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Pres i dent's Let ter

Sil ver Op por tu ni ties

Jeff Stoner, MGWA Pres i dent

It was not un til sev eral months into 2006 that I 
re al ized that MGWA would achieve 25 years
of ex is tence in 2007. This re al iza tion formed
when the board re ceived a let ter from am bi -
tious mem bers Jim Lundy and Steve Rob ert -
son sug gest ing that we might want to pro duce
a pub li ca tion about ground wa ter to com mem -
o rate this mile stone in our his tory.

Hold that thought while we di gress through a
va ca tion to Chile to visit my Span ish stu dent
niece. No, you will not hear about Chil ean
ground wa ter or wine, as I’m still at tempt ing
to learn about both of them. Rather some ideas 
lifted from a book I started read ing dur ing that 
va ca tion—Jared Di a mond’s “Col lapse, How
So ci et ies Choose to Fail or Suc ceed.” Di a -
mond takes the reader through nu mer ous so ci -
et ies; many of which “col lapsed,” such as
Easter Is land, Anasazi and Ma yan. He gives a
host of rea sons, but a com mon theme was that
the peo ple lost sight of their con nec tion to
what sus tained their civ i li za tion. Good ex am -
ples of mis takes in cluded de for es ta tion and

over fish ing. With out giving too much away,
I’ll sim ply sum ma rize that Di a mond gives
some ba sic hope that our mod ern so ci et ies
will not col lapse if we truly pay at ten tion and
learn from the mis takes made by these dis tant
so ci et ies.

“Could MGWA col lapse?” I be gan to think as 
I take an of fi cer’s role. Are we con nected to
what sus tains us as a vi a ble as so ci a tion of
peo ple in ter ested in and as pro mot ers of
ground wa ter in Min ne sota? The an swer to
that sec ond ques tion is a re sound ing “yes”
based on MGWA writ ings, con fer ences, field
trips, and most im por tant of all the net work ing 
within the mem ber ship. To sum ma rize what
first MGWA pres i dent Gilbert Gabanski said
af ter 20 years of ex is tence, “Our (MGWA)
viability is all about the members!” 

Given that this is no time to be come com pla -
cent as an as so ci a tion, the plan is to move for -
ward with a 25th an ni ver sary pub li ca tion. The 
idea is to se lect key ar ti cles from all past
news let ters and or ga nize them by topic un der
a sin gle vol ume. Some ar ti cles un doubt edly
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¾ con tin ued on page 3.

¾ con tin ued on page 4.

2006 Min ne sota Dry Con di tions Per sist 

Last sum mer’s dry con di tions con tinue in
many parts of Min ne sota. Im pacts of the
2006 drought in cluded sur face wa ter ap -
pro pri a tion per mit sus pen sions, mu nic i pal
wa ter re stric tions and bans, an ag ri cul tural
di sas ter dec la ra tion for 36 coun ties, some
of the low est lake lev els in 30 years, and a
num ber of ma jor wildfires. 

Last year’s grow ing sea son pre cip i ta tion
de par ture from nor mal (Fig ure 1) shows
the year’s gen eral lack of rain fall, es pe -
cially in north ern Min ne sota. 

Fig ure 1 (at right). Pre cip i ta tion de par ture from 
nor mal for the 2006 grow ing sea son. 

http://www.mgwa.org/
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MGWA NEWS

New Of fi cers at MGWA

Stu Grubb, a Se nior Hydrogeologist and
Prin ci pal Part ner with Emmons and Olivier
Re sources in Oak dale, MN has been elected
Pres i dent-Elect of MGWA for 2007. Craig
Kurtz, a Fi nan cial Risk An a lyst for 3M Com -
pany has been re-elected as Trea surer of
MGWA for a two-year term. Con grat u la tions
to Stu and Craig!

Pro fes sional News

Mark A. Col lins and Sa rah L. Em ery work
for HDR En gi neer ing, Inc. The of fice has re -
cently moved to 701 Xe nia Av e nue South,
Suite 600, Min ne ap o lis, MN. 

Craig An der son, Paula Berger, Brandon
Oman and Laura Scheid have been work ing
for En vi ron men tal Strat e gies Con sult ing,
LLC, a MGWA Cor po rate Mem ber. The com -
pany has re cently merged with an other com -
pany to be come WSP En vi ron men tal
Strat e gies.

Candace Sykora
has re cently ac -
cepted a new po si -
tion as a hy dro-
ge ol o gist at the Min -
ne sota Pol lu tion
Con trol Agency. She 
will be work ing in
the Vol un tary In ves -
ti ga tion and Cleanup 
Pro gram. Candace
pre vi ously worked
for ProTec En vi ron -
men tal Con sul tants
as a staff ge ol o gist.
Candace grad u ated
from the Uni ver sity
of Wis con sin-River
Falls in Au gust 2006 
with a Bach e lors of
Sci ence in ge ol ogy
and bi ol ogy.
MGWA wel comes Candace as a new mem ber.

Brian Rongitsch, long-time Ground Wa ter
Unit Su per vi sor in the Wa ters Di vi sion of the
Department of Nat u ral Re sources, re tired at
the end of 2006 af ter more than 35 years of
state ser vice. Brian started with the state in
1971 at the De part ment of Trans por ta tion as a
ge ol o gist. He transfered to DNR Wa ters in
1979 as a hydrogeologist to work on the un -
der ground stor age of nat u ral gas. Brian was
also ob ser va tion well net work man ager dur ing 

Mem ber News

part of his DNR ca reer. 

Brian says, "Re tire ment is af ford ing me more
time to be with my daugh ter, who is a stu dent
at the Uni ver sity of Wis con sin, River Falls,
and my son, who is a dep uty sher iff for
Ramsey County." He ex tends a warm hello to
friends and col leagues and hopes to see you at 
the MGWA spring conference.

John Jaschke hired as Executive
Director of BWSR
The Min ne sota Board of Wa ter & Soil Re -
sources (BWSR) an nounced that John Jaschke 
has been hired as the Board’s Ex ec u tive Di -
rec tor. Jaschke cur rently is the Wa ter Re -
sources Man ager for Da kota County. Prior to
that, he worked as BWSR’s Land and Wa ter
Sec tion Ad min is tra tor. He has also worked as
an area hy drol o gist for the Min ne sota De part -
ment of Nat u ral Re sources and as a
hydrogeologist for the U.S. Bureau of Mines. 

“John will be an as set to BWSR be cause of
his va ri ety of work ex pe ri ence and fa mil iar ity
with the broad range of con ser va tion is sues
across dif fer ent parts of the state,” said BWSR 
Board Chair man Randy Kramer. “He has a
track re cord of build ing con sen sus, and I am
con fi dent that he will be a strong leader for
the organization.” 

BWSR is the state’s ad min is tra tive agency for 
91 soil and wa ter con ser va tion dis tricts, 46
wa ter shed dis tricts, 23 met ro pol i tan wa ter shed 
man age ment or ga ni za tions, and 80 county wa -
ter man ag ers. The board con sists of 17 mem -
bers ap pointed by the Gov er nor, who are
charged with op ti miz ing lo cal de liv ery of con -
ser va tion ser vices. The agency works through
lo cal gov ern ment to help the state at tain its
goals for clean wa ter, clean air, and abundant
fish and wildlife. 

Jaschke will be re plac ing Ron Harnack, who
has been BWSR’s Ex ec u tive Di rec tor for 15
years. Harnack an nounced his re tire ment in
Oc to ber. His fu ture plans in clude work ing
part-time for the Red River Wa ter shed Man -
age ment Board. “I am ex tremely proud of the
BWSR ac com plish ments over the past 15
years,” Harnack said. “The BWSR staff and
the Board, work ing with lo cal gov ern ment
units and pri vate land own ers, have been the
key to those suc cesses.” 

¾ From a news re lease from the Min ne sota
Board of Wa ter and Soil Re sources, 
De cem ber 21, 2006.

¾ Candace Sykora

http://www.mgwa.org
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jp.frontline@frontiernet.net

Trea surer
Craig Kurtz
3M Company
(763)757-6876
craigkurtz@msn.com

The pri mary ob jec tives 
of the MGWA are:
S Pro mote and en cour age

sci en tific and pub lic pol icy

as pects of ground wa ter as

an in for ma tion pro vider;

S Pro tect pub lic health and

safety through con tin u ing

ed u ca tion for ground wa ter

pro fes sion als;

S Es tab lish a com mon fo rum

for sci en tists, en gi neers,

plan ners, ed u ca tors,

at tor neys, and other per sons 

con cerned with ground

wa ter;

S Ed u cate the gen eral pub lic

re gard ing ground wa ter

re sources; and

S Dis sem i nate in for ma tion on

ground wa ter.

Fig ure 2 shows how the Mis sis sippi River
flow at Anoka was well be low the his tor i cal
av er age and sim i lar to flow lev els in two re -
cent droughts dur ing the late 1970’s and late
1980’s. Late sum mer and early fall rains
brought re lief to some cen tral Min ne sota
coun ties but did not ex tend to north ern Min -
ne sota. Fig ure 3 shows that at the end of Jan u -
ary, north ern Min ne sota was clas si fied as in
ex treme drought while the rest of the state was 
clas si fied as ab nor mally dry. As of Jan u ary
2007 Lake Su pe rior was ap proach ing an
80-year low. Fig ure 4 is a graph of wa ter ta ble 
re sponse in a surficial aqui fer in cen tral Min -
ne sota for the pe riod 1978 through 2006. The
im pact on the wa ter ta ble at that lo ca tion of
the drought of the late 1980’s can be com -
pared to the im pact of the dry con di tions in
2006. Gen er ally around the state this win ter
snow falls have been far short of ex pected as
seen in Fig ure 5. Much of the north ern two
thirds of Min ne sota re ports snow depths that
rank his tor i cally be low the 5th per cen tile. 

Fig ure 4. Depth to the wa ter ta ble for the pe riod 1978 to 2006 of MN DNR 77022, a ground-wa ter
level mon i tor ing well in a surficial aqui fer near Sta ples in Todd County (MN unique num ber
244550). Com pare the 2006 re sponse to the wa ter level im pact of the drought of the late 1980’s. 

2006 Dry Conditions, cont.

¾ con tin ued on page 4.

Fig ure 2. Dis charge of the Mis sis sippi River near Anoka dur ing 2006. Pre pared by Carl Rundberg, 
DNR Wa ters.

Fig ure 3. Drought clas si fi ca tion of Min ne sota
as of Jan u ary 23, 2007. Source: Na tional
Drought Mit i ga tion Cen ter Drought Mon i tor and 
DNR Wa ters State Cli ma tol ogy Of fice. 

Look ing for ward to spring 2007, the Min ne -
sota Cli ma tol ogy Work ing Group sta tus re port 



4 MGWA Newsletter March 2007

2006 Dry Conditions, cont.

will be time less and need no fur ther com ment. 
Oth ers may have been works-in-prog ress of
an emerg ing is sue or prob lem. Au thors of
those ar ti cles will be con tacted and given the
op por tu nity to add com men tary about their
orig i nal ar ti cle, in which re sults have been up -
dated. This doc u ment not only will keep the
se lected ground-wa ter top ics fresh for the
mem ber ship, but could serve to ed u cate
non-mem bers about the wealth of in for ma tion
that the MGWA has to of fer about ground wa -
ter in Min ne sota over the past 25 years.  Not a 
bad col lapse check. Thanks to Lundy and
Rob ert son who agreed to lead this ef fort. 
Please give their team your sup port as they se -
lect ar ti cles and con tact mem ber au thors. The
tar get pub li ca tion time is De cem ber 2007.

An other ob vi ous op por tu nity to stay con -
nected is to join us at the Spring Con fer ence
this April.  Once again we have a great lineup
of pre sent ers ready to ex plain their ap proaches 
to tack ling com plex ground-wa ter prob lems in 
sec ond ary-per me abil ity sys tems and
ground-wa ter re charge.  As you make your
plans to at tend, I chal lenge you also to con -
nect with a stu dent by in vit ing that stu dent to
at tend the con fer ence with you. MGWA can -

President's Letter, cont.

not col lapse if we con tinue to con nect with
each other, bring in new ideas through stu dent 
par tic i pa tion, prac tice long-term think ing
about our future, and have fun along the way.

Sav ing the best tes ti mony of con nec tion for
last, I con grat u late Dale Setterholm for his
out stand ing lead er ship as Pres i dent.  Both
con fer ences that he de vel oped were thought
pro vok ing and use ful.  His out reach to pol icy
mak ers also is hav ing last ing ef fects with con -
tin ued in ter est by the State Leg is la ture to
learn more about ground wa ter through
MGWA.  I’m im pressed with the ideas flow -
ing from Pres i dent-Elect Stu art Grubb, who
al ready is mak ing plans for the sum mer field
trip. The sta ble forces of Sec re tary Jon
Pollock, Trea surer Craig Kurtz and Ed i tor
Norm Mofjeld and his team al ready have
made my job en joy able.  I also ac knowl edge
the be hind the scenes sup port of WRI, Jean -
nette Leete and Sean Hunt, who keep many
lo gis tics run ning smoothly and le gally. I look
for ward to work ing with the MGWA Foun da -
tion Di rec tors in the com ing year. Fi nally I
thank the mem ber ship for the op por tu nity to
serve you and look forward to a productive
and fun year.

for Jan u ary 30, 2007 states, “Spring and sum -
mer pre cip i ta tion to tals will need to far ex ceed 
nor mal for sur face wa ter sys tems to re cover
quickly from the 2006 def i cits. This is pos si -
ble, but not cli ma to log i cally likely. The
drought was quick to de velop, but most likely
the im pacts will be slow to re pair.” 

Some drought con cerns for the 2007 grow ing
sea son, es pe cially north ern Min ne sota in -
clude: 

S streams dropping below protected flow
thresholds after the spring melt 

S low lake levels and associated water access
issues 

S ground water levels lowering in lagged
response to precipitation deficits. Ground
water levels will also respond to increased
pumping pressures. 

S inadequate soil moisture conditions further
impacting agriculture, especially forage
crops 

S inadequate soil moisture conditions further
stressing forest communities, making them
more vulnerable to pests 

S an te ced ent dry con di tions, along with a
con tin u a tion of sparse win ter snow cover,

could lead to a sig nif i cant in crease in
spring wild fire risk 

For more in for ma tion on Min ne sota cli mate
and the cur rent dry con di tions, please see the
re sources at http://cli mate.umn.edu/doc/jour -
nal/dry_sum mer_2006.htm. 

¾ sub mit ted by Jan Falteisek, MGWA News -
let ter Team 

¾  Fig ure 5. Min ne sota snow depth rank ing as 
of Feb ru ary 15, 2007.

MGWA's Cor po rate 
Mem bers

Leggette, Brashears &
Graham, Inc.

ARCADIS

Interpoll, Inc.

WSP En vi ron men tal
Strat e gies

Liesch As so ci ates, Inc.

TestAmerica, Inc.

North east Tech ni cal
Ser vices

Soil En gi neer ing 
Test ing, Inc.

Links at www.mgwa.org

MGWA Spring 
Con fer ence:

Meth ods for Solv ing
Com plex Ground-
Wa ter Prob lems

April 19, 2007

Early Reg is tra tion 
Dead line - April 6, 2007

http://www.mgwa.org
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Q & A on the Ground Wa ter Rule

What is the Ground Water Rule?
The U.S. En vi ron men tal Pro tec tion Agency (EPA) pub lished the 
Ground Wa ter Rule (GWR) in the Fed eral Reg is ter on No vem -
ber 8, 2006. The pur pose of the rule is to pro vide for in creased
pro tec tion against mi cro bial patho gens in pub lic wa ter sys tems
that use ground wa ter sources. EPA is par tic u larly con cerned
about ground wa ter sys tems that are sus cep ti ble to fe cal con tam i -
na tion since dis ease-caus ing patho gens may be found in fe cal
con tam i na tion.

The GWR will ap ply to pub lic wa ter sys tems that rely on ground 
wa ter as a source of sup ply. The rule also ap plies to any sys tem
that mixes sur face and ground wa ter if the ground wa ter is added 
di rectly to the dis tri bu tion sys tem and pro vided to con sum ers
with out treat ment. Pri vate wells are not af fected.

It does NOT re quire dis in fec tion of all ground wa ter sys tems, a
sig nif i cant change from early ver sions of the rule. Key
fact-based in put from states, in clud ing vi rus sam pling and anal y -
sis stud ies in Min ne sota, helped to per suade EPA to change di -
rec tion with the GWR. In stead, the rule uses a risk-based
ap proach that tar gets mon i tor ing and en force ment to wards high
risk sys tems.

What types of pathogens can be found in water
provided by ground water systems?
Ground wa ter that is sus cep ti ble to fe cal con tam i na tion may con -
tain harm ful vi ruses or bac te ria. Vi ral patho gens found in ground 
wa ter may in clude en teric vi ruses such as Echovirus, Hep a ti tis A 
and E, Rota virus and Noroviruses (i.e., Norwalk-like vi ruses)
and en teric bac te rial patho gens such as Esch e richia coli (in clud -
ing E. coli O157:H7), Sal mo nella spe cies, Shigella spe cies, and
Vibrio cholerae. In ges tion of these patho gens can cause
gastroenteritis or, in cer tain rare cases, se ri ous ill nesses such as
men in gi tis, hep a ti tis, or myocarditis. Health im pli ca tions in sen -
si tive subpopulations may be se vere (e.g., hemolytic uremic
syndrome) and may cause death.

What causes contamination of ground water by
disease organisms?
Vi ral and bac te rial patho gens are pres ent in hu man and an i mal
fe ces, which can, in turn, con tam i nate drink ing wa ter. Fe cal con -
tam i na tion can reach ground wa ter sources from failed sep tic
sys tems, leak ing sewer lines, and im proper han dling of an i mal
wastes. Such po ten tial sources may pose a height ened threat in
ar eas with coarse-grained soils and aqui fers con tain ing sec ond -
ary po ros ity fea tures such as frac tures or karst de vel op ment. Fe -
cal con tam i na tion from the sur face may also get into a drink ing
wa ter well along its cas ing or through cracks if the well is not
properly constructed, protected, or maintained.

What are the basic requirements of the rule?
The risk-tar get ing strat egy in cor po rated into the rule pro vides
for:

S regular sanitary surveys of public water systems to look for
significant deficiencies in key operational areas;

S triggered source water monitoring when a system that does not 
sufficiently disinfect drinking water identifies a positive

GROUND-WATER POLICY

— con tin ued on next page.

sample during its Total Coliform Rule monitoring and
assessment monitoring (at the option of the state) targeted at
high-risk systems;

S implementation of corrective actions by ground water systems
with a significant deficiency or evidence of source water fecal
contamination to reduce the risk of contamination; and,

S com pli ance mon i tor ing for sys tems that are suf fi ciently
dis in fect ing drink ing wa ter to en sure that the treat ment is
ef fec tive at re mov ing pathogens.

What are the monitoring provisions?
A ground wa ter sys tem is sub ject to trig gered source wa ter mon i -
tor ing if it does not al ready pro vide treat ment to re li ably achieve
at least 99.99 per cent (4-log) in ac ti va tion or re moval of vi ruses.
The GWR also al lows states to re quire sys tems that do not pro -
vide suf fi cient dis in fec tion treat ment to re move 99.99 per cent of
vi ruses to con duct op tional as sess ment source wa ter mon i tor ing
at any time and re quire sys tems to take cor rec tive ac tion. States
may eval u ate the need for as sess ment mon i tor ing on a case-by-
case ba sis. EPA rec om mends that the fol low ing risk fac tors be
considered by states in targeting high risk systems:

 1. high pop u la tion den sity com bined with on-site wastewater
treat ment sys tems;

 2. aqui fers with re stricted geo graphic ex tent, such as bar rier is -
land sand aqui fers;

 3. sen si tive aqui fers (e.g., karst, frac tured bed rock and gravel);

 4. shal low un con fined aqui fers;

 5. aqui fers with thin or ab sent soil cover; and

 6. wells pre vi ously iden ti fied as hav ing been fecally con tam i -
nated.

For those sys tems that al ready treat drink ing wa ter to re li ably
achieve at least 99.99 per cent (4-log) in ac ti va tion or re moval of
vi ruses, the rule re quires reg u lar com pli ance mon i tor ing to en -
sure that the treat ment tech nol ogy in stalled is re li ably removing
contaminants.
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Ground Water Rule Q & A, cont.

The Leg is la tive-Cit i zen Com mis sion on Min ne sota Re sources
(LCCMR) is sued a Re quest for Pro pos als (RFP) in Oc to ber 2006 
for pro jects re quest ing fund ing from the En vi ron ment and Nat u -
ral Re sources Trust Fund for the FY 08-09 bi en nium. Pro posal
hear ings were held late 2006 and rec om men da tions for fund ing
were re leased by the end of 2006. A to tal of $ 23,366,000 is in -
cluded in the rec om men da tion. 

Sev eral ground-wa ter re lated pro jects have been in cluded in the
rec om men da tion and in clude:

S County Geologic Atlas Acceleration, Minnesota Geological
Survey, $400,000.

S Innovative Springshed Mapping for Trout Stream
Management, University of Minnesota, $270,000.

S Wa ter Re source Sustainability, Uni ver sity of Min ne sota,
$292,000.

To read all the pro pos als and any sup ple men tary ma te ri als, see
the link be low. 

Fund ing bills (H.F. 293 and S.F. 450) are cur rently be ing con sid -
ered in the Min ne sota Leg is la ture.

The func tion of the LCCMR (for merly the Leg is la tive Com mis -
sion on Min ne sota Re sources [LCMR]) is to make fund ing rec -
om men da tions to the leg is la ture for nat u ral re source pro jects
pri mar ily from the En vi ron ment and Nat u ral Re sources Trust
Fund. These pro jects are to help pro tect and en hance Min ne -
sota’s nat u ral re sources.

The LCMR de vel oped from a pro gram ini ti ated in 1963. Prior to
June 1, 2006, over $525 mil lion has been ap pro pri ated to ap -
prox i mately 1,214 pro jects rec om mended by LCMR to pro tect
and en hance Min ne sota’s nat u ral re sources. 

For more in for ma tion, go to the LCCMR web site at 
www.commissions.leg.state.mn.us/lcmr/

Leg is la tive-Cit i zen Com mis sion on Min ne sota Re sources (LCCMR) Rec om mends 
Wa ter Re source Pro jects

What are the deadlines for completing actions
required by the rule?
States have two years to adopt the rule. In Min ne sota, the De -
part ment of Health (MDH) will seek del e gated au thor ity to im -
ple ment the GWR. The com pli ance date for trig gered mon i tor ing 
(and as so ci ated cor rec tive ac tions) and com pli ance mon i tor ing is
De cem ber 1, 2009. There are no timeframes as so ci ated with the
as sess ment mon i tor ing be cause it is at the op tion of state. States
must com plete their ini tial round of san i tary sur veys by De cem -
ber 31, 2012, for most com mu nity wa ter sys tems. States will
have un til De cem ber 31, 2014, to com plete the ini tial san i tary
sur vey for com mu nity wa ter sys tems that are iden ti fied by the
state as outstanding performers and noncommunity water
systems.

How will the GWR be implemented in Minnesota?
MDH staff an tic i pates com plet ing its pri macy pack age within the 
al lot ted three years. At this early point, it is hard to know 

spe cific ways in which the Min ne sota pro gram will be con -
structed, es pe cially be cause EPA has yet to re lease much of its
key guid ance on im ple ment ing the GWR. The GWR of fers states 
con sid er able flex i bil ity in im ple men ta tion. Op por tu ni ties for
state flex i bil ity gen er ally fall into cat e go ries of de fin ing 1) sys -
tem de fi cien cies, 2) ap proaches for cor rec tive ac tions, and 3) op -
tions for source as sess ments and mon i tor ing. Much of how
Min ne sota al ready im ple ments other Safe Drink ing Wa ter Act
re quire ments over laps with GWR re quire ments. Ac cord ingly, the 
regulated community is not expected to notice radical changes. 

Why is it called the Ground Water Rule and not
the Groundwater Rule?
Be cause the EPA pre fers ac ro nyms with three let ters (i.e. GWR
rather than GR).

¾ adapted from an EPA news re lease.

http://www.commissions.leg.state.mn.us/lcmr/
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Low Lev els of PFBA Found in Six Cit ies’ Wells in South east Met ro pol i tan Area

Levels pose no immediate health risk to
residents; source under investigation
The Min ne sota De part ment of Health (MDH) has de tected low
lev els of the chem i cal perfluorobutanoic acid (PFBA) in mu nic i -
pal wells in Woodbury, Cot tage Grove, New port, St. Paul Park,
South St. Paul and Hastings. The con tam i na tion in all of these
cit ies, ex cept Woodbury, ap pears to be in an area of ground wa ter 
that is sep a rate from the one in Lake Elmo and Oak dale. The
source of this new area of con tam i na tion is un der in ves ti ga tion. 

PFBA is one of a fam ily of chem i cals known as perfluoro- 
chemicals or PFCs. They were made and used by sev eral com pa -
nies around the world in house hold and in dus trial prod ucts such
as stain re pel lents, lu bri cants, fire re tar dants and sup pres sants,
pes ti cides, sur fac tants, and emul si fi ers. PFBA was made by the
3M Com pany at its Cottage Grove facility.

Stud ies in lab o ra tory an i mals have shown that PFCs may cause
health prob lems if con sumed in large enough quan ti ties over
long pe ri ods of time, or con sumed at a sen si tive time dur ing de -
vel op ment. Stud ies by 3M of work ers ex posed to PFCs dur ing
man u fac tur ing show no ap par ent impact on their health.

“Find ing this chem i cal at low lev els does not pose an im me di ate
health risk for res i dents,” said John Linc Stine, di rec tor of the
En vi ron men tal Health Di vi sion for MDH. “It does mean we need 
to pro ceed cau tiously, in ves ti gate fur ther and, if nec es sary, take
steps to re duce peo ple’s ex po sure for the long term. Our tox i col -
o gists are cur rently eval u at ing the lim ited sci en tific information
available on PFBA.”

Staff from MDH and the Min ne sota Pol lu tion Con trol Agency
will be con duct ing ex ten sive test ing, in clud ing pri vate wells, to
de ter mine the ex tent of the ground wa ter con tam i na tion. City
wells will be mon i tored monthly for levels of PFCs.

The PFBA was found as part of MDH’s on go ing in ves ti ga tion
into ground wa ter con tam i na tion in south ern Wash ing ton County. 
The in ves ti ga tion be gan sev eral years ago when health of fi cials
learned 3M dis posed of PFC wastes at three sites in Wash ing ton
County: the for mer Wash ing ton County San i tary Land fill, the
for mer Abresch Dump in Oak dale, the 3M Cot tage Grove fa cil ity 
and an other dis posal site on the border of Woodbury and Cottage 
Grove.

In 2004, MDH staff be gan col lect ing sam ples from pri vate wells
in the city of Lake Elmo to look for two PFCs, perfluorooctane
sulfonate (PFOS) and perfluorooctanoic acid (PFOA). Low lev -
els of PFOA were found in a few pri vate wells near the Wash -
ing ton County Land fill. In 2005, more test ing de tected PFOS and 
PFOA in a larger group of pri vate wells in Lake Elmo and sev -
eral city wells in Oak dale. Tests in sev eral other nearby mu nic i -
pal wa ter sup plies, in clud ing Cot tage Grove, Woodbury, and
Hastings did not find PFOA or PFOS.

In spring 2006, the MDH Pub lic Health Lab o ra tory de vel oped
meth ods to de tect five more types of PFCs. Anal y sis of the wa ter 
sam ples re vealed that one of these, PFBA, is wide spread. PFBA
seems to move very freely in the ground wa ter; more so than
PFOS or PFOA. It does not break down or de grade. PFBA has
now been found in two dis tinct ar eas of south ern Washington
County. One area of ground wa ter con tam i na tion ap pears to orig i -
nate from the for mer Wash ing ton County Land fill in Lake Elmo

and the for mer Abresch Dump in Oak dale. This area ex tends
into the City of Woodbury. In drink ing wa ter near the dis posal
sites, mul ti ple PFCs, in clud ing PFOA and PFOS, were found.
Only PFBA was found in the Woodbury municipal wells.

A sec ond area of ground wa ter con tam i na tion is lo cated fur ther
south and is pri mar ily PFBA, with no de tec tions of PFOA or
PFOS. PFBA has been de tected in all of the city wells in Cot -
tage Grove, St. Paul Park and New port and in some city wells
in South St. Paul and Hastings. This area of con tam i na tion may 
orig i nate from the dis posal site on the bor der of Woodbury and 
Cottage Grove. So far, PFCs have not been found in lim ited
test ing of ground wa ter else where in the met ro pol i tan area.

“Learn ing about chem i cal con tam i na tion in ground wa ter is a
step-by-step pro cess,” Stine said. “Though the dis cov ery of
PFCs in the south east metro is rel a tively new, test ing in for ma -
tion from the last cou ple of years sug gests that the lev els of
PFCs in the ground wa ter are sta ble and not in creas ing. The
test ing in for ma tion also sug gests that PFCs have been pres ent
for some time. Our test ing for these chem i cals has improved
since we began.”

MDH has been us ing the [for mer] well ad vi sory guide line for
PFOA, 1 part per bil lion (ppb), as a tem po rary guide line for
PFBA. “It’s im por tant to note that these are guide lines and
there is not a bright line of health risk for find ings just above
or be low the num ber of 1,” Stine said. “The lev els of PFBA in
each of the four cit ies is still very low. Some wells in Cot tage
Grove and St. Paul Park slightly ex ceed the MDH guide lines.
The ini tial sam pling re sults for South St. Paul and Hastings
still need to be confirmed.” 

Sci en tific un der stand ing of the rel a tive tox ic ity of PFBA, along 
with the other PFCs is evolv ing. “Look ing at new stud ies and
some un der way, we an tic i pate that PFBA should be less toxic
to peo ple than PFOA based on its chem i cal char ac ter is tics and
on pre lim i nary data from an i mal stud ies,” Stine said. “In con -
trast to PFOA and PFOS, PFBA does not ap pear to ac cu mu late 
in an i mals or peo ple.” Once the stud ies are com pleted and re -
viewed, MDH will de velop spe cific ad vice for PFBA as well
as revised values for PFOS and PFOA. 

MDH will con tinue to pro vide tech ni cal sup port to cit ies for
man ag ing their drink ing water sys tems. While there is no im -
me di ate con cern for drink ing wa ter, res i dents who have PFBA
in their drink ing wa ter and wish to re duce their ex po sure can
take some sim ple steps. They can use bot tled wa ter for part or
all of their drink ing or cook ing needs. Also, fil ters con tain ing
gran u lar ac ti vated car bon (GAC) re move PFCs, in clud ing
PFBA. Many com mon water filters contain GAC.

For fur ther in for ma tion con tact the MDH En vi ron men tal
Health Di vi sion at 651-201-4897 or visit MDH’s Drink ing
Wa ter Pro tec tion Web page at: www.health.state.mn.us/divs/
eh/water/index.html. For a map of PFC plumes in South ern
Wash ing ton Co.:  www.health.state.mn.us/news/pressrel/
drinkingwater011907.pdf. PFBA in the Ground wa ter of the
South East Metro Area: www.health.state.mn.us/divs/eh/
hazardous/topics/pfbasemetro.html

For more in for ma tion, con tact Doug Schultz, MDH Com mu ni ca -
tions at (651) 201-4993. From a news re lease from the Min ne -
sota De part ment of Health dated Jan u ary 19, 2007.

http://www.health.state.mn.us/divs/eh/water/index.html
http://www.health.state.mn.us/divs/eh/water/index.html
http://www.health.state.mn.us/news/pressrel/drinkingwater011907.pdf
http://www.health.state.mn.us/news/pressrel/drinkingwater011907.pdf
http://www.health.state.mn.us/divs/eh/hazardous/topics/pfbasemetro.html
http://www.health.state.mn.us/divs/eh/hazardous/topics/pfbasemetro.html
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The Min ne sota De part ment of Health (MDH) an nounced on
March 1, 2007, that it is tak ing fur ther steps to pro tect the health
of res i dents in south Wash ing ton County from long-term ex po -
sure to perfluorochemicals (PFCs) in groundwater.

Based on the lat est sci en tific in for ma tion, MDH has low ered its
Health Based Val ues (HBVs) for perfluorooctanoic acid (PFOA) 
and perfluorooctane sulfonate (PFOS), two mem bers of PFC
group of chem i cals that have been found at low lev els in ground -
wa ter in south ern Wash ing ton County. The new HBVs are 0.5
parts per bil lion (ppb) for PFOA and 0.3 ppb for PFOS. The
guide lines pre vi ously used were 1 ppb and 0.6 ppb respectively.

“We have been re view ing the avail able data over the last few
months and con cluded that there is suf fi cient sci en tific ba sis at
this time to jus tify re vis ing the health based val ues for PFOA and 
PFOS,” said Min ne sota Health Com mis sioner Dianne
Mandernach.

While re search to date has shown no di rect ev i dence that PFCs
cause health prob lems in hu mans, stud ies in lab o ra tory an i mals
in di cate that at higher doses, PFCs may in ter fere with liver and
thy roid func tion and may cause de vel op men tal effects.

“The new val ues are pro tec tive, sci en tif i cally sound and well-re -
searched,” said John Linc Stine, di rec tor of the En vi ron men tal
Health Di vi sion for MDH. The new HBV for PFOA, 0.5 ppb, is
the same as a num ber im ple mented by the En vi ron men tal Pro tec -
tion Agency (EPA) in an en force ment ac tion in West Vir ginia
that be came effective Nov. 17, 2006.

A Health Based Value is the con cen tra tion of a ground wa ter con -
tam i nant, or a mix ture of con tam i nants, that poses lit tle or no risk 
to health, even if con sumed daily over a life time. The up dated
HBVs for PFOA and PFOS take into con sid er ation the po ten tial
for health im pacts dur ing fe tal and other de vel op men tal life
stages. A clearer un der stand ing of how long these chem i cals stay 
in the hu man body is also reflected in the revised HBVs.

MDH is work ing with Oak dale and Lake Elmo to ad dress pub lic
and pri vate wells that may be af fected by the low er ing of the
HBVs for PFOA and PFOS. Most res i dents in the Lake Elmo
and Oak dale area will not be af fected by the change be cause they 
are con nected to mu nic i pal wa ter sys tems that don’t con tain
PFCs or treat the ground wa ter before distribution.

The low er ing of the Health Based Val ues for PFOA and PFOS
does not af fect those por tions of south ern Wash ing ton County
and north ern Da kota County where only perfluorobutanoic acid
(PFBA), an other PFC com pound, has been found in ground wa -
ter. 

Those ar eas fall un der the de part ment’s drink ing wa ter ad vice on 
PFBA, which the de part ment re it er ated today. 

“We rec om mend that any one who has con cerns about the po ten -
tial health im pacts from PFBA in their wa ter should limit or re -
duce their in take of wa ter that has a con cen tra tion of more than 1 
ppb,” Stine said.

In take of con tam i nated drink ing wa ter can be re duced by drink -
ing bot tled wa ter or by fil ter ing tap wa ter used for drink ing or
cook ing through a point-of-use (POU) ac ti vated car bon fil ter,
which re moves or greatly re duces PFBA. Wa ter used for 

bath ing, show er ing or other non-ingestive house hold uses does
not pose a health risk, based on current data.

“We’ve had an ini tial round of com mu nity meet ings where more
than 800 peo ple heard our ad vice and heard us talk about things
they can do to limit their ex po sure if they choose,” Stine said.
“But we know that there are far more than 800 peo ple in the
com mu ni ties and ar eas af fected by the con tam i na tion, so we
want to take ev ery op por tu nity we can to re-em pha size our ad -
vice. We also want to share as broadly as pos si ble what we know 
about point-of-use fil ters, small, in ex pen sive fil ters that can be
used to fil ter tap wa ter.” 

Point-of-use (POU) fil ters can be an ef fec tive way to re duce ex -
po sure, MDH staff found. They re cently tested a num ber of POU 
fil ters com monly avail able in stores. The test ing found that a
sim ple pitcher fil ter that con tains ac ti vated car bon was par tially
ef fec tive at re mov ing PFBA from the wa ter, but al lows more
PFBA to pass through as ad di tional wa ter is fil tered. A fau -
cet-mounted fil ter con tain ing ac ti vated car bon worked better,
show ing full re moval of PFBA through about half of its man u -
fac turer’s pre dicted fil ter life time, and good re moval at up to
70-80 per cent of its life time. Fau cet-mounted fil ter ing de vices
com monly range in price from $15 to $25 and re place ment fil ters 
cost ap prox i mately $15 to $20. Ad di tional in for ma tion on POU
fil ters with ac ti vated car bon is available from the MDH Web site 
or by calling 651-201-4897.

Stine said MDH staff have de ter mined that suf fi cient tox ic ity
data does not ex ist to cal cu late a chem i cal-spe cific HBV for
PFBA. How ever, the ad vice is based on a com par i son of the ex -
ist ing PFBA data to what is known about other PFCs.

“The data that are avail able for PFBA in di cate that this chem i cal
is less toxic than PFOA, a sim i lar chem i cal,” Stine said. “We be -
lieve that 1 ppb is a pro tec tive num ber for PFBA, based on the
most re cent sci ence, and is pro tec tive even of those who may
have higher rel a tive wa ter con sump tion rates, such as preg nant
women, nurs ing moth ers and small children.”

Mandernach added, “As more data be come avail able, we will ex -
am ine it, with the in tent of de vel op ing a Health Based Value for
PFBA. We will con tinue to work with the EPA, pri vate sec tor
and ac a de mia, to ac cel er ate that re search and con tinue to con sult
with ex perts on this group of chemicals.”

For more in for ma tion, con tact: Doug Schultz, MDH Com mu ni ca -
tions at (651)201-4993 or John Linc Stine, MDH En vi ron men tal
Health at (651)201-4675. From a news re lease from the Min ne -
sota De part ment of Health dated March 1, 2007.

Health of fi cials is sue new health guide lines for PFOA, PFOS; re it er ate 
pro tec tive ad vice on PFBA

Send your com ments on any ar ti cle to
 ed i tor@mgwa.org
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¾ con tin ued on page 8.

The Seven Won ders of Min ne sota Ge ol ogy 

Fig ure 1.  Pal i sade Head with Shovel
Point in the Back ground. Photo, D. Pelto.
www.dnr.state.mn.us/fall_colors/
parkphotoviewer.html?
id=1156968173996

TECHNICAL FEATURE

For a state sit u ated on the edge of the
prai rie, Min ne sota has a re mark able abun -
dance of both fas ci nat ing and sce nic geo -
log i cal fea tures. Sur pris ingly, many of
these fea tures have no con nec tion to Min -
ne sota’s fa mous “10,000 lakes.” Seven of
these fea tures are standouts that I be lieve
de serve spe cial rec og ni tion and are of in -
ter est to the ge ol o gist and gen eral pub lic
alike.

To award the “Seven Won ders” I needed
some se lec tion cri te ria. To put it sim ply, I
looked for nat u ral won ders pri mar ily of
geo log i cal sig nif i cance that are unique in
some way. Nat u rally, there are many
more than seven com pa ra ble won ders in
Min ne sota. And many al ter na tive lists
could be de vel oped with equal stand ing.
So it is af ter some weighty de lib er a tion
and a healthy dose of hu mil ity that I
award the “seven won ders of Min ne sota
ge ol ogy.”

1. Shovel Point and Pal i sade
Head - North Shore of Lake
Su pe rior (Lake County)
Sil ver Bay 
This is world class scen ery on a still-wild
sec tion of fresh wa ter coast line that can not 
dis ap point. Pal i sade Head is a red dish ig -
ne ous in tru sion form ing a 200-foot es -
carp ment that rises out of Lake Su pe rior
(see Fig ure 1). It con sists mainly of rhy o -
lite, part of the Pro tero zoic North Shore
Volcanics. Shovel Point, a rhy o lite sill, is
a mar vel ous biome with unique plants and 
sweep ing views of the lake. The hike
down to the rocky shore line can be chilly
be cause it is a point that juts out far into
the lake. Shovel Point is part of
Tettegouche State Park which boasts
other geo log i cal won ders that de serve
men tion ing like the falls of the Bap tism
River. The vis i tor also can de scend on
stairs to the lakeshore and get a better
view of the rhy o lite and ba salt up close.

The 1.1 bil lion year-old rhy o lite orig i -
nates from midcontinental rift lava flows.
Along Lake Su pe rior these lava flows tilt
to the south east. The con ti nent ripped
apart from Kan sas to Lake Su pe rior. The
lake it self is a nat u ral won der as the larg -
est fresh wa ter lake in area in the world.
While shared by other states and On tario,
Lake Su pe rior dis plays one of its most
beau ti ful stretches of coast line here in

Fig ure 3.  Mor ton Gneiss. La fay ette Geo -
log i cal So ci ety (LA)
www.lgsweb.org/field05a.html Fig ure 2. Lake Itasca. Photo, C. Cox

www.dnr.state.mn.us/fall_colors/
parkphotos.html?parkid=SPK00181 

Mis sis sippi. The river is roughly 2500
miles in length. The lake re mains in near
pris tine con di tion since its in cep tion as
the Mid west’s first per ma nent state park
in 1891. The lake is bor dered by an
old-growth ev er green for est which tow ers 
ca the dral style over park vis i tors. The
Mis sis sippi River is lit tle more than a 
riv u let here and can be crossed on foot
(see Fig ure 2).

Lake Itasca cov ers 4.7 square ki lo me ters
(1.8 square miles) in area and its max i -
mum depth 12 me ters (40 ft.) It is hy drau -
li cally con nected to Elk Lake on its
south west ern arm. Elk Lake, al though
many times smaller than Itasca, has been
nom i nated by some as the true head wa ters 
to the Mis sis sippi given that it flows into
Itasca dur ing years of nor mal and high
precipitation.

Lake Itasca is part of a knob and ket tle
land scape form ing a gla cial mo raine. The
lake formed in a bur ied bed rock val ley
be hind a block of melt ing gla cier. 

3. Mor ton Gneiss (Red wood
County) Red wood Falls 
Mor ton gneiss is a meta mor phosed gran -
ite-like rock that can be ob served in Red -
wood Falls and also in down town St. Paul 

at 4th and Mar ket Streets - at the base of
the Qwest build ing. This migmatitic crys -
tal line rock (see Fig ure 3) is quar ried in
nearby Renville County. Its min er al ogy is 
quartz, bi o tite and feld spars.

Formed dur ing the Archean age 3.6 bil -
lion years B.P., Mor ton gneiss is among
the old est of rocks in North Amer ica. It is
likely the old est dec o ra tive build ing stone 

Min ne sota. It is one of very few lakes
where you can gaze across its ex panse
and not see the op po site shore.

2. Lake Itasca
(Clearwater County)
In the land of lakes, Lake Itasca is unique
in that it is the head wa ters of the lon gest
named river in North Amer ica, the 

http://www.dnr.state.mn.us/fall_colors/parkphotoviewer.html?id=1156968173996
http://www.dnr.state.mn.us/fall_colors/parkphotoviewer.html?id=1156968173996
http://www.dnr.state.mn.us/fall_colors/parkphotoviewer.html?id=1156968173996
http://www.lgsweb.org/field05a.html
http://www.dnr.state.mn.us/fall_colors/parkphotos.html?parkid=SPK00181
http://www.dnr.state.mn.us/fall_colors/parkphotos.html?parkid=SPK00181
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in the world. Its his tory of sub jec tion to
tre men dous heat and stress from tec tonic
up lift has cre ated a swirl ing rain bow pat -
tern that is un mis tak able. The col or ation
and banded pat terns make for won der ful
build ing stone treat ments in Minnesota
and beyond.

Mor ton gneiss was thought to have
remelted un der tre men dous heat 2.6 
mil lion years ago. Af ter fold ing and ex -
treme de for ma tion the rock at tained its
swirled ap pear ance of today.

4. Stromatolites (St. Louis
County) Hoyt Lakes - Mesaba 
Stromatolites are fos sil as sem blages
formed by blue-green al gae or
cyanobacteria (see Fig ure 4). They are
found in rocks 2 to 3.5 bil lion years in age 
and are the old est of fos sils on earth. Dur -
ing for ma tion, they were the most dom i -
nant spe cies on earth, but now they are
form ing only in rare lo ca tions such as

Shark Bay, Aus tra lia and the Ba ha mas.
Stromatolites oc cur in the Biwabik for ma -
tion on the Iron Range of north east ern
Min ne sota. These fos sils con sist of chert
that has re placed car bon ate ma te rial. Red -
dish stromatolites are char ac ter is tic of he -
ma tite in the Biwabik Iron for ma tion.
They form in shal low ma rine en vi ron -
ments where tidal fluc tu a tions are evident 
and wave action is pronounced.

Seven Wonders of Minnesota, cont.

Else where in Min ne sota, cur rently form -
ing lake stromatolites have been iden ti -
fied. In 1992, the Min ne sota leg is la ture
en acted a law to pro tect stromatolites in
state wa ters. It states “A per son may not
pos sess, move, or dis turb a stromatolite
lo cated in wa ters of the state ex cept un der 
a per mit is sued by the com mis sioner
(DNR).” Stromatolites can be found in the 
for mer Cliffs-Erie mine and in and around 
other taconite pits. 

5. Hunter’s Lake Esker
(Sherburne County) Zimmerman
Al though sel dom seen by the pub lic, this
is one of the most vi su ally unique gla cial
fea tures in Min ne sota. An esker is a long,
nar row ridge of sand, gravel and boul ders 
de pos ited by a stream flow ing un der or in
a de cay ing con ti nen tal gla cier. The
Hunter’s Lake esker (see Fig ure 5) also
co in cides with a 25-mile long tun nel val -
ley that starts nearly 20 miles north east
near Stanchfield, Min ne sota. This esker
con tin ues vir tu ally un in ter rupted for two
miles go ing be yond the Hunter’s lakes to
the north east and to the south. Re lated
seg ments of the esker likely con tinue for
up to seven miles. The subglacial flu vial
dis charge oc curred to the south likely fan -
ning out to the outwash found at the in ter -
sec tion of Sherburne, Anoka, and Isanti
counties.

The esker slith ers snake-like across
Hunter’s Lake fol low ing a for mer
subglacial melt wa ter chan nel that had
icewalls as its banks. The de pos its in and
around the esker are sand, gravel and cob -
bles. The de pos its that form this esker are
likely as so ci ated with the Su pe rior Lobe
of late Wisconsinan gla ci ation. This gla -
cial ad vance was re spon si ble for gla cial
de pos its of the St. Croix mo raine in the

Fig ure 5. Hunter’s Lake Esker  -  Photo, L. 
Maher.

Fig ure 4. Stromatolites  
www.dnr.state.mn.us/fossils/
stromatolites.html

sur round ing area of Sherburne County.
The esker was formed as the gla cier de -
cayed around 20,000 years B.P.

The esker di vides Hunter’s Lake in half.
West Hunter’s Lake is 0.2 square ki lo me -
ters (58 acres) while East Hunter’s is
slightly smaller (54 acres). The deep est
part of the lakes is only two me ters (seven 
feet). Be cause the land scape is young,
poor drain age and wetlands sur round ing
eskers are rel a tively common.

6. White water State Park
(Winona County) Elba 
White water State Park boasts some of the
most de vel oped fea tures of surficial karst
in the Up per Mid west. The spires of car -
bon ate rock are rem i nis cent of Chi nese
paint ings from pre vi ous mil len nia. Most
of the Prai rie du Chien Group is fully ex -
posed here with the re sults of lime stone
dis so lu tion clearly vis i ble. Caves and cav -
i ties in the rock re veal solution channels.

One for ma tion eas ily ob served at the park 
is the Oneota Dolostone. It is quar ried in
south cen tral Min ne sota as the Mankato-
Kasota Lime stone. The New Rich mond
Sand stone and Shakopee for ma tion (do lo -
mite) may be found in a road cut near the
south en trance of the park on State High -
way 74. These for ma tions over lie the
Oneota Dolostone. The highly frac tured
Shakopee for ma tion is also vis i ble at the
top of Chim ney rock (see Fig ure 6) and
Coy ote Point. The Jor dan Sand stone

¾ con tin ued on page 11

Fig ure 6.  Chim ney Rock, White water
State Park  www.winona.edu/geology/
MRW/mrwimages/ChimneyRock2.jpg

http://www.dnr.state.mn.us/fossils/stromatolites.html
http://www.dnr.state.mn.us/fossils/stromatolites.html
http://www.winona.edu/geology/MRW/mrwimages/ChimneyRock2.jpg
http://www.winona.edu/geology/MRW/mrwimages/ChimneyRock2.jpg
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(Cam brian Age) can be ob served at the
White water River below Chimney Rock.

The me an der ing White water River and
mixed oak for est charm the vis i tor with
beauty and pro vide mul ti ple ex am ples of
weath er ing and ero sion in ac tion. The
river and park are named af ter the color of 
the wa ter af ter bank ero sion from storm
events.

7. Mys tery Cave (Fill more
County) Pres ton 
Part of Forestville State Park, Mys tery
Cave dis plays an abun dance of karst fea -
tures, vis i ble mostly un der ground. The
cav erns are tra versed by a dis ap pear ing
stream, or rather a stream that ap pears
above ground seem ingly out of no where.
The ground wa ter flows out of the cave
into a small trib u tary to the South Branch
of the Root River. Dur ing high wa ter, the
cave is also linked to the up stream
reaches of the South Branch.

Mys tery Cave is the lon gest ac ces si ble
cave in the up per Mid west. More than
twelve miles of pas sage ways pass be -
tween two for ma tions with vis i bly vary -
ing com po si tion. The Stewartville and the 
over ly ing Dubuque lime stones of
Ordivician age can be seen within the
cave. These rocks are ap prox i mately 447
million years old.

Seven Won ders of Min ne sota Ge ol ogy, cont.

Mys tery Cave has been kept in a near-
nat u ral state by the DNR. The vis i tor’s
cen ter is ex cel lent as are the guided cave
tours. There are fish that live in the cave
af ter high wa ter events, but they do not
re pro duce there so they are not re lated to
the cave-dwell ing blind spe cies found in
Mis souri and Ar kan sas. Fos sils em bed ded 
in the lime stone may be in spected up
close. Also flowstone and stand ing pools
of wa ter are vis i ble in the cave (Fig ure 7).

A com plete list of Min ne sota geo log i cal

Fig ure 7. Pool of Wa ter at Mys tery Cave,
Forestville State Park  - Photo, T. Clark.

won ders would be very ex ten sive and
would take years to visit. A use ful ar ti cle
by MN De part ment of Nat u ral Re sources
staff on geo log i cal won ders of Min ne sota
State Parks can be found at
www.dnr.state.mn.us/volunteer/marapr02/
geological.html. In for ma tion on
Tettegouche State Park and Forestville
State Park are found there and were used
in my article.

¾ Kurt Schroeder, News let ter Team
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At MGWA’s fall ground wa ter con fer -
ence, Ca thy O’Dell of the Min ne sota Pol -
lu tion Con trol Agency (MPCA) pre sented 
a num ber of on-line ground wa ter data
sources. Be cause there were sev eral re -
quests for the website links to this in for -
ma tion, we’ve pro vided them be low.

MPCA’s Base line Wa ter Qual ity of Min -
ne sota’s Prin ci pal Aqui fers (1992-1996):
www.pca.state.mn.us/water/groundwater/
gwmap/gw-baseline.html 

MPCA’s cur rent am bi ent ground wa ter
mon i tor ing stud ies (see page 13):
www.pca.state.mn.us/water/groundwater/
gwmap/gw-conditionmonitoring.html

www.pca.state.mn.us/water/groundwater/
gwmap/gw-trendmonitoring.html

Min ne sota De part ment of Ag ri cul ture 
(MDA)’s Mon i tor ing and As sess ment for
Ag ri cul tural Chem i cals in the En vi ron -
ment: 

www.mda.state.mn.us/appd/ace/
maace.htm

U.S. Geo log i cal Sur vey (USGS) Na tional
Wa ter In for ma tion Sys tem:
waterdata.usgs.gov/mn/nwis/gw

MPCA’s What’s in My Neigh bor hood
(search able in ven tory of sites en rolled in
MPCA cleanup pro -
grams or are oth er -
wise listed by the
MPCA):
www.pca.state.mn.us/
backyard/
neighborhood.html

MDA’s What’s In My 
Neigh bor hood? (sim i -
lar to MPCA in ven -
tory but for agri-
cul tural re lease sites)
www.mda.state.mn.us 
/incidentresponse/

On-Line Ground Wa ter Data Sources

neighborhood.htm

MGWA link to the Min ne sota Ground
Wa ter In for ma tion Guide:
www.mgwa.org/gwig/index.html

For more in for ma tion, con tact Ca thy
O’Dell at 651/296-7727 or
Catherine.Odell@state.mn.us.

http://www.dnr.state.mn.us/volunteer/marapr02/geological.html
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http://www.dnr.state.mn.us/fossils/stromatolites.html
http://www.dnr.state.mn.us/fossils/stromatolites.html
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PROFESSIONAL NEWS

In mid-De cem ber 2006, John McDermott died af ter 
an ab bre vi ated bout with can cer. He was a tal ented
hydrogeologist and en vi ron men tal ad vo cate. He
had a BS De gree in Ge ol ogy from the Uni ver sity of 
Idaho and did grad u ate study at the New Mex ico
In sti tute of Min ing and Tech nol ogy. 

John was part owner of Da vis Drill ing in Bill ings,
Montana dur ing the 1980’s. He left Montana to
work at the Min ne sota Pol lu tion Con trol Agency
from 1987 to 1991 as a hydrogeologist. There John
came up with the orig i nal con cept for the cur rent
Min ne sota Closed Land fill Pro gram. He no ticed
that the Superfund pro gram was in ef fec tive in deal -
ing with land fills. He sug gested that clean up of
closed land fills would be much more ex pe di ent if
the State took over re spon si bil ity for them. The
Min ne sota Leg is la ture adopted the con cept in 1994, 
and it is still an ac tive and effective program to this
day.

John was re nowned for his end less good hu mor and as a tire less bi cy clist, gar dener and com mu -
nity ac tiv ist. He worked for Cap sule En gi neer ing from 1991 to 2001 and for sev eral years more
re cently with EnviroRisk con sul tants. He was 59 at his pass ing. He is sur vived in the Twin Cit ies 
by his wife and son.

John McDermott, hydrogeologist, passes away

Shelby Boardman, pro fes sor of ge ol ogy at Carleton Col lege, died sud denly on Jan u ary 19, 2007,
at the age of 62. Shelby taught ge ol ogy for 35 years at Carleton, where his spe cialty was teach ing 
min er al ogy and pe trol ogy. He joined the fac ulty in 1971 and, in ad di tion to many years of teach -
ing, per formed sev eral ad min is tra tive func tions for the col lege. He re turned to teach ing last fall
af ter step ping down in 2005 from three years as dean of the Col lege and en joy ing a sab bat i cal
year in 2005-2006. 

Shelby’s smile was a
de fin ing char ac ter is tic.
It was a tool he wielded
with aplomb in greet ing
all that he met, in putt -
ing ner vous stu dents at
ease, and in car ry ing out 
the oc ca sional mis chie -
vous prank. His
straight for ward hon esty, 
cheer ful de meanor, and
abid ing in ter est in ed u -
cat ing un der grad u ates
helped to make the ge -
ol ogy de part ment at
Carleton a place of
warm con ge nial ity
where excellence could
blossom.

In Memoriam: Shelby J. Boardman

Send your com ments to
ed i tor@mgwa.org

¾ Taylors Falls, 2004. Photo by Leah Mor gan.
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¾ By Well Man age ment Sec tion, Min ne sota De part ment of
Health

The Min ne sota De part ment of Health (MDH) has des ig -
nated four new Spe cial Well Con struc tion Ar eas. These
SWCAs are as fol lows:

S Eckles Township (Beltrami County): Sections 13, 14, 23,
and 24 of Township 147 North, Range 34 West.  Ground
water is contaminated by nitrate at levels approaching 
30 milligrams/liter (mg/l) in a surficial sand aquifer.

S City of Spring Grove and Spring Grove Township
(Houston County): Sections 11,12,13, and 14, of Township
101 North, Range 7 West. Ground water is contaminated by
1,1,2-trichloroethene (TCE) in bedrock aquifers from the
Galena Limestone down into the Jordan Sandstone.

S City of Long Prairie (Todd County): Portions of sections
16, 17, 20, and 21, of Township 129 North, Range 33 West.
Ground water is contaminated by 1,1,2,2-tetrachloroethene
and related chlorinated organics in an alluvial/outwash
aquifer.

er a tion with the Min ne sota De part ment of Health and Min ne sota
De part ment of Ag ri cul ture. Each agency’s mon i tor ing re spon si -
bil ity and role are out lined in a Mem o ran dum of Agree ment,
which can be found on line at www.pca.state.mn.us/
publications/gw-monitoringsystemagreement.pdf.

Dur ing 2007, the MPCA will con duct a range of ground wa ter
mon i tor ing ac tiv i ties to meet the am bi ent ground wa ter mon i tor -
ing pro ject’s pri mary ob jec tives, which are: 

S As sess im pacts of non-ag ri cul tural chem i cals on the con di tion
of ground wa ter in Min ne sota

S Eval u ate trends in am bi ent ground wa ter qual ity
S Iden tify and mon i tor fac tors that af fect am bi ent ground wa ter

qual ity
S Pro vide ex per tise and sam pling sup port for emerg ing

con tam i nants

MPCA cur rently has a da ta base of over 12,000 shal low and po -
ten tially vul ner a ble do mes tic and mon i tor ing wells. The da ta base 
serves as the pro gram’s can di date pool of wells. All can di date
wells are lo cated in non-ag ri cul tural ar eas. Can di date do mes tic
wells are in sen si tive hydrogeologic set tings such as surficial
sand aqui fers or where the Prai rie du Chien, Jor dan, or Ga lena
for ma tions are the up per most bed rock unit. Can di date mon i tor -
ing wells pri mar ily oc cur in coarse-tex tured surficial aqui fers.

The am bi ent pro gram’s pool of can di date wells was de signed to
act as a ‘sen try sys tem’ for ground wa ter con tam i na tion: the pro -
gram chooses wells that are vul ner a ble to con tam i na tion but that
are not known to be con tam i nated from a par tic u lar source. 

To as sess im pacts of non-ag ri cul tural chem i cals on the con di tion 
of ground wa ter, MPCA con ducts an nual sam pling of do mes tic
and mon i tor ing wells ran domly se lected from the pro gram’s 
can di date wells. Analytes in clude chlo ride, ni trate, vol a tile 

¾ con tin ued on page 14.

MDH Des ig nates Four New Spe cial Well Con struc tion Ar eas

S City of Perham (Ot ter Tail County): Por tions of sec tions 14
and 23, Town ship 136 North, Range 39 West. The surficial
sand aqui fer is con tam i nated with ar senic.

The au thor i ty to des ig nate a SWCA are es tab lished in Min ne sota 
Stat utes, sec tion 103I.101, sub di vi sion 5 (7), and in Min ne sota
Rules, part 4725.3650. The MDH may es tab lish spe cific re quire -
ments re gard ing the con struc tion, re pair, and seal ing of wells
within a SWCA, in clud ing plan re view and ap proval, wa ter qual -
ity mon i tor ing, and other mea sures to pro tect pub lic health and
pre vent fur ther deg ra da tion of ground wa ter. The pri mary ob jec -
tive of any SWCA is to make sure that wells pro vide a
long-term, safe source of drink ing wa ter. In ad di tion, there may
be con cerns re gard ing wells and bor ings ag gra vat ing an ex ist ing
ground wa ter con tam i na tion prob lem or in ter fer ing with re me dial 
mea sures.

For more de tailed in for ma tion on these and other SWCAs, you
may con tact Mi chael Convery at 651/201-4586 or visit the Well
Man age ment Sec tion website on SWCA’s at
www.health.state.mn.us/divs/eh/wells/swca/index.html. 

¾ By Mindy Erickson, Min ne sota Pol lu tion Con trol Agency

Do you need to know the back ground se le nium con cen tra tion in
Ot ter Tail County ground wa ter so that you can com plete a site
in ves ti ga tion or remediation de sign?

Are you try ing to as sess whether in creas ing storm water in fil tra -
tion near a trout stream will help pro tect the frag ile cold-wa ter
trout hab i tat?

Are won der ing what the back ground iron, man ga nese, and ar -
senic con cen tra tions are in ground wa ter in west ern Wright
County to know whether a treat ment sys tem would be ad vis able
for a new home that will be served by a do mes tic well?

Do you need to es ti mate how much road salt is be ing in tro duced
to an im paired ur ban stream via ground wa ter base flow?

Are you try ing to eval u ate the ef fec tive ness of ef forts to re duce
ni trate con tam i na tion in ground wa ter in Brown County?

The data to help an swer these types of ques tions – and many
more – are avail able from the Pol lu tion Con trol Agency’s
(MPCA) am bi ent ground wa ter mon i tor ing project.

In the midst of bud get cuts dur ing 2001, MPCA’s Ground Wa ter
Mon i tor ing and As sess ment Pro gram (GWMAP) am bi ent
ground wa ter mon i tor ing ac tiv i ties were dis con tin ued. Pro gram
discontinuation was the last news that many peo ple in the ground 
wa ter com mu nity heard about MPCA’s am bi ent ground wa ter
mon i tor ing ac tiv i ties. But in 2003, the pro gram was qui etly re -
started on a small scale.

Am bi ent ground wa ter mon i tor ing is back at
MPCA!
MPCA’s am bi ent ground wa ter mon i tor ing is widely iden ti fied
as the state wide base line wa ter chem is try sur vey con ducted dur -
ing the mid 1990s by GWMAP, but the base line study is just one 
past pro ject of the MPCA’s ground wa ter mon i tor ing ef forts.

The MPCA con ducts am bi ent ground wa ter mon i tor ing in co op -

Am bi ent Ground Wa ter Mon i tor ing at MPCA

http://www.health.state.mn.us/divs/eh/wells/swca/index.html
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Am bi ent Ground Wa ter Mon i tor ing at MPCA, cont.

or ganic com pounds (VOCs), and field pa ram e ters (e.g., tem per a -
ture). At some mon i tor ing wells, ad di tional sam ples are col lected 
to as sist other ground wa ter mon i tor ing pro grams (e.g., pes ti -
cides for the Min ne sota De part ment of Ag ri cul ture).

Long-term trends in am bi ent ground wa ter qual ity are eval u ated
by re-sam pling wells that meet at least one the fol low ing cri te ria: 
ni trate con cen tra tion ex ceed ing 3.0 mg/L, a VOC de tec tion, or
chlo ride con cen tra tion exceeding 150 mg/L.

Sev eral types of mon i tor ing are con ducted to sup port eval u a tion
of fac tors that af fect am bi ent ground wa ter qual ity. For ex am ple,
changes in ground wa ter qual ity are mon i tored in ur ban ar eas
that are un der go ing land use tran si tion. Ex am ples of land use
tran si tions in clude de vel op ment of un de vel oped land, brown-
field re de vel op ment, or ex ten sion of mu nic i pal ser vices to pre vi -
ously non-sewered res i den tial ar eas. The MPCA is also mon i tor -
ing the im pacts to ground wa ter from storm wa ter in fil tra tion
sys tems and im pacts from clay-lined ma nure con tain ment 
sys tems.

When ap pro pri ate, ground wa ter mon i tor ing staff pro vides ex -
per tise and sam pling sup port to other groups in ter ested in ground 
wa ter qual ity, such as MPCA’s Emerg ing Is sues Team. For ex -
am ple, in late 2006 a small num ber of mon i tor ing wells were
sam pled for perfluorinated com pounds (PFCs) in re sponse to re -
cent re ports and con cern about PFC de tec tions in re mote sur face
wa ter bod ies.

MPCA is ac tively col lect ing ground wa ter in for ma tion in sup port 
of its am bi ent ground wa ter mon i tor ing goals – but with the an -
tic i pa tion of sup port ing myr iad other needs. If you are un fa mil iar 
with MPCA’s past and pres ent ground wa ter in for ma tion, data,
and re ports, please visit our website at:
www.pca.state.mn.us/water/groundwater/gwmap/. 

For more in for ma tion, con tact Mindy Erickson (651-297-8383 or 
mindy.erickson@state.mn.us) or Jim Stockinger (651-296-6549
or jim.stockinger@state.mn.us).

Ground Wa ter and Flow Mon i tor ing Unit Es tab lished at MPCA

Mike Sandusky, Di rec tor of the En vi ron men tal Anal y sis and
Out comes Di vi sion at the Min ne sota Pol lu tion Con trol Agency
(MPCA) has an nounced the cre ation of a new Wa ter Mon i tor ing
Sec tion for the Di vi sion. The new Sec tion, headed by Shan non
Lotthammer, will con sol i date lakes and streams mon i tor ing, bi o -
log i cal mon i tor ing and ground wa ter and flow mon i tor ing in one
area within the MPCA. In an nounc ing the re struc tur ing,
Sandusky men tioned that part of the rea son for the con sol i da tion
is to ad dress new and an tic i pated fund ing in creases un der the
Clean Wa ter Leg acy Act.

The pur pose of the Wa ter Mon i tor ing Sec tion is to mon i tor the
phys i cal, chem i cal and bi o log i cal con di tion of Min ne sota’s sur -
face and ground wa ter; co or di nate wa ter mon i tor ing ac tiv i ties
with other Agency Di vi sions and ex ter nal part ners; sup port and
pro mote vol un teer mon i tor ing; turn mon i tor ing data into use ful
in for ma tion to as sess Min ne sota wa ters; help iden tify sources of
pol lu tion, and track changes over time; and to pro vide that in for -
ma tion to the Agency, stake holders and the pub lic.

The new Ground Wa ter and Flow Mon i tor ing Unit in cludes the
unit su per vi sor (yet to be named at the time of this writ ing), 5.5
pro fes sional po si tions (filled from in ter nal trans fers), and a stu -
dent in tern to as sist the am bi ent ground wa ter mon i tor ing pro -
gram. Spe cific ac tiv i ties of the new unit are to:

S Plan and implement the MPCA’s ambient ground water
monitoring network and ground water data
management/access improvements for the agency.

S Lead the Division and Agency’s effort to identify and develop
needed best management practices (BMPs) for ground water
protection, as required by MPCA’s Strategic Plan.

S Plan and implement focused ground water monitoring studies,
such as the Stormwater BMP study.

S Provide technical support and expertise to the Section and
Agency on ground water monitoring and ground water issues,
including ground water-surface water interactions.

S Coordinate Agency ground water monitoring efforts with
state, federal and local partners.

S Support volunteer ground water monitoring projects and
develop monitoring and educational partnerships with schools
and educators.

S Plan and conduct stream flow monitoring in support of
condition monitoring, basin planning and total maximum daily 
load development.

S Work with MPCA’s Regional Division to coordinate flow
monitoring activities, plan and implement flow monitoring
data management improvements, and develop common
protocols and share expertise and resources.

S An a lyze ground wa ter and flow mon i tor ing data and pre pare 
re ports.

¾ Sub mit ted by Tom Clark, MGWA News let ter Team

http://www.pca.state.mn.us/water/groundwater/gwmap/
mailto:mindy.erickson@state.mn.us
mailto:jim.stockinger@state.mn.us
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GREG BRICK'S GROUND WATER HISTORY

Ground Wa ter His tory — Apoc a lyp tic Wa ters: An Early Ac count of Ground Wa ter 
Pol lu tion in Min ne sota

¾ By Greg Brick, Ge ol ogy In struc tor, Normandale Col lege

Foun tain Cave in St. Paul, the lon gest nat u ral sand stone cave in
Min ne sota, is a cave of many state firsts. The first graphic de pic -
tion of a Min ne sota cave, in 1850, was of Foun tain Cave; it be -
came the first show cave in Min ne sota in 1852; and it was the
first cave in Min ne sota to have its speleogenesis thor oughly and
abun dantly hashed over by the many vis i tors trav el ing up the
Mis sis sippi River. An other dis tinc tion, less happy, is that Foun -
tain Cave was the first cave in Min ne sota to be come pol luted by
hu man ac tiv i ties, in the mod ern sense.

As back ground, Foun tain Cave was a sink ing stream sys tem in
St. Pe ter Sand stone pseudokarst. Foun tain Creek, a sur face
stream aris ing from wetlands in the Fort Road neigh bor hood in
St. Paul, drained into a sink hole at the up per end of the cave,
flow ing through the cave and out again into a ra vine that led to
the Mis sis sippi River. The early travel lit er a ture is re plete with
de scrip tions of the “pure white sand stone” of the cave, and so
forth, em ploy ing a lan guage red o lent with pu rity. The Rev er end
Ed ward Duffield Neill, well-known lo cal his to rian and founder
of Macalester Col lege, wrote gush ingly of Foun tain Cave and
Creek in 1855: “Through it flows a stream as clear as crys tal. As
it has tens over the sand, that looks like pow dered white sugar,
one re calls the ‘pure river of wa ter of life’ in the Apoc a lypse.”1

As late as 1879, a guide book, Tour ists’ Guide to the Health and
Plea sure Re sorts of the Golden North west, which had been pub -
lished by the Mil wau kee Road, con tained an en grav ing of
top-hatted Vic to rian gen tle men with walk ing sticks stroll ing lei -
surely through Foun tain Cave (see fig ure). But the im ag ery of
un spoiled na ture did not last much lon ger.

In 1880, the Omaha Rail road shops were built on the river ter -
race above Foun tain Cave, and a shaft was ad vanced down to the 
cave to drain away sew age.2 How ever, even though it can be thus 
in ferred that the cave was pol luted as early as 1880, I have not
found any ex plicit ac counts of con tam i na tion. But in 1892, a St.
Paul as sis tant city en gi neer, George L. Wil son, re ported that
“The stream that for merly ran through [Foun tain Cave] is still in
ex is tence, but is fouled by the waste from a brew ery that finds its 
way to the river in the same chan nel.”3 This is one of the ear li est
ac counts of cave pol lu tion or ground wa ter pol lu tion in Min ne -
sota.

No tice that this brew ery pol lu tion dif fers from the rail road waste
in that the sur face stream it self, be fore plung ing into the cave, is
pol luted, rather than wastes be ing in jected di rectly into the cave
through the shaft. Brew ery wastes typ i cally have a high bio -
chem i cal ox y gen de mand (BOD), suck ing ox y gen from the wa -
ter, and this would have ren dered the cave in hos pi ta ble to
am phi pods (also known as scuds, or fresh wa ter shrimp), which
al most cer tainly ex isted there, along with other
macroinvertebrates, as they do in nearby Carver’s Cave to the
present day.

It’s not easy to de ter mine ex actly which of sev eral for mer brew -
er ies in the vi cin ity was re spon si ble for pol lut ing Foun tain Cave.
Al though Duffy’s Map of Ramsey County (1859) shows Foun -
tain Creek run ning through the grounds of the Stahlmann Brew -

ery, Bennett’s Map of Ramsey County (1867) de picts Cas cade
Creek in this lo ca tion. Phys i cally speak ing, how ever, the
Banholzer Brew ery was clos est of all to the cave. A news pa per
col um nist, Mark Fitzpatrick, writ ing in 1945, us ing un iden ti fied
sources, ap pears to have fin gered yet a dif fer ent brew ery: “The
wa ters feed ing the foun tain of the cave…gur gling through the
swampy mounds pass ing near the old Wurm Brew ery un til it en -
ters Foun tain Cave on the grounds oc cu pied by the Chi cago, St.
Paul and Omaha shops.”4

— Foun tain Cave in 1879. Im age from au thor's col lec tion.

Sadly, Foun tain Cave was as so ci ated with an other, un re lated pol -
lu tion event many years later. In the 1960s, the Clark Oil Ter mi -
nal, sit u ated on the river ter race, leaked thou sands of gal lons of
fuel oil into ground wa ter, and the re lease mi grated to the Foun -
tain Cave ra vine, from which it es caped to the Mis sis sippi River
through a storm water out fall.5 To this day, the out fall still reeks
of oil.

Notes
1. Ed ward Duffield Neill, “Saint Paul and its En vi rons,” Gra ham’s Mag -

a zine 46 (Jan u ary 1855): 3-17.

2. Wil liam H. Dunne, “The En vi rons of St. Paul,” Saint Paul Dis patch,
Sep tem ber 6, 1880. This is also men tioned in “Fine Bouilvard [sic]
Ap proach to His toric Foun tain Cave, Hope of Pi o neer Body,” St. Paul
Pi o neer Press, Au gust 8, 1920; and by George L. Nason, “Vis it ing
Around St. Paul Parks,” St. Paul Dis patch, Oc to ber 27, 1932.

3. “In the Sandrock,” St. Paul Pi o neer Press, May 30, 1892.

4. Mark Fitzpatrick, “Otto W. Rohland and West End Gar dens,” St. Paul 
Shop per, April 25, 1945.

5. PEER En vi ron men tal & En gi neer ing Re sources, Inc., Stor age Tank
Re lease In ves ti ga tion, Clark Oil Ter mi nal, St. Paul, Min ne sota, 
Sep tem ber 1991.
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A S S O C I A T I O N  N E W S

Income
Member and Corporate Dues $19,748.00
Advertising $2,966.00
Interest $105.32
Conference and Program Fees $36,981.90
Printed Materials Fees $947.16

Total Income $60,748.38

Materials ($22.94)

Gross Income $60,725.44

Expenses
Administration $8,852.48
Conference Expenses $25,245.19
Membership Services $15,484.23
Public Services $1,587.76

Total Expenses $51,169.66

Net Income $9,555.78

2006 Year-End Fi nan cial Re port

Income

Treasurer's Report

S 2006 ended with a surplus of $9,556 on a total income of $60,725. This amount is nearly the
same amount as last year.

S Upon the Board’s approval the net income from 2006 will be transferred to the MGWA
Foundation in mid-2007.

S At the end of 2006, the MGWA had approximately $23,300 on hand.
S If you have any questions, comments, or concerns regarding the MGWA finances please

contact Craig Kurtz at (763)757-6876 or at craigkurtz@msn.com.

In come State ment

Jan u ary 1 - De cem ber 31, 2006

Expenses

2007 Dues are 
Due
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REPORTS AND PUBLICATIONS

USGS Ground-Wa ter Re charge in 
Min ne sota Fact Sheet Avail able
Delin, G.N., and Falteisek, J.D., 2007, Ground-Wa ter Re charge in 
Min ne sota: U.S. Geo log i cal Sur vey Fact Sheet 2007-3002, 6 p.
pubs.usgs.gov/fs/2007/3002/

"Ground-wa ter re charge" broadly de scribes the ad di tion of wa ter
to the ground-wa ter sys tem. Most wa ter re charg ing the
ground-wa ter sys tem moves rel a tively rap idly to sur face-wa ter
bod ies and sus tains streamflow, lake lev els, and wetlands. Over
the long term, re charge is gen er ally bal anced by dis charge to sur -
face wa ters, to plants, and to deeper parts of the ground-wa ter
sys tem. How ever, this bal ance can be al tered lo cally as a re sult of 
pump ing, im per vi ous sur faces, land use, or cli mate changes that
could re sult in in creased or de creased re charge.

S Re charge rates to un con fined aqui fers in Min ne sota typ i cally
are about 20–25 per cent of pre cip i ta tion.

S Ground-wa ter re charge is least (0–2 inches per year) in the
west ern and north west ern parts of the State and in creases to
greater than 6 inches per year in the cen tral and east ern parts
of the State.

S Wa ter-level mea sure ment fre quency is im por tant in es ti mat ing
re charge. Mea sure ments made less fre quently than about once
per week re sulted in as much as a 48 per cent un der es ti ma tion
of re charge com pared with es ti mates based on an hourly
mea sure ment fre quency.

S High-qual ity, long-term, con tin u ous hydrologic and cli ma tic
data are im por tant in es ti mat ing re charge rates.

New Pub li ca tions by USGS Staff on Min -
ne sota Ground-Wa ter Re charge
Staff of the U.S. Geo log i cal Sur vey re cently pub lished two ar ti cles 
on ground-wa ter re charge in Min ne sota. 

Lorenz, D.L., and Delin, G.N., 2007, A re gres sion model to es ti -
mate re gional ground-wa ter re charge in Min ne sota, Ground Wa -
ter, v. 45, no. 2, doi: 10.1111/j.1745-6584.2006.00273.x.

Abstract
A re gional re gres sion model was de vel oped to es ti mate the spa -
tial dis tri bu tion of ground wa ter re charge in sub hu mid re gions.
The re gional re gres sion re charge (RRR) model was based on a
re gres sion of ba sin-wide es ti mates of re charge from sur face wa -
ter drain age bas ins, pre cip i ta tion, grow ing de gree days (GDD),
and av er age ba sin spe cific yield (SY). De cad al av er age re charge, 
pre cip i ta tion, and GDD were used in the RRR model. The RRR
es ti mates were de rived from anal y sis of stream base flow us ing a 
com puter pro gram that was based on the Rorabaugh method. As
ex pected, there was a strong cor re la tion be tween re charge and
pre cip i ta tion. The model was ap plied to state wide data in Min ne -
sota. Where pre cip i ta tion was least in the west ern and north west -
ern parts of the state (50 to 65 cm/year), re charge com puted by
the RRR model also was low est (0 to 5 cm/year). A strong cor re -
la tion also ex ists be tween re charge and SY. SY was least in ar eas 
where gla cial lake clay oc curs, pri mar ily in the north west part of
the state; re charge es ti mates in these ar eas were in the 0- to
5-cm/year range. In sand-plain ar eas where SY is great est, re -
charge es ti mates were in the 15- to 29-cm/year range on the ba sis 
of the RRR model. Re charge es ti mates that were based on the
RRR model com pared fa vor ably with es ti mates made on the ba -
sis of other meth ods. The RRR model can be ap plied in other
sub hu mid re gions where re gion wide data sets of pre cip i ta tion,
streamflow, GDD, and soils data are avail able.

The above map can be used as a small graphic or near-thumb nail. 
The cap tion should read: Fig ure X. Av er age an nual re charge to
surficial ma te ri als in Min ne sota (1971 to 2000) es ti mated on the
ba sis of the re gional re gres sion recharge model. 

Delin, Geoffrey N., Healy, Rich ard W., Lorenz, Da vid L., and
Nimmo, John R., 2007, Com par i son of lo cal- to re gional-scale es -
ti mates of ground-wa ter re charge in Min ne sota, USA, Jour nal of
Hy drol ogy, vol. 2334, p. 231-249. doi:10.1016/
j.jhydrol.2006.10.010

Summary
Re gional ground-wa ter re charge es ti mates for Min ne sota were
com pared to es ti mates made on the ba sis of four lo cal- and ba -
sin-scale meth ods. Three lo cal-scale meth ods (un sat u rated-zone
wa ter bal ance, wa ter-ta ble fluc tu a tions (WTF) us ing three ap -
proaches, and age dat ing of ground wa ter) yielded point es ti -
mates of re charge that rep re sent spa tial scales from about 1 to
about 1000 m2. A fourth method (RORA, a ba sin-scale anal y sis
of streamflow re cords us ing a re ces sion-curve-dis place ment
tech nique) yielded re charge es ti mates at a scale of 10–1000s of
km2. The RORA ba sin-scale re charge es ti mates were
regionalized to es ti mate re charge for the en tire State of Min ne -
sota on the ba sis of a re gional re gres sion re charge (RRR) model
that also in cor po rated soil and cli mate data. Re charge rates es ti -
mated by the RRR model com pared fa vor ably to the lo cal and
ba sin-scale re charge es ti mates. RRR es ti mates at study lo ca tions

were about 41% less on av er age than the un sat u rated-zone wa -
ter-bal ance es ti mates, ranged from 44% greater to 12% less than
es ti mates that were based on the three WTF ap proaches, were
about 4% less than the age dat ing of ground-wa ter es ti mates, and 
were about 5% greater than the RORA es ti mates. Of the meth ods 
used in this study, the WTF method is the sim plest and eas i est to
ap ply. Re charge es ti mates made on the ba sis of the un sat u -
rated-zone wa ter bal ance (UZWB) method were in con sis tent
with the re sults from the other meth ods. Re charge es ti mates us -
ing the RRR model could be a good source of in put for re gional
ground-water flow models; RRR model results currently are
being applied for this purpose in USGS studies elsewhere.

http://pubs.usgs.gov/fs/2007/3002/
http://mn.water.usgs.gov/pubs/Lorenz_Delin_GW_2007.pdf
http://mn.water.usgs.gov/pubs/Delin%20et%20al%20JoH%202007.pdf
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New Well Dis in fec tion Fact Sheet 
Avail able from MDH

The Well Man age ment Sec tion of the Min ne sota De part ment of
Health (MDH) has re cently pub lished a new fact sheet en ti tled
“Well and Wa ter Sys tem Dis in fec tion for Pri vate Wells.” The
fact sheet is in tended for do mes tic wells with sub mers ible pumps 
that ei ther have a re mov able well cap or a well seal with a
threaded plug in it. The pub li ca tion pro vides step-by-step pro ce -
dures for per form ing sim ple dis in fec tion of pri vate wells and wa -
ter (plumb ing) sys tems us ing chlo rine bleach (so dium
hypochlorite). A sec tion is also in cluded about dis in fec tion of
wa ter soft en ers, wa ter treat ment equip ment and wa ter us ing de -
vices. 

Cop ies of the fact sheet can be re quested by call ing (651)
201-4600. In ad di tion, it is avail able on the MDH web site at:
www.health.state.mn.us/divs/eh/wells/waterquality/
disinfection.pdf. From Min ne sota Well Man age ment News, Vol -
ume 26, No.2. 

USGS Data De liv ery and Map ping Over
the Web

The Na tional Wa ter Qual ity As sess ment (NAWQA) Pro gram has 
an nounced the avail abil ity of its re cent U.S. Geo log i cal Sur vey
(USGS) Fact Sheet (2006-3101), “Data De liv ery and Map ping
Over the Web: Na tional Wa ter Qual ity As sess ment Data Ware -
house (ac ces si ble at: pubs.usgs.gov/fs/2006/3101/)

NAWQA’s Data Ware house in te grates data (more than 11 mil -
lion re cords) on wa ter qual ity, ecol ogy, and hy drol ogy across the 
coun try, pro vid ing one of the larg est na tion ally con sis tent on-line 
col lec tions of wa ter qual ity data and as so ci ated in for ma tion that
is avail able (ac ces si ble at: water.usgs.gov/nawqa/data). Some ex -
am ples of what the da ta base con tains are:

S Chemical concentrations in water, sediment, and aquatic
organism tissue;

S Biological community data for 16,000 algae, fish and
invertebrate samples;

S Data on 8,000 stream sites, 8,000 wells and as so ci ated ba sin
in for ma tion.

Met Coun cil Pub lishes 2007 Leg is la tive
Re port:  Wa ter Sup ply Plan ning in the
Twin Cit ies Met ro pol i tan Area

The Met ro pol i tan Coun cil (Coun cil) has re leased its 2007 re port
to the Min ne sota State Leg is la ture, “Wa ter Sup ply Plan ning in
the Twin Cit ies Met ro pol i tan Area.”  The 2005 Leg is la ture
charged the Coun cil (Min ne sota Stat utes, Sec tion 473.1565) with 
de vel op ing a base of tech ni cal in for ma tion for wa ter sup ply plan -
ning de ci sions and pre par ing a met ro pol i tan area mas ter wa ter
sup ply plan.  The stat ute also es tab lished a Wa ter Sup ply Ad vi -
sory Com mit tee to as sist the Coun cil in its plan ning ac tiv i ties
and di rected the Coun cil to sub mit reg u lar re ports to the Leg is la -
ture de tail ing prog ress.  This re port sat is fies the stat u tory re -
quire ment as the first re port to the leg is la ture.  Sub se quent
re ports are due to the Leg is la ture ev ery five years.

The Jan u ary 2007 re port de scribes tech ni cal and pol icy rec om -
men da tions in four broad ar eas:

S Water Demand and Availability;
S Water Supply Decision-Making and Approval Process;
S Safety, Security and Reliability of Water Supply; and
S In sti tu tional Ar range ments and Fund ing

The 44-page re port is avail able at: www.metrocouncil.org/
environment/WaterSupply/documents/WaterSupplyReporttoLeg
07_Final_web.pdf

Mid west ern Hydrogeological Stud ies In te -
gral Part of Aquitard Course
By Ken Bradbury, Wis con sin Geo log i cal Sur vey and Dan
Kelleher, Mid west GeoSciences Group

How many times have you learned of a shal low ground wa ter
con tam i na tion prob lem and heard some one say “We don’t have
to worry about the deep aqui fer, it is pro tected by an over ly ing
aquitard”? How many times have you seen cross sec tions show -
ing that down ward mi gra tion of con tam i nants stops at a clay or
shale layer? Have you ever re ally in ves ti gated these aquitards?
How do you know they are ef fec tive bar ri ers to con tam i nant
move ment?

Please read the fol low ing an nounce ment of the pub li ca tion
“Con tam i nant Trans port Through Aquitards: A State-of-the-Sci -
ence Re view and Tech ni cal Guid ance for Aquitard As sess ment.”
As a re sult of these emerg ing ad vances and the rec og ni tion of
their im por tance, the re search ers have col lab o rated with the Mid -
west GeoSciences Group by de sign ing a 3-day course: As sess ing 
Ground Wa ter Move ment and Con tam i nant Mi gra tion Through
Aquitards: From Field In ves ti ga tion to Hydrogeologic Char ac -
ter iza tion. The col lab o ra tors chose Fermilab in Batavia, Il li nois

¾ con tin ued on next page

http://www.health.state.mn.us/divs/eh/wells/waterquality/disinfection.pdf
http://www.health.state.mn.us/divs/eh/wells/waterquality/disinfection.pdf
http://pubs.usgs.gov/fs/2006/3101/
http://water.usgs.gov/nawqa/data
http://www.metrocouncil.org/environment/WaterSupply/documents/WaterSupplyReporttoLeg07_Final_web.pdf
http://www.metrocouncil.org/environment/WaterSupply/documents/WaterSupplyReporttoLeg07_Final_web.pdf
http://www.metrocouncil.org/environment/WaterSupply/documents/WaterSupplyReporttoLeg07_Final_web.pdf
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for the course lo ca tion be cause of its con du cive set ting for test -
ing aquitard in teg rity. The geo logic frame work at Fermilab con -
sists of a stacked suc ces sion of clayey gla cial units and
un der ly ing re gional bed rock aquitard cou pled with the ex ten sive
field in stru men ta tion in stalled in each unit. Ver ti cally nested
wells and a sin gle-bore hole, multi-level mon i tor ing sys tem al low 
aquitard in teg rity test ing and a side-by-side com par i son of field
meth ods ap pro pri ate to as sess low-con duc tiv ity con di tions. The
gla cial suc ces sion and the un der ly ing se quence of Si lu rian-age
do lo mite and Or do vi cian Maquoketa Shale rep re sent geo logic
con di tions sim i lar to those found through out Wis con sin and in
many other ar eas through out the con ti nen tal United States. Fur -
ther in for ma tion can be found on-line at www.midwestgeo.com.
Also see the ad for this course on page 25.

AwwaRF Pub lishes Re view and Tech ni cal
Guide for Aquitard As sess ment
By Ken Bradbury, Wis con sin Geo log i cal Sur vey and Dan
Kelleher, Mid west GeoSciences Group

A team of re search ers from the Wis con sin Geo log i cal and Nat u -
ral His tory Sur vey, Marshfield Clinic, and Uni ver sity of
Waterloo re cently com pleted a re view of aquitard sci ence for the 
Amer i can Wa ter Works As so ci a tion Re search Foun da tion
(AwwaRF). The ti tle of the pub li ca tion is “Con tam i nant Trans -
port Through Aquitards: A State-of-the-Sci ence Re view and
Tech ni cal Guid ance for Aqui fer Asessment (Pro ject #2760). This 
work has eval u ated the state of aquitard sci ence and has also
sum ma rized the most ap pro pri ate meth ods for aquitard as sess -
ment, with em pha sis on con tam i nant move ment. Tech ni cal re -
ports from this work are cur rently avail able to AwwaRF
sub scrib ers (in clud ing most wa ter util i ties) through the AwwaRF 
website www.awwarf.org/research/. 

Al though aquitards of ten seem to make up only mi nor parts of
hydrostratigraphic se quences, they com monly con trol the over all
ground wa ter flow sys tem by in flu enc ing re charge, head dis tri bu -
tions, ground wa ter flow paths, and con tam i nant mi gra tion. Char -
ac ter iz ing aquitards for en vi ron men tal and wa ter re source
pro jects is there fore es sen tial for pro tect ing deep aqui fers, sit ing
mu nic i pal wells, and un der stand ing po ten tial con tam i nant path -
ways for im pacted aqui fers. Both un con sol i dated and bed rock
aquitards share in her ent low hy drau lic con duc tiv i ties, but ap -
proaches and field meth ods for char ac ter iz ing each type can be
com pletely dif fer ent. Ap pro pri ate char ac ter iza tion re quires
site-spe cific un der stand ing about the aquitard’s origin, unit
distribution, heterogeneity, fracturing, and the effects of
secondary weathering or tectonics. 

The AwwaRF study de ter mined that aquitards are far more com -
plex than the mono lithic, ex ten sive lay ers usu ally shown in
hydrogeology text books. Many, if not most, aquitards con tain
frac tures, macropores, win dows, or other heterogeneities that can 
com pro mise their abil ity to pro tect ad ja cent aqui fers. The con -
cept of aquitard in teg rity ad dresses these is sues. In ves ti ga tions
of aquitards should al ways col lect data in side the aquitard as op -
posed to the com mon prac tice of data col lec tion above and be -
low the aquitard. Of ten, the pro tec tive or low-hy drau lic
con duc tiv ity zone of an aquitard is far thin ner than the mapped

thick ness of the strati graphic unit con tain ing the aquitard. Ap -
pro pri ate in ves ti ga tions for aquitard anal y sis should in clude a
com bi na tion of hydraulic, geophysical, isotopic, and
geochemical testing.

Re cent stud ies in the Up per Mid west have launched deep aqui fer 
con tam i na tion to the fore front of the pub lic news. For ex am ple,
some Mid west ern mu nic i pal wells are cased through re gion -
ally-ex ten sive and thick bed rock aquitards, yet con tam i nants, in -
clud ing rel a tively short-lived vi ruses, have been de tected in these 
deeply-cased wells. In ad di tion, re cent stud ies of the re gion ally
im por tant Maquoketa Shale have shown that the shale is far more 
com plex than the thick aquitard of ten shown on cross sec tions,
and con tains frac tures, in ter nal het er o ge ne ity and flow systems,
and cross-connecting wells.

Aquitard Course, Cont.

http://www.midwestgeo.com
http://www.awwarf.org/research/
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Hydrochemistry Sudoku

Email your an swer and
your “two cents worth”
to: ed i tor@mgwa.org

QUESTION OF THE QUARTER

Instructions
Use these nine Min ne sota ground wa ter con stit u ents:

H2O O2 OH CO2 HCO3 Fe PO4 Ca NO3

to com plete the board so each col umn, row, and block of 3 x 3 con tains one each of the con stit u -
ents. Our crack team of puz zle test ers re port that you should be able to com plete the board in
about 10 min utes. The so lu tion will be in cluded in the June 2007 is sue.

An swer to the December '06 Ques tion of the Quar ter



Abstracts for the joint 52nd Annual Midwest Ground Water Conference and 2007 Eastern South 
Dakota Water Conference are being solicited. Abstracts for oral and poster presentations are limited to 
a maximum of 300 words. Abstracts will be accepted through Friday, June 29, 2007. (By submitting an 
abstract, the author grants the conference organizers the right to publish the accepted abstract.)
Biographical sketches must be in paragraph form and are limited to 100 words.
Authors will be notified of acceptance by July 13, 2007. (Accepted speakers are subject to 
conference registration fees.)
Program format for oral presentations will be limited to 30 minutes, including introduction and 
questions; Microsoft® PowerPoint format required for oral and poster presentations. (Accepted 
presentations will be posted on the conference website, unless otherwise instructed.)
Topics for which abstracts will be considered include, but are not limited to:

Water Supply
• Reclaimed water
• Conservation/demand management
• Security
• Water rights/allocation
• Policy planning

Water Quality
• Non-point source pollution
• Urban best management practices
• Standards
• Emerging contaminants
• Ag best management practices
• Volunteer monitoring

Surface Water
• Missouri River Basin
• River management
• Lake/reservoir management
• Wetlands
• Monitoring
• Streambank stabilization

Ground Water
• Remediation
• Aquifer delineation
• Monitoring networks
• Trends
• In-situ leach mining
• Karst hydrology
• Contaminant fate and transport
• Geophysics

Water Information Management
• Data collection techniques
• Data dissemination
• Data security
• Data standards

Environmental Issues
• Hypoxia
• Carbon sequestration
• Climate change
• Drought

Submit abstract and
biographical information

one of three ways:

• In Microsoft® Word format as an 
email attachment to

Derric.Iles@usd.edu

OR

• FAX to (605) 677-5895

OR

• Mail hard copy to

Derric Iles
Geological Survey Program-DENR
Akeley-Lawrence Science Center, USD
414 East Clark Street
Vermillion, SD 57069-2390

Please Post and/or Circulate

2007 Eastern South Dakota 
Water Conference

October 29-31, 2007
Sheraton Hotel & Convention Center
Sioux Falls, South Dakota

Website: http://wri.sdstate.edu/esdwc/

CALL FOR PRESENTATIONS
Joint Conference

Field trip Oct. 29 to
(1) USGS-EROS Data Center and
(2) US Army Corps of Engineers 

Gavins Point Dam Powerhouse
and Fish Hatchery

Presentations Oct. 30-31

Sioux
Falls

52nd Annual Midwest Ground 
Water Conference&
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The news let ter team ap pre ci ates the ef forts of ar ti cle con tri bu tors, with out whom our news let ter
would not be pos si ble. To make the pro cess eas ier on the au thor, the news let ter team and pro duc -
tion staff, we have es tab lished some guide lines we would like au thors to fol low. For a com plete
list of guide lines, please see the MGWA web site:

S Submittals should be complete and ready for publication.
S The text of the article should be submitted as a Microsoft Word document in an attachment to

an e-mail or on disk.
S Tables, captions, figures and graphics should be submitted as separate high quality files.
S A version of the article with embedded tables, figures, and graphics may be submitted as an

additional file to indicate the preferred layout of the tables, figures and graphics within the
article.

S The contributor should include the contributor’s name and affiliation following “By” below
the title of the article.

S The contributor should secure permission to print or reprint if applicable and provide the
required text to be included with the article.

S Materials should be submitted before the deadline.
S If there is any ques tion about the suit abil ity of a pro posed ar ti cle’s con tent for the MGWA

news let ter, it is ad vis able for the con trib u tor to call the ed i tor be fore in vest ing sig nif i cant time 
in article preparation.

N E W S L E T T E R  B U S I N E S S

Guide lines for Sub mis sion of News let ter Articles

MGWA News let ter Ad ver tis ing Pol icy

Dis play ads:

Size Inches
Horiz. x Vert.

Quar terly
Newsletter

4 issues

Mem ber ship
Direc tory

2 issues

Busi ness Card 3.5 x 2.3 or 1.9 x 3.5 $66 $50

Quar ter Page 3.5 x 4.8 or 5.4 x 3.5 $121 $99

Half Page 7.5 x 4.8 $225 $190

Full Page 7.5 x 9.75 $425 $360

Inside Cover 7.5 x 9.75 not avail able $395

Clas si fied ads:
Clas si fied ads in the news let ter are charged at the rate of $3 per 45 char ac ters (includ ing spaces
and punc tu a tion) per news let ter issue.

E-mail notices: 
A one-time e-mailing to the mem ber ship costs $10 for an indi vid ual (e.g., seek ing a job), and
$50 for an orga ni za tion (e.g., announc ing a new prod uct, ad dress change, etc.). E-mails from
com pa nies an nounc ing job open ings will no lon ger be ac cepted. A 200 word limit is imposed.
The advan tage of e-mail is the speed of dis sem i na tion.

There are no com mis sions on ads. Ad ver tis ing copy must be received by the pub li ca tion dead -
lines as pub lished in the news let ter. Ad ver tis ers should sub mit mate rial as a dig i tal file in TIFF,
GIF, JPEG or PCX for mat at 300 to 600 dpi. 

Please make checks pay able to “Min ne sota Ground Wa ter As so ci a tion” or “MGWA.” Di rect
your or ders and ques tions con cern ing ad ver tis ing rates to Jim Aiken, Ad ver tis ing Man ager, c/o
MGWA, 4779 126th Street, White Bear Lake MN 55110-5910; (952)346-3854;
jaiken@mccainassociates.com. Ques tions con cern ing ad ver tis ing pol icy should be di rected to
the MGWA Pres i dent: Jeff Stoner; (763)783-3106; stoner@usgs.gov.

 Many thanks for the
 sup port of MGWA
 news let ter 
 ad ver tis ers

Share your knowl edge!

Sub mit a news let ter 
ar ti cle!

mailto:jaiken@mccainassociates.com
mailto:stoner@usgs.gov


MGWA Newsletter March 2007 23

Join the Min ne sota Ground Wa ter As so ci a tion!

If you are read ing this news let ter sec ondhand, we’d like to take this op por tu nity to in vite you to be come a mem ber of MGWA
for 2007. An nual dues are $30 for pro fes sional mem bers and $15 for stu dents (for cor po rate mem ber ship, see www.mgwa.org). 

Mem bers re ceive e-mail no tice of the availabilty of the quar terly news let ter for down loading from the MGWA web site. If
desired, mem bers may sub scribe to a printed edi tion of the news let ter (4 is sues for $10).

Mem bers are also en ti tled to pur chase a pa per copy of the an nual mem ber ship di rec tory for $7; an elec tronic ver sion will be
avail able on the website for paid mem bers. 

Tax de duct ible con tri bu tions to the MGWA Foun da tion schol ar ship fund will be grate fully ac cepted. 

Dues paid to MGWA are not de duct ible as char i ta ble con tri bu tions for fed eral in come tax pur poses. How ever, dues pay ments
are de duct ible as or di nary and nec es sary busi ness ex penses to the ex tent al lowed by law.

Just com plete the form be low and mail to: MGWA, c/o WRI, 4779 126th St. N, White Bear Lake, MN 55110-5910 or visit our
web page and join on-line at www.mgwa.org.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Name _____________________________________________________________________________________

Af fil i a tion/Em ployer __________________________________________________________________________

Work Ad dress ______________________________________________________________________________

Work City, State, Zip Code_____________________________________________________________________

Work Tele phone Num ber______________________________________________________________________

E-mail Ad dress______________________________________________________________________________

Fax Num ber ________________________________________________________________________________

Home Ad dress _____________________________________________________________________________

Home City, State, Zip Code ____________________________________________________________________

Home Tele phone Num ber _____________________________________________________________________

Which Ad dress should we use for Mail ings? Di rec tory List ing?_________________________________________

Which Tele phone Num ber should we use for Di rec tory List ing? ________________________________________

http://www.mgwa.org
http://www.mgwa.org
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Don't for get:
Pro fes sional Ge ol o gist 
li cense re quire ments 
in clude con tin u ing 
ed u ca tion.

MGWA Spring Con fer ence
Meth ods for Solv ing Com plex
Ground Wa ter Prob lems

The Spring 2007 con fer ence, to be held April
19, 2007, at the Uni ver sity of Min ne sota Con -
tin u ing Ed u ca tion and Con fer ence Cen ter on
the St. Paul cam pus, will ad dress some tools
and meth ods that prac ti tio ners have used to
tackle two com plex prob lems as so ci ated with
Min ne sota ground wa ter, sec ond ary-per me -
abil ity sys tems and re charge. 

The first prob lem will be broad ened to in clude 
not only karst con di tions, com monly found in
south east ern Min ne sota, but also frac tured
rocks, soils, and man made con duits. All of
these can have sig nif i cant in flu ence in solv ing 
ques tions about flow of and con tam i nant
move ment in ground wa ter. 

The sec ond prob lem be gins to ad dress one of
the most un cer tain pro cesses in un der stand ing
ground-wa ter sys tems. Re charge at any time-
or space-scale is dif fi cult to mea sure—yet is
of crit i cal im por tance to any one who has de -
vel oped con cep tual and nu mer i cal-sim u la tion
mod els of ground wa ter flow sys tems.  Con -
fer ence pre sent ers will pro vide in sights based
on their re search from within and out side of
Min ne sota ground-wa ter sys tems. The re sults
should ben e fit tech ni cal prac ti tio ners, stu -
dents, man ag ers and pol icy mak ers en gaged in 
these com plex prob lems in ground wa ter.

Re gional and Lo cal Events

March 29th, 2007
Bridget Scanlon, 2007 Birdsall-Dreiss Lec -
turer will speak on the Im pli ca tions of Cli mate 
Vari abil ity for Ground wa ter Re sources and
Waste Dis posal in Semiarid Re gions" at the
Min ne sota De part ment of Health, Free man
Build ing - OLF B144, 1:00pm
gsahydrodiv.unl.edu/general/
birdsalldreiss.htm

April 11-13, 2007 
41st An nual North-Cen tral Geo log i cal So ci ety 
of Amer ica Meet ing 
Kan sas Geo log i cal Sur vey and the Uni ver sity
of Kan sas Joint Meet ing South-Cen tral and
North-Cen tral Sec tions of the Geo log i cal 
So ci ety of Amer ica 
Uni ver sity of Kan sas, Law rence, Law rence,
Kan sas 
In for ma tion:  Greg Ohlmacher
ohlmac@kgs.ku.edu 

May 10-11, 2007 
53rd An nual In sti tute on Lake Su pe rior Ge ol -
ogy In sti tute on Lake Su pe rior Ge ol ogy
Lutsen Re sort and Sea Vil las 
Lutsen, Min ne sota 
In for ma tion:  Lau rel Wood ruff (763)783-3291 
www.lakesuperiorgeology.org

May 18-20, 2007
53rd Mid west Friends of the Pleis to cene Field 
Con fer ence
Park Plaza Ho tel, Oshkosh, Wis con sin
Wis con sin Geo log i cal and Nat u ral His tory
Sur vey and the Uni ver sity of Wis con sin-
Oshkosh De part ment of Ge ol ogy. 
To be put on the mail ing list, con tact Kathie
Zwettler (kmzwettl@wisc.edu); for more in -
for ma tion, visit www.uwex.edu/
wgnhs/fop.htm

TRAINING OPPORTUNITIES/CALENDAR

Top ics include:
S Frac tures and other sec ond ary pores in

rel a tively undeformed, Pa leo zoic bed rock 
—Tony Runkel, MGS

S Frac tured sand stone karst aqui fers

¾ Cal vin Al ex an der, U of MN
S Hy drau lic char ac ter of subsurface frac ture

sys tems us ing bore hole geo phys ics 
— John Wil liams, USGS, Troy, NY

S Role of earth worms in pref er en tial trans port 

through soils ¾ Satish Gupta, U of MN
S Pro tect ing source wa ters in sec ond ary

per me abil ity en vi ron ments — Bruce M.
Olsen, MN De pt. of Health

S Role of multi-aqui fer wells in coal-tar
mi gra tion — Bill Gregg, ENSR

S Over view of re charge to surficial ground
wa ter sys tems in Min ne sota 
— Jan Falteisek, MN DNR

S Com par i son of re charge es ti ma tion meth ods 
used in Min ne sota
— Geoff Delin, USGS

S The un sat u rated zone is not a black box:
Im pli ca tions for con tam i nant trans port —
Art Baehr, USGS, Tren ton, NJ

S Re charge to Min ne sota aqui fer sys tems —
John Nieber, U of MN

S Stream losses to ground wa ter based on
in te grated ground-wa ter and sur face-wa ter
mod el ing — Ray Wuolo, Barr En g. Co.

S Use of re charge es ti mates to de scribe wa ter
sustainability in Min ne sota 
— Princesa VanBuren, MN EQB

http://gsahydrodiv.unl.edu/general/birdsalldreiss.htm
http://gsahydrodiv.unl.edu/general/birdsalldreiss.htm
mailto:ohlmac@kgs.ku.edu 
http://www.lakesuperiorgeology.org
http://www.uwex.edu/wgnhs/fop.htm
http://www.uwex.edu/wgnhs/fop.htm


"promoting geological sciences through continuing education"
Assessing Ground Water Movement and Contaminant Migration Through Aquitards

An intensive three-day short course

with field components at:
Fermi National Accelerator Laboratory
(Fermilab)

Location:

GEOSCIENCES
midwest

groupwww.midwestgeo.com

Northern Illinois Univ. Extension
 - Naperville, Illinois

May 8, 9, 10,  2007  

24 Contact Hours  (2.4 CEUs)  

From Investigative Techniques to Hydrogeologic Characterization

Ken Bradbury, PhD, PG

Paul Kesich

Tim Kemmis, PhD, PG

Dave Hart, PhD, PG

Madeline Gotkowitz

Mark Adamski, PG

Mark Borchardt, PhD

Wisconsin Geological & Natural History Survey

Fermi National Accelerator Laboratory

Earth Tech, Inc.

Wisconsin Geological & Natural History Survey  

Wisconsin Geological & Natural History Survey

BP America

Marshfield Medical Research Foundation

Co-Sponsored with the 
North Central Section

Assessing Ground Water Movement
and Contaminant Migration Through Aquitards:

From Investigative Techniques to Hydrogeologic Chracterization
May 8, 9, 10, 2007

REGISTRATION FORM

*For AEG Discounted Rate, registration must be recieved by 02/28/07; for early registration, registration must be received before 04/26/07.
Cancellations may be made up to April 21, however 25% of the fee will be charged. No refunds. Registration is accepted on a first come, 
first served basis.Minimum registration of 25 people must be registered at early registration deadline to conduct this course.  
Questions?  Call  Dan Kelleher at 763.607.0092 or email dan@midwestgeo.com.

Last Name:

Position:

Company:

Address:

City, State, Zip:

Phone:

Email:

First Name:

Course Fee: 

Mail completed form 
with payment to:

Or Register On-Line:

Midwest GeoSciences Group
6771 County Road 8 SW
Waverly, Minnesota 55390

www.midwestgeo.com

$1,295....................

Check Enclosed

Purchase Order 

VISA MasterCard

CARDHOLDER NAME

EXP

AMEX

AEG Membership Number

VISA / MC / AMEX NUMBER

Active AEG Membership in Good Standing during 2007
required for discounted rate (DISCOUNTED RATE UNTIL FEB 28)

Register Now

$1,495....................After April 26

$995................AEG Member Discounted Rate

Fractures in Aquitards Workshop:   Professionals use a variety of techniques to identify and characterize fractures, 
macropores, and other discontinuities in aquitards.  Share your successes and ideas during a special workshop session.

type in your membership type in your membership 
number for the discountnumber for the discount

AEG MEMBERS

Learn Up-To-Date Methods for Investigating & Characterizing Aquitards  

Improve your characterization of ground water movement & contaminant migration through aquitards 
by gaining a better understanding of aquitard hydraulics, vertical seepage, confining conditions and more

by overlying aquitards

Discover the importance of differentiating a sequence of low hydraulic conductivity units 
Discover new techniques and field instrumentation for monitoring aquitards 
Compare water sampling and slug test procedures in low hydraulic conductivity units 
Identify and characterize fractures from an angle boring using continuous rotasonic sampling 
Examine a regional bedrock aquitard and understand fracture distribution and mapping 
Explore new approaches for ground water and solute transport modeling in aquitards 
Gain better understanding about petroleum contamination in weathering zones within fine-grained sediments 
Understand the potential for pathogenic virus contamination in deep aquifers thought to be protected

Aquitards (low-hydraulic conductivity hydrogeologic units) are 
critically important to groundwater and contaminant movement.   
Characterizing aquitards for environmental and water resource 
projects is important for protecting deep aquifers and understand-
ing potential contaminant pathways for previously impacted 
aquifers.   Both unconsolidated and bedrock aquitards share 
inherent low hydraulic conductivities, but approaches and field 
methods for characterizing each type can be completely different.  
Appropriate characterization requires site-specific understanding 
about the aquitard’s origin, unit distribution, heterogeneity, 
fracturing, and the effects of secondary weathering or tectonics.  
From basic hydraulics to comprehensive fracture analysis, this course addresses the practical 
aspects of hydrogeologic analysis for environmental, engineering and water resources projects.    

Apply this course to any aquitard setting.  This course features the most up-to-date information 
and procedures on petroleum (LNAPL) subsurface behavior, distribution and recoverability in 
fine-grained sediments.  We will also cover recent advances in pathogenic virus contamination 
discovered in deep aquifers where the procedures for identifying, sampling, sample transport 
and lab testing is continually being updated and improved.  Join us in May for this unique 
one-of-a-kind course. 
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 MGWA FOUNDATION NEWS MGWA Foun da tion
Board of Di rec tors

Pres i dent
Gil Gabanski
GJG En vi ron men tal 
Con sul tants
(763)550-3982
ggabanski@hotmail.com

Sec re tary
Ca thy Vil las-Horns
Min ne sota De part ment of 
Ag ri cul ture
(651)297-5293
ca thy.vil las-horns@state.mn.us

Trea surer
Da vid Liverseed 
Opus Cor po ra tion
(952)351-6003
da vid.liverseed@opuscorp.com

MGWA Li ai son 
Dale Setterholm
Min ne sota Geo log i cal Sur vey
(612)627-4780 x223
sette001@umn.edu

Di rec tor
Chris Elvrum
Met ro pol i tan Coun cil
(651)602-1066
chris to pher.elvrum@
metc.state.mn.us

Di rec tor
Amanda Goebel
Wash ing ton County
(651)430-6655
Fax: (651)430-6730
goebel@co.wash ing ton.mn.us

On av er age, post-event test scores at the Metro Chil dren’s Wa ter Fes ti val were 30 per cent higher 
than pre-event scores in 2006.  His tor i cally, post-event scores have stayed re mark ably close to
the 25 per cent im prove ment level.

When asked what they liked best about the Fes ti val, class room teach ers men tioned pre sen ta tions
in the top five things listed:

S Or ga ni za tion of the day’s events
S Va ri ety and hands-on na ture of the pre sen ta tions
S Help ful ness of Class room Guides
S Pre sent ers and their en thu si asm for their top ics
S Unique meth ods of pre sen ta tion

This ar ti cle is based on a let ter from Ron Struss, Wa ter Qual ity Ad vi sor, at the Min ne sota Dept.
of Ag ri cul ture to Jim Lundy at the Min ne sota De part ment of Health.

2006 Metro Chil dren’s Wa ter Fes ti val Has Big gest Post-Event
Scores Ever

Meet ing Date: Tues day – De cem ber 12, 2006
Lo ca tion: John son Screen, New Brigh ton
From:  Ca thy Vil las-Horns (Sec re tary)
Mem bers Pres ent: Da vid Liverseed, Ca thy Vil las-Horns, Gilbert Gabanski, Amanda Goebel, Lau rel

Reeves, Al Smith and Chris Elvrum. MGWA Man age ment Pres ent: Sean Hunt and
Jennie Leete

Re view of Min utes The De cem ber 2006 meet ing min utes were ap proved as re vised
Trea surer’s Re port Jennie has com piled MGWAF fi nan cial in for ma tion into the same fi nan cial soft ware

as used by MGWA.  Da vid pro vided the MGWA Quar terly Fi nan cial Re port. Foun da -
tion bal ance to date is $64,852.  Da vid took funds from a pre vi ously ex pired CD and
$9500 ob tained in Sep tem ber and pur chased an other 29-month CD for $30,045.74.
Ap prox i mately $2900 in in ter est is be ing earned from in vest ments each year.  The in -
ter est is be ing rolled into the MGWAF en dow ment, which is cur rently at $55,869.11.

New Busi ness Gil pre sented Al Smith with a plaque and a thank you for serv ing on the MGWAF
board for over two years.  Gil also thanked Lau rel for her ser vice on the MGWAF
board as the MGWA li ai son.
Ground Wa ter Aware ness Week will be in March 2007, and the MGWA is co or di nat -
ing a pub lic out reach ef fort with the Min ne sota Wa ter Well As so ci a tion and the Min -
ne sota Ru ral Wa ter As so ci a tion.
Grant Re quest – a re quest for field trip fund ing for $1000 was re ceived from the U of
Wis con sin-Park side Geosciences Club.  The field trip ap pears to be pri mar ily fo cused
on sur face wa ter and flood ing is sues within the Mis sis sippi River sys tem.  Con cerns
were raised about the re la tion ship of the field trip to ground wa ter.  The board mem -
bers de cided to post pone ac tion on the pro posal un til the hydrogeologic as pects of the
trip could be clar i fied.  Gil will con tact the pro fes sor and dis cuss the con cerns and ask 
that the pro posal be re vised and re-sub mit ted with more em pha sis on ground wa ter if
MGWAF fund ing is be ing sought.

Old Busi ness SMM Ground wa ter Dis play – MnDOT rock cores for pos si ble in clu sion in the ex hibit
will be re viewed on De cem ber 15.  Large bed rock sam ples were ob tained by sub com -
mit tee and SMM staff in Sep tem ber and Oc to ber.  The SMM sub com mit tee met with
SMM staff in No vem ber and re viewed the pro to type ground wa ter dis plays that will
be in cluded, and the sub com mit tee con tin ues to work with SMM staff on var i ous as -
pects of the ex hibit.
Stu dent Fund ing - Lau rel moved that a grant of $660 be pro vided for stu dent fund ing
for the fall MGWA con fer ence.  This was sec onded by Ca thy.  Mo tion passed.
Fund Rais ing – Cash do na tions were re ceived af ter the fall MGWA con fer ence; no
do na tions of time were of fered.
Fall Con fer ence and MGWA Board Up date – The fall con fer ence was suc cess ful.
The 25th an ni ver sary of the found ing of MGWA will be in 2007 and spe cial ac tiv i ties
to cel e brate are be ing con sid ered by the MGWA board.
By laws Up date - Lau rel men tioned that the MGWA by laws are also be ing re viewed
and re vised.  Gil will be work ing with Jeff Stoner and Dale Setterholm on the
MGWAF by laws re vi sion, and he will bring a fi nal draft back to the MGWAF board
for re view be fore the by laws are fi nal ized.  

Next Meet ing The next meet ing will be in March. Meet ing adjourned

MGWA Foun da tion 
Grant Re quest Dead lines 

are quar terly:
March 1
June 1

Sep tem ber 1
De cem ber 1 

Min ne sota Ground Wa ter As so ci a tion Foun da tion Board Meet ing Min utes
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MGWA BOARD MINUTES

Min ne sota Ground Wa ter As so ci a tion Board Meet ing Min utes 
Reg u lar Monthly Meet ings

The MGWA Board of 
Di rec tors meets once a
month.

All mem bers are 
wel come to at tend and
ob serve.

Meet ing Date 12/8/06
Place Keys Café, Lexington and Larpenteur in Roseville, Min ne sota
At tend ing Dale Setterholm, Pres i dent; Lau rel Reeves, Past Pres i dent; Jeff Stoner, Pres i dent

Elect; Craig Kurtz, Trea surer; Jon Pollock, Sec re tary; Sean Hunt, WRI; Jennie Leete,
WRI; Steve Rob ert son, News let ter

Past Min utes Min utes for the meet ing held 10/13/06 were ap proved as cor rected.
Trea surer Net in come from Jan u ary 1 through De cem ber 7, 2006 at $13,907.97. Net in come for

2006 fall con fer ence at $7178.30. Trea surer will con duct au dit when fi nan cial re cords
for 2006 are closed. Trea surer will pro vide a year-end fi nan cial re port at the Feb ru ary
2007 Board Meet ing, and the re sults of an au dit at the March Board Meet ing.

Mem ber ship Printed out mem ber ship re new als for pre vi ous mem bers who were not mem bers in
2006. Elec tion bal lot passed out for re view.

Web Page Up dates on fi nan cial re ports. Pre sen ta tions and bi og ra phies from fall con fer ence
added. Two open po si tions added to em ploy ment page.

Foun da tion No re port – will be meet ing next Tues day.
Ed u ca tion No re port
News let ter News let ter rep re sen ta tive gave ed it ing changes to proof to WRI.
New Busi ness Birdsall-Dreiss Dis tin guished Lec turer: Has been partly spon sored by MGWA in the

past. Pres i dent drafted let ter to Dr. Scanlon sug gest ing an af ter noon sem i nar at Uni -
ver sity of Min ne sota and an other at a dif fer ent venue. Let ter went out No vem ber 30th.

Old Busi ness MGWA Fall Con fer ence: Feed back re viewed.
Min ne sota En vi ron men tal Part ner ship (MEP): Feb ru ary 21, 2007, will be MEPs Cit i -
zen’s Day at the capitol. MEP leg is la tive fo rum at the Sci ence Mu seum on Jan u ary 8,
2007. Past Pres i dent vol un teered to con tinue to be MEP con tact.
MGWA and MGWA Foun da tion By laws: Dis cus sion of post pon ing MGWA by laws
in def i nitely and the ap point ment of a spe cial com mit tee to con sider MGWA and
MGWA Foun da tion By law changes. Spe cial Com mit tee will re port to MGWA Board
for fi nal con sid er ation and MGWA mem ber ship to vote on any changes. Mo tion:
Com mit tee to con sider MGWA Foun da tion by law changes will be 2007 MGWA Pres -
i dent, 2007 MGWA Past Pres i dent and 2007 MGWA Foun da tion Pres i dent with the
chair of the com mit tee be ing the 2007 MGWA Past Pres i dent with the abil ity to name
more mem bers to the com mit tee prior to meet ing. Mo tion passed.

Next Meet ing Jan u ary 12, 2006 at 1130 at Keys Café at Lexington and Larpenteur in Roseville.
Meet ing ad journed

Send your com ments to
ed i tor@mgwa.org

Meet ing Date 1/12/07
Place Keys Café, Lexington and Larpenteur in Roseville, Min ne sota
At tend ing Jeff Stoner, Pres i dent; Dale Setterholm, Past Pres i dent; Stu Grubb, Pres i dent Elect;

Craig Kurtz, Trea surer; Norm Mofjeld, News let ter Ed i tor; Sean Hunt, WRI; Jennie
Leete, WRI

Past Min utes Min utes for the meet ing held De cem ber 8, 2006 were ap proved as amended.
Trea surer Check ing/sav ings: $23,008.12. Dues and other in come for 2007: $6,981.50.  Net in -

come in 2006: $10,041.65. These num bers sub ject to change un til au dited.
Mem ber ship Mem ber ship of 576 in 2005 grew to ap prox i mately 650 in 2006.  So far 284 mem bers

have paid dues for 2007.
Web Page Up dated cal en dar.
Foun da tion Past Pres i dent Reeves re ported on Foun da tion ac tiv i ties. Min utes of the Foun da tion

meet ing are on page 25 of this news let ter.
News let ter The next is sue will come out in March.  Feb ru ary 15 is the dead line for sub mis sions.
Old Busi ness The spe cial com mit tee to con sider by laws re vi sion did not meet.

Pres i dent Stoner has ini ti ated plan ning for the Spring Con fer ence and sug gested a
theme of Meth ods for Solv ing Com plex Ground Wa ter Prob lems, with a fo cus on sec -
ond ary per me abil ity sys tems and ground wa ter re charge.
The Birdsall-Dreiss lec tures will take place March 28 and 29, 2007. Past Pres i dent
Setterholm will con tact Macalester Col lege as a po ten tial venue.

New Busi ness The board dis cussed the pos si bil ity of cre at ing a pub li ca tion to honor the 25th An ni -
ver sary of the cre ation of the MGWA.  This idea came from mem bers Lundy and
Rob ert son and Pres i dent Stoner is de vel op ing the idea with their in put. A com mit tee
will be charged with lead ing this ef fort. A field trip as so ci ated with the Fall Con fer -
ence is un der con sid er ation.  The in ter ac tion of wa ter re sources and biofuels is a po -
ten tial theme. The Pres i dent and Past Pres i dent have been con tacted by staff of
leg is la tive com mit tees on En vi ron men tal Pol icy and MGWA will likely be asked to
pro vide in for ma tion re gard ing ground wa ter is sues. The Board ap proved the an nual
con tract with WRI with amend ments. MGWA re ceived no tice of a vol un teer po si tion
with the Wash ing ton Co. Ground wa ter Ad vi sory com mit tee.  WRI will for ward an an -
nounce ment to mem bers.

Next Meet ing Feb ru ary 9, 2007 at 1130 at Keys Café at Lexington and Larpenteur in Roseville.
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Min ne sota Ground Wa ter As so ci a tion Board Meet ing Min utes, cont.

Meet ing Date 2/9/07
Place Keys Café, Lexington and Larpenteur in Roseville, Min ne sota
At tend ing Jeff Stoner, Pres i dent; Dale Setterholm, Past Pres i dent; Stu Grubb, Pres i dent Elect;

Craig Kurtz, Trea surer; Jon Pollock, Sec re tary; Norm Mofjeld, News let ter Ed i tor;
Sean Hunt, WRI; Jennie Leete, WRI

Past Min utes Min utes for the meet ing held Jan u ary 12, 2007, were ap proved as amended.
Trea surer Net in come $13,322.02 so far in 2007. Check ing/sav ings: $27,473.84. 2006 An nual

Fi nan cial Re port was dis trib uted to those in at ten dance. Dues up $5470.00 in 2006
over 2005. Gross profit up $7745.63 in 2006 over 2005. Net in come in 2006 was
$9555.78. Net in come in 2005 was $9610.91.

Mem ber ship Email re minder to be sent to those that have not re newed. Sec ond pa per no tice to be
sent to those that have not re newed. Pres i dent Elect sug gested no mem ber ship dues
for stu dents. WRI in di cated stu dents move and mail ings are re turned. Dis cus sion of
per haps us ing a cor po rate type mem ber ship for schools.

Web Page Send ing out emails on Wis con sin Ground Wa ter As so ci a tion event and Wash ing ton
County Ad vi sory Com mit tee Vol un teer po si tion. IP Ad dress de tected on web page
that could send user to an other web site. Item re moved from web page.

Old Busi ness By laws: The spe cial com mit tee to con sider by laws re vi sion did not meet. Past Pres i -
dent is look ing at sched ul ing a meet ing next month.
The Birdsall-Dreiss lec tures: Lec tures will take place March 29, 2007. U of M venue
not avail able. Past Pres i dent and Jennie will work on this is sue.
Spring Con fer ence: Pres i dent handed out draft out line.
Leg is la ture: Sev eral groups as so ci ated with ground wa ter to meet at capitol in March
to bring at ten tion to a ground wa ter is sues. Past Pres i dent work ing on this is sue.

New Busi ness MGWA 25th An ni ver sary Pub li ca tion: ideas in clude tak ing a few ar ti cles out of past
news let ters to put into one bind ing. Part of au di ence could be leg is la tors. Could make
this pub li ca tion the De cem ber News let ter. Could ask peo ple who wrote se lected ar ti -
cles if they had any ad di tions to the ar ti cles – if so could ask them to speak at con fer -
ence. Doc u ment may be 60 pages plus in length.
Fall Field Trip: Pres i dent Elect or ga niz ing con fer ence on eth a nol in con junc tion with
the Fresh wa ter So ci ety. Sent an out line to Fresh wa ter So ci ety, but has not heard back
yet. MGWA would be pri mar ily re spon si ble for field trip fo cus ing on south west Min -
ne sota. Could visit eth a nol plant.
Fall Con fer ence: WRI pro vided in for ma tion on po ten tial ven ues in clud ing costs. Fall
con fer ence date is No vem ber 13.

Next Meet ing March 9, 2007 at 1130 at Keys Café in Roseville. Meet ing ad journed at 1:30.

Mem bers can ac cess the
cur rent year's news let -
ters in the 'Mem bers
Only' area of the web
page. 

The user name is mgwa
and the pass word is
emailed to mem bers with 
each an nounce ment of
news let ter avail abil ity.
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