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CREOSOTE

Creosote is a coal tar distillate containing over 200 different compounds.
Creosote is predominantly composed of polyaromatic hvdrocarbons (PAHs),
which are multiple-ring organic chemicals. The chemicais of most concern at the
Moss-American site and in the river are eight carcinogenic PAHs that are parn
of the creosote mixture. The eight PAHs are benzo[a]anthracene, chrysene,
benzo[b)fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,
indeno(i,2,3-cd]pyrene, dibenzo[a,hjanthracene, and benzo[g,h.ijperylene.

OBJECTIVES
The objectives of this investigation were:

. To define the nature and extent of contamination resulting from
past operation of the creosoting facility

. To identify phvsical characteristics of the site and environment that
may affect the distribution of contaminants

. To define the human health and environmental risks resulting from
pas: site operation.

FINDINGS
General findings of the field investigation are as follows:
1. Elevated PAH concentrations are present at the facility in most of

the surface soil west of the river and in groundwater between the
process area and the river.

19

Elevated PAH concentrations are present in the soils in a relatively
small area east of the river (the dredgings landfill).

3. The depth of soil and groundwater contamination below the facility
is limited by a dense silty-clay till from 10 to 20 feet below ground.

4, Elevated PAH concentrations are present in varying amounts in
the Little Menomonee River sediment over the entire S-mile reach
downstream of the site.

S. Surface water in the Little Menomonee River is not generally
affected by the site. Oils sheens, however, develop on the water
surface when sediments are disturbed.

The risk assessment based on the results of the field investigation concluded that
the presence of carcinogenic PAHs at the site and in the river sediment has
increased the probability that exposed individuals may develop cancer. The
individual excess lifetime cancer risks ranged from 4 x 10° to 3 x 10? at the site
and from 1 x 10® to 6 x 10° in the river. Documented cases of chemical burns



EXECUTIVE SUMMARY

INTRODUCTION

CH2M HILL conducted a remedial investigation (RI) of the Moss-American
wood preserving facility in Milwaukee, Wisconsin, for the United States
Environmental Protection Agency (US. EPA). The investigation included the
Moss-American property and the Little Menomonee River downstream to its
confluence with the Menomonee River (Figure 1).

SITE OPERATIONS

The Moss-American site was a wood preserving facility that treated railroad ties
with creosote and fuel oil. The site operated from 1921 to 1976. Predominant
site features and major land use areas associated with operation of the facility
are shown in Figure 2. They are:

The processing area and vicinity

The untreated storage area

The treated storage area

The settling ponds

The gravel fill (previously described as a sludge disposal area)
The solid waste pile

The river dredgings area

The dredgings landfill

The creosoting process consisted of impregnating wood products with a 50/50
mixture of creosote and No. 6 fuel oil. Wood products were loaded into retorts
in the processing area for impregnation under elevated temperatures and

- pressures. The treated wood was then stacked on railcars and parked on the
drip tracks to dry. Treated wood was finally stored in the treated storage area.

Liquid wastes were discharged to the settling ponds that ultimately discharged to
the Little Menomonee River. In 1971, liquid wastes were diverted to the
sanitary sewer. The fate of solid wastes (bottom sludges from the retorts) is not
documented. After diverting liquid discharges to the sewer in 1971, the sludge
residue in the settling ponds was dredged and buried in the dredgings landfill in
the field northeast of the river. The river passing through the site was also
dredged at this time. Creosote contaminated river sediments were spread along
the west bank of the river.

The facility closed in 1976 and in 1978 it was demolished. Four hundred fifty
cubic vards of oil saturated soil from the process area was excavated and
shipped to a hazardous waste facility for disposal. The excavated area was
covered with clean fill. The western one-third of the site was subsequently
redeveloped. paved and is currently used to transfer new automobiles between
rail and truck transports. The rest of the site is undeveloped parkland.
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RESULTS OF THE REMEDIAL INVESTIGATION

SITE DESCRIPTION

The Moss-American facility is within the City of Milwaukee. Land use along
Brown Deer Road east and west of the site is part of a commercial corridor.
North of Brown Deer Road, a wetland along the river is surrounded by light
industrial and commercial properties on the west and an apartment complex on
the east. South of the facility, the Littie Menomonee River Parkway follows the
river to its confluence with the Menomonee River. The wooded parkway is part
of the Milwaukee County park system. From Good Hope Road south, the
Parkway has a paved biking and hiking path through the woods along the river.

The depth to groundwater varies from zero feet in the wetlands near the river
to about 12 feet. The shallow groundwater system consists of a thin zone of
saturated soils above the dense silty-clay till. The saturated thickness above the
dense till confining layer is between S and 15 feet. This groundwater is not used
as a source of water; local residents use municipal water.

The channel characteristics of the Little Menomonee River are relatively
consistent along the reach between the facility and the Menomonee River. The
_typical base flow water depth is 1 to 2 feet, with a corresponding width of about
20 feet. The sediments are typically silt or clay, soft in some areas and harc
packed in others.

NATURE AND EXTENT OF CONTAMINATION

The major contaminants found during the investigation were PAHs. Total PAH
concentrations were as high as 3 percent in some soils on the facility and 0.6
percent in some river sediments downstream from the facility. Free product in
one monitoring well contained over 22 percent PAHs. Other compounds were
also detected. Dibenzofuran. often a component of creosote. was detected 1n
onsite soil and in river sediment. Toluene appeared to be ubiquitous, appearing
in most of the soil samples—including background areas--and in otherwise clean
samples.

Soils

The extent of soil contamination within the former site boundary is shown on
Figure 3. The basis for the boundaries shown in Figure 3 is the concentration
of carcinogenic PAHs. Field observations and screening results were also used
to determine the shape of the contours. Carcinogenic PAHs are shown because
they are responsible for the risks associated with the site. The extent of
contamination is generally the same for other parameters, such as BTXs and
noncarcinogenic PAHs: however the precise boundaries vary slightly (see
Chapter 3).

The processing area and vicinity. the settling ponds. the treated storage areas
(particularly the eastern edge). the northeast landfill. and the southeast landfill
were identified as contaminated on the basis of the field screening results anc



from skin contact with creosote from the Lirtle Menomonee River indicate acute
risks may still exist, although such risks cannot be quantified.

METHODS

The investigation included the entire facility and 5 miles of the Little
Menomonee River below the facility. The soil and groundwater investigation at
the facility focused on identifying the horizontal and vertical extent of
contamination in areas known or suspected to have been affected by site
operations. The investigation of the river included the surface water, bottom
sediment, and flood plain soils (including dredgings piles in channelized areas).

At the facility, surface soil samples (1o a depth of 4 feet) were collected at 100-
to 200-foot intervals within suspected areas of contamination and at random
intervals in other areas. Subsurface samples were collected from boreholes to
characterize deep contaminant migration and hydrogeologic conditions. All soil
samples were visually screened by the field team and then analyzed at an onsite
laboratory to determine the concentration of extractable organics. Additional
soil samples were then collected and analyzed for PAHs, other organic
pollutants, and trace metals to quantify pollutant concentrations.

- Groundwater monitoring wells were installed in most of the borings made at the
site. The wells were sampled and analyzed for PAHs. other organic compounds.
and trace metals to determine the nature and extent of groundwater
contamination. In addition, the monitoring wells were used to obtain hydraulic
data on the groundwater system to characterize contaminant transport
mechanisms.

Eight water samples from the Little Menomonee River were collected and
analyzed for PAHs. other organic compounds. and trace metals to evaluate
contamination of the surface water.

Sediment samples were collected at 300-foot intervals along the entire reach of
the river to evaluate the lateral extent of contamination. Sediment samples were
also collected from cross sections of the river channel] at 1,200-foot intervals to
refine the estimated quantity of contaminated sediment. All sediment samples
were screened using the same procedure as for onsite soils. Additional samples
were collected and analyzed for PAHs, other organic compounds, and trace
metals to quantify contaminant concentrations in the river sediment.

Samples from the flood plain and dredging piles along the river and tributary
inlets to the river were also sampled and screened during the investigation for
visible contamination and extractable organics.
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Menomonee and Menomonee Rivers and in an adjacent watershed. Samples
were also collected downstream in the Menomonee River.

RISK ASSESSMENT

The baseline risk assessment evaluated the potential threats to public health and
the environment from the Moss-American site in the absence of any remedial
action. Potential effects on the environment were also evaluated.

Exposure Settings

Exposure settings were developed to describe potential human exposures under
current site conditions and potential future site uses. The exposure assumptions
upon which the risk assessment is based are summarized in Table 1. Three
settings were developed for the Moss-American site. To evaluate human health
risks under current site conditions, a trespass setting was developed to describe
exposure to people who could come onto the site. A residential use setting was
developed to evaluate a maximum exposure setting to assess potential future site
use. Exposure resulting from recreational use along the Little Menomonee
River is described by the recreational use setting. An exposure setting for
direct skin contact with creosote was not developed because no method exists to
quantify this risk even though skin burns have resulted from direct contact with
sediment in the past.

Risks

The results of the risk assessment are summarized in Tables 2, 3, and 4. The
individual excess lifetime cancer risk to individuals who come onto the site and
ingest the surface soil in quantities comparable to the assumptions of the
exposure setting range from 5 x 10 (based on the highest detected
concentrations) to 5 x 10 (based on mean concentrations). Future residents
who contact contaminants exposed during site development would face risks
estimated to range from 4 x 10 (highest concentrations) to 2 x 10* (mean
concentrations). Individuals who accidentally ingest sediments from the river
encounter risks ranging from 1 x 10 (highest concentrations) to 3 x 10°. The
individual excess lifetime cancer risk is the incremental increase in the
probability of developing cancer during one’s lifetime over the background
probability of developing cancer.

Effects from acute dermal exposure to creosote is also a concern. Burns
resulting from contact with sediment from the Little Menomonee River have
been documented on at least two occasions. In 1971 volunteer workers received
skin burns from wading in the river, and in the Jate 1970s laboratory workers
received burns while conducting tests on river sediment. The potential for skin
burns is assumed to continue to exist, but risk estimates cannot be quantified.

The ecological impact on aquatic plants and animals in the Little Menomonee
River was not studied as part of this investigation. Previous investigations on
the Little Menomonee River have led to the conclusion that the river
downstream from the site is ecologically impaired. Some of the ecological
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analytical data. The most contaminated areas are the processing area (in the
immediate vicinity of the old retorts), the eastern edge of the treated storage
area, the northeast landfill, and the southeast landfill.

Groundwater

The estimated lateral extent of groundwater contamination is shown in Figure 4
along with a summary of the hydraulic characteristics of the aquifer. The
shaded areas represent organic compounds detected in the groundwater samples.
No inorganic contamination was detected in the filtered groundwater samples.
Groundwater contamination extends from the processing area to the river in a
band that could be up to 400 feet wide. The shaded area on the map shows
the maximum expected width of the band. The contaminated plume generally
follows the groundwater gradient at the site, which is northeasterly toward the
river.

Groundwater contamination extends to a maximum depth of 20 feet below
ground. No contaminants were detected in intermediate and deep wells at the
facility. The lower extent of groundwater contamination is limited by the dense
silty-clay till, which acts as a confining layer.

River Water

Eight surface water samples were taken from the Little Menomonee River and
from ditwches on the site. No PAHSs or other contaminants were detected in the
river samples. PAHs in surface water were detected in the ditch that drains
water from the site to the river. Oil from the former settling pond outfall
appears to discharge to the river, producing an oily sheen on the river adjacent
to the outfall during low flow conditions. During normal flow conditions, the
discharge is either not noticeable or does not occur.

- Sediment

The compounds detected in the river sediment are consistent with those found
onsite. The primary contaminants are PAHs. BTX compounds were not
commonly found in the sediment samples. Other detected compounds were not
widespread and were at Jow concentrations.

The concentration of carcinogenic PAHs in sediment from the Little
Menomonee River is shown in Figure 5. The vertical axis in Figure 5 represents
the Little Menomonee River. Sample locations are shown relative to the major
road crossings on the river. PAHs were detected along the entire reach from
Brown Deer Road to the Menomonee River. In general, contaminant
concentrations appear to decrease with distance from the site. In addition,
contaminants were not detected in some samples, indicating an uneven
contaminant distribution.

Additional sediment samples were collected in October 1989. The results of

those samples will be reported in a separate document when they are available.
The samples will characterize background levels upstream in the Little

vii
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Yable 2
Summary of Onsite Trespass Hisks
Moss-American Site

Noncarcinogenic Riske Cacinogenic Risks — ingestion Carscinogenic Fisks - inhalation
Totsl ingestion Total inhaletion
Exponne Tosget ingeation inhelation Chemicale Excess Liletime Envens Lilstime
s.m_vp Concenation Populsiion Hazasd Index Harzaed index Exceeding AID Cencer N_ﬁ Major Chemicale Canocer Risk Major Chemicale

Eant Highewt Chiid 0.15 014 None - - - -
Detected
Geomeltic Child 0.1 0014 None - - - -
Moan
Highest Adult 0.073 0012 None JE-04 PAHe(a) 2E-08 PAHs(a)
Oatected
Geomeltric Adult 0.055 0011 None 5€-08 PAHela) 4E-08 PAHs(e)
Mean

West Highest Child 24 0.023 None - - - -
Detected
Geometiic Chitd 024 0.008 None - - - -
Mean
Highest Aduit t2b 0018 None SE-04 PAHe(e) 3E-00 PAHe(e)
Detected
Geomelric Adult 012 0 008 None 2E-05 PAHe(a) 1E-07 PAHsla)
Meoan

Exposure Assumplions:

Noncarcinogenic Risks - 35 kg body welght {chitd), 70 kg body weight (aduft), 0.1 g/day sol inteke.
chited witiplation tate 13 limin, adult inhalation rate 20 ¥min.
Catcinogenic Risks - 70 kg body weight, 0 t g/day soll intake, 2-day/wk, 20-wks/yr, 10 yeers.

a PAHs include honzojsjanthiacene, benzojbjiuoranthens, benzolkiflucianthene, benzojalpyrsne, henzojg.h.ijpesylens
chiysane, dibonzia hjanthracene, indenof 1,2.3~cdjpyrens.

b No individuat chiomical intake exceeds RFD When hazard
wutanas Ato 1o - oslinated by health alfect, no subindexes exceed 1|



Tarpet Receptor Route intake Rate Body Weight Frequency
T in
Chlid Ingestion 0.1 g/day 35-kg -
Adult Ingestion 0.1 g/day 70-kg -
Individual used for ingestion 0.1 p/day 70-kg 40 days/yr
litetime cancer risk 10 yrs
estimate
s
Child Inhalation 13 Umin 35-kg -
Adult Iinhalation 20 l/mnin 70-kg -
Individual used for Inhalation 20 ¥/min 70-kg 2 hriday
lifetime cancer risk 40 days/yr
estimate 10 yrs
Residential Setting
Toddier ingestion 0.2 g/oay 15-kg -
Aduit Ingestion 0.1 g/day 70-kg -
Ingividua! useg tor Ingestior Age 1-8; 70-kg 365 days/yr
litetime cancer nsk 0.2 g/cay 70 yrs
estimate
Age 6-70:
0.1 g/day ~
Recreational Setting
Child Ingestion 0.1 g/day 35-kg -
Adult Ingestion 0.1 g/day 70-kg -
individual used for Ingestion 0.1 g/day 70-kg 40 days/yr
litetime cancer risk 10 yrs

estimate
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Table 3
Summary of Residential Development Risks
Moss-American Site

) Noncarcinogenic Riske ] Carcinogenic Riske - iIngestion
Totsl ingestion
Exposwe Torge Ingestion Chemicatis Excese Lilstime
Setting Concentralion Poyrtation Hazatd index Exceading RN) Cancer Riek Major Chemicele

East Highest Chitd 092 None - -
Detected
Goomeltric Child 049 None - -
Mean
Highest Adult 0099 None 2€-02 PAHe(a)
Detected
Geometric Aduh 0051 None 2E-04 PAHe(a)
Meoan

West Highest Child 12 Cadmium, fesd - -
Detected 2.4-dinitrophenol
Geometric Child 05 None - -
Mean
Higheot Aduft 130 None 4E-02 PAHe(e)
Detected
Geomelric Adult 0054 None JE-04 PAH«(a)
Mean

Exposure Assumptlions:

Noncarcinogenic Risks - Child. 35 kg body weight 0 2 g/day soil intake
- Adult' 70-kg body weight, 0.1 g/day soil intake
Carcinogenic Risks - Lifetime average: 70 kg body weight, 0 t g/day soll intake
Exposue daily for 70 years
a PAHs include benzojajantinacene, benzojbMuorenthene, benzojk fluoranthene, henzojajyrens, benzolg.h ilperylene,
chiysene, dibenzia hjanthiacense, indeno]!.2.3—cdjpytene
b No individual chemical intakn axceeds RFD When hazard
d a0 1a-astimatad by hoalth effect, no subindoxes axcend 1




Table 4
Summary of Recreational Use Risks
Littie Menomonee River

E—— = — —
Noncarcinogenic Risks -
ingestion - ___Carcinogenic Risks - ingestion
Target ingestion Chemicais Lifetime
Stream Mile __ Concentration Population Hazard index Exceeding RID Cancer Risk Major Chemicals

1 Highest Child 0.46 None - -
Detected
Geometric Child 0.16 None - _
Mean
Highest Adult 0.20 None 1E-04 PAHs (a)
Detected
Geometric Adult 0.08 None 3E-05 PAHs (a)
Mean
Highest Chilg 0.21 None - -

2 Detected w
Geometric Child 0.14 None -
Mean
Highest Adult 0.10 None 1E-04 PAHSs (a)
Detectec
Geometric Adult 0.07 None 2E-05 PAHs (a)
Mean
Highest Chilg 0.32 None

3 Detected - .. -
Geometric Chilg 0.26 None - -
Mean
Highest Adult 0.16 None 1E-04 PAHs (2)
Detected
Geometric Agult 0.13 None 2E-05 PAHSs (a)
Mean
Highest Cnilg 0.12 None - -

4 Detected ~
Geomaetric Chilg 0.23 None - -
Mean
Highest Adult 0.06 None 5E-05 PAHS (a)
Detectec
Geometric Adult 0.12 None 5€-06 PAMS (a)
Mean
Highest Chilg 0.5€ None - -

5 Detected
Geometric Child 0.47 None - -
Mean
Highest Adult 0.30 None 3E-05 PAHS (a)
Detected
Geometric Adult 0.23 None 3E-06 PAHS (a)
Mean

— ——

Exposure Assumptions:
Noncarcinogenic Risks = Child' 35 kg body weight. 0 1 g/day soil intake
~ Agutt' 70 kg bocy weight. O 1 g/day soil intake
Carcinogenic Risks - 70 kg body weight. O 1 g/day soil intake
Exposure duration. 2 days/'week for 20 weeks/year. 10 years "

a PAHs include benzo(alanthracene. benzo(bflucranthene. benzo(k)fiuoranthens. benzo(a)pyrene. benzolg h.ijperylens
chrysene. dibenz(a hjanthracene. ingeno(1.2.3-¢ d)pyrene



impairment is probably a result of the creosote contamination from the
Moss-American site. However, the studies have generally noted that it was not
possible to separate specific effects of the Moss-American facility from other
activities within the urban watershed. Consequently, while it may be inferred
that the discharge of creosote from the site to the river has had adverse impacts
on the biota of the river, the impacts of other human activities have contributed
to the degradation of the river.

ISSUES AND DATA LIMITATIONS

The extent of creosote contamination in the Menomonee River and in flood
plains on the Little Menomonee River remains to be determined.

Data limitations that have been identified are:

. Only one round of surface water samples has been collected and
analyzed. These results may not be representative of the surface
water at different times of the year and under other flow
conditions.

. Groundwater levels were measured under drought conditions and
may not represent groundwater conditions under other conditions.

. Adverse acute health effects from contact with creosote

contaminated soil or sediments may occur but a measure of the
risk cannot be quantified.

GLT864/032.50
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Chapter 1
INTRODUCTION

This report presents the results of the remedial investigation (RI) of the former
Moss-American creosoting facility in Milwaukee, Wisconsin. The RI was
conducted by CH2M HILL for the United States Environmental Protection
Agency (EPA) under contracts 68-01-7251 (work assignment 5-5LM7.0) and
68-W8-0040 (work assignment 15-SLM7.0).

PROJECT OBJECTIVES

The overall objectives of the Moss-American RI were to evaluate the threat
posed by contamination at, or released from, the site and the river and to collect
the data necessary to identify and evaluate potential remedial actions. To those
ends, an investigatory approach was designed to collect the data needed to:

. Determine the nature and extent of creosote contamination onsite
and in the river

. Identify specific compounds and determine their concentrations
onsite and in the Littie Menomonee River

. Characterize the hvdrologv and geology of the site and river to the
extent necessary to evaluate contaminant fate and transport
mechanisms and remedial alternatives

REPORT ORGANIZATION AND PRESENTATION

~ This chapter provides a brief description and history of the site and previous
environmental investigations of the site and the Little Menomonee River and
summarizes the objectives and sampling strategy emploved during the RI. The
section on the sampling strategy describes how the phased approach. in which
each successive sampling event was guided by the results of preceding tasks, was
used to focus the investigations. Detailed procedures for the investigation are
presented in the Work Plan (July 23, 1987) and the Quality Assurance Project
Plan (October 15, 1987). Detailed descriptions of the methodology for individual
tasks are also given in the appropriate appendixes.

The remaining chapters present the results of the investigation. Physical features
of the site inciuding the Little Menomonee River, which was and currently is
affected by site activities. are described in Chapter 2. The nature and extent of
contamination on the site and in the river are presented in Chapter 3. The
results of the human health and environmental assessment are given in

Chapter 4.
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BACKGROUND INFORMATION
AREA OF INVESTIGATION

The RI focused on the former Moss-American site and the reach of the Little
Menomonee River between Brown Deer Road and the Menomonee River. The
88-acre site is south of Brown Deer Road and east of 107th Street in the
northwest part of the City of Milwaukee (Figure 1-1). Throughout this report,
references to the site refer to the land within the boundaries shown in the
figures. The site is bounded on north by the Chicago and North Western
Railroad tracks and on the south by the Wisconsin and Southern Railroad
tracks. The eastern boundary of the site is approximately 1,300 feet west of N.
91st Street. The western quarter of the site is currently a rail and truck transfer
station owned by the Chicago and North Western Railroad. The remainder of
the site, which is undeveloped, is owned by Milwaukee County and classified as
parkland (Figure 1-2).

SITE HISTORY

The portion of the Little Menomonee River that crosses the site flows
southeasterly from the northern boundary of the site and leaves at the southeast
corner. It discharges to the Menomonee River approximately 5 miles downriver
from the site. The public lands adjacent to the Little Menomonee River
constitute the Little Menomonee River Parkway. Privately owned property
fronts the river in very few locations. The portion of the Little Menomonee
River that passes through the site is included in the discussions of the river
investigations but not in the discussions of the site investigations.

A wood preserving plant was established on the site by the T. J. Moss Tie
Company in 1921. The plant preserved railroad ties. poles, and fence posts with
creosote. Kerr-McGee purchased the T. J. Moss facility in 1963. In 1965. after
purchasing the American Creosote Company, Kerr-McGee changed the facility's
name to Moss-American. The name was changed again in 1974 to Kerr-McGee
Chemical Corporation—Forest Products Division. The plant closed in 1976. The
eastern part of the property was acquired by Milwaukee County in 1978, and
Chicago and North Western Railroad bought the western parcel in 1980.

The creosoting process used at the plant consisted of impregnating the wood
products with a mixture of 50 percent No. 6 fuel oil and 50 percent coal-based
creosote. Impregnation was done at 180 psi and 200°. Wood products were
loaded into retorts in the processing area for treatment. Freshly treated wood
was stacked on railcars parked on drip tracks and later transferred to the
treated wood storage areas. Processing and storage areas at the site as theyv
appeared in 1962 are shown in Figure 1-3. The processing area consisted of the
retort building. vertical tanks for creosote and fuel oil storage, and several
smaller support buildings.

Berween 1921 and 1941. liquid wastes from the site were discharged directly to
the Little Menomonee River. In 1941 a series of settling basins and a coke
filter were installed for waste treatment. however. in 1954 a Public Health
Engineer noted that the coke filter was not in place. At that time. the

1-2
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wastewater passed through an oil-water-sludge separator and was discharged to a
700-foot ditch (the settling pond area shown in Figure 1-3) that ultimately
discharged to the river. The ditch included one settling pond and hay filters
installed at the head of culverts that passed under the tracks at 70- t0 150-foot
intervals. Subsurface drains added in 1952 drained to an open ditch along the
northern property boundary and then to the river. The extent and configuration
of the drain system is not documented.

In 1966, the Milwaukee Metropolitan Sewerage Commission advised Moss-
American that oil leaking from the drainage ditch and settling ponds was not
permitted and they should be dredged and the pond walls rebuilt with
uncontaminated clay. Moss-American complied with that request.

The Wisconsin DNR issued an Administrative Order in 1977 requiring that
Moss-American divert its process water discharge to the Milwaukee sanitary
sewerage system. In 1971, the company completed the diversion project, and
discharges to the river were limited to water softener wastes and stormwater
runoff.

National attention was brought to the site in 1971 when a group of teenagers
received chemical burns from wacing in sediments more than 3 miles
downstream of the site. Subsequent studies identified creosote from the Moss-
American facility as the source of the chemicals. In response to this incident.
the settling ponds and 1.700 feet of river adjacent to the site were dredged to
remove creosote and creosote-contaminated soils. and an underground clay wall
was placed between the settling ponds and the river. Dredgings from the
settling ponds were landfilled in a field east of the river and the ponds were
backfilled with clean soil. River dredgings were spread and buried along the
west bank of the river.

The plant facilities were demolished in 1978. Some oil saturated soils (450 cubic
vards) were excavated and shipped to the Nuclear Engineering Landfill in
Sheffield, Illinois. Excavated areas were backfilled with clean fill matenal.

PREVIOUS INVESTIGATIONS

Several environmental investigations have taken place at the site and in the
river. The investigations that involved sampling and analyses are summarized
below.

Limnetics--1970

In a repont prepared for Congressman Henry S. Reuss. a field biologist from
Limnetics stated that the Moss-American site was the source of creosote and oil
poliution in the Little Menomonee River.

L.S. Army Corps of Engineers-1971
The US. Armv Corps of Engineers analvzed five sediment and two river water

samples from the Little Menomonee River for oil and grease. hexane soluble
compounds. and total volatile and phenolic compounds. Infrared and ultraviolet
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spectra of the hexane-soluble compounds were obtained. Testing concluded that
another source of contamination in addition to Moss-American was discharging
to the Little Menomonee River near Bradley Road.

Citizens for Menomonee River Restoration, Inc.-1973

The Citizens for Menomonee River Restoration prepared a report to document
the discharge of industrial waste into the Little Menomonee River. It identified
the river sediment contamination as creosote and the Moss-American Company
as the probable source of the contamination.

Bio-Test-1973

Industrial Bio-Test Laboratories, Inc. conducted test cleanup of 500 feet of
contaminated Little Menomonee River sediment between Bradiey Road and
Good Hope Road. The procedure consisted of dredging the river, dewatering
the dredgings, discharging the treated water back to the river, and disposing of
the solids in a landfill. Sediment samples within the test area were analyzed
using a hexane extractable method.

Rexnord--1973

Rexnord was contracted by the EPA to remove creosote from the sediments of
the Little Menomonee River. The Phase I work was a demonstration of the
removal method in a 500-foot section of the river before final selection of a
contractor for the Phase II work. Rexnord's report describes the Phase II
operations.

Cleanup operations were performed along a 4,000-foot section of river beginning
about 500 feet downstrearn of Brown Deer Road. The cleanup procedure
consisted of hydraulically dredging mud and sediment from the river bottom and
dewatering the dredgings. The dredgings were disposed of in a landfill and the
water was returned to the river after treatment. Sediment samples collected
before dredging were analyzed for hexane soluble compounds at 50- to 70-foot
intervals along a 13,000-foot stretch of the river. These values were compared
with those from hexane soluble analyses performed on samples collected after
dredging to assess performance of the operation and to ensure that the residual
concentrations were less than the cleanup goal of 5,000 mg/kg. Related studies
included toxicity studies on crayfish, water fleas, and various fish common to
southeastern Wisconsin. Skin irritation tests were performed on rabbits.

U.S. EPA--June 197§

An investigation performed by John R. Helvig from the EPA Region 5
Surveillance and Analysis Division, Minnesota-Wisconsin District Office, reported
that the origin of the oilv contamination in the Little Menomonee River was
within a 0.9-mile stretch of the river that included the Moss-American site. The
only discharges to the river in that stretch were from the Moss-American

property.



NEIC-April 1977

The National Enforcement Investigations Center (NEIC) conducted an
investigation t0 determine the amount and general location of creosote deposits
in the Little Menomonee River and to evaluate the effects of creosote
deposition on the quality of natural sediments, flowing water, and aquatic biota
in the river. Other aspects of the study include flora studies, macroinvertebrate,
and fish studies. River sediments taken over a 7-mile stretch of river were
analyzed for methylene chioride soluble compounds. Data use was limited
because the admitted falsification of a sample by one of the samplers tainted the
entire study. Since the same sampler was involved in the November 1977 NEIC
sampling, analytical results in both reports were of limited use.

NEIC--November 1977

NEIC conducted this study to determine the extent of creosote contamination in
soil and groundwater to evaluate the potential for continued pollution of the
Little Menomonee River and to determine the measures necessary to eliminate
the source of pollution. Samples were analyzed for methyiene chioride
extractable compounds; the presence of creosote in the extracts was confirmed
by gas chromatography. Data use was limited because of the falsification of a
sample in the previous NEIC report. The report described “widespread and
‘high concentrations of creosote” in the soil and groundwater at the site but did
not determine the actual extent. It recommended an interceptor ditch to
prevent contaminated groundwater from the site from reaching the river, but did
not make any recommendations about the contaminated soils on the site. The
investigation did not include offsite river sediments.

Other Investigations

Kerr-McGee periodically sampled effluent discharge from the Moss-American
- facility but did no systematic studies of the sediments or soils.

Overall Data Deficiencies and Limitations

Most of these investigations were performed during plant operations or shortly
after closure and before removal of plant structures. The distribution of
contaminants across the site will have changed in the interim because of
demolition and removal of the buildings. surface preparation for the parking lot,
construction of the additional railroad sidings, and natural processes such as
migration.

Analytical procedures were used to determine general levels of organic
contamination but specific compounds and their concentrations were not
identified. In addition, analyses for inorganic compounds were not performed.
Estimation of risk requires that concentrations of individual compounds be
known. Most of these investigations were designed to establish the presence of
contamination but not its extent. An objective of the NEIC investigations was 10
determine extent. but use of those data has been limited.
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Groundwater sampling was conducted only once (by NEIC) but analysis was
limited to methylene chloride extractables. Individual compounds were not
quantified. Hydrogeologic studies needed to determine movement of
contaminated groundwater and the rate of discharge to the Little Menomonee
River have not been performed.

DATA QUALITY OBJECTIVES

The following are Data Quality Objectives associated with the Moss-American
Phase I RI:

. To define the extent of creosote contamination in onsite soils and
river sediment by semiquantitative and real-time field screening
methods in a cost-effective and timely manner.

. To define relative creosote contaminant concentrations so that
submittal of high concentration samples (as known to exist at the
site) can be controlled to avoid instrument interference or failure.
and so that samples later sent for analysis can be properly
prepared and handied.

. To verify in a cost-effective manner that the screening method has
identified contaminants of concern (creosote and fuel oil
constituents).

. To quantitatively identifv constituents of the creosote contamination
for remedial needs and to support the risk assessment.

. To analvtically confirm and document for litigative purposes levels
of creosote constituents present in site soil. river sediments, and
groundwater.

. To support selection of remedial alternatives in the FS.

To meet these six objectives, a phased approach using onsite and laboratory
screening was implemented during the investigation. The investigation strategy is
summarized in the following section.

INVESTIGATION STRATEGY

The investigation was divided between the site and the river. Work on the site
was designed to determine the nature and extent of contaminated soils. the
nature and extent of contaminated groundwater. and to evaluate the site
hvdrogeology. The river investigation was designed to determine the nature and
extent of contaminated sediments and surface water. Details of the field
investigations are provided in Appendixes A through H. Analvtical Results are
described in Chapter 3.

Soil and sediment sampling was performed in several stages. Initial sampling

was widely spaced to provide broad areal coverage. Samples were screenec in
the field for visual evidence of contamination and with field instruments for
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organic vapors. More than 500 soil and sediment samples were analyzed at an
onsite laboratory for total extractable organic concentrations. These data were
used to estimate the extent of contamination on the site and in the river. To
verify the initial sampling and to quantitatively identify contaminant
concentrations, 100 of the samples were analyzed in an offsite laboratory for
polyaromatic hydrocarbons (PAHs) and phenols. Finally, a limited number of
areas were resampled based on the PAH results and sent for analysis through
the EPA’s Contract Laboratory Program (CLP).

Onsite Investigation

The onsite surface soil investigation began in May 1988, Surface samples were
collected from test pits and, where excavations were impractical, from borings.
Samples were taken from depths up to 4 feet to investigate beneath fill that was
spread after plant closure. The initial samples were generally collected at
200-foot intervals and total extractable organic concentrations were measured in
a mobile onsite laboratory. Additional samples were collected at 100-foot
intervals in areas where high extractable organic concentrations were found. A
total of 167 surface soil samples were collected and analyzed for extractable
organic concentrations. Surface sample locations are shown in Figure 1-4.

. Forty onsite surface soil samples were selected for analvsis of PAH and phenolic
compounds (Figure 1-5). The sampies were selected on the basis of extractable
organic concer.:ration and location. Samples were selec:ed to represent the full
range of extrzciable organic concentrations detected; however, selection was
biased towarc the more contaminated samples. Samples were also selected from
each of the suspected source areas.

Afier receipt of the PAH and phenolic compound analvtical results, 16 locations
were resampled (Figure 1-6) and the samples were sent to CLP laboratories for
analysis of Target Compound List parameters, dioxin, and selected treatment
parameters. Samples were selected from the suspected source areas and also
from areas thought to be unaffected by site activities.

Thirty onsite subsurface soil samples were collected from borings performed at
the site (Figure 1-7) and submitted to CLP laboratories for analysis of
compounds on the Target Compound List, dioxin, and selected treatment
parameters. The borings, most of which were used for monitoring well
installation, were located on the basis of contaminant distribution as determined
by the surface soil screening results and visual test pit logs. The rationale for
each boring location is given in Appendix F. The subsurface soil samples were
collected from various depths using split spoons during drilling. The samples
were selecied from depths corresponding to the screened intervals of the
monitoring wells that were subsequently installed. One hundred eighty-three
split-spoon samples were analyzed for extractabale organic concentrations. The
screening results were not used to select the CLP samples because both sets of
samples were collected simultaneously.

Twenty-four monitoring wells were installed in 16 locations at the site. Wells

were grouped in one nest of three, six nests of two, and .nine'individual wells.
Monitoring wells were located 1o monitor contaminant migration from areas of
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soil contamination and to monitor groundwater quality entering the Little
Menomonee River. Background wells were also installed. The monitoring
wells were used for several purposes. Groundwater samples were collected to
determine the nature and extent of groundwater contamination; water levels
were measured to determine vertical and horizontal groundwater gradients and
direction of movement; and well tests were performed to estimate aquifer

properties.

Sixteen monitoring wells were installed to a depth generally between 15 and 20
feet and are referred to as “shallow” wells. These are screened in the surficial
water-bearing zone. Monitoring well MW-14S is the exception. It is 28 feet
deep and screened in the unweathered till. Deeper wells (40 to 50 feet) were
installed at seven of the shallow well Jocations to measure vertical hydraulic
gradients and to provide deeper groundwater samples downgradient of
contaminated areas. The deep wells are called "intermediate” wells. A third,
deeper well was installed to a depth of 55 feet at one well nest (MW-4) to
investigate for deep contamination immediately downgradient of the process
area. Monitoring wells MW-1S, MW-1], and MW-13S were installed as
background wells.

The onsite field work was completed in July 1988.
River Investigation

In this study, the Little Menomonee River from Brown Deer Road to the
confluence with the Menomonee River was investigated. Initial reconnaissance
of the Little Menomonee River was made in late November and early
December 1987. General features of the river and discharge points to the river
were mapped. '

Sediment sampling took place in May 1988. One hundred four samples were
collected from the upper 1 foot of sediment at 300-foot intervals along the river
and screened for extractable organic concentrations at the onsite laboratory.
The screening results, along with visual observations, were used to identify
locations for cross section sampling. The river cross section locations are shown
in Figure 1-8. Samples were collected from three to four evenly spaced
locations across the river. They were collected at 1-foot depth intervals to a
depth of up to 3 feet or until hard sediment prevented the advance of the
sediment corer. Four to eight samples were collected at each cross section.
Additional samples were collected from banks, the flood plain, and selected
inlets. All the samples were analyzed for extractable organic concentration. A
total of 291 samples were analyzed.

Sixty samples were analyzed for PAH and phenolic compound concentrations
(Figure 1-9). The samples were selected based on extractable organic
concentration to include the most contaminated samples as well as a
representative number of samples from all extractable organic concentrations.
Sixteen samples (Figure 1-10) were resampled for submittal to CLP laboratories
for analysis of compounds on the Target Compound List. dioxin, and selected
treatment parameters. Sample locations were selected based on the results of
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the PAH and phenolic analyses. Samples were collected to be representative of
all ranges of concentrations detected.

Eight surface water samples were collected and analyzed for compounds on the
Target Compound List and for selected treaunent parameters (see Figure 1-11).
Six water samples were taken from the Little Menomonee River. Two samples
were collected upstream of the site, one was taken from the river at the point
where it leaves the site, and three were taken at greater distances downstream
from the site. Two water samples were collected from locations on the site
where surface water was draining into the river. The surface water sampling
took place in May 1988. Water levels were probably higher at this time than at
any other time during the field activities.

GLT864/014.50
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Chapter 2
SITE CHARACTERIZATION

This chapter describes the physical characteristics of the Moss-American site and
the Little Menomonee River. The information presented focuses on physical
features affecting contaminant transport and potential exposure routes required
to support the feasibility study. Analytical results from the sampling effort are
covered in Chapter 3, Nature and Extent of Contamination.

Information was obtained from existing reference material and from the results
of the field work conducted during this remedial investigation. Regional
geologic, hydrologic, and land use information was collected during the
evaluation of existing data. Much of that information was taken from Southeast
Wisconsin Regional Planning Commission’s report on the Menomonee River
watershed (SEWRPC 1976). :

REGIONAL SETTING
TOPOGRAPHY

The Milwaukee area is part of the Great Lakes section of the Central Lowlands
physiographic province. The area is characterized by topographic features
resulting primarily from glacial processes. Local relief in the area is generally
less than 100 feet giving rise to the flat to rolling topography characteristic of
glaciated areas.

CLIMATE

The climate for the area is typical for the upper Midwest, with warm summers
and cold winters. The average daily temperature range for January and
February is 8° to 32°F; for July and August it is 55° 1o 83°F. The average
annual precipitation is between 29 and 30 inches (water equivalent) with monthly
averages ranging from 1.1 inches in February to 3.8 inches in June and in July
(SEWRPC 1976).

HYDROLOGY

The Little Menomonee River is tributary to the Menomonee River, which
discharges to the Milwaukee Harbor Estuary about 0.9 mile from Lake
Michigan. The Menomonee River watershed includes approximately 137 square
miles with 10 square miles or 15 percent tributary to the Little Menomonee
River. There are approximately 69 miles of perennial stream in the
Menomonee River watershed of which 11.9 miles, or 17 percent, are within the
Little Menomonee River Watershed.

Land use within the Menomonee River watershed is approximately 54 percent

rural and 46 percent urban. Most of the urban land is in the central and
southeastern portion of the watershed. The upstream watershed is

2-1



predominantly rural with some relatively new low to medium density residential
uses. The Little Menomonee River is located in the upstream Menomonee
River Watershed. Land use is predominately rural with 65 percent rural uses
and 35 percent urban uses. Urbanization increases from north to south or
downstream in the watershed.

Soils within the Little Menomonee River watershed are predominantly hydrologic
soil group C and D rated on a scale with A soils being sand and D soils being
clay. The soil tends to produce higher volumes of runoff and peak flows in

drainage systems.

The slope of the Little Menomonee River is approximately 3.5 feet per mile.
There are 18 hydrologically significant bridges and culverts. Channelization has
been carried out on approximately 80 percent of the perennial stream length of
the watershed. Sediment removal was conducted in 1972 and 1973 for a
4.600-foot channel segment downstream of Brown Deer Road and the C&ANW
Railroad bridge.

HYDROGEOLOGY

A conceptual cross section of the regional hydrogeology beneath the Moss-
~ American site is shown in Figure 2-1. Three aquifers underlie the region: the
sand and gravel aquifer, dolomite aquifer, and the sandstone aquifer.

The sand and gravel aquifer is not continuous in the region. It is composed of
sand and gravel in beds, lenses, and stream channels within recent and
Pleistocene deposits. The thickness of the deposits varies up to 160 feet. The
total thickness of the glacial and alluvial overburden can be as much as 250 feet.
The primary sources of recharge to the sand and gravel aquifer are downward
percolation of precipitation and surface water recharge from streams. In some
-areas, upward movement of groundwater from the dolomite aquifer is also a
source of recharge. Note that the sand and gravel lens shown in Figure 2-1 is
for conceptual understanding. only, and not indicative of an actual lens. Site-
specific details are discussed later in more detail; however, no sand and gravel
lenses were present to a depth of 60 feet (extent of investigation).

The dolomite aquifer consists of Silurian and Devonian dolomites. Groundwater
flows primarily through joints and bedding planes. Recharge is mainly from
percolation through the overlying glacial deposits. In addition to deep
percolation, small quantities of recharge through infiltration of streamflow may
also occur where streams have cut into the dolomite. Surface exposures of the
dolomite are present in the river south of Fond du Lac Avenue.

The sandstone aquifer consists of Cambrian and Ordovician sandstones and
dolomites. Recharge to the aquifer is primarily from percolation through
overburden deposits 25 miles west of the site. where the confining unit
(Maquoketa shale) is absent.

1
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SITE SETTING
LAND USE

Current land use on the site consists of an automobile transfer and storage lot
on the western 23.3 acres and undeveloped county park property over the rest
of the site. Site surface features are shown in Figure 2-2. Historic land use
during site operations is described in Chapter 1 and is shown in Figure 1-3.

The automobile storage lot is leased from the C&NW Railroad by the E&L
Transport Company. New cars and trucks shipped by rail are unloaded at the
lot, stored temporarily, and then shipped out by truck. The southwestern
portion of the property is a paved parking and truck Joading area. East of the
paved area is a gravel parking area and grassy area used for overflow parking.
The rail spurs on the northern part of the property are used for parking and
unloading train cars. Several feet of gravel fill was added to this area to
construct the spurs. Access to the automobile storage lot is limited to
employees of the E&L Transport Company, C&ANW Railroad, and official
visitors. The property is fenced and access is controlied by security police.

Access 10 the undeveloped county park property is not restricted, although it is
limited by railroad tracks on the north and south, and the fenced automobile
storage lot on the west. Access from the east is by an undeveloped lot and the
river, which limits access to the west half of the park property. The county
property west of the river is posted “No Trespassing—Hazardous Chemicals May
Be Present.” Although the property is posted, it is used occasionally as a short-
cut for pedestrians between the Granville neighborhood and Brown Deer Road
and at least one person had constructed a shelter on the property using railroad
ties. (The structure was removed by Milwaukee County Park officials in

May 1988.) The area east of the river is used primarily by offroad motorcyclists
and hikers.

TOPOGRAPHY

Elevations at the site range from 714 to 750 feet. The river drains the entire
site. The land slopes up to 3 percent west of the river and up to 10 percent
east of the river.

The parking areas and rail spur areas have been cut and filled 1o make them
level. Gravel fill has also been added to much of the low-lving swampy areas.
The former settling pond area is usually flooded during the wet season. The
wooded areas along the river are also wet, often with ponded water. Mounds
and levees (1 to 2 feet high) lie immediately adjacent to the river indicating
areas where river dredgings have been dumped. The wooded areas west of the
river, especially the southeastern pant of the site, contain small mounds of trash.

The topographyv east of the river has not been modified except for an extensive
cut in the field in the far eastern part of the site, which was used for fill
material, and levees along the river in a clearing south of the C&NW Railroad.

2
(V3]



It is not known whether the material cut from the hillside was used on the site
or elsewhere.

SOILS

The Milwaukee County Soil Survey (1971) classified the developed areas on the
site west of the river as loamy land, which is a miscellaneous land type consisting
of fill or cut and borrow areas. The wooded areas on both sides of the river
consist of Colwood silt loam, which is a poorly drained silty soil underlain by
stratiied lacustrine silt and very fine sand. According to the survey, the soils are
moderately permeable with high available water capacity. The fields east of the
river consist of Mequon silt Joam and Ozaukee silt Joam. The Mequon series is
on the lower concave sideslope of the hillside east of the river. Slopes range
from 1 to 3 percent, and the soil is somewhat poorly drained and generally not
eroded. The Ozaukee series occupies convex sideslopes of glacial moraines.
Slopes from 2 to 12 percent have caused moderate erosion problems. Drainage
is good. The entire solum and part of the glacial moraine have been removed
from the cut and borrow area in the field in the northeast corner of the
property.

VEGETATION

The wooded areas along the river are classified as woodland group 7. The
principal native trees listed by the soil survey are mixed northern hardwoods and
stands of oak and aspen. Common species are soft maple, ash, and elm.
Although a survey of vegetation was not conducted as part of this investigation.
the general description given for the wooded area agrees with informal
observations made during the field work. The swampy area west of the river
contains grasses, cattails, and horseztails.

HYDROLOGY

The Moss-American site is approximately 5.6 river miles upstream of the
confluence of the Little Menomonee River with the Menomonee River. The
channel runs through or adjacent to the site for approximately 2,100 feet. The
average slope of the river in the vicinity of the site is 2.5 feet per mile, which is
slightly less than the average subwatershed slope. Channel characteristics along
the site are relatively constant with the following dimensions:

Top Width 25 to 35 feet
Bottom Width 5 to 10 feet

Channel Depth 5 to 10 feet

Base Flow Water Depth 1to 2 feet

Extremely drv conditions have resulted in short-term flows near zero at gauging
stations upstream of the site.

Continuous flow records near the site are not available. Peak flow rates were
estimated in the Federal Emergency Management Agency (FEMA) study
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S

conducted in 1987. The following peak flow rates are identified for the Little
Menomonee River at the Brown Deer Road bridge:

10-year 330 cfs
50-year 500 cfs
100-year 580 cfs
500-year T70 cfs

Velocities for the 100-year storm vary from 0.6 to 0.2 foot per second on the
site.

The Federal Emergency Management Agency has established the 100-year flood
plain for the stream reach through the Moss-American site. Approximately

25 percent (visual estimate) of the site is contained within the 100-year flood
plain (Figure 2-3). The flood plain elevation is established at 719.2 feet at the
upstream site limits and 718.7 feet at the downstream limits.

HYDROGEOLOGY AND GEOLOGY

The site overlies a surficial water-bearing unit and confining bed. The water-
bearing unit consists of a thin mantle of fill, alluvium, and weathered till. This
thin laver of material would not yield sufficient water to wells to classify it a true
aquifer. The confining bed is the unweathered Oak Creek Formation, which is
predominantly a dense silty clay till. On the cross section (Figure 2-4), the top
two units (F and Aw) constitute the water-bearing unit. The confining bed is
labelled “OC.”

Surficial Unit

The surficial unit comprises everything above the confining bed. It includes
extensive fill deposits. alluvial deposits along the river, and the weathered upper
few feet of the Oak Creek Formation.

The fill is highly variable and has been added to the site at different times for
different reasons. The most recent fill was added in the western portion of the
site to provide a level area for parking in the automobile transfer area. Fill
thickness is as great as 10 feet beneath the railroad sidings, decreasing to the
south. Approximately 1 foot of fill covers the process area.

Clean clay fill was used to backfill the dredged settling ponds. Contaminated
dredgings (8,100 cu/ft) from the settling ponds were landfilled in the northeast
comner of the site. Cinder and wood chip fill was used in several areas around
the site, especially in the wood storage areas. Low, swampy areas along the
river were filled with trash, construction debnis, and possibly wastes from the
wood treatment process.

Alluvial deposits are associated with the Lirtle Menomonee River. They consist
of sand and gravel channel deposits and silt and clay flood deposits.



The till is part of the Oak Creek Formation, which consists of glacial till,
lacustrine clay, silt and sand, and some glaciofluvial sand and gravel. The till is
fine grained, commonly containing 80 to 90 percent silt and clay. The till was
generally weathered to a depth of 2 to 10 feet, as evidenced by standard
penetration test results and color. The weathered till is generally brown,
whereas the unweathered till is gray. Penetration resistance was two to four
times greater in the unweathered till.

Hydraulic conductivities from tests on shallow wells completed in the alluvium
and weathered Oak Creek Formation ranged from 10 to 10 cm/s. Hydraulic
properties of the fill are probably comparable, except that more variability would
be expected. The saturated thickness of the surficial material averaged about

10 feet in July 1988.

The water table as measured in July 1988 is shown in Figure 2-5. Groundwater
flowed toward the low-lying areas adjacent to the river. These areas are
typically marshy wetlands but they were dry at the time of the study because of
the drought that summer. Groundwater discharged to these areas either
migrates downriver through alluvial sands. or is lost to the atmosphere by
evapotranspiration. Discharge to the river was apparent only in the vicinity of
MW07. Downstream from MWO07, the Little Menomonee River was a losing
stream at the time of the study.

During wetter conditions. the Little Menomonee River is probably a gaining
stream (groundwater discharges to the river). At the beginning of the field
investigation. before the monitoring wells were installed. ponded water in the
wetland between MW11 and MW12 flowed into the niver. In addition,
groundwater levels dropped as much as 1 foot during a 2 week period in July
alone, indicating normal groundwater levels are significantly higher than the
measured water levels.

Therefore. based on the observations discussed above. the surface-groundwater
relationship appears to be seasonal. with groundwater discharging to the nver in
spring and the river discharging to the groundwater in summer. However,
because of the extreme dry conditions at the time of the study, it cannot be
assumed that the seasonal fluctuation is representative of normal conditions.

Flow volumes across the 715-foot groundwater contour west of the river were
calculated for the site (Appendix I, Table 1-1). The calculations are based on
hydraulic properties and the aquifer geometry measured in July 1988. The total
lateral groundwater flow volume for the western part of the site was

1,700 gallons per day. Because of the drought conditions this estimate is much
Jower than the anticipated normal discharge. Normal groundwater discharge is
estimated to be between 3,000 and 14,000 galions per day. The estimates are
based on the average and maximum hydraulic conductivities measured in the
shallow wells onsite. using a saturated thickness 2 feet less than the thickness of
the surficial material (Appendix I, Table 1-2).
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Confining Bed

The unweathered part of the Oak Creek Formation consists of a confining bed
between the surficial water-bearing unit and underlying regional aquifers. The
formation is a dense, silty clay till with interbedded lacustrine units. Below the
site, the glacial degosits are approximately 150 feet thick and underlain by the
dolomite aquifer (SEWRPC 1976). Sand and gravel lenses or beds of the sand
and gravel aquifer were not encountered below the site during the soils
investigation, in which soil samples were collected to a depth of 60 feet.

The minimum thickness of the confining bed below the site is at least 40 feet.
The maximum thickness, if no sand and gravel beds are present, could be about
120 feet. The minimum thickness is based on the extent of the investigation
(60 feet) minus the overburden thickness (about 20 feet). The maximum
thickness is based on SEWRPC information (see Figure 2-1).

Slug tests conducted on the Oak Creek Formation in the deep and intermediate
wells indicate average hydraulic conductivities in the screened zones of 10° to
10 c¢m/s. The screened zones are completed in sandy layers or in the zone
believed to be most permeable. Therefore, the hvdraulic conductivity of the
entire unit is probably less than the values reported. Vertical hydraulic
conductivity should be considerably less because of the anisotropy associated
with the laminated and thinly bedded lacustrine silts, sands, and clays.

Regionally. vertical percolation through the till is a source of recharge for the
sand and gravel aquifer and the dolomite aquifer. Regional estimates for deep
percolation through the till range from 48.000 to 191.000 gallons per day per
square mile (Milwaukee Metropolitan Sewerage District Report), or 6,600 to
26.000 galions per dav for the 88-acre Moss-American site.

GLT864/015.50
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Chapter 3
NATURE AND EXTENT OF CONTAMINATION

INTRODUCTION

This chapter describes the nature and extent of contamination from creosoting
operations at the Moss-American site. Samples were taken of surface soil,
subsurface soil, and groundwater in the site area, and surface water, sediments,
flood plains, dredging piles, and tributary inlets of the Little Menomonee River
downstream of the site. Analysis of samples focused on organic constituents
typically found in creosote-based wood preservatives. The creosote used at the
Moss-American site was a mixture of SO percent coal tar creosote and

50 percent fuel oil. Chemical analyses of the specific creosote used at the site
do not exist, but a discussion of general constituents is presented below.

COMPONENTS OF CREOSOTE

Coal tar creosote is a byproduct of the production of coke from coal. The 200
to 400°C fractions are distilled coal tar or creosote. Creosote is 8 mixture of
single to multiple ring aromatic compounds. Over 200 different components
have been identified in creosote. The major components of a typical creosote of
U.S. origin are listed on Table 3-1. The greater part of the composition of
creosote consists of neutral organic fractions such as polyvcyclic aromatic
hydrocarbons (PAHs) and dibenzofuran. Tar acids, such as phenol and the
cresols, as well as such tar bases as pyridenes, quinolines, and acridines,
constitute a rather small percentage of the total weight of creosote.

The fate and transport of components of creosote in soil and water systems
depend on several physical and environmental factors. Sorption is the most
important factor in the transport mechanism for dissolved PAHs in water
(Callahan et al. 1979). Most PAHs have low solubility in water and high organic
carbon partition coefficients that indicate they migrate slowly when dissolved in
groundwater. Other studies, however, indicate that oil seepage is the primary
mode of contaminant transport in groundwater, rather than by dissolved
migration. Jenkins (1986) suggested that transport through groundwater by
microdroplets of oil, or micelles, is probably universal at wood preserving sites
where there has been surface contamination. Significant degradation processes
for PAHs are biodegradation and oxidation (Callahan et al. 1979). Degradation
rates for PAHs generally decrease as molecular weights increase. The rates are
faster in soil than in water, and faster when the bacteria population is
acclimated (Herbes et al. 1980; Sims and Overcash 1983). According to
laboratory studies, half-lives of PAH compounds vary from about a month
(acenaphthviene and anthracene) to more than 3 years (benzo[k]fluoranthene)
(Dragun 1988; Sims and Overcash 1983). Site-specific contaminant transport
mechanisms are described in Appendix K.



CONTAMINANTS OF CONCERN

The primary potential organic contaminants of concern at the Moss-American
site are summarized in this chapter in three groups: carcinogenic PAHs;
noncarcinogenic PAHs; and benzene, ethylbenzene, toluene, and xylenes (BTXs).
The carcinogenic PAH group contains the eight PAHs that have been ranked by
the US. EPA Carcinogenic Assessment Group as class B or C carcinogens (see
Appendix K). The noncarcinogenic PAH group contains the nine other target
PAH compounds. Table 3-2 lists the organic compounds within each group.
The BTX group represents the most common volatile organic compounds that
are found as compounds of petroleum based fuels.

ORGANIZATION OF CHAPTER

The findings of the nature and extent of contamination for creosote components
are presented in this chapter for the four different media that were sampled:
onsite soil, groundwater, surface water, and sediment. Descriptions of the field
screening procedures and results are given in Appendixes A through H. The
analytical data are presented in Appendix P, and the QA/QC review summaries
are presented in Appendix N. Summary tables presenting the occurrence and
concentration range of detected compounds for each media are found in
Appendix O.

ONSITE SOIL

The onsite remedial investigation focused on areas that may have been affected
by site operations. The investigation included potential source areas such as the
processing area, drip tracks, storage areas, settling ponds, gravel fill area, solid
waste pile, dredging piles along the river, and the dredging landfill east of the
river (see Figure 1-3). Wooded areas and a small field east of the river, which
- were not disturbed during site operations according to aenal photographs, were
not included in the investigation.

The initial investigation used field screening methods for extractable organics to
determine the general horizontal and vertical extent of contamination from
onsite operations. This was followed by analytical sampling to identify and verifv
the presence and level of compounds of concern.

SCREENING

The screening procedures used to estimate the extent of contamination in onsite
surface soils and the screening results are described in Appendixes D and E.
The procedures included determining the concentration of extractable organic
compounds in the soil and visual logging of the test pits and borings.
Measurement of extractable organic compounds provided an estimate of the
relative amount of creosote and oil in the soil although it did not provide
information about specific compounds. Visual observations included soil type
and the presence of oilv material in the soil. Organic vapor concentrations were

3.2



Table 3-1

CHEMICAL COMPOSITION OF UNITED STATES CREOSOTE

Compound or Component

Naphthalene

Methyl naphthalene
Dipheny! dimethylnaphthalene
Biphenyl

Acenaphthene
Dimethyinaphthalene
Diphenyloxide

Dibenzofuran
Fluorene-related compounds
Methy! fluorenes
Phenanthrene

Anthracene

Carbazole
Methylphenanthrene

Methyl anthracenes
Fluoranthene

.Pyrene

Benzofluorene

Chrysene

Total

Source: McGinnis, July 1987.

Table 3-2

Percent of Total

3.0
2.1

ORGANIC COMPOUNDS IN FOUR REPRESENTATIVE CONTAMINANT GROUPS

Carcinogenic PAH* Noncarcinogenic PAH
Benzo[a]anthracene Naphthalene
Chrysene 2-Methylnaphthalene
Benzo[b]fluoranthene Acenaphthene
Benzo[k|fluoranthene Acenaphthviene
Benzo{a]pyrene Phenanthrene

Indeno|1.2,3-cd)pyrene Anthracene

Dibenzo[a.h]anthracene Fluoranthene

Ben2o[g.h.i]perylene Pyrene
Fluorene

TPAHs considered carcinogenic by the U.S. EPA
® Chlorinated VOCs detected during the investigation.

GLT938/008.50

BTX

Benzene
Ethvibenzene
Toluene
Total Xylenes
(m.o,p-xylene)

Chiorinated VOC®

Methylene Chloride
Chloroform
1.1.1-Trichioroethane
Tetrachloroethene
1,1-Dichloroethane



measured with an HNu meter; however, readings above background were
encountered only at a few locations because of the low volatility of most PAH
compounds.

A backhoe excavated test pits to a depth of 4 feet on a 200-foot grid for visual
examination of the soil and to collect samples for measurement of extractabie
organic compounds in the onsite laboratory. Additional samples were collected
on a 100-foot grid to better define the limits of contamination identified by the
200-foot screening grid. Samples were also collected from offsite areas near the
railroad tracks and in the open area north of Brown Deer Road and the site.

The depth of soil contamination onsite was estimated by screening split-spoon
soil samples from 20 boreholes for concentrations of extractable organic
compounds. Visual estimates of depth of contamination on the basis of visibly
oily soil were also made while excavating the test pits. The subsurface soil
sampling methodology and field screening results are given in Appendix F.
Screening sample locations and concentrations of extractable organic compounds
are shown in Figure E-4 in the Appendixes. Results of contouring the range of
concentrations of extractable organic compounds are presented in Figure 3-1.
The limits of apparent visual contamination are also indicated in Figure 3-1.

Five distinct lobes of organic soil contamination are indicated in Figure 3-1.
These generally correspond with potential contaminant source areas defined
from evaluation of historical photographs and history of the site. The areas are
outlined in Figure 3-2 and include:

Processing area and vicinity
Settling ponds

Treated storage area
Northeast landfill
Southeast landfill

Three other areas, the dredgings piles along the river, the gravel fill area, and
the so-called standing liquid area, also contained evidence of contamination.
However, contaminant levels in these areas were comparable to contaminant
levels in background areas along the railroad tracks and north of Brown Deer
Road. Note in Figure 3-1 that a band of organic contamination is apparent
along the railroad bed south of Brown Deer Road, and that this contamination
is probably related to rail traffic and not site activities.

ANALYTICAL SAMPLING

After completion of initial site screening, locations for analytical soil sampling
were selected. These included locations where the objectives were to determine
the actual constituents and levels of organic contamination, as well as areas
potentially void of contamination onsite (background samples). The selection
process is described in Chapter 1.

3.3
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The results of analyses for carcinogenic PAH, noncarcinogenic PAH, and BTX
compounds are summarized in Figures 3-3, 3-4, and 3-5. Each of these
concentration range plots correlates well with Figure 3-1. BTXs appear to be
widespread, which would be expected for these more mobile compounds. The
five general source areas are evident in each of the plots.

Figures 3-6, 3-7, and 3-8 are contaminant concentration profiles for total
carcinogenic PAH, total noncarcinogen PAH, and total BTX and volatile organic
compounds. These profiles give an indication of the probable maximum vertical
extent of contamination across the site. They also suggest that for the most part
contamination is limited to the fill and weathered till zones.

The detailed results for the analytical sampling program are presented below,
first for the results of background analyses and then for each of the five
apparent source areas.

Results of Background Sampling

Soil samples were collected in areas onsite that were not believed to be affected
by site activities to determine background concentrations for TCL compounds.
Background PAH concentrations for onsite soils were near or below the
detection limit of the analyses. BTXs were detected in almost all onsite soil

-samples, including areas not involved in site operations. Background values for

BTX compounds were not calculated.

Background concentrations were estimated for inorganic chemicals in soil using
onsite soil samples in which PAHs were not detected or found at concentrations
near the detection limits and from background subsurface soil boring locations.
These samples were in areas believed to be not affected by site operations.
Samples used in the background calculation were from:

MWw-1 #SB01-01
MW-15 #SB15-01
MW-13 #SB13-01

$S053 #8S8053-02
SS078 #55078-02
SS081 #SS081-02

The sample locations are shown in Figures 1-6 and 1-7. Note that soil boring
SB-01 corresponds with monitoring well MW-01.

The mean and maximum probable background concentrations were calculated
and presented in Table 3-3. The maximum probable background concentration
was calculated to be the value below which 95 percent of the background
concentrations occurred. Values above this concentration are considered to be
above background. Literature values for trace metals in soil were compared to
the estimated background concentrations and found to be similar except that
concentrations of cadmium. nickel. mercury. and zinc in onsite background soil
samples were higher than the literature values.

34



NOTE:

Tabie 3-3

BACKGROUND CONCENTRATIONS OF INORGANIC CHEMICALS IN SOIL

Topsoils®

Range Avg.
02 to 13 0s
3s 10 12 69
8 to 1,000 480
048 o 21 15
02 10 11 048
20 o 100 59
28 to 18 80
59 7] 81 23
2 to 84 30
200 to 740 460
0.021 o 039 0.11
s.1 10 3s 21
0.1 to 1.0 0.41
0.028 to 1.0 0.20
0.048 10 1.0 025
4] to 120 93
17 to 130 59

Concentrations in mg/kg

B = Biank contamination

J = Esumaied concentration
ND = Not detected

- = |nsufficient dawa

<0.] 1w 0.67
10 10 42

92 10 49
131021
110 10 916

1110022

3210 9%

Onsite Background Soils®

Msax.

Mean Probabied

ND
25
@

0.84

s
174
88
p 23

403
1.1
19
ND
09
034

19 -

141

ND
37
103

274

34 Kabata-Pendias and H. Pendias. Trace Elements in Soils and Plants. Bocs Raton. FL: CRC Press. Inc.. p. 34.

1984,

bUnited Sistes Environmental Protection Agency. The UC Menomonee River Watershed Study. EPA-905/4-79-029-F

197%9.

COnsite soil sampiles used 10 estimate background soil concentrations are: SB01-01. SB13-01. SB15-01. S5053-02.

$S078-02. and SS081-02.
dosz probability that a background sample will contaio less than the listed amount.
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Processing Ares and Vicinity

The processing area and vicinity includes the processing area and portions of the
drip tracks and untreated storage arca. The area is covered with a layer of fill
that was added after the demolition and removal of the Moss-American facilities.
The fill over the processing area varies up to a thickness of at least 3 feet.

Excavations in the processing area encountered a cement slab, presumably the
floor of the retort building. Soil observed in the test pit below the slab was oily,
and screening indicated that the concentration of extractable organic compounds
was greater than 10 percent. Visibly contaminated soil, with corresponding
elevated concentrations of extractable organic compounds, were observed to a
depth of 10 feet both beneath the cement slab and at the boring for monitoring
well MW-04S, about 200 feet northeast of the process building site. The depth
of visible contamination generally corresponds to the top of the unweathered till.

The extent of visibie contamination in the drip track area was limited to a 6-inch
seam of dark grey to black soil with a dry tarry appearance in the eastern edge
of the drip tracks beneath the edge of the asphalt pavement. The other
samples from beneath the rest of the pavement appeared to contain clean fill
above a natural reddish brown silty clay till. One sample, from the middle of
the drip track area, contained 1,500 ppm extractable organic compounds. PAHs
were not detected in any of the three analytical samples from the drip track
area.

Elsewhere in the processing area and vicinity (including part of the untreated
storage area), visual contamination was observed 1o depths as great as 4 feet
(the maximum depth of the test pits), and concentrations of extractable organic
compounds were as high as 2 percent.

Thirteen surface soil samples from the processing area and vicinity were
analyzed for PAHs and phenolic compounds. In addition, six surface soil and
seven subsurface soil samples from within the area were sent to CLP
laboratories for complete analysis.

The major contaminants found in the process area and vicinity were PAHs. The
highest values were obtained from sample SS030. collected at the site of the
retort building. Total carcinogenic PAH concentration was 1,900,000 ng/kg

(0.19 percent). Noncarcinogenic PAH concentration was 30,000,000 ng/kg

(3 percent) at the same location. The lateral distribution of carcinogenic PAH
concentrations is shown in Figure 3-9 and of noncarcinogenic PAHs in

Figure 3-10.

PAH concentrations are highest in the upper 10 feet of soil, which consists of
fill, weathered till, and alluvium. Noncarcinogenic PAH concentrations in
samples taken from 10-foot depths at borings SB-16 and MW-4D were
120,000 pg/kg and 2.100,000 ug/kg, respectively. Carcinogenic PAHs were not
detected in boring SB-16: however, the quantification limit of 23,000 ng/kg is

3-5
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Five surface soil samples were analyzed for PAH and phenolic compound
concentrations. Two surface soil samples and four subsurface soil samples were
submitted to CLP laboratories for analysis. :

The major organic constituent found in the treated storage area were PAH
compounds. Total carcinogenic PAH concentration was as high as

1,500,000 ug/kg in test pit SS113 near the settling ponds, and as high as
1,100,000 pg/kg in test pit SS038 about 400 feet away from the settling ponds.
Total noncarcinogenic PAH concentration was as high as 14,000,000 ng/kg

(1.4 percent) in test pit SS108. The concentration of noncarcinogenic PAHs at
the 10-foot depth in boring SB08 was 26,000 pg/kg, and total carcinogenic
concentration was 120 pg/kg. Noncarcinogenic and carcinogenic PAH
concentrations at the 50-foot depth were 32 and 280 wg/kg, respectively. It has
been suggested that the deep soil contamination detected at SBOS may be the
result of cross-contamination resulting from surface contaminants being carried
down the borehole while drilling. This is unlikely; however, it cannot be verified
based on the available data. Therefore, the deep contamination should be
considered suspect.

BTX compounds were found in both surface soil samples and in subsurface soil
samples from boring SB08. Toluene was the major BTX constituent in the
surface soil samples and the shallower of the subsurface soil samples. Toluene
was highest in test pit SS038, where a concentration of 580 ng/kg was detected.
Xylenes were the major BTX constituent in the deeper subsurface sample.

With the exception of acetone detected in one surface soil sample, other VOCs
were not detected in this area. Dioxins were not detected. Lead was above the
calculated maximum probable background concentration in surface samples. The
highest lead concentration was 411 mg/kg, or about 20 times higher than
background.

Settling Pond Area

The settling pond area is the portion of the settling ponds not already included
as part of the process area and vicinity or the treated storage area. The
distinction is made because analytical results indicate that the surface soil above
the settling pond area have near-background levels of PAHs.

Observations of the test pit excavations indicate the settling ponds are filled with
clean soil. Some oily soil remains, although most apparently was removed. Oily
water was observed in several test pits excavated within and near the settling
ponds. The highest concentration of extractable organic compounds measured in
soil collected from the settling pond test pits was 3,300.000 pg/kg. The highest
concentration of total PAHs was 440,000 ng/kg.

Two subsurface soil samples were collected from beneath a settling pond from
soil boring SB-18. The shallower sample was taken from 6 to 8 feet beneath
the surface (less than 2 feet beneath the pond bottom) where oily soil was



observed. Total carcinogenic PAH concentration was 1,700 ug/kg, and total
noncarcinogenic concentration was 6,600 ug/kg. Concentrations in the deeper
sample, about 15 feet below ground, were less than 200 ug/kg.

Total BTX concentrations were less than 150 ug/kg in both subsurface soil .
samples.

Southeast Landfill

Fill has been added to the area between the railroad tracks and the low, wet
area on the north. Wood, cinder blocks, cable, plastic, and metal were observed
in test pits in this area. Portions of the area were used for the disposal of
rubble and construction debris. Fill thicknesses vary up to 5 feet. Extractable
organic concentrations in the fill were as high as 38,000,000 pg/kg or 3.8 percent.

PAH and phenolic compound analyses were done on three surface soil samples.
One surface soil sample and two subsurface soil samples were submitted to CLP
laboratories for analysis. The primary contaminants found were PAH
compounds. Total carcinogenic PAH concentration in surface soils was as high
as 1,700,000 ug/kg (0.17 percent) in soil sample SS064. Total noncarcinogenic
PAH concentration was as high as 6,500,000 ug/kg (0.65 percent). The
carcinogenic PAH concentration at a depth of 15 feet was 845 pg/kg and the
noncarcinogenic PAH concentration was 8500 ng/kg. PAHs were not detected
at a depth of 40 feet.

Toluene was the only BTX compound detected in this area. The highest
concentration was 290 pg/kg at a depth of 40 feet. At the surface the
concentration was 230 ug/kg, and at 15 feet it was less than 100 pg/kg. No other
VOCs were detected. _

Zinc and lead were found at levels greater than the calculated maximum
probable background concentration. Zinc was detected at 9,760 mg/kg, which is
about 30 times the background level. Lead, at 27 mg/kg, was about twice the
background level.

Northeast Landfill

The northeast landfill consists of trenched disposal areas containing sediment
dredged from the settling ponds. The lateral extent of the southern unit of this
landfill was defined by barren areas with tarry surface deposits. The extent of
the northern unit was not as well defined.

In one test pit (SS089), oily soil was encountered to 8 feet, the maximum depth
of the test pit. Extractable organic concentrations of the oily soil were as high

as 63,000,000 ug/kg (6.3 percent). The maximum depth of the landfill was well

defined at 8 feet by the soil boring (SB-19) through the center of the landfill.

PAH and phenolic compound analyses were performed on three surface soil
samples. One surface soil sample and three subsurface samples were analyzed
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by CLP laboratories. PAH compounds were the primary contaminant identified.
Carcinogenic PAH concentrations at the surface were as high as 1,400,000 pg/kg
(0.14 percent). Noncarcinogenic concentrations were 14,000,000 pg/kg

(1.4 percent). Subsurface soil samples taken from a depth of 7 feet within the
fill contained concentrations similar to those in the surface soil sample. Samples
from beneath the fill, at a depth of 10 to 12 feet, contained 1,300 ng/kg of
noncarcinogenic PAHs. Carcinogenic PAH compounds were not detected in
samples beneath the fill. PAH compounds were not detected in a sample
collected from a depth of 15 feet.

Total BTX concentrations in the fill material were as high as 23,000 ug/kg.
Xylenes constituted 17,000 pg/kg of the total BTX concentration. Toluene was
the only BTX compound detected in undisturbed soil outside the fill at a
concentration of 100 pg/kg or less. 1,1,1-Trichloroethane (1,1,1-TCA) was
reported at a concentration of 19,000 pg/kg in the surface soil taken from the
fill. This is the only location where 1,1,1-TCA was detected.

Arsenic was detected at 5.6 mg/kg, about twice the calculated maximum
probable background concentration.

GROUNDWATER

The groundwater quality investigation consisted of installing groundwater.
monitoring wells, and collecting and analyzing samples from the wells.
Monitoring well installation procedures are described in Appendix F.
Groundwater sampling procedures are described in Appendix H.

RESULTS

Analytical results for shallow monitoring wells are shown in Figure 3-15.
"Figure 3-16 shows results in cross section for both shallow and deep and
intermediate wells. (No contaminants were observed or detected in the deep
and intermediate wells.)

DISCUSSION

Two to three feet of creosote was present as a free product during sampling of
monitoring well MW-8S. The creosote had collected in the bottom of the well,
which was apparently acting as a collection sump. Oily soil was not noted
during the drilling of the boring for monitoring well MW-8S, except for a thin
(less than 1 foot) sand seam with a visible sheen at a depth of 8 feet.

Creosote and/or oil were also noted in MW-4S during well development, but the
product layer did not return following development. An oily sheen was observed
during sampling of MW-4S. Oil sheens or creosote were also noted in the
groundwater in several test pits within 200 feet of the settling ponds and in one
pit in the southeast landfill.
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Organic chemicals in groundwater were not detected at concentrations above the
eonmct-require:{aluamiﬁcation limits in each of the three mtlxgmdiem monitoring
wells (MW-1S, -1D, and MW-13) and the upstream surface water sample.
Monitoring well MW-15 was dry and could not be sampled. Background
groundwater concentrations for inorganic constituents are listed in Table 3-4.

Carcinogenic PAH compounds were found in monitoring wells MW-04S and
MW bothnwthese%pondm(!’igure 3.8). Total carcinogenic
PAH concentration at MW was 220 pg/l. High detection limits (20,000 pg/
or higher) for the sample collected at MW-08S precluded detection of PAHs in
the water phase of the sample. Carcinogenic PAH concentration of the oil
ghu: of the sample was nearly 120,000,000 ug/! or 12 percent. Noncarcinogenic

AHs were also found in samples from MW-02S, MW-07S, and MW-11S.
Concentrations were 35 pg/l at MW-02S and 120 pg/l at MW-11S. The only
PAH compound found at MW-07S was naphthalene at 3,100 ug/l.

BTX compounds were found in monitoring well MW-04S at a concentration of
72 pg/l and in MW-07S at 36 pg/l. The predominant BTX compound in both
wells was xylene. No other VOCs were detected in the groundwater.

Contaminants in the groundwater were detected only in shallow wells. No
contaminants were detected in the intermediate or deep wells. Groundwater
contamination was not detected deeper than 20 feet below ground. The water
table was 5 to 10 feet below ground in most of the monitoring wells. -

The inorganic analvtes in groundwater were generally not detected at
concentrations above the contract-required quantification limit. None of the
trace metals (arsenic, cadmium, chromium, lead, mercury, nickel, and zinc) were
detected at concentrations greater than 10 ug/l in the filtered samples.

SURFACE WATER
The surface water sampling methods are described in Appendix C.

No visible evidence of surface water contamination was noted during the
sampling except for oil sheens produced in several areas when sediments were
disturbed during the collection process.

In July and August 1988, during unusually low water conditions, a nearly
continuous oil sheen was observed on the surface of the Little Menomonee
River adjacent to the Moss-American site where the former settling pond outfall
had been. The sheen originated from the sediments in the river channel where
droplets of oil periodically rose to the water surface. The discharge from the
sediment was not noted during the original surface water sampling or during a
site visit in October 1988 when water levels in the river were comparable to
levels observed during sampling the previous May.
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A surface water sample upstream of the site (SW06) was used to indicate
surface water background concentrations for organic and inorganic parameters.
Inorganic concentrations are listed in Table 3-4.

No carcinogenic PAHs were detected in any of the surface water samples.
Noncarcinogenic PAHs and dibenzofuran were detected in the sample collected
from the ditch draining the north side of the site and west of the river (sample
SW007). The total concentration of noncarcinogenic PAHs was 31 ng/l.

Methylene chioride was detected at 1 pg/l in sample SW001, taken about

5 miles downstream from the site. No other VOCs were detected in the other
surface water samples. Inorganic analytes observed in the downstream surface
water samples were found in concentrations similar to those in the background
samples.

RIVER SEDIMENT

Sediment sampling and screening are described in Appendix B. Sediment
sample screening methods were the same as for onsite soil samples. The
samples were checked for visible evidence of contamination, and the
concentration of extractable organics was measured at the onsite mobile
laboratory.

More than 250 screening samples were analyzed for concentrations of extractable
organic compounds. Sixty were selected for PAH and phenolic compound
analysis. Sixteen sites were subsequently resampled for submittal of samples to
CLP laboratories for analysis of TCL compounds, dioxin. and selected treatment
parameters. Sample selection was based on extractable organic screening resuits,
described in Chapter 1.

The interpretation of the screening results for extractable organic compounds
and observations made in the field during sampling led to the conclusion that
the concentration of creosote in the sediments can change greatly over shon
distances. In an area just north of Bradley Road, approximately 1 foot of recent
sediment from a nearby construction site covers the contaminated sediments.
Contaminants typical of creosote constituents were detected over the entire
length of the Little Menomonee River that was investigated. A sediment sample
was collected upstream of the site to indicate background concentrations.
However, the sample may not be representative of background concentrations
downriver because of the proximity of a railroad bridge and Brown Deer Road.
Additional background sediment samples were collected in November 1989. The
analytical results of the background sampling will be presented in the FS report.

To organize the description of analytical results, they are described by river
segment. Each segment is about 1 mile long and defined by road crossings
(Figure 3-17). Segment numbers increase with distance downstream. Segment ]
is the 1-mile segment that includes the site. Segment £ is the last segment
before the Little Menomonee River discharges into the Menomonee River.
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Table 34
BACKGROUND CONCENTRATIONS OF INORGANIC CHEMICALS
IN GROUNDWATER AND SURFACE WATER

Dissolved Groundwater Surface Waier
Inorganic Chemicals MWO1S MWO01D MW138 SW06
Astimony 29 29) 29 (355)

" Arsenic {2) 48] @) (&)
Barium 5211 120 ) 1791 60.8 J
Berylluim ) ) 1) (1.8)
Cadmium (5) ) (&) (3.1
Chromium 6) (6) ©6) (X))
Cobalt (6) 6) (6) (13.4)
Copper 168 B (6) 11B 83B
Lead (2) 23B Q) )
Manganese 102] 139 374 99.7
Mercury 0.2) (0.2) (0.2) (0.2)
Nickel (8) 168 B 253 B (34.5)
Selenium R R R 4
Silver (4) (4) @ (5.5)
Thallium 20) 23 B 25 B 3
Vanadium %) 631] (5) (7.4)
Zinc 64 B 62 B 751 B 20
NOTE:

Concentrations in pgl
B = Blank contamination
J = Estimated concentration

(_) = pnot detected, detection limit for compound reporned
R = unusable data

GLT938/012.50
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RIVER SEGMENT 1

The major contaminants found in the sediments of the Little Menomonee River
were PAHs. All six CLP samples from river segment 1 contained carcinogenic
PAH compounds. Concentrations of carcinogenic PAHs were as high as
448,800 ug/kg (Figure 3-18). Concentrations of noncarcinogenic P were
typically about 10 times higher than those for carcinogenic PAHs (Figure 3-19).
Four of the 13 samples analyzed only for PAH and phenolic compounds
contained no PAH compounds at a quantification limit of 1,000 ug/kg.
Dibenzofuran was also detected at concentrations as high as 520,000 pg/kg.

BTX compounds were found in three of six sediment samples from river
segment 1 (Figure 3-20). Ethylbenzene was detected in two samples at
410 ug/kg and 730 ug/kg and toluene was detected at 950 pg/kg. All three
samples were at least 2,000 feet downstream of the site.

Chlorinated VOCs were found in four samples (Figure 3-21). Methylene
chloride was detected in three samples at a concentration as high as

33,000 wg/kg. Chloroform was found at concentrations as high as 990 pg/kg in
two samples. Methylene chloride, a common laboratory contaminant, was also
detected in field blanks and some method blanks, but data validation of these
samples could not quantitatively attribute the methylene chloride to laboratory
contamination. :

Specific background concentrations of inorganic contaminants for sediment have
not been established because of an insufficient number of background samples.
When compared to the calculated maximum probable background concentration
for onsite soils. arsenic, lead, and zinc were found to be above background.
Arsenic concentrations were generally less than twice background, the highest
concentration being 8 mg/kg. Lead was 2 to 3 times greater than the maximum

‘probable background concentration, except for SD016 which, at 117 mg'kg, was

about 10 times higher than the background concentration. SD016 was taken
from the section of the river adjacent to the site. Zinc was also about 2 to
3 times higher than background except at SD315 where it was detected at
2,200 mg/kg. The maximum probable background zinc concentration was

274 mg/kg.
RIVER SEGMENT 2

Sediment samples from three locations in river segment 2 were submitted to
CLP laboratories. Twelve additional samples were analvzed only for PAH and
phenolic compounds. PAH compounds were detected in all samples but one.
Total carcinogenic PAH concentrations were as high as 334,000 ug/kg in sample
SD204. Noncarcinogenic PAH concentrations were typically six or seven times
higher than carcinogenic PAH concentrations. Dibenzofuran was detected in
samples selected for CLP analysis. The highest concentration of dibenzofuran
was 150.000 pg'kg.
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BTX compounds, primarily toluene, were found at two of the sample locations.
Toluene was as high as 230 pg/kg in sample SD309. Ethylbenzene was detected
in sample SD310 at a concentration of 3 pg/kg. Chlorinated VOCs were found
at two sample locations. Methylene chloride was detected at 12,000 pg/kg in
sample SD308. Chloroform was found at 420 pg/kg in both sample SD308 and
SD309. Acetone was found in sampie SD310 at 290 pg/kg and 2-butanone at

67 ng/kg.

Inorganic constituents were detected in the same range of values as in river
segment 1.

RIVER SEGMENT 3

Two sediment samples were submitted to CLP laboratories and 10 additional
samples were analyzed for only PAH and phenolic compounds. Carcinogenic
PAH compounds were detected in all samples. The highest concentration was
504,000 nug/kg in sample SD062. Noncarcinogenic PAH concentrations were
about 10 times greater than the carcinogenic PAH concentrations. Dibenzofuran
was found in both CLP samples at a concentration as high as 450,000 pg/kg.

Ethylbenzene was the only BTX compound detected. It was found in both CLP
samples at concentrations between 200 and 250 pg/kg. Methylene chioride was

also found at both sample locations at 790 ug/kg and 1,400 pg/kg. Acetone was
found at a concentration of 2,100 ug/kg in one sample. Heptachloro dioxin was
detected in sediment sample SD306 at 0.14 pg/kg.

Inorganic contaminants were generally within the same range of values as in
river segment 1. Lead was detected at about 100 mg/kg in one sample SD306.

RIVER SEGMENT 4

" Three samples from river segment 4 were submitted to a CLP laboratory for
analysis of TCL compounds, dioxin, and selected treatment parameters. Twelve
samples were submitted for analysis of only PAH and phenolic compounds.
PAHs were not detected in five of the samples. The highest concentration of
carcinogenic PAHs was 141,000 pg/kg in sample SD031. Noncarcinogenic PAHs
were detected at 960,000 pg/kg. In other samples, the concentration of
noncarcinogenic PAHs was only about twice the concentration of carcinogenic
PAHs. Dibenzofuran was detected in two of the CLP samples at 14,000 ng/kg
and 380 pg/kg. Total BTX concentrations did not exceed 5 ug/kg in any of the
samples. Chiorinated VOCs were not detected.

Pentachloro, hexachloro, heptachloro dioxin and furan, and octachloro furan
were detected in sample SD303. Pentachioro dioxin was detected at 0.45 ug/kg.
Hexachloro and heptachloro dioxin were detected at 8.7 and 11 pg/kg,
respectively. Furan concentrations were detected at similar concentrations.
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Table 4-7
Summary of Recreational Use Risks
Litle Menomonee River

Target ingestion — Chemicals ‘Excess Lifetime

Stream Mile  Concentration Population Hazard index Exceeding RID Cancer Risk Major Chemicals
1 Highest Chilg 0.46 None - -
Detectad
Geometric Child 0.16 None - -
Mean
Highest Adutt 0.20 None 1E-04 PAHSs (a)
Detected
Geometric Adutt 0.08 None 3E-05 PAHs (a)
Mean
Highest Child 0.1 None - -
— 2 Detectecd
Geometric Chilg 0.14 None -
Mean
Highest Adult 0.10 None 1E-04 PAHS (a)
Detected
Geometric Adult 0.07 None 2E-05 PAHS (a)
Mean
“Highest Chilg 0.32 None
3 Detected - - -
Geomaetric Child 0.26 None - -
Mean
Highest Adult 0.16 None 1E-04 PAHS (a)
Detected
Geomaetric Adult 0.13 None 2E-05 PAHSs (a)
Mgan
Highest Chiid 0.12 None - -
4 Detected
Geomaetric Chilg 0.23 None - -
Mean
Highaest Aduht 0.06 None SE-05 PAHSs (a)
Detected
Geometric Adult 0.12 None SE-06 PAHs (a)
Mean
Highest Chnilg 0.56 None - -
3 Detected
Geomaetric Child 0.47 None - -
Mean
Highest Adult 0.30 None 3E-05 PAHS (a)
Detected
Geometric Adult 0.23 None 3E-06 PAHS (a)
Mean

Exposure Assumptions:
Noncarcinogenic Risks - Child' 35 kg body weight. 0 1 g/Gay soil :ntake
- Adutt 70 kg body weight. 0 1 g/day 8ol intake
Carcinogenic Risks - 70 kg body weight. 0.1 g/day sail intake
Exposure duration: 2 days/week for 20 weeks/year. 10 years

a. PAMs inciude benzo(ajanthracene. benzo(b)fiuoranthens. benzo(k)fiuoranthene. benzo(a)pyrene. benzo(g.h.ijperyiene
chrysene. dibenz(a. hjanthracene. indeno(1.2.3=c.d)pyrens



or direct dermal contact. The river was divided into five 1-mile segments (i.e.,
river miles) to better characterize the risks associated with exposure to individual
river Jocations. The results of this evaluation are summarized in Table 4-7.

No RiD values were exceeded for noncarcinogenic exposure at any river mile
segment. Carcinogenic PAHs were detected in all segments of the river and
contributed the most to the excess cancer risk levels. Estimated excess cancer
risk levels from ingestion exposures based on the highest detected concentrations
ranged from 1 x 10 for river mile 1 to 3 x 10 for river mile 5. Cancer risk
estimates for average concentrations were greater than 1 x 10 for all
downstream segments.

It was not possible to address quantitively the acute effects from sediment
contact. In the past, contact with river sediment has resulted in skin burns.
Acute effects are addressed qualitatively in the discussion section of this chapter.

No data are available on potential contaminant concentrations of fish in the
Little Menomonee River. Potential bioconcentration of PAHs from sediment
and surface water cannot be estimated because although PAHs have a high
octanol water partition coefficient (often a prediction of bioconcentration
potential), fish metabolize PAHs and do not readily bioconcentrate the PAHs in
their tissues. Consequently, although the consumption of fish caught from the
river is possible, human exposures from this pathway can not be quantitatively
evaluated.

ENVIRONMENTAL EVALUATION

A detailed environmental evaluation is presented in Appendix K. This section
sumrmarizes its results.

EXPOSURE PATHWAYS

Aquatic plants and animals in the Little Menomonee River can be exposed to
creosote contained in the sediment as well as any currently being released from
the site. Aquatic plants and animals that rest on or burrow in the sediment are
likely to be exposed more frequently and to higher concentrations than
organisms living in or on the water.

Birds or terrestrial animals that rest in. feed in, or travel through the river may
also be exposed to contaminants from creosote. Birds and animals with a high
affinity for water are probably exposed more than animals that have only
incidental contact with the river.

ENVIRONMENTAL EFFECTS

Although scientific studies have confirmed the potential for toxic effects on
aquatic and terrestrial wildlife from exposure to PAHs, the ability to associate
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specific sediment or soil concentrations with the presence or absence of adverse
effects on the wildlife is limited. There are no current published environmental
media criteria for PAHs for protection of aquatic or terrestrial wildlife.

Determining specific environmental effects from the Moss-American site on the
biota of the Menomonee River is complicated by other past human activities.
The river has been altered by channelization for drainage and flood control
purposes. It also receives discharges from agricultural land, stormwater
discharge, seven industrial and one municipal permitted discharges, runoff from a
closed landfill, and the Moss-American site. These activities may have
contributed to the degradation of the river.

Aquatic animals in the Little Menomonee River have been sampled several
times prior to the Rl to determine the effects of land use and pollution on
aguatic resources. Most biological investigations of the Littie Menomonee River
have led to the conclusion that the lower river is ecologically impaired, with
probable effects from creosote contamination from the Moss-American site.
There are data from other river systems that appear to link PAH contamination
of sediments to an increased incidence of tumors and hyperplastic diseases in
fish. The concentration of PAHs in the sediments of the Littie Menomonee
River are similar to those found in river systems where increased fish tumors
have been found. Consequently, it may be inferred that the discharge of
creosote from the site may have had adverse effects on the biota of the river.

DISCUSSION

The baseline risk assessment has several major areas of uncertainty, including
exposure estimation, acute toxicity of creosote residues, and assessing exposures
to PAHs. A conservative approach was taken in making assumptions that
describe potential human exposures resulting from the Moss-American site. The
trespass setting assumed that under current site conditions children or adults
could use the site informally for recreation. The number of times these
individuals could come to the site is an unknown. An intermittent exposure at a
frequency of 40 times per year was assumed to be a reasonable conservative
outer bound to describe recreational use.

Another example of the use of conservative assumptions to address uncertainty
is the application of toxicity values. Because there are no toxicity values based
on intermittent exposure, the toxicity values used in the assessment are based on
long-term or chronic exposure. These values were used to assess both the
intermittent trespass and continuous residential exposure. Applying these values
to intermittent exposures is generally conservative from the standpoint of
protection of human health.

The future uses of the site are uncertain. The future site use evaluated in the
assessment was residential development. Although not the most likely future



use, it is feasible for the site. The evaluation of this setting produces a
conservative upper bound on risks associated with future site uses.

Dermal contact is the most probable route of exposure, but this route was not
quantitatively evaluated because of uncertainties in existing estimation methods.
A conservative sample estimate of dermal absorption from direct contact was
made (Appendix L) to compare with estimates from ingestion. The comparison
indicated that the intake of chemicals from dermal exposure would be an order
of magnitude less than that resulting from ingestion exposures.

Effects from acute dermal exposure to contaminants in the sediments is a

potential concern. In 1971 children who came into contact with river sediments

received skin burns, as did laboratory workers conducting tests in the late 1970s.

Burns associated with creosote are typically due to the presence of phenolic

compounds; however, phenols were rarely detected in the sediment or soil -
samples taken in the RI. As discussed in Chapter 3, analytical methods

routinely used may not be adequate to quantify phenolic concentrations. Even if ~
those levels were quantifiable, there are no data that relate concentrations of

creosote constituents to the potential for skin burns from contact with creosote

constituents. In the absence of such data and considering the site’s history and

the kno‘;vn presence of creosote material, the continued potential for burns is

assumed.

One final source of uncertainty is associated with PAH toxicity. The majority

of the chemicals detected onsite were PAHs. Except for benzo[a]pyrene, there

are insufficient data to develop cancer potency factors for PAHs. Following

U.S. EPA guidance, the cancer potency factors for all carcinogenic PAHs were

assumed to be the same as benzo[a]pyrene. Studies have indicated that

benzo[a]pyrene is the most potent of the PAHs, so the application of this

potency factor to other PAHs may result in an overestimate of risks. This

apparent conservatism may be balanced by the identified potential for synergistic
interaction between PAHs. The carcinogenicity of some PAHs may be enhanced

in the presence of other PAHs. o~

Although most noncarcinogenic PAHs do not have reference doses available,
they make up the majority of the contaminants present at the site. These PAHs
have low toxicity; however, their contribution to overall site risks cannot be
quantified and is a major uncertainty in the risk assessment.

SUMMARY
The baseline risk assessment evaluated the potential threats to public health and
the environment from the Moss-American site in the absence of any remedial
action. Exposure settings were developed to describe potential human exposures

under current site conditions and future potential site uses. Potential effects on
the environment were also evaluated.

4-10
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To evaluate human health risks under current site conditions, a trespass setting
was developed to describe exposure to people who could come onto the site.
Under those exposure conditions, the individual excess lifetime cancer risks for
individuals who may come onto the site and contact the surface soil were
estimated to be greater than 1 x 10°. The major group of chemicals
contributing to the risks are the PAHs.

A residential use setting was described to evaluate a reasonable maximum
exposure setting to assess potential future exposures associated with site use.
For the exposure conditions that were assumed, the individual excess lifetime
cancer risks for residents who contact contaminants exposed during site
development and left on the site surface were estimated to be greater than

1 x 10° The major group of chemicals contributing to the risks are the PAHs.

To evaluate the human health risks to people engaged in activities along the
Little Menomonee River, a recreational use setting was described. For the
exposure conditions that were assumed, the individual excess lifetime cancer risks
for individuals who may contact sediments in the Little Menomonee River were
estimated to be greater than 1 x 10¢. The major group of chemicals
contributing to the risks are the PAHs. There is also the potential for acute
health effects from contact with creosote in river sediments, although this risk
cannot be expressed quantitatively. Human exposures through fish consumption.
while feasible, could not be quantitively evaluated.

Biological investigations of the Little Menomonee River performed before the
RI have concluded that the river downstream from the site is ecologically
impaired, the probable result of creosote contamination from the Moss-American
site. The PAH concentration found in the Little Menomonee River sediments
are similar to levels in other PAH-contaminated river systems where tumors in
fish have been observed. The various effects of habitat loss, soil erosion,
channelization, and nonpoint pollution on the river may also restrict the qualiry
of the ecological community in the Little Menomonee River.

GLT864/020.50
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Lead was detected at about 150 mg/kg in two of the CLP samples.
Concentrations of other inorganic contaminants were similar to the values
observed in river segment 1.

RIVER SEGMENT $§

Two samples were sent to CLP laboratories and nine samples were analyzed
only for PAH and gphenolic compounds. Two samples contained no detectable
PAH compounds. The highest carcinogenic PAH concentration was about
96,000 pg/kg in SDO01. Only 10,000 pg/kg of noncarcinogenic PAHs were
detected in this sample. Of the samples submitted to CLP laboratories, the
highest carcinogenic PAH concentration was about 15,000 ng/kg. Except for
sample SDO01, the carcinogenic and noncarcinogenic PAH concentrations were
about equal. Dibenzofuran was detected in one CLP sample at 130 ug/kg.

Ethylbenzene was the only VOC detected in this river segment at 3 pg/kg.
Heptachloro dioxin (1.2 wg/kg), hexachloro furan (0.23 ug/kg), and heptachloro
furan (0.75 pg/kg) were detected in sample SD302.

Lead concentration was as high as 213 mg/kg in this river segment.
Concentrations of other inorganic contaminants were similar to those in river
segment 1.

FLOOD PLAINS AND DREDGING AREAS

Flood plain and river bank soils were sampled along with the sediment samples.
Screening procedures were identical to those used for onsite soils and river
sediment. Thirty locations (Figure 3-22) were sampled for concentrations of
extractable organic compounds and checked for an oily appearance. Eleven of

‘those areas were onsite in areas where dredgings were deposited. The

remaining locations were down river. Additional analytical sampling was limited
to two samples analyzed for PAHs and phenols: one from a dredgings pile
onsite (SS1023) and one from a grassy slope south of Silver Spring Drive
(SS1003). No samples from flood plains and dredgings areas were submitted for
CLP analysis. Detailed procedures and results are given in Appendix B.

None of the dredging samples collected from offsite areas were visibly
contaminated, nor were most of the samples from flood plain areas. Two flood
plain samples appeared oily: SS1007 (swamp area north of Leon Terrace) and
SS1011 (west flood plain, 1,500 feet south of Good Hope Road). Extractable
organic concentrations at these locations were 3,600 and 8,400 ppm. respectively.
Dredgings and river bank samples from onsite areas were not visibly
contaminated.

The concentration of carcinogenic PAHs was 38,000 ug’kg in sample SS1023.

The concentration of noncarcinogenic PAHs was 9.000 yg’kg. No PAHs were
detected in sample SS1003.

3.14



TRIBUTARY INLETS

Fifty-one samples from inlets to the Little Menomonee River were collected and
screened for extractabie organic compounds. Eight samples were also analyzed
for PAH and phenolic compounds. Most of the inlet samples were collected
from within the flood plain of the Little Menomonee River because of access
problems associated with sampling within culverts.

Four of the eight inlet samples analyzed for PAH and phenol concentrations
conained no PAHs at a quantification limit of 1,000 pg/kg. The remaining

samples contained quantities similar to those in samples taken from the Little
Menomonee River. No phenolic compounds were detected.

GLT938/004.50
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Table 4-5
Summary of Onsite Trespass Risks
Moss-American Site

Noncarcinogenic Riske Carcinogenic Rigks - ingestion Carcinogenis Fishe - inhalation
Total iIngeston Total nhalation
Exposune Terget Ingestion Inhaletion Chemicels Excees Lifetime Exnceve Liletime
Setting  Concenation Populetion Hazard Indon Harerd lndol_ Exc_o:x_ﬁ!m_“_‘ Cencer Ri-l Major Chhemicale Canocer Niek Major Chemicale

Eant Highest Child 015 014 None - - - -
Dotacted
Geomeliic Child 011 0014 None - - - -
Meoan
Higheat AduR 0073 0012 None IE-04 PAH(a) 2600 PANHa)
Detecied
Geomelric Adult 0.058 oo None 5E-00 PAHele) . 4E-08 PAMe(a)
Mean

Wesl Highest Chind 24 0023 None - - - -
Detected
Geometric Chiid 024 0 008 None - - - -
Mean
Highest Adukt 120 oots None 5E-04 PAHe(e) 3E-08 PAHe(e)
Detected
Geomelric Adut 012 0.000 None 2€-05 PAHe(e) 1E-97 PAHe(e)
Monan

Exposure Assumplions:

Noncarcinoganic Risks - 35 kg body weight {child), 70 kg body weight (adutt), 0.1 g/dey soll intake.
child inhalation rete 13 min, adult inhelstion rate 20 Umin
Carcinogonic Risks - 70 kg body weight, 0.1 g/day soll intake, 2-dayiwk, 20-wke/yr, 10 years.

a PAHs include honzo|sjentivacene, benzolbiluctanthene, benzojk ucranthens, henzolajpyrene, benzojg.h.ljperylene
chirysena_ dihanz{a hianthracene, indenol1.2,3-cdipyrene.

b No individual chomical intake exceeds AFD When hazatd
ind are 10 ostimatead by heaith effect, no subindexes exceed 1.
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Table 4-6
Summary of Residential Development Risks
Moss—-American Site

i

Carcinogenic Fieks - ingestion

Noncercinogenic Riske
Totsl ingestion
Exposwe Tasgot Ingestion Chemicals Excess Lilelime
Setting Caoncentvetion Population Hazerd index Exceeding RID Cancer Risk Major Chemicele

East Higheot Chid 092 None - -
Dolected
Geometric Child 0 49 None - -
Mean
Highest Adult 0099 None 2€-02 PAHs(e)
Detecled
Geometric Adult 0051 None 2€-04 PANMele)
Mean

West Highest Child 12 Cadmium, tead - -
Detecled 2.4-dintrophenol
Geometric Child 05 None - -
Mean
Highesot Aduit 13b None 4E-02 PAHe(e)
Detected
Geomettic Aduit 0054 None 3E-04 PAHe(a)
Meoan

Exposine Assumptions:
Noncaicinogenic Riske - Child: 38 kg body weight 0.2 g/dey soll intake.
- Adult: 70-kg body weighl, 0.1 g/day soll intake.
Cacinogenic Risks - Litetime average: 70 kg body weight, 0.1 g/day solt intake.
Exposwe deily for 70 yoars.

a PAHs include benzolajenthracense, benzofbiluoranthens, benzofkiuoranthene, benzojelpyrene, banzolg.h.liperylene,

chiysone, dibenzie hjanttwacene, indenolt .2 3-cdipyiens
b No individuat chemical intake ds RFD. When hazard
inoxes are re-ostimated by health eftect, no subindexes exceed 1.
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Table 4-1
Potential Contaminants of Concem and Criteria for Selection
Moss-American Site

Acenaphthene d
Acenaphthylene d
Acetone
Anthracens d
Antimony
Arsenic
Barium
Benzene
Benzo{alanthracene
Benzofblfivoranthens
Benzofkjfiuoranthene
Benzojg.h.ilperylene
Benzofajpyrene
Benzoic Acig
Beryliium
bis(2-Ethythexyl)phthalate
2-Butanone
Cadmium
Chiorinated dioxins and furans
Chloroform

© Chromium
Chrysene ¢
Copper a
Creosote b )
Dibenz{a.hjanthracene ¢
Dibenzoturan d
1.1=-Dichioroethane
2.4-Dinitrophenol
Ethylbenzene
Fluoranthene d
Fiuorene (o]
Indeno[1,2,3-cd]pyrene c
Leac
Manganese
Mercury
Mathylene chioride
Naphthalene
Nicke!
Phenanthrene d
Pheno!
Pyrene a
Styrene '
2.3,7,8-TCDD
Toluene
1.1.1-Trichloroethane
Vanadium
Xyienes
Zing

(- - ] -»

.-sﬂﬂﬂ .Ils ss s&s&-.

[ BB e

2. Selected based on having a reference dose value.

b. Selectec basec on having a cancer potency vatve.

¢. PAHs seiectec based on polentiai carcinogenicity.

d. Selectec based on frequency of occurgnce and relative abundance.
e. Creosote selected because it IS the Major soutce material.

f. Dioxins ang furans seiectec basec on toxicity.



- . Chapter 4
SUMMARY OF THE BASELINE RISK ASSESSMENT

INTRODUCTION

A baseline risk assessment is an evaluation of potential threats to public health
and the environment posed by a site in the absence of any remedial action—i.e.,
the no-action alternative (U.S. EPA 1988). It identifies and characterizes the
taxicity of contaminants of potential concern, potential exposure pathways,
potential human and environmental receptors, and the extent of expected impact
or threat under the conditions defined for the site. Its purpose is to
characterize the potential risk from the site in order to support a decision to
proceed with a feasibility study of potential remedial actions.

This chapter summarizes the results of the baseline risk assessment prepared for
the Moss-American site. The baseline risk assessment is presented in

Appendix K. The risk assessment methodology and risk calculations are
presented in Appendixes L and M, respectively.

Thg baseline risk assessment for the Moss-American site made the following
major assumptions:

. No remedial action will be taken.

. No land use restrictions will be in effect.

. There is the potential for future development of the site.

. All carcinogenic PAHs are as potent as benzo[a]pyrene.

. For the purpose of risk estimation, contaminant concentrations will

not change over time.

CONTAMINANT IDENTIFICATION

Seventy chemicals on the U.S. EPA’s Target Compound List (TCL) were
detected at the Moss-American site. Nineteen of these chemicals are potential
constituents of creosote. From the 70 chemicals detected, a subset were
identified as contaminants of potential concern for use in the baseline risk
assessment (Table 4-1). Chemicals were selected primarily on the basis of
having available toxicity values (i.e., cancer potency factors and reference dose
values) and environmental media standards and criteria. Additional chemicals
were included based on factors including toxicity, frequency of detection,
concentration, and environmental fate.

4-1



Table 4-2

POTENTIAL CARCINOGENS
MOSS~-AMERICAN SITE
U.S. EPA Carcinogen Assessment Group
Clamsificstion (a)
CHEMICAL INGESTION INHALATION
Arsenic A A
Benzene A A
Benzo{ajanthracene ' B2 82
Benzoidblfiuoranthene B2 B2
Benzofk]fiuoranthene B2 B2
Benzoja,hjanthracens B2 82
Benzo{ajpyrene B2 82
Beryllium (o) B2
bis({2-Ethyihaxy)phthalate B2 D
Cadmium . D 81
Chiorotorm B2 D
Chromium (hexavalent) D A
' Chrysene B2 B2
Crecsote B1 B1
1,1-Dichioroethane Cc D
indeno[1.2,3-cd)pyrene C (o]
Maethyiene Chioride B2 B2
Nickel D A
N-Nitrosodiphenylamine B2 D
Tetrachiorosthene B2 B2

(a) U.S. EPA Carcinogen Assessment Group Classification (IRIS catabase 2-10-1986)
A: Human carcinogen - Sufficient evidnece trom epidemiologica! studies.
B1: Probabie human carcinogen ~ Limited evidence of carcinogenicity
to humans.
B2: Probable human carcinogen - Sufficient evidence in animals and
inadequate or no human evidence.
C: Possible human carcinogen - Limited evidence in animals and the
absence of human data.
D: Not Classified - Inadequate or no evidence to classity.
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TOXICITY ASSESSMENT

The toxicity assessment addressed both the potential human health and
environmental effects associated with the chemicals of potential concern. This
section provides an overview of the toxicity assessment.

HUMAN HEALTH EFFECTS

Detailed

toxicity profiles fo- chemicals detected at the site are

summary
presented in Appendix K. The ma: calth effects associated with the major
chemical groups found at the site m. . be summarized as follows:

Creosote-The major source of contamination at the
Moss-American site is creosote, a complex mixture of more than
200 compounds. Exposure to creosote liquid or vapor may
produce skin irritation and ulceration. Systemic poisoning from
acute dermal or oral exposure may cause increased salivation,
vomiting, and respiratory difficulties. Although present in low
concentrations, phenol and phenolic derivatives of tar acids have
been related to the acute toxicity of creosote, especially burns.
The U.S. EPA Carcinogen Assessment Group considers creosote a
class Bl (probable) carcinogen. It has been found to cause skin
carcinomas in humans through chronic dermal exposure. Some of
the PAH components of creosote are known to be carcinogenic
and have been related to the carcinogenic potential of creosote.

PAHs-PAH:s. a primary component of creosote, have been
associated with lung, stomach, and skin cancers. Carcinogenicity
has been associated with the 4- and S-ring PAHSs such as
benzo[a]pyrene. Noncarcinogenic effects associated with PAHs
include damage to proliferating tissues and chronic dermatitis.
Naphthalene has been associated with cataracts. Some
noncarcinogenic PAHs appear to enhance the carcinogenic
potential of the carcinogenic PAHs.

BTX Compounds—-Benzene is 2 human and animal carcinogen
associated with leukemia. Toluene and xylene cause depression of
the central nervous system.

Phenolic Compounds-—-Phenolic compounds are corrosive to skin
and cause severe systemic poisoning.

Inorganic Chemicals—-Arsenic is 8 known human skin and lung
carcinogen. Cadmium is associated with respiratory and kidney
toxicity and linked to prostate and lung cancer. Lead is toxic to
the nervous system, blood, and cardiovascular system. Zinc is
associated with fever, nausea. and stomach disturbances.



Twenty of the contaminants detected at the site are classified as known
(class A),;robable (class B1 and B2), or ible (class C) human carcinogens
by the US. EPA Carcinogen Assessment up (Table 4-2).

ENVIRONMENTAL EFFECTS

PAHs were the primary focus of the environmental effects evaluation because of
their abundance in the soil and sediment at the Moss-American site. A review
of the environmental effects of PAHs on wildlife and plants is summarized in
Amndix K. In general, the information based on the environmental effects of
P is not very extensive. There are no promuigated standards or criteria for
PAHs designed for the protection of aquatic organisms or terrestrial wildlife.

Taxic effects of PAH compounds in water vary widely among compounds and
among groups of aquatic organisms. Lethality from acute (short-term) and
chronic (long-term) exposures to concentrations ranging from 30 to 150,000 ug/.
PAH concentrations in surface water sampled at the site were below this range.

PAHs that are carcinogenic to mammals are generally also carcinogenic to fish.
In many cases, aquatic organisms from PAH-contaminated environments have a
higher incidence of tumors and hyperplastic disease than those from nonpolluted
environments. A growing body of evidence, mostly circumstantial, links PAHs to
- cancer in fish populations, especially bottom dwelling fish from areas with
sediments heavily contaminated with PAHs.

Data are unavailabie on acute and chronic toxicity for avian wildlife, reptiles, or
amphibians. Numerous PAH compounds are distinct in their ability to produce
tumors in the skin and most epithelial tissues of anima) test species. These
effects are likely a concern for mammalian wildlife exposed to PAHs.

EXPOSURE ASSESSMENT

The exposure assessment identified the means by which people or terrestrial and
aquatic wildlife can come into contact with chemicals from the Moss-American
site. Potential exposures were identified for current site use conditions and
potential future uses of the site and surrounding area.

The potential exposure pathways associated with the Moss-American site are
described in Table 4-3 and illustrated in Figure 4-1. Some potential pathways
identified in the table were determined not to be complete pathways. For
example, exposure to humans through consumptive use of the groundwater was
eliminated from consideration for several reasons—there are no existing drinking
water wells in the site vicinity; available piped water supply from Lake Michigan
makes future well use unlikely; the shallow groundwater system would not have
sufficient yield for water supply use; and the shallow groundwater discharges to
the Menomonee River.

4-3
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CURRENT HUMAN EXPOSURES

The land use of the area surrounding the Moss-American site and the Little
Menomonee River is a mix of agriculture, woodlands, industrial, residential, and
recreational parkland (Figure 4-2). In 1970, the population in this area was
estimated to be between 3,500 and 10,000 persons per square mile, but
increased residential development has occurred since that time (SEWRPC 1976).

The site is easily accessible. Except for the automobile storage and loading
facility, there are no substantial physical limitations to access to the site. The
site’s park-like appearance may attract individuals onto the site. There is
evidence that individuals have come onto the site; for example, dirt bike trails
are present on the east side of the river.

The Little Menomonee River from Brown Deer Road to its confluence with the
Menomonee River is owned by the Milwaukee County Parks District. This area
is considered a primary environmental corridor and is used heavily by
recreational users. A paved bike path stretches north for 3 miles at the
confluence with the Menomonee River, soccer playing fields and landscaped
park areas border the lower reaches of the river, and residential areas border
the parks along the river with schools nearby. There is evidence that children

_ play in sections of the river. People may be exposed to river sediments during
outdoor activities along the river. In 1971, high school students participating in
a cleanup project in the river developed chemical burns on their arms and legs
after direct contact with the sediment (DNR 1985).

The following exposure pathways were considered the most feasible human
exposure pathways associated with the site and the Little Menomonee River
under current site use conditions:

. Exposure of site visitors, especially children, through direct contact
(i.e.. dermal absorption and inadvertent ingestion) with
contaminated surface soils at the site.

. Exposure of site visitors who ride dirt bikes through the site by
inhalation of contaminated surface soils suspended in the air by the
bikes.

. Exposure of recreational users of the Little Menomonee River

corridor, especially children, through direct contact (i.e., dermal
absorption and inadvertent ingestion) with the contaminated
sediments in the Little Menomonee River.

. Exposure of people who catch and consume fish caught from the
Little Menomonee River.
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POTENTIAL FUTURE HUMAN EXPOSURES

The river corridor will likely remain park land, considering current ownership,
and the potential human exposures would be as they are today. Because
ownership of the site is divided between the county and the railroad, future uses
for the site are uncertain. Possibilities include the current uses as well as
development of the site for residential, recreational, or commercial purposes.
Under each of these circumstances, people could have direct contact with
site-related contaminants, especially under a commercial or residential use where
construction could expose subsurface materials.

The risk assessment evaluated the residential development of the site as a
reasonable maximum exposure setting to assess potential future exposures.
Future residents of the site could come into direct contact with contaminants
present in the site surface after development through activities such as outdoor
play, gardening, and contact with indoor dust. Exposure to contaminated
groundwater was not considered because of the availability of a water pipeline
and the generally insufficient yield of the shallow groundwater.

ENVIRONMENTAL EXPOSURES

Exposure to terrestrial and aquatic wildlife could occur through direct contact
with or ingestion of contaminated sediments in the Little Menomonee River.
Many types of wildlife such as deer, raccoons, opossum, mink, waterfowl], and
songbirds are present in this river habitat. Such organisms use the river as a
food and water source and may be exposed to contaminants in the sediment by
ingestion or dermal contact. Terrestrial wildlife may contact contaminants in the
site surface.

PUBLIC HEALTH RISK CHARACTERIZATION

The public health risk characterization in the baseline risk assessment

(Appendix K) provides the estimated potential public health risks associated with
the Moss-American site. This section summarizes the results of the risk
characterization.

EXPOSURE SETTINGS AND ASSUMPTIONS

Based on the exposure assessment, three exposure settings were defined to
describe potential human exposures for current site conditions and potential
future uses. The exposure settings used to evaluate the health threats from the
Moss-American site are: .

. Current conditions--site trespass setting
. Current conditions—river recreational use setting
. Potential future use--residential development setting
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The exposure assumptions associated with each of these settings are detailed in
Table 4-4. For each setting two sets of risk estimates were made. One
evaluated risks based on the highest detected concentrations, and the other
estimated risks based on geometric mean concentrations. For evaluation
purposes, the site was divided into areas either east or west of the Little
Menomonee River. The evaluation of the area east of the river is based on
limited sampling in the portion of the site where dredgings from the drainage
ditch were landfilled. Consequently, risks estimated from those data are
conservative and represent only a small subset of the whole of the eastern
portion of the site.

RISK CHARACTERIZATION APPROACH

The potential exposure situations were evaluated by estimating the
noncarcinogenic and carcinogenic risks associated with them.

Noncarcinogenic risks were assessed by comparing estimated intakes of
noncarcinogens to reference dose (RfD) values. To account for potential
noncarcinogenic effects from exposure to multiple chemicals, a hazard index
approach was taken. The estimated daily intake of a chemical by an individual
route of exposure is divided by its RfD. and the resulting quotients are summed
to provide a hazard index. There is potential for health risk when the index
exceeds one. The hazard index can exceed one even if no single chemical
intake exceeds its reference dose. In this situation, the chemicals in the mixture
are segregated by similar critical effect or target organ, and separate hazard
indices are derived for each effect. If any of the segregated subindices exceeds
one, there is potential for health risk.

!-Bfl\

The potential for carcinogenic risks was evaluated by estimating the individual
excess lifetime cancer risks from exposure to the carcinogens. Excess lifetime
cancer nisk is the incremental increase in the probability of developing cancer
during one’s lifetime over the background probability of developing cancer (i.e.,
if no exposure to site contaminants occurred). For example, a 1 x 10 excess
lifetime cancer risk means that for every 1 million people exposed to the
carcinogen throughout their lifetime (which is assumed to be 70 years), the
average incidence of cancer is increased by one extra case of cancer. Because
of the methods followed by the U.S. EPA in estimating cancer potency factors,
the excess life cancer risks estimated in the assessment should be regarded as
upper bounds on the potential cancer risks rather than actual representations of
true cancer risk.

SUMMARY OF RISKS
Current Conditions--Site Trespass
People trespassing on the site could directly contact contaminants on the ground.

Exposures would occur through inadvertent ingestion and dermal absorption.
Individuals could also inhale contaminated dust while riding dirt bikes through
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contaminated areas. The risks associated with site trespass are summarized in
Table 4-5.

A comparison of estimated intakes to RfDs indicated that no RfDs were
exceeded in any situation evaluated. The hazard index did exceed one for a
child’s soil ingestion exposure at a portion of the site west of the river when
based on the highest detected concentrations; however, subindices calculated by
segregating chemicals by similar effect do not exceed one, suggesting no
potential for adverse effects.

Excess lifetime carcinogenic risks from soil ingestion for the eastern portion of
the site range from 3 x 10 (based on the highest detected concentrations) to

5 x 10 (based on mean concentrations). Excess lifetime carcinogenic risks from
soil ingestion for the western portion of the site range from S x 10 (based on
the highest detected concentrations) to 2 x 10° (based on mean concentrations).
The carcinogenic PAHs are the major chemicals contributing to the risks. Areas
of contamination contributing to the risk include the former drainage ditch,
treated storage area. and west landfill. Inhalation exposures for both portions of
the site have risks less than 1 x 107

Potential Future Conditions--Residential Development

If the site is developed, exposures to contaminants in the soil (surface and
subsurface) may occur. The greatest exposure risk would result if the site were
developed into a residential area. It was assumed that subsurface material to a
depth of 15 feet may be exposed and left on the site surface as a result of site
development. The results of this evaluation are summarized in Table 4-6.

Comparison of estimated intakes to RfDs indicated that no RfDs were exceeded
in any situation evaluated for the site except for a child’s soil ingestion exposure
‘based on highest detected concentrations. Estimated intakes of lead, cadmium.
and 2.4-dinitrophenol exceeded their RfDs. Intakes based on mean
concentrations did not exceed the RfDs.

Excess lifetime carcinogenic risks from soil ingestion for the site east of the nver
range from 2 x 10 (based on the highest detected concentrations) to 2 x 10
(based on mean concentrations). Excess lifetime carcinogenic risks from soil
ingestion for the site west of the river range from 4 x 10~ (based on the highest
detected concentrations) to 3 x 10 (based on mean concentrations). The
carcinogenic PAHs are the major chemicals contributing to the risks from the
site. Areas of contamination contributing to the risk include the former drainage
area, ditch, process area, treated storage area, and west landfill.

Current Conditions--River Sediment Exposures
Exposures to contaminated sediments in the Little Menomonee River would be

limited to trespass exposure (most likely to children) resulting from recreational
use of the river. Exposure could result from inadverient ingestion of sediments
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Table 44

BXPOSURE ASSUMPTIONS
MOSS-AMERICAN SITE
T, Raceptor Route intake Rate Wel Freq
Traspan Setting
Child ingestion (.1 g/day 3-kg -
Adult ingestion 0.1 g/day 70-kg -
individua! used for ingestion 0.1 g/day 70-kg 40 days/yr
Nfetirme cancer risk 10 yrs
estimate
Chid inhalation 13 Umin 3s5-kg -
Adult inhatation 20 Umin 70-kg -
individual used for inhalation 20 V/min 70-kg 2 hr/day
litetime cancer risk 40 days/yr
estimate 10 yrs
, ig! in
Toddier ingestion 0.2 g/day 15-kg -
Adult Ingestion 0.1 g/day 70-kg -
Individua!l used for Ingestion Age 1-5: 70-kg 365 gdaysly
litetime cancer risk 0.2 g/day 70 yrs
estimate
Age 6-70:
0.1 g/cay
Becreationg! Setting
Chiid Ingestion 0.1 g/cay 35-kg -
Adult Iingestion 0.1 g/day 70-kg -
Individual used for inges:ion 0.1 g/cay 70-kg 40 days/yr
fitetime cancer risk 10 yrs

estimate
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