms

6 Water Line Trench 40' west of EW-2 15.2 109.7 D-698 Project 1 110.4 17.7 98.0 99.408/21/2019 6 inches
below

126.4 Conforms

Notes

Page 1 of 2



SOIL COMPACTION REPORT

Comments

Photos

Site plans with test locations marked in yellow.
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CTL Engineering, Inc.
2105 Schappelle Lane,Cincinnati,Ohio, 45240
Phone: 513-722-8665  Fax: 513.834.6650
www.ctleng.com AN EMPLOYEE OWNED COMPANY

Established 1927Consulting Engineers - Testing - Inspection Services - Analytical Laboratories

Daily Activity Report

Client : Arcadis U.S., Inc. High Temp (°F) : 85

 General

Project : Racer Trust Phase I DGR Low Temp (°F) : 65

Mostly Cloudy:: 19020025CIN Current ConditionsProject No.

0.0008/21/2019

Down Time Job StopJob Start Travel StopTravel Start / PrepDate

8:45 9:30 18:45 19:30

 Time

Lunch

0.00

Phase Code Staff Type STWork Description

 Project Phase

Billing Branch-Dept OT

8.00206 Compaction 1013CIN-02 1.25

0.00119 Travel 1013CIN-02 1.50

Expenses Cost

 Expenses

0.00N/A

Equipment Name Equipment Description Quantity

 Equipment/Reimbursable

1.002NUC Nuclear Density Gauge

Vehicle No. Billable Miles

 Mileage

80.00Personal

Name Company Cell Number E-Mail Address

 Project  Contacts

MSDS Location : N/A

 Safety Items

Hazardous Materials : N/A

Daily Activity Report Page 1 of 5Offices: Ohio, Indiana, Kentucky, Pennsylvania, Virginia, West Virginia,

www.ctleng.com


Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/21/2019
19020025CINProject No.

:Date

General Remarks : Technician arrived on-site around 9:30 AM and met with site personnel as to the work to be
done for the day. Technician performed field density and moisture content testing using a
nuclear density gauge on the fill soils placed and compacted for the waterline trench. Fill
material consisted of clay obtained from off site stockpile. Fill was placed in 6 inch lifts. 2 lifts
were placed and tested during the day.  A total of 6 tests were performed. Equipment used to
compact material was a miniature sheepsfoot roller. Test locations were established by
estimation. Test elevations were established by estimation.

All field tests completed today met project specified compaction requirements of 98%. Work
completed around 6:45 PM and technician gave final remarks before departing. Arrived back
at office around 3:15 PM.

 Remarks

 Attention Items

CTL Signature

Name

:

: Taylor Kinman

Client Signature

Name

:

:

**  Confidentiality  Note:  **  This  report  is  intended  for  use  only  by  the  individual  or  entity  to  which  it  is  addressed  and  may  contain
information that is    privileged, confidential, and exempt from disclosure under applicable law. If the reader of this message is not the
intended recipient or the employee or agent responsible for delivering the message to the intended recipient, you are hereby notified
that any dissemination, distribution or copying of this communication is strictly prohibited. Information stated on this report is subject to
engineering review and comment by our staff.
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/21/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, watering and tilling in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/21/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, compaction in progress
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Client : Arcadis U.S., Inc.

Project : Racer Trust Phase I DGR

:

08/21/2019
19020025CINProject No.

:Date

PHOTOS

View of compaction site, lift placement in progress
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Injection and Extraction Well Construction Logs 

















 

 

 

Arcadis U.S., Inc. 

100 E Campus View Boulevard 

Suite 230 

Columbus, Ohio 43235-1447 

www.arcadis.com 
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