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MGWA NEWS

President's Letter

Shedding Light on the Uncertainties of Ground Water beneath Minnesota

By Jeff Stoner, MGWA President

Welcome to this special 25th anniversary volume of our Newsletter. I’m reminded of what some

wise mentors have said throughout my career as a ground-water scientist—“It isn’t science until

it has been documented.” A corollary I might add is “The data and analysis is not information

until it is discussed and understood by the user.” By this definition, our Association has done

well in making a contribution to “information” about Minnesota ground water through 25 years

of newsletters, conferences, special meetings, field trips and all of the associated networking.

A major portion of this 25th anniversary volume of MGWA Newsletter contains a sampling of

articles from past newsletter authors who were solicited to compose commentaries on the current

and projected future value of these topics. A comprehensive approach would have included all

articles published in all newsletters to date, but that effort was deemed a little impractical for the

volunteers involved. If you want ready recall of technical articles from past newsletters, check

out the index in this issue. The selected papers have been organized under the broad themes of

(1) Ground Water Conceptual Frameworks, (2) Tools and Data Sets, (3) Natural Contaminants

and Monitoring, (4) Policies and Programs, (5) Remediation, and (6) Ground-Water History.

Also sprinkled through this volume are tabulations of charter members, officers, conferences,

and field trips. Look for other facts and graphs about the brief history of the Association, views

about ground-water consulting (past and future), evolution of the MGWA membership, and

interesting stories that developed along the way. Enjoy photos selected from the files and from

members. See a view of the “backyard” exhibit about ground water at the Science Museum of

Minnesota sponsored by the MGWA Foundation. I hope you enjoy the read and the ensuing

discussion about our future. Consider using this volume to educate non-members about our

group of fine characters. It’s a good time to thank the regular advertisers of the newsletter for

their support of this and past volumes. Additionally note the contributors listed on the inside

cover, who stepped up to provide additional resources to offset the cost of this thicker and bound

volume of the newsletter.

This volume contains a scratching of the future. I believe that this special volume should repre-

sent a sampling of what we are as an association—therefore no picture of the president. If there

were a mug shot, imagine the headwear as a miner’s helmet complete with carbide lantern. This

metaphor is to set an exploratory mood in dark places for which to shed light on the uncertainties

of ground water. Through commentaries within this volume, several of our members have

offered thoughtful insights about the future of ground water in Minnesota. Below I offer my un-

solicited visions for Minnesota ground water by the year 2032, the time when my new grandson

should be 25 years old. By some definitions, that time would be a generation from now. In geo-

logic time, that’s just a blip for natural changes in climate and ground water. In human time,

technological changes could be significant over 25 years. In the context of societal change,

advances and setbacks may cancel each other out. You will notice that these visions will not be

tagged with caveats, assumptions, or uncertainty statistics commonly associated with predictions

from a ground-water model. Rather, these are offered optimistically for the intent of inspiring

imagination, raising eyebrows, and inducing some scoffing. After all, these ideas are based on

one person’s experiences and observations of current trends that have not been discussed and

likely will be misunderstood—therefore of limited information. So let the discussions continue.

By the year 2032:

� Water-well logs (including some geophysical) will be georeferenced (vertically and
horizontally) and available with aquifer attributes and readily available to the public for all
wells older than one year.

� Virtual three-dimensional depictions of all major aquifers used in Minnesota will be readily
available to ground-water practitioners.

� Simulation models of ground-water flow and some solutes will be readily available to water
managers of major aquifers serving communities with populations exceeding 100,000.

� The relations between ground water and biogeochemical cycles will be as well understood as

— continued on page 6
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President's Letter, cont.

today’s understanding of relations between surface waters and biogeochemical cycles.
� How and where ground water moves through major secondary permeability regimes of

fractures and solution openings, will be less of a predictive mystery in some locations.
� The importance of ground water to society will be taught in all Minnesota secondary schools.

Teachers will be able to show maps of Minnesota aquifers, areas ground-water seepage to
selected Minnesota streams, and distribution of ground-water age for major Minnesota
aquifers.

� Communications between state legislators and practitioners of ground water will be improved
by 49 percent.

� A statewide network of monitoring wells will be established to track climate change with
summary information viewable from most homes.

� Several planning and engineering measures will be needed to sustain water storage of some
aquifers associated with intense population and (or) industrial pressures.

� At least 500 additional chemicals will be quantified in ground water at trace levels. A few of
these chemicals will even have MCLs for drinking water or standards for aquatic health.

� Nonpoint chemical loading to many surficial aquifers will be well understood.
� Several instruments, such as the “magneplas,” will be available to remotely measure hydraulic

properties of aquifers and to track specific contamination plumes.
� Many people will claim that fiscal resources are insufficient to conduct the necessary research

to fully understand and manage all ground waters beneath Minnesota at the scale of interest.
� MGWA annual dues will be less than $100 (in today’s dollars), a remarkable value for the

benefits!
� Most of the MGWA members will be different than the members of 2007, but will continue to

have this uncanny sense of enthusiasm for our purpose—ground water in Minnesota.
� The newsletter, conferences, field trips and other outreach events of MGWA will continue to

complement peer-reviewed science of ground water as a forum for emerging ideas and
information about ground water in Minnesota.

That’s enough myopic visioning for one article. If I’m still around in 2032, direct the laughter to

me, not to my innocent grandson. What’s in your future for Minnesota Ground Water? You’ll

have your chance if you participate in the MGWA Fall Conference, “Assessing Ground-Water

Issues for the Next Generation.” If you can’t make that, chew on the contents of this volume and

keep the discussion and subsequent information flowing.

I use this opportunity to thank the MGWA membership for the privilege to serve you this past

year as your facilitator. It was indeed a fast and rewarding year for me. My duties were made

easy through association with exceptionally ambitious and enthusiastic people serving as

MGWA Board members, newsletter editors, special 25th anniversary volume committee mem-

bers, MGWA management and publications, advertising manager, numerous volunteers, and the

MGWA Foundation. Be sure to personally thank these folks for their extra efforts when you see

them.

If you have not gone beyond being a dues-paying member, consider serving the Association in

any small or large way during the next generation. If history is any indication, the MGWA will

contribute useful information that benefits the future of ground water in Minnesota. You’ll want

to be a part of that enlightenment.
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— Mike Liljegren, MN DNR Waters, dem-

onstrates his water level measuring tech-

nique at the 'Outdoor Action Conference',

Spring 2000.
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— We almost lost 1993 field trip partici-
pant Ruth-Ann Rhoads in the LaBrea
Clay Pits (Ochs Morton Clay Pit) - we
think Kelton Barr is offering a hand, but
the second rescuer will remain anony-
mous until further notice.
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Commentary on “A Look Back (Ground-
Water Consulting Over the Past 15 years)”
By Ray Wuolo, Barr Engineering Co.

Well, only 6-1/2 years have past since my millennial look back at

what had changed in my professional life as a ground-water sci-

entist. What has changed the most in the interim is that 6-1/2

years goes by a whole lot quicker than it used to. What has not

changed much is my list of significant changes. Those ten items,

not in any particular order, continue to dominate the lives of

hydrogeologists. Newly minted ground-water scientists take

them for granted and look upon me with humor and pity when I

start talking about how things used to be before GeoProbe,

Surfer, ArcView (now ArcMap), and the assumed ability to be

able to instantly download anything at anytime from anywhere.

I’m sure I must be sounding like the loony great uncle that the

family occasionally brings down from the attic for holiday

gatherings.

I’m having a bit of trouble adding new tools to the list and that

gives me some pause for concern. It occurs to me that in the past

20 years, we have lived through one of those watershed moments

in history when everything seemed to changed permanently

overnight and what went on before hovers like the shadows of

ghosts behind a gauzy set of living room drapes. The PC com-

pletely remade our world and it completely changed the field of

ground-water hydrology. Hydrogeology has always been about

collecting, managing, and manipulating data from diverse

sources. Is it any wonder that putting that data in digital form

would change everything?

COMMENTARY

There are, however, a few new trends in “this thing of ours,”, as

Tony Soprano might say, that I think are worth taking note of. In

no particular order they are:

1. A focus on quantifying recharge. Recharge has always been

recognized as the primary source for ground water but we have

generally been satisfied with bracketing its range at something

between 2 and 12 inches per year. We know it can’t be less than

zero (but it can, when evapotranspiration is factored in) and we

know it can’t be greater than annual precipitation. As issues of

ground-water sustainability become ever more important, the

ability to better estimate recharge becomes crucial. Think of it

this way: if the annual recharge rate for the Twin Cities area is 4

inches per year instead of 8 inches per year, the amount of avail-

able water that can be sustainably withdrawn is halved. Several

methods for quantifying recharge in Minnesota are currently be-

ing evaluated. Quantifying recharge in terms of soil type, topog-

raphy, land use, and climate is going to be key to reducing the

uncertainty in future predictions. Issues of climate change loom

over any discussion of recharge.

2. Biofuels and power. Ethanol production is focused primarily

outside of the Twin Cities area and outside the area of productive

bedrock aquifers. New coal- and gas-fired power plant siting is

also in outstate Minnesota or in neighboring states. The water de-

mands of these energy endeavors are huge – some easily on the

� continued on page 11
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scale of a mid-sized Twin Cities suburb. Ground water or ground

water-fed rivers are the only available source of water for the

majority of these facilities, which many deem to be crucial to the

energy future of this country. As hydrogeologists, we are en-

gaged in a delicate act of balancing two precious resources: en-

ergy for our homes and water for drinking and natural resources.

We need to be clear-eyed in our consulting and regulation.

3. Wrestling with uncertainty. Uncertainty is the 800-pound

gorilla that sits next to my desk and drinks coffee all day. I

would love to ignore him but he’s such a messy office mate. As

ground-water professionals, we have always known that our

work product is inherently infused with uncertainty. How could

it not be? Typically, we are asked to make predictions, design fa-

cilities, and render judgments on a resource we can’t see and can

only measure indirectly. When it comes to ground water, there

are no unique solutions – only a continuum of possibilities. New

methods in ground-water modeling, such as predictive analysis,

help us quantify the uncertainty of our predictions. What we typ-

ically find is that the uncertainty is huge and reducing the uncer-

tainty to any degree is not just impractical, it’s impossible.

Making decisions about ground-water use in the face of this

uncertainty is an unenviable position to be in. I sympathize with

the spot that our colleagues at the DNR are placed in on a daily

basis.

4. Limitations in Twin Cities ground-water supplies. Even six

years ago, I had difficulty subscribing to the notion that the aqui-

fer systems in the Twin Cities were not capable of meeting pro-

jected growth. Yes, there were areas where contamination or

natural resources protection limited a community’s well locations

but by and large, the overall picture was one of abundant supply.

I now think this notion needs re-evaluation. I am concerned that

there is a tipping point, beyond which pumping exceeds recharge

and water is mined locally from storage. When this tipping point

is reached, wells that never had yield problems may suddenly

lose specific capacity and the storage in the aquifer system that

buffers fluctuating seasonal demand is gone for good. It could

happen in one summer – it could happen in a month. It some-

times keeps me up at night.

5. Aquifer storage and recovery. Aquifer storage and recovery

(ASR) is an approach to water supply problems that needs to be

embraced by all of us in Minnesota because I believe it is an im-

portant part of our future. For better or worse, the water supply

in the metro area is predominantly ground water from commu-

nity-based well systems that are poorly interconnected. Some of

these systems are doing just fine but some are reaching limita-

tions – particularly during peak summer demand periods. Using

aquifer systems as underground storage reservoirs is a practice

widely seen in other parts of the country. Elk River is an ASR pi-

oneer in Minnesota, with the primary motivation of conserving

capital spent on treatment and storage during peak demand.

Some communities, in the future, may need to go further by cap-

turing spring freshet and injecting treated surface water into an

aquifer system.

So, that’s what I see in my crystal ball. It’s really not about con-

tamination anymore – it’s about water supply. We can have great

debates about the risk of drinking water with low levels of this

“ane” or that “ic” but the consequences of not having enough

water are indisputable. Maybe it’s climate change or maybe it’s

just “something in the water.” As ground-water professionals, we

have the crucial role to play in understanding the nature of the

problems our communities face, accepting uncertainty and the

setbacks that are inevitable with an imperfect knowledge, and

helping find solutions that in ten-years time, I can look back

again and say, “Wow! What a decade to be a hydrogeologist.”

A Look Back, cont.
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News That’s Fit to Print: 25 Years of MGWA Newsletter Milestones

“The Minnesota Ground Water Association is
unlike any other professional society in the
state. The Association focuses not on one
profession, but on one basic resource—ground
water.” Minnesota Ground Water Association
Newsletter, top of page 1, Volume 1, Number 1,
October 1982.

And with these words, written by newly minted association pres-

ident Gil Gabanski, the Minnesota Ground Water Association

came to be. It’s a mission statement of daunting simplicity: We

don’t focus on professions, we don’t lobby for jobs, and we

don’t regulate our members. We do one thing, and that is “focus

on ground water.” We are several hundred of the best

hydrogeologic minds in the state, and we share our intense inter-

est and concern for the resource that is ground water. It’s a tortu-

ous course that we’ve sailed from high head to low head for a

quarter of a century, and it’s a course that has served the associa-

tion well.

Not everyone witnessed the beginning. Luckily we still have

most of the first members around to tell stories of those earliest

days, but memories fade or get inadvertently over-written during

a defrag maneuver, so it sure is nice that history is preserved in

the nearly 100 MGWA newsletter issues published over the past

25 years. The newsletter is a diary of association history, and like

the rock record, maybe it needs a little boiling down and inter-

pretation to be fully understood. So let me share some of what

I’ve learned, scrounging around MGWA’s attic.

Perusing early newsletter issues, it’s clear that the need for this

association was palpable, even urgent. I reminded myself that in

1982 there was no Internet, no e-mail, and no World Wide Web.

Yes, there was the telephone, but that device was impractical for

communicating with groups. It was possible there was someone

across town, or even next door, who studied the same problem as

you, and you would never know about it. Even those who fre-

quently went to conferences found it difficult to connect with lo-

cal scientists who shared common interests. Face time was

scarce. And in the early 1980s, large numbers of geologists and

ground water scientists were bursting out of school, ready to re-

charge the work force.

For these reasons, a charming aspect of the early newsletters is

the set of abstracts members sent in to communicate the work

they were doing (Table 1). Many were in graduate school then,

and many are still active in ground water today. How young and

eager they were!

In those early days, there was a lot of business to tend to. How

should the organization be run? A board of directors was se-

� continued on page 13
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lected, helmed by President Gabanski (who declared martial law

and served an initial four-year term). Rounding out the first

board were Dennis Woodward (vice president), Kelton Barr

(secretary), Kent Peterson (treasurer), and Tom Clark

(membership chair).

Other urgent business included setting and collecting annual

dues ($10 per year, $5 per year for students), organizing the first

public education committee (chaired by Pat Leonard- Mayer),

and arranging the first of many meetings. The meeting notice in-

cluded a map showing where the event was to be held (Figure 1).

At that first meeting, on November 11, 1983, seventy-two people

gathered at William Mitchell College of Law to hear Tom John-

son of the Illinois Geological Survey speak on “Waste Disposal

and Ground Water Contamination”. His message surely rattled

some (remember, this was the early 1980s):

� Long-term waste isolation is not possible; and
� Costs are higher than anyone thought (especially due to

litigation).

Figure 1. Map showing location of the first MGWA conference

In the first of several MGWA surveys (Figure 2), conducted in

summer 1982, most responders claimed to be hydrologists,

hydrogeologists, geologists, and engineers, and the survey re-

vealed support for the envisioned newsletter and field trips. One

interesting find was that out of nearly 100 responders, just two

reported ground water modeling as an area of professional inter-

est. It was a different world back then.

As the hard work of that first organizational year began to pay

off, prospective members lined up outside Treasurer Kent Peter-

son’s office to pay their $10 membership fee. Figure 3 shows

(heavy blue line) the trend in membership over 25 years. Accord-

ing to Sean Hunt (who provided this chart), data collected after

1992 are probably more reliable than earlier data, but the early

Figure 2. Excerpt from the initial MGWA survey results (volume 1,
number 1, October 1982).
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Figure 3. Total number of MGWA members and average age dur-

enthusiasm as reflected in membership totals is clearly evident. I

suspect the steep trend of the line through 1990 reflects the pas-

sage of the 1989 Ground Water Protection Act (known to some

as the “Hydrologist Employment Act of 1989”). Since then,

membership has hovered above 450, and a gentle upward trend

since 1998 has propelled the 2007 membership total above 600.

Figure 3 also shows the upward trend in average age of MGWA

members during the same time period. Note the remarkable lin-

ear correlation coefficient of R2= 1.0. After I made this data up, I

realized how well it demonstrates the possibility that we will

eventually see membership attrition due to a so far insignificant

force: retirement. In fact, extending the trend line, we see that the

entire membership is obliterated (statistically speaking) by retire-

ment around 2015. To avoid this fate, MGWA needs to aggres-

sively poach colleges and universities for fresh, unsuspecting

new victims members.

� continued on page 14
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Returning to 1983, new members were not the only ones who

noticed the shiny newMGWA. Both Governor Al Quie and state

Senator Jack Davies sent their best wishes (vol. 1, no.2, February

1983). Governor Quie wrote:

“… it is my hope that all Minnesotans will benefit
from the comprehensive approach to the science of
ground water hydrology which is afforded by the
variety of professions represented in your
membership…”

And Senator Davies:

“…Congratulations on tackling a difficult but
significant public service. It looks to me like your
organization is going about its work in a sensible
way.”

That February 1983 issue (volume 1, number 2) holds other his-

torical gems as well. It contains the first appearance of the now

familiar (but uncredited) MGWA “drawdown logo” (Figure 4).

Figure 4. The MGWA “chunky drawdown” logo first appears (vol-
ume 1, number 2, February 1983).

Also in February 1983, the association issued its first financial

report (including a net worth of $527.05). Other newsletter firsts

that appeared that month were the first newsletter article about

ambient ground water quality (by Tom Clark and Dale Trippler),

and the first guide to Minnesota ground water programs (by

Linda Bruemmer). Contrast the Clark/Trippler report to the

datasets generated only a few years later by the Ground Water

Monitoring and Assessment Program (www.pca.state.mn.us/

water/groundwater/gwmap/index.html). And contrast the original

ground water programs list in 1983 to today’s version

(www.mgwa.org/gwig/index.html).

� The span of 1985-1987 brought more newsletter firsts: First
publication of the membership list (volume 4, number 1, Fall
1985);

� First report of members’ median ($32,000), maximum
($48,000) and minimum salary ($16,000) (volume 5, number
1, January 1986);

� First evidence of typesetting software (volume 5, number 1,
January 1986);

� First mention of MGWA logo redesign (volume 5, number 4,
December 1986). A logo redesign contest was anticipated, but
I found no record of a winner. Then, a “slenderized”
drawdown logo appeared in 1987 (Figure 5);

� First published photograph (volume 6, number 3, October
1987). The photograph could be celebrating the delayed
arrival of split-spoon sampler technology on the prairie, and
the nearby text hints at this. However the grainy photo quality
obscures the object’s true identity, casting doubt (Figure 6). It
might be a musical instrument of some kind.And then, right on

Figure 5. The “slenderized” MGWA logo, as it appeared in Octo-
ber 1987 (volume 6, number 3).

the President’s page (volume 6, number 1, May 1987), Rick
Johnston raised for the first time in the newsletter the
inevitable question that has taunted MGWA and the entire
profession ever since: Is it “groundwater” or is it “ground
water”? (A recent attempt by the newsletter editors to re-stir
this pot produced what may be the final word on the topic,
submitted by Mike Trojan: “yes”).

As I perused ancient newsletter issues, I tracked the number of

pages published each year (Figure 7). The chart shows that the

annual total number of pages published has steadily increased

along a bumpy curve approximated by a best-fit line with a re-

spectable correlation coefficient of R2 = 0.6818. The marginally

Figure 6. Mystery object, pictured in the first photograph pub-
lished in the newsletter, October 1987.
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Figure 7. Number of pages published annually by the MGWA
newsletter, 1982-2007.

� continued on page 15
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impressive trend loses luster when you realize keeping the word

count constant but gradually increasing the font size could have

accomplished it. “Senior” members with feeble eyesight would

hardly have noticed.

The newsletter also preserves the upward trend of annual mem-

bership dues since 1982 (Figure 8). Originally, dues were $10

per year ($5 per year for students), but they have crept steadily to

current levels ($30 per year, $15 per year for full-time students).

To demonstrate that this is still a really good deal, Figure 8 com-

pares MGWA annual membership dues to the cost for bread and

gasoline over the time period of 1982-2007.

Finally, perhaps most importantly, it is worth mentioning the

generosity of the MGWA membership. MGWA first sponsored

student scholarships in 1992, and these were in the amount of

$200 each to support hydrogeological field trips for undergradu-

ates. Over the years since then, the ability of MGWA members

to support student activities, and other public educational needs,

has grown. The Minnesota Ground Water Foundation

(MGWAF) now holds an endowment worth over $60,000, more

than two orders of magnitude larger than the net worth reported

in the first financial report in 1983 (see above). The 2006 interest

from the endowment was approximately $2000, and that amount

was donated to support:

� Children’s Metro Water Festival ($1000)
� Ground water field projects by the Minnehaha Creek

Watershed, Science Museum of Minnesota, and other
volunteer events ($800)

� MGWA conference registration for college and university
students ($800)

All the accomplishments archived in the newsletter over the past

two and a half decades are noteworthy; yet it is all still just a

start. As MGWA grows in membership, assets, energy, and vi-

sion, we have reason to be confident the next 25 years will con-

tinue to bring significant accomplishments—and that these will

be archived in our newsletter (in whatever form it eventually

takes). The very first page of the very first newsletter contains

words that can still guide the MGWA, so let’s take a cue from

them as we enter a second quarter-century:

The Minnesota Ground Water Association
invites—and challenges—you to work to solve
Minnesota’s ground water problems. Bring to
the Association your experience and
professional pride, but not your prejudices. Be
generous enough to teach but willing still to
learn and listen. LET’S GET STARTED.
Minnesota Ground Water Association
Newsletter, bottom of page 1, Volume 1, Number
1, October 1982.

— Prepared by Jim Lundy, MGWA Newsletter Team

Cost Comparison--MGWA Annual Dues

vs Gasoline and Bread, 1982-2007
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Figure 8. MGWA annual dues keep pace with inflation, as mea-
sured against gasoline and bread. The chart shows: 1) gasoline
costs in dollars per tank, assuming a 14-gallon tank (blue line);
and 2) bread costs in dollars per week, assuming two teenagers
living at home and vigorously playing sports (pink line). Note how
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not the bread curve, adding mileage to the argument the MGWA
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Original Advertisers

Volume 1, Number 1, October 1982

EH Renner and Sons

Geotechnical Engineering Corporation

Stevens Well Drilling Company

Bay West

Braun Engineering and Testing

Johnson Groundwater
Monitoring Products
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1982:

The Minnesota Ground Water Association is incorporated as a

public benefit non-profit in September and publishes its first

newsletter in October. The first Board of Directors includes Gil

Gabanski, Minnesota DNR, President; Dennis Woodward, US

Geological Survey, Vice President; Kelton Barr, Barr Engineer-

ing Co., Secretary; Kent Peterson, US Bureau of Mines, Trea-

surer; Tom Clark, Minnesota PCA, Membership Chairman; Pat

Leonard-Mayer, US Bureau of Mines, Newsletter Editor. The

MGWA Fall Meeting is held at William Mitchell College of Law

and features Tom Johnson of the Illinois Geological Survey

discussing “Waste Disposal and Ground Water Contamination”.

1983

MGWA’s Winter Meeting expands to a half-day seminar on the

“Legal and Regulatory Aspects of Ground Water Contamination

in Minnesota” at the Earle Brown Center on the St. Paul campus

of the U of M. Dr. Mary Anderson of the University of Wiscon-

sin is the featured speaker of the Spring Meeting. Her talk is:

“Ground Water Modeling: Is It True the Emperor Has No

Clothes?” A summer meeting is held at Johnson Screens in New

Brighton on the topic, “Drilling, Sampling and Monitoring Well

Installation” and includes an afternoon of drilling and sampling

equipment demonstrations. MGWA's new Public Education

Committee is led by Pat Leonard-Mayer and Linda Bruemmer.

1984:

Gretchen Sabel of Minnesota PCA is elected as Treasurer and

Tom Clark is re-elected as Membership Chairman. The January

newsletter includes a summary of some of the early hydro-

geological work of Thomas C. Chamberlin of the US Geological

Survey from the mid-1880’s. Association meetings for the year

include “The Professional as an Expert Witness”, “Modeling

Aquifer Thermal Energy Storage”, and “Use of Microcomputers

for Ground Water Modeling”. The April newsletter has a feature

on the certification and registration of ground water profession-

als. The July newsletter solicits nominations for President, Vice

President and Secretary of MGWA, as required by the by-laws.

1985:

Gil Gabanski is re-elected MGWA President, joined by Jerry

Rick, Soil Exploration Co. as Vice President and Jim Stark, US

Geological Survey as Secretary. Kevin Powers of Leggette,

Brashears and Graham takes over as Newsletter Editor. The Jan-

uary newsletter has a feature on the emerging issue of LUST—

leaking underground storage tanks. The MGWA financial state-

ment shows a cash balance of $993 as of December 31, 1984.

Updated by-laws are published in the October newsletter. The

MGWA hosts the hospitality suite at the Midwest Ground Water

Conference, held in St. Paul in October. Kevin Kessler of Wis-

consin Department of Natural Resources is the guest speaker at

MGWA’s winter meeting discussing “Implementation of

Wisconsin’s Ground Water Law”.

1986:

Gil Gabanski steps down as MGWA President and is thanked by

the Board for his vision in being one of the founders of the asso-

ciation and his hard work to make it a success. Jerry Rick takes

over as President and the membership is now about 250. Dues

are $10 for professionals and $5 for students. The January news-

letter has an article about Minnesota DNR’s plans to purchase

Mystery Cave. The January association meeting is held at MPCA

where about 75 attend to hear presentations on the topic of

ground water quality data analysis. The fall meeting, co-spon-

sored with the University of Minnesota, Duluth is held at the

Life Science Building on campus and features Dr. John Cherry,

noted Professor at the University of Waterloo, Canada, and

co-author of the pre-eminent hydrogeology textbook of the time.

1987:

Rick Johnston, Minnesota PCA is elected President and Pat

Bloomgren, Minnesota DNR takes over as Treasurer, which has

been combined with the position of Membership Chairman. Lee

Trotta, US Geological Survey, takes over as newsletter editor.

Senator David Durenberger announces proposal of a Ground

Water Protection Act at a public meeting in Southeastern Minne-

sota. The May newsletter discusses how the ground water field is

booming and hydrogeologists are in demand, especially in the

cleanup and remediation areas. Ron Nargang is new Director of

the Minnesota DNR Division of Waters and Priscilla Grew is

named to head the Minnesota Geological Survey. The fall con-

ference is a seminar devoted to nitrate. The October newsletter

has a fresh look as the publisher transitions from Microsoft Word

to a new VENTURA desktop publishing system.

1988:

Linda Lehman, L. Lehman and Associates, is elected President

and Gordy Hess, Sunde Engineering is the new Secretary. The

spring meeting, held at Winona State University with the Minne-

sota Chapter of the American Water Resources Association, is ti-

tled, “Radium in Ground Water: Origin, Occurrence, Treatment

and Health Effects”. The drought of 1988 is a hot topic among

hydrologists. The MPCA’s Ground Water Protection Strategy is

featured in the October newsletter. The St.

Anthony Falls Hydraulic Lab celebrates its 50th anniversary.

1989:

Bob Karls, Delta Environmental Consultants is the new MGWA

President and Don Jakes, Minnesota PCA, the new Treasurer.

Passage of the 1989 Ground Water Protection Act is the topic of

several newsletter articles and MGWA’s fall conference. The

Property Transfer Program is gathering momentum at the Minne-

sota PCA. The by-laws are revised for the first time since 1985,

establishing a three-tier progression of President-Elect, President

and Past-President, all of whom serve on the Board. Attorney

General Hubert (Skip) Humphrey III is named to a national task

force to speed environmental cleanups at federal facilities.

1990:

Gordy Hess, ERM-North Central, is MGWA’s first Presi-

dent-Elect and Bob Beltrame, Donohue and Associates, becomes

Secretary. Jan Falteisek, Minnesota DNR becomes newsletter

editor when Lee Trotta transfers to Reston for USGS. Cost-share

grant programs for well sealing become popular. The spring con-

ference revisits “Field Techniques and Interpretation”, while the

fall conference tackles “Risk Assessment” for the first time. A

featured panelist is Dr. Jay Lehr of the National Water Well As-

sociation. The MGWA publishes its first comprehensive mem-

bership directory, which includes listing of members

alphabetically and by affiliation, as well as an information

� continued on page 17
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referral index to services of government agencies.

1991:

Gordy Hess becomes President, Sheila Grow, Minnesota Depart-

ment of Agriculture, is the President-Elect, and Susan Price,

HDR Engineering is elected Treasurer. Watershed Research, Inc.

assumes responsibility for business management and publica-

tions for the association. At the beginning of the year, MGWA’s

total budget is $19,463. The Spring Conference topic is

“Remediation Technologies for the Unsaturated Zone”. In June,

MGWA joins Twin Cities Geologists and the Minnesota Chapter

of AIPG for a hog roast at Bruce Bloomgren’s Bar-Nothing

Ranch. Fall brings the first annual field trip co-sponsored by

MGWA and the Minnesota AIPG Chapter to parts of southwest

Wisconsin and southeast Minnesota. By year’s end, storm clouds

gather over the future of the Minnesota Geological Survey as

Governor Carlson has vetoed a line-item of the University of

Minnesota budget that contains funding for MGS.

1992:

New officers are: Sheila Grow, President; Larry Johnson, Dames

and Moore, President-Elect; and Bruce Olsen, Minnesota Depart-

ment of Health, Secretary. MGWA celebrates its tenth anniver-

sary. The spring meeting features “Innovations and Updates on

Drilling and Well Construction”. The Minnesota District Office

of USGS moves from downtown St. Paul to Mounds View. The

fall field trip travels to northeast Minnesota in September and

stops at the Highway 61 Silver Cliff Tunnel, under construction.

1993:

Larry Johnson becomes President and Doug Connell, Barr Engi-

neering is President-Elect. Rita O’Connell, MPCA, is Treasurer.

The Association provides six scholarships of $300 each to insti-

tutes of higher education in Minnesota. The new Director of the

State Health Department’s Division of Environmental Health is

Pat Bloomgren. The spring conference features applications of

geographic information systems (GIS) in solving ground water

problems. Technical articles in the newsletter address use of

chlorofluorocarbons (CFCs) as ground water tracers and discuss

the operation and status of MPCA’s Voluntary Investigation and

Cleanup (VIC) program. The fall field trip features southwest

Minnesota, including Redwood Falls and New Ulm.

1994:

Doug Connell assumes the presidency, Cathy O’Dell of

Geraghty and Miller is President-Elect and Rich Soule, Minne-

sota Department of Health, is elected Secretary. Health Risk

Limits (HRLs) for 89 ground water contaminants are adopted as

rules by MDH. The spring conference looks at the health effects

of landfill gases. The annual Treasurer’s Report indicates that to-

tal income for the association is $23,106.67. Dr. David

Southwick becomes the eighth director of the Minnesota Geolog-

ical Survey. The Ad Hoc Committee on Professional Practice for

Geologists is gearing up to reintroduce a licensing bill for the

1995 legislative session.

1995:

Cathy O’Dell is President, Gretchen Sabel of MPCA is Presi-

dent-Elect, and the new Treasurer is Paul Putzier of RETEC.

Tom Clark, MPCA, takes over from Jan Falteisek as newsletter

editor. The spring conference topic is Technical Communication

with the Public—Ground Rules for Scientists. The fall confer-

ence is a short course on isotope hydrology, featuring Drs. Carol

Kendall of USGS and Calvin Alexander of the U of M’s Depart-

ment of Geology and Geophysics. Field trippers enjoy perfect

fall weather in a two-day trip to the Iron Range. Technical arti-

cles in the newsletter feature the Twin Cities Area Groundwater

Model, the Ground Water Clearinghouse at the Land Manage-

ment Information Center, and use and application of HRLs.

1996:

Ray Wuolo, Barr Engineering, is President-Elect and Jan

Falteisek takes over as Secretary. The unelected position of Ad-

vertising Manager is established (formerly part of the newsletter

editor’s duties) and is filled by Jim Almendinger, St. Croix Wa-

tershed Research Station. The spring conference looks at “Ap-

plied Ground Water Management: Wellhead Protection and

Beyond.” There are 791 members in the MGWA database. Tech-

nical articles feature DNR’s program to locate and seal aban-

doned wells on state lands and MPCA’s ground water

monitoring and assessment program. The fall field trip looks at

the diverse hydrogeologic issues of the Twin Cities Metro Area.

1997:

Paula Berger, Environmental Strategies Corporation is Presi-

dent-Elect and Paul Bulger, MPCA is Treasurer. Under Gretchen

Sabel’s leadership, MGWA has its first open house for legisla-

tors and their staff to raise awareness of the need for ground wa-

ter protection in the Land of 10,000 Lakes. Technical articles

feature springs of the Twin Cities and Winona County sinkholes.

The spring conference is an update on the state licensing pro-

gram for geoscientists, and the fall field trip fills two buses for a

tour through the karst country of southeast Minnesota. A team

approach is adopted for production of the quarterly newsletter

and Leigh Harrod is the new Advertising Manager.

1998:

Jim Piegat, Hennepin Conservation District is President-Elect

and Jan Falteisek is re-elected Secretary. The DNR-MGS County

Atlas and Regional Hydrogeologic Assessment Program contin-

ues to make steady progress in assessing and mapping the state’s

hydrogeologic resources, and is featured in several newsletter ar-

ticles. The spring conference focuses on brownfields redevelop-

ment, the fall conference tackles emerging technologies in

ground water remediation, and the fall field trip plays “glacial

roulette” in east-central Minnesota and northwest Wisconsin.

MGWA is one of 30 co-sponsors of the Children’s Water

Festival, which has now become an annual event.

1999:

Jim Lundy, MPCA, is the new President-Elect and Lee Trotta,

US Filter, is the Treasurer. A possible link between ground water

and Minnesota’s malformed frogs is a hot research topic as is the

link between naturally-occurring arsenic in west-central Minne-

sota ground water and human health effects. Consumer confi-

dence reports for drinking water supplies become mandatory

under amendments to the Safe Drinking Water Act. The fall field

trip is popular as it heads to the North Shore and Gunflint Trail.

The Midwest Ground Water Conference returns to Minnesota for

the first time since 1985 and draws 270 to St. Paul for two days

of technical presentations and a half-day field trip along the Mis-

sissippi River corridor from St. Paul to Minneapolis.

� continued on page 18
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2000:

Keeping in the “Jim” tradition of the previous two years, Jim

Stark of the USGS is President-Elect. Jan Falteisek is elected to

another term as Secretary. The newsletter features articles as di-

verse as program evolution at the Minnesota Geological Survey

to the emergence of MTBE as a ground water contaminant of

concern. Jim Lundy, MGWA President, testifies before the

House Subcommittee on Ground Water, which is considering

possible amendments to the 1989 Ground Water Protection Act.

Several local hydrogeologists receive considerable media cover-

age as a result of the great MSP airport dewatering controversy.

The real story is told in several newsletter articles and a Capil-

lary Fringe column. The fall conference considers fine tuning the

Ground Water Protection Act and plays to a full house at Earle

Brown Center. The fall field trip returns to the Minnesota River

Valley for the first time since 1993. Jim Aiken of North Jackson

Company takes over as Advertising Manager.

2001:

Rob Caho of Bergerson-Caswell is President-Elect and Eric

Hansen, Pinnacle Engineering becomes Treasurer. Over 200

pack the Earle Brown Center for the spring conference, the larg-

est attendance ever for a MGWA-sponsored event. The MGWA

Foundation, Ground Water Education and Membership Commit-

tees broaden the scope of Association activities and involve more

members. John Pollock, Frontline Environmental joins the news-

letter team from the private sector. Plans are under way for the

fall field trip to the Brainerd lakes area and Cuyuna Range,

co-sponsored with the Minnesota Chapter of AIPG. The trip will

be held in conjunction with the national meeting of the American

Institute of Hydrology, to be held in Bloomington in October.

2002:

Marty Bonnell of DPRA becomes President-Elect. Under Rob

Caho’s leadership as President, the Spring Conference is held

outdoors at Johnson Screens in New Brighton and includes a full

range of drilling and well installation technology. Dr. Matt

Walton, Director of the Minnesota Geological Survey from

1973-1986 is presented with the first MGWA Outstanding Ser-

vice Award. Norm Mofjeld takes over the position of newsletter

editor and the first steps are taken to transition the newsletter to

electronic format and distribution to minimize costs of postage

and paper. The fall conference on ground water supply issues

facing small communities is well-attended by ground water

professionals and representatives of local units of government.

2003:

Chris Elvrum, a Water Supply Planner for the Metropolitan

Council is President-Elect. The March newsletter debuts the new

enhanced PDF format and electronic distribution system. The

spring conference focuses on ground water-surface water inter-

actions and is dedicated to the memory of Dave Ford, a hydrolo-

gist who worked for DNR Waters for 25 years. Harvey

Thorliefson is the new director of the MGS. The Baytown Town-

ship TCE contamination plume is in the news and the MPCA

embarks on a major effort to sample 320 wells in the area. The

fall conference addresses topics in water conservation and over

90 attend the fall field trip to learn about the hydrogeology of the

St. Croix River Valley, with stops in both Minnesota and

Wisconsin.

2004:

Laurel Reeves, DNR hydrogeologist is President-Elect, John

Pollock is elected to another two-year term as Secretary, and

Kurt Schroeder of MPCA joins the newsletter team. Kathy Vil-

las-Horns, Chris Elvrum and Gil Gabanski spearhead efforts to

get a ground water exhibit as a part of the new outdoor Science

Park at the Minnesota Science Museum. Technical articles in the

newsletter address the oldest measured age of ground water in

Minnesota and the distribution of naturally occurring arsenic in

ground water in the upper Midwest. MPCA Commissioner

Sheryl Corrigan is the keynote speaker at the spring conference

which highlights the “State of the State” in Minnesota ground

water contamination and cleanup efforts. MGWA membership is

approximately 600.

2005:

Dale Setterholm of MGS is President-Elect and Craig Kurtz of

SEH, Inc. is the new Treasurer. A new flowing well is installed

at the Science Museum as the first step in developing a public

ground water display. The spring conference features the topic of

ground water sustainability and Dr. Hans-Olaf Pfannkuch of the

University of Minnesota Department of Geology and Geophysics

is presented with MGWA’s Outstanding Service Award. The fall

conference details geochemical tools that can be used in ground

water investigations. The 50th annual Midwest Ground Water

Conference is held in Illinois. As 2005 concludes, the MDH and

MDA move to their new building south of the capitol. The facil-

ity includes state-of-the-art laboratory services to serve the two

departments.

2006:

Jeff Stoner, director of the USGS Minnesota Water Science Cen-

ter is the President-Elect and Jon Pollock begins his third term as

Secretary. Based on reader input, the newsletter debuts a new

format with an open, cleaner look and more use of color. The

first in a four-part series on use of the Minnesota Ground Water

Information Guide is published in the newsletter. The spring

conference focuses on better ground water by design and repair

of the Dancing Waters Sinkhole in Woodbury is a topic of inter-

est for local hydrogeologists. The fall conference discusses data,

tools and techniques for ground water management. The MGWA

Foundation raises its profile and now has a page in the newsletter

dedicated to its activities. The Foundation endowment fund now

exceeds $50,000. MGWA’s first president Gil Gabanski heads

the Foundation.

2007:

Stu Grubb, hydrogeologist with Emmons and Olivier is the new

President-Elect and Craig Kurtz, now a financial risk analyst for

3M is re-elected as Treasurer. Concern over a continuing drought

over parts of Minnesota is reflected in several newsletter articles.

The spring conference identifies methods for solving complex

ground water problems. The new outdoor ground water exhibit

opens at the Science Museum of Minnesota. A newsletter article

features the seven geologic wonders of Minnesota and Greg

Brick’s always entertaining Ground Water History column re-

mains a popular feature. MGWA membership prepares for a 25th

anniversary retrospective with the fall conference and social

event, as well as a special edition of the December newsletter to

take a look back at the past 25 years of ground water in

Minnesota.

This retrospective was prepared by Tom Clark, MGWA Newslet-
ter Team and Charter Member.
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Hydrostratigraphy of
Paleozoic Bedrock, South-
eastern Minnesota
Commentary by Anthony C. Runkel,
Minnesota Geological Survey

As discussed in the conclusions to this

1998 article, its objective was to outline a

rigorous approach to characterizing Pa-

leozoic hydrogeologic units in southeast-

ern Minnesota, with the hope that such an

approach would advance our understand-

ing of groundwater conditions, and better

serve the needs of environmental manag-

ers and researchers. The hydrogeologic

framework illustrated in the article was

referred to as a “cartoon” because at that

time it was inadequately supported by

hydrostratigraphically-based research.

Five years later, the publication of Minne-

sota Geological Survey Report of Investi-

gations 61 (MGS RI 61)(Runkel and

others, 2003) represented the transition

from a “cartoon” to what the authors be-

lieve is a rigorously supported, compre-

hensive hydrogeologic framework. MGS

RI 61and subsequent publications docu-

mented significant progress in a number

of topics touched upon in the 1998

MGWA newsletter article, among them

characterizing fracture flow in Paleozoic

bedrock—not only in carbonate aquifers,

where fractures were long regarded as hy-

draulically important, but also in some of

the most widely used sandstone aquifers,

and in aquitards as well. Additionally, we

have better quantified the hydraulic prop-

erties of hydrogeologic units, and demon-

strated that fracture networks are

commonly stratigraphically controlled

and thus predictable enough that they can

be mapped. Key to this progress has been

the routine use by MGS of downhole geo-

physical tools that allow us to recognize

hydraulically significant fractures, deter-

mine their stratigraphic position, and

quantify their hydraulic properties.

COMMENTARY

� continued on page 21

— George Mickelson's license plate
(September 2003)
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A measure of the success of any idea is

the degree to which it is ultimately ac-

cepted and used. By this measure the

hydrostratigraphic approach described in

the 1998 MGWA newsletter article ap-

pears to have been successful. The

hydrogeologic framework based on this

approach (originally presented in MGS RI

61) is routinely used by a number of

Minnesota organizations that deal with

environmental management, including the

Department of Natural Resources in the

production of hydrogeologic plates for the

County Geologic Atlas mapping program;

the Department of Health in well manage-

ment functions; the Pollution Control

Agency in site investigations; and by con-

sultants for uses that range from optimum

construction of high capacity wells to

county-scale and larger scope groundwa-

ter models. I therefore believe we have

made a substantive contribution that has

facilitated environmental management

and research over the past nine years.

That said, my opinion of where we now

stand in our understanding of the ground-

water system of southeastern Minnesota

compared against today’s needs of envi-

ronmental managers leads to a sense of

frustration over the many profound gaps

in our knowledge that remain. Particularly

noteworthy in this regard is our limited

understanding of vertical fractures and

their function in the hydrologic system,

and an overall dearth of quality informa-

tion on the properties of aquitards. The

statement from the 1998 MGWA article

that “We are in the early stages of a

re-evaluation of the hydrogeologic prop-

erties of Paleozoic rocks, and recognize

that much more fundamental information

is needed” therefore, is apropos today.

Ideally, we hope to target and close these

significant gaps in our knowledge, at a

faster pace than the previous nine years,

with the ultimate objective of producing a

“Hydrogeology of southeastern Minne-

sota: second edition” that is vastly im-

proved over the original.

Runkel, A.C., Tipping, R.G., Alexander, E.C.,
Jr., Green, J.A., Mossler, J.H., and Alexan-
der, S.C., 2003, Hydrogeology of the Paleo-
zoic bedrock in southeastern Minnesota:
Minnesota Geological Survey Report of In-
vestigations 61, 105 p., 2 pls.

Commentary, cont.
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— These photos date from the 1999 Karst Owrkshop in May 1999, held at the Spring Valley Cavern karst preserve. It was not actually
an MGWA event, yet many MGWA members were involved. A microgravity survey has already been conducted over a possible buried
sinkhole, and the backhow is digging for proof. Not everyone involved in the geophysics knew that a backhow was going to show up, so
that explains some of the apprehension in the faces of the crowd. We can identify Calvin Alexander, Ross Dunsmore, and Eric Porcher.
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Thoughts about “Shallow Buried
Aquifers of Murray County,
Minnesota”

By Jim Berg, DNR Waters

Sometimes it seems the essence of geologi-

cal investigation is the ability to make

highly qualified conclusions based on lim-

ited and incomplete evidence followed by

the inevitable plea for more data. Trying to

unravel the leftovers, and eroded remnants

of leftovers, from the glaciers that kept

coming and going, can seem like an almost

foolish thing to attempt. But the dots can be

connected once the data are organized in

cross section and map layouts with the help

of a computer, some creative use of GIS

software, and our geological brains.

We never did get any funding for follow-up

work for this county or anywhere else in the

region despite three proposal attempts (as I

write this we are in the middle of preparing

a fourth proposal) and stable funding for

these types of investigations continues to

decline even though the challenges pre-

sented by biofuels industrial development

and the need for regional water supply

thinking have grown dramatically since this

article was published. However, we are still

at it and our methods continue to improve.

Since this article was published, we (DNR

Waters), have added buried and gravel

maps to the geologic picture in an Otter Tail

Regional Assessment (2002) and in south-

ern Pine County (2004) using the same

Murray County approach. In the past two

years (2005 and 2006) other maps, using a

newer closely spaced cross section method,

have been completed in the

Fargo-Moorhead region (DNR Waters and

Minnesota Geological Survey – MGS), and

Pope County (DNR Waters). By the end of

this year (2007) there will have been a rela-

tive “big bang” of atlases or atlas supple-

ments with buried sand/gravel aquifer maps

including Stearns and Crow Wing Counties

from DNR Waters; and Todd and Scott

counties from the MGS.

The future will include learning more about

ground water recharge in the places where

these buried sand layers are connected to

other sand layers and the surface. We

should also be able to connect maps of sand

bodies across county boundaries and begin

to create a regional understanding of these

systems. Finally, of course, we will need

more data.

COMMENTARY
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COMMENTARY

Review by Eric Mohring, BWSR with input from Jim Stark, USGS

My initial impression on re-reading the article is that the author

had a firm grasp of the obvious, and convincingly overstated it.

It shouldn’t have been surprising to readers of the MGWA news-

letter that water levels in a water-table aquifer would track clima-

tic fluctuations. On the other hand, sometimes the obvious can

do with a little overstating. I recall having this graphic posted on

the outside of my cubicle at the Minnesota Department of Natu-

ral Resources (DNR) Waters Division. It generated a steady

stream of passersby who would pause, study the graphs, nod, and

perhaps stop to discuss some aspect of ground water-surface wa-

ter interaction. It was a conversation piece - simple, graphic pre-

sentation of an obvious, important link in the hydrologic cycle.

There was a research focus on ground water-surface water inter-

action during the 1970s and 1980s – locally, nationally, and in-

ternationally – for example the work of Tom Winter and

colleagues on ground water-lake interaction and Dick Novitzki’s

work on wetland-ground water interaction.

On the Minnesota front, the DNR and the U.S. Geological Sur-

vey were conducting a study of ground-water and surface-water

interactions in the Straight River watershed in Becker and Hub-

bard Counties, with funding through Legislative Commission on

Minnesota Resources*. This cooperative effort was to assess po-

tential effects of ground-water withdrawals for irrigation on

streamflow and stream temperature in the river, a designated

trout steam. The late 1980s was a time of drought. During the

summer of 1988 the water table and the potentiometric surface of

the uppermost confined-drift aquifer approached record low lev-

els. Stream discharge indicated that the river was affected by irri-

gation pumping. Ground-water model simulations were

evaluated by matching model-calculated streamflow and simu-

lated ground-water levels with measured data from 1988. Simu-

lations indicated that continuous irrigation, at rates comparable

to 1988, could result in ground-water level declines ranging from

0 to 10 feet in the surficial aquifer and from 0 to 15 feet in the

uppermost confined-drift aquifer. The lowering of the water table

and the potentiometric surface was simulated to reduce the base

flow of the river by 34 percent compared to conditions where

there was no ground-water withdrawal for irrigation. Results

from an associated stream-temperature model indicated that daily

changes in stream temperature were influenced by solar radia-

tion, wind speed, stream depth and ground-water inflow. Further

results from simulations, iterating between the ground-water

flow and stream-temperature models, indicated that reductions in

stream discharge from irrigation withdrawals could result in in-

creased stream temperature from 0.5 to 1.5 degrees Celsius and

that this increase could be a significant factor in the viability of

trout in the river. Ground-water use and level data and stream-

flow information collected since the time of the study, recent ad-

vances in our understanding of ground-water recharge, and

advances in models that couple ground-water and river models,

both hydraulically and thermally, would now allow for a more

detailed analysis the effect of drought on the Straight River.

In the regulatory and policy arenas ground water – surface water

interaction was also often the “topic-du-jour.” The 1970s and 80s

saw hydrologic extremes: a major drought in 1976, undesirably

high lake levels in the mid 80s, another major drought in 1988.

The interplay of ground water and surface water resources

played a major role in the human response to these challenges.

The talk was all about water allocation, safe yield, well interfer-

ence, in-stream flow needs, competing uses, as well as recharge

areas and ground water sensitivity. Concern for ground water

contributions to wetlands increased as protection efforts esca-

lated. So though the little MGWA newsletter article overstated

the obvious, it was at least timely.

The type of simple analysis used is still a bread-and-butter item

in the toolbox. Hydrologists, especially those involved in wet-

land hydrology, need to be able to put observations and data ob-

tained during a given (usually too short) time period into climatic

context. We often find ourselves in the business of assessing

“antecedent conditions.” Water level data from observation wells

are a key tool - ground water levels are a good integrator of

shorter-term hydrologic fluctuations. Precipitation and river dis-

charge data are also essential tools, and “rolling-mean” analyses

of these data greatly help in their interpretation.

The moral of the story: sometimes the simplest tools in the tool-

box are the most useful.

Out of curiosity I put together a somewhat updated version of the

graphic, adding a rolling-mean graph of precipitation.

*Stark, J. R., Armstrong, D. A., and Zwilling D. R., 1994, Stream-aqui-
fer interactions in the Straight River Area, Becker and Hubbard Coun-
ties, Minnesota, U. S. Geological Survey Water-Resources
Investigations Report 94-4009

Ground Water/Surface Water Interaction
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Innovative Fen Protection - Irrigate!

COMMENTARY

Commentary by Jeanette Leete, MN DNR Waters

Status of Nicols Fen

The 1989 article is an account of an emergency action under-

taken to save a calcareous fen from a short-term activity that

would have severely degraded it. The context of the Seneca

Waste Water Treatment Plant expansion was (in informal terms)

that a lawsuit against Minnesota had been filed by the State of

Wisconsin. Wisconsin claimed Minnesota was not adequately

treating wastewater before discharging it to the Mississippi. If

memory serves, Minnesota was being fined $20,000 per day for

non-compliance. Compliance meant getting this wastewater

treatment plant running!

The immediate intervention that kept the calcareous fen wet dur-

ing construction dewatering was successful, yet that was not the

end of the insults suffered by this calcareous fen, which consists

of a segment owned by the US Fish and Wildlife Service and a

segment that is part of Fort Snelling State Park.

� The permanent underdrain system at the Seneca Plant has not
allowed heads in the fen to return to pre-construction levels,
contrary to the consultant’s predictions.

� During powerline maintenance, a crew drove heavy vehicles
over the fen, getting their trucks stuck and carving ruts into
the peat through some of the areas where the best calcareous
fen vegetation had been.

� The upgrade to the treatment plant led to the construction of a
new sewage siphon between the two remaining segments of
the Nicols fen across the river to bring more raw sewage to the
plant.

� Increased development atop the bluff led to increased
stormwater discharge through a storm sewer that discharged
into the fen, carving a gully along the edge of the fen and
allowing water to drain from the peat into the new channel.

At each step of the way, mitigation, restoration or repair has

been effected, with local government leading the effort. It is

clear that only the vigilance possible through local monitoring

can hope to ensure the sustainability of calcareous fens in

urbanizing settings.

Legal Framework

Since 1988, significant progress has been made to achieve over-

all protection of calcareous fens through additional statutory

protections.

The Wetland Conservation Act was first passed in 1991 as Min-

nesota Laws Chapter 354, as amended (Minnesota Statutes,

103G.222-.2373 and in other scattered sections). Rules were pro-

mulgated by the Minnesota Board of Water and Soil Resources

in Minnesota Rules, chapter 8420, as amended (Rules).

The significance of this act in general was its intent to achieve

no net loss of wetlands in the State of Minnesota. With respect to

calcareous fens, the Act was very specific that no exemptions

from the Act’s no net loss goals would apply.

“103G.223 CALCAREOUS FENS.

Calcareous fens, as identified by the commissioner by written or-

der published in the State Register, may not be filled, drained, or

otherwise degraded, wholly or partially, by any activity, unless

the commissioner, under an approved management plan, decides

some alteration is necessary. Identifications made by the com-

missioner are not subject to the rulemaking provisions of chapter

14 …“

In the Rules, the Department of Natural Resources is established

as the approving authority for projects involving calcareous fens,

and procedures for listing and identifying calcareous fens are

established.

In addition, off-road vehicle traffic is prohibited in calcareous

fens (MS 84.773). Since the passage of this regulation, a vehicle

was impounded after the owners were caught in the act of

destroying calcareous fen vegetation.

A technical committee established guidelines for identification of

calcareous fens, and these guidelines were tested using data gath-

ered through projects funded by the Metropolitan Waste Control

Commission (now Metropolitan Council Environmental Ser-

vices), by USWest (now Qwest), by DNR Parks, by the US En-

vironmental Protection Agency, and by the School Trust Fund.

Irrigation Technique Used to Protect Ottawa Fen

Where dewatering is going to be short-term, and where it is ex-

pected that ground water levels will shortly return to normal after

dewatering ceases, DNR concluded that temporary irrigation is a

plausible method to prevent damage to organic soils and calcare-

ous fen vegetation. When DNR learned that Ottawa Fen, another

Minnesota Valley calcareous fen, would be impacted by

dewatering from an adjacent sand mine (Figure 1), and the

mine’s consultants predicted there would be no postmining water

level impacts, the mine operator agreed to irrigate the fen as a

way to avoid limitations on their dewatering permit.

� continued on page 34

Figure 1: Sand Mine near Ottawa, Minnesota

This calcareous fen is in private ownership, and the owner had

been a long-term cooperator in other ongoing studies. With the

owner's permission, the mitigation measures were undertaken

and studies of water levels in monitoring wells renewed.

The irrigation project was diligently carried out by mine staff

who drove a tractor pulling a water tank to a location above the
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fen (Figure 2), connected a hose to the sprinkler system, and let

it spray (Figure 3).

Several years post-mining, the project appears to have been suc-

cessful. The diversity of the calcareous fen vegetation has been

preserved, and though there are residual, likely permanent,

drawdowns, the peat soils are expected to equilibrate with the

new water levels.

Educational Efforts

After completion of this baseline work, funded primarily by co-

operators, staff and funding resources at the Department of Natu-

ral Resources were not adequate to provide direct assistance with

calcareous fen management at the local level. DNR staff decided

to do what we could do to provide local government and consul-

tants with the information necessary to take on calcareous fen

management on a site-by-site basis.

Two workshops have been held (both sponsored or co-sponsored

by MGWA) during which research results, restoration practices,

and technical guidelines were provided and experiences with cal-

careous fen management issues were shared.

The sustainability of individual calcareous fens into the future

rests in the hands of the local community, and in the cases of

some of the smaller calcareous fens, the hands of an individual

owner.

Proactive Local Management of Calcareous Fens

Several Minnesota communities have taken on the challenge in

ways that are instructive to the rest of us who would hope to pre-

serve ground water dependent calcareous fens. Three brief exam-

ples follow:

The City of Chanhassen has been working on this issue since

1994 when Chanhassen city planners listed the fen’s watershed

as an environmental and recreational resource. They set a goal of

acquiring land adjacent to the creek, and they contacted the DNR

for help in forming a natural resources plan. DNR staff couldn’t

work full-time on the project, but Hannah Texler, a DNR ecolo-

gist, served as DNR’s representative on the steering committee,

helping the group define “best outcomes” for the watershed and

develop a watershed management plan that became part of the

comprehensive plan for the city. The watershed is managed with

the intent of preserving its natural features.

The City of Rochester has begun the process of developing cal-

careous fen management plans to guide restorative activities in

calcareous fens for which it has responsibility. Barb Huberty,

Environmental and Regulatory Compliance Coordinator, Roch-

ester Public Works has completed the first such plan and it has

been approved by DNR. Two others are in draft stages. A local

developer, Dick Argue, was one of the first to embrace the idea

that a calcareous fen’s presence near his Stonehedge develop-

ment could give his project a marketing advantage. He worked

with state and local staff to design it with an eye toward

sustainability of the fen, and work has been done to restore por-

tions of the fen that were impacted by agricultural practices of

former years.

The City of Eagan has actively worked to reverse some of the

negative impacts of development and has rerouted the storm

sewer discharge that had caused problems. The City’s water re-

sources staff guided a study (Figure 4) that began long-term

collaboration between the City, the local Watershed Management

Organization, the Minnesota Department of Transportation, the

US Fish and Wildlife Service and Fort Snelling State Park.

The City of Eagan intends to positively influence the

sustainability of Nicols Fen.

Figure 2: Water in transit to a location above the calcareous fen
near Ottawa.

Figure 3: Irrigation at Ottawa Fen.

Figure 4: Media attention paid to Eagan's planning effort.
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TOOLS AND DATASETS

Tools and Datasets
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COMMENTARY

Managing Subsurface
Geologic Information in
Minnesota

Update of a 25 year Status
Report Published in 1997

By Dale Setterholm

In the 10 years since this article was pub-

lished, the demand for subsurface geo-

logic information has increased as more

geologists became aware of the data, and

the need for water management has be-

come more acute. As noted in the original

article, there was a time when limits on

the quantity of water available in Minne-

sota weren’t thought to be an important

issue. That perception has changed as the

demand for ground water has grown and

the availability of ground water has be-

come an economic issue in some commu-

nities. There is also a growing awareness

that the protection and wise use of ground

water requires an understanding of aqui-

fer distribution, size, confinement, and

hydrologic characteristics. Geologic map-

ping based largely on subsurface geologic

information is an essential element in

establishing that framework.

Web-based access and the use of geo-

graphic information systems have

changed how users obtain and apply the

data. The web-based access to County

Well Index (CWI) provided by the Min-

nesota Department of Health

(www.health.state.mn.us/divs/eh/cwi/)

allows users to efficiently search and re-

trieve subsurface geologic information.

The digital format also makes it much

easier to capture, store, and apply the

� continued on page 37
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� continued on page 39

data. Geographic information systems al-

low users to take advantage of the

locational aspects of the data and to au-

tomate the construction of maps,

cross-sections, models, and 3-dimen-

sional illustrations. As an example, these

techniques have enabled improvements

in the products of the County Geologic

Atlas program, particularly in the

mapping of glacial aquifers.

The amount of readily available

subsurface data has grown significantly.

The table on page 37 shows the magni-

tude of the changes and the growth rates.

Much of the backlog of historical

subsurface information that existed be-

fore CWI was created has been entered

in the system, and new data are being en-

tered soon after they are submitted. As

an average, the well records entered in

1997 were for wells drilled in 1981. In

2006 the average date of drilling for

wells entered in CWI was 2002. The en-

try of historical data is often stimulated

by MGS mapping projects, and this

causes the average age of the wells being

entered to be slightly behind the current

year.

Downhole geophysical logging data are

growing in volume and in the types of

data generated. Natural gamma data are

still the most common type collected be-

cause they are useful for establishing li-

thology and stratigraphy. MGS now

commonly runs a multitool that records

natural gamma and fluid properties, in-

cluding resistivity and temperature, si-

multaneously. In this way we are linking

conditions that can be expected to

change over time in the fluids, and con-

ditions that are static in the bedrock or

sediment that hosts the water. MGS is

also collecting downhole data with an

electromagnetic flowmeter in an effort to

characterize aquifer properties.

As we look ahead, accurate location in-

formation, including an elevation for

wells and borings, remains a challenge.

It is expensive and time consuming to

visit well locations, and in the case of

borings there is commonly no permanent

feature to visit. Locations recorded with

global positioning satellite systems are

Update of Subsurface Geologic
Mapping, cont.
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likely to become part of the answer to

this problem. We are also looking for

ways to record transient subsurface

data. For example, a new road cut, ex-

cavation or quarry may expose geologic

contacts that are only visible for a short

time. Photos are useful, but it would be

more useful to store the contact as a lin-

ear feature with x, y and z (elevation)

coordinates. Because subsurface data

are commonly used to map geologic

contacts (surfaces) we are interested in

developing methods of updating those

surfaces efficiently as new data become

available. MGS also would like to de-

velop resources and methods to enable

us to capture shallow subsurface data

such as boring records and geophysical

surveys.

Update of Subsurface Geologic
Mapping, cont.

Send your comments on any
article to
editor@mgwa.org

1999 Field trip leader Bob Tipping, Min-
nesota Geological Survey at the Cross
River gravel pit. Photo by Tom Clark.
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Update to “Metro
Groundwater Model
– Site Applications”
Update by Andrew Streitz, Minnesota
Pollution Control Agency

Looking back at the Metro Model some

ten years later, several things stand out

clearly. First that the Metro Model is best

understood as a process more than as a

product. Many of the original Model solu-

tions themselves are not used in their

original state, but many of the conceptual

models, supporting datasets and summary

reports continue to be used by modelers

using different modeling software. These

include detailed descriptions of aquifers,

Paleozoic and Quaternary GIS coverages,

calibration datasets, and perhaps most im-

portant, a legacy of open discussion about

the construction and use of ground water

models within the State.

Did we get anything wrong? Well, it

would be hard to call our use of Analytic

modeling code a mistake, but it is clear

that numerical modeling techniques have

been in ascendancy in the years since we

began our project. The combination of

cheap computer power and broad accep-

tance of the USGS open code across the

world means that improvements and re-

finements are being made daily, convey-

ing a huge advantage to modelers using

this software.

Given all this, it is appropriate that the

Metropolitan Council is currently in the

process of updating and replacing the

Metro Model throughout the seven county

area within a MODFLOW format, incor-

porating additional model layers to reflect

the improved understanding of hydraulic

variability within geologic units, and im-

plementing an automated inverse optimi-

zation method for model calibration. The

project is expected to be complete by the

end of 2007. More information on the

Met Council Metro Model will become

available at that time.

Update to “Analytic
Element Modeling of
Hennepin County Aquifers
with a Geographic
Information System”
Update by James Piegat

This model was perhaps the first analytic

element model (AEM) prepared with a

geographic information system (GIS) or

even a graphic user interface (GUI). As I

was becoming familiar with Dr. Strack’s

AEM and with other modelers who were

using it, I was struck by the amount of

time and effort needed to manage all of

the input and output files required by the

code. All of this work was done by look-

ing for a few numbers among many on

printed pages, using digitizing pads, word

processors, spreadsheets, and more.

However, all of this changed for me once

I taught the GIS to create input files and

to read output files. I ran three versions

per day, one started in the morning, one in

the afternoon, and one at the end of the

day. I could literally see the results, make

decisions on changes that I wanted to

made, generate new input files, and start

another run in a matter of minutes. The

remainder of time was spent watching a

486 computer run the model.

The GIS allowed me to quickly and easily

create the model. For example, irregular

quadrilaterals were used to model infiltra-

tion into the aquifer; all that was needed

was a shape, a resistance to vertical flow,

and a head in the overlying material for

each quadrilateral. I decided to determine

the resistance to vertical flow by consid-

ering the material that was directly on top

of the aquifer. I had the GIS look for all

wells that penetrated to the Prairie du

Chien, and then look at those logs to de-

termine the material immediately above.

The routine also looked at the thickness

of the material to insure that it was thick

enough to either limit flow in the case of

material that would be modeled as an

aquitard or to transmit significant water in

the case of material that would be mod-

eled as an aquifer. This work would have

been monumental had I been required to

use the 15,000 paper well logs then avail-

able in Hennepin County, plot them on a

base map, and then create a “worm’s eye

view” geologic/hydrogeologic map. With

the GIS, it took a short afternoon. The

GIS also allowed me to find and fix er-

rors. If the model crashed because of a

problem with a particular element, I could

quickly see on a map which element was

causing the problem and figure out how

to solve that problem.

This work was done in the days before

PEST (a model-independent parameter

optimization program). Because I could

rely on the mapping created with the GIS,

I decided to assign the same parameter

values to all elements of a kind that had

the same geologic or hydrologic basis.

Exactly what those values would be were

determined during calibration. The un-

certainty of the model is displayed when

calculated water levels are compared to

measured levels. Hence, the uncertainty

of the model is directly related to my un-

certainty about the nature and distribution

of geologic features that affect ground

water flow in the aquifer. Had I used a

PEST-like technique, at least some of the

uncertainty of the model would have been

hidden in the model itself, specifically in

elements that represented similar geologic

features but with different parameter val-

ues that were assigned not because I knew

what those values are in reality, but

because the “overall” calibration was

“improved” as a result.

Send your comments to
editor@mgwa.org
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“Near-Surface Geophysics: A Tool for the Hydrogeologist”

Commentary by Todd Petersen, MN DNR Waters

Major changes have occurred in near-surface geophysical techniques since this ar-
ticle was written in 1991, largely because of greatly improved electronics in the
recording instruments and in computer processing power.

The seismic refraction and reflection techniques for shallow environmental and
ground water exploration have not changed a lot. However, the recording equip-
ment and computer processing power have greatly improved. The best engineer-
ing seismographs in 1991 had 16-bit analog to digital (A/D) converters that
allowed an amplitude ratio from the highest to the lowest of about 65 thousand to
one. New seismographs have 24-bit A/D converters that allow an amplitude ratio
of about 16.8 million to one. The new seismographs can record all relevant ampli-
tudes generated during a seismic survey and allow much better interpretation of
low amplitude signals. This allows more accurate interpretation of data that is
very deep (greater than a few hundred feet below land surface). The new laptop
computers have much greater processing and storage capability and can now pro-
cess the largest surveys conceivable for engineering and ground water applica-
tions. Reflection surveys collected in 1991 created so much data that it was
difficult to store on media available at the time. One reflection line required many
boxes of high-density (1.44 kb) diskettes. Today, even more data is collected, but
it easily fits on the hard disk inside the seismograph or on backup CDs.

Resistivity surveys (only briefly mentioned in the introduction) have also greatly
improved since 1991. In 1991, resistivity data were either collected as vertical
soundings or horizontal profiling. The data collected for a vertical sounding usu-
ally consisted of tens of data points (20 to 50) and were compared to a forward
model of a simple layered earth (usually 3 or 4 layers). Horizontal profiling was
used to qualitatively map horizontal changes in the area of interest. Today, com-
puterized resistivity meters automatically collect hundreds of readings per line
and powerful inversion software converts the raw data to 2-D and 3-D representa-
tions of resistivity versus depth.

The basic physics behind these techniques is unchanged, but major advances have
occurred in both geophysical instrumentation and computer processing capability.
These changes mean that geophysics data can be collected and processed more
efficiently today and the interpretation often has greater certainty than in 1991.

— Sue Magdalene explains her research to
an interested group, photo by Kelton Barr.
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Update to “Use of Chemi-
cal and Isotopic Data for
Wellhead Protection Area
Delineation in Fractured
Aquifers”
By James Walsh, Minnesota Department
of Health

Changes since original article
was published:

Since the time the original article was

published, we have become increasingly

reliant on the use of chemical and isotopic

data for solving problems related to well-

head protection. This is particularly true

in fractured or karst aquifer settings,

where an unusually high degree of uncer-

tainty is associated with standard well

capture zone delineation techniques.

However, these tools have also found in-

creasing use in porous-media settings,

particularly where nearby surface water

bodies may function as hydrologic bound-

aries. Aside from the fingerprinting of

well recharge areas in both fractured bed-

rock and porous-media settings, chemical

and isotopic data are now routinely used

for 1) general aquifer characterization, 2)

assessing the vulnerability of wells and

aquifers to contamination, 3) recognition

of well construction problems (leaky well

casings), 4) contaminant source identifi-

cation (especially nitrogen and carbon

isotope forensics), and 5) determination

of mixing ratios within wells that are open

to more than one aquifer or productive

conduit/fracture. Chemical and isotopic

data are also increasingly being paired

with borehole geophysical data to more

accurately discern zones of preferential

flow within wells and the aquifers they

tap.

Anticipated changes in the
future:

As technological advances occur in ana-

lytical methods, reductions in detection

limits and analytical costs should follow.

This should allow for routine inclusion of

chemical and isotopic data in a wide

range of hydrogeologic investigations, in-

cluding those dealing with wellhead pro-

tection area delineation. As an example,

the MDH lab now offers analysis of both

COMMENTARY
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Update on Isotopic Data for WPA Delineation,
cont.

bromide and chloride for relatively low cost ($24) and at reason-

ably low detection limits (0.005 mg/l for Br and 0.5 mg/l for Cl)

using ion chromatography. As a result of this recent develop-

ment, many samples collected for wellhead protection projects

that had previously been analyzed only for chloride are now rou-

tinely analyzed for both components. The additional information

derived from analysis of the ratios of these solutes can provide

useful insights into the sources of salinity within a well capture

zone. This information in turn can be used to verify wellhead

protection delineations. In addition, tools developed or advanced

at research institutions such as universities and the USGS should

continue to trickle down to general practitioners at the state gov-

ernment and private consulting levels. Isotopic methods that

were once perceived as exotic, such as tritium and the stable iso-

topes of water, are now routinely used by groundwater investiga-

tors. This trend should continue with other tools, such as sulfur

hexafluoride (SF6) for age-dating and strontium isotopes for

tracing flow paths and source areas.

— Bob Beltrame, 1993 Field Trip guide, speaks to the group at
the Morton Quarry.

— Chris Elvrum envelopes a student in a big bubble at the 2004
Metro Children's Water Festival.

— MGWA President Laurel
Reeves presents the
MGWA Outstanding Service
Award to Dr. Hans-Olaf
Pfannkuch. The text on the
plaque can be read in the
inset at right.
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Updating Our Understanding of Ra-
dium in Minnesota Groundwater
By Jim Lundy, Minnesota Department of Health

Since Linda Lehman’s review of radium in Minnesota’s drinking

water appeared in 1988, Minnesota groundwater scientists have

focused attention on anthropogenic pollutants. A smaller, but

significant effort has been expended toward the understanding

and regulation of naturally occurring contaminants in groundwa-

ter, including radium. One result of this effort was a data-rich

1992 Minnesota Geological Survey publication entitled “Radium

in the Mt. Simon-Hinckley Aquifer, East-Central and Southeast-

ern Minnesota” (Lively, et al., 1992), and this study has formed a

solid foundation for further inquiry into radionuclides in Minne-

sota groundwater.

A driving force behind the need for further inquiry is the final-

ized the “Radionuclides Rule” (66 FR 76708; December 7, 2000,

vol. 65, no. 236), which hovered over public water suppliers in

interim form since 1977, with the Maximum Contaminant Levels

(MCLs) listed in Table 1. Further information on the Rule is lo-

cated at www.epa.gov/safewater/radionuclides/regulation.html.

Anticipating rule finalization, studies performed in New Jersey,

North Carolina, New Mexico, Wisconsin, and elsewhere further

defined conditions in which naturally occurring radium in

groundwater is expected. Hydrogeochemical conditions emerged

as important controls on radium occurrence in groundwater, be-

cause studies showed that reducing conditions—conditions typi-

cal of Minnesota’s confined aquifers—favor the release of

radium to solution.

However, Lively, et al. (1992) found radium to be distributed

non-uniformly across Minnesota’s most notorious radium-pro-

ducing aquifer, the Mt. Simon Sandstone. The non-uniform ra-

dium distribution would be expected if hydrogeochemistry is the

major control on radium occurrence, and if hydrogeochemical

conditions within Minnesota’s aquifers vary similarly to those

under study elsewhere in the nation.

However, the pH range of Minnesota’s confined aquifers is gen-

erally narrower (7.0 < pH < 8.0) than those reported elsewhere

(4.0 < pH < 10.0), and dissolved oxygen is generally low (< 1.0

mg/L). The variable radium distribution within relatively uni-

form, consistently reducing hydrogeochemical conditions points

to the possible existence of yet unidentified controls on radium

occurrence.

The Minnesota Department of Health (MDH) is using data from

Lively, et al. (1992) combined with more recent public water

supply well data and other recent sampling data to help constrain

conditions under which municipalities can expect to encounter

COMMENTARY

radium in ground water at emission rates exceeding the federal

MCL for public drinking water. So far, the following activities

have been completed or are underway:

� Define patterns of radium occurrence in Paleozoic aquifers
beneath the Twin Cities and southern Minnesota. The pattern
of radium occurrence within groundwater of the Mt. Simon
Aquifer beneath the Twin Cities Metro Area (TCMA) has
been defined (Minnesota Department of Health, 2007).
Additional mapping is planned to include younger aquifers
(e.g., the Franconia-Ironton-Galesville, Jordan) in the larger
area of Paleozoic subcrop beneath southeastern Minnesota.

� Identify potential indicator analytes for radium occurrence.
Analytical costs for radium (

226
Ra +

228
Ra) are high, driving

the search for cost-effective surrogate analytes. Over 20
analytes and other factors were assessed for their utility in
predicting radium occurrence.

� Determine the pumping time-dependence of radium
measurements. For some infrequently pumped wells, samples
collected a short time after pump activation had higher radium
levels than subsequently collected samples. Therefore, in 2006
MDH conducted time-series sampling tests at six public water
supply wells. Four were conducted at wells completed in the
Mt. Simon aquifer and two were conducted at wells completed
in the Jordan aquifer, over time intervals ranging from two to
over 1000 hours.

� Determine vertical (stratigraphic) distribution of radium on
grains of various aquifers. A methodology was developed
whereby emission rates of radium daughter product radon
222

Rn (conveniently measured in the office using available
equipment) are measured. Because

222
Rn is produced only by

226
Ra,

222
Rn emission rates are sensitive to the amount of

226
Ra present on sand grains recovered from specific intervals

of the Mt. Simon sandstone. The results may help define
stratigraphic zones where high radium levels are expected.

� Short-half life radium isotopes in the Mt. Simon Aquifer. A
study of short half-life radium isotopes (including the “radium
quartet” of

223
Ra,

224
Ra,

226
Ra, and

228
Ra) in groundwater

from selected Mt. Simon aquifer public water supply wells
was performed in 2007 with Duke University. The findings
are expected to improve understanding of the transfer
mechanism of radium into groundwater.

MDH reports the following summarized conclusions from the

above activities:

� Patterns of radium occurrence. Similar to Lively, et al. (1992),
radium is present in the Mt. Simon beneath the TCMA at or
above the MCL in most locations. Some wells completed
across several aquifers have anomalously low radium levels,
attributable to dilution. The pattern of radium occurrence in
wells open only to the Mt. Simon sandstone suggests a

connection with 1) structure,
2) upward groundwater
recharge, or 3) both.

� Potential indicator analytes.
Most indicators assessed
showed little promise as
predictors of radium

Table 1: Maximum Contaminant Levels (MCLs)

— continued on page 60
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Updating Our Understanding of Radium, cont.

occurrence or concentration. Although more study is needed,
one or more of the following general conditions may favor
elevated radium occurrence:

Gross alpha activity above 5 picocuries/L;

Boron concentration above 100 ug/L;

Strontium-magnesium ratio less than 0.10;

Chloride-bromide ratio significantly different than

that for rainwater (180:1);

Bromide concentration above a threshold level close

to 50 ug/L;

Chloride concentration above background (2 mg/L),

or major ion chemistry composed of greater

than 20% chloride;

Groundwater major ion chemistry composed of less

than 50% calcium;

Groundwater major ion chemistry composed of greater

than 10% sodium + potassium.

� Time-series measurements. Many of the time-series
measurements indicated that radium and gross alpha generally
decline over the first 15-30 minutes of pumping. Major ion
measurements were not sensitive to pumped time. Filtered and
total samples indicate that much of the excess radium
measured initially was due to the presence of mobile solid
material upon which the radium is attached. These solids
dissipate with pumping time, resulting in decreased radium
content. Pumping a well for 15-30 minutes prior to sampling
will usually avoid an abnormally high radium result, and will
produce a sample representative of the long-term drinking
water quality.

� Stratigraphic distribution of radium. The results are
preliminary. Cutting samples from the uppermost and
lowermost Mt. Simon transferred approximately half the radon
content to water as those collected from the middle portion.

� Short-half life radium isotopes. We have received the data
from this sampling effort and are working with Duke
University to interpret it.

Most of the recently collected evidence supports a conceptual

model first outlined in Lively, et al. (1992):

� Mt. Simon Aquifer groundwater acquires radium from aquifer
solids.

� The distribution of radium and parent isotopes on solid aquifer
material could be either primary or secondary, or possibly
both.

If primary, the distribution of radium and parent iso-

topes on solid aquifer material may be related

to sediment source zones (granitic highlands

or sediments eroded from them) during the

early Paleozoic. Areal and stratigraphic

expected patterns of radium occurrence (on

aquifer solids and in groundwater) might be

related to grain size and maturity.

If secondary, brines originating at depth and occupying

pore space prior to a post-Pleistocene melt-

water flush could have mobilized radium into

the Mt. Simon from deeper zones. Expected

patterns of radium occurrence (on aquifer

solids and in groundwater) would be irregular

but concentrated near sub-vertical fault zones

that penetrate the deeper, radium-rich zones.

References
Lively, Richard S., Jameson, Roy, Alexander, E.C., Jr., and Morey,

G.B., (1992), Radium in the Mt. Simon-Hinckley Aquifer, East-Central
and Southeastern Minnesota, Minnesota Geological Survey Informa-
tion Circular 36, 58 p.

Minnesota Department of Health (2007), Patterns of radium occurrence
in the Mt. Simon sandstone beneath the Twin Cities Metropolitan
Area. Report prepared for Metropolitan Council, 13 pages.

— 1993 field trip participant Jay Frischman takes yet another
specimen home. Nice hat, Jay!
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Research on Arsenic in
Minnesota Ground Water
By Mindy Erickson, Minnesota Pollution
Control Agency

In the early 1990s, the U.S. Environ-

mental Protection Agency was review-

ing the 50 micrograms per liter (ug/l)

arsenic Maximum Contaminant Level

(MCL) and considering lowering it. In

Minnesota during the same period, re-

gional and statewide ground water stud-

ies revealed that west-central Minnesota

had elevated concentrations of arsenic in

ground water in buried drift aquifers.

The early arsenic findings and the ex-

pected MCL revision prompted the Min-

nesota Department of Health (MDH) to

conduct the Minnesota Arsenic Study

(MARS) during 1998-2000. MARS was

a large study of

1) the occurrence of arsenic in west-cen-

tral Minnesota ground water; and

2) effect biomarkers in people exposed

to elevated arsenic from their drinking

water.

As described in the December 2000

MGWA newsletter article “The Minne-

sota Arsenic Study (MARS): Mecha-

nism and Occurrence of Arsenic in

Western Minnesota Drinking Water,”

primary MARS arsenic occurrence re-

sults were:

1. the association of elevated arsenic

concentrations with the Lower Goose

River Group till unit,

2. the geochemical arsenic redistribution

and concentration mechanism of a pyrite

roll-front, and

3. the variability of arsenic concentra-

tions in small geographic areas within

the same aquifer.

� continued on page 62
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Follow-up arsenic research was conducted

during 2002-2003 with financial support

from MDH, the U.S. Geological Survey,

and the University of Minnesota. The fol-

low-up research focused on MDH’s need to

effectively respond to the new 10 ug/L

MCL. Results were presented in the March

2004 MGWA newsletter article “Arsenic in

Ground Water: Recent Research and Impli-

cations for Minnesota.”

Some of the follow-up research questions of

particular interest to the Minnesota Depart-

ment of Health, and the answers included:

1. Does ground water arsenic concentration

directly relate to sediment arsenic concen-

tration?

No. Aquifer type and confining layer type

are more directly related.

2. Will the arsenic concentration in a

newly-drilled well increase or decrease over

time?

Neither. Arsenic concentrations in

newly-drilled wells remained consistent

from drilling date to one year after drilling.

3. What well construction factor most influ-

ences arsenic concentration?

Well screen length and its placement rela-

tive to the confining unit.

4. How variable are arsenic concentrations

over time?

In some cases highly variable over both

short time periods and long time periods; it

depends on the well. Arsenic concentration

variability can have a significant impact on

public water systems’ compliance with the

10 ug/L MCL.

Arsenic in Minnesota Ground
Water, cont.

— Sarah Tufford, MN DNR Waters, now
retired. December 2006.
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— Dr. Calvin Alexander at the discharge
point for Fountain Big Spring, Fillmore
Couny. Photo: Sean Hunt.
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The Response to the Hastings Area Nitrate Study
By Dan Stoddard, PG and Brian Williams, CCA Minnesota Department of
Agriculture

In September 2000, Dakota County conducted the first Hastings Area Nitrate

Study (HANS 1) and reported the results in the March 2002 Minnesota Ground-

water Association Newsletter. Since then, Dakota County and the Minnesota De-

partment of Agriculture (MDA) worked with other cooperators to develop a

coordinated response to groundwater problems identified in the study. In this arti-

cle we describe a general response strategy for nitrates in groundwater and use the

response to the nitrate problems identified in HANS 1 as an example of

implementing this strategy.

As the MGWA Newsletter article indicated, eastern Dakota County has a consid-

erable amount of row crop agriculture and is highly vulnerable to groundwater

contamination. In areas with these characteristics it is, unfortunately, not unusual

to find elevated levels of nitrates in vulnerable groundwater. Groundwater may

become contaminated with nitrates even when farmers follow recommended Best

Management Practices (BMPs) for nitrogen fertilizer. This is the case in Dakota

County.

Herbicides in Groundwater

Groundwater sampling in Dakota County also identified low levels of several her-

bicides in vulnerable aquifers. Herbicides, such as atrazine, are frequently found

at low levels, well below the health standards, in vulnerable groundwater in agri-

cultural areas of Minnesota. However, sampling in Dakota County identified

degradates of cyanazine, a corn herbicide that is no longer registered for use in

Minnesota, at concentrations above the health advisory value in several wells. It is

highly unusual to find a pesticide at a concentration that exceeds a health standard

from a non-point source in Minnesota. Fortunately, the concentrations of these

degradates appears to be dropping. The MDA along with the University of Min-

nesota and other cooperators has developed and is promoting BMPs for common

herbicides. The MDA also has an ongoing statewide groundwater monitoring pro-

gram to evaluate long term trends in groundwater quality. Although this article

will focus on the response efforts for nitrates, pesticide BMPs are also being

promoted concurrently with nitrogen fertilizer BMPs in Dakota County.

General Response to Nitrates in Groundwater

In Dakota County, as in many rural counties, contamination from nitrates poses

one of the greatest health concerns in vulnerable groundwater. Common sources

of nitrates in groundwater may include septic systems, manure and nitrogen fertil-

izer. The MDA is the lead state agency responsible for addressing the impacts of

nitrogen fertilizer in groundwater. A Task Force that included multiple state agen-

cies and interest groups developed a general approach to responding to nitrates

from fertilizer in groundwater, and this approach is outlined in a Nitrogen Fertil-

izer Management Plan. The approach consists of three phases: (1) Promotion of

the Nitrogen BMPs; (2) Evaluation of BMP adoption and effectiveness; and (3)

Response to the evaluation phase. The key prevention component in this plan is

the promotion and adoption of voluntary BMPs that are appropriate to the unique

conditions and agricultural practices in the area.

When dealing with a problem as complex as nitrate contamination in groundwater,

it is essential to put together an effective project team. The MDA sees one of its

primary roles as assembling and supporting a cooperative response effort. In the

case of Dakota County the cooperation has been excellent. Dakota County has

provided strong local leadership, including financial support, and local farmers

have demonstrated a sincere interest and commitment to working on viable

long-term solutions. In addition, numerous other organizations have contributed

staff time and resources to the effort.

� continued on page 71
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Cooperators for any given response may include some combina-

tion of the University of Minnesota, University of Minnesota Ex-

tension, U.S. Department of Agriculture Natural Resource

Conservation Service (NRCS), U.S. Department of Agriculture

Agricultural Resource Service (ARS), local Soil and Water Con-

servation Districts (SWCDs), county, township and city govern-

ments, agricultural suppliers, agricultural consultants, the

Minnesota Department of Health, the Minnesota Pollution Con-

trol Agency; farm organizations and, of course, local farmers.

Each of these groups contributes unique knowledge, skills and

resources. Stakeholder participation is critical to obtain the nec-

essary technical skills and resources needed for long term suc-

cess. Especially important is effective local leadership and the

participation of local farmers, retailers and agricultural consul-

tants. An effective team will mobilize resources to focus on the

specific issues in their area. An ineffective team is not likely to

have a significant impact on the problem, and may discourage

farmers and other groups from participating in current or future

efforts.

Assessing Agricultural Practices

An early step in a response effort is to evaluate current agricul-

tural practices at the site. To accomplish this, MDA developed a

diagnostic tool called FArm Nutrient Management Assessment

Process (FANMAP) to gain a clear understanding of existing

farm practices regarding agricultural inputs for nitrogen fertil-

izer, manure and pesticides. Timing, rates, form, and methods of

application were collected for all nitrogen sources (fertilizers,

manures and legumes); and soil and manure testing results were

compiled when available. Farmers in the HANS area were inter-

viewed in July and August 2000 and the findings determined that

Dakota County farmers generally followed the University of

Minnesota’s nutrient recommendations and BMPs for the

application of nitrogen fertilizer.

Conducting a FANMAP survey of farm practices provides real

data that yield a number of benefits. FANMAP data can:

1. Help the project team to focus its efforts on promoting the spe-

cific practices that yield the greatest environmental return. It

may identify practices that could be easily adopted (the low

hanging fruit) and those that could yield the greatest environment

protection.

2. Increase the opportunity for supplemental funding. When a

project team can demonstrate in a grant proposal that there is a

specific activity that should be improved to address a known

problem, they tend to be much more successful in obtaining

funding.

3. Be used to measure and evaluate changing behaviors and BMP

adoption over time.

4. Enhance the opportunity for building positive relationships.

As the saying goes, without data all you have are opinions.

Some opinions regarding the use of manure and fertilizer can be

quite inaccurate and can lead to distrust and conflict. Having

real data provides the opportunity to focus on finding solutions

rather than fixing blame. It should be noted that capable leader-

ship is also needed to ensure the team interacts in a positive and

supporting manner.

Nitrogen Fertilizer BMPs

The next step in responding to a local nitrate problem is to pro-

mote the BMPs for nitrogen fertilizer. The University of Minne-

sota developed BMPs for nitrogen use and first distributed them

in 1993. The University is now updating them. By statute,

BMPs are intended to prevent degradation of Minnesota’s water

resources by efficiently managing inputs while maintaining farm

profitability. The BMPs are presented using a three-tier ap-

proach for application statewide, by geographic regions, and in

special situations.

The University of Minnesota established new nitrogen guidelines

for corn in January 2006. This process was the product of a

seven-state effort, (Illinois, Indiana, Iowa, Michigan, Minnesota,

Ohio, and Wisconsin) to use a similar regional philosophy/ap-

proach to determine nitrogen rate guidelines for corn. Data used

in the project were from research conducted since 1989 and in-

volved more than 700 locations in the corn belt. Additional data

are needed to validate the BMPs in certain special conditions

including coarse-textured irrigated soils in Dakota County. Con-

siderations used for the new guidelines include soil productivity,

price/value ratio, (corn vs. nitrogen price) and previous crop.

Farmers in Dakota County and across Minnesota are still becom-

ing familiar with and evaluating these new rate guidelines for

their farming operations.

Promotion and Evaluation of Fertilizer BMPs

In a typical nitrate response situation like Dakota County, certain

BMPs may be particularly important given the environmental

characteristics of the area and common agricultural practices on

local farms. Ideally, the BMPs should be promoted through

one-on-one contacts between the farmer and a qualified agricul-

tural consultant. BMP demonstration projects should be estab-

lished to evaluate and promote locally important practices. It is

also important to involve local fertilizer retailers, certified crop

advisors and agricultural consultants as these professionals ad-

vise farmers on fertilizer application rates and practices, and they

must be convinced themselves before they will advise farmers to

adopt any specific practice.

Following BMP promotion, the BMPs must be evaluated on two

criteria: implementation of the practices in a voluntary system,

and effects on nitrate contamination of water resources.

If farmers are not adopting the BMPs, the team needs to evaluate

the obstacles to their adoption. Potential barriers to BMP adop-

tion could result from inadequate awareness of the BMPs, direct

costs for implementation or concern of a potential economic loss

from adoption. There also may be a tendency to continue prac-

tices that the farmer has found to be successful. In some cases a

change in crops or practices may require a significant capital in-

vestment in equipment or for changes on the land, and the farmer

may not be able to afford such an investment. It also takes time

to learn how to apply a new practice, and most farmers will want

to experiment on a few fields before taking the risk of adopting

the changes on a large scale. Many farmers in Dakota County

have already made significant changes with the timing and appli-

cation methods of fertilizer. For example, some farmers have in-

creased the number of fertilizer applications to as many as six

applications per growing season. This provides nitrogen as the

Hastings Nitrate Study Response, cont.
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crop needs it and reduces the risk of leaching any excess

nitrogen.

Given the many potential barriers, the team will need to be flexi-

ble in offering solutions to help local farmers overcome the bar-

riers to BMP adoption. Funding is frequently a key issue and the

NRCS, MDA, local government or others may be able to help

with grants or loans to cover implementation costs and to insure

against economic loss from BMP adoption. On farm demonstra-

tion projects such as the Nutrient Management Initiative, which

is funded by the NRCS and implemented by the MDA, are espe-

cially effective in encouraging farmers to test recommended rates

on their own operation.

It is equally important to confirm that the BMPs actually help re-

duce nitrate levels in groundwater. Any specific BMP may pro-

vide varying nitrate reductions from year to year depending on

the timing and amount of fertilizer applied verses the timing and

volume of rainfall (or irrigation water), the conditions for opti-

mal crop growth (and fertilizer uptake) and other factors. It may

take several years to evaluate the effectiveness of a specific BMP

in a specific setting because these factors can vary dramatically

year to year. Environmental variables and other variables may

be simulated in plot work but cannot be simulated in field-scale

studies. The MDA and others are also engaged in computer

modeling to evaluate these practices but such efforts still require

validation with actual field data.

Specific Response Actions

BMPs that may help reduce nitrate losses to groundwater include

changing the amount, timing or method of fertilizer application;

rotating crops; planting alternative varieties; irrigation manage-

ment; and, the use of nitrification inhibitors and new technology

timed release fertilizers. In addition to BMPs, it may be desir-

able in some cases to promote alternative crops, accept a lower

yield due to reduced inputs or to take land in highly sensitive ar-

eas out of row crop production and compensate the farmer(s) for

economic losses.

A variety of activities have been conducted to promote and eval-

uate nitrate fertilizer BMPs in Dakota County. These include:

1. One-on-one meetings with farmers and retailers to discuss

groundwater concerns and the BMPs;

2. Preparation of handouts, fact sheets and informational mail-

ings;

3. Meetings, tours and field days that involve local farmers and

agricultural consultants;

4. A mail survey conducted by University of Minnesota Exten-

sion on nutrient management, tillage and other crop management

practices;

5. Demonstration projects on several local farms to evaluate the

new nitrogen rate guidelines including the installation of

lysimeters to evaluate losses through the root zone;

6. Research sites established by the University of Minnesota for

nitrogen rate evaluations under coarse textured irrigated sands,

with extensive monitoring on two sites through lysimeters;

7. Free irrigation water testing to ensure proper nitrate crediting

from irrigation water;

8. Several multi-participant grant proposals including a grant

from the US EPA provided under section 319 of the Federal

Clean Water Act for the phase two study that resulted in hiring a

half-time Extension Educator to provide county-wide educa-

tional efforts, coordination between stakeholders and technical

assistance through direct one-on-one contacts with farmers;

9. A standing advisory board with a local ag-retail supplier, a lo-

cal crop consultant, a township officer, two farmers, the City of

Hastings Public Works Superintendent, and representatives from

Dakota County SWCD, Dakota County Water Resources De-

partment, University of Minnesota Extension, and

USDA-NRCS;

10. Contacts with producers and suppliers to promote the use of

a new technology timed release polymer coated urea fertilizer

(ESN) (all the potatoes that were grown in Dakota county in

2007 used this fertilizer product);

11. Numerous free nitrate water-testing clinics for testing of

well-water samples;

12. Field locations identified to conduct a field demonstration

project in cooperation with USDA-ARS phytofiltration research;

and

13. Continued monitoring of ground and surface waters in the

county by the SWCD, MDA, Dakota County Environmental

Services, and Vermillion River Watershed.

A Long Term Focus is Required

It may take years to improve water quality in an aquifer that is

contaminated from an agricultural source. It likely will take sev-

eral field seasons for farmers to adopt, evaluate and refine the

use of the current BMPs in their operations. At the same time,

the BMPs themselves need to be evaluated for effectiveness in a

local situation and they may need to be refined. This evaluation

process may also take several field seasons. In some areas with

highly vulnerable groundwater, adoption of the current BMPs

may not provide adequate protection of water resources and lo-

cal modifications of the BMPs or alternative strategies will be

needed. Further, over time the BMPs will need to be reviewed

and updated to address new research and technology, such as

new varieties of seed, and possibly changing climatic conditions.

The BMP evaluation, refinement and demonstration process

needs to be an ongoing cycle if it is to be effective in the long

term. Finally and perhaps most importantly, groundwater in a

porous aquifer flows slowly and it may take years for the con-

centration of nitrates in an aquifer to drop after the sources are

reduced or even eliminated. For these reasons the project team

must have a long-term focus and presence if they are to

implement a permanent change in water quality.

Conclusion

The partnership between Dakota County, the MDA and numer-

ous other cooperators has been very effective in responding to

the nitrate problems observed in Dakota County. Considerable

work has been undertaken to promote and evaluate nitrogen fer-

tilizer BMPs to area farmers. The area farmers have demon-

strated a sincere interest in protecting groundwater. It may take

several years for these activities to have a positive impact on

groundwater quality, but the process for change is well under-

way. What is required now is a long-term commitment to con-

tinue the effort in order to produce the desired permanent

improvement in groundwater quality.
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Lasting Effects of the Hastings Area Ni-
trate Study
By Jill V. Trescott, Dakota County Water Resources Department

Dakota County conducted Phase I of its Clean Water Partnership

project, the Hastings Area Nitrate Study (HANS I), from 1999

until 2003, but the project has had lasting effects on how the

County addresses water quality issues. With funding from the

Minnesota Pollution Control Agency, Dakota County partnered

with the City of Hastings, the Minnesota Department of Health

(MDH), the Minnesota Department of Agriculture (MDA), the

Dakota County Soil and Water Conservation District (SWCD),

and the Metropolitan Council to determine the cause and extent

of nitrate contamination in the Jordan and Prairie du Chien aqui-

fers in Hastings and the surrounding townships (Figure 1). The

project also developed an implementation plan to reverse the

trend in nitrate contamination and restore water quality through a

combination of education, management practices, and other ac-

tivities. The National Groundwater Association recognized

HANS I as its Outstanding Project in Groundwater Protection in

2003.

The lasting effects of HANS I have stemmed from:

� The nitrate findings;
� The relationship found between nitrate and pesticides

associated with corn and soybean farming, determining that, in
this area, the predominant source of nitrate contamination in
groundwater is row-crop agriculture;

� The pesticide results;
� The caffeine results;
� The enhanced understanding of groundwater/surface water

interactions within the Vermillion River Watershed;
� The results showing the effectiveness of the County’s

Delegated Well Program; and
� The cooperative relationships established with other agencies.

The project has demonstrated that combining the County’s own

expertise, data, and resources with those of other agencies to ad-

dress water quality problems enables us to achieve better, faster,

and more creative solutions than would be accomplished if the

various stakeholders attempted the work separately.

Nitrate Results and the Relationship between
Nitrate and Agricultural Pesticides

HANS I brought together information in a way that allowed the

numerous stakeholders to work together on positive solutions.

1) Nitrate testing of private wells showed the extent of the nitrate

problem in the study area’s groundwater: a quarter of the wells

tested had nitrate over the Health Risk Limit of 10 mg/L, and an-

other quarter of the wells had “elevated” nitrate between 3 and

10 mg/L.

2) Testing for pesticides (and degradates) associated with corn

and soybean farming, through the United States Geological Sur-

vey (USGS), showed not only that numerous wells had detect-

able levels of pesticides or their degradates, but also that the

correlation between nitrate levels and pesticide levels in a given

well was very high (79%, shown in Figure 2).

3) MDA's Farm Nutrient Management Assessment Program

(FaNMAP) indicated that farmers in the study area were, for the

most part, following University of Minnesota guidelines for fer-

tilizer and pesticide application.

COMMENTARY
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These findings might appear somewhat contradictory, but the

combination has actually helped the stakeholders look beyond

“who’s to blame” and understand that the soils and geology of

the area are extremely susceptible to groundwater contamination.

The underlying conditions include sandy, coarse-textured soils; a

deep, buried bedrock valley without confining layers; faulted,

fractured bedrock; and the Vermillion River, the gaining reaches

of which apparently transport nitrate to its losing reaches

downstream.

While HANS I was being completed, the University of Minne-

sota (UM) and other Midwestern universities radically changed

their recommended method for calculating nitrogen fertilizer

rates. The new recommended Best Management Practices, which

maximize economic returns rather than crop yields, produce

much lower recommendations for nitrogen fertilizer application

rates in conditions such as those found in the geologically sensi-

tive areas of Dakota County. With funding from HANS Phase II

and the Vermillion River Watershed Joint Powers Organization

(VRWJPO), the UM is conducting research in Dakota County to

verify that the new recommended fertilizer rates are appropriate.

Pesticide Results

Because of the high number of private drinking water wells from

HANS I (22 out of 30, or 73%) that had detectable levels of pes-

ticides or degradates, and the number of wells (20 out of 30, or

67%) that contained multiple pesticides, Dakota County added

pesticide and degradate analysis to its ongoing sampling pro-

gram, the Ambient Groundwater Quality Study (AGQS). In the

AGQS, the County annually samples a set of 68 private drinking

water wells that were selected to be geographically and geologi-

cally representative across the County. The pesticide results from

the AGQS have been comparable to those of HANS I: from one

year to the next, approximately three-fourths of the wells tested

have had detectable levels of pesticides and degradates, and the

correlation coefficient between total pesticide compound

concentrations in a well and its nitrate levels has been around

80%.

However, in 2004, the County began using a different analytical

method with the USGS than what was used during HANS I. In

2004, 25 Quaternary wells were tested using this different

Lasting Effects of the Hastings Nitrate Study,
cont.

method; cyanazine breakdown products were detected in 16

wells, with five wells exceeding the cyanazine Health Based

Value (HBV). Cyanazine (Bladex) was not produced after 1999,

and was banned from sale or use after 2002. In 2005-2007, all 68

AGQS wells (Quaternary, Prairie du Chien, and Jordan aquifer

wells) were tested using this method. In 2005, 28 wells had de-

tectable cyanazine chemicals, with seven exceeding the HBV. In

2006, 27 wells had detectable cyanazine chemicals, with ten ex-

ceeding the HBV. Despite the increase in the number of

exceedences from 2005 to 2006, the wells with the highest levels

in 2004 are showing decreases in the concentrations from one

year to the next, although the decrease has not yet been statisti-

cally significant. (2007 results not yet available.)

Because of the frequent detections of nitrate and pesticide com-

pounds in private drinking water wells in these studies and in the

County’s Water Testing Service results, in July 2006, the County

mailed a brochure describing the issues, availability of testing,

and treatment options to the 8,000 households that rely on pri-

vate wells in the County.

Caffeine Results

The same private wells in the study that were analyzed by the

USGS for pesticides and degradates were also analyzed by Me-

dallion Labs for caffeine, as an “indicator compound” for poten-

tial wastewater contamination from septic systems. Caffeine was

detected in 89% of the samples, which received a lot of public at-

tention at the time, but there was no statistical relationship be-

tween the caffeine levels in a well and its nitrate levels. Because

reaches of the Vermillion River are impaired for coliform bacte-

ria, in addition to the HANS caffeine findings, the County and

the SWCD are implementing an EPA 319 Grant-supported pro-

gram to inspect all septic systems in the Vermillion River (and

Chubb Creek) Shoreland and Floodplain areas and require the

owners to replace those that are not compliant with current stan-

dards. This program may be extended to the whole Vermillion

River watershed.

The AGQS wells were subsequently analyzed for caffeine and

none was detected. However, the County plans to have the

AGQS wells sampled for a broad array of organic wastewater

components when funds are available.

Groundwater/Surface Water Interactions

Previous work had shown that the Vermillion River had gaining

reaches in its upper areas and losing reaches closer to Hastings.

As discussed in the March 2002 MGWA Newsletter, monitoring

wells installed as part of HANS I helped identify where the water

table in the vicinity of the river changes from above the level of

the river upstream of the buried bedrock valley to below the river

level as it crosses the buried bedrock valley (Figures 5 and 6). As

a result, any contamination such as nitrate that enters the up-

stream portions of the river has the potential to flow into the

groundwater along the downstream portions. The MDH has been

conducting isotope tests of the City of Hastings municipal wells

and the Vermillion River to quantify the proportion of the

Vermillion’s contribution to the city’s drinking water supply.

Results are pending.

The Empire Wastewater Treatment Plant contributes nitrate to

the Vermillion River, just downstream from Farmington. Metro-

politan Council Environmental Services is currently constructing

� continued on page 75
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Lasting Effects of the Hastings Nitrate Study,
cont.

an outfall pipe that will redirect the treated effluent from the Em-

pire Plant from the Vermillion to the Mississippi River at

Rosemount, diverting this source of nitrate away from the

Vermillion River. This project is scheduled for completion in

2008.

At the time Dakota County was conducting HANS I, the admin-

istration of the Vermillion River Watershed was being reorga-

nized, from a Watershed Management Organization to a Joint

Powers Organization managed by Dakota and Scott Counties.

The new VRWJPO completed its updated Watershed Plan in

2005. The watershed process for planning and establishing stan-

dards incorporated the HANS I findings and the VRWJPO is

working with MDA and the County to address the groundwater

issues within the watershed.

Documented effectiveness of delegated well
program

The HANS I results showed that the County’s Delegated Well

Program, through which it regulates the construction and sealing

of domestic wells, has been effective at protecting residents’

drinking water. The County has had its Well Program, delegated

to it from the MDH, since 1989. In the HANS nitrate results,

wells that were constructed prior to 1989 had median nitrate re-

sults of 5.7 mg/L, but wells constructed later than 1989 had me-

dian results of zero nitrate (Figure 4).

Established positive multi-agency cooperation
that has continued to expand and improve

Many agencies were involved with HANS: the City of Hastings,

the Dakota County SWCD, the Metropolitan Council, MDA,

MDH, DNR, and USGS. These partnerships proved to be very

fruitful; many of these partners are also participating in the im-

plementation phase of the projects, the EPA 319 Grant-supported

HANS Phase II. In addition, University of Minnesota Extension

(UM Extension), USDA-Natural Resources Conservation Ser-

vice, and USDA-Agricultural Research Service, which were not

involved in the initial effort, are active participants in Phase II.

Because of the issues raised by HANS I and the AGQS, Dakota

County, MDA, and MDH formed a working group that has met

as needed to discuss issues and strategies, exchange ideas, and

coordinate activities. MDA, which bears statutory responsibility

for responding to groundwater contamination from nitrogen fer-

tilizers and pesticides statewide, was involved with HANS I

from the beginning. In response to HANS I, and in cooperation

with Dakota County and the VRWJPO, MDA is implementing a

five-year plan to address agricultural chemicals in Dakota

County groundwater.

Dakota County’s HANS II project and MDA’s efforts in the

County are closely coordinated and include numerous other part-

ners. With funding from the HANS II grant, UM Extension has

hired a part-time Extension Educator dedicated to Agricultural

Production and Water Quality Outreach in Dakota County. The

County, the UM Extension Educator, MDA, and other agencies

have worked together on outreach activities:

� Surveying farmers regarding their current practices and
attitudes;

� Presenting classes and Field Days on nutrient and irrigation
management for farmers and other agricultural professionals
in Dakota County;

� Creating and distributing a Nitrogen Management newsletter
that explains the new recommendations for fertilizer
applications on corn;

� Recruiting farmers to participate in MDA’s Nutrient
Management Initiative (NMI) or a UM research project study
nitrogen fertilizer rates for corn on coarse-textured soils; and

� Monitoring and analyzing the progress and results from the
NMI and UM research sites.

Conclusions

The Hastings Area Nitrate Study demonstrated that the people of

Dakota County are well served by the County’s capacity to in-

vestigate and address drinking water quality issues in collabora-

tion with other agencies. Cooperative efforts require patience and

respect, but in the long term the efficiencies and innovations that

such efforts can produce are well worth the investment. The

HANS results laid the groundwork for the County’s long-term

efforts to work with its multiple stakeholders to address agricul-

tural chemicals in its drinking water supply and to protect the

Vermillion River.
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Minnesota’s Ground Water Programs
Redux
By Linda Bruemmer, Minnesota Department of Health with input
from Tom Clark, Minnesota Pollution Control Agency

Twenty-five years ago I wrote “A Consumer’s Guide to Minne-

sota’s Ground Water Programs” for one of the first newsletters

for the MGWA. This summary of programs and contact phone

numbers took one page and the area code was 612 for everyone.

I probably could have listed all program managers by their first

names. From that initial effort, Tom Clark and I co-authored a

“User’s Guide to Understanding Minnesota’s Ground Water Re-

source,” a 64-page report that was published in 1984 and up-

dated in 1986 jointly by the Minnesota Pollution Control Agency

(MPCA) and the former State Planning Agency. One central is-

sue remains unanswered over the 25-year span of writing these

reports. Is it ground water, ground-water, or groundwater?

Two key water-related strategies were completed in 1988: the

Ground Water Protection Strategy by the MPCA and the Strat-

egy for the Wise Use of Pesticides and Nutrients by the Minne-

sota Department of Agriculture (MDA). These strategies led to

the drafting of the Ground Water Protection Act (GWPA) to ad-

dress ground water related programs in a comprehensive bill.

The bill was organized into ten articles to address a large array of

ground water related subjects at one time, generated by coopera-

tion of the Minnesota Department of Health (MDH), the Depart-

ment of Natural Resources (DNR), MDA, MPCA, the Board of

Water and Soil Resources (BWSR), the Minnesota Geological

Survey (MGS), and the Environmental Quality Board (EQB).

In 1989, the GWPA was passed by the Minnesota Legislature

and signed into law by Governor Rudy Perpich. The Legislative

Commission on Water was created by the GWPA, but it was

abolished in 1995 along with a number of other legislative com-

missions. However, many of the reporting requirements of the

various water agencies required by the GWPA and later amend-

ments remain in place. Reporting is now done primarily to the

EQB and the Legislative-Citizen Commission on Minnesota

Resources (LCCMR).

How far have we come since then? Check out Tim Thurnblad’s

Minnesota Ground-Water Information Guide at

http://www.mgwa.org/gwig/. We now all have websites and in-

stant access to tremendous amounts of information. What hasn’t

changed is that we still need to collect data from each well that’s

constructed and sampled. We might get fewer calls from students

asking for everything we know about ground water because it’s

now all on the internet. The words “sensitivity” and

“sustainability” have been added to our water vocabulary. The

focus on nonpoint source pollution and protection of ground wa-

ter have become institutionalized in state government programs.

The focus of ground water monitoring programs has changed

over the years as well, as have the sources and amount of fund-

ing dedicated to them. From one or two staff conducting ambient

ground water monitoring in most of the 1980’s, MPCA rede-

signed the program, with the support of funding from the

LCCMR and the solid waste fee in the early 1990’s, and by the

close of the decade, Minnesota had a unique Statewide Baseline

Network of chemistry data from 954 wells from the state’s 14
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principal aquifers. By 2000, the program had moved more to-

ward studies of the effects of changes in land use on ground wa-

ter resources, when funding issues again curtailed much of the

ambient monitoring being conducted by MPCA. Now, the pas-

sage of the Clean Water Legacy Act and a new infusion of staff

have raised hopes that ambient monitoring can once again serve

its rightful place as an important tool for the assessment and

protection of Minnesota’s ground water resources.

The Continuing Evolution of Minnesota’s
Groundwater Legislation
Update by John Helland

I’ve had the pleasure of working for the state House of Rep-

resentatives for parts of four decades, with a specialization in all

kind of environmental issues and legislation. One important law

was the 1989 Groundwater Management Act (referred to as

“Act” in the text). It set in motion a number of new programs

and requirements that are still in place and evolving today.

All of the state’s primary environmental agencies played a

role in the initiation and implementation of the Act, as well as a

variety of other entities, including the University of Minnesota,

Minnesota Geological Survey, League of Cities, Association of

Counties, Association of Townships, watershed districts, soil

and water conservation districts, and assorted farm, environmen-

tal, and business groups. The main goal of the Act was to en-

sure that groundwater was to be maintained in its natural

condition, free from any degradation caused by human activities.

The legislature acknowledged that this may not be always practi-

cable, but encouraged the development of methods and

technology that would make degradation prevention practicable.

Several actions since 1989 to achieve the legislative goal

have been successfully completed, including the following:

� Stronger water conservation efforts were implemented and
promoted by state and local agencies.

� New or increased water fees were added to reflect the cost of
the resource use, and local water planning grants were funded.

� Greater monitoring and testing of pollutants were required as
they move through groundwater.

In 1999, a new House Environment and Natural Resources

Policy Subcommittee on Groundwater was formed to look into

evolving issues. Because of the major elements and require-

ments of the Act, I thought it could be useful to review what the

Act’s accomplishments and unfulfilled goals might be.1 Some

ten-year-old issues got resolved, some only partially, and some

not at all for a variety of reasons. New lawmakers and agency

implementers come and go, and new variations of similar issues

evolve that continue to highlight groundwater as a concern.

When summarizing my review and survey of the Act, I thought

the Act accomplished some broader results than anything tangi-

ble mentioned in the research:

� The Act was a common civic good that brought diverse
interests together in a bipartisan manner.

� continued on page 79
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� It led to a collective vested interest that left a legacy for future
generations by setting goals to protect the public’s drinking
water.

� Groundwater, as an important natural resource, became better
understood for future needs and management.

� By the Act’s investment and new knowledge of the
groundwater resource, the potential was created to save future
public dollars in identifying resource quantity and preventing
its contamination.

This century, the legislation passed mainly has dealt with fee

raising, due to the budget and economic crises. Water appropria-

tion permit and processing fees, water quality permit and water

supply well fees, once-through heating and cooling systems, and

a summer surcharge for municipal well use were all raised to

help balance budgets and retain programs.

Additionally, twice – in 2004 and 2006 – the legislature ap-

proved consumptive use of groundwater under a permit of more

than 2,000,000 gallons per day average in a 30-day period. The

first permit resulted from a joint-powers agreement in Golden

Valley, Crystal, and New Hope for their municipal water supply

system. The second permit was an allowance for the proposed

Excelsior energy project facility in Itasca County.

Since 2000, the legislature and state agencies have paid a lot

of attention to failing individual septic treatment systems (ISTS),

resulting in some significant law changes. A major law was en-

acted in 2003 that requires a fee of $25 for installation of new

septic tanks, with the money directed to the Pollution Control

Agency’s (MPCA’s) ISTS program. A pilot project started with

three counties who inventoried any “imminent threat” ISTS; the

project requires upgrades of those systems by May 2008. Also,

the MPCA was to develop a ten-year plan that described what

was needed to locate and upgrade all imminent-threat and failing

ISTS in the state. That work and effort is ongoing.

The Clean Water Legacy issue and resulting legislation have

been major initiatives this decade, with resulting implications for

cleaning up impaired waters and curbing pollution from the sur-

face water-groundwater connection. A law to identify

straight-line pipes that discharge sewage to surface and ground-

water was enacted. It requires the MPCA and local units of gov-

ernment to act together to bring these pipes into compliance with

discharge standards. Individual parties can be fined for

noncompliance with the requirement.

Since 2004, the MPCA, the Minnesota Department of Agri-

culture (MDA), and the Department of Natural Resources (DNR)

have been cooperating on an integrated groundwater monitoring

system to assess resource conditions, problem investigations, and

remediation effectiveness. Trend groundwater monitoring on

vulnerable aquifers and on up to 200 wells is part of this

continuing effort.

This past session found the legislature strengthening the pro-

hibition on diverting our water out of the Great Lakes watershed

by becoming the first eligible state to adopt the Great Lakes

Compact. Because of Minnesota law on water conservation and

management, including the Act of 1989, our state permit system

was at least the equal, if not significantly stronger, than the other

Great Lakes states’ permit systems.

� continued on page 83

Continuing Evolution of Minnesota’s Groundwater
Legislation, cont.
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The growing concern over private well

contamination in Washington County resulted

in a new law, which includes sgnificant fund-

ing to reduce the perfluorochemicals PFOS

and PFOA from drinking water supplies in

the east metro area. The Minnesota Depart-

ment of Health (MDH) recently adopted new

Health Risk Limits for the above chemicals in

conjunction with the concern. A new envi-

ronmental health tracking and biomonitoring

system is required for the MPCA, MDH, and

MDA, in cooperation with the University of

Minnesota, to develop data and plans for as-

sessing environmental hazards and toxic

chemicals on public health.

Continuing concerns that pose problems

to our groundwater quality and quantity will

be with us in the future, including the

following:

� Volatile organic compounds,
pharmaceutical compounds with potential
endocrine disruptors, pesticide and
fertilizer loads, and hazardous pathogens
need to be continually monitored and dealt
with.

� Although groundwater lies everywhere
beneath our land surface, it isn’t
necessarily available for use everywhere
because of the uneven distribution of
aquifers. The potential for more corn
ethanol and other biofuel plants in
Minnesota may limit some aquifers for
other uses.

� In the metropolitan area, the Metropolitan
Council and communities are working on a
master water supply plan, which is subject
to DNR approval, so that community
growth is evaluated for sustainability
purposes and water-well permitting
becomes more streamlined.

As a recent report from the Environmental

Quality Board on water resources

sustainability indicates, Minnesota’s reputa-

tion as “water rich” isn’t as prominent as it

once was. The growing and significant de-

mands on its renewable water resources make

water supply and water quality management

special concerns, especially with the projected

one-million population growth anticipated in

the next 25 years. The regulation, funding,

research and data collection, and education

efforts stemming from the 1989 Groundwater

Act continue to greatly help the state in

addressing these concerns and demands.

A somewhat obscure Senegalese poet,

Baba Dioum, wrote a prescient poem that of-

fers an analogy to the value of groundwater.

Evolution of Groundwater
Legislation, cont.

“In the end, we conserve
only what we love.

We will love only what we
understand.

We will understand only
what we are taught.”

1 For more on the Groundwater Act, see
the House Research information brief, A
Survey of the Groundwater Act of 1989, at
www.house.leg.state.mn.us/hrd/pubs/
gdwtract.pdf.
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Program Evolution at the
Minnesota Geological
Survey
Commentary by Dale Setterholm,
Minnesota Geological Survey

Programs are a means of carrying out the

mission of the Minnesota Geological Sur-

vey (MGS). Our mission remains un-

changed, but the activities and products

that fulfill it never stop changing. The

major focus of our work is completion of

comprehensive geologic mapping and as-

sociated databases at 1:100,000 scale (or

more detailed) statewide. By comprehen-

sive we mean bedrock geology, surficial

geology, characterization of the vertical

sequences in the glacial and bedrock geol-

ogy, bedrock topography, drift thickness,

derivative maps (ex: mineral endowment),

and the associated databases such as

County Well Index, geophysical data,

geochemistry, and others. Creating all

these elements at the same time is effi-

cient; it improves the quality of each ele-

ment and, most importantly, it increases

the applicability of the work to a variety

of purposes. MGS tries to deliver this in-

formation in formats appropriate for as

many users as possible. The ability of

geographic information systems to pro-

COMMENTARY

� continued on page 87
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duce customized maps or other presentations of the data and to

interact with other types of data make them an integral part of

our work.

MGS utilizes the same major programs as we did in 2000, but

with some variations in each program, and in how they interact.

While there is an emphasis on geology that supports water man-

agement, this is more apparent in funding strategies than in the

products themselves. We find that comprehensive geologic map-

ping and databases are the most efficient and effective means of

addressing a variety of needs that change over time.

The County Geologic Atlas and Regional
Hydrogeologic Assessment Program (with
contributions from Jan Falteisek, DNR Waters,
program cooperator)

The news here is both good and not so good. In the not so good

category is the bare fact that DNR funding for this program since

the 2000-2001 biennium has been severely cut (almost exactly in

half), with consequent loss of staff and thus limits to how many

projects can be moved forward at a time, even with the support

of county partners. With that level of agency funding, only a

few atlas reports (either Part A, geology, or Part B, ground wa-

ter) can be published in any year.

Notwithstanding the discouraging agency funding news, there’s

still a fair amount of good news. First, a number of reports have

been published and new projects started. MGS has published

Part A of the Pine, Wabasha, Pope, Crow Wing, and Todd

County Geologic Atlases (CGA). With separate funding from

Scott County, their original 1982 atlas was updated by the MGS

and republished in 2006. This may be the start of a continuing

cycle of updates to older atlases. The update includes, among

other improvements, maps of buried sand bodies in the glacial

drift, which was not included in the original 1982 atlas. In addi-

tion, the MGS published in 2006 Part A of the Traverse-Grant

Regional Hydrogeologic Assessment (RHA). DNR Waters has

published Part B of the Mower, Goodhue, Pine, Wabasha, and

Pope CGAs. DNR Waters published in 2002 Part B of the Otter

Tail RHA. Projects underway include Crow Wing, Todd,

Carlton, McLeod, and Carver CGAs and the Traverse-Grant

RHA. Part A reports for Crow Wing and Todd CGAs and the

Traverse-Grant RHA are already available. A map summarizing

the status of County Geologic Atlas and Regional Hydrogeologic

Assessment projects is presented in Figure 1.

Also encouraging is the additional funding the MGS obtained

this last legislative session through the Legislative and Citizen’s

Commission on Minnesota Resources (LCCMR) that enabled

two additional CGAs, Benton and Chisago, to start.

What may be of particular interest to many MGWA members is

the continued development of GIS tools and techniques to im-

prove mapping and analysis in the third dimension. Much of the

recent improvement is based on the construction, using GIS tech-

nology, of many closely-spaced cross-sections, which has be-

come easier with batch processing. Additional tools have been

developed to capture the cross-section data and construct grid

(map view) files of geologic contact surfaces. These products are

especially important in areas of the state that depend on buried

sand and gravel aquifers, most of which have not been ade-

quately mapped. This geologic framework is essential to efforts

to protect and wisely use our aquifers.

The long-term goal for CGAs has not changed. Priority areas

continue to be population centers, growth corridors, and sensitive

landscapes. Work on RHAs will be deemphasized with efforts

directed instead toward CGAs.

The best news may be that county geologic atlases continue to be

a high quality information resource for counties and ground wa-

ter professionals. With the incorporation of new technology and

improved understanding of the geologic environment, the county

atlas series should continue to meet the needs of counties and

professionals well into the future.

The STATEMAP Program

MGS utilizes the STATEMAP Program of the National Cooper-

ative Geologic Mapping Act to match MGS funds with USGS

dollars and double the amount of mapping those funds can pro-

duce. In the period 2001-2007 MGS has mapped approximately

thirty-five quadrangles at 1:24,000 scale, and nine 30 x 60 min-

ute quadrangles at 1:100,000 scale. In many cases the geologic

maps are accompanied by associated databases, and all are pro-

duced in digital form. This work has been funded by $1,015,161

in federal funds and an equal amount of MGS base funds. This

program is challenging in that it requires map production within

a one year cycle. It interacts with other mapping programs at

MGS in several ways. For example, STATEMAP work may ini-

tiate mapping in new areas, provide additional detail in areas pre-

viously mapped, or rectify and compile several maps into a new

and digital format. MGS is currently mapping three quadrangles

in the Duluth area under this program to enable geologic cover-

age for a large population center in an area unlikely to host a

county geologic atlas.

Program Evolution at MGS, cont.

Figure 1: Status of the County Geologic Atlas and Regional
Hydrogeologic Assessment Program (2007).
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Minerals Coordinating Committee (MCC) Program

The MCC continues to support geologic and geophysical map-

ping by MGS. The mapping supports mineral resource manage-

ment, but can also benefit mineland reclamation and other uses.

In recent years, MCC projects at MGS have upgraded the aero-

magnetic database and related processing system at MGS, pro-

duced bedrock and Quaternary mapping of the Mesabi Range,

evaluated the potential for platinum group elements in mafic in-

trusions other than the Duluth Complex, and produced maps of

the aggregate resources of Itasca County. MGS has just initiated

an effort to compile new statewide bedrock geology and bedrock

topography maps, and geochemical data with MCC support.

Other MGS Projects

MGS continues to partner with a variety of federal, state, tribal,

and local government entities to accomplish geologic mapping.

Examples from recent years include:

� Mapping to support water supply management in the Twin
Cities area funded by the Metropolitan Council

� Geophysical logging and geologic analysis in the Lake Elmo
area and mapping of bedrock geology and karst features in
southeastern Minnesota funded by MPCA

� Mapping of geology and related aggregate resources in the
Chippewa National Forest funded by the U.S. Forest Service

� Geologic and hydrogeologic mapping of the Mesabi Iron
Range and acceleration of the County Geologic Atlas Program
funded by the Legislative and Citizen’s Commission on
Minnesota Resources

� Improvements to the County Well Index Database, mapping of
the St. Lawrence Formation, and an investigation of the Jordan
Sandstone Structure in southern Washington County funded
by the Minnesota Department of Health

� 3D modeling of the geology, and a regional inventory of
ground water resources in the Fargo-Moorhead area funded by
the U.S. Bureau of Reclamation

� Geologic mapping in support of ground water management
funded by the Shakopee Mdewakanton Sioux Community

� Stream sediment and soil sampling funded by the USGS
� Till geochemistry and indicator mineral surveys funded by the

Western Mining Company
� Partnerships with the MPCA, the St. Croix Watershed

Research Station, the Geology Department at the University of
Minnesota, and local watershed organizations to investigate
sediment sources in the Minnesota River, Lake Pepin, and
tributaries.

Challenges

Base funding to the Minnesota Geological Survey is provided by

the legislature and is controlled by the willingness of the Univer-

sity of Minnesota to request adequate funding. Since 2000, that

base funding has increased by 0.6%. To facilitate as much map-

ping as possible, MGS relies heavily on temporary funding from

grants and contracts. This makes the organization vulnerable to

dramatic fluctuations in funding levels and correlative reductions

in staffing. This is an organization where personnel costs can

exceed 90% of income. Consequently, full time staffing has

been reduced from 31 to 25, and went as low as 22 in 2004.

Program Evolution at MGS, cont.

— Minnesota Department of Natural Resources Hydrologist Jeff
Green met with Kamba village officials during missionary work in
Kenya. Green used his skills as a hydrologist to suggest ways the
village coud provide cleaner water to residents. June 2000.

— Dr. Harvey Thorleifson's enthralled audience, Fall Conference
2004.

We are fortunate to have a highly experienced and capable staff

that has combined great effort with new technology to maintain

or even increase map production in spite of these developments.

The MGS staff averages 52 years in age with 23 years of experi-

ence. Our challenge is to find the necessary resources to bring in

a new generation of geologic mappers and pass along the skills,

experience, and attitude of current staff before they leave.

— Jim Stark and Dave Wall describe results of CAFOs on the Fall
2000 Field Trip, photo by Kelton Barr



MGWA Newsletter December 2007 89

REMEDIATION

Remediation

Effects of Air Sparging on Aquifer Hydraulic Conductivity, Hans Neve, v15 n2 . . . . . . . 90

Blowing Bubbles Through a Straw, Hans Neve . . . . . . . . . . . . . . . . . . . . . 95

Natural Attenuation of Ground Water Contaminants, Mark Ferrey, v17 n3 . . . . . . . . . 96

Commentary on “Natural Attenuation of Ground Water Contaminants”,

Mark Ferrey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

Natural Attenuation of Petroleum Hydrocarbons, Geoff Delin and Barbara

Bekins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100



90 MGWA Newsletter December 2007



MGWA Newsletter December 2007 91



92 MGWA Newsletter December 2007



MGWA Newsletter December 2007 93



94 MGWA Newsletter December 2007



MGWA Newsletter December 2007 95

Blowing Bubbles Through a Straw?
Commentary by Hans Neve, Minnesota Pollution Control Agency

When asked to write a commentary on research work that I con-

ducted over a decade ago I was forced to admit to myself that I

have been away from the subject for quite some time. Searching

Google to see what interesting developments I have missed in

the world of air sparging, I encountered the following definition.

“Air sparging - A process to remove contaminants from ground

water. Air is injected into groundwater, causing bubbles that trap

contaminants. It’s like blowing bubbles from a straw into a bowl

of water. As the bubbles rise, the contaminants are removed

from the groundwater”

Yes, air sparging is a process for removing contaminants from

ground water. Air sparging can be a very successful remediation

technology when the system is properly designed and the site has

the right geology. The remainder of the definition, however,

gives me pause.

Trying to introduce a material into an aquifer in a relatively even

distribution, over a relatively larger area, in a short period of

time, to achieve a ground water contaminant remediation goal is

far more difficult and complicated than blowing through a straw,

or well. At the time I conducted this research the conceptual

model of air migrating as discrete bubbles in a porous media was

being abandoned. Today we know that injected air migrates

through interconnected pore spaces in aquifers not as discrete air

bubbles, but in interconnected air channels. These air channels

are created when injected air preferentially dewaters the largest

interconnected pore spaces.

Preventing the flow of water through some number of the largest

interconnected pore spaces in an aquifer by filling them with air

or some other gas should impact the hydraulic conductivity. The

question is, “Will the impact be large enough in extent and mag-

nitude to impact the remediation goal?” In trying to answer this

question you also stumble upon clues to the question of what is

the effective zone of influence. The exact zone of influence, of

course, depends on many factors but “relatively small” seems to

describe it for many cases. For those willing to take on the chal-

lenge of injecting “things” into aquifers to make other “things”

go away, it seems to be a common reality that the radius of influ-

ence for a vertical injection point will usually be small. Success

in such an endeavor will come from knowing the aquifer system

that you are attempting to influence and constructing an injection

system that addresses the reality of a small radius of influence.

COMMENTARY
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COMMENTARY

Commentary on Natural
Attenuation of Ground
Water Contaminants
By Mark Ferrey, Minnesota Pollution
Control Agency

When Natural Attenuation of Ground

Water Contaminants appeared in 1998,

there was still vigorous debate over the

very idea of relying on natural attenuation

to remediate sites that were contaminated

with chlorinated solvents. It was only

twelve years earlier that research (Wilson

et al., 1986) showed that trichloroethylene

(TCE) was biologically degradable under

anaerobic conditions in the ground water

environment; the concept that this “intrin-

sic” degradation could be viewed as a suf-

ficient remedy for contaminated ground

water seemed, to many, to abandon a

preference for an “active” cleanup at

Superfund sites.

Much of the debate surrounding the appli-

cation of natural attenuation as a remedy

has subsided, due in large part to detailed

studies that clearly demonstrate that,

given the right conditions, it is quite ef-

fective at mitigating the transport of con-

taminants in the ground water and

limiting the overall extent of contamina-

tion (Suarez and Rifai, 2000). Attention

is now focused on ways to enhance the

existing intrinsic degradation processes in

the ground water, combining the princi-

ples of active bioremediation with an un-

derstanding of natural attenuation. For

example, understanding the role of or-

ganic carbon in the degradation of chlori-

nated solvents led to the concept of

injecting vegetable oil or lactate to ground

water, an approach that has, at several

� continued on page 97

— Lanya Ross demonstrates the physcial
ground water model at the Fox 9 Girls
and Science event.
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sites, increased the rates of contaminant

degradation. Microbiological studies

have yielded molecular genetic tools that

can show the presence of specific bacteria

that break down particular contaminants

in the ground water. Bioaugmentation –

the addition of microbes to the ground

water for remediation – is a more feasible

option because of this research on natural

attenuation reactions.

Other work over the last ten years has

shown that non-biological reactions in-

volving iron oxides might play a more im-

portant role than biological degradation in

restoring ground water at some sites. A

detailed natural attenuation study of the

deep ground water at the Twin Cities

Army Ammunition Plant (TCAAP) (Wil-

son et al., 2001) showed that the ground

water environment, which is manganese

and iron reducing, is unfavorable to the

anaerobic biological degradation of

dichloroethylene (DCE) and TCE. The

absence of vinyl chloride and ethene – the

biodegradation products of TCE – and the

development of a large contaminant

plume were consistent with the results of

that analysis. However, ground water

modeling indicated that the plume should

have been very much larger if the contam-

inants were not being destroyed by some

unknown process in the aquifer.

To find out what was responsible for this

apparent attenuation, we constructed mi-

crocosms made of soil collected from be-

neath the water table at the site. DCE was

added to the microcosms, which were

then sealed and incubated under anaero-

bic conditions in the laboratory. In the

microcosms that were heat-killed prior to

the incubation (eliminating the potential

for biological degradation of the contami-

nant,) both 1,2-DCE and 1,1-DCE disap-

peared at a first-order rate of at least 0.3

per year (Figure 1) (Ferrey et al, 2004).

This rate of decay could account for the

current configuration of the contaminant

plume in the deep ground water at

TCAAP. It also matched the rate of DCE

disappearance observed in a monitoring

well near the location of sediment collec-

tion for the microcosm study (Figure 2).

This non-biological process is also re-

sponsible for contaminant attenuation at

� continued on page 100

Natural Attenuation, cont.
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— Jay Frischman and Mike Liljegren demon-
strate aquifer test techniques at the Spring
2002 'Outdoor Action' Drilling and Well
Techniques Conference.
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two other shallow ground water sites at TCAAP, where very

high rates of contaminant degradation have been observed.

The mechanisms underlying this degradation are not clear. We

suspect that magnetite (Fe3O4) is somehow involved in the de-

struction of the chlorinated solvents (Lee and Batchelor, 2002).

But the typical daughter products of reductive biological degra-

dation – vinyl chloride and ethene – are not generated by the

abiotic degradation observed at this site. Other studies have

demonstrated similar abiotic degradation due to iron sulfide.

The work on abiotic degradation has implications for how sites

are evaluated for natural attenuation remedies. Currently, the ma-

jor factor in reducing concentrations of contaminant mass is as-

sumed to be biological degradation. The existing technical

guidance and “protocols” on natural attenuation (MPCA, 2006)

focus mainly on showing that biodegradation of a contaminant is

occurring, either through a) identifying breakdown products

unique to its biological degradation or by b) determining that the

ground water environment is conducive to anaerobic

biodegradation reactions. That approach will not predict the

abiotic degradation that we have studied. Abiotic degradation of

chlorinated solvents does not generate similar daughter products,

nor is it restricted to highly reducing conditions in ground water.

The lack of a simple screening method for abiotic degradation

highlights the need for accurate contaminant fate and transport

modeling. At the TCAAP sites described here, analytic and nu-

merical modeling showed that the ground water contaminant

plumes should have been much more extensive than ground wa-

ter monitoring indicated, suggesting that the contaminants were

breaking down due to some unknown process. Future study may

provide tools with which to screen sites for abiotic degradation.

In the meantime, ground water modeling followed by microcosm

studies that can demonstrate abiotic degradation of chlorinated

solvents appears to be the only way to clearly demonstrate that

abiotic natural attenuation is effective at a particular site.
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Natural Attenuation of Petroleum
Hydrocarbons

Commentary by Geoffrey Delin and Barbara Bekins,
U.S. Geological Survey

Ground-water contamination by crude oil, and other petro-

leum-based liquids, is a widespread problem. An average of 83

crude-oil spills occurred per year during 1994-96 in the United

States, each spilling about 50,000 barrels of crude oil (U.S. Of-

fice of Pipeline Safety, electronic commun., 1997). Natural atten-

uation, or passive bioremediation, has become a primary

remedial option for regulatory agencies across the country in rel-

atively low risk ground-water contamination cases.

The processes involved during natural attenuation of petroleum

hydrocarbons include: aerobic and anaerobic biodegradation;

dispersion; dissolution; volatilization; and adsorption. Of these,

biodegradation is the primary process that results in significant

mass reduction of the petroleum product. Petroleum hydrocar-

bons and their constituents generally are biodegradable as long

as indigenous microorganisms have an adequate supply of nutri-

� continued on page 101.
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ents and electron acceptors, and biological activity is not inhib-

ited by substances toxic to the organisms. Aerobic

biodegradation tends to occur at the fringe of the dissolved

plume and consumes oxygen. Anaerobic biodegradation is pre-

dominant at the core of the plume and may occur much slower

than aerobic biodegradation. Site and soil conditions play a sig-

nificant role in biodegradation efficiencies due to transport of

both the impacted water and needed oxidants and nutrients.

Under the appropriate conditions, natural attenuation can reduce

the potential impact of a petroleum release from being trans-

ported to sensitive receptors. However, natural attenuation is not

appropriate at all sites. The rates of biodegradation are typically

slow and levels may not reach maximum contaminant levels for

decades. Additionally, long term monitoring is needed to demon-

strate concentrations are continually decreasing at a rate

appropriate to protect potential receptors.

Interdisciplinary investigations are critical to build a foundation

of knowledge on fundamental processes controlling natural at-

tenuation of petroleum hydrocarbons in the subsurface. One such

study is the ongoing investigation at the Bemidji, Minnesota

crude-oil spill site, which is one of the better characterized sites

of its kind in the world. The goal of research sites such as these

is to provide information and methods to help evaluate the poten-

tial for, and long-term performance of, natural and enhanced

bioremediation of hydrocarbon contamination across the nation.

The Bemidji site offered the first research that documented limi-

tation of crude-oil contamination largely by natural attenuation.

Ongoing research results have been directly applicable to deci-

sions to use natural attenuation to remediate similar sites, to de-

sign performance monitoring, and to prioritize sites for remedial

action which may result in less expensive remedial actions

(Wiedemeier and others, 1995).

The oil phase that occurs as floating product on the water table

and as residuum on sediment grains provided a continued source

of hydrocarbon to the ground-water and vapor plumes. Knowl-

edge of the geochemistry of a contaminated aquifer is important

to understanding the chemical and biological processes control-

ling the migration of hydrocarbon contaminants in the

subsurface. Different geochemical zones have been identified at

the Bemidji site within the saturated zone (Baedecker and others,

1993; Bennett and others, 1993) (Figure 1). Zone 1 consists of

oxygenated uncontaminated native ground water. Zone 2, which

is below an area where crude oil sprayed on the ground, is char-

acterized by low oxygen concentrations and high concentrations

of total dissolved inorganic and organic carbon. Zone 3, beneath

and immediately downgradient of the floating oil, consists of an

anoxic plume of ground water containing high concentrations of

hydrocarbons, dissolved manganese (Mn2+), iron (Fe2+), and

methane (CH4). Zone 4, a transition zone from anoxic to oxygen-

ated conditions, contains low concentrations of hydrocarbons as

a result of aerobic degradation processes. Zone 5 consists of oxy-

genated water downgradient from the contamination plume that

contains slightly higher concentrations of dissolved constituents,

such as benzene, toluene, ethylbenzene, and xylene (BTEX).

In the unsaturated zone, volatile oil components undergo volatil-

ization, diffusion, and biodegradation. Monitoring results of the

distributions of gases, including hydrocarbon, oxygen (O2), car-

bon dioxide (CO2), and methane (CH4), in the unsaturated zone

were used to identify three geochemical zones at the Bemidji site

(Figure 1) (Delin and others, 1998). Zone 6 exhibits near atmo-

spheric concentrations of O2. Zone 7, a transition zone, is defined

by lower concentrations of O2 (10-20 percent), hydrocarbon con-

centrations less than 1 part per million (ppm), and higher concen-

trations of CO2 (0-10 percent) and CH4 (0-10 percent). Zone 8,

immediately above the oil body, is relatively anoxic and contains

maximum concentrations of CO2 (>10 percent), CH4 (>10 per-

cent), and hydrocarbon (>1 ppm). The distribution of gases at oil

pool sites can change considerably in time. For example, as of

1985 the leading edge of the plume of hydrocarbon vapors at the

Bemidji site (concentrations > 1 ppm, zone 7) in the unsaturated

zone was about 150 m downgradient (Hult and Grabbe, 1988).

As of 1997 the plume of vapors had receded to about 75 m

downgradient (Figure 1) and the receding likely was due to

aerobic biodegradation.

Measurements of microbial populations can be informative in

evaluating the natural attenuation capacity of an aquifer. In a

background area at the Bemidji site, for example, aerobes and

fermenters were the only significant microbes detected using a

culture-based method (Essaid and others, 1995). Within the dis-

solved plume the microorganism counts were consistent with a

degradation sequence conceptual model of aerobic degradation,

followed by Mn/Fe reduction, and finally methanogenesis. There

were 104-105 iron-reducers per gram in the contaminated aquifer

compared to none detected in the uncontami-

nated background area. Similarly there are

102 methanogens per gram in the plume and

none detected in the background area. This

result is similar to that of Godsy and others

(1992) who reported a 100-fold increase in

methanogens within a creosote plume. In

general, greater numbers of microorganisms

were found closer to the oil body and in the

upper half of the plume. Denitrifiers and sul-

fate reducers are present in lower numbers

than all other types of microbes, in accor-

dance with the low availability of nitrate and

Natural Attenuation of Petroleum Hydrocarbons,
cont.

� continued on page 102.
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sulfate in the ground water. The data were used to formulate a

model of biodegradation of the contaminants coupled to growth

of the microbial population.

Results of research at the Bemidji site have indicated that anaero-

bic degradation is a significant process active at sites of petro-

leum hydrocarbon contamination. Modeling results (Essaid and

others, 1995) indicated that aerobic degradation accounted for 40

percent of the total dissolved organic carbon (DOC) degraded

and anaerobic processes accounted for 60 percent: 5 percent by

Mn reduction, 19 percent by Fe reduction, and 36 percent by

methanogenesis. The model results indicate that anaerobic pro-

cesses account for more than one-half of the removal of DOC at

this site, consistent with the geochemical evidence. In addition,

model simulations indicate that anaerobic degradation removed

77 percent of the BTEX that dissolved in the water phase and

aerobic degradation removed 17 percent (Essaid and others,

2003).

Ongoing and future research on natural attenuation of petroleum

hydrocarbons likely will emphasize biogeochemical processes in

the unsaturated zone. Field and laboratory results could be linked

with results from computer modeling in order to develop a com-

prehensive understanding of the fate and transport of hydrocar-

bons in the unsaturated zone.

References
Baedecker, M.J., Cozzarelli, I.M., Eganhouse, R.P., Siegel, D.I., and

Bennett, P.C., 1993, Crude oil in a shallow sand and gravel aquifer,
III— Biogeochemical reactions and mass balance modeling in anoxic
groundwater: Applied Geochemistry, v. 8, p. 569-586.

Bennett, P.C., Siegel, D.I., Baedecker, M.J., and Hult, M.F., 1993,
Crude oil in a shallow aquifer, 1—Aquifer characterization and
hydrogeochemical controls on inorganic solutes: Applied Geochemis-
try, v. 8, p. 529-549.

Delin, G.N., Essaid, H.I., Cozzarelli, I.M., Lahvis, M.H., and Bekins,
B.A., 1998, Ground water contamination by crude oil near Bemidji,
Minnesota: USGS Fact Sheet 084-98, 4 p.

Essaid, H.I., Bekins, B.A., Godsy, E.M., Warren, E., Baedecker, M.J.,
and Cozzarelli, I.M., 1995, Simulation of aerobic and anaerobic
biodegradation processes at a crude oil spill site: Water Resources Re-
search, v. 31, p. 3309-3327.

Essaid, H.I., Cozzarelli, I. M., Eganhouse, R.P., Herkelrath, W.N.,
Bekins, B.A., and Delin, G.N., 2003, Inverse Modeling of BTEX Dis-
solution and Biodegradation at the Bemidji, MN Crude-Oil Spill Site,
Journal of Contaminant Hydrology, v. 67, 1-4, 269-299.

Godsy, E. M., Goerlitz, D.F., and Grbic-Galic, D., 1992, Methanogenic
biodegradation of creosote contaminants, Ground Water, v. 30, p.
232-242.

Hult, M.F., and Grabbe, R.R., 1988, Distribution of gases and hydrocar-
bon vapors in the unsaturated zone, in, Ragone, S.E., ed., U.S. Geolog-
ical Survey Toxic Substances Hydrology Program—Proceedings of
the Technical Meeting, Cape Cod, Massachusetts, October 21-25,
1985: U.S. Geological Survey Water-Resources Investigations Report
81-4188, p. C21-C26.

Wiedemeier, Todd, Wilson, J.T., Kampbell, D.H., Miller, R.N., and
Hansen, J.E., 1995, Technical protocol for implementing intrinsic
remediation with long-term monitoring for natural attenuation of fuel
contamination dissolved in groundwater: Air Force Center for Envi-
ronmental Excellence Technology Transfer Division Brooks AFB, San
Antonio, Texas, v. I, 325 p.

Natural Attenuation of Petroleum Hydrocarbons,
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— Student Recruitment Poster (December 2000)

— MGWAF received this note from one
of the children in attendance at the 2007
Metro Children's Water Festival
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Ground Water History
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— Tom Clark descends into the maw of
the world's largest dug well in
Greensburg Kansas (above) and poses
near the billboard that explains the well's
history (below). At 32 feet in diameter and
109 feet deep, this well is still impressive.
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Twin Cites Springs
Postscript
By Greg Brick

While taking a ground water course at

the University of Minnesota in 1992, I

once nearly passed out in the classroom

during an exam from having overdosed

on “Jet-Alert” ™ caffeine tablets. I had

studied all night for one of the “domino”

exams, as I called them, where the first

question's answer is needed to continue

on to the next question. Miss it and you

are pretty much dead in the water. That

was back in the days when the ground

water industry was actually booming and

there was a lot of competition.

Spring-hunting was a romantic, much-

neglected aspect of ground water and a

welcome diversion from all those

well-pump equations!

I became interested in springs after

reading James Reuel Smith’s Springs and

Wells of Manhattan and the Bronx.

Smith bicycled around Manhattan circa

1900, recording many quaint stories

about its vanishing springs. The idea of

tracking down historical springs, espe-

cially in an urban setting, and seeing

what had happened to them, as well as

finding new springs, thereafter held a

fascination for me, becoming the inspira-

tion for my 1993 Twin Cities springs

survey. The 1997 summary article, as re-

printed here, contains a few minor errors,

largely because it was written while I

was at the University of Connecticut, and

could not double-check some findings.

With regard to the “Ground Water His-

tory” column, I began collecting miscel-

laneous information about local springs

starting with the 1993 survey. The Min-

nesota Pollution Control Agency took an

interest in the data for the Metro Model,

and the column became another way to

get the information out there. Someday, I

hope the Minnesota Geological Survey

will issue a comprehensive publication

on this topic!

COMMENTARY
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— This is the cover of a thank
you card sent to the Minnsota
Ground Water Association Foun-
dation after the Metro Children's
Water Festival. This attendee
seems to have the right idea!
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— From Volume 17 , Number 4

—Steve Schoff with the 'rotini screen'. It held a
place of honor in the MPCA equipment ware-
house for a year or two. Then it disappeared
(probably to Kaplan's metal recycling along with a
missing set of auger flights).

The 'Rotini Screen'
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Feds go Metric by.......

— From Volume 11, Number 2

— From Volume 8, Number 1

NASA goes metric for Moon missions
By William Atkins — Wednesday, 17 January 2007

Every country in the world has adopted the metric system for its

units of measurements except for Liberia, Myanmar (formerly

Burma), and the United States. The people of the United States

tried to convert to metric — mostly in the 1960s and 1970s (re-

member metrification?) — but it failed miserably. However, to

avoid confusion, minimize safety concerns, and support interna-

tional cooperation, NASA has decided to use the metric units for

all operations with respect to its new lunar initiatives.

— ItWire.com
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Now where did I park that car?

Which is it? .......

— From Volume 12, Number 1

— From Volume 14, Number 4

— Image from the USGS Ground
Water page: capp.water.usgs.gov/
GIP/gw_gip/
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—1997 Fall Field Trip to Southeast Minnesota
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� continued on next page.
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chael Tietz

v21 n2:

Revision of the Health Risk Limits for Ground Water Rule, Anne

Kukowski

v21 n3:

Well and boring rules being revised, Ron Thompson

v22 n2:

Ground water and urban growth-running on empty, MPCA Indi-

cator of the Month

v22 n4:

Pawlenty Administration’s Clean Water Initiative, Tom Clark

v23 n3:

Role of MDH in protecting drinking water, Stew Thornley

v23 n4:

Notice of intent to amend rules (Chapter 4725, Wells and Bor-

ings), Ron Thompson

v24 n2:

Thoughts on the MGWA ground water sustainability symposium,

John Wells

v24 n3:

Metro Council water supply planning legislation, Chris Elvrum

v25 n1:

Communicating about ground water contamination, Tannie

Eshenaur

Minnesota’s Environment 2005: how are we doing? focus on

drinking water, Tom Clark

v25 n4:

Clean Water Legacy Act signed

Remediation

v3 n2:

Leaking underground storage tanks, Tom Clark

v9 n2:

Estimation of duration of groundwater contamination pumpouts,

Donald F. Kidd and Randall R. Miller

v13 n1:

Water balance of abandoned mine pits, John L. Adams

v15 n2:

Effects of air sparging on aquifer hydraulic conductivity, Hans

Neve

v17 n3:

Natural attenuation of ground water contaminants, Mark Ferrey

v21 n1:

In-situ oxidation of chlorinated organics, Mark Millsop

Ground-Water History

v2 n2:

Hydrogeology 1885 – review of a paper written by Thomas C.

Chamberlin, Pat Leonard-Meyer

v16 n1:

Along the great wall: mapping the springs of the Twin Cities,

Greg Brick

v22 n1:

The virtual hall of springs, Greg Brick

v23 n4:

The prehistory of Mystery Cave: “Well-known Subterranean

Passages”, Greg Brick

v24 n1:

“Nature’s Laboratory”: the virtues of antebellum groundwater,

Greg Brick

v24 n2:

Groundwater gods: hydromythology at camp coldwater, Greg

Brick

Selected Bibliography, cont.

� continued on next page.
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Selected Bibliography, cont.

v24 n3:

A piping voice: theories of cave genesis in Minnesota prior to

1880, Greg Brick

v24 n4:

St. Paul’s legendary subterranean lakes, Greg Brick

v25 n1:

Little Minnehaha Falls: the great subterranean spring of Minne-

apolis, Greg Brick

v25 n3:

Baldwin Latham, the engineer who supposedly brought you

“Ground Water” in 1890, Greg Brick

v25 n4:

Viking water wells in the late ninth century, Greg Brick

v26 n1:

Apocalyptic waters: an early account of ground water pollution

in Minnesota, Greg Brick

v26 n2:

The Highland Park Spring Water Company, Greg Brick

v26 n3:

St. Paul’s “Diamond Necklace”, Greg Brick

Important Historical Notes

v1 n2:

Letters from Governor and State Senate, Governor Al Quie and

State Senator Jack Davies

v1 n3:

Current ground water research in Minnesota, MGWA

v2 n3:

Current ground water research in Minnesota, MGWA

v5 n4:

MPCA hydrologist job listings, MPCA

v6 n2:

Advertisement—“I (heart) Toxic Waste”, Amazing Enterprises

v7 n3:

MGS publications, Dale Setterholm

v7 n4:

Just trying to make a buck, National Geodetic Survey

v8 n1:

Feds go metric by 1992

v8 n3:

Fiberglass casing

v9 n1:

Ground water concerns rank highly in Ford study, Points (re-

print)

v9 n3:

Moosehead environmental campaign, Land Letter (reprint)

v10 n3:

Leeches as water samplers, Hydata (reprint)

MGS may close, EOS (reprint)

v11 n1:

Prehistoric wooden well In Germany, Nature (reprint)

Recycled paper donor report, MGWA

v11 n2:

Texas controls aquifer by crying a river, US Water News (re-

print)

US Government goes metric, Water Well Journal (reprint)

v11 n4:

Earwigs can cause problems in wells, Water Well Journal (re-

print)

MGWA Days (Governor’s proclamation)

v12 n1:

Lost a VW lately?, Iowa Water News (reprint)

Pleistocene ice from well cuttings, Water Well Journal (reprint)

v12 n2:

Horwood’s short laws of data processing

v13 n3:

Ground water flow models (ant farm), Rich Soule

v14 n4:

Ground water or groundwater, Tom Clark

Landfill gases conference, MDH

v16 n3:

Bonnie Holz named GW Hero, Groundwater Foundation News

(reprint)

v17 n2:

MGWA eliminates post office box, MGWA

v19 n2:

Hydrologist uses job skills to help, Jeff Green

v20 n3:

Kenya 2001, Jeff Green

v22 n1:

Black holes, Tom Clark
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MGWA FOUNDATION NEWS MGWA Foundation
Board of Directors

President
Gil Gabanski
GJG Environmental
Consultants
(763)550-3982
ggabanski@hotmail.com

Secretary
Cathy Villas-Horns
Minnesota Department of
Agriculture
(651)297-5293
cathy.villas-horns@state.mn.us

Treasurer
David Liverseed
Opus Corporation
(952)351-6003
david.liverseed@opuscorp.com

MGWA Liaison
Dale Setterholm
Minnesota Geological Survey
(612)627-4780 x223
sette001@umn.edu

Director
Chris Elvrum
Metropolitan Council
(651)602-1066
christopher.elvrum@
metc.state.mn.us

Director
Amanda Goebel
Washington County
(651)430-6655
Fax: (651)430-6730
goebel@co.washington.mn.us

Meeting Date: Tuesday, September 11, 2007
Location: Fresh Grounds, St. Paul
From: Cathy Villas-Horns (Secretary)
Members Present: David Liverseed, Gilbert Gabanski, Amanda Goebel, Christopher Elvrum, Dale

Setterholm and Cathy Villas-Horns. MGWA Management Present: Jeanette Leete and
Sean Hunt

Agenda items: Review of Minutes, Treasurers Report, Old Business, New Business, Next Meeting
(Date and Place).
Gil called the meeting to order.

Review of Minutes The meeting minutes for the June 12, 2007 meeting were approved via e-mail on June
27, 2007. However, the minutes were amended by Sean Hunt at the meeting to in-
clude “MN” in the last sentence of New Business. The minutes from the June 12,
2007 meeting were amended and sent to members on September 17, 2007.

Treasurer’s Report Foundation balance to date is $77,050.69. The MGWAF Quarterly Financial Report
was provided at the meeting by Dave. Interest in the amount of $896.27 was accrued
since 6/11/07. This interest was swept into the endowment. The MGWAF also re-
ceived $9500 from the MGWA for the endowment in the spring. Discussion was ini-
tiated at the June 2007 MGWAF meeting on the policy of MGWA donations to the
MGWAF, and this discussion continued at this meeting. Jennie stated that the
MGWA Board policy on designating donations to the endowment of the MGWAF is
found in the MGWA Officers Manual. She will provide a copy of the document.
Jennie provided information on the recent audit by the MN Dept. of Revenue of the
MGWA. The MGWA is a 501(c)(4) organization, which provides an exemption from
federal income tax but not state sales and use tax. MGWAF is a 501(c)(3), which is el-
igible for exemption from state sales and use tax. Jennie has applied for the state sales
tax exemption for the MGWAF. The MGWA is being required to pay for sales taxes
not collected by the University Conference Center and for use tax not collected by the
vendor when the MGWA’s printer was purchased.
MGWA requires WRI Association Management Co. to carry business insurance and
both MGWA and MGWAF have delegated many tasks to WRI that might generate li-
ability. In addition WRI’s insurance company provides a rider for the insurance that
the University Conference Center requires MGWA to provide.

Old Business SMM Ground Water Display – The Ground Water Display at the SMM is open!!
Two sand tank type models and the acknowledgement panel will be added at a later
date. An e-mail was sent to the MGWA membership notifying them that the Ground
Water Display was open. A photo and article will be included in the next MGWA
newsletter. The SMM may need additional money on an annual basis to pay for the
fall shut down of the flowing well by a licensed well contractor.
Highlights of MGWA Board meeting from Dale: The fall MGWA newsletter is un-
derway. The fall field trip has been postponed. The 25th anniversary of the MGWA
will be celebrated by a social hour and banquet immediately after the fall conference,
which will be held on Tuesday, November 13. The title of the fall conference is “Ad -
dressing Ground Water Issues for the Next Generation”. The keynote speaker is Jeff
Bacon.

New Business Grant Request – A request for $500 for ground water education at the FOX 9 Girls
and Science Event on October 13, 2007 at RiverCenter was received from Lanya Ross
of the Met Council. Motion was made by Amanda to approve, seconded by Dave.
Motion passed.
MGWA Foundation website – Chris revised the description of the MGWAF on the
MGWA website, and a copy of the revised information was provided.

Next Meeting The next meeting will be December 11, 2007 at 11:30 AM. Dave will determine if
Opus can provide a room for the next meeting. Meeting adjourned.

Minnesota Ground Water Association Foundation Board Meeting Minutes
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MGWA Foundation
Grant Request Deadlines

are quarterly:
March 1
June 1

September 1
December 1

Giving Back

For 25 years MGWA has offered conferences and newsletters as part of its purpose to provide

groundwater education. Membership in the MGWA has been and is today very inexpensive and

the cost to attend conferences is more affordable than other water resource organizations.

We get a lot from MGWA for not a lot of money.

The need for an organization to provide an affordable forum for ground-water education was one

of the reasons we founded the MGWA.

MGWA established the MGWA Foundation (a non-profit, tax-exempt 501(c)(3) organization) to

raise and distribute funds for ground-water education and promotion of public awareness of

ground water. Some of the Foundation's programs include:

� the education of the public
� the provision of scholarship funds for students studying the ground-water resource
� the provision of assistance to educational institutions in support of ground-water education

programs, and
� the organization of or support of seminars, conferences, field trips, and other events that serve

to educate, and are open to, the public.

The Foundation has sponsored university, college, and high school groundwater field trips; an

annual water festival day for elementary students; student fees to attend the MGWA conferences;

Make a Splash Girl Scout Camp; a groundwater booth at the Girls and Science event and at the

Science Madness event at the Science Museum of Minnesota and a public ground-water display

at the Science Museums’s Big Back Yard, to name a few. Foundation funds currently total more

than $77,000.

The Foundation’s next goal is to establish a scholarship fund for students studying ground water.

The Foundation Board determined that we need to increase the endowment to $100,000 in order

to fund a significant scholarship. We need your help to achieve this goal.

The reason MGWA is successful and has kept the cost of membership and conferences so afford-

able is because of the dedication of those who give back by donating their time to managing the

MGWA, assembling the newsletter, and organizing the conferences. You can give back to your

profession by being a volunteer, serving as an officer, or working on the newsletter. You can also

give back by making a financial contribution.

Volunteering your time

I have been asked, "Why should anyone donate their time?" and “What’s in it for me?” I cannot

tell you what you as an individual will get back, but let me share my story of addressing “what is

in it for me” and “why you should give back.” I see them as connected.

Over the last 30 years I have given back my time to a multitude of professional organizations.

For me, I improved my skills immeasurably to organize, execute, lead, write, and speak. I learned

more about working toward a common goal as a team and what that took (how to listen and hear

what others had to offer, how to compromise), the fun of doing that, and from time to time some

recognition that we shared as a team. Sharing knowledge, learning new concepts, and the satis-

faction of accomplishing a goal are all major rewards from working with a volunteer group.

Above all, I have made many professional contacts; met people who are reliable and knowledge-

able and have made some life long friends. I am a better professional because of the time spent

working with so many other volunteers. I have even been offered job opportunities that were a

result of my volunteer activities. I know the time I gave has been of great value to me. Profes-

sional development, satisfaction…this can be “what’s in it for you!”

Financial contributions:

Not everyone can give back time, many do not have any additional hours left in the day to give

to an organization. We all cannot give time to every group we want to work with. The alternative

is to give back by making a financial contribution. Think of a contribution as an investment in

your own professional education and training, an investment in public education, and an invest-

ment in the education of our children. This is what the MGWA does so well with the support of

volunteers. Think what else we can do for others if you help out.

Consider this when you renew your membership: If your profession has been good for you, give

something back to it. Without those who give back to their profession, financially or with time,

the profession does not grow, if people do not step up, the organization dies.

Please consider making a donation to the MGWA Foundation. Please ask your employer to make

a contribution. We can achieve our goal if every member helps.

Members can access the
current year's newslet-
ters in the 'Members
Only' area of the web
page.

The user name is mgwa
and the password is
emailed to members with
each announcement of
newsletter availability.
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MGWA BOARD MINUTES

Minnesota Ground Water Association Board Meeting Minutes
Regular Monthly Meetings

The MGWA Board of
Directors meets once a
month.

All members are
welcome to attend and
observe.

Meeting Date 9/14/07
Place Keys Café, Lexington and Larpenteur in Roseville, Minnesota
Attending Jeff Stoner, President; Dale Setterholm, Past President; Stu Grubb, President Elect;

Craig Kurtz, Treasurer; Jon Pollock, Secretary; Norm Mofjeld, Newsletter Editor;
Sean Hunt, WRI; Jennie Leete, WRI.

Agenda Meeting called to order at 1133. No additions to agenda.
Past Minutes The August 29, 2007 minutes were approved with modifications.
Treasury Treasurer faxed response to IRS on August 31, 2007, and called the IRS two times the

following week to make sure they received the fax. Called again on 9/14/07. IRS
said they had not received the fax. Treasurer will mail the letter. The response was
due on September 10, 2007. Treasurer will include fax confirmation sheet with letter
being mailed. Audit check was sent to the Minnesota Department of Revenue on Sep-
tember 4, 2007, with all signed paperwork.

Foundation Met on September 11, 2007. Foundation Treasurer questioning the purpose of the
Foundation since MGWA specifies to Foundation how much money should go into
endowment and how much is available for distribution to applicants. Foundation does
have the ability to raise money on its own. Foundation approved grant of up to
$500.00 for Fox 9 Girls in Science program. Jennie handed out material showing the
roles of MGWA and the MGWA Foundation.

Newsletter September issue delivered to WRI.
WRI Report Directory and newsletter advertising rates discussed. Motion to change advertising

rates as follows:

Directory (2 issues/year) Newsletter (4 issues/year)
Business Card $50 to $50 $66 to $100
Qtr Page $99 to $100 $121 to $150
Half Page $190 to $200 $225 to $250
Fill Page $360 to $400 $425 to $500
Inside Cover $395 to $500 not available

Motion carried. No change to corporate rates.
Discussion about purchasing black embossed portfolios for conference attendees.
Motion to approve expenditure of up to $3000.00 to purchase portfolios to be handed
out at 2007 25th Anniversary MGWA Fall Conference with the understanding that the
money will be reimbursed through conference fees. Motion carried.

Old Business MGWA 25th Anniversary Publication: Norm handed out list of articles and who will
be providing commentary. Reviewing photographs to go on cover. Photographs will
be sent to WRI at beginning of October to provide 6 weeks for layout and printing.
Newsletter team wants to review final draft prior to printing.
Fall Conference: Draft of handout provided by President. Talks will be approxi-
mately 20 minutes. Two sessions in morning, lunch, MGWA business, keynote
speaker, one afternoon session. If anybody is interested in contacting students and
faculty to arrange for student posters for conference please contact the MGWA Presi -
dent.
MAWD: President Elect will man booth at Minnesota Association of Watershed Dis-
tricts conference November 29 through December 1st. Display is currently at WRI.
There will be no charge to set up the display at the conference. MPCA has a display
we may want to try to get for MGWA fall conference.

Next Meeting October 17, 2007, at 11:30 at Fresh Grounds at 1362 West 7th Street, St. Paul,
Minnesota. Meeting adjourned at 12:54.

Send your comments to
editor@mgwa.org
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MGWA BOARD MINUTES

Minutes of the First Meeting of the Organizing Committee

First Dues Notice

Back Cover:

clockwise from upper left:

Paula Berger and Kate Kleiter
at Yucca Mountain

Quarry exposure of paleokarst

John Aho in the field

Greg Brick at Little Minnehaha
Falls

Celine Lyman truly 'in the field'

Eric Mohring Fish Printing at
Metro Children's Water Festival

Calvin Alexander at Sinkhole
Kiosk on the Root River Trail



flowing well @
Science Museum of Minn.

Kraemer quarry

looking at an aquifer
from the inside—sort of

occasionally
Boiling Springs ~
“anytime now!”

not the best time
of year to see 
a fen 

2005 LCMR/MGWA

metro site visit/tour

near the mighty Mississippi

Savage Fen stop

basin hydrogeology




