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GROUND-WATER FLOW IN THE PRAIRIE DU CHIEN-JORDAN
AQUIFER RELATED TO CONTAMINATION BY COAL~TAR

DERIVATIVES, ST. LOUIS PARK, MINNESOTA

By J. R. Stark and M. F. Hult

ABSTRACT

A three-dimensional, ground-water-flow model of the Prairie du Chien-
Jordan aquifer and associated hydrogeologic units was developed to evaluate the
movement of coal-tar derivatives from a coal-tar distillation and wood-
preserving plant in St. Louis Park, Minnesota. A finite-difference grid was
superimposed on the modeled area, which includes most of eastern Hennepin
County. The individual cells are 400-foot squares in the center of the grid
(St. Louis Park area); the cells increase in dimension toward the outside
limits of the grid. Five geologic units are represented by four layers in the
model. These units include the Jordan Sandstone, the Prairie du Chien Group
(dolomite and sandy dolomite), the basal confining unit of the St. Peter
Sandstone (silty and sandy shale), the St. Peter Sandstone, and glacial
deposits in bedrock valleys.

The model was calibrated for steady-state conditions for a period before
significant ground-water development (1885-1930) and for a period of signifi-
cant pumping stress (winter conditions, 1970's). A transient calibration was
accomplished by simulation of a period during which seasonal changes in poten-
tiometric head in the Prairie du Chien-Jordan aquifer were significant (1977~
80). Sensitivity testing indicated that leakage to the upper model layer and
the vertical hydraulic conductivity of the basal confining unit of the St.
Peter Sandstone were the model hydrologic properties which, when changed,
resulted in the greatest changes in model-calculated water levels. The cali-
brated model generally calculates water levels that are within 10 feet of
measured values.

Model simulations indicate that the potentiometric surface of the Prairie
du Chien-Jordan aquifer would be raised by as much as 3 feet in the area of the
plant site by water introduced into the aquifer through wells open to more than
one aquifer system. The cones of impression created at these wells could have
a significant impact on the transport of contaminants in the Prairie du Chien-
Jordan.

The presence of coal-tar derivatives in the aquifer has been difficult to
explain in wells located upgradient from the plant site to the north, west, and
southwest. Simulations suggest that, during periods of heavy withdrawal from
certain of these wells (SLP10, SLP15, and SLP5), local hydraulic gradients may
have been altered, resulting in the potential for the movement of contaminants
from the area of the plant site to the wells. Cones of impression at multi-
aquifer wells near the plant site contributed to the alteration of local
gradients.



Simulation of a proposed gradient-control plan, in which lateral homoge-
neity and isotropy of individual hydrogeologic units was assumed, indicates
that the actions would be effective in limiting expansion of the contaminated
volume in the Prairie du Chien-Jordan aquifer. The plan includes the control
of withdrawal from five wells. The simulations also show, however, that model-
calculated potentiometric surfaces are sensitive to changes in withdrawal rates
at wells not intended to be under the control of the plan. Management of
discharge from these wells also will be important to overall effectiveness of
the remedial-action plan. .

INTRODUCTION

Ground water in the Prairie du Chien-~Jordan aquifer, St. Louis Park, .
Minnesota, was contaminated by activities at a coal-tar distillation and wood-
preserving plant that operated from 1918 to 1972 (Hult and Schoenberg, 1984).
Coal-tar derivatives--a complex mixture of more than 1,000 compounds--are the
major contaminants. These compounds are, for the most part, denser than water.
A class of these compounds--PAH (polynuclear aromatic hydrocarbons)--are of
particular concern to human health because they are carcinogenic (U.S.
Environmental Protection Agency, 1980). The use of several municipal water-
supply wells has been discontinued because water from these wells contains PAH
compounds. Remedial measures to limit the spread of contaminants in the
Prairie du Chien-Jordan aquifer, are being planned by the MPCA (Minnesota
Pollution Control Agency). A ground-water-flow model, developed during this
study, is being used by the MPCA in locating well sites for contaminant-source
control (to limit additional inputs of contaminants to the aquifer) and for
gradient control (to limit further migration of contaminants in the aquifer)
and in designing pumping rates for those wells.

This report is one in a series of reports by the U.S. Geological Survey
that document ground-water contamination at St. Louis Park. Hult and
Schoenberg (1984) and Hult (U.S. Geological Survey, written commun., 1983)
present an overview of the problem and summarize the current understanding of
the ground-water hydrology of the area.

Purpose and Scope

This report describes the construction, calibration, testing, and applica-
tion of a numerical model that simulates ground-water flow in the Prairie du
Chien-Jordan aquifer in the St. Louis Park area and in hydrogeologic units that
overlie and interact hydraulically with the aquifer, in order to study the
movement of coal-tar derivatives in the aquifers. The report evaluates conse-
quences of modifying current pumping strategies and increasing pumping by
installing new wells. The hydrogeology of the area is presented as background
for describing the model's construction.

Location and Description of Area

The site of the former coal-tar distillation and wood-preserving plant is
in St. Louis Park, Hennepin County, Minn., (fig. 1). The city adjoins
Minneapolis on the east and the cities of Golden Valley, Minnetonka, Hopkins
and Edina on the north, west, south, and southeast, respectively.
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In this report the term "plant site" refers to the approximately 80-acre
tract on which the plant was located (fig. 1). The term "study area" refers to
the geographic extent of the Prairie du Chien-Jordan aquifer in Hennepin
County. This area is between Lake Minnetonka to the west, the Minnesota and
Mississippi Rivers to the south and the east, and a latitude of 45° 05' to the
north.

History of Contamination

Ground-water contaminants from a coal-tar distillation and wood-preserving
plant have degraded the quality of water in several aquifer systems in the St.
Louis Park area. The upper aquifer system in the drift and Platteville lime-
stone has been contaminated by coal-tar derivatives. Hult and Schoenberg
(1984) reported that these contaminants percolated to the water table from
ponds and wetlands that received runoff and process water from the plant.
Although this aquifer system is not extensively used for water supply, water
from the system has contributed to contamination of deeper aquifers by down-
ward leakage and by flow in multiaquifer wells which connected more than one
aquifer.

The Prairie du Chien-Jordan aquifer, the most highly utilized aquifer in
the Minneapolis-St. Paul Metropolitan Area, is relatively well protected from
near-surface sources of contamination. In the St. Louis Park area, the aquifer
is from 250 to 500 feet below land surface and is overlain by drift, two
bedrock aquifers, and two bedrock confining units. Contamination of the Prairie
du Chien-Jordan aquifer primarily resulted from direct discharges of coal-tar
materials in wells open to the aquifer and by flow through wells open to the
Prairie du Chien-Jordan and overlying aquifers (Hult and Schoenberg, 1984).

Contamination of the Prairie du Chien-Jordan aquifer was first documented
in 1932 when the city of St. Louis Park completed its first municipal well,
[St. Louis Park old well 1 (W112)] in the aquifer (Hult and Schoenberg, 1984).
This well, located about 3,500 feet east of the plant site (fig. 2), produced
water with a coal-tar taste. In 1933, efforts to reconstruct the well to
eliminate the contamination problem failed and use of the well was discon-
tinued. A driller's report from that time implied that the probable cause of
contamination in the well was from wells at the plant site, which were being
used to drain wastes from the plant into the ground (Hult and Schoenberg,
1984). Several other wells completed in the Prairie du Chien-Jordan aquifer
during the 1930's, generally located to the east of the plant site, also
produced water with a coal-tar taste and odor.

In 1946, St. Louis Park completed another municipal well, SLP4 (fig. 2),
in the Prairie du Chien-Jordan aquifer (Hult and Schoenberg, 1984). Concentra-
tions of phenolic compounds in water from the well were reported to be 0.10
mg/L (milligrams per liter) but decreased rapidly after several months of use.
In 1953, the bore of a well (W23) on the plant site (fig. 2) that was open to
the Prairie du Chien-Jordan aquifer, was found to contain coal tar. Evidence
suggests that a spill into the well may have occurred approximately 1930 (Hult
and Schoenberg, 1984). Efforts to remove the tar by cable-tool drilling tech-
niques were unsuccessful, and a liner was installed in the well in an attempt
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to keep contaminated water from entering the Prairie du Chien-Jordan aquifer.
Sunde (1974) concluded that contamination of the deeper aquifers resulted from
flow-through wells that penetrated more than one aquifer.

In 1978, PAH compounds were documented in water from five St. Louis Park
municipal wells. Use of four of these wells (SLP7, SLP9, SLP10, and SLP15) was
discontinued (fig. 2). During 1979 through 1980, three additional wells were
removed from active use [SLP4, SLP5, and Hopkins 3; (fig. 2)]. The U.S.
Geological Survey began a study in 1978 to evaluate the effects of multiaquifer
wells., Six wells that connect the Prairie du Chien-Jordan aquifer with over-
lying aquifers were located and evaluated (fig. 2). Flow rates, estimated by
geophysical logging and inspection with a television camera, ranged from 20
to 150 gal/min. The greatest flow rate was measured in well W23--the well on
the plant site that was found, in 1983, to contain more than 100 feet of coal
tar. Each of these wells had an effect on water levels near the well and,
therefore, the local direction of water movement in the aquifers that were
interconnected by the wells (Hult and Schoenberg, 1984). 1In addition, four of
these wells were in areas where the bedrock aquifers are contaminated and were
pathways for contaminant transport into the Prairie du Chien-Jordan aquifer.
Each of these wells has been permanently or temporarily sealed (Hult and
Schoenberg, 1984).

Contaminants in the Prairie du Chien-Jordan aquifer have moved at least 2
miles northeast and southeast of the plant site (fig. 3). The direction and
rate of contaminant movement changes with time because hydraulic head in the
Prairie du Chien-Jordan aquifer continually adjusts to stresses caused by
ground-water withdrawals and flow through wells that connect more than one
aquifer. Contaminants move rapidly through the upper part of the Prairie du
Chien, which is a carbonate rock having fracture and solution-channel perme-
ability and low effective porosity. Consequently, water pumped from wells
completed in this aquifer has concentrations and composition of contaminants
that commonly fluctuate with time.

Previous Investigations

Numerous studies have been made of various aspects of the contamination
problems in St. Louis Park. In 1933, an investigation by McCarthy Well Company
concluded that contamination was coming from the plant site through "several
old wells being used to drain creosote away into the ground" (files of the U.S.
Geological Survey, Minnesota District, St. Paul). A report by the Minnesota
Department of Health (1938) identified nine wells in the area with either a
phenolic or tar-like taste. Hickok (1969) reported that in 1946 the concentra-
tion of phenolic compounds in water from St. Louis Park well 4 (SLP4),
completed in the Prairie du Chien-Jordan aquifer, was 0.10 mg/L.

Sunde (1974) concluded, in a general evaluation of the problem, that
contamination in the deeply buried bedrock aquifers resulted from flow through
wells connecting more than one aquifer. The Minnesota Department of Health
(1974) reported on the water quality of private, industrial, and municipal
wells in the area. A compilation of available geological information on the




























































































































































