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ABSTRACT

Schmeeckle Reserve is a 190 acre natural area located
in the Central Sands Region of Wisconsin. The area 1s pre-
dominantly wetland with sandy loam soil and a depth to
ground water of five feet or less. The Reserve 1is bordered
to the north and west by expanding commercial and urban de-
velopment. Runoff from this development and from major
roadways is diverted into the Reserve which functions as a
catchment basin. In addition, ground water recharge occur-

ring on these areas flows under the Reserve.

This study was initiated to evaluate the 1mpacts of
urban storm water runoff on the ground water quality i1n the
Reserve. Single-depth and nested wells were used to map
local ground water flow and to sample for contamination.

Land surface contours were mapped to determine storm water

runoff drainage patterns.

The study concentrated on chloride and sodium concen-
trations related to road salt, benzene, toluene, and xylene

concentrations related to gasoline and oil, and lead, zinc,



and copper concentrations related to motor vehicles and
gasoline. Nitrogen, phosphorus and basic water chemistry
parameters were also analyzed to document any water chemis-

try changes. Sampling began in the fall of 1985 and con-

tinued through July of 1987.

Mean chloride concentrations ranged from 1 mg/1 at a

control well to 2054 mg/1 at a well nearest to storm water

drainage. Corresponding mean sodium concentrations were 2
mg/1 and 655 mg/1 respectively. Of the volatile petroleum
components, only benzene was detected at concentrations

above 1.0 wug/1 within the Reserve and then only at one
well. The mean benzene concentration at the well was 6.7
ug/1 and does not appear to be attributable to runoff.
This contamination may be attributable to an underground
petroleum storage tank or to improper disposal of petroleum
products. Mean dissolved and total concentrations of lead,

z2i1nc, and copper 1n ground water did not suggest contamina-

tion was occurring.

A secondary objective was to evaluate atmospheric con-
tributions of metals to the Reserve. Lead accumulations 1n
moss ranged from 16.86 mg/kg at a control site outside the
Reserve to 140.90 mg/kg within the Reserve. 2Zinc ranged
from 57.58 mg/kg at the control to 747.72 mg/kg within the
Reserve. These data suggest that atmospheric contributions
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of lead and zinc to the Reserve are significant.
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there was no variation in lead.

Total Metals in Water

sampling preparation and collection for total metals
in water was identical to that used for dissolved metals
except samples were not filtered and were acidified immedi-

ately after collection in the field.

Total Metals in Vegetation and Sediment

Vegetation and sediment samples for metals analyses
were colilected 1n plastic resealable bags and frozen.
Sediments were collected from within the top five centime-
ters of the sediment layer of the surface water sites. A
piece of two inch inside diameter PVC pipe was 1nserted
into the sediment layer to remove a core type sample of

which only the top 2.5 cm was utilized as the sampie.

Young twigs and branches were collected 1n March and
June 1987, from woody vegetation. The entire plant bodies

of mosses were collected in June 1987.

VOC's

Sampling procedures for VOC’s were followed as pre-
scribed 1in EPA Method 602 for purgeable aromatics and
Method 601 for purgeable halocarbons. Twenty-five mi vol-
ume glass vials with teflon septum screw caps were deter-

gent washed, rinsed with tap and disti1lled water and dried
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at 105 C before use. Water samples were collected using a
teflon bailer filling the vials to zero head space followed

by refrigeration. Ground water samples received no preser-

vatives.

water Chemistry

wWater samples were collected using a teflon bairler
filling 500 ml precleaned clear plastic sample bottles fol-
lowed by refrigeration. Procedures were followed as pre-

scribed in APHA 1981, 15th edition.

Analyses
Metals

Ground water samples that were filtered and acidified
were analyzed directly to guantify dissolved metal concen-
trations. Prior to the analysis of sediments, vegetation,
and ground water that was not filtered, a digestion process
was carried out 1n order to guantify total metals concen-
trations. Samples were digested using concentrated nitric
acid and refliuxing until all organic material had been bro-
ken down. Complete digestion was checked by the addition
of a drop or two of H202 which caused the elution of yellow
gas if any organic compounds were still present. The re-
maining solutions were filtered through a 0.45 micron fil-

ter and refrigerated prior to analysis.

For digestion of vegetation, between one and two grams
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of sample was used. Woody twigs and branches were first
washed for five minutes with a continuous flow of distilled
water., Moss samples were not washed and consisted of only
parts of the plant body that could be carefully cut away
from the dense plant matt which entrapped soil particles
and debris. The vegetation was then dried for 48 hours at

105 F after which a subsample was removed and digested.

Sediments were oven dried for 48 hours at 105 C after
which the sample was homogenized and approximately one gram

was weighed out and digested.

Spikes, duplicates, and procedural blanks were pre-
pared for each substrate and for each different sample
preparation procedure. Digested samples were spiked prior
tc digestion. Dissolved metal samples were spiked after

filtration and at the same time the samples were acidified.

The Varian Model 475 atomic absorption spectrophc-
tometer was used for metals analyses. The graphite furnace
attachment was used for the analysis of lead. Flame ab-
sorption was used for zinc, copper, iron, and chromium.

Calibration standards, spikes, duplicates, and blanks were

also analyzed.

Textural analysis of sediments was conducted for com-

parison with results of metals content. Subsamples were
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dried at 110 C for 24 hours and sieved through a 2mm-mesh
to obtain the coarse fractions (>2mm diameter). Organic
matter content was determined by loss on ignition at 600 C
in a muffle furnace (Wilde et al., 1972). Prior to sand,
silt, and clay particle size analysis, organic matter was
removed from subsamples by the addition of H202 into and
acid (pH 5) adjusted medium (Kunze, 1965). The hydrometer

method (Day, 1965) was employed for particulate size

analysis.

VOC'’s

The 1instruments used for VOC analyses were a Tekmar
Purge and Trap Concentrator LSC-3 connected to a Tracor
Model 560 gas chromatograph (GC). The GC was equipped with
a Model 700A Hall Electrolytic Conductivity Detector, a
Model 703 Photoionization Detector, and a column with a 1%
SP1000 packing. The methanol flow rate setting was 0.6 mls
per minute. Calibration standards, spikes, duplicates,
field blanks and reagent water blanks were analyzed in ad-
dition to the samples. Chlorobenzene was added to each
calibration standard and every sample to function as an 1in-
ternal standard. A Response Factor (RF) was calculated and
used to determine concentrations of analytes as described
in EPA Methods 601 and 602. The internal standard did not

interfere with the detection of analytes.

A five ml portion of each water sample was transferred
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via calibrated glass syringe with a teflon plunger and
valve from the sampling vials to the purging chamber. The

sample was then purged and analyzed on the GC.

Water Chemistry

A1l ground water samples were analyzed for the follow-

ing parameters:

Parameter Source Method

PH APHA, 1981 423

Conductivity APHA 205

Alkalinity APHA 403

Total Hardness APHA 314B

Calcium Hardness APHA 311C

Reactive

Phosphorus EPA, 1974 p. 249

Ammonia Technicon 329-74 W/B
Autoanalyzer

Nitrite + Technicon 158~71 W/A

Nitrate Autoanalyzer

Chloride Chloride Electrode

Potassium APHA 3228

Sodium APHA 3258



RESULTS AND DISCUSSION

Storm Water Drainage and Ground Water Flow

Surface topography contours of the Reserve and adja-
cent lands (Fig. 5) indicate that storm water runoff from
urban development drains toward the Reserve from the north
and west. Surface elevations are highest (1120 ft.) along
the northwest margin of the Reserve and gradually decrease
in a southeast direction moving across the Reserve. Areas
lacking a steep gradient within the Reserve closely ap-
proximate the location of wetlands (Fi1g. 4). The topogra-
phy of the local watershed i1indicates that the Reserve 18 a
natural drainage basin. The approximate drainage basin

boundaries of the Reserve are depicted in Figure 6a.

As displayed on Figure 6a, the Reserve has a very lim-
ited ground water recharge area. The current expanding de-
velopment along the western border of Reserve which 1in-
creases the area covered with pavement, can have a
substantial impact on the ground water quality 1n the Re-
serve. Runoff from these areas makes up a large percentage
of the water recharge to the west and especilally southwest
parts of the Reserve.

27
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Surface contour map of Schmeeckle Reserve and the immediate
watershed (feet above sea level).,
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Urban storm water runoff draining into the Reserve
from the north and west, which infiltrates into the ground
water, will move within the aquifer in a southeast direc-
tion as shown by the water table contour map, Figure 6b.
This figure also indicates that runoff infiltrating from
North Point Drive and Sentry Insurance’'s property will move
towards University Lake. This runoff can potentially 1im-
pact the ground water quality throughout much of the Re-
serve and may impact the water quality of the lake. Storm
water runoff from Business Highway 51 and commerctal devel-
opment adjacent to the highway, is discharged into the Re-
serve via a storm sewer or from direct inflow from roaa
ditches. Discharge from the storm sewer outlet (A, Fig. 4)
will move into the Reserve 1n both northeast and southeast
directions. This discharge can potentially 1mpact the
ground water quality 1n ponds B and D, and wells 32, 16,

34, 6E and 6W before being carried out of the Reserve.

Ground water contours were developed from July 1987
water table data. The direction of ground water flow may
vary throughout the year due to seasonal water table fluc-
tuations. However, monthly changes in water table eleva-
tion are similar at various locations throughout the Re-
serve, Therefore, the overall yearly ground water flow
direction i1s likely very similar to that depicted in Figure
6b. Figure 7a displays the seasonal water table fluc-

tuations at two wells within the Reserve. The water
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32
table attained a maximum height in the fall months followed
by a second peak in the spring. The water table then de-
creased to i1ts lowest levels during the summer growing sea-

son when plants are transpiring large volumes of water.
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Figure 7a. Monthly water table fluctuations at wells 32

and 4 in Schmeeckle Reserve.

As displayed in Figure 7a, well 32 maintained a more
constant level throughout the year than well 4. Well 32 1s
located 1in a wetland area where there is a continuous re-
charge or baseflow. Wetland areas in the Reserve are char-
acterized by high permeability soils (sands) which result
in a more rapid ground water flow and thus a smoother gra-
dient (Figs. 4 and 6b). Wells in the northwest region of
the Reserve, such as well 4, are located 1n uplands. Up-

land areas have steep ground water gradients. These steep
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gradients depict that ground water is moving slowly 1likely
due to the presence of fine textured soil materials (clays)
which are associated with the residuum layer directly above
the bedrock. Depth to bedrock in the northwest uplands of

the Reserve 1is very shallow (around 4 feet).

Seasonal water table fluctuations in the wells reflect
the so01l1 characteristics. Wells in wetlands (Fi1g. 7b)
maintain a more constant water table level than wells 1n
the uplands (Fig. 7c¢). 1In the uplands, the finer soi1l ma-
terials hold water tightly. As a result, after the spring
recharge around April water is released very slowly so that
by June there 1s a large decline 1n water table Jlevel n
these wells. Contaminants within the ground water will
move very siowly. Sandier so1ls 1n the wetlands allow wa-
ter to move faster and there i1s a more continuous baseflow.
As a result, the water table level remains more stable
throughout the year and contaminants will spread and move

more rapidly 1n these areas.

Several of the monitoring wells in the Reserve were
nested wells (10’'s, 12's, 1’s, 6's, 5's, 33's, 17’s, 18’'s,
and 19's) ; two wells installed side by side with one being
deeper than the other. water table fluctuations 1n nested
wells indicate when upwelling or recharging vertical gradi-

ents are present at a well location. when the deeper of

the nested wells has a higher water table elevation than
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Figure 7b. Seasonal fluctuations of wells in wetland areas
of the Reserve.
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the shallower well, then upwelling is occurring and surface
water will not be infiltrating. When the opposite happens,
ground water recharge is occurring and surface runoff along
with potential contaminants can infiltrate into the aqui-
fer. Figure 7d depicts vertical gradients in wells 10E and
10W. Upwelling occurred during January and 1infiltration
the other months. At wells 1285 and 12N (Fig. 7e),
upwelling occurred 1n October and 1infiltration during
January through July. The presence of vertical gradients

are evidence of the complex hydrogeological system which

operates in the Reserve.

Another factor which adds to the complexity of the hy-
drological system in the Reserve, 1s the presence of a per-
forated storm sewer 1ine which runs along Michigan Avenue.
Due to the perforation, this sewer line can at times con-
tribute raw storm water runoff directly to the ground water
in the eastern half of the Reserve, During times when the
water table 1s high, this sewer may drain the aquifer. The
1impacts of thi1s perforated sewer on the hydrological system

in the Reserve are not fully understood and require further

investigation.

storm Water Impacts on Ground Water Quality
Petroleum VOC’s

volatile petroleum compounds from storm water runoff

were not found to be contaminating the ground water





