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Executive Summary 

Tecumseh Products Company (Tecumseh) owns and operates a manufacturing facility at 

900 North Street in Grafton, Wisconsin. The Grafton facility has machined and assembled small 

gasoline engines since the mid-1950s. The engine assembly operations included vapor 

degreasing, painting, and engine testing. Degreasing solvents, paint solvents, gasoline, and 

motor oil were stored on-site and used in the manufacturing operations. 

The facility in Grafton is a complex site, with volatile organic compounds present in 

unsaturated soil, soil aquifers, and bedrock aquifers. Many of the apparent source areas of the 

compounds are now beneath expansions of the manufacturing building and are not readily 

accessible. The mixture of compounds at the site is degrading through microbial action; 

however, not all compounds are degrading at the same rate and the degradation is not uniform 

throughout all of the source areas. At this time, it is proposed that a remedial action be 

undertaken in the near future to address a portion of the site that is readily accessible and 

amenable to remediation. 

The purpose of this Remedial Action Options and Design Report is to evaluate remedial 

alternatives for a remedial action for one specific area, the East Parking Lot Area. No action, 

containment, in situ treatment, ex situ treatment, and removal and disposal were the soil 

technology categories evaluated in this report. Several technologies within each category were 

screened on the basis of implementability, effectiveness, and overall cost. The screening process 

focused on eliminating those technologies that have severe limitations based on the constituents 

of concern and the site-specific conditions at the Grafton facility. Two technologies, soil mixing 

with hot air treatment and conventional excavation and landfill disposal, passed the initial 

screening process, and were further evaluated based on technical feasibility and cost. The 

selected remedial action for the unsaturated soil in the East Parking Lot Area was excavation of 

soil hot spots (90 percent of the solvent mass) at the target cleanup concentrations of 1.0 mg/kg 

trichloroethene and 10 mg/kg 1,1,1-trichloroethane. Disposal of excavated nonhazardous soil 

will be as a special waste at a Subtitle D landfill. Excavated so~J that is cha~~!~~ 

haza:~<:~~ .. ~:JllJ:2~.ma.n~g~.9:
4
~ppropriatE;!Y• This remedial action will remove a substantial 

traction of the solvents that could provide long--term leaching to the groundwater. A brief 

discussion of the remedial design is also provided in this report. Plans and specifications will 

be provided to the WDNR in a later submittal. 
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1.1 Background 

Section 1 
Introduction 

Tecumseh Products Company (Tecumseh) is evaluating remedial options at the Grafton, 

Wisconsin, facility to address impacted soil at three on-site areas, as part of a voluntary 

response action under Wisconsin Administrative Code (WAC) NR 700. The impacted areas 

were apparently affected by historical manufacturing activities conducted at the facility. The 

Grafton facility has machined and assembled small gasoline engines since the mid-1950s. The 

engine assembly operations included vapor degreasing, painting, and engine testing. 

Degreasing solvents, paint solvents, gasoline, and motor oil were stored on-site and used in the 

manufacturing operations. This report represents a remedial action for one specific area, the 

East Parking Lot Area. 

The Tecumseh facility is located at 900 North Street, Grafton, Wisconsin, 53024. The primary 

contact person representing Tecumseh is Mr. Kerry DeKeyser; Tecumseh Products Company, 

1604 Michigan Avenue, New Holstein, Wisconsin 53601 (920-898-5711). Mr. David Eberhardt, is 

the Plant Manager (414-377-2700). This report was prepared by RMT, Inc. (RMT), Madison, 

Wisconsin, on behalf of the Tecumseh Products Company. The RMT project manager is 

Mr. Bernd Rehm ( 608-831-4444). 

1.2 Regulatory Status and Past Activities 
Site investigations and the evaluation of appropriate response actions are being performed 

under the WAC, Chapters NR 700 series of regulations. Investigations of soil and groundwater 

impacts are described in detail in the Investigation Summary Report (RMT, 1997). A summary 

of the past activities performed at the Grafton facility, includes both pre-NR 700 and NR 716 site 

investigations, as follows: 

■ Eight underground storage tanks (USTs) that contained petroleum products were removed 
from the site from December 1988 through June 1992. Evidence of releases were noted for 
both soil and groundwater (Fox, 1993a and 1994a) (pre-NR 700 investigations). 

■ The Phase I subsurface investigation (NR 716) was conducted in August 1994 to define 
hydrogeologic conditions and the extent of chlorinated solvents previously detected in 
groundwater (RMT, 1994a and 1994b). 

■ The Phase 2 subsurface investigation (NR 716) was conducted in November and December 
1994 to better define off-site groundwater impacts and the depth of the plume beneath the 
site (RMT, 1994c and 1995a). 
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■ A preliminary remedial options analysis was performed in parallel with the subsurface 
investigations, to develop possible remedial approaches, identify data gaps, and assist with 
long-term project planning. 

The Phase 3 subsurface investigation (NR 716) was conducted in the summer of 1995 to identify 

and characterize potential volatile organic compound (VOC) sources at the facility, and to 

continue to delineate the extent of voes detected in groundwater, downgradient of the facility 

(RMT, 1995b, 1996, 1997). 

Semiannual groundwater monitoring of the voe plume was initiated in 1997. The program is 

ongoing, with submittal to the WDNR following each sampling event. 

Additional investigations focused on better delineating the extent of voes in soil beneath the 

parking lot on the east side of the plant were undertaken in the fall of 1998. The results of these 

investigations are presented in Section 2 of this report. 

Additional investigations of the rate of in situ degradation beneath the East Recycling Docks 

Area was also initiated in the fall of 1998. A treatability study workplan for this activity was 

submitted to the WDNR (RMT, 1998). The results of the study will be submitted to the WDNR 

when the study is complete. 

1.3 Purpose and Scope 
he purpose of this re ort is to develop a remedial action approach for the unsaturated soil in 

arkin Lot Area. This document meets the requirements of preparing a Remedial 

Action Options Report (NR 722) and Design Report (NR 724). This portion of the remedial 

action will be incorporated into a site-wide remedial action approach in the future. 

This report screens appropriate technologies in order to identify and evaluate practicable 

remedial options to address the chlorinated voe source area in the East Parking Lot Area 

(i.e., zone of chlorinated voe-impacted soil located above the water table that may be 

contributing constituents of concern to groundwater). 

A remedial option was selected on the basis of implementability, effectiveness, and cost. A brief 

summary of the remedial design of the selected remedial action is also provided in this report. 

The scope of this report includes the following: 

■ Development of remedial action objectives and soil cleanup standards in accordance with 
NR720 

■ Summary of site conditions and the technical basis for developing remedial actions 

RMT, Inc. 
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■ Screening of appropriate remedial technologies based on their implementability, 
effectiveness, and relative cost. 

■ Preparation of conceptual design approaches for the assembled remedial options 

■ Estimation of the capital, operation, and maintenance costs 

■ Evaluation of the assembled remedial options based on their technical and economic 
feasibility 

■ Selection of Remedial Action 

■ Description of remedial design 

RMT, Inc. 
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Section 2 
Summary of Site Conditions 

The Subsurface Investigation Report (RMT, 1997) submitted to the WDNR includes discussions 

of the site setting, manufacturing history, hydrogeologic conditions, and contaminant nature 

and extent. Since 1997, additional groundwater investigations have been completed on the 

south side of the facility (RMT, 1999a) and the results of that investigation have been submitted 

to the WDNR. Semiannual groundwater monitoring was begun in 1997 with semiannual 

reports being submitted to the WDNR (latest being Moraine, 1999). The findings of these 

previously submitted materials are summarized briefly in this section of the report. 

Additional soil investigations were completed beneath the parking lot on the east side of the 

facility in the fall of 1998. The findings of the soil investigation were presented verbally to the 

WDNR during a meeting on April 20, 1999, and are included in detail in this document (see 

Subsection 2.5). 

2.1 Site Setting 
The Tecumseh facility is located at 900 North Street, Grafton, Wisconsin, 53024, in the SW¼ of 

the SE¼ of Section 13, Township 10N, Range 21E, in Ozaukee County (Figure 1). Residential 

land uses are found to the west and north, both residential and commercial uses are present to 

the east, and industrial uses are found to the south. 

The site slopes gently to the east between elevations of about 770 to 757 feet relative to the USGS 

National Geodetic Vertical Datum (NGVD) of 1929. The Milwaukee river is located 

approximately 2,000 feet to the east of the facility (Figure 1) and Lake Michigan is about 

3.5 miles to the east. Surface water (i.e., storm water) on the site is routed to an on-site 1 million 

gallon storm water pond, which also serves as a source of water for fire protection. Surface 

water flow is also routed to the north and northeast through ditches that eventually discharge 

to the Milwaukee River. 

2.2 Facility Description and History 
The Subsurface Investigation Report (RMT, 1997) submitted to the WDNR includes discussions 

of the facility's manufacturing history. A summary of this information is provided in the 
following paragraphs. 
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The initial building on the site was constructed by Power Products Company in 1952. Power 

Products Company operated the facility until 1955, when Tecumseh Products acquired the 

facility. The building expanded to the north, with major additions in 1961, 1967, 1968, 1970, 

1972, 1973, and 1978. The original building included a basement, but the remainder of the 

facility is slab-on-grade construction. Prior to any cons~ction, the site was a wooded lowland. 

Construction included the placement of fill soil to bring the site to its current grades. Pilings 
were also required to mitigate unstable soil conditions beneath the northernmost portion of the 

facility. 

The facility has produced small gasoline engines since 1952. Parts degreasing has been a part of 

the manufacturing process since the beginning of operations. Trichloroethene (TCE) was used 

for degreasing until the mid-1960's, when it was replaced by 1,1,1-Trichloroethane (TCA). By 

1989, TCA was replaced with an aqueous cleaner, except for small-scale use in the service 

department. 1994, all use of TCA for parts cleaning was discontinued. 
-"'""'"''~·,,,,,",."''"••·· 

The £irst engine assembly degreaser was located at grade in the northwest corner of the original 

1952 building (Figure 2). Solvent was managed in both drums and an aboveground tank. No 

spills from the degreaser were recorded. In 1979, the engine assembly degreaser moved to the 

southeast corner of the 1968 addition. This at-grade degreaser was serviced by an aboveground 

tank located inside the building. The tank was filled from a truck through an overhead piping 

system front the east parking lot. 

Small-parts degreasing was also done in the southeast corner of the original building in small 

above grade degreasing units (Southeast Degreaser Area, Figure 2). 

Once cleaned, engines were painted in the northwest corner of the original building. In 1968, 

painting operations move to the east side of the 1968 building addition, and were moved again 

to their current location on the east side of the facility in 1990. Water curtain spray booths were 

used to paint engines until 1990, when a dry painting system was installed. Solvents associated 

with the painting included xylene, toluene, and Stoddard solvent. 

From 1952 until 1966, waste management activities were reported to have occurred primarily on 

a concrete dock in the northwest corner of the 1952 building (West Dock Area, Figure 2). 

Solvents awaiting off-site disposal were stored in 55-gallon drums. Some machine cleaning 

using steam, kerosene, and TCE was also apparently done in this area. Waste management 

activities were moved to the southeast corner of the facility due to the northward expansion of 

the manufacturing operations (Recycling Docks Area, Figure 2). Waste materials were 

generally stored in large containers until taken off-site for disposal. Machine cleaning was also 
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The Niagara dolomite is used for water supplies in the area. The Village of Grafton has six 

operating potable-water supply wells completed totally or in part in the dolomite. Village wells 

No. 3 and,No. 7 are located to the east and southeast (generally downgradient) of the facility, 

respectively. Three private water supply wells for residences within the Town of Grafton are 

also completed in the dolomite, and are located to the east of the facility. 

2.4 Nature and Extent of Contamination 
Investigations of soil contamination guided by the operational history of the facility and 

groundwater contamination investigations are described in detail in the Subsurface 

Investigation Report (RMT, 1997). Additional groundwater information has been submitted to 

the WDNR regarding the southern edge of the solvent plume found at the site (RMT, 1999) and 

on the historical trends in chemical concentrations since January 1997 (Moraine, 1999). The 

following subsections briefly present the findings of these investigations in Subsections 2.4.1, 

General Facility Soil, and 2.4.2, Groundwater. 

The soil to the east of the facility plant was investigated in 1995 and 1996 and the findings were 

presented in the Subsurface Investigation Report (RMT, 1997). The findings of these 

investigations resulted in additional soil investigations in the fall of 1998. The findings of the 

1998 soil investigation were presented verbally to the WDNR during a meeting on April 20, 

1999, and are included i..n detail in Subsection 2.4.2 along with the results of the earlier 

investigations. 

2.4.1 General Facility ~il ---,----, 
The shallow soil beneath the\ West Dock Are1 (till to a depth of about 17 feet) was found 

to contain as much as 110 mg)':kgofTCE ancr as much as 1.8 mg/kg of 

cis-1,2-Dichloroethene (1,2-DCE). The presence of 1,2-DCE in the soil indicates that 

some degree of biodegradation is taking place in the soil beneath the West Dock Area. 

At least half of the horizontal extent of the chlorinated compounds is found beneath the 

currertt building footprinl.\Tt::A;J~ Sc:i~~le and semivolatile petroleum hydrocarbons 

were only found in shallow soil (2.5 to 4.5 feet below ground surface) immediately to the 

west and outside of the building wall. The highest TCA concentration observed was 

8.9 mg/kg. These findings were consistent with tnehisforical operations noted for this 

area. 

The Southeast Degreaser Area was found to contain low concentrations of TCE and TCA 

(maximum concentrations of 0.16 mg/kg and 0.96 mg/kg, respectively) in the till from 

depths of 4 to 15 feet below the floor. The occurrence of the solvents was limited to the 

immediate vicinity of the degreaser. Residual machine oils were also found in this area 
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at concentrations of 1.1 to 62.8 mg/kg (measured as diesel range organics). Free product 

oil has been found at the water table. By 1997, oil recovery from a well in the area was 

less than or equal to 0.2 gallons per month. 

TCA is the predominant chlorinated compound found in the till beneath the Recycling 

Dock Area, with concentrations as high as 670 mg/kg. TCE was observed at 

concentrations up to 2.7 mg/kg. Degradation products of TCE and TCA also found 

included 1,2-DCEs (up to 41 mg/kg) and 1,1-Dichloroethane (1,1-DCA) (up to 
0.45 mg/kg). The highest concentrations were generally found at the water table near 

the contact between the till and underlying sand. Volatile petroleum constituents (up to 

_ 550 mg/kg) and semivolatile petroleum compounds (up to 45 mg/kg) were also found 

in this area. Concentrations of the solvents and petroleum compounds decrease by 

factors of at least 100 in the sand below the water table. Free product has not been 

observed in the Recycling Dock Area. 

2.4.2 East Parking Lot Area 

This area was originally named the TCA Filling Area to reflect what was assumed to be 

the potential source of the solvents as described in Subsection 2.2. The investigations of 

the area found that TCE was the predominant chlorinated compound and found that the 

highest concentrations of both TCE and TCA were not focused at the degreaser storage 

tank fill-pipe. The origin(s) of the chlorinated compounds in the area between the plant 

building and the east property line has not been identified. The area was therefore 

renamed the East Parking Lot Area. 

The East Parking Lot Area has been a gravel-covered area since the initial facility 

construction in 1952. The area is subject to continual truck traffic for the delivery of raw 

materials and parts, for the shipment of completed products, and for the off-site 

shipment of recycle materials and wastes. No other manufacturing operations take 

place in the area. A number of subsurface utilities (gas, water, sanitary sewer, and storm 

sewer) are found beneath the gravel lot, and overhead electrical service to the plant 

crosses the lot (Figure 3). The storm sewers route precipitation from roof drains under 

the parking lot to a ditch along the east facility property line. The East Parking Lot Area 

does not have its own storm water sewers. Precipitation falling on the gravel lot either 

evaporates, runs off the surface to the east, or infiltrates to the underlying soil and 

groundwater. 
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Degradation products of TCE and TCA are present at low concentration (less than about 

0.120 mg/kg) in the East Parking Lot Area. These concentrations are several orders of 

magnitude lower than the parent compounds, suggesting that only a very limited 

degree, if any, biodegradation of the chlorinated compounds is taking place. 

2.4.3 Groundwater 

Shallow On-site Groundwater. Groundwater in the West Dock Area is found in the 

sand below the till. Concentrations of TCE in the groundwater are on the order of 
1,600 µg/L or less while 1,2-DCE concentrations range from about 200 to 2,000 µg/L. 

The high proportion of degradation products indicates that biodegradation is taking 

place in the groundwater below the West Dock Area. As with the soil investigations, 

TCA was not observed in the groundwater. 

Groundwater immediately beneath the Southeast Degreaser Area is found at the top of 

the sand and below the till. The shallow groundwater contained only low 
concentrations of TCE (less than or equal to 25 µg/L). Groundwater in the sand to the 

east ( downgradient) from water table monitoring wells yield samples with on the order 
of 200 to 800 µg/L of chlorinated solvents, including TCE and TCA degradation 

products. Petroleum compounds were also observed in the shallow groundwater. 

The Recycling Docks Area also has the water table at the top of the outwash sand. The 

shallow groundwater contains TCA and its degradation products as the predominant 
chlorinated solvents (concentrations between 1,000 and 2,000 µg/L). TCE and its 

degradation products have been observed from 20 to 700 µg/L in this area. When 

compared to the overlying soil concentration, the chlorinated ethenes below the 

Recycling Docks Area appear in large part to have originated at the upgradient 

S~~<:,~~.LQ~~easer Area. Petroleum constituents are also present at tens to hundreds 
of µg/L. · -·-·-·-· 

Groundwater beneath the East Parking Lot Area is first encountered at the top of the 

outwash sand, below the clay till (Cross-sections A-A' and B-B', Figure 3). TCE and 

TCA are found throughout the thickness of the sand below the northern area of TCE and 
TCA occurrence, with concentrations ranging from less than 1 to about 14,000 µg/L. 

The chlorinated compounds seen in the shallow groundwater at the downgradient edge 

of the south end of the East Parking Lot Area (e.g., MW-3) apparently originate from the 

Southeast Degreaser and the Recycling Docks Area. The chlorinated compounds seen in 

the shallow groundwater at the downgradient edge of the north end of the East Parking 

Lot Area ( e.g., MW-12) app~rently originate from the soil contamination found below 

the East Parking Lot Area. The chlorinated compounds seen in the shallow 
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/ 
groundwater at the downgradient edg1;irt theveentet ofthe East Par,:g Lot Area ( e:g., 
MW-9 and MW-9D) a~parently originate from the West Dock Area. The concentrations 

of chlorinated compounds found in the unsaturated soil upgradient of these wells are 

much too low to account for the concentrations found in the wells. 

Deep On-Site Groundwater. Monitoring wells have been installed to depth of about 

160 feet along the east (downgradient) facility property line. Chlorinated ethenes and 
ethanes at concentrations of lO0's to 1,100 µg/L have been observed in the dolomite 

aquifer to elevations of 600 feet NGVD (depths of 160 ft) to date. Degradation products 

and groundwater geochemical indicators indicate that some degree of biodegradation of 

the chlorinated compounds is occurring (RMT, 1997). Groundwater data collected since 

the completion of the Subsurface Investigation Report (RMT, 1997) show no clear trends 

in concentrations over time at the central and northern monitoring wells, but may 

suggest a slight decline in TCE and TCA in the monitoring wells downgradient of the 

Recycling Docks Area (Moraine, 1999). 

Deep Off-site Groundwater. The water table to the east of the Milwaukee River is found 

within the dolomite aquifer and the glacial sediments are unsaturated. The anisotropy 

imposed on .. the gro~ndwater flow system by the fractures result in southeastward flow 

(and contaminant migration) even though the hydraulic gradient is to the east (RMT, 

1997). Investigation borings became deeper with distance downgradient of the facility 

to ensure that any VOC plume leaving the facility would not be missed as recharge to 

the aquifer pushed the plume downward. At a distance of about 1,600 feet downflow 

from the facility (MW-19 BRl and BR2), TCE in the groundwater ranged from 150 to 
380 µg/L at an elevation of 690 feet NGVD. TCE concentrations at an elevation of 

540 feet NGVD have decreased to a few lO's of µg/L. 1,2-DCEs concentrations are about 

10 to 20 percent of the ICE concentration at the higher elevation, and from 10 to 

60 percent at the lower elevation. 
20 

information, combined with the geochemical data presented in the Subsurface 

Investigation Report (RMT, 1997) indicates that the chlorinated compounds are 

bioiogicaiiy degrading with distance from the facility. By the time the next monitoring 

well location is reached about 4,600 feet downflow of the facility (MW-21 BRl and BR2), 

there are no VOCs detected to date. 
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Section 3 
Basis for Remedial Action 

The Tecumseh facility in Grafton is a complex site, with voes present in unsaturated soil, soil 

aquifers, and bedrock aquifers. Organic compounds associated with degreasing solvents, paint 

solvents, and petroleum hydrocarbons are found in some or all of soil, glacial sediment 

aquifers, and bedrock aquifers. Many of the source areas of the compounds are now beneath 

expansions of the manufacturing building and not readily accessible. Xhe mixture of 

compounds is degrading through microbial action; however, not all compounds are degrading 

at the same rate and the degradation is not uniform throughout the site. Rather than trying to 

approach the entire site at one time, it is proposed that a remedial action be undertaken in the 

near future to address a portion of the site that is readily accessible and amenable to 

remediation. 

The remedial action is intended to address the residual chlorinated solvents present in the 

unsaturated soil beneath the East Parking Lot Area. This clay soil retains some of the highest 

concentrations of chl.orinated compound observed beneath the facility. Unlike areas of voe 

contamination under the facility buildings, only limited degradation is evident in the soil, and 

infiltration of precipitation through the gravel parking lot can leach the chlorinated compounds 

to the underlying aquifer in the outwash sand and deeper bedrock aquifers. Mitigating this 

area of high concentrations of voes and continued leaching to groundwater will not address all 

of the issues at the site, but will provide a significant benefit to the environment. The remedial 

action will be incorporated into the remediation process under NR 700 as this facility moves to 

closure. The remainder of the report focuses on the remediation of the soil beneath the East 

Parking Lot Ar~9--

The evaluation of remedial technologies and development of the selected remedial action are 

predicated on the definition of the extent of voes presented in Section 2 of this report and 

definition of soil cleanup targets in Section 4 of this report. If the extent of voes in excess of the 

cleanup targets is substantially greater than presented to date, the remedial action may be 

suspended and remedial options re-evaluated at that time. 
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Section 4 
Remedial Action Objectives 

4.1 Exposure Pathways 
The chlorinated compounds present in the soil are not expected to present immediate risks to 

workers in the industrial setting of the facility. Surface soil samples (0 to 0.5 ft in depth) were 

not collected during the investigations to date. However, the lack of any evidence of releases, 

coupled with rapid volatilization of the solvents in the top feet of gravel and soil, suggests that 

the potential for exposure by direct contact is likely to be ins1gnificant, ifpresent atalL Ambient 

air monitoring was conducted during the drilling of soil borings in the are<,1. There was no 

evidence of the presence of organic vapors in the breathing zone of the investigators while they 

were on site. Any volatilization of the solvents from the underlying soil through the gravel 

surface of the parking lot would appear to attenuated through dilution in the air immediately 

above the parking lot surface. 

Excavation into the portions of the area may expose construction workers to concentrations on 

the order of several 100' s of mg/kg of TCE and 10' s of mg/kg of TCA. Development and 

implementation of appropriate work health and safety protocols can control potential worker 

exposures through dermal contact with the soil, incidental ingestion of soil, or inhalation of 

vapors from the soil in or near the excavation. 

While groundwater is not a direct part of the proposed remedial action, it should be noted that 

the chemicals from the unsaturated soil in the East Parking Lot Area migrate to groundwater 

but are only a fraction of the total chlorinated compound loading to the groundwater beneath 

the facility. Other soul'ce areas beneath the facility plant and chlorinated compounds held in 
the underlying sand and bedrock aquifers by sorption or residual saturation also provide 

ongoing contributions to the dissolved chemical concentrations in the groundwater. 

Groundwater beneath the facility is not used for potable or industrial purposes, and therefore 

does not present a potential pathway of exposure. However, the chlorinated compounds in the 

underlying aquifers will migrate to the east and beyond the facility properPJ line. The Village 

of Grafton potable water-supply wells have not been adversely impacted by the off-site 

migration of the chemicals from the Tecumseh facility (RMT, 1997). The data collected to date 

suggests that the chlorinated compounds are attenuated within the bedrock aquifer (RMT, 1997) 

and monitoring wells placed in front of the plume as 'sentinels' are monitored semiannually 

(Moraine, 1999) to verify that the attenuation is continuing. Three private potable water-supply 

wells in a small portion of the Town of Grafton to the east of the facilityproduee water with 
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very low concentrations of chlorinated chemicals. These concentrations were deemed 

acceptable for human consumption by the State of Wisconsin (RMT, 1997). 

4.2 Remedial Action Objectives 
There are two objectives for this remedial action: 

■ To mitigate potential exposures to workers that may perform excavation activities in the 
areas of residual chlorinated compounds in the soil 

■ To mitigate, to the extent practicable, the long-term continued leaching of chlorinated 
compounds from the soil to the underlying aquifer in order to improve the quality of the 
water from the private water-supply wells and result in a more rapid attenuation of the 
groundwater plume to the east of the facility. 

The remedial objective for the proposed remedial action is not intended to stand alone as a 

remedy for the site under Wisconsin Administrative Code (WAC) NR 700. The remedial action 

will be incorporated into a site-wide remedial action in the future. The proposed action is not 

designed to bring the entire site to closure under NR 726. 

4.3 Soil Cleanup Targets 
Soil clean up targets for the remedial action are presented to provide a basis for the evaluation 

of the remedial technologies and to guide the actual implementation of the selected technology. 

The selection of the target concentrations for this remedial action is designed to address the 

high concentrations found in the soil; i.e., solvent "hotspots" remediation. 

The hotspots are defined on the basis of the highly left-skewed concentration distributions in 

the East Parking Lot Area (i.e., small volumes of soil contain large masses of solvents). For the 

distribution of solvent occurrence described in Subsection 2.4.2 of this report, the skew is 

summarized as follows: 

SOLVENT CUMULATIVE SOIL 
CONCENTRATION RANGE VOLUME 

(mw'k:g) (m3) 

10-100 510 

1-10 I"'\ /,...,.r\ 
L.,01 V 

0.1-1 7,950 

0.025 - 0.1 32,100 

(See Appendix C for computations.) 
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CUMULATIVE 
SOL VENT MASS 

(kg) 

32.1 

45.7 

49.0 

52.4 

PERCENT OF TOTAL 
SOLVENT MASS 

59 
o,-, 
0/ 

94 

100 
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For the East Parking Lot Area, approximately 90 percent of the solventmass is found within a 

2,670 m3 area (about 3,500 yd3). A reasonable definition of a "hotspot" for purposes of this 

remedial action is therefore 1.0 mg/kg of solvent. 

The mitigation of potential future exposures was the first of the remedial objectives. To meet 

this objective requires that the 1.0 mg/kg target be protective of human health and the 
environment. The United States Environmental Protection Agency (USEP A, 1999) has 

generated risk-based screening concentrations for industrial direct contact scenarios at 

concentrations of 520 mg/kg of TCE and 41,000 mg/kg for TCA. A 1.0 mg/kg target for TCE 

would clearly be protective in this scenario. The target for TCA could be raised to 10 mg/kg for 

TCA and still be well below the USEP A's risk-based screening concentration. With respect to 

potential inhalation exposures, the Michigan Department of Environmental Quality (MDEQ) 

has developed screening and cleanup criteria for industrial scenarios (MDEQ, 1998). The lowest 

soil screening concentrations for inhalation of ambient air are 500 mg/kg and 460 mg/kg for 

TCE and TCA, respectively. Again, target concentrations of 1.0 and 10 mg/kg of TCE and TCA 

would clearly be protective of this potential exposure pathway. The scenario in which a 

construction worker in an excavation could be potentially exposed by the inhalation pathway 

has not been quantitatively assessed due to the wide range of potential site conditions ( e.g. 

excavation depth and shape, meteorological conditions, work sequencing, etc.). Rather than try 

to define acceptable risks and target a cleanup concentration, the issue of this potential exposure 

is best addressed through deed notification, monitoring during construction, worker protection, 

and engineering controls. 

WAC NR 720 establishes an approach to developing acceptable Residual Contaminant Levels 

(RCLs) for the protection of groundwater from the leaching of contaminants from soil. To 

calculate RCLs, site-specific data was used for the following parameters: 

■ Soil fraction organic matter content at 0.037 (Appendix C) 

■ Bulk density at 2.10 g/ cm3(Appendix C) 

■ Total porosity at 0.21 given the measured bulk density and an assume particle density of 
2.65 g/ cm3(Appendix C) 

■ Hydraulic conductivity of the underlying aquifer at 8x10-3 cm/ s (RMT, 1997) 

■ Hydraulic gradient in the underlying aquifer at 0.008 (RMT, 1997) 

■ Length of waste parallel to flow at 4,880 cm (RMT, 1997). 

Literature values were used for partition coefficients, and NR 720 default values were used for 

the remaining parameters as shown in Appendix C. The RCL computed in Appendix C is 

0.00$ mg/kg. This is below the VOC method quantitation limit of 0.025 mg/kg for soil using 

the required in-field methanol preservation technique specified by the WDNR. The computed 
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RCL would increase to greater than 0.014 mg/kg if paving of the area were to reduce the 

infiltration by at least 50 percent. Again, this is below the quantitation limit of 0.025 mg/kg for 

soil using in-field methanol preservation. 

The computed RCL concentration identifies the entire mass of soil beneath the East Parking Lot 

Area as requiring remedial action, even though 90 percent of the solvent mass is in only 

10 percent of the soil volume. It is not practicable to excavate the entire East Parking Lot Area 

to concentrations below quantitation limits. The remedial objective for the proposed remedial 

action is not intended to stand alone as a remedy for the site under NR 700. The action 

therefore does not necessarily have to achieve complete groundwater protection on its own. By 

addressing 90 percent of the solvent mas.s at the target cleanup concentrations of 1.0 mg/ kg 

TCE and 10 mg/kg TCA, the remedial action will have removed a substantial fraction of the 

solvents that could provide long-term leaching to the groundwater. 
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Section 5 
Screening of Remedial Technologies 

This section identifies and screens an array of remedial technologies that could potentially be 

utilized to manage impacted soil at the East Parking Lot Area. The treatment of this area is a 

remedial action to address the VOC-impacted soil in the unsaturated zone. These technologies 

were identified to address the remedial action objectives based on RMT's experience with 

similar projects and on recent technical literature. Individual technologies will be combined in 

Section 6 to form remedial action options. For example, an in situ treatment technology may be 

combined with a containment technology (e.g., asphalt pavement) to form a complete option. 

During the screening process, the technologies that may prove infeasible to implement, that are 

unlikely to be effective, or that do not achieve the remedial action objectives in a cost-effective 

manner are eliminated from further consideration. This screening process focuses on 

eliminating those technologies that have severe limitations based on the constituents of concern 

and the site-specific conditions. 

5.1 Identification of Remedial Technologies 

5.1.1 No Action 

This option has been included to provide a baseline against which other aiternatives can 

be compared. In the "No Action" option, remediation of the impacted soil at the East 

Parking Lot Area would be left to naturally occurring biological and physical site 

processes. No monitoring would be conducted at the site. 

5.1.2 Containment Technologies 

Technologies in this category are intended to contain the impacted soil or vapors in

place. As a containment technology, the objective of a cover system would be to provide 

a physical barrier over the impacted soil to prevent direct contact (i.e., dermal or 

inhalation) and to reduce the transfer of contaminants from the unsaturated soil to 

groundwater by limiting the infiltration of precipitation. These approaches would, in 

general, be effective as long as the cover system was maintained. Specific technologies 

are described below. 
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Soil Cover 

A soil cover may be constructed using general fill or low-permeability clay. A 

simple soil cover, consisting of up to several feet of clean material, would 

render direct contact less likely by providing increased separation between the 

surface and the underlying impacted soil. A low-permeability clay cover is 

typically used where there is an additional objective of reducing infiltration, 

and hence leaching, to the underlying groundwater. The East Parking Lot Area 

is an active truck traffic area; therefore, a soil cover option is not suitable. 

Asphalt Pavement 

An asphalt pavement system may be installed consisting of sufficient base 

course and asphalt to support the anticipated vehicle loads. The asphalt 

pavement would prevent direct contact and would significantly reduce 

infiltration. Periodic inspection and maintenance of the asphalt pavement 

would be required. Asphalt pavement will be considered further. 

5.1.3 In Situ Treatment Technologies 

Technologies in this category are used to treat the impacted soil in-place. The objective 

would be to reduce the mass of chlorinated voes in the unsaturated zone so that 

continued transport to groundwater is minimized. 

The effectiveness of in situ treatment will vary with the technology, soil conditions, 

contaminants of concern, and duration of treatment. Specific technologies are described 

below. 

Soil Vapor Extraction 

Soil vapor extraction (SVE) involves the removal of voe vapors from the 

unsaturated zone through the use of induced air currents. Volatile organic 

compounds are removed by drawing uncontaminated air through the soil 

matrix. The contaminated soil vapors are partitioned into the uncontaminated 

air in a mass transfer process. In addition, the decreased concentrations and 

pressure in the soil matrix cause free-phase and dissolved-phase voes to 

volatilize at a greater rate than would occur naturally. Negative pressure in the 

subsurface is typically achieved using a system of vapor extraction wells 

manifolded to an air blower at the surface. The vapors flow through piping to 

the blower and are either exhausted to the atmosphere or to an off-gas 

treatment unit, using technologies such as granular activated carbon or thermal 

oxidation. 
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SVE is considered a conventional technology and is well-accepted by the 

WDNR. A potential regulatory issue with SVE is the facility's location within 

an air quality nonattainment area. This creates additional restrictions on the 

discharge of VOCs to the atmosphere. The SVE emissions will need to be 

reviewed in light of the requirements of WAC Chapters NR 419 and NR 445. 

SVE is most effective in permeable, coarse-grained soil. Sine~ the clay soil 

ol;,s~rv~d in th1.: upper 10 tq 1Z feet at the East Parking Loi:Area is fine-grained 

and has low permeability, the opqRµ ofSVEwill not be considered as a 
) " ,4 ;,/ 

poteRtiafremedial action. 

Soil Vapor Extraction with Steam Injection 

Steam could be injected in the subsurface in combination with the SVE system 

to raise the soil temperature, which would enhance volatilization and removal 

of the VOCs for subsequent extraction by the SVE system. Depending on the 

amount of steam capacity available at the facility, and on the proximity of the 

steam source (e.g., the boiler room) to the area requiring remediation, steam 

injection may be a cost-effective enhancement to in situ soil remediation at this 

site. Steam from the boiler would be injected into the unsaturated soil, adjacent 

to the SVE wells. Moisture in the extracted air would be managed 

appropriately in the SVE system. By raising the soil temperature, the 

subsurface conditions for bioremediation would be temporarily or permanently 

enhanced. Implementation of a sequential remediation approach involving 

bioremediation should consider the temperature effects of steam injection in the 

subsurface. SVE with steam injection has the same limitations as conventional 

SVE with regard to permeability of the soil. Therefore, it will not be considered 

as an option in the East Parking Lot Area, due to the presence of low 

permeability, fine-grained clay soil in the upper 10 to 12 feet of the site. 

Intrinsic Bioremediation and Monitoring 

Microorganisms are ubiquitous in most subsurface environments. In some 

settings, the subsurface environment combined with the anthropogenic 

chemicals is conducive to ( or at least not inhibitory of) the microbial activity. In 

such cases, microbiological activity may be reducing the concentrations of 

contaminants in soil and groundwater without any further human intervention. 

This inherent ability of the soil and groundwater to degrade contaminants is 

defined as intrinsic bioremediation, and is a key component to the natural 

attenuation of anthropogenic chemicals (Hinchee et al., 1995; USEP A, 1996). 
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In situ treatment by microorganisms relies on either an organism's direct use of 

an anthropogenic organic compound to sustain its growth, or takes advantage 

of fortuitous chemical reactions associated with microbial growth (co

metabolism). Microorganisms can use aromatic hydrocarbons as the primary 

growth substrates in aerobic environments. Chlorinated aliphatic compounds 

(e.g., trichloroethene) can be used as the electron acceptors in metabolic 

processes in anaerobic environments. Microbial activity can also produce 

enzymes that break down some or "selected" chlorinated aliphatic compounds 

in aerobic environments (USEP A, 1996; Wiedemeir et al., 1995; Norris et al., 

1994; and NRC, 1993). 

Intrinsic bioremediation is generally most applicable to petroleum 

hydrocarbons; however, the co-release of chlorinated solvents with aromatic 

hydrocarbons may result in the intrinsic bioremediation of the chlorinated 

compounds, since the chlorinated compounds are used as electron acceptors or 

are co-metabolized. The bioremediation of some chlorinated compounds may 

result in the production of intermediate products that are more toxic than the 

original chemical (e.g., production of vinyl chloride from trichloroethene 

during reductive dehalogenation in anaerobic settings). In some settings, 

however, the vinyl chloride may be degraded as the environment becomes 

aerobic (Vogel, 1994), or it may be degraded by iron-reducing organisms in 

anaerobic environments (Bradley and Chapelle, 1996). 

An on-site bioremediation assessment was performed at the East Parking Lot 

Area. The soil samples show little presence of TCE or TCA degradation 

products in the area. Petroleum hydrocarbons were not detected in the initial 

sampling of the area (RMT, 1997) and no visual indications of petroleum 

residues were noted in the fall of 1998 sampling. The bioremediation 

capabilities of the clay soil are therefore considered to be low, and intrinsic 

bioremediation will not be considered as a potential remedial option. 

Enhanced Bioremediation 

Enhanced bioremediation is defined as the engineered manipulation of 

subsurface environments to initiate or increase the rate of bioremediation of 

anthropogenic compounds (Norris et al., 1994; Cookson, 1994). Similar to 

intrinsic bioremediation, enhanced bioremediation will reduce VOCs in the soil 

and below the water table. The engineered manipulation may include the 

introduction of a primary substrate (carbon source) to sustain microbial 

growth, the introduction of electron donors and/ or electron acceptors, or the 
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introduction of other nutrients (e.g., nitrogen or phosphorus). The approach 

assumes that an indigenous microbial population relevant to the degradation of 

the anthropogenic chemicals is present in the subsurface. Enhanced 

bioremediation to reduce chlorinated voes in the subsurface is considered an 

innovative technology. Treatability testing is required to assess what changes 

to the subsurface environment are needed to achieve enhanced bioremediation. 

The design process then determines what chemicals are introduced, and where 

and how the introduction is made in the subsurface to achieve optimum 

microbial degradation. 

Enhanced bioremediation is typically more easily engineered in the permeable 

and saturated zones due to more straightforward delivery methods and higher 

levels of biological activity. The soils being considered for remediation in the 

East Parking Lot Area are in the low permeability unsaturated zone and the 

bioremediation assessment shows little evidence of current voe degradation in 

the area. Enhanced bioremediation will therefore not be considered as a viable 

option. 

Soil Flushing 

Soil flushing is an in situ process in which a solvent and/ or surfactant solution 

is injected into the soil to enhance the solubility of the contaminants or enhance 

the mobility of NAPL residuals in the soil. An extraction and re-injection 

system is required to remove the solubilized chemicals from the subsurface. 

This technology, like several others, has limited success in fine-grained soil, 

such as the clay encountered at the Grafton facility. The introduction of 

surfactants in the sand underlying the clay may not be advisable because the 

voes could be mobilized as a DNAPL, which would easily be transported to 

the shallow bedrock aquifer. In Wisconsin, an administrative barrier exists for 

the injection of certain chemicals, such as solvents or surfactants, into the 

subsurface. Therefore, this technology will not be considered further. 

Soil Mixing With Hot Air Injection 

Soil mixing with hot air injection is an in situ technology used to remove 

organics via low temperature thermal desorption from subsurface soil under 

comparatively low temperatures (400°F to 800°F). The impacted soil is 

mechanically mixed in-place with the hot air injected as the soil is mixed. 

During the injection process, organics are destroyed or are transferred from the 

26 
G:\ INPMSN\P/T\ 00-03084 \25\ R000308425-001.DOC 7/15/99 

Tecumseh Products Company 
Final July 1999 



RMT, Inc. 

solid matrix to a gaseous matrix, to allow vapor extraction. Depending on the 

process option, the off-gas organic vapors may be recovered and treated. 

This innovative technology is offered commercially in the form of modified 

trenching machines called mobile injection treatment units (MITU®), or large

diameter augers. The MITU® technology has the capability of treating VOCs, 

including chlorinated compounds, in situ to depths ranging from O to 30 feet. 

However, the smaller, more accessible units typically treat soil to an 

approximate 12-foot depth. The method that uses large-diameter augers can go 

to greater depths in soil. Since only shallow soil is being considered for 

remediation, only the smaller-scale MITU® technology will be considered in the 

evaluation. 

The major component of the MITU® unit is a modified rock trenching unit with 

a custom fabricated ventilation vacuum hood. The trenching unit is fitted with 

injection systems and a full vapor recovery system. Hot air is forced into the 

soil while the trenching unit cuts and rotates the material. The treated soil is 

returned to its original location, but at a lower compaction than the original soil 

condition. Depending on the size of the treatment unit and the soil 

characteristics, temporary structural supports (e.g., steel plates) may be 

required to allow the unit to travel over the treated areas. This process will be 

consider~i:Lf~rther for the East Parking Lot Area. 

Oxidation Process 

This is an in situ remediation technology that applies a well-known chemical 

process known as Fenton's reagent, widely used in the wastewater industry, to 

treat chlorinated organics. The process consists of chemically converting 

organic contaminants to carbon dioxide, water, and oxygen. The oxidant in this 

process may be a mixture of hydrogen peroxide and trace amounts of metallic 

salts in solution. Alternative oxidants may consist of sodium percarbonate 

(sodium carbonate peroxohydrate), which is a stable microcrystalline powder. 

Chemicals that are capable of being oxidized include aliphatic and aromatic 

organic contaminants, including petroleum hydrocarbons and chlorinated 

solvents (e.g., TCE). These constituents may be treated both in the soil or 

groundwater. The environmental application of this chemistry was developed 

to remediate impacted soil and groundwater in locations that were difficult or 

not cost-effective to access for excavation-based remediation (i.e., beneath 

buildings and other structures). 
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Geo-Cleanse® and others (CleanOx®, ISOTEC®) provide patented technologies 

for the introduction of oxidants that is representative of this innovative 

remedial approach. These commercially available processes inject the 

hydrogen peroxide mixture as a slurry into the subsurface through probes that 

are installed with a conventional drilling rig. The chemical oxidation process 

can result in high heat (400°F) and gas pressure within the soil, which requires 

special health and safety considerations, and a gas extraction system if 

performed under a building or near utilities. 

The effectiveness of the slurry injection delivery system depends on the soil 

type. The clay observed at the Grafton facility would require close spacing of 

the injection points, and multiple injections of the treatment chemical slurry, to 

achieve a meaningful reduction in VOC concentration and mass. 

The presence of other constituents (e.g., petroleum) will affect the treatment 

dosage required. The pH of the soil will likely need to be altered to achieve the 

optimum pH range needed for the chemical oxidation process. Typically, the 

soil pH will return to its natural state. 

Fenton' s reagent technology has been relatively widely applied for the 

remediation of readily oxidized compounds such as petroleum hydrocarbons. 

Laboratory testing has shown the feasibility of in situ TCE oxidation in 

contaminated clay using hydrogen peroxide (Gates and Siegrist, 1995). 

Fenton' s reagent has been used at the field scale by vendors since late in 1996 to 

effectively treat TCE-containing soil in situ. However, GeoCleanse® informed 

RMT that their oxidation process would not be able to destroy the TCA found 

in the unsaturated soil beneath the Grafton facility. They encountered 

problems at a site in Pennsylvania and subsequently performed bench-scale 

work to try to develop alternate methods for destroying the TCA. The results 

of the bench-scale work were unsatisfactory. Some of the other vendors openly 

acknowledge this limitation of Fenton' s reagent in the recent technical 

literature. Alternative oxidants such as sodium percarbonate may be applicable 

for TCA treatment, but treatability studies would need to be performed and the 

solution would be unproven at field scale. Due to the potential ineffectiveness 

of Fenton' s reagent in the treatment of TCA, chemical oxidation will not be 

considered as a remedial option. 
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5.1.4 Ex Situ Treatment Technologies 

Technologies in this category consist of ex situ treatment of the impacted soil. The soil 

would be removed from the source area prior to treatment. The objective of ex situ 
treatment would be to achieve levels necessary for off-site disposal or possibly to allow 

on-site regrading or beneficial reuse of the material. 

The effectiveness of ex situ treatment will depend on the treatment process, soil type, 

and contaminants of concern. Specific technologies are described below. 

Thermal Desorption or Incineration 

Thermal desorption is a contaminant removal process wherein the excavated 
soil is heated to temperatures ranging from 200 to 1,000°F to volatilize and 

desorb the organics from the soil. The organic gases and water vapor are then 

concentrated, removed, and treated. The clean soil can be reused as backfill. 

Incineration differs from thermal desorption in its desired result, which is 

decomposition of organic contaminants. Incineration would require the use of 

a rotary kiln, infrared furnace, or similar device to raise the soil temperature to 
a range of 1,600 to 2,200°F. This temperature would act to volatilize and 

combust the organics. Incineration is typically more expensive than thermal 

desorption, and its higher temperatures are not necessary to treat the 

contaminants at this site. In either case, a thermal treatment unit for 

chlorinated compounds, such as TCE and TCA, would have to be permitted by 

the state. Because a fixed thermal desorption facility is not located within a 

reasonable distance from the Grafton site, this technology will not be 

considered further. 

Bioremediation: Biopile 

Biopiles are forms of ex situ, typically aerobic, bioremediation in which the 

contaminated soil is excavated from the site and amended physically and/ or 

chemically and then stockpiled or windrowed to enhance bioremediation of 

contaminants. 

The soil might be mixed with bulking agents, such as straw, compost, or wood 

chips, and with nutrient sources, such as liquid fertilizer and/ or manure, as 

well as with a co-metabolite (toluene, methane, phenol), if necessary. The 

mixed soil is then piled on an impermeable liner. An air supply system and 

exhaust piping may be installed within the pile. The piping can be left open to 

the atmosphere for passive ventilation with oxygen, or it can be connected to a 
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blower that either pulls or pushes an oxygen source from the atmosphere 

through the pile. Monitoring devices for measuring oxygen content, 

temperature, and moisture may also be installed. Depending on the 

effectiveness of the biopile treatment, the residual soil may be regraded on-site 

or disposed at an off-site landfill. 

The technology is commonly applied to the remediation of petroleum

contaminated soil. Application to chlorinated VOCs is conceptually possible, 

but there are no documented applications. For this reason, biopiles will not be 

considered as an option for TCE and TCA remediation for the East Parking Lot 

Area. 

Bioremediation: Slurry Phase 

Slurry phase bioremediation involves mixing excavated soil with a solution 

(usually water) in a batch process to create a soil slurry to which nutrients and 

oxygen can be added. This aerobic process is done to enhance the activity of 

microorganisms to degrade the organic contaminants. Once the slurry has 

biologically reduced the organic contaminant(s) to the acceptable level, the soil 

is dewatered and can be returned to its original location or disposed of 

elsewhere. This process is typically used for very large quantities of soil and is 

typically applied to petroleum hydrocarbons. Therefore, it will not be 

considered further. 

Chemical Dechlorination 

Excavated soil is mixed with a glycolate reagent (APEG - Alkaline Metal 

Hydroxide/ Polyethylene Glycol) and heated to dechlorinate and detoxify the 

chlorinated contaminants, usually in a batch process. Base-catalyzed 

decomposition (BCD) is a comparable technology that does not require a 

glycolate reagent. Following treatment, the soil can be placed in its original 

location or elsewhere on-site. This process is typically used for very large 

volumes of soil containing recalcitrant contaminants, such as PCBs, and will 

therefore not be considered at this site. 

5.1.5 Removal and Disposal Technologies 

Technologies in this category apply to the removal of impacted soil from the source area. 

Removal of the soil, followed by backfilling with clean soil, would achieve the remedial 

action objectives by eliminating the potential for future leaching to groundwater or 

direct contact with impacted soil. The use of backhoes and standard earthmoving 
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equipment would be considered conventional excavation. This technology is reliable 

and is implementable at the East Parking Lot Area. The removed soil would be 

disposed of appropriately based on the waste characteristics. Disposal options are 

discussed below. 

Subtitle D Management 

The source(s) of the VOCs found in the soil are unknown (see Section 2 for 

discussion). The soil is therefore not considered to be a listed hazardous waste 

(WDNR, 1993). Soil classified as a nonhazardous solid waste would be 

managed and disposed at a Subtitle D licensed facility. 

Subtitle C Management 

The excavated soil could be potentially hazardous on the basis of ignitability, 

corrosivity, reactivity, or leachability. However, the soil is not expected to be 

ignitable or reactive based on generator knowledge of the material. If the soil is 

classified as a characteristic hazardous waste by the Toxicity Characteristic 

Leaching Procedure (TCLP), the material would be managed accordingly. 

Depending on its solvent concentration, the soil may be subject to land disposal 

restrictions, which require minimum treatment prior to land disposal. 

Beneficial Reuse 

If ex situ treatment of the soil by one of the technologies described in 

Subsection 5.1.4 is effective, on-site regrading or beneficial reuse of the material 

may be possible. Potential uses on-site might include parking lot regrading, 

backfill, berms, landscaping, or soil cover. Regulatory approval of the 

beneficial reuse of the material would be required by the WDNR. 

5.2 Screening of Remedial Technologies 
The screening of remedial technologies is summarized in Table 2. Site conditions, contaminant 

and waste characteristics, and technology limitations were used to evaluate the 

implementability and effectiveness of the remedial technologies, as follows: 

■ Site conditions - The available site data was reviewed to identify conditions that may limit 
or promote the use of certain technologies (e.g., soil type, physical constraints, ongoing 
facility operations). Technologies that are clearly precluded by existing site conditions 
were eliminated from further consideration. 
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No action 

Containment 
technologies 

In situ treatment 
technologies 

Table 2 
Screening of Remedial Technologies for Soil 

Based on Implementability, Effectiveness, and Relative Cost 
Tecumseh Grafton Facility 

. REM';~~L 
'l'ijCHNOLOGY · . 

No action 

Soil cover 

¼ph<'llt pavement 

Soil vapor extraction 

SVE with steam injection 

Intrinsic bioremediation and 
monitoring 

Enhanced bioremediation 

Soil flushing 

East Parking Lot Area 

Implementable 

Not implementable; low
permeability (clay) soil is not 
compatible with current use as 
parking lot 

Implementable and compatible 
with intended future use 

Implementable 

Moderately implementable; would 
require modification of the boiler 
room and conventional SVE 
system 

Not implementable; limited 
natural biodegradation 

Moderately implementable; would 
require additional treatability 
studies and admixtures to develop 
enhance biodegradation 

Not implementable due to fine
grained soil and administrative 
restrictions of solvent/ surfactant 
subsurface injection 

Not applicable to expedite 
observed natural attenuation 

Moderate; would limit direct 
contact and infiltration 

High; would limit direct contact 
and infiltration 

Moderate; fine-grained soil may 
reduce effectiveness 

Moderate-high; fine-grained soil 
may reduce effectiveness 

Low-moderate 

Moderate; innovative technology, 
limited capability to deliver 
materials to soil matrix 

Low-moderate 

~}~~fl~ 
· CQijSIDERATI.ON<1): 

Low I No 

Low I No 

Low I Yes 

Low-medium I No 

Medium I No 

Low I No 

Low-medium I No 

Medium I No 
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In situ treatment 
technologies 
( continued) 

Ex situ treatment 
technologies 

Table 2 
Screening of Remedial Technologies for Soil 

Based on Implementability, Effectiveness, and Relative Cost 
Tecumseh Grafton Facility 

,$qiJ,mhdng with hot air injection 
(MITU®) 

In situ chemical oxidation process 

Thermal desorption or incineration 

Bioremediation: biopile 

Bioremediation slurry phase 

Chemical dechlorination 

East Parking Lot Area 

Implementable; may require 
support system to allow 
equipment access over treated soil 
area 

Implementable for TCE-containing 
soil; hydrogen peroxide oxidants 
would not address TCA
containing soil 

Implementable for areas that can 
be removed by conventional 
excavation, facility not located 
nearby 

Implementable for areas that can 
be removed by conventional 
excavation 

Implementable for areas that can 
be removed by conventional 
excavation 

Implementable for areas that can 
be removed by conventional 
excavation 

Moderate-high for TCE and TCA 
removal; innovative technology; 
debris may limit effectiveness of 
soil mixing machinery 

1};) " 2rI,;~~., 
.j~i?;.,ii:,,,,SmERA'.llt;lN!'f 'REtATIVE':> ''i' FOR FURTHER' .·. 

Medium Y:es 

Demonstrated as moderate-high for I Medium 
TCE, but hydrogen peroxide 

No 

oxidants are reportedly not 
effective for TCA based on 
wastewater literature and vendor 
information; innovative 
technology; fine-grained soil may 
limit effectiveness of the liquid 
delivery system; debris may limit 
effectiveness of injector probe 
installation 

High High No 

Moderate Medium No 

Moderate-high High No 

High High No 
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Table 2 
Screening of Remedial Technologies for Soil 

Based on Implementability, Effectiveness, and Relative Cost 
Tecumseh Grafton Facility 

East Parking Lot Area 

I,tENIJSDIA:L .. 
TEC~~OG:Y

1 

Removal and disposal rSub:title D landfill disposal 

satftftfe C landfill disposal 

Beneficial reuse (on-site) 

Note: 

May not be implementable based 
on waste characteristics 

Moderately implementable; 
material may require further 
treatment to meet land ban 
restrictions 

High 

High 

Moderately implementable, I High 
depending on ex situ treatment 
effectiveness and WDNR approval 
requirements 

Low-Medium I Y$!s 

High Yes 

Low No 

1. Remedial technologies were eliminated from further consideration based on a balance of the anticipated implementability, effectiveness, and relative cost. 

G:\WPMSN\P/T\00-03084\25\ T000308425-001.DOC 07(16f)9 



■ Technology limitations - During the screening process, the level of technology 
development, the performance record, and the inherent construction, operation, and 
maintenance requirements associated with each technology were reviewed. Technologies 
that were unreliable and that performed poorly were eliminated in the screening process. 
Innovative technologies were identified as such, but were not eliminated if additional 
information was needed to assess their effectiveness. 

General screening ratings for the purposes of evaluating implementability, effectiveness, and 

relative cost in Table 2 are as follows: 

■ Implementability: 

■ Implementable - Technology has been readily implemented at other sites with 
similar site conditions and contaminant and waste characteristics. 

■ Moderately implementable - Site conditions, or contaminant and waste 
characteristics, will require major modifications to the traditional technology to 
allow implementation. 

■ Not implementable - Site conditions, or contaminant and waste characteristics, 
preclude this technology from being implemented. 

State and federal regulations that may limit or preclude the implementation of a specific 

technology (i.e., administrative barriers) were considered under implementability in 

Table 2. 

■ Effectiveness: 

■ Low - Technology limitations preclude this technology from reliably achieving the 
remedial action objectives. 

■ Moderate - Technology may achieve the remedial action objectives, given the site 
conditions, and contaminant and waste characteristics. However, modifications to 
the traditional technology would be necessary. 

■ High -Technology has consistently achieved the remedial action objectives at other 
sites with similar site conditions, and contaminant and waste characteristics. 
Technology should achieve the remedial action objectives. 

■ Relative Cost: 

■ J.,ow -Technology has been implemented at other similar sites for a capital and 
operation and maintenance cost of less than $500,000. 

■ Medium - The capital and operation and maintenance cost may be several factors 
greater then the "low" relative cost. 

■ High - The capital and operation and maintenance cost may range from several 
factors to an order-of-magnitude greater than the "low" relative cost. 
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The technologies in Table 2 were screened to determine which ones were appropriate for 

further consideration. The justification for the screening and selection is as follows: 

■ Among the containment technologies, the use of asphalt pavement would be appropriate to 
limit direct contact with surface soil and to reduce surface water infiltration at the East 
Parking Lot Area. However, the asphalt pavement does not result in a significant reduction 
of chlorinated VOC concentration or mass when compared to the current condition. 
Therefore, this containment technology would likely be combined with another treatment 
technology to form a remedial option. The option of using a clay soil cover as a 
containment technology was eliminated because it is not compatible with the area's current 
use as a parking lot. 

■ Among the in situ treatment technologies, soil mixing with hot air injection provides the 
highest degree of implementability and effectiveness at a reasonable relative cost. Soil 
vapor extraction (SVE) methods were not considered further because they are more 
applicable to coarse-grained soils. Soil flushing was eliminated because of the 
administrative barrier for the subsurface injection of chemicals and the uncertainties of 
DNAPL mobilization, as well as soil permeability limitations. Bioremediation options were 
excluded due to the observed lack of degradation products in the soil. 

The chemical oxidation process would likely address the TCE-impacted soil. However, in 
addition to limitations related to soil permeability, chemical oxidation with hydrogen 
peroxide is reportedly not effective for TCA reduction, based on available wastewater 
literature and information from GeoCleanse® and other vendors. Chemical oxidation is 
therefore being excluded as a remedial option. 

■ Among the ex situ treatment technologies, biopiling either on- or off-site is implementable 
but has not yet been shown effective in reducing chlorinated VOC levels. The remaining 
ex situ treatment technologies were considered cost-prohibitive for the anticipated volume 
of excavated soil. 

■ Among the removal and disposal technologies, conventional excavation and off-site 
disposal is implementable and reliable for the East Parking Lot Area. Special provisions 
may be required to allow excavation adjacent to the utility corridors. Excavated soil and 
treatment residuals may be disposed of at an off-site Subtitle D facility or managed 
appropriately, depending on the waste classification of the material. The on-site placement 
or beneficial reuse of soil treated ex situ has not been retained. The ability to gain WDNR 
approval of on-site placement or beneficial reuse is not assured; therefore, it was not 
assumed for remedial option development or cost-estimating purposes. 

The retained technologies can be combined to form integrated remedial options to address the 

source area. Two combinations are possible, as discussed below. 
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5.3 Assembly of Remedial Options 
In this subsection, the retained technologies have been assembled into remedial options to 

address the East Parking Lot Area. Table 3 summarizes the assembled options and the rationale 

for the development of the options. Two unique remedial options have been assembled. These 

options represent the practicable response actions that appear best suited to achieve the 

remedial action objectives for the Tecumseh facility in Grafton, Wisconsin. 

The remedial options include in situ soil mixing with hot air treatment using the MITU®, and 

conventional excavation and off-site disposal in a landfill facility. Consistent with the planned 

land use of the area, both options include asphalt paving as a post-treatment containment 

technology. 

The options vary in their level of proven effectiveness, anticipated level of soil contaminant 

reduction, and cost. The practicability of implementing the remedial options was also 

considered. 
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Table 3 
Assembly of Remedial Options Based on Technology Screening 

Tecumseh Grafton Facility 
East Parking Lot Area 

In situ soil mixing with hot air treatment using 
mobile injection treatment unit (MITU®)(1l 

Conventional excavation of impacted soil in 
unsaturated zone and disposal in a Subtitle Dor 
managed accordingly, depending on solvent 
concentration(1) 

Notes: 

■ Waste characteristics and anticipated volume 
conducive to in situ approach 

■ Effective reduction of TCE and TCA 

■ 

■ 

Effective reduction of TCE and TCA 

Excavation sequencing will allow for 
continued use as a shipping and receiving area 
during construction 

(ll Although it is not being considered an integral or necessary component of either remedial option, asphalt paving will be 
implemented, in addition to the chosen remedial option. It is consistent with planned land use as a parking lot, but will also 
limit infiltration of precipitation and reduce future potential for exposure. 
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Section 6 
Evaluation of Remedial Options 

This section contains descriptions of both remedial options for the impacted soil in the East 

Parking Lot Area, as well as evaluations of the technical and economic feasibility of 

implementation for each option. 

6.1 Description of Options for Remediation 
Two approaches to remediation of this area are considered applicable-conventional excavation 

and landfill disposal, or soil mixing with hot air treatment using a mobile injection treatment 

unit (MITU®). 

As described in Subsection 4.2, the target cleanup concentrations for the remedial action are 

1.0 mg/kg TCE and 10 mg/kg TCA. The East Parking Lot Area impacts are divided into two 

separate areas for discussion purposes, the northern area and the southern area (Figure 4). In 

the northern area, there are two hot spots targeted for remediation: a TCA hot spot, with 

dimensions of approximately 25 feet by 30 feet, where TCA concentrations exceed 10 mg/kg; 

and a TCE hot spot, with approximate dimensions varying from 40 to 80 feet wide by 120 feet 

long, where TCE concentrations exceed 1.0 mg/kg. These hot spots require treatment to 10 feet 

below ground surface (bgs). In the southern area there is one TCE hot spot, with approximate 

dimensions of 35 feet by 45 feet, where TCE concentrations exceed 1.0 mg/kg. This hot spot 

requires treatment to 12 feet bgs. Adding the soil volumes from the northern and southern 

areas, the total estimated soil treatment volume for the East Parking Lot Area is 4,400 cubic 

yards. This volume is based on a cleanup standard of 1 mg/kg for TCE and 10 mg/kg for TCA, 

and includes a 20 percent contingency factor. 

6.1.1 Soil Mixing With Hot Air Treatment 

This remedial option consists of performing in situ combined thermal injection and 

vapor extraction utilizing a mobile injection treatment unit (MITU®). In this process, 

VOCs would be desorbed from the soil at relatively low temperatures (400° F to 800° F), 

and the vapors would be extracted under vacuum and treated using vapor-phase 

granular activated carbon. The MITU® 12 has a vertical reach of 12 feet, which would be 
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an adequate depth for the entire impacted zone. The MITU® is a self-contained unit 

mounted on a rock trencher. A vapor collectio'.n hood is mounted on the arm of the 

trencher. The exhaust from the tre1,1cher' s diesel engine p:;\)Vides the heated air under 

the collection hood. Electrically heated rods can also be installed l?eneath the c9llecti()pc 

hood to boost the temperature, if required. 

This is a one-time treatment option requiring no ongoing operation and maintenance. 

Soil samples would be collected to determine the effectiveness of the treatment 

approach. Following treatment, the area would be paved with asphalt. 

- 6.1"2 Conventional Excavation and Landfill Disposal 

Conventional excavation would address both the TeE- and TeA-containing soils at the 

source area. Excavation would involve the use of backhoes or tracked excavators or 

other standard earthmoving equipment to physically remove the impacted soil from 

areas having TeE concentrations greater than 1.0 mg/kg or TeA concentrations greater 

than 10 mg/kg. The entire clay layer in the impacted areas will be excavated to the 

depth of the water table (approximately 10 to 12 feet bgs), which is coincident with the 

top of the underlying sand layer. Representative soil sampling will be performed and 

samples will be analyzed using a mobile laboratory throughout the excavation process 

to ensure that the appropriate volume of material is removed in order to meet the 

cleanup goals. The es'timated total excavation volume in the northern and southern 

areas of the East Parking Lot is 4,400 cubic yards. 

Testing performed on the excavated material will be used to characterize the soil for 

disposal. Preliminary testing indicates that VOC concentrations are low e1:t0ugh for the 

excavated soil to be classified as a special waste. In this case the material will be 

handled as a Subtitle D waste and will be disposed of in a local licensed landfill facility. 

Should a portion of the waste contain sufficient voe levels to be classified as a 
characteristically hazardous waste, that portion will be managed as such. Following 

excavation, the areas will be backfilled and compacted. The East Parking Lot Area will 

then be paved with asphalt. 

6.2 Technical Feasibility 

6.2.1 Soil Mixing With Hot Air Treatment 

The use of soil mixing with hot air treatment to address voe impacts i11 the unsaturated 

soil ill this area will meet the remedial action objectives. Hot air treatment by thermal 

injection is a relatively new, innovative treatment technology capable of rapidly 
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removing VOCs from soil. This action is also technically feasible, given the site 

characteristics, and utilizes readily available technologies. The technology has been 

demonstrated as effective in treating TCE-impacted soil, for example, at a Superfund site 

in Pennsylvania. The MITU® technology reducedTCE contaminants from a high of 

13 mg/kg to 0.3 mg/kg (98 percent reduction). 

The concerns associated with the implementation of this option are with utility lines that 

intersect the treatment areas and the potential for subsurface debris. Subsurface debris 

can slow the production rate of, and potentially damage the MITU®. It is recommended 

that the exact location and depth to each utility line be determined to ensure that 

damage to equipment and utilities does not occur. Locating debris may also be 

necessary prior to implementing this action. Ground-penetrating radar can achieve the 

needed subsurface survey. 

6.2.2 Conventional Excavation and Landfill Disposal 

Conventional soil excavation will meet the remedial action objectives for the 

unsaturated soil. This remediation technology is a proven solution, and offers complete 

removal of VOCs in the excavated areas (i.e., 100 percent reduction). The excavation 

will be performed by a qualified, licensed contractor with standard earthmoving 

equipment, which is readily available. 

Technical issues include excavation around existing utilities. The subsurface utilities 

that will interfere with excavation include a sanitary sewer to the east of the parking lot, 

and a fire protection water line to the west. A 10-foot clearance will be maintained from 

the sanitary sewer line. Similarly, in the area of the water line, the contractor will 

excavate as close as possible to the line without disturbing the structural stability of the 

soil around the line. 

Another issue is traffic flow, since the area is used as a major shipping and receiving 

area for the Tecumseh Facility, it is imperative that area remain operational during 

construction. An excavation sequencing plan which will allow for continuous traffic 

flow has been designed to address this technical issue. Excavated material will be 

managed appropriately. 

6.2.3 Summary of Technical Feasibility Considerations 

A summary of the technical feasibility considerations for each of the remedial options 

discussed previously is shown in Table 4. In general, both of the remedial options 

selected for the site locations are technically feasible. However, there are certain 

considerations related to each option that need to be addressed prior to implementation. 
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Table 4 
Summary of Technical Feasibility Considerations 

Tecumseh Grafton Facility 
East Parking Lot Area 

. . : '· , ra~t4l<JicFJ!A~illIIJ'l'Y ··•· 
: .. .. · 

.· REMEDIALOPTIONS 
;:.., : .. •.·,: z• ·,: ........ ,,. ,'., •• " ' C• .•,• •, ;, •. : : .•• •.·• ....... ,.,. '/ • • • ,., J. ··, .. : 

In situ soil mixing with hot air treatment using ■ This option appears to be technically feasible using 
mobile injection treatment unit (MITU) readily available technologies. 

■ This option is an innovative treatment technology. 

■ Utility lines and buried debris could affect 
implementability. 

Conventional excavation and landfill disposal ■ This option appears to be technically feasible using 
readily available equipment. 

■ This is a proven treatment method. 

■ Utilities must be worked around. 

■ Sequencing plan has been designed for continued traffic 
flow. 

■ Availability of landfill facility is assumed. 
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The considerations that affect the feasibility for each remedial option are summarized 

below. 

In Situ Hot Air Treatment 

In situ hot air treatment is an innovative treatment technology using 
conventional equipment. The process is technically feasible in this area if 
certain considerations are addressed. Utility lines and subsurface debris 
are the .main considerations that could affect implementability, and these 
should be located prior to implementation. The process is effective for 
both TCA and TCE reduction, and would provide a 90 percent reduction in 
the maximum and median concentrations of TCE and TCA in the 
remediation areas. 

Convention Excavation and Landfill Disposal 

Excavation is a proven treatment method using conventional equipment, 
and the option is technically feasible in the East Parking Lot Area. An 
excavation sequencing plan will allow for continued traffic flow through 
the area. Similar consideration for subsurface utilities must be taken for 
this technology, and the availability of an appropriate landfill for disposal 
is assumed. This method is effective for both TCA and TCE reduction, and 
would provide removal of approximately 90 percent of the VOC mass in 
the East Parking Lot Area. 

6.3 Economic Feasibility 
General assumptions used to estimate costs for remedial action in the East Parking Lot Area at 

the Tecumseh Grafton Facility are as follows: 

• Direct capital costs include mobilization, site preparation, construction/ site work, 
purchased equipment, and off-site disposal. 

• Mobilization costs are assumed to be 5 percent of direct capital costs, except where 
specified by the vendor. 

• A 30 percent contingency was added to the direct capital cost. 

• Indirect capital costs include engineering design, construction assistance, and waste 
characterization laboratory analysis. 

■ Indirect capital costs do not include regulatory report preparation, regulatory approvals, 
legal fees, or public relations assistance. 

■ A discount rate of 3 percent was used for determining the present worth of monitoring 
costs. This value is the balance of assuming an 8 percent interest rate and a 5 percent 
inflation rate, based on USEP A approaches for remedial cost estimating. 

■ The total cost includes direct capital, indirect capital, and groundwater monitoring costs. 

RMT, Inc. 
G: \ PIPMSN\ P/T\ 00-03084 \ 25 \ R000308425-001 .DOC 7/15/99 

44 Tecumseh Products Company 
Final July 1999 



■ Paving costs have not been included, since paving is not an integral part of either remedial 
option. However, the paving costs would be the same for both options. 

6.3.1 Specific Assumptions 

The following specific assumptions were used to estimate costs for remedial action in 

the East Parking Lot Area: 

In Situ Hot Air Treatment 

The treatment area includes the approximate 60- by 120-foot and 25- by 
30-foot areas in the northern portion, to a depth of 10 feet bgs, and the 
35-by 45-foot area in the southern portion, to a depth of 12 feet bgs (as 
defined in Section 2 of this report). 

The soil around the water line and the sanitary sewer will not be treated. 

The total treatment volume is 4,400 cubic yards, with a soil density of 
1.75 tons/cubicyard. 

A 20 percent contingency was added to obtain the anticipated soil volume. 

A contingency is included in the direct capital cost estimate to account for 
potential subsurface debris. 

Conventional Excavation and Disposal 

The treatment area includes the approximate 60- by 120-foot and 25- by 
30-foot areas in the northern portion, to a depth of 10 feet bgs, and the 35-
by 45-foot area in the southern portion, to a depth of 12 feet bgs (as defined 
in Section 2 of this report). 

The soil around the water line and the sanitary sewer will not be 
excavated. 

Tl:1.e total excavation volume is 4,400 cubic yards, with a soil density of 
1.75 tons/ cubic yards. 

A 20 percent contingency was added to obtain the anticipated soil volume. 

The cost estimate is based on disposal of all excavated soil in a local 
Subtitle D landfill. 

6.3.2 Summary of Estimated Costs and Levels of Uncertainty 

A summary of the estimated costs and uncertainties is presented in Table 5 and shown 

on Figure 5. A best judgment cost estimate has been prepared for each of the remedial 

options. This estimate includes direct and indirect capital costs associated with 
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implementation and monitoring costs. The supporting tables for the best judgment cost 

estimates are located in Appendix D. 

For each remedial option, a low range estimate and high range estimate are also shown 

in Table 5 and on Figure 4. The high and low estimates are based on either specific 

uncertainties associated with the technologies involved or on a percentage of the best 

judgment cost. The most significant uncertainties that affect the costs for each option are 
- listed below. 

RMT, Inc. 

In Situ Hot Air Treatment 

The presence of utilities and subsurface debris may affect the performance 
of this process and should be verified. 

Off gas treatment by carbon absorption will be necessary. Total amount 
used will vary depending on VOC levels in the soil. 

Conventional Excavation and Disposal 

The presence of subsurface utilities will affect this treatment option and 
their exact location should be verified. 

Based on the results of limited preliminary testing, it is assumed the 
excavated material will be classified as a nonhazardous material. If 
post-excavation testing shows that a portion of the material must be 
classified as characteristically hazardous, hauling and disposal costs will 
increase significantly. 
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In situ soil mixing 
with hot air treatment 
usingMITU 

Excavation and off
site landfill disposal 
as nonhazardous 
(special waste) 

Notes: 

Table 5 
Summary of Estimated Costs and Uncertainties 

Tecumseh Grafton Facility 
East Parking Lot Area 

$600K $860K $1,290K I• Post-treatment soil compaction 

■ Presence of utilities and subsurface 
debris 

$605K $760K $1,130K2 1. Soil disposal requirements 
(hazardous/ nonhazardous) 

■ Presence of utilities 

1. Appendix A provides cost assumptions and details. 
2. High cost estimate is based on nonhazardous (special waste) unit rate for hauling and disposal. If a portion of the soil is characteristically 

hazardous, the estimated cost will increase significantly. 
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Section 7 
Selection of a Remedial Action 

This section will recommend a remedial action for the East Parking Lot Area. A rationale will 

be provided, with additional detail concerning the implementation of the selected remedy. 

7.1 Rationale for Selection 
The selected remedial action at Tecumseh Products Company in Grafton, Wisconsin, is 

conventional excavation and off-site disposal of approximately 4,400 cubic yards of TCE and 

TCA impacted soil from the East Parking Lot Area. The excavated soil will be classified as a 

special waste, and the material will be managed and disposed as such at a Subtitle D licensed 

facility. Should a portion of the waste contain TCE concentrations high enough to be classified 

as a characteristically hazardous waste, that portion of the waste will be managed 

appropriately. 

This solution provides a very high level of effectiveness at a reasonable cost for the vast 

majority (about 90 percent) of the solvent residuals in the East Parking Lot Area. Excavation of 

the impacted soil is prefe:rred over in situ soil mixing with hot air treatment, because it is more 

economical and because post-treatment soif coffipa~fi10i!liiiiF~1'l\)~I~iiiihil~~~J~:.,ff~qt;rely 
addressed. The East Parking Lot Area is a critical shipping and receiving area at Tecumseh 

Products, so the ability to achieve adequate soil compaction for heavy traffic in a short period of 

time is a major consideration. With the exception of two identified underground utility lines, 

there is no significant obstruction to excavation at the location. An excavation sequencing plan 

has been designed so that sections of the shipping and receiving area will remain operational 

throughout construction. 

7.2 Implementation Schedule 
The proposed schedule for implementing this remedial action is as follows: 

■ Submit Remedial Action Options and Design Report to the WDNR June 1999 

■ Preparation of Final Construction Plans and Specifications 

■ Bidding Period and Initiation of Activities 
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■ Completion of Remedial Action (excavation, disposal, 

7.3 Cost 

1 month after start 
and backfilling) of 
construction activities 

The cost estimate for this alternative, including direct and indirect capital costs associated with 

excavation and disposal of the material in a Subtitle D facility, and monitoring costs, is $780,000. 

7.4 Time Frame for Compliance with Applicable Standards 
The applicable standards for this remediation will be the target cleanup concentrations 

developed in Section 4. These levels will be achieved at the time excavation is complete. 

According to the schedule described above, this will be accomplished by October 1, 1999. The 

parking lot will be paved after the remedial action is complete. 

7.5 Performance Measurement 
As described above, the performance of the selected remedy will be measured by the attainment 

of the cleanup concentrations. As the soils are excavated, samples will be screened in the field 

with a gas chromatograph mounted in a mobile laboratory to determine the extent of affected 

soil and hence the limits of excavation. The analytical methodologies used in the mobile 

laboratory will be consistent with those specified in EPA Method 8260. Samples will be 

collected along the excavated sidewalls at depths of about 4 and 8 feet below ground surface, 

and along a horizontal spacing of every 25 feet. 

The goal of this excavation project is to remove the TCA and TCE hot spots from the northern 

and southern portions of the East Parking Lot Area. There is no specific regulation that defines 

the boundaries of the necessary excavation area. Instead, the goal concentrations of 10 mg/kg 

for TCA and 1 mg/ l<g for TC;};'. yye:i;~ q~fi,l.'l~~ t1.§i,l.'lgJ!,ThQJ2ff PH~~H9!1 f:grvefor the volume of soil 
,.\,~-· ,<,:_··.;\,•:/:,\:.;y;;,, :;;:,z,,b,:·'.··<", ·<_::L,'".,/);:,;. .> .,·,.··>;< ·c• ··<·-,.>.· "'-~t .-,_<_,_,;, -·>.·. '" .. <,\-•.--.. · •··. < . ··: -> .. , ·. \Cf. 

excavated versus the mass of contaminants removed, based on an analysis of risk. The goal 

concentrations are therefore approximate by nature. For this reason, soil sampling results 

obtained by the mobile laboratory will be sufficient to define the limits of excavation. The goal 

is to obtain the applicable concentration of TCE or TCA averaged in soil samples collected along 

an excavation sidewall, within a 95 percent confidence interval. As shown during the 

Subsurface Investigation (RMT, 1997), a graphical comparison of the laboratory and field gas 

chromatography results for TCE and TCA in soil indicated a good linear correlation between 

the two methods (r2 = 0.77 and 0.83, respectively) (Appendix C, Figures 8 and 9). The mobile 

laboratory chosen for this work will also be required to develop a correlation of their field 

instrument to verify these results. 
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Section 8 
Remedial Design 

This section will discuss the design of the selected remedial action to be implemented for the 

East Parking Lot Area at Tecumseh Products Company in Grafton, WI. 

8.1 Description of Remedial Action 
The re_medial action will consist of the excavation and off-site disposal of approximately 

4,400 cubic yards of VOC-contaminated soil in the unsaturated zone at the East Parking Lot 

Area, and the subsequent backfilling of the excavated areas with clean soil. 

8.1.1 Excavation 

As mentioned in Subsection 7.1, excavation of the impacted material is the preferred 

method of remediation because it is the most cost-effective and implementable 

alternative given the conditions at the site. Another factor in the selection of this 

alternative was the ability to quickly and thoroughly compact the backfill to allow 

continuous use of the area as a shipping and receiving area for the plant. 

Lateral or horizontal excavation limits will be based on goal concentrations of 1 mg/kg 

TCE and 10 mg/kg TCA. As described previously, the East Parking Lot Area has been 

divided into two areas, the northern and the southern. In the northern area, there are 

two hot spots targeted for remediation: a TCA hot spot, with dimensions of 

approximately 25 feet by 30 feet, where TCA concentrations exceed 10 mg/kg; and a 

TCE hot spot, with ap:P,ttixirl1:~fe"g.i.meris16irsof'60 feJfby 12iffeet, where TCE 
concentrations exceed 1 mg/kg. In the southern area, there is one TCE hot spot with 

approximate dimensions of 35 feet by 45feet, where TCE concentrations exceed 

1 mg/kg. In both the northern and southern areas, the entire clay layer will be 

excavated to the depth of the underlying sand layer or to the water table, whichever is 

shallower. The top of this sand layer is approximately coincident with the top of the 

water tabie in these areas. In the northern area, the depth of excavation will be 

approximately 10-foot bgs, while the depth of excavation in the southern area will be 

approximately 12-foot bgs. Based on preliminary sampling, the total estimated volume 

of soil excavation is 4,400 cubic yards. 

The subsurface utilities that will interfere with excavation include a sanitary sewer to the 

east of the parking lot, and a fire protection water line to the west. A 10-foot clearance 
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will be maintained from the sanitary sewer line. Similarly, in the area of the water line, 

the contractor will excavate as close as possible to the line without disturbing the 

structural stability of the soil around the line. 

Excavation will be performed using standard earthmoving equipment, such as tracked 

excavators or backhoes. The excavation activities will be sequenced to allow continuous 

operation of the shipping and receiving area. Figure 4 provides a layout of the 
excavation sequencing plan. The four areas will be excavated sequentially to provide 

continued access of the parking lot for loading and unloading purposes. Each area is 

sized to provide access to the bottom of the excavation for backfilling purposes. The 

limits of construction are approximate; the actual limits will be clearly marked with 

traffic barricades and flagging, or surrounded with orange construction fence during 

construction. 

8.1.2 Backfill 

General fill material will be used to backfill and restore the excavated areas to the top of 

the pre-excavation clay layer grades. Compaction of the backfill will be performed in 

1-foot maximum lifts, to ensure adequate stability for the heavy traffic flow of the East 

Parking Lot Area. Base coarse material, similar to the gravel layer presently in place, 

will be added on top of the general fill to restore the excavated area to pre-excavation 

grades and to allow driving on the area until asphalt paving is completed. 

8.2 Construction Procedures 
Construction is to progress under the principals and practices described below. 

8.2.1 Site Preparation and Approvals 

The work locations will be prepared by bringing in necessary equipment and temporary 

job trailers. The location is already a restricted-use area, so further limits to public access 

will not be necessary. Local permits and approvals will be obtained by the contractor 

before commencing work, as necessary. Utilities will be properly located prior to 

commencing construction activities. 

8.2.2 Excavation 

Standard excavation equipment and practices will be used for the removal of the 

contaminated soil at the East Parking Lot Area. The base of the excavation will be to the 

water table or the base of the clay layer, whichever is shallower (approximately 10 to 

12 feet below existing grade). The base will be maintained at a minimum grade of 

0.5 percent to promote positive drainage of incidental infiltration water. Excavation will 
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be completed in a sequence of four (4) areas, to allow for continued traffic through the 

area. While under construction, each area, including the limits of construction, will be 

fenced with temporary structures at all times for safety purposes. Contaminated soil 

will be transported to a permitted landfill facility via licensed haulers. 

8.2.3 Confirmation Sampling 

As the excavation proceeds, soil samples will be collected for chemical analysis to 

confirm that the cleanup concentrations have been met. Samples will be collected at 

25-foot intervals along the sidewalls at depths of about 4 and 8 feet below ground 

surface. Soil samples will be analyzed for TCE and TCA using a mobile laboratory 

equipped with a gas chromatograph. As described previously, because the remedial 

action is meant to remove hot spots only, there is no specific regulation that defines the 

boundary. Therefore, the mobile laboratory data will be used as final data. Sample 

results along each sidewall will be averaged and compared to the cleanup 

concentrations for TCE (1 mg/kg) or TCA (10 mg/kg). 

8.2.4 Backfill 

The excavated area will be backfilled to within 6 inches of the pre-construction 

conditions through the use of a general fill material at the East Parking Lot. Soil will be 

placed and compacted in 1-foot lifts to minimize settlement. A 6- to 8-inch layer of base 

coarse material will then be placed over the disturbed area. 

8.2.5 Construction Documentation 

The construction at the East Parking Lot Area will be performed by qualified, licensed 

contractors with experience in remedial projects of this type. This work will be observed 

by staff under the direction of a professional engineer. Daily documentation reports will 

be maintained at the jobsite. Quantities will be documented via hand measurements 

and load tickets. 

At the completion of the remedial action, a construction documentation report will be 

submitted to the WDNR. The report will contain descriptive and photographic 

documentation. Drawings will be used to illustrate the final horizontal and vertical 

extent of removal. The report will be submitted within 60 days after the completion of 

construction. 
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RMT Project No: 
Project Name 

Boring Drilled By 

Common Well Name Initial Borehole Diameter 

2- Inches 

Boring ocation 
State Plane Easting Northing 

Local Grid Location (IC applicable) 

SW 1/4of:SCl/4ofSection /3 

" lll C +-
H "C C 
...., OJ ::, 

'- 0 '- .c OJ u 
QJ +- > 

.C Cl O 3 
e CU 0 
::, QJ QJ 
z ..J 0:: '° 

C 
H 

.c 
+- +a. QJ 

QJ QJ 
Cl LL 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

ON 
Feet O S 

0 
QJ H - u. a. QJ ' e a. 0 
111 :n H 

CJ) I- a.. 

C 
0 

"C +-
'- 111 
111 '-

"C +-
C QJ 
111 C 
+- QJ 
CJ) Q. 

DE 
Feet O W 

lll e +-
111 C 
'- QJ 

-CD ' e 
-111 ce 
OJ·- 00 

:J:Cl 0:: u 

3 
'-. - t-- .,- .... , .... -- . 



RMT Field Soi I Boring Log Information 

RMT Project No: 3 0 i{ , l 3 
Project Name 

Boring Drilled By 

ation 
State Plane 

sc.J1t4or s 

,,.._ Ill 
C +-

H -0 C 
'-'OJ :::, C 

C.. 0 H c.. .c QJ u 
QJ +-> .c 

Easting 

1/4 of Section 

.0 OlO :3 +-+-
e co o a.w 
:::, QJQJ QJQJ 

Z ..JO::: !O OU.. 

Common Well Name 

Northing 

/0 N,R 2./E 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

Surface Elevation 

Page / of / 

Boring Number 

5L311TCA-

Borehole Diameter 

Inches 
Local Grid Location (If applicable) 

ON 0 E 
Ow 0 S Feet 

C 
0 

"tl +- Ill 
Cl c.. ,u e +-

QJ H ,u c.. ,u C - LL "tl +- c.. QJ 
a. QJ ' C QJ - Ol ' e e a. Cl ,u C - ,u oe 
,u :n H +- QI QJ•- 0 0 

CJ) I- Q. en a.. ::3:0 a:::u 



RMT Field Soil Boring Log Information 

RMT Project No: 13 ot'-1. ). 3 
Proje~~~vY\ 

Boring Drilled By 

H 5 : D°'vi. 8ettdtJr.f 
Common Well Name Initial Water Level 

State Plane East i ng Northing 

S Wl/4 of :S5J4 of Section /.S T /0 N,R 2./C 
Counly () 2-a..u. kc6 

,-, tll 
C +-
H1J C 
...., OJ :::, C 

Group Name, Percent & Range of Particle 
c.. 0 H 

c.. ..c OJ u 
OJ +- > ..c 
.a Cl 0 ::3 +- +-
e CU 0 a. OJ 

Sizes, Plasticity, Color, Odor, Moisture, 
Density /Consistency, Additional Comments, 

:::, OJ OJ OJ OJ 
z ...J a:: ID OU. Geologic Origin ( Stratigraphic Unit) 

F-2048 (R 12·94) 

---, .. 

Page / of I 

Surface Elevation Borehole Diameter 

:;J.... Inches 
Local Grid Location (If applicable) 

ON 0 E 
Ow 0 S Feet 

C 
0 

1J +- tll 
C c.. ,a e +-

OJ H ,a c.. ra C - Li. 1J .... t. OJ a. QI ' C OJ - 0) ' e e a. Cl ,a C - ra o e 
Ill jl H .... OJ OJ·- 0 0 

CJ) I- a. CJ) a.. ::J:O a:: u 

s 
·• --.,,-·-:,, 



RMT Project No: ~Of 'J 
Project Name 

Tee.."" 
Boring Drilled By 

RMT Field Soi I Boring Log Information 

End Date 

Common Well Name Borehole Diameter 

2,-- Inches 

Borl·ng Lo tion Local Grid Location (If applicable) 
E t . Northing State Plane as I ng O N 

C,A.h/4 of SGJ4 of Section/ 3 T /0 N,R 2/ e Feet □ s 

,-.. Ul 
C +-

H "C C 
'-'a.I :::, C 

C.. 0 H 
c.. .c Q.I u 
Q.I +-> .c 
.0 0)0 3 +-+-
e cu o a.a, 
:::, Q.I QI Q.I Q.I 

Z ..JO:: !Xl OU. 

State c.u:c DNR County Code Civil Town/City/ or Village 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density/Consistency, Additional Comments, 
Geologic OrigJn ( Stratigraphic Unit) 

QI -a. Q.I 
e a. 
Ill :::n 

(/) .... 

·p 

0 
H u. 
' 0 
H 
a. 

Feet 

C 
0 

"C +-
C.. Ill e 
Ill C.. Ill 

"C +- c.. 
C Q.I - 0) 
Ill C -Ill 
+- Q.I Q.I•-(/) a. 30 

0 E 
Ow 

Ul 
+-
C 
Q.I 

' e o e 
0 0 
0:: u 



RMT Field Soi I Boring Log Information 

RMT Project No: 3('.)g 1:> 

Boring Drilled By 

Common Well Name 

ation 
State Plane Easting Northing 

J e,J 1/4 orSG1/4 of Section /3 T /0 N,R -:Z,./ C--

'QJ 
.0 
e 
::::, 
z 

,-.. 
C 
H"C 
V QJ 

'.J:. QJ 
+- > 
C) 0 
CU 
QJ QJ 

...J 0:: 

Logged By: 

Ill 
+
c 
::::, 
0 u 
::3 
0 

co 

C 
H 

.J:. 
+- +
a. QJ 
QJ QJ 
OU. 

a f e: Me, j :5 f c. { 
F·2048 (R 12·94) 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

Page I of I 
Boring Number 

S824TLA 

Local Grid Location (If applicable) 

D N 
D S Feet 

0 
QJ H 

LL 
a. QJ ' e a. o 
Ill :n H 

(I) I- a. 

C 
0 

"C +-
'- Ill E 
Ill C.. Ill 

"C +- '-
C QJ - O, 
Ill C - Ill 
+- QJ QJ ·-(/) a. :IO 

Inches 

DE 
Ow 

Ill 
+
c 
QJ 

' e oe 
C 0 
0:: u 



RMT Field Soi I Boring Log Information 

RMT Project No: 3D 8"'-f. 1.3 
Project Name 

T~C<.{.W\. $!-~ 
Boring Drilled By 

Common Well Name 

cation 
State Plane EaSt i ng Northing 

:Su} 1/4 of S Cl/4 of Section / 3 T 0 N,R 2/E 
Countyo ~au.. Kee. State 

k/L 
DNR County Code Civil 

,-.. Ul 
C -+-

H "C C 
'-' a, :::, C 

Group Name, Percent & Range of Particle 
C.. 0 H 

'- ..c a, u Sizes, Plasticity, Color, Odor, Moisture, 
a, -+-> ..c 
.0 0)0 3 -+--+-
e cu o a.a, 
:::, a, a, a, a, 

Z ..JO:: a:l CL.I. 

Density /Consistency, Additional Comments, · 
Geologic Origin ( Stratigraphic Unit) 

( ua.,~ t-1 
3~~ I 

Page of 

Boring Number 

S/32S-TC~ 

Local Grid Location (If applicable) 

ON 
0 S Feet 

C 
0 

"C -+-
0 C.. Ill e 

a, H Ill C.. Ill - LI. "C -+- '-a. a, ' Ca, - 0) e a. 0 ,a C - ,a 
Ill :,I H -+- a, ll.l·-

CJ) I- a.. CJ) a. 30 

Inches 

DE 
Ow 

Ul 
-+-
C 
a, 

, e 
oe 
0 0 
0:: u 

>;; -- ' ' 



RMT Field Soi I Boring Log Information 

RMT Project No: '30~ .23 
Project Name 

Boring Drilled By 

Common Well Name 

Boring ocation t . 
State Plane Eas I ng Northing 

W 1/4 of Sc1/4 of Section /._3 T /0 N,R 2/c 
Countyo Ir 

3::Cl,(.,L ~e. e..., 
,... U\ 
C ~ 
H-0 C 
'-' QI :, C 

t. 0 H 
t. .c QI u 
QI ~> .c 
..c mo ::3 ~~ 
e cu o a.QI 
:, QI QI QI QI 
z ..JO:: cc CJLL. 

F·204B CR 12·94) 

State 

WI 
Group Name, Percent & Range of Particle 

Sizes, Plasticity, Color, Odor, Moisture, 
Density/Consistency, Additional Comments, 

Geologic Origin ( Stratigraphic Unit) 

Surface Elevation Borehole 1ameter 

1..._ Inches 
Local Grid Location (If applicable) 

ON 
0 S Feet 

C: 
0 

-0 ~ 
CJ t. ,0 e 

QI H ,0 t. ,0 - LL. -0 ~ t. 
Q. QI ' C QI -m e a. CJ ,o C - ,0 
,0 ::ll H ~ QI QI•-

Cl) I- a. Cl) a. :3 CJ 

0 E 
Ow 

U\ 
~ 

C 
QI 

' e CJ e 
00 
0:: u 



RMT Project No: 
Project Name 

Boring Drilled By 

G 5 : &,.._ 
Drill Rig 

rofae.-
Boring ocation t . 
State PJane Eas I ng 
S LJV 1/4 of S c1/4 of Section 

County ('.j ,2Q,.<.,<.. k..e,e... 
,-.. VI 
C +-

H 1' C 
'-" QI :::, C 

C.. 0 H 
c.. .c QI u 
Q,I +-> .c 
.0 0)0 ::3 ........ 
e cu o a.QI 
:::, Q,I QI Q,I Q,I 
Z ...JO:: !D CLL 

RMT Field Soil Boring Log Information 

Common Well Name Initial Water Level 

Northing 

/ ,S T /0 N,R 2,/ e--
State _ 

WJ.... 
D NR County Code Civil T 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

. ,~ -~-·· ..... -_ . .,, . -. ,••· 

Surface Elevation Borehole Diameter 

Inches 
Local Grid Location (If applicable) 

ON DE 
Ow Feet O S Feet 

C 
0 

1J .... VI 
0 C.. Ill e .... 

Q,I H Ill C.. Ill C - LL "'C .... c.. Q,I a. Q,I ' C QI -Cl ' e e a. 0 Ill C -111 Ce 
Ill ::n H .... QI QI•- 0 0 
(/) ... Q. (/) a. ::IC 0:: u 

[O 



RMT Field Soi I Boring Log Information 

RMT Project No: 
\ Project Name 

Tec"-W\~lt.... 

3D8' , 23 

Drilling ethod 

tf q 'c H_ o.e V <J Sa_W\. ( (.,Ir' 
Common Well Name Initial Water Level 

Boring ocation E t . Northing State 11ane as I ng 
S C,,u 1/4 of S (:;1/4 of Section /....3 N,R 2,/~ 
Countt,~a_~ 

'QJ 
.0 
e 
:, 
z 

,,..,_ Ill 
C +-

H "C C 
'-' QJ :, 

'- 0 ..c QJ u 
+- > 
C) 0 :3 
CU 0 
QJ QJ 

...J a:: co 

C 
H 

..c 
+- +
a. QJ 
QJ QJ 
OU. 

DNR County Code Civil To 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density/Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

.. ~- . - ·~ 

Surface Elevation Borehole Diameter 

1-- Inches 
Local Grid Location (If applicable) 

ON 
0 S Feet 

C 
0 

"'O +-
Cl '- ,0 e 

QJ H ,0 '- ,0 - Ll. "'O +- '-a. QJ ' C QJ - 0) e a. Cl ,o C - ,0 
,0 ::n H +- QJ QJ•-

CJ) I- Q.. CJ) a. :I 0 

CL 

0 E 
Ow 

Ill 
+-
C 
QJ 

' e o e 
0 0 
a:: u 



RMT Project No: 3ot 
1 

Boring Drilled By 

Boring cation E t . 
State Plane as I ng 
sd 1/4 of S EiJ4 of Section 

County 

,-.. Ul 
C +-

H -0 C 
'-' QI :, 

c.. 0 
c.. .c: QI u 
QI .... > 
.0 Cl O ::3 
S CU O 
:, QI QI 
Z ..JO:: IC 

RMT Field Soi I Boring Log Information 

Common Well Name Initial Water Level 

Northing 

/3 T Jo N,R -Z/E 
DNR County Code Civil Tow 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

'\. 

_, 2 \ 

/2-' 

Local Grid Location (If applicable) 

ON 
Feet O S Feet 

Village 

bV\. 
C 
0 

-0 .... 
0 c.. 111 s 

QI H 111 c.. ,a - LL -0 .... c.. 
Q. QI ' C QI -m s Q. 0 111 C - ,a 
,a ::n H .... QI QI•-en .,_ a. en a. ::J: 0 

Inches 

0 E 
Ow 

Ul .... 
C 
QI 

' s OS 
C 0 
a:: u 

/)-



RMT Field Soi I Boring Log Information 

RMT Project No: 
End 

Cf 
Drilling Method 

'-I s•l !-kcuo -Cov--L 
Initial Water Level Surface Elevation 

Boring ocation t . 
State Plane Eas I ng Northing 

Page 

Boring Number 

s 

Borehole Diameter 

Inches 

S~l/4or3'b./4ofSection /3 T 0 N,R 2/& 

Local Grid Location (If applicaole) 

ON 
Feet O S Feet 

0 E 
Ow 

Count~ 

,--. Ul 
C +-
HlJ C 
'V (lj ::, 

'- 0 
.!:. (lj u 
+- > 
0) 0 ::3 
CU 0 
(lj (lj 
.J a:: co 

4-1 

F·2048 CR 12·94) 

C 
H 

.!:. 
+- +-
Q. (lj 
(lj (lj 

01.L. 

St~r. 
DNR County Code Civil Town/ ·ty/ or vµ;a e . 

,ra... J 0 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor: Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

(lj -
Q. (lj 
e a. 
Ill :JI 
(/) I-

C 
0 

1J +- Ul 
0 C.. Ill e +-
H Ill '- Ill C 
LL. lJ +- '- (lj 

' Ca, - 0) ' e 
0 Ill C -111 o e 
H +- (lj QI•- 0 0 
0.. (/) 0.. :XO a:: u 



RMT Field Soi I Boring Log Information 

RMT Project No: '?) D fi, 3 

Boring Drilled By Drilling Method 

GMS; 
Drill Rig Common Well Name Initial Water Level 

ation . 
State Plane East Ing Northing 

:5" uJ 1/4 of Sc-1/4 of Section /J T/o '2/ c=-
CountY. 

,-. 
C 

H "C 
....., (U 

c.. 
c.. .!::. (U 
(U +- > 

..0 Cl 0 
e CU 
:, Q,I (U 
z ...J 0:: 

Ul 
+-
C 
:, 
0 u 
::3 
0 

co 

C 
H 

.!::. 
+- +-
Q. (U 
Q,I (U 

Cl Li. 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density/Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

,·11, . 
/il4-:_JQ J..~ ~<!Jo~ 

--1---1--+--11-FLea."' t 10\ 3" -4' 1 V'D o lo--{ 

Surface Elevation Borehole Diameter 

Inches 
Local Grid Location (If applicable) 

D N 
Feet O S Feet 

C 
0 

"C +-
Cl c.. ,u e 

(U H ,u c.. Ill - Li. "C +- c.. 
Q. (U ' C <U - Cl e a. Cl Ill C - Ill 
Ill :JI H +- (U W·-
U) I- 0. U) 0. :IO 

5/J 
a. 

DE 
Ow 

Ul 
+-
C 
(U 

' e Cl e 
C 0 
0:: u 

c,l, ~j<.J. loov-e) r~'-I ~'JQ,v~ rto cdc, I,~ f,c 

> 

/4 
. ~ ,... ,----- -.·•' 



. ._ 
) 

RMT Project No: g 0 

Boring Drilled By 

Boring L ation E t . 
State Pia e as I ng 

S t,J 1/4 of S Cl/4 of Section 

Cout) 

,,.... (/1 
C +-
H"C C 
....,, OJ :::, C 

(.. 0 H 
(.. .t:. OJ u 
OJ +- > .t:. 
.0 Ol 0 3 +- +-
e C 0 0 a. OJ 
:::, OJ OJ - OJ OJ 
z ...J 0::: (0 OU. 

RMT Field Soi I Boring Log Information 

f 
Common Well Name Initial Water Level 

Northing 

T /0 N,R -;z/6 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

\ 

£0 8@ }J. . 

Surface Elevation Borehole Diameter 

Inches 
Local Grid Location (If applicable) 

ON 0 E 
Ow Feet 0 s Feet 

C 
0 

"C +- (/1 
C C.. Ill e +-

OJ H Ill (.. Ill C - u. "C +- (.. OJ 
Q. OJ ' C OJ - Ol ' e e a. 0 Ill C - Ill ce 
Ill:,, H +- OJ OJ·- 0 0 en i-- a. en a. :IC O:::U 

/S 
~, • ~ -, "T" -

:, ' 



T' 
RMT Field Soil Boring Log Information ' 

RMT Project No: '3C,(f 'f, 2 J 
Project Name l 

~C "'-VV'--S~ 
Boring Drilled By 

( 
Common Well Name Initial Water Level 

Boring L cation 
State Pl ne East i ng Northing s~/4 of S£i./4 of Section /3 T /'o N,R "2,/ E 

" t/1 
C +-
H1J C 
'-' QJ :, 

c.. 0 
c.. .c QJ u 
QJ +- > 
.0 ti) 0 ::3 
e CU 0 
:, QJ QJ z ..J a:: al 

C 
H 

.c 
+- +-
a. QJ 
QJ QJ 

01.L. 

State -- DNR County Code Civil Town 

UJ..J-

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

of 

Surface Elevatio 

Local Grid Location {If applicable) 

ON 
Feet O S Feet 

C 
0 

1J +-
0 c.. tO e 

QJ H tO c.. tO - LL. 1J +- c.. a. QI ' C QI - ti) e a. 0 tO C - tO tO :JI H +- QJ QI·-
CJ) I- a. CJ) a. :XO 

t 

l 

Inches 

0 E 
Ow 

t/1 
+-
C 
QJ 

' e o e 
0 0 
a:: u 

/0 



RMT Field Soil Boring Log Information 

RMT Project No: 30 8''-/-, ~ '3 
Project Name 

Te 
Boring Drilled By 

Common Well Name Initial Water Level 

Boring L ation E t . 
State Plane as I ng Northing 

S' t-tf 1/4 of Se:- 1/4 of Section / 3 T N,R 2/C 

Surface Elevation 

Page ( of 

Boring Number 

.s 3 rcA 

Borehole Diameter 

Inches 
Local Grid Location (If applicable) 

ON 0 E 
Ow 0 S Feet 

DNR County Code Civil ~n/Citr, 

c.:;,v~ 
" Ill 
C +-
H-0 C 
'-" OJ :::, 

c.. 0 
c.. .J:. OJ u 
OJ +- > 
.0 Cl 0 ::3 
e CU 0 
:::, OJ OJ z ...J 0: cc 

C 
H 

.J:. 
+- +-
0. OJ 
OJ OJ 
OU. 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
OJ -0. QI 
e o. 
,a :JI 

Cl) I-

C 
0 

-0 +- Ill 
0 C.. Ill e +-
H ,a c.. ,a C 
LL -0 +- c.. OJ 

' C OJ - Cl ' e 
0 ,a C - ,a o e 
H +- QI OJ·- 0 0 
a. Cl) a. :IO 0: u 

.v~1·1 
\''). ~8 

11 
- .. ' \ ,· ···••. u--..- .. - - - . 



RMT Field Soi I Boring Log Information 

RMT Project No: 30 8i, 2.3 
Project Name 

Boring Drilled By 

'Qj 
.D 
e 
::, 
z 

" Ill C +-
H 'O C 
'-' Qj ::, 

'- 0 .c Qj u 
+- > 
Ol O ::3 
CO 0 
Qj Qj 

...J a:: al 

C 
H 

.c 

Easting 

+- +-
0.. Qj 
Qj Qj 
0 LL. 

Common Well Name Initial Water Level 

Northing 

/3 T N,R Z/ e--
DNR County Code Civil To 

Group Name, Percent & Range of Particle 
Sizes, Plasticity, Color, Odor, Moisture, 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

'') ---.q,..,"#" ra.ve,\ Fi I\ [Su.J«.: D i 

Page of 

Local Grid Location (If appli able) 

ON 
0 S Feet 

C 
0 

'O +-
0 '- II! e 

Qj H II! '- II! - LL. 'O +- '-a. Qj ' C a, - Ol e a. 0 Ill C -II! 
II! :JI H +- Qj QI•-en I- a. en a. :IO 

Inches 

OE 
Ow 

Ill 
+-
C 
Qj 

' e oe 
C 0 
a:: u 

~Q¼~ ( \_'-f-' u,.,r. ~lo.;:, 1✓ -j'fA.1)(.1) tr, 54.~ 1/T -+ort:d./w. 

, \\ ~--+---+----+.,j1--+-s-w_u_+_~l)_µ ___________ -+---+---+-----t-1----
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RMT Field Soi I Boring Log Information 

RMT Project No: ,3 0 i lf, '13 
Project Name 

C.C.LU'V\ !)-<. 
Boring Drilled By Drilling Method 

Common Well Name Initial Water Level 

Boring L ation . 
Northing State P.lane EaS t I ng 

3;;} 1/4 of S Ci./4 of Section /3 T N,R 2./E 
County O '2a.. -e-!.,; 

,,..._ tll 
C .... 
Hi:l C 
'-' QI :::, C 

c.. 0 H 
c.. .c QI u 
QI .... > .c 
.0 C) 0 3 ........ 
e C 0 0 a. QI 
::, QI QI - QI QI 
z ...J a:: co C IJ... 

DNR County Code Civil Town/ 

Group Name, Percent & Range of Particle 

Sizes, Plasticity, Color, Odor, Moisture. 

Density /Consistency, Additional Comments, 
Geologic Origin ( Stratigraphic Unit) 

Page of 

Surface Elevation Bo.s,hole Diameter 

//'" Inches 
Local Grid Location (If applicable) 

ON 
0 s Feet 

C 
0 

" .... 0 C.. Ill e 
QI H Ill C.. ,a - IJ... " .... c.. a. a, ' C a, - Cl e a. 0 111 C -111 
,a :JI H .... a, QI•-en ,_ a. en a. 30 

0 E 
Ow 

tll .... 
C 
QI 

' e Ce 
C 0 
a:: u 



RMT Project No: .3Di 
Project Name 

Boring Drilled By 

GMS.· 
Drill Rig 

'QI 
.0 
e 
:, 
z 

,,..._ 
C 
H1J 
...., QI 

'-.r::. QI 
.... > 
C) 0 
CU 
QI QI 

...J Q:: 

(ll .... 
C 
:, 
0 
u 
3 
0 -

a) 

Easting 

C 
H 

.r:::. ........ 
a. QI 
QI QI 
01.L 

RMT Field Soi I Boring Log Information 

Common Well Name Initial Water Level 

T 

Northing ,r--
/0 N,R 2/~ 

State w 
Group Name, Percent & Range of Particle 

Sizes, Plasticity, Color, Odor, Moisture, 
Density/Consistency, Additional Comments, 

Geologic Origin ( Stratigraphic Unit) 

-· ·~ -·· ,·• 

Page of / 

Boring Number 

S5 3lTCA 

Surface Elevation 

Local Grid Location (If applicable) 

ON 
Feet O S Feet 

or Village 

o"'-
C 
0 

1J .... 
0 C.. Ill e 

QI H Ill C.. Ill - LI.. 1J .... '-a. QI " C QI - C) e a. 0 Ill C -111 
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Kerry De Keyser 

Tecumseh Products Company 

1604 Michigan A venue 

New Holstein, WI 53061-0000 

ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 
(920)459-2500 Fax: (920)459-2503 

www. cardina/environmental. com 

Parameter Result Units LOO LOQ 

' Cardinal Sample Number: 39537 Date Collected: 8/31/98 Grab 
33. 

Sample Description: Tecumseh Soil - SBV,TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 

57 
ug/Kg 

ug/Kg 

Cardinal Sample Number: 39538 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB l 9TCA l '-2' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 

<25 

ug/Kg 

ug/Kg 

, Cardinal Sample Number: 39539 Date Collected: 8/31/98 

i Sample Description: Tecumseh Soil - SB l 9TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 

47 
ug/Kg 

ug/Kg 

Cardinal Sample Number: 39540 Date Collected: 8/31/98 

• Sample Description: Tecumseh Soil - SB l 9TCA 8'-1 O' 

1,1,1-Trichloroethane 

Trichloroethene 

90 
350 

ug/Kg 

ug/Kg 

Cardinal Sample Number: 39541 Date Collected: 8/31/98 

• Sample Description: Tecumseh Soil - SB18TCA l'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

40 

4,200 

ug/Kg 

ug/Kg 

Grab 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

15 

22 

15 

22 

15 

22 

i5 

22 

15 

Batch Number: 

Report Date: 

Date Received: 

Project Mgr: 

981850 

9/22/98 

9/21/98 

PVE 

Method Analyst Date 
Analyzed 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9il4/98 

9/14/98 

9/14/98 

Page: 2 
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Kerry De Keyser 

Tecumseh Products Company 

1604 Michigan A venue 

New Hoistein, V.1 53061-0000 

ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 
(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 39532 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil• SB23TCA l'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 
<25 

ug/Kg 
ug/Kg 

. Cardinal Sample Number: 39533 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil • SB23TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

180 

29 
ug/Kg 
ug/Kg 

Cardinal Sample Number: 39534 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil• SB23TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

360 

170 

ug/Kg 
ug/Kg 

. 3 

. Cardinal Sample Number: 39535 D't Collected: 8/31/98 
1 Sample Description: Tecumseh Soil• SB TCA l'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 
<25 

ug/Kg 
ug/Kg 

· Cardinal Sample Number: 39536 D~ Collected: 8/31/98 

Sample Description: Tecumseh Soil• SByfrCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 

<25 
ug/Kg 
ug/Kg 

Grab 

Grab 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

15 

22 

15 

22 

15 

22 

15 

22 

15 

Batch Number: 981850 

Report Date: 9/22/98 

Date Received: 9/21/98 

Project Mgr: PVE 

Method Analyst Date 
Analyzed 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW802l 

SW 8021 

SW 8021 

SW 8021 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

Page: I ~ 



Kerry De Keyser 

Tecumseh Products Company 

1604 Michigan A venue 

New Ho)stein, WI 53061-0000 

ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 

(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 39542 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB 18TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 
' 

39543 

120 

12,000 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

i Sample Description: Tecumseh Soil - SB18TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39544 

85 

5,200 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB20TCA l'-2' 

1,1, 1-Trichloroethane 

Trichloroethene 

: Cardinal Sample Number: 39545 

<25 

120 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

: Sample Description: Tecumseh Soil - SB20TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

, Cardinal Sample Number: 39546 

<25 

<25 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB20TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

48 
270 

ug/Kg 

ug/Kg 

Grab 

Grab 

Grab 

Grab 

Grab 

6.7 

450 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

150 

22 

15 

22 

15 

22 

15 

22 

15 

Batch Number: 981850 

Report Date: 9/22/98 

Date Received: 9/21/98 

Project Mgr: PYE 

Method Analyst Date 
Analyzed 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

3 
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Kerry De Keyser 

Tecumseh Products Company 

1604 Michigan A venue 

New Holstein, WI 53061-0000 

CARDINAI-

1: . ,flirlll 
ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 

(920)459-2500 Fax: (920)459-2503 

www.cardina/environmenlal.com 

Parameter Result Units LOO LOQ 

Cardinal Sample Number: 39547 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB2ITCA l'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39548 

<25 
<25 

ug/Kg 
ug/Kg 

Date Collected: 8/3 1/98 

i Sample Description: Tecumseh Soil - SB21TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39549 

<25 
92 

ug/Kg 
ug/Kg 

Date Collected: 8/31/98 

! Sample Description: Tecumseh Soil - SB21TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

30 

<25 
ug/Kg 
ug/Kg 

Grab 

Grab 

Grab 

: Cardinal Sample Number: 39550 Date Collected: 8/31/98 Grab 

I Sample Description: Tecumseh Soil - SB24TCA l'-2' 

1, 1, 1-Trichloroethane 

Trichloroethene 

<25 
<25 

ug/Kg 
ug/Kg 

• Cardinal Sample Number: 39551 Date Collected: 8/31/98 

' Sample Description: Tecumseh Soil - SB24TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 
31 

ug/Kg 
ug/Kg 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

15 

22 

15 

22 

15 

22 

15 

22 

15 

Batch Number: 981850 

Report Date: 9/22/98 

Date Received: 9/21/98 

Project Mgr: PYE 

Method Analyst Date 
Analyzed 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

Page: 4 



Kerry De Keyser 

Tecumseh Products Company 

I 604 Michigan A venue 

New Holstein, WI 53061-0000 

ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 
(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 39552 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB24TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

, Cardinal Sample Number: 39553 

31 

77 
ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

1 Sample Description: Tecumseh Soil - SB25TCA l'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

i Cardinal Sample Number: 39554 

<25 

<25 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB25TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

, Cardinal Sample Number: 
' 

39555 

220 

<25 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

! Sample Description: Tecumseh Soil - SB25TCA 8'-10' 

1,1,l-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39556 

480 
130 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

, Sample Description: Tecumseh Soil• SB28TCA 1'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

<25 

<25 

ug/Kg 

ug/Kg 

Grab 

Grab 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Cenification #460024950 

22 

15 

22 

15 

22 

15 

22 

i5 

22 

15 

Batch Number: 981850 

Report Date: 9/22/98 

Date Received: 9/21/98 

Project Mgr: PYE 

Method Analyst Date 
Analyzed 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

s 
Page: 5 



Kerry De Keyser 

Tecumseh Products Company 

1604 Michigan A venue 

New Holstein, WI 53061-0000 

E N V 

3303 PaineAvenue, Sheboygan, WI 53081 

(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Parameter Result Units LOO LOQ 

Cardinal Sample Number: 39557 Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB28TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

, Cardinal Sample Number: 39558 

160 

<25 
ug/Kg 
ug/Kg 

Date Collected: 8/31/98 

: Sample Description: Tecumseh Soil - SB28TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39559 

230 

<25 
ug/Kg 
ug/Kg 

Date Collected: 8/31/98 

, Sample Description: Tecumseh Soil - SB26TCA l'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39560 

<25 
<25 

ug/Kg 
ug/Kg 

Date Collected: 8/31/98 

: Sample Description: Tecumseh Soil - SB26TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

: Cardinal Sample Number: 39561 

92 

<25 
ug/Kg 
ug/Kg 

Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB26TCA 8'-10' 

1,1,1-Trichloroethane 
Trichloroethene 

<25 
<25 

ug/Kg 
ug/Kg 

Grab 

Grab 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

15 

22 

15 

22 

IS 

22 . 

IS 

22 

IS 

Batch Number: 981850 

Report Date: 9/22/98 

Date Received: 9/21/98 

Project Mgr: PVE 

Method Analyst Date 
Analyzed 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

Page: 6 



Kerry De Keyser 

Tecumseh Products Company 

1604 Michigan A venue 

New Holstein, WI 53061-0000 

3303 Paine Avenue, Sheboygan, WI 53081 

(920)459-2500 Fax: (920)459-2503 

www. cardina/environmental. com 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 395{)2 Date Collected: 8/31/98 

: Sample Description: Tecumseh Soil - SB29TCA 1'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39563 

<25 

<25 

ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

: Sample Description: Tecumseh Soil - SB29TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

: Cardinal Sample Number: 39564 

<25 

<25 
ug/Kg 

ug/Kg 

Date Collected: 8/31/98 

Sample Description: Tecumseh Soil - SB29TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

LOD Limit of Detection 

LOO Umit of Quantitation 

32 
120 

ug/Kg 

ug/Kg 

+ Result estimated below the LOQ. 

Result falls between LOD and LOQ 

Comments: Analyzed by U.S. Oil Co .. Inc .. WI Lab Cert. #445027660. 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

22 

15 

22 

15 

22 

15 

Batch Number: 981850 

Report Date: 9/22/98 

Date Received: 9/21/98 

Project Mgr: PVE 

Method Analyst Date 
Analyzed 

SW 8260 

SW8260 

SW 8260 

SW 8260 

SW 8260 

SW 8260 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

9/14/98 

Approved By:--'~=------"'--"'"'~'--·------ Date: -2.J_,l_{J..fl:_ 
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E N V IRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 
(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Kerry De Keyser Batch Number: 981893 

Tecumseh Products Company Report Date: 9/28/98 

900 North Avenue Date Received: 9/25/98 

Grafton , WI 53024-0000 Project Mgr: PVE 

Parameter Result Units LOD LOQ Method Analyst Date 
Analyzed 

Cardinal Sample Number: 39680 Date Collected: 9/1/98 Grab 

• Sample Description: Tecumseh Soil SB27TCA l'-2' 

1,1,1-Trichloroethane <25 ug/Kg 6.7 22 SW 8021 9/16/98 

Trichloroethene <25 ug/Kg 4.5 15 SW802l 9/16/98 

Cardinal Sample Number: 39681 Date Collected: 9/1/98 Grab 

Sample Description: Tecumseh Soil SB27TCA 4'-6' 

1,1,1-Trichloroethane <25 ug/Kg 6.7 22 SW 8021 9/16/98 

Trichloroethene <25 ug/Kg 4.5 15 SW 8021 9/16/98 

Cardinal Sample Number: 39682 Date Collected: 9/1/98 Grab 

• Sample Description: Tecumseh Soil SB27TCA 8'-10' 

1,1,1-Trichloroethane <25 ug/Kg 6.7 22 SW 8021 9/16/98 

Trichloroethene <25 ug/Kg 4.5 15 SW 8021 9/16/98 

Cardinal Sample Number: 39683 Date Collected: 9/1/98 Grab 

Sample Description: Tecumseh Soil SB22TCA l'-2' 

1,1,1-Trichloroethane <25 ug/Kg 6.7 22 SW 8021 9/16/98 

Trichloroethene <25 ug/Kg 4.5 15 SW 8021 9/i6/98 

Cardinal Sample Number: 39684 Date Collected: 9/1/98 Grab 

Sample Description: Tecumseh Soil SB22TCA 4'-6' 

1,1,1-Trichloroethane <25 ug/Kg 6.7 22 SW 8021 9/16/98 

Trichloroethene <25 ug/Kg 4.5 15 SW 8021 9/16/98 

)?--
Wisconsin Laboratory Certification #460024950 Page: 



Kerry De Keyser 

Tecumseh Products Company 

900 North A venue 

Grafton, WI 53024-0000 

ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 
(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 39685 Date Collected: 9/1/98 

i Sample Description: Tecumseh Soil SB22TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39686 

<25 
29 

ug/Kg 

ug/Kg 

Date Collected: 9/1/98 

, Sample Description: Tecumseh Soil SB37TCA 1'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

' Cardinal Sample Number: 39687 

<25 
<25 

ug/Kg 

ug/Kg 

Date Collected: 9/1/98 

i Sample Description: Tecumseh Soil SB37TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39688 

<25 
33 

ug/Kg 

ug/Kg 

Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB37TCA 8'-10' 

1,1,1-Trichloroethane 

Trichioroethene 

Cardinal Sample Number: 39689 

<25 
<25 

ug/Kg 

ug/Kg 

Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB36TCA 1'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

60 
<25 

ug/Kg 

ug/Kg 

Grab 

Grab 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

15 

22 

15 

22 

15 

22 

i5 

22 

15 

Batch Number: 

Report Date: 

Date Received: 

Project Mgr: 

981893 

9/28/98 

9/25/98 

PVE 

Method Analyst Date 
Analyzed 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

Page: 2 



Kerry De Keyser 

Tecumseh Products Company 

900 North A venue 

Grafton , WI 53024-0000 

ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 
(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 39690 Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB36TCA 4'-6' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39691 

100 

26 
ug/Kg 
ug/Kg 

Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB36TCA 8'-10' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39692 

<25 

<25 

ug/Kg 
ug/Kg 

Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB34TCA 1'-2' 

1, 1, 1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39693 

<25 

<25 

ug/Kg 
ug/Kg 

Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB35TCA 1'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

Cardinal Sample Number: 39694 

140 

130,000 

ug/Kg 
ug/Kg 

Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB30TCA 1'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

340 

<25 

ug/Kg 
ug/Kg 

Grab 

Grab 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

6.7 

4500 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

15 

22 

15 

22 

15 

22 

15000 

22 

15 

Batch Number: 

Report Date: 

Date Received: 

Project Mgr: 

981893 

9/28/98 

9/25/98 

PYE 

Method Analyst Date 
Analyzed 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 
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Kerry De Keyser 

Tecumseh Products Company 

900 North A venue 

Grafton , W1 53024-0000 

CARDIN AI-

i' ~:IJCSJ 
ENVIRON MENTAL 

3303 Paine Avenue, Sheboygan, WI 53081 

(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 39695 Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB3 I TCA 1 '-2' 

1,1,1-Trichloroethane 

Trichloroethene 

• Cardinal Sample Number: 39696 

<25 

<25 

Date Collected: 

ug/Kg 

ug/Kg 

9/1/98 

' Sample Description: Tecumseh Soil SB32TCA 1'-2' 

1,1,1-Trichloroethane 35 ug/Kg 

Trichloroethene 5,700 ug/Kg 

Cardinal Sample Number: 39697 Date Collected: 9/1/98 

Sample Description: Tecumseh Soil SB33TCA 1'-2' 

1,1,1-Trichloroethane 

Trichloroethene 

LOD Limit of Detection 

LOQ Umit of Quantitation 

190 

9,200 

ug/Kg 

ug/Kg 

+ Result estimated below the LOQ. 

Result falls between LOD and LOQ 

Comments: Analyzed by US Oil Co., Inc., WI DNR Certified Lab #445027660. 

Grab 

Grab 

Grab 

6.7 

4.5 

6.7 

4.5 

6.7 

4.5 

Wisconsin Laboratory Certification #460024950 

22 

15 

22 

15 

22 

15 

Batch Number: 981893 

Report Date: 9/28/98 

Date Received: 9/25/98 

Project Mgr: PVE 

Method Analyst Date 
Analyzed 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

SW 8021 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 

9/16/98 
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Kerry De Keyser 

Tecumseh Products Company 

900 North A venue 

-Grafton, WI 53024 

ENVIRON MENTAL 

(920) 459-2500 fax (920) 459-2503 
3303 Paine Avenue Sheboygan, WI 53081 

Sample#: 39146 

Collect Date: 9/1/98 

Receive Date: 9/1/98 

Report Date: 9/22/98 

Sample Description: Composite Waste Characterization 

Reporting Quan Date 
Test Result Units Limit Limit Method Analyzed 

pH 9.80 units 9045 9/4/98 
Aroc!or 1016 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1221 ND mg/Kg 0.0766 0.0666 8082 9/9/98 
Aroc!or 1232 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1242 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1248 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1254 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1260 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
% Dry Weight 87% CLP 9/8/98 
Reactive Sulfide ND mg/Kg 20 20 SW-846 9/10/98 
Free Cyanide ND mg/Kg 2.00 2.00 SM-4500 9/10/98 
Specific Gravity l.76 D1475 9/14/98 
Paint Filter Test no free liquids 9095 9/14/98 
Chlorine (bomb calorimeter) ND % 1.00 0.010 D808 9/10/98 
Flash Point no flash up to 200F 1010 9/14/98 

TCLP Results: 

Reg Matrix Spike Date 
Test Result Units Limit Recovery(¾) Method Analyzed 

Arsenic <0.10 mg/L 5.0 98 6010B 9/9/98 
Barium <l.00 mg/L 100 89 6010B 9/9/98 
Cadmium <0.10 mg/L 1.0 90 6010B 9/9/98 
Chromium <0.50 mg/L 5.0 86 6010B 9/9/98 
Copper <0.50 mg/L NIA 86 6010B 9/9/98 
Lead <0.50 mg/L 5.0 89 6010B 9/9/98 
Mercury <0.010 mg/L 0.20 99 7470A 9/10/98 

o?( 
WI Laboratory Certification #460024950 



Nickel <0.50 mg/L NIA 85 6010B 919198 

Selenium <0.10 mg/L 1.0 IOI 6010B 9/9/98 

Silver <0.10 mg/L 5.0 87 6010B 9/9/98 

Zinc <0.50 mg/L NIA 84 6010B 9/9/98 

Benzene <0.10 mg/L 0.5 114 8260 9/9/98 

Carbon Tetrachloride <0.1 mg/L 0.5 110 8260 9/9/98 

Chlorobenzene <0.10 mg/L 100 112 8260 9/9/98 

Chloroform <0.100 mg/L 6.0 118 8260 9/9/98 

1,2-Dichloroethane <0.10 mg/L 0.5 118 8260 9/9/98 

1, 1-Dichloroethene <0.1 mg/L 0.7 112 8260 9/9/98 

Methyl Ethyl Ketone <1.0 mg/L 200 110 8260 9/9/98 

Tetrachloroethene <0.1 mg/L 0.7 116 8260 9/9/98 

Tri ch loroethene 0.79 mg/L 0.5 112 8260 9/9/98 

Vinyl Chloride <0.1 mg/L 0.2 104 8260 9/9/98 

Cresols <0.1 mg/L 200 50 8270 9/10/98 

· Phenol <0.01 mg/L NIA NIA 8270 9/10/98 

1,4-Dichlorobenzene <0.1 mg/L 7.5 44 8270 9/10/98 

2, 4-Din itrotoluene <0.10 mg/L 0.13 70 8270 9/10/98 

Hexachlorobenzene <0.10 mg/L 0.13 24 8270 9/10/98 

Hexchlor-1,3-butadiene <0.1 mg/L 0.5 40 8270 9/10198 

Hexachloroethane <0.1 mg/L 3.0 42 8270 9/10/98 

Nitrobenzene <0.1 mg/L 2.0 50 8270 9/10198 

Pentachlorophenol <0.1 mg/L 100 84 8270 9/10/98 

Pyridine <0.1 mg/L 5.0 14 8270 9/10/98 
2,4,5-Trichlorophenol <0.1 mg/L 400 56 8270 9/10/98 
2,4,6-Trichlorophenol <0.1 mg/L 2.0 56 8270 9/10/98 

Analyzed by Specialized Assays, WI Lab Certification #998020430, 

ND= Not detected at the report limit. 

WI Laboratory Certification #460024950 



Kerry De Keyser 

Tecumseh Products Company 

900 North A venue 

-Grafton, WI 53024 

ENVIRON MENTAL 

(920) 459-2500 fax (920) 459-2503 
3303 Paine Avenue Sheboygan, WI _53081 

Sample#: 39147 

Collect Date: 9/1/98 

Receive Date: 9/1 /98 

Report Date: 9/22/98 

Sample Description: Discrete Waste Characterization - SB33TCA 4'-8' 

Reporting Quan Date 
Test Result Units Limit Limit Method Analyzed 

pH 9.30 units 9045 9/4/98 
Aroclor l 0 16 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1221 ND mg/Kg 0.0766 0.0666 8082 9/9/98 
Aroclor 1232 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1242 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1248 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1254 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
Aroclor 1260 ND mg/Kg 0.0383 0.0333 8082 9/9/98 
%Dry Weight 90% CLP 9/8/98 
Reactive Sulfide ND mg/Kg 20 20 SW-846 9/10/98 
Free Cyanide ND mg/Kg 2.00 2.00 SM-4500 9/10/98 
Specific Gravity 1.91 D1475 9/14/98 
Paint Filter Test no free liquids 9095 9/14/98 
Chlorine (bomb calorimeter) ND % 1.00 0.010 D808 9/10/98 
Flash Point no flash up to 200F 1010 9/14/98 

TCLP Results: 

Reg Matrix Spike Date 
Test Result Units Limit Recovery(%) Method Analyzed 

Arsenic <0.10 mg/L 5.0 98 60108 9/9/98 
Barium <1.00 mg/L 100 89 60108 9/9/98 
Cadmium <0.10 mg/L 1.0 90 60108 9/9/98 
Chromium <0.50 mg/L 5.0 86 60108 9/9/98 
Copper <0.50 mg/L NIA 86 6010B 9/9/98 
Lead <0.50 mg/L 5.0 89 6010B 9/9/98 
Mercury <0.010 mg/L 0.20 99 7470A 9/10/98 

WI Laboratory Certification #460024950 
~~ 



Nickel <0.50 mg/L NIA 85 6010B 919198 

Selenium <0.10 mg/L 1.0 101 6010B 919198 

Silver <0.10 mg/L 5.0 87 60108 919198 

Zinc <0.50 mg/L NIA 84 60108 9/9/98 
Benzene <0.10 mg/L 0.5 112 8260 919198 

Carbon Tetrachloride <0.1 mg/L 0.5 112 8260 9/9/98 

Chlorobenzene <0.10 mg/L 100 102 8260 9/9/98 

Chlorofonn <0.100 mg/L 6.0 112 8260 9/9/98 
1,2-Dich loroethane <0.10 mg/L 0.5 118 8260 919198 
1, 1-Dichloroethene <0.1 mg/L 0.7 116 8260 9/9/98 

Methyl Ethyl Ketone <1.0 mg/L 200 106 8260 9/9/98 

Tetrachloroethene <0.1 mg/L 0.7 118 8260 9/9/98 

Trichloroethene 0.23 mg/L 0.5 110 8260 9/9/98 

Vinyl Chloride <0.1 mg/L 0.2 104 8260 9/9/98 

Cresols <0.1 mg/L 200 50 8270 9/10/98 
· Phenol <0.1 mg/L NIA NIA 8270 9/10/98 

1,4-Dichlorobenzene <0.1 mg/L 7.5 42 8270 9/10/98 
2,4-Dinitrotoluene <0.10 mg/L 0.13 66 8270 9/10/98 
Hexachlorobenzene <0.10 mg/L 0.13 22 8270 9/10/98 
Hexchlor-1,3-butadiene <0.1 mg/L 0.5 38 8270 9/10/98 
Hexachloroethane <0.1 mg/L 3.0 40 8270 9/10/98 
Nitro benzene <0.1 mg/L 2.0 46 8270 9110198 
Pentachlorophenol <0.1 mg/L 100 84 8270 9/10198 
Pyridine <0.1 mg/L 5.0 22 8270 9/10/98 
2,4,5-Trichlorophenol <0.1 mg/L 400 54 8270 9/10/98 
2,4,6-Trichlorophenol <0.1 mg/L 2.0 54 8270 9/10198 

Analyzed by Specialized Assays, WI Lab Certification #998020430. 

ND= Not detected at the report limit. 

WI Laboratory Certification #460024950 
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" SPECIALIZED ASSAYS, INC. 

2960 FOSier Creighton Dr. 
P. 0. Box 40566 
Nashville, 1N 37204-0566 
Phone 1-615-726-0ITI 

PROJECT QUALITY CONTROL DATA 
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Hrocfor 1260 

i:iroclc, 1016 
1b1c1'Jr 12~0 

A•1al~te 
-------------
il'1's.i'Oic 

B,irim1 
Cadttfu:; 
Chroniu:1 
L£-ad 
l1ercur~1 
£eleniun 
~.ilver 
[<enzene 
Carbon tetricbloride 
Chloro~enz£-ne 
Cblorofol'tt 
1,2-0icbloroethine 
l _,1-0 i cbloroethe ne 
l!etbgletllylketone 
Tet~acllloroethene 
lricllloroethene 

!1atrix Spike F.ecovt'l'y 

units Orig. IJ:al. 

< iJ.0:133 

natrix Spike Duplic~te 

unit-; 

11g/kg 
t1gik1 

1mit·:; 

N!l~::i 
11g/k1 

C,u?li•.:-1b:-~ 

uni~; 

n.rni< c,;;t1 

:~l;:nk iJalL!e 

Orig. i/Jl. 
--------

Un.:.t:; 

~.85 
O.i?72 

t1.1~J~7 
0.16i:~.-7 

f.!. C. 

m: !J:al 

0.1772 

Oupli::Jt~ 

9.8S 
,11102 

C. l9,S3 
e.:~e: 

:<,kl 
----------- -------- ----------

( fJ •. l.O i19/l 4~33 
( 1. Ctt ttg/1 4533 
< 0.!00 ttg/1 4533 
< 0.50 11g/l 4~;3 
< O.~O rt9l!. 4~B 
< 0.310 11g/l 5631 
< 0.100 ttg/1 4533 
< 0.10 11~/l .J5Jj 
< 0.10 rt!J/1 4584 
< 0.1 ttg/1 4584 
< 0.10 ttg/1 4584 
< 0.100 ttgll 4534 
< 0.10 ttg/1 4584 
< 0.10 ttg/1 4584 
< 1.0 ttg/1 4584 
< 0.1 ttg/1 4584 
< 0.10 ttg/1 4584 
< 0.1 ttg/1 4584 
< 0.1 ng/1 4647 

0.000 Hg/l 4647 
< 0.1 ny'l ~47 

...... .-v ... 

11.16~7 

RPO 

---------
0.00 

41:i.o21 

1.18. 
rn .. 

------ -----
106. 30 

Litt it 

zo. 
42. 

29. · - 1s:. 

., ., 
tt ..... Batc:i 

02~) 
S&~>3 

'.53'i-J 
53?:3 

S898 

o(~ 



-----------•..,-........ ,.. --· .... 
l■■I I II I■■ ■■■I 
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:::, ~.; iii:;. ::r \ '~~ :: ., ' .. . .. . . ' ... ,. . 
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SPECIALIZED ASSAYS, INC. 

2960 Foster Creighton Dr. 
P. 0. Box 40566 
Nashville. TN 37204-0S66 
Phone 1-615-726-0177 

PROJECT GUALXTV CONTROL DATA 

Blank Data 

Aoalgte 81lak Ualue Units ii!.C. Batch 

2, 4-Di nit:-,Jtoluene { 0.10 11g/l 4647 
Hexacbloroilenzene < 0.10 11g/l 4647 
liexcHor-1, 3-butadien < 0.1 lfg/1 4647 
liex:ichloroethane < 0.1 ng/l 4647 
Hitrooe11zene < 0.1 119/l 4447 
P~ nb: nloro p llen•ll < 0.1 11g/l 4647 
P~r idrne { 0.1 11g/l 4647 
2,4,~·Trichloropbeool { 0.1 11g/l 4647 
2,a,0-Tricnloropneool < 0.1 11g/l 4647 
HNCkr 101.S ( O.UH3 ttg/kg 58'98 
Rroclor 1211 ( 0.0666 119/kg 5898 
Rroclor 12~2 < 0.1B3:i 11g/kg >;;898 
AroclJr 11·12 < 1). U~33 N~'!q sa~s 
flroclcr 1248 { O.,B:i3 119/!<g 5893 
Aro~loi· 1;;'.'::4 { O.i.B:B H!Jl'k; 5893 
,1rocbr 1:11] { o.;.rm r:j/!(~ ~S98 

COPY2 

~1 
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SPECIALIZED ASSAYS, INC. 

2960 Foster Creighton Dr. 
P. 0. Box 40566 
Nashville, TN 37204-0566 
Phone 1-615-726-0ln 

PROJECT QUALXTV CONTROL DATA 

iiroclor 12&0 

F:-:!e Cg:rni. ,j~ 

:~rociJr i260 

t.rralyt~ 

---------·-----
B~seni:; 
L<ar lutt 
(;" tl:-ti til1 

U1'1'011iu11 

L?ild 

rtercur~ 
:?eleaiutt 
~ilver-
[<erszene 
Carbon tetr,chloride 
Chlcrobenzene 
Chlorofol'fl 
1,2-0ichloroetbane 
1,1-0ichloroetbene 
Methglethylketoae 
Tetracblorottbene 
Tri cbloroetbene 
lJingl Chloride 
Cresols 
Pbeool 

1,4 o::e•~~-

natrix Spike Recovt1'y 

units ilrig. Ual. 

ng/kg < O.!BB 

natrix Spike Ouplicat~ 

units 

t1~/k1 
ttgikg 

:,~/kj 
11g/!(1 

~'ti?li,;.,t~s 

~l:H\K )1t1 

:ilii:ti-: JJalti'? 

1 .. :.3 

llrig. u.1. 
------

9.85 
O.li72 

0.16,)7 
iJ.16.S;' 

:.12 

UIH'tS H.C. 

l1S Ual 

0.17?2 

Ouplii::.1te 

9.85 
0.1102 

0. 1963 
o.ua2 

;::at!:h 
-------- ------- ----------

< O . .!ll ng/1 4~33 
< 1. no 11g/l 4S33 
< ;J.!00 Hgtl 4:i33 
< o.~o itgil 4S33 
< 0.)0 i1g/l 4533 
< O.C10 119/l :i631 
{ 0.100 11gil 4S33 
< 0.10 119/1 4!i3, 
< 0.10 ltg/1 4S84 
< 0.1 11g/l 4584 
< 0.10 11g/l 4584 
< 0.100 11g/l 4S84 
< 0.10 ng/1 4584 
< 0.10 Hg/1 4584 
( 1.0 11g/l 4S84 
< 0.1 1tg/l 4S84 
< 0.10 Hg/1 4~ 
< 0.1 nyl 4584 
( 0.1 ng/l 4647 

0.000 11g/l 4647 
< 0.1 11,r.L 4647 

COPY2 

Spike Cone Recouerg Target R~nge Q.C. 8itch 

0.1667 

RP~ 

0.00 
46.62.t 

118. 
• n• 
~ .. J... 

15 

106. 30 29. - 152. 

Unit Q.C. fi3t::h 

20. 62B 
42. SS'i>l 

----- --------
00 - 140 5893 

5S;1~ 

5898 

:)1 
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SPECIALIZED ASSAYS, INC. 

2960 FQ11m' Creighton Dr. 
P. 0. Box 40566 
Nashville, TN 37204-0566 
Phone 1-615-726-0177 

PROJECT QUALJ:TV CONTROL 

2 ,4-~initMtol:1ene 
H•?:.::tc,1lur,;be I\Zt:' ih? 

rh~xch1or-:, 3-but~dit•n 
l;e:::.cnioru~tn~u~ 
fLtl'Oili'!liZtdl~ 

Pl2 ntd~ tll•Ji"•Jµhen;Jl 
~ ;~~ L rli n.~ 
~··~. i: .. t:-: r ic t.l.,Jrv~(~er,ol 
:: ,.4,c--T~i.t;;d.=J'r{};;~'?t,,;~ 
R:::.:1.orr 1tt£ 

filar,i: r:.ta 

Bluk Uall!>:! 

< O.i:J 
{ O.~ 

l:; -.... 
tU. 
{j 1 

0.:. 

Ulii.ts 

~g,'1 
., 

ttyn. 

11t1il 
tl~/1 
N~/l 
HQ/~ 

ttg/l 
ri~/I. 

tig/k::.:· 

tt:;,·'kt 
ti~/:··~: 

ng/k:1 
r.f:'kg 
:if..'i;:: 

P.. C. Batch 

4647 

-i6:,: 
41:,,f' 

4l,~: 
~?.~-.:i7 

DATA 





RMT, Inc. 
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Appendix C 
Calculations 

Tecumseh Products Company 
Final July 1999 



Technical Memorandum 

Date: 9 June 1999 

To: 3084.25 Technical File 

xc: Bernd Rehm, 3084.23 Tech. File 

From: Jim Bus~ 

Project No: 3084.25 

Subject: Residual Contaminant Level (RCL) Calculations 

The attached spreadsheet presents the RCL analysis for the Tecumseh Products Company 
facility in Grafton, Wisconsin. RCLs have been calculated using the traditional soil-water 
partitioning coupled with dilution as presented in NR 720. Site specific data for the soils at the 
site have shown substantial total organic carbon (TOC) with an average of 37,000 mg/kg (see 
Table 1). Bulk density for the site was also determined, at a mean value of 2.1 g/cm3 (Table 1). 
Laboratory results for these determinations are attached. 

Trichloroethene (TCE) is the driver with a baseline (existing conditions) RCL of 8 µg/kg. If 
recharge through the site is reduced, the RCL can be increased. The WDNR assumes a default 
recharge value of 10 inches per year over vegetated surfaces. Although there are no default 
values for recharge through paving, it is reasonable to assume that well-maintained paving 
could cut recharge at least in half. This would result in a TCE RCL of 14 µg/kg. 

The discussion below presents the approach to development of RCLs for this site. A 
spreadsheet where the RCLs are calculated is attached to this memorandum (see Table 2). 

RCLs were calculated for the fine-grained soils in the east parking lot using a partitioning 
analysis coupled with dilution in the underlying aquifer. The partitioning analysis generates 
an uncorrected RCL concentration for a compound in a soil sample assuming the soil moisture 
concentration is equal to the PAL for that compound. The uncorrected RCL is then multiplied 
by a dilution factor to reflect the dilution of the impacted soil moisture as it recharges the 
aquifer. 

As described above, the RCLs were developed to be protective of the NR 140 PAL. There may 
be flexibility in the WDNR to allow development of RCLs that are protective of enforcement 

6/10/99 \ \RMT4\ VOLl\DATA\BUS.Sj\TECUMSEH\RCLMEMl.DOC 
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Technical Memorandum 

standards (ESs). If this were the case, the RCLs could be multiplied by a factor of 10 (for TCE) 
or 5 (for TCA). 

There are 2 steps to the RCL calculation process which are described in detail as follows: 

1. RCLs are expressed as a contaminant concentration detected in soil. In the first step of this 
analysis, the soil concentration is determined using partitioning analysis and assumes that 

the soil moisture has a concentration equal to the PAL. The soil moisture is assumed to 
eventually reach the underlying aquifer as contaminated recharge. This analysis assumes 
that there is no volatilization, which would otherwise lower the concentration in the soil 
moisture and result in a higher RCL. The calculation for this partitioning analysis is: 

Cson = Csoi!moisture(Kocfoc + Ow/rho) where, 

Cson = concentration in the soil sample (µg/kg) 

Cson moisture = concentration in soil moisture, this is equal to the PAL (µg/ L) 

Koc = partition coefficient for the compound of interest (L/kg) 

foe= decimal fraction of organic carbon in the sample (unitless) 

Ow= percentage soil moisture (unitless) 

rho = soil density (g/ cm3) 

2. The result of the partitioning analysis is multiplied by a dilution factor (DF). The DF 

incorporates the site-specific rate of groundwater flow through the water table aquifer 

immediately beneath the contaminated soil. The DF is presented in NR 720 and is 
described as : 

DF = l+(Kid)/(RL) where, 

K = hydraulic conductivity (in/yr) 

i = horizontal hydraulic gradient (unitless) 

d = depth of groundwater mixing zone 

L = the length of the of the source are parallel to the direction of 
groundwater flow (in) 

\ \RMT4\ VOL1\Dt\TA \BUSS/\ TECUMSEH\RCLMEM1.DOC 06/10/99 



Technical Memorandum 

R = groundwater recharge rate (in/yr) 

Values for each of the parameters in this analysis as well as the results of the analysis are 
presented in Table 2. Three separate scenarios have been evaluated: 

1. A background scenario where the surface conditions are unchanged. In this case, the 

recharge through the impacted area is equivalent to the WDNR default of 10 inches 
annually. 

2. A paving scenario where the site is paved as a parking lot. In this case, the recharge is 
assumed to be 5 inches per year. 

3. A low permeability scenario where recharge is reduced to 0.2 inches per year. 

\ \RMT4\ VOL1\DATA\8USSI\ TECUMSEH\RCLMEM1.DOC 06/10/J9 
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Sample Designation 

and depth 
SB 18TCA 1-2 feet 
SB18TCA 4-6 feet 
SB 19TCA 5-6 feet 
SB20TCA 0-2 feet 
SB20TCA 1-2 feet 
SB20TCA 8-10 feet 
SB21TCA 6-8 feet 
SB30TCA 1-2 feet 

SB30TCA 8-10 feet 
SB32TCA 1-2 feet 
SB32TCA 8-9 feet 

SB32TCA 8-10 feet 
SB36TCA 4-5 feet 
SB36TCA 4-6 feet 
SB36TCA 8-9 feet 
SB36TCA 8-10 feet 

Average 

Notes 

Rel_ sum2 .xis 

Table 1 
TOC, Moisture, and Density 

Tecumseh Products Company 
Grafton, Wisconsin 

Total Organic Carbon Moisture Content 
mg/kg percent 
45,000 3 
42,000 18 

NA NA 
NA NA 

36,000 11 . 
43,000 17 

NA NA 
37,000 13 
22,000 16 
38,000 10 

NA NA 
34,000 15 

NA NA 
36,000 10 

NA NA 
37,000 13 
37,000 12.6 

1. TOC analyzed by USEPA Method 9060 
,2. NA indicates not analyzed 

Page 1 

Soil Density 
g/cm" 

2.03 
NA 
1.94 
2.17 
NA 
NA 

2.05 
2.08 
2.11 
2.12 
2.19 
NA 

2.21 
NA 

2.14 
NA 
2.1 



6/10/99 

Groundwater Standards 111 Koc121 

Substance ES (ua/I) PAL (ua/L) ml/g 

trichloroethane 5 0.5 126 

Table 2 
RCL and SSL Calculations 

Tecumseh Products Company 
Grafton, Wisconsin 

KL.Low (ug/kg) with RClow (ug/kg) with RCLow (ug/kg) with 
partitioning and NR 720 partmoning and NR 720 partitioning and NR 720 

dilution (10 inches dilution (5 inches dilution (0.2 inches 
recharge)"' recharge) recharge) 

Till 

8.3 E+OO 1.4 E+01 3.0 E+02 
- ------

--- ----··---~---- ---- ~~-----
1, 1, 1-trichloroethane 200 40 152 8.0 E+02 1.4 E+03 2.9 E+04 

WIS. KL,LGW u11u11on r-ac or \unmessJ 

1 o• recharge 5• recharge 0.2" recharge 
3.5 E+OO 6.0E+OO 1.3 E+02 

Soll Data used for RCL and SSL Calculations 
Parameter foe Ow n d L R R R 

average annual ·grouoowafer 
volumetric soil depth of annual groundwater recharge with 

fraction of moisture groundwater mixing source length parallel annual groundwater recharge with composie liner 
organic carbon content total porosity zone to groundwater flow recharge pavement pavement 

Units fraction fraction fraction inches inches inches inches 'fnches 
Source of Value site data site data default default site data default - -

Till 0.037 0.126 0.43 60 1920 10 5 0.2 

-----------
Footnotes and Notes 

---
_l 1) Groundwater standards include: 

NR 140 ESs for SSL calculations and PALs for RCL calculations 
'2) Koc (soil organic carbon/water partition coefficients) are from: 

Dense Chlorinated Solvents by Pankow and Cherry, Waterloo Press, 1996 
{3} RCLs calculated b}' ~artitioning and NR 720 dilution are calculated as RCL = DF x PAL x (Koc x foe+ Ow/rho) 
(4) Dilution factor is calculated based on method outlined in NR 720 as DF =1+ (K x Ix d / RxL) 
NA means not available. ------- --·--·-------- --- -~----· -·-· ---------- -·---------- ----·-·- . ----

------ ------

(J1 

RCLs3084.23 

-----------~ 

- ----·--·-·-· 

rho k i 

Hydraulic hydraulic 
dry bulk density Conductivity gradient 

glee in/yr unitless 
site data site data site data 

2.10 100000 0.008 

-----------

-·~-- ----- -·---- --------~ ---------

-

Rci_sum2.xls 
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RMT, Inc. QC: I, nv 
Bulk Density Determination QA: v 7)/ 

Project Name: TECUMSEH Project#: 3084.23 

Sample Sample Sample Wet Wt. Bulk 

Sample Diameter Height Volume TareWL +Tare Density 

Location (in) (in) (cc) (g) (g) (pd) ~~ 

1 SB-18-TCA, 1-2' 1.51 2.43 71.31 84.63 229.54 126.9 2.03 

2 SB-19-TCA, 5-6' 1.53 2.94 88.58 83.44 255.56 121.3 /.?f 
, SB-20-TCA, 0-2' 1.64 2.46 85.16 84.46 269.45 135.6 i.tr 
, SB-21-TCA, 6-8' 1.65 2.74 96.01 85.12 282.24 128.2 2.05 
s SB-30-TCA, 1-2' 1.55 3.41 105.44 83.14 302.85 130.1 2,.C'f{ 

, ISB-30-TCA, 8-10' 1.66 3.90 138.32 83.58 375.59 131.8 2,1/ 
7 SB-32-TCA, 1-2' 1.52 3.51 104.37 83.91 305.92 132.8 7./2 
, SB-32-TCA, 8-9' 1.67 3.27 117.37 84.19 341.67 136.9 ?,/9 
, SB-36-TCA, 4-5' 1.67 2.67 95.84 83.41 295.45 138.1 Z.2/ 
,. SB-36-TCA, 8-9' 1.67 · 3.50 125.63 83.26 352.46 133.8 12..,/f 
II 

12 

, ✓1 l/e "',,.,_ p - 7,/ ~/4 . .,,,,,~. 
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., 
2, 

27 

21 

30 I 

~ 
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E N V I RO N M E N T A L 

3303 Paine Avenue, Sheboygan, WI 53081 
(920)459-2500 Fax: (920)459-2503 

www.cardinalenvironmental.com 

Revised Report 

Kerry De Keyser Batch Number: 981700 

Tecumseh Products Company Report Date: 11/4/98 

900 North A venue Date Received: 9/3/98 

Grafton, WI 53024-0000 Project Mgr: PYE 

Parameter Result Units LOO LOQ Method Analyst Date 
Analyzed 

Cardinal Sample Number: 39117 Date Collected: 8/31/98 Grab 

Sample Description: SB I 8TCA 1-2 Tecumseh Soil 

% Moisture 3.0 % MVT 0.1 0.1 SW 5030 9/8/98 

Total Organic Carbon 45,000 mg/Kg EnC 120 380 SW9060 10/30/98 

i Cardinal Sample Number: 39118 Date Collected: 8/31/98 Grab 

Sample Description: SB20TCA 1-2 Tecumseh Soil 

% Moisture 11.0 % MVT 0.1 0.1 SW 5030 9/8/98 

Total Organic Carbon 36,000 mg/Kg EnC 120 380 SW9060 10/30/98 

Cardinal Sample Number: 39119 Date Collected: 8/31/98 Grab 

Sample Description: SB20TCA 8-10 Tecumseh Soil 

% Moisture 17.0 % MVT 0.1 0.1 SW 5030 9/8/98 

Total Organic Carbon 43,000 mg/Kg EnC 120 380 SW 9060 10/30/98 

Cardinal Sample Number: 39120 Date Collected: 9/1/98 Grab 
I 

! Sample Description: SB36TCA 4-6 Tecumseh Soil 

% Moisture 10.0 % MVT 0.1 0.1 SW 5030 9/8/98 

Total Organic Carbon 36,000 mg/Kg EnC 120 380 SW 9060 10/30/98 

Cardinal Sample Number: 39121 Date Collected: 9/1/98 Grab 

Sample Description: SB36TCA 8-10 Tecumseh Soil 

% Moisture 13.0 % MVT 0.1 0.1 SW 5030 9/8/98 

Total Organic Carbon 37,000 mg/Kg EnC 120 380 SW9060 I 0/30/98 

1 
Wisconsin Laboratory Certification #460024950 Page: 



E N V IR O N MENTAL 
3303 Paine Avenue, Sheboygan, WI 53081 

(920)459-2500 Fax: (920)459-2503 
www.cardinalenvironmental.com 

Revised Report 

Kerry De Keyser 

Tecumseh Products Company 

900 North A venue 

Grafton , . WI 53024-0000 

Parameter Result Units LOD LOQ 

Cardinal Sample Number: 39122 Date Collected: 9/1/98 Grab 

Sample Description: SB30TCA 1-2 Tecumseh Soil 

% Moisture 13.0 % MVT 0.1 0.1 

Total Organic Carbon 37,000 mg/Kg EnC 120 380 

Cardinal Sample Number: 39123 Date Collected: 9/1/98 Grab 

Sample Description: SB30TCA 8-10 Tecumseh Soil 

% Moisture 16.0 % MVT 0.1 0.1 

Total Organic Carbon 22,000 mg/Kg EnC 120 380 

Cardinal Sample Number: 39124 Date Collected: 9/1/98 Grab 

Sample Description: SB32TCA 1-2 Tecumseh Soil 

% Moisture 10.0 % MVT 0.1 0.1 

Total Organic Carbon 38,000 mg/Kg EnC 120 380 

Cardinal Sample Number: 39125 Date Collected: 9/1/98 Grab 

Sample Description: SB32TCA 8-10 Tecumseh Soil 

% Moisture 15.0 % MVT 0.1 I\ ' v., 

Total Organic Carbon 34,000 mg/Kg EnC 120 380 

Cardinal Sample Number: 39126 Date Collected: 8/31/98 Grab 

Sample Description: SB I 8TCA 4-6 Tecumseh Soil 

% Moisture 18.0 

42,000 

% MVT 0.1 0.1 

Total Organic Carbon mg/Kg Enc 120 380 

Wisconsin Laboratory Certification #460024950 

Batch Number: 981700 

Report Date: 11/4/98 

Date Received: 9/3/98 

Project Mgr: PVE 

Method Analyst Date 
Analyzed 

SW 5030 

SW9060 

SW 5030 

SW9060 

SW 5030 

SW 9060 

SW 5030 

SW 9060 

SM2540 G 

EPA 415.1 

9/8/98 

10/30/98 

9/8/98 

10/30/98 

9/8/98 

10/30/98 

9/8/98 

10/30/98 

9/8/98 

I 0/30/98 

Page: 2 



Kerry De Keyser 

Tecumseh Products Company 

900 North Avenue 

Grafton, WI 53024-0000 

Parameter 

Comments: 

LOO Limit of Detection 

LOQ Limit of Quantitation 

ENVIRON MENTAL 
3303 Paine Avenue, Sheboygan, WI 53081 

(920)459-2500 Fax: (920)459-2503 
www.cardinalenvironmental.com 

Revised Report 

Result Units LOD LOQ 

+ Result estimated below the LOQ. 

Result falls between LOO and LOQ 

ENC Analyzed by En Chem, WI Lab Certification #405132750. 

MVT Analyzed by MVTL Laboratories, WI Lab Certification #241283020. 

Wisconsin Laboratory Certification #460024950 

Batch Number: 

Report Date: 

Date Received: 

Project Mgr: 

981700 

11/4/98 

9/3/98 

PYE 

Method Analyst Date 
Analyzed 

Page: 3 
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COMPUTATION SHEET 
SHEET I OF '2.. ---------------------- --------''- ----

744 Heartland Trail P.O. Box 8923 Madison, WI 53708-8923 (608) 831-4444 FAX: (608) 831-3334 VOICE: (608) 831-1989 

PROJECT/PROPOSAL NAME 
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______________________ SHEET --------=l=-oF _2. __ _ 

COMPUTATION SHEET 

744 Heartland Trail P.O. Box 8923 Madison, WI 53708-8923 (608) 831-4444 FAX: (608) 831-3334 VOICE: (608) 831-1989 

PROJECT/PROPOSAL NAME() 

~~GYC4H'OV'IN~m 

_i ! . ( • : . I 
: -- ! : • • ; • · i : · I : J ..................................... . 
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TABLEA1 

CONCEPTUAL COST ESTIMATE FOR SUBSURFACE REMEDIAL OPTIONS ANALYSIS REPORT 

TECUMSEH· GRAFTON FACILITY 
Project # 3084.23 

REMEDIAL OPTION EAST PARKING LOT AREA· SOIL REMOVAL TO 1000 PPB 

LINE ITEM UNIT UNIT COST 

DIRECT CAPITAL 
MOBILIZATION o/o 5% 

SITE PREPARATION 
Prolect Ulililies LS 15,000.00 

T emporanly relocate gas lines LS 5,000.00 

Develop staging area LS 5,000.00 

Ground penetrating radar survey LS 5,000.00 

CONSTRUCTION/SITE WORK 
Base course (9" thicl< crushed traffic bond) SY 8.15 

Excavation CY 8.00 

General Fill CY 16.00 

Silt Fencing LF 2.50 

OFF-SITE DISPOSAL 
Hauling TON 6.00 

Disposal, special waste, subtitle D facility TON 14.00 

Contingency (direct capital) o/o 30% 

SUBTOTAL, DIRECT CAPITAL COSTS 

INDIRECT CAPITAL COSTS 
Design LS 20,000.00 

Construction assistance LS 20,000.00 

Construction documentation LS 10,000.00 

Startup/shakedown LS 5,000.00 

Laboratory Analysis 
Soil characterization for disposal EA 2,000.00 

Confirmation sampling EA 150.00 

Waste profile acceptance assistance LS 5,000.00 

Air permit assistance LS 5,000.00 

SUBTOTAL, INDIRECT CAPITAL COSTS 

TOTAL CAPITAL COSTS 

ANNUAL OPERATION & MAINTENANCE COSTS 
Groundwaler monitoring (per 1996 estimate) YR 23,000.00 

Contingency o/o 30% 

SUBTOTAL, ANNUAL O&M COSTS 

PRESENT WORTH OF ANNUAL O&M COSTS 8.53 

n = 10 years, inlerest rale = 3%, PIA= 8.53 

TOTAL (total capital + present worth of annual O&M costs) 

GRAND TOTAL 

ASSUMPTIONS: 
GENERAL 
1. Costs rounded up to lhe nearest thousand dollars. 

QUANTITY 

320,000 

1 
1 
0 
0 

1,230 
4,400 
5,200 

120 

8,400 
8,400 

336,000 

1 
1 
1 
0 

2 
30 

1 
0 

1 
23,000 

30,000 

TOTAL 

16,000 

15,000 
5,000 

0 
0 

11,000 
36,000 
84,000 

1,000 

50,000 
118,000 

101,000 

437,000 

20,000 
20,000 
10,000 

0 

4,000 
5,000 

5,000 
0 

64,000 

500,000 

23,000 
7,000 

30,000 

256,000 

756,000 

·20 
50 

2. Perimelers, areas, and volumes of areas delermined from Figure 1 of the updated investigation letter report, 1 /29/99. 
3. Costs determined from vendor quotes. Means Construction Cost data, and estimates from other similar projects. 
4. Mobilization costs are assumed to be 5% of direct capital costs. 
5. Contingency is assumed to be 30% of direct capital and 30% of annual O&M. 

756,000 
605,000 

1,134,000 

6. Indirect costs do not include regulatory report preparation, obtaining regulatory approvals, legal fees, or public relations assistance. 
7. Interest rate 3%; the balance of an 8% interest rate less a 5% inflation rate, based on EPA approach for remedial cost estimating. 
8. All costs are based on preliminary concepts. They are intended for comparison among options and not for final budgeting. 

SPECIFIC 
9. East Parking Lot Area for excavation includes north area (8,140 sf, 10 ft depth) and south area (1,450 sf, 12 ft depth). 
10. Excavation volume is 4,400 cubic yards (includes 20% contingency), with a soil density of 1. 75 ton/cubic yard. 
11. Excavated sou will be direct landfilled as a special waste at a Subtitle D facility. Assumes soil is not characteristically hazardous for TCE. 

Should the tested soil be characteristically hazardous, soil hauling and disposal costs would increase significantly. 

12. Contractor will work around water and sewer lines. 
611.uQQ option 1 RAORcosts.xls 



TABLEA2 

CONCEPTUAL COST ESTIMATE FOR SUBSURFACE REMEDIAL OPTIONS ANALYSIS REPORT 

TECUMSEH • GRAFTON FACILITY 
Project# 3084.23 

REMEDIAL OPTION 2 EAST PARKING LOT AREA• IN-SITU HOT AIR TREATMENT• 1000 PPB 

LINE ITEM UNIT UNIT COST QUANTITY TOTAL 

DIRECT CAPITAL 
MOBILIZATION/INSURANCE LS 50,000.00 1 50,000 

SITE PREPARATION 
Protect utililies LS 10,000.00 1 10,000 

Fence removal for access LF 3.00 0 0 

Devetop slaging area LS 5,000.00 1 5,000 

Ground penetraling radar survey LS 5,000.00 1 5,000 

CONSTRUCTION/SITE WORK 
Base course (9" thick crushed traffic bond) SY 8.15 1,230 11,000 

MITU thermal injection service TON 33.00 7,700 255.000 

Carbon units EA 690.00 3 3,000 

Carbon disposal LB 5.00 1,500 8,000 

Compaction LS 30,000.00 1 30,000 

LEASED EQUIPMENT 
Plywood for slability while operating MITU LS 1,000.00 1 1,000 

OFF-SITE DISPOSAL 
Hauling TON 6.00 720 5,000 

Disposal, direct landfill, subtiUe D facility TON 14.00 720 11,000 

Contingency (direct capilal) o/o 30% 394,000 119,000 

SUBTOTAL, DIRECT CAPITAL COSTS 513,000 

INDIRECT CAPITAL COSTS 
Design LS 20,000.00 1 20,000 

Construclion assislance LS 40,000.00 1 40,000 

Construclion documenlation LS 10,000.00 1 10,000 

Laboratory Analysis 
Sod Characterization for disposal EA 2,000.00 0 0 

Confirmalion sampling LS 15,000.00 1 15,000 

Waste profile acceptance assislance LS 5,000.00 0 0 

Air permil assislance LS 5,000.00 1 5,000 

SUBTOTAL, INDIRECT CAPITAL COSTS 90,000 

TOTAL CAPITAL COSTS 603,000 

ANNUAL OPERATION & MAINTENANCE COSTS 
Groundwaler monitoring (per 1996 estimate) YR 23,000.00 1 23,000 

Contingency o/o 30% 23,000 7,000 

SUBTOTAL, ANNUAL O&M COSTS 30,000 

PRESENT WORTH OF ANNUAL O&M COSTS 8.53 30,000 256,000 

n = 10 years, interesl rate= 3%, PIA= 8.53 

TOTAL (total capital+ present worth of annual O&M costs} 859,000 

GRAND TOTAL 
.30 
50 

ASSUMPTIONS: 
GENERAL 
1. Costs rounded up lo the nearest thousand dollars. 
2. Perimeters, areas, and volumes of areas delermined from Figure 1 of the updated invesligalion letter report, 1129/99. 
3. Casis determined from vendor quotes, Means Construclion Cost dala. and estimates from other similar projects. 
4. Conlingency is assumed to be 30% of direct capilal and 30% of annual O&M. 
5. Indirect costs do not inciude regulatory report preparation, oblaining regulatory approvals, legal fees, or public relations assislance. 
6. Interest rate 3%; the balance of an 8% interest rate less a 5% inflation rate, based on EPA approaeh for remedial cost estimating. 
7. All costs are based on preliminary concepts. They are intended for comparison among options and not for final budgeting. 

SPECIFIC 
8. East Parking Lot Area for thermal treatment inciudes north area (8,140 sf, 10 ft depth) and south area (1,450 sf, 12 ft depth). 
9. Treatmenl volume is 4,400 cubic yards (includes 20% contingency), with a soil density of 1.75 ton/cubic yard. 
10. Plywood is included to account for soil inslability during implemenlalion. 
11. Construclion assistance assumes project will lake 5 weeks, al a MITU rate of 350 ton/day. 
12. Contractor will work around water and sewer lines. 

859,000 
601,000 

1,289,000 
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