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President’s Column

— Ray Wuolo, Barr Engineering Co.

From the point of view of Minnesota'’s
surface-water hydrologists, this has
been a fairly eventful year. First, we
had the massive snow melt, followed
by flooding in the Red River Valley
that didn’t attain biblical proportions
but made CNN'’s Headline News sev-
eral times (and the local stations
didn’t even have to go hunting for the
infamous “Minnesota Connection”).
Then we had a miserably wet July,
with flash flooding, geysers erupting
from storm sewers, and copious
amounts of standing water. The hy-
drologists got their share of air time,
too. | even heard an explanation of
the US Army Corps of Engineers’
HEC-1 model on one program. So,
ground water types, are you feeling
left out yet? If so, we're going to try
and rectify that somewhat.

Our September field trip, organized in
conjunction with the local chapters of
the Association of Professional Geolo-
gists and the Association for Women
Geoscientists is shaping up to be very
interesting and a lot of fun. We'll be
spending our time in the southeast
corner of the state during a very nice
time of the year (the mosquitos should
be just about gone by then). And the
karst terrains will give us a chance to
see groundwater moving somewhat

faster than a few feet per year. If you
haven't been on an excursion in this
scenic area, don’t pass up the oppor-
tunity.

MGWA'’s fall meeting is typically more
technical in nature than the spring
meeting. This year's fall meeting will
be held sometime in November at a lo-
cation yet to be decided. We are in

the early stages of working on an edu-
cational program o6riented toward the
interaction between surface and
ground water. One topic that we know

—continued on page 5
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Winona County Sinkholes

— Janet Dalgleish, Barr Engineering
Co. and Suzanne Magdalene,
University of Minnesota

Two studies were performed to docu-
ment the density and distribution of
sinkholes in Winona County and to re-
late sinkhole distribution to geology
and/or hydrogeology. Sinkhole distribu-
tion in Winona County was first
mapped in 1983 by Dalgleish and Al-
exander (1984b), and 535 sinkholes
were used to define sinkhole prob-
ability zones. The sinkhole distribution
was revisited in 1992 by Magdalene
and Alexander (1995), identifying 73
additional sinkholes that were added
to the original survey for geostatistical
analysis.

Sinkholes serve as direct links be-
tween the land surface and karst aqui-
fers, causing the groundwater to be
highly susceptible to contamination.
The travel time of water moving from
the surface to karst aquifers via a sink-
hole can be as short as minutes with
minimal filtration through sediments.
Water pollution in the aquifer can re-
turn to the land surface in springs,
where it affects wildlife, domestic ani-
mals, and human populations alike.
Careful planning is needed in Winona
County where the primary aquifer is
the Prairie du Chien Group, a karst
aquifer. The following is a summary of
the two sinkhole distribution studies.

Sinkhole Distribution — 1983

This study was performed to docu-
ment the density and distribution of
sinkholes in Winona County and to re-
late that distribution to variations in
bedrock geology, surficial geology,
and/or hydrogeology. A second goal
was to produce a sinkhole probability
map of Winona County that would aid
state and county water resource man-
agers, and local residents in protect-
ing the regional groundwater system,

which is highly susceptible to contami-
nation.

Bedrock Geology

Sinkhole distribution in Winona
County appears to be controlled pri-
marily by bedrock lithology. The lower
Shakopee Formation, and in particu-
lar the New Richmond Sandstone, ap-
pears to be the bedrock strata most
conducive to sinkhole formation. Con-
sidering that the majority of the sink-
holes are developed in these strata,
regardless of the other controls on
sinkhole development, stratigraphic
position is the primary geologic con-
trol.

Water flowing through the New Rich-
mond will not be totally neutralized
when it contacts the Oneota Dolomite
since the New Richmond Sandstone
contains only a small proportion of
calcium carbonate. The aggressive
water collects in joints of the New
Richmond Sandstone which is then
channeled to the Oneota Dolomite.
This system directs aggressive water,
capable of further dissolving the bed-
rock, along joints in the Oneota Dolo-
mite. As the joints in the Oneota are
enlarged, the New Richmond Sand-
stone collapses into the Oneota dolo-
mite as shown in the block diagram
(Figure 1).

—continued on page 2
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Figure 1: Typical relationships in Winona County between karst and topography

(Dalgleish and Alexander, 1984a)

Surficial Geology

The density of sinkholes is not con-
stant over the New Richmond Sand-
stone; therefore, other geologic con-
trols must be affecting sinkhole forma-
tion. Surficial geology appears to
have an impact on sinkhole develop-
ment, particularly the lithology and
thickness of surficial materials. Sink-
hole densities are greatest in areas
where the surficial materials are a
thin sand and noncalcareous till, and
lowest in areas covered by thick lo-
ess over a calcareous till.

Paleokarst Surface

Another factor to consider is the age
of the bedrock surface. In Winona
County, the age of the bedrock sur-
face generally decreases to the west
as the carbonate content of the surfi-
cial material increases. The surface
of the Prairie du Chien Group to the
northeast has been exposed to
weathering for a longer time period.
This implies that the paleokarst sur-
face is progressively younger to the
southwest. The irregular paleokarst
surface probably directs water perco-
lating through the sediments into pre-
viously enlarged joints and sinkholes.
Paleokarst sinkholes would not only
provide additional water for further
dissolution of the rock, but the in-
creased volume of water would be ca-

pable of transporting sediment deeper
into the bedrock. As sediment is trans-
ported deeper into the bedrock, cavi-
ties will form due to piping, eventually
resulting in surface collapse or subsi-
dence. Initially sinkholes may open in
sites of paleosinkholes. Once the re-
newed sinkhole opens, surface water
may be channeled toward that area
causing additional collapses. This
process is more evident in eastern Wi-
nona County where sinkholes with
wide shallow depressions and small al-
most vertical holes in the center are
common.

Sinkhole Probability Map

The relative likelihood for future sink-
hole development was estimated on
the basis of the observed density of
sinkholes, together with information
on the bedrock geology, surficial geol-
ogy, and hydrogeology. This informa-
tion was used to prepare a sinkhole
probability map for the county (Dal-
gleish and Alexander, 1984a). The fol-
lowing five regions of sinkhole prob-
ability were defined:

- No Probability - The surface area ex
posed in the deep valleys incised be-
low the Prairie du Chien Group is not
susceptible to sinkhole formation.

- Low - No sinkholes were detected
and few if any sinkholes are expected
to develop on the steep slopes of the

Oneota Dolomite at the top of the
deeply incised valleys.

- Low to Medium - Areas where sink-
holes are widely scattered with only
small isolated clusters of 2 to 3 sink-
holes.

- Medium to High - Sinkholes are
generally moderately distributed with
several clusters of 4 to 10 sinkholes.

- High - Overall the sinkhole density
is relatively high with large clusters of
more than 8 sinkholes. This region in-
cludes some smaller areas where
sinkhole densities appear similar to
the medium to high region; these ar-
eas were included because there
was no indication of geologic or topo-
graphic differences from the highly
concentrated area to inhibit sinkhole
formation. The differences in density
are probably random variations in
landscape development.

The bedrock geology, surficial geol-
ogy, and paleokarst surface are inter-
twined controls on sinkhole formation
in Winona county. The relative impor-
tance of these factors varies through
the study area. These factors were
further studied in greater detail using
sophisticated geostatistical methods
in 1995,

Statistical Analysis of Sinkhole
Distribution — 1995

This study was undertaken to update
the sinkhole database for Winona
County, to use the newly identified
sinkholes to evaluate the sinkhole
probability map, and to characterize
the sinkhole distribution using geosta-
tistical methods. A secondary goal
was to evaluate sinkhole treatment
as a best management practice used
to reduce nonpoint source pollution to
karst groundwater.

The 1992 sinkhole survey found 73
sinkholes that had not been identified
in the original survey — 39 older sink-
holes missed in the first survey and
34 new sinkholes that had developed
since 1983. The newly identified sink-
holes were similar in shape and di-
mension to the original sinkholes:
steep-walled with less than 10 m (30
ft) diameters. However, the 1983 sur-
vey identified sinkholes that were
more than 25 years old and were
open holes located on the ridges of
the karst plateau. In contrast, the

—continued on facing page
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1992 survey identified predominately
newer sinkholes that were located on
slopes and in waterways and were
closed due to sinkhole treatment.

Sinkhole Probability Map

The 1992 sinkhole survey was plot-
ted on the sinkhole probability map
(Dalgleish and Alexander, 1984a) of
the Winona County Geologic Atlas.
All of the 73 newly indentified sink-
holes are in the High to Moderate-to-
High sinkhole probability zones. This
is an encouraging test of the criteria
used to develop the original map.

Moving Window Analysis

The areal extent of the Prairie du
Chien plateau in Winona County is
1167 km? (452 miz), and the average
sinkhole gensity is 0.52 sink-2
holes/km“ (1.35 sinkholes/mi©). Using
a moving window analysis with a 1.69
km? window size, the range of sink-
hole densities across the study area
are 0 to 14.8 sinkholes /km~.

Nearest Neighbor Analysis

The direction and distance from each
sinkhole to its nearest neighbor was
calculated. The newly updated sink-
hole data set was evaluated with the
Clark and Evans (1954) and the Skel-
lam (1952) tests for complete spatial
randomness. Both statistical tests
compare the observed mean dis-
tance to nearest neighbor (La) with
the expected distance to nearest
neighbor of a random sinkhole set
(Le). The Clark-Evans random spatial
index R is the ratio of the observed
and expected distances, or R = Lalle.
R ranges from 0 (maximum aggrega-
tion or clustering) to 1.0 (complete
spatial randomness) to 2.149 (regular
hexagonal pattern). If the value of R
is significantly less than 1.0, the
points are more clustered than ran-
dom. If the value of R is significantly
greater than 1.0, the points are more
regular than random. The value of R
is also an indication of the degree of
clustering or regularity of the ob-
served sinkholes.

The Clark-Evans test was applied to
the Winona County sinkholes, with
modifications for the edge-effect of
the straight county boundaries on the
west and south sides of the study

— continued on next page
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The primary objectives of
the MGWA are:

¢ Promote and encourage scien-
tific and public policy aspects
of ground water;

o Establish a common.forum for
scientists; engineers, plan-
ners, educators, attorneys,
and other persons concerned
with ground water;

s Educate the general public re-

sources; and
o Disseminate information on
ground water. :

Bonnie Holz named
Groundwater Hero

The Groundwater Foundation, Lin-
coln, Nebraska has named Bonnie
Holz of St. Peter, Minnesota recipient
of the 1997 Vern Haverstick Ground-
water Hero Award. The Groundwater
Foundation, a national non-profit or-
ganization dedicated to educating the
public about the nature and value of
groundwater, established the award
to honor groundwater achievement
on the local level by a groundwater
“spark plug”. Bonnie Holz is the direc-

v
L!

tor for Brown-Nicollet Environmental
Health in St. Peter, Minnesota. She in-
itiated the “first of a kind” groundwa-
ter testing program which was a wide
spread rural testing program con-
ducted on a township by township ba-
sis. Under her direction, a three-
county Joint Powers Board was
formed to study water quality in
Brown, Nicollet and Cottonwood
counties. Other activities include in-
ternships for high school and college
students and public demonstrations
of many topics affecting groundwater.

—Groundwater Foundation News
Release, June 9, 1997. The
Groundwater Foundation home page
is www.groundwater.org
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Winona County Sinkholes, cont.

area and with modifications for the
stream-cut boundary on the northeast
side of the study area. Figure 2
shows a comparison between the ob-
served sinkhole locations and one of
six randomly-generated sinkhole data
sets used for this study. The Clark-
Evans random spatial index R for Wi-
nona County sinkholes is 0.490.
Since R has a normal probability dis-
tribution, with a mean of 1.0, then the
probability that the Winona County
sinkholes are distributed randomly is
effectively zero. The sinkholes in Wi-
nona County are clustered. The ob-
served distance between nearest-
neighbor sinkholes is about half the
expected distance for nearest-neigh-
bors in a random distribution.

Comparison of nearest-neighbor re-
sults with sinkhole ages reveals that
the newer sinkholes tend to form in
clusters. And, instead of being clus-
tered around an older sinkhole, the
majority of new sinkholes are nearest
to another new sinkhole. The loca-
tions of recently-developed sinkholes
is the best predictor of where new
sinkholes might develop (Beck, 1991;
Upchurch and Littlefield, 1987).

Controls on Sinkhole Development

The nearest neighbor analysis was
used to evaluate whether water flow
through the regional joint sets in the
karst bedrock have significant control
over sinkhole development. With en-
hanced carbonate dissolution along
the joint sets, sinkholes should de-
velop in linear patterns along those
joint sets. The directions to nearest
neighbors plotted on a stereonet
should reveal a preferred orientation
and should not pass a chi-squared
test for randomness. The observed di-
rections to nearest neighbors of Wi-
nona County sinkholes shows a slight
preferred orientation along N8OE,

and failed the chi-squared test at the
0.05 significance level. However, six
random number sets also failed this
test for randomness, so these results
are inconclusive. It is unclear whether
regional joint sets control sinkhole de-
velopment.

Surface water hydrology appears to
be a significant control on sinkhole de-
velopment. During the 1992 sinkhole

survey, it was observed that many of
the older and newer sinkholes have
developed in surface water drainage
ways. This field observation was
tested against a muitinomial prob-
ability distribution, since the sinkhole
database has three codes for topo-
graphic setting: Crest, Side-Slope,
and Waterway. The soil map units in
the Winona County Soil Survey
(Lueth, 1994) were assigned to one
of the three topographic settings, and
were used to determine the expected
proportions of the three settings. Un-

der a random process, the sinkholes
are expected to develop in the Crest,
Side-Slope, and Waterway settings in
the proportions of 44%, 50%, and
6%, respectively. The observed distri-
bution of the sinkholes in these set-
tings, 47%, 36%, and 17%, is signifi-
cantly nonrandom. It is possible that
persistent infiltration into the karst
subsurface below these surface wa-
terways may enhance carbonate dis-
solution, initiating sinkholes that are

—continued on page 9

Observed Sinkhole Locations
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Figure 2: Sinkhole locations in Winona County, a) observed 1994 iocations, and

b) randomly generated locations.
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MGWA Calendar

Contact information for the major
event-holders is listed at the end
of the column.

September 26-27, 1997. Joint
AIPG/MGWA/AWG Fall Field Trip,
southeastern Minnesota, with guest
speakers Maureen Muldoon, Wiscon-
sin Geological Survey, and Robert
Libra, lowa Geological Survey. AIPG
is leading, contact Bill Johnsen, Natu-
ral Resource Group (612)347-6793,
email: bjohnsen@NRGINC.com

September 20, 1997. Ground Water
Protection Council Annual Forum,
Cleveland OH. A conference on
ground water, watersheds, source
water, wellhead protection, and under-
ground injection control. Contact:
GWPC, 827 NW 63rd #103, Okla-
homa City, OK 73116, (405) 848-
0690, gwpc.site.net

September 22-25, 1997. Analysis
and Design of Aquifer Tests Including
Fracture Flow. Columbus, OH. NGWA

September 22-23, 1997. Natural At-
tenuation for Remediation of Contami-
nated Sites. Columbus, OH. NGWA

October 1-3, 1997. 7th Annual
GIS/LIS Conference, St. Cloud, MN.
Contact: (320) 654-5270,
http://www.Imic.state.mn.us/gislis/
gislis or http://199.17.7.81/gislis7.htm

October 19-23, 1997. Conjunctive
Use of Water Resources: Aquifer
Storage and Recovery. Long Beach,
CA. Contact: American Water Re-
sources Association, 950 Herndon
Parkway, Suite 300, Herndon, VA
20170-5531.

October 20-23, 1997. Geological So-
ciety of America (GSA) Annual Meet-
ing. Salt Lake City. Preregistration by
September 19, 1997.

October 22-24, 1997. Midwest
Ground Water Conference. Coralville,
[A. Contact: Robert Buchmiller, P.O.
Box 1230, lowa City, IA 52244, email:
mwgwc@usgs.gov

October 24, 1997. Improving Hydro-
logic Investigations Part 1: Site geo-
logic characterization in glaciated ar-
eas, Indianapolis, IN. Contact: Mid-
west GeoSciences Group.

November 3-4, 1997. Fundamentals
of Ground Water Geochemistry. Bos-
ton, MA. NGWA
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November 5-7, 1997. Applications of
Ground Water Geochemistry. Boston,
MA. NGWA

November 10-12, 1997 DNAPLs in
Fractured Geologic Media: Behavior,
Monitoring and Redmediation, San
Francisco, CA. Contact: Waterloo
Educational Services, Inc., (619) 836-
3102 or University or Waterloo, (519)
888-4567 x 5935 or e-mail:
pbonin@cgrpc.watstar.uwaterloo.ca

November 12-14, 1997. NGWA Pe-
troleum Hydrocarbons Confer-
ence/Expo. Houston, TX. NGWA

November 14, 1997. Improving Hy-
drologic Investigations Part 1: Site
geologic characterization in glaciated
areas, Oak Brook, IL. Contact: Mid-
west GeoSciences Group.

November 15, 1997. Improving Hy-
drologic Investigations Part 1: Site
geologic characterization in glaciated
areas, Milwaukee, WI. Contact: Mid-
west GeoSciences Group.

November 16-19, 1997. International
Conference on Advances in Ground
Water Hydrology—A Decade of Pro-
gress. Tampa, FL. AIH

December 8-10, 1997. Principles of
Ground Water—Fate, Transport and
Remediation. Salt Lake City, UT.
NGWA

December 15-19, 1997. Princeton
Remediation Course. Las Vegas, NV.

January 13-17, 1998. PC Applica-
tions in Risk Assessment, Remedia-
tion and Modeling. Orlando, FL.
NGWA

February 9-13, 1998. Princeton
Ground Water Pollution and Hydrol-
ogy Course. Orlando, FL.

February 15-19, 1998. Princeton
Ground Water Pollution and Hydrol-
ogy Course. San Francisco, CA.

March 12-14, 1998. Visual MOD-
FLOW: The Standard Modeling Soft-
ware Package for the USGS’s MOD-
FLOW/MODPATH and MT3D.
Denver, CO. NGWA

May 18-21, 1998

First International Conference on Re-
mediation of Chlorinated and Recalci-
trant Compounds, Monterey, CA.
Contact: The Conference Group,

1989 W. Fifth Avenue, Suite 5, Colum-
bus, OH 43212-1912, (800) 783-6338.

Contacts:

for NGWA events:
1-800-551-7379 or
http://www.h20-ngwa.org

for GSA events:
http://www.geosociety.org

for Princeton’s events:
http://www.princeton-groundwater.
com or email:
info@princeton-groundwater.com

for Wright State University events:
WSU, Center for Ground Water Man-
agement, 3640 Colonel Glenn Hwy,
056 Library, Dayton, OH 45435. (513)
873-3648, IRIS@desire.wright.edu;
http://biology.wright.edu/
cgwm/cgwm_home.html

for AlIH events:

AlH, 2499 Rice Street, #135, St.
Paul, MN 55113-3724. (612)484-
8169. (612) 484-8357 (fax). e-mail:
AlHydro@aol.com

for Midwest Geosciences events:
Midwest GeoSciences Group, Suite
137-137, 931 West 75th Street,
Naperville, IL 60564.

President’s letter, cont.

we will be including is the hydrogeol-
ogy of natural and artificial wetlands.
Our goal is to provide you with the lat-
est thinking on surface-water-ground-
water interaction from those doing the
research and hope you take away
some practical information that you
can use in your work.

Finally, | wanted to make a plug for
Mars. Between the floods, Mars and
Martian geology has gotten an incred-
ible amount of visibility, courtesy of
NASA and the Jet Propulsion Labora-
tory. It seems that we can expect to
hear a lot more about anorthosite
chemisty and fluvial boulder imbrica-
tion in the years to come. But there is
a very intriguing aspect to exploration
of Mars and that is the possibility of
groundwater below the surface. Any-
one out there interested in doing a
pumping test that might require some
extended out-of-town travel?

— Ray can be reached at
rwuolo@barr.com



MGWA Board Meeting
Minutes

May 8, 1997, Egg & |, University
and 280, 7:30 a.m.

Attending: Ray Wuolo, President;
Gretchen Sabel, Past-President;
Paula Berger, President-Elect; Jan
Falteisek, Secretary; Tom Clark,
newsletter editor; Jim Almendinger,
advertising; Jeanette Leete, Sean
Hunt, WRI.

Approval of Minutes — Ray Wuolo
called the meeting to order at 7:40
a.m. Minutes for April were approved
with corrections.

Post-Mortem on Spring Meeting —
There was general agreement that
the spring meeting was a success
with 70-75 attending. Preliminary
costs were estimated at $700.
Gretchen suggested a check box be
added to future registration forms for
ordering MGWA products — mugs, t-
shirts, etc. Ray suggested that t-
shirts might be made for the field trip.
Ray also said that George lwan and
Jim Balogh would like to do a similar
program in a year or two, after the
grandfathering period closes, cover-
ing continuing education and other is-
sues. They also indicated that they
could prepare articles for the newslet-
ter.

Fall Field Trip — Ray asked for an
update on the preparation for the fall
field trip. It was noted that planning
activities were on schedule.

Wisconsin AWRA — The idea of a
joint spring meeting with the Wiscon-
sin Chapter AWRA on wetlands was
discussed. However, in this case,
other ideas for the fall conference
would be needed.

Newsletter/Directory Update —
Tom noted that August 15th was the
final date for all material for the next
newsletter. Jim Almendinger said he
was getting too busy to do the adver-
tising. Tom said he would write an
item for the newsletter asking for
someone with interest in the assign-
ment.

Scholarships — So far this year,
$300 has been given to St. Cloud
State University Geology Dept. Sev-
eral requests were discussed, includ-
ing University of MN, and University
of WI, River Falls. A motion was ap-

to send $300 to the University of MN
for their hydrogeology field camp this
summer. Paula will send the check.

Memberships — It was noted that
membership renewals were still trick-
lingin.

Fall Conference — Ray suggested
the topic of wetlands for the fall con-
ference, with the possibility of speak-
ers from the U.S.G.S. in Wisconsin
and/or the University of Wisconsin.

June 5, 1997, Egg & |, University
and 280, 7:30 a.m.

Attending: Ray Wuolo, President;
Gretchen Sabel, Past-President;
Paula Berger, President-Elect; Paul
Bulger, Treasurer; Jan Falteisek, Sec-
retary; Tom Clark, newsletter editor;
Jim Almendinger, advertising; Sean
Hunt, WRI; Bill Johnsen, AIPG.

Approval of Minutes — Ray Wuolo
called the meeting to order at 7:40
a.m. Minutes for May were approved
with one date correction noted.

Fall Field Trip — Bill Johnsen pro-
vided an update of progress toward
the Fall Field trip. He noted that plan-
ning activities were nearly on sched-
ule. Preliminary plans indicated an
overnight stop in Rochester, dinner
probably in Preston with an optional
cave tour after. By mid-June the an-
nouncement needs to be ready with
follow-up mailings later.

Fall Conference — Ray said that he
had talked with the USGS in Madison
regarding a fall program on wetlands.
Ray indicated Randy Hunt, USGS
would be coordinating and getting
back to Ray shortly. By the next
Board meeting, Ray should have
dates and topics from Wisconsin.
Possible facilities were discussed,
mostly near the MN-WI border.

Spring 98 Meeting — The idea of a
joint spring meeting with the Wiscon-
sin Chapter AWRA was discussed.

Newsletter/Directory Update —
Tom noted that the newsletter team
had met that week to block the Sep-
tember issue. Jan Falteisek will be
the lead on the issue, which will fea-
ture SE MN. Noted again the need
for a replacement for Jim Almendin-
ger, as advertising manager.

Scholarships — Paula reported that
she had sent a check for $300 to the
University of MN for their hydro-

geology field camp this summer.
Paula said she would send additional
letters announcing the scholarship
and availability of funds.

Web Site — Sean said he was look-
ing into options for establishing a
Web site for MGWA and discussed
several options with the Board.

Memberships — Sean noted that
the membership list was ready to be
generated for the directory. Tom said
he had the updated referral list for the
directory.

Table Display — Jan noted that a ta-
ble display may be available for dona-
tion to the MGWA and asked if the
Board saw the need to have a dis-
play. Consensus was that a display
could be used - Jan said she would
get the word back to the possible do-
nor.

Meeting adjourned 8:30 a.m.

Respectfully Submitted,
Jan Falteisek
MGWA Secretary

Help Wanted

Postitions avilable on MGWA Board
for 1998 and beyond. Vancancies
now for President Elect (serves 1998 -
2000) and Secretary (serves
199801999). Contact Ray Wuolo at
832-2696 or rwuolo@barr.com if
you'd like more information.

Child Falls Into
Abandoned Well in lllinois

In September 28, 1996 a ten year old
boy sustained serious injuries when
he fell into an abandoned well in a
park in Mackinaw, IL. After falling
onto a concrete covering, which gave
way, the child plunged forty feet to
the bottom of an abandoned 103 year
old dug well breaking both legs and
an arm. Village officials thought the
well was properly abandoned — but it
was not. Working with a consulting
engineering firm, the Village sealed
the well with bentonite immediately
following the near tragic accident.

—From Aquanotes, lllinois
Association of Groundwater
Professionals, Winter 1997.

Editor’s note: Contact the Minnesota
Health Department for specific well
sealing requirements for Minnesota.
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Life on “The
Edge”—Rochester Plans
Ahead to Protect
Recharge Areas

— Tom Clark, Minnesota Pollution
Control Agency

The hydrogeology of Rochester has
done much to shape the develop-
ment of this scenic city of 75,000,
known worldwide as a medical center
and frequent high finisher in quality-of-
life rankings. On May 29, a consor-
tium of business, public works, univer-
sity, and state, county and municipal
officials met at the headquarters of
Rochester Public Utilities to explore
life on “the edge”, the hydrogeologic
edge, that is. Studies by the U. S.
Geological Survey have determined
that about half of Rochester’s drink-
ing water supply recharge occurs at
the edge of a bedrock confining unit
(the Decorah-Platteville-Glenwood se-
quence) where water from the upper
aquifer (the Galena group) recharges
underlying aquifers (the St. Peter and
the deeper Prairie du Chien-Jordan
group). Because parts of the Galena
contain nitrate levels that exceed the
drinking water standard of 10 mg/L,
recharge area management is becom-
ing a significant concern. This is cou-
pled with the fact that portions of the
recharge area, especially west,

south, and southeast of the city, are
rapidly being converted from forest,
grassland and wetland to residential
and commercial use. These areas
may have a significant effect in filter-
ing nutrients and pollutants from
ground water as it passes through
soils and root systems.

The meeting considered four key
questions, the answers to which will
likely have an impact on how the city
develops into the next century:

1. How can ground water recharge ar-
eas and their drainages be better de-
lineated for making land use and
water management decisions?

2. What are the pathways and proc-
esses for water recharge and pollut-
ant movement or attenuation, and
how are these processes affected by
changes in land use?

3. Are nutrient and pollutant loadings
occurring at rates that will eventually
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lead to unacceptable levels in the un-
derlying ground water?

4. What would be good models for ur-
ban and suburban developments in
and around the recharge areas?

After a welcome from meeting host
Joe Hensel, Rochester Public Utili-
ties, Terry Lee, Olmsted County
Water Resources Coordinator gave
an overview of the Rochester-Zum-
bro aquashed, which demonstrated
how closely surface and ground

water are linked in this karst area.
Terry mentioned that although no

new wells have been drilled in the up-
per aquifer since the mid-1960’s,
about half the water supply of the
aquashed is estimated to come from
that aquifer. Well sampling in the area
suggests that the average nitrate con-
centration in the upper aquifer is ap-
proaching the drinking water standard
of 10 mg/L. In adjoining Winona
County, studies show that average ni-
trate concentrations in the upper aqui-
fer are increasing by about 0.5
mg/L/year. The populgtion of Roches-
ter is expanding at roughly 15 percent
every 10 years which has driven de-
velopment out of the Zumbro River
valley and onto adjoining upland ar-
eas which comprise the upper carbon-
ate aquifer and the edge. Terry
showed slides which illustrated exam-
ples of development occurring on

land above the upper aquifer and sug-
gested ways in which forested areas,
buffer strips and wetlands could be re-
tained in spite of development to help
counter the effects of reduced re-
charge due to buildings and pave-
ment.

Tony Runkel, Minnesota Geologi-
cal Survey, summarized his new find-
ings as a result of looking in more de-
tail at the “microhydrostratigraphy” of
the edge. Tony explained that the
Platteville Limestone within the Deco-
rah-Platteville-Glenwood sequence,
has many characteristics of an aqui-
fer and should be considered as

such, at least when it is the first en-
countered bedrock. The Jordan Sand-
stone, however, long-considered an
aquifer throughout its saturated thick-
ness, has many confining charac-
teristics in its upper part in this area.
Tony identified three facies within the
Jordan: 1) a feldspathic facies, tightly
cemented in some areas and func-
tioning as an aquitard; 2) a quartzose

facies of relatively high permeability,
with a specific capacity up to 25 gal-
lons per minute per foot of drawdown;
and 3) a dolomitized area known as
the Coon Valley member, which is in-
termediate in permeability to the other
facies, with a specific capacity of up
to 10 gallons per minute per foot of
drawdown. Tony summarized by say-
ing that the major hydrogeologic di-
vides of the geologic sequence which
underlies the aquashed occur at the
Galena-Decorah contact and the
Glenwood-St. Peter contact.

Next, Geoff Delin, U. S. Geological
Survey, (USGS), reviewed results of
a study he conducted during 1987-
1989 in support of the Olmsted
County Geologic Atlas. This was the
first scientific attempt to define re-
charge rates within the various hydro-
geologic regimes which characterize
the area. Recharge rates vary from
0.4 inches/year on top of the upper
aquifer, to as much as 13 inches/year
across the edge. Glacial drift, where
present, recharges at a rate of about
an inch per year. This work showed
that the edge is definitely a zone of in-
creased recharge which is important
to the viability of lower aquifers. The
USGS is initiating a more detailed
study of this zone to define it better
and determine more exactly how re-
charge rates vary across it.

Rich Lindgren, USGS, then de-
scribed the follow-up study now un-
derway. The first step was a compari-
son of the elevation of the poten-
tiometric surface in the Prairie du
Chien-

Jordan aquifer in 1988 versus 1995.
Little overall change was noted, with
a maximum water level decline of
eight feet and a maximum rise of 15
feet. The location of the ground water
divide defined in the 1988 study also
changed very little. The next phase of
the study will be to try to more thor-
oughly document recharge rates
along the edge. Several well nests
will be installed where the Upper Car-
bonate is intact, on the edge, and in
an area where the Prairie du Chien is
the uppermost bedrock. A hydro-
geologic analysis using chloroftuoro-
carbon (CFC) data will be used to cal-
culate recharge rates. A ground water
flow model will be developed to

— continued on next page



Life on the Edge, cont.

project flow from confined areas
across the edge.

Jeff Broberg, McGhie and Betts
Environmental Consultants, next
described the place of soils and
vegetation in helping to protect
ground water. The overall theme of
Jeff's message was that diversity is
a key to ecological stability. He has
spent considerable time delineating
wetlands relative to land use
changes in the Rochester area.
Small linear wetlands on slopes be-
tween the upper and lower aquifers
have high plant diversity and are im-
portant in encouraging recharge
rather than runoff and can be effec-
tive filters of nutrients such as ni-
trate and phosphate which can im-
pact ground water quality.

After a lunch break, soil scientist
George Poch, McGhie and Betts
Environmental Consultants, fol-
lowed Jeff’s remarks by discussing
the impact of varying soils and vege-
tation on south versus north-facing

slopes. North slopes are generally
much wetter and favor the develop-
ment of sedge seeps which are the
source of many of the local rivers
and streams. The drainage architec-
ture of the Rochester area has been
significantly altered by roads. This,
in turn, can have an impact on re-
charge rates to the lower aquifer,
and may impact ground water qual-
ity as well.

State climatologist Greg Spoden,
Minnesota Department of Natural
Resources, discussed how the di-
mension of climate affects recharge
and runoff. In Minnesota, the most
important factor contributing to re-
charge is the precipitation received
during the five-month growing sea-
son, May to September. Since
1910, this has averaged 18.6 inches
in the Rochester area, but has var-
ied from a low of 7.7 inches in 1976,
to a high of 32.6 inches in 1938. In-
tense storm events can have a sig-
nificant impact on an entire growing
season’s recharge and runoff. The
year 1978 was a case in point when
two 100-year recurrence interval

storms occurred over the Zumbro
River drainage basin within just over
two months. The July storm that
year produced five inches of rain
over a large portion of the basin
within three hours, while a later
storm in mid-September dropped an-
other five inches over much of the
same area in six hours. The dam-
age resulting from flash floods gen-
erated from these rainfall events
was considerable, and led to the en-
gineering of flood control measures
on the south fork of the Zumbro
River as it flows through Rochester.

The final speaker before group dis-
cussions was Kimm Crawford,
Olmsted County Environmental
Commission. Kimm discussed a
big-picture nitrogen budget for the
county. Not surprisingly, agricuitural
fertilizer at 7100 tons/year accounts
for almost half the estimated 14,700
tons/year of nitrate generated in the
county. Other sources include leg-
umes, precipitation, human food pro-
duction, streamflow, non-agricultural

— continued on page 10
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Winona Co. Sinkholes, cont.

more controlled by surface runoff
than by subsurface flow. An interest-
ing future research question is
whether focused recharge path-
ways, such as discharges from agri-
cultural tiling in farmed areas or sur-
face runoff along road ditches, has
affected sinkhole development.

Rates of Sinkhole Development
(1983-1992) and Karst Research

Figure 3 shows the reported rates of
sinkhole development, based on the
best available information for Wi-
nona County. The number of sink-
holes in the age categories reported
by Dalgleish (1985) correspond to
development rates of 2.3, 4.2, and
9.4 sinkholes per year in the an-
cient, modern, and recent ages, re-
spectively. The apparent increase in

20

the rate of sinkhole development is
probably a consequence of incom-
plete record keeping for the older
sinkholes. More complete records
are available for the development of
sinkholes between 1983 and 1992,
although information may be less
complete for the mid-1980’s due to
the waning memories of landowners
when the information was collected
in 1992. The development rate of
about 10 sinkholes per year for re-
cently-developed/recently-reported
sinkholes continued for Winona
County sinkhole information that
was collected in 1993 and 1994.
Other researchers (Beck, 1991)
have found that sinkhole information
must be collected on a frequency of
three to five years, in order to get ac-
curate information for karst research
and improve the understanding of
sinkhole development processes.
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Figure 3: Reported rates of sinkhole development in Winona County.

MGWA Seeks Advertising Manager

Jim Almendinger has stepped down as advertising manager for the newsletter.
We are seeking a replacement to start as soon as possible. If you like keeping
in touch with the consulting community and helping foster their support for your
association through the advertising dollars they generate, this could be the job

for you.

The advertising manager has the opportunity to actively participate in MGWA
board decision-making. The time commitment required is an hour or two per

week. If interested, contact one of the board members or Jim Almendinger at
the St. Croix Watershed Research Station (612-433-5953).
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Living on the Edge, cont.

fertilizer, and pet and animal food
production. Long-term reservoirs of
nitrogen include the atmosphere,
with 15 billion tons; soil organic mat-
ter, with 2.5 million tons; and ground
water, with 100,000 tons. In OIm-
sted County, it is estimated that 10
percent of wells (including older
wells in the upper carbonate aqui-
fer) exceed 10 mg/L of nitrate. An-
other 40 to 60 percent have concen-
trations between 1.0 and 10 mg/L.

The day ended with a general group
discussion summarizing biclogic
and hydrologic functions of the hill-
side. Part of this discussion involved
the impact of land use changes on
the recharge areas. The consensus
was that this was a very informative
meeting which provided a good op-
portunity for agencies involved in
water resource and land use man-
agement to discuss future directions
for the protection of recharge areas
around the city of Rochester.

The group made the following rec-
ommendations:

1. Develop models for more protec-
tive urban and suburban develop-
ment in recharge areas.

2. Study the stratigraphy of these ar-
eas at a greater level of detail (i.e.,
develop maps of springshed areas,
as well as recharge and discharge
areas along the edge; study the re-
charge relationship to incised val-
leys and the projecting “noses).

3. Develop an outreach program to
the community with a central reposi-
tory of water resources information
including public education materials
and programs.

4. Assess the role of vegetation and
soils to act as filters or, in some
cases, as funnels for water, nutri-
ents and pollutants.

5. Assess the feasibility of studying
the distribution and density of frac-
tures and their relationship to geo-
logic setting.

6. Develop systems for better coordi-
nation of data about water quality
and geology in the recharge areas.

Ground Water Forum Offered on Internet

The Groundwater Mailing List (sm) is an Internet forum for environmental pro-
fessionals with an interest in ground water. There are thousands of subscribers
from more than 50 countries. The discussion covers all facets of ground water,
from water supply to waste disposal. There are members from government,
academia, and industry, providing a wide range of expertise and experience.

There are no membership costs or restrictions. To subscribe to Groundwater,
send e-mail to majordomo@ias.champlain.edu; in the body of the e-mail, type
the command: subscribe Groundwater.

— From Ground Water Monitoring and Remediation, Spring 1997

Twin Cities Springs Featured by St. Paul Pioneer Press

The article by Greg Brick on Twin Cities springs in the March issue was fea-
tured by the St. Paut Pioneer Press on July 19th. Staff writer Don Boxmeyer
prepared the article, which included “location shots” and further discussion by
Greg Brick.

Southwestern Minnesota Quaternary Geology Report

The Minnesota Geological Survey recently published “Contributions to the Qua-
ternary Geology of Southwestern Minnesota, edited by Carrie J. Patterson, as
Report of Investigations 47. The report includes three chapters: Surficial geol-
ogy of southwestern Minnesota by Carrie J. Patterson, Revised gravity investi-
gation for potential ground-water resources in northwestern Rock County, Min-
nesota by Val W. Chandler, and Terrestrial gamma radiation in southwestern
Minnesota and an assessment of its utility in surficial geologic mapping by R.S.
Lively. For more information, contact the Minnesota Geological Survey at (612)
627-4782.
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7. Recommend that programs such
as the Conservation Reserve Pro-
gram (CRP) be prioritized in the re-
charge areas and especially in
those within the Rochester Well-
head Protection Areas.

Some participants observed that
there are many different organiza-
tions involved in drinking water pro-
tection and that it is important to
have regularly scheduled confer-
ences like this to bring the various
entities together to share informa-
tion, better identify the issues, pro-
vide better public service, determine
ways to better inform the public and
develop science-based public policy.

USGS Water Resources
Software Is on the Web

A suite of 51 software packages
and related materials, used by the
U.S. Geological Survey for hydro-
logic analysis and modeling, is now
available for electronic retrieval
through an on-line repository on the
World Wide Web. It is accessible via
the WWW from the USGS water re-
sources home page at
http://water.usgs.gov/; select the an-
nouncement for “USGS Water Re-
sources Applications Software” or
go directly to
http://water.usgs.gov/software.

In addition, the repository is avail-
able via anonymous file transfer pro-
tocol (FTP) from the USGS water re-
sources information server:
water.usgs.gov or 130.11.50.175
(path: pub/software).

Each software package consists of
complied or source code, test data
sets, and documentation files. All of
the USGS water resources software
on the WWW is documented by pub-
lished USGS reports.

For general information on the
USGS water resources software,
contact USGS, Hydrologic Analysis
Software Support Team, 437 Na-
tional Center, Reston, VA 20192 (e-
mail: h2osoft@usgs.gov).

— From Ground Water Monitoring
and Remediation, Spring 1997
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Use of Chemical and
Isotopic Data for
Wellhead Protection Area
Delineation in Fractured
Aquifers

— James Walsh, Minnesota
Department of Health

Groundwater flow in fractured aqui-
fers is poorly understood. As a re-
sult, wellhead protection area deline-
ations for fractured aquifers that are
based solely on groundwater flow
modeling are accompanied by con-
siderable uncertainty Chemical and
mOtOplC data may be useful in some
instances to minimize this uncer-
tainty.

The chemical and isotopic charac-
teristics of well water reflect sources
of recharge. If a well captures water
from two sources, such as ground-
water and surface water, water from
that well will plot along a line con-
necting water from those sources
for any pair of conservative constitu-
ents, such as oxygen-18, deuterium

or chloride. A tie-line connecting the
two end-member sources can be
scaled off and the percentage of
each source present in the mixture
determined (Figure 1). This is the
basis for the mass balance ap-
proach to mixing (Dysart, 1988).
This technique is oniy appiicabie if
1) there is a significant difference in
the initial end-member compositions
and 2) compositional variations in
the end-members are known.

Case Study

National Steel Pellet Company is lo-
cated adjacent to the city of Keewa-
tin on the Mesabi lron Range in
northeastern Minnesota. Both Na-
tional Steel Pellet Company and the
city of Keewatin derive their drinking
water from wells completed in the
Biwabik Iron Formation, a middle
Precambrian sedimentary unit con-
sisting primarily of fine-grained silica
and iron oxide minerals. Permeabil-
ity within the Biwabik Iron Formation
is thought to be limited primarily to
fractures.
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Figure 1. Example of mass balance approach to water mixing using oxygen-18
and deuterium. This figure shows that the mixed sample contains roughly
equal parts of surface water and background ground water.
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Mining in the Keewatin area has cre-
ated a number of deep pits in the
Biwabik Iron Formation. Some of
the mine pits are dewatered and are
actively being mined, others have
not been mined for 30 to 40 years
and are mostly water-filled. Water

~A + ~A
levels in the dewatered mine pits

are 100 to 200 feet lower than the
water-filled pits, suggesting that
these are major sinks in the local
groundwater flow system.

In an effort to characterize sources
of recharge to National Steel Pellet
Company and Keewatin wells, the
wells and nearby mine pits were
sampled in February and August of
1996 for major element chemistry,
oxygen-18, deuterium and tritium.
Oxygen-18 and deuterium proved
particularly useful because these
isotopes are concentrated in sur-
face water exposed to evaporation,
such as lakes. The Keewatin #1
well and some of the dewatered
mine pits plot on the meteoric water
line, indicating recharge from uneva-
porated precipitation, whereas the
water-filled pits fall well off this line
due to evaporation (Figure 2).
These groupings constitute end-
member sources whose mixing
along groundwater flow paths cre-
ates intermediate compositions,
such as those seen at Keewatin #2
well and the National Steel Pellet
wells. Further analysis of the major
element chemistry of the pit waters
indicated that a single water-filled
pit, the Carlz, contributes 35% to
50% of the water drawn from Kee-
watin well #2 and the National Steel
Pellet Company main well (Figure 3).

The chemical and isotopic informa-
tion described above was used to
construct and calibrate a simple ana-
lytic element groundwater flow
model for the purpose of defining
the wellhead protection areas for
the National Steel Pellet Company
and Keewatin wells away from the
Carlz pit hydrologic boundary. The
Carlz pit was simulated as an areal
element with given head and resis-
tance. Resistance to flow through
the base of the pit was adjusted un-
til approximately 50% of the particle
trace pathlines generated from the

~— continued on next page
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Figure 2. Deuterium and oxygen-18 results from February, 1996.
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Figure 3. Mass balance mixing analysis based on oxygen-18
and chioride from February, 1996.
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Errata

The June 1997 MGWA Newsletter reprinted an article, Tracers in Groundwater,
by Jim Walsh, Minnesota Department of Health. We failed to mention that the
article originally appeared in the Fall 1996 Minnesota Well Management News,
a Department of Health publication. The MGWA Newsletter Team apologizes
for this oversight.
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Wellhead Protection, cont.

Keewatin #2 well and National Steel
Pellet Company office well termi-
nated at that pit.

The final step in determining the
wellhead protection areas for the
the Keewatin #2 well and National
Steel Pellet Company main well was
to include the watershed of the
Carlz pit. It is important to include
watershed boundaries whenever a
surface water feature can be demon-
strated to recharge that portion of
the aquifer within the delineated
wellhead protection area.

Reference:

Dysart, J.E., 1988, Use of Oxygen-
18 and Deuterium Mass-Balance
Analysis to Evaluate Induced Re-
charge to Stratified-Drift Aquifers.
American Water Resources Assoc.,
Monograph Series 11.

Karst Hydrogeology
Report Available for Le
Roy Township, Mower
County

The Minnesota Geological Survey
(MGS) has recently published Open
File Report 97-2, The Karst Hydro-
geology of Le Roy Township, Mower
County Minnesota. By Jeff Green
(Department of Natural Resources),
John Mossler(MGS), Scott Alexan-
der (University of Minnesota Depart-
ment of Geology and Geophysics)
and Calvin Alexander (University of
Minnesota Department of Geology
and Geophysics), this two-map set
is the first documentation of Upper
Devonian karst in Minnesota and
was produced in response to on-
going issues (particularly limestone
quarrying) revolving around karst,
groundwater sensitivity, and land-
use management.

The karst features plate is a synthe-
sis of information on karst feature
occurrence (sinkholes and disap-
pearing streams), major springs,
dye trace vectors, bedrock geology,
and depth to bedrock. The database
plate shows all mapped sinkholes,
springs, quarries and data points.
The maps are designed to be used

— continued on next page
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Karst Map of LeRoy Twp., cont.

by individuals, businesses or govern-
ment agencies needing karst and
groundwater information in the town-
ship. The maps have already been
used to review quarrying proposals
and leaking tank site monitoring
schemes. Future uses will include
well head protection area analysis
and planning for the City of Le Roy.

Regional Hydrogeologic
Assessment

Southwestern Minnesota -
Part B Now Available

The Department of Natural Re-
sources recently completed Part B
of the two-part atlas series, the Re-
gional Hydrogeologic Assessment
for Southwestern Minnesota. Part A,
Quaternary Geology—Southwest-
ern Minnesota, was published in
1995 by the Minnesota Geological
Survey. Part B of the atlas includes
two plates: surficial hydrogeology
and pollution sensitivity plates pro-
duced at a 1:200,000 scale. Parame-
ters collected for the study include
water-level data, general water
chemistry, tritium, stable isotopes of
hydrogen and oxygen, and carbon-
14.

The water chemistry results sup-
ports a model of ground water for
southwestern Minnesota that sepa-
rates ground water into local, inter-
mediate, and regional scale flow sys-
tems. Compared to regional sys-
tems, water in local and intermedi-
ate flow systems is less mineralized
and isotopic analysis results indi-
cate ground water recharge is rela-
tively recent. The pollution sensitiv-
ity map was produced by assigning
geologic sensitivity ratings primarily
based on the mapped surficial geol-
ogy deposits in Part A of the atlas.
Geologic sensivity ratings are esti-
mates of travel time for water-borne
contaminants to travel from the land
surface to the water table. Surficial
sand and gravel deposits, organic
deposits, and outcrops of fractured
Sioux Quartzite were assigned Very
High geologic sensitivity ratings be-
cause they were identified as areas
where contaminants could rapidly
travel to the water table.

The Regional Hydrogeologic As-
sessment for Southwestern Minne-
sota, Parts A and B, are available
from the Minnesota Geological Sur-
vey, Publication Sales, (612) 627-
4782. For questions regarding Part
B of the report contact Randy Bradt,
(612) 282-2501. Listings of related
Minnesota Geological Survey re-
ports may be found at http://geo-
lab.geo.umn.edu/mgs.

New USGS Publications

Hydrogeologic and water-quality
data used to evaluate the effects of
focused recharge on ground-water
quality near Princeton, Minnesota,
1991-95, by G.N. Delin, M.K. Lan-
don, R.B. Wanty, R.W. Healy, H.W.
Olsen, J.K. Bohlke, B.R. Shroyer,
and P.D. Capel. Open-File Report
97-21.

Physical characteristics of stream
subbasins in the Hawk Creek-Yel-
low Medicine River Basin, south-
western Minnesota and eastern
South Dakota, by C.A. Sanocki.
Open-File Report 96-632.

Physical characteristics of stream
subbasins in the Middle Minnesota-
Little Cottonwood River Basin,
south-central Minnesota, by C.A.
Sanocki. Open-File Report 96-631.

Water-quality and hydrogeologic
data used to evaluate the effects of
farming systems on ground-water
quality at the Management Systems
Evaluation Area near Princeton, Min-
nesota, 1991-95, by M.K. Landon,
G.N. Delin, K.J. Neison, C.P. Rea-
gan, J.A. Lamb, S.J. Larson, P.D.
Capel, J.L. Anderson, and R.H.
Dowdy. Open-File Report 97-22.

Ground-water sampling methods
and quality control data of the Red

— continued on next page

Join the Minnesota Ground Water Association!

If you are reading this newsletter second-hand, we'd like to take this opportunity to invite you to become a member of
MGWA for 1998. Annual dues are $20 for professional members and $15 for students. Members are entitled to purchase
the annual membership directory for $7. Additional donations toward our scholarships and/or the use of recycled paper

will be gratefully accepted.

Dues paid to MGWA are not deductible as charitable contributions for federal income tax purposes. However, dues
payments are deductible as ordinary and necessary business expenses to the extent allowed by law.

Just complete the form below and mail to: MGWA, c/o WRI, 4779 126th St. N, White Bear Lake, MN 55110-5910.

Name

Affiliation/Employer

Work Address

City, State, Zip Code

Work Telephone Number

E-mail

Fax Number

Home Address (optional)

City, State, Zip Code

Home Telephone Number

MGWA Newsletter, September 1997
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Thanks from the UM
Geology and Geophysics
Department

July 9, 1997

Ms. Paula M. Berger
Minnesota Ground Water
Association

P.O. Box 65362

St. Paul, MN 55165-0362

Dear Ms. Berger,

Thank you very much for your sup-
port of the Department by your gener-
ous contribution of $300.00 to the De-
partment of Geology and Geophys-
ics, Hydrogeology Field Camp. Sup-
port like yours is essential to the de-
velopment of this important area of in-
struction in hydrogeology.

Thank you again for your thoughtful
gift.

Sincerely,

W.E. Seyfried, Jr.

Professor and Head

University of Minnesota Geology and
Geophysics Department

New USGS Publications, cont.

River of the North Basin, Minnesota
and North Dakota, 1993-95, by Mi-
chael A. Menheer and Mark E.
Brigham. Water-Resources Investiga-
tions Report 96-4317.

Causes of Variations in Water Quality
and Aquatic Ecology in Rivers in the
Upper Mississippi River, Minnesota
and Wisconsin, by James R. Stark.
Fact Sheet FS-249-96.

Also available: a summary of Minne-
sota wetland resources in the Minne-
sota State Summary of the latest Na-
tional Water Summary.

Contact Ginger Amos, Technical Pub-
lications Editor, (612) 783-3141. Or
visit http://wwwmn.cr.usgs.gov/
mnlocal.mnlo%al.html.

Watch for "The Capillary Fringe"

NéWSIetErfa'Tearht E-vi,-?fiq’rt:v

. Tom Clark, anesota: Il
Contro} Agency, Coordinz

~ Control Agency .
You can be a part of the Team, call
' . TomClark -

December 1997 issue
editorial deadlines:

e 11/7/97 — submission of
copy to the editorial team

o 11/14/97 — submission of fi-
nal copy to the publisher

¢ Contact Tom Clark, Issue Edi-
tor, (612)296-8580 or
tom.p.clark@pca.state.mn.us

Product Order Form

|5 Years

Name

Address

City, State, ZIP

Phone

Cost:

Dark Blue Marble-Styled Coffee Mug

with MGWA's 15th Anniversary Logo $7

Light Blue 15th Anniversary T-Shirt

Please Specify Size: ™M L XL

$15

MN Sales Tax 6.5% (mugs only)

Shipping (T-Shirt $2 ea, Mug $3 ea)

14

Total

Send to:

Minnesota Ground Water Association
c/o Watershed Research, Inc.

4779 126th St N

White Bear Lake, MN 55110-5910

(612)426-3316
(612)426-5449 FAX
MGWA Newsletter, September 1997



One-Day Workshop

Indianapolis, Indiana
Indiana Univ. - Purdue Univ.
Friday, October 24, 1997

IMPROVING HYDROGEOLOGIC INVESTIGATIONS
Part I: Site Geologic Characterization in Glaciated Areas

Oak Brook, lllinois

Embassy Suites Hotel
Friday, November 14, 1997

MIDWEST —/———

GEOSCIENCES

GROUP

Milwaukee, Wisconsin

University of Wisconsin, Milwaukee

Saturday, November 15, 1997
8:00 am to 5:00 pm

Tim Kemmis, PhD

Rust Environment & Infrastructure

E. Art Bettis Ill, PhD

lowa Department of Natural Resources
Geological Survey Bureau

Dan Kelleher, MS

Rust Environment & Infrastructure

Phil Carpenter, PhD
Nerthern lllinois University

Tom Obthoudt, MS

Boart Longyear Company

Alan Kehew, PhD

Western Michigan University

__Robert Hall, PhD

Indiana U. - Purdue U. at Indianapolis

Robert Martin, MS

Indiana Department of Environmental Management

Noel Anderson, PhD in progress
University of Wisconsin, Madison

From Field Investigation to Ground Water Modeling, Ken Bradbu‘ry, .PhD

Wisconsin Geological & Natural History Survey
University of Wisconsin Extension

Ardith Hansel, PhD

lHlinois State Geological Survey

From Field Investigation to Ground Water Modeling, Ken Bradbury, PhD

Wisconsin Geological & Natural History Survey
University of Wisconsin Extension

Dave Mickelson, PhD

University of Wisconsin, Madison

8:00 am to 5:00 pm 8:00 am to 5:00 pm
8:00am Introduction
8:15am Developing Field Recognition of Glacial
Depositional Environments and Weathering Zones
9:50am Break
10:00am Improving Descriptions of Glacial Sediments
: - Adding Geologic Emphasis to the USCS
11:00am Application of Surface and Downhole Geophysical
Methods for Site Characterization w/problem set
12:00N Lunch .
1:00pm Designing a Drilling Program - Information and
Cost Benefit Analysis with Examples
2:00pm Hydrogeologic Application of Glacial Stratlgraphy
with case studies and a problem set
2:45pm Break '
Indianapolis Only !
3:00pm Application of the USDA Textural Dlggram
- IDEM Unconsalidated Deposit Descriptive
4:00pm Requirements: ‘A Goal Oriented Approach for
Describing Unconsolidated Deposits as Applied
to-Hydrogeologic Investigations .
Oak Brook Only "
3:00pm Building the Hydrostratigraphic Framework
4:00pm Glacial Stratigraphy of lllinois N
Milwaukee Only
3:00pm Building the Hydrostratigraphic Framework
4:00pm Glacial Stratigraphy of Wisconsin
CUT HERE
Name
Company
Address
City State Zip
Phone Fax
E-mail

Location: (check one)

O IUPUI Indianapolis, IN - Friday, October 24
O Embassy Suites, Oak Brook, IL - Friday, November 14
0 Uof W, Milwaukee, WI - Saturday, November 15

For Student registration:

I certify 1 am enrolled full-time in a university or college:

Signature

University/College  Date

Cost:

Professional $240
Early Registration® $195
MGWA Discounted Rate $160
Student $95
Early Registation* $80
Amount Enclosed:

Return this completed form with payment to:

The Midwest GeoSciences Group

Suite 137-137
931 West 75th Street
Naperville, lllinois 60564

* For Early Registration, payment must be received before October 17, 1997. Discount
Available only for Early Registration Period.

Make check payable to the Midwest GeoSciences Group. Cancellations may be made up
to one week before the course, however, 15% of the course will be charged. No refunds.

PROMOTING GEOLOGICAL SCIENCE
THROUGH CONTINUING EDUCATION




ENVIRONMENTAE MANAGEMENT RESOURCES

% Fnecolech

ENVIRONMENTAL CONSULTANTS

At Enecolech, we know how important
responsiveness and accountability are to your
company. We also understand what cost
effectiveness means in today’s business world,

325 Lake Avenue South, Ste 603 v Duluth, MN 55802
(218) 723-8140 v FAX (218) 723-8132

EnecoTech, a full service environmental and
engineering consulting firm, provides
innovative solutions to Minnesota businesses in
such areas cs;

* Remedial * Brownfield
Investigation Redevelopment
* Remedial Design & * Atmospheric ALL ENVIRO~ INC.
Cleanup Sciences PROFESSIONAL SERVICES FOR WATER SYSTEMS
¢ Phcase | and Il Site ¢ Hazardous & Solid
Assessments Waste Management
* Hydrogeology/ ¢ Permitting Supporting the Minnesota Ground Water Association!
Hydrology
EnecoTech Midwest, Inc. 3025 Harbor Lane North Direct line (612) 720-8791
2915 Waters Road, Suite 110 Suite 115 Voice mail (612) 557-6303
Eagan, Minnesota 55131-1562 Plymouth, Minnesota 55447 Fax (612) 557-6303

(612) 405-1033/FAX (612) 405-1036

Your environmeatal solutions company . . ..

Atlanta - Austin - Chicago - Denver - Defrolt - Edison, NJ - Houston Contract Drilling . . General Contracting . . Supplies . . Pump & Well Service . . Water Treatment

LitHe Rock - Los Angeles - Minneapolis - Phoenix - San Diego - Tulsa

Analytical Laboratory and Field Services

Air Sampling & Analysis

§ Mobile Laboratory

‘ Free Local Courier Service

‘ CLP Experience

Pace Analytical Services, Inc.
1700 Elm Street, Suite 200

. . Minneapolis, MN 55414
IV T8 Chemistry, Phone: (612) 617-6400

. C Fax: (612) 617-6444
The Right NItz -




ed one name in your Rolode
0 years, Woodward-Clyde has be
and design X

In Minneapolis, call us at 612-593-56!

Woodward-Clyde %

Engineering & sciences applied to the earth & its environment

rieke

carroll

muller .
associates, inc.

engineers
architects

land surveyors gaylord
—_— grand rapids

minnetonka

st. cloud

10901 red circle drive
minnetonka, mn 55343
612-935-6901

R MEDIATION inc.
NGINEERING

Gary Gilbert, P.E. Senior Engineer

« Experienced registered engineers

* Remediation system design

« Specializing in air sparging, soil
vapor extraction, and fluid
extraction systems

« Technology assessment field tests

12333 165th Avenue
Becker, MN 55308
(612) 261-5474

GEOPROBE &
LABORATORY
SERVICES

Serving Environmental Consultants and industry with:

GEOPROBE SERVICES ENVIRONMENTAL FIELD
« 4 X 4 Truck Mounted SERVICES
Geoprobes - Landfill & Industrial

- Field Portable GC Site Monitoring
Capabilities - Groundwater and Soil
Sampling
FULL SERVICE CERTIFIED . -
ANALYTICAL LABORATORY - Landfill Gas Monitoring
g + Leachate and
- VOC-465D
Wastewater Treatment
- DRO/GRO/BTEX 0 tions & Servi
. Metals perations & Services
« Inorganics MATERIAL TESTING
- Pick-up Services (Twin SERVICES
Cities, Duluth/Superior, - Field and in-SITU Testing
Iron Range) + ASTM Laboratory Testing

Services
SERVING THE STATES OF MINNESOTA,
WISCONSIN, IOWA AND THE DAKOTAS
Offices in Virginia and Mpls, MN

For quotes, scheduling availability
and additional services call

= &Is

"Solutions for Tecr;nical goncems” (8 0 0) 5 6 9' 4 1 7 9



THEIN WELL | S TITyNe

Environmental Services

Metro Statewide
445-9380 800-450-8000 ‘. INVESTIGATION
e Ly, AWV ENGINEERING
& ~ THEIN S REMEDIATION
S 1893 [ 1993 ":'; For more information call (612) 339-9434
\ A Heidemij Company )
WELL CO.
¢ Soil Borings * Well Televising
* Rock Coring e Gamma/E-Logging

* Monitoring Wells ¢ Angle Drilling
* Remediation Wells ¢ Well Rehabilitation

PO Box 40113
* Production Wells  » Well Abandonment , Saint Paul, MN 55104
+ Engineering 612/643-0645
+ Remediation
+ Pemmitting/Reports
*

Construction/Investigation

Certified Master

Groundwater Contractor Landfill Management Professionals
‘ 1-800-709-LAND (5263)

612-424-4803

MATHL)

Technologies, Inc.

We provide Geoprobe sampling and analytical services to consultants

. Collection of soil core, soil vapor, ground water and air samples
. Immediate on-site analysis

. Hewlett-Packard GC equipped with purge & trap, FID PID and
ECD detectors

. Petroleum hydrocarbon, chlorinated solvent and ag-chem analysis

. Leak detection

ldeal for plume definition, source identification, EA work, preliminary
investigations, emergency response, and treatment system monitoring.

Call for bids. phone: 612-424-4803 fax: 612-424-9452

“Serving the Environmental Consulting Community”




Phase | assessment
Remedial investigation
Remedial action design
Remediation

Brownfields development
Permitting

Hydrogeologic evaluation
Groundwater modeling
Wellhead protection

Water supply and treatment

Litigation support

Barr

Engineering Company

Minneapolis « Hibbing ¢ Duluth
1-800-632-BARR

LABORATORIES, Inc.

P.O. Box 249
NEW ULM, MN 56073-0249

Independent laboratory services, specializing in
testing of groundwater, soil, hazardous wastes,
sludges and drinking water.

On site sampling services available

Call: (800-782-3557)

Camp Dresser & McKee:

Managing the Life

of Your Project.

CDM Camp Dresser & McKee

environmental 445 Etna Street, Suite 65
services | St. Paul, Minnesota 55106
Tel: 612 772-1313
offices worldwide | http://www.cdm.com

WELL DRILLING FOR FOUR GENERATIONS

E. H. Renner & Sons

INCORPORATED

SPECIALIZING IN:

WELL ABANDONMENT
MONITORING WELLS
TEST HOLE DRILLING
PRODUCT RECOVERY WELLS
SPLIT-SPOON SAMPLING

¢ Grundfos monitoring pump dealer
e Pump tests

¢ Water quality sampling

* Product recovery systems

(612)427-6100
FAX 427-0533

J CERTIFIED MASTER WATER
WELL CONTRACTOR .
' yie

b 30 N

g
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Equal opportunity
employer




Minnesota Ground Water Association
4779 126" Street North
White Bear Lake, MN 55110-5910

@ BULK RATE
US Postage

Made from over 50% Recycled Fiber PAID
including 20% Post-Consumer Waste St. Paul, MN
Address Service Requested Permit# 7122

PROVIDING ANALYTICAL
SERVICES WITH THE QUALITY
AND FLEXIBILITY THAT OUR

CLIENTS DEMAND.

+ SOILS

+ WATER

+ SOLID WASTE

+ WASTE WATER

+ HAZARDOUS WASTE

* PETROLEUM CONTAMINATED
SOIL & WATER

SPECIRUM

ANALYTICAL ENVIRONMENTAL SERVICES

301 West Comnty Rd. E2 St. Paul, MN 55112
Phone (612) 6330101 Fax (612) 633-1402
or (800) 447-5221

ber of the M Group of

‘]Hn" %S&NEERING [ACI

ESTING, INC.

A Comprehensive Soil Mechanics
Testing Laboratory Facility For
Engineering Disciplines, Environmental
And Hydrological Applications.

9301 Bryant Ave. So.  Bloomington, MN 55420-3436
Tel: (612) 884-6833 Fax (612) 884-6923

Environmental Services
Creating Value for Property, Business & Communities

EER Peer Environmental &
o EwEmN W Engineering Resources
]




