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

Multiply By To Obtain
Length
inch (in) 25.4 millimeter
foot (ft) .3048 meter
mile (mi) 1.609 kilometer

Hydraulic Conductivity*

feet per day (fv/d) 0.3048 meters per day

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by use of the following equation:
°F=1.8(°C)+ 32.

Sealevel: In this report, “"sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)— 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.

*Hydraulic conductivity: The standard unit for hydraulic conductivity is cubic foot per day per square foot of aquifer cross-sectional area
(f/dy f*. In this report, the mathematically reduced form, feet per day (ft/d), is used for convenience.

Hydraulic gradient: Hydraulic gradient is given in feet per foot: the difference in measured hydraulic head at two points divided by the
distance (vertical or horizontal) between the points of measurement.

Abbreviated water-quality units used in this report: Chemical concentration is given in milligrams per liter (mg/L) or micrograms 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.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (ug/L).
Oxidation-reduction potential (ORP) is given in millivolts (mV).

Dissolved oxygen (DO) is given in milligrams per liter (mg/L).

Turbidity is given in nephalometric turbidity units.

Other Abbreviations Used in this Report:

ml/min milliliters per minute
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INTRODUCTION



METHODS OF DATA COLLECTION AND
ANALYSIS

During the course of this investigation, a variety of
hydrogeologic data were collected to assess the poten-
tial for migration of water from ponds at the County
Road A disposal site to the shallow ground-water-flow
system.

Well Siting and Installation

In October 1997, the USGS installed a water-table
monitoring well and a deep monitoring well at each of
two locations within the County Road A site. The mon-
itoring wells were sited and constructed to provide addi-
tional information about the local hydrogeology, and to
provide sampling locations for water-quality analyses
directly downgradient from the site ponds and known
sludge-disposal areas. The USGS continued the naming
convention established by A-G&M for the earlier
installed wells. The locations of the new monitoring
wells, CAMW-6A, -6B, -8A, and -8B, are shown in fig-
ure 4. The wells were drilled using 4-1/4-inch inside
diameter (ID) hollow-stem augers. The wells were con-
structed with flush-threaded, 2-inch polyvinyl chloride
(PVC) risers and wire-wound screens. Monitoring well
construction reports for these wells are included in
appendix B. Because of site conditions, monitoring well
CAMW-6B was installed with a 10-foot screen, rather
than the intended 5-foot screen. Approximately one
week before water-quality sampling began, the wells
were developed by vigorously surging with Teflon bail-
ers.

Six well points were installed during a site visit
from April 27 to May 6, 1998. One permanent well
point, CAMW-7P, was installed, along with five tempo-
rary well points. The temporary well points include
WP-1 and WP-2 installed in Ponds B and A, respec-
tively, and WP-P2, WP-P3 and WP-P4 installed on land
between WP-2 and CAMW-7P (fig. 4). All well points
except CAMW-7P were constructed with a 1-foot
length of 2-inch-diameter stainless steel screen with a
pointed metal drive-tip, and a 2-inch-diameter, 5-ft
long, stainless steel riser pipe. CAMW-7P has identical
construction except for a 2-foot length of screen. Instal-
lation involved hand-augering a hole as deep as practi-
cal (generally 1-2 ft below top of soil saturation) and
then driving the point with a sledge hammer to the
desired depth. The location for well point CAMW-7P

was chosen to monitor a sludge pile on the west side of
Pond A. CAMW-7P was installed in a topographic
depression where sludge was absent although the well
was surrounded by the sludge pile. Temporary well
points WP-1 and WP-2 were installed in the ponds to
monitor stage and water levels in the pond sediments.
Both were installed by placing the well point in a hole
that had been hand-augered and driving the point to
depth with a sledge hammer. Temporary well points
WP-P2, WP-P3 and WP-P4 were installed near Pond A
to evaluate changes in ground-water level as a function
of distance from the pond to CAMW-7P. The monitor-
ing well construction report for CAMW-7P is included
in appendix B. No monitoring well construction reports
were completed for the temporary well points, but a
summary of their construction is included in table 1.

During a subsequent site visit from August 17
to 21, 1998, two additional temporary well points, WP-
1G and WP-2G, were installed specifically for geophys-
ical logging of the bottom sediments of Ponds B and A,
respectively (fig. 4). Construction of these well points
was the same as the others except no screens were used,
only solid pipe (table 1). As a result, the completed well
points allowed the neutron and natural-gamma tools to
be run in air, rather than in water, across the pond bot-
tom sediments. This was necessary for a meaningful
evaluation of sediment saturation by the neutron tool.

Water Levels, Precipitation, and Evaporation

Water levels in monitoring wells and well-points
were measured using an electric tape on 10 dates from
December 18, 1995 through August 20, 1998. These
measurements were made by A-G&M, USEPA/U.S.
Geological Survey, or BRNRD. From May 6 through
August 18, 1998, water levels were measured on a
nearly continuous basis
(60-minute intervals) in monitoring wells CAMW-1A,
-1B, -7P, -8A and -8B, and well points WP-2, WP-P2,
WP-P3 and WP-P4. These monitoring wells and well
points were chosen because of their locations upgradi-
ent, or downgradient, or adjacent to Pond A so that the
interaction between the pond and the shallow ground-
water-flow system could be investigated. Water levels
were measured with pressure transducers and recorded
with data loggers. Nearly continuous measurement of
stage in Pond A was conducted over the same period by
hanging a transducer on the outside of well point WP-2.
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County, Wisconsin: 1997-98



A weather station was set up onsite to collect mete-
orological data concurrently with water-level data.
Unfortunately, the station stopped collecting data after
eight days, necessitating use of meteorological data
from locations further from the site. Precipitation data
were obtained from the University of Wisconsin exper-
imental farm near Ashland. Wisconsin (fig. 1) for the
period May 6, 1998 through August 18, 1998. Pond
evaporation for this period was estimated using the
method of Linsley and others (1982, equation 5-30),
which was applied to unpublished meteorotogical data
from the airport at Minocqua, Wisconsin (fig. 1) (Jim
Krohelski, USGS, oral comm., 1999). These meteoro-
logical data are maintained by the North Temperate
Lakes Long-Term Ecological Research (NTL-LTER)
program. Because the farm near Ashland and the airport
at Minocqua experience excess precipitation and aver-
age annual evaporation similar to the study site (Dunne
and Leopold, 1978; Novitzki, 1982), these data are
appropriate to use for this investigation.

Slug Tests

Slug tests (displacement/recovery tests) were per-
formed during April 1998 on monitoring wells CAMW-
4A, 4B, -6A, -8A and -8B. Slug tests are initiated by
quickly lowering a solid cylinder below the water level
in a well, causing water level to quickly rise. The recov-
ery of the water to its static level with time is measured
(falling-head test). Quick removal of the cylinder pro-
vides the opportunity to measure the recovery of the
lowered water level to its static level (rising-head test).
The change in water level in the well due to the slug and
the recovery of water level to its static level were mea-
sured using a pressure transducer. Data were collected
using a data logger.

Stug-test data were analyzed using the techniques
of Bouwer and Rice (Bouwer and Rice, 1976; Bouwer,
1989) and Hvorslev (1951). These techniques were
developed for use in unconfined aquifers and can be
applied to wells that either fully or partially penetrate an
aquifer. The following conditions are assumed in the
application of the Bouwer and Rice and the Hvorslov
techniques:

(1) Drawdown of the water table in the vicinity of
the well during the test is negligible;

(2) Unsaturated flow above the water table can be
ignored;

(3) Head losses as the water enters the well are
negligible; and

(4) The hydraulic unit is homogeneous and
isotropic.

These conditions are likely to be met or approxi-
mated at the site wells over the small volume of aquifer
affected by the slug tests.

In the analysis of the slug-test data, the borehole
radius was assumed to equal the diameter of the auger
used in well construction. Because no site wells pene-
trated the entire shallow aquifer, its thickness is
unknown. It is shown to be at least 100 ft thick, how-
ever, in the area around the site on the basis of residen-
tial well logs (U.S. Bureau of Indian Affairs, 1992).
Although the greatest saturated thickness encountered
in any of the tested wells was about 30 ft, a thickness of
35 ft was used for analysis of all the slug tests. To test
the sensitivity of the slug test analysis to saturated thick-
ness, a 100-ft thickness was also used, and resulted in
very little change in estimated Kj, values.

Some slug-test data did not show a logarithmic
recovery in water level with time, complicating data
analysis. These results were most likely influenced by
well construction, including skin effects and filter packs
(Bouwer, 1989). Where possible, these affecied data
were analyzed in accordance with the recommendations
of Bouwer (1989) to obtain an estimate most represen-
tative of the horizontal hydraulic conductivity of the
aquifer materials.

Geophysical Logs

Geophysical logs were run in monitoring wells
CAMW-6B and -8B, and in temporary well points
WP-1G and WP-2G, which were installed in bottom
sediments of Pond B and A (fig. 4). Geophysical log-
ging was conducted by the USGS Borehole Research
Group, based in Lakewood. Colorado.

The first geophysical method used was natural-
gamma logging. Natural-gamma logs record the relative
amounts of naturally occurring gamma radiation in geo-
logic materials. This radiation is primarily the compos-
ite result of the radioisotopes potassium-40, uranium-
238. and thorium-232. Natural-gamma logs usually
indicate the clay content of sediment or rock, which
provides a useful tool for stratigraphic correlation. Sev-
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eral limitations are inherent with natural-gamma logs.
The volume of aquifer sampled by the logging sonde is
limited (usually 6 to 12 inches around the borehole) and
will be reduced when run in a cased hole. In addition,
differences in well construction may result in inconsis-
tent measurements between wells (Keys, 1990).

Neutron logging was also performed. The neutron
tool uses a radioactive source that emits radioactive par-
ticles that are absorbed by hydrogen atoms, the princi-
pal component of water. The greater the neutron count
returning to the receiver pad on the probe, the fewer
neutrons that were absorbed by hydrogen/water, indi-
cating lower porosity and/or saturation of the aquifer.
Generally, the neutron tool penetrates approximately
the same distance into the aquifer (6 to 12 inches) as the
natural-gamma tool (Keys, 1990).

Formation conductivity logs were run in
CAMW- 6B and CAMW-8B to aid stratigraphic corre-
lation. For example, clays generally exhibit greater con-
ductance of electrical current than sands. Though open
boreholes are preferred, conductivity logs can be run in
non-conductive casing such as PVC. The volume of for-
mation sampled by the logging sonde will be reduced
when run in a cased hole, and differences in well con-
struction may result in inconsistent measurements
between wells.

Water-Quality Samples

During the site visit of April 28 through May 6,
1998, samples for water-quality analyses were collected
from all monitoring wells. Analyses were conducted for
a range of inorganic constituents, VOC’s, SVOC'’s, and
dioxins/furans. Samples were collected using methods
described in the sampling and analysis plan for the site
(U.S. Environmental Protection Agency and U.S. Geo-
logical Survey, 1998), which requires the purging of a
well until field parameters stabilize.

Considering the glacial origin of the Miller Creek
Formation, spatial variability (horizontal and vertical)
of sediments within the shallow aquifer is to be
expected. This variability may affect dissolved constit-
uents in ground water and suspended materials being
transported by ground water. For this site investigation,
low-flow sampling techniques were used so that mobi-
lization of fine materials was minimized.

The purging of wells and collection of water-qual-
ity samples were completed using a low-flow, positive-
displacement Fultz pump that was lowered to a depth

generally within the interval of the well screen. Wells
were purged by pumping at a rate of 500 milliliters per
minute (ml/min) or less. The field parameters measured
include water temperature, turbidity, pH, dissolved oxy-
gen (DO), specific electrical conductance (SEC), and
oxidation-reduction potential (ORP). Field parameters
were monitored during purging using a multi-parameter
Hydrolab sonde. After these field parameters had stabi-
lized according to the following criteria, a representa-
tive water sample could be taken: turbidity +10 percent,
pH £0.1, DO %10 percent, SEC +3 percent, and ORP
+10 mV.

A bailer stuck in CAMW-6B prevented sufficient
development of the well. Because this could bias con-
centrations of inorganic constituents, CAMW-6B was
not sampled for inorganic constituents.

Monitoring well CAMW-7P could not be sampled
using the low-flow sampling procedure because a
restriction at the top of the well screen prevented the use
of the sampling pump. Instead, a check-valve connected
to Teflon tubing was used to purge the well and collect
a sample. CAMW-7P had insufficient yield to allow for
monitoring of field parameters, so water was evacuated
from the well point and it was allowed to recharge prior
to sampling. CAMW-7P also had insufficient recharge
to allow for sampling of inorganic constituents or
SVOC’s; therefore, only VOC’s were analyzed for this
well point. The action of the check valve may result in
increased turbulence in water in the well and during the
transfer of water from the tubing into the bottles. Both
of these situations may result in increased exposure of
the water to the atmosphere, which would result in a
negative bias in the VOC analysis.

Water-quality samples were submitted to a USEPA
Contract Laboratory Program (CLP) laboratory for
analysis of inorganic constituents, VOC’s, SVOC’s,
polychlorinated biphenyls (PCB’s), and pesticides.
Water-quality samples analyzed by the CLP laborato-
ries included field samples, duplicate samples, and
method (pump) blanks. A shipping blank of VOC-free
water was included for the VOC samples only. Analyt-
ical methods conform to criteria established by the
USEPA, which are referenced in the sampling and anal-
ysis plan (U.S. Environmental Protection Agency and
U.S. Geological Survey, 1998). Prior to the release of
the data to the site investigators, the analytical results
from the laboratory were reviewed to insure compliance
with USEPA laboratory QA/QC requirements. As a part
of this review, matrix spike sample results were
reviewed to determine matrix effects. Field and labora-
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Table 2. Estimates of horizontal hydraulic conductivity (Ky,) from slug tests
conducted at the County Road A disposal site, Ashland County, Wisconsin

[--, no measurement]

Horizontal hydraulic conductivity (K)

Bouwer and Rice (1976) method

in feet per day
Hvorslev (1951) method

Monitoring well

and test number Falling head Rising head Falling head Rising head
CAMW-4A
Test 1 1.4 -
Test 2 9
CAMW-4B
Test 1 2.1 2.1 2.7 2.6
CAMW-6A
Test 1 3
CAMW-8A
Test 1 6.6
Test 2 6.6
CAMW-8B
Test 1 1.3 1.4 1.7 1.7
Test 2 1.1 15 1.8 1.4

Hydraulic Conductivity

The Darcy equation relates ground-water discharge
to hydraulic gradient through a coefficient of propor-
tionality referred to as hydraulic conductivity (Gupta,
1989):

Ah

Q:KAA_Z’

ey

where
0
K
A

is ground-water flow (L3T1);
is hydraulic conductivity (LTI);
is the cross-sectional area perpendicular to
flow (L?);
Ah is the change in head along the length Al (L);
and
Al is the length (L).

On the basis of slug tests, the estimated K}, of sed-
iments in the screened intervals of monitoring wells
CAMW-4A, -4B, -6A, -8A and -8B ranged from 0.3 to
6.6 ft/d (table 2). These values are consistent with pub-
lished K, values for silt and silty sand (Freeze and
Cherry, 1979, p. 29). In each well, results of the rising-
head and falling-head slug tests generally were similar.
For wells where the water table intersected the screened

HYDROGEOLOGY OF THE COUNTY ROAD A DISPOSAL SITE

interval, the falling-head tests were not analyzed. In
these tests, the displaced water entered the unsaturated
zone, which violated analytical assumptions.

Water Budget for Pond A

Ponds A and B within the County Road A disposal
site have relatively simple hydrologic budgets because
there is little surface-water inflow and no outflow.
Inflow to the ponds is limited to direct precipitation and
local surface runoff, and outflow from the ponds is lim-
ited to evaporation and, possibly, seepage through the
pond bottoms. Water-level data from monitoring wells
in the area and stages of the ponds over the period of
study suggest no ground-water discharge to the ponds.
Water levels in monitoring wells and well-points were
measured using an electric tape on 10 dates from
December 18, 1995 through August 20, 1998 (table 3
and fig. 8). These measurements were made by A-
G&M, USEPA/USGS or BRNRD. From May 6 through
August 18, 1998, water levels were measured on a
nearly continuous basis (60-minute intervals) in moni-
toring wells CAMW-1A, -1B, -7P, -8A and -8B, and
well points WP-2, WP-P2, WP-P3 and WP-P4 (fig. 9).

15
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A general form of the water balance equation
(Gupta, 1989) can be modified to express the water bal-
ance at the County Road A as:

AS = P+R-E-Qp. 2)

where
AS is change in pond storage LTy,

P is precipitation (L3 T '1);

R is direct surface runoff (L3 T '1);

E is evaporation (L* T *'); and

Ogo  1s seepage to ground water LT )

For the purposes of this study, the water balance
can be rewritten to solve for seepage from the ponds:

Qo = P+R-AS-E 3)

The water budget for Pond A was developed using
the following data for May 6 through August 18, 1998:

1. Daily precipitation at the University of Wiscon-
sin experimental farm near Ashland, Wisconsin
(fig. 1 and fig. 10),

Estimates of evaporation based on the method of
Linsley and others (1982, equations 5-30) and
meteorological data from the airport at Minoc-
qua, Wisconsin (appendix A and fig. 1). and

3]

3. Pond A stage measured by a pressure transducer
outside well point WP-2 (fig. 6).

Daily measured values of precipitation and stage of
Pond A for May 6 through August 18, 1998 are pre-
sented in figure 10. For periods during which there is no
precipitation or runoff (P=0, R=0), only two terms on
the right hand side of the hydrologic budget (equation 3)
remain, specifically change in pond storage (AS) and
evaporation (£). With no precipitation or runoff, change
in storage can only be negative; in this case, equation 3
can be rewritten as

Four time periods which had no measured precipi-
tation were selected from this data set (designated peri-
ods 1 through 4) and were used to determine the water
budget (fig. 10).

The components of any water balance can be
expressed either as a volumetric rate (L° TV or as a
depth over an implied area per unit time (L T'l) (Dunne
and Leopold, 1978). In this report, water budget terms

are reported as depths per day; the implied area is the
area of Pond A (assumed to be constant over the range
of stages observed).

Using the Minocqua airport data and an evapora-
tion pan coefficient of 0.8 (Wentz and Rose, 1991),
daily evaporation from Pond A was estimated. The esti-
mate of evaporation and the measured rate of change in
pond stage during the four time periods are presented in
table 4. On the basis of the daily estimates, an average
evaporation rate (£ ) was calculated for each time
period (table 4, column 5). The daily measured pond
stage was taken directly from the continuous pond stage
measurements, and the average rate of change of pond
stage (AS ) was calculated for each of the chosen periods
(table 4, column 8). A comparison of the average rate of
evaporation (£ ) and the average rate of stage change
(AS) for each of the periods suggests that evaporation
alone does not fully account for changes in the stage of
Pond A. The difference between the average rate of
change of pond stage and the average evaporation rate
is attributed to seepage (Q;, ) from Pond A to ground
water. The seepage of water from Pond A to ground
water is estimated to be from 0.008 to 0.012 ft/d
(table 4, column 9).

Vertical Hydraulic Gradients Beneath Pond A

Well point WP-2 (fig. 4) provides useful informa-
tion about the hydraulic connection between Pond A
and the underlying sediments. The top of the well
point’s 1-ft screen is estimated to be 1.3 ft below the
pond bottom (table 1 and fig. 11). The measurement is
approximate because of the soft muck in the uppermost
pond sediment.

Well point WP-2 provides a measure of the differ-
ence between the pond stage and the hydraulic head in
the sediment intersected by the screen. The pond stage
and the hydraulic head in the well point were measured
nearly continuously from May 6 through August 18,
1998 (fig. 9). WP-2 (outside) is the stage in Pond A. and
WP-2 (inside) is the water level inside the well point
(fig. 9). These data indicate a consistent downward
hydraulic gradient between Pond A and the sediments
underlying the pond. The hydraulic gradient in Pond A
is the difference between pond stage and hydraulic head
in WP-2 divided by the distance from the pond bottom
to mid-screen (1.8 ft). The average downward gradient
determined for each of the four periods ranges from
about 0.2 to 0.4 ft/ft (table 4). As would be expected,

HYDROGEOLOGY OF THE COUNTY ROAD A DISPOSAL SITE 19
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qualifier in these tables indicates the analytical result
may be the result of laboratory contamination because
the constituent also was found in the laboratory
blank(s).

No concentrations of beryllium, cadmium, mer-
cury, selenium, silver, or thallium were found above the
detection limit; however, some results indicated labora-
tory contamination at concentrations approximating the
detection limits (table 6). Detected constituents were
compared to the maximum contaminant levels (MCL’s)
established by the USEPA for protection of public water
supplies (U.S. Environmental Protection Agency,
1996). Concentrations of arsenic, barium, chromium,
copper, nickel, and zinc did not exceed the MCL’s. The
detection limit for thallium (4 ug/L) was higher than its
MCL (2 ug/L). Antimony exceeded the MCL (6 ug/L)
and detection limit (3 ug/L) in one sample (CAMW-6A,
at 8.1 ug/L); however, antimony was detected in the
laboratory blank (3.0 ug/L), indicating possible labora-
tory contamination. The concentration measured at
CAMW-6A was above the concentrations in the labora-
tory blank and should therefore be considered a possible
detection. Lead exceeded the MCL (15 pug/L) and detec-
tion limit in one sample (CAMW-8B at 49.1 ug/L).

Aluminum and iron exceeded the secondary MCL
in almost all of the samples. Because these samples
were unfiltered and exceeded 5 NTUs (table 5), some
aluminum and iron may be the result of clay and silt in
the samples. Although manganese concentrations
exceeded the MCL (50 ng/L) in every sample, these
concentrations were not substantially greater than back-
ground concentrations determined from samples from
wells CAMW-1A, -1B and -5A.

Although MCL’s have not been established for cal-
cium, cobalt, magnesium, potassium, sodium, or vana-
dium, by comparing the concentration of these
constituents in samples from the downgradient monitor-
ing wells to concentrations in samples from the back-
ground wells (CAMW-1A, -1B and -5A), some
tentative conclusions can be reached. Allowing for
some variability in background conditions, concentra-
tions of calcium, magnesium, potassium, and vanadium
from downgradient locations do not exceed background
concentrations. The concentration of cobalt in the sam-
ple from CAMW-6A, however, was above background
concentrations. The concentration of sodium in a sam-
ple from CAMW-6A may also have been elevated
above background concentrations.

Only samples from the newly constructed wells
were analyzed for cyanide. This constituent had not

been detected in the previously sampled wells. Detec-
tions were flagged with “B” (table 6) as a result of
apparent laboratory contamination. No concentrations
of cyanide exceeded the MCL of 200 ug/L.

The disposal of the papermill sludge at the site has
apparently resulted in localized concentrations above
established MCL’s for lead at well CAMW-8B, and for
antimony at well CAMW-6A. Analysis of sludge sam-
ples reported in appendix A shows the concentration of
lead ranged from 14,100 to 414,000 ug/L, and antimony
ranged from 1,010 to 2,090 pg/L. According to tribal
representatives, there are no other nearby potential
sources of lead or antimony. Elevated concentrations of
sodium and cobalt (at well CAMW-6A) may be related
to disposal activities at the site; however, these constit-
uents were not reported in previous sludge samples.
With two exceptions, concentrations of inorganic con-
stituents were considerably greater in samples from
monitoring wells than in those from residential wells
(table 7). Samples from residential wells Res 5 and
Res 6 had higher concentrations of potassium and zinc
than samples from any monitoring wells. The high con-
centrations of potassium are consistent with the maxi-
mum concentrations seen in residential wells and
springs previously sampled on the reservation (Batten
and Lidwin, 1995). Zinc concentrations were below the
MCL of 500 pug/L and were within the range of concen-
trations reported by Batten and Lidwin (1995). The ele-
vated concentrations of potassium may be related to
aquifer lithology. The elevated concentration of zinc
may also be related to aquifer lithology and (or) well
construction.

Organic Analyses

The results of analyses for organic compounds in
samples from monitoring wells are presented in table 8.
VOC’s were detected in several of the monitoring wells.
A “J” qualifier (table 8) indicates the result is an esti-
mate because it was above the instrument detection
limit, but below the laboratory detection limit. Acetone
was found in monitoring wells CAMW-6A and -7P at
concentrations of 61 and 110 pg/L, respectively, in May
1998 samples. CAMW-6A was resampled in August
1998 and found to have an acetone concentration of
27 ug/L. 2-butanone was detected in the sample from
CAMW-7P at 39 ng/L. Toluene was detected at trace
concentrations (qualified as an estimate in table 8) in
samples from CAMW-6A, -6B, and -8B. Various
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SVOC’s were detected at concentrations below the lab-
oratory detection limit and were qualified with J’s in
table 8. These compounds were 4-methylphenol
(detected in CAMW-6A and -6B), naphthalene
(detected in CAMW-2A, -6A, and -8A), 2-methylnaph-
thalene (detected in CAMW-2A, -6A, -6B and -8B),
diethylphthalate (detected in CAMW-6B), and butyl-
benzylphthalate (detected in CAMW-3A). Methylene
Chloride and Di-n-butylphalate were also detected in a
number of monitoring wells at concentrations below the
laboratory detection limit; however, detections of both
are attributed to laboratory and/or field contamination.
No pesticides or PCB’s were detected in the ground-
water samples.

Samples from the residential wells had detectable
concentrations of 1,2-dichloroethane below the labora-
tory detection limit in four of the six samples collected
(table 9). Many of the wells were subsequently resam-
pled, at which time 1,2-dichloroethane was not
detected. No SVOC’s, PCB’s, or pesticides were
detected in any of the residential samples.

The mobility of a compound is expressed by its
water-solubility product, which measures the capacity
with which the compound dissolves in water (high num-
bers indicate high capacity to dissolve), and its Log K.,
the partition coefficient to organic fraction of aquifer
materials (low numbers indicate low capacity to sorb
onto organic material). According to data on acetone
and 2-butanone provided in Montgomery and Welkom
(1990), solubility products for these compounds are
high and their Log K,.’s are low compared to other
compounds detected in ground water at the site
(table 10). These more mobile organic compounds were
detected at higher concentrations in the ground-water
samples and the less mobile compounds were detected
at trace concentrations. Most of the organic compounds
detected in the ground-water samples had been detected
in samples of papermill sludge (appendix A) at signifi-
cantly higher concentrations (Geraghty & Miller, Inc.,
1996a). Diethylphthalate was detected in ground water
but not reported in analysis of the papermill sludge and
thus may not be related to disposal activities. Unless
natural-attenuation processes occur, such as biodegra-
dation or abiotic degradation, less mobile compounds
eventually may migrate and be detected in ground
water.

Table 10. Organic carbon partitioning coefficient and water
solubility product for selected organic compounds detected
in ground water, County Road A disposal site, Ashland
County, Wisconsin

[Kye» partition coefficient; mg/L, milligram per liter]

Water solubility

compound  Kon product
acetone -0.43 Miscible in all proportions
2-butanone .09 353,000 at 10°C
butylbenzylphthalate 2.2 2.82 at 20°C
diethylphthalate 1.84 760 at 20°C
2-methylnapthalene 3.9 25 at25°C
napthalene 3 32 at25°C
toluene 2.06 32 at25°C
SUMMARY

The County Road A disposal site, located on the
Bad River Indian Reservation in Ashland County, Wis-
consin, contains papermill sludge generated by a former
mill in the City of Ashland. The U.S. Geological Survey
(USGS), in cooperation with United State Environmen-
tal Protection Agency (USEPA) Region 5 and the Bad
River Natural Resources Department (BRNRD), con-
ducted an investigation of the hydrogeology and
ground-water quality of the site. A primary objective of
this investigation was to assess the potential for migra-
tion of water from ponds on the site to the shallow
ground-water-flow system. This report presents and
interprets hydrogeologic and water-quality data col-
lected by the USGS and the USEPA in support of this
investigation.

At the County Road A disposal site, unconsoli-
dated sediments of glacial and post-glacial origin over-
lie sandstone bedrock. The unconsolidated sediments
are primarily fine-grained sand and silt, with localized
clay layers. Within the upper 50 ft of sediment, the pro-
portion of sand is greatest on the western side of the site
and the proportion of silt and clay increases to the east.
Bottom sediments of the ponds range from clayey-silt to
silty-clay, and are commonly overlain by organic mud,
muck, and papermill-sludge deposits. The shallow
ground-water-flow system within the near-surface sand
and silt deposits is presumed to be controlled largely by
local topography, resulting in flow generally from west
of the site to Hanson’s Swamp on the east. Geophysical,
hydrologic, and water-quality data indicate a direct
hydraulic connection between Pond A and the shallow
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Table 9. Organic analytical data for residential wells sampled April 28 through May 6,

1998 near the County Road A disposal site, Ashland County, Wisconsin

[All values reported in pg/L; MCL, maximum contaminant level; --, no established MCL; <, less than indicated
detection limit; (J), estimated value]

Compound MCL® Res 1 Res 2 Res 3 Res 4 Res 5 Res 6
Chloromethane - <1 <1 <1 <1 <1 <1
Bromomethane - <1 <1 <1 <1 <1 <1
Vinyl Chloride 2 <1 <1 <1 <1 <1 <1
Chloroethane - <1 <1 <1 <1 <1 <1
Methylene Chloride -- 2 2 2 20 2 20
Acetone - <5 <5 <5 <5 <5 <5
Carbon Disulfide - <1 <1 <1 <1 <1 <1
1,1-Dichloroethene -- <1 <1 <1 <1 <1 <1
1, [-Dichloroethane - <1 <1 <1 <1 <1 <1
1,2-Dichloroethene (total) - <1 <1 <1 <1 <1 <1
Chloroform -- <1 <1 <1 <1 <1 <1
1,2-Dichloroethane -- 0.6 (D) <1 0.6(0) <1 08 () 0.7 1)
2-Butanone - <5 <5 <5 <5 <5 <5
1,1,1-Trichloroethane 200 <1 <! <1 <1 <1 <1
Carbon Tetrachloride 5 <1 <1 <1 <1 <1 <1
Bromodichloromethane -- <1 <1 <1 <1 <! <1
1,2-Dichloropropane 5 <1 <1 <1 <1 <1 <1
cis-1,3-Dichloropropene - <1 <1 <1 <1 <1 <1
Trichloroethene - <1 <1 <1 <1 <1 <1
Dibromochloromethane -- <1 <1 <1 <1 <1 <1
1,1,2-Trichloroethane 5 <1 <1 <1 <1 <1 <1
Benzene 5 <1 <1 <1 <1 <1 <1
trans-1,3-Dichloropropene -- <1 <1 <1 <1 <1 <1
Bromoform - <1 <1 <1 <1 <1 <1
4-Methyl-2-Pentanone - <5 <5 <5 <5 <5 <5
2-Hexanone - <5 <5 <5 <5 <5 <5
Tetrachloroethene - <1 <1 <1 <1 <1 <1
1,1,2,2-Tetrachloroethane - <1 <1 <1 <1 <1 <1
Toluene 1,000 <1 <1 <1 <1 <1 <1
Chlorobenzene 100 <1 <1 <1 <1 <1 <1
Ethylbenzene 700 <1 <1 <1 <1 <1 <1
Styrene 100 <1 <1 <1 <1 <1 <1
Xylene (total) 10,000 <1 <1 <1 <1 <1 <1
Phenol - <5 <5 <5 <5 <5 <5
bis(2-Chloroethyl)ether -- <5 <5 <5 <5 <5 <5
2-Chlorophenol -- <5 <5 <5 <5 <5 <5
1,3-Dichlorobenzene - <5 <5 <5 <5 <5 <5
1,4-Dichlorobenzene -- <5 <5 <5 <5 <5 <5
1,2-Dichlorobenzene - <5 <5 <5 <5 <5 <5
2-Methylphenol - <5 <5 <5 <5 <5 <5
2,2%o0xybis(1-chloropropane) - <5 <5 <5 <5 <5 <5
4-Methylphenot -- <5 <5 <5 <5 <5 <5
N-Nitroso-di-n-propylamine - <5 <5 <5 <5 <5 <5
Hexachloroethane - <5 <5 <5 <5 <5 <5
Nitrobenzene -- <5 <5 <5 <5 <5 <5

SUMMARY
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Table 9. Organic analytical data for residential wells sampled April 28 through May 6,
1998 near the County Road A disposal site, Ashland County, Wisconsin—Continued

[All values reported in pg/L; MCL, maximum contaminant level; --, no established MCL; <, less than indicated
detection limit; (J), estimated value]

Compound mcL® Res 1 Res 2 Res 3 Res 4 Res 5 Res 6
Isophorone - <5 <5 <5 <5 <5 <5
2-Nitrophenol - <5 <5 <5 <5 <5 <5
2,4-Dimethylphenol -- <5 <5 <5 <5 <5 <5
bis(2-Chloroethoxy)methane -- <5 <5 <5 <5 <5 <5
2,4-Dichlorophenoi - <5 <5 <5 <5 <5 <5
1,2,4-Trichlorobenzene 70 <5 <5 <5 <5 <5 <5
Naphthalene - <5 <5 <5 <5 <5 <5
4-Chloroaniline - <5 <5 <5 <5 <5 <5
Hexachlorobutadiene - <5 <5 <5 <5 <5 <5
4-Chloro-3-methylphenol -- <5 <5 <5 <5 <5 <5
2-Methylnaphthalene - <5 <5 <5 <5 <5 <5
Hexachlorocyclopentadiene 50 <5 <5 <5 <5 <5 <5
2,4,6-Trichlorophenol - <5 <5 <5 <5 <5 <5
2,4,5-Trichlorophenol -- <20 <20 <20 <20 <20 <20
2-Chloronaphthalene - <5 <5 <5 <5 <5 <5
2-Nitroaniline - <20 <20 <20 <20 <20 <20
Dimethylphthalate -- <5 <5 <5 <5 <5 <5
Acenaphthylene - <5 <5 <5 <5 <5 <5
2,6-Dinitrotoluene - <5 <5 <5 <5 <5 <5
3-Nitroaniline -- <20 <20 <20 <20 <20 <20
Acenaphthene - <5 <5 <5 <5 <5 <5
2,4-Dinitrophenol - <20 <20 <20 <20 <20 <20
4-Nitrophenol - <20 <20 <20 <20 <20 <20
Dibenzofuran - <5 <5 <5 <S5 <5 <5
2,4-Dinitrotoluene - <5 <5 <5 <5 <5 <5
Diethylphthalate - <5 <5 <5 <5 <5 <5
4-Chlorophenyl-phenylether - <5 <5 <5 <5 <5 <5
Fluorene - <5 <5 <5 <5 <5 <5
4-Nitroaniline - <20 <20 <20 <20 <20 <20
4,6-Dinitro-2-methylphenol - <20 <20 <20 <20 <20 <20
N-Nitrosodiphenylamine (1) -- <5 <5 <5 <5 <5 <5
4-Bromophenyl-phenylether - <5 <5 <5 <5 <5 <5
Hexachlorobenzene 1 <5 <5 <5 <5 <5 <5
Pentachlorophenol 1 <20 <20 <20 <20 <20 <20
Phenanthrene - <5 <5 <5 <5 <5 <5
Anthracene -- <5 <5 <5 <5 <5 <5
Carbazole -- <5 <5 <5 <5 <5 <5
Di-n-butylphthalate -- <5 <5 <5 <5 <5 <5
Fluoranthene -- <5 <5 <5 <5 <5 <5
Pyrene -- <S5 <5 <5 <5 <5 <5
Butylbenzylphthalate -- <5 <5 <5 <5 <5 <5
3,3>-Dichlorobenzidine -- <5 <5 <5 <5 <5 <5
Benzo(a)anthracene - <5 <5 <5 <5 <5 <5
Chrysene - <5 <5 <5 <5 <35 <5
bis(2-Ethylhexyl)phthalate -- <5 <5 <5 <5 <S5 <5
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Table 9. Organic analytical data for residential wells sampled April 28 through May 6,
1998 near the County Road A disposal site, Ashland County, Wisconsin—Continued
[All values reported in pg/L; MCL, maximum contaminant level; -, no established MCL; <, less than indicated
detection limit; (J), estimated value]

Compound mcL® Res 1 Res 2 Res 3 Res 4 Res 5 Res 6
Di-n-octylphthalate - <5 <5 <5 <5 <5 <5
Benzo(b)fluoranthene -- <5 <5 <5 <5 <5 <5
Benzo(k)fluoranthene -- <5 <5 <5 <5 <5 <5
Benzo(a)pyrene 0.2 <5 <5 <5 <5 <5 <5
Indeno(1,2,3-cd)pyrene - <5 <5 <5 <5 <5 <5
Dibenz(a,h)anthracene - <5 <5 <5 <5 <5 <5
Benzo(g,h,i)perylene - <5 <5 <5 <5 <S5 <5
alpha-BHC - <0.01 <0.01 <0.01 <0.01 <0.01 < 0.01
beta-BHC -- < .01 < .01 < 01 < 01 < .01 < .01
delta-BHC -- < 01 < .01 < .01 < .01 < 01 < 01
gamma-BHC (Lindane) - < .01 < .01 < .01 < .01 < .01 < .01
Heptachlor 04 < .01 < .01 < .01 < .01 < 01 < .01
Aldrin - < .01 < .01 < .01 < .01 < 01 < .01
Heptachlor epoxide 0.2 < 01 < .01 < .01 < .01 < .01 < .01
Endosulfan I -- < 01 < .01 < .01 < .01 < .01 < 01
Dieldrin -- < .02 < 02 < .02 < .02 < .02 < .02
4,4-DDE - < .02 < .02 < .02 < .02 < .02 < .02
Endrin 2 < .02 < 02 < 02 < .02 < .02 < 02
Endosulfan II - < .02 < .02 < .02 < .02 < .02 < .02
4,4-DDD -- < .02 < .02 < 02 < .02 < .02 < .02
Endosulfan sulfate - <0.02 <0.02 <002 <0.02 <0.02 <0.02
4,4-DDT - < .02 < 02 < .02 < .02 < .02 < .02
Methoxychlor 40 < .10 < .10 < .10 < .10 < .10 < .10
Endrin ketone - < .02 < .02 < .02 < .02 < 02 < .02
Endrin aldehyde - < .02 < 02 < .02 < .02 < .02 < .02
alpha-Chlordane 2 < 01 < .01 < .01 < .01 < .01 < .01
gamma-Chlordane 2 < .01 < 01 < .01 < .01 < .01 < .01
Toxaphene 3 <1 <1 <1 <1 <1 <1
Aroclor-1016 -- < .20 < .20 < .20 < .20 < .20 < .20
Aroclor-1221 - < .40 < 40 < .40 < 40 < .40 < .40
Aroclor-1232 - < .20 < .20 < .20 < .20 < .20 < 20
Aroclor-1242 -- < .20 < .20 < .20 < .20 < .20 < .20
Aroclor-1248 - < .20 < .20 < 20 < .20 < .20 < .20
Aroclor-1254 -- < .20 < .20 < .20 < .20 < .20 < .20
Aroclor-1260 -- < .20 < .20 < .20 < .20 < .20 < .20

4Primary Drinking Water Standard (U.S. Environmental Protection Agency, 2000).
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ground-water system. Neutron logs indicated the bot-
tom sediments of the ponds were saturated.

A water budget prepared for Pond A for selected
periods in summer 1998 indicated seepage of pond
water to shallow ground water at rates of 0.008 to
0.012 ft per day. In addition, a consistent downward gra-
dient through the bottom of Pond A was measured,
ranging from 0.24 to 0.38 ft per foot. During the same
period, changes in the stage of Pond A were reflected in
changes in the hydraulic head of the underlying sedi-
ments. The downward vertical gradient, which
increased due to pond-stage rise with precipitation,
decreased with time as the hydraulic head in the under-
lying sediment increased in response. The vertical
hydraulic conductivity of the pond bottom sediments
(estimated to be 0.021 to 0.050 ft per day) was suffi-
ciently low to support the gradient, but not so low as to
completely inhibit flow through the sediments.

The altitude and variation in water levels in well
points WP-P2, WP-P3, WP-P4, and CAWP-7P indicate
that Pond A was affecting the water table in adjacent
areas. The relation between water levels in the pond and
in adjacent shallow sediments is complex due to the
physical evolution of the site.

Water-quality analyses indicate that inorganic and
organic constituents have moved from the papermill
sludge and/or ponds into the shallow ground-water-
flow system within the site. Water samples from moni-
toring wells contained elevated concentrations (above
maximum contaminant levels, where established) of
sodium, aluminum, lead, antimony, and possibly cobalt,
in addition to acetone and 2-butanone. All of these con-
stituents except sodium and cobalt were identified in
papermill samples. No analytical data for sodium or
cobalt were found in previous reports. The more mobile
organic compounds were detected at higher concentra-
tions, and less mobile compounds were detected at trace
concentrations. The future movement of the inorganic
and organic constituents to ground water over time can-
not be predicted without a detailed analysis of the parti-
tioning of the compounds to the clay and soil-organic
materials.

Analyses of water from residential wells in the
vicinity showed considerably lower concentrations of
inorganic constituents, with the exceptions of zinc and
potassium, than were detected in the monitoring wells.
Elevated concentrations of potassium and zinc, how-
ever, were consistent with concentrations measured pre-
viously in samples from other wells and springs on the
reservation, which were presumably unaffected by

papermill sludge disposal. None of the organic com-
pounds identified in the papermill sludge were detected
in water sampled from the residential wells.
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