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1.0 INTRODUCTION

1.1 BACKGROUND

1.1.1 Site Location and Description

Petoskey Manufacturing Company (PMC) is a die casting and plating facility located at 200

West Lake Street, in a residential area of the City of Petoskey, Emmet County, Michigan, as shown

on Figure 1-1. For the purpose of the Remedial Investigation, the U.S. Environmental Protection

Agency (USEPA) and the Michigan Department of Environmental Quality (MDEQ) define the "site"

as the PMC property and the PMC-related contaminated groundwater. The MDEQ is reporting that

it is the City of Petoskey's intent to rezone the area where PMC is located to a multi-family

residential area, with PMC being a "non-conforming" use. Relevant physical features in the vicinity

of PMC are shown on Figure 1-2. PMC began manufacturing small trim parts for the automotive

industry in 1946. Painting operations were added to the plant in the late 1960's.

The PMC facility is bordered to the north by a condominium complex. A vacant lot, owned

by the City of Petoskey, is located west of the condominium complex. Immediately north of the

condominiums is Little Traverse Bay of Lake Michigan, approximately 500 feet north of the facility.

Several residences are located to the east and south of PMC. Bear Creek, which drains into Little

Traverse Bay, is located approximately 500 feet east of the facility. PMC is bordered on the west by

a vacant lot which is occasionally used by the Fraternal Order of Eagles which owns the building

immediately west of the lot. Immediately south of Lake Street, behind the row of houses, is a steep

bluff running approximately parallel to the shoreline.

The year-round population of Petoskey is approximately 7,000 with a seasonal influx of

3,000 to 5,000 additional residents. Winter and summer tourism is a major economic force in the

area. The climate of Emmet County is strongly influenced by its proximity to Lake Michigan.

Seasonal temperatures are moderated by the lake, with summer high temperatures averaging 68 °F

PH2R1.028 02/18/98
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and winter highs averaging 35°F. The average annual rainfall for Emmet County is 28 inches, and

the average annual snowfall is 66 inches per year (McNamee, 1994).

The MDEQ reports that as of December 1997, the City of Petoskey's primary water supply

is groundwater provided by the Bay Harbor development. The Ingalls municipal well, located

approximately 700 feet northwest of PMC along the shoreline of Little Traverse Bay used to be the

primary water supply well for the City and will be used as a backup water supply well until it is

eventually abandoned. The Ingalls municipal well is a 36-foot diameter dug well extending to a depth

of 1 6 feet below ground level (bgl) and receiving a large percentage of recharge water from Little

Traverse Bay.

1.1.2 Regional Geology and Hydrogeology

The bedrock underlying the site and surrounding areas consists of alternating limestones and

shales of the Devonian Traverse Group. These strata were deposited during times of fluctuating

marine conditions due to either changing water depths or changes in conditions in adjoining lands.

The Traverse Group formation occurs in the Northern and Southern portions of the Lower Peninsula

as one of the formations near the outer edge of the Michigan Basin (WMU, 1981). The Traverse

Group outcrops in several locations in the vicinity of the site.

Overlying the bedrock in this area is a cover of glacial till, outwash, and alluvium, mainly of

late Pleistocene to Holocene age. Regionally, the glacial deposits range in thickness up to

approximately 200 feet. The glacial deposits in the vicinity of the site include fine to medium grained

lacustrine sand and gravel, dune sand, glacial outwash sand and gravel and coarse-textured glacial

till.

The major source of drinking water in the area is groundwater from glacial drift and bedrock

aquifers. These aquifers are recharged by infiltrating precipitation or by Lake Michigan. The glacial

drift in the vicinity of the site generally consists of interbedded aquifers, aquicludes, and aquitards,

and may or may not have an aquifer present near the surface. Dissolved solids concentrations in the

PH2RI.028 02/18/98
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groundwater in the vicinity of the site typically range from 0 to 500 rng/d; specific conductance values

typically range from 0 to 830 /zmhos/cm (WMU, 1981).

1.1.3 Site History/Previous Investigations

An analysis of 17 site aerial photographs covering the period of 1938 to 1991 has been

conducted by the United States Environmental Protection Agency (USEPA). The results of the

analysis were presented in the USEPA's 1991 air photo evaluation report entitled "Site Analysis,

Petoskey Manufacturing Company, Petoskey, Michigan" (USEPA, 1991b). Based on information

presented in the report, historical activities in the area to the north of PMC (the area currently

occupied by the condominiums and extending west to the Ingalls well) included a fuel storage area,

a coal storage area, and a railroad repair yard. Three vertical and eight horizontal storage tanks, fuel

pumps, drums, and large areas of stained soils were identified in photographs taken between 1938

and 1971. Analysis of the 1973, 1974, 1978, and 1982 photographs indicated a decrease in railroad

activities over time. The railroad activity may have ended by 1982. In the 1982 photograph, the

tanks, drums, and fuel pumps had been removed. In the 1991 photograph, the condominiums had

been constructed and the remains of the former railroad operations had been removed and the area

graded. The railroad station house is the only remaining railroad structure identified in the 1991

photograph.

The area to the northeast of PMC was not included in the scope of the USEPA aerial

photography review report. However, the Phase I Draft Remedial Investigation (RI) Report (Eder,

1993) identified a former coal gasification plant in this area. The report states that the plant was

present in the 1938 aerial photo, but did not exist in the 1982 photo. This area is currently used as

a city park. The MDEQ is currently undertaking remedial activities at that location to address

contaminated soils.

Analyses of water samples collected from the Ingalls well in 1981 by the Michigan

Department of Public Health (MDPH) identified the presence of trichloroethene (TCE) at

concentrations ranging from 20 ng/d to 50 ug/{, 1,2-dichloroethene (DCE) ranging from 7 ug/C to

PH2RI.028 02/18/98
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conducted in 1982 by the MDEQ (known prior to October 1, 1995 as Michigan Department of

Natural P.esources) identified the presence of elevated concentrations of volatile organic compounds

(VOCs) in soil samples collected from the west side of the PMC building. Based on the soil sample

analytical results, USEPA and MDEQ identified PMC as a Potentially Responsible Party, and waste

handling practices at the plant as a source of contamination. In 1982, PMC removed contaminated

soils from the west side of the building to a depth ranging from two to five feet below ground level

(bgl), until large limestone boulders were encountered. The excavation was backfilled with clean

soils, covered with a plastic liner, and the liner covered with approximately 6 inches of soil.

In 1982 and 1983, MDEQ installed five groundwater monitoring wells, PS-1, PS-4, PS-6, PS-

10, PS-11, shown on Figure 2-2, as part of a preliminary groundwater investigation. This

investigation confirmed the presence of groundwater contamination at the PMC site, and identified

a northwesterly groundwater flow direction, from the PMC property towards the Ingalls well

In 1984, a new municipal water supply well was installed approximately one mile to the

northeast of the Ingalls well, but the Ingalls well continued to serve as the primary water supply well

(providing approximately 65% of the City's water) for the City of Petoskey, until December 1997.

At that time, the Bay Harbor groundwater supply became the primary source of City water. Also in

1984, the USEPA issued an Administrative Order (AO) to PMC. The AO required PMC to conduct

further hydrogeological studies. PMC then installed four monitoring well clusters, PS-A, PS-B, PS-

C, and PS-D. Each cluster consisted of one shallow (approximately 20 feet bgl) and one deep

(approximately 40 feet bgl) well. The locations of these well clusters are shown on Figure 2-2.

Sampling of these wells in 1985 identified TCE at concentrations up to 144 ug/0 and DCE at

concentrations up to 44 ug/0. Samples collected from the Ingalls well in 1985 contained TCE and

DCE at concentrations of 12 ng/d and 2ug/8, respectively.

In 1987, PMC was directed to conduct a full Remedial Investigation (RJ) and Feasibility

Study (FS) under a second AO issued by USEPA. PMC began work on the RI in 1988 with the

installation of four additional monitoring wells: PS-104, PS-105S, PS-105D, and PS-106 (Figure 2-

2).

PH2RJ.028 02/18/98
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In 1990, a hydraulic fluid spill at PMC was reported by the Emmet County Health

Department. The report stated that "standing oils" were present in several rooms of the PMC

building. During an inspection of the facility in May 1990, MDEQ personnel observed hydraulic fluid

on the floors around the die casting machines located in the eastern and northeastern portions of the

building and in the compressor room which is located in the northwest corner of the building. The

exterior walls of the building were stained up to 3 feet above the ground surface. Soil adjacent to the

building was also stained.

On May 31, 1990, the USEPA collected groundwater and soil samples from the northwest

and west sides of the PMC building. Analytical data from these samples identified elevated

concentrations of semi-volatile organic compounds (SVOCs) in soils, as well as DCE, TCE, and

tetrachloroethene (PCE) in the groundwater.

The USEPA assumed responsibility for the remedial investigation in 1990 because of PMC

delays in Work Plan development and because PMC filed for bankruptcy under Chapter 11 of federal

bankruptcy codes. Lead responsibility for remedial activities at this site was delegated to MDEQ.

In 1992, MDEQ retained Eder Associates (Eder) to develop a Phase I Remedial Investigation Work

Plan and to implement the investigations. RI field activities were conducted from September 1992

to March 1993. They included the collection and analysis of seven surface soil samples, collection

and analysis of subsurface soil samples at 16 locations, installation of three monitoring wells (PS-12,

PS-13, PS-1R), collection and analysis of two sets of groundwater and surface water samples, and

collection and analysis of a third set of groundwater samples. Data collected during these activities

were used to prepare a Phase I Draft RI Report in December 1993 (Eder, 1993). Review of this

report by USEPA and MDEQ identified data gaps and the need for additional investigations.

In May 1994, MDEQ requested Malcolm Pirnie to conduct a Phase II Remedial Investigation

and prepare a Focused Feasibility Study. This report presents the results of the Phase n Remedial

Investigation and soil analytical data from the Phase I Remedial Investigation.

According to MDEQ, in 1995 the USEPA signed a Record of Decision which made available

$1,238,000 towards an alternate water supply for the City of Petoskey due to concern about

PH2RJ.028 02/18/98
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groundwater contamination in the Ingalls well. To date, the State of Michigan has provided $500,000

towards this alternate water supply (Bay Harbor groundwater) because federal funds have not yet

been made available.

1.2 PROJECT PURPOSE AND OBJECTIVES

The overall purpose of the Phase n Remedial Investigation was to collect supplemental soil

and groundwater data to address data gaps identified during the Phase I Remedial Investigation, and

to be used in evaluating possible remedial action alternatives.

The objectives of the RI were to:

• Evaluate the nature and extent and indirectly estimate the magnitude of volatile organic

compound (VOC) contamination in the unsaturated zone under the northwest corner of the

PMC building.

• Evaluate the nature and magnitude of VOC contamination in the groundwater at the site,

including the area under the northwest comer of the PMC building.

• Evaluate the presence and nature of, and estimate the lateral extent of light non-aqueous

phase liquids (LNAPLs) in the vicinity of and underneath the northwest corner of the PMC

building.

• Evaluate the nature and extent of pesticide and SVOC contamination in the soil and

groundwater at the site.

• Estimate hydraulic properties of the aquifer at the site and characterize hydrostratigraphic

zones in the vicinity of the Ingalls municipal well.

PH2RI.028 02/18/98
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• Evaluate the capability of soil vapor extraction (SVE) technology to reduce VOC

concentrations in the unsaturated zone under the northwest corner of the PMC building.

• Supplement and update the baseline human heath risk assessment produced by Eder during

the Phase I Remedial Investigation, using existing information and newly developed data.

1.3 REMEDIAL INVESTIGATION SCOPE

The activities performed as part of the Phase II Remedial Investigation included:

• Collection and analysis of soil samples at four boring locations adjacent to and

underneath the PMC building.

• Collection and analysis of background soil samples from two borings located

hydraulically upgradient of the PMC building to assist in determination of background

concentrations of analytes.

• Installation of seven monitoring wells at five locations to provide groundwater

monitoring points and observation points for a soil vapor extraction test.

• Collection and analysis of one set of groundwater samples from 31 monitoring wells

and the Ingalls municipal well to evaluate the nature and extent of any groundwater

contamination.

• Measurement of water levels in selected monitoring wells on three occasions.

PH2RI.028 02/18/98
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• Performance of a pumping test to collect data to be used in estimating hydraulic

properties of the aquifer.

• Performance of field permeability (slug) tests at five monitoring wells and estimation

of hydraulic conductivity values.

• Performance of a soil vapor extraction test to access the presence of VOCs in the

unsaturated zone beneath the PMC building.

• Preparation of a baseline human health risk assessment using groundwater analytical

data collected during this RI and incorporating new soil analytical data with existing

soil analytical data collected during the Phase I RI conducted by Eder Associates.

Soil data from both phases of the RI were used for site evaluation and risk assessment. The

soil data obtained through the two phases of the RI represent samples collected from different

locations, therefore are complementary. Phase II RI groundwater data were generally obtained from

the same locations as during the Phase I RI, and were used for the site evaluation and risk assessment

because they represent current site conditions.

PH2RI.028 02/18/98
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2.0 REMEDIAL INVESTIGATION

2.1 SOIL INVESTIGATION

The following sections provide descriptions of the components of the Phase n Soil

Investigation.

2.1.1 Soil Sampling

Soil samples were collected in August, 1995 from four locations adjacent to (SB-201 and SB-

202) and under the Petoskey Manufacturing Company (PMC) building (SB-203 and SB-204) to

evaluate the presence and nature of soil contamination. Additionally, soil samples were collected

from two locations (SB-206 and SB-207) hydraulically upgradient to the PMC building to assist in

determining the background concentrations of compounds of concern detected in the soils to their

concentrations in the soils near the PMC building. The soil sampling locations are shown on Figure

2-1. The soil samples were collected according to the procedures described in the Work Plan

(Malcolm Pirnie, 1995b) and Quality Assurance Project Plan (QAPP) (Malcolm Pirnie, 1995a) for

the Phase JQ Remedial Investigation.

The soil samples collected near the PMC building were, in general, collected from 0 to 2 feet

below ground level (bgl), 5 to 7 feet bgl, and directly above the water table (approximately 12 to 16

feet bgl). Several of the proposed soil samples could not be collected because of insufficient soil

recovery from specific depths, due to the presence of cobbles or boulders. At depth intervals where

sufficient soil volume was recovered, the soil samples were analyzed for Target Analyte List (TAL)

and Target Compound List (TCL) analytes. At depth intervals where the soil volume recovery was

insufficient for a complete set of analyses, the sample jars were filled in the following order: volatile

organic compounds (VOCs), semi-volatile organic compounds (SVOCs), pesticides / polychlorinated

biphenyls (PCBs), and metals, until the soil recovered from that sampling interval had been

exhausted. At boring location SB-203D, additional soil was collected at depth intervals where there

PH2RI.028 02/18/98
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was not sufficient soil collected at the corresponding boring location SB-203S for the full suite of

analyses.

The soil samples were submitted to USEPA's Contract Laboratory Program (CLP) facilities

for analysis of VOCs, SVOCs, pesticides, PCBs, metals, and cyanide (TCL and TAL compounds)

as follows: Envirosystems, Inc. or Clayton Environmental Consultants (organic compounds), and

American Analytical and Technical Services or CKY, Inc. (inorganic compounds). The total

petroleum hydrocarbons (TPH) and diesel range organics (DRO) analyses were performed by

ENCOTEC Laboratory, outside of the USEPA CLP program.

The soil sampling analytical data have been compiled into tables and are presented in this

report as follows:

Table 5-2 Volatile Organic Compounds

Table 5-3 Semi-Volatile Organic Compounds

Table 5-4 Pesticides and PCBs

Table 5-5 Inorganic Compounds

Table 5-6 Tentatively Identified Volatile Organic Compounds

Table 5-7 Tentatively Identified Semi-Volatile Organic Compounds

The laboratory data packages are available in the MDEQ-Superfund files. The soil sampling

analytical data are discussed in Section 5.1.

2.1.2 Soil Vapor Extraction Test

Two soil vapor extraction (SVE) tests were performed in September, 1995 to assess the

magnitude of VOC contamination in the unsaturated soils under the northwest portion of the PMC

building and evaluate the effectiveness of SVE technology to remove VOC contamination from this

portion of the site. A description of the setup and performance of the SVE tests and the analysis of

the data are discussed in Section 3.1.

PH2RI.028 02; 18/98
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2.2 GROUNDWATER INVESTIGATION

The following sections provide descriptions of the components of the Phase II Groundwater

Investigation.

2.2.1 Monitoring Well Installation

Seven monitoring wells were installed at five locations (3 single monitoring wells and 2 well

clusters) in August 1995, in order to evaluate the nature and extent of contaminants in the

groundwater. The newly installed monitoring wells are numbered MW-201, MW-202, MW-203S,

MW-203D, MW-204, MW-205I, and MW-205D; their locations are shown on Figure 2-2.

The monitoring wells were installed according to the procedures presented in the Work Plan

and QAPP for the Phase n Remedial Investigation unless otherwise noted.

2.2.1.1 Drilling Method

The boreholes for monitoring wells MW-201S, MW-202, MW-203S, MW-203D, MW-204

were drilled using specially constructed 4Vi-inch ID. (9'/2-inch OD) boulder hollow stem augers. The

boreholes for monitoring wells MW-205I and MW-205D were drilled with standard 4Vi-inch hollow

stem augers to approximately 35 feet bgl; the rest of each borehole was drilled using the air rotary

method. Drilling and well installation were performed in accordance with the procedures described

in the Work Plan and QAPP (Malcolm Pirnie, 1995b and 1995a).

Split spoon samples were collected from several of the borings to provide soil for analytical

samples, as described in Section 2.1.1, and to provide stratigraphic information. Descriptions of soil

characteristics, photoionization detector (PID) readings, and relevant observations of rig behavior

(i.e., change in drilling pressure, rig reaction to cobble zones, etc.) noted during drilling were

recorded on boring logs. The boring logs are presented in Appendix A.

Monitoring well MW-202 was installed as a "water table" well. Monitoring wells MW-201 S,

MW-203S, and MW-204 were installed as dual-purpose "water table and SVE" wells. Monitoring
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wells MW-203D, MW-205I, MW-205D were installed as "deep" wells. Well construction

information is summarized below and is also presented on the well construction logs which are

available in Appendix B.

2.2.1.2 Water Table Monitoring Well Installation

The four water table wells were installed inside or adjacent to the PMC building. The primary

purpose of the water table wells was to document the presence and extent of any oils or other light

non-aqueous phase liquid (LNAPLs) present at the water table.

The water table wells were constructed of 2-inch I.D., 20-slot, 5-foot long stainless steel

screens and 2-inch I.D. PVC risers. The screens were set at depths such that they straddled the water

table and the water table was two to three feet below the top of the screen.

2.2.1.3 Soil Vapor Extraction Well Installation

Wells MW-201S, MW-203S, and MW-204S were installed as dual-purpose wells. In addition

to the screen straddling the water table as described above, the wells also included 8 to 10 foot long

screens placed in the unsaturated zone above the water table. This type of construction allowed the

wells to be used as groundwater monitoring wells and as observation wells during SVE tests (utilizing

inflatable packers). The SVE portions of the wells were constructed of 2-inch I.D., 20 slot PVC

screens. A two-foot long piece of PVC riser was placed between the SVE well screen and the water

table screen. Abentonite seal was placed in the annular space adjacent to the two-foot piece of PVC

riser to provide a barrier between the water table well and the SVE well

2.2.1.4 Deep Monitoring Well Installation

Monitoring well MW-203D was installed inside the PMC building adjacent to well MW-203S.

The well screen was set at 37 to 42 feet bgl, corresponding to the weathered limestone zone (Section

4). This well was installed to evaluate the possible presence of dense non-aqueous phase liquid
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(DNAPLs) or phase separated contaminants which may have been present within the fractured

limestone bedrock.

Monitoring wells MW-205I and MW-205D were installed as a well cluster located southeast

of the Ingalls municipal well. The purpose of installing these wells was to assess any vertical

hydraulic gradient and to monitor contaminants potentially present in the deeper portion of the aquifer

hydraulically upgradient of the Ingalls municipal well. The well screens of monitoring wells MW-

2051 and MW-205D were placed at 38 to 43 and 54 to 59 feet bgl, respectively.

The deep monitoring wells were constructed of 2-inch I.D., 20-slot, stainless steel screens and

2-inch I.D. PVC risers.

All water table and deep monitoring wells were secured with either a 4 by 4-inch locking steel

above ground protective casing, or a locking J-plug and 9-inch diameter flush-mounted manhole. The

protective casings and J-plugs were locked with Master locks, keyed alike.

2.2.2 Groundwater Sampling

Groundwater samples were collected from the Ingalls municipal well and the following 31

monitoring wells located throughout the study area in October, 1995: PS-4, PS-6, PS-IOA, PS-11,

PS-12, PS-13, PS-1R, PS-104, PS-105S, PS-105D, PS-106, PS-AS, PS-AD, PS-BS, PS-BD, PS-CS,

PS-CD, PS-DS, PS-DD, COP-1, COP-2, COP-3, COP-4, COP-5, MW-201S, MW-202S, MW-203S,

MW-203D, MW-204S, MW-205I, and MW-205D. At MDEQ direction, the groundwater samples

collected from monitoring wells PS-AS, PS-BS, PS-BD, PS-DS, PS-DD, PS-4, PS-6, PS-12, PS-13,

PS-IOA, PS-104, PS-106, and PS-1R, were submitted to US EPA-Central Regional Laboratory

(CRL) for low detection limit analysis of VOCs, SVOCs, pesticides, and PCBs. The low detection

limits were requested so that the typically low-concentration analytical data could be compared to

the low state cleanup criteria concentrations. The groundwater samples were collected according to

the procedures described in the Work Plan and QAPP (Malcolm Pimie, 1995b and 1995a).

The groundwater samples collected from the Ingalls municipal well and the other monitoring

wells were submitted to USEPA CLP facilities for analysis as follows: Ross Analytical Services, Inc.
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for organic compounds (VOCs, SVOCs, pesticides, PCBs), and Southwest Laboratory of Oklahoma

for inorganic compounds (metals, and cyanide).

Additionally, groundwater samples collected from monitoring wells PS-4, PS-104, COP-4,

MW-201S, MW-202S, MW-203S, MW-203D and MW-204S, were submitted to ENCOTEC

Laboratory for analysis of total petroleum hydrocarbons (TPH) and diesel range organics (DRO) to

evaluate the presence and extent of any oils or other free product potentially present at the water table

beneath and adjacent to the northwest portion of the PMC building where in 1990, hydraulic fluid

reportedly seeped through the building walls.

The groundwater sampling analytical data have been compiled into tables as follows:

Table 5-13 Volatile Organic Compounds

Table 5-14 Semi-Volatile Organic Compounds

Table 5-15 Pesticides and PCBs

Table 5-16 Inorganic Compounds

Table 5-17 Tentatively Identified Volatile Organic Compounds

Table 5-18 Tentatively Identified Semi-Volatile Organic Compounds

The laboratory data packages are available in the MDEQ-Superfund project files. The

groundwater sampling analytical data are discussed in Section 5.2

2.2.3 Aquifer Testing

2.2.3.1 Water Level Measurements

Water levels were recorded in the monitoring wells (including five City of Petoskey wells),

the Ingalls municipal well, and at three surface water measuring locations (two locations on Bear

Creek and one location on Lake Michigan) on three occasions: September 25, October 3, and

October 16, 1995. The water levels in monitoring wells were measured from the top of the casing

(TOC) using an electric water level probe. The measurements at the Ingalls municipal well and the

surface water bodies were recorded at pre-marked measurement points. The surface water measuring
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locations are indicated on Figure 2-2. The water levels were measured according to the procedures

described in the Work Plan and QAPP (Malcolm Pirnie, 1995b and 1995a).

The elevation of the top of casing of each of the new monitoring wells (200 series), the

premarked points for the Ingalls municipal well and the northern Bear Creek location, and the TOC

of well PS-AS (which had previously been damaged) were surveyed by Jenema Land Surveys of

Manistee, Michigan on February 5, 1996. The elevations were referenced to a USGS datum. The

benchmark used for the survey was the 'Gas Reset 1984' bronze disk which has an elevation of

592.25 feet above mean sea level, and is located on the north end of the northwest wing of the

Petoskey Fire Hall Building on a concrete pad west of the restrooms.

The elevations of the monitoring wells which were installed before 1995 (PS-, COP-, and

MW-100 series wells), the southern Bear Creek measuring location, and the Lake Michigan

measuring location were referenced in various existing reports, therefore a resurvey was not

authorized during the Phase II Remedial Investigation, except for the top of casing of the three

monitoring wells (PS-11, PS-104, and MW-105S), which were resurveyed to verify the reported

elevations. The resurveyed TOC elevations of these three wells were 0.02 to 0.04 feet greater than

the TOC elevations previously reported. Elevation variations of up to 0.04 foot are generally

acceptable when surveying across an area the size of this site.

The water level measurements and calculated groundwater and surface water elevations are

listed in Table 2-1.

2.2.3.2 Aquifer Pumping Test

A constant rate groundwater pumping test was performed during October 3 through 6, 1995

for the purpose of determining aquifer characteristics. A detailed description of the setup and

performance of the pumping test and the analysis of the data is discussed in Section 3.2.
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2.2.3.3 Aquifer Field Permeability (Slug) Tests

Upon analysis of the pumping test data (discussed in Section 3.2), it was determined that

fluctuations in Lake Michigan levels affected aquifer levels during the test. Therefore, aquifer

characteristics could not be accurately estimated using the pumping test data. MDEQ and Malcolm

Pirnie decided to perform slug tests at five wells in order to estimate a range of hydraulic conductivity

values for the aquifer.

Slug tests were performed at five monitoring wells (MW-201S, PS-CS, PS-CD, MW-105S,

and MW-105D) on April 26, 1996. These monitoring wells were selected to provide a representation

of conditions across the site. The slug tests were conducted using an air slug. PVC pipes were used

to contain the air slug because the slug testing tool could not be attached to the tops of the wells since

the tops of the well riser were not threaded. The slug testing procedure was to 'instantaneously'

change the head of the water in the well by introducing compressed air into the well casing. The

elapsed time and head change as the water level returned to static conditions were recorded using a

pressure transducer and data logger.

The slug test data were analyzed using the Bouwer and Rice method (1976). This method

is applicable to fully or partially penetrating wells screened within unconfined aquifers, such as the

water table aquifer at the Petoskey Manufacturing site (Section 4.2.), as well as for wells screened

in leaky (partially) confined aquifers. The hydraulic conductivities calculated using slug test data are

generally representative of the formation in the immediate vicinity of the screened interval of the

monitoring well and do not take into account any large scale heterogeneities across the site. Actual

hydraulic conductivities may be plus or minus one order of magnitude of the hydraulic conductivities

estimated using slug test data. The calculated hydraulic conductivity (K) values are presented in

Table 2-2 and discussed in Section 4.1.2. The mean hydraulic conductivities ranged from 7.67 x 10-4

at well MW-105D to 2.11 x 10-3 at well MW-201S, which is typical of limestone, silty sand, and

sand. The test data, Bouwer and Rice plots, and the analytical solutions are provided in Appendix

C.
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3.0 PILOT TEST RESULTS

3.1 SOIL VAPOR EXTRACTION TEST

Two soil vapor extraction (SVE) tests were performed during the period of September 12-15,

1995. The purpose of performing the tests was to develop data which could be used to indirectly

evaluate the nature and magnitude of VOC contamination earlier anticipated in the unsaturated soils

under the PMC building. The data are also useful in evaluating the effectiveness of using an SVE

system for any long-term remediation to be determined by the Feasibility Study.

While the performance of the SVE tests showed that SVE is effective for the physical

conditions encountered in the area of concern (under the northwest corner of the PMC building), the

applicability and cost-effectiveness of the SVE technology in addressing the relatively low

concentrations of VOCs under the building, will be addressed in the Feasibility Study.

3.1.1 Test Set-up

The construction of SVE test wells MW-201S, MW-203S, and MW-204S is described in

Section 2.2.1.3. Three temporary two-inch diameter observation points were also set manually, to

provide additional shallow soil zone monitoring. Observation points SVE-1 and SVE-2 were set

through holes cut into the PMC building floor using a coring machine. These wells were screened

from 0.6 to 2.5 feet bgl and 0.6 to 1.5 feet bgl, respectively. Observation point SVE-3 was set

outside the PMC building, and was screened from 0.6 to 2.5 feet bgl. All observation points were

set at the maximum depth possible and could not be installed manually any deeper due to the presence

of cobbles and boulders at 1.5 to 2.5 feet below ground level. The observation points were

constructed of 2!/2 diameter screen and riser with a sand pack around the screened interval which

extended several inches above the screen. The remaining annular space was filled with cement. The

locations and spacing of the three SVE wells and the three observation points are shown on Figure

3-1.

PH2R1.028 02/18/98
2420-017-H41 3-1



MALCOLM
PIRNIE

During the first SVE test, the vacuum was applied to well MW-203S; during the second test,

the vacuum was applied to well MW-201S. Based on evaluation of the data obtained from the tests,

it was determined that the radius of influence could be adequately determined. The performance of

the third test on well MW-204 would not have contributed additional useful information, because the

nearest observation point was 29 feet away and much further than the radius of influence estimated

from the first two tests.

During each test, induced vacuums were measured at nearby SVE observation points and

SVE wells with magnehelic gauges. Samples of the extracted soil gas were collected hourly during

the first four hours of the tests and at regular intervals throughout the duration of the test, following

the stabilization of system readings after the first four hours. The soil gas samples were screened in

the field for trichloroethene (TCE), which is the compound of concern, using a field gas

chromatograph (GC). The extracted soil gas stream was also monitored with a photoionizaton

detector (PID) which detected total VOC (TVO) concentrations, at the well head and just prior to

entering the blower in the SVE test trailer.

The vapor that was pulled from the extraction well was treated through two 5 5-gallon

granular activated carbon (GAC) canisters attached in sequence (the first canister was the "lead"

carbon and the second canister was the "lag" carbon). Summaries of the conditions and results of

both SVE tests are presented in Appendix D.

Some water was present in the vapor stream during the tests. To ensure that the induced

vacuum was only pulling vapors from the unsaturated zone, an inflatable packer was installed in the

well directly above the water table to seal the well. This also reduced the potential for pulling

significant quantities of water into the SVE blower.

3.1.2 Radius of Influence

Induced vacuum readings recorded at observation wells during the SVE tests were used to

determined the radius of influence that the SVE system was able to form during the tests. The first

SVE test (using well MW-203S as the extraction well) was conducted for approximately 48 hours.
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The second SVE test (using MW-201S as the extraction well) was conducted for approximately 24

hours. The SVE tests were performed for a length of time sufficient for the readings to stabilize and

the radius of influence to be estimated.

During the first test, induced vacuum readings were observed in SVE observation wells and

points MW-204S, MW-201S, SVE-1, and SVE-2. These wells were located 12.5 to 40 feet from

the extraction well. The only substantial induced vacuum readings were recorded at observation

point SVE-1 (located approximately 12.5 feet from the extraction well); the readings ranged from

0.28 to 0.35 inches of water. Induced vacuum readings at the other three observation wells were very

low, ranging from 0 to 0.045 inches of water.

The second SVE test was performed using well MW-20 IS (located outside the PMC

building) as the extraction well. During this test, no induced vacuum readings were observed at any

of the observation points and wells; not even at the closest observation point (SVE-3), which was

located approximately 13.5 feet away from the extraction well. The extraction well in this test was

located outside the PMC building and therefore, some of the area of influence was not overlain by

concrete, as was the case during the first SVE test performed using an extraction well located inside

the building. This appears to have affected the radius of influence that could be achieved because air

may have been pulled in from the uncovered ground surface.

Based on these results, the radius of influence that was achieved during the first test was

estimated at approximately 12.5 feet from the extraction well. However, due to the fractures and

other heterogeneities being present in the subsurface, the radius of influence may not be the same in

all directions. The fractures and heterogeneities may cause preferential flow pathways that could not

be detected by the available observation wells or points. In the vicinity of the SVE test wells, a sand

layer is present from the surface to approximately 2.5 feet bgl. Below the sand layer is a layer of

boulders and cobbles in a sandy matrix. The differences in the nature of the subsurface soils may

affect the observed radius of influence because observation points SVE-1, SVE-2, and SVE-3 were

screened in the sand layer while wells MW-201S, MW-203S, and MW-204S were screened in the

boulder layer.
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3.1.3 Operating Conditions

The vacuum applied during the first SVE test was approximately 43 inches of water, which

produced a linear flow velocity ranging from 4800 to 6200 feet per minute. The applied vacuum

during the second SVE test was approximately 43 inches of water which produced an air flow

velocity ranging from 5400 to 5600 feet per minute.

The blower discharge temperature ranged from 81.5 to 94.5 degrees Fahrenheit during the

tests. The blower discharge pressure reached 6 inches of water.

3.1.4 Vapor Stream TCE and Total VOC Concentrations

TCE and total VOC concentrations in the extracted vapor stream were monitored throughout

the tests using a portable GC and FED, respectively. The concentrations of TCE in parts per billion

(ppb) are shown in Table 3-1. The PID readings, which represent total VOCs (TVO) in parts per

million (ppm), are included with the system monitoring results in Appendix D. During the first test,

the TCE concentrations ranged from 2 to 9 ppb and decreased throughout the test. During the

second test, the TCE concentrations ranged from 1 to 3 ppb, and again decreased to near non-

detectable concentrations.

3.2 AQUIFER PUMPING TEST

A constant rate groundwater pumping test was performed during October 3 through 6,

1995 for the purpose of assessing aquifer characteristics. The description of the setup and

performance of the pumping test and analysis of the test data are presented in the following

sections of this report.

3.2.1 Test Set-up

A 4-inch diameter groundwater extraction well (PW-201D) was installed on August 22 and

23, 1995 to be used for pumping tests. The well was located such that it could be utilized as part
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of a future groundwater extraction system, if one is installed for remediation (Figure 2-2). The

borehole was drilled to a depth of 55 feet bgl using a combination of large diameter (6.25 inch)

specially constructed boulder hollow stem augers and air rotary drilling. The well was constructed

of a 20-foot long, 30-slot, continuous wound, PVC screen and 4-inch I.D. PVC riser. The screen was

set from 35 to 55 feet bgl. The well was sandpacked using coarse sand from the bottom of the screen

to three feet above the top of the screen (32 feet bgl). A two-foot thick bentonite seal was set above

the sand pack, and the remaining annular space was filled with cement-bentonite grout. An 8-inch

diameter flush mount manhole protector was set in concrete at the surface. The well was secured

with a watertight j-plug and lock. The boring and well construction logs for well PW-201D are

presented in Appendices A and B, respectively.

A Grundfos submersible pump was installed in the well, with the intake of the pump set at

approximately 50 feet bgl (five feet above the well bottom). Pressure transducers were installed in

monitoring wells MW-203S, MW-203D, PS-4, and in the pumping well PW-201D. The transducers

were connected to two Hermit data loggers located inside the Petoskey Manufacturing building.

Another transducer was installed in well PS-105S from October 2 through October 10, 1995, to

collect background water level data. This transducer was connected to a Hermit data logger located

near the well. Initial test and transducer parameters were entered into the data loggers prior to the

start of the pumping test. The data loggers were set up to record water levels in the instrumented

wells on a logarithmic time scale.

One "baseline" set of water levels was obtained manually using an electric water level

indicator in the monitoring wells and the pumping well for comparative purposes. In addition, water

levels were measured at the three surface water measuring points: one located on the breakwater in

Lake Michigan and two (C-l and C-2) located on Bear Creek (Figure 2-2). These measurements

were used to evaluate fluctuations in lake and creek water levels.

Two granular activated carbon (GAC) treatment units, containing 2,000 pounds of GAC each,

were set up on-site in series to treat the groundwater discharged from the pumping well. A discharge
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line was run from the second GAC unit to the sanitary sewer located approximately 200 feet

southwest of pumping well PW-201D.

Prior to performing the constant rate pumping test, a step test was performed to evaluate

drawdown at various pumping rates. Initially, a pump rated for a maximum pumping rate of 105 gpm

was used. This pump proved to be too large and quickly drew down the water level in the pumping

well to the pump intake. The large pump was replaced with a smaller pump with an operating range

of 20 to 50 gpm. Pumping rates (steps) of 25,35, and 45 gpm were evaluated. Thirty-five gpm was

determined to be the maximum sustainable pumping rate.

3.2.2 Test Implementation

The test was initiated at 4:10 pm on October 3, 1995. The pump was shut off at 2:05 pm on

October 6, 1995. The pumping test was conducted for a total of 69 hours and 54 minutes at a

constant pumping rate of 35 gpm.

Water level measurements were recorded automatically by the data loggers in monitoring

wells MW-203S, MW-203D, PS-4, background well PS-105S, and in pumping well PW-201D. An

electric water level indicator was used to measure water levels in other selected monitoring wells and

surface water monitoring points during the test.

During the test, samples were collected from the influent groundwater (i.e., pre-treatment

prior to entering the GAC units) and from the effluent (i.e., post-treatment after leaving the GAC

units) at numerous intervals. These samples were screened in the field for 1,2-Dichloroethene (1,2

DCE) and TCE using a portable GC. The field screening results are summarized in Table 3-2. The

data confirmed that there was no breakthrough of 1,2-DCE or TCE during the pumping test.

Just prior to shutting off the pump, a complete set of water levels were measured in the

monitoring wells and at the surface water measuring points. Before the pump was shut off, the data

loggers were set up to record recovery in the wells. At the same time as the pump was shut off, the

data loggers were started and a recovery test was run. During the recovery test, water levels were

measured automatically in wells MW-203S, MW-203D, PS-4, background well PS-1055, and
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pumping well PW-201 by the data loggers, and in select additional wells using a water level probe.

The data logger files for the step, constant, and recovery phases of the test, water level measurement

data collected during the test, and elapsed time vs. drawdown curves are included in Appendix E.

3.2.3 Observations / Data Trends

Well response curves for several of the monitoring wells located near pumping well PW-201

were constructed by plotting drawdown (feet) versus elapsed time (min.). These curves were used

to evaluate the aquifer response to pumping; they are included in Appendix E. As indicated by the

well response curves, water levels in these wells fluctuated up and down throughout the test even

though a steady 35 gpm pumping rate was maintained at the pumping well. Based on an evaluation

of the change in water level in the wells and the change in Lake Michigan lake level, there appears

to be a high degree of influence of lake level on the water level in the monitoring wells.

Water levels in the monitoring wells either dropped or showed no change for the first six to

seven minutes of the test. After this, water levels tended to rise until approximately 800 to 900

minutes into the test. During this time, the level of Lake Michigan also rose. From about 900 to

2,700 minutes into the test, the water levels in the monitoring wells dropped, as did the water level

in Lake Michigan. The lowest water levels in the wells and in Lake Michigan were recorded from

approximately 2,000 to 2,700 minutes into the test. From approximately 2,700 minutes until the end

of the test (4,194 minutes elapsed time), the water levels in the wells and in the lake rose.

Figure 3-2 is a plot of elapsed time vs. drawdown in the monitoring wells and Lake Michigan.

During the pumping test, the change of water levels in the monitoring wells in general mimicked the

change in Lake Michigan water level (i.e., as the lake level rose, the water level in the monitoring

wells also rose).

The water levels in a few of the deep wells closest to the pumping well (PS-AD, PS-BD, PS-

104, and MW-203D) appeared to have been drawn down during the test, while water levels in the

shallow wells closest to the pumping well were not drawn down substantially as shown on Figure 3-2.

It is possible that the screens of these wells were not in direct communication with the deeper wells
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due to the presence of silty or clayey lenses and/or clay-filled voids/fractures in the aquifer. These

zones may essentially act as a barrier to vertical hydraulic communication in the aquifer. This may

cause the aquifer to behave as a leaky confined aquifer in the deeper zones. The presence of silt

and/or clay was observed in several locations during the drilling of the monitoring wells.

Two weeks after the pumping test, a transducer was placed in the Ingalls municipal well for

approximately 25 hours to record water level fluctuations. Over the 25-hour period, the fluctuations

in water level in the Ingalls well were of the same order of magnitude as the drawdown caused by

pumping well PW-201D during the pumping test. Figure 3-4 shows the substantial fluctuations of

the water levels in the Ingalls well which is in direct communication with Lake Michigan due to its

proximity to the lake and the nature of the soils and bedrock in that area. The fluctuations in lake

level seems to have caused larger changes in water level elevation in the wells than could be induced

by pumping PW-201D. Since the lake level fluctuations "mask" the drawdown data, the time vs.

drawdown data cannot be used to accurately estimate aquifer parameters.

3.2.4 Supplemental Water Level Measurements

The water level in background observation well PS-105S fluctuated approximately 0.8 feet

from October 2 through October 10, 1995 (Figure 3-3). The changes in water level in well PS-105S

mimicked the changes in Lake Michigan lake level during the period of the pumping test.

The water level in the Ingalls municipal well, which is located outside the zone of influence

of the pumping test well, fluctuates depending on pumping cycles. It fluctuated rapidly over a 0.45

ft. range throughout the day it was monitored frequently (October 16, 1995) (Figure 3-4). This

variation in water level is the result of production pumping at this well.

3.2.5 Surface Water Measurements

Barometric pressure appears to have a rapid effect on Lake Michigan's water level as shown

on Figure 3-5. Generally, as barometric pressure decreases the lake level increases, and as barometric

pressure increases lake level decreases.
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Changes in water level elevation as measured at the Lake Michigan and two Bear Creek

measuring points during the period of the pumping test are shown on Figure 3-6. Lake Michigan

lake level and the water level elevation measured at the northern Bear Creek water measuring point

(C-l), located below the dam, appeared to fluctuate in a similar manner, indicating that the lake level

fluctuation extends as far south in the creek as measuring point C-l. The water level at the southern

Bear Creek measuring point (C-2) located above the dam, varied only slightly (^0.08 ft.) during the

period of the pumping test. This is representative of more stable water conditions along the

southeastern portion of the aquifer, due to the presence of the dam.

PH2R1.028 02/18/98
2420-017-H41 J-"



MALDOLVi
PIRNIE

4.0 SITE GEOLOGY AND HYDROGEOLOGY

4.1 SITE GEOLOGY

The stratigraphy at the site was interpreted from information obtained from the borings drilled

during this phase of the RI, logs from borings previously drilled at the site, and local water well logs.

The unconsolidated deposits at the site range in thickness from approximately 5 to 45 feet.

These deposits consist of up to 6 feet of sand overlying a layer of large limestone boulders and

cobbles in a clayey, silty, and/or sandy matrix. The limestone fragments vary from a few inches to

10 to 15 feet in diameter. Immediately below this boulder and cobble layer is the limestone bedrock

which is part of the Devonian age Traverse Group. The upper portion of the limestone bedrock is

highly weathered. The interfaces between the limestone cobbles and weathered bedrock and between

the weathered bedrock and competent bedrock are extremely variable along the shore of Lake

Michigan in the vicinity of the site, and often difficult to determine.

4.2 SITE HYDROGEOLOGY

The main surface water bodies in the vicinity of the site are Lake Michigan, located at the

northern edge of the site, and Bear Creek, which runs roughly north-south and is located

approximately 500 feet east of the PMC building.

A single shallow unconfmed aquifer, corresponding to the boulder/cobble layer and the

limestone bedrock, as described above, was confirmed during this investigation. Groundwater at the

site is typically first present at a depth of approximately 8 to 19 feet bgl.

The hydraulic conductivities (K) calculated from slug test data collected at the site are shown

in Table 2-2. The mean hydraulic conductivities ranged from 7.67 x 10-4 at well MW-105D to 2.11

x 10-3 at well MW-201S, which is typical of aquifers of limestone, silty sand, and sand.
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Evaluation of data collected during the pumping test indicates that the water level of Lake

Michigan exerts a high degree of influence on the water levels recorded in the monitoring wells.

During the pumping test, water levels in the monitoring wells located near the pumping well

fluctuated up and down even though a constant 35 gpm pumping rate was maintained in the pumping

well. Figure 3-2 is a drawdown vs. elapsed time plot of the water levels in the monitoring wells and

in Lake Michigan collected during the pumping test. A strong correlation can be seen between

fluctuations in lake level and water levels in monitoring wells.

Changes in barometric pressure appear to have an almost immediate effect on the water level

in Lake Michigan as shown on Figure 3-5. As barometric pressure decreases, the lake level increases,

j and as barometric pressure increases, the lake level decreases.

Changes in water level elevation, as measured at the Lake Michigan and two Bear Creek

measuring points during the period of the pumping test, are shown on Figure 3-6. Lake Michigan

lake level and the water level elevation measured at the northern Bear Creek water measuring point

(C-l), located below the dam, appeared to fluctuate in a similar manner, indicating that the lake level

fluctuation extends as far south in the creek as measuring point C-1. The water level at the southern

Bear Creek measuring point (C-2) located just above the dam, varied only slightly (sO.08 ft.) during

the period of the pumping test. This variation is representative of more stable water conditions along

the southeastern portion of the aquifer, due to the presence of the dam.

Local groundwater flow is heavily influenced by changes in lake level. In general,

_ groundwater flows from the highlands toward the lake, but in the beach shelf between the bluff and

the lake, where the site is located, water levels are approximately the same as the lake level. There

is a lag time associated with the aquifer response to changes in the lake level resulting in local

reversals of the flow direction. When the lake is at low ebb, groundwater flow is toward the lake.

As the lake level rises, the lake elevation becomes higher than the groundwater elevation in the

aquifer and lake water flows into the aquifer (away from the lake). The resulting head change is

propagated through the aquifer at a rate controlled by the hydraulic conductivity. This change results

in a situation where groundwater near the bluff flows northward toward the lake, while groundwater
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near the shore flows southward toward the bluff. There is a theoretical stagnation line separating

these two flow patterns, where the horizontal gradient is zero and no flow occurs. As the head

change in response to rising lake levels is propagated through the aquifer, the stagnation line moves

southward toward the bluff. When the lake level falls, the stagnation line moves northward toward

the lake and may disappear if flow toward the lake is reestablished throughout the entire aquifer.

Review of historical water level records indicates that the overall groundwater flow from the PMC

facility is slightly towards the northwest, including western and northern flow components. Both

previous and current water levels show that the horizontal gradient across the site is extremely low

(flat).

Groundwater flow at the site is also controlled by the voids between limestone boulders and

by fractures in the limestone bedrock. Groundwater flow through fractures near the Ingalls well

appears more pronounced, however it is irregular due to the periodic pumping.

As a result of these conditions, equilibrium conditions that are the basis for 'static' water level

measurements could not be depicted graphically with the data available in this phase of the RI. These

conditions are in a constant state of flux, and based on the data shown in Figure 3-3, undergo a

reversal on a frequent basis. Consequently, an equipotential map describing static conditions during

the Phase II RI is not a valid concept at this site, and cannot be prepared at the scale of the site

investigation. Several attempts to develop potentiometric surface maps resulted in inconsistent and

variable configurations based on contour intervals of only few hundreds of a foot. Mapping at a scale

that compares groundwater elevations south of the bluff to lake elevations may be valid, but such a

map is not useful for the estimation of local gradients or flow velocities at the site. Groundwater

elevations measured on several occasions are included in Table 2-1. Vertical hydraulic gradients were

calculated at the well clusters using the formula:

7V = Ah / Ad

where: 7V = vertical hydraulic gradient.

Ah = head difference between the water elevation in two wells.

Ad = distance between the bottom of the two well screens.
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The results were as follows:

Well Cluster Vertical Hydraulic Gradient

PS-BS / PS-BD 4.0 x 10-3 ft/ft upward

PS-CS / PS-CD 8.7 x 10-4 ft/ft upward

PS-CS / MW-105D 2.9 x 10-2 ft/ft upward

PS-DS / PS-DD 3.5 x 10-3 ft/ft upward

PS-4 / PS-104 4.4 x 10-3 ft/ft downward

MW-205I / MW-205D 1.3x10-3 ft/ft upward

PS-1R / PS-13 6.7 x 10-4 ft/ft downward

MW-203S / MW-203D 1.3 x 10-3 ft/ft downward

Generally, there is a slight upward gradient in the northern and western portions of the site

and a slight downward gradient in the central and eastern portions of the site. The strongest vertical

gradient calculated is between wells PS-CS and MW-105D, located next to each other, where the

screen separation is the greatest, indicating a strong upward vertical groundwater component which

weakens closer to the water table.
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5.0 SITE CONTAMINATION CHARACTERIZATION

Soil and groundwater samples were collected and analyzed during both phases of the

Remedial Investigations in order to assess the nature and extent of contamination at the site. This

section describes soil analytical data obtained from the Phase I RI, supplemented by data obtained

during the Phase n RI. The groundwater contamination characterization is based on the most current

groundwater analytical data obtained during the Phase n RI.

5.1 EVALUATION OF SOIL ANALYTICAL DATA

5.1.1 Evaluation Criteria

The soil analytical data obtained from the Phase I and n RIs were compared to several

applicable cleanup criteria established by the State of Michigan under Part 201, Environmental

Remediation, of Act 451, Natural Resources and Environmental Protection Act (PA 1995, as

amended). The criteria used for this comparison are:

• Generic Residential Cleanup Criteria (GRCC)

• Groundwater/Surface Water Interface (GSI) Criteria

• Generic Industrial Cleanup Criteria

• Residential Direct Contact Cleanup Criteria

• Industrial Direct Contact Cleanup Criteria

• Generic Inhalation Criteria for Ambient Air

The applicable cleanup criteria for the compounds detected in the soil samples are presented in the

soil analytical data tables.

5.1.1.1 Determination of Generic Residential Cleanup Criteria

The GRCC were established by using either the Health-Based or Aesthetic Criteria (MERA

Operational Memorandum 8, Revision 4, June 5, 1995), the Soil/Water Partitioning (SWP) Drinking
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Water Criteria (Addendum to MERA Operational Memorandum 8, Revision 4, January 17, 1997),

the State of Michigan Default Background Concentrations (MERA Operational Memorandum 15,

September 30, 1993), or the Site-Specific Calculated Background Concentrations (Table 5-1).

The determination of which Residential Cleanup Criteria are used to evaluate the

concentrations of compounds begins by using the most restrictive of the 20X Residential Health-

Based and 20X Aesthetic Criteria. Residential Cleanup Criteria are representative of the acceptable

Health-Based criteria and 20X the corresponding Groundwater Criteria that are considered protective

of groundwater. The most restrictive criteria are then compared to SWP Drinking Water Criteria.

The least restrictive criteria are then used as the applicable cleanup criteria.

MERA Operational Memorandum 8, Revision 4, June 5, 1995 allows Background

Concentrations (State of Michigan or Site-Specific) for selected inorganic compounds to be used as

Residential Cleanup Criteria if such concentrations are higher (less restrictive) than the Residential

Cleanup Criteria. If the calculated cleanup criteria are lower (more restrictive) than the target method

detection limits (MDLs), the MDLs become the residential cleanup criteria. In cases where a

compound is not expected to leach, the Direct Contact Values are used. However, if it appears that

a compound may be leaching through the soil, then the cleanup criteria are determined by utilizing

the SWP or 20X the more restrictive of the Health-Based or Aesthetic Drinking Water Criteria.

5.1.1.2 Determination of Groundwater/Surface Water Interface Criteria

The 20X GSI criteria are soil criteria protective of surface water. GSI criteria were developed

to address risks associated with groundwater discharging to a surface water body, which may or may

not be used as a drinking water source. The GSI criteria used for comparison of soil data at this site

apply to surface waters not protected as a drinking water source, because Lake Michigan is not a

drinking water source for the City of Petoskey. It is not necessary that 20X GSI cleanup criteria in

the soil be met, as long as the GSI values are not exceeded at the appropriate compliance points

(monitoring wells near Lake Michigan).
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The GSI Criteria are described in Addendum to MERA Operational Memorandum 8, Revision

4, and Operational Memorandum 14, Revision 2, dated November 3, 1997. The higher (least

restrictive) of the soil 20X GSI criteria or the soil GSI SWP criteria (soil criteria protective of

groundwater discharging to the surface water) were compared to the site soil data to ensure that

groundwater concentrations did not exceed the GSI criteria. The GSI values were recently updated

as part of new administrative rules for Part 31, of Act 451, as amended. However, as of December

10, 1997, the list of GSI values was still being updated. Therefore, the GSI values listed in MERA

Operational Memorandum 8, Revision 4 dated June 5, 1995 were used to evaluate compounds for

which new GSI criteria are not yet available.

5.1.1.3 Determination of Industrial Qeanup Criteria

The Industrial Cleanup Criteria were determined by using either the 20X Industrial Health-

Based or 20X Aesthetic Groundwater Criteria (MERA Operational Memorandum 14, Revision 2,

June 6, 1995), the Soil/Water Partitioning (SWP) Industrial Drinking Water Criteria (criteria are

currently under State review), the State of Michigan Default Background Concentrations (MERA

Operational Memorandum 15, September 30, 1993), or the Site-Specific Calculated Background

Concentrations.

The determination of which criteria are used to evaluate specific compounds in soils begins

by using the most restrictive of the 20 X Industrial Health-Based and 20X Aesthetic Cleanup Criteria.

The most restrictive criteria are then compared to SWP Industrial Drinking Water Criteria. The

higher (least restrictive) criteria are then used as the applicable cleanup criteria. MERA Operational

Memorandum 14, Revision 2, June 6, 1995 allows the use of Background Concentrations (State of

Michigan or Site-Specific) for selected inorganic compounds, if the Background concentrations are

higher than the criteria determined using the method discussed above.

In cases where a compound is not expected to leach, the Direct Contact Values are used.

However, if evidence indicates that a compound may be leaching through the soil, then the cleanup
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criteria is determined by using 20X the more restrictive of the Industrial Health-Based or Aesthetic

Drinking Water Cleanup Criteria.

5.1.1.4 Determination of Direct Contact Value Criteria

Residential and Industrial Direct Contact Criteria were also used to evaluate the soil analytical

data because of the potential presence of soil contact pathways. These criteria were obtained from

MERA Operational Memorandum 8, Revision 4, June 5, 1995 and MERA Operational Memorandum

14, Revision 2, June 6, 1995, respectively.

5.1.1.5 Determination of Generic Soil Inhalation Criteria for Ambient Air

Generic soil inhalation criteria for ambient air was addressed in a MDEQ Addendum to

Interim Operational Memorandum #8, Revision 4 and #14, Revision 2 dated April 29, 1997. These

generic soil inhalation criteria were developed for residential and industrial/commercial scenaria to

assess the potential for human health effects from long-term exposure to airborne soil contaminants

in ambient air.

The detected concentrations of contaminants in the site soils were compared to this set of

cleanup criteria. None of the detected compounds were present in concentrations that exceeded the

residential and industrial/commercial generic soil inhalation criteria.

5.1.2 Evaluation of Soil Analytical Data

Soil samples were collected from the site in 1992 as part of the Phase 1RI and in 1995 as part

of the Phase n RI. For the purpose of the following discussion both sets of soil analytical data were

reviewed.

Soil samples were collected from locations SS-1 through SS-6, SB-1 through SB-12, and B-l

through B-4 in September 1992. The designation "SS" refers to surficial soil samples (<1 foot), while

designations "SB" and "B" refer to subsurface soil sampling (>1 foot). The remaining soil samples

were collected in August 1995. The soil sampling locations are shown on Figure 2-1. The soil
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analytical data are presented by major analytical group (i.e., volatile organic compounds, semi-volatile

organic compounds, PCB/Pesticides and inorganic compounds). The soil analytical data are shown

on Figures 5-2 through 5-12.

5.1.2.1 Volatile Organic Compounds

The concentrations of the following volatile organic compounds were detected below the

applicable GRCC, GSI Criteria and Industrial Cleanup Criteria; the concentration ranges are shown

in parentheses: tetrachloroethane (1 to 50 ug/kg); 1,2-dichloroethene (3 to 40 ug/kg); benzene (1

ug/kg); toluene (3 to 70 ug/kg); ethyl benzene (2 to 44 ug/kg); xylene (2 to 240 ug/kg); methylene

chloride (4 to 50 ug/kg); and acetone (10 to 46 ug/kg).

Trichloroethene (TCE) was detected in samples at concentrations ranging from 1 to 830

ug/kg. Concentrations of TCE in the soil exceeded both the Residential and Industrial 20X

Drinking Water Criteria of 100 ug/kg at soil borings SB-1 at 14.5 to 16.5 feet (280 ug/kg); at boring

SB-201S at 0 to 2 feet (460 ug/kg) and at 14 to 16 feet (310 ug/kg); at boring SB-203S at 12 to

14 feet (830 ug/kg); and at boring SB-204S at 13 to 15 feet (130 ug/kg).

The locations where the concentrations of TCE in the soil exceeded the 20X Drinking Water

Residential and Industrial Cleanup Criterion of 100 ug/kg were generally adjacent to the northwest

corner of the PMC building or in the capillary zone adjacent to or underneath the PMC building.

The Phase II August 1995 soil sampling VOC analytical data and criteria comparisons are

presented in Table 5-2. The Phase I surface and subsurface VOC soil sampling analytical data and

criteria comparisons are presented in Tables 5-8 and 5-10, respectively. The VOCs whose

concentration exceeded the Generic Residential Cleanup Criteria, Generic Industrial Cleanup Criteria,

and GSI criteria in the Phase II and Phase I soil samples are shown on Figures 5-1, 5-2, and 5-3,

respectively.

Phase n tentatively identified compounds (TICs) were present in soil samples collected from

background boring locations (borings SB-206 and SB-207). The Phase II TIC analytical data have

been compiled and are presented in Table 5-6. TICs were present in boring SB-206 (0.5 to 2.5 foot
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bgl), and in boring SB-207 (0.5 to 2.5 foot bgl and 2.5 to 4.5 foot bgl samples). No conclusions may

be drawn from the pattern of these TIC occurrences.

5.1.2.2 Semi-Volatile Organic Compounds

The concentrations of the following semi-volatile organic compounds were detected below

the applicable GRCC, GSI Criteria and Industrial Cleanup Criteria in soil samples collected at the site;

their concentration ranges are shown in parentheses: fluorene (120 to 7,100 ug/kg); anthracene (32

to 9,400 ug/kg); butyl benzyl phthalate (150 to 550 ug/kg); chrysene (29 to 23,000 ug/kg);

indeno(l,2,3-cd)pyrene (43 to 13,000 ug/kg); benzo(ghi)perylene (41 to 12,000 ug/kg); di-n-butyl

phthalate (82 to 360 ug/kg); dibenzofuran (23 to 3,900 ug/kg); one detection of naphthalene (120

Ug/kg); one detection of 2-methylnaphthalene (75 ug/kg); pyrene (36 to 31,000 ug/kg); one detection

of di-n-octyl phthalate (3,200 ug/kg); and acenaphthylene (380 to 730 ug/kg).

Phenanthrene was detected in soil samples in concentrations ranging from 59 to 46,000

ug/kg. Phenanthrene exceeds the Residential, 20X GSI and Industrial Criteria of 1,100 ug/kg,

12,000 ug/kg, and 34,000 ug/kg respectively, at soil boring SS-6 (46,000 ug/kg). In addition,

phenanthrene exceeds the 20X GSI criterion of 1,100 ug/kg at soil borings SS-2 (2,500 ug/kg); SB-4

at 0-2' (2,300 ug/kg); and SB-9 at 2 to 4 feet (2,000 ug/kg). Deeper soil samples collected at the

same boring locations did not contain detectable concentrations of phenanthrene, indicating that it

is not leaching through the soil.

Acenaphthene was detected in soil samples at concentration ranges of 140 to 6,600 ug/kg

with one exceedence of the GSI criteria of 4,300 ug/kg at soil boring SS-6 (6,600 ug/kg).

Benzo(a)anthracene was detected in soil samples at concentration ranges of 34 to 23,000

ug/kg with one exceedence of the Residential Cleanup Criterion of 14,000 jag/kg at soil boring SS-6

(23,000 ug/kg).
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Benzo(a)pyrene was detected in soil samples at concentration ranges of 120 to 18,000 jag/kg

with one exceedence of the Residential Cleanup Criterion of 1,400 ug/kg at soil boring SS-6 (18,000

Benzo(b)fluoranthene was detected in soil samples at concentration ranges of 5 1 to 3 1,000

with one exceedence of the Residential Cleanup Criterion of 14,000 ng/kg at soil boring SS-6

(31,000ng/kg).

Bis (2-ethylexyl phthalate) was detected in soil samples at concentration ranges of 26 to

5,100 u,g/kg with exceedences above the Residential and Industrial Criteria of 120 U-g/kg at soil

borings SB-203S at 5 to 7 feet (140 ug/kg); SS-5 (5,100 ug/kg); SB-1 at 4 to 6 feet (640 ug/kg);

SB-1 at 14.5 to 16.5 feet (1,800 |ig/kg); and SB-5 at 2 to 5 feet (4,300 ug/kg).

Fluoranthene was detected in soil samples at concentration ranges of 28 to 50,000 jag/kg

with one exceedence of 20X GSI Criterion of 7,400 jig/kg at soil boring SS-6 (50,000 (ig/kg).

Carbazole was detected in soil samples at concentration ranges of 160 to 7,800 u,g/kg with

one excedence of the Residential Criterion of 860 ug/kg at soil boring SS-6 (7,800 ng/kg).

Dibenzo(a,h)anthracene was detected in soil samples at concentrations ranging from 1 10

to 7900 |ig/kg with one exceedence of the Residential Criterion of 1400 u.g/kg at soil boring SS-6

(7900 ug/kg).

The Phase n SVOC soil analytical data and comparisons to cleanup criteria are presented in

Table 5-3. The Phase I SVOC surface and subsurface soil analytical data and criteria comparisons

can be found in Tables 5-8 and 5-11, respectively. The SVOC compounds whose concentrations

exceed cleanup criteria are shown on Figures 5-1, 5-2 and 5-3.

Tentatively identified compounds (TICs) were present in soil samples collected from all on-

site (borings SB-201, SB-202, SB-203, and SB-204) and background (SB-206 and SB-207) boring

locations. While conclusions concerning the presence of TICs cannot be drawn, the majority of the

TICs were found at highest concentrations in borings outside the PMC building, primarily at the

northeast corner (at boring location SB-202) at all sampled depths at decreasing frequency.
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Numerous TICs were identified at both background soil boring locations (SB-206 and SB-207) at

increasing frequency and concentration with depth. This data confirms the widespread occurrence

of TICs observed during the Phase I Remedial Investigation (including TICs at background boring

locations PS-12, B-l, and B-2). The TICs have been compiled and are presented in Table 5-7.

Appendix C of the Phase I RI report lists TICs detected in soil samples collected during the Phase

I RI. Most of the TICs have not been identified and are listed as "unknowns". Estimated

concentrations are listed for both known and "unknown" TICs.

5.1.2.3 Pesticides and PCBs

The following pesticides and PCBs were detected at concentration below the applicable

GRCC, GSI Criteria and Industrial Cleanup in soil samples collected at the site; their concentration

ranges are identified in parentheses: aldrin (1.0 to 2.0 ng/kg); one detection of alpha chlordane (0.91

|ig/kg); and endosulfan I and II (2.9 to 8.2 ug/kg).

The Phase II pesticide and PCB soil sampling analytical data and criteria comparisons are

presented in Table 5-4. The Phase I pesticide and PCB soil sampling analytical data can be found

in Appendix C of Eder's RI Report (Eder, 1993).

Only 4,4-DDT was present in surficial sample SS-5, at concentration (92 u.g/kg) exceeding

the Residential Cleanup Criterion of 50 ug/kg.

5.1.2.4 Inorganic Compounds

Local background concentrations were calculated for all relevant inorganic compounds. The

calculations were performed in accordance with MDEQ's "Guidance Document for Verification of

Soil Remediation" (MDEQ, 1994). Acceptable background limits were calculated for soils using soil

samples B-l (1 to 3 feet), B-2 (1 to 3 feet), SB-206 (0.5 to 2.5 feet), SB-206 (2.5 to 4.5 feet), SB-

207 (0.5 to 2.5 feet) and SB-207 (2.5 to 4.5 feet). The background concentration calculations are

presented in Table 5-1.
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The following inorganic compounds were detected at concentration below the applicable

GRCC, GSI and Industrial Cleanup Criteria in soil samples collected at the site; concentration ranges

are identified in parentheses: aluminum (902 to 6090 mg/kg); antimony (2.8 to 15 mg/kg); arsenic

(0.7 to 14 mg/kg); beryllium (0.13 to 2.50 mg/kg); cobalt (0.76 to 3.5 mg/kg); copper (0.87 to 39

mg/kg); iron (1460 to 15,300 mg/kg); manganese (25.9 to 293 mg/kg); nickel (1.30 to 35.5 mg/kg);

sodium (32.8 to 419 mg/kg); one detection of thallium (0.68 mg/kg); and vanadium (2.5 to 16.8

mg/kg).

Barium was detected in soil samples at concentrations ranging from 4.3 to 305 mg/kg with

exceedences above the GSI criteria of 120 mg/kg at soil borings SB-201 S at 0 to 2 feet (141 mg/kg)

and SB- 11 (305 mg/kg).

Cadmium was detected in soil samples at concentrations ranging from 0.34 to 28.9 mg/kg

with exceedences above the Residential and Industrial Cleanup Criteria of 6 mg/kg and the GSI

criteria of 4.3 mg/kg at soil borings SB-4 at 0 to 2 feet (8.5 mg/kg) and SS-1 (28.9 mg/kg). The

cadmium concentration in sample boring SB-5 (4.4 mg/kg) exceeds the GSI criteria.

Chromium was detected in soil samples at concentrations ranging from 1.1 to 27.4 mg/kg

with exceedences of the GSI criterion of 3.4 mg/kg at soil borings SB-201S at 0 to 2 feet (16.3

mg/kg); SB-202S at 0 to 2 feet (6.0mg/kg); SB-203D at 0 to 2 feet (3.5 mg/kg) and 5 to 7 feet (7.7

mg/kg); SB-204S at 0 to 2 feet (4.2 mg/kg); SB-3 at 6 to 7 feet (5.4 mg/kg); SB-4 at 0 to 2 feet (6. 1

mg/kg) and in the duplicate (5.5 mg/kg); SB-5 at 2 to 5 feet (19.8 mg/kg); SB-6 at 0 to 2 feet (8.4

mg/kg); SB-11 at 1 to 3 feet (9.4 mg/kg); SS-1 (27.4 mg/kg); SS-2 (3.8 mg/kg); SS-3 (5.1 mg/kg);

SS-4 (3.8 mg/kg); SS-5 (12.7 mg/kg); and SS-6 (10.6 mg.kg).

Lead was detected in soil samples at concentrations ranging from 1.1 to 306 mg/kg with

exceedences of the Residential, Industrial, and GSI criteria at soil borings SB-201S at 0 to 2 feet

(306 mg/kg); SS-1 (236 mg/kg); SB-5 at 2 to 5 feet (185 mg/kg); and SB-1 1 at 1 to 3 feet (199.2

mg/kg).

Magnesium was detected in soil samples at concentrations ranging from 417 to 54,900

mg/kg. Magnesium exceeds the GSI criteria of 1,000 mg/kg at soil borings SB-201S at 0-2' (53 10
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mg/kg); SB-202S at 0 to 2 feet (9820 mg/kg) and at 10 to 12 feet (32,900 mg/kg); SB-203D at 0 to

2 feei (1,370 mg/kg) and at 5 to 7 feet (14,800 mg/kg); SB-204S at 0 to 2 feet (1,350 mg/kg); SB-

206 at 2.5 to 4.5 feet (1,910 mg/kg); SS-1 (12,300 mg/kg); SS-2 (4,330 mg/kg); SS-3 (6,620 mg/kg);

SS-4 (2,810 mg/kg) and the duplicate (15,900 mg/kg); SS-6 (11,500 mg/kg); SB-1 at 4 to 6 feet

(6,230 mg/kg) and 14.5 to 16.5 feet (20,200 mg/kg); SB-2 at 0 to 2 feet (6,170 mg/kg) and 6 to 9

feet (15,400 mg/kg); SB-3 at 6 to 7 feet (5,840 mg/kg); SB-4 at 0 to 2 feet (6,860 mg/kg), the

duplicate (7,890 mg/kg) and 2 to 6 feet (54,900 mg/kg); SB-5 at 2 to 5 feet (21,800 mg/kg) and 10

to 13 feet (15,000 mg/kg); SB-6 at 0 to 2 feet (5,050 mg/kg) and 6 to 10 feet (22,300 mg/kg); SB-7

at 2 to 6 feet (12,100 mg/kg) and 10 to 14 feet (22,100 mg/kg); SB-8 at 4 to 8 feet (21,700 mg/kg)

and 8 to 11 feet (22,000 mg/kg); SB-9 at 2 to 4 feet (30,900 mg/kg) and 5 to 8 feet (19,900 mg/kg);

SB-10 at 1 to 5 feet (19,200 mg/kg), the duplicate (23,000 mg/kg) and 5 to 8 feet (24,200 mg/kg);

SB-11 at 1 to 3 feet (3,310 mg/kg); and SB-12 at 1 to 3 feet (17,000 mg/kg) and 4 to 8 feet (36,600

mg/kg). Magnesium exceeds the Residential Cleanup Criterion of 15,577 mg/kg at soil borings SB-

202S at 10 to 12 feet (32,900 mg/kg); duplicate SS-4 (15,900 mg/kg); SB-1 at 4 to 6 feet (6,230

mg/kg); SB-5 at 2 to 5 feet (21,800 mg/kg); SB-7 at 10 to 14 feet (22,100 mg/kg); SB-4 at 2 to 6

feet (54,900 mg/kg); SB-6 at 6 to 10 feet (22,300 mg/kg); SB-8 at 4 to 8 feet (21,700 mg/kg) and

8 to 11 feet (22,000 mg/kg); SB-9 at 2 to 4 feet (30,900 mg/kg) and 5 to 8 feet (19,900 mg/kg); SB-

10 at 1 to 5 feet (19,200 mg/kg), the duplicate (23,000 mg/kg) and 5 to 8 feet (24,200 mg/kg); and

SB-12 at 1 to 3 feet (17,000 mg/kg) and 4 to 8 feet (36,600 mg/kg). Magnesium exceeds the

Industrial Cleanup Criterion of 24,000 mg/kg at soil borings SB-202S at 10 to 12 feet (32,900

mg/kg); SB-4 at 2 to 6 feet (54,900 mg/kg); SB-9 at 2 to 4 feet (30,900 mg/kg); SB-10 at 5 to 8 feet

(24,200 mg/kg); and SB-12 at 4 to 8 feet (36,600 mg/kg).

Mercury was detected in soil samples at concentrations ranging from 0.12 to 0.41 mg/kg.

Mercury exceeds the GSI criterion of 0.0011 mg/kg at soil borings SB-201S at 0 to 2 feet (0.270

mg/kg); SB-202S at 0 to 2 feet (0.210 mg/kg); SS-5 (0.41 mg/kg); SB-5 at 2 to 5 feet (0.20 mg/kg);

SB-6 at 0 to 2 feet (0.12 mg/kg); the duplicate SB-10 at 1 to 5 feet (0.20 mg/kg); and SB-11 at 1 to

3 feet (0.15 mg/kg).
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Selenium was detected in soil samples at concentrations ranging from 0.58 to 20.7 mg/kg.

Selenium exceeds the Residential and Industrial cleanup criterion of 4.11 mg/kg at soil boring SS-1

(20.7 mg/kg). Selenium exceeds the GSI criterion of 0.410 mg/kg at soil borings SB-206 at 2.5 to

4.5 feet (0.970 mg.kg); SS-1 (20.7 mg/kg); SB-4 at 0 to 2 feet (1.10 mg/kg); SB-5 at 2 to 5 feet

(0.58 mg/kg); duplicate SB-4 at 0 to 2 feet (0.90 mg/kg); and SB-11 at 1 to 3 feet (0.95 mg/kg).

Silver was detected in soil samples at concentrations ranging from 0.23 to 3.70 mg/kg. Silver

exceeds the GSI criterion of 0.0077 mg/kg at soil borings SB-202S at 0 to 2 feet (2 mg/kg); SS-3

(0.23 mg/kg); SS-4 (0.31 mg/kg); SS-5 (3.70 mg/kg); and SS-6 (0.29 mg/kg).

Zinc was detected in soil samples at concentrations ranging from 9 to 19,700 mg/kg. Zinc

exceeds the Residential Cleanup Criterion of 2,400 mg/kg at soil borings SB-201S at 0 to 2 feet

(3,080 mg/kg); SS-1 (10,900 mg/kg); SS-5 (19,700 mg/kg); SS-6 (9,780 mg/kg); SB-4 at 0 to 2 feet

(3,750 mg/kg) and the duplicate (3,390 mg/kg); and SB-6 at 0 to 2 feet (2,940 mg/kg). Zinc also

exceeds the Industrial Cleanup Criterion of 5,000 mg/kg at soil borings SS-1, SS-5 and SS-6. Zinc

exceeds the GSI criterion of 190 mg/kg at soil borings SB-201S at 0 to 2 feet (3,080 mg/kg); SB-

202S at 0 to 2 feet (2,270 mg/kg); SS-1 (10,900 mg/kg); SS-2 (2,390 mg/kg); SS-3 (993 mg/kg);

SS-4 (794 mg/kg) and the duplicate (1,580 mg/kg); SS-5 (19,700 mg/kg); SS-6 (9,780 mg/kg); SB-4

at 0 to 2 feet (3,750 mg/kg) and the duplicate (3,390 mg/kg); SB-5 at 2 to 5 feet (580 mg/kg); SB-6

at 0 to 2 feet (2,940 mg/kg); SB-10 at 1 to 5 feet (211 mg/kg); SB-11 at 1 to 3 feet (311 mg/kg); and

SB-12 at 1 to 3 feet (379 mg/kg).

Cyanide was detected in soil samples at concentrations ranging from 1.8 to 2.4 mg/kg.

Cyanide exceeds the GSI criterion of 0.1 mg/kg at soil borings SS-1 (2.0 mg/kg) and SB-4 at 0 to

2 feet (2.40 mg/kg) and the duplicate (1.80 mg/kg).

The highest concentrations and greatest number of inorganic compounds detected in soils

were in samples collected directly north of the PMC building. Unlike the organic compounds, there

is not an overall pattern to the vertical distribution of inorganic compounds. The source(s) of the

inorganic compounds present at the site are not known.

The Phase II soil sampling inorganic analytical data and criteria comparisons are presented

in Table 5-5. The Phase I soil sampling inorganic analytical data and criteria comparisons are
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presented in Tables 5-9 and 5-12. The inorganic compounds whose concentrations exceeded the

Residential, Industrial and GSI Criteria are presented on Figures 5-1, 5-2, and 5-3, respectively.

5.2 EVALUATION OF GROUNDWATER ANALYTICAL DATA

5.2.1 Evaluation Criteria

The groundwater analytical data obtained from the Phase II Remedial Investigation were

compared to several sets of applicable cleanup criteria established by the State of Michigan under Part

201, Environmental Remediation, of Act 451, Natural Resources and Environmental Protection Act

(PA 1995, as amended). The criteria sets used for this comparison were:

• Generic Residential Cleanup Criteria (GRCC)

• Groundwater/Surface Water Interface (GSI) Criteria

• Generic Industrial Cleanup Criteria

• Groundwater Contact Criteria (GCC)

The applicable cleanup criteria for the compounds detected in the groundwater samples are presented

in the analytical data tables.

5.2.1.1 Determination of Generic Residential Cleanup Criteria

The GRCC were determined by using either the Health-Based or Aesthetic Cleanup Criteria

(MERA Operational Memorandum 8, Revision 4, June 5, 1995), and Site-Specific Background

Concentrations.

The determination of which Residential Cleanup Criteria should be used to evaluate the

concentrations of the compounds detected in the samples began by using the most restrictive of the

Residential Health-Based and Aesthetic criteria. MERA Operational Memorandum 8, Revision 4,

June 5, 1995 allows the use of Background Concentrations (Site-Specific) for selected inorganic

compounds if they are higher than the criteria established using the method discussed above. Site

specific background concentrations could not be determined for groundwater at the site because there
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was only one sampling event in the Phase II RI, therefore could not develop statistically valid

background values. In cases where GRCC are lower than target method detection limits (MDLs),

the target MDLs became the Residential Cleanup Criteria.

5.2.1.2 Determination of GSI Criteria

The GSI criteria are protective of surface water. They were developed to address

groundwater discharging to a surface water body which may or may not be used as a drinking water

source. The GSI criteria presented for comparison at this site apply to surface waters not protected

as a drinking water source, because Lake Michigan is not a drinking water source for the City of

Petoskey. Demonstration of compliance with surface water cleanup requirements may be made by

assessing groundwater concentrations at the Ground water-Surface Water Interface or through

evaluation of the concentrations at the mixing zone. Predictive modeling and direct monitoring are

options available to establish compliance with the GSI Cleanup Criteria at the groundwater-surface

water interface. It is not necessary to meet the GSI Criteria throughout the aquifer if the

groundwater-surface water interface zone serves as the compliance point. However, a remedial

action plan which proposes meeting the GSI values throughout the aquifer in lieu of modeling or

monitoring at the interface, is also acceptable.

The GSI Criteria are presented in an Addendum to MERA Operational Memorandum 8,

Revision 4, and Operational Memorandum 14, Revision 2, dated November 3, 1997. The GSI values

were recently updated as part of new administrative rules for Part 31 of Act 451, as amended.

However, as of December 10, 1997, the list of GSI values has not been finalized. Therefore the GSI

values in MERA Operational Memorandum 8, Revision 4 dated June 5, 1995 were used to evaluate

compounds for which GSI criteria are not yet available.

5.2.1.3 Determination of Generic Industrial Cleanup Criteria

The Industrial Cleanup Criteria were determined by using either the Industrial Health-Based

or Aesthetic Groundwater Criteria (MERA Operational Memorandum 14, Revision 2, June 6, 1995),
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the SWP-Industrial Cleanup Criteria (currently being developed), and the Site-Specific Background

Concentrations.

Deciding which criteria to use to evaluate a compound began by using the most restrictive of

the Industrial Health-Based and Aesthetic criteria. The more restrictive of the Industrial Health-

Based and Aesthetic Criteria were then compared to the SWP-Industrial Cleanup criteria. The SWP-

Industrial Cleanup criteria have not been published yet, but were provided to Malcolm Pirnie on

December 8, 1997 by the MDEQ for the purpose of this comparison. In instances where the SWP-

Industrial Cleanup criteria were higher than the Industrial Health-Based or Aesthetic criteria, the

SWP-Industrial criteria were selected. MERA Operational Memorandum 14, Revision 2, June 6,

1995 permits the use of Background Concentrations (Site-Specific) for selected inorganic compounds

if their concentrations are higher than the criteria established using the method discussed above.

However, site-specific statistically valid background concentrations could not be developed due to

the lack of adequate number of sampling events during the Phase IIRI.

5.2.1.4 Determination of Ground water Contact Criteria

Groundwater Contact Criteria (GCC) may be used to address dermal contact with

groundwater contaminants. These criteria have been developed by the State to address contamination

at facilities where the groundwater is not classified as an aquifer, or where groundwater is reliably

restricted from drinking water use. The GCC were used where it could be demonstrated that:

• Groundwater contaminants are not migrating to an aquifer at concentrations above

Residential Drinking Water values, or drinking water use of the aquifer is reliably

restricted, and

• Contaminants are not migrating to nearby surface water body at concentrations above

applicable Generic or mixing zone-based GSI criteria, and

• Underground utilities exist in water saturated soils, or underground utilities may be

constructed within the saturated soils at a facility.
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The GCC address only the dermal route of exposure to groundwater contaminants. Exposure

through other pertinent pathways (i.e, indoor or ambient air inhalation, irrigation uses, or swimming

uses) may result in the application of more restrictive criteria than the GCC.

Assessment of emissions of groundwater contaminants to indoor air and confined spaces (such

as utility trenches) is required for chemicals with a Henry's Law constant greater than 1 x 10"5 atm-

mVmole and a molecule weight of less than 200 g/mole. The Indoor Air cleanup criteria are currently

being drafted and reviewed by MDEQ. The MDEQ guidance requires that until the MDEQ

establishes Generic Groundwater Inhalation Criteria for volatile emissions to Indoor Air and confined

spaces, the ASTM Risk-Based screening levels for "groundwater volatile emission to indoor air" may

be used to evaluate groundwater contaminant concentrations.

5.2.2 Evaluation of Groundwater Analytical Data

Groundwater samples were collected in 1992, and as part of the Phase IIRI in October, 1995.

For the purpose of the following evaluation, only the most current Phase n RI groundwater analytical

data were evaluated because they are representative of current site conditions. The analytical data

of samples collected from 31 monitoring wells and the Ingalls well are presented in Tables 5-13

through 5-18.

5.2.2.1 Volatile Organic Compounds

The following volatile organic compounds were detected at concentrations below the Generic

Residential, Industrial, GSI, and Groundwater Contact Criteria in groundwater samples collected at

the site; their concentration ranges are shown in parentheses: 1,2-Dichloroethene (total) (0.9 to 4

u.g/1); acetone (4 to 15 u.g/1); one detection of 2 butanone (13 ug/1); one detection of carbon disulfide

(1 u.g/1); one detection of cis 1,2-Dichloroethene (3 ug/I); one detection of chloroform (1

methylene chloride (0.6-5 ug/1); and one detection of tetrachloroethene (0.8 fig/1).
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Vinyl Chloride was detected in samples at concentrations ranging from 1 to 16 îg/1. Vinyl

chloride exceeded the Residential and Industrial Cleanup Criterion of 2 |ig/l, and the GSI criterion

of 15 ug/1 only at well MW-201S (16 ug/1).

Trichloroethene (TCE) was detected in samples at concentrations ranging from 1 to 82 ug/1.

TCE exceeded the Residential and Industrial Cleanup Criterion of 5 ug/l at wells PS-CD (46 ug/1);

duplicate PS-CD (49 ug/I); PS-4 (15 ug/l); PS-11 (19 ug/1); MW-201S (13 ug/1); MW-203S (82

ug/1); and MW-204S (35 ug/1).

The TCE is present in a northwesterly trending plume from the PMC building to the vicinity

of the Ingalls well. The TCE is generally present in the shallow portion of the aquifer near the PMC

building, but it is encountered deeper in the aquifer northwest of the building. No TCE was detected

in wells MW-205I or MW-205D (screened from 38 to 43 feet bgl and 54 to 59 feet bgl, respectively).

Since wells MW-205I and MW-205D are screened at similar and deeper intervals than well PS-CD,

and no TCE is detected there, it appears that the TCE plume is present north of wells MW-205I and

MW-205D. The bottom of the Ingalls municipal well is at 16 feet bgl. This depth is considerably

shallower than the TCE plume detected at well PS-CD. The presence of only 2 fj.g/1 of TCE in the

Ingalls municipal well indicates that the plume may also be present beneath and/or east of the Ingalls

well. The distribution and migration of TCE in the aquifer appears controlled by the presence of

fractures in the bedrock, as well as by the pumping of the Ingalls well and the fluctuating water level

in Lake Michigan. A schematic cross-section of the site which shows the horizontal and vertical

distribution of TCE and other organic compounds whose concentrations exceed applicable cleanup

criteria, is presented on Figure 5-5.

The Phase n groundwater VOC analytical data and their comparisons with cleanup criteria

are presented in Table 5-13. The tentatively identified compounds (TICs) are presented in Table 5-

17. The distribution of the VOCs at concentrations which exceed the Residential, Industrial, and

GSI, criteria is presented in Figure 5-4.
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5.2.2.2 Semi-Volatile Organic Compounds

The following semi-volatile organic compounds were detected at concentrations below the

Generic Residential, Industrial, GSI and Groundwater Contact Cleanup Criteria in groundwater

samples collected at the site; their concentration ranges are identified in parentheses: one detection

of acenaphthylene (0.1 ug/l); one detection of diethyl phthalate (0.4 u.g/1). In addition, total

petroleum hydrocarbons (TPH) and diesel range organics (DRO) were present in the groundwater

in concentrations up to 23 mg/1 and 58 mg/1, respectively.

Bis (2-ethylexyl) phthalate was detected in concentrations ranging from 8 to 38 ug/l. Bis

(2-ethylexyl) phthalate exceeded the Residential and Industrial Cleanup criterion of 6 ng/1 at PS-

DD (38 ug/l); duplicate PS-DD (19 u.g/1); PS-4 (19 ug/l); PS-6 (16 ug/l); PS-106 (9 ug/l); PS-1R

(29 ug/l); and Ingalls Well (8 Mg/1). It should be noted that this compound is a common laboratory

contaminant. It was detected at various locations away from the PMC building including the

upgradient monitoring well PS-1R and, it was also present in some of the method blanks. Therefore

it may be attributable to other sources in addition to discharges at the PMC site.

TPH and DRO were detected in low concentrations in the groundwater samples from

monitoring wells PS-4, PS-104 and MW-201S. The TPH concentrations were highest at well MW-

20IS (23 mg/1), while DRO was highest at well PS-104 (58 mg/I). It should be noted that overlying

soils at well location MW-201 contained 100 mg/kg each of DRO and TPH. While no soil or

groundwater State cleanup criteria are available for these two suites of components, their

concentrations are not indicative of substantial contamination or the presence of any non-aqueous

phase liquids (NAPLs) at this location.

The Phase n groundwater SVOC analytical data and their comparisons to the cleanup criteria

are presented in Table 5-14. The tentatively identified compounds (TICs) are presented in Table 5-

18. The only SVOC compound whose concentrations exceed the Residential and Industrial cleanup

criteria are shown on Figures 5-4 and 5-5.
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5.2.2.3 Pesticides and PCBs

The following pesticides were detected at concentrations below the applicable Generic

Residential, Industrial, GSI, and Groundwater Contact Criteria in groundwater samples collected at

the site; their concentration ranges are identified in parentheses: one detection each of endrin aldehyde

(0.068 |ag/l) and heptachlor (0.066 ug/1). No PCBs were detected in the groundwater samples

collected at the site.

4,4'-DDT was detected in samples at concentrations ranging from 0.011 to 0.023 (ag/1. 4,4'-

DDT exceeded the GSI criterion of 1.1 E-5 u.g/1 at wells COP-1 (0.011 ug/l); COP-3 (0.011 ug/1);

and COP-4 (0.023 u.g/1). A concentration of 0.011 ug/1 was also present in the pump blank sample

PB-7 which was obtained after sampling well COP-1 and two other wells which did not contain any

4,4'-DDT.

The locations where pesticides were detected in the groundwater are located several hundred

feet northwest of the PMC building in an area where unrelated (Pre-1982) storage activities have been

reported. No pesticides were detected in any of the monitoring wells located near the PMC building

or between the PMC building and the COP wells, indicating that PMC is not a likely source of the

pesticides in the groundwater.

The Phase n groundwater pesticide analytical data and their comparisons with relevant criteria

are presented in Table 5-15. The pesticide whose concentration exceeded a cleanup criterion are

shown on Figure 5-4.

5.2.2.4 Inorganic Compounds

The following eleven inorganic compounds were detected at concentrations below

Residential, Industrial, GSI and Groundwater Contact Cleanup Criteria in the groundwater samples

collected at the site; their concentration ranges are identified in parentheses: aluminum (8.0 to 50.4

ug/1); arsenic (2.0 to 4.5 ug/1); barium (1.1 to 75.1 ug/1); cobalt (1.0 to 19 u,g/l); copper (1.1 to 6.1

ug/1); magnesium (26.2 to 30,200 ug/1); nickel (1.2 to 42.3 u.g/1); selenium (2.2 to 3.3 ug/1); sodium

(96.5 to 79,400 ug/1); vanadium (1.1 to 1.2 u.g/1); and zinc (5.1 to 215 ug/1).
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Aluminum exceeded the Residential and Industrial Cleanup Criterion of 50 ug/1 only in

the pump blank sample PB-2 (50.4 ug/1).

Antimony was detected in samples at concentrations ranging from 2.8 to 6.7 ug/l with

exceedence of the Residential and Industrial Cleanup criterion of 6 ug/1 at well COP-5 (6.3 ug/1).

Cadmium was detected in samples at concentrations ranging from 1.1 to 3.8 ug/1 with one

exceedence of the GSI criterion of 3.6 ug/1 at well PS-105S (3.8 ug/1).

Chromium was detected in samples at concentrations ranging from 1.5 to 39.9 ug/1 with one

exceedence of the GSI criterion of 11 ug/1 at well COP-2 (39.9 ug/1).

Iron was detected in several samples at concentrations ranging from 14.8 to 2,580 ug/1. Iron

concentrations exceeded the Residential and Industrial Cleanup criterion of 300 ug/l at wells PS-

AD (1,250 ug/l); PS-105S (317 ug/l); COP-3 (384 ug/l); COP-4 (1,480 ug/l); MW-201S (2,580

ug/l); and MW-203D (1,270 ug/l).

Lead was detected in samples at concentrations ranging from 2.1 to 44.4 ug/l. Lead

concentrations exceeded the Residential and Industrial Cleanup criterion of 4 ug/1 and the GSI

criterion of 19 ug/1 at well PS-105S (44.4 ug/1).

Manganese was present in samples at concentrations ranging from 1.1 to 194 ug/1.

Manganese concentrations exceeded the Residential and Industrial Cleanup criterion of 50 ug/1 at

wells COP-3 (51.5 ug/1); COP-4 (194 ug/1); and MW-201S (91.2 ug/1).

Silver was detected in one sample (PS-CD) at a concentration of 2.1 ug/1, which exceeds the

GSI criterion of 0.057 ug/1.

Thallium was present in most samples at concentrations ranging from 3.6 to 5.5 ug/l. The

concentrations of Thallium exceeded the Residential and Industrial Cleanup criterion of 2 ug/1, and

the GSI criterion of 3.7 ug/1 at wells PS-11 (3.9 ug/1); PS-105D (4.1 ug/1); COP-2 (4.1 ug/1); COP-5

(4.4 ug/1); MW-201S (4.7 ug/1); MW-202S (3.7 ug/I); MW-203D (4.0 ug/1); MW-204S (4.6 ug/1);

MW-205I (5.5 ug/1); MW-205D (5.3 ug/1); and Ingalls Well (4.3 ug/1). Thallium concentrations in

the samples from wells COP-1 (3.7 ug/1) and COP-3 (3.6 ug/1) only exceeded the Residential and

PH2RI.028 02/18/98
2420-017-H41 5-19



MALCOLM
P1RNIE

Industrial Cleanup criterion. It should be noted that Thallium was present in the method blanks and

in pump blank samples PB-1(4.0 \ig/\\ PB-2 (4.6 u,g/l) and PB-5 (4.0 ng/1).

The pattern of distribution of the inorganic compounds at the site and the relative absence of

inorganic compounds (with the exception of iron, manganese and Thallium) in the ground water south

of Water Street, in the vicinity of the PMC building, suggests that PMC is not the major source of

the inorganic compounds in the groundwater.

The distribution of iron is inconclusive and may/be attributable to site activities an/or to

natural conditions (i.e., inclusions in the fractured limestone/shale bedrock). Manganese is present

next to the PMC building at concentrations exceeding the cleanup criterion, but it is also present at

even higher concentrations in downgradient well COP-4, separated by several wells which do not

contain excessive manganese concentrations. Therefore, the manganese in the groundwater cannot

be conclusively attributed to the PMC building.

The widespread distribution, similarity of concentrations, and presence of Thallium in the

laboratory method blanks and pump blanks suggest that it is an analytical artifact.

The inorganic compounds present in the groundwater samples and their comparisons with the

applicable cleanup criteria are presented in Table 5-16. The inorganic compounds whose

concentrations exceeded any of the cleanup criteria are shown on Figures 5-4 and 5-5.
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6.0 RISK ASSESSMENT

This section presents an assessment of potential human health risks associated with chemical

contaminants detected at the PMC site. The objectives of this assessment are to provide an analysis

of baseline risks, currently and in the future, in the absence of any actions to control or mitigate site

contamination and to assist in determining the need for and extent of remediation.

The risk assessment follows guidance contained in the U.S. Environmental Protection

Agency's (USEPA) Risk Assessment Guidance for Superfund. Volume I. Human Health Evaluation

Manual (Part A^ (USEPA, 1991; 1989b). Additional USEPA and MDEQ guidance is cited

throughout the assessment.

The potentially exposed populations and exposure pathways evaluated in the risk assessment

were selected by the MDEQ (1996), assuming the site is developed for residential use in the future.

MDEQ is reporting that the City of Petoskey intends to re-zone the site as multi-family residential,

with PMC being a "non-conforming" use. The potentially exposed populations and exposure

pathways include:

• Current adolescent resident (termed adolescent trespasser) exposed to contaminated
on-site soils (i.e., trespassing).

• Current adult resident and PMC worker (termed PMC worker) exposed to
contaminated on-site soils ("limited industrial").

• Future adult "generic residential" use (exposed to contaminated on-site soils and to
contaminated groundwater).

• Future child (under 7) "generic residential" use (exposed to contaminated on-site soils
and to contaminated groundwater).

• Future limited residential use. This would include a house with a basement on the
PMC site. Residents would receive water from the forthcoming new municipal water
supply and would not be exposed to the contaminated groundwater plume. Residents
would be able to have a garden and plant trees.
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Future limited residential use. This would include a house with a foundation on the
PMC site. Residents would receive water from the forthcoming new municipal water
supply and would not be exposed to the contaminated groundwater plume. Residents
would be able to have a garden and plant trees.

Future earth mover/contractor (termed construction worker) exposed to on-site soils.

There are typically four components to the risk assessment process: data evaluation, exposure

assessment, toxicity assessment, and risk characterization. During data evaluation, relevant site data

are compiled and analyzed to ensure the data are of acceptable quality for use and to identify

chemicals (termed chemicals of potential concern) that are likely to be representative of site

contamination. In the exposure assessment, actual or potential chemical release pathways are

analyzed, potentially exposed populations and exposure pathways are identified, chemical

concentrations at potential points of human exposure are derived, and chemical intakes are estimated.

In the toxicity assessment, qualitative and quantitative toxicity data for each of the chemicals of

potential concern are summarized, and appropriate guidance levels with which to characterize risks

are identified. The likelihood and magnitude of adverse health risks are estimated in the risk

characterization, in the form of noncancer hazard quotients and cancer risks. Sources of uncertainty

in the evaluation are then noted and discussed. This integrated approach is used to evaluate and

discuss potential human health risks.

6.1 DATA EVALUATION

Soil and groundwater samples were collected at the PMC site as part of Phase I and Phase

II Remedial Investigations (RI) conducted by Eder Associates in 1992 and Malcolm Pirnie, Inc. in

1995, respectively. The analytical results for six surface soil (0-6 inches) samples and soil samples

at various depths from 15 soil borings from the Phase I RI are used in the risk assessment. The

analytical results for soil samples at various depths from six soil borings installed to supplement the
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Phase IRI data and groundwater samples collected from 32 monitoring wells (i.e., the latest sampling

round) from the Phase n RI are used in the risk assessment. The results of these efforts are briefly

summarized and analyzed again here with the intent of identifying those environmental media and

chemicals of potential concern that, if contacted, pose potential risks to human health.

In establishing the soil and groundwater data sets, samples and their duplicates were not

considered as separate sampling events. Rather, the higher of the detected values from the two was

selected for each chemical. Data that were assigned qualifiers indicating that the numerical value is

an estimated quantity, or that the identity and quantity are based on presumptive evidence, were

treated the same way as data without such qualifiers. Data from environmental samples were then

compared with data from sample blanks. Consistent with USEPA guidance (USEPA, 1989b), results

for common laboratory contaminants (e.g., acetone, 2-butanone, methylene chloride, toluene and the

phthalate esters) were considered positive only if the concentrations in the site sample were found to

exceed ten times the maximum amount detected in any blank. For other chemicals that are not

considered common laboratory contaminants, results were considered positive only if the con-

centration of the chemical in the site sample exceeded five times the maximum amount detected in

any blank.

6.1.1 Chemicals of Potential Concern

The analytical data are summarized by environmental medium in Tables 6-1 to 6-5 and are

briefly discussed in the following subsections.

The selection of chemicals of potential concern is based on:

• Frequency of detection. With samples sizes greater than 20, selection is based on detection
in 5% or more of the samples in a medium. Chemicals detected infrequency (i.e., in less than
5% of the samples) and at low concentrations (i.e., in concentrations below the appropriate
MDEQ generic residential cleanup criteria presented in Section 5.0) are not selected as
chemicals of potential concern. With sample sizes less than 20, selection is based on detection
in at least one sample in a medium.

• For the inorganic chemicals, comparison to background. For soils, selection is based on an
arithmetic average concentration greater than two times the arithmetic average concentration
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in the background samples. For groundwater, selection is based on detection at a
concentration greater than that in the one background sample. (While a number of organic
chemicals were detected in the background samples for both soil and groundwater, selection
of organic chemicals is not based on comparison to background.)

For the essential nutrients (i.e., calcium, iron, magnesium, potassium and sodium) comparison
to reference concentrations derived from recommended daily allowances. Selection is based
on concentrations greater than the appropriate reference concentrations. The derivation of
reference concentrations is presented in Appendix F.

The chemicals of potential concern, by environmental medium, are summarized in Table 6-6.

6.1.2 Soil Data

The soil data are organized into "shallow soil", "subsurface soil", and "all soil" as described

in the following presentations:

Shallow Soil: "Shallow soil" is broadly defined as soil less than 2 feet deep. The samples that

comprise the shallow soil data set are predominantly from 0-6 inches and 0-2 feet; a few samples from

1-3 feet, 1-5 feet, and 1-6 feet are included in the data set since the contamination could be at a depth

less than 2 feet. These data are used to evaluate potential exposure by adolescent trespassers and

PMC workers under current conditions and residents (i.e., "limited residential use") under future

conditions. Use of the shallow soil data for residential exposure is based on an assumption that the

shallow soil is not mixed with the deeper soil during development of the site.

The analytical data for shallow soil are summarized in Table 6-1; the frequency of detection

and detected concentration range in site samples and background samples are provided for

comparison. The typical elemental composition of Michigan soils is also provided for comparison.

Eight volatile organic compounds (VOCs), 19 semi-volatile organic compounds (SVOCs),

six pesticides, PCBs, 23 inorganic chemicals, and cyanide were detected in the site samples. Three

VOCs, nine SVOCs, one pesticide, and 18 inorganic chemicals were detected in background samples.

All of the organic chemicals are selected as chemicals of potential concern. Twelve inorganic

chemicals are selected as chemicals of potential concern based on the comparison to background
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presented in Table 6-2. Although detected in elevated concentrations relative to background,

magnesium is not selected since it was detected at an average concentration less than the reference

concentration established for this essential nutrient. The reference concentrations for essential

nutrients are presented in Appendix F. Cyanide is also selected as a chemical of potential concern.

Subsurface Soil: "Subsurface soil" is broadly defined as between 2 and 15 feet; two samples

from approximately 14-16 feet are included in the data set in order to not exclude otherwise useable

data. These data are used to evaluate potential inhalation exposure under future conditions by

residents (i.e., "limited residential use") to chemicals released from the subsurface and transported

to indoor air.

The analytical data for subsurface soil are summarized in Table 6-3; the frequency of detection

and detected concentration range in site samples and background samples are provided. The typical

elemental composition of Michigan soils is also provided for comparison.

Eight VOCs, 18 SVOCs, three pesticides, and 21 inorganic chemicals were detected in the

subsurface soil samples. Five VOCs and 20 inorganic chemicals were detected in background

subsurface soil samples.

All of the VOCs are selected as chemicals of potential concern. No other chemicals are

selected as chemicals of potential concern based on the intended use of the data.

All Soils: "All soils" includes shallow and subsurface soil data. These data are used to

evaluate potential exposure under future conditions by residents ("generic residential use") and

construction workers. Use of all soil data for residential exposure is based on an assumption that

the deeper soil is mixed with the shallow soil during development of the site.

The analytical data for all soils are summarized in Table 6-4; the frequency of detection and

detected concentration range in site samples and background samples are provided. The typical

elemental composition of Michigan soils is also provided for comparison.

With the exception of three SVOCs, three pesticides and PCBs, all other organic chemicals

are selected as chemicals of potential concern. The organic chemicals not selected are eliminated

based on infrequent detection and low concentration relative to the MDEQ generic residential cleanup
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criteria (direct contact values). Eleven inorganic chemicals are selected as chemicals of potential

concern based on the comparison to background presented in Table 6-2. Cyanide is also selected as

a chemical of potential concern.

6.1.3 Groundwater Data

The analytical data for groundwater from both shallow and deep monitoring wells are

summarized in Table 6-5; the frequency of detection and detected concentration range in site samples

and background samples are provided. These data are used under future conditions to evaluate

potential exposure from potable use by residents ("i.e., generic residential use") and inhalation

exposure by residents (i.e., "limited residential use") to chemicals released from the groundwater and

transported to indoor air.

Five VOCs, two SVOCs, two pesticides and 17 inorganic chemicals were detected in the

groundwater samples. Two VOCs and 10 inorganic chemicals were detected in background

groundwater samples.

Three VOCs are selected as chemicals of potential concern. The other organic chemicals are

not selected based on infrequent detection and low concentration relative to the MDEQ generic

residential cleanup criteria (health-based drinking water values). Since inorganic chemicals were only

analyzed in one background or upgradient sample, the maximum concentration detected in each site

sample was compared to the concentration in the background sample. With the exception of the

essential nutrients (calcium, iron, magnesium, potassium and sodium), all of the inorganic chemicals

are selected as chemicals of potential concern. Although detected in elevated concentrations relative

to background, calcium, iron, magnesium, potassium and sodium are not selected since they were

detected in concentrations less than the reference concentrations derived for these essential nutrients.

The reference concentrations for essential nutrients are presented in Appendix F.
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6.2 EXPOSURE ASSESSMENT

The objective of the exposure assessment is to estimate the type and magnitude of human

exposure to the chemicals of potential concern that are present at or capable of migrating from the

site. Assessments are made for potentially exposed populations at or near the site considering both

current conditions and likely future conditions.

6.2.1 Potentially Exposed Populations and Exposure Pathways

Currently, potentially exposed populations include adult PMC workers and adolescent

trespassers. Both populations are assumed to reside in the vicinity of the PMC site. Adults have been

selected to represent the PMC worker population while adolescents, ages 12 to 15, have been

selected to represent the trespasser population. Evaluation of adolescent trespassers should

adequately characterize potential exposure and health risks to adults that might trespass on the site.

Potentially exposed populations in the future may include adult and child residents and

construction workers. Adults have been selected to represent the adult resident and construction

worker populations. Children represent sensitive receptors as behavior patterns, body size, and

exposure rates could lead to greater exposure to the chemicals of potential concern than would be

experienced by adults; children, ages 0 to 6, have been selected to represent this population. Sensitive

receptors can include any subpopulation that may be at increased risk from chemical exposures due

to increased sensitivity, behavior patterns and/or current or past exposures from other sources.

Shallow soil represents the medium of concern regarding the current potential for human

exposure as PMC workers and trespassers could contact chemicals of potential concern through

inadvertent ingestion and dermal contact. As the municipal water supply provides potable water,

there is little likelihood of human contact with groundwater under current conditions.

Shallow soil, subsurface soil, and groundwater represent media of concern regarding the

future potential for human exposure. Future residents may contact chemicals of potential concern

through inadvertent ingestion of and dermal contact with soil, inhalation of VOCs released from soil
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and groundwater and transported to indoor air (i.e., enclosed spaces), and potable use of the

groundwater. Future construction workers may contact chemicals of potential concern in soils

through inadvertent ingestion and dermal contact and inhalation or respirable particulates released

from the soil.

Direct contact exposure by residents is evaluated based on both shallow soil data ("limited

residential use") and all soils data ("generic residential use"). Since, as subsequently discussed the

exposure assumptions and parameters are the same for each residential use scenario, the estimated

chemical intakes and risks for the two soil data sets can be applied to either or both scenarios.

Construction worker exposure is based on all soils data.

It should be noted that as of December 1997, the City of Petoskey's primary drinking water

supply is groundwater from the new Bay Harbor development. The Ingalls well will be used as a

backup well until it is removed from service permanently as required by the Safe Drinking Water Act.

6.2.2 Exposure Point Concentrations

As discussed previously, a chemical-specific value representing the maximum concentration

in a sample and its duplicate is used. This may result in an overestimation of exposure point

concentrations. However, since relatively few duplicate samples were collected, the overall impact

on the exposure and risk estimates should be minimal. If a chemical of potential concern was not

detected in a sample, it is assumed to be present at Vi its limit of detection, as a conservative "proxy"

concentration. Adjusting non-detects by assigning values at '/2 the limit of detection assumes that a

chemical may be present at a concentration just below the reported detection limit, and may result

in overestimation of the exposure point concentrations. Use of qualified data may result in

overestimation or underestimation of the exposure point concentrations.

Exposure point concentrations and parameters and assumptions used to assess exposure are

developed to portray reasonable maximum exposures (RME) which might be expected to occur under

current and future conditions (USEPA, 1989b). That is to say, the highest exposure that might
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reasonably be expected to occur at the site, one that is well above the average case of exposure but

within the range of possibility, is considered.

In order to determine the chemical concentrations to which an individual might be exposed

over many years, it is necessary to evaluate the entire analytical data set in order to develop

representative exposure point concentrations. The USEPA (1992b, I989b) recommends that the

arithmetic average concentration of the data should be used for evaluating long-term exposure and

that, because of the uncertainty associated with estimating the true average concentration at a site,

the 95% upper confidence limit (UCL) on the arithmetic average should be used as the exposure point

concentration. The 95% UCL provides reasonable confidence that the true average will not be

underestimated. Since the USEPA also indicates that, in most cases, it is reasonable to assume that

Superfund sampling data are lognormally distributed, the following equation (Gilbert, 1987) was used

to derive 95% UCL concentrations for chemicals of potential concern in soil and groundwater:

where:

UCL = 95% upper confidence limit on the arithmetic average

e = constant (base of the natural log)

x = the mean of the transformed data

s = the standard deviation of the transformed data

H = statistic for computing a one-sided 95% confidence limit on a lognor-
mal mean

n = sample size

If there is great variability in measured concentrations, the 95% UCL concentration may be

high and occasionally exceed the maximum detected concentration. In such cases the maximum con-
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centration is used as the exposure point concentration. Using the maximum concentration may result

in an overestimation of the exposure point concentration.

Exposure point concentrations of chemicals of potential concern in air were calculated as

described in Appendix F. Concentrations of VOCs of potential concern in indoor air from release

from groundwater during showering were calculated. Concentrations of VOCs of potential concern

in indoor air from release from groundwater and subsurface soil underlying residential construction

were also calculated. Two scenarios were considered: residences constructed on foundations (slab-

on-grade) and residences constructed with basements. Exposure point concentrations of non-VOC

chemicals of potential concern adsorbed to respirable particulates released to air above an excavation

were also calculated. A scenario involving the digging of an excavation by a bulldozer in an area of

contaminated soils was considered. Only emissions from the digging of the excavation were

estimated; the soil removed from the excavation was assumed to be placed on the side of the

excavation and covered to prevent further respirable paniculate release.

While the derivation of representative exposure point concentrations assumes no

transformation or loss due to environmental degradation, the environmental fate and transport of

chemicals detected on-site are important in determining the ultimate hazard to populations on or in

the vicinity of the site. After a chemical is released to the environment, it may be transformed

physically (e.g., by volatilization, precipitation, etc.), chemically (e.g., by photolysis, hydrolysis,

oxidation, reduction, etc.), or biologically (e.g., by biodegradation); alternatively, it may be

accumulated in one or more media (including biomass) or may be transported (e.g., convected

downstream in water or on suspended sediment or through the atmosphere).

6.2.3 Estimates of Chemical Intake

In addition to the derivation of representative exposure point concentrations, evaluation of

potential human exposure involves the estimation of several parameters such as ingestion and

inhalation rates; skin surface areas available for contact; skin permeability factors; and exposure time,

frequency, and duration. The generic equation for estimating chemical intakes, that defines the intake
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variables in terms of chemical-related, population-related and evaluation-determined parameters, is

presented in Table 6-7. The averaging time (AT) referenced in the equation depends on the type of

toxic effect being assessed. When evaluating exposures for potential long-term, non-cancer health

effects, intakes are calculated by averaging over the period of exposure. This is equal to the exposure

duration (ED) multiplied by 365 days/year. When evaluating potential carcinogenic risks, intakes are

calculated by prorating the total cumulative intake over a lifetime (i.e., lifetime average daily intake).

For calculation purposes, this is equal to 70 years multiplied by 365 days/year. This distinction is

consistent with the hypothesis that the mechanism of action for each of these effects is different. The

approach for carcinogens is based on the assumption that a high dose received over a short period

of time is equivalent to a corresponding low dose spread over a lifetime.

Other variables used in estimating chemical intakes, as presented in Table 6-8, are described

below. Application of the exposure equations results in intake or, for dermal contact exposure,

absorbed dose, expressed in milligrams of chemical per kilogram of body weight per day (mg/kg-day).

Soil: Table 6-8 presents the parameters and assumptions used in assessing potential ingestion

and dermal contact exposure to the chemicals of potential concern in soils by adolescent trespassers,

PMC workers, resident adults and children and construction workers. In evaluating inadvertent

ingestion of soil (as might result from hand-to-mouth behavior), the following average soil ingestion

rates (IR) are used: 100 mg/day for adolescent trespassers and adult residents, 50 mg/day for PMC

workers, 200 mg/day for child residents, and 480 mg/day for construction workers (USEPA, 1991).

The "fraction ingested" (FI) is based on an estimate of the fraction of soil that is presumed to

be contaminated. It is assumed that 100% of the soil contacted is contaminated with concentrations

equivalent to the appropriate exposure point concentrations.

The exposure frequency (EF) for adolescent trespassers is assumed to be 50 days/year; this

represents exposure either twice per week during the warmer months or weekly throughout the year.

The exposure duration (ED) is assumed to be 3 years (the duration of years between the ages of 12

and 15). The EF for the PMC worker is assumed to be 112 days per year (3 !/2 days per week for

8 months, not including vacation and sick time) (MDNR, 1995b). Since it is assumed that the PMC
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worker resides in the vicinity of the site an ED of 30 years (the 90* percentile time at one residence)

is used. The EF for resident adults and children is assumed to be 350 days/year for ingestion

exposure and 245 days/year for dermal exposure (MDEQ, 1995). The ED for resident adults is

assumed to be 30 years; this is computed as 6 years at the child's rate of exposure and 24 years at the

adult's rate of exposure (USEPA, 1991). The ED for the resident child is assumed to be 6 years. For

the construction worker, the EF is assumed to be 80 days/year and the ED is assumed to be 2 years

(MDNR, 1996); this can be interpreted in a number of ways (e.g., as four work months while

foundations are being installed during two phases of site development).

The average body weight (BW) of an adolescent ages 12 to 15 is 48.7 Kg (USEPA, 1989a).

The average BW of a child ages 0 to 6 is 15 Kg, while that of an adult is 70 Kg (USEPA, 1989a).

In order to evaluate dermal contact with soils, the surface area available for contact (SA), the

soil-to-skin adherence factor (AF) and the rate of absorption (ABS) must be considered. A surface

area of 3687 cm2 (the average surface area of hands and arms of a 12-15 year old) is used for the

adolescent trespasser. A surface area of 2570 cm2 (the average surface area of forearms, face, and

hands of an adult male) is used for the PMC worker. The surface areas used for a adult and child

residents are 5000 and 1820 cm2, respectively (MDNR, 1995). The surface area used for the

construction worker is 4100 cm2 (the average hands, forearms, and head of an adult male) (USEPA,

1989a). An AF of 1.00 mg/cm2 (USEPA, 1992a) and ABSs of 10% for VOCs and 1% for other

chemicals are used (MDNR, 1995a).

Groundwater: Table 6-8 presents the parameters and assumptions used in assessing potential

ingestion, dermal contact and inhalation exposure to the chemicals of potential concern in

groundwater by resident adults and children.

An ingestion rate (IR) of 2 liters/day is assumed for resident adults; this represents the 90th

percentile value for adult daily water consumption (USEPA, 1989a). An ER of 1 liter/day, which

represents the 90th percentile of daily water consumption for infants (USEPA, 1989a), is used for

resident children.
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For the evaluation of dermal contact with the chemicals of potential concern in groundwater,

the greatest, but not the exclusive, opportunity for exposure is during showering. Thus, the entire

surface area of the body is used to evaluate exposure via dermal contact. For adults, this value is

19,400 cm2 which represents the 50th percentile total body surface area (SA) for an adult male

(USEPA, 1989a). The 50th percentile total body surface area (SA) for a male child, age 1 to 6 is

6980 cm2 (USEPA, 1989a). Since the estimated exposure is designed to be the absorbed dose,

chemical-specific dermal permeability coefficients (PC) are necessary to assess dermal exposure. The

PC reflects movement across the skin to the underlying skin layers and into the bloodstream. The

specific PCSs used in this assessment are provided in Table F-5 in Appendix F. An exposure time

(ET) of 18 minutes/day (or 0.3 hours/day) is used to evaluate dermal contact with groundwater. This

is a composite of showering activities and miscellaneous household tasks. Twelve minutes per day

(or 0.2 hours/day) represents the 90th percentile value for showering for all age groups (USEPA,

1989a). It is assumed that 6 minutes/day (or 0.1 hours/day) is spent on miscellaneous tasks which

allow for dermal contact with groundwater.

Inhalation rates (IR) of 0.83 and 0.6 m3/hour for resident adults and children, respectively,

are used to evaluate inhalation of airborne (vapor phase) chemicals released from groundwater while

showering (USEPA, 1989b). As with dermal exposure to groundwater, exposure time (ET) for the

inhalation pathway is estimated as 18 minutes/day.

An EF of 350 days/year and EDs of 30 and 6 years for the adults and child, respectively, are

used.

Air: Table 6-8 presents the parameters and assumptions used in assessing potential inhalation

exposure to the VOCs of potential concern in indoor air by resident adults and children and to non-

VOC chemicals of potential concern adsorbed to respirable particulates by construction workers.

Inhalation rates (IR) of 0.83 and 0.6 nrYhour are assumed for resident adults and children,

respectively. The ET is based on an assumption that residents spend 17 hours/day in the home. An
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IR of 2.3 m3/hour and an ET of 8 hours/day are assumed for the construction workers. All other

parameters and assumptions for the residents and construction workers are as described previously.

6.3 TOXICITY ASSESSMENT

The toxicity assessment, also termed the dose-response assessment, serves to characterize the

relationship between the magnitude of exposure and the potential that an adverse effect will occur.

It involves determining whether exposure to a chemical can cause an increase in the incidence of a

particular adverse health effect, and characterizing the nature and strength of the evidence of

causation. The toxicity information is then quantitatively evaluated and the relationship between the

dose of the contaminant received and the incidence of adverse effects in the exposed population is

evaluated.

The USEPA and other regulatory agencies have performed toxicity assessments for numerous

chemicals and the guidance they provide is used in this risk assessment. These include verified

reference doses, or RfDs, for the evaluation of noncarcinogenic effects from chronic exposure and

cancer potency slope factors for the evaluation of cancer risk from lifetime exposure. Each of these

is discussed below. Sources of lexicological information and criteria, in order of preference, include

IRIS (Integrated Risk Information System), which is a USEPA database containing current health risk

and regulatory information for many chemicals (USEPA, 1997b), the USEPA Health Effects

Assessment Summary Tables (HEAST) which are tabular presentations of provisional toxicity data

(USEPA, 1997a), and the USEPA National Center for Environmental Assessment's (NCEA)

Superfund Technical Support Center (formerly the Environmental Criteria and Assessment Office,

ECAO) (USEPA, 1997c).

6.3.1 Noncarcinogenic Effects

The potential for noncancer health effects associated with chemical exposure is evaluated by

comparing an estimated intake [such as a chronic daily intake (GDI)] over a specified time period with
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a reference dose (RfD) derived for a similar exposure period. The RfD is an estimate of a daily

exposure level for the human population, including sensitive subpopulations, that is likely to be

without an appreciable risk of deleterious effects during a lifetime. According to the USEPA, RfDs

often have an uncertainty spanning perhaps an order of magnitude or greater. Chronic RfDs, used in

this report, are specifically developed to be protective of long-term exposure to a chemical. For the

construction worker assumed to have exposure over a 2-year period, subchronic RfDs are the more

appropriate criteria. However, as subchronic RfDs are often lacking or in some cases set equal to

chronic RfDs, chronic RfDs are used as conservative approximations.

The RfDs for the characterization of chronic noncancer risk via both oral and inhalation

exposure routes are presented in Table F-6 in Appendix F, along with the confidence level of the

chronic RfD, the critical effect, the basis and source of the RfD, and any uncertainty or modifying

factors used in the derivation of the RfD. All of the reference doses and concentrations have been

developed by the USEPA.

RfDs for oral exposure are available for most of the chemicals of concern. RfDs are not

available, however, for dermal exposure. In their absence, oral RfDs are used and adjusted as per

USEPA guidance (USEPA, 1989b) to reflect absorbed dose. This allows for comparison between

exposures estimated as absorbed doses and toxicity values expressed as absorbed doses. In the

absence of chemical-specific information on oral absorption, a default efficiency was assumed. Oral

absorption factors are presented in Table F-7 in Appendix F.

A limited number of reference concentrations (RfCs) for inhalation exposure are available.

The available RfCs were converted into RfDs based on a standard inhalation rate of 20 nrVday , a

standard body weight of 70 kg, and appropriate chemical-specific information.

The RfD for Aroclor 1254, the lower of the two available Aroclor-specific RfDs (the RfD for

Aroclor 1260 is the other), is used as representative of all PCB mixtures. The RfD for trivalent

chromium (Cr III) is used to evaluate exposure to chromium (analyzed and reported as total

chromium) as there is no apparent source of hexavalent chromium (Cr VI) at the site and Cr III is the

predominant species found in most environmental situations.
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The ratio of the estimate of chronic daily intake to the health-protective criterion (CDI/RfD)

is called a hazard quotient (USEPA, 1989b). The hazard quotient assumes that there is a level of

exposure (i.e., the RfD) below which it is unlikely for even sensitive subpopulations to experience

adverse health effects. If the hazard quotient exceeds 1.0, there may be concern for potential non-

cancer effects. The greater the hazard quotient above 1.0, the greater the level of concern.

6.3.2 Carcinogenic Effects

Regardless of the mechanism of effect, risk evaluation methods employed by the USEPA

generally derive from the hypothesis that thresholds for cancer induction by carcinogens do not exist

and that the dose-response relationship is linear at low doses. Such risk evaluation methods require

extrapolation from high dose animal studies to evaluate low dose exposure in humans. In the absence

of adequate information to the contrary, a linearized, multistage, non-threshold low-dose extrapola-

tion model is recommended by the USEPA as the most appropriate method for assessing chemical

carcinogens. The USEPA emphasizes that this procedure leads to a plausible upper limit to the risk

that is consistent with some proposed mechanisms of carcinogenesis.

Through application of this approach, the USEPA has derived estimates of incremental excess

cancer risk from lifetime exposure to potential carcinogens. This is accomplished by establishing the

carcinogenic potency of the chemical substance through critical evaluation of the various test data

and fitting dose-response data to a low-dose extrapolation model. The slope factor (which describes

the dose-response relationship at low doses) is expressed as a function of intake [i.e., per (mg/kg-

day)"1]. The slope factors for the carcinogenic chemicals of concern presented in Table F-8 in

Appendix F are used to estimate finite, upper limits of risk at low dose levels administered over a

lifetime. For children, the estimated cancer risk reflects the potential risk over a lifetime due to

childhood exposure. The weight-of-evidence classification for carcinogenicity, the type of cancer

associated with each chemical of potential concern, and the basis and source of the slope factor are

also presented in Appendix F.
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The USEPA recommends a tiered approach for selecting the appropriate slope factor for

evaluating exposure to PCBs (USEPA, 1997b). Based on the approach, since exposure via soil

ingestion and dermal contact (with application of an absorption factor), the "high risk and

persistence" upper-bound slope factor is used as representative of all PCB mixtures.

A relative potency approach recommended by the USEPA (1993) is used to estimate cancer

risks from exposure to the carcinogenic PAHs. The relative potency approach, which takes into

account the differing potencies of the carcinogenic PAHs, is used rather than the former practice of

assuming that all carcinogenic PAHs are equivalent in potency to benzo[a]pyrene. Estimates of

cancer risks under the equivalent potency assumption overestimates the carcinogenic potency of most

PAH mixtures since benzo[a]pyrene has been demonstrated to be one of the most potent carcinogenic

PAHs. The slope factor for benzo[a]pyrene is adjusted based on the following potencies of the other

carcinogenic PAHs relative to benzo[a]pyrene:

benzo[a]pyrene 1.0
benzo[a]anthracene 0.1
benzo[b]fluoranthene 0.1
benzo[k]fluoranthene 0.01
chrysene 0.001
dibenz[a,h]anthracene 1.0
ideno[l,2,3-c,d]pyrene 0.1

The USEPA has classified lead as a B2 probable human carcinogen because some lead

compounds cause kidney tumors in experimental animals. Despite these finding, the USEPA

recommends that the quantitative estimates of the potency of lead not be used for risk evaluation

purposes because of the considerable uncertainty in the estimates. As discussed above, exposure to

chromium (analyzed and reported as total chromium) is evaluated as exposure to Cr HI; Cr III is not

regarded as a carcinogen.

The following equation is used to arrive at an estimate of incremental cancer risk (USEPA,

1989b):
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Risk = GDI x SF
where:

Risk = a unitless probability (e.g., 2 x 10'5 or 2 in 100 thousand) of an individual
developing cancer;

GDI = chronic daily intake averaged over 70 years (mg/Kg-day); and

SF = slope factor, expressed in (mg/Kg-day)"1

This linear equation is valid only at low risk levels (i.e., below estimated risks of 0.01). According

to the USEPA, this approach does not necessarily give a realistic prediction of risk. The true value

_ of the risk at trace ambient concentrations is unknown, and may be as low as zero.

J As with RfDs, the USEPA has not derived slope factors for dermal exposure. In their

absence, slope factors for oral exposure are used and adjusted to reflect absorbed dose. This allows

for risk estimation based on exposures estimated as absorbed doses and slope factors expressed as

absorbed doses. The same absorption factors used to adjust RfDs are applied in adjusting slope

factors.

6.3.3 Mixtures

The USEPA has also developed guidelines to evaluate the overall potential for noncancer and

cancer effects posed by multiple chemicals. For the evaluation of noncarcinogenic health effects, this

approach assumes that subthreshold exposures to several chemicals at the same time could result in

an adverse health effect. The sum of the hazard quotients (for individual chemicals, exposure routes,

exposure pathways, or potentially exposed populations) is the hazard index. When the hazard index

exceeds 1.0, there may be concern for potential health effects. Generally, hazard indices are only used

in the evaluation of a mixture of chemicals that induce the same effect by the same mechanism of

action. In this evaluation, the hazard quotients of a mixture of chemicals which can have different

effects are used as a screening-level approach, as recommended by the USEPA (1989b). This

approach is likely to overestimate the likelihood of adverse, noncarcinogenic health effects.
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For the evaluation of carcinogenic risks, the individual risks associated with exposure to each

chemical are summed. This represents an approximation of the precise equation for combining risks

which accounts for the joint probabilities of the same individual developing cancer as a consequence

of exposure to two or more carcinogens. This additive approach assumes independence of action by

the chemicals involved (i.e., that there are no synergistic or antagonistic chemical interactions and all

chemicals produce the same effect, i.e., cancer).

6.4 RISK CHARACTERIZATION

The human health risks associated with potential exposure to the chemicals of potential

concern for each potentially exposed population, currently and in the future, in the absence of

remedial action, are presented in Tables 6-9 to 6-15, summarized in Table 6-16, and discussed below.

As described earlier, potential carcinogenic health risks are assessed through the computation of a

probability estimate, the likelihood of developing a cancer following exposure to the chemicals of

concern under the set of exposure conditions evaluated. Following USEPA guidance (USEPA,

1991), the estimated cancer risks for the resident adult evaluated in the future scenario represent the

sum of the cancer risks estimated for 6 years of exposure as a child and 24 years of exposure as an

adult.

The estimated risks are compared to the USEPA acceptable levels specified in the National

Oil and Hazardous Substances Pollution Contingency Plan (NCP) (USEPA, 1990). For

noncarcinogenic health effects, the NCP states that acceptable exposure levels shall represent

concentration levels to which the human population, including sensitive subgroups, may be exposed

without adverse effect during a lifetime or part of a lifetime, incorporating an adequate margin of

safety. In practice, the USEPA defines this as both hazard quotients and hazard indices less than or

equal to 1.0. For known or suspected carcinogens, the NCP states that acceptable exposure levels

are generally concentration levels that represent an excess upper bound lifetime cancer risk to an

individual of between 10"4 (1 in 10,000) and 10^ (1 in 1,000,000).

PH2R1.028 02/18/98
2420-017-H41 6-19



MALCOLM
P1RN1E

6.4.1 Quantitative Assessment: Current Conditions

Adolescent Trespasser: The potential for noncarcinogenic and carcinogenic health effects

associated with possible exposure to individual chemicals in surface soil are presented in Table 6-9

in the form of hazard quotients and estimated cancer risks. Hazard indices and estimated cancer risks

for the individual routes of exposure are also presented.

The total hazard index (Table 6-16) for adolescent trespasser exposure to the chemicals of

potential concern in surface soil from ingestion and dermal contact is 8E-02 (scientific notation for

0.08); this hazard index is less than the USEPA acceptable level of 1.0, indicating that adverse,

noncarcinogenic health effects from such exposure are unlikely. The total estimated cancer risk

(Table 6-16) is about 6E-07 (scientific notation for 6 in 10,000,000). This risk is less than the

USEPA acceptable range of 1 in 10,000 to 1 in 1,000,000.

__, PMC Worker: The potential for noncarcinogenic and carcinogenic health effects associated

with possible exposure to individual chemicals in surface soil are presented in Table 6-10 in the form

of hazard quotients and estimated cancer risks. Hazard indices and estimated cancer risks for the

individual routes of exposure are also presented.

The total hazard index (Table 6-16) for PMC worker exposure to the chemicals of potential

concern in surface soil from ingestion and dermal contact is 7E-02 (scientific notation for 0.07); this

hazard index is less than the USEPA acceptable level of 1.0, indicating that adverse, noncarcinogenic

health effects from such exposure are unlikely. The total estimated cancer risk (Table 6-16) is about

• 5E-06 (scientific notation for 5 in 1,000,000). This risk is within the USEPA acceptable range of 1

in 10,000 to 1 in 1,000,000.

6.4.2 Quantitative Assessment: Future Conditions

Direct contact exposure by residents is evaluated based on both shallow soil data ("limited

residential use") and all soils data ("generic residential use"). As discussed previously, since the

exposure assumptions and parameters are the same for each residential use scenario, the estimated

risks for the two data sets can be applied to either or both scenarios.
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"Generic Residential Use": The potential for noncarcinogenic and carcinogenic health effects

associated with possible exposure to individual chemicals in soils and groundwater are presented in

Tables 6-11 and 6-12 for adults and children, respectively, in the form of hazard quotients and

estimated cancer risks. Hazard indices and estimated cancer risks for the individual routes of

exposure are also presented.

The total hazard index (Table 6-16) for resident adult exposure to the chemicals of potential

concern in soils from ingestion and dermal contact and in groundwater from ingestion, dermal contact

and inhalation of volatilized chemicals is 1E+00 (scientific notation for 1.0); this hazard index is equal

to the USEPA acceptable level of 1.0. The total estimated cancer risk (Table 6-16) is about 3E-04

(scientific notation for 3 in 10,000). This risk is greater than the USEPA acceptable range of 1 in

10,000 to 1 in 1,000,000. Ingestion of vinyl chloride in groundwater is the primary contributor to

the estimated cancer risk

The total hazard index (Table 6-16) for resident child exposure to the chemicals of concern

in soils from ingestion and dermal contact and in groundwater from ingestion, dermal contact, and

inhalation of volatilized chemicals is 3E+00 (or 3); this hazard index is greater than the USEPA

acceptable level of 1.0, indicating a potential for adverse, noncarcinogenic health effects. The hazard

index for ingestion of groundwater is 2E+00 (or 2), however, none of the hazard quotients for

individual chemicals exceed 1.0. The total estimated cancer risk (Table 6-16) is about 1E-04 (or 1

in 10,000). This risk is within the USEPA acceptable range of 1 in 10,000 to 1 in 1,000,000.

"Limited Residential Use" - Basement Construction: The potential for noncarcinogenic and

carcinogenic health effects associated with possible exposure to individual chemicals in surface soil

and indoor air are presented in Tables 6-13 and 6-14 for adults and children, respectively, in the form

of hazard quotients and estimated cancer risks. Hazard indices and estimated cancer risks for the

individual routes of exposure are also presented.

The total hazard index (Table 6-16) for resident adult exposure to the chemicals of potential

concern in surface soil from ingestion and dermal contact and in indoor air from inhalation of

chemicals volatilized from subsurface soil and groundwater is 4E-01 (scientific notation for 0.04); this
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hazard index is less than the USEPA acceptable level of 1.0, indicating that adverse, noncarcinogenic

health effects from such exposure are unlikely. The total estimated cancer risk (Table 6-16) is about

7E-05 (scientific notation for 7 in 100,000). This risk is within the USEPA acceptable range of 1 in

10,000 to 1 in 1,000,000.

The total hazard index (Table 6-16) for resident child exposure to the chemicals of concern

in surface soil from ingestion and dermal contact and in indoor air from inhalation of chemicals

volatilized from subsurface soil and groundwater is 2E+00 (or 2); this hazard index is greater than

the USEPA acceptable level of 1.0, indicating a potential for adverse, noncarcinogenic health effects.

None of the hazard indices for the individual exposure routes exceeds 1.0, although the hazard index

for ingestion of surface soil is 1. The total estimated cancer risk (Table 6-16) is about 4E-05 (or 4

in 100,000). This risk is within the USEPA acceptable range of 1 in 10,000 to 1 in 1,000,000.

"Limited Residential Use" - Foundation Construction: The potential for noncarcinogenic and

carcinogenic health effects associated with possible exposure to individual chemicals in surface soil

and indoor air are presented in Tables 6-13 and 6-14 for adults and children, respectively, in the form

of hazard quotients and estimated cancer risks. Hazard indices and estimated cancer risks for the

individual routes of exposure are also presented.

The total hazard index (Table 6-16) for resident adult exposure to the chemicals of potential

concern in surface soil from ingestion and dermal contact and in indoor air from inhalation of

chemicals volatilized from subsurface soil and groundwater is 4E-01 (scientific notation for 0.4); this

hazard index is less than the USEPA acceptable level of 1.0, indicating that adverse, noncarcinogenic

health effects from such exposure are unlikely. The total estimated cancer risk (Table 6-16) is about

7E-05 (scientific notation for 7 in 100,000). This risk is within the USEPA acceptable range of 1 in

10,000 to 1 in 1,000,000.

The total hazard index (Table 6-16) for resident child exposure to the chemicals of concern

in surface soil from ingestion and dermal contact and in indoor air from inhalation of chemicals

volatilized from subsurface soil and groundwater is 2E+00 (or 2); this hazard index is greater than

the USEPA acceptable level of 1.0, indicating a potential for adverse, noncarcinogenic health effects.
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None of the hazard indices for the individual exposure routes exceeds 1.0, although the hazard index

for ingestion of surface soil is 1. The total estimated cancer risk (Table 6-16) is about 4E-05 (or 4

in 100,000). This risk is within the USEPA acceptable range of 1 in 10,000 to 1 in 1,000,000.

Construction Worker: The potential for noncarcinogenic and carcinogenic health effects

associated with possible exposure to individual chemicals in soils and air are presented in Table 6-15

in the form of hazard quotients and estimated cancer risks. Hazard indices and estimated cancer risks

for the individual routes of exposure are also presented.

The total hazard index (Table 6-16) for construction worker exposure to the chemicals of

potential concern in surface and subsurface soils from ingestion, dermal contact and inhalation is 1E-

01 (scientific notation for 0.1); this hazard index is less than the USEPA acceptable level of 1.0,

indicating that adverse, noncarcinogenic health effects from such exposure are unlikely. The total

estimated cancer risk (Table 6-16) is about 6E-07 (scientific notation for 6 in 10,000,000). This risk

is less than the USEPA acceptable range of 1 in 10,000 to 1 in 1,000,000.

6.4.3 Qualitative Assessment

USEPA-derived toxicological criteria (i.e., RfDs, RfCs, and cancer slope factors for oral and

inhalation exposure) are not available to quantitatively assess the potential for human health risks for

four chemicals of potential concern: lead, two noncarcinogenic PAHs (benzo[g,h,i]perylene, and

phenanthrene) and thallium. Possible health implications that may be associated with exposure to

these chemicals are as follows:

Lead. Chronic exposure to low levels of lead may result in hematologic (blood and blood-

forming), neurobehavioral, kidney, and other effects in humans (ATSDR, 1993a). Effects such as

slowed nerve conduction velocities, altered testicular function, reduced hemoglobin production, and

other signs of impaired heme synthesis, and blood pressure effects have been observed in adults.

Children, who represent a sensitive portion of the population, may experience an array of

pathophysiological effects. Electrophysiological effects, impaired cognitive performance (as

measured by IQ tests, performance in school, and other means), heme synthesis impairment, inhibition
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of pyrimidine and alanine synthesis, interference with vitamin D hormone synthesis, and early

childhood growth reductions have been observed in children. In addition, factors influencing

neurological development such as low birth weights and decreased gestational age and deficits in

mental indices have been reported in infants.

For this human health evaluation, assessment of the potential for health effects from lead

exposure is made by comparison of lead levels in soil to the USEPA's revised interim screening

criterion for lead in soil (400 mg/kg) which the agency considers protective for direct contact at

residential settings (USEPA, 1994) and comparison of lead levels in groundwater to the USEPA

action level for lead in drinking water (15 ug/1).

Lead was detected in 36 of 36 soil samples, however no samples had concentrations greater

than 400 mg/kg. Lead was detected in 4 of 18 groundwater samples, however only one sample (PS-

1 OSS at 44.4 ug/1) had a concentration greater than 15 ug/1).

Benzo[g h.i]perylene and Phenanthrene: These two chemicals are among the 17 PAHs

typically analyzed for and evaluated at hazardous waste sites; the 17 PAHs often occur together in

the environment and many have similar environmental fate and lexicological characteristics (ATSDR,

1993b). However, reliable environmental fate and toxicological information exists for only a few of

the 17 PAHs and the potential health effects of the other less well-studied PAHs must be inferred

from this information (ATSDR, 1993b). The USEPA (1994a) regards all three chemicals as not

classifiable as to carcinogenicity

Benzo[g,h,i]perylene and phenanthrene were detected in soils. However, these chemicals

were detected in concentrations within the concentration range of the other noncarcinogenic PAHs

and none of the evaluated noncarcinogenic PAHs pose potential noncancer health risks at the

concentrations evaluated. They were not detected in groundwater.

Thallium: Thallium is one of the more toxic metals and can cause neural, hepatic, and renal

injury, as well as deafness and loss of vision (Amdur et al., 1991); alopecia (hair loss) is the hallmark

of long-term thallium poisoning in humans (Carson et al., 1986). Thallium is absorbed through the

skin and the gastrointestinal tract and chronic thallium poisoning shows a long latent period.
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Thallium was detected in 1 of 36 soil samples at a concentration of 0.68 mg/kg and was not

detected in groundwater.

6.4.4 Uncertainty Analysis

Some uncertainty is inherent in the process of conducting predictive, quantitative health risk

assessments. Environmental sampling and analysis, fate and transport modeling and human exposure

modeling are all prone to uncertainty, as are the available toxicity data used to characterize risks.

Uncertainty associated with environmental sampling is generally related to the limitations of

the sampling in terms of the number and distribution of samples, while uncertainty associated with

the analysis of samples is generally associated with systematic or random errors (e.g., false positive

or negative results). For instance, for the subsurface soil (and, therefore, the combined surface and

subsurface soils) data sets, the number of samples collected at depth at each sampling location varied.

As each sample was considered an independent data point in determining frequency of detection and

exposure point concentrations of the chemicals, such utilization of the data could result in bias

towards the more frequently sampled locations. Thus exposure may be overestimated or

underestimated depending on how well each environmental medium is characterized.

While aspects of the exposure assessment methodology can result in overestimation or

underestimation of long-term exposure, exposure is probably overestimated, overall, for the

potentially exposed populations evaluated. The exposure point concentrations used in the exposure

assessment (i.e., the 95 % UCL on the average concentration or the maximum detected

concentration, without consideration of environmental migration, transformation, degradation, or

loss) should result in overestimates of long-term exposure. As discussed in Appendix F,

concentrations of chemicals of potential concern in air are based on conservative emissions estimation

procedures and air dispersion models that likely overpredict the air concentrations.

Assumptions and model input parameters that result in reasonable maximum exposure

estimates are used in the exposure assessment; the actual frequencies and durations of exposure

would probably be less than evaluated so that long-term exposure should be overestimated. Mode!
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input parameters (e.g., permeability constants) which are influenced by a number of factors may result

in overestimates of long-term exposure.

Potential exposure to chemicals in groundwater from dermal contact during showering (or

bathing/washing) is based on data from unfiltered water samples and, as chemicals sorbed to

particulates in the water may be unavailable for dermal absorption, exposure may be overestimated.

Also, potential exposure to VOCs from the inhalation and dermal exposure pathways was

conservatively estimated since depletion of VOC concentrations in air once volatilized from the

shower water is not considered.

The derivation of health effects criteria that form the basis of the risk characterization can

result in overestimates or underestimates of potential health risks. In most cases, the criteria are

derived from extrapolation from laboratory animal data to humans. RfDs and cancer slope factors

for oral exposure are used as criteria to assess exposure from dermal absorption. While the criteria

for oral exposure are adjusted for such use following USEPA guidance, oral absorption for the

organic chemicals is assumed to be 100%; this may underestimate dermal contact risks for some

chemicals. For those chemicals with specific oral absorption efficiencies, consideration was not given

to the absorption efficiency of the exposure vehicle used in the studies on which the toxicity factors

is based; this may overestimate or underestimate dermal contact risks for some chemicals.

Furthermore, for some chemicals, health criteria are insufficient to determine reference doses or slope

factors for oral and/or inhalation exposure. As a result, the overall risks may be underestimated.

Subchronic RfDs are the appropriate lexicological criteria to estimate the potential for

noncarcinogenic health effects in construction workers assumed to have exposure over a 2-year

period. However, as subchronic RfDs are often lacking or in some cases set equal to chronic RfDs,

chronic RfDs are used as conservative approximations; this may overestimate risks for these workers.

Exposure to total chromium in soils is evaluated based on toxicological criteria for Cr III;

health risks based on Cr III would be underestimated if some Cr VI was detected in the soil.
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6.5 SUMMARY

The risk assessment addresses the consequences of "reasonable maximum exposure" to site

contaminants under current and future conditions in the absence of remedial action. A summary of

the risk estimates is presented in Table 6-16.

Based on the assumptions and limitations of this evaluation, none of the exposure pathways

and routes considered under current conditions result in risks in excess of the USEPA acceptable

levels. Under future conditions, potential exposure of children under all three residential use

scenarios evaluated (generic residential use with exposure to soil and groundwater, limited residential

use/basement construction with exposure to surface soil and indoor air and limited residential

use/foundation construction with exposure to surface soil and indoor air) results in concern for

adverse, noncarcinogenic health effects as the hazard indices exceed the USEPA acceptable level.

With one exception, none of the hazard indices for the individual exposure routes exceeds 1.0,

although the hazard indices for ingestion of shallow soil in the latter two cases equal the USEPA

acceptable level. Potential exposure of children assuming generic residential use with exposure to

soil and groundwater results in a hazard index greater than the USEPA acceptable level. Ingestion

of groundwater is the exposure route of concern although none of the hazard quotients for the

individual chemicals in groundwater exceed the USEPA acceptable level. Potential exposure of

adults assuming generic residential use with exposure to soil and groundwater results in an estimated

cancer risk greater than the USEPA acceptable range. Ingestion of vinyl chloride in groundwater is

the primary contributor to the risk estimate. While considered in this risk assessment, potable use of

the groundwater is unlikely due to the availability of municipal water supply.
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TABLE 2-1
PETOSKEY MANUFACTURING REMEDIAL INVESTIGATION

WATER LEVEL MEASUREMENTS

Well ID

PS-AS

PS-AD

PS-BS

PS-BD

PS-CS

PS-CD

PS-DS

PS-DD

PS-1R

PS-4

PS-6

PS-10A

PS-11

PS-12

PS-13

PS-104

PS-105S

PS-105D

PS-106

COP-1

COP-2

COP-3

COP-4

COP-5

MW-201S

PW-201D

MW-202S

MW-203S

MW-203D

MW-204S

MW-205I

MW-205D

Ingalls Well

Pier

SW River

NW River

Top of Casing

Elevation

599.89

599.78

593.81

593.81

591.32

591.37

595.65

595.59

595.79

597.26

600.49

589.53

588.48

602.83

595.88

596.99

592.09

592.09

590.51

587.22

590.29

NA

NA

NA

596.97

592.98

595.30

595.68

595.74

595.66

589.68

590.75

585.68

582.55

588.02

587.76

Depth to

Water

(9/25/95) (1)

20.35

20.30

14.26

14.34

11.92

11.93

16.25

16.08

16.31

17.84

NA

10.06

9.02

23.30

16.40

17.60

12.55

9.97

11.00

NA

10.09

10.02

9.54

13.58

17.37

13.56

15.67

16.33

16.31

16.15

10.14

11.21

NA

2.35

2.77

NA

Water Level

Elevation

(9/25/S5)

579.54

579.48

579.55

579.47

579.40

579.44

579.40

579.51

579.48

579.42

579.47

579.46

579.53

579.48

579.39

579.54

582.12

579.51

580.20

579.60

579.42

579.63

579.35

579.43

579.51

579.54

579.54

580.20

585.25

Depth to

Water

(10/3/95) (2)

20.48

14.51

14.42

12.00

12.03

16.55

16.23

17.90

9.06

23.48

17.62

12.71

10.11

9.57

17.52

15.93

16.34

16.39

16.32

NA

2.57

3.00

8.25

Water Level

Elevation

(10/3/95)

579.30

579.30

579.39

579.32

579.34

579.10

579.36

579.36

579.42

579.35

579.37

579.38

581.98

587.55

579.45

579.37

579.34

579.35

579.34

579.98

585.02

579.51
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TABLE 2-1

PETOSKEY MANUFACTURING REMEDIAL INVESTIGATION

WATER LEVEL MEASUREMENTS

Well ID

PS-AS

PS-AD

PS-BS

PS-BD

PS-CS

PS-CD

PS-DS

PS-DD

PS-1R

PS-4

PS-6

PS-10A

PS-11

PS-12

PS-13

PS-104

PS-105S

PS-105D

PS- 106

COP-1

COP-2

COP-3

COP-4

COP-5

MW-201S

PW-201D

MW-202S

MW-203S

MW-203D

MW-204S

MW-205I

MW-205D

IngallsWell

Pier

SW River

NW River

Top of Casing

Elevation

599.89

599.78

593.81

593.81

591.32

591.37

595.65

595.59

595.79

597.26

600.49

589.53

588.48

602.83

595.88

596.99

592.09

592.09

590.51

587.22

590.29

NA

NA

NA

596.97

592.98

595.30

595.68

595.74

595.66

589.68

590.75

585.68

582.55

588.02

587.76

Depth to

Water

(10/16/95)

20.81

14.81

14.72

12.37

(3) 12.31

16.68

16.55

16.76

18.22

21.57

10.46

9.55

23.81

16.86

17.96

13.07

10.45

11.54

10.03

10.57

10.46

10.05

14.03

17.90

13.53

16.65

16.74

16.59

11.73

10.64

(3) 6.72

(3) 2.90

2.84

Water Level

Elevation

(10/16/95)

578.97

579.00

579.09

578.95

579.06

578.97

579.04

579.03

579.04

578.92

579.07

578.93

579.02

579.02

579.03

579.02

581.64

578.97

577.19

579.72

579.07

581.77

579.03

579.00

579.07

577.95

580.11

578.96

579.65

585.18

;1) - Measurements recorded by

MDEQ

2) - Measurements by MDEQ

prior to pumping test

(selected wells only)

3) - Measurements recorded in

morning of 10/17/95

Page 2 of 2 PMSWL



TABLE 2-2

PETOSKEY MANUFACTURING SITE

Slug Test Results

Hydraulic Conductivity (K) Values

WELL I.D.

MW-201S

PS-CS

PS-CD

MW-105S

MW-105D

TEST#1

1.37X10'3

6.10 X10'3

3.78 X10'3

6.77 X 10'4

8.84 X 10"1

TEST #2

3.25 X10'3

7.59 X10'3

3.98 X1CT3

4.47 X 1Q-"

6.65 X 1Q-4

GEOMETRIC MEAN

2.11 X10'3

6.80 X10'3

3.88 X10'3

5.50 X 1Q-4

7.67 X 10"4

Hydraulic conductivity values are in cm/sec

PMSLUG



TABLE 3-1
PETOSKEY MANUFACTURING SITE

Soil Vapor Extraction Pilot Test
Field Gas Chromatograph Screening Results

SAMPLE I.D.

PT-SVE203S-1

PT-SVE203S-2

PT-SVE203S-3

PT-SVE203S-4

PT-SVE203S-5

PT-SVE203S-6

PT-SVE203S-7

PT-SVE203S-8

PT-SVE203S-9

PT-SVE201S-1

PT-SVE201S-2

PT-SVE201S-3

PT-SVE201S-4

PT-SVE201S-5

PT-SVE201S-6

Date Collected

September 12

September 12

September 12

September 12

September 12

September 13

September 13

September 13

September 14

September 14

September 14

September 14

September 14

September 14

September 1 5

Time Collected

12:15 PM

1:15 PM

2:15 PM

3:15 PM

11:15 PM

7:15 AM

3:15 PM

11:15PM

7:15 AM

9:45 AM

10:45 AM

11:45 AM

12:45 PM

8:45 PM

8:45 AM

TCE (ppb)

9

8

8

7

2

3

3

3

2

3

3

3

2

2

1

Tabl3-1 .xls Page 1 of 1 2/17/98



TABLE 3-2
PETOSKEY MANUFACTURING SITE

Aquifer Pumping Test
Field Gas Chromatograph Screening Results

SAMPLE I.D.

PM-IN-1

PM-IN-10

PM-IN-100

PM-IN-1000

PM-EF-1000

PM-IN-1 0-4 (2)

PM-EF-10-4 (2)

PM-IN-10-5(1)

PM-EF-10-5(1)

PM-IN-10-5(2)

PM-EF-10-5(2)

PM-IN-10-6(1)

PM-IN-1 0-6 (2)

1.2-DCE(ppb)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

TCE (ppb)

ND

ND

ND

5

ND

20

ND

12

ND

26

ND

26

ND

Notes:

IN - Influent to carbon
EF - Effluent from carbon
Samples labelled 1, 10, 100, and 1000 were collected 1, 10, 100, and 1000 minutes

after starting the pumping test.
Other samples were collected on date indicated (10-5 is October 5 ) in morning (1)

or evening (2)
ND - Not Detected

Tabl3-2.xls Page 1 of 1 2/17/98



TABLE5-1

PETOSKEY MANUFACTURING REMEDIAL INVESTIGATION

SOIL SAMPLE BACKGROUND CALCULATIONS

BACKGROUND CONCENTRATIONS CALCULATIONS n= 6

Parameter

Aluminum

Antimony

Arsenir

Banurn

Beryllium

•;:n.-1m,;jrT.

•?.>• um

Gni-irnujro

Cobalt
Cooper

Iron

Lead
Magnesium
Manganese
Mercury

Nickel
Potassium
Selenium

Silver

Sodium

'haihum
Vanadium

Zmc

Cyanide (R)

Background Samples
206-0 5-2 5

ME7J39

mg/kg

194000

0 43

1 20

14 JQ

0 C'5

0 '!(,

2 ' JO CO

24C

094

1 90

2570.00

15.80

82800

25.90

000

1.50

201.00

0.82

057

64.00

1 10

340

1870

055

206-25-45
MEZT40
mg/kq

2020 00

000

1 20

1 2 3 0

0 C'C

r J.~

v^Q'X

3 2G

1 10

220

3600.00

5.70

1910.00

125.00

012

2 10

22200

097

000

79 10

000

500

21 80

0.00

207-05-25

mg/kg

132000

040

040

11 60

008

n .«
1 JOG 00

240

079

087

238000

10.90

417.00

149.00

0.00

1 30

173.00

000

053

5530

099

3 10

25 10

0.00

207-2 5-4 5

mg/kq

129000

000

095

1430

CM

0 :V:

1 830 CO

200

1 00

1 00

228000

13.60

570.00

175.00

0.11

1.30

161.00

0.75

000

6400

000

3.50

2300

0.52

B l - 1 3

mg/kg

244000

240

1 30

3,' 70

07.?,

C 22

71 .TO 30

Z 70

1.20

1480

4690.00

44.10

5170.00

155.00

0.00

7.90

45000

000

022

129.00

066

7 70

9550

000

B2-1-3

mg/kg

195000

000

099

52700

056.

022

22300 00

420

1 20

700

291000

36.90

3230.00

159.00

Oi l

480

26700

066

000

6430

0.00

520

355.00

055

Background Calculations
SUM

1096000

3 2 3

604

ftl? 30

1 46

: 96

UN'tiHTO

1690

6.23

27.77

18430.00

127.00

12125.00

78890

0.34

1890

147400

3.20

1 32

45770

2 75

2790

539 10

1 62

MFAN

182667

054

1 01

10205

024

03.3

I*- 193 33

282

1 04

463

3071.67

21.17

202083

131.48

0.06

3.15

24567

053

022

76.28

046

|_ 465

3985

027

Value Mean

9133.33

269

503

51025

1 22

1 53

OTV;>:S7

1408

5 19

23. M

15358.33

10583

10104.17

657.42

0.28

15.75

1228.33

2.67

1 10

381 42

229

2325

44925

1 35

Squared

83417777 78

7 2 5

25 33

260355 no

1 48

'J n7

OJ745344JJ JJ

198 3J

2695

53554

235878402 78

11200.69

102094184.03

432196.67

0.08

24806

150880278

7 1 1

1 21

14547867

5.25

54056

20182556

1 82

Variance

1668355556

1 45

507

52071 01

030
n C1

': f.MVfV:H-H .?'*

3967

539

107 !l

4717568056

2240.14

2041883681

8643933

002

4961

30176056

1 42

0.24

29095 73

1 05

108 11

40365 1 1

036

Standora

Deviqr on

40f 4 55

i 20

225

2'. 5 19

C54

! 73

J06: ' 53

530

232

1035

6868 46

47.33

451872

294.01

013

704

54933

1 19

049

1 70 57

1 02

1040

20091

160

Coeflicient of

Variance

224

22J

2 2 4

2 24

7 24

t 24

2 ;<j
224

2 2 4

2.24

2.24

224

224

224

2.24

2.24

224

224

224

224

224

2?4

224

224

Acceptable
Background

Limit
mg/kq

14080.32
4 15
7 76

786.62
1.88
2 52

14023/V2
2 1 7 1

8.00
35.68

23677.03
163.16

15577.00
1013.50

0.44
24.28

1893.65
4.11
1.70

588.01
353

35.84

692.58
2.08

For non-detect values'

- if less than 50% of the background data is below the DL use one-half of the DL as the value
- if more than 50% of the background data is below the DL use Alternate "0" and the DL resulting

in a net value of one-half of the detection limit with a variance.



TABLE 5-2
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995
ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

1
1

Parameter

1. I.l-Trichloroettvjne

I 1.2.2-Tetrachioroi-thoni:.

1 1 2 rrichloroethane

'.. 1 -Diohloroethane

• 1 -Dtchloroe'h^n*-.

I 2 Dichioro'-th,;!-,.-..

1 2-C'Chloroeth.!.r,<.- f t . , t . j l ; '

.2-D'.:hlorcpr.;[:..j'--..

2-Butanon^ (Mf. K)

2-Hexanone

4-Methyl-2-pentarone (MIBK;

Acetone

Benzene

Bromodichloromethane

Bromoform

Bromometnane

Carbon Disulfide (R)

Carbon Tetrachlonde

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

cis-1.3-Dichloropropene '

Dibromochlorcmethane

ithylbenzene

vlethvlene Chloride

Styrene

letrachloroethene

Toluene

total Xylene

trans-1.3-Dichloropropene '

"nchloroetnene

Vinyl Chloride

201S-0-2

EWP23

MQ./ka
< ll
-:1 1

.: 1 1

.- II

••I 1

.-] 1

v ] ]

. ] 1

.- 1

v - . l l

<: \ 1

<n
<:11

<n
< 1 1
<n
<n
<-. 1 1

<n
<:1 1

.-.1]

<. l l

-,-11

;ll

6 J

12

<1 1

12

8

33

<l 1

460 E

< ) ]

20IS- I4-16

EWP29

uq/kq

- 1 1

..•i I

<\ 1

v I 1

. •1 1

. 1 1

.- 1 1

. 1 1

.. 1 1

...11

< 1 1

< ) 1

<11

<11

< 1 1

<11

<11

< ] ]

< ] ]

<] 1

<] 1

< !1

<11

<1 1

17

< ] ]

<l 1

3 J

16

39 X

<11

310E

<11

2025-02"

EWP30

[jq/kg

<12

d2

T l 2

'.12

*-" 1 ?

<12
. i;
• r/
• • 1 2

< 12

<I2
c lSB

<12

<12

<12

<12
<12 JB

<12

<12

<12

<12

<12

<12

<12

<12

<20B

<12

<12
9 J

<12

<12

<I2

<12

202S-10-I2*

EWP32

ng/kq

t i l

< ! l

V.1 I

< 1 1

•:1 1

.-.1 1

.-! 1

.-: i
< \ i
V- 1 1

< 1 1

<12B

<11

<1 1

<11

<11

<ll JB

«:!!

-.11

<l 1

< 1 1

<11

• e l l

<l l

2 J

<I5B

<11
1 J
7 J

4 J

< 1 1

1 J

<11

203S-0-2

EWP22

pg/kq

.-12

,:'2

<12
... 1 7

. - 1 2

•: 12

' l.;

.• | V

.-. 1 2

<12

<I2

46

<12

<12

<12

<12

<12

<12

<I2

<12

< 1 2

<12

-:I2

<12

<12

<I2

<12

<12
M

<12

<12

29

<12

203S-5-7

EWP23

Mq/kg
<i i
<i i
v-l 1

-:1 1

,-. 1 1

v l l

< 1 :

. 1 1

.-.1 1

< 1 1

< 1 1

1 1

<11

< 1 1

<11

<11

<l l

<11

< 1 1

< 1 1

<11

< l l

•:ll

< 1 1

<11

< l l

< 1 1

< 1 1

7 J

<11
< 1 1

58

<n

203S-12-U

EWP24

ng/kq

< 1 1
< 1 1
*." 1 1

<l 1
<. 1 1
<\ 1

3.1

< 1 1

< 1 1

<l 1

<11

<11

<n
<n
<n
< 1 1
<n
< 1 I

<l 1

< 1 1

<11

< 1 1

<n
<n
3J

< 1 1

< 1 1

4J

24

4 J

< 1 1

830 E

<: 1 1

204S-0-2

FWP26

uq/kg

•:10

<10

--10

<IO

.-.10

.... i o
- . 10

-1C

-•10

<IO

<10

<10

<10

<10

<10

<10

<10
<IO

<10

<10

v:10

--10

•:10

-.10

<10

-10

•:10

-.w
•:10

<10

<10

-:10

<10

204S-I3-15

EWP27

uq/kg

<10

<10

<10

<10

<10

<10

< I O

.-. 1 0

<.10

<10

<IO

12

<:10

<10

<10

<10

<10

<10

<10

<10

<10

<10

clO

<10
vl j

<10

<IO

<10

<10

I2X

<10

130

<10

206-0 5-2 5'-

EWP33

^g/kg
< 1 1

< l l

.-.11

.- 1 1

<\ \

< \ \

•- 1 1

-. 1 1

.. 1 1

.-.1 1

<1 1

<14B

<11

<11

ell

<11

<1 1 JB

ell

< 1 1

..-11
v: l l

< 1 1

< 1 1

• : 1 1

<n
< 1 8 B

< 1 1

< 1 1

9J

2 J

<11

<11

<1 1

206-2 54 5A

EWP34

ng/kq

<-.ll
v-.ll

< • ! !

- - I I

<1 1

- • 1 1

.-A

v . l l

.... 1 1

.;11

<1 1

<11 JB

1 J

<11

2 0 7 0 5 2 5 '

EWP35

Mg/kg

<10

-•10

•: 1 0

•-. 1 U

- 10

- : IO

. . 1 1 !

•- 10

•: 10

v l O

<10

<13B

<10

<10

<11 r.10

<11
<11 JB
<1 1

<11
<1 1

< 1 1

.-. 1 1

< 1 1

< 1 1

< 1 1
<21 B

< 1 1

< 1 1

70

6J

<11

<1 1

<11

<IO

<10JB

<10

<10

<10
-- 1 '...'

<10

<10

<-10

..-10

.-.23 B

<10

<10

56

3 J

<10

<10

<10

:07-2 5-4 5"

EWP36

ug/kq

<IO

<10
<m
.-. iO

<10

<10

.:!'!

-• ' 'J

< 10
vr l l ;

<10

< 'OJB

<10

<10

<10

<10

<10JB

< \ 0

<10

<10

< 0

<.o
<10

<10

<10

< I6B

<10

<10

45

4 .1

<10

<'0

<10

G5I

Criteria

Ma/kg

4.000

1 600

6 600

IP
1.300

•' 200

ID

5 HijlJ

1 J E*5

(B,

(B)
IP

4.000'

480 I0

1300'°

IP

{B} '°
900 '

940 '

ID
3400

ID

oO "-

580 "

360'

19.000 '

380'°

•300 '

2.800 '

700

60'°

4.000'

300'

Residential

Criteria

lia/kq

4.000

86 '

100 '

1 8 000 '

1.1(1 '

100

1 JCO
IOC: '

; ", F »•-••
20.000 '

7 400 ;

15.000'

1003

2.000 3

2.000'

200 3

1 6.000 '

1001

2COO !

4.400 '

2.000 '

1 300-'
Q4 -'

2.000

1.500 '

100 '

2 700 J

100 '

16.000

5.600 '

94 '

1003

40 '

IrK-iustru-jl

'' ,nt'--riQ

MQ/I

.1.000

340

1 00

NJC.Kli)

idlj

; C Q
1 .ico

- F .- *

^"i Liji'

20.000

42.000

100'

2.000'

2.000'

580'

46.000

100 '

2.000

18200

2.000

5400

380

2000

1 500 "

100

2700 '

ICO

16000'

5.600

380

100

40

Tar>5-2 xls Page I of 2 ' 18/58



TABLE 5-2
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

20X GSI criterion - Amended version (November 3 1997) to Operational Memorandum «8. Revision 4 (June 5. 1995)

GSI SWP criterion - Amended version (November 3. 1997) to Operational Memorandum «8. Revision A (June 5. 1995)

Residential 20X DW criterion - Operational Memorandum #8, Revision 4 (June 5. 1995)
: Pr-sidential SWP DW criterion Addenda (January 17. 1997) to Operational Memorandum 08. Revision 4 (June 5. 1995)

Site Specific Background

State Background. MERA Operational Memorandum »15 Default Type A Cleanup Criteria, September 30. 1993

i" Jur,tnai /OX DW criterion Environmental Response Division Operational Memorandum 814 Revision 2. June 6. 1995

iri.lustnal 20X Aes'hetic drinking water value Environmental Response Division Operational Memorandum #M Revision 2, June 6. 1995

" injustial SWP DW Criterion - Drart numbers received on December 3. 1997 from MDEQ staff toxologist

,'f!X i^SI c jil-.'non Operational Memorandum 88 Revision 4 (June 5 1995)
Industrial DCV and Residential DCV i:.oiumn:; were rv^t included in This Table because none of the Maximum Detection Values exceeded those values

A blank cell indicates no criterion tor that parameter
Exceedances are bolded.
n Tentatively identified compounds present
' Interim value, currently under review

NIL - Chemical is not likely to leach under most soil conditions

IP - Development of generic GSI value in process but not yet complete.
ID - Insufficient data for calculation

|B) - Chemical has either not been evaluated or an inadequate data base precludes the development of a GSI value

B - Analyte detected in the associated blank
J - Estimated value.

X • Indicates manual data entry.

E - Concentration exceeds the calibration range of the instrument

< - indicates that analyte was not detected at detection limit given
k Data not broken down into isomers so the most conservative criteria was used which is cis.
1 Chemical may be present in several isomer forms Isomer specific concentrations must be combined for comparison to criteria.

Tab5-2xls Page 2 of 2 2/18/98



TABLE 5-3
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995
ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

Pfjramoter

1 2 d rrichloroben^ene

1 2 pichlorooenzene

1 l-pirhiofoben^jne

1 4 (OiChlorcbenjene
2 2'-OxvbiM 1 ChloroD'Opono)

2 J 5-T'i'~hi(_>rnt;henoi

2.4 fi r/i'inionjphonnl

74 [JK-hloronf.enoi

,' J [jim^rhvlpriRni il

2 .1 I.;ini!r.->rr-iRn.-)l

2 J Qinifr >|rjiupni-

t' t Uir,iTr--fohjon*
•^ ^wofcn.-ipriihn'iMriM

2 _MI..T,.L-^TI,-!

.' - \V-ni, ir M-jF'r''I*»~r.»--'

; r-.v.ih.i[:i",r.noi

7 NiKO'.iniliriH

2 Nitfophenol

3.3' Qichlcxabenjidin*
3-Nitroaniline

d. <M>nitro-2 -methytphenoi
d-Bromophenyl phenyt ether

d-Chloro-3-methyl phenol

i^-Chloroaniline

4-Chlofophenyl phenyl ether

4-Methvipnenoi
d Nitroaniline

4-Nitrophenol

Acenaphihene

Ace'UJphthyiene

Anthracene

Bervolalanfhracene \Q\

B*»rvofa)pyrene (Q|

Bervo(b)ftuoranfhene JQ)

Bt=rvo(ghi)perylene |Q}

bis(2 Chloroethoxv) methane

fcis(2 Chioroe^y!) ether

bis(2-ethvlhe*vi)phthalate

Butvl benzyl phthalare

Cnrbnzole
Chrysene {Q}

>-n-Dutyl phfhalate

Oi-rvoctyl phthalate

3rbenz(o.h)anthracene {Q}
>benzofuran

)iesel Range Orgamcs (D&O)

)ierhy! phthaiate

Jime'hvi phfhaiate

luorantnene

2015-0-2*

EWP2B

ng/hg

<380

<3flG

-380

-380

<380

-r<350

•- IRQ
•- 180

-'^0

. gyj

- 3W

*'_WJ

• ^0
. WJ
, 7R|'>

.- MO

.-950

<380

*380

<950

<950

<380

<380

<380

<380

<380

<950

<950

<3BO

.:380

<380

.:380

^380

.-380

v380

<380

^380

<380

^380

<380

<380

<380

<380

<i8Q

<380

<380

00

<380

<380

<380

2025 0-2"

EWP30

MQ/^g

.-350

^350

<350

<350

..350

<880

.350

.-350

.-350

.•880

'350

...150

- yfi

• ym
.-.3bO

'.350

..880

<350

<ya
<880

<880

<350

<350

<350

<350

<350

<880

<880

<350
<350

<350

101

<350

51 J

41 J

<350

<350

<350

26 J

<350

<350

45 J

<350

^1W

<350

<350
MA

<350

<350

7<JJ

202S-5-7--

EWP3I

ug/kg

..350

'-350

-.350

<350

<350

-•880

.̂150

'.350

'.350

- 8SO

. 35U

••350

.350

••350

T>:
• 35C'

<880

<350

<35Q

<380

<880

<350

<350

<350

<350

<350

<B80

^880

..350

'350

32 J

34 J

«350

>-350

<350

'350

<350

<350

25 J

'350

>-350

2<3J

'350

<350

<350

23 J

NA

<350

<350

28 J

2025-10-12

LWP32

,ig/kg

-.350

••350

.-.350

.-350

«350

•890

•350

.350

.350

vRW

-.3'*

•: \1V

• Xfi

• Jt'J
• ''^G

.350

••890

•--350

<J50

<890

^890

<350

<350

<350

<350

.-350

'890

<890

<350

'350

• 350

• 350

..350

<350

'350

<350

'350

'350

'350

.-3.50

'350

.350

<350

'3.50

«350

'350

NA

'350

'350

<350

2035-5-'"

EWP23

ug/ko
•3SO

<360

<360

'.360

<360

<910

-:360

'360

-.360

<9IO

.360

.300

. ioC-

.301]

. 3«1

..3oO

'910

'360

<360

<910

<9IO

<360

<360

<360

<360

'360

<910

'910

O60

'360

'360

'360

'360

'360

'360

'360

'360

'360

liOJ

'360

'360

'360

'360

<3aO
<360

'360

20

<360

<360

<360

203D-a2"

EWP25

ug/kg
'340

'340

'340

'340

'340

'850

'340

'340

<340

'.850

-340

-.340

'340

.340

-.340

'340

'850

'340

<MO

'850

<eso
'340

<340

<340

'340

'340

'850

'850

'340

'340

'340

'340

I20J

170J

<340

'340

'340

«340

<340

<340

'340

130 J

'340

'.340

'340

<34Q

1 1

'340

'340

I50J

2045-02"

EWP26

ug/kg

'340

<340

'3-10

«340

'340

'860

'.340

'340

'..340

-fa
<340

.•J40

.-3JO

.-3JO

.340

.•340

<3ta

t340

^340

'860

'860

'340

*340

<340
.(340

'340

'860

<B60

^340

'340

'340

1<WJ

'340

210J

-•340

'340

.•340

<J40

'340

'340

'340

160 J

'340

'340

'340

'340

16

'340

'340

310J

206-0 5 2 5 "

EWP33

,jg/kg

'360

'360

'360

'360

'360

'900

'300

'340

.-.360

,-900

<3AO
--.360

'3«1

.. 3cO

'.360

..360

«900

<360

'360

<900

'900

<360

<360

<360

<360

<360

'900

'900

'.360

'360

<360

<360

'360

'360

'360

'360

'360

'.360

'360

'360

'360

'360

<360

'160

'360

'360

NA

'360

'360

'360

206 ? 5-4 5"

FWP.34

Mg/kg

.-380

.-380

'380

.-380

•:380

'950

'380

<380

'380

'950

•-.380

'380

.-3BO

'WO

-38C

'380

.950

'380

'380

'950

<950

<380

<380

<380

<380

<380

'950

'950

'380

'380

<380

'.380

'.380

«3flO

'380

'380

'380

<38C

'380

'380

'380

'380

'380

'380

'380

<380
NA

'380

'380

'380

207-0 5-2 5"

EWP35

pg/kg
<340

<340

'340

'340

'340

'.860

'340

.340

.-340

•:8«0
-340

'340

• i A?.

• 3JO

.340

-.340

'860

'340

'340

'860

'860

<340

<340

<340

<340

'340

'860

'860

<340

'.340

'.340

-.340

..340

'340

,:340

'340

'340

'340

'340

'340

'340

'340

'340

<340

'340

<340

NA

'340

'340

'340

207-254.1^

EWP.16

ug/kg

'340

'340

'340

.-340

.•340

.-800

.-.340

'340

'3JO

-9MJ

. J4U

. 140

.340

1 340

. .1.10

, .3.10

,.»OJ

'J40

,-340

'860

<860

'340

<340

340

340

'340

'860

'.860

.340

.340

,340

'W'

^340

'340

'.340

,-340

'340

'.340

'340

'340

<340

'340

'340

'34(

'340

'340

NA

'340

'340

'340

GSl

C'Kitn

ug/kg

440 *

340'

I 100'

280'

500 '

6^0'

ORO'

nX '

iflOO '

mi •
.14U

(Bj •

760 '

IB) •

I 3 "

88"

(B| "

4300'

|B| '

22E .« ' '

Ml.1.

NLL

NU

NLL

NLL

84 ;

NLL

IB}"

NLL

2 4 E » 5 ' '

<B|' ;

NLL

(Bl17

24E.6 "
5 8 E . 7 •

7400''

Rosideniial

Cnieriu

ug/kg
4 100

J

L3000 '

12000'

1 oOO'

39000'

1 bOG'-

1 500

.'400 '

)«)-

MKj

i • ax)
' JUO

400 '

47 '

3.000'

740'

300 GOO
1

520-

5 0 E . O '
'40DO "

1.400'"

14000 "

1 5E.6 "

1 4E.5 -

15 '

120

2 2 E .6 J

860'

1 4E.6 '

960000'

i OE.a '
1 400 'c

ID

1 1 ltbr

1 5E»6 J

130 E .6 f

Indij^n-Ji
(_nt.-ra

uq/k'l
421DO-

1 3 000 '

18000 '

1 700 '

JoE.'i

ifi ncf;

• 701V

?(ity»

1 h (JO i •

r.
20 one

1.160

510 =

16.000'

2.000

8 7 E . 5 '

8.500 '

420000

2 1 C . 5 1

21 000 '

2 1 E.5 '

1 6 E . 7 •

2 1 t.iS -

64

120

50E.6 •

19.000'

2 1 E.-7 '•

2 7 E » 6 '

2 9 E . 8 '

21 000 -

ID

1 9E.53

420E.5

72E.5 '



TABLE 5-3
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995
ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

Parameter

Fluorerw

Gas Range Organics (GPO)

He«achloroben;eno

Heiachlorrjbutddieno

HeifjcMlotocvclocwnt-Miene

Henachiofoeihane

Indenofl 2.3-cdlpvronp (Qf

N-Nilr:">sivdi-' i-U'-'.H-'.'I'jniinii

N Nltr.-.'SOdrpn-.nvl,jrnir,t> r- 1 1

NnphrnnitTi~
Nitrnr.*?n7an^

P.-rVT-nififr,rn«-. •

PtT--"i.intr.r.-.r,,-

Ph.jnr.J

P."?ne

Tuf'JI Petrole'jm Hvdr.>~art-.ons

201S-0-2"

EWP28

nq/kg

-380

-50

-380

-3BO

<3BO

-380

•380

-380

-380

-380

•:3BO

-380

-'JbU

. 380

. 380

.• !rtj
100

202S-0-2"
EWP30

ug/kg
-.350

NA

-350

,-350

..-350

.-3.50

43 J

•-•350

-350

-350

-350

-300

-880

5<; j
•.J50

86 J

NA

202S 5 7-'

FWP3I

ug/kg
.•350
NA

,•350
•:350

<350

.350

.•350

-350

,•350

,-350

-150

,-350

,-180

140 J

-.350

36 J

NA

707S 1012

EWP32

ug/kg

-350

NA

..350

-.350

-.350

-.350

-350

,350

-350

••350

,•350

,•350

- 890

,350

-.350

-.350

NA

2035-5-7'-

EWP23

ug/kg
<360

,-50

,-360

^360

^300

,-360

,-.360

,•360

-340

-360

-.360

-300

-910

- 360

-360

-3MD

••40

203D-0-2'

EWP25

ug/kg
-.340

<50

<340

<340

,-340

<340

140 J

.-340

-340

<340

<340

-340

<BbO

-3 JO

.340

410

<40

20JS-0-2'

fWP26

ug/kg
-340

-50

<340

-340

-.140

-.340

-.WO

-3JO

.340

.-3JQ

-340

.- 1.10
,-*<•

?'*! J
- '..v;
1 rtj J

..50M

206-05-25'

EWP33

uy/kg

-.360

NA

-.360

-.360

-.360

-360

-.360

<360

-.360

-360

-.360

-.360

-900

-360

.360

.-360

NA

206-2545 '

EWP34

pg/^g
-J80

NA

-380

-380

,-380

<380

<380

<380

<380

-.380

..380

-380

-550

< 380

• 380

.360

NA

20?OS-25"
[WP35

ug'kg

-.340

NA

-.340

<340

-3-10

,-340

<340

-.340

- 340

• 340

..340

. 340

. ft>-i

. 140

. 3JO

,-.uo
NA

2 0 7 - 2 5 4 5 '

EWP36

wg/kg
- 340

NA

•:340

•-340

,-3.10

<340

-340

-340

-340

•340

.340

• .'40

. u«j

.- 14L'

. "40

<340

NA

Cl'Vnr,

US/kcj

280000 '

ID

ID

1 '

1 BOO'

Nil

17000 '

(Bl '

3200 -

«50 '

18000 •

•• .inn -
i i ' « •
;.-uou
; .' b o

Pe^identiGi
Criteria

ug/kg
"3WOOOJ

1 800 '

I 'JOOO'

16000'

1/000'

1 400 '-'

18000

2 4 '

340]

1:000'
A,8

"1 •
12'JOO

88 OIXJ

1 8 t • 6 '

ug/kg

S 9 E . f i '

1 800 '

7700(1 '

36 OHO

,",q nno •
2 1 F-r:

7 . 1 ' A . X 1

1 7 GUi '

u; 'Xu •
5'.U.LK_: '

l -
J
t

3 <IX

?J iX'.'

:,--.. -» i".
•i ~ r.5

' 20X GSI criterion - Amon^sd version (November 3. 1997) to Operational Memorandum t6. Revision d (June 5. 1W5)

2 GSI SWP cntenon - Amended version (rtovember 3. 1W7) to Operational Memorandum tfl. Revision 4 (June 5. 1995}
3 Residential 20X DW criterion - Operational Memorandum t8. Revision 4 (June 5, 1995)

4 Residential SWP DW criterion - Addenda (January 1 7. 1997) to Operational Memorandum «8. Revision 4 (June 5. 1995)
s Site Specific Background

6 State Background. MERA Operational Memorandum HI 5 Default Type A Cleanup Criteria, September 30. 1993

Industrial ?OX DW criterion - Environmental Response Division Operational Memorandum 114 Revision 2. June 6. 1995
8 Industrial 2QX Aes'tietic drinking water value Environmental Response Division OpetatuXKJi Memorandum 114 Revision 2, June A. 1995

; industial SWP DW Criterion Drafl numbers received on December 3. 1997 from MDEQ staff lo«ologisT

" Direct Contact Values wero used because parameters are not expected to leacn

Residential 20X DW criterion were used because parameters are expected to leach

' 20X GSl Criterion GperaTional MemoranOum »8. Revision <3 (June b. 199!;;)

indusinal PCV and Residential DCV columns were nor mciuaed m this table because none of the Maximum Defection Values e* .eecfed 'hose values

A bianu cell indicates no cnteni.-n (,jr that parameter

ExcftttdancBS ar« bold*d.

Diesel Range Orgarnrs. Gas Range O'ganics irn Total Petr-iieum Hydrocurtons have no established criterion The results are p'^sented in mg/kg
A Tentatively identified compounds preseni

Interim volue cufrontlv under review

NLL - Chemical is not hkeiv to leach unaer mcsi soil conditions

IP Development of generic GSi value 'n process but not yet complete

ID - insufficient data 'or calculation

B • Analyte detected in the associated blank

{6} - Chemical has either not been evaluate^ or an madeauate data base precludes the development of a GSI value

J Estimated value

X Indicates manual data entry

E • Concentration exceeds me calibration range of the instrument

< indicates that anaiyte was not detected at detection limit given



TABLE 5-4
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995
ANALYTICAL DATA - PESTICIDES AND PCBs

Parameter

4. 4' -DUO

•14' DDt

.1 4' DDT

Aldrin

alD^a-BHC

alpha C. hloraone

Arr.rlor 1U16 (J I)

Aroclor 1221 |J T)

Arocloi -1232(J 0

AiuL'lor 1242 |J M

Aroclor. !24fi(J!|

AroclOr 1254 |J H

Aiocloi ]260(JT)

beta-BHC

delto-BHC

Deldnn

EndosuKan 1 J

Endosulfan II J

Endosulfan sutfate

Endrrn

Endrin aldehyde

Fndrin kefono

qcmma-BHC (Lir.dane}

grjmma CN. ir'-iarvt

Hec tnrni'.if
Hor.t'irhrr ^(p-.-o^e
MR:h(..x,^l'-'r

:,_.,Gphe''e

201S-0-2

EWP28

pgAg
.-38

OB

-.38

-.20

• 2 0

<20

.-.18

<77
08

O8

.-38

<38

08

-.20

<20

O8

8 2 P

2.9 J

<3.8

<38

<38

<38

-.20

..20

• 2 n

. 2 0

-21!

-2'..KJ

202S 0 2

EWP30

M/kg

05

- 3 5

O5

20

.•1 8

<l 8

O5

-.71

05

O5

.-35

O5

-.35

<l 8

<1 8

<35

<1.B

<35

<35

0.5

<35

O5

.•1 6

.-1 8

-1 8

• i ^

. IS

. 180

202S-5-7

EWP31
US/kg

OS

05

O5

,-T 8

.-1 8

-. 1 8

-35

.-71

O5

.-.15

O5

..35

.-35

<1 8
<1 8

<35

<\.8

<35

<35

<3.5

<35

<35

<1 B

-1 8

. 1 8

. 1 8

. 18

. 1RO

202S 10-12

EWP32

pg/kg

05

<35

< 3 5

1 OJP

-.1 8

.:! 8

O5

.-71

05

O5

<35

<3f>

-.35

<] 8

<l 8

<35

< ) B

<3.5

<3.5

<35

<3.5

<35

<l 6

.:! 8

.-1 8

< 1 8

-18

-180

203S57

EWP23

jig/kg

<35

OS

-.35

<1 8

•:1 8

.•1 8

.-35

<7I

-.35

^35

<35

<35

^35

<\ 8
<1 8

<35

<\ .B

<3.5

<3.5

<35

<3.5

<35

<1 8

<1 8

.-1 3

- 1 8

.- IK

• ISO

203D-0-2

EWP25

M9/kg

.-3d

.-34

;34

<l 7

il 7

<1.7

,:34

.-38

.-34

<3d

^M

.-34

.:34

^1.7

<1 7

<3i
<1.7

^3.4

^34

Ii3.4

<3.4

.-3d

t*1 '
<1 7

,1 7

, 1 7

. 17

.•170

204SO-2

EWP26

I'Q/kg
< 3 4

<3 J

<", 4

<l 6

- IB

< I 8

.•34

<V>
<3J

-.34

<3J

<34
<34

-.18

<I8

<34

<1.B

<3.4

<34

<34

<3.4

<34

<1 8

-1 !

-1 S

-1 9

.. I*

,-lHO

206-05-25

EWP33

W/kg
<36

<36

-.36

<\ 8
<1 8

<l 8

,-.36

<73

c36

<36

<36

<36

<36

<1 8

.1 8

<36

<l.B

<3.t>

<3.6

<36

<36

<3.6

-.1 8

<1 8

rl 8
.•1 8
•: ifi

-180

206-2 54 5

EWP34

ng/kg

<38

<38

^38

^20

<20

<20

-.38

<77

<38

<38

<38

<38

.•38

<20

<20

<36

<2.0

'3.8

<3.8

<3.8

<3.8

<38

<20

<20

-.20

- . 2 0

.• 18

.-180

207 0 5-2 5

SVUP35

pg/kg
^34

<34

04

<1 8

<l 8

091 1

.-34

-70

<34

.-34

O4

<34

O4

<1 8

<1 8

<34

<1.8

<3.4

<3J

O4
<3.4

O4

-.1 8

.-1 8

-1 8

-1 S

- 13

,- lRO

207-2 5-4 5

EWP36

pg/kg
O4

.34

O4

.-1 8

-1 8

-. 1 8

.•34

.•70

O4

-.34

<M
<34

-34

-.1 8

<1 8

<34

<1 8

<34

<3.4

<34

<3.4

<34

<1 8

.•1 8

. 1 K

- 1 H

. 18

. 180

GSi

Criteno

pg/kg

NIL

Nil

Nil

NLL

Nil

NU

NLL

NLL

NLL

Nil

NIL

NIL

NLl

Nil

NLL

NLL

I 6 '

NLL

MLL

NLl

IB! '

o aw -

Residential
Criteria

pg/kg
41.000 °

M

50

580 ''

7600 °

2300 L

2300 '

2.300 -

2300 '

2300 '

2.300"'

2.300 •-

620'°

97.000 '"

97.000 '"

72.000 '"

0 4 '

7.600 J

?200 -

1 10U •

1 30 000 '

2600 '

industrial
Criteria

pg/kg
6 3 E . 5

200

200

16.000'

1 2 E . 5

21 000

21 000

21.000 -

21.000 -

21.000

21.000 '

21.000 '

9.400 '"

1 E.6 "

1 E»6 "

7 7 E » 5 ' °

04 '

1 2E .5

33 000
1 6 000 -

800

WJ

i"OX GSI cnrenon - Ampnof-o version (November 3. I9<5?) ro Opecofionni Memorandum at} Peviyyn J f Ju.ne 5 1(?9
1 GSi SWP criterion - Amended version (November 3 1997) TO Operational MemofanrJum *8 Revision 4 (June 5. 19

Pesidennnl ?nx DW crrrenon - Op^rof.onai Memorandum a& Revfsjon ^ (June 5. 199 )̂
J Residential SWP DW nnl^fion Addenda (JanuQW I? IW/) to Operational Memorandum SB Revision d (June 5. 1

" State Background. MEI5A Qperoiionnl Memorandum 815 Default Type A Cleanup Criteria September 30. 1993

induMnnl ?()X DW criterion Environmental Response Division Operational Memorandum 814 Revision 2. June 6. 1995
1 industrial 20X Aestfietic drmkmg water value - Environmental Response Division Operational Memorandum « Id Revirjon 2. June 6. 1995

'' industiyl SWP DW Criterion - Draft numbers received on December 3. 1W from MDtQ statf toxnlogist

' Direct Contact values were usfirt because pdrame'ers dre not expected to leach

Refycientnl 20X DW cntetion were usea because parameters are expectod to leacn
: 20X GSi Criterion Operational Memorandum *8. Revision 4 (June 5. 19*55}

industrial DC V and Resjdential DCv columns were not included »n this table because none oi the Maximum Detection Values exceeded those values

A blank cell indicates no criterion for that parameter

Direct Conatr.T Values wef(? used because they are more conservative than ambient aif tor industrial generic soil criteria



TABLE 5-4

PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995

ANALYTICAL DATA - PESTICIDES AND PCBs

ExcoedancAs or* bolded

" Tentatively .aentrfied compounds present
• interim value, currently under review

NLL Chemical is not likely fo 'each under most soil conditions
IP - Development of generic GSi value m process but not ye' complete
ID - insufficient data 'or calculation
{B} • Chemical has either not been evaluated or an inadequate data base precludes the development of a GSi value

B Anaiyte defected m me associated Diank.
j Estimated value
P more tnan 7^% rlitterence m deterred concentrations between 'he two GC columns Lower result is reported
M quantrtarion limit elevated due to matrix mterference
X inrtir.atRs manual data entry
£ • Concentration exceeds trie calibration tange o' fhe instrument
,- - indicates that anaiyte was not detected at detection limit given.
* Dafa not broken down into isomers so the most conservative criteria was used which is cts.

1 Chemical may be present in several isomef forms Isomer specific concentrations musf be combined 'or comparison fg criteria
{j} - Chemical may be present in several isomer forms Isomer specific concentrations must be combined lor comparison to criteria.
(T) - Toxic Substances Control Act. Subpart G-PCB Spill Cleanup Policy standards may be more restrictive.



TABLE 5-5
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995
ANALYTICAL DATA - METALS AND CYANIDE

Parame'e'

Aluminum
Antimony

Arsenic

Barium
Beryllium
Caarr.iurn

CuK.-iurn
Cnromium

Cobalr

Coppei
Cvnnul*? |r?}
Iron

Lead
^A^g^esn.lm

Manganese

Mercurv

Nickel
Jorassum
Selenium

Silver

Sodium
Thallium

vanadium

Zinc

201S-0-2

MEZT36

ng/kg

323E.6

<9.800

2.400B
u i.ooo
<490

320C

4 7 3 E . 6

16.300

<2500

30900

-•620
6 34 F ,ti

306,000 •

S.J1 E.6

21.5, CCO

270

20.700

440.0006

<980

<1.500
66.600 B

<1.500

6.0006
3.0B E.«

202S-0-2

MEZT37

Mg/kg
209E.6E
<440N

2000B

22.2008E

110 B

860B

596E.6E

6000.0

1 600 B

11 300

-560

a 53 E .6 E

31 100E

942 E»4 E

1 50.000 E
210

35.500-

331.000B
<840

2.000 B

1 63.000 B
<1.100

5. 800 BE-

2 27 E»6

2025-10-12

MEZT38

ug/kg
1 13 E .6E

..-410

1.600 B

7,800 BE

130 B

620 B

256E.6E

2.900

1.100B

3.000 B

<500

398E.6 E

1 100E

32.? E *4 E

155. 000 E

<110

4. 7008-
488.000 B

<770
<MO

257.000 B

<1.000

3.900 B

9.000-

203DO-2
MEZTM

ng/kg
1 36E.6

<8.200

< 1.000

7.400B

<410

<410

746E.6
3.500

<2.000

-.2.000

<510

1 46E.6

2.500"
\ 3 7 E » 6

34.400

<80

»4.100

383.000 B

<820

<1.200

55.2008
<1.200

2.500 B

11.400

203D-5-7

MEZT34

ug/kg
1 52 E. 6

<8400

< 1.000

7.100B

<420

.-420

122 E.6

7,700

.2.100

4 1008

<520

363E.6

1.400'
U.«E*4

124.000
<90

<4.200

339.000 B
<840

<1.300

56.7008

<1.300

4.2008

13.400

204S-0-2

MEZ13S

^g/kg

I33E.6

<8200

<1 000
15. 100 B

,410

<4!0

483E*6

4.200

<2. 100

5200

<510

16SE.6
25.100-

1.55E»6

46.800
<<>

<4. 100

<165.000

<820

<1.200

55.8008

< 1.200

2.800 B

75.200

206-05-25

ME7J39

pg/kg
1 94E*6E

<430N

I.200B
14. 400 BE

<90

360B

2 I4E.6E

2.400

940 B

1.900B

<550

257E.6E
15.BOOE

828.000 8E

25. 900 E

<110

1.500B-

201.0008
<820

<570

66.000 B
<1.100

3.4008

18.700-

206-2 5-4 5

ME7J40

Mg/kg
2.02 E»6E
<420N

1.200B

12.300 BE

<90

460B

979f*6E

3.200

1 100 B

2.2008

<540

3 6 E » 6 E
5700E

1.9IE««E

125. 000 E

<120

2.100B-

222.0008
9701

<540

79. 100 B

•cl.COO

5.000 B

21.600-

207-05-25

(ig/kg

1 32E-6E

.:400N

.-800

11.600 BE

<BO

MOB

1 4 E » 6 E

.'400

790 B

8708

:500

238E.6E

10. 900 E

417.000 BE

1 49.000 E

<100

1.3008-

1 73.000 B

-:760

<530

55.3008
<990

3.1008

25.100-

207 25-45

ng/kg
1 29E^)E
<390N

9508

14.300 BE

<60

3608

1 B3E«SE

2.0008

1.0008

1.0008

<520

2 2 8 E » 6 E

1 3.600 E

570.000 BE

175. 000 E

<110

1 300 B-

161.0008

<750

<520
64.0008

<9«0
3.500 B

23.000 E-

GSI
Criteria

ugAg
{B) '1

1 'J

ID

120.000'

130000'
4300 :

3.400'

(81 '•

24E-Mf> ;

100

(81"

163.160'

10E.6"

(81"

1 1!

89.000'

410
!

7.7 *

TO"
4.200 !

19E»5'

Residential
Cntena

yg/kg
1 4 E . 7 S

4.300'-

23.000 '•

1 3E.6'-

51.000'
6.00(1 '•

30.000 ' •

BOOO1

1 6 E »8 ' •

JOOO '

2367E»6' '

163.160'

1558E.6'

1 01 E*6'

1.700'-

1 OE.5 ' -

4.110'

4600' '
32E^> : -

3.530'

1 OE*6 J -

2 4 E « b ' -

Industrial

Criteria

rjg'kg
1 4E .7 '
4.300''

23.000°

1 3E-.6'

51.000'

6.000'

30.000'

8.000'

1 6E.8 '
4.000'

2367E.6 '

163.160'
240E»6

101 E.65

1.700s

1 OE.5°

4.110s

13.000°

900E»5'
3.530'

2.9 E. 6°
50E.6°

Notes.

20X >jljl criterion Amonae-T vPfSK'tn (Nc.ivwrTioei 3. IW7) to Operational Memorandum «8 Revision d (June 5 1WS)

• Gji S'.VPcrifenon Amended vRflion tn^v^<r:c^' 3 I'>v7) TO Operational Memorandum »8 Revision J Oune 5 IW*:'-

' PesiOe'iiujl 2Qx DW cfitenon (Jpefniior.^l Monnorancjum »?. Revision J (Junp fj 1W5)
J Pesi'JMn'ial S'vVP DW cnfenon Adnenrtn (Jcnuar/ 1 7 I<>v7) IQ Operationi-jl Mt>mornn<1um »8. r?pvision 4 (June 5 1 Wb)

5,ie specific Backgrouno

' StoTht Rof kgf-j.jna MERA Operational M^morandurr, a 15 Default Type A Cleanup CriTpna. September 30 IW3

' innusTnoi 20X DW criterion - Environmental Response Division Oppraiional Memorandum »l J Revision 2. June 6. 1W5

* inciu'iTnoi 20X Aesthetic dunking water value Environmental Response Division Operational Memorandum #1J Revision 2 June 6 1995
J Industial SWP DW Criterion - Draft numbers received on December 3. 1W7 trOm MDEQ staff toxologisf

'" Dirf-rt c^ontart Values were used because parameters are not expecied to leach

Residential 20X DW criterion were used becduse parameters are e*pecte*J to leach
: 20X G3I Criterion - Operational Memorandum 18 Revision A (June 5. 1995)

industrial DCv and Residential D<JV columns were not included m this table because none of me Maximum Detection Values excQeded tnose values

A tiank ceil indicates no criterion for that parameter

Direct C'jnatct Values were used because they are more conservative than ambient air for industrial generic soil cntena

Excwdonces are bolded.
A Tentatively identified Cf-mpoijnos trfWfl

' interim value currently under review

NIL - Chemical is not iikplv to leach under m<r>t soil cO'.<lifinris

IP . Development ot genpnc GS1 value in process nut n-,-> .pt complete

ID - insufficient data for calculation

{B} • Chemical has either not been evaluated or an manvquate data base prerh ni*

B • Analyte detected m the associated blank

J Estimated value
P more than 26% difference m detected conceniraTions between the two CC coiu

M • auantitation limit elevated due to matrix interference

X Indicdtes manual daia entry
E • Concentration exceeds the calibration range ot tre instrument

< - indicates that anaiyle was not detected a' detection hmit given



TABLE 5-6
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995
ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

TENTATIVELY IDENTIFIED COMPOUNDS

Parameter

1.1.1 ,2-Tetrafluoroethane

octameth. cyclotetrasitoxane

Retention

Time

0.94-0.98

21.62-21.66

206-0.5-2.5

EWP33

7JN

207-0.5-2.5

EWP35

5 JN

207-2.5-4.5

EWP36

5JN

Notes:

All units are ug/kg.
Sample I.D. indicates boring location and depth - 201S-0-2 indicates sample c

from a depth of 0 to 2 feet below ground level.
J - Estimated value.
N - Identification based on mass spectral library search.

_J

Tabl5-6.xls Page 1 of 1 2/17/98



TABLE 5-7

PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

TENTATIVELY IDENTIFIED COMPOUNDS

PcjfQmpTt^f

Unknown

4.mt-rnvi-.l-oenr*ri 2 one

Unknown

Unknown

'.inkncwr

-011,1 cer-tvieinur
^ni-.o^r-.

uni,,-,.w-

inkrown

J rrir:fivl 4 D^>nt^r. 'J vin

nk^own

jr-kr- j*r,

Un.in-_-wii

Unknown

'nmernyioenzene isorner
Unkr -;wn
Unkn.Dwn
Unknown
Unknown hydrocarbon
Trimethvlbanzflne isomer
Unknown hydrocarbon
Unknown
Unknown aikyioenzene
Unknown
unknown
T-^tr^mernylter'^enR s?'~wr

Unknown

"k- A,-"

n»- ..»r

? '.V:1'"-, TTO^J .'3. Q-'u1'?' "
,:--kr.:.w^ nvGrc 'jarDO'l

31 -"j;-.e-2 J -•MJP'I"^
_nk-own nvO''-':Tr.'.'.n,

Jn.inow.n hvdfOCarbCr,

IJnknijWi nynrocarDQn

MHxnaB^or.oic ar.id
unknown.
i nexaaecoi
"richloro»iro',vl5ilane

Unknown

1 3 b rna^ne 2 d-d'On-iine

Unknown hyOroCdrDon

Unknown

unknown

Unknown

••z)-9-octddecenarnia'»
?oaecdnamide
Hexadecanamide
unknown
unknown nvdrocarDon
Jnknown
Jnknown
ienzo(e')pyTene
unknown

fJerenfion

Time
5 0 7

509
5 *J7-f 49

5 51
553

602
6 3 3
6 60

t 65-6 K
66?
66?
C d l

6 94 6 96
/ 13
7 1.3
736
763
7.«

802
8 12
823
8 17

870
888
930
9 75

10 31

u ;1

": 'd
1 6 1 5

14 ^i
1 / 3'J
18 38
1? J*

20 07-20Cfl
2042
2086
2086

20 '52-20 94
21 08
21 37

?l 55
21 80

2! 96-21 97
21 97
21 97

21 99
22 19
2230
2231

2237
2302

23 1 5 2 3 17

J035-5 7
EWF'21

wg/i;;

1" .

•1'J'' J

JrfO I
V'.T j
330 J

2:c JN
220 'N

220 JN

180 J

150J

260 J

20300-2
EWPJ5

ug/kg

2045-0-2
EWPJ6
ug/kg

140 J

201S-0-2
EWP29

na'kQ

iacj

IOOOJ

770 J
1000J
770 J
270 J
770 J
730J

1903J
5<:OJ
3JCJ
2'C J

380 J

1600JN

2Q2S 0 2
EVVPiO
up/kg

i too ju

370 JU

550 J
390 JU

510J

i 20 JN

83 J

88 J

150JN

202S-5-7
EWP3 !
ug/kg

400 JNA

1SOOJU

7 i J

520 JU

J20 J
400 JU

4 / O J

'•: ,r,

1200 JNU

202S 10 12
EWP32
lig/l<g

I ' lOOju

220 )Ni j

220 J
260 J

330 J

94 J

206-C 5-2 5
EWP33

Mg/k'J

1800JU

420 Jl J

260 J
5<D HI

lOOj

580 J

98 JN

UOJ

206-2 5-4 5
EWP34

ug/*a

1 500 JL

.100 JN

52 J

35U JU

610 J
36J JL

490 J

150 JN

22C J

100U

250 J

2 0 7 0 5 2 5
CWP35
uq/kq

1600JU

J 'CA

25-; j
yn :u

2'C JN
1 4f: .IN

280 J
350 J

2 0 7 - 2 5 4 5

FWP.36
ug/kg

IX JU

2'JljCjl)

/6 J

ei j
H50 )l

"12(J

6/0 ji:
i 20 .:

590 J

260 J

ianj

490 JU

1 I O J



TABLE 5-7
PETOSKEY MANUFACTURING COMPANY SITE

SOIL SAMPLING - AUGUST 1995
ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

TENTATIVELY IDENTIFIED COMPOUNDS

P'.lr imeter

Unknown

Jnkr.own

1,'nknO'jvn

1 mknown

Heoned'CK.- 'jci'l ester
4 OC'anor.e

'Jn.nr.-wr

jr-,k:-,cwr nvnr- -arcc-n

'.unknown

ilnknown

ljr.kic.vn

un.novv-
Jrknn.wn

u^^nown

Unknown nyrJ.'C/CCJrDon

Unknown

Unknowi

Unknown

9-cycionexyltetr anthracene

Unknown hydrocarbon

Unknown hydrocarbon

Unknown

Unknown

Unknown

Unknown

Jnknown

ijnknown

'jnk-.r-.u-

_ ' . A "

'I'.' .-."»-

.r-'.-.-wn

"-.-VV.T

.?e'fnrion

T.me

23<S5

2 3 7 4

2 3 8 5

23 W

2-1 05-74 OS

?JS)

2433

Zt 8-1

24 65

24 gi 24 J5

2563

25 »2

J5 '36

2643

2643

2647

265

2722

2 7 3 1

2803

2805

2808

2818

2857

29 14

2« 18
2947

103 r .-303'
in 47

3C 6^

30 •' 3

31 60

203S 5 7

FWP23

P9/k3

I200J

/a' -1

2*3 J

29QJ

260 J

900J

110J

|cn

rtr. j

203D 0-2

EW?25

U<3'«3

780 J

'70 J

IOOJ

204S-0-2

EWP26

w/kg

1000 J

310 J

1 7 0 J

I40J

2015-02

EWP28

r9'.k«

650 J

270 J

3 I C J

570 J

540 J

2 'OJ

2025-0-2

EWP30

ng/xg

270 !

240 J

150JN

150J

120J

130J

140J

230 J

2025-5-7

EWP31

[ifl/kjL

140 J

! ?5 .'

202S-1Q-12

EWP32

fig/kg

86 J

7' J

20S05-25

EWP33

ug/kg

81 J

200-2 5-4 i

EWP34

Ii9'k'3

32 J

77J

i-1:.

207 0 5-2 5

EWP35

(ig/kg

2 0 1 - 2 5 - 4 5

EWPit

iig.'kg

2 1 0 J

';» JN

T-.-llp'M^d fr-c-m tOfing SB-2C.' S from a 39pm ,3' 0 'O 2 'e^f

A - Cjuspp'-Tea aidoi conapnsa* on n'oaucf
B Anniyte was de'ecten in me associafea blank
C - r.fjncentration eKCPftO^ trip caliDfQ'ion rongi? of tne instr

1 some-11

v groum leve1



TABLE 5-8
PETOSKEY MANUFACTURING COMPANY SITE
SURFACE SOIL SAMPLING - SEPTEMBER 1992

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

VOLATILE ORGANIC COMPOUNDS

Parameter
Acetone
Methylene chloride

SS-1

fg/kg
<10
1 1

SS-2

jig/kg
<12
<12

SS-3

ug/fcg
<n
3J

SS-4

MQ/kg
<i i
4J

r SS-4DUP

L M9/kg
<:11

5J

SS-5

UQ/kg
16
Id

SS-6

M9."<g
nj
9J

GSI
Criteria
M9/!<g

1.700 '
19.000

Residential
Criteria

MO/kg
15.000-
100 '

Industrial
Criteria
ng/kg

42.000
100

SEMI-VOLATILE ORGANIC COMPOUNDS

Parameter
Acenapthene
Anthracene
Benzo(a)Anfhracene
Benzo(a)Pyrene
Benzo(b)Fluoranthene
Benzo<g,h. i)Perylene
bis(2-Emylhexyl)Phthalartj
Butylbenzylphthalate
Caftoazote
Chrysene
Di Benzo(a,h)Anthracene
Di-n-Butylphthalate
Dibenzofufan
Ruoranrhene
Fluorene
i'ndeno( 1.2, 3-ca)Pyrene
Phenanthrene
Pyrene

SS-1

MQ/kg
UOJ
UOJ
400

420
990
<340
<340
150J
160J
700
<340
<340
<340
1.000
1 30.1
<340
120J
flOO

SS2

ng/kg
270J
430
1.800
1.300
2.500
730
<390
<390
510
1,800
340J
190J
160J
3.600E
290J
790
2.500
2.300

SS-3

eg/kg
<350
^350
<350
<350
<350
<350
87J
<350
<350
<350
<350
190J
<350
<350
<350
-:350
<350
<350

SS-4

M9/kg
<360
<360
I70J
140J
330J
160J
<360
<360
<360
210J
^360
190J
<360
330J
<360
UOJ
I50J
220J

SS-4DUP

MQ/kg
-.-360
<360
160J
I50J
350J
I30J
120J
<360
<360
140J
<360
220J
<360
350J
<360
150J
450
MOJ

SS-5

Mg/><g
<.350
<350
c350
<350
<350
<350
S.100E
<350
<350
<350
<350
<350
<360
<350
<350
<350
<350
c350

SS-6

ug/kg
6.600J
9.400J
23,000
18,000
31,000
12.000J
< 15,000
< 15,000
7.800J
23,000
7.900J
< 15.000
3.900J
50,000
7, 100J

I3.000J
46.000
31.000

GSI
Criteria
Mg/kg

4.300'
J 2 E + 6 1 - 1

NLL

NLL

NLL

NLL

NLL
(B) "

NLL

NLL
2.4 E+5 '
(8) '•
74tX" !

280.000 '
NLL
1.100 '
2 2 E * 5 '

Residential
Criteria
ng/tg

300.000"
6 9 E+o "
Id.OOO"
.400 "'

14.000 "
1.5E+6 "'
120 "
2.2 Et6 "
860'
1.4 E+6 '"
1,400 '"
960.000"
ID
3.0 E+6"

390.000 "
14.000 '
12.000 '

8 EtO n

Industrial
Criteria
^g/i<g

8 7 E^-5 '
420.000
2 E * 5 ' J '
21.000"-
2 1 E+5 "'
1.6E + 7 "'
120 '
5.0 E+6 "
19.000"
2.1 E+7 '"
21,000 '"
2.7E+6'
ID
7.2 E+51

89 E+5 '
2 1 E+5 '
3<1.QOO
(I 7 E+5 '

1 20X GSi criterion - Amended version <\ovembef .3. 1997) io Opftfational Memofandum s8 Revision J (Ji.ne 5 1995)
: GSI SWP criterion - Amende'J ^^rsion (NovemDer 3 I9C?) ^o Operational MemofancJum »8. Pevisicn -l (June 5. 199&)
1 PtjsirJentiai 20X DW criterion Opfiraliunol Memorandum «8 Revision d (June 5. 1995)

* Residential SWP OW --nfenon - Addenda f January 17. 1997) to Opeialional Memofandum ff8. Revision 4 (June 5, 1995)

' Site Specific Background

' Sto'e Backgfouna. MEPA Ope'atmnai Memorandum *15 Defautr fyp« A Cleanup Cntena September ^Q. 1903

" industrial 20X DW cnfe'ion Envifonmental Response Division Operational Memorandum #M Rpvision 2. June 6. 1995

' industrial 20X Aesthetic (Jnnking wafer value Environmental Response Division Operational Memorandum 9\A fJevision 2 June 6. 1995

'' industial SWP DW Criterion - Draft numbers received on December 3. )«7 from MDFQ staff toxoiog^.i

'' Direct Confacf Values were used because parameters are nof e^pecfed to teach
1' Residenfiat 20x DW cnfenor' we?e used because parameters are expected to teach
1? 20X GSl Criterion - Operational Memorandum *6. Revision 4 (June 5, 1995)

industrial DCV and Residential DCV columns were not included in fhts fable because none of the Maximum Detection values exceeded those values

A blank cell indicates no cnfe'ior for that parameter

Exc**danc«i ar« boktod.

Diesel Range Of games. Gas Range Orgamcs and Total Petroleum Hydrocarbons hove no estdb'isned criterion

* Tentatively idenfified compounds present

* Interim vQtu*? currently undR' review



TABLE 5-s
PETOSKEY MANUFACTURING COMPANY SITE

SURFACE SOIL SAMPLING - SEPTEMBER 1992

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

NIL Chemical is not likely to lench under mosf soil concisions

tP Development of generic G5I value m process but HOT yet complete
ID insufficient data (Of calculation
B Anaiyte detected m the associated blank
{B} • Chemical has e*ther not been evaluated or an inadequate data base precludes the development of a GSl value
J Estimated value
X indicates manual data entry
b Concentration exceeds the calibration range of th* instrument
* indicates thai analyte was not detected at deter Men limit given



TABLE 5-9
PETOSKEY MANUFACTURING COMPANY SHE

SURFACE SOIL SAMPLING - SEPTEMBER 1992

ANALYTICAL DATA - METALS AND CYANIDE

Parameter

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Caloum

Chromium

Cobalt

Copper

Cyanide

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium
Selenium
Silver
Sodium
Thallium

Vanadium

?inc

MESG-01

SS-1

mg/kg

3030.00

<2.50

12.00
88.50

067B

28.90

62,000.00

27.40

1 70B

3660

2.00

7.030.00

236.00

12,300.00

142.00

<0.ll

26.00

212.00B

20.70

<0.23

9200B

<068

760B

10,900.00

MESG-02

SS-2

mg/kg

2.050 00

<2.50

I.70B

13.20B

054B

<0.46

13,30000

3.80

1 90B
14 70

<0.58

2.97000
45 10

4.330.00

165.00

<0.12

10.40
210.00B

<0.46

<0.23

53.40B

<0.69

5906

2,390.00

MESG-03

SS-3

mg/kg

3,250 00

<2.50

l.OOB

24.906

062B

<045

24,70000

5.10

200B

1050

<0.57

4.12000

2050

6,620.00

202.00

<O.M

7.90B

51 l.OOB

<0.45

0.23B

63.60B

<068

8008

993.00

MESG-04

SS-4

mg/kg

1,30000

<240

1 10B

12 SOB

0.50B
<04A
16,300.00

3.80

095B

8.20

<0.55

2,000.00

49.80

2.810.00

50.70

<0.11
9.90

176.006

<0.44

0.31B

46.206

<0.66

4.10B
794.00

MESG-05

SS-4 DUP
mg/kg

1.170.00

<240

0.75B

21.306

054B

<0.43

36,70000

220
0.87B

8.60

<0.54

2.040.00

28.40

15.900.00

64.70

cO.11

10.40
158.006

<0.43

<0.21

56.306
<064

3.50B

1.580.00

MESG-06

SS-5

mg/kg

2,72000

<240

1.20B
1090B

0.58B

<044

3.120.00

12.70
2.00B

39.00

<055

15.30000

36.40

1,550.00

95.30

0.41

17.70
149.006
<0.44

3.70

32.80B

<0.66

880B

19,700.00

MESG-07

SS-6

mg/kg

2.32000

<2.40

0.89B

25.90B

0.63B

) 50

60500.00

10.60
l.OOB

2500

<0.56

3.86000

5840

1 1 ,500.00

105.00

<011

21.00
263.006

<0.45

0.29B

85.308

<067

5 SOB
9,780.00

GSI

Criteria

mg/kg
(B) •
i •
ID
120-

130-

J 3 '

3.1-

(S| '

IVCa-

0 I

IB| •

1 03 16

1 O E . O '

IB| '•

0001 1 '

89'

0410'

0.0077 '

IB) -

4 2 '

1 '^" '

Residential
Criteria
mg/kg

14060-

4 3 - -
23"

1300"

51 '

6"

30 '•

8 '

160 UOO"

4 -

7.1 ft/0

103 16'

15.577 -

1.010 '

1 7 ''

ioo°-

4.1 1 '
at,' '
3.200 J '

353

1 000 ' '

2.JC11 "

Industrial
Criteria
mg/kg

UU90

J3 '

;3 •
' 300'

^1 •

* '

.10'

9 -

i no ooo '
.1
;? 6"0 '

103 10

^4000

1.010

1 7 '

100"

411 =

13 '

9000

353 '

. OTO

•? c»j»j •

Notes

' 20> .7^1 -ritenon Amended voriion (November J I1?*?"} to Operational Memorandum «8. Revision .1 (,lune b. WSl

' GSi SWP u'trtri.)M - An-ipnrtPd vftfii,-.Ti (Novorr.ber 3 iCv') to Opyotujnai M^rncranaum SB. Revision d (June 5 19<Jb)

' Residential 2Qx Dw cnfenun Operational Memorandum »8. Revision 4 (June 5. 1W5)

" Pesid^ntial 5VvP DW criterion Addenda (January I 7 IW7j to Operational Memorandum 98. Revision 4 (June 5 1WS)

Site Specific Background

" Slate Bockground. MERA Operational Memoranduni fllfi Default Type A Cleanup Criteria. Sypt^mber 30 1W3

inrtusffial 20X DW c.'i^eficn - Environmental Response Division ODOfational Memordndum * 14 Revision 2. June 6. 19*3b
1 iruJijsTnai 20X Aesthetic drmkmg \*ater value - Environmental Response Division Operational Memorandum »14 Revision 2 June 6 1W5

" Industiai Swr> nw Cnfenon - D'att numbers received on DecemDer 3 1997 from MDFQ staff 'otologist

""• Direct Contact Values were used because parameter ore not expected to leach

Residential 20X DW criterion were used because parameters are e»pecfe<j to teach
I?20X GSI Criterion - Operational Memorandum #8. Revision 4 (June 5, 1995)

industrial DCV and Residential DCV columns were not included in this table because none of tne Maximum Detection Values exceeded those values

A blank cell indicates no criterion for that parameter

Exc*«<janc*i ar« boW*d.

Diesel Range Organics. Gas Range Orgonics and Total Petroleum Hydrocarbons have no established criterion

* Tentatively idenfifled compounds presenf

* Interim value, cunently undef revew



TABLE 5-9
PETOSKEY MANUFACTURING COMPANY SITE

SURFACE SOIL SAMPLING - SEPTEMBER 1992
ANALYTICAL DATA - METALS AND CYANIDE

NIL Chemical is not likely to leach under most 5011 conditions

iP • Development of generic GSI value in process but nof yef compare

iD - insufficient data fo< calculation

B Analyse detected in the associated blank
{B} - Chemical has either not been evaluated or an inadequate data base precludes the development ot a GSI value
j • Fstimated value
X • Indicates manual da'a entry
E Comientrarion exceeds the calibration range o' the instrument
. • indicate^ that analyse was no' detected at detection hunt gtv^n



1ABLE 5-10
PETOSKEY MANUFACTURING COMPANY SITE

SUBSOIL SAMPLING - SEPTEMBER 1992
ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

Parameter

Methyiene Chloride

Acetone

'nchioroethene

fetr ichioroerhene

x -lene (total)

ioluene

SB- I

4-6'

ug/kg

11J
17

13
. . -11

8J

IOJ
-• 11

SB 1

145-16.5

ug/kg

15
27

280E

e lO

44

5J

e lO

SB-2

02 '

Mg/kg

e l l

66
el 1

el t

<\ 1

e l l

SB-2

6-9'

Mg/kg
e l l

el 1

79

< 1 1

4J

e l l

SB-3

6-7'

Mg/kg
< 1 1

e l l

e 1 1

e 1 1

'] 1

el 1

SB-4

0-2'

ug/kg

I1J

e!2

23
.SO

e!2

e !2

SB-5

2-5'

Mg/kg

e 1 1

20
e l l

14

el 1

SB-5

13-15'

Mg/kg

5J

53

18

240

e l l

SB-4

0-2' DUP

Mg/k9
18

e!2

IOJ

e!2

e!2

e !2

SB- 10

1-5'

Mg/kg

7J

< 1 1

<: 1 1

<
.
11

e 1 1

e l l

SB- 10

1-5 ' DUP

Mg/kg
7J

ell

e l l

el 1

el 1

el 1

ell

SB-10

5-8'

ua/kg

8J

e l l

< 1 1

_iil_J
5J

6J

SB- 11

1-3'

50

e!2

e!2

~ ^ l

e!2

e!2

SB-1 1

58'

M9/kg
1 1

*

e

1

1

1

1

< 1 1

SB- 12

1 3 '

ug/kg
39
12

< 1 1

e l l

el l

< 1 1

SB- 12

4-8'

ug/kg

21

< 1 1

el l

el 1

el l

el 1

B-l

1-3'

46
<!

el

el 1

4J

el 1

B-l
7 - i r

ug/kg
6J

el 1

el l
<n .
e l l

e l l

GSI

Criteria

ug/kg

19.000'

1.700s

ID

4 000

000

360

700

2 800

Residentia

Criteria

Mg/kg

100 '
1 5.000 '

1.400

100 '

100 '
1.500 '
5,600 '

1 6 000 '

Industrial

Criteria

ug/kg

ion
42000

1 .100

100
11X1

1.500'

5 600
1 ft (Kill '

Parameter

Vlethylene Chloride

Acetone

1 .2-Dichloroethene (total)

Tnchlofoerhene

Fetrachloroethene

Ethylbenzene

Xylene (total)

Toluene

SB 7

26'

ug/kg

12
el 1

el I

76

el 1

ell

ell

el l

SB-;
10 M-
ug/kg

8J
el l

e 1 1

55
e 1 1

el 1

ell

elO

SB-4

7 5 9 5 '

Mg/kg

8J

el 1

ell

100
30
ell

20
ell

SB-6

4-6'

6J

e l l

49

78

ell

el 1

e 1 1

ell

SB-6

6-10'

Mg/kg
8J

el l

el 1

100

ell

el 1

ell

ell

SB-8

4-8'

Mg/kg

12
e l l
el 1

62
ell

el 1

e 1 1

e!2

SB-8

8 - 1 1 '
ug/kg

17

<\ 1
el 1

86
ell
el 1

9J

7J

SB9

2-4'

M9/kg

7J

el l

el 1

IOJ
ell

el 1

ell

el 1

SB-9

5-8'

ug/kg

7J

e l l
*T 1 1

12
ell

e l l

ell

3J

B-l
15-17-

M9/kg

26
ell

e 1 1

el 1

ell

el 1

ell

ell

B-2
5-7'

23
ell

el 1

ell

el l

ell

ell

ell

B-2
5-7 '

ug/kg

6J
e l l

el 1

ell

ell

ell

ell

ell

B-2

11-15 '

ug/kg

30
e 1 1

el 1
el l

4J

ell

3J
ell

PS- 12

1-6'

Mg/kg

6J
14

el 1

e l l

el 1

ell

ell

el l

PS- 12

7 13'

Mg/kg
4J

IOJ
el 1

ell

ell

el l

3J

ell

B-3

1-3'

ug/kg

4J

e!2

e!2

e!2

e!2

e!2

e!2

e!2

B

7 - 1

ug
8

<

<
e

3

35'

J
1

1
1
1

1

1
1

B 4

1-3 '

ug/kg

9J

el 1

el 1

ell

el 1

e 1 1

4J

el 1

B-4

1 3'DUP

Mg/k9
9J

el 1

el 1

el l

< 1 1

el l
ell

ell

B-4

9 1 3 '

9J
--I 1

el 1

<\ 1

el l

e l l

el l

< 1 1

GSI
Criteria

ug/kg

19000

1 700 5

ID

4.000

900 '

360 '

700 '

2.800'

Pesidentia

Criteria

Mg/kg

100 '
15000 '

1.400

100 '

100
1.5003

5,600 J

1 6.000 J

Industrial

Criteria

100

42.000

1 400

100

100 '
1,500"

5,600'

16,000"

November 3. 1997) TQ OpefQTioncl Mpmo'Ondum ((8 Pension 4 r

r" ,ir-rr-,.-r'ni IOo',[-,-r;r.s^ L^ iv is icn C[,e.F J'l^r-ol Mefficron.Juri1, 81J r,VviM'.in 2 luno ? ' '«* ' j
i t- i '^ •.«. ;•-' v'jiijw • E'lvri'/rrTi^ntnl \ \& r^• _'r^t-: l^ivtsicn Gprtraiir-.nnl Mom.;rari.Jutr S l - l ^Rvr,iori 2 Jun^ i 1'J

l , r - j!' "n.rr[>-.rr, 'nerved on DeCt-nper ?- '"'97 from MDEQ staft rcK-^l i .Qi- iT
-re '/,PO r h": OUSM pdrameters arn not yxp^c'ed to leacn

l to
l M-mnrnndum (*8 Pevision J (June 5 l

•xceedancas are boided.
. I'.'Snl P'.ingt? OrQanirri. Cos r.'.jnge Orgarncs and Total Petroleum Hvfl roc arsons havp no eslar.iî rip]-! r.niennn
' I^rf'jtivelv identified compound!; ow^^nt
mr.--r;n vnlun "urror'tiv >ji nJer review
.LL '-Ihempcol is nor iikoiv to :oacn urxier most soil cundifions
^ [.'welopinenf of g^ri^fiC GSl vdne in process but not /et comple''.'
") ;nMjfticient data for cdi'.uiaiion
* Andiyte detected in ThP associated blank
,B| Cnemiccji hus either not t-s-en evaluated or an inadequate data base precludes the development of a GSI value
J - Estimdted value

indicates mariual data entry
- Concentration exceeds 'he calibration range of the instrument

indicates fhat anulytt? wos not detected at detection limit given
Dora not broken down mto isomefs so the most conservative criteria was used which is os
f Jhnmi'.;cji may be present in several isomcr forms Isomer specific conrentratioris must be comoined tor comparison to criteria



TABLE 5 - 1 1

PtlOSKEY MANUFACTURING COMPANY SITE

SUBSOIL SAMPLING - SEPTEMBER 1992

ANALYTICAL DATA - SEMIVOLATILE ORGANIC COMPOUNDS

i-orcmerer

A-jenaof^vieriM

A ~^.'n<jc.'^ene

Anmncww

•^•-.;<XrAr.tf-ir.-;.":ene

r^rv '( J^:\ renp

t?-:-r-:^u:'.riiJorcr.r'ier^

Ber;-;...] >i r,P^r,1er,e

E~'-:'?[Xfl'-'--"^t'-.rre

D'if2-fc'rivihe>v!'>Fnrhai-::^

6iJrvit"?'W.lcnrr<].'ot&

Oifr...j .:•:•. e

C^vsene

Di-N-ButviDnthaiaTe

I/.-n-Octyi PhthalaTe

D.benzo(a.h)Anthracen.e

D'benzofuran

F/uoranfhene

Fluorene

Indenofl 2.3-CdlPyrene
sJOCfriol"ne

pi-irjr.t— ->-.•

- .•-'•?

S B - 1

4-6
1

wg/"9

<350

050

<350

,-350

. 350

- 350

-350

•. KG

640

.:350

•:350

<350

130J

<350

<350

c350

<350

<350

<350

--350

,-.":.::

.- w

5B-I

M..5-1651

i<g/*3

<340

<340
c340

<340

-. 3 JO

-34i.'

•: 340

•.34C

1.800

<340

<34C

<340

82J

<340

<340

<340

e340

<340

<340

.:340

.-340

. >.:r,

SB-2

D-21

ug/kg

•--350

<350

<350

•:350

-.350

.- 350
,-?50

.-350
440BU

<350

<350

<350

>.350

3.200E

<350

<350

<350

<350

<350

<350

- 35C
• •3=0

SB-2

6-91

,jg/kg

.-360

<360

<360

<360

<360

< < 6 0

< .360

<36C

<3oO

..-360

<360

O60

<36C

<360

<360

<360

<360

<360

<360

<36Q

..360

< "60

SB-3

6-7
1

ug/kg

<350

<350

<350

<350

<350

.-.•350

= 550

<350

v 350

.:350

<350

-.350

<350

<350

<360

<350

<MO

<350

<350

<350

.•350

..3^u

SB-4

0-2'

ua/kg

<410

-.410

,-dlO

UUJ

240J

3 ! OJ

.-410

,.JIO

.-J10

',40J

<410

I80J

360J

<410

<4IO

<410

220J

<4)0

<410

<J'0

.. .i 1 0

' =.!-• .

SB-4

2-f
,ig/kg

<370

<370

<370

e370

<370

<370

<3'0

-:370

<370

<370

<370

<370

<370

<370

<370

<370

<370

<370

<370

<370

,.̂ <-j

. . ^n

SB-4

0-2'DUP

Mg/kg

<390

350.J

500

1.100

600

1.900

WO

<390

<390

550

390.J

1.200

<390

<390

310J

21QJ

2.600

360J

680

<300

2.300

1 500

SB-5

2 - 5 '

ug/kg

<370

.-.370

•:370

IvOj

220.J

360J

ivOJ

-:370

4.300BE

<370

«370

250J

110J

<370

I90J

<370

440

<370

190J

«370

270.J

2tOj

SB-5

2-5'DL

ng/kg

<730

<730

<730

<730

<730

360DJ

<730

<730

2.900D

.̂730

<730

280DJ

<730

<730

<730

<730

390DJ

<730

<730

<730

260DJ

2~CCJ

SB-5

10-1-V

ug/kg

<350

.^350

<350

< 350

<350

•:350

^350

<350

<470B

<350

<350

•:350

-.350

<.3.50

<350

<350

<350

<350

<350

<350

•.•350

--350

SB-6

4-6'

MQ/kJ

<8.900

.3.700

.-3. 700

-.3.700

'.3 700

•:.) 700

...1 700

,-.3 701]

•:3. .'00

<3.700

<3,700

<3.700

<3.700

-̂3. 700

<3.700

<3.700

<3.700

<3.700

<3.700

t3.700

•:3 700

- "! 700

SB-6

6- 10'

pg/kg
<350

-:350

-.350

.-350

<35C

<350

<-.3.5C

050

<350

<350

<350

<350

<350

<350

<350

<350

<3SO

<350

<350

<350

<.3.£

-3 " .

SB- 7

26'

ug/kg

c37U

<370

<370

< 3 70

-:3'0

• :370

O'O

.370

c.37R

,-3/0

.-370

•:370

t370

<370

«370

<370

<370

<370

<370

<370

-3"0

, i— .

SB- 7

10-14'

ug/kg

<350

<350

•:350

|_ -:350

' 3.50

.- 350

r --350

.-350

I .-350

' <350

,350

<350

<350

<350

<350

<350

<350

<350

<350

<350

.-3.50

. 350

SB-9

2 4'
ug/kg

..-360

340J

tfn
630

560

1 200

2SDJ

<360

< 360

<360

350J

730

<360BJ

<-360

130J

250J

1.800

410

300J

120J

2.000

1 2'T

-r-si
C"tina

u'3.'kg
IB}

4 300 '

2 2 E » 6 '

NL;
MIL

MLL

N^

NIL

NIL

• SI

NIL

2 4 E * 5 '

IB} '

NLL

<B) '

NLL

(B)"

(B) -

350'

1 I C C '

:• ; F . •

r7esi^-:-r'i -j

C:i'-" J

520 '

•00 CCO

: - ' V F . - - - '

' J 'Ji.'i.

' 4CC

• J iTC
1 ^ = . ."•

1 f: E-5.
jr.

2 2 L • -. '
p
tC'

1 4F.C.

560 On -

1 O E * 8 ^

1.400
D
3 0 E « 6 4

390, 000 J

14000

1 7.000 -

1 2 rrn •

• - - . -

U - . '

o 500 '
J 7 L - 5 '

•i.T d:c
:• i E--
^ : 'i'S.
^ ' i • -
i ~ L *

;• i p . -

VI

' . -Or-*

1 1 UCC '

2 1 E.7

2 7 E.6 '

2.9 F. 3 '

21 000 -

ID

7.2Et5 '

8 9 E * 5 '

2 1 E»5

50.000 '
'.',4 ^rv-

4 . - • = - • '

Pev i:ic'"i ^ 'June 5. ' 795)

'••; C'C'^'diiCna' MemcroncJum ff? "ev

t' : a"^d bi-::n>

'June 5 1995;

: - indicate1; 'not ondiv^

ri("]Td not trckRp down into We

Chemical may be piw-jr.r .n j

comparison to cntena

i"-?3.d-5-nfici \wVD DW cnfe r on A'U'jeiTJO '.'JQPuarv i '. I

f:ite i^teoific Background

Sta i *» Bac*gr.-:una M£PA Operationdi Memorondom 815 Detaun Tyoe A Cleanup Cntena. S'?oremter 30. I5<?3

:nd'.;'j*riai "J"";x DW cr.renon - Environmental Response Division Ccer?iTiorai Mprriorandum (f id Revision 2, June 6. 1995

in'/jijSTnc1 i'Cx AesTTi-^'ir dr.nkmg watnf vdiuo • Environment.:;! r^espo1"1;^1 Division Operational Memorandum tfM Revision 2.

inri'.stiai "iWP DW Cnrencn - Dratt numbers received on Decemper 3. 1997 from MDEQ sta^ r-;<oiogisT

Uirecf Conr-jcr Values -^ere used because parameters are not expected TO leach

Residential 2'JX DW criter'on. were used Pecauso parameters are expected to teocn

' TTjX GSl Criterion - Operational Memcrdndun-i S3. Revision d (Jure 5, 1995)

industrial DCv and Residentidl DCV columns were nor included in this tatle because none of ;he Maximum Detection Values exceeded those values

A blank ceH 'nd>cates no cntenon for that parameter

Excoedances are bolded.

Diesel Range Organics. Gas Range Organics and Total Petroleum Hydrocarbons have no established criterion
A Tentatively identified compounds present

' Interim value, currently under review

NLL - Chemical is not likely to leach under most soil conditions

IP - Development of generic GSl value m process but not yet complete



TABtE 5 -11

PEIOSKEY MANUFACTURING COMPANY SITE
SUBSOIL SAMPLING SEPTEMBER 1992

ANALYTICAL DATA - SEMIVOLAflLE ORGANIC COMPOUNDS

"''.irorriei^f

AcenaDrnvk.'n*-

.'..•jroDinene

Armr'^cen^

B~n::'r'Anir-r:r;er.?
fl. ,.n:o. ^It-V^n-!

h.T,,x''G''l-"jOnrt^"J

--TV:' -; h.,;Perv'---f-.-

gjr- .-.-., 'i-jlucr^rtn^r-

C>'^'2 •ri'iyl^exv! f:Hrr l̂o:-

Qur\it~n,vr.hfN.-jl'::'^

'".arco;:le

Chuiene
Oi-N ButVlDfl^OlatR

Di-n Ocryi Phmaiate

Dibenzofa.h)Anrhra~ene

Dibenzofuran

Fluoronthene

riuorene

Indenof 1 . 2. 3-cd)Pyene

Nacf^alene

rr.'rnnr.tr.fene

S89

5-8'

Mg/kg

<350

.350

<350

<J50

<350

<350

•:3SO

•:350

'-•350

<350

<350

•:350

<350BJ

<350

<350

<350

<3i.3

<350

<3SO

<:350

-.-350

<3CC

SB- 10

1 - 5 '

(ig/kg

<35Q

<350

17QJ

60C

<160

7 JO

260 '

.:350

•:3SC

'.35C

,-350

400

<35BJ

<350

110J

<350

880

<350

310J

<35C

370

6SO

SB- 10

1 -5'DUP

ugAg
<370

•:370

--370

••370

.-370

150.:

'-.37C'

•-- 3 70

,-370

<37C

<37C

<370

'370 BJ

<370

<370

<370

160J

<370

O70

<370

•• 3 7C

SB-6

1M7'

(ig/kg

<3 700

<3 700

<3 700

--.3.700

<3 700

'.3 7on
,-3 700

,-3. '00

•:3.700

-.3 7QG

<3.700

'.3.700

<3 700

<3.700

<3.700

<3.700

<3.700

<3.700

<3. 700

<3 700

,- 3 7CO

.- ] ^rn

SB-8

4-8'

Mg/kg

<360

-.300

< 360

•:360

<360

'-3ftO

,-360

.-360

<360

.:360

<360

<360

<360BJ

<360

<3<iO

<3«0

<360

<360

<.360

<360

,-.360

.• 360

SB-8

a-n
(.g/kg

<360

t360

<360

•:360

<360

<3AO

.:360

.-.360

.;360

'-•360

<360

;360

<360

<360

<360

<360

<360

<360

<360

<360

^360

.:3fO

B-3

1 - 3 '

ng/kg

730

<380

260J

2000

2. 100

J.OOOE

2500

'.'380

1 OOJ
<3SO

250J

2.200

88J

,_ <380

670

<380

^ 1.600

120J

2.400

<380

1.100

: 2co

B-3

1-3 'DL

M9/kg

380DJ

<770

230DJ

1 400D

1,4000

3.600C

2. 70CD

<770

<770

-.770

<770

1.600D

<770

<770

540DJ

<770

2,2000

<770

2.300D

<770

eeoD
i SCOD

B 3

7 - 1 3 5 '

ug/kg

<360

.:360

<360

,-360

<360

•:360

..•360

<360

,-360

<360

<360

<360

<360

<360

<360

<360

<360

<360

<360

<360

<360

,-360

B-4

1 - 3 '

Mg/kg

<360

<360

<360

160J

I90J

400

<:360

.-360

•:360

-.-360

<360

240J

<360

<360

<360

<360

260J

<360

14QJ

<360

<360

220J

B-4

1-3'DUP

ug/kg
.-.370

<370

260J

1 200

1 100

2200

J20.I

<370

<370

•:370

<370

1.100

<370

<370

120J

c370

2.300

<370

350J

^370

580

1 700

B-J

9 - 1 3 '

M'3/kg

<3fcO

.:36C

<360

<3fO

,-360

, 3d :
. 3cC

•:340

-.360

'.360

<360

<360

.-360

^360

<360

<360

<360

<360

<360

<360

•:360
, i^r

SB 10

1 5'DUP
lig/kg

<370

,- i 70

>-370

-:370

< 3 7 Q

1 VCJ

<.:70

,- ;; 7n

•:370

..-.vo
<-370

<370

350BJ

<370

<370

<370

160J

<370

<370

^370

-. ~o

SB 10

5-8
MQ/kg

<150

,350

--35C

• • ^50

,350

>.^n

-• 350

.-3 50

•:350

. 350

--•350

-.350

<350

< 350

<350

<350

<350

<350

<350

<350

'.350

•: *.
C| 1

SB 1 1

1 3
ug/kg

.:3«0

r -.-.wo
I < 3';o
I I80J

130J

2^0J

f 1 50J

'.3vO

.. 31:'.:

.-3'-0

.-.390

120J

•:390

.:3?0

<390

<390

260J

<390

130J

<3«0

•:3VO

2CO.J

S B - 1 1

5-3'

Mg/kg

<360

.-360

•:360

-.360

<360

.-360

.-360

••360

-.•3cO

^160

<360

<360

<360

^360

<360

<360

<360

<360

<360

<360

<360

••it':

GSI

CriMfio
M<J/ky

IBI '

4 300

2 2 E-0

NIL

Nil

f-ill

NLI

MIL

NL:
IBI '

NIL

2 4 E . 5 '

(81 '

NLL

IB) ' '

NLL

(B)"

(B)1 '

850'

! 100

22 c »'

LI j • • n

t;n
3"n '?:.c

- ;;.-

' ^ 70-!

: .x'r.
'j jj:

1 - =.f
' - • . •

~ : b - ':

;'..:•
1 4 E - 6

5;0 COG

1 C E - 8

1 JCO

ID

30E*« '

390.000 '

14.000 "

1 7 OCO '

- :-'

T^uvr.ai

'".-|'~na
u g;

,-, u;-;ij

•J •' E • 5 '
.:: j :cn

1 : • . ̂

2' 'j'.'''J •

2 : 1 - ^
: - C- •

: ' :-6

c ':. E-',
i .; ,•; PIJ

2 1 E-7

2 ' E »6 '

2 5 E * 6 '

21.000

ID

72E.V

8 9 E + 5 '

2 1 Eti •

so coo •
-- :rr, •
,; - r . c; •

' Site Specific Backgrcur,-!

State Background MEi?A "ce^tion

industrial ?OX DW C'it~f,cn - Erv.ironn

' industrial 20X ARsrn1-1 ' '-: .'ir'nkmg //of

" indusnal SWP DW Crner:o

^onrlurr, tf8 n a ,; Jur» 5.

i Merrioronoum J*l 5 Default Type A Cleanup Criteria September 30. 1 ''53

enTal Response Division Operational Memorandum ff id "evir,ion 2 June 6 1995

-^'nking //af^r value - Environmental Response Division Operationa1 Memorandumi »M Revision 2

r Craf^t numoers received en December 3. 1 v97 from MDEti ^aft to<oiogist

Direct Conract Voices were used because parameters are not expected to leacn

Residential 20X DW criterion were used because parameters are expected to leacn
1 2GX G5l C'l'encn - CceratiC'nai Memorandum »8, Revision d (June 5. 13Q5)

inaustridi DCV and Residential CCV columns were not included m this TaC-ie because none of the Maximum Detection Va

A blank cell indicates no criterion for that pcrameter

Excwdancas are bolded.

Diesel Range Organics, Gas Range Organic? and Total Petroleum Hydrocdrbons have no established criterion
A Tentatively identified compounds present

* interim value, currently under review

NLL - C.^em/cal is no* likely to leacr* under mosf soil condit'ons

IP - Development of genenc GS! value m process but not yet complete

iues exceeded those values



TABLE 5-11
PETOSKEY MANUFACTURING COMPANY SITE

SUBSOIL SAMPLING - SEPTEMBER 1992
ANALYTICAL DATA - SEMIVOLATILE ORGANIC COMPOUNDS

Parameter

Acenapthyiene

Acenapthene

Anthracene

Benzo(a) Anthracene

6enzo(a)Pyrene

Benzo(b1F!uorantnene

Benzo(g.rxi)Perylene

BenzoClOFIuoranthene

t>i5(2-Ethyihexyi)Pnthaiate
ButylbenzviDnThaiaTe

Carbazole

Chrysene

Di-N-ButYipnthalate

Di-n-Ocfyi Pnthalate

Dibenzo(a. h)Anthracene

Dibenrofuran

Fluoranthene

Fluorene

lnaeno(1.2.3-cd)Pyrene
Napthaien^
Dhenanthrene

Pvrene

SB 12

1-3'

pg/kg
<370

<37Q.

<370

190J

200J

430

170J

<370

<370

<370

<370

220J

<370

<370

<370

<370

350J

<370

200J

<370

I30J

300J

SB- 12

4-8'
Mg/kg

<370

<370

^370

320J

35CU

830

220J

<370

99J

<370

<370

410

O70

•;370

<370

<370

570

<370

260J

<370

<370

460

81

1-3'
wg/kg

<710

<710

<710

750

690J

1 400

410J

<710

<710

<7 IO

e710

7!0

<710

<710

<7IO

<7IO

1.400

<710

320J

<710

<7IO

1.100

B-l

7- i r

Mg/kg

<350

<350

-.-350

<350

<350

<350

<350

<350

<350BJ

<350

<350

<350

<350BJ

<350

<350

*3SO

<350

<350

<350

<350

<350

<350

Bl

15-17'

Mg/kg
^ <370

<370

<370

<370

<370

<370

<370

<370

<370

<370

<370

<370

<370BJ

<370

<370

<370

<370

<370

<370

<370

<370

<370

B2

1-3'

(ig/kg

<350

<350

<350

170J

150J

330J

180J

<350

74J

<350

<350

160J

T350BJ

<350

<350

<350

220J

<350

I80J

<350

<350

190J

B2

5-71

M9/l<g

<35C

<350

<350

<350

<350

<350

<350

<350

<350

<350

<350

<350

<350BJ

<350

<350

<350

<350

<350

<350

<350

<350

<350

B2

11-15'
ug/kg

<370

<370

<370

<370

<370

<370

<370

<3/0

<370

<370

<370

<370

<370BJ

<370

<370

<370

<370

<370

«:370

<350

<370
<37Q

PS- 12

1-4'

wg/kg

<360

<360

<360

<360

<360

<360

<360

<360

90J

<360

<360

<360

<360

<360

<360

<3<bO

<360

<360

<360

<360

<360

<360

PS- 12

7-! 3'
Mg/kg

<350

<350

<350

<350

<350

<350

<350

<350

110J

<350

<350

<350

<350

<350

<350

<350

<350

<350

<350

<350

<350

<350

GSI

Cntero
ug/kg

IB)"

4.300;

2 2 E * 6 ' '

NLL

NLL

NLL

NLL

NLL

NLL

(B)"

NLL

2 . 4 E * 5 ' '

(B)1 2

NLL

(Bl"

NLL

IB)"

(8)"

850 2

1.100'

22 E+5 '

Residential

Criteria

(ig/kg

520 J

300.000 '

69E*6"

u.ooo10

I.4001"

14,000'"

1 5 E - K b ' ;

! 6 E*5 '''

120 '

2.2 E*6"

860 !

1.4E*6 '°

960.000 '

1 O E + 8 '

l.dOO '"

ID

3.0 E+6 '

390.000'

14, 000 10

1 7.000 '

12.000

1 8E*6

Industrial

Crjtena

ug/i
8.500''

8 7 F , 5 - ~

420.000 '

2 1 6.5 "

21.000"-'

2 1 E * 5 ' J

1 6 E » 7 '-

2 1 F.6 '"

120

50E*6

1 9.000 '

^_1 E * 7 '

2 .7E»6"

2.9Et8°

21.000 '"

ID

7.2 E+5 '

8.9 E+5 '
21 E*5'°

50.000°

34.000 "

4 7 E * 5 '

i or an inadequate data base f

<OX b-5l criterion - Amended version (November .1 1997) TO Operational Memorandum »8. Revision 4 (June 5 1Q95) iD - insuflicient data tor calculation

' GSI 5WP criterion - Amended version (November 3. 1997) TO Operational Memorandum J*8. Revision 4 (June 5. 1995.5 8 - Analyte defected m rne as-ioci-'jfect fi

Residential 20X DW criterion - Operational Memorandum 83. Revision 4 (June 5. 1995) jB) - Chemical has either noT be^n evaiu

* Residential 5WP DW criterion - Addenda (January I 7. 1997) fo Operafional Memorandum 88. Revision 4 (June 5. 1W j - Estimated value

"* Site Specific Background X - Indicates manual data entry

" Sfafe Backgrou'nd. MFf?A Operational Memorandum #15 Default Type A Cleanup Criteria. September 30. 1993 E - Concentration exceeds the calibration range of the instrumenT

Industrial 20X DW criterion - Environmental Response Division Operational Memorandum #14 Revision 2. June 6. 199£ < - indicates that analyte was not detected at detection limit given

" Industrial 20X Aesthetic drinking water value - Environmental Response Division Operational Memorandum #14 Revii" Data not broken down into 'Somers so the most conservative criTen
v industial 5WP DW Criterion - Draft numbers received on December 3. 1997 from MDEQ staff toxologist Chemical may be present in several isomer forms Isomer specific

'u Direct Contact Values were used because parameters are not expected to leach. comparison to criteria

Residential 20X DW criterion were used because parameters are expected to leach.

" 20X GSI Criterion - Operational Memorandum »8. Revision 4 (June 5. 1995)

Industrial DCV and Residential DCV columns were not included m this table because none of the Maximum Defection Values exceeded those values

A blank cell indicates no criterion for that parameter

Exce«dances are bolded.

Diesel Range Organics, Gas Range Organlcs and Total Petroleum Hydrocarbons have no established criterion.
rt Tentatively identified compounds presenr.

" Interim value, currently under review

Nil • Chemical is nor likely to Jeoch under most soil conditions

IP - Development of generic GSl value in process but not yet complete.

id was used .wni

concenfrar.ons

iCh is CIS

must oe comt



TABLE 5-12
PETOSKEY MANUFACTURING COMPANY SITE

SUBSOIL SAMPLING - SEPTEMBER 1992
ANALYTICAL DA1A - INORGANICS

- :rume'er

".(jrr.iMurn

Annmcn-/

Ar.eniC

BnMjm

yervlhum
:i >-1miun-i

Calcium

Chromium

Cobalt
Copper

Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
I'l.^r

: : :i ' jm

'' '^ u^.

. :nGC:'^n

; r

'. ,rjnw

MESG-08

S B - 1

4-fr'

5/10/92

mg/k.j

2. .V,0 00

< 1 2 3D

1 6GB

1 1 6CB

? .106

•• ? 20
243.00000

•:220

? SOB

780B

3.8 70 00

450

6.230.00

202.00

<0 11

<890

1 450 OOB

<220

•--.I 10

32," DOB

• 'i .-. 7
- 10B

1 J / CO

< ij ^c

MESG-G9

SB-1

146 1 ft 5'

9/I6/M2

mg/kq

1 980.00

•: i 2 1 0

0 953

7 70B

2 .MB
< 2 2 0

3 1 J CCO 00

<2 20

.-.2 20

69QB

2. <MC 00

2 10

20,200.00

191 00

<0.11

<8BO

1,170 OOB

<0 44

< 1 1 0

;: ' JOB
,. ~ ^£
= 7GB

1 3 MB

'055

MESG-10

se-2
0-2'

9/15/92

mg/kg

1 20000

'-•2 30

0 70S

4 30B

0 52B

..0 42

at: 000 00

1 20B

0 763

390B

^3 )000

1 60

6.170.00

54 10

<0.11

3.90B

226 OOB

<042

'.0 21

5J "ae
. : -:.
J nrjE

? 3 C

'.0 53

MESG-11

SB-2

6-9'

9/16/92

mg/kg

2.59000

<240

091B

1 1 106

076B

..0 44

146.00000

1 103

2 OOB

900

4.770150

960

15.400.00

159.00

<0.11

970

81 7 OOB

'.0 44

< 0 2 2

:J4:C6

.-0 ?6

7 KB
'' V 80

- a s s

MESG-12

SB-3

6-7'

9/16/92

mg/kg

3.27000

2.806

1 10B

26 90S

060B

.:045

23.10000

5.40

1 70B

8.30

4.770.00

13.10

5.840.00

111.00

<0 11

7 70B

590 OOB

<045

-.022

5f, 4C3

'C •>:
9 2'JB

4350

.:056

MESG-13

SB-4

0-2'

9/16/92

mg/kg

3.29000

<270

340

7950

0 73B

8.50

53.2COOO

6.10

1 70S

1980

4.370.00

109.00

6,860.00

180.00
<0.12
11.30

392 OOB
1.10B
<024

7 " 4CB

•:G 73

8 70S

3.750.00

2.ao

MESG-14

SB-5

2-5'

9/17/92

mg/kg

350000

<250

290

32 SOB

0 74B

4.40

79. 700 CO

19.80

220B

1 1 40

5.43000

185.00

21.800.00

203.00
0.20

11 90
725.00B

0.58B

<022

1 2 1 cce
<067

* 4CB

580.00

'.0 £6

MESG-15

SB-5

1 0- 1 3'

9/17/92

mg/kg

2.26000

13 106

093B

870B

23CB

<2 10

294.00COO

>-.: 10
3003

8 7QB

3.53000

1 20

15,000.00

18300

<0.11

<850

1.280 OOB

<042

<1 10

23S COB

..;• ;3
S;.:B

2': OB

<': 53

MESG-17

SB-4

0-2' DUP

9/17/92

mg/kg

3.38000

<260

2«0

6300

0 72B

4 JO

55. ! DC 00

5.50

1 40B

2380

4.27000

125.00

7,890.00

15400

0.12

12.30

446 OOB

0.90B

<024

1 'OXB

<C .'i

8 COB

3.390.00

1 80

ME SO- IS

SB- 7

2-6'

9/17/92

mg/kg

256000

<250

1 40B

1 790B

0 78B

<045

1 7d.OCO 00

<045

1 40B

7 10

5.09000

1900

12,100.00

215.00

<0.11

7.70B

769 OOB

<045W

<022

1 7 ! OOB

«.Gs7'A:

*xt
96 60

-.0 56

MESG-19

SB 7

10-M'

9/ 1 7/9;

mg/kg

4 590 00

<n 70
0943

1750B

2 SOB

-.2 10

2 v J CCO 00

<.2 1U

••2 10

670B

3.33000

1 60

22,100.00

22700

<0.11

<8.50

2.320.00B

<' J3

<1 10

292 OC'S

<ClL-'.-

'C 10E

1 o 4GR
... n .̂̂

MESG-20

SB-4

2 6'

9/16/92

mg/kg

1 850 00

-.4 63

1 40B

9 70B

1 ;C3

< O E 7

i i ? OCC CC

<087

i ecf.
11 5 'J

4 450.CO

2 10

54.900.00

268.00

<0.11

9 10

1.090.00B

<04.1

<0 44

l 8J 005

'0--.

r fCS

it JL
, - rl c E

MESG-23

SB-6

6-10

9/17/92

mg/kg

1 SCO 00

<:1200

1 603

640B

220B

< 2 2 C

2t!U CCO 00

< 2 2 0

>-2 20

7 SOB

3.58000

2 10

22.300.00

22600

<0.11

9.40B'

1.090 OOB

<065

<1 10

2C4 COB

•:0 05

4 90B

17 10B

-.0 54

GSI

Criteria

mg/kg
(B) •

0001 '

ID
120 '

130-

4 J -

3 4 '

(61 '

2400

(B) '

163 16

1.000 '

(B) "

0.001 1 '

89'

0 4 1 0 -

3 CIV? '

IS} '

J 2 '

1 vC '

0 1

r<'eS'Cip'-.t'. i

Cnte-ni

mg/k J

i J.UiiO

4 3 •

23 ' '

1 KO ' •

5 i ~

6 *

30 "

1 60 COO ' '

23.670

16.3 16

15.577

1.010 '

1.7"

100 "'

4 1 1

J 6 - '

.'• 2CC1 '

.'4...; '

J

'"'J • J
14 .*;

J .:

^
,1 ,

c '
r.

r-

2:.c7G

163 16

24.000

1.010
1 7 '

100 '

4 1 ! "

'

- - 1 - 1 -

-

2CX GSI -interior, - Amended versicr-, (No\,ernt:er 3. 1 :"/97) TO Operational Memorandum »8. Revision i (Jure 5. 1W5;
' GSi SWP criferior, - Amended v«?rr.ion (November.? 1QQ7) to Operational Memorandum S8. Revision 4 (June 5. 19^5}

P^r,icjer-ifiai 20X DW C'lfenon • Operational iVemorandum SB. Revision J (June 5. 1995)
- Residential SWP DW rn'erion - Addenda (January 1 7 19Q7) to Operational Memorandum #8. Revision /] i^une 5. 1P95)
: Site Specific Background

Side Background ME-^A operational Memorandum »15 Default Type A Cleanup Criteria. September X. 1W3
industrial 20X DW cnts'icn - Environmental Response Division Ooerationai Memorandum #14 Revision 2. June 6. l£Q5
inij'-iitrial 20X Aestrie'ic drinking -A/ater \/aiue - Environmental Response Division Operational Memorandum 9Id Revision 2. June 6. 1995
ir.dustiai SWP DW Criterion • Draft numbers received on December 3. 1997 from MDEQ staff toxoiogist
Direct Contact Values were used because parameters are not expected to leach.
Residential 20X DW criterion were used becduse parameters are expected to leach

' 20X GSl Criterion • Operational Memorandum US. Revision 4 (June 5. 1995)

industrial DCV and Residential DCV columns were not included m this table because none of the Maximum Detection Values exceeded those values
A blank cell indicates no criterion for that parameter
Exceedances are bolded.
A Tentatively identified compounds present



TABLE 5-12
PETOSKEY MANUFACTURING COMPANY SITE

SUBSOIL SAMPLING - SEPTEMBER 1992
ANALYTICAL DAIA - INORGANICS

* interim value, currently under review
NIL - Chemical is not likely to leach under most soil conditions
IP - Development of generic GSI value m process but not yet complete
ID insufficient data for calculation
B • Anaiyte detected m me associated blank
[BJ - Cnemico) has eithef not been evaluated or an inadequate data base precludes The development of a GSi value
j Es'imatfid value
X indicates manual data entry
t - Concentration exceeds the calibration range of the instrument
•.. - indicates that anaiyte was nor detected at detection limit given

comparison to criteria



TABIE5-12
PE1OSKEY MANUFACTURING COMPANY SUE

SUBSOIL SAMPLING - SEPTEMBER 1992
ANALYTICAL DATA - INORGANICS

Parameter
Aluminum

AnrifT'ony

Arwrnc

Barium

Bervilium

Cadmium

Calcium
GMrnmium

COBalt
Copper

Iron

Lead
Magnesium

Manganese
Mercury

Nickel
Potassium
Selenium
Silver

!*rOum

"h'-u.uri

'. ar-aoium

L rv;

Cyjr-rje

MESG-25

SB-6

0-2'

9/18/92

mg/kg

2.78000

<260

1 90B

53 70

O A 5 B

0 77B

41 70000

8.40

1 SOB

23 10

3.89000

13200

5.050.00

145.00

0.12

22.90

391 OOB

<047

<024

78 30B
<n 7 1

5 3QE

2.940.00

•-O^' i

MESG-24

SB-8

4-8'

9/18/92
mg/kg

1 32000

<1200

0 83B

5306

220B

<220

28.3.00000

,-.2 20

<220

5 70B

3.39000

1 50

21,700.00

21800

<0 11

<8BO

859 OOB

<066

-.1 10

2 1 8 OOB

'•'.• «

5 CCB

! 3 906

-.•u 55

MESG-27

SB-8

8 - 1 1

9/18/92

mg/kg

1. J30 00

<1240

095B

6 208

240B

^230

320.000 00

^ 2 30

<230

6 10B

2.97000

1 40

22.000.00

224.00

<0.11

<900

988.00B

<068

<1 10

240 OOB

•: '} S3

7 KB

1 3 7CB

- H 5ft

MESG-28

SB-9

2-4'

9/21/92
mg/kg

2 440 00

<240

1 60S

14 10B

Q36B

<044

i at. ooo oo
<044

1 40B

790

4.56000

3500

30.900.00

205.00

•cO.ll

10.00

887 OOB

<066

<022

1 55 OCB

•:0 ^

570R

1 57 ,T)

"3 55

MESG-29

SB-9

5-8'

9/21/92

mg/kg

2. 920 M

.: 1 1 70

085B

1 1 JOB

2 .306

.:2 10

325.00000

..2 10

<2 10

550B

2710.00

4.30

19,900.00-

238.00

<OH

<850

l,7200t3B

<064N

<1 10

28 "OOB

<0t4

8 2'JB

24 «

.."J 53

MESG-30

SB- 10

9/21/92

mg/kg

3.32000

<250

440

8530

092B

<045

79.80000

260

2 10B

13.10

4,810.00

9290

19,200.00

293.00

<011

1060

536.00B

<067

<022

253 OOB

.-0 67

12 40

211.00

- • C 5 6

MESG-31

SB-10

1-5'DUP

9/21/92

mg/kg

90200

14.20B

1 10B

5 10B

220B

<2.10

258,00000

<2 10

<2 10

3.406

2,29000

2.50

23,000.00

18700

0.20
<8.50

443 OOB

<064

<1.10

1 86 OOB

<G 64

5 SOB

13 70B

<053

MESG 32

56-10

5-8'

9/21/92

mg/kg

2.57000

IS OOB

1 30B

9 106

240B

<2 10

248.000 00

<2.10

2 SOB

870B

4.000.00

260

24,200.00

190.00

<0.11

12.20B

1.320 OOB

<063

<1 10

236 OOB

<063

7 70B

330

<0 53

MESG-33

SB- 11

1 -3 '

9/21/92

mg/kg

609000

<3DO

1400

305.00

1 20B

075B

46. 1 00 00

940

3 506

2520

7,710.00

199.20

3,310.00

274.00

0.15

1370

805.00B

0.95B

<027

4 1 o OOB

•:G 52

1650

311.00

'Ct-f.

MESG-35

SB- 12

1-3'

9/21/92

mg/kg

3 040 00

<250

220B

25 60B

088B

.-.0 45

154.00000

1 COB

1 60B

1040

5.01000

8560

17,000.00

247.00

<011

8 SOB

627.00B

<0.68

<023

•S7QC. f i

C r-,3

» KK

37900

..-: 5^

MESG-36
SB 12

4 8 '

9/21/92
mg/kg

1.72000

-: 1 1 60
093B

7 70S
2 10B

<2 10

232 OCO 00

.-.2 10

..-2 10

580B

429000

570

36,600.00-

174.00

<011

<8.40

56.008

<063

<1 10

1 *5 OOB

-,u t3

a OCB
24 10
, •'"' C 1

MESG-37

Bl

1-3 '

9/22/52

mg/kg

2 440 X

<2 4C

1 306

32 706

0 7 3 B

-:0 44

71 "0000

2 7 U

1 20E

1480

469000

44.10

5.170.00

155.00

<0.1!

790B

450.00B

<0.6e
<02.'

1 29 OOf-

<0 5-:

7 ,"!•

9; 5i

..••) 5f

MESG-38

Bl

7-1 1

9/22/92

mg/kg

1 53000

<2 40N'

<:005W

8 708

05 IB

-.043

1 96 COO 00

<043

069B

2 906

2. 19000E

230

27,300.00-

17900E

<0 11

5.90B-

748.00B

<0.65WN

<0 22N

176 OOB

-C6S/ /N
Li 4CB

> 2'JE

.-.0 54M

G'jl

Criteria

mg/k-r.

{6} -

000' •

ID

1 20

1 '30 '

4 3

3 J '

IB,

2 400 '

(81 -

163 16 -

1.000 '

(B)"

0.001 1 •

89'

0 4 1 0 -

00077-

{B! '

4 2 •

'?'..'

r,'n',]i,M-.:i. :i

C'lter.O

' -••J/--J
14 C'fO

4 3 "

J3 '•

1 300 '

,J 1 -

(^ ' '

30 '
fl

iti;.i..i.;n "•
23.670

163 16

15.577 -

1.010"

1.7 ~ *

100 '•

4 1 1

4* '

3/'J. '

- c -.

J

" nr-?'ia

i-i.j/t-j
A ' *'.:

J ?

-'-'
] _„_,.

ft

^U

1 ftu. JOG

23 ':'(:

'f.J '6

24.000

1.010 -
1 7

100

4 1 1

] .j '

' 'JUC

1 " J

-

Notes
20X GSl cnTenor, Amended version (November 3. 1Q97) TO Operational Memoranaum «8, Revision 4 (June 5. 1995}

' GSl SWP criterion - Amended version (November ^ 1W7) TO Operational Memorandum #8. Revision 4 (June 5. 1995)

Residential 20X DW criterion - Operational Memoranaum «8. Revision 4 (June 5. 1995)
f' Residential SWP DW criterion - Addenda (January 1 7. 1997) to Operational Memorandum *8. Revision d -June 5. 1995)
^ Site Specific Background
' State Background. MERA Operational Memorandum 815 Default Type A Cleanup Criteria. September 30. 1993

industrial 20X DW cntencn - Environmental Response Division Operational Memorandum »14 Revision 2. June 6. 1995

' industrial 20X Aesthetic drinking water value - Environmental Response Division Operational Memorandum fM4 Revision 2. June 6. 1995
' Industial SWP DW Criterion - Draft numbers received on December 3. 1997 from MDEQ staff toxobgist

"' Direct Contact Values were used because parameters are not expected to ledcn
Residential 20X DW criterion were used because parameters are expected to leach

'' 20X GSl Criterion - Operational Memorandum #8, Revision 4 (June 5. 1995)

industrial DCV and Residential DCV columns were not included in this table because none of the Maximum Detection Values exceeded those vdiues
A blank cell indicates no criterion for rhat parameter

Exceedances are bolded.
A Tentatively identified compounds present



TABLE 5-12

PETOSKEY MANUFACTURING COMPANY SITE
SUBSOIL SAMPLING - SEPTEMBER 1992

ANALYTICAL DATA - INORGANICS

* interim value, currently under review
NLL - Chemical is not likely to leach under most soil conditions
IP - Development of generic GSi value in process Dut not yet complete.
ID - Insufficient data for calculation
B - Anaiyte detected in the associated blank.
{6} - Chemicaf has either not been evaluated or an inadequate data base precludes the development of a GSI value.
j - Estimated value.
X - Indicates manual data entry
E - Concentration exceeds the calitxarion range of the msfrumenf.
< - indicates that anaiyte was not detected at detection limit given,

comparison to criteria



TABLE 5 - 1 2
PETOSKEY MANUFACTURING COMPANY SHE

SUBSOIL SAMPLING - SEPtEMBEF? 1992
ANALYTICAL DAIA - INORGANICS

Parameter

Aluminum

Antimony

Arsenic

Barium

Br-iyllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead
Magnesium

Manganese
Mercury

Nickel
Pofassium
Selenium

Sjlve'

SO'lum

Iha'1'i..m

Vah.3cx.rr,

Zinc

Cyinrje

MESG-39

Bl

15-17 '

9/22/92

mg/kg

1.31000

15.40BN-

1 10B

1530B

230B

<230

280 000 00

•:230

<2.30

740B

3. 1 40.00E

2.40

24.400.00'

325.00

<O.I2

<9.20'

1.22000B

<0.69WN

<1 20N

252 DOB

<0 69N

690B

21 90BE

-.0 5flN

MESG-40

B2

1-3'

9/22/92

mg/kg

1,950.00

<240

099B

527.00

056B

<0.44

22.30000

4.20

1 20B

700

2.91000

3690

3.230.00

159.00

<0 11

4 808

247008

<066

<022

64 303

<0 6e

5 20B

35500

-:0 55

MESG-41

B-2

5-7 '

9/22/92

mg/kg

99300

<230

<063

420B

063B

<0 42

147.00000

<042

049B

390B

2.07000

330

11,700.00-

113.00

<O.IO

5.30B

381008

<063

<02I
1 7g ngn

•:Q 63

3 SOB

6 10

< 0 5 2

MESG-42

62

11-15 '

9/22/92

mg/kg

1.29000

<1220

088B

9208

2208

<220

299.00000

<220

<220

830B

3,050.00

1.90

15,100.00'

229.00

<0.11

880

606. OOB

<0.66

<1 10

220003

t066

740B

1320B

<055

MESG-43

PS- 12

1-6'

9/22/92

mg/kg

1.710.00

,:240

<065
1 1 40B

046B

<043

8,850 00

3 10

0.62B

2.60B

2,54000

7.30

2,750.00

110.00

<0.11
480B

124.00B

<0.65

<0.22

6990B

<065

430B

1200

cO 54

MESG-44

PS- 12

7-13'

9/22/92

mg/kg

761 00

<ll 60

0.99B

4 SOB

230B

<2.10

327.00000

<2 10

<2 10

4.90B

1.960.00

2.20

11.500.00

201.00

<0.11

<8.40

911. OOB

<063

<1 10

225 OOB

<063

4406

10.70B

<053

MESG-45

B3

1 - 3 '

9/24/92

mg/kg

2.85000

<250

1 40B

4090B

062B

«045

44. 1 00 00

4.00

1 4DB

1270

3.95000

6.30

5,230.00

137.00

0.17

6.90B

320.008

<068

<023

62 10B

<068

7.20B

8330

<056

MESG-46

B3

7-13.5'

9/24/92

mg/kg

2.59000

6.60B

1 90B

12 IOB

<046

<D 9!

290,000 00

<091

240B

5.50B

1,110.00

2.00

11.200.00-

281.00
cO.ll

5.408
1.520.00

<0.23

<046

252 OOB

<0 23

1050B

1090

<057

MESG-47

B4

1 - 3 '

9/24/92

mg/kg

2.320.00

<2 46N

1.10B

I980B

024B

<-044

47.10000

3.50

1 90B

1570

4.40000

81.30

5,220.00

137.00

<0.11

3.90B

342.00B

<0.22

<0.22

8270B

<022

8408

17800

<055

MESG-48

84

1-3'DUP

9/24/92

mg/kg

2.72000

<240

1 30B

31 60S

024B

<044

48 000 00

4.00

1 40B

1900

3.61000

12200

4,250.00

103.00

0.33

4.30B

350.008

<022

<022

83 BOB

<0 22

690B

17600

•:Q £5

MESG-49

B-4

9- 1 3'

9/24/92

mg/kg

2.40000

<500

068B

1250B

-:045

<09".

236 0130 00

< 0 9 1

1 40P

480B

3.670.0C'

330

31,900.00

265.00

cO.ll

4.706

1.090.00B

<023

<045

184 OOB

<023

« BOB

12 lu

<C V

GSI

Criteria

mg/kg
(B) '

0001 •

ID
1 t-'J

130 '

4 3"

3 4 '

(B( '

2.400 '

(B| '

1 63 1 6 '

1.000 '

(8)"

0.0011 '

89'

0410'

000/7 '

Bl '

4 2

190-

1 1

Residential

Criteria

mg/kg

14,080

43"

23"

1 300 " '

51 '

6 " '

30"

8 -

160.000"

23.670 -

1 63 1 6 '

15.577-

1.010"

1 7 "'

100 "

4.1 1 "

46' '

3 2CC '

3 53

i.ooo • •
2. 400 "

4

InOustna

Criteria

mg/kg

14.080

43 '

23 '

'..son '
51 '

6

30 '

8

160.000 '

23.6/0

163 16'

24.000 '

1,010J

1.7*

100"

4 1 1 •'

13 '

9.CCC

3 5J.

2 '^00

5. ICG '

4

20X GSI criterion - Amended version (November 3. 1997) to Operational Memorandum flfl Revision 4 (June 5. 1995)

• GSI SWP criterion - Amended version (November 3. 1997) to Operational Memorandum »8. Revision 4 (June 5 1995)

' Residential 20X DW criterion operational Memorandum »8. Revision 4 (June 5. 1995)
J Residential SWP DW criterion - Addenda (January 17. 1997) to Operational Memorandum »8. Revision 4 (June 5. 1995)

" Site Specific Background
' State Background, MERA Operational Memorandum »15. Default Type A Cleanup Criteria. September 30. 1993

industrial 20X DW criterion - Environmental Response Division Operational Memorandum ft 14 Revision 2. June (.. 19Q5

" industrial 20X Aesthetic drinking water value - Environmental Response Division Operational Memorandum 814 Revision 2. June 6. 1995

' industial SWP DW Criterion - Draft numbers received on Decemper 3, 1997 from MDEQ staff toxoiogist
IJ Direct Contact Values were used because parameters are not expected to leach

1 Residential 20X DW criterion were used because parameters die expected to leach.

" 20X GSI Criterion - Operational Memorandum «8. Revision 4 (June 5. 1995)

Industrial DCV and Residential DCV columns were not included in this table Because none of the Maximum Detection Values exceeded those values.

A blank cell indicates no criterion for thot parameter
Exceedancn am bokted.

" Tenfafively identified compounds present



TABLE 5-12
PETOSKEY MANUFACTURING COMPANY SITE

SUBSOIL SAMPLING - SEPTEMBER 1992
ANALYTICAL DA[A - INORGANICS

* Interim value, currently under review
NIL - Chemical is not likely to leach under most soil conditions
IP - Development of generic GSi value m process but not yet complete
ID - Insufficient data for calculation
B - Analyte detected m the associated blank
{B} - Chemical has either not been evaluated or an inadequate dafa base precludes fhe development of a GSi value
J - Estimated value
X - indicates manual data entry
E - Concentration exceeds the calibration range of the instrument
< - indicates tnat anaiyte was not detected at detection limit given

comparison ro criteria



TABLE 5-13
PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

Parameter
' 1 .l-Tncnloroetnane

1 2.2-Tetracnioroemane
1 1 2-TncNoroethane

1 1 -Dicnloroethane

1 1 DicNoroerhene

1 .2-D'bromo 3 cniorcproDane

1 2-D'bromcmcthane

1 .2 Dichlorooenzene

1 .2 Dic-iloroerhane

1 2-Dichloroetnene (TOTOI) '
! 2 Dichloroorooane
'. .3-DttrorriCmetnane
1 .4-D'bromometriane
2 Butanone (MEK)
2 Hexanone
d-Methvt-2-pentanone (MIBK)

Acetone
Benzene
Bromochloromettiane
Bromodichloromethane
Bromoform
Bromomethane
Carbon Disulfide IR1
CarDon Tenac^londe
Chiorooerzene
Ctiioroethane
Chloroform

C^loromethane

as-1 .2-Oichloroethene "

cis 1 3-DichlorODropene '

DibfOmochloromernane

Ethyibenzene
m &/cr D Xylene

'/lerhyfene Chlonde

0-Xylene

Styrene

Tetrachioroethene
Toluene
total Xytene
trans 1.2 -Die hioroethene '
trans- 1 ,3-DicnioroproDene '

fncnioroethene
Vinyl ChlonOe

96MO03S04

PS -AS

ug/i
< \
<2
<l

< \

<\

<1 J
< 1
<1

<1
NR
<1
< \
<]

<3
<3
<3
<3J
<1
<]

<l
<]
<1

<;
<!

<i
< i
< :

< !

<1

<l

<1

<1

<1

<l

<1

2

<]

NR
<]
<1

28
<l

EYW41

PS AD

ng/i
<10

<IO

<IO

<IO

<10

NA

NA

NA

<10

<10

<IO

NA

NA

<10

<10

<!0

<10

<10

NA

<10

<10

<10

<10

<!0

<1G

<10

<10

<10

NR

<10

<10

<10

NR

<IO

NR

<10

<10

<10

<10

NR

<10

<10

<IO

96MO03S06
PS-BS

ng/i
<]
<2
<}

<]

<1

<1 J

<l

< ]

<1

NR

<1

< '

<1

<3

<3

<3

<3J
<1
<1
<1
<1
<1
< '•

<l
<
< !

< !

<1

<]

<]

<1

<1

<]

<l

<l

<]

< \

f ]

NR
<]
<1

1 8
<]

96MO03S07
PS8D

M9/I
<]

<2
<]
<l
<1

<1 J
<]
<]
<1

NR
<l
<1
<]

<3
<3

<3
<3J
<]
<]
<1
<1
<1
< ]
< 1
<'
< ]
<]

<]
< '
<]

<I
<1
<]
<rt

<1

<1

<]

<]

NR

<]

<1

1 JB
<l

EVW57

PS-CS

ng/i
<10

<10

<10

<rlO

«1D

NA

NA

NA

•=10

•=10

<10

NA

NA

<IO

<10

<10

<10

<10

NA

<10

<10

<IO

<'0

<!0

< i O

<10

<10

<10

NR

<10

<10

<10

NR

<IO

NR

<10

<10

<10

<10

NR

<10

<10

<10

EYW58

PS CD

^9/1

<10

<10

<!0

<IO

<iO

NA

NA

NA

<10

3 J

<10

NA

NA

<10

<10

<;o
<10
<!0
NA

<10
<10
<IO

<:0
<!0

< i O
< t o
<10

<IO
NR

<10
<10
<!0

NR

<10
NR

<10

<10

<10

<IO

NR

<10

46

<10

EYW61

PS-CD dup

Mg/i
<10
<10
<10
<IO

<10
NA
NA
NA

<10
"1J

<10
NA
NA

<IO
<10
<10
<10
<10
NA
<10
<10
<10
<1C

<10
<:o
<10

<10

<!C

NR

<10

<10

<10

NR

<IO

NR

<IO

<:o
<!0

<10

NR

<10

49

<10

96MO03S09
PS-DS

cg/i
<1

<2
<]
<]
<l

<l J
<]
<1
<1

NR
<]

<1
<]

<3
<3
<3
<3J
<l
<l
<l
<!
<1
<1

<]
<l
<1

<l
<1

<1
<1

<1
<!

<l
<1
<]

<\
<1

<]

NR

<1

<1

1 JB

<l

96MO03S10

PS-DD

ng/'
<1

<2
<1
<]
<'

<1 J
<l
<1

<i

NR
<l
<1
<]

<3
<3
<3
<3J
<1
<l
<1
<rl

<1

<]

<]

c ]

<1

<1

<1

<!

<1

< 1

<1

<]

<1

<]

<]

<1

<1

NR
<1

C'l

1 JB
<1

96M003D10
PS-DD Dup

ug/i
<1

<2

<]

<1

<1

<l J

<l

<l

<l

NR

<l

<'.

<1

<3
<3
<3

<3J
<}

<]
<l
<]
< \

<1
<1
<]
< ]

<1
<1
<1
<]
<]
<l
<]

<1

<]

<1
<1
<l
NR

<}

<1

1 JB
<l

96MO03S02
PS-1R

cg/i
<]

<2

<]

<1

<1

<1 J

<1

< 1

< 1

NR

<l

<1

<l

c3
<3
<3
<3J
<l
<l
<]

<1
<1

c!

<!

< ]

< t

< !

<1

<]

<]

<]

<!

<]

<1

<]

<l

1 J

<]

NR

<1

<]

1 JB

<I

96M003S13

PS-4

MS/
1

<]

<2

<]

<!

<1

<1 J

<]

<:!

<]

NR

<l

<l

<1

<3

<3
<3

<3J
<1

<1
<1
<]
<l

<l
<l

< l
< ]
<1
< ]

3
<1
< 1
<]
<]
<1

<1
<1
<1
<]

NR
<]
<1

15 JB
1

96MO03S03
PS6

ng/'
<]

<2
<1
<1
< 1

<1 J
< 1

<l
<}

NR

<l

<1

<l

<3

<3

<3

4J

<1

<1

<1

<1

< 1

1 J

,:t

<l

< !

<

<1

<1

<1

<]

<]

<]

<1

<]

<1

<1

<l

NR

<1

<'i

1 JB

<]

96MU03S08

PS 1CA

UQ/I

<1

<2

<1

<1

< '

<\ J
<1

<]

< !

NR

<1

< !

<1

<3
<3
<3
<3J
<l
<l
<1

<]
<l
<1

<!

<:
,:1

<]

< 1

<]

<-. 1

<1

<]

< l

<l

<l

<l

<]

NR
<]

<1

1 JB
<]

EYW59
PS- 11

tig/i
<10
<10
<10

<10
<10

NA

NA
NA

<1C
09 j

e l C
MA
NA
<\a
<10

<10
<10
<10
NA

<10
<10
<!0

<IO
<10

< 'G
<!0

<;o
<IO

NR
<1C
<10
<10
NR

0 9 J
NR
<10
<10
<10
<10

NR
<10

19
<10

Residential
Criteria

MQ/i
200
4 3
5
880
^

600

5
70
5

13000
1000

370
730
5

100
100
10
SCO
5
ICC
22C
100
66
70
4 7

100
74 •'

5

100
5
790'

280'

100
4.7

5
2

GSI
Criteria

|jg/l
200*
78'
330 "
IP
65

IBl 1

16 '
360 "

ID
290'

18G'

15'

7200*
IBl 8
IBl'

1.7005

200s

24s

65'

IP
IB; '

45
4; '

D
17C '

D
D
3 '
29 *

18'

940 "

19 s

45 5

140'

35'

D
3"'
200'

15'

industrial
Criteria

tig/1

200'

17 '

5 =
2 SCO'

.' '

600
5'
70 ":

5'

38.0CO' .
2.9CO '
1.000°
2.100°
5 °

100°

100'

29'

:3cc
5
'CO

910"

CO '

2 7 0 '

70'

19"

100-

700"

5 '

100'

5 '

1.000'

10.000'

00'

19'

5 '

2 '



TABLE 5-13

PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

Parameter

' 1.1 Tncnioroetnane
:.l 22 leTrachloroethane

1 .1 2-Tncnioroethane

1 1 -Dicnioraethane

! . 1 -Dicnloroethene

1 2 Dtbromo-3-cnloroprooane

1 .2 Dibromomerhane

1 2 Dichlorabenzene

I 2 Dtcmoroerhane

1 .2-Dicr>loroetnene (Total) '

i 2 Dichioropropane

96MO03S05

PS 12

ug/l
<]

<2

<l

<I

<1

<1 J

< ]

<]

<1

NR

< 1

1 3 Dibromomerhane < 1

1 A Dibromomethane

2 Butanone (MEK)

2-Hexanone

& Methyl-2-Dentanone (MIBK)

Acetone

Benzene

Bromocnlorometnane

Bromodichloromerhane

Bromotorm

Bromomethane

Carbon Disulfide (R(

Caroon Tetrachlonde

Ctiiorcbenzene

Cnioroethane

Chloroform

C^ioromerhane

c:s 1 ,2-Dicnioroetnene J

c:s 1 .3 Dicnioropropene '

Dibromocnioromernane

Etnylcenzene

m &/or p-Xylene

Mefhyiene Chloride

0-Xylene

Sryrene

letrachioroethene

Toluene

total Xyiene

trans 1 ,2-Dichloroethene '

trans- 1 ,3-Dichloropropene *

Tnchloroethene

Vinyl Chionde

<]

<3

<3

<3

<3J

<]

<!

<]

<1

<1

<1

<1

< •

<]

<]

<1

<]

< ]

f_\

^1

<1

<!

< ]

<1

<]

<]

NR

<1

<1

1 JB
<l

96MO03S01

PS- 13

US/'
<]

<2

<!

<]

< \

<\ J

<l

<l

< l

NR

<1

<l

<l

<3

<3

<3

<3J

<]

<l

<l

<1

<]

<1

^1

<]

<1

<1

<]

<l

<1

<l

<1

<1

<l

<]

< \

<1

<1

NR

«]

<]

1 JB

<]

96MO03S12

PS- 104

W/l
<l

<2

<]

<]

<1

<1 J
<]

<1

<1

NR

<l

<1

<]

<3

<3

<3

<3J
<]

<]

<]

<]

<]

<1

<1

<1

<1

<]

<]

<]

<l

<1

<]

<]

<1

<!

<1

<]

<]

NR

<]

<1

3JB
<]

EYW43

PS- 1 OSS

ng/i
<10

<10

<10

<10

<10

NA

NA

NA

<10

<10

<IO

NA

NA

<10

<10

<10

<10

<IO

NA

<IO

<10

<10

<10

<10

<:o
< ] Q

<10

<IO
NR

<10

<10

<IO

NR

1 J

NR

<10

<10

<10

<10

NR

<10

<IO

<IO

EYWAd

PS-105D

ng/i
<IO

<IO

<10

<10

<10

NA

NA

NA

<10

<10

<10

NA

NA

<10

<IO

<10

<10

<10

NA

<10

<10

<10

<'0

<IO

<!0

<1Q

<10

<10

NR

<10

<10

<10

NR

2J

NR

<10

<10

<10

<IO

NR

<IO

<10

<10

96MO03S1 1

PS- 106

M9/1

<1

<2

< ]

<1

<l

<l J
<1

<]

<l

NR

<1

<]

<1

<3

<3

<3

<3J

<1

<]

<]

<]

<]

<]

< ;

< !

< \

<]

<l

<l

<1

<]

<l

<l

<l

<1

e]

<1

<1

NR

<]

<]

1 JB

<1

EYVV4B

COP-1

tig/i
<10

<10

<10

<IO

<10

NA

NA

NA

<10

<10

<10

NA

NA

<10

<10

<10

<10

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<10

NR

1 J

NR

<IO

<IO

<10

<10

NR

<10

<10

<10

EYW45

COP-2

M/l
<IO

<10

<10

<10

<10

NA

NA

NA

<10

<10

<10

NA

NA

<10

<10

<10

<10

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<IO

NR

1 J

NR

<10

<IO

<10

<10

NR

<10

3J

<10

EVW50

COP-3

t»g/'
<10

<10

<10

<10

<10

NA

NA

NA

<10

<10

<10

NA

NA

<10

<10

<IO

<10

<10
NA

<IO

<10

<10
e ' O

<10

<:o
<10

<IO

<IO
NR

<IO

<10

<10
MR

3 J

NR

<10

<10

<10

<10

NR

<10

<10

<10

EYW51

COP-4

Mg/1

<IO
<10
<IO
clO
<IO
NA

NA

NA

<10

<10

<!0

NA

NA

<10

<10

<10

<10

<10
NA

<10
<IO
•C IO

<!0

<10

<10

<10

<IO

<10

NR

<10

<IO

<10

NR

4J

NR

<10

<10

<10

<IO

NR

<10

<10

<IO

EYW-12

COP-5

W/l
<10

<10

<10

<10

<IO
NA

NA

NA

<10

<IO

<IO

NA

NA

<10

<10

<10

<10
<10
NA

<10

<10

<10

<IO

<10

<10

<10

<10

<10

NR

<IO

<10

<10

NR

<10

NR

<IO

<10

<10

<10

NR

<10

<10

<10

EYW53

MW-201S

W/l
<10

<10

<:o
<10

<10

NA

NA

NA

<10
4 J

<10

NA

LNA

<10

<10

<10

<10

•elQ

NA

<10

•s lO

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<10

NR

<10

NR

<IO

<IO

<IO

<IO

NR

<10

13

16

EYW52

MW-202S

ug/i
<IO

<10

<10

<IO

<10
NA

NA

NA

<10

<10

<10

NA

NA

<10

<10

<10

<10

<10

MA

10

<IO

<10

<10

<10

<:o
<IO

<IO

<10

NR

<1Q

<10

<10

NR

1 J

NR

<IO

<!0

<10

<10

NR

<IO

<10

<10

EYWS4

MW-203S

eg/1

<10

<10

•e lO

<10

<10
NA

NA

NA

<:c
j ̂

<10

NA

NA

<10

<10

<10

<10

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<10

NR

2 J
NR

<10

<10

<10

<IO

NR

<10

12

<IO

EYW55

MW-203D

W/l
<10

<IO

< to
<10

<IO
NA

NA

NA

< I O

<10

<IO

^JA

NA

<IO

<10

<IO

<)0

<10

NA

<10

<10

<10

<10

<10

<10

<'0

<10

<10

NR

<!0

<IO

<10

NR

<10

NR

<10

<10

<10

<IO

NR

<IO

<IO

<IO

Residential

Criteria

ng/l
200

43

5

880

7

600

5

70

5

13000

1000

370'

730 '

5 '

100

100

10

800

5

100

220

100

66

70

d 7

100
74 '

5

00

5

790'

280 '

00

4 7

5
2

GSI

Criteria

Mg-'1

200 "

7 8 s

330s

IP

65'

IBl"

16 '

360 '

ID

290''

ISO 1

15'

7200'

IBIS

FBI'
1.7003

200s

24'

65s

P

Bl'

45 '

47 '

D

70

D

D

3 '

29"

e 1

940'

9'

45 b

40 !

•5S

D

200 b

51

industrial

CriTena

l'9/l
2CO'

17 '

5 '

2500~

7 =

600 '

5"

70 *

5 1

38.000

2.900s

1.000°

2.100°

5

100°

100'

29 ''

23CO'

5

ICC '

910"

1CO =

270'
TC '

19'

ICO'1

700'

5 '

CO'

5

.000"

0.000"

CO'

9°

5

2°



TABLE 5-13

PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

Parameter

l . l . l Tnchloroettiane

1.1.2.2 fetrachloroethane
: l .2 fncntoroetnane

1 1 Oicnloroethane

l 1 Oichloroetnene

1 2 Dibromo 3-cnloropropane

1 .2 Dibromomerhane

1 2 Dicnlorobenzene

1 .2 DichloroeThane

1 ,2-DicNoroetnene (toraO *

1 .2 Dichloroorooane

1 .3 Dibromomethcne

1 A Dibromometfiane

2 Butanone (MEK)

2 Hexanone

4-Methyl-2-pentanone (MIBK)

Acetone

Benzene
Bromochloromefhane

Bromodichloromettionv;

Bromoform

Bromomethane

Carbon Disutfide IR]

Carbon Tetracnionde

CrMorobenzene

C^ioroe thane

CMorotorm

Chiorome thane

cis 1 2 Dicnloroethene '

os 1 ,3-Dichloropropene

D'bromocniorometnane

Ethyibenzene

m &/or p-Xylene

Methyiene Chionde

o-Xyiene

Styrene

Tetrachloroethene

Toluene

total Xylene
trans- 1 2-Dichloroettiene '

trans- 1 .3-Dichiofopropene '

Trichloroethene

vmyi cnionde

EYW56

MW-204S

ng/'
<10

<IO

<IO

<!0

< t o
NA

NA

NA

<10

<10

<10

NA

NA

<10

<10

<10

<10

•clO
NA

<10

<:IO

<io
<10

<10

<10

<10

<IO

<10

NR

<10

<10

<!0

NR

<10

NR

<10

0 8 J

<:10

<10

NR

<10

35

<10

EVW46

MW-2051

ng/i
<IO

<IO

<IO

<10

<10

NA

NA

NA

<10

<IO

<IO

NA

NA

<10

<IO

<10

<10

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<!0

NR

1 J

NR

<10

<IO

<10

<IO

NR

<10

<10

<10

EVW47

MW205D

ng/l
<IO

<10

<10

<IO

<IO

NA

NA

NA

<10

<10

<IO

NA

NA

<10

<10

<IO

<10

<10

NA

<10

<10

<10

<10

<!0

<10

<IO

<IO

<10

NR

<10

<10

<10

NR

1 J

NR

<1Q

<10

<IO

<10

NR

<10

<10

<10

EYW49

Ingalls Well

C9/I
<10

<10

<10

<10

<!0

NA

NA

NA

<IO

<IO

<10

NA

NA

<10

<IO

<10

<to
<10

NA

<10

<10

<10

<10

<10

<10

<10

<IO

<10

NR

<10

<10

<!0

NR

2J
NR

<IO

<10

<10

<10

NR

<IO

2J

<10

Dup

Ingalls Well

lig/1

<10

<IO

<IO

<IO

<10

NA

NA

NA

<IO

<IO

<10

NA

NA

<10

<10

<10

<10

<10

NA

<10

<10

<to
<10

<10

<10

<10

<IO

<IO

NR

<10

<10

<10

NR

5J

NR

<IO

<10

<10

<10

NR

<10
1 J

<10

EYW62

PB-1

^g/1
<10

<10

<IO

<10

<IO

NA

NA

NA

<10

<IO

<10

NA

NA

<10

<10

<IO

<10

<IO

NA

<10

<10

<10

<1Q

<!0

<IO

<IO

<10

<IO

NR

<10

<10

<10

NR

0.6 J

NR

<10

<10

<10

<10

NR

<IO

<10

<IO

E2T72

PB-2

^g/i
<10

<10

<10

<10

<10

NA

NA

NA

<10

<10

<10

NA

NA

<10

<10

<10

<10

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<10

NR

<10

NR

<10

<!0

<10

<10

NR

<10

<IO

<10

EZT73

PB-3

pg/i
<10

<IO

<10

<10

<10

NA

NA

NA

<10

<10

<10

NA

NA

<10

<10

<10

<10

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<IO

NR

<10

<10

<10

NR

<10

NR

<IO

<10

<10

<10

NR

<10

<10

<10

EZT7J

PB-3

W/l
<10

<IO

<IO

<10

<to
NA

NA

NA

<IO

<10

<10

NA

NA

13

<10

<10

<10

<10

NA

<IO

<10

<10

< \ 0
<10

<IQ

<10

<10

<10

NR

<10

<10

<1Q

NR

1 J
NR

<IO

<10

<10

<10

NR

<10

<10

<10

EZT75

PB-5

wg/i
<IO

<IO

<10

<IO

<IO

NA

NA

NA

<10

<10

<10

NA

NA

<10

<IO

<IO

15

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<10

NR

<10

NR

<IO

<10

<10

<10

NR

<10

<10

<IO

EZT76

PB-6

tig/i
<10

<10

<10

<10

<10

NA

NA

NA

<IO

<10

<10

NA

NA

<10

<10

<10

<IO

<10

NA

<10

<10

<10

<10

<IO

<10

<10

<10

<10

NR

<10

<10

<!0

NR

<10

NR

<10

<10

<10

<10

NR

<10

<10

<10

EZT77

PB-7

pg/i
<10

<10

<10

<10

<IO

NA

NA

NA

<10

<10

<IO

NA

NA

<IO

<IO

<10
<10
<10
NA

<IO

<IO

<10

<10

<10

<10

<10

<IO

<10

NR

<10

<10

<!0

NR

09J

NR

<10

<10

<10

<10

NR

<10

2J

<10

EZT78

PB-8

cg/i
<10

•clO

<10

<10

<10

NA

NA

NA

<IO

<10

<10

NA

NA

<IO

<10

<10

<10

<10

NA

<1C

<10

<10

<10

<10

<10

<ia
<10

<10

NR

<10

<10

<!Q

NR

0.8 J

NR

<10

<10

<10

<10

NR

<10

<IO

<10

EZT79

PB-9

ng/i
<10

<IO

<IO

<IO

<10

NA

NA

NA

<IO

«10

<10

NA

NA

<10

<10

<10

<10

<10

NA

<10

<10

<10

<10

<10

<10

<10

<10

<10

NR

<10

<10

<\0
NR

<10

NR

<10

<10

<10

<10

NR

<10

2J

<!0

96MO03RO
re- 1
ng/i

<i
<2
<1

<1

< l

<l J
< 1

<l

<1

NR

<1

<1

<1

<3

<3

<3

<3J
<l

<l

<l

<l

<l

<l

< l

,. l

<'

1 J

<l

<1

<1

,1

< \
<l

<\
<1

<1

<:
<!

NR

<\

<l

1 JB

<1

Residential

Cnterta

lig/i
200

43

5

880

7

600

5

70

5

13000

1000

370 '

730

5 '

100'

100

10

8CC

5

ICG

220

100

66

70

4 7

100

74 '

5

100

5

790 '

280'

100

4.7

5
2

GSl

Criteria

Mg/i
200'

78 5

330'

IP

65 =

IBI'

16"

360'

ID

290'

180'

15'

7200'

BIS

Bl'

1.700s

200s

24'

65'
p

Bl '

45

47 '

D

170'

D

D

3 '

29'

18'

940'

19'

45'

140'

35'

D

3 '
200'

1511

Industrial

Cntena

W/l
200 '
17 "'

5'

2.500 '
7 '

600'

5'

70'

5 :

38.000 '

2.900'

1.000°

2.100°

5 °

100°

100'

29'

2 300 '
5 •
'DC '

010 '

100'

270'

70'

19"

100'

700'

5 '

100'

5 '

1,000"

10,000"

100"

19'

5

2 '



TABLE 5-13

PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS

Notes
f?es«dential DW Criterion - interim Environmental Response Division Operational Memorandum *8. Revision 4 Generic Re*denr>al Cleanup Criteria. June 5. 1W5

• Residential Aesthetic dnnking watef cntenon - Intenm Environmental Response Division Operational Memorandum #8. Revision 4' Generic Residential Cleanup Crrtena, June 5. 1995
J Site Specific Background
1 State Background. MERA Operational Memorandum #15 Default Type A Cleanup Criteria, September 30, 1993

'' GSl cntenon - Amended version (November 3. 1997) to Operational Memorandum #8. Revision 4 (June 5. 1995)

"' industrial DW Criterion - Environmental Response Division Operational Memorandum #14 Revision 2, June 6, 1995

' industrial Aesthetic dnnking water cntenon - Environmental Response Division Operational Memorandum #14 Revision 2, June 6. 1995

*2GX GS! C"ter'0n Operational Memorandum »8. Revision d (June 5. 1W5)

Exc**dancm or* bolctod.

G'oundwafer Contact Crtor.a was .iof nc.'uded m this fobie Decouse there were no detection limits which exceeded tbe cntena

Protective of industrial Dnnking Water values we'e included only it ttiey differed from rhe Pfotecfrve of Residential Dnnking Watef Values

A oiank cen indicates tnaT coTipouna is nor addressed in Operational Memorandums

< - indicates fnar anaryte was not detected at detection limit given

NA • Nc' analyzed tor given parameter

MR - Parameter not reported

J - Estimated value

(B| Chemical has either not peen evaluated or an inadequate data base precludes m« devetopment of a GSl value
B - Anaryte prwent in method Blank
ID insufficient data far calculation

IP - Development of generic GSl value m process but not yet complete

A - Tentatively identified compounds present

• Data not broken down into isomers so the most conservative cnteria was used which is as.

• Chemical rnay be present in several isomer forms Isomer specific concentrations must be comDinea for comparison to criteria



TABLE 5-14
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

Plircrnf?TQr
I 2.4- Tr ie hlorofrenzenp
' 2-Dicf'iorobenjene
i 3-DicnioroDenzere
1 J-Oirhlor.;b-njer'e

I-.1 2' oxvbiif i-ChlcrCC'Tr^riP1.

,-• J 5-rn<;nlor.?nhfinci

2 J 6-lfiCnlorochtr-ol

J -1 r ' <C f . • - '_• ! : 1-,-rn-.

2 J-D'rr^rnv'nheri.-l

,; -I f.linitrotjhenol

j J DiniTrctoiuene
J -i-Diniiroroiuene
i' C.'hioronaDhthcie'ie
2-Chiorcohenoi
2-M*?thylnaciht'haiene
;x Methylohenol
2-Nitroonihne
2-NitroDhenol
3,3'-Dichlorobenzidine
3-Nitroanihne
d.6-Dinitro-2-<nethvlphenol
4-Bromoohenyl phenyi ether
4- C hloro-3-methyiphenol
d-Chiomaniime
-I '~ hlcroc^env' L'-^PV! e 'l"ep

4 'vlethvicnwnci
J-' j i tr";^"!1 r^
.! " j i t r - >rn. >''';•
•V-in.jC"T~r,e
A.:^nccr.:h-.iH->ne
Arrhrnr~rv~

B'-'vcfalonrr.r-jcene /^,;
Eer-tOta!cvr»ne {Gl
Penzoifciri'joranThonp (Gl

R~nzn[<-;r.i.nery^ne (Gl

P->r^;'lofluurar.there (Qi

3e'-zcic aod
?*rzvi alcohol
r~.r/2 Chir.rofithoxy) me'harp
r:'r/2-Chicroe'hyl) ether
bi'Ji'2-eThyihexvi)phthoiai1'?
tis-(2-ChioroisopfoovD et^er
Butv! Denr/i nhttiaiafe
Oarbazcie
Ohrvsene fQ)
!>i-M-butvi ohthaiQte
ji-n-octyt Dhthalate
Dibenz(ah)anthracene {Q}
>benzoturan
Diesel Rangf* Organics fDRO)

P5-AS
96M003S04

<5

<5

•:5

<•.£

NA

'.•20

• :5J

--5

'.5

•;20

<5
.- ^

<5

<5

<5

<5

<20

<5

<5

<20

<20

<5

<5

<5

• :5

'5

- 20
•:20
. 5

<5
-5

.•5

'5

16

,:5

•:5

•-20

<5

<5
'.5 J

<5B

•.-5

•=5

<5

<5

<5

<5

<5

<5

NA

PS-AD '

EYWJI

•:IO

•:IO

'10

- '0

••.in
•:25

•:10

•- 10

..-1C

.-25
•i 10

-JO

•:10

,-10

<!0

<10

<25

<!0

<]Q

<25

<25

<10

<10

<10

<10

-r 10

'.^t
•:25

•- 10

. 1'~>

<!•:•
.-1Q

<10

-.•10

e lO

.-10
NA

\IA

<10

<10

<IO
NA

<10

<10

'-10

<10

<10

<10

<10

NA

PS-B5

06MO03S06

<5

.-.5

<5

-.5

NA

•:2C

.-^ J

'.5

•-.20

<5
.:S

<5

<5

<5

<5

«20

<5

<5J

<20

<20

<5

<5

<^

.-5

'.S

- 2C

<2C

<f.

.-£

-;.

•': 1
fc.

•:5

.-5

<5

'-•'2C

•:5

^5

<5 J

<5

<5

<5
^,c

,5

•:5

<5
<5

<5

MA

PS-BD

96MO03S07

< 5 J

<5 J

<5J

<5 J

NA

<20

.:5
,. t;

'.S.I

<20

<5 J

<5 J

•:5 J
<5

<5 J

<5

<20J
<5

<5J

<20J
<20

<5J

<5

--5.J
..5 J
,5

' 21:":
.-;:

-.c. .1

.; j

.-5 J
'.5 J
<5 J

•:5 J
<5 J
<20 J
'.5 J
<5 J
<5 J
<5BJ
<5J

<5 J
<5 J
tS J
<5 J
<5 J
<5 J
<5 J
NA

PS CS "
EvW57

< : o
< \ 0
<10

<10

,-.10
<25

<10
. 10
,-10
<25

.-JO
<IO

<1Q

<10

<IO

<10

<25

<10

<10

<25

<25

<10

<10

<10

<10

'1C

'25

.25

<IO

-10

<10

<10

<10

'.10
<10

<10
NA

NA

'-10
'-10

< \0
NA

<IO

<10

<10

«10

<10

<10

•:10
NA

PS-CD A

EYW58

<10

<10

<10

<IO

<10

<25

<10

'!0

<IO

.-25
<10

<10

<10

<10

<10

<10

<25

<10

<10

<25

<25

<10

< to
<1Q

<10

• c l C

<25

<25

0 1 J

•• :o
<'0

,-10
-.10
<IO

<10

^10
NA

NA

<10

'10

<10
NA

-=10
<10

<10

<10

<10

<10

'.10
NA

PS-CD Dup
EVW61

<10

<IO

<10

<10

<10

<25

<10

<10

.-10
<25

<10

elO

'10

<10
<10

<10

<25

<10

<10
<25

<25

<10
<10
<10

<10

<10

<25

<25

<10

<10

<10

<10

<10

<10

<10

<10

NA

NA

<10

<10

<10
NA

'10

<10

<10

<10

<10

<IO

<10
NA

PS-DS
06MO03S09

<5

<5

<5

<5
NA

<20

<5 J

•:5

<5

-.20
'5

<5

<5

<5

<5

<5

<20

<5

<5J

<20

<20

<5

<5

<5

<5
<^

'20

<20

'.5
,:5

,-5

'.5 J
'5

'5

<5

<5

'.20
<5

<5

<5 J
<5BJ
<5

<5

<5

<5

<5

<5

<5

<5

NA

PS-DD "
74MO03S10

<5

-.5

<:5
_.t

MA

'20

-:5 J
<5

.-5

-20

'5

.-5

o

,:5

<5

<5

^20

<5

«-5J
<20

<20

<5

<5

<5
,.5

. ;
'.20

•••20

:^

;
.5
•'^ j
r c

^ c

< ̂
- ^

•:20
t-c

<*•

'.5 J
38 B

<5

'5

<5

:5

<5

<5

T5

<5

NA

PS-DD DUD
flfcMOOSD 1 0

'.5 J
<5 J

<5J

<5J

NA

<20 J
<5 J
<5 J
<5 J
<20 J
<5 J
<5 J
<5J

<5J

<5J

<5J

<20J
c5J

<5J

<20J
<20J
<5J

<5J

<5J

<5J

<5 J
.^20 J
.-20 J
<5 J
<5 J
.:£ J

< 5 J

< 5 J

<5J

<5J

<5 J
<20 J
<5 J
<5J

<5J

19 BJ

<5J

<5J

<5J

<5 J
<5J

<5J

<5J

<5 J
NA

PS-1 ••
06MO03S13

<5

<5

<5

<5
NA

'20

<5 J
<5

<5

<20

<5

<5

<5

<5

<5

<5

<20

<5

<5J

<20

<20

<5

<5

<5

'5
< K

'20

'20

'.5
,:5

'5

<5 J

<5

'5

<5

<5

<20

<5

'5

'5J

19B

<5

<5

<5

'5

<5

<5

<5

<5

025

PS 6

96MO03S03

<5

<5

<5

.;5

NA

'20

<5 J

<5

,•5

'.20

•:5

'5

'.5

<5

'5

<5

<20

<5

<5J

<20

<20

<5

<5

<5

'5

,.5

<2C

<20
,:5

.-;
'.5

•:5 J

,-5

<5

'5

<5

'20

•=5

..•5

'5 J

I6B

'5

<5

'5

<5

<5

<5

'5

<5

NA

PS- 11 "

Evws-3

,-10

< 1 0

<10

'10

'10

•--25

- 10

.:10

< 10

-.25

• : 1 Q

'10

'.10

<10

< IO

<10

<25

<10

<10

<25

<25

<10

'10

'10

-:10
- '0

•. ;;•
-.25

'. i G
,- ' fj
' 10
'10

'10

'10

NA

NA

< I O

< - I O
<10BJ
NA

'10

'.10
<10

'10

<10

<10

'10

NA

PS- 1 2
96MO03Sn.5

.:5

'5

,-5

'.5

NA

'20

<5. J
..5
t-5

^X
, i;

.-.5
•--5
•:5

'.5

'5

<20

'5

<5

<20

<20

<5

'5

<5

•:S

.-5

• 20
• 2'j
.-5

• 3

•• c_.

'.5

e5

'.'.'

'.5

'20

'5

'.5

<5 J
<5B

'5

'5

'5

'5

<5

'5

<5

'5

NA

PS- 13
96MO0301

'5

--5

<5

..5

NA

-20

..S.I
-.5

,-5

-.20
'5
.rc,

-:5

'.5

<5

<5

<20

<5

<5

<20

<20

<5

'5

'.5

'5

'S

'iC

•-20

. S

•:-•

'. S
,5

'5

-•5

,-20

<5

-:5 J

'58

<S

-:5

<5

'5

<5

<5

<5

NA

PS- 10 A
96MO03SC6

<5
<5

<5

'5
NA

'.20
<:5 j
.-5

<S

'20

,-5

<S

,:5

'5

«5

<5

<20

<5

<5J

<20

<20

<5

'5
<;5

.-5
, ^

- iO
-.2C
. 5

••:
- -5

-•1 .'

'5
<5

<D

•:5

'20

--5

<5

•:5 J
<5B

<5

'5

<5

'5

<5

'5

'5

<5

NA

Residentio
Crileron

ug.'i
70

.600

600

75

730
7 7

7 1

370

1 ,1

<15
ID

370

20

1 9

150

]7

i .'Or:
2c

HOC
1 2

D 2

2

2^;

12

32CCO

OCOO

0 7 7

6

1290

120

580

130

0 12
D

U'l,'!
IP

'6

i:J

25

ja
l ;

i 2

•)i '

IE''

22

( B ) '

38"

IB)'

0063'

J 4 '

!••*: ~

' ' LTCC '

; .; i "
~i -' '
0 3 !

(Bl '

' ! ' , ! '

IB,

22 "

i'l'

NLL
c:v

(Bl '

n 31 '
12000'
B) '

0 3 1 '

B l "

industrnji
Cnrencn

LJ'3 ''
7n
AOO

100'

,•; '

2 MT

320

2 1 0 '

i am

h 1 '•

130'
lrj

1.000

58"

7 7 °

420"

V V l

1 Ji'i:
^= '

: i occ '
J H

-,2 '

J 1 '
7t, '

d«
.'2 ric:c
;•'•) rrr

i ̂

^

' "00

J80'

2.500
380

O J 8 '
D



TABLE 5-14

PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

Parameter
Diethvi DhthaiaTe
Dirnethv! chrhatafe
Huofanthene
F-iuor^ne
Hexacnlorobenzere
hejracworooutor-.iene
Hexnr'-lG'OcvcloDer.rQdier-e
H^X''>,hi'OfC'?'-O'''e

ncjenoi I 2 3-C'^lr vr~rc (£,

i-,OC'1onnf

N-NitrosO-OI n DrGCvlam.ne

iN-f.KfOsod!c:.^e''->vlc— '"e ' 1 )
Naphthalene
Nitrobenzene
^entachloroonenol
Phenan tfirene
Phenol
Pyrene
Total Petroleum Hydrocarbons

PS-AS
96MO03S04

<5J
<5
-.5
-:5
<:5
.-5
., t;

<5

v5
<i

_ c

,.t

.•s
<5
<20
<S
<5
c5
NA

PS-AD •
EVW41

•:10

<!0

•MO

^10
-.-10

..-10

.-10

-10

-.10

•:10

•;IO

-:10

<IO

<10

<25

<10
<10
<10
NA

PS-BS
96MO03S06

<5 J
-r5
<5
<5
<5
<5
<5
<5
-.5
<i>
<5
<5
<5
<5
<20
<5
<5
<5
NA

PS-BD
96MO03S07

<5J
<S.J

<5J
<5J
•:5J

--5J

<5 J
c5 J
• .5J
v-5.J
<5J
<5J
<5J
<5J
<20
<5J
<5
<5J
NA

PS-CS '
EYW57

<10
<10
<10
<10
<10
<'0

<10
^10
<10
•:10
.-10
<m
•:10
<IO
<25
<10
<IO
<10
NA

PS-CD "
EYW58

<10
-JO
•:10

<10
'10
<10
-JO
<10
<:10

-:10

<10
^10
r lO

<10
<25
<10
<10
<10
NA

PS-CD Dup
EYW61

<10BJ
<10
-:10

<10
<10
<10
<10

<10
<10
<10
<10
<IO
<10
<10
<25
<10
<10
00
NA

PS-DS
96MO03S09

<5 J
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<20
<5
<5
<5
NA

PS DD"
J6MO03SIO

.•5 J

.5
^5
- 5
^5
.•5
.•5
..5

.•5

. t.

.-5

..5
-5
..-5
<20
--.5
<5
•:5
NA

PS-DD DUP
96MO03D10

<5 J
<5J
<5 J
<5 J
<5J
<5 J
<5 J
«:5J
<5j
<5J
< 5 J
<5J
<5J
<5J
<20J
<5J
<SJ
<5J
NA

PS-d'

96MOC3S13

<5J
<5
<5
<5
<5
•:5
<5
-.5
<5
<5
<5
<5
<5
<5
<20
<5
<5
<5
< I O

PS-6
%MQ03S03

0 J
<5
<5
<5
<5
,:5
<5
^5
-:5
<5
<5
•:5
<S
«5
<r20
<5
<5
<5
NA

PS-1 1 "

EVW59

<!06J
<10
c lO
<10
<IO
<10
• : IO

<10
<IO
<10
'10
<m
c!0
<10
<25
<10
<10
<10
NA

PS-I:
96MOO-SC5

<5 J
<J

<5
<5
-:s

t5
c5
-.5

<:5

<5
<5
<5
<5
<5
<20
<5
<5
<5
NA

PS- 13
7SMOC30:

<5 J
.:5
•:5

<5
-.5

-:5
,-5
,5
_ . £

-:^

..5

.-5
•;S

.:5

<20
<5
<5
<b
NA

PS- 10 A

96MO03S08

<5J
-:5
<5
<5
^5
<5
<5
<5
.:5
<5
<5
<5
<5
<5
<20
<5
<5
<5
NA

Residents
C'ltenon

ng/1

5500
73000
dSO
880
!
1 1

50
ftl

1 2

500
o r;
170

2W
3 4
1

26 (

440C
550'

GSI
C ritpnon

uq/i

2'.OCOT' '
370 '
1 4X0 "
ID
ID

054 '
6 7
0 31 •
8«T

!B)'
160"
1 3 '

1500'
2 3
2 4 '

11COV
11000"

ndusmcl

Critprirn

if- CCO'

2 1 E - 5 "
2 HC '
2 srxi '

45 '
"-r '
<".P '
4 8 '
1

 7 f X !

C 5'

7 1 0 '

7bl)'

9 6 "

1 '

75' '

13.000 "•
1.600-

Notes.
Resinenha' DW Cntenon interim Environmental Response Division Operational Memoranaum *8. Revision d G^nenc Readential Cleanup Criteria. June 5. 1 W5

•' Dpsi^entiai Aesthetic dnnkmg water criterion • interim Environmental Response Division Operational Memoranaum Jf8. Revision d Generic Residenrial Cleanup Cnferia. June .'.-
.Site Spec l f |C Background

1 'inteBcckgro'jr-.d. MEf?AOcefOt.onf3iM^T-.oionc!um tfi5 De'juit Type A Cleanup Criteria Septerr.ter 3C 'W3
'• :. J.'(r^"-:n Arr,er-.,Jed ve'Sion (Ncver:-,L*f! 3 '.vQ"":- :." Ccei j'X'ncl Merr.ofCndL,m S8. Revision J (J-jre 5. IvVI;)

r,ii'j5rn.-ji r^A' ;"r tencn • Einvircnmr.-r-i "o^>-jr':w Division "'ce'Of'cnai MemcfanO^m tf I 4 Revision 2 Jure 6 ' Wi

'.-IT .'.fn.j.1 A^'i'neV'C -J'"-k.ng -.vater rr.tencr, Er'vrfonmenTil ReiCCHSf? Division Op^rohcnal Memorard'-rn »M Revision 2 June 6 1^95
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TABLE 5-17
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - VOLATILE ORGANIC COMPOUNDS
TENTATIVELY IDENTIFIED COMPOUNDS (TICs)

Parameter
Unknown
Unknown

Unknown Cyclic Alkane
Unknown

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Substituted benzene
Unknown
Substituted benzene

1 ,3,5-Trimethylbenzene
Substituted benzene
Substituted benzene
Unknown PAH

1 -methyl-2-propylbenzene
1 -methy-2-(2-prope)benze

Retention
Time

13.54
20.90
21.41

21.80
21.93
22.20
22.87

23.01
23.28
23.47
23.61
23.74
24.01

24.20
24.49
24.67
24.84

24.99
25.32

25.89

COP-3

EYW50

6J

COP-4

EYW51

11 J
23 J
7J

18J
8J
6J

12J
9J

18J
8J

18J
16J
7J

26 NJ

6J
17J

16J
15 NJ
14 NJ

All units are ug/l.

J - Estimated value.

N - Identification based on mass spectral library search.

Tabl5-17.xls Page 1 of 1 2/18/98



TABLE 5-18
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS
TENTATIVELY IDENTIFIED COMPOUNDS (TICs)

Parameter
Unknown trichloroprooene is Dm
Unknown alkene
Unknown alkane
TnmeThylbenzene isomer
Unknown alconol
Unknown cyclic alkene
Substituted benjene
Decahydronaonthaler-e
Unknown alcohol
trans - 1 ,2-cycionezaneaioi
Unknown olconoi
Unknown alcohol
Unknown organic ac:d
Unknown alkene
Unknown
Unknown alkene
Unknown nitnie
Unknown
Unknown alkane
Unknown
Unknown alkene
Unknown nitnle
Unknown alkene
Unknown
Unknown nitnie
Unknown alkene
Unknown
Unknown
Unknown
Camphor
Unknown alaenyde
Substituted benzene
Unknown
Unknown organic aaa
Unknown
Unknown alconol
Unknown organic acid
Unknown
Unknown
Unknown
Unknown
Substituted benzene
Octanydro2( 1 H)-napnthaiene
Unknown cyclic alkene
Unknown alkene
Unknown organic acid
Unknown
Unknown
Unknown organic acid

Retention
Time

792
792-796

8 2 1
953
960
993
025

1031
1039-1041
10 38- 1042
1048 1049

1072
11 59-11 61

11 83
11 88
11.88
11 88
11 89
11.89
11.92
11.93
11 97

11 98
1 1.99

11 99

1202
1237

1244

1292
13 11
1336
1341

13 46
1359

1382
1384

1395
1397

14 12

14 19-14.20

1450
1458

1465
14 74

1503

16 12

1638

1651

1670

PS- AD
EWV41

4 J

PS-CD
EYW58

PS-CD
Dup

EVW61

<4JB

PS-DD
96M003S02

PS-1R
96M003S02

PS-4
96M003S13

PS- 11
EYW59

OJ8

PS-104

96M003S12

PS-105S
EYW43

<3JB

PS-105D
EYW44

COP-1
EYW48

<4NJB

COP-2
EYVV45

<3 JB

COP-3
EYW50

COP4

EYW51

8 J
9 J

6.
9 J

5NJ

7 J

IOJ
9 J

6 J
5 J

4 J

8 NJ

IOJ
17 J

6 J

5 J
6 J

IOJ

12 J
38 NJ

15J

9J

IOJ

COP-5
EYW42

<4JE

MW-2013

EVW53

2 J

3 }

6 J

5 J

3 J

2 J

4 J

2 J

4 J

4 J

MW-202S
EVW52

<S MJB

<2 JB



TABLE 5-18
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS
TENTATIVELY IDENTIFIED COMPOUNDS (TICs)

Parameter
Unknown
Chlorophosohate erhanot
Butylated hydroxytoluene
Unknown
Unknown cyclic alkene
Unknown organic acid
Unknown
Decahydro-2.6-napnTnalene
Unknown organic acid
Ocrahydr-2H-inden-2-one
Unknown organic acid
Adamantane
Bicyclo(3.3 Dnonan-2-ol
Unknown alcohol
Tn(2-chioroetnyi) phospnate
Unknown
Unknown
Unknown
Unknown
Mexanedioic acid ester
Unknown alcohol
Unknown organic acid
bis(2-ethy)hexanedioic acid
2-buToxy-pnospnate-ethanoi
Unknown organic acid
Unknown

Unknown

Retention

Time
1692

17 13-17 17

1 7 2 3 - 1 7 2 5
1726
1749

1780

1808
18 C9

18 13
1844

1861
1882
193d

20.16

20 42-20 52

2052
20.59
20.70

2078
2441-24.42

2588
26.70-26.76

26.73
2683

26 85-26 87
2939

31 35

PS-AD
EYW41

< 8 J B

PS-CD
EYW58

<4 JB

PS-CD
Dup

EYW6I

< 18JB

PS-DD
96M003S02

6J

PS- 11?
96M003S02

10J

PS-4

96M003S13

630 J

7 J

PS- 1 1
EYVV59

<22JB

PS- 104

96M003S12

210J

PS- 1 OSS
EYW43

240 J

2J

2J

<5JB

PS-105D
EYW44

<4 JB

COP-1
EYW48

< JB

COP-2
EYW45

<3JB

COP-3
EYW50

4NJ

5 J

<2 JB

COP-4

EYW51

20 J

7 J

7NJ

1 1 NJ

4 NJ

11 J

5NJ

COP-5
EVW42

< 7 J B

MW-20IS
EVW53

4 NJ

3 J
3 J
2 J

2 NJ

12 NJ

MW-202S
EVW52

<2 JB

All units are ug/'
< - indicates that analyte was not detected at detection limit given

B Analyse detected in the associated blank

J - Estimated value
N - identification based on mass spectral library search



TABLE 5-18
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS
TENTATIVELY IDENTIFIED COMPOUNDS (TICs)

Parameter
Unknown rnchloropropene isom
Unknown alkene
Unknown alkane
Tnmethylbenzene isomer
Unknown alcohol
Unknown cyclic alkene
Substituted benzene
Decahydronaphthalene
Unknown alcohol
trans -1 ,2-cyciohezanediol
Unknown alcohol
Unknown alcohol
Unknown otganic acid
Unknown alkene
Unknown
Unknown alkene
Unknown nrtnle
Unknown
Unknown afcane
Unknown
Unknown alkene
Unknown nrttile
Unknown alkene
Unknown

Unknown nitrile
Unknown alkene
Unknown
Jnknown
Unknown

Camphor
Unknown aldehyde
Substituted benzene
Jnknown
Unknown organic acid
Unknown

Unknown alcohol
Unknown organic acid
Jnknown
Unknown
Unknown
Unknown

Substituted benzene

Octahydro2C 1 H)-naphthalene
Unknown cyclic alkene
Unknown alkene
Unknown organic acid
Unknown
Unknown

Unknown organic acrd

MW-203S
EYW54

< 4 JB

<4 JB

MW-203D
EYW55

<5JB

<5 JB

MW-204S
EYW56

<4 JB

MW-2051
EYW46

< 4 NJB

<2JB

MW-206D
EYW47

4J

<4 JB

Ingalls Well
EYW60

<4JB

Ingalls Well
Dup

EYW60

3J

PB-1

EYW62

< 13 JB

PB-2
EZT72

5J

<5JB

PB-3
EZT73

2 J

<7 J8

<3JB

PB-4
EZT74

<2JB

PB-5
EZT75

< 6 NJB

PB-6
EZT76

<6NJB

<2JB

PB-7
EZT77

<4 JB

<5JB

PB-8

EZT78

7 J

<5 JB

<6 JB

PB-9
EZT79

< 7 JB

< 5 J B



TABLE 5-18

PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

TENTATIVELY IDENTIFIED COMPOUNDS (TICs)

Parameter
Unknown

Chioroohosnhate ethanoi
Butviated hydroxytoluene
Unknown
Unknown cyclic alkene
Unknown organic acid
Unknown

Decahydro-2 .6-naphthalene
Unknown organic acid
Octahydr-2H-inden-2-one
Unknown organic acid
Adamantane
Bicvclo(3.3 l)nonan-2-ol
Unknown alcohol
Tn(2-chloroethy1) phosphate
Unknown
Unknown
Unknown
Unknown

Hexanedioic acid ester
Unknown alcohol
Unknown organic acid

bis(2-ethy)hexanedioic acid
2-buToxv-phosonaTe-ethanol
Jnknown organic acid
Jn«nown
Jnknown

MW-203S
EYWM

<6 JB

MW-203D
EYW55

<5 JB

MW-2MS
EYW56

<5JB

MW-20SI
EYWW

<2JB

MW-205D
EYVW7

<2JB

Ingalls Well
EYW60

<3JB

Ingalls Well
Dup

EYW40

2 J

2 J

2 J

PB-1

EYW62

<6JB

PB-2
EZT72

<5JB

PB-3
EZT73

<5 JB

PB-1
EZT74

<5JB

PB-5
EZT75

9NJ

PB6
E7J76

2NJBU

PB-7
EZT77

< 15JB

PB-8
EZT78

< 12 JB

PB-9
EZT79

< 10 JB

All units are ug/i
< • incJicates that analyse was nc
B - Analyte detected in the asso
J - Estimated value
N • identification based on mass



TABLE 5-14

PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995
ANALYTICAL DATA • SEMI-VOLATILE ORGANIC COMPOUNDS

i '4 frichlorobenzene

\ . t Dichlorotenzene
1 3 D'cnlorooervene
1 a-Dichlof'-vr.pnzene
2 7-oxvbis(l CNo'CcrocG^ei
J J S Tnchlorocnencji

;> d'j.Tr.chlorODh^nol
2.d-CVr)iofor.:henoi

'.' d ")inn?lhviLi nenoi
l/.d-C'irntropn^noi

2.d-i:'iniriotciijene

2.6 Dinifrotoiuene
? ChioronoDhthoiene
2-Chiorophenoi
2-Methylnaphthaiene
2 MethvlDhenol

2-Nitroaniline
2 -Nitro phenol
3. 3'-Dicniorobenzidme
3-Nitroaniline
J 6-Dotro-2-methylphenol
4-BromoDhenyl phenyl ether
j-Chioro-3-methyiphenci
j-Chic:roan.i.ne

j-X-'et"" •/inn^--".-..

1 Mi'f_ Linear

Ai_-rOOhtl-.(=n-r

irr^i-Dhthvlene

\rr-.iacene
3er zoialanthracene {&'

Ber,roin)pv'<?ne (Q)

Jenzoi'bKluO'anthene [Ql
1enzoiahl)p*rvtona IQ1

i^nzolkJflunronthBne (Q)

^njlic acid

•J^njv1 alcohol
r.r/2 Cnloroetnoxy) methane
:>is(2-ChlorOethyl) ethpr

ois-f2 ChloroisoD'OpvO efher
"lufvl benzyl ohthalate
Curbazoie
:hrvsene {Q}

CJi-n-butyi phthalaTe
ji-n-octV1 pnthaloto
3ibenz [ah] anthracene /Q}
jiben;ofufan
)ipsel Range Organics (DRO)

PSJQ.' •>
56MOC3S12

..-5

.5
,5

.:5
NA

- 2'.1

• r. 1
.•5

• 20
. 5
• •5
. ;,
'5

.-5

<5

<20

<5

<5J

<20

•;20

<5

<5

•-=

. <

. ^

..^
-',

..5 1
_. c

,5

.-5

- 5

•-2C

, 5

.-5

<5 J

,-^

<5

'5
<5

<5

<5

<5

58

PS- 1055"

EYW43

-.10

-.10

•JO

.JO

dC

•:2S

• 10

.JO

•: 1 C

..25

.JC

< 1C

-.10

•JO

.JO

dO

<25

dO

dO

<25

<25
dO

dO

.-10

• JO

• 10

• ll'j
-JO

•JO

dO

dO

'10

'10

MA

MA

•JO

-JO

NA

•JO

••10

dO

'10

dO

dO

dO

NA

PS-105D"
EYW44

dO

•JO

dO

dO

.-'0

-.25

• JO

.JO

•JO

.-25

,-10

'- 10

.JO

'JO

dO

dO

<25

dO

dO

<25

•:25

dO

dO
-.10

*'2C|

.- 1 C

•JO

<JC

•JO

•- 10

< 10

•: 10

dO

NA

MA

dO

dO

NA

dO

dO

dO

dO

dO

dO

dO

MA

PS- 106

96MO03S1 1

<5

<5

'.5

•:5

NA

-.20

<5 J

•-5
<5

•:20

.-5
<5

<5

<5

<5

-.5

<20

<5

<5J

<20

<20

<5

<5

<5

,. c

..20

,:=,

,-5

..5

•:5 J
'5

-5

<5

'.5

<20
'5

<5

<5J

<5

<5

<5

<5

<5

<5

<5
<5

^JA

PSJR"

96MO03S02

<5

<5

<5

•:5

NA

.-20

'.5.1
•:5

,-5

-.20

<5

.-5

<5

<5

<5

<5

<20

<5

<5

<20

<20

<5

<5

<5

-20
< =

,-s

<5
r c

.-5

,-5
<5

'.5

<20
'5

<5

<5J

'5

'5

'5

<5

<5

<5

<5

NA

COP-1 -

EYW48

dO

dO

dO

dO

dO

<25
.. in
< 10

•JO

•:25

.•'0

•JO

•JO

,JO

<10

<10

<25
dO

<IO

<25

<25

<10

dO

dO

• • 'C

725

- ' i.l

•: 'L

•JO

< 10

•JO

•JO

-10
NA

MA

dO

dO

NA

'10

dO

dO

'10

<10

dO

dO

NA

COP-2
EYW45

dO

dO

dO

dO

•JO

<25
dO

•JO

•JO

<25

.JO

•JO
dO

dO

dO

<10
<r25

<10
dO

<25
<25
<10
dO

dO

•JO

••25
-JO

•JO

<10

<10

dO

•JO
'10
dO

NA

NA

dO

dO

NA

dO

dO

dO

dO

dO

dO

dO

NA

COP-3-

EYW50

dO

dO

dO

.JO

dO

<25

dO

•JO

.-10

-25

dO

dO

dO

<10

dO

<10

<25

<10

<10
<25
<25

dO

dO

dO

-JO

.-25

-.10

•JO

•JO

< 10

•JO

•JO

'10

dO

NA

NA

dO

dO

NA

dO

dO

dO

dO

dO

<10

dO

NA

EYW51

dO

dO

'10

dO

dO

•:25

'10

•JO

'.10

<25

•JO

.-10

. 10

•: 10

dO

< 10

<25

dO

dO

<25

<25

dO

•JO

dO

< 10

• 25

-JO

- 10

• 10

.-10

•JO

•JO

•JO

dO

riA
NA

•JO

<10

•JA

dO

•JO

dO

dO

'10

'10

dO

<020

COP-5 A

EYW42

dO

dO

dO

dO

dO

<25

dO

dO

dO

<25

dO

dO

dO

dO

dO

dO

<25
<10
dO

<25

<25

dO

dO

dO

<10

dO

dC

dO

dO

dO

dO

dO

NA

NA

dO

dO

NA

dO

<10

dO

<10

dO

dO

dO

MA

MW-201S "

EYW53

dO

dO

dO

dO

dO

<25

.-10

-.10

•JO

^25

•JO

•JO

.JO

<10
dO

dO

<25
dO

dO

<25
<25
<10
<10
<10

•JO

^25
dC

•JO

dO

'10

< 10
dO

•JO

.-10
NA

MA

'.10
•JO

NA

'.10
dO

dO

dO

dO

dO

dO

084

MW-202S *
EVW52

.JO

.-10
<10

-JO

•JO

.-.25
-10

•JO

• 10
•.25
•JO

-JO

•JO

•JO

dO

dO

<25
<10
<10
<25
<25
<10
<10
<10

•JO
- 1C1

-10

•JO

•JO

dO

< 10
dO

MA

NA

< 10

NA

•JO

dO

dO

dO

<10

'10

dO

<020

MW-203S '
EYW54

<10

•JO

<10

dO

•- 10
-.25
•JO

.JO

- 10
..-25
•JO

. 10
• 10
dO
dO

dO
<25
<10
dO
<25
<25
<10
dO

dO

dC

••25
,- 1 0
• '0
dC

'JO

•JO

•JO

dO

dO

NA

NA

•JO

NA

dO

dO

dO

dO

dO

dO

<10

<020

MVV 203 L
EYW55

<10

dO

<10

dO

dO

<25

•JO

•JO

<10

•:25
>JO

<10

•JO

<10

dO

dO

<25

<IO

<10

<25

<25

<IO

<10

<10

725
,- 1C
- 1C
• : '0
.-10
-.10
'10

.JO

'10

NA

NA

'.10
dO

NA

< 0 2 . J
dO

dO

dO

dO

dO

<10

<020

MW-203D
Dup

NA

NA

NA

NA

NA

NA

NA
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
NA

NA

MA

MA

MA

MA

MA

NA

NA

NA

MA

NA

NA

NA

NA

NA

NA

MA

NA

MA

MA

NA

MA

NA

<020

MW-2045
EVA 56

-.10

•JO
•JO
dO
dO
-.25

. 10
-10
•JO
• 2b
- 10
• 10
dO
-JO
•JO
dO
<25
dO
dO

<25
<25
dO

dO

'10

•JO

~Ts
• ic
.• i .• •
• 1C

•JO

-10

•-' 1 C

•JO

dO
NA

NA

dO

•JO

NA

dO

dO

•JO

dO

dO

dO

dO

<020

Residential
Cntetion

HQ/I

70

600

600
75

.'30
?-

73

3 70

1 3

45

ID

370

20'

1.9 '

150

r

1 TO

-300

1 2
.12

1 2
26

12

32000
10<X)0

3 7 7

1200

120

880

130

3 12
ID

OitVrcn

ID

16

3K
13

J'. "

j .:
] V

;

v 1

i'B] '
22
1BI"
38"

181'
0.063s

44 '

.'B'. "

'?'•
' ;ciTO
3 3'

03' '

] V "

..B;
C 31

IB1"

22

J2 '

59'

(Bl

331 "

12000'

IB)'

031 '

IB','

Ct'iX'n'

~n'
6CO '

^-.n '
-',

2 1"0 '
.:..-'0 '
2 '.^
' TO '

f. 1 '

">0 '
ID

1 000 '

58'

7 7 '

420

' V

>. -rr "
•'•
; ' "IT;
^ H.

J 2
J M

71;

J^ '

02000'

~r, 'TO '

12

1 300'

430'

2 500'

380'

048
D



TABLE 5-14

PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING • OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

-o< omelet
'le'-vl c^hoiore

T'lirniThvl Df-itr^ala'P

rujcranrhene
Fli.rr.-7ne

-^•GChicrObenzene

n'^i J.-^lor.T'C'jf UdieP'/

i'e* >:."!or^c vi:loneMfar:i~0~
H~. 3. I'lloiO'r'trQMe

•••Jf"G[l .' 1 .J'Jlpyr.-r.? ISI

i.l'Chorone

iVi^itrcaC-'j''-''"! c-'covlo^ipo
N Ni'rcscrtiQhenvlQm'nn (i)

Naohtnalene

Nitrobenzene
Pentachlofophenol
Phenanthrene
Phenol
Pyrene
Total Petroleum Hydrocarbons

PS-lOd »
94MO03S12

<5 J
-.•5
..5
,:5

•:5
_, t

.0

<5
•:5

•:5

<b
<i.
<S
•:5
<20
<5
<5
<5
<1 1

PS- 1 OSS *
EVWJ3

.jo

.-.'0
-JO

.-.'0
•JO

•:1Q

.- 1C

.Jf;
•JO
,-'0
-jo
•JO

•JO
'-10
<25
<IO
<10
<10
NA

PS-105D *
EYW44

•JO
•JO
•JO
< 10
.-.in
.10
-JO
•JO

-.10

<10
-10
<in
• JO

<IO
<25
<10
<10
<!0
NA

PS- 106
96MO03SII

^5J
<5
<5
•:5
.-5
^5
<5
,-5
-,5
•;5
•:5
<5

•;5
t5
<20
<5
*5
<5
NA

PS-1R A

96MO03S02

<5 J
<5
<5
<5
•:5
<5
<5
<5
<5
<5
^5
<5
<5

<5
<20
<5
<5
<5
NA

COP-I A

EYWJ8

<10
<10
<IO
•:10
<IO
.-10
<IO
•:IO
<IO
<10
<IO
<10
•.- 10
<10
<25
<10
<10
<)0
NA

COP-2
EYW15

<10
<:o
clO
<IO
< 10
<10
.:10

>-10
< I Q
•:IO
<10
<10
< )0
<10
<25
<10
<10
<IO
NA

COP-3 "
EYW50

04 J
<IO
<10
<10
-.-10
<10
•:IO

•:10

<IO
<:o
•:10
.-10
<\0

<10
<25
<10
<10
<10
NA

COP 4 '•

EVW51

<!0
<10
t lO
<IO
.-:';
..•10

.-'0
-10
<10
..''.)
• lr.l
..10
<10
<IO
<K
<10
<10
<IO
< IO

COP 5 "
EYW42

<10
<!0
<10
<10

<10
<10
<:0
<IO
<10
.-ID
<10

<IO
<IO
<10
<25
<IO
<10
<10
NA

MW-20IS "
EVW53

<10
<!0
v I O

< 1 0
-JO
.:10

< 1C
<10
•:IO
.-10
<10
-.10
.JO
<10
<25

<10
<10
<10

23

MW 2025 A

E « V V 5 2

<10

e lO
<10
•:10

-.10
•:IO

.JO
-JO
•JO
< 10
-JO
-. )0
.JO
'JO
<25
<10
<10
<10

<1 0

MW-203S -
E v.v.s:

•JO
<10
< 10
< 1 0
< \ 0
<1C
.-10
- 10
.: 0

.• 0
'. 0
.: C

.- 0
<IO
e25

<10
<!0
<10
<1 0

MW-203C

F'W55

< 1 Q
< I O
t lO
,-10
<10
<10
•JO
. 10
- M

. 10
•JO
- in
- • ' 0
•JU
-.25
'.10
<IO
<10
<1 1

MW-2C3D
D..P

NA
NA

NA

NA
NA
NA
NA
NA
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

•J 0

MW-2CMS

EVW?.h

'JO

•JO

•JO

< ' 0
-.10
.JO
< i n
-10
•• 1 U

,-10
.JO
-JO
.. 1 0
-JO
<25
<1Q
<10
<10
<1.1

r?e5i'Jent!oi
Criterion

lig/l

5500
'3000
flflO
fi?0
'
1

=^
^ i
i ;

ore
0 12

1 ?()
•;̂ o

3 J
i
26
4400
560

Gil
Cute'.on

u-^/1

iqrnTx": '
' j r c "
i .1CCO
ID
ID

I) M "
r- 7
C .3 1 "
J,fO '

fBl "

' '•O "

l . >

i we "
2 3 '
24

1100'
11000'

Industrial

Critnr,,:.n

>")/>

l^lTCO'

2 1 E .5 '
25X"
2 :-.uu

4S '

=0"
^'•'•o
.-'. 1 '
j .'ncJ
: '; '

"" ' 0 '
•;n '
'.- /,

7 5 -
13.000"
1.600"

No res
Residential DW Cntenon • inr^nm fnvifonmentai Response Division Operational Memorandum *8. Revision A. Generic f?esidenriai Cleanup Criteria. June 5. IW5

; ResidentKji Aesthete crmkmg water cntenon - Interim Environmental Response Divsion Operational rVtemoranclum nS. Revision d Generic Resiaenfioi Cleanup Criteria. June 5.
? SiteScecifir BacKground
: SIOTP Bcc'*Gir'..Lrd MEf?A Cjcerationai Memoron.-jijrri tflS Default Type A Cleanup Criteria. September 30 19Q3

•j£i inr^nr-r, A:- ^rae^ .^.Tn-n (,\', -./e^t'*?.' J ! [^7} fo Operaf'orial Memorandum 88. Pevisior, d (June -. 1 *?5)

•r 'j'^trn ;i f;'A T. 'itif r cr. - r r 'vir ~ r,r"ient.jl RospCns*? Division Operational Memor^n.Oum SlJ Revision 2 June t. 1 5Q5

ina^sttuji .Ap'-.rne'ii': dnnkmg .warer cutefiOn • Environmental Responsy D'vi^cn Ocerat.onol Mernoran^L;!1" * '^ revision 2 J^n*? 6 ! v!'c-

'. ,,N; r;,-:f«f;{-,fi • ••.c-'-:f.'C."r'jl VV./v,o'^n,-]|jrn tftf. IVeviSinn <1 f.Jur.O -j I 995)

Excaedances are bcldod.

p-' ,v.,-f»v*? r-.f incjLiS'f'i'ji D'Tiking water values wpr^ included onlv it tnev difte'ed from the Protective of Residpntial Dm * f«g warRr Values

A LI jnk r..=ii irci>_ j!*_'5 thf^i rnmprjur.d is nr.t aildr^wftd in Operational Wemo'andums

[_-,es*?i i?anqp Oqamcs 'j'""3 Ti ,tni Petroieum Hyi^ror-.jfnons ii.j/g no esraOiWied cr^^'ion Trit. rfisults a'e oresented if. ing/i

injicQtps rhot anaiyty was not detpctod at cJeiection limit given.

TJR ParampTer not 'eported

<B) Cnymicai nns Ritner not been evaluated or an inadequate data Dose precludes the development of a GSI valu-1

R - Ana'yte present in method bianw
i'D - .'ns.jMfcienr oofo /or caiciJQT'on

IP Development of generic GSI value m D'ocess Dut not yet complete

" - Tentatively identified compounds present
Data net broken down into isomers so the most conservatrve criteria was used which is as
Chemical may be present m several isomer forms isomer specific concentrations must De combined 'or comparison to criteria



TABU: 5-14
PETOSKEY MANUFACTURING COMPANY SITE

Gf?OUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

Parameter

1.2 4-Tnchlorobenzene

1.2 Dichlorobenzene

1.3 Dichlorobenzene

1.4-ChchlorobehZene

2.2'-oxvDis(l-CH!i:"ocvoo'ine)
2.4 .j-Tnchlo'CDheno

2.4 6 Trichloroonenol

2. J-Dichlorop^enol

2.4-Dimethylphenol

2.4 Dinitrophenol

2.4-[>nitrotoluene

2.6-Omitrotoluene

2-Chioronaphthaiene
2-Chlorophenol

2-Methylnaphthalene

2-Methylphenol

2-Nitroaniline

2-Nitrophenol

3.3'-Dichlorobenzidine
3-Nitroanihne
46-Dinitro-2 methylphenol

d-Bromophenyl phenyl ether

4-ChlorO-3-methylphenol

4-Chloraaniline

4 Chioroohenyi onpnvi ether
4 V'-thylphpno

4-fMitmaniline

4-NitrcDhenol

Ac^naphtnpne

Acenanntnyiere
Anthracene

Benzofajanthracene {Q}

Benzola]pvrehe <Q}

Ben:o(b)fluGranthene (Q|

Senzo(ghi)perviene {Q|
3enzo(k)fluoranfhene (Qf
ierizoic acid
3enzvi alcohol
Drs(2-Chloroethoxy) rnethnne

ots(2 Chioroethyi) ether
t>is(2 ethylhexyDphthalate
:ns-(2-ChfororsopropvO efh^r

Bcityl benzyl phthalate

Carpazoie
Chrysene {Q|
[>i-n-butyl phthalate
Di-n-octyl phthalate
L>benz(a.h)anfhi'acene {Q)
^rbenzofuran
Diesel Range Orgamcs (DRO)

MW-2051 *
EYVW6

<10
<10

<10

<10

<'0

^25

<10

<!0

<10

<25

•:IO

< \ 0
<10

<10

<10

<10

<25

<10

<10
<25
<25
<10
<10

<10

<10

<10

<25

<25

<10

•-10

.-10

<10

<10

<10

<IO

<:c
MA

MA

<10

<10

<10BJ

IVA

<10

<10

<10

<10

<10

<10

<IO

NA

MW-205D "

EYW47

< > 0

<10

<10

<10

< 1 < 3

.-25

--10

<!0

<IO

<25

•:1Q

•:10

<10

<10

<10

<10

<25

<10

<10

<25

<25

<!0

<10

<1Q

< 10

•:10

<25

<25

<10

<10

<10

<10

<10

•:10

<IO

<!0

MA

MA

<10

<10

<IO
VA

<10

<IO

<10

<10

<IO

<10

<10
MA

Ingalls Well "

EYW49

..-10

<1Q

<1Q

<IQ

<10

<25

elQ

< ! Q

<1Q

--.25

< I O

--1Q

c 'O

<ID
<10
<1Q
<25
<10
<10
<25
<25
<10
<1Q

I<LLO
<HJ
-. in
..25

•-25

< 1 Q

'- in
•:'0
.-JO

<1Q

<1Q

<'0

<!0
NA

^JA

'.'10

<1Q

8BJ

WA

<10
<ID
<10
<10
<10
<!0

iTi o
MA

Ihgalls Well

Dup '

<10

<10

<10

<10

<IO

<25

<10

•:IO

<10

<25

<10

<IO

<10

<10

<IO

<10

<25

<10

<10

<25

<25

<10

<10

<10

<10

'10

.-25

<25

•:10

'10

<10

<1Q

<10

••10

<10

<10

NA

NA

* \ 0
<IO

<10BJ

NA

<10

<10

<10

<10

<10

<10

<10

NA

PB-I "

EYW62

<10

<10

<10

•:10

'10

<25

<10

<!0

<10

<25

<10

<10
<1Q

<10

<10

<10

<25

^10

<10
<25
^2S
<10
<10
< IQ
<10
•:10
<25

^25

T l O

<10

^10

<10

<:'0
<10

<10

<IO
MA

NA

<10

<10
15B

NA

<10

<IO

<10

<10

<10

<10

<iO

MA

PB-2"

EZI72

<10

<10

<IO

<10

< \ 0
<25

<IO

<!0

<10
<25

<10

•:10

<10
<10

<10

<IO
<25

<10

<10

<25

<25

<IQ

<10

<10

<1Q

• :1Q

<2S

<25 1

<IQ

< 10
-.10

•:10

<10

<10

<10

<!0

MA

MA

<10

<1Q

<10BJ

NA

<10

<10

<10

<10

<10

<10

<10

MA

PB-3"

EZT73

<-io
<10

<10

<10

<10

<25

<10

(10

<10

<25

<10

<10

<IO

<10

<10

<10

<25

<10

<10

<25

<25

<IO

<10

<10
<10

'.10

<25

<26

<10

..•1C

c l O

<10

<10

<10

<10

<10

NA

MA

<10

<10

<10BJ

MA

<10

<10

<IO

<10

<10

<10

<IO
NA

PB-4
 A

t7J7J

<1Q

<10 1

<10

<10

<10

<25

<10

<10

<IO

<25

<10

<10

<10

<10

<10

<IO

<25

<10

<10

<25

<25

<IO

<10

<10

<10

<10

<25
<25

<10

<!0
'.10

•JO

c lO

<10

<10

<10

NA

NA

<1Q

<10

<10BJ

NA

<10

<10

<10

<IO

<10

<10

<10
MA

PB-5 A

EZT75

<10

<10

<10

.:10

<10

<25

<10

<10

<10

<25

<10

<10

<10

<10

<10

<10

<25

<10

<10

<25

<25

<IO

<10

<10

<10

<1D

•:25
<25

<!0

<10

<IO

<10

<10

<10

<IO

<ia
NA

NA

<10

<IO

<10BJ

MA

<10

«10

<10

<IO

<10

<10

<10

MA

PB-6"

E7T76

<10

<10

<10

<10

<10

<25

<10

<10

<10

<25

<10

<10

<10
<10
<10
<10
<25
<10
<10
<25
<25
<IO
<10
<;o
<10

<10

-.25

<25

<1D
<!0

<10

<10

<10

<10

<IO

<to
MA

MA

<10

<10

<10BJ

MA

<IO

<10

<10

<10

<10

<10

<10

MA

PB-7
 A

EH77

.-.10

<IO

<10

<10

<10

<25

<10

<10

<10

<25

<10

•:10

<10
clO

<10

<10

<25

<10

<10

<25

<25

<IO

<10

<IO

<10

<10

<25

•:25

.- 10

<1D

•:10

<10
<10

<10

<IO

<10

NA

NA

<10

<10

<10BJ

MA

<IO

<IO

<10

<10

<10

<10

<10

<020

PB-8
 A

Efl78

•:10

<IO

< \ 0
.-1C

<10

<25

-:10

<10

<10

<25

<10

<IO

<10

<10

<10

<10

<25

<10

<10

<25

<25

<1C

<10

<10

<10

< 10

•:T5

.-25

< 10

•:1Q

.-10

<10

<10

<10

<10

<:o
NA

NA

<10

<10

<10BJ

NA

<IO

<10

<10

<10

<10

<10

<10

<020

PB-9 "

E7J79

< I O

<IO

<10

<10

<10

<25

<10

clO

<10

<25

<10

<10

<10

<10

<10

<10

<25

<10

<10

<25

<25

<10

<10

< 10

<10

•JO

•-;c.
<25

.-'0

'.10

.:10

.-10

<10

•:10

'.10

<!0

NA

NA

<10

< I O

10 BJ
NA

<10

e lO

<10
<10

<10

<10

<10
NA

1B-1

56MO03R01

'.5

f ̂
<5

,:5

HA

-.20
..5 J

•:5

-5
'.20

..5

•-5

'S

,;5

<5

<5

<20

<5

<5J

<20

<20

<5

<5

<5
,5

.-5

• ^
;(
. J

. 0

. .1

A
<5

<20

<5

•:5

.-.5J

<3BJ

<5

<5

i5

<5

«5

<5

<5

<5

NA

Residential

Criterion

|ag/l

70

60C

600

75 '

730

77

73

370

1 3

45
ID

370'

20'

1.9'

150'

37

1300

26

7300

1 2

02

1 2

26

12

32000

10000

077 '

6

1200

120

880

130 '

0 1 2 '

ID

GSI
Criterion

[ig/l

ID

!4

38'

13"

25'

44 '

19

12

91 '

IB)"

22'

(81 '
38'

(Bl"

0063'

4 4 s

IB1"

15'

IB)'

1 M'XXX! '

031 '

031 '

031 "

[Bl
1

0 3 1

•Bl'-

22"

4 2 '

NIL
59'

[81 1

331 "

12000"

[Bl'

331 "

1B1"

Industrial

Criterion

UQ.'I

70

*Xl'
600

75

2 100
3211 '

2 1 0 '

1 OCXI

5 1

no
10

1.003'

58'

7 7°

420'

'.T

'. .-rc
~c.
2 ' COO

4 8

0 2

: 8'
76

48

K (300 '

29 000 '

32

6 -

3300'

480 '

2500"

380'

0 4 8 "

D



TABLE 5-14

PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - SEMI-VOLATILE ORGANIC COMPOUNDS

Parameter
Diethyl phrnalate
Dimethyl pnrnaiate
Piuorantt^ene
Piuorene
H*?<achlorcDenzene
Hexachlorobutadiene
"leaQChlcrCCVCIOGer'I'J'Jifno
HexaoNorop thane
ndenoll 2 3 cajovwnp |Q)
iscohorone
N NitroSO-di-n-cropvlamine

N NitrosocjiDnenvlnn-jine ( 1 )
Naphthalene
Nitrobenzene
^enfachlorrphero
Phenanthrene
Phenol
Pyrene
Total Petroleum Hydrocarbons

MW-205i "
EVW46

<10
<IO
<10
<10
<10
<IO
< I O
<IO
<10
.:10

.-10

< I O
•:10

<1C
<25
•JO
<10
*IO
NA

MW-205D "
EVW47

<10
<10
<10
.-10

< I O
<10
•:10

< 10
<10
<10
<10
<10
•:10

<1C
<25
<10
<10
<10
NA

Ingails Well "
EVW49

<IO
<10
<10
<10
< \ 0
HO
<10
•:10

< I O
'-10

•:10

^10

<IO

<10
<25
<IO
<10
<IO
^A

Ingails Well
Dup '

<\0
<10
<10
<IO
.-.10
..•10
<10
<10
,:10

<IO
<IO
..-10
.-10

•:>G

<25
<10
<10
<10
NA

PB-1 "
EYW62

clO
<10
<IO
<IO
<10
<IO
<IO
<10
<10
< IO
<10
<10
<10
<10
•:25

<10
<10
<10
NA

PB-2^
EZT72

<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
e lO
<IO
<1G
<25
<10
<10
clO
NA

PB-3*
EZT73

<10
<10
<10
<10
<IO
<10
<IO
<10
<10
<10
<10
<10
<10
<10
<25
<10
<10
<IO
NA

PB-4 '•
EZI74

<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<IO
<IO
<10
<10
<25
<10
<10
<10
NA

PB-5--
EZT75

<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<25
<10
<10
<IO
NA

PB-6 "
EZT76

<10
<10
<:o
<10
<10
<10
<10
<10
<IO
<10
<10
.-10

<10
.:!0

<25
<10
<10
<10
NA

PB 7 *
EZT77

<10
<10
<10
<10
<10
<10
<10
f 10
<10
<10
<10
< I O
<10
<10
<25
<10
<10
<10
cl.O

P6-8 -^
EZT73

<10
<10
<10
<10
<10
<10
<10
<10
<10
< \ 0
< \ 0
-.10

<IO
<10
<25
<10
<IO
<10
<1 0

PB-v '•
EZ179

<10
<10
<10
-.10

•:10

•:10

< 1 0
..10

<10
<10
•:10
•:10
<10

• :IQ
--25

<10
<10
<10
NA

T B - i

96MO03TO1

--5 J
'.5
'.5
•:5
.-5
•;.'j
..S
.:5
. t;

, 5

•:5

. .̂

,5

.̂ c

<20
<5
<5
<5
NA

Residential
Criterion

M9/I

5500
73000
880
880
I
1 1
SO
61

1 2
900
0 12
170
260
3d
1

26 '
4400
550'

GSi
Criterion

MQ/I

2000000 "
370 "

14000'
D
D

0 5 4 '
1 7 '

Ml'
StOn

IB} '

160-
13 "
1QOC1

2 3
24
1100'
11000'

Industrial
Criter.cn

Hd/l

M6I.KX1'
2 1 E-5
2 sm '•
2500
1 -

JS
5.0
250 '

4 3
1 7tX
0 5 '
7 10
7 SO
9 6 '
1 *

75'

13.000-
1.600'

Notes
1 Residential OW Criterion - Interim Environmental Response Drvaon Operational Memorandum f8. RevBlon A: Generic Residential Cleanup Criteria. June 5. 1W5
} Residential Aesthetic drinking water criterion - Interim Environmental Response Division Operational Memorandum #8. Revision 4: Generic Resic 'ntial Cleanup Criteria. June 5. 1995
' Site Specific Background
' State Background MERA Operational Memorandum #15 Default Type A Cleanup Criteria, September 30. 1993

GSi cntenon - Amended vers.on (November 3. 1W7) tc Operational Memorandum #8. Revision 4 (June 5. 1995)
induitn.-ji DW Criterion Envr-nm^'al ^espcnsi? Division Operational Memorandum #M Revision 2 June 6. 1995
ir-'j'jstri'-ji Aesthetic 'Jr;nkmg water 'Tri'isr.rjn - Environmental Response Division Operational Memorandum Jtl4 Revision 2 June 6 1995

"LVji'.Jritefion OD-erfjti.Jn.-3iMpmrTnr..ji,i-i«e Re-.is^M d (Junn =1 1W5)
Exco*(janca> aia botd»d.
Gr'.'NiMj-rtijfw Contact Cri tef ia was r,.-..t
Pujfec'i'jw of industrial Onnumg 'Aarer ^a
A monk ceil mdica'es 'fiat compound m
Diesel EVange Orgarncs fjnd Total Petroip
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MR Parameter not reported
J Estimated value
|B| • Chemical has either nor t>een evrjiuatea or an inaaequate data Dase precludes the development of a GSi value
B - Annlyte present m n-iethi>-j fionk
ID - insufficient data for coicuianon

iP • Development of generic GSI value m oror.pss Out not yet complete
A - Tentatively identified compounds present
* Data not bfOken aown into isomers so the most conservative criteria was used which is cis
J Chemical may be present in several isomer forms Isomer specie concentrations must be combined for comparison to criteria

^ m thrn inbie Because there Mvero nc detection limits whir.n exceeded 'he criteria
r^ in'-luned oniv it thev ditfRre^ from the Protective of Residential Drinking Water Values
ressea m Operational Memorandums

jmi aitir. ns have no estobhshpa criterion The results are presented m mg/[
de tec Nun limit given



TABLE 5-15
PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995
ANALYTICAL DATA - PESTICIDES AND PCBs
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TABLE 5-15
PETOSKEY MANUFACTURING COMPANY SITE

GROUNDWATER SAMPLING - OCTOBER 1995
ANALYTICAL DATA - PESTICIDES AND PCBs
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•idi Cleanup Cnfena. June 5. 1995



TABLE 5-15
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - PESTICIDES AND PCBs

Parameter

44-DDD

4.4 -DDE

4.4 -DOT

Aldrin

alDha-BHC
otDha-Cniordane

A,oclor-1016|T|

Aroclor-1221 |T|

Aroclor.l232|TI
Arocior-1242|T|

A;ocloM248|TI
Aroclor-1254|TI

Araclor-1260|T|

bera-BHC

Chlordane. Technical

aelta-BHC
Dieldnti

Endosurran 1

Endoiulfonll
EndOBJfan Mltate

Endrln

Endnn aldehyde
Enann ketooe

gamma-BHC (Linddne)

gamma-Chlorddne

^eoracMor

Heotoctiior expoxide
MeThoxvcnior

Taxapnene

ingalls Well

Dup
EYW60

MO/I
<0 10
O 10
<0 10
0060

<ooso
0050

< 1 0

<20

< I O

<l 0
<l 0
<1 0
<1 0
<0050

NA

<0050

<0 10
O050

<010
<0.1C

<010

<010

<0 10

<0060

<0050

<0050

eOOSO

<050

<50

PB-]

EYW62

MO/I

<0 10

<0. 10

<010

<0050

<0.050

<0050
<1 0

<20

<10

<1 0

<l 0

<1 0

<l 0

<aoso
NA

<0050

<0.10

<O.OSO

<0.10

<0.10

<0.10

tO.10

<010

<0050

<ooso
<0060

<0050

<050

<50

PB2

EZT72

no/i
<fl 10

<0 10

<0 10

<0050

<0050

•cOOSO

< 1 0

<20

<10

< 1 0

< I O

<10

<l 0

<ao5o
NA

<OOSO

<0.10

<0.060

<0.10

<O.IO

<0.10

<O.IO

<0 10

<0.050

<0050

<0050
<0050

<050

<50

PB-3

EZT73

no/i
<OIO

<010

<0.10

<0060

<0060

<0050

<1 0

<20

<1 0

<] 0

<1 0

<i o
<1 0

<0050

NA

<O.CEO
<O.IO

<ooso
<0.10

<010

<0.10

<010

<0.10

<0050
<0050

<0050

«0050

<050

<50

PB-4

EZT74

MO/I

<0.10

<0 10

<010

<0050

<o.oso
<o.oso
<1 0
<20

<1 0

<1 0

<1 0

<1.0

<10

<0050
NA

<0060

O10

<0.050
<0.10

<0.10

<010

<010

<010

<ooso
<0050

<0050

<0050

<050
<50

PB-5

E7J75

no/i
<0 10

<0 10

<0 10

<0050

<0050

<0050

<1 0

<20

<1 0

<1 0

<l 0

<1 0

<10

<o.oso
NA

<0 060

<O10

<OOSO

<0.10

<0.10
<010

<O.IO

<010

<0050

<0060

<0050

<0050

<050

<50

PB-6

E7J76

MO/I

<O 10

<0 10

<010

<0050

<0060

<0050

< 1 0

<20

<1.0

<1 0

<10

<1 0

<1.0

<0050
NA

<O.OSO

<0.10

<ooso
d)10

<O.IO

<010

<010

<0 10

<0050

<0050

<0050

<0050

<050

<SO

PB-7

E7J77

MO/I

<0 10

<O.IO

0.011 V

<0.050

<0.050

<0050

<1 0

<2.0

<l 0

<1 0

<1 0

<1 0

<1 0

<0050
NA

<0.050

<0.10

<0050

<0.10

<0.10

tO.10

<0.10

<0.10

<0050
<0050

<OD50

<0050

<050

<50

PB-e
EZT78

MO/I

<0 10

<0 10

<0 10

<0050

<0060

<0050

<10

<20

<1 0
<1 0

<1 0

<1.0

<1 0

<0060

NA

<0050

<0.10

<OOSO

<010

<O.10

<0.10

<D.10

<0.10

<0050

<0.050

<0050

<0050

<OSO

<50

PB-9

EZT79

no/i
<010

<010

<0 10

<0060

<0050

<0.050

<10

<2.0

<1 0

<] 0

<1 0

<1 0

<1 0

<0050

NA

<0.050

<0.10

<0.060

<0.10

<0.10

<0.10

<010

<010

<0060

<0050

<0060

<0050

<050

<50

TB-1

°6MO03R01

no/i
<002
<D02

<002

<001

<001

<001

<02

<02

<02

<02

<02

<02

<02

<0.01

<0.2

<001

<OQ2

<0.01

<0.02

<0.02

<002

<002
<002

<B01

<001

<001

<001

<0 1

<1

Residential
Criteria

no/i
35

2 5 '

25 '

005

2 '

0.053'
1 7 '

2 '

04

02

40

3

GSI
Criterion

MS/1
000841

00059'

1 1 E 5'
0.0014"

20E»5 '

20E-5 '
20E.5 '

20E«5 '

20E-5 '

20E.5 '

20E-5 '

p

6 5 E 6 1

Bl*

Bl'

p

008'

00016"

00011 '

Bl'
6 8 E 5 '

Industrial
Criteria

no/l
35 '

2 5 "

25 '

005'

2'

0.053'

1.7'

2°

04 '

0 2 °

40'

3 *

' Residential Ow Criterion - interim Envtronrrwntai R«pon*« Division Ope'dtional Memorandum «J. R«vsion A GoneOc R«ia«ntlal Cleanup Criteria. Jurw 5. 1995
1 Residential Awfnetlc drinking watef crrtenon • Intenm Envifonmental l?e*porwe Dwsion Operational Memofandum *8. l?evuion A Genenc Residential Cleanup Cruena. Jun« 5.
1 Stfe Specific Background
* State Background. MERA Operational Memorandum f 15 Defauft Type A Cleanup Crttena. September 30. 1993
* GSI cntenon - Amended vetwn (Novemoef 3. 1997) to Operational Memorandum t&. Revttion A (June 5. 1995)
* Industrial DW Crtfenon - Environmental Rttiponse DMj*on OpefOtlonal Memorandum f\A Revsion 2. June 6. 1995

Induitfial Aeitl-ietic drinking water crtteflon • Environmental Rewonw Drv*on Operational Memorandum t\A RevSlort 2. June 6. 1995
120X GSI Crrtenon • Operational Memorandum «. RevWon A (June 5. 1995)

ExceedancM are botded.
Gfoundwater Contact Crffefla wQi not Included m th» table becauae there were no detection llmtti wtiich exceeded the cnteoa
Protectrve of Induitrial Drinking Water value* were included onty if tnev drfTered from tne Protective of Reiidential Drinking Water Value*.
A blank cell indteatet thai compound • not addreued in Operational Memorandum*.
< • mdicatei That anaryte was not detected at detection limit given
NR - Parameter not reported
J - Estimated value
|B) - CnemicaJ ho* either not been evaluated or an inoaeouate data POM preclude* the development of a GSJ value
B - Anatyte present in method blank.
ID • inefficient data for calculation
IP • Development of generic GSI value in procen but rot yet complete.
A • Tentatively identified compound! present
(J) • Chemical may b* prtMnt in tewrml iKxner form* iwmer •peafic concentntaons mult be combmed tor companion to crttena
CO TOXIC Subsuncvi Control Act. Subpart G-PCB Spill ClMnup Policy rtandartte may ba mcxa reatncliv*.



TABLE 5-16
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWATER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - METALS

Pnnmeter

Aluminum

Antimony
At^nu:

Qofium

li^'vllium

OiilmiurTi

OHoum

< 'hromiurri

•; : :b'jn
'_ OL>L'*'

lion

l̂ an

Magnesium

Manganese

Mefcurv
Nickel
Potassium

Selenium

Siivw

Sodium

'hatlium

Vnnaaium

,-T..-

PS AD

MfVDdl

[ig/l

?9 3 B

•10

• •20

4.1 .1 8

. 1 0

. 1 0

ftMUU

1 5 i;

] d B

-,'0

1250

.. 1 0

29TO

27 1

.-020

2 1 B

2860 B

<3.0

<I.O

21300
'30

• 1 0

?8 '

PS cs
MEYD57

uq/1

1 C . 7 B

5 4 B

-40

24 1 B

•:l 0

' i a
70300

?1B

.1 0

4 JB

20 1 B

.-20

13700

4 3 8

-.020

3 5 B

3120B

<2O

<2.0

32900 E

.̂10

<l 0

2 < J B

PS-CD

MEVD58

wg/i

M 9 B

<20

< J O

5 6 8 8

vl 0

• : a
104000

2 4 B

l 3fl
. 1 0

40 58
,•20

19BOO

2 5 8

<020

2 7 8

37408

<2.0

2.19

7'3400E

00

1 1 B

1 3 ?

PSCDDup

MEVD61

ug/i

8 4 B

•:20

,:40

58 6 B

f\ 0

..!0

104000

3 B B

1 48

1 1 B

4 8 9 8

<20

19800

2 4 8

<020

4 0 8

37508

2 2 B

2.1 a
79100 E

<30

1 28

130

PS- ii
MEVD59

ug/i

9 5 B
<20
< 4 Q

69 OB

<1 0

• -< 0

10«MO

2 0 8

1 1 B

..1 0

36 2 B

r.20

20700

<1 0

<020

2 2 B

35306

<2.0

<20

49700 E

3.98

<1 0

215

PS I05S

MEVD43

itg/i
<21 0

<30

••20
31 9fl

.•1 0

111

58500

2 6 8

,-1 0

<1 0

317

44.4

24700

I04B

e020

1 SB

3660 B

<30

*10

11100
<40

<l 0
110

PS-105D

MEVD44

ug/i

<21 0

<30

<20

43 23

<1 0

.•1 0

58400
2 4 8

<\ 0

<1 0

259

<1 0

28600

1058

<020

1 38

4400 8

<30

<1 0

12900

4.11

<l 0

12 7B

COP 1

MtVDdB

KS/1

1MB

<20

<40

2(>9B

<\ 0

<10

ftflOOO

3 0 8

1 38

2 0 8

2 7 2 8
,20

17000
<1.0

<020

2 0 B

26308

<20

<2.0

33200 E

3.7 B

1 1 B
127

COP-2

MEVD45

Hi]/!

<21 0

<30

2 0 B

26 5 B

<1 0

<l 0

79900

399

<•! 0

<20

221

<1 0

1 3900

4 2 B

<0.20

29 3 B

S210

<30

<1.0

30600

4.1 B

<1 0

307

COP-3

MEYD50

US-"

<80

2 8 B

<40

75 1 B

<l 0

'1 0

105000

3 4 8

•:1 0

1 2B

3<4

<20

15200

51.S

<020

3 4 8

3290 B

3.3 B

<2.0

5920 E

3.6 B

<1 0

3 7 3

COP -4

MEYD51

ug'i
B O B

3 5 B

4 5 8

5 5 3 8

•;\ 0

.•1 0

117000

2 5 B

<l 0

•rl 0

I4W

<20

9800

194

<020

2 7 8

2710

<20

<2.0

4820 E

<30

1 ISB

9 6 B

COP-5

MEVDJ2

uQ/l

2 6 8 8

6.3 B

<20

lo .'B

,1 0

1 1 B

5S9UO
2 0 8

^1 0

: 2

a 99
2 9 B

14700

1 4 2 8

r.OX

3.0 B

46306

<3.0
<1.0

14200

4.4 B
< 1 0

5 1 B

MW-2011

MEVP55

uy."
f S O

-.20

,.40

48 28

-.1 0

'.-' 0

12100

J 78

-- 1 0

1 1 B

2MO

,20

13800

91.2

<020

3 2 B

3200 B

<20

<20

23IOOE

4.7 •

-.' 0

6 4 B

MW-202S

MEV052

ug/l

8 4 8

••20

. - J O

0.158

-•1 0

<1 0
9, '000

2 4 B

i OB

1 7B

3lj 4 B

^2_0
16800

12 1 B

<020

21.68

301 OB
<20
<20

59200 E

3.7 B

< - I O

25 1

MVV 203S

ME ,'DS4

ug/i

, 1 2 3 B
<?n
• -1 ;]

7n ^ B
* ' ;l

< I '.)

ioatxxi
; JB

^ 1 9 0 B

I 1 B

• 1 .1

• 2 0

17 SOD

4 7B

<020

61 B

3I60B

<20

<20

45800 E

«!0

. 1 0

1 '' B B

MW-203D

MEVD55

ug/1

,80

'20

,40

Jl 6 B

,\ o

.1 0

6', '00

J 1 B

.-1 0

<l 0

1270

,20

10200

360

.•020

2 2 B

I/OOB

<20

<2.0

20900E

4.0 B

'1 0

S 5 B

PesiJentioi

uq/'

W

0

W

2.000
4

5

IOU

J'

1 OlW

30Ti-
4

J20000

so-
2

100'

50

34'

160000

2 '
64

2 JOO-

L-S)

uai
181'

J 150
r:

190

|Q

'..1

1 1

!B) '
IS

IB! '
K?

IB) '

IB) '

00013

85-

J '

00575

(8) "

3 7'

8 '

19(1

ndustnol

L Mtenon

uq/l

6n
ft

Ml

2 (XX)

4

1'JO'

100

1 000

,<00

4

1 2 E . 6 '

60

2

100'

50'
96'

4 5 E*5 '

2°
180 '

iiJJO

38 Revision J Generic ^

ji^ P < | - kgro'jnd. MERA jnai Memorandum «15 Default Tvc>e A Cleanup Criteria. September 3D Iv93

•_-:iji -jnteri'.-n - Amenav-d /enion (November 1 1*?7'; to OpeujtK.mnl Memorandum *fi Revision J (June 5 1W5)

ind'jstnai DW Criterion Environmental Response DMSIOR Gperatn.-nal Memorandum Sid Revision 2. June ft. 1995

industrial Aes'n^tir innking water criterion - Environmental f.eiponse Division Ope^jfional Memorandum *M Revision 2 June 6. 1995

''Xix ^Sl Criterion Operational Memorandum »8. Revision 4 (June 5 1995)

Excoftdancas are bold*d.

Gn iijndw iter Contact Cntern was not included m this table Carouse there we»« no detection limits which exceeded tho catena

P'offjc live of ini-jusfrcT Cnnking w^rer values were included c-n'y •' 'lev rJjffefed from the Protective of Residential Drinking water values

A blank ceil indicates that compound is not addressed in Operational Memorandums

• • rnfimfes STi'jf ariai'/f'? wa^ not detected at detection limit given

NP - PorornPter not reported

J Esiimufed value

IB} Chemical has either not oeen evaluated or an inadequate data base precludes the development of a GSI value

B Arioiyfe presenf JH me'hod blank

IE' insufficient data tor calculation

'P Development of generic GSi value m process but not yet complete
fl • Tentatively identified compounds present



TABLK5-16
PETOSKEY MANUFACTURING COMPANY SITE
GROUNDWAFER SAMPLING - OCTOBER 1995

ANALYTICAL DATA - METALS

Parameter

Aluminum

Antimony

Aî nn:
Bunum

3tifvll>um

Cadmium
Calcium

Chromium

CoDalt

Copper

Iron

Lead
Magnesium

Manganese

Mercury

Nickel

Potassium
Setenium

Silver

Sodium

thallium

vanadium

,',n.-

MW 204S

MEVD56

MQ/
1

<80

••20

..4 0

7016

.. 1 0

.•1 0

W400

4 3 8

1 4B

1 2B

34 4 B

<20

18200

236

<0.20

"12.3

3250 B

<20

<2.0

64000 E
4 6 8

.-10

« ? B

MW-2051

MEVD*5

uq/l

<2I 0

<30

2 3 B

25 8 B

<l 0

<1 0

68100

2 1 B

.1 0

.•20

122

< I O

23500

31.3

<0.20

2.5 B

43706

<3.0

<1.0

17600
5.5§

'.\ 0

I 32B

MW-2050
MEYD47

M9/1

<210

<30
^20

28 OB

<\ 0

<10

ftolCO

1 6B

<1 0

<20

52 8 B

36

23600

208

<0.20

1 7B

3150B

<3u

<1.0

14500

5.31

el 0

6 3 B

Ingalls Well

MEYD49

ng/i

<21 0

3 6 8

-•20

28 1 B

<\ 0

<l 0

65100

1 88

<l 0

5 1 6

<ll 0

2 1 B

16100

<1 0

<020

2.0 B

3990

<3.0

<I.O

26600
4.3 B

<•! 0
f, i B

Ingalls Well

DUD
MEYD60

ug/i
<2I 0

3 4 B

<2'J

28 6 B

<! 0

<1 0

64200

: 6 B
.•1 0

31 B

.-110

<1 0

15900

<1 0

<020

I 4B

3580 B

<3.0

<)0

26200

*40

<1 0

0 9 B

PB-1

MEVD62

M9/I

26 3 B

67 B

<20

<l 0

<l 0

<1 0

282 B

208

<l 0

61 B

M S B

<10

92 2 B

1 8B

<020

2 7 B

<1730

<3.0

<1.0

359 B

4.0 B

* IO

1 3 2 B

PB2

MEVD63

ug/i
50 48

4.1 B

<20

<10

<1 0

<•! 0

1B4B

2 2 B

1 1 B

4 6 8

I 90B

< I O

<5 IO

.1.0

<0.20
l.BB

<1730

<30

<1.0

<295

4.41

< I O

245

PB-3

MEVD64

lit)'1

21 38

<30

•=20

'. 1 0

<l 0

<l 0

231 B

1 IB

,\ 0

.-20

70 6 B

cl 0

<51 0

<1 0

<020

1 6B

<1730

<0.20

<IO

<295

<4.0

<1 0

101 B

P8-4

MEVD65

n9"
< 2 1 0

<30

<20

<i a
<l 0

<1 0

588 B

2 6 B

.:! 0

<20

<11 0

<1 0

.•510

<1 0

<0.20

<I.O

<I730

<3.0

<10

<295

<40

<1 0

8 5 B

PB-5

MEVD66

ug/i

2 4 8 8

<30

,20

<\ 0
<l 0

< I O

551 B

4 5 B

<l 0

2 1 B

2? 3 S

<1 0

<51 0

< I O

<020

1 28

<1730

<3.0

<10

<295

4.0 a
<l 0

1 8 6 8

PB-6

MEVD67

ug"
.-21 0

.-30

.-20

,1 0

.-l 0

< I O

190B

3 4 B

.-1 0

.•20

? 3 4 9

.-1 0

.•51 0

.•1 0

<020

1 2B

<I730

<3.0

t io
<295

<JO

<1 0

6 3 B

PB-7

MEVD68

U9/I

I 0 2 B

• : 2Q

.40

1 1 B

•:1 0

-•' !j

in- B
3 SB

-.1 0

'.1 0

isa B
•:20

61 1 B

1 1 B

<020

2 2 B

56.4 B

<2.0

<J.O

96 5 BE

<30

^1 0

; ?B

PB-8

MEYD69

ug/i
wo a

<20
,4Q

2 5 8

<1 0

,•1 0

15JOB
7 0 8

<\ 0

1 SB

37 2 B

.20

2628

2 6 8

<0.20

4.0 e
I06B

<2.0

<20

130 BE

<30

<1 0

154 B

PB ^

MEVD'O

uq/l

M 1 B

.-:o
<10

1 7 B

.-1 0

.-! 0

85.1 B

3 6 8

.! 0

•-. 1 0

44 1 B

.:-'0

91 6B

1 7B

<Q20
22B

74 2 B

<2.0

-.20

215 BE

<i.O
.:! 0

602

Rt^'.idenlial

Crtienon

ug"
50'

6

50

2.000
4

5

!00

37

1 000-

JOO'

4

420000

50'

2

100'

50'

34 '

160000'

2

64

2400'

5SI

Culen-n

ug/i
18} '
4 liO

ID

I'JU

10

36

1 1

IB)

1 5 '

(8) '
i';

(B ) '

B| '
00013 '

85"

5

0057 5

(B('

3 7 '

8'

100

Industrial

Criterion

liq.'

.50

6

50

2000
j

'i

100'

IL'I'

i CO]

300

4

1 2 E » f t

50

100'

50'

96°

45E .5 "

2"

180

sono

r^soenli'^ LVJ C'll^nrjn - '.nifirim

• f^Msidpniial Aesfhe'ic (Jnnking ^-T

Si'v Sr-oinfic Background

" L't-jip BnOqround MERA Operationiji Me'nofondum 815 Default Ivp** ^ Cleanup Criteria September CA '"^

" •J.'ji •jnt«nr,n Amended version (November 3. 1W7) to Operational Memorandum 88 Revision d (June 5 IW5)

- inaustnoi r.>w Criterion Environmental Response Division Operafiona' Memorandum #M Revision 2. JL;ne6. )W5

inaustriGi A^srnetic drinking water cntenon Environmental Response Division Operational MemD'onrium 8 I d Revision 2. June 6. 1995
M20X GS) CntRiiLin - Operational Merriorandum KB. Revision d {June 5. 1^5)

Excft*dances or* boid«d.

GrounrtwiTer Conract Criteria was not included in mis table because mefe were no detection limits wnicn exceoded the criteria

PniiMrjiyta of industrial Dunking Water values w^re included onty if ihev differed from the Pio'ective of Res"3ential Ofinking Water values

A blank ceil mdcates that compouna is not add'essed m Operational Memorandums

c .Tidicates fnat anaivte was not detected at detection limit giv9n

NR - Parameter not sported

J Estimated value

{B} Chemical has eimer not been evaluated o' an inadequate data base precludes the development oi a GSI value

fa • Analvte present in method blank

ID - insufficient data for calculation.

IP Development of generic GSI value in process but not yet complete
A - Tentatively identified compounds present



CHEMICAL

VOLATILE ORGAN1CS

Acetone
3enzene
1,2-Dichloroethene (total)
ithylbenzene
Vlethvlene Chloride
fetnichloroethene
Toluene
Trichloroethene

Xylenes (total)

SEMI-VOLATILE ORGANICS

Acenapthene
Anthracene
3enzo[a]anthracene
3enzo[a|pvrene
3enzo[b ] tluoranthene
3enzo[g,h,ilpervlene
bis(2-Ethvlhexvl) phthalate
Butyl benzyl phthalate
Carbazole
^hrvsene
Di-n-butvl-phthalate
5i-n-octvl phthalate
3ibenz[a,hlanthracene
Jibenzoturan
7luoranthene
:luorene
ndenof 1 ,2,3-cd]pvrene

2-Methylnaphthalene
Naphthalene
'henanthrene
'vrene

PESTICIDES/PCBs

Aldrin
alpha-Chlordane
M'-DDD
4,4'-DDE
4,4'-DDT
:ndosultan I
indosultan II

PCBs

TABLE 6-1

SUMMARY OF SHALLOW SOIL DATA
PETOSKEY MANUFACTURING SITE

Frequency

5 / 16
0 / 16
1 / 16
1 / 16

11 / 16
2 / 16
3 / 16
4 / 16
1 / 16

4 / 16
3 / 16
5 / 16
4 / 16
5 / 16
6 / 16
5 / 16
2 / 16
4 / 16
6 / 16
5 / 16
1 / 16
4 / 16
3 / !6
1 I 16
4 / 16
1 I 16
0 / 16
0 / 16
4 / 16
6 / 16

1 / 16
0 / 16
1 / 16
2 / 16
2 / 16
I / 16
1 / 16
1 / 16

Range
(mg/kg)

0.011 - 0.046
ND

0.006
0.006

0.003 - 0.05
0.012 - 0.05
0.009 - 0.018
0.023 - 0.46

0.033

0.140 - 6.6
0.140 - 9.4
0.040 - 0.19
0.120 - 0.2
0.051 - 0.35
0.041 - 12
0.026 - 5.1
0.15 - 0.55
0.16 - 7.8

0.045 - 0.22
0.19 - 0.36

3.2
0.110 - 7.9
0.16 - 3.9

0.079 - 3.6
0.130 - 7.1
0.043 - 13

ND
ND

0.059 - 0.29
0.086 - 0.41

0.002
ND

0.0026
4.10E-04 - 0.0031

0.002 - 0.092
0.0082
0.0029
0.030

SITE BACKGROUND f

Frequency

0 / 3
0 / 3
0 / 3
0 / 3
1 / 3
0 / 3
2 / 3
0 / 3
3 / 3

0 / 4
0 / 4
1 / 4
2 /4
1 / 4
2 / 4
1 / 4
0 / 4
0 / 4
1 / 4
0 / 4
0 / 4
0 / 4
0 / 4
1 / 4
0 / 4
2 / 4
0 / 4
0 / 4
0 / 4
1 / 4

0 / 4
1 / 4
0 / 4
0 / 4
0 / 4
0 / 4
0 / 4
0 / 4

Range
(mg/kg)

ND
ND
ND
ND

0.046
ND

0.009 - 0.056
ND

0.002 - 0.004

ND
ND
0.17

0.15 - 0.69
0.33

0.18 - 0.41
0.074
ND
ND
0.16
ND
ND
ND
ND
0.22
ND

0.18 - 0.32
ND
ND
ND
0.19

ND
0.00091

ND
ND
ND
ND
ND
ND

Elements in

Michigan Soils l

Range Average
(mg/kg) (nig/kg)

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

Page 1 of 2 Tab6-l.xls.ss



TABLE 6-1

SUMMARY OF SHALLOW SOIL DATA
PETOSKEY MANUFACTURING SITE

CHEMICAL

INORGANICS

Aluminum
Antimony
Arsenic
Barium
Beryllium

Cadmium
Calcium
Chromium
Cobalt
Copper
ron
-ead
^aanesium
vlanaanese
vlercurv

Nickel
'otassium

Selenium
Silver
Sodium
rhallium

Vanadium
Zinc

OTHER

Cvamde

Frequency

17 / 17
1 / 17

14 / 17
17 / 17
14 / 17
7 / 17

17 / 17
17 / 17
14 / 17
16 / 17
17 / 17
17 / 17
17 / 17
17 / 17
7 / 17

15 / 17
16 / 17
3 / 17
5 / 17

17 / 17
1 / 17

17 / 17
17 / 17

2 / 17

Range
(mg/ks)

1200 - 6090
14.2

0.7 - 14
4.3 - 305

0.14 - 2.2
0.75 - 28.9

4830 - 258000
1.2 - 27.4

0.62 - 3.5
2.6 - 39

1460 - 15300
1.6 - 306

1350 - 23000
34.4 - 293
0.12 - 0.41

3.9 - 35.5
124 - 805

0.95 - 20.7
0.23 - 3.7
32.8 - 419

0.68
2.5 - 16.8
9.3 - 19700

2 - 2.4

SITE BACKGROUND '
Frequency

4 / 4
0 / 4
3 / 4
4 / 4
2 /4
2 / 4
4 / 4
4 / 4
4 / 4
4 / 4
4 / 4
4 / 4
4 / 4
4 / 4
0 / 4
4 / 4
4 / 4
0 / 4
0 / 4
4 / 4
0 / 4
4 / 4
4 / 4

0 / 4

Range
(mg/kg)

1320 - 2440
ND

0.99 - 1.3
11.6 - 527
0.56 - 0.73
0.34 - 0.36
1400 - 71700

2.4 - 4.2
0.79 - 1.2
0.87 - 14.8
2380 - 4690
10.9 - 44.1
417 - 5170

25.9 - 159
ND

1.3 - 7.9
173 - 450

ND
ND

55.3 - 129
ND

3.1 - 7.7
18.7 - 355

ND

Element!! in

Michigan Soils z

Range
(mg/kg)

Average
(mg/kg)

.000->100.000
<1 0-3 .0

1.0- 10
100-700
N D - 3 0

0.1 - 1.6**
100-280,000*

3.0 - 70
ND- 15
<1.0-70

100 -> 100. 000*
ND-30

50 - 50.000*
<2.0 - 7,000*

0.02- 1.20
ND-30

50 - 37,000*
<0.1 -3.7

0.1 -1.0**
<500 - 50,000*

0.25-10***
ND- 150
9 .0 -95

57000*
<1.0

4
444
0.33

0.7**
6300*

26
3.7
12

25000*
1 1

4600*
640*
0.264

1 1
12000*

0.49
0.18**
7800*

2.23***
44
48

NA

ND = Not Detected
NA = Not Applicable
1 Shallow soil background samples include samples with ED numbers and (depth in feet): Bl (1-3), B2 (1-3), 206 (0.5-2 5), 207 (0.5-
2 Dragun and Chiasson, 1991
* Eastern USA
** Michigan sandy soils
*** Michigan lower peninsula soils

Page 2 of 2 Tul)6-1. xlsss



TABLE 6-2

COMPARISON OF SOILS DATA TO BACKGROUND SOIL DATA
PETOSKEY MANUFACTURING SITE

CHEMICAL

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Vlagnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Fhallium
Vanadium
Zinc

SHALLOW
SOIL

Average
(mg/kg)
2,600

; : • ; • - : - : 3jjfc2flF^My

-v^feM;
55.31
0.74

!V!=i>;^^
34,662

m&ifmm
1.64

^^M*mi
4,702

/•;-1.;**5:V:^
7,184

148

•: tmWS®
r

3^4

: tismSft*®?

: Wf&^&^

112

.•;•::;•• ^fc^;;--,--:*-. . . . . . . . . . . .

6.95
••••••• 3,435:.. • : . : ;

SHALLOW SOIL

BACKGROUND '
2X Average (re)

(mg/kg)
3,825
ND
2.33
293
1.29
0.70

48,770(1,000,000)
5.85
2.07
12.29

6,275 (200,000)
53.85

4,823(1,000,000)

244
ND
7.75

545.5(1,000,000)
ND
ND

157(1,000,000)
ND
9.70
247

ALL SOILS
Average
(mg/kg)

2,402
1 1.28

;•;;;;:; :.-2M • • j j - j v j
32.33
1.27

• y \.S~5Q-.. . '• •
147,602

;. ;'::7dto- , •.;:;;:
i.771

.:•;::.;, 12,81 •;:.:.;:-

4,248
: :•:.;;.: : 105 • ; '.. •.> ; \ :',

14,792

173
.;::r:.;:;i:|Ot:;;:.;:::.?;;:;::

:̂::;|;;̂ 2S;;:;|||j;

729
..;;:::.-:-:.:5;83; •••'.•••;&
::.;;.-/.;.:Oi -;...= ;,;

159

• •; «K<»8 ;•.
7.16

.• .1,659 :;.;?:

ALL SOILS

BACKGROUND 2

2X Average (re)
(mg/kg)

3,217
30.80
2.18
130

2.31
0.76

206,232 (1,000,000)
5.63
1.85

10.05
5,776 (200,000)

27.38
18,125 (1,000,000)

327
ND

8.644
886(1,000,000)

1.94
ND

261 (1,000,000)
ND

10.22
118

ND = Not Detected
"!''':W^riS^j!£i:'^= Chemical of potential concern
/..'.'.: ' ::-:': ?::!-:fr:'£.: :>• -:S: :•!> :V":-: :':•!•:•:::
rc = Reference Concentration
1 Shallow soil background samples include samples with ID numbers and (depth in feet): Bl (1-3), B2 (1-3),

206(0.5-2.5), 207(0.5-2.5).
2 All soils background samples include samples with ID numbers and (depth in feet): Bl (1-3), B2 (1-3),

206 (0.5-2.5), 207 (0.5-2.5), Bl (7-11), Bl (15-17), B2 (5-7), B2 (11-15). 206 (2.5-4.5),
207(2.5-4.5).

Page 1 of 1 Tab6-2.xls averages



CHEMICAL

TABLE 6-3

SUMMARY OF SUBSURFACE SOIL DATA
PETOSKEY MANUFACTURING SITE

Frequency Range
(mg/kg)

SITE BACKGROUND '
Frequency Range

(mg/kg)

Elements in

Michigan Soils 2

Range Average
(mg/kg) (mg/k»)

VOLATILE ORGAMCS

Acetone
3enzene
1 .2-Dichloroethene (total)
ithvlbenzene
vkthvkne Chloride
Tetrachloroethene
Toluene
frichloroethene

Xvlenes (total)

5 / 24
0 / 24
4 / 24
7 / 24

16 / 24
4 / 24
7 / 24

|_ 1 9 / 2 4
13 / 24

0.01 - 0.027
ND

0.003 - 0.049
0.002 - 0.044
0.004 - 0.021
0.001 - 0.03
0.003 - 0.024
0.001 - 0.83
0.003 - 0.24

0 / 6
1 / 6
0 / 6
0 / 6
4 / 6
1 / 6
2 / 6
0 / 6
3 / 6

ND
0.001
ND
ND

0.006 - 0.030
0.004

0.045 - 0.070
ND

0.003 - 0.006

NA
NA
NA
NA
NA
NA
NA
NA
NA

SEMI-VOLATILE ORGANICS

Acenapthene
Anthracene
3enzo[a]anthracene
3enzo[a)pyrene
3enzo[b]tluoranthene
3enzo[g,h,i]perylene

bis(2-Ethvlhexvl)phthalate
3utvl benzvlphthalate

Carbazole
Chrvsene
Di-n-butvlphthalate
3i-n-octvl phthalute
)ibenz[a,h]anthracene
)ibenzoruran
:luoranthene
"luorene
ndenof 1 ,2,3-cdjpvrene

2-Methvlnaphthalene
•lapluhalene
'henanthrene
'vrene

1 / 23
1 / 23
3 / 23
2 / 23
1 / 23
3 / 23
7 / 23
0 / 23
1 / 23
2 / 23
3 / 23
0 / 23
2 / 23
2 / 23
2 / 23
0 / 23
3 / 23
1 / 23
1 / 23
2 / 23
2 / 23

0.34
0.032

0.034 - 0.32
0.22 - 0.35

0.36
0.19 - 0.26

0.029 - 4.3
ND
0.35

0.029 - 0.28
0.082 - 0.13

ND
0.13 - 0.19

0.023 - 0.25
0.028 - 0.39

ND
0.19 - 0.3

0.075
0.12

0.14 - 0.26
0.036 - 0.27

0 / 6
0 /6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

PESTICIDES/PCBs

AUrin
alpha-Chlordane
4,-4'-DDD
4,4'-DDE
4,4'-DDT
indosultan I
•ndosultan n

PCBs

1 / 23
0 / 23
0 /23
1 / 23
3 / 23
0 / 23
0 / 23
0 / 23

0.001
ND
ND

0.00018
0.00064 - 0.0018

ND
ND
ND

0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6
0 / 6

ND
ND
ND
ND
ND
ND
ND
ND

NA
NA
NA
NA
NA
NA
NA
NA

Page 1 of 2 Tab6-3.xls slw



TABLE 6-3

SUMMARY OF SUBSURFACE SOIL DATA
PETOSKEY MANUFACTURING SITE

CHEMICAL
Frequency Range

(mg/kg)

SITE BACKGROUND '
Frequency Range

(mg/kg)

Element!) in

Michigan Soils 2

Range
(nig/kg)

Average
(m»/kg)

INORGANICS

Aluminum
Antimonv
Arsenic
Barium
Bervllium

Cadmium
Calcium
Chromium
Cobalt
Copper
ron
.ead
^laanesium
vlanaanese
vlercurv

Nickel
'otassium

Selenium
Silver
Sodium
Tiallium

Vanadium
Zinc

19 / 19
3 / 19

18 / 19
19 / 19
18 / 19
2 / 19

19 / 19
5 / 19

10 / 19
19 / 19
19 / 19
19 / 19
19 / 19
19 / 19

1 / 19
9 / 19

19 / 19
1 / 19
0 / 19

19 / 19
0 / 19

19 / 19
19 / 19

761 - 4590
2.8 - 15

0.83 - 2.9
4.5 - 26.9

0.13 - 2.5
0.62 - 4.4

23100 - 327000
1.1 - 19.8
1.1 - 3

3 - 11.5
1960 - 5430

1.1 - 185
6230 - 54900

111 - 258
0.2

4.7 - 12.2
339 - 2320

0.58
ND

56.4 - 327
ND

3.9 - 10.1
9 - 580

6 / 6
1 / 6
4 / 6
6 / 6
4 / 6
2 / 6
6 / 6
2 / 6
4 / 6
6 / 6
6 / 6
6 / 6
6 / 6
6 / 6
0 / 6
5 / 6
6 / 6
1 / 6
0 / 6
6 / 6
0 / 6
6 / 6
6 / 6

993 - 2020
15.4

O.S8 - 1.2
4.2 - 15.8

051 - 2.3
0.36 - 0.46
1830 - 299000

1 - 3.2
0 4 9 - 1 . 1

1 - 8.3
2070 - 3600

1.9 - 13.6
570 - 27300
113 - 325

ND
1.3 - 8.8

161 - 1220
0.97
ND

64 - 252
ND

3.5 - 7.4
6.1 - 23

7,000 ->100,000*
<1. 0-3.0

1.0- 10
100-700
ND-3.0

0.1 - 1.6**
100-280,000*

3.0-70
N D - 1 5
< 1.0 -70

100->100,000*
ND-30

50 - 50,000*
<2.0 - 7,000*

0.02- 1.20
ND-30

50 - 37,000*
<0.1 -3.7

0.1 - 1.0**
<500 - 50,000*

0.25- 10***
ND- 150
9.0-95

57000*
<1.0

4
444
0.33

0.7**
6300*

26
3.7
12

25000*
11

4600*
640*
0.264

11
12000*

0.49
0.18**
7800*

2 23***
44
48

OTHER

Cyanide 0 / 19 ND 0 / 8 ND NA

ND = Not Detected
NA = Not Applicable
1 Subsurface soil background samples include samples with ID numbers and (depth in feet): Bl

206(2.5-4.5), 207(2.5-4.5).
2 Dragun and Chiasson, 1991
* Eastern USA
** Michigan sandy soils
*** Michigan lower peninsula soils

1), Bl (15-17), B2 (5-7), B2 (11-15),
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CHEMICAL

VOLATILE ORGANICS

Acetone
Benzene
,2-Dichloroethene (total)

ithvlbenzene
Vlethvlene Chloride
Tetrachloroethene
Toluene
Trichloroethene

'lenes (total)

SEMI-VOLATILE ORGANICS

Acenapthene
Anthracene
Benzofalanlhracene
Benzofa]pvrene
Benzo(b]tluoranthene
Benzo[g,h,ilpervlene
bis(2-Ethvlhexvl)phthalate
Butvl benzvlphthalate
Carbazole
Chrvsene
Di-n-burvlphthalate
Di-n-octvl phthalate
Dibenzfa,h|anthracene

benzofuran
Fluoranthene
•luorene
[ndeno[l,2,3-^1pvrene
2-Methvlnaphthalene
Naphthalene
Phenanthrene
P\rene

PESTICIDES/PCBs

Aldrm
alpha-Chlordane
4.4'-DDD
4,4'-DDE
4,4'-DDT
Endosultun I
Eiidosultun D
PCBs

TABLE 6-4

SUMMARY OF ALL SOILS DATA
PETOSKEY MANUFACTURING SITE

Frequency

10 / 40
0 / 40
5 /40
8 / 40

27 / 40
6 MO

10 / 40
23 740
14 /40

5 / 39
4 / 39
8 / 39
6 / 39
6 / 39
9 / 39

12 / 39
2 / 39
5 / 39
8 / 39
8 / 39
1 / 39
6 / 39
5 / 39
9 / 39
4 / 39

10 / 39
1 / 39
1 / 39
6 / 39
8 / 39

2 / 39
0 / 39
1 / 39
3 / 39
5 / 39
1 / 39
1 / 39
1 / 39

Range
(mg/kg)

0.01 - 0.046
ND

0.003 - 0.049
0.002 - 0.044
0.003 - 0.05
0.001 - 0.05
0.003 - 0.024
0.001 - 0.83
0.003 - 0.24

0.14 - 6.6
0.032 - 9.4
0.034 - 0.32

0.12 - 0.35
0.051 - 0.36
0.041 - 12
0.026 - 5.1

0.15 - 0.55
0.16 - 7.8

0.029 - 0.28
0.082 - 0.36

3.2
0.11 - 7.9

0.023 - 3.9
0.028 - 3.6

0.13 - 7.1
0.043 - 13

0.075
0.12

0.059 - 0.29
0.036 - 0.41

0.001 - 0.002
ND

0.0026
0.0002 - 0.0031
0.0006 - 0.092

0.0082
0.0029
0.03

SITE BACKGROUND '
Frequency

0 / 9
1 / 9
0 / 9
0 / 9
5 / 9
1 / 9
4 / 9
0 / 9
6 / 9

0 / 10
0 / 10
1 / 10
2 / 10
1 / 10
2 / 10
1 / 10
0 / 10
0 / 10
1 / 10
0 / 10
0 / 10
0 / 10
0 / 10
1 / 10
0 / 10
2 / 10
0 / 10
0 / 10
0 / 10
1 / 10

0 / 10
1 / 10
0 / 10
0 / 10
0 / 10
0 / 10
0 / 10
0 / 10

Range
(mg/kg)

ND
0.001
ND
ND

0.006 - 0.030
0.004

0.009 - 0.070
ND

0.002 - 0.006

ND
ND
0.17

0.15 - 0.69
0.33

0.18 - 0.41
0.074 - 0.00

ND
ND
0.16
ND
ND
ND
ND
0.22
ND

0.18 - 032
ND
ND
ND
0.19

ND
0.00091

ND
ND
ND
ND
ND
ND

Elements in

Michigan Soils z

Range Average
(mg/kg) (me/kg)

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

Page 1 of 2 Tab6-4.xls soil



CHEMICAL

INORGANICS

Aluminum
Antimonv
Arsenic
Barium
Beryllium

Cadmium
Calcium
Chromium

halt

•copper
Iron
Lead
Macnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Tliallium
Vanadium
Zinc

OTHER

^Cyanide

TABLE f>-4

SUMMARY OF ALL SOILS DATA
PETOSKEY MANUFACTURLNG SITE

Frequency

36 / 36
4 / 36

32 / 36
36 / 36
32 / 36

9 / 36
36 / 36
22 / 36
24 / 36
35 / 36
36 / 36
36 / 36
36 / 36
36 / 36
8 / 36

24 / 36
35 / 36
4 / 36
5 / 36

36 / 36
1 / 36

36 / 36
36 / 36

2 / 36

Range
(mg/kg)

761 - 6090
2.8 - 15
0.7 - 14
4.3 - 305

0.13 - 2.5
0.62 - 28.9

4830 - 327000
1.1 - 27.4

0.62 - 3.5
2.6 - 39

1460 - 15300
1.1 - 306

1350 - 54900
34.4 - 293
0.12 - 0.41

3.9 - 35.5
124 - 2320

0.58 - 20.7
0.23 - 3.7
32.8 - 419

0.68
2.5 - 16.8

9 - 19700

2 - 2.4

SITE BACKGROUND '
Frequency

10 / 10
1 / 1 0
7 / 10

10 / 10
6 / 10
4 / 10

10 / 10
6 / 10
8 / 10

10 / 10
10 / 10
10 / 10
10 / 10
10 / 10
0 / 10
9 / 10

10 / 10
1 / 10
0 / 10

10 / 10
0 / 10

10 / 10
10 / 10

0 / 12

Range
(mg/kg)

993 - 2440
1540

0.88 - 1.3
4.2 - 527

0.51 - 2.30
0.34 - 0.46
1400 - 299000
2.00 - 4.20
0.49 - 1.20
0.87 - 15

2070 - 4690
1.90 - 44
417 - 27300

25.90 - 325
ND

1.30 - 8.8
161 - 1220

0.97
ND

55.3 - 252
ND

3.1 - 7.7
6.1 - 355

ND

Elements in

Michigan Soils '
Range

(mg/kg)
Average
(mg/kg)

7.000 -> 100.000*
<!.()- 3.0

1.0- 10
100-700
ND-3.0

0.1 - 1.6**
100-280.000*

3.0-70
ND- 15
<1.0-70

100 -> 100. 000*
ND-30

50 - 50.000*
<2.0 - 7,000*

0.02- 1.20
ND-30

50 - 37.000*
<0.1 -3 .7

0.1 - 1.0**
<500 - 50,000*

0.25- 10***
ND- 150
9 . 0 - 9 5

5700(1*

<1.0

4
444
0.33

0.7**
6300*

26
3.7
12

25000*
1 1

4600*
640*
0.264

11
12000*

0.49
0.18**
7800*

2.23***
44
48

NA
1
ND = Not Detected
NA = Not Applicable
1 All soils background samples include samples with ID numbers and (depth in feet): Bl (1-3), B2 (1-3), 206 (0.5-2.5), 207 (0.5-2.5), Bl (7-11),

Bl (15-17), B2 (5-7), B2 (11-15), 206 (2.5-4.5), 207 (2.5-4.5).
_ Dragun and Chiasson, 1991
' Eastern USA
** Michigan sandy soils
*** Michigan lower peninsula soils
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TABLE 6-5

SUMMARY OF GROUNDWATER DATA
PETOSKEY MANUFACTURING SITE

CHEMICAL

VOLATILE ORGANICS

Carbon Disultide
1 ,2-DichIoroethene (total)
Methvlene Chloride
Trichloroethene
Tetrachloroethene
Vinvl Chloride

SEMI-VOLATILE ORGANICS

Acenaphthene
Diethyl phthalate

PESTICIDES/PCBs

leptachlor
indrin aldehvde

INORGANICS

Aluminum
Arsenic
Jarium

Cadmium
Calcium
Chromium
Cobalt
ron
.ead
Vlaenesium
vfanaanese

Nickel
'otassium

Selenium
Silver
Sodium
Vanadium
Zinc

GROUNDWATER
Frequency

Hits Total

0 / 27
4 / 27
1 / 27
6 / 27
1 / 27
2 / 27

1 121
1 121

\ 1 21
1 / 27

0 / 18
3 / 18

18 / 18
2 / 18

18 / 18
1 / 18
1 / 18
4 / 18
4 / 18

18 / 18
10 / 18
3 / 18

18 / 18
2 / 18
1 / 18

18 / 18
3 / 18

11 / 18

Range (mg/l)
Min Max

ND
0.0009 - 0.004

0.005
0.013 - 0.082

0.0008
0.001 - 0.016

0.0001
0.0004

0.000066
0.000068

ND
0.002 - 0.0045

0.0167 - 0.0751
0.001 1 - 0.0038

55.8 - 121
0.0399
0.019

0.0528 - 2.58
0.0021 - 0.0444

9.8 - 30.2
0.0105 - 0.194
0.0216 - 0.0423

1.7 - 5.21
0.0022 - 0.0033

0.0021
4.82 - 79.4

0.0011 - 0.0016
0.0051 - 0.137

SITE BACKGROUND '
Frequency

Hits Total

1 / 5
0 / 5
0 / 5
0 / 5
2 / 5
0 / 5

0 / 5
0 / 5

0 / 5
0 / 5

1 / 1
0 / 1
1 / 1
0 / 1
1 / 1
1 / 1
0 / 1
1 / 1
0 / 1
1 / 1
1 1
0 / 1
1 / 1
0 / 1
0 / 1
1 / I
0 / 1

1 / 1

Range (re) (mg/1)
Min Max

0.001
ND
ND
ND

0.001 - 0.002
ND

ND
ND

ND
ND

0.0293
ND

0.0433
ND

65.3(400)
0.0015

ND
1.25(5)

ND
29.9(40)
0.0271

ND
2.86(500)

ND
ND

21.3(500)
ND

0.0387

ND = Not Detected
NA = Not Applicable
1 Background samples collected by Malcolm Pimie, Inc.
note: only PS-AD was analyzed for inorganic chemicals.
re = Reference Concentration

in 1995 include: PS-AS, PS-AD, PS-1R, PS-6, PS-13.
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TABLE 6-6

CHEMICALS OF POTENTIAL CONCERN
PETOSKEY MANUFACTURING SITE

CHEMICAL

VOLATILE ORGANICS

Acetone
1 ,2-Dichloroethene (total)
ithylbenzene
vlethylene Chloride
Tetrachloroethene
Toluene
Trichloroethene
Vinyl Chloride
Xylenes (total)

SEMI-VOLATILE ORGANICS

Acenapthene
Anthracene
3enzo[a]anthracene
3enzo[a]pyrene
3enzo[b]fluoranthene
Benzo[g,h,i]perylene
bis(2-Ethylhexyl)phthalate
Butyl benzylphthalate
Carbazole
Chrysene
Di-n-butylphthalate
Di-n-octyl phthalate
)ibenz[a,h]anthracene
Dibenzoturan
7luoranthene
•"luorene
Indeno[l ,2,3-cd]pyrene
Phenanthrene
-"yrene

PESTICIDES/PCBs

Aldrin
4,4'-DDD
4,4'-DDE
4,4'-DDT
indosulfan I
indosultan II
PCBs

GROUNDWATER

ND
X

ND
•

•

ND
X
X

ND

•

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

SHALLOW SOIL

X
X
X
X
X
X
X

ND
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

SUBSURFACE
SOIL

X
X
X
i.r
S\

X
X
X

ND
X

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

ALL SOILS

X
X
X
X
X
X
X

ND
X

X
X
X
X
X
X
X
X
X
X
X
•
X
X
X
X
X
X
X

X
•

X
X
•
•

•
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TABLE 6-6

CHEMICALS OF POTENTIAL CONCERN
PETOSKEY MANUFACTURING SITE

CHEMICAL

INORGANICS

Antimony
Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
^ead
vlanganese
vlercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

OTHER

Cvanide

GROUNDWATER

ND
X
X
X
X
X

ND
X
X

ND
X
X
X

ND
X
X

ND

SHALLOW SOIL

X
X
•

X
X
•

X
X
•

X
X
X
X
X
•

X

X

SUBSURFACE
SOIL

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

ALL SOILS

•

X
•
X
X
•

X
X
•

X
X
X
X
X
•

X

X

ND : Not Detected
• : Detected but not chosen as a chemical of potential concern
X : Selected as a chemical of potential concern
NA : Not Applicable
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TABLE 6-7

GENERIC EQUATION FOR CALCULATING CHEMICAL INTAKES
PETOSKEY MANUFACTURING SITE

CDI - C « C R * EFD x JL
BW AT

Where:

CDI = Chronic Daily Intake; the amount of chemical at the exchange
boundary (mg/kg body weight-day)

Chemical concentration; the "average" concentration contacted over the
exposure period (e.g., mg/liters water)

CR = Contact Rate; the amount of contaminated medium contacted per unit time
or event (e.g. liters/day)

EFD = exposure frequency and duration; describes how long and how often expo-
sure occurs; often calculated using two terms (EF and ED)

EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = Body Weight; the average body weight over the exposure period (kg)

AT = Averaging Time; time period over which exposure is averaged (days)

GENERIC.TBL



TABLE 6-8

SUMMARY OF EXPOSURE PARAMETERS FOR

INGEST10N OF AND DERMAL CONTACT WITH SOIL

PETOSKEY MANUFACTURING SITE

Population

Ingextiim

Adolescent Trespasser (Ages 1 2 - 1 5 years)

1'MC Worker

Adult Resident

Child Resident (Ages 0 - 6 years)

Construction Worker

•Mtlitioniil Exposure Parameters:

Chemical Concentration (ing/kg)

Conversion Factor (kg/mg)

AveragingTime for Carcinogenic Effects (days)

Ingcsticm

Rate

(mg/evcnt)

100 [1 1

50 [1]

100(1]

200(1]

480(1]

Chemical specific

I.OOR-06

25550

Fraction Exposure

Ingested Frequency

(unities*) (events/year)

1.0* 50(2]

1.0* 112(4]

1.0* 350(1]

1.0* 350(1]

1.0* 80(2]

Depending on the sample si?e, the 95 percent

concentrations (except when it exceeds the

detected concentration.

Exposure

Duration

(years)

3(2]

30(1]

24or30*[l]

6(1]

2 ( 2 ]

Body Averaging Time

Weight for Noncarcinogenic

(kg) Effects (days x years)

48.7(3] 1095

70(1] 10950

70(1] 10950

15(1] 2190

70 [1] 730

upper confidence limit on the mean of measured

maximum detected concnetration) or the maximum

Period of exposure for carcinogenic effects (70 years x 365 days)

T:iWi-8.xl.sSOII.



Population

')erinal C.'imtiict

Adolescent Trespasser (Ages 1 2 - 1 5 years)

PMC Worker

Adult Resident

Child Resident (Ages 0-6 years)

Construction Worker

•lililitinntil llvpusiire Parameters:

Chemiuil Concentration (ing/kg)

TABLE 6-8

SUMMARY OF EXPOSURE PARAMETERS FOR

INGESTION OF AND DERMAL CONTACT WITH SOIL

PETOSKEY MANUFACTURING SITE

Surface Exposure Exposure-

Area Frequency Dunition

(cm'/event) (events/year) (years)

3687 [3) 50 [2] 3 [2]

2570 [4] 112(4] 30 [1]

5000 [5] 245 [5] 24 or 30* [1]

1820 [5] 245 [5] 6(1]

4100 [3] 80 [2] 2 [2 |

Body Averaging Time

Weight for Nuncarcinogenic

(kg) Effects (days x years)

48.7 [3| 1095

70 [1] 10950

70[1] 10950

15[1] 2190

70 [1] 730

Chemical specific Depending on the sample size, the 95 peicent upper confidence limit on the mean of measured

concentrations (except \vhcn it exceeds the maximum detected concnetration) or the maximum

Conversion Factor (kg/mg)

Soil Application Rate (mg/cin2)

Absorption Factor (unitless)

AveragingTime lor Carcinogenic 1:11 eels (days)

detected concentration.

l.OOE-06

1.00

Chemical specific Relative amount of substance on the skin that penetrates through

25550 Period of exposure for carcinogeni- ellects (70 years x 365 days)

the epidermis into the body.

P;i.v 1 nf 5 TW.-XxNSMII .



Population

'ngextion

Adult Resident

Child Resident (Ages 0-6 years)

Additional Exposure Parameters:

Chemical Concentration (mg/1)

TABLE 6-8

SUMMARY OF EXPOSURE PARAMETERS FOR

INGESTION OF, DERMAL CONTACT WITH, AND INHALATION OF GROUNDWATER

PETOSKEY MANUFACTURING SITE

Ingcstion Exposure Exposure Body

Rate Frequency Duration Weight

(I/day) (events/year) (years) (kg)

2 ( 1 ] 350(1] 30(1] 70(1]

1 [6] 350 [1] 6 [1 ] 15 [1|

Chemical specific the 95 percent upper confidence limit on the mean of measured concentrations

Averaging Time

for Noncarcinogenic

Effects (days x years)

10950

2190

(except when it exceeds the maximum detected concentration) or the maximum detected concentrations.

AveragingTime for Carcinogenic ElVects

Population

Dermal Ciiiitiicl

Adult Resident

Child Resident (Ages 0 - 6 years)

4J(Jitiontil Exposure Parameters:

Chemical Concentration (mg/1)

(days) 25550 Period of exposure for carcinogenic effects (70 years x 365 days)

Surface Exposure Exposure Exposure Body
Area Time Frequency Duration Weight
(cm1) (hrs/day) (events/year) (years) (kg)

19400 [7] 0.3 [2] 350 [1] 30 (1 ] 70(1]

6980(7) 0.3(2] 350 [1] 6 [1] 1 5 ( 1 ]

Chemical specific the 95 percent upper confidence limit on the mean of measured concentrations

Averaging Time
for Noncarcinogenic
Effects (days x years)

10950

2190

(except when it exceeds the maximum detected concentration) or the maximum detected concentrations.

Permeability Coefficient (cm/hr)

Conversion Factor (1/cu cm)

AveragingTiine for Carcinogenic HtTects

Chemical specific See Appendix F

l.OOF-03

(<';|ys) 25550 Period of exposure for carcinogenic effects (70 years x 365 days)
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TABLE 6-8

SUMMARY OF EXPOSURE PARAMETERS FOR

1NGESTION OF, DERMAL CONTACT WITH, AND INHALATION OF GROUNDWATER

PETOSKEY MANUFACTURING SITE

Population

Inhalation

Adult Resident

Child Resident (Ages 0 - 6 years)

Additional Exposure Parameters:

Chemical Concentration (mg/1)

Inhalation
Rate

(cu.m/hr)

0.83[3]

0.6[3]

Chemical specific

Exposure
Time

(hours/day)

0.3 [2]

0.3 [2]

Exposure Exposure
Frequency Duration
(days/year) (years)

350 [1] 30 [1]

350[1] 6 [1]

Body
Weight

(kg)

70 [1]

15(1]

Averaging Time
for Noncarcinogenic
Effects (days x years)

10950

2190

the 95 percent upper confidence limit on the mean of measured concentrations

(except when it exceeds the maximum detected concentration) or

AveragingTime for Carcinogenic Effects (days) 25550

the maximum detected concentrations.

Period of exposure for carcinogenic effects (70 years x 365 days)

]'ai;c 4 of 5 Tnlrfi-8.xls OW-PAKMS



INHALATION

Population

Respirahle Participate
Construction Worker

VOC Intrusion

Adult Resident, OlT-site

Child Resident, OlT-site (Ages 0 - 6 years)

Additional Exposure Parameters:

Contaminant Concentration in Air (mg/cu in)

Averaging Time for Carcinogenic Effects (days)

TABLE 6-8

SUMMARY OF EXPOSURE PARAMETERS FOR

OF VOLATILE ORGANIC COMPOUNDS AND RESPIRABLE PARTICULATES

PETOSKEY MANUFACTURING SITE

Inhalation Exposure Exposure Exposure Body

Rate Time Frequency Duration Weight

(m'Vhour) (hours/day) (days/years) (years) (k»)

2.3(3] 8(2] 80(2] 2 [2] 7 0 ( 1 ]

0.83(3] 17(3] 350(1] 30(1] 70(1]

0.6(3] 17(3] 350(1] 6(1] 15(1]

Chemical specific Estimated ambient air concentration.

25550 Period of exposure for carcinogenic effects (70 years x 365

Averaging Time

for Noncarcinogenic

Effects (days x years)

365

10950

2190

days).

* Assumes all sediment or soil is contaminated.

[1JUSEPA, 1991
[2] Professional judgement
[3JUSEPA, 1989a
[4]MDEQ, 1995b
[5JMDEQ, 1995a
[6JUSEPA, 1989b
[7]USEPA, 1992a
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TABLE r>-9

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADOLESCENT TRESPASSER

PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

VOLATILE ORGANICS

Acetone

,2-Diuhloroelhene (tolal)

ithylbenzene

vlethylene Chloride

fetrachloroethene

Toluene

frichloroethene

Xvleues ( to t a l )

SEMI-VOLATILE ORGANICS

Acenaphtliene

Anthracene

3eiizo|a anthracene

3enzo[a|pyrene

-Jenzo| b]fluoranlhene

3enzo| glii Iperylene

}is(2-ethylhexvl) phtlialate

3utyl benzyl phthalate

Carhazole

Chrysene

3iben/| a,h (anthracene

)iben?.oturan

)i-n-bulyl-phthalate

)i-n-octyl phtluilate

l-'luorantliene

Fluorene

SOIL

CONCENTRATION

(ing/kg)

1.37E-02 UCI.

599E-03 UCL

5.78E-03 UCL
1.98E-02 UCL

I.08F.-02 UCI,

8.42I--03 UCI.

1.25I--01 UCL

871i ; - ( )3 UCL

f).5Sli-()l UCL

K.82Fi-OI UCL

3 281->()() UCL

1.901:+0() UCL
5.61E+00 UCL

I.32I-+00 UCL

2.0-4IM-00 UCL

5.50H-01 MAX

7.87H-01 UCL

345I ' - t ( ) 0 UCL

7.37K-01 UCL

4 71 !•:-()! UCI

3.6( ) l : - ( l l MAX

1.24I-+00 UCL

y.4 i;i-:H)o uci
d.X'JH-Ol UCL

CDI for

NONCARCINOGENIC ORAL RtD HAZARD

F.FFHCTS (ing/kg-day) QUOTIENT

(ing/kg-day)

41- -09 l.OOL-01 4E-08

2E-09 9.00I--03 2F.-07

2E-09 l.OOE-01 2E-08

6E-09 6.00E-02 9E-08

3E-09 1.001--02 3E-07

2E-09 2.00E-01 1E-08

4E-08 6.00E-03 6E-06

2I--09 2.001-+00 1E-09

2I--07 6.00E-02 3E-06

2E-07 3.0UE-01 8E-07

9E-07 Not Available No Tox Data

5E-07 Not Available No Tox Data

2E-06 Not Available No Tox Data

4E-07 Not Available No Tox Data

6E-07 2.00E-02 3E-05

21- -07 2.00E-OI 8I--07

2E-07 Not Available No Tox Data

1 li-06 Not Available No Tox 1 )ala

2I--07 Not Available No Tox Data

lli-07 4 ()01'-()3 3E-05

1E-07 l .OOE-01 1 li-06

3IMI7 2 OOE-02 2E-05

3E-06 4.()()li-02 7 IMI5

2IM)7 -1. OOE-02 5H-06

CDI for

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(ing/kg-day) (mg/kg-day)A-l

Not Applicable

7E-11 Not Available No Tox Data
Not Applicable

2E-IO 7.50E-03 2E-12

IE- 10 5.20E-02 7E-12
Not Applicable

21--09 1.10E-02 2E-I1
Not Applicable

Not Ap ilicable

Not Applicable

4E-08 7.30E-01 3E-08

2E-08 7.30E+00 2E-07

7I--08 7.30E-01 5E-08

Not Applicable

2E-OX 1.40E-02 3E-10

7F.-09 Not Available No Tox Data

9li-()9 2.00E-02 2E-10

4E-08 7.30E-03 3E-IO

9E-09 7.30E+00 6E-OX

Not Applicable

Not Applicable

I I - : -OX Not Avai lable No Tox D.ila

Not Ap ihcablo

Nol Appl icab le



TABLE 6-9
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADOLESCENT TRESPASSER
PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORGANICS

juleno[ 1 ,2,3-cd]pyrene
Phenanthrene
Byrene

PESTICIDES/PCBs

Aldrin
4^1'-DDD
4,4'-DDE
4,4'-DDT
Endosullan I
Endosultan FI
PCBs

SOIL
CONCENTRATION

(mg/kg)

1.47E+00 UCL
6.52E+00 UCL
4.43E+00 UCL

2.00E-03 MAX
2.60E-03 MAX
3.10E-03 MAX
3.81E-02 UCL
8.20E-03 MAX
2.901i-03 MAX
3.00E-02 MAX

GDI tor
NONCARC1NOGEN1C ORAL RID HAZARD

EFFECTS (mg/kg-day) QUOTIENT
(mg/kg-day)

4E-07 Not Available No Tox Data
2E-06 Not Available No Tox Data
1E-06 3.00E-02 4E-05

6E-10 3.00E-05 2E-05
7E- 1 0 Not Available No Tox Data
9E-10 Not Available No Tox Data
lli-08 5.00E-04 2E-05
21--09 6.00E-03 4E-07
8E-10 6.00E-03 1E-07
8E-09 2.00E-05 4E-04

GDI for
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-day)A-l

2E-08 7.30E-01 IE-OS
Nol Applicable
Not Applicable

2E-11 1.70E+01 4E-10
3E-11 2.40E-01 8E-12
4E-11 3.40E-01 1E-11
5li-10 3.40E-01 2E-10

Not Applicable
Not Applicable

4E-10 2.00E+00 7E-10

1\IIV 1 Off, T.iliCi-9 \|s Ss IK.-SX iiir



TABLE (,-')
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADOLESCENT TRESPASSER
PETOSKEY MANUFACTURING SITE

INADVERTENT 1NCESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

INORGANICS

Antimony
Arsenic
Cadmium
Chromium
Copper
^ead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

OTHER

Cyanide

son,
CONCENTRATION

(mg/kg)

4.18E+00 UCL
5.87E+00 UCL
6.89I-+00 UCL
1. 24K+01 UCL
3.86E+01 UCL
3.06E+02 MAX
2. 611- -01 UCL
2.45E+01 UCL

.79E+00 UCL
1.I6E+00 UCL
4.94E-OI UCL
1.97E+04 MAX

7.05E-01 UCL

CDI lor
NONCARCINOOEN1C ORAL RID HAZARD

FFFHCTS (mg/kg-day) QUOTIENT
(mg/kg-ilav)

1E-06 4.00E-04 3E-03
2E-06 3.00E-1M 5E-03
2E-06 l.OOE-03 2E-03
3E-06 l.OOE+00 3E-06
IE-OS 3.70E-02 3E-04
9E-05 Not Available No Tox Data
7E-08 Not Available No Tox Data
7E-06 2.00E-02 3E-04
5E-07 5.00E-03 1F.-04
3E-07 5.00Ii-03 71--05
IE-07 Not Available No Tox Data
6E-03 3.00E-01 2E-02

2E-07 2.00E-02 IE-OS

CDI lor
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-dav) (mg/kg-davr-1

5E-08 Not Available No Tox Data
7E-08 1.50E+00 IE-07
8I--08 Not Available No Tox Data
IE-07 Not Available No Tox Data

Not Applicable
4E-06 Not Available No Tox Data

Not Applicable
3E-07 Not Available No Tox Data

Not Applicable
Not Applicable

6E-09 Not Available No Tox Data
Not Applicable

Not Applicable

HAZARD INDEX: 3E-02 CANCER RISK: 4E-07

CDI ol noncarunogenk chemical* in shallow soil via illation (adolescent trespasser):
(m»/kK soil * 1.00E-Or> kg/ing " 100 mg/day " 1 " 50 days/year " 3 yt-iirs)/(48.7 k« " HW5 days)

CDI of camiiugcnit: dicmiculs in shallow soil via ingcslion (adolescent (respassei):
(mg/kg soil « l.OOE-Ofi k«/ms * 100 mg/day * 1 " 50 days/year " 3 ycar*)/(48.7 k» • 25550 days)

vs licss iny



TABLE fi-9

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADOLESCENT TRESPASSER

PETOSKEY MANUFACTURING SITE

D E R M A L CONTACT WITH CHEMICALS IN SHALLOW SOIL

C H E M I C A L

VOLATILE ORGANICS

Acetone

1 ,2-1 )icliloroelliene ( to ta l )

illiYllwn/ene

Ylethylene Chloride

retrachloroethene

Toluene

I'richloroethene

Xvlenes ( t o t a l )

SEMI-VOLATILE ORGANICS

Acenaphlhenc

Anthracene

kn/o a (anthracene

13en7.o ajpyrene

3enzo|b|lluorantheMe

ieM7o|ghi]perylene

bis(2-et l ivl l ie\vl)phtl ialale

Julyl benzsl phthalate

Carba/ole

Chrysenc

)iben/[a,h (anthracene

Jiben/oluiiin

Di-n-butvl-plUlialale

Di-n-octvl plit l ialale

ITuoranthene

l-'luorene

SOIL

CONCENTRATION

(niL'/kg)

1.37r:-l)2 UCI.

5.99E-03 UCL

5.78E-03 UCL

1 .98E-02 UCL

1 .08E-02 UCL

8.42E-03 UCL

1.25E-OI UCL

871E-03 UCL

fi.58l'-()l UCL

882H- I I I UCL

3.28H-KM) UCL

1.9()h>00 UCL

5.61^+00 UCL

1.32I-+00 UCL
2.(MI'+00 LCL

5.5012-01 MAX

7.87R-01 UCL

3.'151-:+00 UCL

7.37I:-(I1 UCL

•4.711MI1 UCI

360I>01 MAX

1.2-4I->00 UCI

9.-49I-XM) UCI

() .8 'J IMH UCI

GDI Tor ADJUSTlin

AHSOR1TION NONCARCFNOGKN1C ORAL RlU HAZARD

FACTOR EFFECTS (ing/kg-day) QUOTIENT

(iinitlcss) (ing/ku-cliiv)

l.OOE-0] IE-OX l .OOE-OI 1E-07

I.OOE-OI 6E-09 9OOE-03 7E-07

l.OOE-OI 6E-09 l.OOE-0 1 6E-08

l.OOE-0 1 2E-08 6.00E-02 3E-07

l.OOE-OI 1E-08 l.OOE-02 IE-06

l.OOE-OI 9E-09 2.00E-01 -4E-08

l.OOE-0 1 1E-07 6.00E-03 2E-05

l . ( M ) E - ( ) l 9E-09 2.00E-HM) SE-09

I.OOE-02 7E-(I« 600E-02 IE-06

I.OOE-03 9l:-()9 3.00E-OI 31{-()8

l.OOE-02 3E-07 Not Available No Tox Data

l.OOE-02 2H-07 Not Available No Tox Data

l.OOE-02 6E-07 Not Available No Tox Data

l.OOE-02 IE -07 Not Available No Tox Data

1 OOE-02 2E-07 2.00E-02 IE-05

l.OOE-02 6E-08 2.00E-01 3E-07

l.OOE-02 8E-08 Not Available No Tox Data

.OOE-02 4F.-07 Not Available No Tox Data

.OOE-02 8E-08 Not Available No Tox Data

.OOE-02 5E-08 -l.OOE-03 IE-05

.OOE-02 -4E-08 1 OOE-01 -4E-07

.OOE-02 IE-07 2 ()()|>02 r.l-l-Od

Oi)|{-02 lE-Oo -1.00IMI2 2E-05
()(i|{-02 7I{-(]S -1. OOE-02 2 l - -0d

CD1 tor ADJUSTED

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(mu/kg-dav) (in»/kg-d:iv)A-l

Not Applicable

3E-10 Not Available No Tox Data
Not Applicable

9E-10 7.50E-03 7E-12

5E-10 5.20E-02 2E-11
Not Applicable

6E-09 1.10E-02 6E-11
Not Applicable

Not Applicable

Not Applicable

IE-08 7.30E-01 1E-08

8E-09 7.30E+00 6E-08

2E-08 7.30E-01 2E-08

Not Applicable

9E-09 1.40E-02 IE- 10

2E-09 Not Available No Tox Data

3E-09 2. OOE-02 7E-11 ,

2li-08 7.30E-03 1E-10

3E-09 7.30E+00 2E-08

Not Applicable

Not Applicable

6E-09 Not Avai lable No Tox Dal a

Not Appl icable

Not Appl icable



TABLE 6-9
SUMMARY OF NONCARC1NOGENTC AND CARCINOGENIC HEALTH RISKS

FOR AN ADOLESCENT TRESPASSER
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORGANICS

lndeno[ 1 ,2,3-cd]pyrene

r'henanthrene

Pyrene

PESTICIDES/PCBs

Aldrin
4^'-DDD
4,4'-DDE

4, 4 '-DDT
Endosulfan I
Endosulfan fl
PCBs

SOIL
CONCENTRATION

(ing/kg)

1.47E+00 UCL

6.52E+00 UCL
4.43E+00 UCL

2.00E-03 MAX
2.60E-03 MAX

3.10E-03 MAX
3.81E-02 UCL
8.20E-03 MAX

2.90E-03 MAX
3.00E-02 MAX

GDI for ADJUSTED

ABSORPTION NONCARCINOGEN1C ORAL RID HAZARD
FACTOR EFFECTS (mg/kg-day) QUOTIENT
(unitless) (mg/kg-day)

l.OOE-02 2E-07 Not Available No Tox Data

l.OOE-02 7E-07 Not Available No Tox Data
l.OOE-02 5E-07 3.00E-02 2E-05

l.OOE-02 2E-10 3.00E-05 7E-06
l.OOE-02 3E-10 Not Available No Tox Data
l.OOE-02 3E-10 Not Available No Tox Data
l.OOE-02 4E-09 5.00E-04 8E-06

l.OOE-02 9E-10 6.00E-03 1E-07
l.OOE-02 3E-10 6.00E-03 5E-08
l.OOE-02 3E-09 2.00E-05 2E-04

GDI lor ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-day)A- 1

7E-09 7.30E-01 5E-09
Not Applicable
Not Applicable

9E-12 1.70E+01 2E-10
1E-11 2.40E-01 3E-12
1E-11 3.40E-01 5E-12
2E-10 3.40E-01 6E-11

Not Applicable

Not Applicable

IE- 10 2.00E+00 3E-10

Page 5 <>IY, Talrfi-9.xls X* tress ilor



TABLE 6-9

SUMMARY OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADOLESCENT TRESPASSER
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

INORGANICS

Antimony
Arsenic
Cadmium
Chromium

Copper
^ead
Mercury
Nickel
Selenium

Silver
Thallium

/.iuc

OTHER

Cyanide

SOIL
CONCENTRATION

(my/kg)

4.I8E+00 UCL

5.87li+00 UCL
6.89E+00 UCL

1.24E+01 UCL
3.86E+01 UCL
3.06E+02 MAX
2.61 E-01 UCL

2.45I-+01 UCL
1.79E-MK) UCL

1.I6E+00 UCL
4. 94 ! • -<) 1 UCL

I.97E+0-4 MAX

7.05E-01 UCL

CDI for ADJUSTED
ABSORPTION NONCARCINOGENIC ORAL RID HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT
(imitless) (mg/kg-day)

l.OOE-02 4E-07 4.00E-05 1E-02
l.OOE-02 6E-07 2.40E-04 3E-03
l.OOE-02 7E-07 5.00E-05 1I--02
l.OOE-02 1E-06 l.OOE-02 IE-04
l.OOE-02 4E-06 1.85E-02 2E-04
l.OOE-02 3E-05 Not Available No Tox Data
1 .OOE-02 3E-08 Not Available No Tox Data
l.OOE-02 3E-06 2.00E-03 1E-03

l.OOE-02 2E-07 4.50E-03 4E-05

l.OOE-02 1E-07 5.00E-04 2E-04
l.OOE-02 5E-08 Not Available No Tox Dulu
l.OOE-02 2E-03 1.20E-01 2E-02

l.OOE-02 7E-08 2.00E-02 4E-06

HAZARD INDEX: 5E-02

CDI for ADJUSTED
CARCINOGENIC ORAL

EFFECTS SLOPE FACTOR
(ing/kg-day) (nig/kg-clay)"-!

CANCER
RISK

2E-08 Not Available
3E-08 1.88E+00

3E-08 Not Available
6E-08 Not Available

Not Applicable

1E-06 Not Available

No Tox Data
5E-08

No Tox Data
No Tox Data

No Tox Data
Not Applicable

1E-07 Not Available No Tox Data
Not Applicable
Not Applicable

2E-09 Not Available No Tox Data
Not Applicable

Not Applicable

CANCER RISK:

CDI (if noncarcinogcnic chemicals in shallow soil via dermal contact (adolescent trespasser):

(m»/k» snil " l.OOE-Of. ky/m» * 1.00 in«/cm2 " ABS • 3r.87 cm2/cvcnt " 50 events /year * 3 years)/(48.7 kg * 1095 days)
CDI of carcinogenic chemicals in shallow soil via dermal contact (adolescent trespasser):

(m»/k» soil ' l.OOE-06 k«/m» "1.00 m»/cm2 * ABS " 3f>87 cmVuveiit * 50 events/year " 3 years)/(-!8.7 k« * 25550 days)

2E-07



TABLE 6-1(1

S U M M A R Y OF NONCARCINOGEN1C AND CARCINOGENIC HEALTH RISKS

FOR A PMC WORKER

PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

VOLATILE ORGANICS

Acetone

1,2-Dichloroelhene (total)

ilhylbenzene

delhylene Chloride

'elrachloroethene

'oluene
"richloroethene

Xvlenes (total)

SEMI-VOLATILE ORGANICS

Acenaphthene

Anthracene

3enzo[a anthracene

3en7.o[a]pvrene

3en/o| b |lluoi anthene

tei\zo[ghi|perylene

bis(2-ethYlhexvl) phthalate

iutyl ben/yl phthalate

Carbazole

Chrvseiie

)ibenz[a,h (anthracene

i)iben/oliiran

l)i-n-hulvl-phlhalate

l)i-n-octvl phlhalate

Fliioiunlliene

Ruorene

SOU.

CONCENTRATION

(mg/kg)

.37E-02 UCI ,

5.99E-03 UCL

5.7KE-03 UCL

1.981- -02 UCL

1.08E-02 UCL

8.42E-03 UCL

1251- -01 UCL

X71E-03 UCI,

6.5Xi;-()l UCI.

8.82I>01 UCL

3.281-XM) UCI.

i.9on+oo UCL
5.61I-+00 UCI .

1.32E+00 UCL

2.04I-+00 UCL

5. 501- -01 MAX

7.87R-01 UCL

3.45IM-00 UCL

7.37l-:-01 UCI .

4.711--OI UCL

3.60F.-01 MAX

1.24I-+00 UCI

9.49I-:+0() 1 1C!
f) .89l- -01 UCI

CD1 for
NONCARCINOGEN1C ORAL RID HAZARD

EFI-I-CTS (mg/kg-day) QUOTIENT

(tng/kg-dav)

3E-09 l.OOE-01 3E-08

1I--09 9.00I--03 IE-07

1I--09 1.00I--01 11--08

4I--09 6.00E-02 71--08

2E-09 l.OOE-02 2E-07

2E-09 2.00E-01 9E-09

31--08 6.00E-03 5E-06

2E-09 2.00F.+00 1E-09

IE-07 6.()(ir.-()2 2E-06

2E-07 3.0()I-:-01 (i lMl?

7E-07 Not Available No Tox Data

4E-07 Not Available No Tox Data

1E-06 Not Available No Tox Data

3E-07 Not Available No Tox Data

4E-07 2.00E-02 21--05

IE-07 2.001--OI f.E-07

2I>()7 Not Available No Tox Data

8l-:-07 Not Available No Tox Data

2E-07 Not Available No Tox Data

IE-07 4.00I--03 3l-:-05

8I--08 l.OOE-01 8li-07

31:-07 2.00K-02 11 ; - ( ) S

2l-:-06 4.00E-02 5|-:-(Ci

2l-!-07 -4.001--02 . | i : - I K ,

C 1)1 for

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(iny/kg-dav) (ing/kg-davr-1

Not Applicable

(SE-10 Not Available No Tox Data

Not Applicable

2E-09 7.50E-03 1E-11

1E-09 5.20E-02 5E-11
Not Applicable

IE-OS 1.10E-02 IE- 10
Not Applicable

Not Applicable

Not Applicable

3E-07 7.30E-01 2E-07

2I--07 7..30E+00 1E-06

5l-!-07 7.30E-OI 4E-07

Not Applicable

2E-07 1.40I--02 3E-09

5l-:-08 Not Available No Tox Data

7E-08 2.00E-02 1E-09

3E-07 7.30E-03 2E-OQ

7E-OS 7.30I-XIO 5 1- -07
Not Applicable

Not Applicable

II --07 Not A v a i l a b l e No Tox Data

Nut Applicable
Not Applicable



TABLE 6-10
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A PMC WORKER
PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORGANICS

[ndeno[l,2,3-cd]pyrene
Phenanthrene
Pyrene

PESTICIDES/PCBs

Aldrin
4-4'-DDD
4,4'-DDE
4,4'-DDT
Endosulfan I
Endosulfan n
PCBs

SOIL
CONCENTRATION

(mg/kg)

1.47E+00 UCL
6.52E+00 UCL
4.43E+00 UCL

2.00E-03 MAX
2.60E-03 MAX
3.10E-03 MAX
3.81E-02 UCL
8.20E-03 MAX
2.90E-03 MAX
3.00E-02 MAX

GDI for
NONCARCINOGENIC ORAL RID HAZARD

EFFECTS (mg/kg-day) QUOTIENT
(mg/kg-day)

3E-07 Not Available No Tox Data
1E-06 Not Available No Tox Data
1E-06 3.00E-02 3E-05

4E-10 3.00E-05 1E-05
6E-10 Not Available No Tox Data
7E-10 Not Available No Tox Data
8E-09 5.00E-04 2E-05
2E-09 6.00E-03 3E-07
6E-10 6.00E-03 1F.-07
7E-09 2.00E-05 3E-04

CD! for
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-day )A-1

1E-07 7.30E-01 1E-07
Not Applicable
Not Applicable

2E-10 1.70E-KH 3E-09
2E-10 2.40E-01 6E-11
3E-10 3.40E-01 1E-10
41- -09 3.40E-01 1E-09

Not Applicable
Not Applicable

3E-09 2.00E+00 6E-09

Puge 2 off. xls ss sili: ini;



TABLE 6-10

SUMMARY OF NONCARC1NOCENIC AND CARCINOGENIC HEALTH RISKS
FOR A PMC WORKER

PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

INORGANICS

Anliinonv
Arsenic
Cadmium
Chromium
Copper
.cad
vlercurv
Nickel
Selenium
Silver
Thallium
/.inc

OTHER

Cyanide

son,
CONCENTRATION

(ing/kg)

4.I8E-MH) UCL
5.87E+00 UCL
6.89E+00 UCL
1.24E+01 UCL
3.86E+01 UCL
3.06E+02 MAX
2.61E-01 UCL
2.45E+OI UCL
1.79E+00 UCL
1.161M-OU UCL

4.94E-OI UCL
1.97E+04 MAX

7.05E-01 UCL

CDI lor
NONCARCINOGEN1C ORAL RtD HAZARD

EFFECTS (mg/kg-day) QUOTIENT
(mg/kg-day)

9E-07 4.00E-04 2E-03
1E-06 3.00F.-04 4E-03
2E-06 l.OOE-03 2E-03
3E-06 l.OOE+00 3E-06
8E-06 3.70E-02 2E-04
7E-05 Not Available No Tox Data
6E-08 Not Available No Tox Data
5E-06 2.00E-02 3E-04
4E-07 5.00E-03 8E-05
3E-07 5.00E-03 5E-05
1E-07 Not Available No Tox Data
4E-03 3.00E-01 1 I - - D 2

2E-07 2.00E-02 8E-06

CDI for

CARCINOGENIC ORAL CANCER
EFFECTS SLOPE FACTOR RISK

(rug/kg-day) (mg/kg-dav)A- 1

4E-07 Not Available No Tox Data
6E-07 1 .50E+00 8E-07
6E-07 Not Available No Tox Data
1 E-06 Not Available No Tox Data

Not Applicable
3E-05 Not Available No Tox Data

Not Applicable

2E-06 Not Available No Tox Data
Not Applicable

Not Applicable

5H-08 Not Available No Tox Data
Not Applicable

Not Applicable

HAZARD INDEX: 2E-02 CANCER RISK: 3E-06

CDI of noncarcinogenic chemicals in shallow soil via ingestion (PMC worker):
(ing/kg soil ' l.OOE-Or. kg/nig " 5(1 mg/day " 1 " 112 days/year " 30 years)/(70 kg * 1(1950 days)

CDI of carcinogenic chemicals in shallow soil via ingestion (PMC worker):
(mg/kg soil " 1.00E-()r. kg/mg * 50 mg/day " 1 " 112 days/year * 30 years )/(70 kg • 25550 days)

T; i l iC>- l f l xls ss sik- iiu1



TABLE 6-10

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A PMC WORKER

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

VOLATILE ORCANICS

Acetone

1,2-Dichloroethcne (total)

ilhylbenzene

delhvleiie Chloride

fetrachloroethene

Toluene

rrichloroctlicnc

Xylenes ( to t a l )

SEMI-VOLATILE ORCANICS

Acenaplitheiie

Anthracene

ieiizo[a]antliracene

ienzo(a|pyrene

')cnzo|b|lluoranlliene

:)enzo|ghi]perylene

bis(2-ethYlhexyn phthiilate

iutyl benzyl plilhalale

Carba/ole

Clirysene

l)iben/|a,h]aiHlnacene

nibenzoluraii

Di-n-biilyl-phllialale

l)i-n-octvl phthali i te
Fhiorantliene

Fluoteiie

SOU.
CONCENTRATION

(ing/kg)

1.37E-02 UCL

5.990-03 UCI.

5.781--03 UCL

1.980-02 UCL

1 .08E-02 UCL

8.420-03 UCI,

1. 250-01 UCI,

8.710-03 UCI ,

6.580-01 UCI .

8.82E-01 U C I ,

3.280+00 UCI,

1. 900+00 UCI,

5.6IE+00 U C I .

1.32H+00 UCI .

2.04E+00 UCI .

5.50E-01 MAX

7.871--01 UCI.

3.451I+00 UCI

7.37F.-01 UCI.

4 .71I>OI UCI

3.60I>()1 MAX

1.24E+00 UCI

9.4yi->0() UCI

6.89H-OI UCI

CDi lo r ADJUSTED

AHSORI'TION NONCARClNCXil-NIC ORAL R ID HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT

(unitless) (ina/kg-diiy)

.OOE-01 2I--08 l.OOE-01 21--07

.OOE-01 7I--09 9.000-03 8l-:-07

.(M)E-OI 7E-09 1. OOE-01 7E-08

.OOE-01 2E-08 6.00E-02 4E-07

.OOE-01 IE-08 1.000-02 1E-06

.OOE-01 9E-09 2.00E-01 5E-OX

.OOE-01 IE-07 6.00E-03 2F.-05

l.OOE-01 IE-08 2.00E+00 5F.-09

1.00IM)2 71>(I8 6.00E-02 I I M X )

I.OOIi-02 I I - - H 7 .V OOE-01 31-;-(l7

I.OOE-02 4E-07 Not Available No T<>\ Dala

1.00I--02 2E-07 Not Available No To\ Data

l . ( ) ( l | ; - ( )2 f)l>07 Not Available NoTosDala

I.OOE-02 ll'!-07 Not Available No Tox Data

1.00F.-02 2E-07 2.00E-02 II --05

l.OOE-02 6E-08 2.00E-01 31-M17

l.OOE-02 9E-08 Not Available No Tox Data

I.OOE-02 4F.-07 Not Available No Tox Data

1.00F.-02 8E-08 Not Available No Tox Data

l.OOE-02 5E-08 4.00E-03 IK-OS

l.OOE-02 4E-08 l.OOE-01 4E-H7

l.OOE-02 IE-07 2.00E-02 7li-06

l.OOE-02 II: -06 4.00E-02 3l ' -0->

l.OOE-02 8E-08 4000-02 2I>0(-

CDIlbr ADJUSTED

CARCINOGENIC ORAL CANCER

EFFECTS SLOI'E FACTOR RISK

(ing/kg-davl (ing/k»-dav)A-l

Not Applicable

31- -09 Not Available No Tox Data
Not Applicable

IE-08 7.50E-03 7E-11

50-09 5.20E-02 3E-10
Not Applicable

60-08 1 100-02 7E-10
Not Applicable

Not Applicable

Not Applicable

20-07 7. 301: -01 IE-07

90-08 7.300+00 70-07

3E-07 7.30E-OI 2E-07
Not Applicable

IE-07 1.400-02 10-09

30-08 Not Available No Tox Data

40-08 2000-02 80-10

2E-07 7.300-03 10-09

4E-OS 7.300+00 30-07

Not Applicable

Not Applicable

f.O-OX No! Available No Tox Data
Not Applicable

Not Applicable



TABLE 6-10

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR A PMC WORKER

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORGANICS

[ndeno[l,2,3-cd]pyrene
?henanthrene
3yrene

PESTICIDES/PCBs

Aldrin
4-4'-DDD
4,4'-DDE

4,4'-DDT
Endosulfan I

Endosultan D
PCBs

SOIL
CONCENTRATION

(ing/kg)

1.47E+00 UCL
6.52E+00 UCL
4.43E-KK) UCL

2.00E-03 MAX

2.60E-03 MAX
3.10E-03 MAX
3.81E-02 UCL
8.20E-03 MAX
2.90E-03 MAX
3.00E-02 MAX

CDI tor ADJUSTED
ABSORPTION NONCARCINOGENIC ORAL RtD HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT

(unitless) (mg/kg-day)

1 .OOE-02 2E-07 Not Available No Tox Data
l.OOE-02 7E-07 Not Available No Tox Data
1. OOE-02 5E-07 3.00E-02 2E-05

l.OOE-02 2E-10 3.00E-05 8E-06
l.OOE-02 3E-10 Not Available No Tox Data

l.OOE-02 3E-10 Not Available No Tox Data
l.OOE-02 4E-09 5.00E-04 9E-06
l.OOE-02 9E-10 6.00E-03 2E-07
l.OOE-02 3E-10 6.00E-03 5E-08
l.OOE-02 3E-09 2.00E-05 2E-04

CDI tor ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-day )A-1

7E-08 7.30E-01 5E-08
Not Applicable
Not Applicable

IE- 10 1.70E+01 2E-09
1E-10 2.40E-01 3E-11
1E-10 3.40E-01 5E-11

2E-09 3.40E-01 6E-10
Not Applicable
Not Applicable

1E-09 2.00E+00 3E-09
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TABLE 6-10

SUMMARY OF NONCARCINOCENIC AND CARCINOGENIC HEALTH RISKS

FOR A PMC WORKER

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

INORGANICS

Antimony
Arsenic

Cadmium

Chromium

Copper

,ead
vlercury

Nickel

Selenium

Silver

Thal l ium

Zinc

OTHER

Cyanide

son,
CONCENTRATION

(ing/kg)

4.18E+00 UCL

5.87E+00 UCL

6.890+00 UCL

1.24E+01 UCL

3.86E+01 UCL

3.06E+02 MAX

2.61E-01 UCL

2.45E+01 UCL

1.79E+00 UCL

1.I6E-HX) UCL

4.94E-01 UCL

1.97E+04 MAX

7.05E-01 UCL

CDI tor ADJUSTED

ABSORPTION NONCARCINOGEN1C ORAL RID HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT

(unities:;) (mg/kg-day)

.OOE-02 5E-07 4.00E-05 IE-02

.OOE-02 7E-07 2.40E-04 3E-03

.OOE-02 8E-07 5.00E-05 2E-02

.OOE-02 1E-06 1. OOE-02 1E-04

.OOE-02 4E-06 1.85E-02 2E-04

.OOE-02 3E-05 Not Available No Tox Data

.OOE-02 3E-08 Not Available No Tox Data

.OOE-02 3K-06 2.00E-03 1E-03

.OOE-02 2E-07 4.50E-03 4E-05

.OOE-02 IE-07 5.00E-04 .1E-04

.OOE-02 6E-08 Not Available No Tox Data

OOE-02 2E-03 1.20E-01 2E-02

1. OOE-02 8E-08 2.00E-02 4E-06

HAZARD INDEX: 5E-02

CDI I'or ADJUSTED

CARCINOGENIC ORAL

EFFECTS SLOPE FACTOR
(mg/kg-dav) (mg/kg-day)A-l

CANCER

RISK

21' -07 Not Available

3E-07 1.88E+00

3E-07 Not Available

6E-07 Not Available

Not Applicable

IE-OS Not Available

No Tox Data

5E-07

No Tox Data

No Tox Data

No Tox Data
Not Applicable

1 E-06 Not Available No Tox Data
Not Applicable

Not Applicable

2I--08 Not Available
Not Applicable

Not Applicable

CANCER RISK:

CDI of noncarcinogenic chemicals in shallow soil via dermal contact (PMC worker):

(nig/kg soil * l.OOE-Of. kg/nig * 1.011 m»/cm2 * ABS " 2570 cmVcvent " 112 events /year * 30 jears)/(70 kg " 10950 days)
CDI of carcinogenic chemicals in shallow soil via dermal contact (PMC worker):

(mglk» soil * l.OOE-Ofi kg/nig "1.011 nig/cm2 * ABS * 2570 cm'/event * 112 events/year * 30years)/(70 k« " 25550 days)

No Tox Data

2E-06

T.llir,-|0 \|s VS Sill- c l t ' l



TABLE f.-ll
SUMMARY OF NONCARC1NOCENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN ALL SOILS

CHEMICAL

VOLATILE ORGANICS

Acetone
,2-Dichloroelliene (lolnl)

ithylbenzene

^lethylene Chloride
1'etrachloroetliene

Toluene
['richloroethene

Xylenes ( total)

SEMI-VOLATILE ORGANICS

Acenuphlhene
Anlliracene
ienzofa anthracene

3enzo[a|pvrene

4enzo[b]Huor>inthene
Benzo[ghi|perylene
bis(2-elhvlliexvl ) phthalate

Jutvl beii/vl pht l ia lale
Carbazole

Chrysene
)ibenz a,h (anthracene

Dihen/olnran
l)i-n-butyl-plulialaie

Fluoranllicne
Ruorene
lndeno( 1 ,2,3-cd|pvrene

SOIL
CONCENTRATION

(iiiy/k")

/64I--03 UCI.
7.83E-03 UCI.

7.63E-03 UCI,

I.I 91- -02 UCI,
7.97E-03 UCL
7.55E-03 UCL
1.65E-01 UCL

1.24F.-02 1 1C'.

•4.121>01 U C I .
4.S(l |-:-(l | UCL

7.67E-01 UCL

6.07E-01 UCL
1.02E+00 UCL

4.98I--01 UCL
9.02E-01 UCL

4.21E-01 UCL
4.39E-01 UCL
7.9 IH-OI I / C I .

4.09E-01 UCL
3.86E-OI UCL
360L-OI MAX

1.401-+00 UCI

4.22E-01 UCI
5.19E-OI UCI

GDI for
NONCARC1NOOENIC ORAL RlD HAZARD

EFFliCTS (ing/kg-duy) QUOTIENT

(ing/kg-diiy)

IIi-08 1. 001; -01 li;-07
IE-OS 9.00E-03 1E-06

IE-08 l.OOE-01 IE-07
2E-08 6.00E-02 3I--07
IE-08 l.OOE-02 1E-06
IE-08 2.00E-01 5E-08

2E-07 6.00E-03 4E-05
2E-08 2.00F.+00 8E-09

6K-07 6 ( ) ( ) i ; - ( ) 2 9l:.-()6

7l\-()7 .VOOK-OI 2 IM if)

1E-06 Not Available NoToxData
8E-07 Not Available No Tox Data
1 1--06 Not Available No Tox Data
7E-07 Not Available No Tox Data

1E-06 2.00E-02 6E-05
6E-07 2.00E-01 3I--06
6F.-07 Not Available No Tox Data

1L;-06 Not Available No "Jox Data

6E-07 Not Available No Tox Data
5E-07 4.00E-03 1E-04

5E-07 1 OOI--01 5F.-06

2E-06 4.IMIE-02 5E-05

6H-II7 4.0llli-02 l l{-05
7E-07 Nol Available No Tox Data

GDI for

CARCINOGENIC ORAL CANCER
EFFECTS SLOPE FACTOR RISK

(mg/kc-day) (mg/kg-davr-1

Not Applicable

4E-09 Not Available NoToxData
Not Applicable

6E-09 7.50E-03 4E-11
4E-09 5.20E-02 2E-10

Not Applicable

8E-08 1.10E-02 9E-10
Not Applicable

Nol Applicable
Not Applicable

4E-07 730E-OI 3E-07
3E-07 7.30E+00 2E-06

5E-07 7.30E-01 3E-07
Not Applicable

4F.-07 1.40E-02 6E-09

2E-07 Nol Available No Tox Data
2F.-U7 2.00E-02 4E-09

4E-07 7.30E-03 3E-09
2F-07 7 3 ( ) F K ) 0 1E-06

Not Applicable
Not Applicable

Not Applicable

Nol Applicable

2F-07 7.30E-OI 2i;-()7
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TABLE 6-11
S U M M A R Y OF NONCARCINOCENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN ALL SOILS

CHEMICAL

SEMI-VOLATILE ORGANICS

'henanthrene
'vrene

PESTICIDES/PCBs

Aldrin
4,4'-DDE
4,4'-DDT

INORGANICS

Arsenic
Cadmium
Chromium
Copper
Lead

Mercury
Nickel

Selenium
Silver

Thallium
Zinc

SOIL
CONCENTRATION

(nig/kg)

9.99E-01 UCL
9.50Ii-01 UCL

2.00E-03 MAX
3.10E-03 MAX
7.70E-03 UCL

2.45E+00 UCL

2.20E+00 UCL
8.87E+00 UCL
1.58E+01 UCL
I.94E+02 UCL
1.14E-01 UCL
I.28E+01 UCL

7.01E-01 UCL
6.74E-01 UCL
4.19E-01 UCL
1.35E+04 UCL

CDI for
NONCARCINOGEN1C ORAL RtD HAZARD

EFFECTS (mg/kg-day) QUOTIENT
(my/kg-dav)

1 E-06 Not Available No Tox Data
1E-06 3.00E-02 4E-05

3E-09 3.00E-05 9E-05
4E-09 Not Available No Tox Data
IE-OS 5.00E-04 2E-05

3E-06 3.00E-04 1 E-02
3E-06 5.00E-04 6E-03
IE-OS l.OOE+00 IE-OS
2E-05 3.70E-02 6E-04
3E-04 Not Available No Tox Data
2E-07 Not Available No Tox Data
2E-05 2.00E-02 9E-04
1E-06 5.00E-03 2E-04
9E-07 5.00E-03 2E-04
6E-07 Not Available No Tox Data
2E-02 3.00E-01 6E-02

CDI for
CARCINOGENIC - ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(ing/kg-clay) (mg/kg-davr-1

Not Applicable
Not Applicable

9E-10 1.70E+01 2E-08
1E-09 3.40E-01 5E-10
4F.-09 3.40E-01 1E-09

IE -06 I.50E+00
lli-06 Not Available No Tox Data

4E-06 Not Available No Tox Data
Not Applicable

9E-05 Not Available No Tox Data
Not Applicable

6E-06 Not Available No Tox Data
Not Applicable
Not Applicable

2E-07 Not Available No Tox Data
Not Applicable

Page 1 of) T i i h O - l l . x I s s l i i i l i n i ;



TABLE 6- 11

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN ALL SOILS

CHEMICAL

OTHER

Cyanide

SOIL
CONCENTRATION

(ing/kg)

4.19E-01 UCL

CDI for
NONCARCINOGENIC ORAL RtD HAZARD

EFFECTS (mg/kg-day) QUOTIENT
(mg/kg-day)

6E-07 2.00E-02 3E-05

CDI for

CARCINOGENIC ORAL CANCER
EFFECTS SLOPE FACTOR RISK

(mg/kg-duy) (mg/kg-day)A-l

Not Applicable

HAZARD INDEX: 8E-02 CANCER RISK: 4E-06

CDI of noncarcinogenic chemicals in all soils via ingestion (adult resident):
(mg/kg soil " l.OOE-06 kg/mg " 100 mg/day * 1 " 350 days/year " 30 years)/(70 kg " 10950 days)

CDI of carcinogenic chemicals in all soils via ingestion (adult resident):
(mg/kg soil * l.OOE-Ofi kg/mg * 100 mg/day " 1 " 350 days/year " 24 years)/(70 kg • 25550 days)

Tilir.-ll.xlssliiiling



TABLE fi-11

S U M M A R Y OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

D E R M A L CONTACT WITH CHEMICALS IN ALL SOILS

CHEMICAL

VOLATILE ORGANICS

Acetone

,2-Dichloroelhene (total)

ithylbenzene

delhylene Chloride

"clradiloroelhene

i'oluene
['ricliloioetliene

Xvlenes ( to ta l )

SEMI-VOLATILE ORGANICS

Acenaplillieiie

Anthracene

5en/o[a (anthracene

ien/o|a]pvrene

]enjco(b|lliioraiUlicne

ien/o|yhi|pervlene

bis(2-ethvlhexvl) phlhalule

-iutyl benzyl phlhalate

Carlw.ole
Chn'sene

)il>cM/|a.li|aiitlii'aceiie

Diben/ohuan

i^i-n-bntyl-phthalale

l-Tuoranlheiie

l-'luorene

SOIL

CONCENTRATION

(IIIL!/kl!)

J.64E-03 UCL

7.83E-03 UCL

7.63E-03 UCL

I.19E-02 UCL

7.97E-03 UCL

7.55E-03 UCL
1.65E-01 UCL

I.24E-02 UCL

-4.12I-.-01 UCL

4 . 8 ( ) l - - l ) l UCL
7.67H-01 UCL

6.07l-:-OI UCL

I.02I'+00 UCL

4. 'J8I--OI UCI

9.()2I--01 UCI

4. 2 Hi -01 UCL
4..VJ1'-OI UCI

7.91 !•-() 1 UCL
4.09i;-(l| UCI

3.861-:-(l| UCL

3.6()|>(l| MAX

l . 4 ( ) l ' t ( ) ( ) U C I

4 22l ' -d l UCI

CD1 for ADJUSTlil)

AHSORI'TION NONCARCINOGENIC ORAL RlD HAZARD

1- ACTOR m-TlvCTS (ing/kg-duy) QUOTIENT

(uiiillcss) (ing/kg-il:iy)

.OOL-01 51--08 l . (M)L-01 5I--07

.OOK-01 4E-08 9.00E-03 4E-06

.OOli-Ol 4E-08 l.OOE-01 4E-07

.OOE-OI 6E-08 6.001- -02 1E-06

.OOE-01 4E-08 l.OOF-02 4E-06

.OOE-DI 4E-08 2. OOE-OI 2E-07

l .OOE-l l l 8E-07 6.00E-03 111-04

1 OOE-dl 6E.-08 2.0()E-*()0 3E.-08

I . O O I M I 2 2li-07 6.00E-02 3E-06

1 ()()l ;.-()2 2E-07 3. OOE-OI 8l-:-()7

.OOE-02 4E-07 Not Available No Tox Data

.OOE-02 3E-07 Not Available No Tox Data

.OOE-02 5E-07 Not Available No Tox Data

.OOE-II2 2E.-07 Not Available No Tox Data

.OOE-02 4E-07 2. OOE-02 2E-05

OOE-02 2E-07 2. OOE-01 IE-06

.OOE-02 2F.-07 Not Available No Tox Data

.OOE-02 4E-07 Not Available No Tox Data

.OOE-02 2E -07 Not Available No Tox Data

.OOE-02 2E-07 4.00E-03 5E-05

.OOE-02 2E-07 1. OOE-OI 2E-06
OOE-02 7E-07 -I OOE-02 21 {-05

.OOE-02 2E-07 4. OOE-02 5E-06

CHI for ADJUSTED

CARCINOGENIC ORAL CANCER

EI-TECTS SLOPE FACTOR RISK

(mg/kjMlav) (ing/kg-ilav)A- 1

Not Applicable

1 E-08 Not Available No Tox Data
Not Applicable

2E-08 7.50E-03 IE- 10

11: -08 5.20E-02 7E-10
Not Applicable

3E-07 1.10E-02 3E-09
Not Applicable

Not Applicable

Not Applicable

1E-07 7.30E-01 9E-08

IE-07 7.30E+00 7E-07

21'-(I7 7.30E-01 IE-07

Not Applicable

IE-07 1.40I--02 2E-09

7E-08 Not Available No Tox Data

7E-OX 2. OOE-02 1E-09

IE-07 730E-03 9E-IO

7I{-08 7.301-XM) 5E-07

Not Applicable

Not Applicable

Not Appl icable

Not Applicable



TABLE 6-11
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN ALL SOILS

CHEMICAL

SEMI-VOLATILE ORGANICS

ndeno[ 1 ,2,3-cd|pvrene
'henanthrene
'yrene

PESTICIDES/PCBs

Aldrm
4,4'-DDE
M'-DDT

INORGANICS

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel

Selenium
Silver
Thallium
Zinc

SOIL
CONCENTRATION

(mi!/kg)

5.19E-01 UCL
9.99E-01 UCL

9.50E-OI UCL

2.00E-03 MAX
3.10E-03 MAX
7.70E-03 UCL

2.45E+00 UCL

2.20E+00 UCL
8.87E+00 UCL
I.58E+OI UCL

1.94E+02 UCL
1.14E-01 UCL
1.28E+01 UCL

7.0IE-01 UCL

6.7-4E-01 UCL
4 . I 9 E - O I UCL

1.351- +04 UCL

GDI for ADJUSTED
ABSORPTION NONCARCINOGENIC ORAL RiD HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT
(uniiless) (ing/kg-iluy)

I.OOE-D2 2E-07 Not Available No Tox Data
l.OOE-02 5E-07 Not Available No Tox Data
l.OOE-02 5E-07 3.00E-02 2E-05

l.OOE-02 1M-09 3.00E-05 3E-05
l.OOE-02 lli-09 Not Available No Tox Data
l.OOE-02 4E-09 5.00E-04 7E-06

.OOE-02 IE-06 2.40E-04 5E-03

.OOE-02 IE-06 2.50E-05 4E-02

.OOE-02 4E-06 l.OOE-02 4E-04

.OOE-02 8E-06 1.85E-02 4E-04

.OOE-02 9E-05 Not Available No Tox Data

.OOE-02 5E-08 Not Available No Tox Data

.OOE-02 6E-06 2.00E-03 3E-03

.OOE-02 3E-07 4.50E-03 7E-05

.OOE-02 3E-07 5.00E-04 6E-04

.OOE-02 2E-07 Not Available No Tox Data

.OOE-02 6E-03 1.20E-01 5E-02

CD1 for ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(iniVkg-duv) (ing/k»-dav) /v-l

9E-08 7.30E-01 6E-08
Not Applicable
Not Applicable

3E-10 1.7UE-HH 6E-09
5 1 - - K I 3.40I--01 2E-10
ll-:-09 3.40E-01 4E-10

4E-07 1.88E+00 8E-07
41- -07 Not Available No Tox Data
IE-06 Not Available No Tox Data

Not Applicable

3E-05 Not Available No Tox Data
Not Applicable

2E-06 Not Available No Tox Data
Not Applicable
Not Applicable

7E-08 Nol Available No Tox Data
Not Applicable



TABLE 6-11
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN ALL SOILS
GDI for ADJUSTED

CHEMICAL SOIL ABSORPTION NONCARCINOGENIC ORAL RID HAZARD
CONCENTRATION FACTOR EFFECTS (mg/kg-day) QUOTIENT

(mg/kg) (unitless) (mg/kg-day)

OTHER

Cyanide 4.1'JE-Ol UCL l.OOE-02 2E-07 2.00E-02 IE-OS

HAZARD INDE 1E-01

CDI lor ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-day )A-1

Not Applicable

CANCER RISK: 2E-06

CDI of nnncarcinogcnic chemicah in all soils via dermal contact (adult resident):

(mg/kg soil • l.OOE-06 kg/mg " 1.00 mg/cm2 * ABS • 5000 cmVevent " 245 events /year " 30 years)/(70 kg » 10950 days)
CDI of carcinogenic chemicals in all soils via dermal contact (adult resident):

(mg/kg soil " l.OOE-06 kg/mg M.OO mg/cm1 " ABS " 5000 cm2/event " 245 events/year * 24 years)/(70 kg ' 25550 days)

Page 6 of 9 Tiihd-ll.xls si ad tier



TABLE 6-11
SUMMARY OF NONCARC1NOCENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

INGESTION OF CHEMICALS IN GROUNDVVATER

CHEMICAL

VOLATILE ORGANICS

1 ,2-Dichloroethene(tolal )
'richloroethene

Vinyl Chloride

INORGANICS

Arsenic
Barium

Cadmium
Chromium
Cobalt
^ead
Vlanganese
Nickel
Selenium
Silver
Vanadium
Zinc

WATER
CONCENTRATION

(me/I)

4.00E-03 MAX
3.14E-02 UCL
8.47E-03 UCL

2.27E-03 UCL
5.68E-02 UCL
8.50E-04 UCL
3.99E-02 MAX
2.54E-03 UCL
4.32E-03 UCL
1.94E-01 MAX
4.23E-02 MAX
1.61E-03 UCL
1.06E-03 UCL
7.42E-04 UCL
1.37E-01 MAX

CD! for
NONCARC1NOGEN1C ORAL RtD HAZARD

EFFECTS (mg/kg-day) QUOTIENT
(ing/kg-iJav)

1E-04 9.00E-03 1E-02
9E-04 6.00E-03 1E-01
2E-04 Not Available No Tox Data

6E-05 3.00E-04 2E-01
2E-03 7.00E-02 2E-02
2E-05 5.00E-04 5E-02
1E-03 l.OOE+00 1E-03
7E-05 6.00E-02 1E-03
1E-04 Not Available No 1'ox Data
5E-03 2.30E-02 2E-01
1E-H3 2.00E-02 6E-02
4E-05 5.00E-03 9E-03
3E-05 5.00E-03 6E-03
2E-05 7.00E-03 3E-03
4E-03 3.00E-01 1E-02

CDI for
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(msi/kg-dav) (mji/ktj-davr-l

5E-05 Not Available No Tox Data
4E-04 1.10E-02 4E-06
1E-04 1.90E+00 2E-04

3E-05 1.50E+00 4E-05
7E-04 Not Available No Tox Data
1E-05 Not Available No Tox Data
5E-04 Not Available No Tox Data
3E-05 Not Available No Tox Data
5E-05 Not Available No Tox Data

Not Applicable Not Available
5E-04 Not Available No Tox Data

Not Applicable Not Available
Not Applicable Not Available

9E-06 Not Available No Tox Data
Not Applicable Not Available

HAZARD INDEX: 8E-01 CANCER RISK: 2E-04

CDI for noncarcinogcnic chemicals in grutindwatcr via ingvstiun (adult resident):
(ni(;/l "!l^r • 2 I/day " 350 days/year * 30 ycars)/(70 kg * 10950 days)

CDI for carcinogenic chemicals in grmindwalcr via ingcstion (adult resident):
(mg/l water " 2 I/day " 350 days/year • 30 years)/(70 kg * 25550 days)

T.ilid-l I vis i;w Mil illi;



TABLE 6-11
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN GROUNDWATER

CHEMICAL

VOLATILE ORGANICS

1 ,2-Dichloroethene( total)
rrichloroethene
Vinyl Chloride

INORGANICS

Arsenic
3arium
Cadmium
Chromium
Cobalt
Lead
Manganese

•Nickel
Selenium
Silver
Vanadium
Zinc

WATER
CONCENTRATION

fmg/l)

4.00E-03 MAX
3.14E-02 UCL
8.47E-03 UCL

2.27E-03 UCL
5.68E-02 UCL
8.50E-04 UCL
3.99E-02 MAX
2.54E-03 UCL
4.32E-03 UCL
1.94E-01 MAX
4.23E-02 MAX
1.61E-03 UCL
1.06E-03 UCL
7.42E-04 UCL
1.37E-01 MAX

CO! for
PERMEABILITY NONCARCINOCiENIC ADJUSTED HAZARD

CONSTANT EFFECTS ORAL RID QUOTIENT
(cm/hour) (mg/kg-day) (me/kg-day)

I.OOE-02 3E-06 9.00E-03 4E-04
I.60E-02 4E-05 6.00E-03 7E-03
7.30E-03 5E-06 Not Available No Tox Data

l.OOE-03 2E-07 2.40E-04 8E-04
l.OOE-03 5E-06 3.50E-03 1E-03
l.OOE-03 7E-08 2.50E-05 3E-03
l.OOE-03 3E-06 l.OOE-02 3E-04
l . ( ) l ) E - ( ) 3 211-07 4.80E-02 4E-U6
1.0(iE-n3 3E-07 Not Available No Tox Data
l.OOE-03 2E-05 2.30E-03 7E-03
l.OOE-03 3E-06 2.00E-03 2E-03
l.OOE-03 1E-07 4.50E-03 3E-05
l.OOE-03 8E-08 5.00E-04 2E-04
l.OOE-03 6E-08 7.00E-03 8E-06
l.OOE-03 IE-OS 1.20E-01 9E-05

CDI for ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kc-dav) (mg/k»-dav)A-l

IE-06
2E-05
2E-06

Not Available No Tox Data
I.10E-02 2E-07
1.90E+00 4E-06

8E-08
2E-06
3E-08
IE-06
9E-08
1E-07

Not Applicable
1 E-06

Not Applicable
Not Applicable

3E-08
Not Applicable

1.88E+00 1E-07
Not Available No Tox Data
Not Available No Tox Data
Not Available No Tox Data
Not Available No Tox Data
Not Available No Tox Data
Not Available
Not Available No Tox Data
Not Available
Not Available
Not Available No Tox Data
Not Available

HAZARD INDEX: 2E-02 CANCER RISK: -lE-Of,

CDI for noncarcino<;cnic chemicals in groundwatcr via dermal contact (adult resident):

(m»/l water " l.OOE-03 l/cmJ " PC cm/hour * 19-400 cm1 " 0.3 hours/day " 350 days/year " 30 years)/( 70 k» " 10950 days)
CDI for carcinogenic chemicals in groundwater via dermal contact (adult resident):

(ni«/l water " I.OOE-03 I/cm3 " PC cm/liiiiir " 19-400 cm2 " 0.3 hours/day " 350 days/year " 30 years)/( 70 k» " 25550 days)

: X ill'';



TABLE 6-11
SUMMARY OF NONCARCINOCENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

INHALATION OF CHEMICALS VOLATILIZED FROM GROUNDWATER

CHEMICAL

VOLATILE ORGANICS

1 ,2-Dichloroelhene(total)
rrichloroethene
Vinyl Chloride

WATER
CONCENTRATION

(mg/1)

4.00E-03 MAX
3.14E-02 UCL
8.47E-03 UCL

CDI lor
CONCENTRATION NONCARCLNOGEN1C INHALATION HAZARD

IN AIR EFFECTS RIT5 QUOTIENT

(mg/m3) (mg/kg-day) (mg/kg-day)

5.17E-03 2E-05 Not Available No Tox Duta
3.90E-02 1E-04 Not Available No Tox Duta
1.75E-02 6E-05 Not Available No Tox Data

CDI for
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK

(mg/kg-dav) (mg/kg-dav)A-l

8E-06 Not Available No Tox Data
6E-05 6.00E-03 3E-07
3E-05 3.00E-01 8E-06

HAZARD INDEX: | CANCER RISK: 8E-06

CD1 Tin mmcarcinogenic chemicals in groundwater via inhalation (adult resident):

(mg/m3 air * 0.83 m3/hour * 0.3 hours/day * 350 days/year " 30 years)/( 70 kg • 10950 days)
CDI for carcinogenic chemicals in gruundwater via inhalation (adult resident):

(mg/m1 air " 0.83 mJ/hour * 0.3 hours/day * 350 days/year " 30 years)/( 70 kg " 25550 days)

TiihCi-11 xN yw ail inh



TABLE 6-1 2

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT INGEST1ON OF CHEMICALS IN ALL SOILS

CHEMICAL

VOLATILE ORGANICS

Acetone

1 ,2-Didiloroethene ( total)

ilhylbenzene

tlethylene Chloride

felrachloroethene

Toluene

rrichloroelhene

Xylenes (total)

SEMI-VOLATILE ORGANICS

Acenaphthene

Anthracene

3enzo[a [anthracene

ienzo[a|pyrene

)enzo|b|fluorantheiic

ienzo[ghi]perylene

bis(2-ethylhexvl) phthalale

3utyl benzyl phlhalate

Carbazole

Chrvsene

Dibenz[a,h (anthracene

)ibenzofuran

L)i-n-butyl-phlhalale

Fluoranthene

Fluorene

lndeno| 1 ,2,3-ul|pvrene

SOIL

CONCENTRATION

(nig/kg)

J.64E-03 UCI,

7.83E-03 UCI.

7.63E-03 UCI.

I.19E-02 UCI.

7.971i-03 UCI.

7.551i-<)3 UCI.

l.651i-01 UCI.

1.24E-02 UCI.

1 12E-01 U C I .

4.80E-01 UCI .

767I--01 UCI.

6.07H -01 UCI.

l.()2l'>00 UCI.

4.98H-01 UCI.

902I--01 UCI.

4.211--01 UCI.

4.39I--01 UCL

7.91 !•-() 1 UCI.
4.09li-01 UCI .

3.861--OI UCL

3.60I':-01 MAX

1.40H+00 UCI.

4.221'-01 UCI

5 . 1 9 I ' - ( I 1 UCI

CDI tor
NONCARCINOGENIC ORAL R ID HAZARD

liFI-ECTS (ing/kg-day) QUOTIENT

(ing/kg-day)

l l ' - ( )7 1 OOH-01 lli-()6

If' -07 9.001i-03 IR-05

lli-07 1. OOli -01 1E-06

2H-07 6.00K-02 31- -06

Hi-07 l.OOE-02 IE-OS

1E-07 2.00E-01 5E-07

2E-06 6.00E-03 4E-04

21--07 2OOE+00 SE-08

51'-()6 6.0()l':-()2 9 l ' - ( )5

6E-06 3.0(ll:-()| 2E-05

1E-05 Not Available No Tox Data

8E-06 Not Available No Tox Data

IE-OS Not Available No Tox Data

6E-06 Not Available NoToxDala

IE-05 2OOE-02 6E-04

5E-06 2.00E-01 31--05

6E-06 Not Available No Tox Data

IE-05 Nut Available NoToxDala

5E-06 Not Available NoToxDala

5E-06 4.00E-03 IE-03

5E-06 l.DOE-01 5E-05

2E-05 4.00E-02 4E-04

5E-06 4.00I--02 I I M M

7E-06 Not Available No Tox Data

CDI for
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(mg/kg-day) (ing/kg-day)A-l

Not Applicable

9E-09 Not Available No Tox Data
Not Applicable

1E-08 7.50E-03 IE- 10

9E-09 5.20E-02 5E-10
Not Applicable

2E-07 1.10E-02 2E-09
Not Applicable

Not Applicable

Not Applicable

8E-07 7.30E-01 6E-07

7E-07 7.30E+00 51- -06

1E-06 7.301--OI 8E-07

Not Applicable

li;-06 1.40I--02 1I--08

5F.-07 Not Available No Tox Data

5E-07 2.00I--02 IE-OS

9F.-07 7.30l'-()3 6E-09

4E-07 7.301-HOO 3E-06
Not Applicable

Not Applicable

Not Applicable

Not Applicable

6E-07 7.30E-OI 4E-07

I'.n-c I of 9 T.,lx,-l2



TABLE 6-12

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT 1NGESTION OF CHEMICALS IN ALL SOILS

CHEMICAL

SEMI-VOLATILE ORGANICS

'henanlhrene

"yrene

PESTICIDES/PCBs

Aldnn

4,4'-DDE

U'-DDT

INORGANICS

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury
Nickel

Selenium

Silver

Thallium

Zinc

SOIL

CONCENTRATION

(ing/kg)

9.99E-01 UCL

9.50E-01 UCL

2.0DE-03 MAX

3.10E-03 MAX

7.70E-03 UCL

2.45E+00 UCL

2.201-XM) UCL
8.87E+00 UCL

1.58E+01 UCL

I.94E+02 UCL

1.14E-01 UCL

1.28E+01 UCL

7.01E-01 UCL

6.74E-01 UCL

4.19E-01 UCL

I.35E+04 UCL

COl tor
NONCARCINOGENIC ORAL RID HAZARD

EFFECTS (mg/kg-duy) QUOTIENT

(nig/kg-day)

1 E-05 Not Available No Tox Data

IE-OS 3.00E-02 4E-04

3E-08 3.00E-05 9E-04

4E-08 Not Available No Tox Data

1E-07 5.00E-04 2E-04

3E-05 3.00E-IM IF.-OI

3E-05 1.00F.-03 3E-02

1E-04 l.OOE-t-00 1E-04

2E-04 3.70E-02 5E-03

2E-03 Not Available No Tox Data

1 E-06 Not Available No Tox Data

2E-04 2.00E-02 KE-03

9E-06 5.00E-03 2E-03

9F.-06 500E-03 2E-03

5E-06 Not Available No Tox Data

21 i-OI 3.00F.-OI 6E-OI

CD1 tor

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(mg/kg-diiy) (ing/kg-dav)"-l

Not Applicable

Not Applicable

2E-09 1.70E+OI 4E-08

3E-09 3.40E-01 1E-09

8H-09 3.40E-01 3E-09

3I':-06 1.50E+00 4 E-06

2l-:-()6 Not Available No Tox Data

1 E-05 Not Available No Tox Data

Not Applicable

2E-04 Not Available No Tox Data

Not Applicable

IE-05 Not Available No Tox Data

Not Applicable

Not Applicable

5E-07 Not Available No Tox Data

Not Applicable

T;ilrf. I? \UsK-li iin



TABLE 6-12

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT 1NGESTION OF CHEMICALS IN ALL SOILS

CHEMICAL SOIL
CONCENTRATION

(mg/kg)

GDI lor
NONCARCINOGENIC

EFFECTS

(ing/kg-day)

ORAL RID
(mg/kg-day)

HAZARD

QUOTIENT

GDI tor
CARCINOGENIC

EFFECTS
(ing/kg-day)

ORAL

SLOPE FACTOR
(ing/kg-day)A-l

CANCER
RISK

OTHER

Cyanide 4.19E-01 UCL 5E-06 2.00E-02 3E-04 Not Applicable

HAZARD INDEX: 7E-01 CANCER RISK: IE-OS

CDI of noncarcinogenic chemicals in all soils via ingestion (child resident):
(mg/kg soil * l.OOE-06 kg/mg * 200 mg/day * 1 * 350 days/year • 6 years)/(15 kg * 2190 days)

CDI of carcinogenic chemicals in all soils via ingestion (child resident):
(mg/kg soil ' l.OOE-06 kg/mg " 200 mg/day " 1 " 350 days/year * 6 years)/(15 kg " 25550 days)

Page 3 of9 T;iM>-l2 \lssl



TABLE 6-12

SUMMARY OF NOMCARC1NOGEN1C AND CARCINOGENIC HEALTH RISKS

FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

D E R M A L CONTACT WITH CHEMICALS IN ALL SOILS

CHEMICAL

VOLATILE ORCANICS

Acetone

1 ,2-Dicliloioelheiie ( lot i i l )

illiylbenzene

delhvlene Chloride

fetrachloroelhene

Toluene

frichloroelhcue

Xvlenes (total)

SEMI-VOLATILE OUCANICS

Acenaplithei\e

Anthracene

3eiizo|a|aiithraceiie

Henzo[a|pyrene

3enzo|b|lluoraiilhenc

rienzolghilpervlene

bis(2-ethylhexvl) phthalate

3utyl benzyl phthalute

Carbazole

Chrvsene

Diben/[a,h]amhraceiic

Dibenzolman

Di-ii-bulvl-plillialate

Ruoranthene

l-'luorene

Indenoj 1 ,2,3-cd|pviene

SOIL

CONCENTRATION

(nifi/kf:)

J.64E-03 UCI,

7.83E-03 UCI.

7.63E-03 UCL

1.19E-02 UCL

7.97E-03 UCL

7.55E-03 UCL

1.65E-01 UCL

1.24E-02 UCL

4. I2E-01 UCI .

4XOE-01 UCI.

7.67E-01 UCI.

6.07E-OI UCL

1.02E+00 UCI.

4.98E-01 UCL

9.02E-01 UCL

4.21E-OI UCL

4.39E-OI UCL

7.91 E-01 UCI

4.09E-III UCI

3.86E-OI UCI

3.60E-01 MAX

1.40E+00 UCI

4.22E-01 UCI
5 . I 9 I - - O I U C I

CDM'or ADJUSTI-I)

ADSORPTION NONCAKCINOCiENIC ORAL RlD HAZARD

1-ACTOR Eri-I 'CTS (mg/kg-day) QUOTIENT

(unilless) (ing/kg-diiv)

.OOE-01 8E-08 I.OOE-01 «E-07

.OOE-OI 6E-08 9.00E-03 7I>()6

.DOE -01 6E-08 1. OOE-OI 6E-07

.OOE-01 1E-07 6.00E-02 2E-06

.OOE-01 6E-08 l.OOE-02 6E-06

.OOE-OI 6E-08 2.00E-01 3E-07

.OOE-OI IE -06 6.00E-03 2I--04

1. OOE-OI IE-07 2.001'XKI 5l-:-08

I.OOE-02 3E-07 6.0()li-()2 (iF.-Od

l.OOE-02 4E-07 3.00E+00 IE-07

I.OOE-02 6E-07 Not Available NoToxData

l.OOE-02 5E-07 Not Available NoToxData

l.OOE-02 8E-07 Not Available NoToxData

1.0n|--02 4E-07 Not Available NoToxData

l.OOE-02 7E-07 2.00E-02 4E-05

l.OOE-02 3E-07 2. OOE-01 2E-06

I.OOE-02 4E-07 Not Available No Tox Data

l.OOE-02 6E-07 Not Available No Tox Data

I.OOE-02 3E-07 Not Available No TON Data

I.OOE-02 3E-07 4.00E-03 8E-05

I.OliE-02 3E-07 1. OOE-OI 31 Mid

l .OOE-02 IF.-lld 4 OOE-02 1IMI5

I . O I I I M I 2 3 I M I 7 4.00IM»2 9 I M K .

. O I I I M I 2 4E-07 Not A v a i l a b l e No Tox Data

CDI for ADJUSTED

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(nig/kg-dav) (inj!/kg-ilav")A-l

Not Applicable

5E-09 Not Available No Tox Data
Not Applicable

8E-09 7.50E-03 6E-1 1

6E-09 5.20E-02 3E-10

Not Applicable

IE-07 1.10IMI2 IE-09

Not Applicable

Not Applicable

Not Applicable

5E-08 7.30E-OI 4E-08

4E-08 7.30E+00 3E-07

7E-08 7.30E-OI 5E-08

Not Applicable

6E-08 1 40E-02 9E-10

3E-08 Not Available NoToxData

3E-OK 2. OOE-02 6E-10

6E-08 7.30E-03 4E-10

3E-08 7.30E-HH) 2E-07

Not Applicable

Not Applicable

Nut Applicable

Noi Applicable

41-MiS 7.30IMH 3E-OS

I.,!.(,. I 2 \K-Kh.U-i



TABLE 6-12
SUMMARY OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN ALL SOILS

CHEMICAL

SEMI-VOLATILE ORGANICS

'henanllirene
'yrene

PESTICIDES/PCBs

Aldrin
M'-DDE
M'-DDT

INORGANICS

Arsenic
C;;iliniuin
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

SOIL
CONCENTRATION

(mu/kiO

.

9.99E-oi UCL
J.50E-01 UCL

2.00E-03 MAX
3.10E-03 MAX
7.70E-03 UCL

2.45E+00 UCL

2.20E+00 UC1
8.87E+00 UCL

1.58Ii+01 UCL
1.94E+02 UCL
1 NIMH UCI
1.28E+01 UCL
7.01E-01 UCL
674E-01 UCI

4.19E-01 UCI
1.35E+04 UCI

CD1 for ADJUSTED
ABSORPTION NONCARC1NOGEN1C ORAL R ID HAZARD

FACTOR EFFECTS (mg/kg-clay) QUOTIENT
(imilless) (ing/kg-iluy)

l.OOE-02 8 1- -07 Not Available No Tox Data
l.OOE-02 8E-07 3.00H-02 3E-05

l.OOE-02 2E-0'J 3.00E-05 5E-05
l.OOE-02 3E-09 Not Available No Tox Data
l.OOE-02 6E-09 5.001-:-n4 1E-05

I . O O I - - 0 2 2E-06 2.40I'-04 8|{-l)3
l.OOE-02 2E-06 5.00E-II5 4E-02
l.OOE-02 7E-06 I.OOr:-(»2 7E-M
l.OOE-02 1E-05 1.85E-02 7E-04
l.OOE-02 2E-04 Not Available No Tox Data
1. OOF. -02 91- -08 Not Available No Tox Data
l.OOE-02 IE-OS 2.00E-03 5E-03
l.OOE-02 6E-07 4.50E-03 1E-04
l.OOE-02 5E-07 5.00E-04 1E-03
1 OOE-02 3E-07 Not Available No Tox Data
l.OOE-02 1E-02 l.2()|-:-01 9E-02

CD1 for ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (my/kg-dav)A-l

Not Applicable
Not Applicable

IE- 10 1.70E+01 2E-09
2E-10 3.40E-01 7E-11
5F.-10 3.40E-01 2E-10

21 >07 1.88E+00 1K-07

21 {-07 Not Available No Tox Dal.i
6I--07 Not Available No Tox Data

Not Applicable

1E-05 Not Available No Tox Data
Not Applicable

9FMI7 Not Available No Tox Data
Not Applicable
Not Applicable

3E-08 Not Available No Tox Data
Not Applicable



TABLE 6-12

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN ALL SOILS

CHEMICAL

Cyanide

son,
CONCENTRATION

(me/kg)

4.19E-OI UCL

CDI lor ADJUSTED
ABSORPTION NONCARCINOGENIC ORAL RlU HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT
(unitless) (mg/kg-day)

l.OOE-02 3E-07 2.00E-02 2E-05

HAZARD INDEX: 1E-01

CDI for ADJUSTED

CARCINOGENIC ORAL CANCER
EFFECTS SLOPE FACTOR RISK

(mg/kg-dav) (mg/kg-day)A-l

Not Applicable

CANCER RISK: 1E-06

CDI of noncarcinogenic chemicals in all soils via dermal contact (child resident):

(mg/kg soil * l.OOE-06 kg/mg * 1.00 mg/cm1 " ABS • 1820 cm'/event " 245 events/year * 6 years)/(15 kg " 2190 days)
CDI of carcinogenic chemicals in all soils via dermal contact (child resident):

(mg/kg soil " l.OOE-06 kg/mg "1.00 mg/cm2 " ABS " 1820 cm'/evcnt " 245 events/year " 6 years)/(15 kg » 25550 days)

Page 6 of9 Tahfi-12.xls si cluL-r



TABLE 6-12
SUMMARY OF NONCARC1NOCENIC AND CARCINOGENIC HEALTH RISKS

FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

INGEST1ON OF CHEMICALS IN GROUNDWATER

CHEMICAL

VOLATILE ORGANICS

l,2-Dichloroethene( total)
frichloroethene

Vinyl Chloride

INORGANICS

Arsenic

Barium
Cadmium

Chromium

Cobiilt
,ead
Vlangaiiese

Nickel

Selenium

Silver
Vanadium
Zinc

WATER
CONCENTRATION

(ing/0

4.00E-03 MAX
3. 1411-02 UCl,
847E-03 UCL

2.27E-03 UCL

5.68E-02 UCL
8.50E-04 UCL

3.99E-02 MAX
2.54E-03 UCL

4.32I--03 UCL
1.94 L-OI MAX

4.231--02 MAX

l.61li-()3 UCL
I.06R-03 UCL

7.42E-04 UCL
I.37I--01 MAX

CDI for
NONCARC1NOGENIC ORAL RtD HAZARD

EFFECTS (mg/kg-day) QUOTIENT
(ing/kg-iliiy)

31--04 9.00E-03 3E-02
2E-03 6.00E-03 3E-01
5E-04 Not Available No Tox Data

1E-04 3.00E-04 5E-01

4E-03 7.00E-02 5E-02
5E-05 5.00E-04 1I--01

3l-:-03 l . O O I v M K I 31'-03

21--D4 6.00E-02 3E-03
3E-04 Not Available No Tox Oata

1I--02 2.30E-02 5E-01
3E-03 2.00E-02 I E - H I

1E-04 5.00E-03 2E-02

7E-05 5.00E-03 1E-02
5E-05 7.00E-03 7E-03
9E-03 3.00E-OI 3E-02

CHI for
CARCINOGENIC ORAL

EFFECTS SLOPE FACTOR
(inu/kg-day) (mg/kg-dav)A-l

CANCER
RISK

2E-05 Not Available No Tox Data
2E-04 I.10E-02
5E-05 1.90E+00

2E-06
9E-05

IE-OS 1.50E+00 2E-05
3E-04 Not Available No Tox Data
5E-06 Not Available No Tox Data
2E-04 Not Available No Tox Data
Hi-05 Not Available No Tox Data
2E-05 Not Available No Tox Data

Not Applicable Not Available

2E-04 Not Available No Tox Data
Not Applicable Not Available

Not Applicable Not Available

4E-06 Not Available No Tox Data
Not Applicable Not Available

HAZARD INDEX: 2E+00 CANCER RISK:

CDI fur noncarcino»eiiic chemicals in groundwater via in^csliiui (chi ld resident):
(m{>/l water * 1 I/day " 350 days/year * (> ycars)/(15 kg * 2190 days)

CDI for carcinogenic chemicals in groundwatcr via ingcstion (chi ld resident):
(ni»/l water * 1 I/day * 350 days/year " 6 ycars)/(!5 kg * 255511 days)

1 E-04



TABLE fi-12
SUMMARY OF NONCARC1NOGEN1C AND CARCINOGENIC HEALTH RISKS

FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN GROUNDWATER

CHEMICAL

VOLATILE ORGANICS

1 ,2-Dichloroethene( total)

rrichloroethene

Vinyl Chloride

INORGANICS

Arsenic

Jarium

Cadmium

Chromium
Cobalt

,ead
Manganese

Nickel

Selenium

Silver

Vanadium
Zinc

WATER

CONCENTRATION

(ing/1)

4. OOE-03 MAX

3.14E-02 UCL

8.47E-03 UCL

2.27E-03 UCL

56X11-02 UCL

8. 501' -04 UCL

3.99E-02 MAX

2.54E-03 UCL

4.32E-03 UCL

1.94E-OI MAX

4.23I--02 MAX

1.61E-03 UCL

1.06E-03 UCL

7.42E-04 UCL
1.37E-01 MAX

CDI for
PERMEABILITY NONCARCDNOGENIC ADJUSTED HAZARD

CONSTANT EIT'ECTS ORAL RID QUOTIENT

(cm/lioui) (mg/kg-day) (iiig/kg-duy)

l.OOE-02 5E-06 9.00E-03 6E-04

1.60E-02 7E-05 6.00E-03 1E-02

7.30E-03 8E-06 Not Available No Tox Data

l.OOE-03 3E-07 2.40E-04 IE-03

l.OOE-03 8E-06 3.50E-03 2E-03

.OOE-03 1E-07 2.50E-05 5E-03

.00|-:-()3 5E-06 1.00I--02 5E-04

.OllE-03 3E-07 4.80E-02 7E-06

.OOE-03 6E-07 Not Availiible No Tox Data

OOl'-Oj 3E-05 2.30E-03 1E-02

l.OOE-03 6E-06 2. OOE-03 3E-03

l.OOE-03 2E-07 4.50E-03 5E-05

l.OOE-03 1E-07 5.00E-04 3E-04

l.OOE-03 1E-07 7.00E-03 1E-05

l.OOE-03 2E-05 1.20E-01 2E-04

CDI for ADJUSTED

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-dav)A-l

5E-07 Not Available No Tox Data

61- -06 1.10E-02 6E-08

7E-07 1.90E+00 1E-06

3E-08 1.88E+00 5E-08

7E-07 Not Available No Tox Data

1 F.-08 Not Available No Tox Data

5E-07 Not Available No Tox Data

3E-08 Not Available No Tox Data

5E-08 Not Available No Tox Data

Not Applicable Not Available

5E-07 Not Available No Tox Data
Not Applicable Not Available

Not Applicable Not Available

9E-09 Not Available No Tox Data
Not Applicable Not Available

HAZARD INDEX: 3E-02 CANCER RISK: 1E-06

CDI for noncarciiio^enic chemicals in gruundwatcr via dermal contact (child resident):

(mj;/l water " l.OOE-03 l/cm j " PC cm/hour " fi'JSO cm1 * (1.3 huurs/day " 350 days/year " (•, ycars)/( 15 k« * 21 'JO days)
CDI ("or carcinogenic chemicals in groundwater via dermal contact (child resident):

(ing/I water * l.OOE-03 l/cmJ ' PC cm/hour " 6980 cm2 * 0.3 hours/day " 350 days/year " <i years)/( 15 k« * 25550 days)
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TABLE 6-12
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR AN CHILD RESIDENT (GENERIC RESIDENTIAL)
PETOSKEY MANUFACTURING SITE

INHALATION OF CHEMICALS VOLATILIZED FROM GROUNDWATER

CHEMICAL

VOLATILE ORGANICS

1 ,2-Dichloroethene( total)
Trichloroethene
Xylenes (total)

WATER
CONCENTRATION

(mg/1)

4.00E-03 MAX
3.14E-02 UCL
8.47E-03 UCL

CDI for
CONCENTRATION NONCARCINOGENIC INHALATION HAZARD

IN AIR EFFECTS RID QUOTIENT

(mg/m3) (mg/kg-day) (mg/kg-day)

5.17E-03 6E-05 Not Available No Tox Data
3.90E-02 4E-04 Not Available No Tox Data
1.75E-02 2E-04 Not Available No Tox Data

CDI for
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) ( mg/kg-day )A-1

5E-06 Not Available No Tox Data
4E-05 6.00E-03 2E-07
2E-05 3.00E-01 5E-06

HAZARD INDEX: CANCER RISK: 5E-06

CD! for noncamntigenii: chemicals in groundwater via inhalation (child resident):

(mg/m3 air " 0.6 mVhour " 0.3 hours/day " 350 days/year " 6 ycars)/(15 kg « 21'JO days)
CDI for carcinogenic chemicals in gnmndwater via inhalation (child resident):

(mg/m3 air * 0.6 mVhour " 0.3 hours/day * 350 days/year * 6 years)/(15 kg " 25550 days)

iiV ') ol'9 T.il>fi-l2 xls ijwch inh



TABLE 6-13

SUMMARY OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT 1NGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

VOLATILE ORGANICS

Acetone
1.2-nichloroethene (total)
ilhylbenzene
vlelhvlene Chloride
,'etrachloroethene
I'oluene
fiichloroelhene

Xvlenes ( total)

SEMI-VOLATILE ORGANICS

Aceiuiphlhene

Anthracene
3enzo[a (anthracene
•ienzo[a|pvrene
ienzo|b|tluorantheiie
~knzo[ghi|pci\lene
bis(2-elhvlhexvl) phthalate
5utyl benzyl phlhalate

Carbazole

Chrvsene
)ibenz a. h (anthracene
^ibenyoluran
)i-n-hutvl-phihalate
!")i-n-octvl phllialate
Rnoranthene
Muorene

SOU.
CONCENTRATION

(mi!/kg)

1.37E-02 UCL
5.99E-03 UCL
5.78E-03 • UCL
1.98E-02 UCL
1.08E-02 UCL
8.42E-03 UCL
1.25E-OI UCL
8.7IE-03 UCL

<).58H-OI UCL
8.82I ' -01 UCL
3.281-XKl UCL
|.y() IM-( l<) UCL
5.6IL>00 UCL

l.321-:+l)0 UCL
2.0-4L+00 UCL
5.501--D1 MAX
7.87l'-()l UCL
145I7.-K)0 UCI
7.37L-OI UCI

- 4 . 7 I I - - 0 1 U C I
3.6()L;-01 MAX
1.2-41- +00 UCI

'/'tyii+OO UCI
6.89I>OI UCI

CD1 lor
NONCARCINOGIZNIC ORAL Rll) HAZARD

Hl-1'l'CTS (mg/kg-day) QUOTIENT

(mg/ku-dav)

2I>()8 l.OOE-01 21--07
8H-09 9.001--03 91--07
81-.-09 l.OOE-01 81 --08
3I:-08 6.00E-02 5E-07
1E-08 l.OOE-02 1E-06
11- -08 2.00E-01 61- -08
2E-07 6.00E-03 3E-05
1I--08 2.00E+00 61--09

9l-:-07 6.00E-02 21 --05
l i ; - ( ) ( ' ) 3.00E-01 ^ !•;-()(,

4I--H6 Not Available No Tox Data
3l'-»6 Not Available NoToxData
8I--06 Not Available No Tox Data
2I--06 Not Available No Tox Data
3E-06 2.00I--02 1E-0-4
8I>()7 2.00H-OI -4I--06
1I--06 Not Available NoToxData

5K-06 Not Available NoToxData
l l - : - ( l f ) Not Available NoToxData
61M17 4.00E-03 2E-0-4
5K-07 l.OOE-01 5L-06
2E-06 2.00l-:-02 9E-05
11- -05 4.00E-02 31- -(M
9I-I-07 4.00E-02 2l-:-()5

CD1 for

CARCINOOEN1C ORAL CANCER
EFFECTS SLOPE FACTOR RISK

(ing/kg-dav) (ing/kg-ddv)A-l

Not Applicable
3E-09 Not Available NoToxData

Not Applicable
9E-09 7.50E-03 7E-11
5E-09 5.20E-02 3E-10

Not Applicable
6E-08 1.10E-02 6E-10

Not Applicable

Nol Applicable
Not Applicable

2I--06 7.30E-01 IE-06
91--07 7.30E+00 7E-06
3E-06 7.30E-01 2E-06

Nol Applicable

IE-06 1.40E-02 1E-08
3I>07 Not Available NoToxData
4I--07 2.00E-02 7E-09

2E-06 730E-03 1E-08
3E-07 7.30E+00 3I--06

Not Applicable
Nol Applicable

*')E-07 Not Available NoToxData
Nol A|)plicable
Nol Applicable



TAHLEfi -13

S U M M A R Y OF NONCARCINOCENIC AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

I N A D V E R T E N T INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORGANICS

mleno) 1 ,2,3-cil|pvreiie

'heiumtlirene

"viene

PESTIClDES/PCBs

Aldrin

l-4'-DI)D

l,4'-DDE

1.4'-I)DT

•JHlosiill'ail I

iinJosiillan II
PCBs

INORGANICS

Anlimonv
Arsenic

Cadmium

Cliromium

Copper

^ead

Vlercurv

Nickel

Selenium

Silver

Thallium

X,inc

SOU,

CONCENTRATION

(ing/kg)

471X10 UCl.

6. 52IXK) UCl.

4.431X10 UCL

2 OOE-0.3 MAX

2 60F-03 MAX

.1.101-: -03 MAX
3.81F-02 UCl.

8.20F.-03 MAX

290F-03 MAX

3 OoE-02 MAX

4. 181X10 UCL

5.871X10 UCL

6.891X10 UCL

1.241X11 UCL

3.861X11 UCL

3.061X12 MAX

2.61K-01 UCL

2.451X11 UCL

1.791X10 UCL

1.161X10 UCl.

4 94F-01 UCL

1 971X14 MAX

CDI for

NONCARCINOGENIC ORAL RID HAZARD

lil-TI'CTS (mg/kg-ilay) QUOTIENT

(mg/kg-ilav)

2H-06 Not Availahle No Tox Data

9I>()6 Nol Available No Tox Data

6I>()6 3.00I'-02 21--04

3IZ-09 3.00I--05 9E-05

4M-09 Not Available No Tox Data

4I--09 Not Available No Tox Data

5L-118 5.00L:-()4 lli-04

111-08 6.00H-03 2F.-06

41i-09 6.00l:-()3 71i-07

4li-()8 2.00K-05 2I--03

61- -06 4.00H-04 1L--02

81' -06 3.00F.-04 3F-02

9R-06 1.001M13 9H-03

2IM15 l .()()L :-K)() 2I>05

5I--05 3.70H-02 1F.-03

4I--04 Not Available No Tox Data

4IM17 Not Avai lable No Tox Data

3I--05 2.00E-02 2E-03

2F-06 5.00li-03 5L-04

2I--06 5.00I--03 3I--04

7IM17 Not Available No Tox Data

3IMI2 , 3SOOJ;-()I 9I--02

CDI for

CARCINOGENIC ORAL CANCER

EI;I;I'!CTS SI.OPF. FACTOR RISK

(inu/ki'-iluv'l (uig/kg-dav)A- 1

7E-07 7.30H-OI 5l{-()7
Not Applicable

Not Applicable

9E-10 1.70E+01 2E-08
1F-09 2.40F-01 3E-10

1E-09 .3.40E-01 5F-10

2F.-I18 3.40E-01 6E-09
Not Applicable

Not Ap ilicable

1E-08 2.001X10 3H-08

2E-06 Not Available No Tox Data

3L-06 1 50E+01) 4F-06

31 '-06 Not Available No Tox Data

6E-06 Not Available No Tox Data
Not Ap ilicable

1I--04 Not Available No Tox Data
Not Applicable

IF-05 Not Available No Tox Data
Not Ap ilicable

Not Applicable

2F-07 Nol Available No Tox Dala
Not Applicable



TABLE 6-13

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL SOIL
CONCENTRATION

(ing/kg)

GDI for
NONCARCINOGENIC

EFFECTS
(mg/kg-day)

ORAL RID
(ing/kg-day)

HAZARD
QUOTIENT

GDI lor
CARCINOGENIC

EFFECTS
(ing/kg-day)

ORAL
SLOPE FACTOR
(mg/kg-day)A-l

CANCER
RISK

OTHER

Cyanide 7.05E-01 UCL 1E-06 2.00E-02 5E-05 Not Applicable

HAZARD INDEX: 1E-01 CANCER RISK: 2E-05

CDI of noncarcinogenic chemicals in shallow soil via ingestion (adult resident):
(mg/kg soil * l.OOE-06 kg/mg * 100 mg/day * 1 * 350 days/year " 30 years)/(70 kg * 10950 days)

CDI of carcinogenic chemicals in shallow soil via ingestion (adult resident):
(mg/kg soil • I.OOE-06 kg/mg « 100 mg/day "1-350 days/year * 2-1 years)/(70 kg * 25550 days)

-| Txl



TABLE 6-13

SUMMARY OF NONCARC1NOGEIN1C AND CARCINOGENIC HEALTH RISKS

FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

VOLATILE ORGANICS

Acetone

,2-Dicliloroetliene (total)

•thvlneiizene

Vlelhylene Chloi ide

felrachloroelhene

Toluene

rrichloroelhene

Xvlenes (lotah

SEMI-VOLATILE ORGANICS

AceiiaplUhene

Anlbracene

•ten/o a aiilhiaccne

ien/o ajpyrene

len/o[b|lliioranthene

kiiA)|ghi|perylene

bis(2-ethylhexyl ) phthalale

Jutvl benzyl phthalate

Carlw.ole

Chrysene

)iben7|a,b]anlhiacene

Dibcittoliiiiin

Di-n-hutYl-plillialale

Di-n-octyl plilluilale

FluoranlheMe

l-'luorene

SOIL

CONCENTRATION

(nig/kg)

1. 3711-02 UCL

5.99E-03 UCL

5.78E-03 UCL

1.98E-02 UCL

1.08E-02 UCL

8.42E-03 UCL

1.25E-01 UCL

8.7IE-03 UCL

65X11-01 UCL

8X211-01 UCL

3.28E-MJO UCL

1.9011+00 UCL

561I:+()0 UCL

I.321-+00 UCL

2.04K+00 UCL

5. 501- -01 MAX

7.87E-01 UCL

3.45E+00 UCL

7.37F.-01 UCL

4.7I1:-OI UCL

3.60E-01 MAX

I.24l - -K)( t UCL

'J.49E+00 UCL
h.X'JIMll UC1

GDI for ADJUSTED

ABSORPTION NONCARCINOGI-N1C ORAL R ID HAZARD

FACTOR EFFKCTS (mg/kg-day) QUOTIENT

(unilless) (mg/kg-day)

1. ()()!•;-() 1 71-1-08 l.OOE-01 7E-07

l.OOli-01 3E-08 9.00E-03 3E-06

l.OOE-OI 3E-08 l.OOE-01 3I--07

l.OOE-01 1E-07 6.00E-02 2I--06

l.OOE-01 5E-08 l.OOE-02 5E-06

l.OOE-01 4E-08 2.00E-01 2E-07

l.OOF-OI 6E-07 6.00E-03 1E-04

l.OOE-01 41--08 2.00E+00 2E-08

.0011-02 3E-07 6.00I-:-02 5l>0fi

.OOI-:-02 4E-07 3.00E-01 lE-Oh

.OOE-02 211-06 Not Available No Tox Data

.OOK-02 9E-07 Not Available No Tox Data

.OOE-02 311-06 Not Available No Tox Data

.OOI1-02 611-07 Not Available No Tox Data

.OOE-02 1E-06 2. OOE-02 511-05

.OOE-02 3E-07 2.00E-01 1E-06

.OOE-02 -411-07 Not Available No Tox Data

.OOE-02 211-06 Not Available No Tox Data

.OOE-02 4E-07 Not Available No Tox Data

0(111-02 211-07 4.00E-03 6E-05

.OOE-02 211-117 1.0011-01 2E- ( l ( i

.0011-02 611-07 2. OOE-02 311-05

.0011-02 511-06 4.00E-02 l l l - O - l

.0011-02 311-07 4.0011-02 8 !•:-()()

CD1 for ADJUSTED

CARC1NOOENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(ing/kg-day) (mg/kg-duvr-1

Not Applicable

1 E-08 Not Available No Tox Data

Not Applicable

3E-08 7.50E-03 2E-10

2E-08 5.20E-02 9E-IO
Not Applicable

2E-07 1.10E-02 2E-09
Not Applicable

Not Applicable

Not Applicable

511-07 7.3011-01 4E-07

3E-07 7.30E+00 2E-06

9E-07 7.30E-OI 711-07

Not Applicable

3E-07 1.40E-02 5E-09

9E-08 Not Available No Tox Data

1E-07 2. OOE-02 3E-09

6E-07 7.30E-03 4E-09

1E-07 730E+00 9E-07

Not Applicable

Not Applicable

211-07 Not Available No Tox Data
Nol Applicable

Not Applicable

III ll,T



TABLE 6-13

S U M M A R Y OF NONCARC1NOCENIC AND CARCINOGENIC HEALTH RISKS
FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

D E R M A L CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORCANICS

iuleno[ 1 ,2,3-cdlpvreiic
'henanthrene
'vrene

PESTIClDES/PCBs

Aldrin
M'-DDD
•M'-DDI;
4.4--DDT
EiiJosi i l tun I
• l ldosul lai i I I

I'CUs

INORGANICS

Antiinony
Arsenic
Cadmium
Chromium
Copper
.cad

Meiuirv
Nickel
Selenium
Silver
Thallium
X.inc

SOIL
CONCENTRATION

(ing/kg)

1.471X10 UCI.
6.52E+00 UCL
4.43IXH) UCI.

2 ()()!• -03 MAX
2.60E-03 MAX
3.IOE-03 MAX
3.81E-02 UCI .
8. 201: -03 MAX
2 yoE-oi MAX
3.00l'-02 MAX

4.181X10 UCI.
5 871- +00 UCL
6.891X10 UCL
1. 241X11 UCL
186IXH UCI.
3.061X12 MAX
2 . 6 1 K - O I UCI
2 . 4 5 l ' i 0 1 U C I
1.7'JI'XIO UCI
1 .161X10 UCI
•4.'j-ii;-oi uci
1 V71X1-I MAX

Cl)l for ADJUSTED
ABSORPTION NONCARClNOC.IiNIC ORAL RtD HAZARD

I'ACTOR FITF-CTS (mg/kg-day) QUOTIENT
(uiiilless) (mg/kg-day)

1.001Z-02 7I:-07 Not Available No Tox Data
1.00F.-02 3H-06 Not Available No Tox Data
|.OOI-:-()2 21i-()6 3.00H-02 7H-05

1.00F.-02 1E-09 3.00n-05 3E-05
1.001>02 llv-O'J Not Available No Tox Data
l.OOE-02 1L'-0(; Not Available No Tox Data
I.OOE-02 2E-08 5.00E-04 4H-05
1.0()i ; -()2 4E-09 6.00E-03 7E-07
1.0HH-02 I I M W 6.(ioi;-03 2F.-07
l.(l l l | ' : -02 lli-08 2.00l-:-0-S 7IMI4

.0(ll'-02 21 '-(If) 4.00I>05 5I--02

.001- -02 3K-06 2.40E-04 IF.-02

.OOI--02 3E-06 5.00I--05 7E-02

.OOH-02 6E-06 l.OOE-02 6F.-04
()()(•: -02 2J--05 1.85E-02 lli-03
.(l(li;-02 IE-04 Not Available No Tox Data
( ) I ) I ; , - ( I 2 IE-07 Not Available No Tox Data
(](] |{-[)2 IE-05 200I ' -03 6l-:-()3
.OOE-02 9E-07 4.50R-03 21MM
.OOI-: -02 6F.-07 5.00E-04 l l i-03
.0(ll '-02 2I>()7 Not Available No Tox Dala
.OOF.-02 yiv-03 . . I . 2 0 E - O I 8I>02

CDI lor ADJUSTED
CARCINOGENIC ORAL CANCER

I-FFF.CTS SLOPE FACTOR RISK
(mg/kg-dav) (ing/kg-duvr-1

2E-07 7.30E-01 2E-07
Not Applicable
Not Applicable

3E-10 1.70E+01 6E-09
41--10 2.40F.-01 M.;-IO
5E-10 340E-01 2E-10
f )H-( iy 3.40E-01 2E-oy

Not Applicable
Not Applicable

5E-09 2.001X10 I I - M 1 8

7F.-07 Not Available No Tox Dala
Hi-06 1.88E+00 2F.-06
IE-06 Not Available No Tox Data
2F-06 Not Available No Tox Dala

Not Applicuhle
5E-05 Not Available No Tox Data

Nol Applicable:
4I--06 Not Available No Tox Data

Not Applicable
Not Applicable

8E-08 Not Available No Tox Data
Nol Applicable



TABLE 6-13

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL
GDI for ADJUSTED

CHEMICAL SOIL ABSORPTION NONCARCINOGENIC ORAL RtD HAZARD
CONCENTRATION FACTOR EFFECTS (mg/kg-day) QUOTIENT

(mg/kg) (unitless) (ing/kg-day)

OTHER

Cyanide 7.05E-01 UCL l.OOE-02 3E-07 2.00E-02 2E-05

HAZARD INDEX: 2E-01

CDI for ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-dav) (mg/kg-dav)A-l

Not Applicable

CANCER RISK: 6E-06

CDI of noncarcinogenic chemicals in shallow soil via dermal contact (adult resident):

(mg/kg soil " l.OOE-06 kg/mg * 1.00 mg/cm1 " ABS " 5000 cm2/event " 245 events /year " 30 years)/(70 kg • 10950 days)
CDI of carcinogenic chemicals in shallow soil via dermal contact (adult resident):

(mg/kg soil " l.OOE-06 kg/mg *1.00 mg/cm2 * ABS * 5000 cmVevent " 245 events/year * 24 ycars)/(70 kg * 25550 days)

T.ihf.-11 xK ss .11! .Icr
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TABLE 6-13

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INHALATION OF CHEMICALS VOLATILIZED FROM SUBSURFACE SOIL AND GROUNDWATER THROUGH A BASEMENT

CHEMICAL

VOLATILE ORGANICS

Acetone
1 ,2-Dichloroethene (total)
Ethylbenzene
Methylene Chloride
letrachloroethene
Toluene
Frichloroethene
Vinyl Chloride
Xylenes (total)

CONCENTRATION
IN AIR

(me/m3)

9.08E-10
1.06E-08
3.10E-10
3.16E-09
3.16E-09
1.11E-09
1.73E-07
8.73E-09
3.57E-09

CDI for
NONCARCINOGENIC INHALATION HAZARD

EFFECTS RtD QUOTIENT
(mg/kg-day) (mg/kg-day)

2F.-IO Not Available No Tox Data
211-09 Not Available No Tox Data
6E-11 2.86E-01 2E-10
6E-10 8.60E-01 7E-10
6E-10 Not Available No Tox Data
2E-10 1.14E-01 2E-09
3E-08 Not Available No Tox Data
2E-09 Not Available No Tox Data
7E-10 Not Available No Tox Data

CDI for
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-duy)A-l

Not Applicable
Not Applicable
Not Applicable

3E-10 .65E-03 4E-13
3E-10 2.00E-03 5E-I3

Not Applicable
1E-08 6.00E-03 9E-11
7E-10 3.00E-01 2E-10

Not Applicable

HAZARD INDEX: 3E-09 CANCER RISK: 3E-10

CDI of noncartinogenic chemicals via inhalation (adult resident):

(mg/m1 * 0.83 mJ/hour " 17 hours/day " 350 days/year * 30 years)/( 70 kg " 10950 days)
CDI of carcinogenic chemicals via inhalation (adult resident):

(mg/mj " 0.83 m j/hour " 17 hours/day * 350 days/year " 30 years)/( 70 kg " 25550 days)

Page 7 of X TaWi-n .xIshascai l in l i



TABLE 6-13

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR AN ADULT RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INHALATION OF CHEMICALS VOLATILIZED FROM SUBSURFACE SOIL AND GROUNDWATER THROUGH FOUNDATIONS

CHEMICAL

VOLATILE ORGANICS

Acetone
1 ,2-Dichloroethene (total)
Ethylbenzene
Methylene Chloride
Fetrachloroethene
Toluene
Trichloroethene
Vinyl Chloride
Xylenes (total)

CONCENTRATION
IN AIR

(ma/m3)

6.95E-10
8.14E-09
2.37E-10
2.42E-09
2.42E-09
8.46E-10
1.32E-07
6.68E-09
2.73E-09

CDI for
NONCARC1NOGEN1C INHALATION HAZARD

EFFECTS RID QUOTIENT
(mg/kg-day) (mg/kg-day)

IE- 10 Not Available No Tox Data
2E-09 Not Available No Tox Data
5E-11 2.86E-01 2E-10
5E-10 8.60E-01 5E-10
5E-10 Not Available No Tox Data
2E-10 1.14E-01 1E-09
3E-08 Not Available No Tox Data
1 E-09 Not Available No Tox Data
5E-10 Not Available No Tox Data

CDI for
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (ing/kg-day)A-l

Not Applicable
Not Applicable
Not Applicable

2E-10 .65E-03 3E-13
2E-10 2.00E-03 4E-13

Not Applicable
IE-OS 6.00E-03 7E-11
6E-10 3.00E-01 2E-10

Not Applicable

HAZARD INDEX: 2E-09 CANCER RISK: 2E-10

CDI of noncarcinogenic chemicals via inhalation (adult resident):

(mg/m3 ' 0.83 m'/hour * 17 hours/day * 350 days/year * 30 years)/( 70 kg * 10950 days)
CDI of carcini genie chemicals via inhalation (adult resident):

(mg/m1 " 0.83 m3/hour * 17 hours/day " 350 days/year * 30 years)/( 70 kg * 25550 days)

T;il>fi-n \lssl.ilinilinh
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TABLE 6-N

SUMMARY OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

VOLATILE ORGANICS

Acetone

1 ,2-Dichloioelhene (lolal)

ithvlben/ene

dethylcne Chloride

fclruchloroelhene

Toluene

rrichloroelhunc

Xvlenes ( tot i i l )

SEMI-VOLATILE ORGANICS

Accna ilitbenc

Anlliiaceue

3enzo[a]antliraceiie

Jenzo ajpyrene

5en/o|b]tluoraiHheiie

}enzo|glii|perylene

l)is(2-ethvlhexvl) phlluilate

lulyl benzvl phlhalate

Curhuzole

Chrvsene

)ihen?|a,h|anlhraccne

)ihenzol\iraii
Di-n-butvl-phthalale

Di-ll-ottyl pllthalate

l-luoranthene

Fhiorene

SOIL
CONCENTRATION

(nig/kg)

1.. 171 '-02 UCL
5.99E-D3 UCI ,

5.7SH-03 UCI.

I.98E-02 UCL

1.08E-02 UCL

8.42F-03 UCI.

1.25E-01 UCI.

8.7IE-03 UCL

6 SSl i -OI U C I .

S.82I-MH U C I .

3.28H+00 U C I .

1.W1M-00 UCI.

5611^00 UCL

I .32 I '+0 ( ) UCL

2.lMI-:+()<) UCL

5.50I--OI MAX

7.87I--01 UCL

3 . 4 5 1 - M K ) UCI.

7.37IM)1 UCL

• I 7 1 L - 0 1 UCL

3.60l-:-l)l MAX

1 . 2 4 1 ' H M I U C I

'M'Jl-XMI UCI

6 X 9 I > O I U C I

CDI for
NONCARClNOCil-NIC OltAL RID HAZARD

RFFI-CTS (mg/kg-cliiy) QUOTIENT

(ing/kg-iliiv)

2I--07 I.OOE-OI 2L'-<)6

81 --OK 9.00F.-03 l)|--()6

7I--08 l.OOE-01 7IU)7

3IT-07 6.00E-02 4I>()6

Hi -07 1.001--02 1IZ-05

11--07 2.00r>01 51- -07

21 '-06 6.00H-03 3r>04

1F.-07 2.00E+00 6l-:-08

81 '-06 6.00F.-02 l l ' - 0 4

n-:-o5 3.ooL:-oi 4i;-o5
4F:-(I5 Not Available NoToxDala

2I--05 Not Available No Tox Hata

7I'-05 Not Available NoToxDala

2H-05 Not Available NoToxDala

3F-05 2.00I--02 lli-03

71--06 2.00L-01 4F.-05

1 1>()5 Not Available No Tox Data

4F.-05 Not Available NoToxDala

'H'-06 Not Available No Tox Dala

f) l>( 16 4.00l>03 2F-03

5L-06 l.OOli-OI 51 --05

2 I M I 5 2 OOF-02 Xl ' -04

IF-04 4.00l'-02 .3I>03

•Jl'i-Of) 4 OOF-02 2F-04

CDI for

CARClNOCiF.NIC ORAL CANCER

FFFFCTS SI .Ol'F. FACTOR RISK

(ing/kg-ilav) (in»/kg-dav)A-l

Not Applicable

7IMW Not Available No Tox Hula
Not Applicable

2I--08 7.50E-03 2E-10

IE-OS 5.20E-02 6E-10

Not Applicable

1E-07 1.10E-02 2F-09

Nol Applicable

Not Appl icable

Nol Applicable

41- -06 7.30E-OI 3E-06

2F-06 7.30E+00 21--05

d l ' - O f i 7.30F-01 4l-:-06

Not Applicable

2F-06 1 4()i;-02 31-:-()8

fiE-07 Not Available NoToxDala

91-:-07 200E-02 2F-08

4I--06 7.30F-03 3I--08

8IMI7 7.30E+00 6l-:-()6

Nol Appl icab le

Nol Appl icable

l l i -06 Not Available N o T o x D a l a

Nol Appl icab le

Nol Applicable

I'.i.v I ..IK



TABLE 6-14

SUMMARY OF NONCARCINOCENIC AND CARCINOGENIC HEALTH RISKS

FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORGANICS

iuleno| 1 ,2,3-cd|pvrene

'lienanthrene

'vrene

PESTICIDES/PCBs

Aldrin

l-4'-DDD

I,4'-DDE

l,4'-DDT

•jidnsii l lau I

{ndosuHaii 11

I'CHs

INORGANICS

Antiiuonv

Arsenic

Cadmium

Chromium

Copper

Lend

VletCtl lY

Nickel

Selenium

Silver

Thallium

SOU.

CONCENTRATION

(ing/kg)

1.47E+00 UCL

6.52E+00 UCL

4.4311+00 UCL

2.001i-03 MAX

2.60E-03 MAX

VIOE-03 MAX

3.8IE-02 UC1.

8.20E-03 MAX

2.90E-03 MAX

3.00E-02 MAX

4.I8E+00 UCL

5.87li+00 UCL

6.8911+00 UCL

1 . 2 4 I - - K I I UCL

386E+OI UCL

3.06E+02 MAX

2 6 I I M I 1 U C L

2.4 i l i -K) l UCL

1 . 7 V I - : - i ( i ( l UCL

l . l d l ' l - K K ) UCI

4.9-l l i -Ul UCL

CD1 for

NONCARCINOGl-NIC ORAL RID HAZARD

UFFliCTS (ing/kg-day) QUOTIENT

(mg/ku-dav)

2li-05 Not Available No Tox Outa

8li-05 Not Available No Tox Data

6E-05 3.0011-02 2E-03

3E-08 3.00E-05 9E-04

3H-08 Not Available No Tox Data

4F.-08 Not Available No Tox Data

5I--07 5.00F.-04 lli-03

lli-07 6.00E-03 2H-05

41>()8 6.00E-03 6H-06

41 i-07 2.00E-05 2li-02

5E-05 4.00E-04 lli-01

7F.-05 3.00E-04 2E-01

9I--05 1 .OOE-03 9F.-02

21i-04 l.OOM+00 2I--04

5I--04 3.70E-02 IF.-02

4E-03 Not Available No Tox Data

3I:-06 Not Available No Tox Data

3IM14 2.00K-02 2H-02

2lv-o5 5.00F.-03 5li-03

IK-05 5.00li-03 3IMI3

6M-06 Not Available No Tox Data

CDI for

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(inu/kii-dav) (ing/kg-dav)A-l

2E-06 7.30E-01 1E-06

Not Applicable

Not Applicable

2E-09 1.70E+01 4E-08

3E-01; 2.40E-01 7E-10

31i-0'J 3.40E-01 IF. -09

41i-08 3.40E-01 IE-OS

Not Applicable

Not Applicable

3I--08 2.00E+00 7E-08

5E-06 Not Available No Tox Data

(>E-Or> I.50F+00 1E-05

8E-06 Not Available No Tox Data

lli-05 Not Available No Tox Data

Not Applicable

3l-:-()4 Not Available No Tox Data

Not Applicable

3E-05 Not Available No Tox Data

Not Applicable

Not Applicable

5E-07 Nol Available No Tox Data

I'.ny 2 nl'X T.ilrfi-H xl-i ss ch iin1.



TABLE 6-14

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)
PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN SHALLOW SOIL

CHEMICAL

Zinc

OTHER

Cyanide

SOIL
CONCENTRATION

(mg/kg)

1.97E+04 MAX

7.05E-01 UCL

CDI for
NONCARCINOGENIC ORAL RtD HAZARD

EFFECTS (mg/kg-day) QUOTIENT

(mg/kg-day)
3E-01 3.00E-OI 8E-01

9E-06 2.00E-02 5E-04

CDI for

CARCINOGENIC ORAL CANCER
EFFECTS SLOPE FACTOR RISK

(ing/kg-day) (mg/kg-day)A-l

Not Applicable

Not Applicable

HAZARD INDEX: 1E+00 CANCER RISK: 4E-OS

CDI of noncarcinogenic chemicals in shallow soil via ingestion (child resident):
(mg/kg soil " I.OOE-06 kg/mg * 200 mg/day * 1 * 350 days/year • 6 years)/(15 kg " 2190 days)

CDI of carcinogenic chemicals in shallow soil via ingestion (child resident):
(mg/kg soil " 1.00E-(M> kg/mg * 200 mg/day " 1 " 350 days/year " 6 years)/(15 kg " 25550 days)

TiiWi-14 \lssscli inj;



TABLE r,-N

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

D E R M A L CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

VOLATILE ORGANICS

Acetone

1, 2-1 hcliloroethene ( to ta l )

ithylbeiv/.ene

Vlethylene Chloride
['etrachlorocthene

Toluene

Ti ichloroethene

Xvlenes (total)

SEMI-VOLATILE ORGANICS

Aceiiaplithenc

Anthracene

Jenzofalantliracene

ienzo ajpyrene

lei.zo|b|lluoranthene

3enzo|ghi]perylene

bis(2-ethvlhexyl) phthalate

jutyl benzyl phtlialate

Carbazole

Chrysene

i}ibenz[a,h|aiitliiacene

)ibenzotunm

Di-n-biilyl-phlhalate

l)i-n-oclyl phthalate

Fliinrmitheiie

l-'luorene

SOIL

CONCENTRATION

(ing/kg)

I.37E-02 UCL

S.99E-03 uci.
5.7XE-03 UCI,

I.98E-02 UCL

1.08E-02 UCL

8.42E-03 UCL

125E-OI UCI.

X.7IE-03 UCL

0.5XE-OI UCI.

S .S2I - -OI UCI.

3.2«I-X)0 UCL

1.9dl '- tOO UCL

5.61I-+00 UCL

1.32 P. +00 UCL.
2.04L-+00 UCL

5.50I--01 MAX

7.87K-01 UCI.

3.45I->00 UCI.

7.371>OI UCI.

- 4 7 I I - - O I U C L

360H-OI MAX

1.241:.+00 UCL
l)4 'JH+()0 UCI
6X' )1 ' - ( )1 UCI

CDI for ADJUSTED

ABSORPTION NONCARCINOCiENIC ORAL RID HAZARD

FACTOR lil'T'ECrS (ing/kg-ilny) QUOTIENT

(unil less) (mg/kg-clav)

.OOli-OI 1I--07 1. ()()!•-() 1 1I'-06

OOK-OI 5I>08 ').OOI--03 5I'-06

( ) ( ) l ' - ( ) l Sli-OX l .OOI'-OI 5I':-07

.OOI--01 2R-07 6.00H-02 3P.-06

.OOIi-OI 9E-08 l.OOFi-02 9E-06

.OOP-Ill 7P-08 2.00F.-OI 3E-07

.OOE-01 IE-06 6.00E-03 2E-04

.00i;-01 7E-08 2.00E+00 4P.-08

1 ( K ) p - ( i 2 51>07 o.OOli -02 9P.-06

1 oop-()2 7li-07 3.ooi;-o| 2P-()(>
1 (H) l> ( )2 3P.-06 Not Available No Tox Data

1.00|{-02 2P-06 Not Available No Tox Data

1. OOF: -02 511-06 Not Available No Tox Data

II 101 {-02 IE-06 Not Available No Tox Data

l.OOE-02 2E-06 2.001--02 8E-05

I.OOE-02 4P.-07 2.00IM1I 2P-06

l.OOE-02 6E-07 Not Available No Tox Data

l.OOE-02 3P.-06 Not Available No Tox Data

l.OOE-02 6E-07 Not Available No Tox Dala

1 OOP-02 4E-07 4.00E-03 IE-04

I.OOli-02 3E-07 1. OOE-01 3E-06

1 OOE-02 IE-06 2.00E-02 5E-OS

I.OOlv-02 8li-06 4 OOE-02 21' -04

1 OdE-02 6|-:-()7 4 00l'-02 I I - M I 5

CDI lor ADJUSTED

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(ma/kg-diiY) (mg/kg-clay)A-l

Not Applicable

41- -09 Not Available No Tox Data

Not Applicable

1E-08 7.50E-03 IE-10

8E-09 5.20E-02 4E-10

Not Applicable

9E-08 1.10E-02 IE-09

Not Applicable

Not Applicable

Not Applicable

2P-07 7.30E-OI 2E-07

IE-07 7.30E+00 IE-06

4E-07 7.30E-01 3F.-07
Not Applicable

IE-07 1 40E-02 2E-09

4E-OH Not Available No Tox Data

5E-08 2. OOE-02 IE-09

2E-07 7.30E-03 2E-09

5E-08 7.30E+00 4E-07
Ntit Applicable

Not Applicable

9I ' -OX Not Avai lable No Tox Data
Nut Applicable

Not Applicable



TABLE 6-14

S U M M A R Y OF NONCARCINOCEN1C AND CARCINOGENIC HEALTH RISKS

FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

SEMI-VOLATILE ORCANICS

iidcuoj l,2,3-cd|pvrene

'henanlhrene

Vrene

PESTICIDES/PCBs

Aldrin

M'-DDD

4,4 ' - l ) l )K

4,4'-l)nT

{ndosullan 1

.indosulfiiii I I
I'd Is

INORGANICS

Antimony

Arsenic

Cadmium

Chromium

Copper

Lead

Merc in v

Nickel

Selenium

Silver

Thallium

SOIL

CONCENTRATION

(ing/kg)

.47E+00 UCI,

6.52l;.+()() UCI.

4.43E-HK) UCI.

2.00r.-03 MAX

2.60E-03 MAX

3.IOE-03 MAX

3.81E-02 UCI.

X.20E-03 MAX

2.°- l>E-<)3 MAX

3.00E-02 MAX

4.18E-HM) UCI,

5.87E+00 UCI.

6.89E+00 UCI.

1 24E-I01 UCL

3.86E-KII UCI.

3.06EH12 MAX

2 . M E - O I U C I .

2.45E-HM UCI.

1 79E+00 UCI.

l . l h l ' f d d UCI .

4.'J41':-(I1 UCI .

CDI lor ADJUSTED

ABSORPTION NONCARCINOGEN1C ORAL RlD HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT

(unilless) (mg/kg-dav)

l.n()E-02 1E-06 Not Available No Tox Data

l.OOE-02 5E-06 Not Available No Tox Data

I.OOE-02 4R-06 3.00E-02 IE-04

l.OOE-02 2E-09 3.00K-05 5F.-05

OOE-02 2E-09 Not Available No Tox Data

.(IOE-02 3E-09 Not Available No Tox Data

OOI--02 3E-08 5.00IMM 6E-05

.OOE-02 7E-09 6.00E-03 1E-06

.OOI--02 2E-09 6.00E-03 4E-07

.OOIMI2 2E-08 2.00E-05 1E.-03

l.OOE-02 3E.-06 400E-05 'JE-02

l.OOE-02 SE-06 2.40E-04 2E-02

l.OOE-02 6E-06 5.00E-05 1E-01

1 OOE-02 1I--05 l.OOE-02 1E-03

1 (]0|>02 3E-05 1.85I--02 2E-03

I.OOE-02 2E-04 Not Available No Tox Data

1 OOE-02 2E-07 Nol Avai lab le NoToxDa ia

l . ( l ( ) E - ( ) 2 2E-05 2.0() | - - ( I3 l l ' -02

1 OOE-02 1E.-06 4.50E-03 3E-0-I

I . ( « l i ; - ( l 2 'JE-07 5.00E-04 2 l> l )3

l .OI IE-02 4E.-07 Not Avai lable No Tox Dala

CDI lor ADJUSTED

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(mg/kg-dav) (mi;/k»-day)A- 1

IE-07 7.30E-01 7E-08

Not Applicable

Not Applicable

IE- 10 1.70E+01 2E-09

2 E - I O 2.40E-01 4E-11

2E-10 3.40E-01 7 E - I I

3E-09 340E-01 91MO

Not Applicable

Not Applicable

2E-IW 2.00E+00 4E-09

3E-07 Not Available No Tox Data

4i; -07 1.88E+00 8E-07

5E-07 Not Available No Tox Data

9I--07 Not Available No Tox Dala

Nol Applicable

2E-05 Not Available No Tox Data

Nol Applicable

2E-06 Nol Available No Tox Data
Not Appl icable

Nol Applicable

3E-08 Not Available No Tox Dala

ix s , ,rx
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TABLE 6-14

SUMMARY OF NONCARCINOGEN1C AND CARCINOGENIC HEALTH RISKS
FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN SHALLOW SOIL

CHEMICAL

Zinc

OTHER

Cyanide

SOIL
CONCENTRATION

(ing/kg)
1 .97E+04 MAX

7.05E-OI UCL

CDI for ADJUSTED
ABSORPTION NONCARCINOGENIC ORAL RID HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT
(unilless) (mg/kg-clav)
l.OOE-02 21- -02 1.20E-01 1H-OI

l.OOE-02 6E-07 2.00E-02 3E-05

HAZARD INDEX: 4E-OI

CDI lor ADJUSTED
CARCINOGENIC ORAL

EFFECTS SLOPE FACTOR
(mg/kg-day) (mg/kg-clav)A-l

Not Applicable

CANCER
RISK

Not Applicable

CANCER RISK:

CDI of noncarcinogenic chemicals in shallow soil via dermal contact (child resident):

(mg/kg soil " l.OOE-06 kg/mg " 1.00 mg/cm1 " ABS * 1820 cmVevcnt * 245 events/year ' fi ycars)/(15 kg * 2190 days)
CDI of carcinogenic chemicals in shallow soil via dermal contact (child resident):

(mg/kg soil " l.OOE-Or, kg/mg "1.00 mg/cm2 * ABS " 1820 cm'/event * 245 events/year " 6 ycars)/(15 kg * 25550 days)

3E-06
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TABLE 6-14

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INHALATION OF CHEMICALS VOLATILIZED FROM SUBSURFACE SOIL AND GROUNDWATER THROUGH A BASEMENT

CHEMICAL

VOLATILE ORGANICS

Acetone
1,2-Dichloroethene (total)
ithylbenzene
Methylene Chloride
Tetrachloroethene
Toluene
Trichloroethene
Vinyl Chloride
Xylenes (total)

CONCENTRATION
IN AIR

(mg/m3)

9.08E-10
1.06E-08
3.10E-10
3.16E-09
3.16E-09
1.11E-09
1.73E-07
8.73E-09
3.57E-09

CDI tor
NONCARCINOGENIC INHALATION HAZARD

EFFECTS RID QUOTIENT
(mg/kg-day) (mg/kg-day)

6E- 1 0 Not Available No Tox Data
7E-09 Not Available No Tox Data
2E-10 2.86E-01 7E-10
2E-09 8.60E-01 2E-09
2E-09 Not Available No Tox Data
7E-10 1.14E-01 6E-09
1 E-07 Not Available No Tox Data
6E-09 Not Available No Tox Data
2E-09 Not Available No Tox Data

CDI lor
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-day)A-l

Not Applicable
Not Applicable
Not Applicable

2E-10 .65E-03 3E-13
2E-10 2.00E-03 4E-13

Not Applicable
1E-08 6.00E-03 6E-11
5E-10 3.00E-01 1E-10

Not Applicable

HAZARD INDEX: 9E-09 CANCER RISK: 2E-10

CDI of noncurcinugcnic chemicals via inhalation (child resident):

(mg/m3 * 0.6 mVhiiur • 17 hours/day " 350 days/year " 6 years)/( 15 kg " 2190 days)
CDI of carcinogenic chemicals via inhalation (child resident):

(mg/m1 " 0.6 nvVhour " 17 hours/day " 350 days/year * 6 years)/( 15 kg " 25550 days)

I'j iv 7 of X T.ilrf>-U.\ls lust- eh inh



TABLE 6-14

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS
FOR A CHILD RESIDENT (LIMITED RESIDENTIAL USE)

PETOSKEY MANUFACTURING SITE

INHALATION OF CHEMICALS VOLATILIZED FROM SUBSURFACE SOIL AND GROUNDWATER THROUGH FOUNDATIONS

CHEMICAL

VOLATILE ORGANICS

Acetone
1,2-Dichloroethene (total)
Ethylbenzene
Methylene Chloride
Petrachloroethene
Toluene
Trichloroethene
Vinyl Chloride
Xvlenes (total)

CONCENTRATION
IN AIR

(me/in3)

6.95E-10
8.14E-09
2.37E-10
2.42E-09
2.42E-09
8.46E-10
1.32E-07
6.68E-09
2.73E-09

CDI for
NONCARCINOGENIC INHALATION HAZARD

EFFECTS RID QUOTIENT
(mg/kg-day) (mg/kg-day)

5E-10 Not Available No Tox Data
SE-09 Not Available No Tox Data
2E-10 2.86E-01 5E-10
2E-09 8.60E-01 2E-09
2E-09 Not Available No Tox Data
6E-10 I.14E-01 SE-09
9E-08 Not Available No Tox Data
4E-09 Not Available No Tox Data
2E-09 Not Available No Tox Data

CDI lor
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-day) (mg/kg-day )A-1

Not Applicable
Not Applicable
Not Applicable

1E-10 1.65E-03 2E-13
1E-10 2.00E-03 3E-13

Not Applicable
7E-09 6.00E-03 4E-11
4E-10 3.00E-01 1E-10

Not Applicable

HAZARD INDEX: 7E-OV CANCER RISK: 2E- IO

CDI of noncarcinogcnk chemical* via inhalation (child resident):

(mg/m3 " 0.6 m3/hour " 17 hours/day ' 350 days/year " 6 years)/( 15 kg " 2190 days)
CDI of carcinogenic chemicals via inhalation (child resident):

(mg/in3 • 0.6 m3/hour « 17 hours/day * 350 days/year * 6 years)/( 15 kg " 25550 days)

'IWi-14 vis slab eh Mill



TABLE 6-1 5

SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A CONSTRUCTION WORKER

PETOSKEY MANUFACTURING SITE

INADVERTENT INGEST1ON OF CHEMICALS IN ALL SOILS

CHEMICAL

VOLATILE ORGANICS

Acetone

1,2-Dichloroelhene (total)

•thvlbeiizene

vlelliylene Chloride
['etrachloroethene

Toluene

Tiicliloroethene

Xvlenes (total)

SEMI-VOLATILE ORGANICS

Acciuiplithene

Anthracene

knzo|a|anthiaceiie

leii/o|a|pyrene

5eiizo[b]lluoraiitheiie

ien/o|glii|perylene

bis(2-etlwlhexvl) phllialate

Hilyl benzyl phtlialale

Carba/ole

Cliivsene

)ibeii7 a,h]anthracene

Dibenzoriirun
Di-n-bulyl-phthalate

l-'luoranthene

Fluorene

lndeno( 1 ,2,3-cd|pvrene

son,
CONCENTRATION

(ing/kg)

J.64E-03 UCI .

7.83E-03 UCI,

7.63E-03 UCL

I.19I>()2 UCL

7.97K-03 UCL

7.551--03 UCL

I.65I--01 UCI.

1 2-ll '-02 UCI .

-) I 2 I > O I U C I .

-4 K ( ) i ; - ( ) l U C I .

767K-OI UCI.

().o7i-:-oi uci.
i < ) 2 i ; + ( i n uci
- J . y S I M l l UCI

y. i)2i ; -oi uci
- 1 2 I I > O I UCI

-4 .3 ' J lMt l UCI

7 ')\ ! • - ( ) 1 UCI

4 . ( i y i ' - o i uci.
3.S6IMI1 UCI.

. V W I I ' - D I MAX
l .^d l 'XH) U C ' I

- 4 2 2 K - O I U C I

5 . i y i M > | UCI

CD! lor
NONCARCINOGENIC ORAL RtD HAZARD

l-l'I- 'l-CTS (mg/kg-day) QUOTIENT

(iny/kg-dav)

111-08 l.OOE-Ol lli-07

11- -08 9.00F.-03 1I--06

1E-08 l.OOE-01 1E-07

2E-08 6.00E-02 3E-07

1E-08 l.OOE-02 1E-06

IE-OS 2.00E-01 6E-08

2I7. -07 6.00E-03 4E-05

21 '-08 2.00E-HK) 9E-0';

(.1{-07 6.00i:-02 11--05

7IM17 3.00I--01 2I'-06

ll- l -Of) Not Available No Tox Data

9I>()7 Not Available No Tox Data

2lv-06 Not Available No Tox Data

7E-07 Not Available No Tox Data

1E-06 2.00l'-02 7E-05

61 '-07 2.00i;-OI 31 • - ( ) ( >

7li-07 Not Available No Tox Data

I I - ; -06 Not Available No Tox Data

61 --07 Not Available No Tox Data

6I--07 4.00E-03 I E - I W

5I--07 l.OOE-01 5E-06

21 --06 4.00I--02 5E-05

6I--07 4.00I--(I2 2 I - -05

8I--07 Not Ava i l ab l e NoToxDala

CDI lor

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FAC FOR RISK

(inu/kg-dav) (ing/kg-dav)A- 1

Not Applicable

31-- 10 Not Available NoToxDala

Not Applicable

5E-IO 7.50E-03 4E-I2

3E-10 5.20E-02 2E-11

Not Applicable

7E-09 1.10E-02 8E-1I

Not Applicable

Nol Applicable

Not Applicable

3E-08 7.30E-01 2E-08

3E-OS 7.30E+00 2E-07

4E-08 7.30E-01 3E-OS

Nol Applicable

4E-08 I.40E-02 5 E - I O

2E-OX Not Available No Tox Data

2E-08 2.00E-02 4E-10

3I--08 7.30E-03 2E- IO

21 MIS 7.30H-K10 IE-07

Nol Applicable

Nol Applicable

Nol Applicable

Not Appl icable

2E-08 7.30E-OI 2E-OS

I'.iyc I ul'K T.llld-l S \|s si i-Dllsl J i n -



TABLE 6-LS

SUMMARY OF NONCARC1NOCEN1C AND CARCINOGENIC HEALTH RISKS

FOR A CONSTRUCTION WORKER
PETOSKEY MANUFACTURING SITE

INADVERTENT INGEST1ON OF CHEMICALS IN ALL SOILS

CHEMICAL

SEMI-VOLATILE ORGANICS

'henanthrenc
'yrene

PESTIClDES/PCBs

Aldrin
4,4'-DDE

M'-DDT

INORGANICS

Arsenic
Cudiniuin

Chromium
Copper
Lead
Merc\iry

Nickel

Selenium

Silver
Thallium
Zinc

SOIL
CONCENTRATION

(ing/kg)

9.99E-01 UCL
9.50E-01 UCL

2.00E-03 MAX
3.10E-03 MAX
7.70E-03 UCL

2.45E-HIO UCL
220L-KH) UCL
8.87E+00 UCL

1.58E+01 UCL
I.94E+02 UCL

1.14E-01 UCL
1.28E+01 UCL
7.01E-01 UCL
6.7411-01 UCL
4.19E-OI UCL

1.35F.+04 UCL

CD1 for
NONCARCINOGEN1C ORAL RID HAZARD

EFFECTS (mg/kg-day) QUOTIENT

(mg/kg-day)

2E-06 Not Available No Tox Data
1E-06 3.00E-02 5E-05

3E-09 3.00E-05 1E-04
5E-09 Not Available No Tox Data
IE-OS 5.00E-04 2E-05

41 • - ( > ( > 3. 001 MM 1IM12
3H-06 l.OOE-03 3E-03
IE-OS l.OOE+00 1E-05

2E-05 3.70E-02 6E-04
3E-04 Not Available No Tox Data
2E-07 Not Available No Tox Data

21--05 2.00E-02 1E-03

1E-06 5.00E-03 2E-04

1E-06 5.00E-03 2E-04
6I>07 Not Available No Tox Data
2E-02 3.00E-01 7E-02

CDI for

CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(mg/kg-day) (mg/kg-dav)A- 1

Not Applicable

Not Applicable

9E-11 1.70E+01 1E-09
1E-10 3.40E-01 5E-11

3E-10 3.40E-01 1E-10

ll ' -07 1.50E+00 21MI7

9E-08 Not Available No Tox Data
4E-07 Not Available No Tox Data

Not Applicable

8E-06 Not Available No Tox Data
Not Applicable

6E-07 Nol Available No Tox Data
Not Applicable

Not Applicable

2E-08 Not Available No Tox Data
Not Applicable

l';iiV 2 ol'K TiiliCi-l 5.xls si const ing



TABLE 6-15
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A CONSTRUCTION WORKER
PETOSKEY MANUFACTURING SITE

INADVERTENT INGESTION OF CHEMICALS IN ALL SOILS

CHEMICAL SOIL
CONCENTRATION

(mg/kg)

GDI lor
NONCARCINOGENIC

EFFECTS
(mg/kg-day)

ORAL RID
(mg/kg-day)

HAZARD
QUOTIENT

GDI lor
CARCINOGENIC

EFFECTS
(mg/kg-day)

ORAL
SLOPE FACTOR
(mg/kg-day )A-1

CANCER
RISK

OTHER

Cyanide 4.19E-01 UCL 6E-07 2.00E-02 3E-05 Not Applicable

HAZARD INDEX: 9E-02 CANCER RISK: 6E-07

CDI of noncarcinogenic chemicals in all soils via ingestion (construction worker):
(mg/kg soil ' l.OOE-06 kg/mg " 480 mg/day " 1 • 80 days/year ' 2 years)/(70 kg * 730 days)

CDI of carcinogenic chemicals in all soils via ingestion (construction worker):
(mg/kg soil " l.OOE-06 kg/mg * -180 mg/day " 1 * 80 days/year " 2 years)/(70 kg " 25550 days)

far.e 1 ii l 'X T;il)d-I5.xlssl omsl ing



TABLE 6-15

S U M M A R Y OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A CONSTRUCTION WORKER

PETOSKEY MANUFACTURING SITE

D E R M A L CONTACT WITH CHEMICALS IN ALL SOILS

CHEMICAL

VOLATILE ORGANICS

Acetone

,2-Dichloroelhene (lolal )

ilhylbenzeiie

delhylene Chloride

felrachloroelhene

Toluene

frichloroelhene

Xylenes ( to ta l )

SEMI-VOLATILE ORCAN1CS

Acenaphlheiic

Anllmicene

:ieii/o|a|aiilhraceiie

icnzo a|pyrene
Seii'.o|b]Huoranthene

Benzo[ghi]pervlene

bis(2-ethvlhexvl) phlhalate

Butyl benzyl phlhalate

Carbazole

CliPy'sene

)ibenz|a,h|aiithiacene

Diben/ofuran

l)i-n-butvl-pl i lhalate

Riioraiilhenc

l-'luoreiie
Indeiio) 1 ,2,3-ul|pyreMc

SOIL

CONCENTRATION

(my/kg)

A64E-03 UCL

7.83E-03 UCL

7.63E-03 UCL

1.1 91- -02 UCL
7.97E-03 UCL
7.55K-03 UCL

1.65E-01 UCL

I.24E-02 UCL

1 I 2 E - O I U C I .

4.80E-01 UCL

7.67E-01 UCL

6.07E-01 UCL

I.02E-HM) UCL

4.9XE-01 UCL

'J.02R-01 UCL

4.21L-01 UCL

4.39H-01 UCL

79II:-(II UCI

4091-: -01 UCL

V8C)I ' -01 UCI .

3 .6 ( t l ' - ( ) l MAX
1.401'MOO UCL

4 2 2 I > O I U C I
5 l ') i ;-()l UCI

CDI for ADJUSTED

ABSORl'TION NONCARCINOGliNIC ORAL RID HAZARD

FACTOR E1;1'RCTS (mg/kg-day) QUOTIENT

(unilless) (ing/kg-day)

I.(M)1>OI H--08 I.OOL'-O] IH-07

1.00I--01 IE-08 9. nOE-03 11--06

l.( l() l--01 II--08 1.00I--OI II--07

l.OOE-01 2E-08 6.00L-02 3E-07

l.OOE-01 1E-08 l.OOE-02 lli-06

LOOP. -01 IE-08 2.00H-01 5I--08

l.OOE-01 2E-07 6.00E-03 4E-05

1.00l'-01 2E-08 2.00E+00 8E-09

|.(lll |-:-02 5E-08 6.0(li;-02 9I:-07

|.00i;-02 6E-08 3.00E-01 2E-07

l.OOE-02 1E-07 Nol Available NoToxDala

1 .OOE-02 8E-08 Not Available No Tox Data

l.OOE-02 lli-07 Nol Available NoToxDala

l.OOE-02 6E-08 Not Available No Tox Data

l.OOE-02 1E-07 2 OOE-02 6E-06

l.OOE-02 5E-08 200E-OI 3E-07

l.OOli-02 6E-08 Not Available No Tox Data

l.OOE-02 1E-07 Not Available NoToxDala

l.OOE-02 5E-08 Not Available No Tox Data

l.OOE-02 5E-OS 4.00E-03 IE-05

]. OOE-02 5E-08 l.OOE-01 5I--07

l.OOE-02 2E-07 4. OOE-02 4E-06

1 OOE-02 .i|>(»8 400I ' -02 ll-i-or,

l . ( ) ( l l ' - ( ) 2 7li-08 Nol Available No Tox 1 )ata

CDI lor ADJUSTED

CARCINOCJENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(ma/k»-day) (mg/kg-diiy)A-l

Not Applicable

31-- 10 Not Available No Tox Data

Nol Applicable

4E-10 7.50E-03 3H-12

3E-10 5.20E-02 2E-1 1
Nol Applicable

6E-09 1.10E-02 7E-11
Nol Applicable

Nol Appl icable

Nol Applicable

3E-09 7.30E-01 2E-09

2E-09 7.30E+00 2E-08

4E-09 7.30E-01 3E-09

Nol Applicable

3E-09 1.40E-02 5E-11

2E-09 Nol Available No Tox Data

2I--09 2. OOE-02 3E-11

3E-09 7.30E-03 21--11

2I-M19 7.30E-KM) IE-OX

Nol Appl icable

Nol Appl icable

Nol Appl icable

Nol Appl icab le

2E-OV 7.30I--OI ll '-09
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TABLE 6-15

SUMMARY OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS
FOR A CONSTRUCTION WORKER

PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN ALL SOILS

CHEMICAL

SEMI-VOLATILE ORGANICS

-"henanthrene
Jyrene

PESTICIDES/PCBs

Alclrin

4,4'-DDE
4,4'-DDT

INORGANICS

Arsenic
Cadmium

Chromium

Copper
Lead
Mercury
Nickel

Selenium

Silver
I'halliutn
Zinc

SOIL

CONCENTRATION
(mg/kg)

9.99E-01 UCL
9.50E-OI UCI.

2.00E-03 MAX
3.10E-03 MAX
7.70E-03 UCL

2.45E+00 UCL

2.20E+00 UCL

8.87E+00 UCL
1.58E+01 UCL

I.94E+02 UCL

1.14E-01 UCL
1.28E+01 UCL

7.01E-01 UCL
6.74E-01 UCL

4.19E-01 UCL
I.35E+04 UCL

CDI lor ADJUSTED
ABSORPTION NONCARCINOGEN1C ORAL RID HAZARD

FACTOR EFFECTS (mg/kg-day) QUOTIENT
(unilless) (ing/kg-duy)

l.OOE-02 1E-07 Not Available No Tox Data
l.OOE-02 1E-07 3.00E-02 4E-06

l.OOE-02 3E-10 3.00E-05 9E-06
l.OOE-02 4E-10 Not Available No Tox Data

l.OOE-02 1E-09 5.00E-04 2E-06

l.OOE-02 3E-07 2.40E-04 IE-03
l.OOE-02 3E-07 5.00E-05 6E-03

l.OOE-02 1E-06 l.OOE-02 1E-04

l.OOE-02 2E-06 1.85E-02 1E-04
l.OOE-02 2E-05 Not Available No Tox Data

.OOE-02 1E-08 Not Available No Tox Data

.OOE-02 2E-06 2.00E-03 8E-04

.OOE-02 9E-08 4.50E-03 2E-05

.OOE-02 9E-08 5.00E-04 2E-04

.OOE-02 5E-08 Not Available No Tox Data

.OOE-02 2I--03 1.20E-OI IE-02

CDI for ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK

(mg/kg-day) (mg/kg-dav)A-l

Not Applicable
Not Applicable

7E-12 1.70E+01 1E-10
1E-11 3.40E-01 4E-12
3E-11 3.40E-01 1E-11

9E-09 1.88E+00 2E-08

KE-09 Not Available No Tox Data

3E-08 Not Available No Tox Data
Not Applicable

7E-07 Not Available No Tox Data
Not Applicable

5E-08 Not Available No Tox Data
Not Applicable

Not Applicable

2E-09 Not Available No Tox Data
Not Applicable

I'.i.v S . i l ' X T.iU.-l5 \l



TABLE 6-15
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC HEALTH RISKS

FOR A CONSTRUCTION WORKER
PETOSKEY MANUFACTURING SITE

DERMAL CONTACT WITH CHEMICALS IN ALL SOILS
CDI for ADJUSTED

CHEMICAL SOIL ABSORPTION NONCARCINOGENIC ORALRtD HAZARD
CONCENTRATION FACTOR EFFECTS (mg/kg-day) QUOTIENT

(mg/kg) (unitless) (mg/kg-day)

OTHER

Cyanide 4.19E-01 UCL l.OOE-02 5E-08 2.00E-02 3E-06

HAZARD INDEX: 2E-02

CDI tor ADJUSTED
CARCINOGENIC ORAL CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kg-dav) (mg/kg-dav)A-l

Not Applicable

CANCER RISK: 5E-08

CDI of nuncarcinugenic chemicals in all soils via dermal contact (construction worker):

(mg/kg soil * l.OOE-06 kg/mg * 1.00 mg/cm1 " ABS " 4100 cmVevent " 80 events /year * 2 ycars)/(70 kg " 730 days)
CDI of carcinogenic chemicals in all soils via dermal contact (construction worker):

(mg/kg soil * l.OOE-06 kg/mg '1.00 mg/cm2 " ABS " 4100 cmVevent " 80 events/year * 2 ycars)/(70 kg " 25550 days)

T;iliC>-1 5 \ls si ciinil dcr



TABLE 6-15

SUMMARY OF NONCARC1NOGENIC AND CARCINOGENIC HEALTH RISKS
FOR A CONSTRUCTION WORKER

PETOSKEY MANUFACTURING SITE

INHALATION OF RESPIRABLE PARTICULATE MATTER FROM ALL SOILS

CHEMICAL

SEMI-VOLATILE ORGANICS

Acenaphthene

Anthracene
3enzo[a]anthracene

•)enzo[a]pyrene

3enzo[b]tluoranthene

3eiizo|g,h,i|perylene
3utylbenzyl phtlmlate

bis(2-EthYlhexYr)phtlialale

Carbazole

Jlirysene

3ibenz[a,h]anthracene

Dibenzofuran
Di-n-butyl-phthalate

Fluorene

Fluoranthene

lndeno[ 1 ,2,3-cd]perylene

Phenanthrene

Pyrene

PESTICIDES/PCBs

Aldrin
•U'-DDE

•M'-DDT

son,
CONCENTRATION

dng/kgl

4.12E-OI UCL

4.80E-01 UCL

7.67E-01 UCL

6.07E-OI UCL

1.02E+00 UCL

4.98E-01 UCL
4.21E-01 UCL

9.02E-01 UCL

4.39E-01 UCL

7.90E-01 UCL

4.09E-01 UCL

3.86E-01 UCL

3.60E-01 MAX

4.22E-01 UCL

1.40E+00 UCL

5.19E-01 UCL

9.99E-01 UCL

9.50E-OI UCL

2.UOE-03 MAX
3.10E-03 MAX

7.70E-03 UCL

CONCENTRATION
IN AIR

dn(!/iii3)

1.66E-07

1.93E-07

3.08E-07

2.44E-07

4.09E-07

2.00E-07
1.69E-07

3.63E-07

1.76E-07

3.18E-07

1.64E-07

1.55E-07

1 .45F.-07

1.70E-07

5.63E-07

2.09E-07

4.02E-07

3.82E-07

8.04E-10
1 .25E-09

3.10I--09

GDI Tor
NONCARC1NOOEN1C INHALATION HAZARD

EFFECTS RID QUOTIENT

(mg/kp-tlav) (mg/kg-dav)

1E-08 Not Available No Tox Data

1E-08 Not Available No Tox Data

2E-08 Not Available No Tox Data

1 E-08 Not Available No Tox Data

2E-08 Not Available No Tox Data

IE-OS Not Available No Tox Data
1 E-08 Not Available No Tox Data

2E-08 Not Available No Tox Data

1E-08 Not Available No Tox Data

2E-08 Not Available No Tox Data

9E-09 Not Available No Tox Data

9E-09 Not Available No Tox Data

8E-09 Not Available No Tox Data

1E-08 Not Available No Tox Data

3E-08 Not Available No Tox Data

IE-OS Not Available No Tox Data

2E-08 Not Available No Tox Data

2E-08 Not Available No Tox Data

5E-11 Not Available No Tox Data
7E-11 Not Available No Tox Data

2E-10 Not Available No Tox Data

CD1 for
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK
dnu/kg-ilav) dng/kg-day)A-l

Not Applicable

Not Applicable

5E-10 Not Available No Tox Data

4E-10 Not Available No Tox Data

7E- 1 0 Not Available No Tox Data

Not Applicable

3E- 1 0 Not Available No Tox Data

6E-10 1.40E-02 8E-12

3E-10 Not Available No Tox Data

5E-1U Not Available No Tox Data

3E-10 Not Available No Tox Data

Not Applicable

Not Applicable

Not Applicable

Not Applicable

3E-10 Not Available No Tox Data
Not Applicable

Not Applicable

IE- 12 1.70E-K)! 2E-11

2E-12 Not Available No Tox Data

5E-I2 3.40E-01 2E-12

ntf 7 i> r s Talifi-I.S.xls >1
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TABLE 6-15

SUMMARY OF NONCARC1NOGEN1C AND CARCINOGENIC HEALTH RISKS
FOR A CONSTRUCTION WORKER

PETOSKEY MANUFACTURING SITE

INHALATION OF RESP1RABLE PARTICULATE MATTER FROM ALL SOILS

CHEMICAL

INORGANICS

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
llialliuin
Zinc

SOIL
CONCENTRATION

(nip/kg)

2.45E+00 UCL
2.20E+00 UCL
8.87E+00 UCL
1.58E+01 UCL
1.94E+02 UCL
1.14E-01 UCL
1.28E+01 UCL
7.01 E-0] UCL
6.74E-01 UCL
4.19E-01 UCL
1.35E+04 UCL

CONCENTRATION
IN AIR

(inn/m3)

9.85E-07
8.86E-07
3.57E-06
6.35E-06
7.81 E-05
4.58E-08
5.15E-06
2.82E-07
2.71E-07
1.68E-07
5.41F.-03

1 CDI lor
NONCARCINOGEN1C INHALATION HAZARD

EFFECTS RtD QUOTIENT
(mg/kg-dav) (mp/kc-dav)

6E-08 Not Available No Tox Data
5E-08 Not Available No Tox Data
2E-07 Not Available No Tox Data
4E-07 Not Available No Tox Data
4E-06 Not Available No Tox Data
3E-09 8.57E-05 3E-05
3E-07 Not Available No Tox Data
2E-08 Not Available No Tox Data
2E-08 2.86E-06 5E-03
IE-OS Not Available No Tox Data
3E-04 Not Available No Tox Data

CDI for
CARCINOGENIC INHALATION CANCER

EFFECTS SLOPE FACTOR RISK
(mg/kji-dav') (inc/kg-dav)A-l

2E-09 1.50E+00 2E-09
IE-09 6.30E+00 9E-09
6E-09 Not Available No Tox Data

Not Applicable
IE-07 Not Available No Tox Data

Not Applicable
8E-09 8.40E-01 7E-09

Not Applicable
Not Applicable

3E-10 Not Available No Tox Data
Not Applicable

OTHER

Cyanide 4.I9E-01 UCL 1 .68E-07 1 E-08 Not Available No Tox 1 )uta Not Applicable

HAZARD INDE 5E-03 CANCER RISK: 2E-08

CDI of noncarcinogcnic chemicals via inhalation of particulate matter (construction worker):

(m»/k» • -I.02E-07 k«/mJ " 2.3 mVhoiir • 8 hours/day * 80 days/year " 2 years)/( 70 kg * 73(1 days)
CDI of carcinogenic chi.-mir.ils via inhalat ion of particulate matter (construction worker):

(m»/k<; ' -I.02E-07 kg/mJ * 2.3 m'/hmir " 8 hours/day " 80 days/year * 2 years)/( 70 kg " 25550 days)

(i-l5.xls si ciiiisl inh



TABLE 6-16

SUMMARY OF HAZARD INDICES AND CANCER
PETOSKEY MANUFACTURING SITE

EXPOSURE POPULATION
AND PATHWAY

CURRENT SCENARIO

ADOLESCENT TRESPASSER
Ingestion of Shallow Soil
Dermal Contact with Shallow Soil
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

PMC WORKER
Ingestion of Shallow Soil
Dermal Contact with Shallow Soil
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

FUTURE SCENARIO

RESIDENT ADULT (GENERIC RESIDENTIAL USE)
Ingestion of All Soils
Dermal Contact with All Soils
Ingestion of Groundwater
Dermal Contact with Groundwater
Inhalation of Chemicals Volatilized from Groundwater
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

RESIDENT CHILD (GENERIC RESIDENTIAL USE)
Ingestion of All Soils
Dermal Contact with All Soils
Ingestion of Groundwater
Dermal Contact with Groundwater
Inhalation of Chemicals Volatilized from Groundwater
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

RESIDENT ADULT (LIMITED RESIDENTIAL USE)
Ingestion of Shallow Soil
Dermal Contact with Shallow Soil
Inhalation of Chemicals Intruding through Basement
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

RESIDENT CHILD (LIMITED RESIDENTIAL USE)
Ingestion of Shallow Soil
Dermal Contact with Shallow Soil
Inhalation of Chemicals Intruding through Basement
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

RESIDENT ADULT (LIMITED RESIDENTIAL USE)
Ingestion of Shallow Soil
Dermal Contact with Shallow Soil
Inhalation of Chemicals Intruding through Foundation
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

RISKS

HAZARD
INDEX

3E-02
5E-02
8E-02

2E-02
5E-02
7E-02

8E-02
IE-01
8E-01
2E-02

1E+00

7E-OI
IE-01

2E+00
3E-02

3E+00

IE-01
2E-01
3E-09
4E-01

1E+00
4E-01
9E-09

2E+00

IE-01
2E-01
2E-09
4E-01

CANCER
RISK

4E-07
2E-07
6E-07

3E-06
2E-06
5E-06

2E-05 *
3E-06 *
2E-04
4E-06
8E-06
3E-04

1E-05
1E-06
IE-04
IE-06
5E-06
IE-04

6E-05 *
9E-06 *
3E-10
7E-05

4E-05
3E-06
2E-10
4E-05

6E-05 *
9E-06 *
2E-10
7E-05

Page I of 2 Tab6-16.xls Sheetl



TABLE 6-16

SUMMARY OF HAZARD INDICES AND CANCER RISKS
PETOSKEY MANUFACTURING SITE

EXPOSURE POPULATION
AND PATHWAY

HAZARD
INDEX

CANCER
RISK

RESIDENT CHILD (LIMITED RESIDENTIAL USE)
Ingestion of Shallow Soil
Dermal Contact with Shallow Soil
Inhalation of Chemicals Intruding through Foundation
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

CONSTRUCTION WORKER
Ingestion of All Soils
Dermal Contact with All Soils
Inhalation of Respirable Particulates
TOTAL PATHWAY HAZARD INDEX/CANCER RISK:

IE+00
4E-01
7E-09

2E+00

9E-02
2E-02
5E-03
1E-01

4E-05
3E-06
2E-10
4E-05

6E-07
5E-08
2E-08
6E-07

Based on 30 year exposure, 6 years child exposure plus 24 years adult exposure.

Page 2 of2 Tab6-16.xls Sheet I
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APPENDIX A

BORING LOGS



MALCOLM PIRNIE WELL / BORING LOG

BORING3201S |WELL#: MW-201S |SITE NAME: PETOSKEY | PROJECT 2420-017-H22
GROUND ELEV.: 594.66' TOG ELEV.: 596.97' LOGGED BY: Andy Klakulak
COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4:
DRILL CO.: Stearns DRILLER: Mike Heffran DRILLING RIG Dietrich D-50 DRILL TYPE: 4.25" HSA Boulder
BORING START: 8/18/95 END: 8/18/95
WELL START: 8/18/95 END: 8/18/95
WATER FIRST: AT COMPLETION:
SCREEN LOCATION: 3-10' AND 12-17'
TYPE: PVC AND SS SIZE: 2"
CASING TYPE: PVC DIAMETER: 2"
WEATHER Clear. 80F.
Measurements in ft bgl.
ELEV.

FT.

594.66

569.66

584.66

LEGEND:

SAMPLE

NUMBER

201S-0-2

201S-14-16

SAMP

TYPE

SSS

SSS

BLOW

COUNT

100-1"

100-5"

DEPTH

(bgl) I

LOCATION SKETCH (not to scale)

SEE SITE MAP

STRATK5RAPHIC

DESCRIPTION

0 | |

5

10

15_

20_

|JJIHUJJ|[|[||̂  | TOPSOIL I I

i

-

-

ITopsoil/sand - fine to medium with gravel and clay

- dark brown, moist, slight petroleum odor.

Limestone boulders.

Gravel, limestone.

EOBatig-

SAND •••1 CLAY Illlllllllllllllllllll FILL 1

NOTES: bgl • below ground level

uses
STRAT.

SYMBOL

HH
mn̂ n

VAS REMARKS

ODOR, FLUID LOSS, ...

Two attempts to

collect SSS.

111IHKH GRAVEL

PAGE 1 OF 1



MALCOLM PIRNIE WELL/BORING LOG
BORING* 201 D |WELL #: PW-201D |SITE NAME: PETOSKEY |PROJECT 2420-0 17-H29
GROUND ELEV.: 593.28' TOC ELEV.: 592.28' LOGGED BY: Andy Klakulak
COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4;
DRILL CO.: Stearns DRILLER: J. Gryska DRILLING RIG CME 95 DRILL TYPE: 6 1/4" HSA/Rotarv
BORING START: 8/22/95 END: 8/22/95
WELL START: 8/22/95 END: 8/23/95
WATER FIRST: AT COMPLETION:
SCREEN LOCATION: 35' TO: 55'
TYPE: PVC SIZE: 4"
CASING TYPE: PVC DIAMETER: 4"
WEATHER Clear, 68F.
Measurements in ft bgl.
ELEV.

FT.

593.28

583.28

573.28

56328

553.28

543.28

SAMPLE

NUMBER

SAMP

TYPE

BLOW

COUNT

DEPTh-

(bgl)

0

10

20

30

40

50

60

-

)

LOCATION SKETCH (not to scale)

SEE SITE MAP

STRATIGRAPHIC

DESCRIPTION uses
Descriptions based on cuttings and driller's observations.

Sand with clay, gravel, medium to coarse, tan,

loose, dry; mixed with bedrock fragments

(variable sizes).

Weathered bedrock (limestone).

Bedrock (limestone).

Shale

nterbedded shale and limestone.

EOB at 57

LEGEND:

IIIIIIIIIIH |||| TOPSOIL | | SAND |H

NOTES: bgl - below ground level

STRA1

SYMBC

HID

I

r. VAS
)L

I

REMARKS

ODOR, FLUID LOSS, ...

| CLAY Illlllllllllllll BEDROCK GRAVEL
PAGE 1 OF 1



MALCOLM PIRNIE WELL / BORING LOG

BORING#202S |WELL #: MW-202S Pi |SITE NAME: PETOSKEY | PROJECT 2420-017-H22
GROUND ELEV.: 592.56' TOC ELEV.: 595.30' LOGGED BY: Andy Klakulak
COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4:
DRILL CO.: Steams DRILLER: J. Gryska DRILLING RIG CME 95 DRILL TYPE: 4 1/4" HSA
BORING START: 8/22/95 END: 8/22/95
WELL START: 8/22/95 END: 8/22/95
WATER FIRST: -12.5' AT COMPLETION:
SCREEN LOCATION: 10' TO: 15'
TYPE: SS SIZE: 2"
CASING TYPE: PVC DIAMETER: 2"
WEATHER Clear. 60F.
Measurements in ft bgl.
ELEV.

FT.

592.56

587.56

582.56

577.56

SAMPLE

NUMBER

202S-0-2

202S-5-7

202S-10-12

SAMP

TYPE

SSS

SSS

SSS

BLOW

COUNT

16,15

100(5")

DEPTH

(bgl) I

LOCATION SKETCH (not to scale)

SEE SITE MAP

STRATIGRAPHIC

DESCRIPTION

0 I I

5 _

10_

15

20_

-

-

-

I Sand - medium to coarse, with some clay and

gravel, loose, dry.

Sand - medium to coarse with clay and gravel,

loose, dry. About 2" of crushed limestone

fragments.

Sand - medium to coarse with clay. Some gravel/

crushed limestone. Tip of spoon wet.

EOBaHS1

LEGEND: ^^

NOTES: bgl - below ground level

uses
STRAT.

SYMBOL

VAS REMARKS

ODOR, FLUID LOSS, ...
PID = 0.0bkgd.

PID = bkgd.

PID = bkgd.

5" recovered

PID = bkgd.

24" recovered

Water level at 12.5"

| CLAY Illlllllllllllll BEDROCK BIBB GRAVEL
PAGE 1 OF 1



MALCOLM PIRNIE WELL / BORING LOG

BORING #2035 JWELL #: MW-203S |SITE NAME: PETOSKEY [PROJECT 2420-01 7-H22
GROUND ELEV.: 596.05' TOC ELEV.: 595.68' LOGGED BY: Andy Klakulak
COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4:
DRILL CO.: Steams DRILLER: Mike Heffran DRILLING RIG: Dietrich D-50 DRILL TYPE 4 1/4" Boulder HSA
BORING START: 8/15/95 END: 8/16/95 LOCATION SKETCH (not to scale)
WELL START: 8/16/95 END: 8/16/95
WATER FIRST: AT COMPLETION:
SCREEN LOCATION: 2-12' AND 14-191 SEE SITE MAP
TYPE: PVCANDSS SIZE: 2"
CASING TYPE: PVC DIAMETER: 2"
WEATHER: Drilling inside, 85F.
Measurements in ft bgl.

ELEV.

FT.

596.05

591.05

586.05

581 .05

SAMPLE

NUMBER

203S-0-2

203S-5-7

203S-12-14

SAMP

TYPE

SSS

SSS

SSS

SSS

BLOW

COUNT

24, 16. 12, 1

37.64, 100

100 (6-)

120 (3")

DEPTH STRAT1GRAPHIC

(bgl) | DESCRIPTION

I I;
10

20

:
-

0-6" Concrete.

Fill sand - lower 3" stained, 6" recovery.

Sand - with some clay and fine to coarse gravel,

dark brown, loose, dry.

Sand - same as above, 6" recovery; rock fragmenl

No recovery - (rock fragments).

EOBat19'

uses

s.

STRAT.

SYMBOL

VAS REMARKS

ODOR, FLUID LOSS, ...

PID = 3.8ppm.

PID = bkgd.

PID = 4.3 ppm.

above bkgd.

3" Spoon.

PID = bkgd.

PID = bkgd.

LEGEND: ^^^ „„„,,„„,,

NOTES: bgl - below ground level PAGE 1 OF 1



MALCOLM PIRNIE WELL / BORING LOG

BORING*: 203D JWELL#: MW-2030
GROUND ELEV.: 596.09' TOC ELEV.: 595.74'

JSITENAME: PETOSKEY JPROJECT fc 2420-01 7-H22
LOGGED BY: Andy Klakulak

COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4:

DRILL CO.: Steams DRILLER: Mike Heffran DRILLING RIG: Dietrich D-50 DRILL TYPE: 4 1/4" Boulder HSA
BORING START: 8/16/95 END: 8/17/95
WELL START: 8/17/95 END: 8/17/95
WATER FIRST: AT COMPLETION:
SCREEN LOCATION: 37' TO: 42'

TYPE: SS SIZE: 2"

CASING TYPE: PVC DIAMETER: 2"

WEATHER: Cloudy, 80F.
Measurements in ft bgl.

ELEV.

FT.

596.09

591.09

586.09

581.09

576.09

571.09

566.09

561.09

556.09

SAMPLE

NUMBER

203D-0-2

203D-5-7

SAMP

TYPE

SSS

SSS

SSS

BLOW

COUNT

160(2")

DEPTH

(bgl) |

LOCATION SKETCH (not to scale)

SEE SITE MAP

STRATIGRAPHIC

DESCRIPTION

I I

5

10

:
20

25

30

35

40

I

I

0-6" Concrete.
Sand - fill sand, fine to medium, red/brown, trace

gravel, loose dry.

Sand, medium to coarse - with gravel and some

clay, loose, dry.

No recovery, (limestone boulder)

Sand mixed with rock fragments.

Weathered limestone.

EOB at 42.5', limestone.

LEGEND:
IIIIIIIIIIIIIHII TOPSOIL | | SAND ||

NOTES: bgl - below ground level

uses
STRAT.

SYMBOL

•

1

I

jjjjjj

• o« mm -*»•

1
1

VAS REMARKS
ODOR, FLUID LOSS, ...

PID = 0 ppm. bkgd.
PID = bkgd.

4" Recovery.

PID = bkgd.

Boulder 13-19'

GRAVEL
PAGE 1 OF 1



MALCOLM PIRNIE WELL / BORING LOG

BORING #2045 |WELL#: MW-204S JSITE NAME: PETOSKEY [PROJECT 2420-017-H22
GROUND ELEV.: 595.85' TOC ELEV.: 595.66' LOGGED BY: Andy Klakulak
COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4:
DRILL CO.: Steams DRILLER: Mike Heffran DRILLING RIG: Dietrich D-50 DRILL TYPE 4 1/4" Boulder HSA
BORING START: 8/17/95 END: 8/18/95 LOCATION SKETCH (not to scale)
WELL START: 8/18/95 END: 8/18/95
WATER FIRST: 16' AT COMPLETION: 16'
SCREEN LOCATION: 2-10' AND 14-19' SEE SITE MAP
TYPE: PVCANDSS SIZE: 2"
CASING TYPE: PVC DIAMETER: 2"
WEATHER: Cloudy, 80F.
Measurements in ft bgl.
ELEV.

FT.

595.85

590.85

585.85

580.85

SAMPLE

NUMBER

204S-0-2

204S-13-16

SAMP

TYPE

SSS

BLOW

COUNT

100(1")

37,41.100(3"

DEPTH STRAT1GRAPHIC

(bgl) | DESCRIPTION

| l

5

10

-
20

25

30

35

40

!
j
~

:
LEGEND:

0-6" Concrete.

Sand - fine to medium, well sorted, some

gravel - fill.

Sand, medium to coarse, poorly sorted, with

gravel and some day, limestone fragments,

loose, dry.

Rock/limestone fragments, some sand, some

gravel, dry.

14-16' Limestone fragments, rust.

EOBat 19'

uses
STRAT.

SYMBOL

•

ymfflMh

VAS REMARKS

ODOR. FLUID LOSS. ...

3" Recovery.

6" Recovery.

Water at 16'.

|||||[||)||[||| TOPSOIL | | SAND ^ |̂ CLAY |||||||||| ||||| BEDROCK HHH GRAVEL

NOTES, bgl - below ground level PAGE 1 OF 1



MALCOLM PIRNIE WELL / BORING LOG

BORING #205i WELL#: MW-205J ISITENAME: PETOSKEY PROJECT 2420-01 7-H22
GROUND ELEV.: 587.36' TOC ELEV.: 589.68' LOGGED BY: Andy Klakulak
COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4:
DRILL CO.: Stearns DRILLER: J. Gryska DRILLING RIG CME 95 DRILL TYPE 4 1/4" HSA/Rotary
BORING START: 8/24/95 END: 8/24/95
WELL START: 8/24/95 END: 8/24/95
WATER FIRST: AT COMPLETION:
SCREEN LOCATION: 38' TO: 43'
TYPE: SS SIZE: 2"
CASING TYPE: PVC DIAMETER: 2"
WEATHER Clear, 76F.
Measurements in ft bgl.

ELEV.

FT.

587.36

^7.36

56736

557.36

547.36

SAMPLE

NUMBER

SAMP

TYPE

BLOW

COUNT

DEPTH

(bgl)

0

10

20

30

40

50

60

70

-

-

-

LOCATION SKETCH (not to scale)

SEE SITE MAP

STRATIGRAPHIC

DESCRIPTION uses
Descriptions based on cuttings and driller's observations.

Sand - medium to coarse with gravel, clay and

rock fragments.

Weathered bedrock.

Bedrock.

EOB at 45'

LEGEND: ^^

NOTES: bgl - below ground level

STRAT

SYMBO

| CLAY iiiM BEDROCK^

. VAS

L

REMARKS

ODOR, FLUID LOSS, ...

j GRAVEL

PAGE 1 OF 1



MALCOLM PIRNIE WELL / BORING LOG

BORING #2050 WELL#: MW-205D |SITE NAME: PETOSKEY PROJECT 2420-017-H2?
GROUND ELEV.: 590.00' TOC ELEV.: 590.75' LOGGED BY: Andy Klakulak
COUNTY: Emmet TWP: Resort SECTION: 6 T: 34N R: 5W 1/4: 1/4-
DRILL CO.: Stearns DRILLER: J. Gryska DRILLING RIG CME 95 DRILL "YPE 4 1/4" HSA/Rotarv
BORING START: 8/23/95 END: 8/23/95 LOCATION SKETCH (not to scale)
WELL START: 8/23/95 END: 8/23/95
WATER FIRST: AT COMPLETION:
SCREEN LOCATION: 54' TO: 59' SEE SITE MAP
TYPE: SS SIZE: 2"
CASING TYPE: PVC DIAMETER: 2"
WEATHER Cloudy, rain, 75F.
Measurements in ft bgl.
ELEV.

FT.

590

580

570

560

550

540

530

SAMPLE

NUMBER

SAMP

TYPE

BLOW

COUNT

DEPTH

(bgl)

0

10

20

30

40

50

60

70

i STRATIGRAPHIC

DESCRIPTION

ST

USCS SYH

Descriptions based on cuttings and driller's observations.

Sand - with gravel and clay, fine to coarse, tan,

loose rock fragments.

Limestone/shale.

EOBatSO1

RAT. VAS

/1BOL
REMARKS

ODOR, FLUID LOSS, ...

Bedrock

LEGEND: ^^^ _____

NOTES: bgl - below ground level PAGE 1 OF 1



APPENDIX B

WELL CONSTRUCTION LOGS



WELL CONSTRUCTION LOG
|WELL*: MW-201S |SITE NAME: PETOSKEY MANUFACTURINGBORING #: 201S

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE SEAL
CUTTINGS/NATURAL COLLAPSE
ARTIFICIAL GRAVELPACK
PERMANENT SCREEN INTERVAL
WELL BOTTOM
BOTTOM OF BORING (EOB)

INTERVAL! INTERVA!
3'AGL
3'AGL

0-21

10.5-11.5'

2-10.5'
3-10'
17'
19'

11.5-19'
12-17'

INTERVAL

SCREEN: | CONSTRUCTION MATERIALS
MATERIAL
NOM. DIA.
PERF. TYPE
SLOT SIZE
LENGTH

x_ ss
X. 2"
_X SLOTTED
J 7 Q 10
5' (GW), 7' (SVE)

OTHER PVC (SVE)
OTHER

OTHER
OTHER 20

CASING |
MATERIAL
NOM. DIA.
SCHEDULE
JOINT TYPE
SECT. LENGTH

PVC MOTHER
4" | I 6" OTHER

OTHER
fxl THREADED

5'
PROTECTION

PROTECTOR INSTALLED?LXJ YES ( } NO
NOM. DIA./TYPE
LENGTH OVERALL
LENGTH IN GROUND
LOCKING CAP (J-PLUG)?
KEY NO.

ROTECTIVE POSTS?

4" X 4" Protective Casing
5'
2'

YES
3374
YES

NO
OTHER
NO

CASING RECORD (including double casing)
IZE (DIA.)

SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)

2" PVC
2" PVC

FROM
FROM
FROM
FROM

3'AGL
10'BGL

TO 2'BGL
TO 12' BGL
TO
TO

DRILLING RECORD
METHOD
FLUID

4 1/4" ID BOULDER HSA
YES [Xl NO

TEMPORARY SCREEN INTERVALS

2.)
FROM
FROM
FROM
FROM
FROM
FROM
FROM

TO
TO
TO
TO
TO
TO
TO

10

15

20

25

30

35

40

45

MATERIALS/
REMARKS

GROUND SURFACE

Concrete (0-2)

Artificial Gravelpack (2-10.5')

Bentonite Seal (10.5-11.5')

Artificial Sandpack (11.5-19')

EOB AT 19'

EGEND:

Concrete Grout

>JOTES:

Bentonite Artificial Cuttings/
Seal Gravelpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



WELL CONSTRUCTION LOG
BORING #: 2010 |WELL#: PW-201D ISITE NAME: PETOSKEY MANUFACTURING

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE SEAL
CUTTINGS/NATURAL COLLAPSE
ARTIFICIAL GRAVELPACK
PERMANENT SCREEN INTERVAL
WELL BOTTOM
BOTTOM OF BORING (EOB)

INTERVAL

Yes
0-3'
3-301

30-32'

32-57'
35-55'
55'
57'

INTERS/AH INTERVALI

SCREEN CONSTRUCTION MATERIALS
MATERIAL
NOM. DIA.
PERF. TYPE
SLOT SIZE
LENGTH 20'

OTHER
OTHER

PVC

10
OTHER
OTHER 30

CASING |
MATERIAL
NOM. DIA.
SCHEDULE
JOINT TYPE
SECT. LENGTH

COUPLINGS

PVC riOTHER
4" I I 6" OTHER
[Y|OTHER 60

THREADED
35'
PROTECTION

9" Manhole Cover
PROTECTOR INSTALLED?|_X] YES | | NO
NOM. DIA/TYPE
LENGTH OVERALL
LENGTH IN GROUND
LOCKING CAP (J-PLUG)?
KEY NO.
PROTECTIVE POSTS?

YES
3374
YES

NO
OTHER
NO

CASING RECORD (including double casing)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)

4" PVC FROM 0'
FROM
FROM
FROM

TO 35' BGL
TO
TO
TO

DRILLING RECORD
METHOD
FLUID

4 1/4" ID BOULDER HSA/WATER ROTARY
YES || NO

TEMPORARY SCREEN INTERVALS
.) FROM

2.) FROM
l.) FROM
.) FROM
L) FROM
i.) FROM
.) FROM

TO
TO
TO
TO
TO
TO
TO

10

20

30

40

50

60

70

80

90

T
WELL

PROFILE

T
MATERIALS/
REMARKS

GROUND SURFACE

I Concrete (0-31)

Bentonrte Seal (30-32")

Artificial Gravelpack (32-57)

EOB at 57

EGEND:

Concrete Grout

MOTES:

Bentonrte Artificial Cuttings/
Seal Gravelpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



WELL CONSTRUCTION LOG
| WELL ft MW-202S | SITE NAME"BORING*: 202S PETOSKEY MANUFACTURING

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE SEAL
CUTTINGS/NATURAL COLLAPSE
ARTIFICIAL SANDPACK
PERMANENT SCREEN INTERVAL
WELL BOTTOM
BOTTOM OF BORING (EOB)

INTERVAIi
3'AGL
3'AGL

0-3'
3-6'
6-8'

8-15'
10-15'
IS-

INTERVAL

SCREEN | CONSTRUCTION MATERIALS
MATERIAL
NOM. DIA.
PERF. TYPE
SLOT SIZE
LENGTH

SS I I OTHER
2" [J OTHER
SLOTTED Fl
7 10 X

5'

OTHER
OTHER 20

CASING
MATERIAL
NOM. DIA.
SCHEDULE
JOINT TYPE
SECT. LENGTH

GS [X] PVC PI]OTHER
2" LJ 4" LJ 6" OTHER
40 OTHER
COUPLINGS fx THREADED

13'
PROTECTION

5'

PROTECTOR INSTALLED?|jg YES f l N O
NOM. DIA./TYPE 4" X 4" Protective Casing
LENGTH OVERALL
LENGTH IN GROUND
LOCKING CAP (J-PLUG)?
KEY NO.

ROTECTIVE POSTS?

2'
YES
3374
YES

NO
OTHER
NO

CASING RECORD (including double casing)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)

2" PVC FROM
FROM
FROM
FROM

3'AGL TO
TO
TO
TO

10'BGL

DRILLING RECORD
METHOD
FLUID

4 1/4" ID BOULDER HSA
YES [X~| NO

TEMPORARY SCREEN INTERVALS
.) FROM

2.) FROM
i.) FROM
..) FROM
i.) FROM
i.) FROM
.) FROM

TO
TO
TO
TO
TO
TO
TO

15

25

30

35

45

WELL
PROFILE

MATERIALS/
REMARKS

GROUND SURFACE

Concrete (0-31)

| Grout (3-e)

Bentonrte Seal (6-3')

Artificial Sandpack (8-15')

EOB at 15'

LEGEND:

Concrete Grout

SJOTES:

Bentonite Artificial Cuttings/
Seal Sandpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



WELL CONSTRUCTION LOG
BORING W. 2035 |WELL»: MW-203S [SITE NAME: PETOSKEY MANUFACTURING

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE SEAL
CUTTINGS/NATURAL COLLAPSE
ARTIFICIAL SANDPACK
PERMANENT SCREEN INTERVAL
WELL BOTTOM
BOTTOM OF BORING (EOB)

INTERVAL;

Yes
0-0.5'

0.5-1.5'

1.5-12'
2-12'
19'
19'

INlERVAfc

12-13.5'

13.5-19'
14-19'

INTERVAL

SCREEN CONSTRUCTION MATERIALS
MATERIAL
NOM. DIA.
PERF. TYPE
SLOT SIZE
LENGTH

_x ss
_X 2"
_X_ SLOTTED

IJ 7 EH 10

1Q'(SVE),5'(GW)

OTHER PVC (SVE)
OTHER

OTHER
OTHER 20

CASING
MATERIAL
NOM. DIA.
SCHEDULE
JOINT TYPE
SECT. LENGTH

GS ! PVC OTHER
2" LJ 4" LJ 6" OTHER
40 | [OTHER
COUPLINGS XI THREADED

3.5'
PROTECTION

PROTECTOR INSTALLED?|_XJ YES [ | NO
NOM. DIA./TYPE
LENGTH OVERALL
LENGTH IN GROUND
LOCKING CAP (J-PLUG)?
KEY NO.
PROTECTIVE POSTS?

9" Manhole Cover
2'
2'

YES
3374
YES

NO
OTHER
NO

CASING RECORD (including double casing)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)

2" PVC
2" PVC

FROM 0'
FROM 12'
FROM
FROM

TO
TO
TO
TO

2'BGL
13.5'BGL

DRILLING RECORD
METHOD
FLUID

4 1/4" ID BOULDER HSA
YES [X~l NO

TEMPORARY SCREEN INTERVALS
.)

2.)
.)

4.)
.)
.)
.)

FROM
FROM
FROM
FROM
FROM
FROM
FROM

TO
TO
TO
TO
TO
TO
TO

10

15

20

25

30

35

40

WELL
PROFILE

Concrete (0-0.5")

Bentonite Seal (0.5-1.5')

Artificial Sandpack (1.5-12')

MATERIALS/
REMARKS

GROUND SURFACE

Bentonite Seal (12-13.5')

Artificial Sandpack (13.5-19')

EOB at 19"

EGEND:

Concrete Grout

^JOTES:

Bentonite Artificial Cuttings/
Seal Sandpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



WELL CONSTRUCTION LOG
BORING*: 2030 |WELL#: MW-203D [SITE NAME: PETOSKEY MANUFACTURING

GROUND SURFACE

Concrete (0-31)

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE S
CUTTINGS/NATURAL COLLAPSE
ARTIFICIAL SANDPACK
PERMANENT SCREEN INTERVAL
WELL BOTTC/
BOTTOM OF SPRING (EOB)

INTERVAL

Yes
0-3'
3-33'
33-35'

35-42.5'
37-42'
42'
42.5'

INIERVSL1

SCREEN CONSTRUCTION MATERIALS

INTERVAL

MATERIAL
NOM. DIA.
PERF. TYPE
SLOT SIZE
LENGTH

SS |_] OTHER
T LJ OTHER
SLOTTED
7 I I 10

5'

OTHER
OTHER 20

MATERIAL
NOM. DIA.
SCHEDULE
JOINT TYPE
SECT. LENGTH

GS
2"
40 r~|OTHER
COUPLINGS |"xl THREADED

OTHER
6" OTHER

37'
PROTECTION

PROTECTOR INSTALLED?j_Xf YES \_J NO
NOM. DIA./TYPE
LENGTH OVERALL
LENGTH IN GROUND
LOCKING CAP (J-PLUG)?
KEY NO.
PROTECTIVE POSTS?

9" Manhole Cover
2'
2'

YES
3374
YES

NO
OTHER
NO

CASING RECORD (including double casing)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)

2"PVC FROM
FROM
FROM
FROM

TO
TO
TO
TO

35' BGL

DRILLING RECORD
METHOD
FLUID

4 1/4" ID BOULDER HSA
YES [X"l NO

TEMPORARY SCREEN INTERVALS
1.) FROM
2.) FROM
3.) FROM
4.) FROM
5.) FROM
6.) FROM
7.) FROM

TO
TO
TO
TO
TO
TO
TO

Bentonite Seal (33-35'}

Artificial Sandpack (35-42.5')

EOB at 42.5'

LEGEND:

Concrete Grout

NOTES:

Bentonite Artificial Cuttings/
Seal Sandpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



WELL CONSTRUCTION LOG
BORING *: ZU4S | WELL If. MW-204S [SITE NAME: PETOSKEY MANUFACTURING

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE SEAL
CUTTINGS/NATURAL COLLAPSE
ARTIFICIAL SANDPACK
PERMANENT SCREEN INTERVAL
WELL BOTTOM
BOTTOM OF BORING (EOB)

INTERVAL;

Yes
0-1.5'

1.5-2'

2-12'
2-121

19'
19.5'

INTERVAL

12-13'

13-19.5'
14-19'

INTERVAL

SCREEN CONSTRUCTION MATERIALS
MATERIAL
NOM. DIA.
PERF. TYPE
SLOT SIZE
LENGTH

SS j_X| OTHER PVC (SVE)
2" LJ OTHER
SLOTTED I I O T H E R
7 Q 10 [X] OTHER 20

10'SVE,5'GW
CASING
MATERIAL
NOM. DIA.
SCHEDULE
JOINT TYPE
SECT. LENGTH

GS [X] PVC rjOTHER
2" LJ 4" LJ 6" OTHER
40 | [OTHER
COUPLINGS I XI THREADED

PROTECTION

9" Manhole Cover
2'

PROTECTOR INSTALLED?|_Xj YES j_J NO
NOM. DIA/TYPE
LENGTH OVERALL
LENGTH IN GROUND
LOCKING CAP (J-PLUG)?
KEY NO.
PROTECTIVE POSTS?

2'
YES
3374
YES

NO
OTHER
NO

CASING RECORD (including double casing)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.1

2" PVC
2" PVC

FROM
FROM
FROM
FROM

0'
12' BGL

TO
TO
TO
TO

2'BGL
14' BGL

DRILLING RECORD
METHOD
FLUID

4 1/4" ID BOULDER HSA
YES [X~| NO

TEMPORARY SCREEN INTERVALS

2.)
3.)
4.)

FROM
FROM
FROM
FROM
FROM
FROM
FROM

TO
TO
TO
TO
TO
TO
TO

H

10

15

20

25

30

40

45

V

WELL
PROFILE

MATERIALS/
REMARKS

GROUND SURFACE

Concrete (0-1.5')

Bentonite Seal (1.5-2)

Artificial Sandpack (2-1Z)

Bentonite Seal (12-13')

Artificial Sandpack (13-19.51)

EOB AT 19.5'

LEGEND:

Concrete Grout

>JOTES:

Bentonite Artificial Cuttings/
Seal Sandpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



WELL CONSTRUCTION LOG
BORING*: 205i |WELL*: MW-205J SITE NAME: PETOSKEY MANUFACTURING

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE SEAL

INTERVAL; i ttsiERVAt! INTERVAL
3'AGL
3' AGL
—
0-3'
3-34'
34-36'

CUTTINGS/NATURAL COLLAPSE —
ARTIFICIAL SANDPACK 36-45'
PERMANENT SCREEN INTERVAL 38-43'
WELL BOTTOM
BOTTOM OF BORING (EOB)
SCREEN !
MATERIAL
NOM. DIA.

43'
45'

| CONSTRUCTION MATERIALS
X SS
X 2"

PERF. TYPE X SLC
SLOT SIZE
LENGTH
CASING ;
MATERIAL

7
5'

GS
NOM. DIA. X 2"
SCHEDULE X 40

ITTE

c

I OTHER
| OTHER

ED I I OTHER
| 10 |x| OTHER 20

[Xl PVC | | OTHER

L | 4" | | 6" OTHER
OTHER

JOINT TYPE LJ COUPLINGS |_Xj THREADED
SECT. LENGTH 41'

PROTECTION
PROTECTOR INSTALLED?LXJ YES | | NO
NOM. DIA/TYPE 4" X 4" Protective Casing
LENGTH OVERALL 5'
LENGTH IN GROUND 2'
LOCKING CAP (J-PLUG)? X
KEY NO. X
PROTECTIVE POSTS?

YES NO
3374 OTHER
YES X NO

CASING RECORD (including double casing)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)
SIZE (DIA.)

2" PVC FROM 3'AGL TO 38' BGL
FROM TO
FROM TO
FROM TO

DRILLING RECORD
METHOD
FLUID

X 4 1/4" l[
YES

) BOULDER HSA
[X~l NO

TEMPORARY SCREEN INTERVALS
1.) FROM
2.) FROM
3.) FROM
4.) FROM
5.) FROM
6.) FROM
7.) FROM

LEGEND:

NOTES:

I

TO
TO
TO
TO
TO
TO
TO

D
E
P
T
H

5

10

15

20

25

30

35

40

45

V
A
s l

WELL MATERIALS/
PROFILE REMARKS

1 1 GROUND SURFACE

^m ••concrete (0-3')

^̂ H BB^M
HHI jjjjUjjH Grout with sand

• ||J|and gravel (3-34")
HHHHJ BBJJHH

jjujnj mm

• H
S&&3 HJDtjjtj

Baffl BtStji
H4J44JI [[[[[inn

BSBJ fiffpm

m H

B 6 3

1 IB B 9
I I i]

^ ^= Bentonite Seal (34-36-)

Artificial Sandpack (36-45')

_l

Concrete Grout Bentonite Artificial Cuttings/
Seal Sandpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



WELL CONSTRUCTION LOG
BORING*: 205D WELL*: MW-205D SITE NAME: PETOSKEY MANUFACTURING

CONSTRUCTION DETAILS

TOP OF PROTECTIVE PIPE
STICKUP
FLUSH MOUNT
CONCRETE
GROUT
BENTONITE SEAL
CUTTINGS/NATURAL COLLAPSE
ARTIFICIAL SANDPACK
PERMANENT SCREEN INTERVAL
WELL BOTTOM
BOTTOM OF BORING (EOB)

INTERVAL
3'AGL
3'AGL

0-3'
3-501

50-52'

52-59'
54-59'
59'
60'

INTERVAL; INTERVAL

SCREEN; CONSTRUCTION MATERIALS
MATERIAL
NOM. DIA.

ERF. TYPE
SLOT SIZE
LENGTH

SS OTHER
2" I I OTHER
SLOTTED [~~1
7 I I 10 |Xl

OTHER
OTHER 20

5'
CASING;
MATERIAL
NOM. DIA.
SCHEDULE
JOINT TYPE
SECT. LENGTH

GS [X| PVC riOTHER
2" LJ 4" LJ 6" OTHER
40 OTHER
COUPLINGS HT THREADED

57'
PROTECTION

PROTECTOR INSTALLED?1_XJ YES | | NO
NOM. DIA/TYPE
LENGTH OVERALL
LENGTH IN GROUND
LOCKING CAP (J-PLUG)?
KEY NO.
PROTECTIVE POSTS?

4" X 4" Protective Casing
5'
2'

YES
3374
YES

NO
OTHER
NO

CASING RECORD (including double casing)
IZE(DIA.) 2" PVC FROM 3'AGL

SIZE (DIA.) FROM
SIZE (DIA.) FROM
SIZE (DIA.) FROM

TO 54' BGL
TO
TO
TO

DRILLING RECORD
METHOD
FLUID

4 1/4" ID BOULDER HSA
YES [Xl NO

TEMPORARY SCREEN INTERVALS
FROM

2.) FROM
.) FROM

4.) FROM
.) FROM
.) FROM
.) FROM

TO
TO
TO
TO
TO
TO
TO

H

70

80

T
WELL

PROFILE
MATERIALS/
REMARKS

GROUND SURFACE

Concrete (0-31)

Grout (3-501)

Bentonite Seal (50-52")

Artificial Sandpack (52-59')

EOB at 6CT

EGEND:

Concrete Grout

MOTES:

Bentonite Artificial Cuttings/
Seal Sandpack Natural Collapse

AGL - ABOVE GROUND LEVEL BGL - BELOW GROUND LEVEL
MEASUREMENTS IN FT. BGL. PAGE 1 OF 1



APPENDIX C

SLUG TEST ANALYSIS DATA



SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : MW-201S
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER : 2420-0 1 7

USER'S NAME : DMK

DATE OF USE :

WELL NO. : MW-201S
TEST TYPE : SLUG
RUN NO. : 1

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A,B,C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

rc*rc/2Le- 0006449 CM
ln[(H-Lw)/rw]: 4.118495

FACTOR OF ln(Re/rw): 1.11 8205

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.189709 /SEC

HYDRAULIC CONDUCTIVITY (CM/3)

WELL NO. MW-201S

K: 1.37E-03 cm/sec
3.88E+00 ft/d

CONSTANTS

XDREF(FT)- 1-67

re (FT)- 0.046
rw(FT).. 0.375
La (FT).. 5
Lw(FT).. 2.16
H (FT)... 25.21

A . 19
B 0.4
C na

T-OFFSET (sec) T



MW-201a TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1

1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

0.06
0.38
0.71
0.93
0.99
1.01
1.01
1.03
1.08
1.13
1.16
1.19
1.21
1.21
1.23
1.22
1.22
1.23
1.22
1.22
1.23
1.22
1.22
1.22
1.21
1.23
1.21
1.21
1.21
1.22
1.21
1.22
1.21
1.22
1.22
1.22
1.21
1.21
1.22
1.22
1.21
1.21
1.21
1.22
1.21
1.21

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

1.61
1.29
0.96
0.74
0.68
0.66
0.66
0.64
0.59
0.54
0.51
0.48
0.46
0.46
0.44
0.45
0.45
0.44
0.45
0.45
0.44
0.45
0.45
0.45
0.46
0.44
0.46
0.46
0.46
0.45
0.46
0.45
0.46
0.45
0.45
0.45
0.46
0.46
0.45
0.45
0.46
0.46
0.46
0.45
0.46
0.46

LOG
RESIDUAL

HEAD

0.4762
0.2546

-0.0408
-0.301 1
-0.3857
-0.4155
-0.4155
-0.4463
-0.5276
-0.6162
-0.6733
-0.7340
-0.7765
-0.7765
-0.8210
-0.7985
-0.7985
-0.8210
-0.7985
-0.7985
-0.8210
-0.7985
-0.7985
-0.7985
-0.7765
-0.8210
-0.7765
-0.7765
-0.7765
-0.7985
-0.7765
-0.7985
-0.7765
-0.7985
-0.7985
-0.7985
-0.7765
-0.7765
-0.7985
-0.7985
-0.7765
-0.7765
-0.7765
-0.7985
-0.7765
-0.7765

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

CALC
LOG

RESHD

-0.2197
-0.2572
-0.2948
-0.3323
-0.3710
-0.4086
-0.4473
-0.4849
-0.5224
-0.5611
-0.5987
-0.7888
-0.9777
-1.1678
-1.3579
-1.5469
-1.7370
-1.9270
-2.1160
-2.3061
-2.4962
-2.6851
-2.8752
-3.0653
-3.2542
-3.4443
-3.6344
-3.8234
-4.0135
-4.9628
-5.9109
-6.8591
-7.8084
-8.7566
-9.7047

-10.6540
-11.6022
-12.5504
-13.4997
-14.4478
-15.3960

16.3442
-17.2935
-18.2416
-19.1909
-20.1391

SLOPE OF
BEST FIT

LINE (/SEC)

0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091



MW-201a TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10
12

HEAD
ABOVE

XDUCER
(FT)

1.21
1.22
1.23
1.21
1.22
1.22
1.22
1.21
1.22
1.23
1.24
1.23
1.23
1.24
1.24
1.25
1.25
1.25
1.25
1.25

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720

DATA REDUCTION

RESIDUAL
HEAD

0.46
0.45
0.44
0.46
0.45
0.45
0.45
0.46
0.45
0.44
0.43
0.44
0.44
0.43
0.43
0.42
0.42
0.42
0.42
0.42

LOG
RESIDUAL

HEAD

-0.7765
-0.7985
-0.8210
-0.7765
-0.7985
-0.7985
-0.7985
-0.7765
-0.7985
-0.8210
-0.8440
-0.8210
-0.8210
-0.8440
-0.8440
-0.8675
-0.8675
-0.8675
-0.8675
-0.8675

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720

CALC
LOG

RESHD

-21.0873
-22.0366
-22.9847
-28.6760
-34.3673
-40.0586
-45.7498
-51.441 i
-57.1324
-62.8237
-68.5149
-74.2062
-79.8975
-85.5887
-91.2800
-96.9713

-102.6626
-108.3538
-114.0451
-136.8102

SLOPE OF
BEST FIT

LINE (/SEC)

0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091
0.1897091



MW-201

1.4

1.3

1.2

1.1

1

p 0.9c
Q 0.6
X

£ °-7

s
o 0.6

* 0.5

0.4

0.3

0.2

0.1

n

TEST RECORD

: |

-
i

-
~ i

-
i

— _ __xv-a--o-f?-a— a— ° o a a a

j
1

i i i 1 1 1 1 1 1

Q

1.5

0.5

-0.5

-1

-1.5

-2

t

200 400

ELAPSED TIME (SEC)

BOUWER & RICE PLOT

600 800

6 8 10 12

ELAPSED TIME (SEC)

14 16 18 20

WELL MW-201
SLUG TEST PLOTS-TEST No. 1

PETOSKEY MFG.



SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : MW-201
PROJECT NAME Petoskey Manufacturing
PROJECT NUMBER : 2420-01 7
USER'S NAME : DMK
DATE OF USE :

WELL NO. : MW-201
TEST TYPE : SLUG
RUN NO. : 1.

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A.B.C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

rc'rc/2Le- 0006449 CM
ln[(H-Lwyrw]: 4.118495

FACTOR OF ln(Re/rw): 1 . 11 8205

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.449965 /SEC

HYDRAULIC CONDUCTIVI'

WELL NO. MW-201

K: 3.25E-03
9.20E+00

CONSTANTS

XDREF(FT)...

re (FT)..
rw(FT)..
Le (FT)..
Lw(FT)..
H(FT)...

A
B
C

T-OFFSET (sec)

FY (CM/S)

cm/sec
ft/d

1.67

0.046
0.375

5
2.16

25.21

1.9
0.4

na

T



MW-201

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0. 1 833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER

(FT)

1.44
0.07
0.37
0.75
0.97
1.07

1.1
1.1

1.11
1.13
1.17
1.25
1.27
1.27
1.27
1.27
1.27
1.27
1.26
1.27
1.27
1.26
1.26
1.27
1.27
1.26
1.27
1.26
1.27
1.26
1.26
1.26
1.26
1.27
1.27
1.27
1.26
1.26
1.26
1.26
1.26
1.25
1.26
1.26
1.26
1.27

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594

0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

0.23
1.6
1.3

0.92
0.7
0.6

0.57
0.57
0.56
0.54
0.5

0.42
0.4
0.4
0.4
0.4
0.4
0.4

0.41
0.4
0.4

0.41
0.41
0.4
0.4

0.41
0.4

0.41
0.4

0.41
0.41
0.41
0.41

0.4
0.4
0.4

0.41
0.41
0.41
0.41
0.41
0.42
0.41
0.41
0.41
0.4

LOG
RESIDUAL

HEAD

-1.4697
0.4700
0.2624

-0.0834
-0.3567
-0.5108
-0.5621
-0.5621
-0.5798
-0.6162
-0.6931
-0.8675
-0.9163
-0.9163
-0.9163
-0.9163
-0.9163
-0.9163
-0.8916
-0.9163
-0.9163
-0.8916
-0.8916
-0.9163
-0.9163
-0.8916
-0.9163
-0.8916
-0.9163
-0.8916
-0.8916
-0.8916
-0.8916
-0.9163
-0.9163
-0.9163
-0.8916
-0.8916
-0.8916
-0.8916
-0.8916
-0.8675
-0.8916
-0.8916
-0.8916
-0.9163

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

CALC
LOG

RESHD

0.0511
-0.0380
-0.1271
-0.2162
-0.3080
-0.3970
-0.4888
-0.5779
-0.6670
-0.7588
-0.8479
-1.2988
-1.7469
-2.1978
-2.6487
-3.0968
-3.5477
-3.9986
-4.4467
-4.8976
-5.3485
-5.7966
-6.2475
-6.6984
-7.1465
-7.5974
-8.0482
-8.4964
-8.9473

-11.1989
-13.4478
-15.6968
-17.9484
-20.1973
-22.4462
-24.6979
-26.9468
-29.1957
-31.4473
-33.6963
-35.9452
-38.1941
-40.4457
-42.6947
-44.9463
-47.1952

SLOPE OF
BEST FIT

LINE (/SEC)

0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650



MW-201

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2

2.5

3

3.5
4

4.5

5
5.5

6
6.5

7

7.5

8

8.5
9

9.5

10

HEAD
ABOVE

XDUCER
(FT)

1.27
1.28
1.27
1.27
1.27
1.27
1.26
1.26
1.27
1.27
1.28
1.28
1.28
1.27
1.28
1.27
1.26
1.27
1.28

ELAPSED
TIME
(SEC)

109.998
115.002

120

150

180
210

240

270

300
330

360
390

420

450

480

510
540

570

600

DATA REDUCTION

RESIDUAL
HEAD

0.4
0.39
0.4
0.4

0.4

0.4
0.41
0.41
0.4
0.4

0.39
0.39
0.39
0.4

0.39
0.4

0.41
0.4

0.39

LOG

RESIDUAL
HEAD

-0.9163
-0.9416
-0.9163
-0.9163
-0.9163
-0.9163
-0.8916
-0.8916
-0.9163
-0.9163
-0.9416
-0.9416
-0.9416
-0.9163
-0.9416
-0.9163
-0.8916
-0.9163
-0.9416

ADJ

TIME
(SEC)

109.998
115.002

120

150

180

210
240

270

300
330

360

390
420

450

480

510
540
570

600

CALC
LOG

RESHD

-49.4441
-51.6958
-53.9447
-67.4436
-80.9426
-94.4415

-107.9405
-121.4394
-134.9384
-148.4373
-161.9363
-175.4352
-188.9342
-202.4331
-215.9321
-229.4310
-242.9300
-256.4289
-269.9279

SLOPE OF
BEST FIT

LINE (/SEC)

0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650
0.4499650



MW-201

1.6

1.5

1.4

1.3

1.2

1.1

S 0.9

I 0.8

* 0.7

£ 0.6

0.5

0.4

0.2

0.1

0

TEST RECORD

-

-

-

-

i

-
-

i

-

i

0 200 400 600

ELAPSED TIME (SEC)

2

1.5

1

Q 0.5

r

I
10
UJ

5 -0.5

-1

-1.5

BOUWER & RICE PLOT

-

-

— i

-

-

- '

h
a

\V .„ . . . „ . . . . „ . „ . .
0 2 4 6 8 10 12 14 16 18 20

ELAPSED TIME (SEC)

WELL MW-201
SLUG TEST PLOTS-TEST No. 2

PETOSKEY MFG.



SLUG TEST DATA REDUCTION
BOUWER 4 RICE METHOD

FILENAME : MW-105S
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER : 2420-01 7
USER'S NAME : DMK

WELL NO. : MW-105S
TEST TYPE : SLUG
RUN NO. : 1

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A,B,C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

re " rc/2Le' 0 006449 CM
ln((H-Lw)/rw): ERR

FACTOR OF ln(Re/rw): 3. 121591

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.033614 /SEC

HYDRAULIC CONDUCTIVITY (CM/S)

WELL NO. MW-105S

K: 6.77E-04 cm/sec
1.92E+00 ft/d

CONSTANTS

XDREF(FT)... 10.74

re (FT).. 0.046
rw(FT).. 0.323
Le (FT).. 5
Lw(FT).. 65.12
H(FT)... 65.12

A . na
B na
C... 1 75

T-OFFSET (sec) T



MW-105S TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
u.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1 . 1 667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

11.65
7.06
6.95
7.17
7.39
7.62
7.82
8.07

8.3
8.43
3.52
8.64
8.45
8.68
8.88
8.86
8.88
9.02
9.11
9.12
9.16
9.25
9.32
9.35
9.39
9.46
9.51
9.54
9.58
9.77
9.93

10.07
10.17
10.27
10.34

10.39
10.45
10.49
10.52
10.55
10.58

10.6
10.62
10.63
10.65
10.66

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

0.91
3.68
3.79
3.57
3.35
3.12
2.92
2.67
2.44
2.31
2.22
2.1

2.29
2.06
1.86
1.88
1.86
1.72
1.63
1.62
1.58
1.49
1.42
1.39
1.35
1.28
1.23

1.2
1.16
0.97
0.81
0.67
0.57
0.47
0.4

0.35
0.29
0.25
0.22
0.19
0.16
0.14

0.12
0.11
0.09
0.08

LOG
RESIDUAL

HEAD

-0.0943
1.3029
1.3324
1.2726
1.2090
1.1378
1.0716
0.9821
0.8920
0.8372
0.7975
0.7419
0.8286
0.7227
0.6206
0.6313
0.6206
0.5423
0.4886
0.4824
0.4574
0.3988
0.3507
0.3293
0.3001
0.2469
0.2070
0.1823
0.1484

-0.0305
-0.2107
-0.4005
-0.5621
-0.7550
-0.9163
-1.0498
-1.2379
-1.3863
-1.5141
-1.6607

-1.8326
-1.9661
-2.1203
-2.2073
-2.4079
-2.5257

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

CALC
LOG

RESHD

0.8436
0.8369
0.8302
0.8236
0.8167
0.8101
0.8032
0.7966
0.7899
0.7831
0.7764
0.7427
0.7092
0.6756
0.6419
0.6084
0.5747
0.5410
0.5075
0.4739
0.4402
0.4067
0.3730
0.3393
0.3059
0.2722
0.2385
0.2050
0.1713
0.0031

-0.1649
-0.3329
-0.5011
-0.6691
-0.8371
-1.0053
-1.1733
-1.3413
-1.5096
-1.6776
-1.8456
-2.0136
-2.1818
-2.3498
-2.5180
-2.6860

SLOPE OF
BEST FIT

LINE (/SEC)

0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150



MW-105S TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10
12

HEAD
ABOVE

XDUCER
(FT)

10.66
10.67
10.68

10.7
10.72
10.72
10.72
10.72
10.73
10.73
10.73
10.73
10.73
10.74
10.73
10.73
10.73
10.74
10.74
10.74

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720

DATA REDUCTION

RESIDUAL
HEAD

0.08
0.07
0.06
0.04
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01

0
0.01
0.01
0.01

0
0
0

LOG
RESIDUAL

HEAD

-2.5257
-2.6593
-2.8134
-3.2189
-3.9120
-3.9120
-3.9120
-3.9120
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052

ERR
-4.6052
-4.6052
-4.6052

ERR
ERR
ERR

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720

CALC
LOG

RESHD

-2.8540
-3.0222
-3.1902
-4.1987
-5.2071
-6.2156
-7.2240
-8.2325
-9.2409

-10.2494
-11.2578
-12.2663
-13.2747
-14.2832
-15.2916
-16.3001
-17.3085
-18.3170
-19.3254
-23.3592

SLOPE OF
BEST FIT

LINE (/SEC)

0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150
0.0336150



MW-105S

TEST RECORD
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WELL MW-1058
SLUG TEST PLOTS-TEST No. 1

PETOSKEY MFG.



SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : MW-105S
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER 2420-017
USER'S NAME : DMK

WELL NO. : MW-105S
TEST TYPE : SLUG
RUN NO. : 2

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A,B,C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

rc'rc/2Le' 0006449 CM
ln[(H-Lw)/rwJ: ERR

FACTOR OF ln(Re/rw): 3. 1 21 591

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.022184 /SEC

HYDRAULIC CONDUCTIVITY (CM/S)

WELL NO. MW-105S

K: 4.47E-04 cm/sec
1.27E+00 ft/d

CONSTANTS

XDREF(FT)... 10.74

re (FT).. 0.046
rw(FT).. 0.323
Le(FT).. 5
Lw(FT).. 65.12
H(FT)... 65.12

A na
B na
C 1.75

T-OFFSET (sec) T



MW-105S TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

4.53
3.97
4.45
5.07
5.54
6.1

6.64
7.21
7.59
7.8

7.93
7.89
7.52
7.74
8.11
8.16
8.03
8.08
8.28
8.38
8.37

8.38
8.47

8.56
8.61
8.62
8.66
8.73
8.78
8.98
9.14
9.28

9.4
9.5

9.59
9.66
9.72
9.77
9.81
9.84

9.88
9.9

9.92
9.94

9.95
9.97

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45

49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

6.21
6.77
6.29
5.67
5.2

4.64
4.1

3.53
3.15
2.94
2.81
2.85
3.22

3
2.63
2.58
2.71
2.66
2.46
2.36
2.37
2.36
2.27

2.18
2.13
2.12
2.08
2.01
1.96
1.76
1.6

1.46
1.34
1.24
1.15
1.08
1.02
0.97
0.93
0.9

0.86
0.84
0.82
0.8

0.79
0.77

LOG
RESIDUAL

HEAD

1.8262
1.9125
1.8390
1.7352
1.6487
1.5347
1.4110
1.2613
1.1474
1.0784
1.0332
1.0473
1.1694
1.0986
0.9670
0.9478
0.9969
0.9783
0.9002
0.8587
0.8629
0.8587
0.8198
0.7793
0.7561
0.7514
0.7324
0.6981
0.6729
0.5653
0.4700
0.3784
0.2927
0.2151
0.1398
0.0770
0.0198

-0.0305
-0.0726
-0.1054
-0.1508
-0.1744
-0.1985
-0.2231
-0.2357
-0.2614

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

CALC
LOG

RESHD

1.1383
1.1339
1.1295
1.1251
1.1206
1.1162
1.1116
1.1072
1.1029
1.0983
1.0939
1.0717
1.0496
1.0274
1.0051
0.9831
0.9608
0.9386
0.9165
0.8943
0.8720
0.8499
0.8277
0.8055
0.7834
0.7612
0.7389
0.7168
0.6946
0.5836
0.4727
0.3618
0.2508
0.1399
0.0291

-0.0820
-0.1928
-0.3037
-0.4147
-0.5256
-0.6365
-0.7474
-0.8584
-0.9693
-1.0803
-1.1912

SLOPE OF
BEST FIT

LINE (/SEC)

0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849

0.0221849



MW-105S TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4

4.5
5

5.5
6

6.5
7

7.5
8

8.5
9

9.5
10
12
14

16
18
20

HEAD
ABOVE

XDUCER
(FT)

9.97
9.99

10
10.03
10.04
10.06
10.06
10.07
10.07
10.07
10.07
10.07
10.07
10.08
10.07
10.07
10.07
10.08
10.07
10.07
10.07
-2.79
-2.79
-2.79

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720
840
960

1080
1200

DATA REDUCTION

RESIDUAL
HEAD

0.77
0.75
0.74
0.71
0.7

0.68
0.68
0.67
0.67
0.67
0.67
0.67
0.67
0.66
0.67
0.67
0.67
0.66
0.67
0.67
0.67

13.53
13.53
13.53

LOG
RESIDUAL

HEAD

-0.2614
-0.2877
-0.3011
-0.3425
-0.3567
-0.3857
-0.3857
-0.4005
-0.4005
-0.4005
-0.4005
-0.4005
-0.4005
-0.4155
-0.4005
-0.4005
-0.4005
-0.4155
-0.4005
-0.4005
-0.4005
2.6049
2.6049
2.6049

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720
840
960

1080
1200

CALC
LOG

RESHD

-1.3020
-1.4130
-1.5239
-2.1895
-2.8550
-3.5206
-4.1861
-4.8517
-5.5172
-6.1828
-6.8483
-7.5138
-8.1794
-8.8449
-9.5105

-10.1760
-10.8416
-11.5071
-12.1727
-14.8349
-17.4970
-20.1592
-22.8214
-25.4836

SLOPE OF
BEST FIT

LINE (/SEC)

0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
0.0221849
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SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : MW-105D
PROJECT NAME . Petoskey Manufacturing
PROJECT NUMBER 2420-01 7
USER'S NAME : DMK

WELL NO. : MW-105D
TEST TYPE : SLUG
RUN NO. : 1

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A.B.C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

re * rc/2Le' 0 006449 CM
ln[(H-Lw)/rw]: ERR

FACTOR OF ln(Re/rw): 3.30721 3

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.041449 /SEC

HYDRAULIC CONDUCTIVITY (CM/S)

WELL NO. MW-105D

K: 8.84E-04 cm/sec
2.51 E+00 tt/d

CONSTANTS

XDREF(FT)... 10.24

re (FT).. 0.046
rw(FT).. 0.323
Le (FT).. 5
Lw(FT).. 107.79
H(FT)-.. 107.79

A .. .. na
B na
C . 1 75

T-OFFSET (sec) T



MW-105D TEST No. 1

TEST DATA

ELAPSED
TIME
(WIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

5.26
5.53
5.99
6.42
6.93
7.45
7.99
8.43
8.76
8.96
9.09
9.09
8.71
8.81
9.17
9.28
9.16

9.1
9.23
9.37
9.38
9.34
9.37

9.45
9.5
9.5

9.52
9.55
9.6
9.7

9.79
9.86
9.92
9.97

10.01
10.03
10.05
10.07
10.09
10.09

10.1
10.11
10.11
10.11
10.13
10.13

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594

0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002

105

DATA REDUCTION

RESIDUAL
HEAD

4.98
4.71
4.25
3.82
3.31
2.79
2.25
1.81
1.48
1.28
1.15
1.15
1.53
1.43
1.07
0.96
1.08
1.14
1.01
0.87
0.86
0.9

0.87

0.79
0.74
0.74
0.72
0.69
0.64
0.54
0.45
0.38
0.32
0.27
0.23
0.21
0.19
0.17
0.15
0.15
0.14
0.13
0.13
0.13
0.11
0.11

LOG
RESIDUAL

HEAD

1.6054
1.5497
1.4469
1.3403
1.1969
1.0260
0.8109
0.5933
0.3920
0.2469
0.1398
0.1398
0.4253
0.3577
0.0677

-0.0408
0.0770
0.1310
0.0100

-0.1393
-0.1508
-0.1054
-0.1393
-0.2357
-0.3011
-0.3011
-0.3285
-0.3711
-0.4463
-0.6162
-0.7985
-0.9676
-1.1394
-1.3093
-1.4697
-1.5606
-1.6607
-1.7720
-1.8971
-1.8971

-1.9661
-2.0402
-2.0402
-2.0402
-2.2073
-2.2073

ADJ
TIME
(SEC)

0
0.198
0.396
0.594

0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002

105

CALC
LOG

RESHD

0.4061
0.3979
0.3897
0.3815
0.3730
0.3648
0.3564
0.3481
0.3399
0.3315
0.3233
0.2817
0.2405
0.1989
0.1574
0.1161
0.0746
0.0330

-0.0082
-0.0498
-0.0913
-0.1326
-0.1741
-0.2157
-0.2569
-0.2985
-0.3400
-0.3813
-0.4228
-0.6302
-0.8374
-1.0446
-1.2520
-1.4591
-1.6663
-1.8737
-2.0809
-2.2881
-2.4955
-2.7026
-2.9098
-3.1170
-3.3244

-3.5315
-3.7390
-3.9461

SLOPE OF
BEST FIT

LINE (/SEC)

0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497



MW-105D TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4

4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

HEAD
ABOVE

XDUCER
(FT)

10.13
10.13
10.13
10.13
10.13
10.13
10.13
10.13
10.12
10.13
10.12
10.12
10.11
10.11
10.1

10.12
10.11
10.1

10.11

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

DATA REDUCTION

RESIDUAL
HEAD

0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.12
0.11
0.12
0.12
0.13
0.13
0.14
0.12
0.13
0.14
0.13

LOG
RESIDUAL

HEAD

-2.2073
-2.2073
-2.2073
-2.2073
-2.2073
-2.2073
-2.2073
-2.2073
-2.1203
-2.2073
-2.1203
-2.1203
-2.0402
-2.0402
-1.9661
-2.1203
-2.0402
-1.9661
-2.0402

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

CALC
LOG

RESHD

-4.1533
-4.3607
-4.5679
-5.8114
-7.0548
-8.2983
-9.5418

-10.7853
-12.0288
-13.2723
-14.5158
-15.7593
-17.0028
-18.2463
-19.4897
-20.7332
-21.9767
-23.2202
-24.4637

SLOPE OF
BEST FIT

LINE (/SEC)

0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
0.0414497
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SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : MW-105D
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER : 2420-01 7
USER'S NAME : DMK

WELL NO. : MW-105D
TEST TYPE : SLUG
RUN NO. : 2

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A.B.C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

rc'rc/2Le' 0006449 CM
ln[(H-Lw)/rw]: ERR

FACTOR OF ln(Re/rw): 3.30721 3

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.031196 /SEC

HYDRAULIC CONDUCTIVITY (CM/S)

WELL NO. MW-105D

K: 6.65E-04 cm/sec
1.89E+00 ft/d

CONSTANTS

XDREF(FT)... 10.24

re (FT).. 0.046
rw (FT).. 0.323
Le(FT).. 5
Lw(FT).. 107.79
H(FT).- 107.79

A na
B.. na
C 1.75

T-OFFSET (sec) T



MW-105D TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1

1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

4.53
3.97

4.45
5.07
5.54

6.1
6.64
7.21
7.59

7.8
7.93
7.89
7.52
7.74
8.11
8.16
8.03
8.08
8.28
8.38
8.37
8.38
8.47
8.56
8.61
8.62
8.66
8.73
8.78
8.98
9.14
9.28
9.4

9.5
9.59
9.66
9.72
9.77
9.81
9.84
9.88
9.9

9.92
9.94
9.95
9.97

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

5.71
6.27
5.79
5.17
4.7

4.14
3.6

3.03
2.65
2.44
2.31
2.35
2.72
2.5

2.13
2.08
2.21
2.16
1.96
1.86
1.87
1.86
1.77

1.68
1.63
1.62
1.58
1.51
1.46
1.26
1.1

0.96
0.84
0.74
0.65
0.58
0.52
0.47
0.43
0.4

0.36
0.34
0.32
0.3

0.29
0.27

LOG
RESIDUAL

HEAD

1.7422
1.8358
1.7561
1.6429
1.5476
1.4207
1.2809
1.1086
0.9746
0.8920
0.8372
0.8544
1.0006
0.9163
0.7561
0.7324
0.7930
0.7701
0.6729
0.6206
0.6259
0.6206
0.5710
0.5188
0.4886
0.4824
0.4574
0.4121
0.3784
0.2311
0.0953

-0.0408
-0.1744
-0.3011
-0.4308
-0.5447
-0.6539
-0.7550
-0.8440
-0.9163
-1.0217
-1.0788
-1.1394
-1.2040
-1.2379
-1.3093

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

CALC
LOG

RESHD

1.0081
1.0019
0.9958
0.9896
0.9832
0.9770
0.9707
0.9645
0.9583
0.9520
0.9458
0.9145
0.8835
0.8522
0.8209
0.7899
0.7586
0.7273
0.6963
0.6650
0.6338
0.6027
0.5714
0.5402
0.5091
0.4778
0.4466
0.4155
0.3843
0.2281
0.0722

-0.0837
-0.2398
-0.3957
-0.5516
-0.7077
-0.8637
-1.0196
-1.1757
-1.3316
-1.4875
-1.6435
-1.7996
-1.9555
-2.1116
-2.2675

SLOPE OF
BEST FIT

LINE (/SEC)

0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964



MW-105D TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4

4.5
5

5.5
6

6.5
7

7.5
8

8.5
9

9.5
10
12
14
16
18
20

HEAD
ABOVE

XDUCER
(FT)

9.97
9.99

10
10.03
10.04
10.06
10.06
10.07
10.07
10.07
10.07
10.07
10.07
10.08
10.07
10.07
10.07
10.08
10.07
10.07
10.07
-2.79
-2.79
-2.79

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720
840
960

1080
1200

DATA REDUCTION

RESIDUAL
HEAD

0.27
0.25
0.24
0.21
0.2

0.18
0.18
0.17
0.17
0.17
0.17
0.17
0.17
0.16
0.17
0.17
0.17
0.16
0.17
0.17
0.17

13.03
13.03
13.03

LOG
RESIDUAL

HEAD

-1.3093
-1.3863
-1.4271
-1.5606
-1.6094
-1.7148
-1.7148
-1.7720
-1.7720
-1.7720
-1.7720
-1.7720
-1.7720
-1.8326
-1.7720
-1.7720
-1.7720
-1.8326
-1.7720
-1.7720
-1.7720
2.5673
2.5673
2.5673

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720
840
960

1080
1200

CALC
LOG

RESHD

-2.4234
-2.5795
-2.7354
-3.6713
-4.6072
-5.5431
-6.4790
-7.4149
-8.3508
-9.2867

-10.2226
-11.1585
-12.0944
-13.0303
-13.9661
-14.9020
-15.8379
-16.7738
-17.7097
-21.4533
-25.1968
-28.9404
-32.6840
-36.4275

SLOPE OF
BEST FIT

LINE (/SEC)

0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
0.0311964
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SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : PS-CS
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER : 2420-017
USER'S NAME : DMK

WELL NO. : PS-CS
TEST TYPE : SLUG
RUN NO. : 1

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A.B.C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

rc'rc/2Le: 0.006449 CM
ln[(H-Lw)/rw]: 4.436006

FACTOR OF ln(Re/rw): 1 . 669 1 06

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.566449 /SEC

HYDRAULIC CONDUCTIVITY (CM/S)

WELL NO. PS-CS

K: 6.10E-03
1.73E+01

cm/sec
ft/d

CONSTANTS

XD REF (FT)...

re (FT)..
rw(FT)..
Le (FT)..
Lw(FT)..
H (FT)...

A
B
c

T-OFFSET (sec)

4.34

0.046
0.302

5
5.85

31.35

2
0.4

na

T



MW-CS TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1

0.1166
0.1333

0.15
0.1666
0.1833

0.2

0.2166
0.2333

0.25
0.2666
0.2833

0.3

0.3166
0.3333
0.4167

0.5

0.5833
0.6667

0.75
0.8333
0.9167

1

1.0833
1.1667

1.25
1.3333
1.4166

1.5

1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

3.38
0.01
1.03
1.98
2.64
3.15
3.42
3.56
3.61
3.62
3.65
3.88
4.22
4.23
4.29
4.29
4.28
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.29
4.3

4.3

4.3
4.3

4.31
4.3

4.31
4.3

4.31
4.3
4.3

4.31
4.3

4.31

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2

1.398
1.596

1.8
1.998

3

3.996
4.998

6

6.996
7.998

9

9.996
10.998

12

12.996
13.998

15

15.996
16.998

18

18.996
19.998
25.002

30

34.998
40.002

45

49.998
55.002

60

64.998
70.002

75

79.998
84.996

90

94.998
100.002

105

DATA REDUCTION

RESIDUAL
HEAD

0.96
4.33
3.31
2.36

1.7

1.19
0.92
0.78
0.73
0.72
0.69
0.46
0.12
0.11
0.05
0.05
0.06
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.04
0.04
0.04
0.04
0.03
0.04
0.03
0.04
0.03
0.04
0.04
0.03
0.04
0.03

LOG
RESIDUAL

HEAD

-0.0408
1.4656
1.1969
0.8587
0.5306
0.1740

-0.0834
-0.2485
-0.3147
-0.3285
-0.3711
-0.7765
-2.1203
-2.2073
-2.9957
-2.9957
-2.8134
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-2.9957
-3.2189
-3.2189
-3.2189
-3.2189
-3.5066
-3.2189
-3.5066
-3.2189
-3.5066
-3.2189
-3.2189
-3.5066
-3.2189
-3.5066

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2

1.398
1.596

1.8
1.998

3
3.996
4.998

6

6.996
7.998

9

9.996
10.998

12

12.996
13.998

15

15.996
16.998

18

18.996
19.998
25.002

30

34.998
40.002

45

49.998
55.002

60

64.998
70.002

75

79.998
84.996

90

94.998
100.002

105

CALC
LOG

RESHD

0.6345
0.5223
0.4102
0.2980
0.1824
0.0703

-0.0453
-0.1574
-0.2696
-0.3851
-0.4973
-1.0649
-1.6291
-2.1966
-2.7642
-3.3284
-3.8960
-4.4636
-5.0278
-5.5953
-6.1629
-6.7271
-7.2947
-7.8623
-8.4265
-8.9940
-9.5616

-10.1258
-10.6934
-13.5279
-16.3590
-19.1901
-22.0246
-24.8558
-27.6869
-30.5214
-33.3525
-36.1836
-39.0181
-41.8492
-44.6804
-47.5115
-50.3460
-53.1771
-56.0116
-58.8427

SLOPE OF
BEST FIT

LINE (/SEC)

0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495



MW-CS TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4

4.5
5

5.5
6

6.5
7

7.5
8

8.5
9

9.5
10

HEAD
ABOVE

XDUCER
(FT)

4.31
4.3

4.31
4.3

4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31
4.31

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

DATA REDUCTION

LOG
RESIDUAL RESIDUAL

HEAD

0.03
0.04
0.03
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

HEAD

-3.5066
-3.2189
-3.5066
-3.2189
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

CALC
LOG

RESHD

-61.6738
-64.5084
-67.3395
-84.3330

-101.3264
-118.3199
-135.3134
-152.3069
-169.3004

-186.2939
-203.2874
-220.2809
-237.2743
-254.2678
-271.2613
-288.2548
-305.2483
-322.2418
-339.2353

SLOPE OF
BEST FIT

LINE (/SEC)

0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
0.5664495
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SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : PS-CS
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER : 2420-017
USER'S NAME : DMK

WELL NO. : PS-CS
TEST TYPE : SLUG
RUN NO. : 2

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A,B,C Bouwer & Rice coefficients

T -OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

re ' rc/2Le- 0 006449 CM
ln[(H-Lw)/rw]: 4.436006

FACTOR OF ln(Re/rw): 1.669106

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.704935 /SEC

HYDRAULIC CONDUCTIVITY (CM/S)

WELL NO. PS-CS

K: 7.59E-03 cm/sec
2.15E+01 ft/d

CONSTANTS

XDREF(FT)... 4.34

re (FT).. 0.046
rw(FT).. 0.302
Le(FT).. 5
Lw(FT).. 5.85
H(FT)... 31.35

A 2
B 0.4
C na

T-OFFSET (sec) T



MW-CS TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1

1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

0
0.98
1.97
2.63
3.07
3.3

3.42
3.46
3.47
3.5

3.53
3.9
4.2

4.24
4.32
4.32
4.33
4.34
4.33
4.34
4.34
4.33
4.34
4.34

4.33
4.33
4.34
4.34
4.33
4.34
4.34
4.34
4.34
4.34
4.34
4.34
4.34
4.33
4.34
4.34
4.34
4.34
4.34

4.33
4.34
4.33

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75

79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

4.34
3.36
2.37
1.71
1.27
1.04
0.92
0.88
0.87
0.84
0.81
0.44
0.14
0.1

0.02
0.02
0.01

0
0.01

0
0

0.01
0
0

0.01
0.01

0
0

0.01
0
0
0
0
0
0
0
0

0.01
0
0
0
c
0

0.01
0

0.01

LOG
RESIDUAL

HEAD

1.4679
1.2119
0.8629
0.5365
0.2390
0.0392

-0.0834
-0.1278
-0.1393
-0.1744
-0.2107
-0.8210
-1.9661
-2.3026
-3.9120
-3.9120
-4.6052

ERR
-4.6052

ERR
ERR

-4.6052
ERR
ERR

-4.6052
-4.6052

ERR
ERR

-4.6052
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR

-4.6052
ERR
ERR
ERR
ERR
ERR

-4.6052
ERR

-4.6052

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
. 18.996

19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75

79.998
84.996

90
94.998

100.002
105

CALC
LOG

RESHD

0.9380
0.7984
0.6588
0.5193
0.3755
0.2359
0.0921

-0.0475
-0.1871
-0.3309
-0.4705
-1.1768
-1.8789
-2.5853
-3.2916
-3.9937
-4.7001
-5.4064
-6.1085
-6.8149
-7.5212
-8.2234
-8.9297
-9.6360

-10.3382
-11.0445
-11.7508
-12.4530
-13.1593
-16.6868
-20.2101
-23.7333
-27.2608
-30.7841
-34.3074
-37.8349
-41.3582
-44.8814
-48.4089
-51.9322
-55.4555
-58.9787
-62.5062
-66.0295
-69.5570
-73.0803

SLOPE OF
BEST FIT

LINE (/SEC)

0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.704S358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358



MW-CS TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

HEAD
ABOVE

XDUCER
(FT)

4.34
4.33
4.34
4.34
4.34
4.33
4.33
4.33
4.33
4.33
4.32
4.33
4.33
4.33
4.32
4.32
4.32
4.32
4.32

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

DATA REDUCTION

RESIDUAL
HEAD

0
0.01

0
0
0

0.01
0.01
0.01
0.01
0.01
0.02
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02

LOG
RESIDUAL

HEAD

ERR
-4.6052

ERR
ERR
ERR

-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-3.9120
-4.6052
-4.6052
-4.6052
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

CALC
LOG

RESHD

-76.6035
-80.1310
-83.6543

-104.8024
-125.9505
-147.0985
-168.2466
-189.3947
-210.5428
-231.6908
-252.8389
-273.9870
-295.1350
-316.2831
-337.4312
-358.5793
-379.7273
-400.8754
-422.0235

SLOPE OF
BEST FIT

LINE (/SEC)

0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
0.7049358
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SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : PS-CD
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER : 2420-01 7
USER'S NAME : DMK

WELL NO. : PS-CD
TEST TYPE : SLUG
RUN NO. : 1

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A,B,C Bouwer & Rice coefficients

T-OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

re ' rc/2Le' 0 006449 CM
ln[(H-Lw)/rw]: ERR

FACTOR OF ln(Re/rw): 2.893023

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.202615 /SEC

HYDRAULIC CONDUCTIVP

WELL NO. PS-CD

K: 3.78E-03
1.07E+01

CONSTANTS

XD REF (FT)...

re (FT)..
rw(FT)..
Le(FT)..
Lw(FT)..
H (FT)...

A
B

c

T-OFFSET (sec)

PY (CM/S)

cm/sec
ft/d

9.26

0.046
0.302

5
31.35
31.35

na
na

1 8

T



MW-cd TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0. 1 1 66
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

6.85
1

1.91
2.74
3.65
4.6

5.23
5.7

6.03
6.24
6.4

6.59
6.71
7.34
7.77
7.89
8.03
8.32
8.56
8.67
8.73
8.86
8.98
9.05
9.08
9.12
9.17
9.2
9.2

9.24
9.24
9.24
9.24
9.25
9.25
9.25
9.25
9.25
9.25
9.25
9.25
9.25
9.25
9.25
9.26
9.25

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

2.41
8.26
7.35
6.52
5.61
4.66
4.03
3.56
3.23
3.02
2.86
2.67
2.55
1.92
1.49
1.37
1.23
0.94
0.7

0.59
0.53
0.4

0.28
0.21
0.18
0.14

0.09
0.06
0.06
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0
0.01

LOG
RESIDUAL

HEAD

0.8796
2.1114
1.9947
1.8749
1.7246
1.5390
1.3938
1.2698
1.1725
1.1053
1.0508
0.9821
0.9361
0.6523
0.3988
0.3148
0.2070

-0.0619
-0.3567
-0.5276
-0.6349
-0.9163
-1.2730
-1.5606
-1.7148
-1.9661
-2.4079
-2.8134
-2.8134
-3.9120
-3.9120
-3.9120
-3.9120
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052

ERR
-4.6052

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

CALC
LOG

RESHD

1.6294
1.5893
1.5492
1.5091
1.4677
1.4276
1.3863
1.3462
1.3060
1.2647
1.2246
1.0216
0.8198
0.6167
0.4137
0.2119
0.0089

-0.1941
-0.3959
-0.5990
-0.8020
-1.0038
-1.2068
-1.4098
-1.6116
-1.8146
-2.0177
-2.2195
-2.4225
-3.4364
-4.4490
-5.4617
-6.4756
-7.4883
-8.5009
-9.5148

-10.5275
-11.5402
-12.5540
-13.5667
-14.5794
-15.5921
-16.6059
-17.6186
-18.6325
-19.6452

SLOPE OF
BEST FIT

LINE (/SEC)

0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150



MW-cd TEST No. 1

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2
2.5

3
3.5

4

4.5
5

5.5
6

6.5
7

7.5
8

8.5
9

9.5
10

HEAD
ABOVE

XDUCER
(FT)

9.26
9.26
9.25
9.27
9.27
9.27
9.27
9.29
9.28
9.27
9.28
9.29
9.29
9.29
9.29
9.29
9.29
9.29
9.31

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

DATA REDUCTION

RESIDUAL
HEAD

0
0

0.01
0.01
0.01
0.01
0.01
0.03
0.02
0.01
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.05

LOG
RESIDUAL

HEAD

ERR
ERR

-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-3.5066
-3.9120
-4.6052
-3.9120
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-2.9957

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

CALC
LOG

RESHD

-20.6578
-21.6717
-22.6844
-28.7628
-34.8413
-40.9197
-46.9982
-53.0766
-59.1551
-65.2335
-71.3120
-77.3904
-83.4689
-89.5473
-95.6258

-101.7042
-107.7827
-113.8611
-119.9396

SLOPE OF
BEST FIT

LINE (/SEC)

0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150
0.2026150



PS-CD

TEST RECORD

C.
o

10

f

2 - [

-a—a—B—e

200 400

ELAPSED TIME (SEC)

BOUWER & RICE PLOT

600

Q
UJ
tx.

-1

-2

-5

-6

3DD

aaaaaaaaaaa a a

0 20 40 60 80 100 120 140 160 180 200

ELAPSED TIME (SEC)

WELL PS-CD
SLUG TEST PLOTS-TEST No. 1

PETOSKEY MFG.



PUMP TEST DATA

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remark*

C:\FORMS\PUMPTEST.FRM



PUMP TEST DATA

Project Name Pe-+c»s>Ke.y

Date 10/3 - io/%/<f5

Pump Test
Start T-'fcp^ '0/3 /*9£

Instrument/
Method

Initial Water '
Level <8.3-s

Welll.D. p^Qf

Pumping
Rate -> a ^

Pump Test
End

Final Water
Level

- (WX- CO.

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Reid Staff

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

• 0 »

D • H
O '

1-Sl «~v 14
• I O p ̂ .

.05

.02



PUMP TEST DATA

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

C:\FORMS\PUMPTEST.FRM



"MSI" PUMP TEST DATA

Project Name P^WlKay

Date i^/3 - IO/6/9

Pump Test
Start H'-lOp^ ie>/3/

Instrument/
Method

Initial Water
Level

Well I.D. &c&4

Pumping
S Rate

Pump Test
*«S End

Final Water
Level

t-Hi-X^ l̂ cop-JL

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

1.51

1-68'

IH
1405

.11.



MALCOUVi
PIRNIE

PUMP TEST DATA

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

fee*

ifi

V,,

C:\FORMS\PUMPTEST.FRM



MALCOLM
PIRNIE

PUMP TEST DATA

Project Name ^fc^os^V

Date iO/S/iS -

Pump Test
Start HlfrpAA l^/Vl

Instrument/
Method K«UL-!̂  Uj\-_ 9»-oti

Initial Water
Level »H-H^

Field Staff G,̂ - AK C^-i.^

Well I.D.

Pumping
Rate 3& «

Pump Test
> End

e
Final Water
Level

Gr& ObM<^

f<>-fe^

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

19
n .5k

M.7C

1H: Ife
*.<H

. 0.5

o/S
HI

HI

15.01

•e/fc

C:\FORMS\PUMPTEST.FRM



MALCOUV1
PIRNIE

PUMP TEST DATA

Actual
Time

Elapsed Tima
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

C:\FORMS\PUMPTEST.FRM



PIRNIE
PUMP TEST DATA

Project Name "P^^^VlvJ

Date tcfV^S -

Pump Test
Start H'-tOf** lO/i/V5

Instrument/
Method K«jt,Vv v*j L Prat

Initial Water ,
Level i:2-O3»

Well 1.0. PS - C ̂

Pumping
Rate i5*ft»v

Pump Test
> End

>e
Final Water
Level

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff G9 ̂  CWK G^^" CM^MI^

Actual
Time

Elapsed Time
(min.)

Depth to Water
Ift.) Drawdown (ft.) Recovery (ft.) Remarks

for - 17*

-.01

- .02

U^ - .os
I S O - . 1 0

H • - . I'.

14

IOOT-

- .05

i f t
1T32

- . 04

L '• 13. - .04

C:\FORMS\PUMPTEST.FRM



MALOOLM
PIRNIE

PUMP TEST DATA

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

C:\FORMS\PUMPTEST.FRM



PIRNIE
PUMP TEST DATA

Project Name P^vsiKw

Date ic / i/^5

Pump Test
Start 4l-'.e,~.- -c /s /^S

Instrument/
Method Î UN u; u_ pr,l t - f - «->

Initial Water ,
Level It .3-.

Well I.D. MVAJ-IOT,^,

Pumping
Rate 35, p-,.

Pump Test
End

,î r

Final Water
Level

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff G~

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

'•HI

5 i

It,

t '- H " t -

61'

C'*»

C:\FORMS\PUMPTEST.FRM



PUMP TEST DATA «

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

C:\FORMS\PUMPTEST.FRM



MALCOUViPIRNIE
PUMP TEST DATA

Project Name PeycsA<oj

Date iO/3/^S

Pump Test
Start H'-vCp^ - 10 /i f^S

Instrument/
Method K*c* v^u. P~fe«- • l r*«s

Initial Water ,
Level H.51

Well I.D. nw.-i.ovs

Pumping
Rate ^>o<^j».'^v

Pump Test
End

^vjt-a^

Final Water
Level

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff r^ Xc. "-^.'^ G^^^^v!(iN

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft. Recovery (ft.) Remarks

- .07.

11.44 ~ .0 -

- . 1 1

515 ^:-x.

LOO S ^.-^. - .1?
1 «;-

Co -^ - .CM

«' 1

.sa

n.fcfe

C:\FORMS\PUMPTEST.FRM



PUMP TEST DATA

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

C:\FORMS\PUMPTEST.FRM



PUMP TEST DATA

Project Name Pe.vos\,<.s/
7

Date io/"i ^S

Pump Test
Start H'-IO.^- it, i-^f^

Instrument/
Method KeJfx kwi_ Pr,te -

Initial Water /
Level H-bl

Well I.D. PS-VC>v_\

Pumping
Rate "oS VP^

Pump Test
End

I- T ,^,«.or

Final Water
Level

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff

j

S

Actual
Time

V.KC,_

S'̂ t, . _

6--n r~.
T-M .-.

'.T-5-i ^^

^•-5^ ,-.

ir-S'i^^

ni-'S5&~
•^:^V
r-^o »-^
: - -s^.^

« • O ^ C«^\

',2'3l^

/»• ra
-? ~ • !_*»

^ Ob0~

Elapsed Time
(min.)

- —

-lfe-r^

ill -»:.

2.' 1 -:-

"^^ ^r^
^ * *

I 0 0 'r, —••«•

llW<\ «;̂

IM41,

i a i,H

- > M o *

11 Hl.̂ -.̂

OO *2 ~\ A^ ; o

a^1?"? ^:-\-

'î 'J^ W x S ' V -

Hl>t ̂ .-^.

Depth to Water
(ft.)

n.fz.

i<4.0"i

I*. CM

1<?.CO '

l^.6(j '

n/vb'
n-^ '
is.c^7

("S-ak
i« .~v '

l«..Sl'

1^.32'
1^.2-5.''

l^.fi'/

,-, --»'m—-

Drawdown (ft.)

.41 '
/

. HZ

.*«'

.^'

.•il'

.^'

-H-i'
/

. 5"*-

.5^

.11 '

.10'
/

. 601

.Vl'

-Hi'

Recovery (ft.)
l'

Remarks

C:\FORMS\PUMPTEST.FRM
3/\\



MALCOUVt
PIRNIE

PUMP TEST DATA ..

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

C:\FORMS\PUMPTEST.FRM



MALCOLM
PIRNIE

PUMP TEST DATA

Project Name P?>o<>Ky

Date IO/T>/^

Pump Test
Start M'AC f^ " Wdl^S

Instrument/
Method K_<icK^. v/l^ rv»V,«» ^-

Initial Water ,
Level HAS

Well I.D. ?S -4

Pumping
Rate "bS 5^—

•T
Pump Test
End

-r \̂,,̂

Final Water
Level

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff -r v«. Cf-

3.

\

.5

o

Actual
Time

v-i<?_

f-l« ^^

6 - t S ,x~v

T.KT.0-^

il-^\ ,^

-a- ̂ 2 ^

i '0^ f^

T-1J f^

ir. ^H »-,

^'•^^

l-H-i-^

b -3^0 •vi

il'. b5 <L~

^•.3Sv^

t ' "* ^
t * ̂  *J O*\

Elapsed Time
(min.)

1C. -.-«.

10.5 *~;^-
r i

1 1 a -:-'

(5 1 "i ̂ -^
H. •* I

VO Q 4

ll 5 3. - -
i. ,

IH 6 5 ̂ .-^

IS G4

1*1 9 O >-:<N

^-~l^ '̂.-x

"i0 1 i «*.< A .

?.?.% ~>:A.

2>$43 -.^-

Hi"2>b /^»A.

Depth to Water
(ft.)

n-'Ho'

n-^i '

\i.izf

n .-i<
n.n

n.it '
n-it'

n-^'

IVQQ'
n HS'

i^.i^

i ^ - v v '
i y -62

n-Si

il.SS

Drawdown (ft.)

-.aTk

-.05,

- I -;
' » «-

- -V.3.

- -1=1

- -IH
- -Ct .

.fox

"<^ '. w ^>
/. i^
,'.11

. i i.'1

-.«'
-.^'

Recovery (ft.)
P

Remarks

C:\FORMS\PUMPTEST.FRM



MALCOIA1
PIRN1E

PUMP TEST DATA

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

C:\FORMS\PUMPTEST.FRM



MALCOL PUMP TEST DATA

Project Name Y£,\e>> V .̂W

Date to/3/H.$ -

Pump Test
Start S-^p*, iO/3/StS

Instrument/ >.
Method K«2joVs ^*i*- T«-=»V<S

Initial Water
Level O-O-HS

Well I.D. O ~ fr-

Pumping
Rate 35ciD^

•J'
Pump Test
End

Final Water
Level

h£>

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff ^^ AcVk CG^H^Vif^N
— r~~* j

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft. Recovery (ft.) Remarks

5

L i .-24
r~ 31

10-

10-

I Vi \

ia. T 5

•ui • 5 '. .53

"" ". Wr'*s

1

i'-il

C:\FORMS\PUMPTEST.FRM





APPENDIX E

PUMPING TEST MONITORING DATA





SVE PILOT STUDY DATA

Project* 2420-017-H30

Page 1 of 1

SITE.

INSPECTOR:

DATE:

COMMENTS:

PeUaky Manufacturing

MWahrer/TEftixiadi»

9-12-95

SVE WELL SVH-203S

BLOWER

WELL SPEC. 2" ID PVC

Plug inserted into SVE-203S well to leperate groundwatq xxeen

from the SVE screened interval

START 11:30 am 9-12-95

FINISH 8:00 an 9-14-95

TIME

BAROMETRIC

PRESSURE (in. Hg)

AMBIENT

TEMPERATURE (FJ

PttOt$t5THi»i;; !•!••:••! :::; i k :k;
BLOWER

VACUUM (in. ICO)

WELLHEAD

VACUUM (in. H2O)

WELLHEAD

VELOCITY (FPM)

INFLUENT it wellhead

TEMP (F) * trailer

INFLUENT at wellhead

TVOfppm) at trailer

BLOWER

EFFLUENT (ppm)

LEAD CARBON

EFFLUENT TVO (PPM)

LAG CARBON

EFFLUENT TVO (PPM)

EFFLUENT

TEMPERATURE (F)

EFFLUENT

PRESSURE (H20)

PIEZOMETER PRBSSOHEfHta

SVE-204S

SVE-201S

SVE-1

SVE -2

background

IMSam

69

h . : . : . : : . - ; : =: :

jbjf!:.^-:.
0

0

0

0

START

11:30 am

69.1

43

43

67.1

: ; • ; • : ; ; . - . - ' .

9-12-95

1 1 :45 am

691
'::• :••: .-..••;-'.::

43

43

6200

66.7

67.1

7

6.5

10.2

0

0

87.8

6

0.02

0

028

0.03

9-12-95

12:30 pm

73.6

.-.:.; :.:,: ' :v;

43

43

5800

66.5

68.9

6

55

8.8

0

0

92.3

6
•: '::::':::::'""

001

0.02

0.28

0.025

9-12-95

1 00pm

73.8

43

43

5500

66.7

71

5.5

4.5

7.3

0

0

92

6
yv:;; ™.;.: .

0.015

0.03

0.3

003

9-12-95

1:30 pm

72.7

! : :-s :- :,:;x;:

43

43

5200

67.7

75.3

6.5

5.5

6.4

0

0

94.2

6
:;' • :: :-;':-^- ;.

0.015

0.035

0.3

0.035

9-12-95

2:30 pm

74.3
:;;:;;;;.-.::::.:;;:;

42

42

5000

69.2

72.5

6.5

4.2

8

0

0

90

6

m£\^-
0.015

0.025

031

0.035

9-12-95

3:30 pm

74.5

:.::!.::;;-:'; .;

42

42

4900

68

73

6

4.5

8

0

0

902

6

0015

0.025

031

0.035

9-12-95

10:30 pm

63.7

'••:.:!-': It U-'

42

42

4900

66.5

64.8

6

4.3

7.8

0

0

94.5

6
•• ..•••;.;.'.

001

0.02

0.34

0.03

9-13-95

7:00 an

63.5

42

42

4900

66

639

3.5

4.7

6.5

0

0

93.5

6

0.01

002

0.34

004

9-13-95

3:00 pm

71 3

•:. ': .-: ;:

42

42

4900

66.2

675

4

53

7.1

0

0

93

6

001

0025

0.35

0045

9-13-95

10:30 pm

62

42

42

4900

66

64

4

5

6

0

0

92.5

6

0.01

0025

0.35

0.045

9-14-95

700am

62.5

42

42

4800

66.1

63.5

4 1

45

55

0

0

92

92

6

.::-
001

0025

0.35

0.045

Air Sampla collected

PT-SVE203S-1 12:15pm

PT-SVE203S-2 l:15pra

PT-SVE203S-3 2:15 pin

PT-SVE203S-4 3:15pm

PT-SVE203S-5 I l :15pm

PT-SVE203S-6 7:15 an

PT-SVE203S-7 3.15pm

PT-SVE203S-8 11:15 pra

PT-SVE203S-9 7:15 am





SVE PILOT STUDY DATA

Project* 2420-017-H30

Pige 1 of 1

SITE:

INSPECTOR;

DATE:

COMMENTS:

PeUalcy Manufacturing

MWahra-

9-14-95

SVE WELL SVE-201S

BLOWER

WELL SPEC. 2' ID PVC

START 9:00 an 9-14-95

FINISH 9:15 am 9-15-95

TIME

BAROMETRIC

PRESSURE (in. Hg)

AMBIENT

TEMPERATURE (F}

Ptto^ssatasti^-.i1-'--^^..^
BLOWER

VACUUM (in. H2O)

WELLHEAD

VACUUM fin. H2O)

WELLHEAD

VELOCITY (FPM)

INFLUENT at wellhead

TEMPCF) at trailer

INFLUENT tt wellhead

TVO (ppm) at trailer

BLOWER

EFFLUENT (ppm)

LEAD CARBON

EFFLUENT TVO (PPM)

LAG CARBON

EFFLUENT TVO (PPM)

EFFLUENT

TEMPERATURE (F)

EFFLUENT

PRESSURE (H20)

PflSZOMETBRl>ftES3tSi&6h, tt

SVE-203S

SVE-204

SVE-1

SVE -2

SVE -3

background

8:45 am

59.7

/: ;.;:•-•.; :•'•':••• vJ-

ZO*.::;;";-:: '.:;.
0

0

0

0

0

START

9:00 on

59.7

'i*:;: ;;;:;.•;;:••;:•

43

43

5500

- . : • : . • • : . • '

9-14-95

9:15 am

598

:'!:"".. !!-\:::':::.::":.:

43

43

5500

63

54.5

2.5

3

2.5

0

0

81 5

6
.:::.'::. i " ' :: | ... .

0

0

0

0

0

9-14-95

9:30 am

59.8

*;::-::';;-:^-;-::

43

43

5500

63.2

54.8

2

2.1

2

0

0

81.5

6

? - \ ? \ ' \ : ' - \ : -
0

0

0

0

0

9-14-95

10:00 am

60.1

yi/r. .•;;:;:; :.;;

43

43

5600

63

55

2

3

2

0

0

82

6
:: ' ' i : • • ' : ::::;:':i

0

0

0

0

0

9-14-95

11:00 am

62

:M#i:<^

43

43

5500

618

56.5

2.1

3

13

0

0

82

6
:. •: ...- :-.•.•
. . • : : ..--:: .': .•••: : :-.'.' : '

0

0

0

0

0

9-14-95

12:00pm

63.5

i . : ; . ;- ; : . -- . :- ; ; ; /

43

43

5500

62.5

57

2.2

3.1

2.5

0

0

83.5

6

0

0

0

0

0

9-14-95

1:00 pm

63.5
::::--.:

:.. '.' . \ :''V,::

43

43

5400

62.5

57.5

2

2.8

2.5

0

0

85

6

1' ':: .•• ' i i .-T ':

0

0

0

0

0

9-14-95

9:00 pm

58.2

••:.::-:!::.;. • : • ; • ;

43

43

5400

62.8

54.6

2

2.9

2.8

0

0

82

6
' . •:.: -I , : :- '

0

0

0

0

0

9-15-95

8:45 am

59.7

43

43

5400

63

54.8

2

2.5

2.5

0

0

81.5

6

0

0

0

0

0

END TEST

9: 15 am

Air Samples collected

PT-SVE201S-1 9:45 am

PT-SVE201S-2 1045am

PT-SVE201S-3 11:45 am

PT-SVE201S-4 12:45 pm

PT-SVE201S-5 8:45 pm

PT-SVE201S-6 8:45 am





APPENDIX D

SOIL VAPOR EXTRACTION TEST MONITORING DATA





PS-CD

TEST RECORD

10

a—B—s—a—B—a—a—a—a—a-

200

ELAPSED TIME (SEC)

400 600

BOUWER & RICE PLOT

I

g
V) -2

-4

-5 -

-6

D no

i i i i i i i i i i
20 40 60 80 100 120

ELAPSED TIME (SEC)

140 160 180 200

WELL PS-CD
SLUG TEST PLOTS-TEST No. 2

PETOSKEY MFG.





MW-CD TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

1.8333
1.9167

2

2.5
3

3.5
4

4.5

5
5.5

6
6.5

7

7.5

8

8.5

9
9.5
10

HEAD
ABOVE

XDUCER
(FT)

9.31
9.32
9.32
9.32
9.32
9.32
9.32
9.33
9.34
9.33
9.33
9.34
9.33
9.33
9.34
9.34

9.35
9.35
9.35

ELAPSED
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

DATA REDUCTION

RESIDUAL
HEAD

0
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.03
0.02
0.02
0.03
0.02
0.02
0.03
0.03
0.04
0.04
0.04

LOG
RESIDUAL

HEAD

ERR
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-3.9120
-3.5066
-3.9120
-3.9120
-3.5066
-3.9120
-3.9120
-3.5066
-3.5066
-3.2189
-3.2189
-3.2189

ADJ
TIME
(SEC)

109.998
115.002

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

CALC
LOG

RESHD

-21.7564
-22.8234
-23.8891
-30.2858
-36.6825
-43.0791
-49.4758
-55.8725
-62.2692
-68.6659
-75.0626
-81.4592
-87.8559
-94.2526

-100.6493
-107.0460
-113.4427
-119.8394
-126.2360

SLOPE OF
BEST FIT

LINE (/SEC)

0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228





MW-CD TEST No. 2

TEST DATA

ELAPSED
TIME
(MIN)

0
0.0033
0.0066
0.0099
0.0133
0.0166

0.02
0.0233
0.0266

0.03
0.0333

0.05
0.0666
0.0833

0.1
0.1166
0.1333

0.15
0.1666
0.1833

0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1

1.0833
1.1667

1.25
1.3333
1.4166

1.5
1 .5833
1.6667

1.75

HEAD
ABOVE

XDUCER
(FT)

9.27
2.59
1.62
2.45
3.23
4.07
4.89

5.5
5.93
6.22
6.42
6.73
6.75
7.34
7.83
7.98
8.09
8.36
8.62
8.75
8.81
8.91
9.05
9.12
9.15
9.19
9.22
9.26
9.27
9.3
9.3
9.3

9.31
9.31
9.31
9.31
9.31
9.31
9.31
9.31
9.31
9.31
9.31
9.31
9.31
9.32

ELAPSED
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.998

100.002
105

DATA REDUCTION

RESIDUAL
HEAD

0.04
6.72
7.69
6.86
6.08
5.24
4.42
3.81
3.38
3.09
2.89
2.58
2.56
1.97
1.48
1.33
1.22
0.95
0.69
0.56
0.5
0.4

0.26
0.19
0.16
0.12
0.09
0.05
0.04
0.01
0.01
0.01

0
0
0
0
0
0
0
0
0
0
0
0
0

0.01

LOG
RESIDUAL

HEAD

-3.2189
1.9051
2.0399
1.9257
1.8050
1.6563
1.4861
1.3376
1.2179
1.1282
1.0613
0.9478
0.9400
0.6780
0.3920
0.2852
0.1989

-0.0513
-0.3711
-0.5798
-0.6931
-0.9163
-1.3471
-1.6607
-1.8326
-2.1203
-2.4079
-2.9957
-3.2189
-4.6052
-4.6052
-4.6052

ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR

-4.6052

ADJ
TIME
(SEC)

0
0.198
0.396
0.594
0.798
0.996

1.2
1.398
1.596

1.8
1.998

3
3.996
4.998

6
6.996
7.998

9
9.996

10.998
12

12.996
13.998

15
15.996
16.998

18
18.996
19.998
25.002

30
34.998
40.002

45
49.998
55.002

60
64.998
70.002

75
79.998
84.996

90
94.S98

100.002
105

CALC
LOG

RESHD

1.6976
1.6554
1.6132
1.5710
1.5275
1.4853
1.4418
1.3996
1.3573
1.3138
1.2716
1.0580
0.8456
0.6320
0.4183
0.2059

-0.0077
-0.2214
-0.4337
-0.6474
-0.8610
-1.0734
-1.2870
-1.5007
-1.7131
-1.9267
-2.1404
-2.3527
-2.5664
-3.6334

-4.6990
-5.7647
-6.8317
-7.8974
-8.9631

-10.0300
-11.0957
-12.1614
-13.2284
-14.2941
-15.3598
-16.4254
-17.4924
-18.5581
-19.6251
-20.6908

SLOPE OF
BEST FIT

LINE (/SEC)

0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228
0.2132228





SLUG TEST DATA REDUCTION
BOUWER & RICE METHOD

FILENAME : PS-CD
PROJECT NAME : Petoskey Manufacturing
PROJECT NUMBER : 2420-01 7
USER'S NAME : DMK

WELL NO. : PS-CD
TEST TYPE : SLUG
RUN NO. : 2

DEFINITIONS

XD REF transducer reference level
re equivalent casing radius
rw boring radius
Le wetted screen length
Lw wetted well length
H saturated aquifer thickness
A,B,C Bouwer & Rice coefficients

T -OFFSET time interval between the start of the
data recorder and the start of the test

DERIVED CONSTANTS (BASED ON CM)

rc'rc/2Le: 0.006449 CM
ln[(H-Lw)/rw]: ERR

FACTOR OF ln(Re/rw): 2.893023

ENTER THE SLOPE OF THE
BEST FIT STRAIGHT LINE: 0.213222 /SEC

HYDRAULIC CONDUCTIVITY (CM/S)

WELL NO. PS-CD

K: 3.98E-03
1.13E+01

cm/sec
ft/d

CONSTANTS

XD REF (FT)...

re (FT)..
rw(FT)..
Le(FT)..
Lw(FT)..
H (FT)...

A
B

c

T-OFFSET (sec)

9.31

0.046
0.302

5
31.35
31.35

na
na

1.8

T



PIRNIE
PUMP TEST DATA

Project Name Pe4o&key

Date 10 ("3- 16/6/13

Pump Test
Start 4-IO,p«N 10/3/5-S

Instrument/
Method Ke^ COL. Probe

Initial Water
Level

Well I.D. Be*r-

Pumping
Rate 2>5?ir

Pump Test
End

Final Water
Level

Creek - C2

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft. Remarks

.00

^

n • no
58 1 f-*:*\. JX

.aft - O.CJI

-o.os
> • *M p < - o-ol

!<5T5 1441 «t

iv 55.*^ - o.ol

•np^ -o.ofe

-53 <* -o .& fe

C:\FORMS\PUMPTEST.FRM
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PUMP TEST DATA .

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks
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PUMP TEST DATA

Project Name T -̂e*k«-v/

Date lt>/"i -lft/i/95

Pump Test
Start H'-lO-x \o/T>/<}£

Instrument/
Method iWk. wi— TV«4«

Initial Water
Level

Well I.D. Lc<.K<

Pumping
Rate 3£> +~~~ o
Pump Test
End

Final Water
Level

— NOT S-VArT' fa o <3 t

p<~»

Total Pumping
Time (min.)

Distance From
Pumping Well

Total
Drawdown

Field Staff

Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks

i i j -i
I f *• -.03

I'll

2-34

2.33

:675 2-54 - . 03

43

T-ll f>~v

c '
1.50 -.01

- .03

[ •Sh p« 4114 ~:A. 1.4

C:\FORMS\PUMPTEST.FRM \v \ \
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Actual
Time

Elapsed Time
(min.)

Depth to Water
(ft.) Drawdown (ft.) Recovery (ft.) Remarks
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Essential Nutrient Screen

Indoor Shower Model

Enclosed Space Model

Respirable Participates Model

Oral Absorption Efficiencies

Permeability Coefficients for Dermal Absorption

Toxicity Values: Potential Noncarcinogenic Effects

Toxicity Values: Potential Carcinogenic Effects



ESSENTIAL NUTRIENT SCREEN

Reference concentrations to evaluate the concentrations of essential nutrients (i.e., calcium,
iron, magnesium, potassium, and sodium) in soil and groundwater were derived from
Recommended Daily Allowances (RDAs) and exposure parameters in the models used by
the USEPA, Region III in their derivation of risk-based concentrations (USEPA, 1995b).
Based on the exposure scenarios considered in the human health risk evaluation, reference
concentrations for soil were derived for ingestion by an adult in an industrial setting and
reference concentrations for groundwater were derived for residential tap water use by a
child; RDAs for an adult male and male child were used (ESHA Research, 1990).

Reference Concentrations for Soil

RC3 = RDA, / IR, * FI * CF
where

RCS = reference concentration for soil (mg/Kg)
RDAa = recommended daily allowance for an adult (mg/day)
IR, = soil ingestion rate (100 mg/day)
RI = fraction ingested (0.5)
CF = conversion factor (10"6 Kg/mg)

Reference Concentration for Groundwater

RCW = RDA, / IRW

where

RCW = reference concentration for water (mg/L)
RDAC = recommended daily allowance for a child (mg/day)
IRW = water ingestion rate (2 L/day)

Essential
Nutrient

Calcium

Iron

Magnesium

Potassium

Recommended
Daily
Allowance
(mg/day; adult
male)

800

10

350

2000

Reference
Concentration
for Soil
(mg/Kg)

> 1E+06

200,000

> 1E+06

> 1E+06

Recommended
Daily
Allowance
(mg/day; male
child)

800

10

80

1000

Reference
Concentration
for
Groundwater
(mg/L)

400

5

40

500

F-l



Sodium 2400 > 1E+06 975 500

INDOOR SHOWER MODEL

The concentrations of volatile chemicals in air inside a shower during showering are
estimated using an approach recommended by the Gas Research Institute (GRI, 1988)
based on the work of Andelman (1985a, 1985b, 1984). The concentrations in the air
inside the shower are determined by a balance between the rate of release from the
shower water and the rate of air exchange between the shower and the bathroom and the
rest of the house. The constants in the model have been set to match the observed
efficiency of volatilization of trichloroethene in model showers and to fit the observed
shower air concentrations of trichloroethene in several homes with contaminated water
where measurements have been made. Scaling to other chemicals is accomplished by
assuming that the rate of volatilization between shower water and air is proportional to
the Henry's Law constant. The explicit time dependence for the concentration in the
shower air is important because the time over which chemicals build up is typically
comparable to what might be expected for the shower duration.

The average concentration of a volatile chemical in the shower air over a period of t,
minutes (for t, > 0) is estimated from the following equation:

where:

'inf

the average concentration of a volatile chemical in the shower air over a
duration of ts minutes (mg/m3)

the asymptotic concentration of a volatile chemical in the shower air if the
shower ran for a long time (» 5 minutes) (mg/m3)

the rate constant for the exponential function (1/minute)

the time in the shower (minutes)

and where:

C i n f =[(E) (F w ) (C , /1000) ] /F .

where:
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E the efficiency of release of compounds from water to air
(unitless)

Fw the flow rate of water in the shower (L/minute)

C, the concentration of the volatile chemical in shower water
(ug/L)

Fa the flow rate of air in the shower (mVminute)

where:

Fa the flow rate of air in the shower (m3/minute)

Vb the volume of the bathroom (m3)

E = (ETCE) (H) / (HTCE)

where:

E the efficiency of release of a volatile chemical from water to
air (unitless); where 0 <E <_1 and where E is set equal to 1 if E
has a calculated value greater than 1

ETCE the efficiency of release of trichloroethene from water to air
(unitless)

H Henry's Law constant for the volatile chemical (m3-atm/mol)

HTCE Henry's Law constant for trichloroethene (m3-atm/mol)

The scenario-specific input variables, calculated values, calculated constants, and estimated
chemical concentrations in the shower air are provided in Table F-l for each volatile
chemical of potential concern in groundwater.
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ENCLOSED SPACE MODEL

Two scenarios involving volatile organic compound (VOC) release into enclosed spaces are
evaluated: release into a residential structure constructed with a subterranean basement and
release into a residential structure constructed slab-on-grade.

Evaluating the potential for VOC release into enclosed spaces involves estimating the rate
(termed "flux") at which subsurface chemicals are transported into the region near the
bui lding, the infiltration of the chemicals into the building, and the concentration of the
chemicals in indoor air. In the scenarios evaluated here, contaminant flux involves release
from both groundwater and subsurface soli^ Use of the simple screening-level models
described below as a first approximation is consistent with the guidance provided by the
USEPA in their Air/Superfund National Technical Guidance Study Series (USEPA, 1992a).

The residential structures are assumed to be bi-level single family homes, 25 ft by 50 ft (7.6
m by 15.2m) typical of the type and size of home currently constructed in the U.S. For the
residential structure/basement scenario, the surface area for VOC intrusion (2450 ft2 or 227.6
m2) is the foundation (1250 ft2) and the four basement walls (1200 ft2, assuming an 8-foot
high basement). Taking all three floors into account, the volume of the home is assumed to
be 30,000 ft3 (849.6 m3). For the residential structure/slab-on-grade scenario, the surface
area for VOC intrusion (1250 ft2 or 116.1 m2) is just the foundation. Taking the two floors
into account, the volume of the home is assumed to be 20,000 ft3 (or 566.4 m3). While the
City of Petoskey intends to re-zone the site as "multi-family residential", these scenarios
should adequately characterize conditions on the lower floors of multi-family dwellings if
such construction was to occur.

The Farmer Model most likely overpredicts the contaminant flux since the it ignores all
possible attenuating factors. However, it provides a simple screening method to estimate the
likely maximum rate at which chemicals would be transported to a building (USEPA,
1992a).

The vapor concentration of the chemical in the pore vapor is estimated assuming the
chemical equilibrium follows Henry's Law and is unaffected by other components of the
system. Once in the vapor phase, the chemical diffuses through the soil at a rate dependent
on the soil porosity, pore space geometry, the air diffusion coefficient of the chemical, and
the concentration gradient between the source and the point of exit from the soil.

VOC Flux from Groundwater - VOC release is assumed to originate from dissolved VOCs
in groundwater located some distance below ground surface. The modeling equation for
VOC flux from groundwater (USEPA, 1992a) is:
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10/3D C, H P "V
J = —2 '. a-

RTLP*

Where:
J = contaminant flux from water (g/cm2-s)
Da = vapor phase diffusion coefficient in air (cnr-s)
C, = contaminant concentration in water (g/cm3; from mg/1 * 10'3 g/mg * 10"3 I/cm3)
H = Henry's Law Constant (atm - rrrVmole)
Pa = air filled soil porosity (unitless)

Pa = P t-OmB

Where:

Om= soil moisture content (ml/g or cm3 - water/g-soil)
B = bulk soil density (g/cm3)

R = universal gas constant (atm - nrYinole - °K)
T = soil temperature (°K)
L = distance from source to point of exit (depth of groundwater) (cm)
P, = total soil porosity (unitless)

A total soil porosity (Pt) of 0.55 for dry non-compacted soils, a soil moisture content (Om)
of 0.1, and a bulk soil density (B) of 1.7 g/cm3, and a soil temperature (T) of 293° K are
assumed. Based on hydrogeological data collected at the site, the depth to groundwater (L)
of 13 ft is used. The vapor phase diffusion coefficients in air (DJ and Henry's Law
Constants (H) were obtained from the AWMA/USEPA (1993), the USEPA (1986), or the
ASTM (1995), in this order. The universal gas constant is 8.2E-05 atm-mVmole-0K.

This approach assumes that the capillary fringe is small compared to the distance to the top
of the groundwater table and that the VOC concentrations are the same at the top of the
fringe as in the bulk groundwater. Not correcting for the transport resistance provided by the
capillary fringe tends to maximize the flux.

VOC Flux from Subsurface Soil - VOC release is assumed to originate from VOCs in
subsurface soil located some distance below ground surface. The modeling equation for VOC
flux from subsurface soil (USEPA, 1992a) is:

D C H />fl
10/3

J = _£ f ?

* foe L P<
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Where:
Cs = contaminant concentration in soil (g/cm3; from mg/kg * 1.7 g/cm3 * 10'6 kg/mg)
H = Henry's Law Constant (unitless)
KO,. = carbon-water sorption coefficient
fx = fraction organic carbon (unitless)
L = distance from source to point of exit (depth to subsurface soil) (cm)

The carbon-water sorption coefficients (K .̂) were obtained from the USEPA (1986) or the
ASTM (1995). A fraction organic carbon (fj of 0.02 is assumed (USEPA, 1992b). Based
on the available subsurface soil data from the site, a depth to subsurface soil (L) of 2 ft is
used.

By considering the adsorption of the chemicals to the soil particles and the how the strength
of that adsorption affects the concentration in the soil gas, the equation accounts for chemical
distribution among soil particles, soil pore moisture, and soil gas.

Indoor Air Concentrations

Consistent with the screening level approach, it is assumed that soil gas enters the building
by diffusion only. The more complex case in which pressure coupling to the building results
in the entry of soil gas by convective transport is not considered. Thus indoor air
concentrations may be underestimated. The modeling equation for estimating VOC
concentrations in indoor building air (USEPA, 1992a) is:

J A F

Cin = E/Q =
3600

Where:
C = contaminant concentration in indoor air (g/m3)
E = contaminant infiltration rate (g/s)

E = JAF

Where:

J = contaminant flux (g/m2 - s)
A = area of subterranean floors/walls (m2)
F = fraction of floor/walls through which soil gas can enter (unitless)

Q = building ventilation rate (nrVs)

F-6



Q -

3600

Where:
ACH = building air exchanges/h
3600 = 3600 s/h
V = volume of building (m3)

The building air exchange rate (ACH) selected, 1.0 building air exchanges/hour, is the
midpoint in the range of values, 0.5 to 1.5, typical of single family residences and slightly
greater than the 0.5 to 0.8 range for new or retrofitted energy-efficient structures. A default
for F value of 0.01, recommended by the ASTM (1995), is used. The assumptions for the
area of subterranean floors/walls (A) and the volume of the buildings (V) are presented
above.

The modeling input and results for VOC intrusion from groundwater and from
subsurface soil are presented in Tables F-2 and F-3, respectively. The total VOC
concentrations in indoor air are presented in Table F-4.
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RESPIRABLE PARTICULATES MODEL

The methodology to evaluate the potential exposure of workers to respirable particulates
emitted during the course of excavating soil during construction or utility maintenance
activities is described below. The modeling requires determination of an emission rate, an
emission flux, and the concentration of respirable particulates in the ambient air at the
excavation.

Emission Rate and Emission Flux

The emission rate calculation considers the digging of an 1.5 m wide x 5.0 m long x 2.0 m
deep excavation by a bulldozer. A bulldozer is assumed for this analysis since an emission
rate equation is available for a bulldozer and not a backhoe. Only emissions from the
digging of the excavation are calculated; the soil removed from the excavation is assumed
to be placed on the side of the excavation and covered to prevent wind-generated respirable
particulates.

The following equation (USEPA, 1989) was used to derive an emission rate (in g/s) for
respirable particulates (defined in USEPA, 1989 as < 15 microns):

[0.45 (s)1-5 (M)-1-4]
where:

s = silt content of the soil in weight %
M = moisture content of the soil in weight %

A silt content of 8% and a moisture content of 10% are assumed (USEPA, 1993). Solving
the above equation results in a respirable particulate emission rate of 0.041 g/s, as presented
below:

= [0.45 (8)1 5(10)-1 4]
= [0.45 (22.63) (0.04)]
= 0.405 kg/hour
= 0.113 g/s

An emission flux of 0.015 g/s-m2 is derived by dividing the emission rate by the surface area
of the excavation (0.113 g/s - 7.5 m2).

Air Concentrations

Ambient air concentrations for workers exposed to the enhanced excavation emissions were
determined using the USEPA-approved Point, Area and Line source (PAL2.1) model,
version 89272, (USEPA, 1987) assuming that the excavation represents an area source of
emissions. Unlike other area source models, such as the Industrial Source Complex (ISC)
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model and SCREEN3, PAL2.1 has the capability of determining impacts above area sources,
as well as downwind of a source. PAL2.1 is a diverse model that can be used to estimate
dispersion for point, area and line sources using Gaussian-plume steady-state assumptions.
Simultaneous modeling of multiple sources and source types can be performed to calculate
impacts of non-reactive chemicals at a large number of receptors. Also, user-specified
meteorological options allow for input of site-specific conditions that are representative of
the site being modeled.

For this analysis, the source was modeled as a 1.5 m x 5.0 m flat area source. A total of nine
receptors were used in the analysis. Eight receptors were placed along the edge of the
excavation; one at each of the four corners, and one at the center of each side. In addition,
one receptor was placed over the center of the excavation. All receptors were placed at a
height of 1.8 m to simulate the height of a worker. The meteorological data consisted of an
array of 54 meteorological conditions as used in the USEPA-approved screening level
model, SCREEN3 (USEPA, 1995c). These conditions represent 54 combinations of
stabili ty classes (1 to 6) and wind speeds (1 m/s to 20 m/s) that could occur in the
atmosphere. The wind directions were set so that the wind would blow directly towards
each of the receptors. Model options selected for the analysis included: a typical
anemometer height of 6.1 meters, a mixing height of 5000 m, and an average temperature
of 293 °K. The wind was assumed to be constant below 10 meters (as fixed by PAL2.1).
The analysis was performed for both the rural and urban land use classifications. The
emission rate of the area source was set at 1 g/s-m2. Output was then in the form of g/m3

per g/s-m2.

The urban and rural modeling analyses predicted maximum 1-hour average unitized impacts
of 0.1302 and 0.0268 g/m3 per g/s-m2, respectively, at the corners of the excavation. The
maximum 1-hour average respirable particulate concentration (in kg/m3) in the ambient air
at the excavation is calculated from the following equation:

C = [1-hour unitized impact in g/m3 per g/s-m2] x [emission flux in e/s-m2] x [0.001
kg/g]

Based on the rural land use classification assumed for the site, the maximum 1-hour average
respirable particulate concentration is 4.02E-07 kg/mg, as presented below.

= [0.0268 g/m3 per g/s-m2] * [0.015 g/s-m2] * [0.001 kg/g]
= 0.000000402 kg/m3

Concentrations of the non-volatile chemicals of potential concern associated with this
respirable particulate concentration are calculated in the risk assessment.
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TABLE F-l
INDOOR SHOWER MODEL SCENARIO
I'ETOSKEY MANUFACTURING SITE

CONCIiNTATION
CHEMICAL IN AIR

mg/m'
Cs

l,2-I)iclil(>ri,ullifnf(cis) 5.17E-03
Trichlorui-tlii-ne 3.90F-02
Vinyl Cliliiriili; 1.75E-02

time ftom
beginning of shower

min
Is

12
12
12

How rate
of shower

L/min
Fw

8
8
8

cone in
shower water

CS/1-
Ct

4.00EM10
3.14E+01
8.47F.MM)

(low rale of air
in shower

mVmin
Fa

2.4
2.4
2.4

volume
of bathroom

m'
Vb

12
12
12

Henry's law
constant

m'-alm/mol
H

9.46E-03
9.10E-03
8.6CE-02

asymptotic cone in air it
shower ran for a long time

mg/m'
C inf

8.32E-03
6.28E-02
2X2F.-02

rate constant lor
exponential function

I/mm
k

0.2
0.2
0.2

efficiency of
release

E

6.24E-01
600E-01
l.OOF.+OO

cll'icicncy ofTCE
release from water to air

E TCE

0.6
0.6
06

Henry's law constant
for TCP

m'-alm'mol
H TCE

9.10E-03
9.IOE-03
9.10E-03

Henry's Law fiom: A & WMA / USEPA, 1996 Value fur 1,2-dichloroethene is for trans- 1,2-clichloroclhcne.
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TABLE F-2

VOC INTRUSION FROM GROUNDWATER
PETOSKEY MANUFACTURING SITE

Slab Construction
DA Cl I I PA 10/3 R Pt2

emission
J Area AC! I

concentration
Cin

cm2-s g/cm3 atm-m3/m almm3/m K cm g/cm2-s m2 m3 m3/s mg/m3
1,2-Dichloroeihciie(total) 7.36F.-02 4.00F.-09 0.039745 8.20F.-05 293 396.24 0.3025 1.85E-I4 116 .13 2 .15I - -14 566.4 0.157333 1.36F.-10
Trichloroethene 7.90F.-02 3.14r.-08 9.IOF-03 0.039745 8.20F.-05 396.24 0.3025 3.I2E-I3 116.13 0.01 3.62 K-13 566.4 0.157333 2.3F.-09
Vinyl Chloride 9.00E-02 8.47E-09 8.60L-02 0.039745 8.20F-05 293 396.24 0.3025 9.05E-I3 116.13 I.05F.-12 1 566.4 0.157333 6.68F-09

basement Construction emission concentration

DA
cm2-s

Cl
g/cm3

I I
atm-ni3/m

PA' R

atmm3/m K

pr J
g/cm2-s

Area
m2 g/s

AC1I
m3 m3/s

Cin

mg/m3
1,2-Dichloroelhene(toial) 7.36E-02 4.00E-09 4.55E-03 0.039745 8.20E-05 293 396.24 0.3025 I.85E-I4 227.61 0.01 4.21E-14 849.6 0.236 1.78E-IO
Trichloroethene 7.90E-02 3.14E-08 9.IOE-03 0.039745 8.20E-05 293 396.24 0.3025 3.12E-13 227.61 0.01 7.09E-I3 849.6 0.236 3E-09
Vinyl Chloride 9.00E-02 8.47E-09 8.60E-02 0.039745 8.20E-05 293 396.24 0.3025 9.05E-I3 227.61 0.01 2.06E-12 849.6 0.236 8.73E-09

Notes:

where: Cl (g.cm3) = Cl (mg/1) * 0.001 g/mg * 0.001 l/cin3
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TABLE F-3

VOC INTRUSION FROM SUBSURFACE SOIL

PETOSKEY MANUFACTURING SITE

Slab Construction emission concentration

Acetone
1,2-Dichloroethenc ( total)

•"thy 1 benzene

vlethylene Chloride
Telrachloroethylene

Toluene
Trichloroelliene

Xylenes (total)

DA
cm2-s

I.24E-OI

7.36E-02

7.50E-02

1.I7E-02

7.20E-02

8.70E-02

7.90E-02

8.70E-02

Cs
g/cm3

1.49E-08

I.70E-08

1.63E-08

I.72E-08

I.27F.-08

I.32E-08

6.88E-07

3.23E-08

I I

1.041- -03

3.94E-01

2.68E-01

I.33E-OI

1.2IE+00

2.78E-OI

3.79E-OI

2.93E-OI

PA10'3

0.039745

0.039745

0.039745

0.039745

0.039745

0.039745

0.039745

0.039745

Koc

2.2
49

1100
8.8

364
300
126
240

foe

0.02
0.02
0.02

0.02
0.02
0.02

0.02
0.02

L
cm

60.96

60.96

60.96

60.96

60.96

60.96

60.96

60.96

I't2

0.3025

0.3025

0.3025

0.3025

0.3025

0.3025

0.3025

0.3025

J
g/cm2-s

9.4IE-14

I.OSli- 12

3.21E-14

3.28E-I3

3.28E-13

1. I5E-I3

I.76E-I1

3.7E-13

A
m2

116.1
116 . 1

116 .1

116.1
116.1
1 16.1

116.1
116 1

1-

0.01
0.01

0.01

r~ o.oi
0.01
0.01
0.01
0.01

1-
g/s

1.09E-13

1.261-:- 12

3. 73 E- 14
3.8IE-13

3.8E-I3

1.33E-I3
2.05L-11

4.29E-I3

AC1I

1
1
1
1
1
1
1
1

V
m3
566.4

566.4

566.4

566.4

566.4

566.4

566.4

566.4

Q
m3/s

0.157333

0.157333

0.157333

0.157333

0.157333

0.157333

0.157333

0.157333

Cin
mg/m3

6.95E-10

8E-09

2.37E-IO

2.42E-09

2.42E-09

8.46E-10

I.3E-07

2.73E-09

Basement Construction emission concentration

Acetone
1,2-Dicliloroeihene ( t o t a l )

lilhvlhunzene

Melhylene Chloride

Tetrachloroetliylene

Toluene

Trichlorocthene

Xylenes (total)

DA
cm2-s

1.24E-OI

7.36E-02

7.50E-02

1.17E-02

7.20E-02

8.70E-02

7.90E-02

8.70E-02

Cs
g/cni3

1.49E-08

1.70K-08

1.63E-08

I.72E-08

1.27E-08

1.32E-08

6.88E-07

3.23E-08

I I

l.04l-:-()3

3 . 9 4 I - - O I

2. 681- -01
I .33K-01

1.2IE+00

2.78I--01

3.79E-01

2.93r.-()l

PA10'3

0.039745

0.039745

0.039745

0.039745

0.039745

0.039745

0.039745

0.039745

Koc

2 ">
49

1100
8.8

364
300
126
240

foe

0.02

0.02
0.02
0.02
0.02

0.02

0.02
0.02

L
cm

60.96

60.96

60.96

60.96

60.96

60.96

60.96

60.96

Pt2

0.3025

0.3025

0.3025

0.3025

0.3025

0.3025

0.3025

0.3025

J
g/cm2-s

9.41E-14

1.081-.- 12

3.2IE-14

3.28E-13

3.28E-13

1.15E-13

I.76E-11

3.7E-I3

A
in2

227.6

227.6

227.6

2276

227.6

227.6

227.6

227.6

K

0.01

0.01
0.01

0.01
0.01
0.01

0.01
0.01

E
g/s

2.14E-13

2.471M2

7.31E- I4

7.46K-13

7.46E-I3

2.6 IE- 13
4.0 IE- 11

8. 4 IE- 13

ACI1

1
1
1
1
1
1
1
1

V
m3
849.6

849.6

849.6

849.6

849.6

849.6

849.6

849.6

Q
m3/s

0.236

0.236

0.236

0.236

0.236

0.236

0.236

0.236

Cin
mg/m3

9.08E-10

I.05E-08

3.1E-IO

3.16E-09

3.I6E-09

1.11E-09

1.7E-07

3.57E-09

Notes:

l>A=l't-()m»

where: Cs (g/cm3) = Cs (ing/kg) * 1.7 g/cm3 * 0 000001 ki!/mg
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TABLE F-4

TOTAL VOC CONCENTRATION

(CROUNDWATER + SOIL)

PETOSKEY MANUFACTURING SITE

Slab Construction (mg/m )

Acetone

l,2-Dichloroethene(total)

Ethylbenzene

Methylene Chloride
Tclrachloroethyleiie

Toluene
Trichloroethene

Vinyl Chloride

Xylenes (total)

6.95E-10

8.I4E-09

2.37E-10

2.42E-09

2.42E-09
8.46E-10

1.32E-07

6.68E-09

2.73E-09

Basement Construction

Acetone

1 ,2-Dichlorocthene(total)
Ethylbenzene

Methylene Chloride
Tetrachloroelhene

Toluene
Trichloroethene

Vinyl Chloride

Xylenes (total)

9.08E-10

1.06E-08
3.1E-IO

3.161-1-09

3.16E-09

1.11 E-09

1.73E-07

8. 73 E-09

3.57E-09
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TABLE F-5

PERMEABILITY COEFFICIENTS
PETOSKEY MANUFACTURING SITE

CHEMICAL

1,2-Dichloroethene
Trichloroethene
Vinyl chloride
Arsenic
Barium
Cadmium
Chromium
Cobalt
Lead
Manganese
Nickel
Selenium
Silver
Vanadium
Zinc

MOLECULAR
WEIGHT

96.94
131.4
62.5
74.9

137.33
112.4

52
58.9

207.2
54.94
58.7
78.96
107.87
50.94
65.37

ERMEABILITY
log(Kow) COEFFICIENT

1.86 l.OE-02
2.42 1.6E-02
1.36 7.30E-03

I.OOE-03
I.OOE-03
.OOE-03
.OOE-03
.OOE-03
.OOE-03
.OOE-03
.OOE-03
.OOE-03
.OOE-03

1. OOE-03
1. OOE-03

SOURCE

USEPA. I992c
USEPA. 1992c
USEPA. 1992

default USEPA, 1992c
default USEPA, 1992c
default USEPA, 1992c
default USEPA, 1992c
default USEPA, 1992c
default USEPA, I992c
default USEPA, 1992c
default USEPA, 1992c
default USEPA. I992c
default USEPA. 1992c
default USEPA. 1992c
default USEPA. 1992c



Chemical

Acetone
1 ,2-Dicliloroethcnc(tolal)

•thylbenzene
kiethylcne chloride
'elracliloroelliene
"oluene
"richloroclhene

Vinyl chloride
o-Xylene
m-Xylene
Xylencs (total)
Acenaphthene
Anthracene
}enzo[g,li,i|per>'l«-'ne
Muoranthene
:luorene

Phenanlhrene
'yrene
)enzo[a]anthracene
)enzo|a]pyrene
knzo[b]lluoranthene
kn/o[kllluoranlhene

Chryscnc
)ibenz[a,h]anthracene

Indcnoj l,2,3-cd]pyrcne
>is(2-Flhylhexyl)phlhalate
Butylbenzylphlhalate

Carbazole
)ibenzoturan
)i-n-bulylphlhalale
)i-n-octylphlhalale
Polychlorinaled biphcnyls
Aroclor 1016
Aroclor 1248
Aroclor 1254
Aldrin
4,4-1)01)
4,4-1)1)1-:
4,4-DDT
7.ndosullaii

Antimony
Arsenic
Darium
Cadmium (water)

Chronic KID
(mg/kg-day)

1 OOL-OI

9.00E-03
1 OOE-OI
6E-02
1E-02
2I--OI

600I--03
-

2 OOE+00
2. OOP. +00
2.00E+00

6E-02
3.00F.-OI

--
4E-02

4. 001- -02
..

3E-02
~
-
-

--

--
--

2 OOL-02

2.00E-OI
—

4E-03
in-oi
2E-02
-

7.00F.-05
—

2. OOP. -05
3.00E-05

--
-

5 OOL-04

f)i-:-(>3
4 00r.-04
3 ooL-04

7P.-02
5 OOI-.-04

TAIII.K K-fi

TOX1CI 1 V VALUES: POTENTIAL NONCAUCINOGENIC I
ORAL EX POSH UK

Ciitical
Effect

Increased liver and kidney weights and nepliroto.xicily
Liver lesions

Liver and kidney loxicity
Liver toxicily

--
Changes in liver and kidney weights

Liver and Kidney

-
llyperactivity, decreased body weight
Hyperactivity, decreased body weight

llyperactivity, decreased body weight and increased mortality
Hepaloloxicity

Suhchronic toxicity

-
Nephropathy hemolological and liver effects
Decreased erylhrocyle count and hemoglobin

--

Kidney effects

--
--
-
-

--
-

'

Increased liver weight
Increased liver weight

-
Kidney effects

Increased mortality
Kidney and liver effects

-
Reduced birth weights

--
cular exudale, inflamed Meibomian glands, distorted nail growth, decreased antibody respons

Liver

--
-

l iver lesions
Keduced body weight gain, kidney and blood vessel e fleets

Longevity, blood glucose, and cholesterol

llypcrpigmentation, keratosis and possible vascular complications
Increased blood pressure
Significant proteinuria

'.I'TK.CTS

RID
Basis

Oral
Water
Oral
Oral

--
( iavage

Oral, diet

-
Gavage
Ciavage
Gavage

Oral
Gavage

-
Gavage
Gavage

--
Oral

—
-
-

--
--

-
--

Oral
Diet

-
Diet
Oral
Diet

-
Oral

-
Oral

Oral.diet

-
-

Diet
Oral
Oral
Oral
Oral
Oral

Confidence
Level

I .ow

Low

Medium
-

Medium
Low

-

--
-

Medium
Low
Low

-
Low
Low
~

Low

--
-

-
--
-

--
Medium

Low

-
Low
Low

-

--
Medium

-
Medium
Medium

--
--

Medium
Medium

Low

Medium
Medium

High

Uncertainty
Kactor

1000 for H C
1000

1000 forll.A.S
lOOfor l l .A

--
1000 forll.A.S

3000 for II,A,C,O
--

100
100

100 for I I,A
3000 for H,A,S,O
3000forIl,A,S,O

-
3000 forll.A.S
3000 for II,A,S

--

3000 for H.A.S

-
-
-
--
-

-
-

1000 forll.A.S
1000 for H,A,S

-
3000 for H, A.C.O

1000 for II,A,S
1000

-
81 forll,A,C,O

-
300forll,A,O

1000

-
-

100 for II. A

lOOfor l l .A
1000

3 for O
3 for 11,0
10 for II

Modifying
Factor

1

1
1
-
1
-

-
-
1
1
1

--
1
1
--

1

-
--

--
-
--
-

-
1
1

-
1
1

-

-
1
-
1

1

--
-

RID
Source

IRIS
1IHAST

IRIS
IRIS
IRIS
IRIS

NCKA
IRIS;IIF.AS'I

1IF.AST
IIEAST

IRIS
IRIS
IRIS

IRIS; HF.AS'I
IRIS
IRIS

IRIS;IIEAS1
IRIS

IRIS; HEAS'l
1RIS;IIEAS1
IRIS; HEAS'l
IRIS; HEAS'I

IR1S;!I[-AS'I
1R1S.I1F.ASI

IRIS;IIEAS1
IRIS
IRIS

IRIS;1IEASI
NCEA

IRIS
IIEAST

IRIS;HEASI

IRIS
IRIS;IIP.AS'I

IRIS
IRIS

1RIS;IIEAS1
IRIS.IIEASI

IRIS
IRIS
IRIS
IRIS
IRIS
IRIS



TABLE K-6

TOXICII Y VALUES: POTENTIAL NONCAKCINOGENIC EFFECTS
OKAL EXPOSURE

Chemical

Cadmium (food)

Chromium III

Cobalt

Copper

Lead

Manganese
Mercury(elemental)

Nickel (refinery dust)

Nickel (soluble salts)

Selenium

Silver

fliallium
Vanadium

Zinc
Cyanide

Chronic RID

(mg/kg-day)

l.OOE-03
1K+00

6 OOE-02

37E-02
--

2.30E-02

--
2 OOF.-02

2E-02

5.00E-03

5E-03
—

700E-03
3.00E-OI
2. OOE-02

Critical

Ellect

Chronic human studies

No effects observed
--

Gastrointestinal irritation

--
CNS effects

--
--

Decreased body and organ weights

Clinical selenosis

Argyria
--
--

Decrease in eryllirocyte superoxide
Weight loss, thyroid effects and myelin degeneration.

RfD
Basis

Oral

Oral
--

Oral

--
Oral

--
--

Oral

Epidemiology study

Oral

--
Water

Diet
Oral

Confidence

Level

High

Low
--

--
--

Medium

--
--

Medium

High

Low
--
-

Medium

Medium

Uncertainty

Factor

10 for II
lOOforH.A

--

--
--

1 for O

--
--

3001LA.O

3
3 for O

--

100
3 forO

100

Modifying
Factor

1
10
-

--
--

1(3 nondict)

--

--

1

1

1

—

—

1

5

RID
Source

IKIS

IRIS

NCEA

11 P. AST

IR1S;IIEAST

IRIS

IR1S;IIEAS1

IRIS

IRIS

IRIS

IRIS

IRIS;MEASI
HEAST

IRIS
IRIS
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TABLE F-G

TOXICI IV VALUES: POTENTIAL NONCAKCINOGEN1C EEEECTS
INHALATION EXPOSURE

Chemical

Acetone
l,2-l)ichloroclhcne(lolal)
•thylbenzcne

Melh>lcne chloride
Iclrachloroethcnc
toluene
[richloroellieiie
Vinyl chloride
o-Xylene
m-Xylene
Xylenes (total)
Acenaphlhcnc
Anlliraccnc
Ucnzo(g,h,i]perylene
rluoranlhene
:luorenc
'lienanlhrene
'yrene
len/o|alamhracene
}enzo[a]pyrene

}enzo(h]lliior:inlhene
)enzo|k|IHioranlhene

Chryscne
Dibenz[a,h (anthracene
lndeno[l,2,3-cd|pyrene
iis(2-Elhylhexyl)pli(halulc
Jutylbcnzylphlhalale

Carbazole
)ibcnzofuran
)i-n-bulylphthalale
Di-n-octylphthalatc

i'olychlorinaled hiphenyls
Aroclor 1016
Aroclor 1248
Aioclor 1254
Aldrin
4,4-1)1)1)
4,4-1)1)1-

4,4-()l)T
IJulosull'an

Anliinony
Arsenic

Chronic RfC
(ing/ni3)

--

1 OOE+00
3 OOF.* 00

--

4E-oi
-
--
--
--
--
--
--
--
--
--
--
--
--
--
-
--
-
-
--
--
-
--
--
-
--
--
--
--
-
--
-
-
--
-
-
-

Chronic RID
(mg/kg-day)

--

29E-OI

8.6E-OI
--

1E-OI
-

--
--

--

--

--
--

--
--

--
.

--

-

--

-

--

--

--

-

--

--
--
-

-

--

--
--

--

-

--

-

-

--

-

--

--

Critical
F. fleet

--

Developmental toxicily
l.iver toxicily

1 lepatotoxicity
Neurological effects

--
--

--

--

--
-

--

-

--

--

-

--

--

--

-

--

--

--

--

~

--
--

--

--

-
--

--

-

--

-

-

--

--

--

-•

RID
Basis

--

Inhalation
Inhalation
Inhalation
Inhalation

-

--
--

-

--
--

--

--
--

--

--

--

--

--

-

--

-

--

--

--

-

--
--

--

--

--

-

--

-

--

--

--

-

--

-

--

Confidence
Level

--

Low

-

Low

Medium
-

--

--

-

--
--

-
--

--

--

-

--

--

-

--

-

--

-

--

-
--

--

--

-
--

-

--

-

Uncertainly
Factor

..

--

300

1 00 for II, A, O
3000 for 1I.A.S
300 for 11,8,0

-

--

--

-

--

--

-

--

--

-

--

-
-

-

-

-

--

--

--

-

--

-
--

-

--

--
--

--

--

--

--

--

-

-•

Modifying
Factor

--

1

--

1

1
--

--
--

--

--

--
--

--
--

--

--

--

--

--

--

-

-

--

--

--

--
--
--

--

--

--
--

-

-

-

-

--

--

RID
Source

IRIS.HEAST
IRIS; III- AST

IRIS
IIF.AST

IRIS;IIEAST
IRIS

IRIS;IIEAST
IR1S;IIEAST
IRIS; HEAST
IRIS; HEAST
1RIS;IIEAST
IRIS;1IEAS'I
IRIS; HEAS1
IRIS;I1EAST
1RIS;IIEAST
IRIS; HEAST
IRIS;IIEAST
IRIS.HEAST
IRIS; HEAST
IRIS; IIF.AST
IRIS; 11F.AS1

IKIS, IIEAS'I
IRIS; IIEASI
IK1S;MF.AST
IRIS; IIF.AST
IRIS; HHAST
IRIS; HEAST
1RIS;1IEAST

IRIS; HEAST
IRIS; HEAST
IKIS; HEAST
IRIS, HEAST
IR1SJIEAST
IRISJIEAST
IRIS, IIF.AST
IRIS; IIF.AST

IKIS; HEAST

IKIS; HEAST
IKIS;HEAS'I
IKIS; III' AST
IRIS, IIEAST
IRIS; HEAST
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TA11LE K-6

TOXICITV VALUES: POTENTIAL NONCAKCINOGENIC EFFECTS
INHALATION EXPOSURE

Chemical

larium
Cadmium (water)
Cadmium (food)
Chromium 111
C'oball
Copper
Lead
Manganese
Mercury(elemen(al)
Nickel (refinery dust)
Nickel (soluble salts)
Selenium
Silver
Thallium
Vanadium
Zinc
Cyanide

Chronic RfC
(mg/m3)

5.00E-04
--
--
--

200C-05
--
--

5.00K-05
3.00E-04

--
--
-

1 .OOE-05
--
-
--
-

Chronic RfD
(mg/kg-day)

I.OE-04
--
--
-

5.7E-06
--
--

1.4F.-05
8.6H-05

--
--
--

2.9E-06
--
-
--
--

Critical
Effect

Fetoloxicily
--
--
--
--
--
--

Impairment of neurobehavioral functio
Neurotoxicity

--
--
--

Argyrosis
--
--
-
-

RIU
(iasis

Inhalation
--
--
--
--
--
--

Inhalation
Inhalation

--
--
--

Inhalation
--
--
-

Confidence
Level

--
--
--
--
--
--
--

Medium
Medium

--
--
--

Low
-
--
--

Uncertainty
Factor

1000
--
--
--
--
--
--

1000 for l l .S .O
30
--
--
--

1000 for I1,S.C,O
-
--
--

Modifying
Factor

--
--
--
-
--
--
--
1
1

--
--
--
1

--
--
--

RfD
Source

HEAST
IRIS;IIEAST
IRIS; HEAST
IRIS, HEAST

NCEA
IRIS; HEAST
IRIS;1IEAS1

IRIS
HEAST

IRIS; HEAST
IRIS; I1EAS1
IRIS; HEAST

NCEA
IRIS; HEAST
IRIS; HEAST
IRIS; HEAST
IRIS; HEAST

Notes.

-- = Not Available
HEAST = Health Effects Assessment Summary Tables (USP.PA, 1997a).
IRIS = Integrated Risk Information System (USEPA, 1997b)
NCEA = National Center for EnvironnR-nlal Assessment (USEPA, 1997c).
* = Uncertainly Factor, to account fur inter- and intraspecies extrapolation and extrapolation from suhchronic to chronic exposures
** = Modifying Factor, to account for uncertainly in the lest program.
II = Variation in Human Sensitivity
A = Animal to I luman Extrapolation
S = Extrapolation from Lowest Observed Adverse Effect Level (LOAEI.) to No Observed Adverse Effect Level (NOAEL
C = Extrapolation from Subochronic Studies to Chronic
O = Other factors
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TABLE F-7

ORAL ABSORPTION EFFICIENCIES
PETOSKEY MANUFACTURING

ICHEMICAL |ORAL ABSORPTION

Antimony
Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
Lead
Maganese
Nickel
Selenium
S i l v e r
Thallium
Vanadium
Zinc
Cyanide

Organic Chemicals

O.I
0.8

0.05
0.05
0.01
0.8
0.5

0.15
0.1
0.1
0.9
0.1

1
1

0.4
1.0

1.0

SITE

[SOURCE

ATSDR, 1991
ATSDR, 1993a
ATSDR, 1992a
Carson et al., 1986
Carson eta!., 1986
Carson et al., 1986
Carson et al., 1986
ATSDR, 1993b
ATSDR, 1992b
Carson eta)., 1986
ATSDR, 1989b
Carson et al., 1986
ATSDR, 1992c
Default
Carson et al, 1986
ATSDR, 1989a

Default
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TAHI.K I'-H

TOXICITY VAL.UKS: I'OTKNTIAl, ( AKCINOGKNIC EFI-KCTS
ORAL KXI'OSUKE

Chemical

Acetone
l,2-Dichloroelhcne((olal)
Klhylbenzene
Melhylene chloride
relrachloroelliene
Toluene
rrichloroelhenc
Vinyl chloride
o-Xylene
m-Xyleiie

Xylenes (total)
Acenaphlhene
Anthracene
)cruo[g,h,i]perylene
•luorantliene
•"luorene
'henanthrene

Pyrene
)enzo(a|anlhracene

l)cn/o[a|pyrene
l)enio|b]tluoranthene
:)enzo|k]fluoramhene
Chrysene
Dibcii/[ii.li|ni)ll)racene
[ndeno|l,2,3-cdlpyrene
bis(2-Llliylhexyl)plilhalale
Butylbcnzylphthalate
Carbazole
Dibenzofnran
Di-n-bntylphthalate
Di-n-oclylphlhalate
folychlorinated hiphcnyls

Aroclor 1016
Aroclor 1248
Aroclor 1254

Aldrin
4,4-UDI)
4,4-1)1 )F.
4,4-uirr
IZndosulfan
Antimony

Arsenic
Barium
Cadmium (water)

Slope Factor

(Sl;)
[mg/kg-day)-!

-

--
7.5U-03

5.20L--02
—

1 IOL-02
I.901-+00

--
--
--

--
--

--
--
—
—

--
7.30C-01

7.30II+00
7.30L-01
7.3011-02
7.30I--03
7.301-NOO
730l:-0l

I.40I:-02
--

2.00L-02
--

-
-

2. nor.* oo
.-
--

I.70I-X)!
2.4L-OI
34i;-OI

3.40I-.-OI

-
I.JOI-HK)

--

--

SK Uasis

..

-

-
Inhalation

--
-
--

Did
-
--
-

--
--

-
-
--
-

--
-

Oral, diet
--
--

--
--
--

Or;il, diet

-
Oral, diet

--

--
--

Oral.diet
-
-

-

Oral.diet
Oral
Oral

Oral, diet
--

--
Oral

--

-

Type ot C'ancer

..

-

-
Icpatocelhilar adrenomas and carcinoma

--
-
-

Lung and liver tumors
-
-
--

-
-

-
-
—

-
-
--

l-'orestomach
--
-

--
--
--

I Icontocellular carcinoma and adenoma
-

Liver
-

-
--

Trahecelar carcinoma/adenocarcinoma
--
-

--

Liver

l.ung, liver, Ihyroid
Liver, thyroid

1 iver
--

-
Skin

—

-

Weight-ol-
tvidence

Classification

n
-

D
1)2

WD
D

Wl)
A
--
-
1)
D
D
1)
D
D
D
D
B2
1)2
ri2
B2
152
1)2
1)2
1)2
C
B2
D
n
-

1)2
-
—
--

R2
1)2
R2
1)2
D

--
A
-

1)1

Sl; Source

IKIS;1IP.AS1
IKLS;lir:ASl

IKJS
1KIS

NCTiA
IRIS;IIL:AS1

NCL:A
111- AST

IKIS; Ill-AST
IRIS; I1LASI
IRIS; Il l-AST

IKIS;linAS'l
IRIS, MLASI
IKIS; UI:AS1
IRIS;I1CAS1
IRIS;1IEAS1
IR1S;1IEAST
IRIS;I1EAS1

IRIS
IRIS
IRIS
IRIS
IKIS
IRIS
IRIS
IRIS

IRIS, IIHAS'I
IRIS; HI- AST
IRlS;lir.ASl
IRISillHAS'I
IRIS;1II;.AS1

IRIS
IRIS;1ILASI
1RIS;I1I-AS'I
IRIS; lll:. AST

IRIS
IKIS
IKIS
IKIS

IKISJILAS'I
IRIS. HI-:AST

IRIS

IRIS;III:.AS1
IRIS;III-:AS'I



TABLE F-8

TOXICITV VALUES: POTENTIAL CARCINOGKNIC EFFECTS
ORAL EXPOSURE

Chemical

Cadmium (food)
Chromium III
Cobalt
Copper
Lead
Manganese
Mercury(elemental)
Nickel (refinery dusl)
Nickel (soluble salts)
Selenium
Silver
Thallium
Vanadium
Zinc
Cyanide

Slope Faclor
(SP)

(mg/kg-day)-l

-
--
--

-
--

--
--

--
--
--
--
-
—
--

-

SF Basis

--
--
--

--
--

--
--

--
--
--
--
--
-

--

--

Type of Cancer

--
-
--

--
--

-
--

--
--
--
--
--
--

--

--

Weight-of-
Evidence

Classification

Bl
--

ND
D
B2
n
D
A
-
D
D

ND
ND
D
D

SF Source

IR1S;HEAST
IRIS; HEAST
IRIS; HEAS1
1RIS;IIEAS'I
IRIS, HEAS'l
IRIS; HEAS1
1RIS;HEAS1
IRIS;HEAS1
IRIS, HEAS1
IRIS; HEAS1
IR1S;IIEAS'1
IRIS; HEAST
IRIS, IIEAS1
IRIS; HEAST
IR1S;IIEAST
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TAIII.E F-8

TOXICH Y VALUES: I'0 1 ENTIAL CARCINOGKNIC EKKECTS
INHALATION EXPOSURE

Chemical

Acetone
1 ,2-Dichloroethene(lolal)
:thylbenzenc
Methylene chloride
"elrachloroethene
Toluene
Tichlorneihciic

Vinyl chloiidc
o-Xylene
m-Xylene
Xylenes (total)
Acenaphthcne
Anthracene
)enzo|g,h,i|perylcne
:luoranllieuc
•"luorene
'henanlhreiie
"yrene
l)enzo[a [anthracene
l)enzo|a]pyrenc
)enzo|h]llmiranlhenu

Benzo[k]lliioraiilhene
.'hrysenc
)ibenz[a,li]unlhracene

lndeno| 1 ,2,3-cd]pyrene
bis(2-Eihylhexyl)phthalate
Dutylbenzylphtlialalc
Tarbazole
Dihenzoluran
Di-n-butylphihalale
!)i-n-ociylphthalaic
'olychlorinatcd biphenyls

Aroclor 1016
Aroclor 1248
Aroclor 1254
Aldrin
4,4-DDI)
4,4-DDE
4,4-DDT
7.ndosultan
Antimony
Arsenic
Barium
Cadmium (water)

Unit Risk
(mg/m3)

--
--

4.7E-07
5.80E-07

--

I.70F.-06
8.40H-05

--
--
--
--
-

--
--
--
-

--
--
--
--
--
--
--

--
4601:.-06

--
-
--
--
--
--
--
--
-

4.<H)1;-03
--

--

9.70H-05
--
--

4.301-:-0.3
--

1 80I--03

Slope Factor
(SP)

(mg/kg-day)-l

--
--

1.6E-03
2.00E-03

--

6 OOF.-03
3.00R-01

--
--
--
--
--

--
--
--
—

--
--
--
--
-
--
--

--
1 .40F.-02

--
--
--

--
--

200F.+00
--
--
-

1 72L+OI
-

--

.1.40I--01
-

1.5 I I - -10 I
--

fi 301-xin

SF Basis

--
--

Inhalation
--
-
--

Inhalation

--
--
--
--
--

--
--
--
-

--
--
--
--
--

--

--
Oral, diet

--
--
--

--

--
--
--
--

Oral, diet
—
--

Oral.diet
--
-

Inhalation
--

Inhalation

Type of Cancer

--
--

Combined adenomas and carcinomas
--
--
-

I.iver tumors
--
--
--
--
--

--
--
-
-

--
--
--
--
--
--
--

--
epalocellular carcinoma and adenom

--
--
--

--
--
--
--
--
-

Liver carcinoma
--

--

I.iver tumors
--
--

Respiratory
--

Respiratory

Weight-of-
Fvidence

Classification

D
--
n
B2
WD
D

WO
A

--
--
n
n
n
D
D
D
D
n
B2
B2
B2
B2
B2
1(2
B2
»2
C

112
1)
1)

--
R2
--

-

H2
B2
1)2
B2
1)

A
--

Bl

SF Source

IRIS; HF.AST
IRISJ1CAS1
1RIS;IIF,ASI

IRIS
NCEA

IRIS; IIF.AS1
NCCA

IIF-AST
IRIS, III- AS!
IRIS;IIF.AS1
IRIS;1IEAS1
IR1S;IIEAST
IRIS;IIF.AS1
IRIS; Ill-AST
IRIS;HEAST
IRIS; HI-AST
IRIS;IIEAS1
IR1S;I1EAS1
1RIS;IIEAS7
IRIS;IIEAS1
IRIS, IIEAST
IRIS, HliASl
IR1S;1IEAS1
IRIS, IIEAS'I
IRIS;1ILASI

NCliA
IRIS;IIEAS1
IKIS; IIEAS'I
IRIS.IIEAS'l
IRIS; Ill-AST
IRIS ;III-:ASI
IRIS, IIF.AS7
IRIS; IIF.AS1
IKIS;lir.ASI
IRIS, HEASI

IRIS
IRIS, I1EASI
IKIS; III-AS'I

IIF.AST
IKISJIHAS'I
IRISJIF.AS1

IRIS
IRIS; MliAS'l

IRIS



TABLE F-8

TOXIC1 TV VAUIKS: POTENTIAL CARCINOGENIC KFFECTS

INHALATION EXPOSURE

Chemical

Cadmium (food)

L'hromium I I I

Cobali

Copper
Lead

Manganese
Mercury(elemental)

Nickel (refinery dust)

Nickel (soluble sails)

Selenium

Silver
Thallium

Vanadium

Zinc

Cyanide

Unit Risk

(mg/m3)

1 80E-03
--
--
--
--
--
--

2.40E-04

--
--
--
--
--
--
-

Slope Factor

(SF)
(mg/kg-day)-l

6.30E-KH)

--
--
--
--
--
--

8.4E-OI

--
--
--
--
--
--
--

SF Basis

--
--
--
--
--
--

Inhalation

--
-
--
--
--
--
--

Type of Cancer

--
--
--
--
--
--

Respiratory system tumors

--
--
--
--
--
--
--

Weight-of-

Evidence
Classification

Id
--

ND
D
B2
D
D
A
--
D
D

ND
ND
D
D

SF Source

1K1S
IRIS; HEAST

IRIS; IIEAST
IRIS; I IEAST

IRIS. HEAST

IRIS; HEAST

iRIS; l lEAST

IRIS

IRIS; HEAST

IRIS, IIEAS1

IRIS; HEAST
IRIS; HEAST

IRIS; I ICAST

IRIS; HEAST
IRIS, IIEAST

Notes:

- = Not Available
IIEAST = Health Effects Assessment Summary Tables (USEPA, I997a).
IRIS = Integrated Risk Information System (USEPA, 1997b).
NCEA = National Center for Environmental Assessment (USEPA, 1997c).
USEPA = Provisional Guidance for Quantitative Risk Assessment of Polycylic Aromatic Hydrocarbons (USKPA, 1993).
A = Human Carcinogen (sufficient evidence of carcinogenicity in humans)
Bl = Probable Human Carcinogen (limited evidence of carcinogenicity in humans)
112 = Probable Human Carcinogen (sufficient evidence of carcinogenicity in animal with inadequate or

lack of evidence in humans)
C = Possible Human Carcinogen (limited evidence of carcinogenicily in animals and inadequate or lack of human data)
D = Not classifiable as to human carcinogenicity (inadequate or no evidence)
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