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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED
WATER-QUALITY UNITS

Muitiply By To obtain
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot squared per day (ft%/d) 0.09290 meter squared per day
inch (in.) 254 millimeter
inch per year (in/yr) 25.4 millimeter per year
square foot (ftz) 0.09290 square meter

Temperature is given in degrees Celsius ("C), which can be converted to degrees
Fahrenheit (°F) by use of the following equation:
‘F=1.8(C) + 32

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of
1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.

Abbreviated water-quality units used in this report: Chemical concentrations and water tempera-
ture are given in metric units. Chemical concentration is given in milligrams per liter (mg/L) or micro-
grams per liter (ug/L). Milligrams per liter is a unit expressing the concentration of chemical
constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand
micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L,
the numerical value is the same as for concentrations in parts per million.

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius
(uS/cm). This unit is equivalent to micromhos per centimeter at 25 degrees Celsius (umho/cm),
formerly used by the U.S. Geological Survey.
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Geohydrology and Contamination at the Michigan
Department of Transportation Maintenance Garage Area,

Kalamazoo County, Michigan

By Erin A. Lynch and Gary C. Huffman

Abstract

A leaking underground storage tank was
removed from the Michigan Department of Trans-
portation maintenance garage area in Kalamazoo
County, Mich., in 1985. The tank had been leaking
unleaded gasoline. Although a remediation system
was operational at the site for several years after
the tank was removed, ground-water samples col-
lected from monitoring wells in the area consis-
tently showed high concentrations of benzene,
toluene, ethylbenzene, and xylenes—indicators of
the presence of gasoline.

The U.S. Geological Survey did a study in
cooperation with the Michigan Department of
Transportation, to define the geology, hydrology,
and occurrence of gasoline contamination in the
maintenance garage area. The aquifer affected
by gasoline contamination is an unconfined
glacial sand and gravel aquifer. The average
depth to water in the study area is about 74.7 feet.
Water-level fluctuations are small; maximum fluc-
tuation was slightly more than 1 foot during
August 1993-August 1994. Hydraulic conductivi-
ties based on aquifer-test data collected for the
study and estimated by use of the Cooper-Jacob
method of solution ranged from 130 to 144 feet
per day. Ground water is moving in an east-
southeasterly direction at a rate of about 1 foot per
day.

Leakage from perforated pipes leading from
the underground storage tanks to the pump station
was identified as a second source of gasoline con-
tamination to saturated and unsaturated zones. The
existence of this previously unknown second
source is part of the reason that previous
remediation efforts were ineffective. Residual

contaminants in the unsaturated zone are expected
to continue to move to the water table with
recharge, except in a small area covered by asphalt
at the land surface.

The gasoline plume from the perforated pipe
source has merged with that from the leaking
underground storage tank, and the combined
plume in the saturated zone 1s estimated to cover
an area of 30,000 square feet. The combined
plume is in the upper 20 feet of the saturated zone.
The relative distribution of benzene, toluene,
ethylbenzene, and xylenes indicate that factors
such as sorption, solubility, and susceptibility to
microbial degradation are affecting the movement
of the combined plume. Given these factors, the
plume is expected to move at a rate of less than

1 foot per day.

INTRODUCTION

In August 1993, the U.S. Geological Survey
(USGS), in cooperation with the Michigan Department
of Transportation (MDOT), began a study to determine
the hydrogeologic framework and extent of gasoline
contamination at the MDOT maintenance garage in
Kalamazoo County, Mich. The USGS study was
prompted by high concentrations of benzene, toluene,
ethylbenzene, and xylenes (BTEX) in water samples
collected quarterly, from 1986 to 1993, from a monitor-
ing well near the former location of a leaking under-
ground storage tank (LUST). The occurrence of BTEX
in water samples is an indicator of the presence of gas-
oline. Concentrations of BTEX were expected to
decrease after removal of the LUST and installation of
a remediation system. The remediation system
consisted of a purge well and filtration system for
purged water. The continued presence of BTEX

Iintroduction 1



indicated a need for an improved understanding of
the geology, hydrology, and extent of gasoline
contamination in the study area.

Purpose and Scope

This report describes (1) the hydrogeologic
framework of the uppermost sand and gravel aquifer at
the MDOT maintenance garage area, including hydrau-
lic properties and direction and rate of ground-water
flow, and (2) the locations of gasoline contamination in
the unsaturated and saturated zones. This report con-
tains geologic, hydrologic, and water-quality data. The
study took place over a period of 19 months from
August 1993 through February 1995.

Description of Study Area

The study area is southeast of the intersection of
U.S. Route 131 and State Route 43 in section 13,
Oshtemo Township, Kalamazoo County, Mich. (fig. 1).
The study area is about 300,000 ft? and includes
MDOT maintenance garage property, a Consumers
Power Company right-of-way, and Elks Club Golf
Course to the east.

Land-surface relief in the study area is only
about 4 ft in the vicinity of the maintenance garage;
however, elevation decreases by about 5 ft to the east,
beyond the edge of the parking area, and by about 9 ft
to the southeast, beginning just north of two old salt
storage sheds (fig. 2).

Previous Studies

In 1984, MDOT completed a preliminary inves-
tigation of soil and ground-water contamination at the
Kalamazoo County maintenance garage. The investi-
gation was prompted by unexplained inventory short-
ages for an underground storage tank (UST). As a
result of their investigation MDOT determined that
(1) the UST had leaked, (2) gasoline had fully pene-
trated the unsaturated zone, (3) a gasoline plume had
formed on the water table and had moved eastward,
(4) most of the gasoline was still in the immediate
vicinity of the LUST, and (5) the leading edge of the
plume was probably still within property boundaries.

In 1985, an investigation was done to clarify
geologic and hydrologic conditions at the Kalamazoo
maintenance garage and to delineate plume

dimensions. The results of the investigation indicated
that two sand aquifers underlie the site and that they are
separated by a clay layer interpreted to function as a
confining unit. The clay layer was determined to be
about 18 ft thick at the maintenance garage supply well
(fig. 2). Average depth to water in the area was 73 ft.
Horizontal hydraulic conductivity of the upper aquifer
was estimated to range from 48 to 254 ft/d. Estimates
of ground-water flow velocities ranged from 0.52 to
1.34 ft/d, and flow was toward the southeast. Gasoline
from the UST was confined to the upper aquifer, and
the plume was estimated to be 280 ft long and 260 ft
wide (Lynch, 1985).

Monitoring wells DOT1, DOT2, and DOT3
remain from the initial investigation by MDOT. Moni-
toring wells KCS1, KCS2, KCS3, KCS4, KCS6, and
KCS7 remain from the 1985 investigation. Since 1987,
MDOT has sampled water from these monitoring wells
quarterly and analyzed it for BTEX. Of these samples,
those from monitoring well KCS6 have consistently
contained concentrations of BTEX. The minimum con-
centration of benzene in these samples was 1,100 ppb,
collected October 25, 1990. This value exceeds the
limit in Michigan Environmental Response Act 307,
Type B criteria. The State of Michigan cleanup stan-
dards have been changed as a result of recently enacted
amendments to Part 201 of the Natural Resources and

- Environmental Protection Act, 1994, PA (formerly

known as Act 307). Type B criteria are now referred to
as generic residential criteria. Under this criteria the
health based drinking water value for benzene is 5 ppb,
toluene is 1,000 ppb, ethylbenzene is 700 ppb, and
xylenes is 10,000 ppb (Alan J. Howard, Michigan
Department of Natural Resources, written commun.,
June 6, 1995).

Methods of Data Collection and Analysis

The geohydrology of and the location and move-
ment of gasoline contamination in the study area were
investigated through installation of monitoring wells,
split-spoon sampling and soil analysis for BTEX, geo-
physical logging, collection of water-level data, aquifer
tests, water sampling and analysis for BTEX, and a soil
and water survey with on-site analysis for relative con-
centrations of benzene, toluene, and xylenes (BTX).

2 Geohydrology and Contamination at the Michigan Dept. of Transportation Maintenance Garage Area, Kalamazoo County, Michigan
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Figure 2. Monitoring-well locations and site topography in
the Michigan Department of Transportation maintenance
garage area, Kalamazoo County, Michigan.

ground-water surface also would be within the screen
and could be measured. The aquifer materials were
allowed to collapse around the screen so as to create a
natural gravel pack in wells KM1-KM11. After the
depth of the collapsed annular space was measured to
ensure that the screen was covered, the annular space
was then filled with granular bentonite to 3 ft below
land surface. The remaining 3 ft was filled with

cement, and a protective covering was installed (fig. 3).

Wells KM12-16 and KM18-20 were installed
such that the annular space was filled with a clean sand
and gravel pack to about 3 ft above the well screen.
Granular bentonite was then installed to 3 ft below the
land surface, followed by cement and a protective
covering (fig. 3).

Two monitoring-well pairs (KM2S-KM2D,
KM13S-KM13D) were installed in the study area. A
well pair consists of a shallow well, with a 10-foot-
long screen set about 6 to 7 ft into the water table and a

Table 1. Selected data for monitoring wells installed by the
U.S. Geological Survey in the Michigan Department of
Transportation maintenance garage area, Kalamazoo
County, Michigan

Relative  Distan

altitude of measu‘i'?nc;f Well Depth to

depth, in  bottom of

Well [measur-  point, infeet " casing, in

identiier "0 POt :::::’; ?; below feet below
above sea land land ——

level surface surface surface

KMl.......... 797.46 230 . 82.50 72.50
KM2S ... 797.69 2.55 80.36 70.36
KM2D........ 796.40 1.00 103.93 98.93
KM3........... 797.69 2.55 79.79 69.69
KM4.......... 797.58 2.50 78.48 68.48
KMsS........e 797.56 2.45 79.74 69.74
KM6........... 799.37 235 80.63 70.63
KM7........... 797.19 2.40 78.22 68.22
KMS........... 797.25 2.50 80.23 70.23
KMI........... 792.79 2.50 74.79 64.79
KMI10......... 791.98 3.05 73.89 63.89
KMll........ 795.85 -.08 78.66 68.66
KMI12......... 796.27 -.25 82.50 72.50
KM13S ... 794.11 2.60 77.20 67.20
KM13D...... 792.44 .90 102.70 97.70
KMi4......... 790.25 2.80 74.75 64.75
KMI5........ 787.49 2.80 71.85 61.85
KM16......... 787.28 2.80 77.40 67.40
KMiS......... 781.25 2.40 68.50 58.50
KMI19......... 795.47 .80 82.67 72.67
KM20......... 797.23 -40 81.08 71.08

deep well, with a 5-foot-long screen set about 20 ft
deeper. The shallow wells are designated by an S at the
end of the well name and deep wells are designated by
a D at the end of the well name. The clay layer
described earlier in this report is estimated to be at least
10 ft below the base of the deep wells in the well pairs.
Well pair KM2S-KM2D is about 90 ft downgradient
from the source area. Well pair KM 13S-KM13D is
275 ft downgradient from the source area, at the east
edge of the Consumers Power Company right-of-way.
The well pairs were used to describe the vertical distri-
bution of contaminants in the saturated zone.

To prevent cross contamination, field personnel
thoroughly cleaned the drill rig, augers, and other tools
before the start of drilling, between boreholes, and after
each day of drilling. The relative altitude to the top of
casing was surveyed for each well by USGS personnel
(table 1).
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Ground-Water Sampling

Ground-water samples were collected to delin-
eate the contaminant plume(s) in the saturated zone and
to determine the distribution of BTEX therein. Two
rounds of water sampling for BTEX were completed.
Ground water was sampled by use of a centrifugal
pump. Wells were purged prior to sampling by pump-
ing until water temperature and specific-conductance
readings stabilized. Purging is an effort to try to ensure
that collected water is representative of aquifer water.
Specific conductance, pH, and dissolved-oxygen
concentrations were recorded in the field for water
from most of the wells sampled. Three 40-mL vials,
containing dilute hydrochloric acid as a preservative,
were then filled with water so that no bubbles were
present. The vials were then fitted with Teflon septum
caps. Samples were immediately stored on ice and
shipped the same day to the USGS National Water
Quality Laboratory in Arvada, Colo. Samples were
analyzed per laboratory schedule 1378, similar to
USEPA method 524.2. Schedule 1378 calls for a purge
and trap capillary gas chromatography/mass spectrom-
etry method for BTEX. Reporting limits for this
method are 0.2 parts per billion (ppb).

Water from monitoring wells was sampled in
order from lowest to highest anticipated concentrations
of BTEX. Water samples were collected over the
course of 3 days. The sampling pump was decontami-
nated between each sample collection by flushing with

a solution of Liquinox (a cleaning agent) and tapwater,
followed by flushing with tapwater. A replicate sample
was collected on the second day of sampling. A rinse-
water blank was collected on the second day of sam-
pling. Three equipment blanks were collected. One
equipment blank was collected after every seventh
sample.

Ground-water samples also were collected for
constituents and properties that could indicate micro-
bial activity in the contaminant plume. Two rounds of
sampling were completed for these constituents and
properties in selected monitoring wells. Water samples
collected during the first round of sampling were ana-
lyzed by a contract laboratory for MDOT. Water sam-
ples collected during the second round were analyzed
by the USGS National Water Quality Laboratory. Con-
stituents and properties determined during the second
sampling round and USGS National Water Quality
Laboratory schedules are listed in table 2.

Soil and Water Survey

During the soil and water survey, soil and water
samples were analyzed onsite for BTX by means of a
portable gas chromatograph (PGC). Five boreholes
(BH1-BHS) were drilled in the study area toward the
end of the study to help define the extent of gasoline
contamination in the unsaturated and saturated zones
(fig. 2). Soil samples were collected, by use of a

Table 2. Constituents and properties targeted as possible indicators of microbial activity, National Water Quality Laboratory

schedules, and methods of analysis

[ng/L, microgram per liter; mg/L, milligram per liter]

Constituent or property name L:::;:L‘:;y Phase Method Reﬁ:'r:: n8

Iron, total (ug/L) 0189 Whole water, Atomic absorption 10
recoverable

Manganese, total (ug/L) 0041 Whole water, Atomic absorption 10
recoverable

pH (standard units) 0068 Laboratory Electrometric 1

Alkalinity, as CaCO3 (mg/L) 0070 Whole water, Electrometric titration I
recoverable

Chloride (mg/L) 1571 Dissolved lon-exchange chromatography 1

Sulfate (mg/L) 1572 Dissolved Ion-exchange chromatography 1

Sulfide (mg/L) 0089 Whole water, lodometric 5
recoverable

Nitrogen, ammonia, as nitrogen (mg/L) 0301 Dissolved Colorimetric, salicylate-hypochlorite, automated- .01

segmented flow
Nitrogen, nitrite, as nitrogen (mg/L) 0160 Dissolved Diazotization, automated-segmented flow .01
Nitrogen, nitrite plus nitrate, as 0228 Dissolved Cadmium reduction, diazotization, automated- .05

nitrogen (mg/L)

segmented flow

6 Geohydrology and Contamination at the Michigan Dept. of Transportation Maintenance Garage Area, Kalamazoo County, Michigan



split-spoon sampler, from borehole 1 (BH1) at 5-foot
depth intervals beginning at a depth of 20 ft and from
borehole 2 (BH2) at 50-, 60-, 70 -, and 75-foot depths.
Water samples were collected when boreholes BH1
and BH2 were within the saturated zone. Soil samples
were collected beginning at about 10 ft above the water
table and at 5-foot depth intervals down to the saturated
zone for boreholes BH3 through BHS. Borehole BH1
was filled once sampling was completed, whereas
boreholes BH2 through BHS were converted to moni-
toring wells KM2D, KM13D, KM19, and KM?20

(fig. 2). Water samples were collected after each well
was installed, developed, and purged.

Soil and water samples were collected and
placed in 40-mL borosilicate glass jars fitted with a
Teflon septum cap and then were put on ice. When
ready for analysis, samples were brought to a tempera-
ture of about 30°C and allowed to stabilize for at least
20 minutes. A 0.07-mL sample of the gas in the head-
space above the soil or water sample was withdrawn
and injected into the PGC by use of a gastight glass
syringe. Compounds were tentatively identified by
comparison of instrument response to the retention
time of a prepared BTX standard at the same tempera-
ture. The PGC is fitted with a sensitive photoionization
detector that can detect benzene in a 1-mL air sample at
a concentration of 0.1 parts per billion (ppb) (Alex-
ander and others, 1992). For soil and water samples in
the soil and water survey, gas in the headspace above
the soil or water sample was analyzed. In contrast, for
soil samples collected during the split-spoon sampling
described earlier in this report, the soil sample itself
was analyzed for BTEX. For water samples collected
during the ground-water sampling described earlier in
this report, the water sample itself was analyzed for
BTEX. Therefore, the PCG analysis indicates the
relative concentrations of BTX compounds in the
various samples, but it cannot be used to determine the
absolute concentration.

Quality assurance and quality control (QA/QC)
measures included the analysis of equipment blanks
and standards to ensure proper analytical technique and
operation of the PGC. Standards were analyzed period-
ically to ensure calibration of the PGC throughout the
analyses. Changes in retention times for the BTX
compounds were documented (Alexander and others,
1992)
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GEOHYDROLOGY

The Kalamazoo County area is characterized
by glacial features formed during the Wisconsinan
Stage of the Pleistocene Epoch. Alluvial deposits,
of Holocene age, are the result of deposition by the
Kalamazoo River and its tributaries. These surficial
geologic features result in a topography of rolling
hiils and large flat areas. The Coldwater Shale, of
Mississippian age, underlies glacial deposits in the
study area.

Ground water is present in glacial and alluvial
deposits as well as in the Coldwater Shale in Kalama-
zoo County. However, sand and gravel aquifers within
the glacial and alluvial deposits provide most of the
ground-water supplies for the county (Rheaume, 1990).

' Geologic Setting

The MDOT maintenance garage in Kalamazoo
County is on the west edge of the Galesburg-Vicksburg
outwash plain where it meets the Kalamazoo moraine
(fig. 4). All wells in the study area are installed in the
sand and gravel aquifer. Glacial materials in the study
area are composed of medium to coarse sand, some
gravel, and minor clay. Lithology of glacial deposits in
which monitoring wells were installed by the USGS in
the study area is given in table 3. A perched saturated
zone was identified during drilling of wells KM16 and
KM17. The altitude of this perched zone corresponds
to the altitude of the surface of the pond in the study
area (fig. 2). The perched zone is interpreted to extend
south of the area of contamination as described under
the “Contamination” section later in the report. Moni-
toring well KM 17 was removed because of damage to
the well when drill augers were withdrawn. Monitoring
well KM18 was installed to the northeast within 5 ft of
the location of KM17 (fig. 2).
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Table 3. Description of drill cuttings obtained during installation of monitoring wells in the Michigan Department of

Transportation garage area, Kalamazoo County, Michigan

[LSD. land surface datum; in., inch; ft, foot]

Depth
Well Lithology (feet below
LsSD)
KMl Sand, medium, brown; some fine gravel 0-5
Sand, medium to fine, some silt, brown; 5-9
some fine gravel (wet)
Sand and clay, clay somewhat sandy, gray 9-10
Sand, medium to fine, brown; some clay 10-15
(sandy); medium to fine gravel (wet)
Sand, medium, brown; some silt (wet) 15-20
Sand, medium to coarse, brown; little silt, 20-25
drier; some stones to 0.5 in.
Sand, medium to fine, brown, and clay; 25-30
some stones 1 to 1.5 in. at 27 ft
Sand, medium, brown; silt 30-35
Sand, fine, brown; silt; some fine gravel 35-40
Sand, medium to fine, silty, brown 40-50
Sand, medium, brown; some medium to 50-55
fine gravel
Sand, medium to coarse, brown; some 60 - 82
medium gravel
KM2  Sand, medium to fine; silt; some clay, 0-5
brown
Sand, fine, brown; clay from 9 to 12 ft 5-12
Sand, medium, dry, brown; some clay and 12-19
silt
Sand, brown, and stones to | in. 19-22
Sand, medium, brown; some silt; fine 22-28
gravel, a few stones to 1 in.
Clay—no return of material 29
Soupy clay 30
Silt and sandy clay (dry) 31-35
Sand, medium to fine, brown; silt; some 35-55
clay (dry) and fine gravel
Sand, coarse; silt, brown; some fine gravel; 55-60
a few stones to 1 in.
Sand, coarse, brown; some medium to fine 60 - 80
gravel; sand on augers from saturated
zone had an odor
KM3  Topsoil; rocks, piece of concrete 0-2
Medium to coarse, dark brown sand; 2-6
appears to be fill
Rock, then dark-gray silty clay 6-7
Silty clay with coarse gravel (dry) 7-9
Silty clay, dark brown; some gravel 9-15
Same, except lighter brown 15-20
Sand and silt, brown; some fine gravel 20-25
Sand, medium, brown; some silt 25-37
Sandy silt, brown; some clay (wet) 37-39
Sand, medium, brown; some silt (dry) 39-55
Sand, coarse, grayish; some medium 55-56

gravel: few stones to 0.5 in.

Depth
Well Lithology (feet below
LSD)
KM3  Sand, medium, brown; some silt 56 - 74
Sand, very coarse, grayish; some course 74 -79
gravel, stones to 0.5 in.
KM4  Sand, medium, dark brown 0-4
Rock or fill, then sticky clay - 4-5
Sand, medium, silty, brown; some fine 5-11
gravel
Soupy clay (silt?) 11-12
Sandy clay 12-13
No material (clay zone?) 13-22
Soupy clay (silt?) 23
Clay (7) 23-32
Some stones 32-33
Large boulder (able to drill through or 36-38
around it)
No material (clay zone?); cuttings adhering 38 -80
to auger similar to those at other holes,
except perhaps more gravel, with stones
to 1 in.
KMS Fill 0-5
Medium sand, brown 5-7
Clay; clayey sand 7-10
No cuttings; gravel at about 50 ft, stones 10-79
on augers 0.5 to 0.75 in.
KM6  No log made; clay in upper part of hole 0-80
KM7  Damp, coarse sand; some small pebbles 0-5
Coarse sand, moist, but drier than above<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>