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President’s Column 
Sea change. Turning of the tide. Us- 
ing natural phenomenon as meta- 
phors to describe political events 
seems appropriate as I think about 
how these changes will affect re- 
source management and protection. 
If, as some suggest, the states will be 
given a greater role, we may see in- 
creased delegation to the states, but 
with fewer federal resources to ad- 
dress local problems. Reducing gov- 
ernment may mean reduced empha- 
sis on regulatory approaches and the 
chance for innovative approaches us- 
ing economic incentives or other 
means to achieve policy goals. Privati- 
zation will likely be an aspect of the 
debate, as the efficiency and account- 
ability of the private and public sectors 
are weighed and compared. About the 
only thing one can bet on is that 
things will change. As advocates for 
the resource, we’ll need to try to in- 
sure that the dust and noise of the de- 
bate doesn’t threaten balanced consid- 
eration of the issues. 
As discussed in previous newsletters, 
the MGWA has now grown to the 
point that our finances must be re- 
ported to the IRS and State of Minne- 
sota. The MGWA board has been 
working to address several issues re- 
lated to our non-profit status. One re- 
sult is the proposed by-laws changes 
outlined in this newsletter (page 4). 
We are asking for your affirmative 
vote on the proposed changes. The 
ballot for new officers enclosed in this 
newsletter has a separate block for 
your vote on the bylaw changes. 
The by-laws changes are necessary 
in order to modify our non-profit 
status. The board is recommending 
adopting these changes to the by- 
laws to allow the MGWA to obtain so- 
called 501 (c)(3) non-profit status. The 
MGWA currently has non-profit status 

similar to that of the Chamber of Com- 
merce. The Board is recommending 
changing the status to that of an edu- 
cational group as we feel it more 
closely represents the focus of the or- 
ganization, and will allow the MGWA 
to take advantage of lower postal 
rates. This would put us into the 
same category as the American 
Water Resources Association 
(AWRA) and the American Ground 
Water Trust. Such a change would 
also allow tax-deductible charitable 
contributions by our members to 
MGWA in support of our educational 
functions. 
One thing that might be weakened 
through this change is our ability to 
act as an advocate. The MGWA 
would be unable to substantially influ- 
ence legislation, or take a position in 
favor of, or opposition to, a political 
candidate. However, the Board feels 
these potential limits to our activities 
will not limit us significantly as an or- 
ganization, and believe that the 
change will still allow MGWA to be an 
effective advocate for ground water. 
Please picture your vision of the 
MGWA’s function in the future as you 
decide whether or not to support the 
proposed changes in the by-laws. 
This newsletter marks the end of an 
era -- Jan Falteisek is stepping down 
as editor after several years of hard 
work (and good cub reporting). Jan 
has been instrumental in locating, ca- 
joling, and assisting potential authors 
to develop many of the technical arti- 
cles, as well as maintaining the adver- 
tising accounts and soliciting new 
ads. As you can tell from this issue, 
the newsletter has grown to the point 
where filling all of these roles has be- 
come increasingly demanding for one 
person. Jan will stay on to coordinate 
the advertising, while Tom Clark will 
take over editorial duties. 

On a final note, I’d like to offer my 
thanks to the other members of the 
board and the membership at large 
for their help and assistance through- 
out the year at our conferences, with 
the field trip, and with the newsletter. 
MGWA thrives because of the dedica- 
tion and energy of many people, and 
I leave my post knowing that the asso- 
ciation is in good hands. 

- Doug Connell, MGWA President 
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of Hbnnepin County 
Aquifers with a 
Geographic Information 
System 
-Leigh Hanod and James Piegat, 
Hennepin Conservation District. 

In November, 1993, staff from the Min- 
nesota Department of Health (MDH) 
and the Hennepin Conservation Dis- 
trict (HCD) began informal discussions 
about wellhead protection for public 
water supply wells in Hennepin 
County. Those discussions resulted in 
a joint project that merges geographic 
information system (GIS) technology 
with analytical element modeling to de- 
velop a ground-water model for two 
major aquifers. 
The Hennepin County Ground Water 
Plan written by HCD offered GIS map 
ping of preliminary wellhead protection 
areas on parcel maps for all cities in 
the county. MDH is the lead agency 
for wellhead protection in Minnesota. 
Initially, HCD hydrogeologists had con- 
sidered the WHPA model developed 
by the U.S. EPA for delineating well- 
head protection areas (WHPA). How- 
ever, seasonal variations in pumping 
in many community and high capacity 
wells can cause changes in the direc- 
tion of ground-water flow which the 

Analytic Element Modeling WHPA model does not address. HCD 
and MDH determined that a regional 
model could be used as the basis for 
more refined WHPA delineations. A 
regional ground-water flow model 
could address seasonal pumping con- 
ditions, infiltration, boundary condi- 
tions and aquifer facies changes. 
Analytical element modeling (AEM) 
developed at the University of Minne- 
sota was selected for the Hennepin 
County model because it offers the 
ability to calibrate ground-water flow 
at a scale which utilizes much of the 
information already contained in the 
Hennepin County Geologic Atlas. 
AEM allows for the subsequent addi- 
tion of detailed geologic information, 
pumping rates and surface hydrology 
for specific areas without the need for 
recalibration. Furthermore, AEM data 
files can be easily exported for use by 
others. 
Finite-element models such as MOD- 
FLOW can account for transient 
pumping, but require explicit bound- 
ary conditions. Furthermore, there is 
a practical limit to the level of detail in 
a model of a large area. While AEM 
does not handle transient pumping 
easily, neither does it require knowl- 
edge about boundary conditions. The 
project team decided that the effects 
of transient pumping can be ad- 
dressed later in greater detail by us- 
ing AEM to set boundary conditions 

Subcrop of Jordan Sandstone underlying Hennepin County and adjacent 
counties 

for MODFLOW models of selected 
smaller areas. 
MDH and HCD hydrogeologists de- 
cided to develop separate AEM mod- 
els for the water table and the Prairie 
du Chien-Jordan aquifers. These two 
aquifers are most commonly used for 
community water supply wells in Hen- 
nepin County. After each aquifer is 
modeled separately, the layers will be 
combined into a multiple-layer model 
and recalibrated. This approach antici- 
pates that it would be simpler to 
model, find errors and calibrate each 
layer individually before combining 
them into a multiple-layer AEM model. 

General Description of an AEM 
Model 
An analytical element model uses 
points, lines and areas to simulate 
the hydrologic setting. Mathematical 
solutions for each element are calcu- 
lated and superimposed to predict the 
response of an aquifer system to vari- 
ous forces, such as pumping, rainfall 
or discharge. The solution can be out- 
put either numerically or displayed 
graphically as flow paths. 
Four-sided area elements are used to 
model extraction or infiltration distrib- 
uted over an area. These area ele- 
ments can represent rainfall or irriga- 
tion and can simulate lakes or wide 
rivers. Area elements can model 
aquitards between aquifers in multi- 
ple-layer models. Inhomogeneities 
within an aquifer are modeled with 
multiple-sided polygons called dou- 
blets. Line segments (line sinks) rep 
resent rivers, streams, or other linear 
features. Wells are modeled as 
points. 

The AEM - GIS Connection 
There are several reasons why using 
GIS technology as a pre-processor 
and post-processor can make analyti- 
cal element modeling easier, faster, 
and more accurate. The simplicity of 
the graphic items used by an analyti- 
cal element model makes them easy 
to identify, draw, and edit electroni- 
cally. The freedom to draw elements 
in their natural locations without con- 
straint by a grid allows the user to 
easily superimpose AEM elements 
over features as they appear in geo- 

-continued on next page 
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logic and hydrologic maps already 
stored in the GIS. A map view of the 
modeling results displayed by GIS al- 
lows the modeler to quickly identify 
problems and calibrate the model. 
A GIS can quickly generate detailed 
and accurate data files for an AEM. 
Drawing elements on a computer 
monitor using an existing GIS base 
map and executing routines which 
capture information from graphic 
items and data files replaces the time- 
consuming tasks of mapping and dig- 
itizing from paper maps and manually 
coding data files that traditionally ac- 
company AEM modeling. (Using GIS 
was an obvious choice because of 
the experience at HCD in geology, hy- 
drogeology and GIS management). 
HCD’s graphic database includes 
bedrock geology, depth to bedrock, 
Surficial geology, well locations and 
logs, land cover, surface hydrology 
and locations of potential contamina- 
tion sources. These data can be 
viewed simultaneously or selectively 
from a metro-wide scale to the parcel 
level. 

Base Maps and Data Sources 
Climatological data was acquired 
from the State Climatologist. Well 
data was obtained from the County 
Well Index (CWI) for Hennepin 
County and the surrounding counties: 
Carver, Anoka, Ramsey, Dakota, 
Wright, and Scott. Pumping data was 
obtained from the State Water Use 
Data System (SWUDS) and city re- 
cords. Water level information from 
the HCD observation well network, 
two synoptic well measurements, 
other state agency sources and 
county geologic atlases were used for 
data entry and model calibration. 
The base map for all HCD graphic 
data is the Hennepin County parcel 
map developed by the Hennepin 
County Surveyor. Section corner loca- 
tions were obtained from the survey- 
ors of Anoka, Carver, Dakota, and 
Ramsey counties to provide addi- 
tional location control. Bedrock geol- 
ogy maps of Anoka and Carver coun- 

-continued on page 8 
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Bylaws of the Minnesota Ground Water Association 
1 . , ’ revised December, 1994 

Article I. Name: 
1. This Organization shall be known as the “Minnesota Ground Water Associa- 
tion” hereinafter referred to as MGWA. 

. 
a, newsletters, and participa- 
tion in any other activities not enumerated herein that are designed to encour- 
age the exchange of information relating to ground water resources. 

Article Ill. Definitions: 
1. The definitions used in these bylaws shall be as follows unless the context re- 
quires otherwise: 
a. “Approved or approval by the Board” shall mean a majority of Board mem- 
bers voting. 
b. “Quorum” shall mean those members in good standing attending any publi- 
cized meeting of MGWA. 

Article IV. Board of Directors of MGWA: 
1. The Board of Directors shall consist of four elected officers which are the 
President, President-Elect, Secretary/Membership Chairman and Treasurer. Offi- 
cers may serve more than one term. 
2. Terms of officers have a duration of two years, commencing on January 1 
and ending on December 31 of the following year. The first year of a President’s 
term is served as President-Elect, the second as President. Elections for Presi- 
dent are held annually, elections for Secretary/Membership Chair and Treasurer 
are held in alternate years. 
3. The President shall call and conduct meetings of the Board and of MGWA, 
and shall be the primary operating officer of MGWA. 
4. The President-Elect shall be the Program Chair, shall perform the presidential 
duties in the absence of the President, and may be assigned other responsibili- 
ties as directed by the Board. 
5. The Secretary/Membership Chair shall keep and report the minutes of the 
Board and of MGWA, shall keep and report to the Minnesota Secretary of State 
any revisions or changes in the Articles of Incorporation, shall keep a list of prop 
erty belonging to MGWA, and shall keep all books, correspondence, and papers 
relating to the business of the corporation (except those of the Treasurer). The 
Secretary/Membership Chair shall also keep an active membership list and 
shall keep a list of prospective members to be included in subsequent mailings. 

-continued on page 5 

MGWA Fall Conference: 
Directions in Ground 
Water Remediation 
New directions in ground water reme- 
diation techniques and a panel discus- 
sion by state regulators with oversight 
of cleanup programs were features of 
the fall conference held on November 
7, 1994 at the Earle Brown Center on 
the St. Paul Campus of the University 
of Minnesota. 
Doug Connell, MGWA President, 
opened the conference by reviewing 
the agenda and announcing that 
nominations for two positions on the 
1995 Board of Directors are being ac- 
cepted for President-Elect and Treas- 
urer (ballot enclosed with this newslet- 
ter). Doug also provided some figures 
to show the magnitude of ground 
water remediation efforts nationwide: 
approximately 400,000 sites costing 
over $1 trillion to clean, or a cost of 
$8,000 per American household. 
Clearly, the philosophy of “pump it all 
out/dig it all up” is very expensive in 
terms of both dollars and time. As fur- 
ther evidence, Doug cited the case of 
state petroleum trust funds and reim- 
bursement programs which, nation- 
wide, are currently $1.3 billion in debt. 
Jim Bedessem of Geraghty and 
Miller opened the technical presenta- 
tions with an overview of the applica- 
tions and limitations of remedial tech- 
nologies. Jim introduced an under- 
standing of the limitations of pump 
and-treat systems by reviewing the 
hydrogeology of contaminant spills, 
from light non-aqueous phase liquids 
(LNAPL’s), such as gasoline, to 
dense non-aqueous phase liquids 
(DNAPL’s), like trichloroethylene. He 
described the processes affecting 
plume movement and concentration 
including advection, dispersion, retar- 
dation, chemical precipitation and 
biotransformation. Pump-and-treat 
technology may or may not be effec- 
tive depending on those processes 
and individual site characteristics. It 
is particularly inefficient at removing 
NAPL’s adhering to soil, but may be 
more effective in removing soluble 
contaminants or where hydraulic con- 
tainment and water table manipula- 
tion will enhance a cleanup. 

-continued on next page 
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Bylaws of the Minnesota Ground Water Association, cont. Fall Conference Report, cont. 

6. The Treasurer shall maintain the accounts of MGWA including: all financial 
transactions, dues information, tax statements, necessary reports to the IRS 
(both State and Federal), and funding information, and shall present a financial 
report at each meeting of the Board and of the Association. 

George Mickelson of the Wisconsin 
Department of Natural Resources dis- 
cussed three innovative technologies 
including air sparging, soil venting, 
and vacuum-enhanced recovery. Soil 
venting, which involves withdrawing 
vapors from the surface through a se- 
ries of vents installed into the Vadose 
zone, can be effective at large, high 
permeability sites where excavation 
is impractical or too expensive. Pilot 
projects can be important at soil vent- 
ing sites to obtain the correct number 
of wells and optimum spacing. In an 
air sparging system, air is injected 
into the capillary fringe, frequently in 
conjunction with soil venting. Air 
sparging has been used successfully 
in situations where pump-and-treat 
systems have been in place for a 
long time with limited or decreasing 
success. Vacuum-enhanced recov- 
ery relies on air-lift pumping using a 
vacuum rather than compressed air. 
With this method, it is necessary to in- 
strument each well to monitor system 
performance. For the future, George 
stated that better modeling tools are 
needed for both air venting and 
sparging while more applications his- 
tory is needed for vacuum enhanced 
recovery to judge its effectiveness. 
Kelton Barr of Delta Environmental 
Consultants then discussed bioreme- 
diation, which destroys organics or 
converts them to a benign form. Ad- 
vantages of bioremediation are that it 
may be applied to surface or ground 
water, provides for minimal site distur- 
bance by using indigenous organ- 
isms, and limits the discharge of 
waste or vapors. Passive (intrinsic) 
bioremediation relies on indigenous 
organisms to break down volatile and 
non-volatile compounds in the subsur- 
face. In enhanced systems, organ- 
isms are added or stimulated in vari- 
ous ways to encourage enzyme 
breakdown. In dynamic equilibrium, 
contaminants are added to a plume 
as rapidly as the plume itself is being 
bioremediated. Kelton described a re- 
search site developed by the U. S. 
Geological Survey at the site of an oil 
pipeline leak near Bemidji where 
4,000 barrels were lost, 3,000 were 
recovered, and the remaining 1,000 

7. All officers shall be responsible for such other duties as the Board may pre- 
scribe. 
8. Vacancies on the Board shall be filled as follows: 
a. President: The President-Elect shall become President should the position 
be vacant. 
b. Other vacancies on the Board shall be filled by appointment by the President 
with approval of the Board at its next regular meeting. The appointment of the 
new officer shall be announced in the next regular newsletter and the new offi- 
cer will be introduced at the next meeting of MGWA. 
c. The term of appointed officer(s) shall be limited to the unexpired term of the 
vacated position. 
9. The regular business meetings of the Board may be attended by any mem- 
ber in good standing. 
10. Any officer may be removed from the Board by an affirmative vote of the ma- 
jority of directors present at an official meeting of the Board. Notice of the pro- 
posed removal will be given to members with the notice of the meeting. The offi- 
cer involved will be given an opportunity to be present and be heard at the meet- 
ing at which his or her removal is considered. 

Article V. Membership: 
. . . 1. Membership shall be open to all persons who have an Interest In around 

2. Condition of membership shall be payment of annual dues prescribed by the 
Board. 
3. Membership is on a calendar year basis. The Board may authorize partial- 
year rates for members who join after June 30. 
4. A member-in-good-standing is one whose dues are paid for that year. 
5. There are two types of memberships: regular and student. Student members 
may join for enehalf less than the price of a regular membership. The Board 
may determine additional membership categories (e.g. retiree or institutional 
categories) for which the required dues payment differs from that for regular 
members. 

Article VI. Election of Board: 
1. The Board shall annually appoint a nominating committee to prepare a slate 
of candidates for officers. The slate shall be announced at a meeting prior to 
the annual meeting. Additional nominations from the floor, duly seconded, may 
be made following announcement of the slate. Nominees must agree to serve if 
elected. Election of officers shall be by a mail ballot completed before the an- 
nual meeting, and the outcome of the election shall be announced at the annual 
meeting. Those candidates who receive a plurality of ballots for each position 
shall be declared elected. Ties shall be decided by a majority vote of the Board. 
They shall take office at a subsequent meeting designated by the Board, but no 
later than four (4) months after the annual meeting. 

Article VII. Management and Finances: 
1. The business and property of MGWA shall be managed by the Board, which 
shall meet as often as it deems necessary for efficient operation of MGWA, but 
at least once a year. The Board is empowered to appoint from among the mem- 

-continued on page 6 I -continued on next page 
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Bylaws of the Minnesota Ground Water Association, cont. Fall Conference Report, cont. 

bers of MGWA such committees as it considers necessary to conduct any 
phases of MGWA business. 
2. The operating funds of MGWA shall be derived from annual dues, any 
residual funds arising from advertisements, sponsored meetings, and from 
grants, contributions and endowments. 
3. The President and/or Treasurer are empowered to expend funds for 
MGWA to an extent, and for purposes, approved by the Board. 
4. The editor shall be a volunteer position for a two-year term. She/He 
shall be directed by the Secretary for to prepareation of the newsletter 
and other communications, as requested. 
5. The Board may contract for professional business management assis- 
tance or services. Specific functions of and all actions of such professional 
management assistance or services shall be directed by and performed 
under the direction of the Board in order that actions of the professional 
management always reflect the goals of MGWA. 

Article VIII. Affiliation: 

r . 
affiliation with other organizations may be arranged by the Board as it dee- 
meds such action consistent with the objectives and interests of MGWA. 

Article IX. Amendments: 
1. Proposed amendments to the bylaws may be made by petition to the 
Board signed by at least 10 percent of current members in good standing. 
2. The Qoard must present the petition to the membership at the next 
MGWA meeting. Ballots should be available at that meeting or be mailed 
out to all members within 30 days of the meeting in order to vote on the 
proposed amendment. 
3. The bylaws of MGWA shall be so amended if the proposed amendment 
is approved by a majority of meeting or mail ballots cast by members of 
MGWA. Ballots must be returned to MGWA within 30 days to be counted. 

Article X. Nonprofit: 
The Association shall not afford pecuniary gain, incidentally or otherwise, . . 

. 

L 
- 

Article Xl. Operational Limitations: 
Notwithstanding any other provisions of these articles, the organization 
shall not carry on any other activities not permitted to be carried on (a) by 
an organization exempt from Federal or Minnesota Income Tax under sec- 
tion 501(c)(3) of the Internal Revenue Code of 1954 (or the corresponding 
provision of any Minnesota or future United States Internal Revenue Law) 
or (b) by an organization, contributions to which are deductible under Sec- 
tion 170(c)(2) of the Internal Revenue Code of 1954 (or the corresponding 
provision of any future United States Revenue Law). 

-continued on page 7 

were passively bioremediated. 
Shawn Horn and Dan Sola of Con- 
estoga-Rovers Associates discussed 
a hot water steam injection system 
to enhance recovery at a pole treat- 
ing facility. With this technology, the 
affected aquifer is heated, decreas- 
ing the viscosity and density of the 
NAPL of concern and enhancing its 
recovery. Similar technology is used 
in oil fields to increase production 
over that which would be possible 
with conventional pumping. In a pi- 
lot test at the site, seven injection 
and 21 extraction wells were in- 
stalled. The extraction wells pro- 
vided horizontal containment at the 
site, while vertical containment was 
provided by a low permeability till 
which underlies the site. From 
400,000 gallons of water extracted 
at the site, 2,000 gallons of oily 
waste were produced. In addition, it 
was determined that temperature 
could be used as a conservative 
tracer within the aquifer to monitor 
the recovery process. 
Following a break, Rita O’Connell 
of the Minnesota Pollution Control 
Agency (MPCA) introduced the six 
members of the panel discussion on 
cleanup goals. Larry Gust, supervi- 
sor of the Minnesota Department of 
Health’s Health Risk Assessment 
Unit gave an update on their process 
to adopt Health Risk Limits (HRLs) 
for substances in Minnesota ground 
water as authorized by the Ground 
Water Protection Act and to eventu- 
ally replace Recommended Allow- 
able Limits (RALs), which do not 
have the force of law, with HRLs. 
The State Register of November 28, 
1994 listed 30 additional HRLs to be 
added to the original list of 89 (page 
10). MDH’s intent is to revise HRLs 
annually until HRLs finally replace all 
RALs. Dan Stoddard, supervisor 
with the Minnesota Department of 
Agriculture’s Agricultural Chemical 
Incident Program described their re- 
imbursement account to respond to 
spills and leaks of agricultural chemi- 
cals. They handle about 200 inci- 
dents per year. All cleanup goals 
are site-specific, although ground 
water cleanup goals rely on HRLs, 

-continued on next page 
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Fall Conference Report, cont. 

or Maximum Contaminant Levels 
(MCLs) when drinking water sup- 
ply wells are affected. Application 
rates are considered in their guid- 
ance when soil cleanup goals are 
established. Byron Adams, hy- 
drologist with the MPCA Hazard- 
ous Waste Program gave an over- 
view of all MPCA cleanup pro- 
grams from site discovery through 
remedy implementation. Hazard- 
ous waste (RCRA) sites are re- 
quired to clean to background lev- 
els unless a risk assessment is 
done to establish that the levels 
should be otherwise. Dale 
Thompson, supervisor with the 
MPCA’s SuperfundNoluntary In- 
vestigation and Cleanup Program 
commented that their guidance is 
similar to that for RCRA sites. 
Cleanup goals are risk-based and 
incorporate HRLs or MCLs when 
ground water is impacted. 
Cleanup levels incorporate both 
risk management and technical 
and economic feasibility factors. 
Shelley Burman, supervisor with 
the MPCA’s Solid Waste Program 
described the permitting process 
for solid waste sites and the con- 
cept of applying compliance 
boundaries (inside the property 
boundary) where site impacts on 
soil and ground water are meas- 
ured and reported by the permit- 
tees. Typically, compliance bounda- 
ries are set about 200 feet from the 
waste, and leachate at this point 
must not exceed 25 percent of 

RALs. The final panelist was Mike 
Bares, hydrologist with the 
MPCA’s Tanks Program. Mike dis- 
cussed the magnitude of the tank 
leak cleanup situation in Minne- 
sota, with the Petrofund reimburse- 
ment program as the driving force. 
Since they have 8,000 release 
sites to address, some environ- 
mental “triage” is necessary. Acco- 
dring to Mike, some intrinsic biore- 
mediation occurs at most sites any- 
way. The Tanks Program is gradu- 
ally moving toward a more risk- 
based system where they will be in- 
tegrating natural bioremediation 
into their decision-making process, 
recognizing its importance. 
The final speaker of the day was 
Gretchen Sabel, planner with the 
MPCA Ground Water and Solid 
Waste Division’s Program Develop- 
ment Section. Gretchen’s com- 
ments served as a good wrap-up 
for the afternoon as she described 
policy changes state agencies are 
implementing to foster innovative 
ground water remediation ap- 
proaches. Many of the innovative 
approaches discussed should be 
looked at as opportunities for 
ground water quality improvement. 
Variances are no longer required if 
injection is a part of a MPCA-ap 
proved cleanup action. Permits are 
still required for “disposal” of water 
or other byproducts of cleanup, 
with guidelines issued by the over- 
sight program. 

- Tom Clark, Editor and Cub 
Reporter 

Bylaws of the Minnesota Ground Water Association, cont. 

Article XII. Merger or Dissolution Clause: 

Upon the merger or dissolution of MGWA, the Board shall, after paying or 
making provisions for the payment of all of the liabilities of the organiza- 
tion, dispose of all the assets of the organization exclusively for the pur- 
poses of the Association in such a manner, or to such organization or or- 
ganizations organized and operated exclusively for charitable, educa- 
tional, or scientific purposes as shall at the time qualify as an exempt or- 
ganization or organizations under Section 501 (c)(3) of the Internal Reve- 
nue Code of 1954 (or the corresponding provision of any future Minnesota 
orfuture United States Internal Revenue Law), as the Board shall deter- 
mine. 

Welcome to New Editor! 
Tom Clark, Minnesota Pollution 
Control Agency, took his life in his 
own hands and has volunteered to 
take over MGWA editorial duties 
from the present editor, Jan Fal- 
teisek, for an undisclosed period 
of time. 
Each year, Tom will be responsible 
for four newsletter issues and a 
membership directory. Jan will con- 
tinue working on MGWA publica- 
tions in the areas of corporate 
sponsorship and newsletter ex- 
change. 
Remember to send in those arti- 
cles and notices! 

U.S.-Israeli Venture 
Develops 
Pollution-Fighting 
‘Envirobots’ 
Air, ground and marine robots 
have been introduced as the next 
generation of pollution fighters by a 
technology agreement between 
U.S. company and Israeli con- 
cerns. The ‘envirobots’ can detect 
and track surface water pollution, 
routinely monitor nuclear reactor 
sites, assess tanker spills and map 
unexploded ordinance. 
Envirobotic technology has been 
well proven on military missions 
and is ready for commercial or en- 
vironmental applications, espe- 
cially where real-time access, preci- 
sion and personnel safety are pri- 
orities, according to Levy Kroitoru, 
technical director for Roy F. 
Weston, Inc., the U.S. company in- 
volved in the venture. Several na- 
tional governments are investigat- 
ing the use of ‘envirobots’ for detec- 
tion, mapping, risk assessment, 
and emergency response. 
The envirobot sensor arrays, com- 
puter software and vehicle plat- 
forms were developed by the Is- 
raeli Aircraft Industries, Israel’s 
SOREQ Nuclear Research Center 
and the Geological Survey of Is- 
rael. Weston added environmental 
engineering and remediation exper- 
tise to the development effort. 

- U.S. Water News 
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Estimates of 
Self-Supplied 
Commercial Ground 
Water Use in Rural 
East-Central Minnesota 

Estimates of self-supplied commer- 
cial ground-water withdrawals com- 
monly do not include facilities that 
individually withdraw small 
amounts of ground water. In Minne- 
sota, commercial facilities are re- 
quired to obtain permits only if the 
facility withdraws more than 
10,000 gallons per day or 
1 ,000,000 gallons per year. Pre- 
vious estimation methods have 
been based on the assumption 
that the water use of non-permitted 
facilities was insignificant. One of 
the goals of the U.S. Geological 
Survey’s National Water Use Pro- 
gram is to examine data-collection 
methods and suggest improve- 
ments when necessary. Several 
counties in Minnesota have been 
reported as having no commercial 
water use in previous five-year re- 
ports published by the U.S. Geo- 
logical Survey on estimated use of 
water in the United States. Parts of 
five of these counties in east-cen- 
tral Minnesota were selected to in- 
vestigate two methods of estimat- 
ing withdrawals by non-permitted 
facilities during 1992. 

The first method, an on-site sur- 
vey, identified 2,929 non-permitted 
facilities by type of use. An esti- 
mated 84.6 million gallons of water 
per year were withdrawn. This rep 
resents a significant amount 
(eleven percent) of total ground- 
water use, more than irrigation and 
industrial use combined. Wth- 
drawal total for the on-site survey 
was based on individual with- 
drawal rates for each facility. With- 
drawal rates for 85 percent of the 
individual commercial activities 
were based on standard use rates 
from sources such as the U.S. En- 
vironmental Protection Agency; 
withdrawal rates for 15 percent of 
the activities were based on non- 
standard use rates from personal 
interviews with activity managers. 

A second method was developed 
from analysis of spatial relations of 

facilities, as an alternative to on- 
site surveys in other areas. The 
analysis indicated that most pri- 
vately-supplied commercial facili- 
ties were located at sites along por- 
tions of highways exhibiting certain 
spatial-proximity characteristics. 
Lakes frequented by tourists were 
determined by local advertising. 
The estimation method groups fa- 
cilities by proximity to major high- 
way junctions (278 facilities), or to 
Federal or State highways (I,51 6 
facilities) located adjacent to lakes 
frequented by tourists. Sites be- 
tween junctions away from such 
lakes and sites on County or Town- 
ship roads (a total of 715 facilities) 
were not included in the analysis. 
Withdrawal rates per individual site 
were estimated using the same 
use rates as described for the first 
method. On an average basis the 
analysis showed that there were 
1.24 sites per junction withdrawing 
362,000 gallons per year per junc- 
tion; 2.41 sites per mile oftFederal 
highway withdrawing 865,000 gal- 
lons per year per mile of Federal 
highway; and 1.34 sites per mile of 
State highway withdrawing 
542,000 gallons per year per mile 
of State highway. Adding the three 
proximity components (a small sub- 
set of the study area), the total of 
estimated withdrawals was 51.4 
million gallons, or about 59% of the 
on-site survey estimate. These 
methods may be applicable to 
other rural north-woods areas of 
the Upper Midwest. 

- Lee C. Trotta, U.S. Geological 
Survey, Mounds View, MN 

Information Highway 
Update 

MGWA encourages members, 
ground water agencies, and profes- 
sional organizations who use or 
have access to e-mail or the In- 
ternet to begin submitting your e- 
mail addresses. MGWA member- 
ship applications and renewal no- 
tices will request this information 
for inclusion in the next MGWA 
Membership Directory. The editor’s 
address (please use for submit- 
tals): tom.clark@pca.state.mn.us. 

Hennepin Model, cont. 

ties were automated by HCD. Eleo 
tronic maps of bedrock geology for 
Dakota and Ramsey counties were 
obtained from the Dakota County 
Surveyor and the U.S. Geological 
Survey, respectively. Locations of 
significant streams and lakes in 
Carver County were digitized from 
topographic maps. 

Conceptual Model for the Prairie 
Du ChienJordan Aquifer 
The conceptual model treats the 
Prairie du Chien-Jordan (OPCJ) as 
an inhomogeneity within glacial ma- 
terial. Variations in aquifer thick- 
ness and bedrock valleys that cut 
through the Jordan are modeled. 
Area elements assigned a head 
and resistance are used to model 
vertical flux into the aquifer. The 
Minnesota, Mississippi and St. 
Croix rivers and their associated 
floodplains are treated as resis- 
tance area elements everywhere 
except north of the Jordan subcrop 
where the Mississippi river is repre- 
sented as a line sink. The Crow 
River is represented by a line sink. 
Elements are broken at every dam. 
No other surface water features 
are represented in the bedrock 
model. 
All elements were drawn directly in 
GIS while viewing bedrock con- 
tacts, major valley walls, and ter- 
race boundaries. Bedrock contacts 
and isopachs were used to model 
inhomogeneities. Heads for con- 
stant-head and resistance ele- 
ments were obtained from U.S. 
Geological Survey (USGS) topo- 
graphic maps, county geologic at- 
lases and head values in the St. 
Peter Sandstone generated by a 
SURFER model. Values of resis- 
tance for resistance elements were 
taken from the literature. 

The Water Table Model 
The conceptual model for the 
water table (QWTA) treats drift de- 
posits as a composite of relatively 
low permeability with areas of 
higher permeability in outwash and 
along river terraces. The water ta- 
ble is in till in the western part of 

-continued on next page 
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Hennepin Model, cont. 

the county and in outwash in the 
east. Near the Minnesota River, 
the water table is in the St. Peter 
Sandstone and Plattville Forma- 
tion. Significant public water sup 
plies are developed in unconfined 
valley fill and kame materials. 
A buried drift aquifer in western 
Hennepin County, and its hydro- 
logic connection to other hydro- 
logic units, poses an interesting 
problem. For example, is the bur- 
ied drift aquifer continuous or is it 
a composite of smaller, uncon- 
nected buried aquifers scattered 
throughout the till? The problem 
of the buried drift aquifer will be 
addressed in the second phase of 
this modeling project, beginning 
in April 1995. 
A GIS routine evaluated bulk hy- 
draulic conductivity from well log 
data and plotted wells color- 
coded according to texture, either 
mostly till or mostly sand and 
gravel. The plot was too general 
to conclusively identify bounda- 
ries of inhomogeneities, so forty 
cross sections were generated at 
MDH using a geologic logging 
software program (STRATIFACT) 
and imported into GIS. The initial 
conceptual model was then modi- 
fied to assume sand and gravel 
everywhere and treat clay-rich till 
as inhomogeneities. Inhomo- 
geneity boundaries were drawn in 
GIS while viewing well logs from 

on-screen cross sections. 
Stream elevations are used as 
the expression of the water table 
rather than static water levels in 
the western area above the bur- 
ied drift aquifer. Linesinks were 
drawn by following river and 
stream lines; each line segment 
was annotated with beginning- 
and end-point elevations obtained 
from USGS topographic maps. 
Annual reports for watershed dis- 
tricts and water management or- 
ganizations were reviewed for 
stream-flow data, which was gen- 
erally lacking. 

Databases of water levels in 
lakes were acquired. Lakes listed 
as protected waters by the Minne- 
sota Department of Natural Re- 
sources were treated as area ele- 
ments and assigned an elevation 
from USGS topographic maps. A 
decision has not been made 
about how major wetlands will be 
addressed in the model. 

The water table model will be less 
detailed than the bedrock model. 
Although the drift is geologically 
more complex than the bedrock 
aquifers, the available data do not 
allow accurate threedimensional 
mapping of the drift. However, it 
is anticipated that certain areas 
will be identified where recharge 
to the bedrock from drift deposits 
is by a more rapid path. 

Both models will be extended into 
Carver County because the 

Carver-Hennepin political bound- 
ary is not a river system. Detailed 
work in Hennepin County will fo- 
cus on areas where municipalities 
have public supply wells in Qua- 
ternary deposits. GIS automation 
of topographic relief is being con- 
sidered. Impervious cover cre- 
ated by highdensity development 
and its effect on recharge may be 
an aspect of planning that the 
model can address because land 
cover is part of the existing GIS 
graphics data base. 

Checking Model Results with 
the Real World 
Currently, the bedrock model is 
being calibrated and elements for 
the water table model are still be- 
ing drawn in GIS. Flow values 
from gaging stations on the major 
rivers and observation wells will 
be used to refine the models. Two 
synoptic water level measure- 
ments were taken in 1994 as part 
of the project: one mass measure- 
ment was conducted in February 
under winter pumping conditions 
and a second measurement in Au- 
gust to reflect summer usage. 
More than 165 wells were meas- 
ured each time within a 5-day pe- 
riod. Several municipalities 
agreed to measure their own 
wells. The remainder of the sy- 
noptic well measurements were 
taken by HCD staff and summer 
interns. 

-continued on next page 

Join the Minnesota Ground Water Association! 
If you are reading this newsletter second-hand, we’d like to take this opportunity to invite you to become a mem- 
ber of MGWA for 1995. Annual dues are $15 for professional members and $10 for students. Additional donations 
toward the use of 100% recycled paper will be gratefully accepted. 
Just complete the form below and mail to: MGWA, c/o WRI, 4779 126th St. N, White Bear Lake, MN 55110. 
____----____-__-------------------------------------------------------------------- 

Name 
Affiliation 
Mailing Address 
City, State, Zip Code 

Work Telephone Number 
Home Address (optional) 
City, State, Zip Code 

E-mail 

Home Telephone Number 
Which Address should we use for Directory Listing? 
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Hennepin Model, cont. 

Equipment and Software 
GIS is used to draw model ele- 
ments on screen while viewing 
various maps, such as bedrock 
contact, which act as a guide to 
the modeler. GIS routines gener- 
ate the AEM data files and plot 
model results on a parcel base 
map. HCD used Ultimap GIS soft- 
ware on the Hewlett Packard 425 
workstation. 

1 Health Department Adds Health Risk Limits - 
Rules in Place for 119 Ground water Contaminants 

The GIS workstations do not actu- 
ally run the AEM software to 
solve for the model. Data files 
generated in GIS are exported as 
ASCII files using PCTCP to a 
486DX2 PC. The model gener- 
ates ASCII check files for calibra- 
tion and flow paths for each well 
using 1 O-year and 25-year time- 
of-travel criteria which are then 
exported back to GIS. Wellhead 
protection area boundaries are 
automated in GIS by plotting the 
coordinate points of the flow 
paths generated by AEM and 
then drawing an envelope around 
them. The WHPA boundaries can 
then be viewed on a parcel base 
map with any combination of prop 
erty lines, streets, waterways, 
and potential contamination sites. 
Two Hennepin County cities, Min- 
netonka and Eden Prairie, agreed 
to serve as pilot communities for 
the project. The two cities have 

~ 

adjoining jurisdictions and both 
pump their municipal supply from 
the Prairie du Chien-Jordan aqui- 
fer. HCD completed an initial con- 
taminant source inventory and 
well inventory for each city. Each 
city has informally agreed to con- 
tinue the project and participate in 
development of a Wellhead Pro- 
tection Plan in 1995. The intent is 
to make model results and data 
files available to the public at pro- 
ject completion. 
For questions, comments or sug- 
gestions about this project, 
please call MN Dept. of Health, 
Special Services, (612)623-5167, 
or the Hennepin Conservation 
District, (612)544-8572. 

Minnesota rules on “Health Risk Limits” (HRLs) for groundwater were re- 
vised in November 1994 to include 30 additional groundwater contami- 
nants. The Minnesota Department of Health adopted the Health Risk Lim- 
its rules pursuant to the Minnesota Groundwater Protection Act of 1989 
(MN Rules parts 4717.7100 to 4717.7800). The prosed revisions for 31 
additional contaminants were published in the State Register on August 
8, 1994 (pp. 271-278). The revised rules for 30 additional contaminants 
(including all those proposed except styrene) were adopted on November 
28, 1994 (qtate Register p. 1191). 
A health risk limit is the concentration of a ground water contaminant, or a 
mixture of contaminants, that can be safely consumed daily for a lifetime. 
This is calculated using risk assessment data and methods. The Minne- 
sota Department of Health uses the HRLs instead of the Recommended 
Allowable Limits (RALs), last issued in January 1991. 
A table of the Health Risk Limits numbers, and their toxic endpoints will 
be published in an upcoming issue of the MGWA newsletter. If you would 
like to be on the HRLs mailing list, please complete the order form below. 

Substances Added to Health Risk Limits List 
November 28,1994 

alachlor methyl ethyl ketone (MEK, 2-bu- 
ally1 chloride (3 chloropropene) tanone) 
chloramben methyl isobutyl ketone (MIBK) 
chlorothalonil 4-methylphenol (pcresol) 
chromium III naphthalene 
1,4dichlorobenzene (para) polychlorinated biphenyls (PCBs) 
I,1 dicholorethane simazine 
1,2dichloroethylene (cis) 1,1,2,2-tetrachloroethane 
1,2dichloropropane 1 ,I ,2,2-tetrachloroethylene 
1,3dichloropropene thallium salts 
dimethylphthalate 1 ,I ,I-trichloroethane 
disulfoton 1 ,I ,2-trichloroethylene (TCE) 
ethylene glycol vanadium 
formaldehyde vinyl chloride 
hexane (n-hexane) zinc 
methanol 

Please add my name to the Health Risk Limits Updates Mailing List. 

Name 

Affiliation 

Mailing Address 

City, State, Zip Code 

Fax a copy of this form to: Health Risk Limits (612)627-5479. 
Or mail to: 

Minnesota Department of Health 
925 SE Delaware Street 
Minneapolis, MN 55414 
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Ground Water is Key to 
Protecting Savage Fen 

The Savage Fen Wetland Com- 
plex is located along the base of 
the bluff overlooking the flood 
plain of the Minnesota River. The 
wetland contains the largest 
known calcareous fen plant com- 
munity in Minnesota and is home 
to such rare plant species as 
small white ladyslipper and twig- 
rush. These plants inhabit areas 
where cool, calcium- and magne- 
sium-rich ground waters with low 
dissolved oxygen content upwell 
at the ground surface. The likely 
source for this upwelling ground 
water is the Prairie du Chien-Jor- 
dan aquifer, which subcrops only 
a few feet below ground surface 
under the fen. Many of these rare 
wetland complexes inhabited the 
Minnesota River valley and other 
locations in the past but urbaniza- 
tion and increased use of bedrock 
aquifers had led to their demise. 
The hydrogeology of Savage Fen 
Wetland Complex has been ex- 
tensively studied by Jeanette 
Leete of the Minnesota Depart- 
ment of Natural Resources (DNR) 
and the hydrochemistry has been 
the focus of a study by Steve 
Komar of the US Geological Sur- 
vey. 

Minnesota Statutes 1036.223 
and Minnesota Rule Pt. 
8420.1010, administered by the 
DNR, was developed to ensure 
the long-term protection and man- 
agement of calcareous fens 
through preparation of Fen Man- 
agement Plans. The City of Sav- 
age prepared a Management 
Plan for the Savage Fen Wetland 
Complex to aid in evaluating fu- 
ture development within the City. 

Two key development issues 
needed to be addressed: (1) the 
effect of future wells completed in 
the Prairie du Chien-Jordan aqui- 
fer on ground water flow condi- 
tions at the fen and (2) the effect 
of increased impervious area 
(and reduced recharge) on hy- 
draulic heads within the fen. A re- 
gional, multi-aquifer ground water 
flow model was developed to ad- 
dress these issues. The Multi- 

Layer Analytic Element Model 
(MLAEM), developed by Otto 
Strack, was used to simulate 
steady-state flow in three hydros- 
tratigraphic units: (1) glacial drift, 
(2) the Prairie du Chien Group, 
and (3) the Jordan Sandstone. 
The model domain included most 
of Scott and western Dakota 
Counties in order to include the 
major regional recharge and dis- 
charge zones of these hydrostrati- 
graphic units. The Prairie du 
Chien Group and Jordan Sand- 
stone (which are generally consid- 
ered a singe aquifer unit) were 
separated into two distinct model 
layers because flow in the carbon- 
ate Prairie du Chien Group was 
considered critical to the assess- 
ment of impacts on the fen. 
The model was calibrated to pub- 
lished maps of regional piezomet- 
ric head, to measured heads in 
the vicinity of the fen, and to 
measured base-flow conditions in 
selected streams,. Major aquifer 
inhomogeneities, high-capacity 
wells, lakes, streams, ponds, 
quarry discharge, and leakage be- 
tween aquifers were modeled. Re- 
charge conditions within Savage 
were calculated from water-bal- 
ance studies. The calibrated 
model was then used to assess 
the hydraulic effects of additional 
high-capacity wells completed in 
the Jordan Sandstone within Sav- 
age. The modeling results indi- 
cate that the City of Savage will 
not be able to install additional 
wells in the Prairie du Chien-Jor- 
dan aquifer without adversely af- 
fecting the upwelling conditions at 
the fen. 
Water-balance estimates were 
made for the City of Savage’s ulti- 
mate development, considering 
the increased impervious area 
and decreased recharge to the 
glacial drift. Changes due to de- 
creased recharge were small and 
a sensitivity analysis was per- 
formed which demonstrated that 
hydraulic heads at the fen are 
relatively insensitive to changes 
in recharge rate within Savage. 
These modeling results point to 
the importance that regional 
ground water flow plays in sus- 
taining the viability of the Savage 

Fen Wetland Complex. 
Alternative sources for the City’s 
future water needs are under con- 
sideration as the City completes 
an area-wide environmental re- 
view. 

Ray Wuolo, Barr Engineering Co 

Water Information 
Networks 

New and expanding computer- 
based information sources offer 
access to data and interactive in- 
formation exchange using In- 
ternet. GLIN, the Great Lakes In- 
formation Network, began in May 
of 1993 to offer ‘quick and easy 
access to current data and infor- 
mation about the Great Lakes re- 
gion,’ according to a recent news 
release. A project of the Great 
Lakes Commission with technical 
support from ClCNet and funding 
from Ameritech Foundation, GLIN 
offers online communication be- 
tween users as well as informa- 
tion from fact sheets, calendars, 
directories, newsletters, and bibli- 
ographies. Services available to 
users include E-mail, mailing 
lists, and file transfer. Users can 
also review and comment on draft 
documents, agreements, and leg- 
islation via GLIN. For more infor- 
mation, contact Carol Ratza, 
Great Lakes Commission; 
(313)665-9135; cratza@glc.org, 
or Ron Emaus, CICNet; (313)998- 
6419; remaus@cic.net. 

The Universities Water Informa- 
tion Network, UNWIN, was estab- 
lished under the auspices of the 
USGS and Universities Council 
on Water Resources (UCOWR). 
It provides a clearinghouse for 
water resources information, in- 
cluding 

l a directory of water resources 
professionals, 

l USGS Water Resources Ab- 
stracts (WRSIC) database, 
and 

l a directory of publications of 
the National Institutes for 
Water Resources. 

-continued on next page 
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Theis Manuscripts 
Published 

Two previously unpublished 
manuscripts on groundwater by 
the late C.V. Theis have been 
published by the U.S. Geological 
Survey in Water-Supply Paper 
2415, ‘Selected contributions to 
groundwater hydrology by C.V. 
Theis, and a review of his life and 
work.’ The paper also includes 
commentaries on each of the 
Theis manuscripts, a biographical 
sketch, and a bibliography of 
Theis’s writings. The publication 
was planned and edited by Alfred 
Clebsch, who screened Theis’s 
files and personal papers for can- 
didate manuscripts. Although nei- 
ther of the two manuscripts had 
been completed to Theis’s satis- 
faction prior to his death in 1987, 
they have been published with 
only minimal revision, as ex- 
plained in the commentaries. 

- The Hydrologist, GSA 
Hydrology Division. Sept. 1994. 

New Report on Red 
River Basin 
The U.S. Geological Survey is in 
the midst of a massive water qual- 
ity data collection and analysis ef- 
fort, called NAWQA (National 
Water-Quality Assessment), in- 
cluding the Red River Valley ba- 
sin, which is one of 60 such stud- 
ies throughout the U.S. The stud- 
ies are intended to collect basin 
status information and in addition 
provide appropriate information 
for policy- and decision-making at 
the federal level. The following is 
a recently released Red River Val- 
ley NAWQA report: Tornes, L.H. 
and M.E. Brigham. 1994. Nutri- 
ents, Suspended Sediment, and 
Pesticides in Waters of the Red 
River of the North Basin, Minne- 
sota, North Dakota, and South 
Dakota, 1970-90. U.S. Geological 
Survey Water Resources Investi- 
gations Report 93-4231.62 pp. 

- For more information on the 
Red River Valley NAQ WA study, 
contact Jeff Stoner at the USGS, 
WRD, (612)783-3700. 

New publications 
Gravity Investigation for Potential 
Ground-water Resources in Rock 
County, Minnesota. 1994. Val W. 
Chandler. Minnesota Geological 
Survey Report of Investigations 
44. 
Directory of Water Resources Ex- 
pertise in Minnesota Universities 
and Colleges. WRRC Public Re- 
port No. 9, 3rd ed. 1994.40 p. 
The directory is also available in 
DOS-based computer database 
format (Paradox.db), ASClltxt, 
and WP51 files. 
Spatial and Temporal Analysis of 
Groundwater Recharge with Appli- 
cation to Sampling Design. Jank- 
ovic, Igor, Roko Andricevic, and 
Efi Foufoula-Georgiou. WRRC 
Technical Report Number 137. 
1994.41 p. 
An Approach to Groundwater 
Monitoring Well Network Design 
Relying on Numerical Techniques 
and Public-Domain Information. 
Quinn, John J., Howard D. Moo- 
ers and Hans Olaf Pfannkuch, 
WRRC Technical Report Number 
138.1994. 
Measurement of Flow Through 
the Unsaturated Zones Using a 
Prototype Funnel Lysimeter. Fos- 
ter, Michael B. J., E. Calvin Alex- 
ander, Jr., D. Misra and John L. 
Neiber. WRRC Techncial Report 
139. 1994. 
Contact the Water Resources Re- 
search Center (612)624-9282. 

- Minnegram, September, 1994 

Selected Recent 
Publications from 
Wisconsin GNHS 
Soil-attenuation-potential Map of 
Trempealeau County, Wisconsin, 
K.J. Cates and F.W. Madison, 
1993. Two-color map, scale 
1 :100,000 (Soil Map 14, $2). 
Summary Survey on Groundwa- 
ter Vulnerability Mapping Prac- 
tices in the United States, 1993, 
A. Zaporozec (Open-File Report 

-to top of next column 

93-1, 84 p., $8.40). 
Evaluation of NURE hydrogeo- 
chemical data for use in Wiscon- 
sin groundwater studies, 1993, 
M.G. Mudrey, Jr. and K.R. Brad- 
bury (Open-File Report 93-2, 57 
p. plus diskette, $10). 
Variability of hydraulic conductiv- 
ity in sandy till: 7he effects of the 
scale and method, 1993, T.W. 
Rayne (Open-File Report 93-4, 
283 p., $29). 
Preliminary comparison of a dis- 
crete fracture model with a contin- 
uum model for groundwater move- 
ment in fractured dolomite, 1993, 
K.R. Bradbury and M.A. Muldoon 
(Open-File Report 93-6,44 p. 
plus one 5.25 in. diskette, $10). 
Evaluation of groundwater sus- 
ceptibility assessment systems in 
Dane County, Wisconsin, 1994, 
M.S. Bridson, M.F. Bohn and F.W. 
Madison (Open-File Report 94-3, 
52 p., $5.70). 
Hydrogeologic and land-use con- 
trols on atrazine detections in 
Dane County, Wisconsin, 1994, 
M.A. Muldoon, M.F. Bohn, F.W. 
Madison and N.H. Richardson 
(Open-File Report 94-2, 64 p., 
$6.40). 
Contact the Wisconsin Geological 
and Natural History Survey, Madi- 
son. 

- Wisconsin Ground Water 
Association Newsletter, Fall 1994. 
hater InformatIon Networks, 
cont. 
In addition, UWIN has announced 
a new bulletin board service 
called WaterTalk to provide mem 
bers of the water resources corn- 
munity with a forum for communi- 
cation. It is set up as a series of 
boards, each focused on a par- 
ticular topic. Currently there are 
five boards: 
0 Information, containing poli- 

cies, procedures, and an- 
swers to frequently asked 
questions; 

l Hydrology; 
International; 

l WaterQuality; and 
WaterPolicy. 

/ -continued on page 15 
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MGS Mapping Advisory Board 
The Minnesota Geological Survey (MGS) recently convened a geological 
mapping advisory board, MGMAP (Minnesota Geological Mapping Advi- 
sory Panel). David Southwick, director of the MGS, assembled MGMAP 
to assure Minnesota’s eligibility for the US Geological Survey’s STATE- 
MAP supplementary funding program. The panel is charged with provid- 
ing broad input to the MGS Director on all aspects of preparation and use 
of geologic maps in Minnesota. 
MGMAP includes representatives from two state agencies, the Minnesota 
Department of Health and Minnesota Department of Natural Resources, 
and three geology-oriented organizations, the Minnesota Ground Water 
Association (MGWA), the Minnesota Chapter of the American Institute of 
Professional Geologists (AIPG), and the Minnesota Exploration Associa- 
tion (MEA). Rita O’Connell is the MGWA representative. Other members 
are Sarah Tufford (DNR), Bruce Olsen (MDH), Gary VanGuilder (AIPG), 
and Ernie Lehmann (MEA). Terms of service are 2 or 3 years. 
A goal of MGMAP is to improve the usability of the maps for a broad 
range of possible audiences, from geologist to land use planners to 
ground water resource managers. MGMAP will meet periodically to con- 
sider and provide direction on the panel membership, what maps are al- 
ready completed, what maps are obsolete, what are the current mapping 
priorities, and what criteria are used in existing mapping efforts. 
MGMAP members would like to hear your suggestions for MGS mapping 
effort improvements - both in terms of geographical priorities and also 
how data should be presented to be most useful. 

- Rita O’Connell, MPCA, 520 Lafayette Road N, St Paul 55755-4794, 
phone: (672)296-8568, fax: (672)296-9707 

BWSR Ground Water Education Report 
The Minnesota Board of Water and Soil Resources has prepared a report 
for the Legislative Water Commission on Ground Water Education with Lo- 
cal Units of Government. The report provides a review and recommenda- 
tions in response to 1993 amendment to the 1989 Minnesota Ground 
Water Protection Act. The report focuses on ground water education ac 
tivities targeted at educating local government staff and elected officials. 
Current educational programs are summarized along with identified weak- 
nesses and problems. Recommendations for improvements are also in- 
cluded. 
According to the report, challenges and problems include lack of coordina- 
tion, low emphasis on education in comparison to other ground water pro- 
tection programs, lack of stable funding for basic information such as the 
Minnesota Geological Survey County Atlas Program, scattered resource 
material, and limited of education and training opportunities. Some key 
recommendations include funding for information gathering, continuing 
training and technical assistance and expanding information resources. 

- For more information, contact the Minnesota Board of Water and Soil 
Resources, (672)296-3767. 

USGS Vadnais Lake, Ramsey County Report 
The U.S. Geological Survey, WRD, has issued the following report: 
Ruhl, J.F., 1994, U.S. Geological Survey Water-Resources Investigations 
Report 94-4062, Quality of ground water around Vadnais Lake and in 
Lambert Creek watershed, and interaction with Vadnais Lake, Ramsey 
County, Minnesota. 

- For more information contact the USGS- WRD, (672)783-3700. 

AIPG Meetings 
Tuesday, January lo,1995 
Dean Peterson, ‘Archean Gold 
Exploration in Minnesota; Analog 
Canadian Deposits and Corridors 
of Mineral Potential.’ 
Tuesday, February 7,1995 
Dr. David Southwick, Minnesota 
Geological Survey, ‘State of the 
Survey Address.’ 
Tuesday, March 7,1995 
Terry Boerboom, Minnesota Geo- 
logical Survey, ‘Steams County 
Bedrock Geology Mapping.’ 
All meetings are at 11:45 a.m., 
Ramada Inn Roseville (formerly 
Holiday Inn Roseville). 

- Minnesota Professional 
Geologist, Fall 7 994 

Wisconsin Geologist 
Registration Update 
Geologist registration goes into ef- 
fect in Wisconsin on January 1, 
1995. Grandparenting is available 
through December 31,1995. In- 
formation and application materi- 
als can be obtained from Wrscon- 
sin Department of Regulations 
and Licensing, P.O. Box 8935, 
Madison, Wl53708, phone 
(608)266-1397. 

- Minnesota Professional 
Geologist, Fall 7 994 

Minnesota Geologist 
Registration Update 
The AIPG & CEC/M Ad Hoc Com- 
mittee on Professional Practice of 
Geology is gearing up for the rein- 
troduction of the Professional Ge- 
ologist Registration Bill in the up 
coming 1995 legislative session. 
A Registration Bill was introduced 
by Senator Mondale during the 
last legislative session but, as ex- 
pected, was not acted upon. The 
Committee members continue to 
meet with various agencies, col- 
leges and professional societies 
to educate and update them on 
the Committee’s activities. 

-continued on next page 
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Registration Update, cont. Project WET 
The Committee is developing 
draft rules, which should be avail- 
able by the end of year. 
For more information about the 
Committee or the proposed regis- 
tration bill contact Bob DeGroot 
(559-1900), Terry Swor (659- 
1305), or Rob Wahlstrom (227- 
6500). For information concerning 
the draft rules, contact Kevin Pow- 
ers (490-1405). 

Pete Thein Recipient of 
NGWA Award 

Water Education for Teachers 
Project WET is the third in a series of supplementary environmental education 
programs which began in the early 1970’s with the introduction of Project 
Learning Tree. Project WILD was introduced in the 1980’s. After much prepa- 
ration, Project WET will join its highly-successful and well-known sister pro- 
grams with the publication of its Activity Guide in the spring of 1995. While its 
two predecessors each include elements of water, Project WET is the first to 
introduce water in all its forms and interconnections. For example, there are 
over 30 activities which deal with ground water. 
Each project was designed and field tested by teachers (K-12) and is in- 
tended to be supplemented into classroom activities. This means there is not 
a “unit” on ground water. Instead, there are different activities on ground water 
that can be supplemented into the classroom at various points and age levels. 
For example, some activities stress the sciences - physics, chemistry, biology - 
while others are intended for use in social sciences, history or even art. 

Peter J. Thein, Thein Well Com- Handy cross-references at the back of each activity guide make the materials 
pany, Spicer, Minnesota has been extremely “user friendly.” One basic goal of each of the projects is to move en- 
awarded the Oliver Award, the vironmental studies away from the notion that it requires and “expert” (bota- 
highest honor granted by the Na- nist, biologist, hydrologist) to teach. Another goal is that the activities them- 
tional Ground Water Association. selves should be creative and interesting - and just plain fun. 
Presented the award during the Examples of Project WET activities undergoing “beta” testing at this time in- 
NGWA’s 46th National Conven- elude: 
tion, Thein was recognized for his 
outstanding contributions to the 
ground water industry. Among the 
contributions for which he was 
recognized were his certification 
as a Master Ground Water Con- 
tractor, president of the NGWA 
during 1993, chair of several 
NGWA Task Forces and Commit- 
tees, and participation in various 
other committees. Pete is also a 
trustee of The American Ground 
Water Trust. 

New ASTM Books 
ASTM Standards on Ground 
Water and Vadose Zone Investi- 
gations, 2nd Edition. 
ASTM and Other Specifications 
and Test Methods on the Quality 
Assurance of Landfill Liner Sys- 
tems. 
Daniel, David E. and Stephen J. 
Trautwein, editors. Hydraulic Con- 
ductivity and Waste Contaminant 
Transport in Soil. ASTM STP 
1142. 
O’Shay, Tracey A. and Keith B. 
Hoddinott, editors. Analysis of 
Soils Contaminated with Petro- 
leum Constituents. ASTM STP 
1221. 

- Contact ASTM, 
(275)977-9679. 

l A Grave Mistake: Students analyze data to solve a mystery and identify a 
potential polluter. 

l Aquifer Antics: By demonstrating the movement of water through a con- 
fined aquifer, students become aware of a valuable source of fresh water. 

l Get the Groundwater Picture: Students learn about basic ground water 
principles as they create their own geologic cross-section. 

l The Pucker Effect: Students observe how ground water transports pollut- 
ants and simulate ground water testing to discover the source of contami- 
nation, 

Because the success of each project depends upon the teacher’s familiarity 
with the respective Activity Guide, the only way by which a teacher can obtain 
a Guide is by attending a workshop. As soon as the Activity Guide is publish- 
ed, the Minnesota Department of Natural Resources, Division of Waters, will 
begin to schedule workshops. If you would like to be placed on the mailing 
list, please send your name, address, telephone number and profession to: 
Peder H. Otterson, Project WET Coordinator, DNR Division of Waters, Box 
32,500 Lafayette Road, St. Paul, MN 55155-4032. 
Although designed for classroom use, Project WET and the other projects are 
easily adaptable to other uses. Others interested in its use are the Minnesota 
Zoo, Lake Superior Center, Minnesota Science Museum, many local water 
plan coordinators, environmental learning centers, and soil and water conser- 
vation districts. You, too, are invited to take the plunge and get WET. 

- Peder Otterson, Project WET Coordinator, MN DNR, Division of Waters 

MPCA Issues Water Quality Report 
The Minnesota Pollution Control Agency has issued a report on Minnesota 
Water Quality for the Water Years 1992 to 1993. Prepared for the United 
States Congress, the report first summarizes surface and ground water qual- 
ity and then goes on to summarize the various water pollution control pro- 
grams in place in Minnesota. According to the executive summary, pollution 
control efforts will continue to be refocused and redefined over time as better 
assessment tools become available and ‘as new problem areas are defined 
and old ones are resolved.’ 

- For more information, contact Catbarine Malave, MPCA, at (672)296-8867. 
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Water Information Networks, cont. 

Users gain access to WaterTalk through the UWlN 
server, accessible either over Internet or by mo- 
dem. University researchers can access UWlN 
and WaterTalk through Gopher using the normal 
Gopher menu. Choose Illinois from the menu of 
Gopher file servers in the U.S. For more informa- 
tion, contact Faye Anderson, UWIN c/o UCOWR 
Headquarters; (618)536-3375 or -7571; FAX 
(618)453-2671; Faye@uwin.owr.siu.edu. 

- Minnegram, September, 7994 
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