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Maidi4,1992

Hk Hononble Henry Kalis, Chair 
Legislative Water Commissioo 
S4JStaiB OCto Boiling 
Sl Paul, MN 55155-1201

I

Dear Rqueaentative Kalis:
The final icpoft of the Environmemal Qoali^ Board Water Research 
Advisory Committee is enclosed, for your information and use. The 
Board believes dutt it repreaeiirB a significant ste» forward in a 
canstmcdve process of communication and coordiiuifion between die 
Univers^ comnumiiy and State Govemment We hope that it will 
strongly mfhienoe die development and funding of water research in 
Minnesota.
In particular, die Board recommends that the Legislature fond research on 
die foUowins project-level prkmties from die Advisory Committee’s 
rnort The Board believes mat adequate funding of these priori^ is
immediritcly reqa^ed to anpport a^ watnrnnmagenir-^ rmdvtties.
The Board strongly urges funding in die upcoming biennium to:

a. Ddineate and ^ 
fonctioos and develop

tbe factors that determine wetland 
mediods for their measurement

b. Determine die fote of toxic compounds in lakes.
c. Develop a system fm monitoring water availability and water 
quality trends in die state.
d. Cordmue die aocekrated development of county ground water 
atlases and r^ional sensitivity assessments.
e. Evaluate dm effectiveness of nitrogen management pracdoes in 
minhniMng contamination of water resources.
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March 4, 1992 

The Hononble Heg_ry Kalis Ol8ir 
Le~lalm WIiier Coo,m;u:11)11 
543 Stare Office Buildina 
St. Paul, MN SSlSS-1201 

Dear Reprcaenwive Kalis: 

The final - of 1be F.nvironmental Qualitv Board WIier Reaearc:b 
ACMIOIY t;,,imee ia enclosed. for ~ ~ormatioo and uae. The 
Boud believea dlll it repreaenlS a s~ step forward in a 
consuucdve ~ of communication and coordina6on between the 
Univ~ rommmit)' and Stale Government. We hope that it will 
~y mflumce die development and funding of waler research in 
Minneso«L 

Jn -..:-•1•• the Board leCOIDDlellds lhat die I -1eJature fPDd raearcb Oil 
lber-~• ,wt.Jevel • "ties from ii: ... A........... Commiaee's 
~n. ~~ &':" adeQuale funding ~f~ ~ is 
1111 ......... 1 nqllind to mpport ale water ........- acdtldes. 

The Boud ltmlllY uqea funding in 1be upcmdng biennium to: 

L Delineate and CIU8Dlifv 1be factors lhat delennine wetland 
functiom and develop stlDdiudiz.ed methods for their meuureanent. 

b. Defennine the fate of toxic compounds in lakes. 

c. P.eveJop a ~ for monitoring water availability and waler 
quality lreilda in 1be swe. 
d Ow,tinue 1be ICCelerated development of county ground waler 
aduea and regioaal sensitivity assessment.s. 

e. Evaluale 1be effectiveness of nitrogen management practices in 
minimizing c:ootamination of water resources. 

0 IMIIIIIIII 111111111111 Iii Cflll 111111, 11. PII, 11 HIii Ill m-ml fU Ill Hl-1111 lllff PIRIIII H EL1 PIIIIIII 



-2-

f. fioqMove die undemanding of contaminant movonent through the itnMtufited zone.
g. Devdop and impiement a Twin Cities metropolitan ground water model
h. Detennine die effectiveness of uiban stormwater managanent practices.
L ,Develop ,and ap|dy models to predict contaminant transport in Minnesota s large nvers.

There is no order of priority in die Board’s recommendation. An expanded 
e^lanatioo of die pnonties is attadied, for your information.
We, hem dutt this, iepott„aids in focusing state funds (m research of these key 
project^evel prkxities. it does so, die managemoit of water resources in Minnesota will be gready enimw^
Sincerely,

QaAAIajuua--/
ROBERT DUNN 
Chair
Environmental Quality Board

cc: Pat Jensen, Directs
Legislative Water Commisskm
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f. ~ the understanding of contaminant movement through the 
UDIIIUialed mne. 

g. Develop 111d implement a Twin Cities metropolitan ground water model. 

b. Determine the effectiveness of ulbln stonnwater management practices. 

i. ~ .llld apply models to predict contaminant ttansport in Minneso
ta's Jarae nven. 

There is no order of JJ!iotjty in the Board's recommendation. An expanded 
explanation of the prionties is attached, for your infonnation. 

We booe that Ibis~ aids in focus~ state funds on research of these key 
~-,ci=tevel J~tjorities. If it does so, die management of water resources in 
M~ will be grad)' enblomi 

Sincerely, 

ROBERT DUNN 
Chair 
Environmental Quality Board 

cc: Pat Jensen, Duector 
Legislative Water Commission 



Felxoaiy 6,1992

The HononUe Gene Mcrriam nMirmm
Legislitive Commissiao oo Minnesota Resources 
Rora 65 &ile Office Building 
100 Constitutiop Avenue 
St Fkul. MN SSlSS-1201
Dear Senator Meiriam:
Tte.final looit of tte Environmental Quality Board Water Res>^ardi 
Advisory Committee is enclosed, for your infoimatkm and use. 
Board befieves Ibat it rqxesents a significant step fwward m . 
coristtoaive inocess of ctmununication and coordinafioii between die 
IMvetsity community and State Govemmettt. We hope that it will 
sopogty mfiuence die develofmient and fimding of water research in Mnmesouu
111 partiailv, fbe Board recommends diat the Commission fund leseaidi 
on ibt fopowmg project-level priorities firom die Advi^ Committee’s 
r9ort..T1iB Boud bdieves diat adequate funding of diese priorities is 
immediatciy reipdnd to aqiport s^ water management activities.
Ibe Board strongly urges fanding in the iqKxxning Mennium to;

the fiwtors diat d^ermine wetland 
lized methods for their measurement

a. Delineate and , 
functioos and develop
b. Determine die fide of toxic compounds in lakes.
c. Develop a system for monitoring water availability and water 
quality trends in the state.
d. Continne die accelerated devdopmnit of county ground water 
adaaes and r^kmal sensitivity assessments.
e. Evaluate die dfecdveness of nitrogea management practices in 
mmmuzmg contamination of water resources.
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February 6, 1992 

1be Honorable Gene Merriam 
Cllairmln 
1 ...;.1 • .;... Comnissioo oo Minnesota Resources R~Slale Office Building 
100 Comlitulion Avenue 
St. Paul. MN 55155-1201 

Dear Semror Merriam: 

1be final !_eP01t of lbe F.nvironmental Quall~ Board Waler R veil 
Advilorv Oimnmee ia encloaed, for yqur mfomwion IDcl use. 
Board believea dial it ,epresen~ a sigoµicant __ step forward m 
CClllltnlcme ~ of communication and coontinatioll between the 
~ commuoi,ty IDcl SWe Govemment. We hope dial it will 
~ mfbaeoai: die development and funding of water research in 
M'IIJIIMOCL 

In -~•••• lbe Board recomrnends dial lbe Commission fund research 
on b~ ~-level • rities from lbe A~ C-onvni~'s 
!"POii- 1be =.r°~ ttS'°ac1eauate funding of tbeie ~ is • ........, required lo apport .. water ............ ai'dhlties. 

1be Board llrCJDlly urpa funding in 1M upcoming biennium to: 

L Delineale IDcl auanlifv lbe factors dial delermioe wetland 
funcliom IDcl deYelop l1mMfardi7.ed melbods for their measurement. 

b. DetenrriDe the fale of toxic compounds in lakes. 

c. "'--.._ a .- for momtormg· water availability and water quaiiiyiier.d. iii"~ stale. 

d Cnnrinue lbe l0Celerated development of county ground water 
adaaea IDcl regional aemitivity usessments. 

e. Bvaluale lbe effectiveness of nitrogen management practices in 
minqnizing <XMUaminatioo of water .esources. 
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undentinding of coottminant movement through die

g. Develop end implemert a Twin Cities metropolitan ground water model.
h. Detemune die effectiveness of urban stormwater management practices.

to predict contaminant tranqwrt in Minneso-

Thro is no wto <rf I«oi^ in ^ Board’s recmnmendation. An expanded 
explanatko of die prionties is attadied, for your infoimadon.

state fimds on research of these key 
management of water resources in

We^te^e^^ this,rqxM^i^^^focus^ 

^mem wmtegmi^ enhanced.^’ 
Sincerely,

Qx/VAIua//''—^
ROBERT DUNN 
Chair
Environmental Quality Board

' 
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f. ~ the undentanding of contaminant movement through the umabinled mne. 

g. Develop IDd iq,lement a Twin Cities metropolitan ground water model. 

b. Delermine the effecdveneas of wbm stonnwater management pnctices. 

i. ~ .md apply modela to predict contaminant transport in Minneso-
ta 'a large nven. . 

There ii no order of J'!i~ in the Board's recommendation. An expanded explanllioo of the priontiea ii 1aacbed, for your information. 

We boDe dW tbia ~ aids in focusll!I state funds on research of these key ~ject:Jevel _pjoritiea. If it does so, die management of water resources in M"rimelo«a will be grady enb!DCNL 

Sincerely, 

ROBERT DUNN 
Ollir 
Environmentll Quality Board 



RESEARCH PRIORITIES RECOMMENDED BY THE BOARD
Jamiaiy 16, 1992

Tte ^viroamental Quality Board particularly lecommends ftmdins of die 
foUowna research mionties during the next biennium. These are seleSed from

in fte «pon of EQB

The Board strongly urges frmdiiig in die upcoming biennium to:

ably support state wetland ccmrervation policy^ die state needs to develop a 
bero understtnduu of the factors that <mve wetland ecosystem and 
hydrologic systena ^ctioas, and of the technology of wetland restoration. 
Tnere muA te tied m the di^rmt types of weOands, and die different 
locahonal diaracteristics of die mdividual wetlarid in question.
Ehiring die last dec^. a great deal of effort was devoted to development 
of a.Mmnesota med^ology for assessing wetland functions. The method provides a good starting pomt for this priority resear^
b. Deteni^ the toxk comjpouiids in lakes. The transformation

fate of rnmauy,_PC3s, and j^ticides in Minnesota lakes nee^ to be 
tettCT uriderstood. The factors ufectirm accumulation of these toxics in food chain wganisms must be evaluatedT

lu a 5WUU uuwBMuuiug ui lac picscncc, magmuioe, aim possiDie 
sourm of mncury. However, what drives the transformations of mrcury 
in lakes, and die signUlcaim of this for the lake arid its managemoit are 
not well undentooa In action, tte magnitude of die mercury problem 
outside of nof^easltm Minnesota is poorly understood. Little is known 
about the transfbnnation and ultimate of PCBs and pestktides in lakes.

^ tnonhoiing water avaUabiUty and water quality trends in the state. Because ambient momtoring has not been 
adetpately swmoi^ the determination of trends in eidier water qu^ty or 
quanm is at Research is needed to resolve the issues ofspatial lendunai ^e.. Can we afford to design a system thm allows 
(fetechn tre^ smificant.at .the county level?), sampling frequency, and usefulness of existing momtonng programs. «*
The EQB recently conqiliMed assessments of quality and quantity trends. It 
IS reqmiM to make diese assessments every two years. The Boiud 
concluded in bodi assessments diat the data do not support sound analysis 
of trends. The PCA and MDA reached a similar conclusion in wir 
assessment of trends in nitrate contamination of ground water.

RESEARCH PRIO~ RECOMMENDED BY 1HE BOARD 
January 16, 1992 

The Enviroummtal ~ty Board particularly recommends funding of the follo_wing raean::h ~ties ~ die next biennium. These are selected from the broailer list of pro~-level priorities presented in the report of the EQB Water Research Advisory Committee. 

The Board strongly urges funding in the upcoming biennium to: 

a. Pellneate u= tbe factors that determine wetland functions and deftlop methods for their measurement. To reason
ably ~ state wetland conservation _policy t the state needs to develop a better imden1lndina of the factors tliat drive wetland ecosystem and b_ydrologic system functions, and of the technology of wetland restoration. 1be8e must lJe tied to the different tyP.eS of wetlands, and the different locational characteristics of the individual wetland in question. 

Durin_g __ the last ~ 1 a great deal of effort was devoted to devel~ent of a Minneaoca memooology for assessing wetland functions. 1be method provides a good starting pomt for this priority research. 

b. Determine tbe fate of toxic com_P.>unds in lakes. The transformation and fate of meR:µl'L_ PCBs, and ~sbcides in Minnesota lakes needs to be better understood. ~ factors affecting accumulation of these toxics in 
food chain <"JIDisms rnust be evaluatca. 

The LCMR bas suDDOlted investi_.1ations of IDCfCIID' in nonbeastem Minnesota duouab the Pollution Control Agency. These studies have resulted in a gooo understanding of the presence, magnitude, and possible 
sources of~- However, what drives the transformations of mercury iii J•k.c:,, and tbe iianificance of this for the lake and its management are not ~ undentooc[ In addition, the maonitude of the """""'rv -..J..Jem outside of DOl1heutem Minnesota is 'a" understood. UttkJisl'~wn 
about tbe transformation and ultimate ta:: or PCBs and pesticides in lakes. 

c. Deftlop a .,... for monitoring water availabilit1. and water quality aada lia tbe state. Because ambient monitoring bas not been 
~y E tbe delennination of trends in either water quality or ~ II at besL Research is needed to resolve the ISSUCS of s"oatial - te101ution Le., Can we afford to desi~ a system that allows delection m trends ~ipificant . at .the county level?), sampling frequency, and mefulneu of ex11ting mOD1tonng programs. 

Jbe EQ.B recently ~leted assessments of quality and quantity trends. It 
IS ~ to mate tbese assessments every iwo years. The Board coocbided in boch asseasmeotl that the data do not support sound analysis of trends. 1be PCA and MDA reached a similar conclusion in their 
assessment of trends in nitrate contamination of ground water. 
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« ttoee more are u&^y
m 1992. Three regi<mal assessments are

dattjsa i____________

witp Its commitment m 1991 m accelerate the pi^ction of atli^ md regional assessments.

ss^
shov^ mvohre .a sjrstem rm^ch widi analysis of combinations of 
practioM to minimize die einrets <m surface and ground water. The 
^iproaiA mi^ mchide evaluation of new technologies that allow more 
pre^, feitili^ nitrofen qiplicatioiis <m a soU-by-soil basis. Large plot 
evtA^on of iniga^ maakes on coarse-textured soils would be

^^'^***** manure managwnmi plans hased

f- l^roye onr onderstandlng of contaminant movement through the 
tmMtnrrtad aone. Impoitant transport and transfonnatioo functions occur 
m the subsniftoe zone above grouM water. These are pocwrty understood. 
Wc need a greatvundnsttndmg of the facton diat conh^ & movement 
of coniaimnantt tfaroo^ die zone so that dieir tranmoit and fate can be

g1ST^*P.^ P«*a.llS^ of
g; ana impteniMt a Twin Cities, metroMiitan ground water
moM The m^l ^ sm^ie water levels and now pamways for the 
ento metropolitan Twin, Cities region. It will aid in managwwnt of 
TOjlutam sources, die siting of potential sources of pol^^ and ^ 
delineation and managenoent of wellhead protection areas. Once estab-

d. Coadnae die accelerated development of county p-ound water atlalel IDd f'elloul lelllltlvlty MteDments. C~ atlases ~vide new h,Y~§.; inlel1)rewions arid mapping, detailed analy_sis arid inte~tabOll oT a· • t wafer well records and omer subsurface data, and S)'l'.llbesis of Olber 1 • le infomwioo that characteri7.es a county's geologic and ground WIier resources. Regiooal assessments involve new hvclro2eologic 
~ and_ ~g that characte~ the envelope oi glacial deooiita o~yh}g bedrock, and nc~ geologic interpretations and mapping or bedrock m tbo8c areas where bedrock aops out at the land sunacc. 'Ibel: ~ leu debtiJed, multicounty assessment of the acmitivity of ~ in ~ depolill, and locally of the bydrogeologic interactions between gllcial deposits aoa bedrock. 

The Ground Waler Prolectioo Act of 1989 inacascd the funding of county atJues aigniµcandy, and initiated the Rei!ooal Assessment J>!'Oll'llll· To date six atlases bave been COJJ:l()lcted; ibrec more arc widerway and 8iioilief is to be atar1ed in 1992. Three regiooal assessments arc in progress. The LCMR l'CCORDized the need to augment the rate of progress witli its committnent in 1991 to accelerate the production of atlases and regiooal aueuments 

e. E't'81uate !lie !ffecd~ene111 of nftroaen ~meat practices In mlnlJnblg CGlltullnatlon of water raoarces. The effectiveness of varioua nitroaen manaaement practices needs to be evaluated in order to devc!Qp a seI of relia6le and accepted ''best" ~ ~ccs. This should involve a a_yatema awro&ch with analysis of coinbinations of practicea to minim1:,,e the effects on surface and ~ water. The 
~ must include evaluation of new teclmol~ that allow more ~ fenili7.er Ditto.sen applications on a soil-by-soil basis. Large plot evaluation of irri,pbon J)l'lctices on coarse-textured soils would be addleaaed, u wouJa the effectiveness of manure management plans based 
011 soil, IIIIIIUle, and crop types. 

The call for thia evab1■rioo i1 a priority of the rcccntly completed interagency awe report "Nitrogen in Giound Water." 

f. lmproft our ~ of contaminant moftlllellt ~ the •mMtiJ"tecl --. .lrnpo!1lnt ~rt and transformation functioni occur in the aubmrfaoe zone above grou¥ water. These arc poQrly understood. We need a ~ ~ of the factors that control the movement of cmtarninlaa dlrougb the zone so that their transport and fate can be undentood and ~ Stable ~ tracer methods and auhlurfaoc htdro• mode!a abcilld be applied to develop this underatandina. These will ~_y aid eft'ona to meel the degradation preventioo goal of the Ground Wiler ~on Act of 1989. 

g. DeftloD an i~ment a Twin Cities metrooolitan p-ound water model. 11ie model will simulate water levels and llow palhways for the entire metropolitan Twin Cities region. It will aid in management of pollutant sow-ces, the siting of potential sources of pollution, and the ilelineadon and management of wellhead prot.cction areas. Once estab-
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tte^MOd^will Jfocus these management efforts and guide managers

deyelrqanent of a model under consideration for 
mbcatto m tte metropobtan area, but foidier work is needed to safoer 

' mfonnatioa needed to implement the modefon a

h. DelHtBte dw dTccthraieas of urban stormwater manaaement
practl^ Little resea^ has been done in Mbme^ on urbm brat 
------------------ - die mix and suspected kvels of toxics that

——ts have been undertaken to use wetla^ for
----- -- ——« nud^ts in runoff, for example, but we have

not^ adequately studied te effectiveness of dieM systems on removing 
toxics, nor die leqxmse of die wetland over time.

Q?<iocil studied stormwater lurraff character^tics in the early 1980s, tpd mitiated studies in 1989 of die efficiency and remonse of 
weuuids used to mitig^ die effects of polluted stormwater ninm. Hiese 
stodies an mconqilete pictuie of the omditions under which wetlands 
effectively remove contaminants. We must leam about die maintenance 
requimnents needed to keep such systems from actually contributing to 
ppOutent loads. We must also investigate the effectiveness of oter uroan liest management jdactices.
i. ..Devd0R imd a^y dm^ to predict contaminant transport in
Minnesota’s lai|^ riWs. Models are nMded to predict flow and transport 
of contimunams m 1^ nvers. One use of these models will be to aid 
state and local officials in management of spills. The models should aid in — -------- j--,:— targeting spiU monitoring and

e preparedness on die upper Mississippi
„ . . -rr—.------ A second use should be to describe meef^ of apcnadic nonpoint source river iinmts. Implementadon of the 

Mumesota River Assessment Project is a priority iqipUcadon.
The Corps of Enuneeis is develqiing a model diat estimates die time of 
travel firom ^ Mississippi headwaters reservoirs at specified flows. The 
predictiaos that dte model makes need to be verifiM before it can be 
c^idered to npvide a, reasonable basis for major water stqiply decisions, 
like shutting (fff water uual^. Furthermore, toe model does not currendy 
attempt to address the dispersal and transport of various typM of 
contaminants. Du^ the recent Grand Rapids oil spill, officials btU Utile 
1^ of how contaminants readhing toe river were dimrsing, or how fast diey were movmg down river.
Hie hfimiesota River Assessment Project has called toe modeling of 
nonpoint pollution effects in die mainstem river a priority teseanto need.

limed, die ~• will ft.>cua these management efforts and guide managers 
to approprWe solunons. 

The LCMR bu funded development of a model under consideration for 
~licadon in die meb~litan area, but further work is needed to nlher 
~ apply die physical information needed to implement the moder on a region-wide bu1a.: 

b. Determine die effectlvene11 of urban stormwater ~ment pracdca. Little reaearcb bu been done in Minnesota on wbiil best 
~ pnctic:ea desoite the mix and s~ted levels of toxics that 
appear in mtiin nmoff. Efforts have been undertaken to use wetlands for 
retention and batmem of nutrients in runoff, for example, but we have 
not •~ly studied die effectiveness of these systems on removing 
toxics, nor the response of the wetland over time. 

The M~litln Council studied stormwater runoff cbaracter~tics in the 
early l?B()i, and initiated studies in 1989 of the efficiency and~ of 
wetlands used to mi~ the effects of polluted stormwater runoff. These 
studies P.UJll an incomplete pictwc of the conditions under which wetlands 
effectively remove cnntaminants_ We must learn about the maintenance 
requuanenll needed to keg, such systems from actually contn'butin& to 
l>_Ollu!8Jll loads. We m~ also invesbgate the effectiveness of other wban 
"best management pracbCeS. ' 

i. Deftlop and apoly models to predict COJ1tamlnant ~ In 
Mlnnel0ti'1 larp nftl'I. Models are needed to predict flow and ~rt 
of cootaminann m 1l;IF. rivers. One use of theie models will be to aid 
state and local officials in managem;nt of spills. The models should aid in 
early wargjna communications and in targeting ~ill monito~ and 
c~ effolll. Spills -~ pre~ on die upper Misswim,i River JS a priorj~ application. A second use should be- lo descnl>e ttie 
effect of sooradic nonpoint source river inputs. ~lementation of the 
Minnesota River Asseurneot Project is a prionty application. 

The ~ of ~ ia developing a model that estimates the time of 
travel from the Miuiaaippi headwaters reservoirs at soecified flows. The 
~ dial the moilel makes need to be verifiea before it can be 
considered to orovide a reasonable basis for major water supply decisions, 
like sbnning ,)ff waler intakes. Furthermore, the model does not currentlY. 
•- to addreu die .1;-rsal and transnnrt of various "'""'• of 
cmiilibwo- During die ~ Grand ~ids ~l ill. officials ~little 
idea of bow ()f]OWDmant~ reaching the river were ~spersing, or bow fast 
they were movmg down nver. 

The Mirroesota River Assessment Project has called the modeling of 
noopoint pollution effects in the mainstem river a priority research neea. 

3 



j:
h

1991 Minnesota 

Water Research Needs 

Assessment

I
5^-r

EQB WATER RESEARCH ADVISORY COMMTITEE 
MINNESOTA ENVIRONMENTAL QUALITY BOARD

19»2

imiii

1991 Minnesota 
Water Research Needs 

Assessment 

EQB WA'lcR RESEARCH ADVISORY COMMJTI'EE 
MINNESaTA ENVIRONMENTAL QUALITY BOARD ,...., .. 

m,1111111 



r
ifiivirw M OuaWJf SMrtfis an anvirenmama) policy foniitt. This raport was praparad 

by tha NMar MMOureM Aqtfiwi of tfw Emrtmnitmnui Quality Botm. which ooonUnatas and intagratas 
watar poNcy. planning and pregrams througb tba Minnesota Water Plan and related projects.

a»maae(B Pmmng, charged w«h davaloping a long-ranga plan tor MInnaaota. providas staff to the 
Environmantal QuaMy Board.
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by Ille .... , 111,,..., ,,,._,ot,,_ En,,,,.,,,,,,.,,., au.,,, lloMI. which coordinates and inlegrates • 
wller policy. planning and programs through the Minnesota WatM Plan and related projedS. 

••- ""'""""• dllrged wllh developing a long-range plan tor Minnesota. proyldes stiff to the 
Environmental Quallly Board. 
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Executive Summary
j ATCR RESEARCH IS ESSEWHAL to miiagemem and policy decisions made in Miiwiesou. For 

yy research to adequately suppon manacetnent and poUcy. it must be property focused on the key 
f T (pKStions fKing Minnesotans. It must also be adequately and consistently financed.
The puipose of this assessment is to help focus research in its suppon of managemem and policy. 

Ultimately, it is also to help the state meet its goals for managing and protecting Minnesou's water 
resources.

The Miimesott Water Plan (MWP) aniculaies these goals. TTiey are:
“To improve and maintain the high quality and availability of Minnesota's water for future 
generations and long-term health of the environment.

“To ensure that our uses of water are sustainable, and that in meeting our needs for water, we 
recognise its limits and interconnections, accept its changing and varUMe nature, and adjust our 
demands upon it when necessary to st^guard it for future needs. "

Research must aUow us to adequately understand and describe the “quality and avadability of 
Minnesota's waters.” and the “long-tenn health of the environmera.” It must help us understand water's 
interconnections and define what “sustainable” might mean in the context of land and water uses. It must 
help us understand why and how there are limits to these uses.

The EQB Charge and 
The Board’s Response

The Environniemal Quality Board is required by 
law to;

”... evaluate and report to the Legidative 
Water Commission and Legislative Commission 
on Minnesota Resources on statewide water 
research needs and recommended priorities for 
addiessing these needs. Local water research 
needs may also be included.” (Mtanesou Stat
utes. Section I03A.43)

To aid it in addles^ this charge, the Envi
ronmental Qualily Board appointed an advisory 
committee of expeiti. The Board made a special 
eflbit to make Ms committee a blend of aca
demic and managemem interests. The imem was 
to bring together the often divergem perspectives 
of these communities. The thought was that this 
approach would give the Board the best oppomi- 
nity to identify Minnesou's research ptiorities.

The EQB Water Research Advisory Commit
tee identified a series of research needs through
out the course of its deliberations from May

through November 1991. FOur “subcommittees" 
focused on the categories of ground water, 
surface waer. fate and reduction of environmen
tal poUutams. and integnued water management. 
These subcommittees consisted of Advisory 
Committee members, phis other individuals 
known for their expertise. The results of their 
effbttt and subsequem refinements by the full 
Advisory Committee make up the text 

The Advisory Committee also ideinified 21 
research areas of importance from Ms broad Ust 
of identified needs. From these areas, and to 
focus attention on the most pressing needs, the 
committee identified a short list of the top 
priority proJcU-levcl research priorities. This Ust 
was kept imentionaUy restricted, both to better 
highlight the most pressing needs, and to make 
it clear that other impoitara needs do exist 

Finally, the committee identified systonic 
issues relating to Mimesou's approach to re
search. These are described as “overall ctmclu- 
sions and recommendations.''

February 1992 Environmemal Quality Board
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Overall Conclusions 
AND Recommendations

Policy makers, policy developers, water man- 
•|crs, and dtiMiu need to recofniw the 
importUMC of good rcacarch to sealer manate- 
mcnl. The leseaich and management communi
ties can help achieve this lecofnition by accom
panying leseaich svith educational effoiis that 
expli n why research is important to water 
resourees.

New rcqidrcmenu to share research results 
are needed. The communication of research 
results, transfer of new technology, and the 
abUity to tnnfer dau should be required as pan 
of publicly funded research.

Research should be adequately supported in 
Minnesota. Suppon must be predietdile anl 
sustained over the tenn of study, not just the 
bieimium. It is not well-served the two-year 
timeframe frequently imposed by the legislative 
process.

Impartial research experts should review 
detailed research propoaala in a two-step 
process. Peer review and selection procedures 
for funding research need to be revamped. The 
first step should involve review of substantive 
preliminary proposals. It should occur before the 
final seleoions are recommended. The second 
nep should involve review of <<»*«»««« full- 
length work plans befbre state ftmds are releaaed.

Funding reqt------- ------- jhouM be adequately coordi
nated and iotap-atad with water policy and 
management naads. The Mirmesou Water Pirn 
provides the ftai.rewoik for state water policy 
developmeitt and managemenL It therefore 
provides the Ihiroewoifc for identifying water 
research priorities.

The attached package of project-level water 
research priorities should guide water re
search funding requests and allocations.

1991 Project-Level Priorities

Fourteen project-level research topics are high
lighted above the lOO-pius identified. Funding of 
these fourteen priorities is considered by the 
Advisory Committee to be particularly important 
in the upcoming biennium. Their suppon wiU 
immediately aid the state in making decisions 
mandated by the Legislature. The priorities are 
presented in groupings defined by the extent of 
suppon they received among Advisory Commit
tee members. However, each, regardless of its 
grouping, is considered urgent and important

Under priority level one, the priorities are 
that we:

DeUneale and quantify the factors that deter
mine wetland functions and develop standard- 
iaed methods for their measuremenL To 
reasonably support state wetland conservation 
policy, the state needs to develop a better under
standing of the factois that drive wetland ecosys
tem and hydrologic system functions, and of the 
technology of wetland restoration. These must be 
tied to the differera types of wetlands, and the 
different locuional characteristics of the individ
ual wetland in question.

Determine how our changing climate influenc
es the availablity of surface and ground 
water. The lange of effects of climate change on 
the availabiltiy of surfece and ground water must 
be defined to aid in the developmetK of manage
ment strategies. Agriculture is paiticulaily de
pendent upon climue. The need for stabiUty in 
agriculture dictates that climate change, like that 
represented by drought cycles, be better under
stood in Minnesota. The growing demand of 
public water supplies in the Twin Cities metro- 
poliian area also urgently necessitates this ex
panded understanding.

Improve our understanding of conuminant 
movement through the unsaturated tone. 
Important transport and transfoimation functions 
occur in the subsurface zone above ground

a Minnesota Planning Februaiy 1992

OVERALL CONCLUSIONS 
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reuonably support swe wedand conservation 
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tem and hydrolopc system functions. and of lhe 
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ment stralqies. Apiculture is . particularly de
pendent upon climlle. The need for stability in 
qricullUre dicllles that climlle chan&e, like dW 
represerled by droushl cycles, be better under
SU>Od in Mimesota. The an>wlna demand of 
public water supplies in the Twin Cities metro
politan area al.lo ulJffldy necessitates dlis ex
panded understanding. 

Improve our undentandin1 of contaminant 
moveam1t thl'Olllh the turated mne. 
Important transport and ll'll'ISfortnation functions 
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ii Minnesota Plaming February 1992 



water. These ate poorly understood. We need a 
greater understanding of the factors that control 
the movemen’. of contaminants through the zone 
so that their transport and fate can be understood 
and managed. Stable isotope tracer methods «id 
subsurface hydrologic models should be applied 
to develop this understanding. These will greatly 
aid efforts to meet the degradation prevention 
goal of the Ground Water Protection Aa of 
1989.

Under priority level two, the priorities are 
that we:

Determine the fate of toxic compounds in 
lakes. The tiansfomiation and fate oi mercury. 
PCBs. and pesticides in Mimesou lakes needs to 
be better understood. The factors affecting 
accumulation of these toxic substances in food 
chain organians must be evaluated.

Develop a system for monitoring water avail
ability and water quality trends in the sute. 
Because ambiera monitoring has not been ade
quately suppocted. the determination of trends in 
either water quality or quantity is difficult, tt 
best Research is needed to resolve the issues of 
spatial resolution (i.e.. Can we afford to design 
a system that allows detection of trends signifi
cant at the county level?), sampling frequency, 
and usefulness of existing monitoring programs.

some locations in removing nitrate from ground 
water. Because no one is sure of this, it is diffi
cult to use nitrate as an indicator of pollution, or 
to assess how vulnciable a well may be to 
pollution.

Develop practical eowwiic tools to promote 
cb isideratioa of the vahw of water in de- 
ciskm-making. AUocaiion of water among com
peting users aid. mom broadly, management of 
land and water, is not governed by water's real 
value. Consequently, dedsiom affecting waer 
and land resources are often inefficient or inap
propriate.

Evaluate the importance of denitrification in 
MinnesoU aquifers. Denitrification is a process 
where nitrate is converted to nitrogen gas and 
removed from water. It is thought to occur in 
ground water where organic matter is present but 
oxygen is not It could be a signifleant factor in

Continue the accelerated dev
county ground water atlases and regional 
sensitivity assessnwnts. County atlases provide 
new hydrogeologic interpretations arxl mapping, 
detailed analysis and interpretation of existing 
water well records and other subsurface data, and 
synthesis of other available informabon that 
characterizes a county's geologic and ground 
water resources. Regional assessments involve 
new hydrogeologic interpreutions and mapping 
that characterize the envelope of glacial depmits 
overlying bedrock, and new geologic interpreu- 
tions and mapping of bedrock in those areas 
where bedrock crops out at the land surface. 
They provide a less detailed, mulbcounty assess
ment of the sensitivity of aquifers in glacial 
deposits, and locally of the hydrogeologic inter
actions between glacial deposits and bedrock.

Analyze the organization of state water man
agement programs. It is important to detennine 
whether state programs and activities can be 
better organized to address state water needs in 
an effective and efficient manner.

Determine the effectiveness of urban storm
water management praetkes. Little research 
has been done in Minnesou on urban best 
management practices despite the mix and sus
pected levels of toxic substances that appear in 
urban runoff. Efforts have been undertaken to 
use wetlands for retention and treatment of 
nutrieius in ninoff. for example, but we have not 
adequately studied the effectiveness of these 
systems on removing toxic substances, nor the 
response of the wetland over time.

Develop and apply models to predict contami
nant transport in Minnesota’s large rivers. 
Models are needed to predict flow and transport 
of contaminants in large rivers. One use of these 
will be to aid state and local officials in man-

Febniary 1992 Environirwntal Quality Board iU
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111cy provide a less detailed. multicounty assess
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Analyze the orpnlution of state water man
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Determine tbe effectivenaa of urban storm
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has been . done in Minnesota on urban best 
manqemcnt practices despite the mix and sus
.pccted levels or toxic substances that appear in 
urban runoff. Efforu have been undenaken to 
use wetlands for ~on and treatment of 
nutrients in NnOff, for e:o:ample. but we have not 
adequately studied lhe effi:tivencss of these 
systems on ~movin1 toxic substances. nor the 
rcspome of the wetland over time. 
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nant transport in MiMaota 's larae rivers. 
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agemem of spills. TIk models should aid in eariy 
warning commimicacions and in targeting spiU 
monitoring and cleanup effons. Spills response 
on the upper Mississippi River is a priority 
application. A second use should be to describe 
the effea of sporadic nonpoint source river 
inputs. Implementation of the Minnesota River 
Assessment Project is a priority.

Under priority level three, the priorities are 
that we:

Quantify the transport and fate of conumi- 
nants in L4dce Superior. The transport and fate 
of contaminant loadings within the world's 
largest lake are not well understood. Studies of 
these items must include contributions from 
atmospheric transport

Evaluate the nitrogen contributions of manure 
and other organic sources. The contributions of 
manure and other organic sources to the total 
pool of avaUaUe nitrogen in soils, runoff, and 
infiltration in agricultural areas are not well 
understood. A belter understanding of these 
coraributions would improve nitrogen manage
ment and ground water protection effons.

Devciap and Implenient a Twin Cities metro
politan ground water moM. The model wiU 
simulate water levels and (low pathways for the 
entire metropolitan Twin Cities region. It will aid 
in managemetH of pollutant sources, the siting of 
pouniial sources of pollution, and the delineation 
and management cf wellhead protection areas. 
Once established, the model will focus these 
marugemera efforts and guide managers toward 
appropriate solutions.
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agement of spills. 1be models should aid in early 
warning communications and in targeting spill 
monitoring and cleanup effons. Spills response 
on the upper Missi:mippi River is a priority 
application. A second use should be to describe 
the effect of sporadic nonpoinl S1>Urce river 
inputs. lmplanenlalion of the Minnesota River 
Assessment Project is a priority. 

Under priority leYel three. the priorities an 
that we: 

Quantify the transport and rate or contami
nants in Lake Superior. 1be transpon and fate 
of contaminant loadinp wilhin the world's 
largest lake are IIOl well understood. Studies of 
these items must include contributions from 
atmospheric lrlnlpOrt. 

Evaluate the nitropn contributions of manure 
and other or1anic ,ourc:a. 'The contributions of 
manure and ocher organic sources to the total 
pool of available nitrogen in soils. runoff. and 
infiltration in agricultural areas are not well 
undentood. A better undersWlding of these 
contributions would improve nitrogen manage
ment and around water protection effons. 

Develop and implement a Twin Cities metro
politan p-ound water model. 'The model will 
simulate water levels and flow pathways for the 
entire metropolitm Twin Cities region. It will aid 
in manaaement of polluwn sources. the siting of 
poL-ntial sources of pollution. and the delineation 
and manqement cf wellhead protection areas. 
Once established. the model will focus these 
mana,ement efforts and pide mana1ers toward 
appropriate solutions. 
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The Policy Connection 

in Research
HE MINNESOTA WATER PLAN (MWP) identifies the principles, policies, and actions needed for 

I managing water in the 1990s and beyond. The MWP stresses the impoitance of undeistanding
X water's interconnections. It emphasizes the need to integrate effbns to address them. The MWP 

goals, presented in the ExecuHvt Summary, embrace these requirements.
These goals, the principles described below, and a series of MWP recommendations provide the policy 

framework within which the assessment of research needs and priorities was made. This framework was 
developed with extensive paiticipation by both citizens and officials interested in the management of 
Minnesou's water resources.

The 1991 Minnesota Water Research Needs Assessment identifies the research required to support the 
management and policy decisions called for in the MWP. This chapter of the Assessment introduces these 
needs by highlighting;

A. Measures to correct problems in the way research is conducted and supported:
B. The ties between the AfW/> and 21 areas of research need: and.
C. The 14 project-level priorities considered most in need of funding during the 1991-1993 

biennium.

Principles for Water 
Management and Research

The principles identified in the Minnesota Water 
Plan (MWP) must also serve as a guide when 
identifying and canying out the associated 
research needed.

The MWP calls for a “focus on the resource” 
and “inttgrated water resources management" 
Both are prerequisites for sustaining the high 
quality of Minnesota's environment This assess- 
mem identifies the research elements necessaiy 
to suppoit this new tqiproach.

The first principle related to research is that 
Minnesotans undeistand its impoitance. Research 
provides the scientific basis for sound water 
management decisitms.

Minnesota's other water principles are that we;

Manage water’s interconnections. These occur 
between water and ecosystem health, surface and

ground water, water quality and quantity, and 
among air. land, and water resources.

Focus on the resource. A wide range of pro
grams must be brought together to protea and 
manage the lake, wetland, stream, or aquifer in 
jeopardy.

Manage hydrologic unitt. Minnesotans need to 
manage the inter-connections of streams, lakes, 
wedands. and ground water through their water
shed. river basin, and ''ground-watershed'' sys
tems.

Make partnerships work for water. Partner
ships bring people together to address Min
nesou's complex water needs. Local, regional, 
state, and federal governments, the academic 
community, the non-profit sector, and interest 
groups must all lake part in Minnesou's water 
panne iships.
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The Policy Connection 
in Research 

T HE MINNESOTA WATER PUN (MWP) identifies the principles. policies. and actions needed for 
managing waler in the 1990s and beyond. The MWP stresses the importance of under.;tanding 
water's interconnections. It emphasizes the need to intepate effons to address them. The MWP 

goals. presented in the Extculivt Swnmary, embrace these requirements. 
These goals, the principles described below, and a series of MWP recommendations provide the policy 

framework within which the assessment of research needs and priorities was made. This framework was 
developed with extensive participation by bod! citizens and officials interested in the management of 
Minnesota's water resources. 

The /99/ Minntsora Wattr Rtstarch Nttds Asstssmtnt identifies the research required to support the 
management and policy decisions called for in the MWP. This chapter of the Asstssmtnr introduces these 
needs by highlighting: 

A. Measures to con"CCt problems in the way research is conducted and supported; 
8 . The ties between the MWP and 21 areas of research need; and, 
C. The l4 project-level priorities considered most in need of funding during the 1991 - 1993 

biennium. 

PRINCIPLES FOR WATER 
MANAGEMENT AND RESEARCH 

The principles identified in the MiNWora Wattr 
Plan (MWP) must also serve u a guide when 
identifyina and carrying out the usociated 
research needed. 

The MWP calls for a "focus on the resource" 
and "integraaed warer resources manqcmcnt." 
Both are ~lieS for sustaining the high 
quality of Minne9ola's environment. This assess
ment identifies the research elements necessary 
10 support this new approach. 

The flnl principle rellled to research is dlll 
Minnesotans understand its importance. Research 
provides the scientific bais for sound water 
managemem decisions. 

Minnesota's other water principles arc that we: 

M111ap water's inten:onnections. These occur 
between water and ecosystem health. surface and 

ground water, water quality and quantity. and 
among air. land, and water resources. 

Focus on the raource. A wide range of pro
grams must be brought together to protect and 
manage the lake, wetland, sucam, or aquifer in 
jeopardy. 

M111ap hydrolop: units. MinncSOWIS need io 
manage the iiur<OMCCtions of streams. lakes. 
wetlands. and ground water through their water
shed. river basin, and "ground-water.;hed" sys
tems. 

Make partnerships work for water. Parmer
ships bring people together 10 address · Min
nesota's complex water needs. Local, regional. 
state. and federal governments. the academic 
community. the non-profit sector. and interest 
groups must all take pan in Minnesota 's water 
partnerships. 
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Make prevenlion the focus. Minnesotans must 
focus effoits on prevention of water degradation 
and ovenise. It costs far less in the long run.

Put public health and safety first. PubUc health 
and safety must never be compromised in the 
management of water.

Let dtiaens make a difference. Gtizens help to 
identify, understand, and reconcile the competing 
demano5 for water.

Educate people to change behavior. People 
pollute. Peo|rie waste water. People need to 
understand the consequences of their behavior. 
Otherwise, they wiU be less likely to change 
habits. Formal and non-formal water education 
ate keys to the success of all water management 
activities.

Minnesotans must recognize the importance of 
information. Sound infbmiaiion makes for 
sound decisions. Minnesotans need water infor
mation that accurately describes what is happen
ing to water. They also need infoimation that is 
accessible, understandable, and interconnected.

Think long-term. The long-term costs and 
benefits to society, not shoit-tenn demands and 
crises, must guide water decisions.

Accept limiu to growth. The vulnerability and 
availability of water resources should limit 
economic development when enviioranenul 
quality would otherwise not be sustained.

Make thbae who benefit pay. The pubUc at 
large should shue the cost of govemmera actions 
where society benefits, but when individuals 
benefit, they should bear the costs.

Make government understandable, adaptable, 
and accountable. Miiuiesotans must understand 
how programs protect resources. Programs must 
adapt to changing conditions. They must respond 
to changing needs. Administrators must account 
for program results.

Overall Conclusions and 
Recommendations

The Water Research Advisory Committee iderai- 
fied several overall concerns with the conduct 
and suppoit of research in Minnesota. These in 
its view clearly need to be addressed.

Policy makers, policy developers, water man
agers, and citizens need to recognize the 
importanceof good research to water manage
ment. The research and managernem communi
ties can help achieve this recognition by accom
panying research with educational effons that 
explain why research is importam to water 
resources. Both communities have a responsibili
ty to help convince the public of the need for 
good research.

New requiremenu to share research resuHs 
arc needed. The communicttion of research 
results, transfer of new technology, and the 
abUity to trvisferdau should be required as pan 
of publicly funded research.

A technology trmsfer plan should be a condi
tion for funding. Dau collected du.nng the course 
of research should be formatted in a neuual file 
format, well documented, and anhived in a 
central location at the Land Managernem Infor
mation Center (LMIQ.

GeograpiiicaUy based database mwagemem 
systems should be used where location-specific 
data are collected. In these cases, investigators 
should consult with staff from LMIC to deter
mine the coordinate system that will facUitate 
conversion into the right format

Research should be adequately supported in 
Minncaola. Support must be predictable and 
sustained over the tenn of study, not jiKt the 
bienttium. It is not well-served by the two-year 
timeframe frequently imposed by the legislative 
process.

Many research studies require a period of 
several years to reach a legitimate conclusion. 
Some way must be found to ensure long-tenn 
suppon of such projects, despite the constitution-
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Make prevention the focus. Minncsotam must 
focus effons on prevention of water degradation 
and overuse. It costs far less in the long run. 

Put public health and yfety' first . Public health 
and safety must never be compromised in the 
management of water. 

Let citizens make a difference. Otizens help to 
identify. understand. and reconcile the competinl 
demano.• for water. 

Educate people to chan• behavior. People 
pollute. People waste water. People need to 
understand the consequences of their behavior. 
Otherwise. they will be less likely to change 
habits. Formal and oon-formal water education 
are keys to the success of all water management 
activities. 

MlnnHDtans must recopize the importance or 
information. Sowld information makes for 
sound decisions. Minnesocans need waaer infor
mation that accurately describes what is happen· 
ing to water. They also need information that is 
accessible. understandable. and inten:onnected. 

Think Iona-term. The long-term costs and 
benefits to society. not short-term demands and 
crises. must ,uide water decisions. 

Accept limits to p-owtb. The vulnetability and 
availability of water resources should limit 
ecooomic development when cnvironme!UI 
quality would otherwise not be sustained. 

Make thble wllo benefit pay. The public at 
large should ~ the cost of aovemment actions 
where society benefils. but when individuals 
benefit. they should bear the cosu. 

Make aovtmmmt unclentandable. adaptable. 
and aa:ounlable. MinnesolanS must understand 
how programs protect resources. Proarams must 
adapt to chanamg conditions. They must respond 
10 chanpn1 needs. AdministrllOrs must account 
for program results. 

OVERALL CONCLUSIONS AND 
RECOMMENDATIONS 

The Water Research Advisory Committee identi 
fied several overall concerns with the conduct 
and support of resean:h in Minnesota. These in 
its view clearty need to be addressed. 

Policy makers. policy developers, water man
qers, and citizens need to recopize the 
importance ofpd raarch to water manqe
ment. The research and mana,ement communi
ties can help achieve this recognition by accom
pallYing research with educational effons !hat 
explain why research is imponant to water 
resources. Both communities have a responsibili
ty to help convince the public of the need for 
good research. 

New requiremmu to mare resarcb results 
are needed. The communication of research 
results. transfer of new teehnolOI)'. and the 
ability to tnnSfer data should be required as part 
of publicly funded research. 

A teehnolOIY transfer plan should be a condi
tion for fundina, Olla colleaed durlnl the course 
of research should be formaaed in a neulral file 
fonnat. well documented. and Ut'hived in a 
central location at lhe Land ~cnt lnfor
mllion Cenler (LMIC). 

GeolflPhically based daaabue manqeme111 
systems should be Uled where locllion-specific 
data are collected. In these cues. investilatoB 
should consult with staff horn LMIC to deter
mine lhe coordinlle sysaem that will facilitate 
conversion into the ria!U formal 

Reaeardl lbould be adequately supported in 
M......._ Support must be predictable and 
sustained over the term of study. not Just the 
biemium. It is not well-served by the two-year 
timeframe frequently imposed by the legislative 

~; research studies require a period of 
several years to reach a legitimate conclusion. 
Some way must be found to ensure long-term 
support of such projects. despite the constitution-
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al prohibition against one Legislatuie making 
future funding cammiDnents for anotfier.

Complications may also result with research 
that must sun in the Spring. Since funds are not 
available until later in the year, a full year of the 
two-year cycle often may be missed.

Impartial reaearch nperu should review 
deuiled research proposate in a two-step 
process. Peer review and selection procedures 
for funding research need to be revamped. The 
first step shoukl involve review of substantive 
preliminary proposals. It should occur before the 
final selections ate recommended.

The second step should involve review of 
detailed, full-length work plans before state 
funds ate released. The one- or two-page form 
used by LCMR may be sufficient to identify 
priority fopics. but it is eniiiely inadequate to 
allow one to judge the technical viabiUty of the 
proposal or the proposer.

Funding rcqiicsU should be adequately coordi
nated and integrated with water pcilicy and 
management needs. The Miniusou Water Plait 
provides the framework for state water policy 
development and managemenL It theteftHe 
provides the ftamework for identifying water 
research priorities. The EQB Water Research 
Advisory Committee is in a good position to link 
academic expenise and peipectives with state 
policy and managemem needs.

This package of water research priorities 
should ginde water research Ainding requesU 
and aUocatioos. This assessment defines the 
essential relationahip of research to management 
and policy and. ftom that, the project-level 
research priorities for the biennium.

1991 Areas of Research Need

The full set of identified water research needs, as 
weU as additional discussion of the foUowing 
research areas, are included in the body of this 
assessment The research areas are identified to

help focus researchers and funding agencies on 
the issues most in need of research.

The research areas are organized around the 
categories of Ground Water. Surface Water. Fate 
and Reduction of Environmental PoUutants. and 
Integrated Water Management Each of the 
sections is prefaced by the related policy ques
tions and recommendations of the Minnesota 
Water Plan (MWP).

The criteria used in developing the research 
areas list ate:

Responsivenen to the goals, principles, and 
recommendations of the MWP.

Sequencing of research required in addressing 
the MWP'% goals, principles, and recommen- 
dathms. For example, an added priority might be 
assigned to answering the basic question of 
where Minnesou’s ground water is located 
before placing the full emphasis needed on what 
aquifer characteristics may be.

Ground Water

Questions from the policy side:

How can we better protect our ground water 
resources?

How can we belter understand the vulnerability 
of giDuiHl water to contamination?

What is the best way to ensure thm wells are 
protected and are not pollution hazards?

Recommendaiians fkom the MWP;

Protea and manage aquifers as units.

Gather mfficiettt hydrogeologic information for 
making adequate water managemem and protec
tion decisions.

Strengthen enforcement of the well code at the 
state and local level.
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al prohibition qainst one Legislature malting 
furure funding commiunents for anocher. 

Complications may also result with research 
that must stan in the Spring. Since funds are 110( 
available until later in the year. a full year of the 
two-year cycle often may be missed. 

Impartial raun:11 experts should review 
detailed research propouls In • two-step 
process. Peer review and selectlon procedures 
for fundin& research need to be revamped. The 
first step should involve review of substantive 
preliminary proposals. It should occur before the 
final selections are recommended. 

The second step should involve review of 
detailed. full-lert&lh woltt plans before stale 
funds are releued. The one- or two-pqe form 
used by LCMR may b~ sufficient to identify 
priority topics, but it is entirely inadequate to 
allow one to jud,e the th"Mical viability of the 
proposal or the proposer. 

Fundin1 nqueats mould be adequately coordi
nated and inllp'aled wilh water policy and 
manqement needs. The MiNWOta Wattr Plan 
provides the fnmewoltt for stile wa&er policy 
development and manqement. It therem 
provides the fnmewoltt for idenlifyins WIier 
research priorities. The EQB Water Raeudl 
Advisory Committee is in a p,od posllion to llnlt 
academic expedile and perpectives with Slale 
policy and manapment needs. 

This pac:kqe of water ....-di priorities 
should pide water raadl flllldina nquem 
and allocadon& 11111 uaesmient defines the 
essential reladonlhip of researcb to manqement 
and policy and. fnJm tbM. the project-level 
research priorities for the biemium. 

1991 AREAS OF RESEARCH NEED 

The full set of identified water research needs, as 
well as additional discussion of the followln, 
research areas, are included in the body of this 
assessment. The research areas are identified to 

help focus researchers and funding agencies on 
the issues most in need of research. 

The research areas are organized around the 
caaeaories of Ground Water. Surface Water. Fate 
and Reduction of Environmental Pollutants, and 
lnte,nled Water Management. Each of the 
sections is prefaced by the related policy ques
tions and recommendations of the MiMtsota 
Wattr Plan (MWP). 

The criteria used in developing the research 
areas list are: 

Responsiveness to Ille ao•ls. principles, and 
recommendations of Ille MWP. 

Sequencina of raeardl required in adclressin1 
the MWP's aoals, principles, and rer.ommen
dations. For example, an added priority miahl be 
assi,ned to answerin, the basic ~stion of 
where Minnesoca's ,round water is located 
before placin& the full emphasis needed on what 
aquifer chancteristics may be. 

GROUND WATER 

Questions from the po!ky side: 

How can we better protect our ,round waler 
resoun:es? 

1-'ow can we better undel"SWld the vulnerability 
of ,round warer to contamination? 

What is the best way 10 ensure that wells are 
protected and are not pollution hazards? 

Recommendation• from the MWP: 

Protect and manage aquifers as urtits. 

Gather sufficient hydroaeologic information for 
maldna adequale waaer manqement and protec
tion decisions. 

Strenalhen enforcement of the well code at the 
Stale and local level. 
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Develop »id impiemem wellhead prelection for 
public and private wells.

The research response:

■ Continue accelerated preduction of county 
geologic atlases and regional sensitivity assess
ments.

■ bnpreve information on ground water and 
contaminant flow paths, and the age of ground 
water, for major drinking water aquifers.

■ Improve understanding of vadose zone proper
ties and processes. The vadose zone is that area 
between the land surface and ground water.

■ Develop the tools needed to implenient a 
wellhead protection strategy, including methods 
to delineate wellhead protection areas.

■ Develop the information and understanding 
needed to manage ground water as a sustainable
resource.

■ Improve technologies for remediation of 
contaminated ground water.

Surface Water

Questions from the pUky %Uk

How can lakes be protected by comprehensive 
managemem of the envirormerK?

What should be done to ensure that we do not 
lose the values provided by Minnesou's wet
lands?

How can we tie together the various land and 
water-related programs so that rivers and »reams 
are protected and enhanced?

How can we build on local water plans to ad
dress the problems and oppo.'ninities found in 
our major rivers?

Recommendations from the MWP:

Develop a strategy for integrated lake manage
ment

Establish and operate a state-local “no net loss" 
program for wetlands. Note: the Legislature 
established the statutes governing this program in 
1991.

Address water and related land resource issues 
from both a major river basin and a smaller 
watershed perspective.

The research response:

o Quantify wetland fonctions and values in 
relation to their hydrologic characteristics, and 
define managemem strategies needed to maintain 
the functions.

■ Assess the potential for spread of exotic 
species (e.g.. Eurasian water milfoil) in the 
state's surfoce waieis, and develop management 
and control strategies for major pest species.

■ Investigate effective, integrated methods for 
protecting and improving the quality of inland 
lakes.

■ Develop a basic research and data collection 
program on large and pooriy studied inland lakes 
and their watersheds, and on Lake Superior, to 
suppoit iiuegraied lake managemem.

■ Develop and evaluate methods to include 
information on ecosystem health in water moni
toring programs and in regionally-based water 
quality criteria.

u Develop better understanding of factors affea- 
ing water quality and availability in the state's 
large rivets, including models to predict contami- 
nam dispersal, and travel times and flow rates 
under drought conditions.
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Develop and implement wellhead protection for 
publ ic and private wells. 

The re•arch respon•: 

■ Continue accelerated production of county 
geoloaic l11ases and regional sensitivity assess
ments. 

■ Improve information on growld water and 
colllaminant flow paths, and lhe age of growld 
water. for major drinkin& water aquifers. 

■ Improve understandinl of vadose zone proper
ties and processes. TIie vadose zone is that area 
between lhe land surface and pound water. 

■ Develop lhe tools needed to implement a 
wellhead protection strate1Y, includin1 methods 
to delineate wellhead procection areas. 

■ Develop lhe information and understandin& 
needed to manage pound water u a sustainable 
resource. 

■ Improve technolt>&ies for remediation of 
contaminated ground warer. 

SURFACE WATER 

How can lakes be plOfeCled l)y comprdlenslve 
manaaement of die enviror.menr? 

What ·should be done to enswe !hat we do not 
lose lhe valua pnmded by Minnesota's wet
lands? 

How can we tie toaeme, lhe various land and 
water-relaaed prolJ'IIDS so that rivers and suums 
are protected and enhanced? 

How can we build on local water plans to ad
dress lhe problems and opportunities fowld in 
our major rivers? 

Recommendations from the MWP: 

Ct >'Clop a strategy for integrated lake manage
ment. 

Establish and operate a state-local .. no net loss" 
program for wetlands. Note: lhe Legislarure 
established lhe swutes governing this program in 
1991. 

Address water and related land resource issues 
from boch a major river basin and a smaller 
watershed perspective. 

The tt!earch respon!e: 

■ Quantify wetland fwlctions and values in 
relation to !heir hydrologic characteristics, and 
define manaaement strateaies neeckd ID maintain 
lhe function.1. 

■ Assess lhe potential for spread of exotic 
species (e.,.. Eurasian water milfoil) in the 
swe's surface waters, and develop management 
and control SU'llqies for major pest species. 

■ lnvestiaate effective, integrated methods for 
proc.ecting and improvinJ lhe quality of inland 
lakes. 

■ Develop a basic resean:11 and data collection 
program on lqe and poorly snidied inland lakes 
and their warenheds, and on Lake Superior. to 
support inlepaled lak.e manqemenL 

ii Develop and evaluale methods to include 
information on ec:osyscan health in water moni
toring programs and in reaiOnally-based water 
quality criteria. 

. ■ Develop better understandin& of facu,rs affect
inl water quality and availability in lhe swe·s 
lqe rivers. includin& models to predict conwni
naN dispersal, and travel times and flow rates 
under droupll conditions. 
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Fate and Reduction of 
Environmental Pollutants

Questions from the policy side:

What new steps must be taken to meet state and 
federal clean water goals?

What can be done to reduce the amount and 
number of pollutants entering the environment?

How can we protea our water and soil resourees 
while ensuring the vitality of the state's agricul
ture?

How can we ensure that water and wastewater 
treatment systems mea new health and environ
mental protection needs of the state?

How can we ensure that our water infrastnicture 
(e.g.. dams, water and wastewater treatment 
systems) is effectively operated and maintained?

Rccoimnendationa from the MWP:

Evaluate how slate programs should be changed 
to move toward the Minnesou clean water goals: 
then begin making the changes.

Reduce the amounts of poUuting materials used, 
wastes produced, and pollutants entering the 
environmem.

Ensure that agricultund activities in the state are 
environmentally sound, and economkaUy and 
sociaUy viable in both the short and long term.

Upgrade Minnesoa's water infrastnictUR with 
new technology to better safeguard public health 
and the environmem.

Take steps to ensure that money is set aside for 
infrastnicture maintenance and improvemern.

The research response:

■ Quantify the effects of contaminant loadings 
from urban stormwater on receiving waten. and 
design effective, cost-efficient treatment and 
management practices.

■ Improve agricultural practices, including those 
for manure maiuigement and weed control, to 
decrease contaminant loadings of nutrients and 
pesticides.

■ Detennine the significance of atmospheric 
contributions of toxic substances, especially 
those of pesticides. PCBs. and mercury on lakes.

■ Refine methods to evaluate the impaa of toxic 
substaiKes in wastewater discharges on surface 
waters, and develop cost-effective methods to 
remove such substaiKes from waste streams and 
drinking water.

Integrated Water 
Management

Questions from the policy sMc:

What can we do to better manage water in the 
broader environmental context?

How can environmental protection needs influ
ence the systematic management of growth?

How can Minnesota maintain a strong economy 
while sustaining the quality of its environment?

How can we ensure that Minnesotans have 
sufficient water to mea their future needs?

How can the state be better prepared for water 
emergencies and drought?
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FATE AND REDUCTION OF 
ENVIRONMENT AL POLLUTANTS 

Questions from the policy side: 

What new steps must be taken to meet swe and 
federal clean waler aoals? 

What can be done to reduce the amount and 
number of pollutantJ entering the environment? 

How can we protect our water and soil resources 
while cnsurina the vitality of the swe·s agricul
ture? 

How can we ensure that waler and wastewater 
treanncnt systems meet new healdl and environ
mental protection needs of the state? 

How can we ensure that our water infrastructure 
(c.a .. dams. water and wastewarer t.reaanent 
systems) is effectively operated and maintained? 

Recommendations from the MWP: 

Evaluate how swe prolflllls should be chanpd 
to move toward the Minnesota clean waler aoals: 
then begin makina the chanps. 

Reduce Ille IIDOWIIS of poll1llinl marerials used. 
wastes produced. and pollullllll enlerinl Ille 
environment. 

Ensure that apicullural aclivitla In the Sllle ~ 
cnvironmenlally mund. and economically and 
socially viable in boCh Ille short and Ion& term. 

Uparade MinnelOla's Wiler infrllUucture widl 
new tecmololY to better safe,uard public healdl 
and the environment. 

Take stepS to ensure that money is set aside for 
infrastructure mainaenanc:e and improvement. 

The research response: 

■ Quantify the effects of contaminant loadings 
from urtan stormwater on receivina waters, and 
dcsian effective. cost-efficient treaancnt and 
management practices. 

■ Improve agricultural practices, includina !hose 
for manure manaaemcnt and weed control. 10 
decrease contaminant loadings of nutricntJ and 
pesticides. 

■ Determine the significance of aanosphcric 
cottributions of toxic substances. especially 
!hose of pesticides, PCBs. and mercury on lakes. 

■ Refine methods to cvalUlle the impact of toxic 
substances in wastew11er disclwJcs on surface 
waters, and develop cost-effective methods to 
remove such substances from waste streams and 
drinkin& lier. 

INTEGRATED WATER 
MANAGEMENT 

Quesdons from the policy side: 

What can we do to bcuer manaae w11er in the 
broader environmental context? 

How can environmental protection needs influ
ence the systematic manaaement of growth? 

How can Minnesota maintain a strong economy 
while sustaininl the quality of itJ environment? 

How can we ensure that Minnesotans have 
sufficient wa&er to meet their future needs? 

How can the swe be better prepared for water 
emer,encics and droup1t? 
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How can people be better educated about water 
issues?

What is needed so that people act in a manner 
(bat ensures the environment is safeguarded?

How can we make dau readily accessible, and 
more useful for those who need it?

How can we get a better long-term understanding 
of changes in Minnesota's water quality and 
availability?

What steps should be taken to ensure a consis
tent approach to holding people liable for misuse 
of water?

How can the state do a better job of enforcing its 
water laws?

ReGommcndalioiu from the MWP;

■ Identify and ronove banters to managing 
water's inter-connections for a sustainable envi
ronment

■ Build consideration of water protection needs 
into land use decistons.

■ Develop a water conservation strategy for 
long-term and seasonal water use throughout 
Minnesota.

■ Make the commitment of money artd authority 
necessary to cany out the state Water Resources 
Monitoring Plan.

■ Develop a consistent state approach to fairly 
and equitably assigning consequences and liabiU- 
ty for water misuse.

■ Enhance the state's strategy for compiiatKe 
with environmental regulations.

The research response:

■ Estabiish a demonstration project to evaluate 
the infomiational and institutional barriers to 
integrated water management.

■ Investigate the technical issues that must be 
resolved to design an effective monitoring pro
gram to evaluate trends in the quality and avaU- 
abUity of the stale's water resources.

■ Define and quantify the intetactions between 
ground water and sireans. wetlands, and lakes.

■ Determine the impact of global climate change 
on the availability of Miimesoia's surface and 
ground water resources.

■ Develop economic infonnatkm on the benefits 
and costs of policies affecting wetlaid preserva
tion and ground water proiectioa

■ Launch a major environmental education 
initiative to show people how their actions affect 
the environmem.

1991 Project-Level 
Priorities

■ Open up lines of oooununication among local 
state, and fedeial levds of goveimnent. at well 
as citizens and the private sector.

n Improve the stale's Geognphic information 
System so that all users can easily access and 
integrate dau on surface water, ground water, 
and related land resources.

The Advisory Committee deteraiined that certain 
project-level priorities needed to be brought to 
the attention of policy maken. These priorities 
were selected from within the areas of research 
need in response to a combiiuiion of factors, 
including the urgency for use in managemem 
decisions, and the perceived viability and scien
tific necessity of the research.
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Li-

How can people be better educaled about w.ier 
issues? 

What is needed so tNl people act in a manner 
tNl ensures the environment is safeparoed? 

How can we mike dala readily accessible. and 
more useful for those who need it? 

How can we set a better lon1-tenn underst."ldina 
of chan,es in Mimesota's water quality and 
availability? 

What steps should be taken to ensure a consis
tent approach to holdinl people liable for misuse 
of water1 

How can the stale do a better job of enforcin1 its 
water laws? 

Recommendations from the MWP: 

• Identify and remove blnie11 to manqina 
water·~ inter-connections for a sustainable envi
ronmenL 

• Build consideration of water procection needs 
into land use decisions. 

• Develop a waaer eo111ervllion SUll.eff for 
lon1-1erm and ,eaMJNl wlla' use throupiout 
Minnesola. 

• LIWICh a major envlronmenlal educaDon 
initiative to show pmple how dleir actions affect 

.the environmaa. 

• Open up liMI of comillunicadon IIDOOI local, 
stale, and federal levels of Fftmmenl. u well 
as citizens and the privare sector. 

• Improve die stile's Oeopaphic lnfonnation 
System so that all use11 can easily access and 
inte,rate dala on surface water. around water, 
and relaled land resources. 

• Make the commilment of money and authority 
necessary to carry out the swe Water Resources 
Monitoring Plan. 

• Develop a consistent swe approach 10 fairly 
and equitably assianing consequences and liabili 
ty for water misuse. 

• Enhance the swe·s strategy for compliance 
with environmental regulations. 

The ruean:h respon•: 

• Establish a demonstration project to evaluate 
the infonnatlonal and instirutional barriers to 
integrated water mana,emenL 

• lnvestipte the technical issues tNl must be 
resolved to desip an effective monitorinl pro
lrllll to evaluate trends in the quality and avail
ability of the stile's water resources. 

• Define and quantify the intenletiom between 
around water and sueams. Wetlands, and lakes. 

• Detennine die impact of aJoba1 climate change 
on die availability of Minnesola 's surface and 
around water resources. 

• Develop economic infonnation on die benefits 
and costs of policies affectin1 wetland preserva
tion and pound water protection. 

1991 PROJECT-LEVEL 
PRIORITIES 

The Advisory Committee detennined tNl certain 
project-level priorities needed lO be brouaht lO 
the attention of poUcy mlke11. These priorities 
were selected from within the areas of research 
need in response to a combination of factors. 
includinl die UIJfflCY for use in manqeme~ 
decisions. and the perceived viability and scien
tific necessity of the research. 
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The Advisoiy Comminee concluded that it is 
especiaUy impoiura to fund projects on the 
following priorities during the next biennium. 
The priorities are grouped by the breadth of 
support reached in the Advisory Qmmittee's 
seleakm process. They are not Usted individually 
in any other priority order.

Under priority level one, the prioriiief arc 
that we:

DeUneate and quantify the factors that deter
mine wetland hinctions and develop standard- 
iied methods for their measurement. To 
reasonably suppoit state wetland conservation 
policy, the state needs to develop a better under
standing of the factors that drive wetland ecosys
tem and hydrologic system functions (e.g.. 
waterfowl productian or flood attenuaUon), and 
of the technology of wetland restoration. These 
must be tied to the different types of wetlands, 
and the different locational characteristics of the 
individual wetland in quesdoa 

During the last decade, a great deal of effort 
was devoted to development of a Minnesou 
methodology for assessing wetland ltiiu:iions. 
The method provides a good staffing point for 
this priority research.

Determine how our changing dir
cs the availahUty of surflMe and grand 
water. The range of effects of climate change on 
the avaUability of suifKe and ground water must 
be defined to aid in the developmem of manage
ment strategies. Agriculture is paniciiUily depen- 
dent upon cliuuie. The need for stability in 
agriculture dictates dut climate change, like that 
represented by drought cycles, be better under
stood in Mimeiota. The growing demand of 
public water supplies in the Twin Qties metro
politan area also urgently necessitates this ex
panded understanding.

The Legislative Commission on Minnesoa 
Resources (LCMR) laid the groundwork for this 
project-level research priority through its suppoit 
of the 1987-89 DNR assessment of water avail- 
abUity. The 1991 EQB assessment of water 
availabUity found that the stqrfdy of water is not

considered weU-enough defined to aUow a 
meaningful comparison with exisung or projected 
demaixl.

In^rave our understanding of contaminant 
movement through the unsaturated zone. 
Important transport and transformation funaions 
occur in the subsurface zone above ground 
water. These are poorly understood. We need a 
greater understanding of the factors that control 
the movement of contaminants through the zone 
so that their transport and fate can be understood 
and managed. Stable isotope tracer methods and 
subsurface hydrologic models should be applied 
to develop this understanding. These will gready 
aid efforts to meet the degradation prevention 
goal of the Ground Water Protection Act of 
1989.

Under priority level two, the priorities are 
that we:

Determine the fate of toxk conqwunds in 
lakes. The transformation and fate of mercury. 
PCBs. and pesticides in Minnesou lakes needs to 
be better understood. The factors affecting 
accumulation of these toxic substances in food 
chain organisms must be evaluated.

The LCMR has supported investigations of 
mercury in nottheastem Minnesou through the 
PoUutkm Control Agency. These studies have 
resulted in a good undeistanding of the presence, 
magnitude, and possible sources of mercury. 
What drives the transformations of mercury in 
lakes, and the significance of this for the lake 
and iu management are not weU understood. In 
additioa the magnitude of the mercury problem 
outside of noitheasum Minnesou is poorly 
understood. Little is known about the transfonna- 
tion and ultimate fate of PCBs and pesticides in 
lakes.

Develop a system for monitoring water avail
ability and water quality trends in the sute. 
Because ambient monitoring has not been ade
quately supported, the deiemiin«ion of trends in 
either water quality or quantity is difficult, at 
best Research is needed to resolve the issues of
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The Advisory Committee concluded that it is 
especially imponn to fund projects on the 
following priorities during the next biennium. 
The priorities are grouped by the breadth of 
suppon reached in the Advisory Committee's 
selection process. They are not listed individually 
in any other priority order. 

Under priority level one. the priorities are 
that we: 

Delineate and quantify the factors that deter
mine wetland functions and develop standard· 
ized methodl for their measurement. To 
reasonably suppon state wetland conservation 
policy. the state needs to develop a better under
standing of the factors that drive wetland ecosys
tem and hydrolo,ic system functions (e.g .. 
waterfowl production or flood lltffluation), and 
of the technoloJy of wetland restol'llion. These 
must be tied to the different types of wetlands. 
and the different locational characteristics of the 
individual wetland in question. 

Durin1 the llSl decade, a great deal of effon 
wu devoted to developmenl of a Minnesota 
melhodolo1Y for assessin& wetland fun:tions. 
The method provides a aood SWtin& point for 
this priority research. 

Detenmne how our cbanalnadimate lnftumc
es the availabllity of ..race and poad 
water. The ran,e of effects of c:llmate dwlF on 
the availability of surface and pound warcr mUll 
be defined IO aid in the developnent of manqe• 
meru SUllqia. Apiculbm is pncularty depen
de.. upon ~. The need for stability in 
a&ricullllre di~ lhll climalC chan,e. like 11111 
repraented by cbuupl cycles, be better under
stood in MiJnmta. The powtna demand of 
public water supplies in the Twin Cities metro
politan area also W'lffllly necessiwes this ex
panded understandift&. 

The LeJislauve Commission on MinncsoU 
Resources (LCMR) laid the poundwortt for this 
project-level research priority lhroush its suppon 
of the 1987-89 DNR IIICSSIIICnt of water avail• 
ability. The 1991 EQB assessmeru of water 
availability fow,d that the supply of water is not 

considered well<nough defined to allow a 
meanin&ful comparison with existing or projec1ed 
demand. 

Improve our understandin1 or contaminant 
movement throuaJ, the unsaturated zone. 
lmponant transport and transformation funcrions 
occur in the subsurface zone a!love ground 
waicr. These are poorly understood. We ~ a 
greater understanding of the factors Iha! control 
the movement of conraminants through the zone 
so that their llanSpon and fate can be understood 
and mantgcd. Stable iSOlope !Beer melhods and 
subsurface hydrologic models should be applied 
10 develop this understanding. These will ~ally 
aid effons to meet the degradation prevention 
goal of the Ground Water Protection Act of 
1989. 

Under priority level two, the priorities are 
that we: 

Determine the fate of tom compounds in 
lakes. The transformation and file of mercury. 
PCBs. and pesticides in Mimesota lakes needs to 
be better understood. The factors affecting 
accumulalion of these toxic sub!:tances in food 
chain orpnisms mUSl be evaluated. 

The LCMR has supported invcsti&ations of 
men:ury in nonhelSlem Minnetota through the 
Pollution C-onlrol Aaency. These studies have 
resulled in a aood IA'lderstandin& of the presence. 
mapilllde. and possible sources of mercury. 
Whal drives the IIIIISformations of mercury in 
!aka. and the sipliflcance of this for the lake 
and its manqeme .. are not well understood. In 
addition. the mqnitude of the mercury problem 
outside of nonheutem Minnesota is poorly 
understood. UUle is known about the transforma
tion and ultimate fate of PCBs and pesticides in 
lakes. 

Denlop a system for monitorina water avail• 
ability and waler quality trends in the state. 
BeclUIC ambient monitorina has DO( been Ide· 
quately supponed. the determination of Ufflds in 
either water quality or quantity is difficult. at 
best. Research is needed to resolve the issues of 
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spatial resolution (i.e.. Can we afford to design 
a system that allows detection of trends signifi
cant at the county level?), sampling frequency, 
and usefulness of existing monitoring programs.

The EQB recently completed assessments of 
quality and quantity trends. It is required to 
make these assessments every two years. The 
Board concluded in both assessments that the 
dau do not support sound analysis of trends. The 
PCA and MDA reached a similar conclusion in 
their assessment of trends in nitrate contamina
tion of ground water.

Develop practical economic tools to promote 
consideration of the value of water in 
decision-making. Allocation of water among 
competing users and. more broadly, management 
of land and water, is not governed by water's 
real value. Consequently, decisions affecting 
water and land resources are often inefficient or 
inappropriate.

A significant effort was made to understand 
the “value" of water in a 1987-89 project sup
ported by the LCMR. Because of its broad focus, 
this effort did not result in practical, useable 
tools for decision-making. By examiiting the 
question in the context of specific management 
choices in specific areas of the state, it should be 
possible to develop practical applications from 
the woik begun with this study.

Evaluate the importance of denitrification in 
Minnesota aquiftrs. Denitiificadon is a process 
where nitrate is converted to nitrogen gas and 
removed from water. It is thought to occur in 
ground water where organic matter is present but 
oxygen is not It could be a significant factor in 
some locations in removing nitrate from ground 
water. Because no one is sure of this, it is diffi
cult to use nitnie as an indicator of pollution, or 
to assess how vulnerable a well may be to 
pollution.

No research has been done on the occurrence 
and signiflcance of denitrification as a process 
regulating nitrate levels in each of Minnesou's 
aquifers.

Continue the accelerated development of 
county ground water atlases and regional 
sensitivity assessments. County atlases provide 
a detailed analysis of existing well records, 
monitoring data, and other available information 
to characterize a county's groutxl water resources 
and geology. They are an extremely useful tool 
for making land use decisions that safeguard 
ground water resources. Regional assessments 
assess existing infotmaUon to describe the char
acteristics of the first 100 feet below the earth's 
surface. They provide a multicounty assessment 
of the geologic sensitivity of surficial aquifers.

The Ground Water Protection Act of 1989 
increased the funding of county atlases signifi
cantly. and initiated the regional sensitivity 
assessment program. The pace is still far too 
slow. To date, six atlases have been completed 
(three were completed before the acceleration); 
three more are underway and another is to be 
started in 1992. Three regional assessments are 
in progress. The LOIR recognized the need to 
augment this slow pace with its commitment in 
1991 to accelerate the production of atlases and 
regional assessments.

Analyze the organization of state water man
agement programs. It is important to determine 
whether state programs and activities can be 
belter organized to address state water needs in 
an effective and efficient manner.

The Commission on Reform md Efficiency 
(CORE) is currently examining the organization 
and efficiency of state government, in general. A 
question exists as to whether this pitxess will be 
able to give sufficient focus to water organiza
tion.

Determine the effectiveness of urban storm
water managemern practices. Little research 
has been done in Minnesota on urban best 
management practices despite the mix and sus
pected levels of toxics that appear in urban 
runoff. Efforts have been undertaken to use 
wetlands for retention and ueatment of nutrients 
in mnoff, for example, but we have not ade
quately studied the effectiveness of these systems
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spatial resolution (i.e., Can we afford IO design 
a system that allows detection of trends signifi
cant at the county level?). sampling frequency. 
and usefulness of existing monitoring programs. 

llle EQB recently completed assessments of 
quality and quantity trends. It is required to 
make these assessments every two year.;. llle 
Board concluded in both assessments that the 
data do not suppon sound analysis of !mids. llle 
PCA and MDA reached a similar conclusion in 
their assessment of trends in nitrate contamina
tion of ground water. 

Develop practical economic tools to promote 
consideration or the value or water in 
decision-makina- Allocation of water among 
competin& usen and. more broadly, management 
of land and water, is not governed by water's 
real value. Consequently. decisions affectin& 
water and land resources are often inefficient or 
inappropriate. 

A significant effM was made to understand 
the "value" of water in a 1987-89 project sup
ported by the LCMR. Because of its broad focus. 
this effon did not result in practical, useable 
tools for decision-mating. By examinin1 the 
question in the context of specific manasement 
choices in specific areas of the su&e. it should be 
possible to develop practical applications from 
the wost beaun with this study. 

Evaluate the illlpOrqllClt of deaitrillcation in 
Minnnota aquiren. Denilrifk:adon is a process 
where nitrate is convened to niuoaen ps and 
removed from waaer. It is thoupt to occur in 
ground water wbere orpnic maacr is prcsem but 
oxy1en is not. It could be a silniflcant factor in 
some locations In removinl nitrate from pound 
water. Because no one is sure of this, it is diffi
cult to use nitrarie a an indicaror of pollution, or 
to assess how vulnerable a well may be IO 
pollution. 

No researdl bas been done on the o«um:nce 
and significance of denilrification as a process 
regulatin& nitrate leve!.s in each of Minnesota's 
aquifen. 

Continue the accelerated development or 
county sround water aliases and rei;onal 
sensitivity assessments. County atlases provide 
a detailed analysis of existing well records. 
monitoring data, and other available infonnation 
to characterize a county's ground water resources 
and 1eolo1Y. llley are an extremely useful tool 
for ma.kins land use decisions lha1 safeguard 
ground water resources. Regional assessments 
assess existing infonnation 10 describe the .:har
acteristics of the fim 100 feet below lJle earth·s 
surface. llley provide a multicounty assessment 
of the geologic sensitivity of surficial aquife~. 

llle Ground Water Protection Act of 1989 
increased the funding of county atlases signifi
cantly, and initiated the regional sensitivity 
assessment proaram. llle pace is still far too 
slow. To date. six atlases have been completed 
(lhree were completed before the acceleration); 
three more are underway and another is to be 
started in 1992. Thtee re&ional assessments are 
in prosress. llle LCMR recognized the need to 
augment this slow pace with its commianent in 
1991 to accelerate the production of atlases and 
regional assessments. 

Analyze the orpniution or state water man
qement prop-amL It is imporunt to detennine 
whether swe proarams and activities can be 
bea.er orsaniud to address state water needs in 
an effective and efficient manner. 

Tne Commiuion on Reform and Efficiency 
(CORE) is cum:ndy examinin1 the orsanization 
and efficiency of state aovemmenL in ,eneral. A 
lpleSlion exists as ID whether this process will be 
able to &ive sufficient focus ID water orsaniza
tion. 

Determine the effectivenaa or urban storm
water muqement prac:tices. Little research 
bas been done in Minnesota on urban best 
management practices despite the mix a."ld sus
pected levels of toxics that appear in urlwt 
runoff. Effons have been undertaken to use 
wetlands for retention and treaanent of nutrients 
in runoff. for example. but we have not ade
quately studied the effectiveness of these systems 
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on removing toxic substances, nor the response 
of the wetland over time.

The Metropolitan Council studied stormwater 
runoff characteristics in the early 1980s, and 
initiated studies in 1989 of the efficiency and 
response of wetlands used to mitigate the effects 
of polluted stormwater runoff. These studies 
paint an incompleie picture of the conditions 
under which wetlands effixtively remove con
taminants. We must learn about the maimetunce 
requiremertts needed to keep such systems from 
actually ctmtributing to pollutant loads. We must 
also investigate the effectiveness of other uioan 
“best" managemetx practices.

Develop and apply inoricis to predict conlatni- 
natM tranaport in Miimeaota’s large rivers. 
Models ate needed to ptedia flow and tiansptHi 
of contaminants in large riven. Otte use of these 
will be to aid state and local oCRcials in manage
ment of spills. The models should aid in early 
warning communications »d in targeting spill 
monitoring and cleanup efforts. Spills response 
on the upper Mississippi River is a priority 
appUcatiotL A second use should be to describe 
the effea of sporadic nonpoiiK source river 
irqiuts. Implemetttaiion of the Miimesoa River 
Assessment Project is a priorhy.

The Corps of Etigineen is developing a model 
that estimates the time of travel from die Missis
sippi headwaten reservoin « specified Bows. 
The predictians that the model makes need to be 
venfled before it can be comideied to provide a 
reasonable basis for nuyor water supply deci
sions. like shutting off water intakes. Buther- 
moR. the model does not anempt to address the 
dispersal and tmpoit of various types of con
taminants. Durtag die recent Grand Rapids oil 
spill, officials had link idea of how conomi- 
nans reaching the river were dispersing, or how 
fast they were moving down river.

The Minnesou River Assessment Project has 
called the modeling of nonpoint pollution effects 
in the mainstem river a priority research need.

Under priority level three, the priorities arc 
that we:

Quantify the tranaport and fate of conUmi- 
nanis in Lake Superior. The transpon and fate 
of contaminant loadings within the world's 
largest lake are not weU undeistood. Studies of 
these items must include contributions from 
atmospheric transpon

The PCA is participating in an international 
study of oontaminam loading to Lake Superior. 
A better understanding of what happens to the 
contaminants once they enter the lake will great
ly aid in the managemem choices to be consid
ered.

Evahiatc the nitrogen contribittioiis of manure 
and other organic sources. The contributions of 
manure and other organic sources to the total 
pool of available nitrogen in soils, runoff, and 
infiltration in agricultural areas are not wdl 
understood. A better understanding of these 
contributioris would improve nitrogen manage
ment and ground water protection efforts.

The call for this evaluation is a priority of the 
recently compleied inter-agency state report 
“Nitrogen in Ground Water."

Develop and inrpkmetu a Twin Cities metro- 
?ottan ground water nmdcL The model will 
simulate water levels aid flow pathways for the 
entire metropoliian area. It will aid in manage
ment of poUutant sources, the tiling of potential 
sources of poilmion. and the delineation and 
maiagemeiK of wellhead protection areas. Once 
established, the model will focus these manage- 
meiK efforts and guide managers toward appro
priate solutions.

The LCMR has funded development of a 
model under consideration for application in the 
metropolitan area, but further work is needed to 
gather and apply the physical information needed 
to set the model up on a region-wide basis.
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on removin1 tollic subslances. nor the response 
of the wetland over lime. 

The Meuopolitan c.ouncil Sllldied stonnwller 
runoff characteristics in the early 1980s. and 
initiated studies in 1989 of the efficiency and 
respome of wetlands used ID miti111e the elfecls 
of polluled SIDffllwuer runof . 1bese Sllldies 
paint an incomplc11e pichln: of the conditiom 
under which wetlands effectively remove con
taminants. We must learn aboul the maineenlnce 
requiremenlS needed 10 keep such Sysb:111S from 
actually conuibulinl to pollutall loads. We must 
also inveslipie the effectiveness of odler urban 
"best" manqement practices. 

Develop and apply models to predict contami• 
nant tnmpart in Minaaota's tarp riwn. 
Models are needed ID pmfia flow and tnnspon 
of conwninlnls in Iarse riven. One use of lhese 
will be to aid swe and local officials in manqe
ment of spills. The models should aid in early 
wamin1 oommuniwions and in wgetin& spill 
monitonn, and cleanup effons. Spills response 
on the upper Mississippi River is a priority 
application. A second use should be lO describe 
the effea of sporadic nonpoinl source river 
inputs. lmplemenlalion of the Mimesou River 
Assessmenl Project is I priority. 

The Corps of Enpneen is developina I model 
that estimlla the lime of tmel from die Missis
sippi headwllell iaervoin • specified Bows. 
The prediClion1 Iha die model mlka need 10 be 
verified before it can be considel.s ID provide a 
reasonable basis for major waer supply deci
sions. like sbuaial off .-r inllkes. Furlher
more. the model does not lllmlpt 10 address the 
dispeml and llllllpOlt of various types of con
taminants. 0wtns die ra:a1t Grand Rapids oil 
spill. officials bid liale idea of how conllllli· 
rwu readlinl die river wae dispersinl. or how 
fast they were movinl down river. 

The Minnesola River Assasmenl Project Im 
called the moclelinl of nonpoinl pollution elfecls 
in the mainslem river a priority research IIC.!d. 

Under priority level three, the priorities are 
that -we: 

Quantify the transport and rate or contami
lWlls in Lake Superior. The tnnspon and fate 
of contaDinanl loadinp within the world 's 
la,p:sa lake are 1'10( well undemood. SIUdies of 
lhese items must include contributions from 
aanospllerictranspon. 

The PCA is participabnl in an international 
study of conuminlnl loadins to Lake Superior. 
A belier understandinl of what happens to the 
coruminanas once they enter the like will great. 
ly aid in the ffllllllffllenl choices to be consid
erecl. 

Enluate the nitropn contributions or manure 
and odler orpnic ,ourca The cormbutiom of 
m-re and odler orpnc sources to the IDCal 
pool of available nill'Olffl in soils. nn>ff. and 
infillnlion in qncultural areas are not well 
undmlood. Abe~runderstand~oflhese 
coraibulions would impn>ve niuosen manage
ment and pound w11er protection effons. 

The call for this evaluation is a priority of the 
reauly completed irWer-a,ency stale repon 
"Nitroaa, in Ground Wuer." 

De\ll!lop ud illlfllP I • a Twin Cities metro
polilM p-4 ......... The model will 
simlaa.e WIier levels and flow pathways for the 
entire meaopolilln an:a. It will aid in manqe
menl of pollutant IOUl'0eS. die ~WW of polentill 
sources of. poll • and die delineation and 
m~ of wellhead protection areas. Once 
eablished. die model will focus lhese manqe
ment effofts and pide managers toward appro
prille solutions. 

The LCMR Im funded development of a 
model under considel"llion for application in the 
meuopolilln area. but fwlher wort is needed to 
pdler and ICJPIY die physical information needed 
to set the model up on a repon-wide basis. 
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The Research Assessment
'm yriNNESOTA's water research NEEDS ut described within die four general categories of:

XVJL Ground W«er,
Sutftce Water.
Fate and Reduction of Environmental PoUutams: and.
Imegmd Water Managemem.

These categories are subdivided into 22 areas of imponani research need. A brief description of each 
research need is presented, as is the reason » item is needed (i.e.. its link to Mirmesou's management 
and poUcy issues), and the tmtuie and coraext of the need (i.e.. its probable duration and the cunem extettt 
of related research). In addition, each category is introduced by “Questions from the poUcy side" and 
“Recommendations” from die Minnesou Water Plan (N. <VP). These illustrate the liidc between identified 
research needs and the MWP.

This section of the report provides the detailed survey and assessment from which the U project-level 
priorities were develop^

Fabiuaty 1992 Erwin iQuaWyBoaid 11

The Research Assessment 

MINNESOTA'S WATU. RESEAJlCH NEEDS are described within die four general caiegories of: 

Ground WIier. 
Surface WIier. 
F• and Reduction or Environmenw Polluwu: and. 
fnlepared Wllef Manqanent. 

These cate,ories ue subdivided inlo 22 ~ or impol'Wll research need. A brief description or each 
research need is presalled. as is the reason an item is needed (i.e .. its link to Minnesou's managemeN 
and policy issues). and the~ and concext of the need (i.e .. its probable dlll'llion and the current extent 
of rellled raearch). In lddilion. each cllep)fy is introduced by "'Questions from the policy side" and 
"'Recommendalions" from die Minnesoca Wllef Plan (II,, ,.tp). These illUSUlle die lim between identified 
research needs and the MWP. 

This sec1ion of die rq,oit provides die detailed survey and assessment from which die 14 project-level 
priorities were developed. 
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Ground Water
Conceptual Framework

ROUND Water research in the state sitouM proceed within the fbUowing general framewoik; 
■ VI) An assessment of the current situation — “State of the state's ground watef": 2) Histoiical 

leconstniction of how the state's ground water changed in time to reach its current condition: and 
3) Analyses to predia how its ground water will change in the Aituie in response to both naniral en
vironmental change and impacts of fniman activities.

In all three temporal frameworks — past, piesera and future — the following issues should be ad
dressed: ground water quantity (distribution and flow): ground water quafity: and ground water 
‘‘proceaeir.

By the latter tenn. we mean phenomenA that cause an attribute of a system (e.g. ground water recharge) 
to change in time or space (usually time). When we study processes, we are interested in unfoistanding 
the mechanisms by which change occurs so that we can tpiantify and if possible piedict these changes. 
For example, one process of interest is the migration of a contaminant in an aquifer. To quantify and 
predict the origin (past) and fomre of the contamirum plume, we need to understand the mechanisms of 
plume migntioiL

Research in this fiimewoifc wiU have applications for state htmdling of abandoned wells, wellhead 
protection, aquifer sensitivity guidelines, local water planning, best management practices, aniflcial 
recharge, ground water allocation, wetlands conservation, drinking water standards, and regulatory issues.

Research Area 1 
Studies of the 
Unsaturated Zone

ids. Further research is needed to be
able to characterize the flow and transport prop
erties of this important zone between the ground 
surface and the top of the sanitated zone (where 
ground water aqu^ start), bi addition, there is 
a need to. catalog existing data on the flow and 
transport properties of materials in the unsaturat
ed zone artd to tdaie them to mapped uruts. 
Specific needs indude:

a Better methods, including improved sensors, to 
measure flow and transport properties in this 
zone — both invasive and noninvasive (e.g. 
ground penetrfeing radar) methods:

a Improved understanding of the effects of 
mixed geology on pathways and fate of contami
nants:

a Efficient computer models of flow and trans
port processes in the unsaturaied zone, including 
mixed systems involving liquids and vapors (e.g. 
water and petroleum produm):

a Improved understanding of the chemical 
interactipns of coraaminarus with soil and subsoil 
particles in the unsanitated zone: and

a Evaluation of the potential for biological 
decomposition in this zone.

Fabroary 1992 Environmental Oialky Board 13
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Ground Water 
CONCEPTUAL FRAME.WORK 

G
ROUND WA-mt RESEAllOI IN mE STATE should proceed within die following general frameworlt : 
I) An assessment of die currena situalion - ··sure of die stare·s pound water''; 2) Historical 
reconsuuction of how die swe·s pound water chan,ed in time 10 reach its current condition; and 

3) Analyses to predia how ilS pound waaer will change in !he fUrure in response 10 bod! narural en
vironmenaal dwl,e and impacu of human activities. 

In all dvee remponl fnmewoits - past. present and future - die following issues should be ad
dressed: pound waler quantity (diSlribulion and flow); p-ound water quality: and p-ound water 
"procesan''. 

By !he laaer term. we mean phenomeM tlw cause an attribute of a system (e.g. pound water recharge) 
10 change in time or space (usually time). When we slUdy processes. we are interested in understanding 
!he mechanisms by which change occun so tlw we can quantify and if possible predict lJICSe changes. 
For eumple, one process of interest is die migration of a conwninant in an aquifer. To quantify and 
predict !he origin (put) and fUIUl'C of !he conwninanl plume, we need 10 understand !he mechanisms or 
plume mipllion. 

Research in lhis framewort will have applications for sute hllldlinl of abandoned wells. wellhead 
proteetion. aquifer sensitivity pidelines. local water planniJII. best management practices. artificial 
reclwJe. pound waller aUOCllion. wedands conservation. drinltin& water standards. and re,uwory issues. 

REsEARCH AREA 1 
STIJDIES OF TIIE 
UNSATURATED ZONE 

Resean:11 aeds. FUl'lher raean:h is needed ID be 
able IO chancterize die 8ow and tlllllpOlt prop
erties of lhis iml)OIIIM zone between die powld 
surface and die tlllp of Ille aDlnled zone (where 
ground warer aquifen -.t). In addition. dlere is 
a need to. cllalol exisdnJ dlla on !he flow and 
transport propadel of lllllerials in die WlSIIUral
ed zone and ID male them 10 mapped units. 
Specific needs include: 

• Bcacr medlods. includinl improved sensors. 10 
measure flow and nnspon properties in lhis 
zone - bodl invasive and noninvasive (c.1. 
pound penetJ'llinl radar) melhods; 

■ Improved understandin& of !he effects of 
mixed geotosY on palhways and fate of conwni
nara; 

■ Efficient a,mputer models of flow and trans
port processes in die IIIISIIW'lted zone. includin& 
mixed sys&aDS involvinl liquids and vapors (c.1. 
waller and peuoleum products); 

ii Improved undenUnlling of the chemical 
inten1ctic1fn of comminlnts with soil and subsoil 
particles in die WISIIUraaed zone; and 

■ Evaluation of !he potential for biological 
decomposition in lhis zone. 
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Why needed. The unsanimed zone is the key 
link between conuminim-producing activities at 
the ground surftce and water quality in under
ground aquifers. Major transfonnaiions and loss 
inechHusms are associated with the subsoils in 
this zone, but we still have a poor understanding 
of these processes and are unable to accurately 
predict rates and extent of contaminant transpon 
through unsaturaied zones. Rates of recharge 
through the unsaturaied zone also are a key link 
between climate change and water table levels.

Time and space. Many phenomena in the unsai- 
uiated zone (e.g. leaching of agricultural chemi
cals in sand plains) appear to occur rapidly. 
Studies on such processes can be conducted 
effectively within the biennial funding frame
work. Oter situations, such as adsoiption of 
petroleum products on fine-grained soils, require 
longer-ierai studies. Agricultural areas and land
fills are obvious potential research sites. There is 
a statewide need to incorporate an uraleistanding 
of unsaturaied flow in wellhead protection plans.

Research Area 2 
Hydrogeologic 
Characterization of 
Ground Water Resources

Research needs. Minnesota is making progress 
in gathering and interpreting basic hydrogeologic 
data on its ground water resources through the 
county geologic adas and r^ional assessmere 
mapping progtmns. These programs should be 
augmented in several ways, and research is 
needed on several key topici 
Research is especially needed on several aspects 
of Quaternary stratigraphy — the complex layer 
of glacial de^ts (unconsolidated sand, gravel, 
silt and clay) that overlie bedrock in much of the 
state (e.g. the Anoka Sand Plain). Research on 
Quaternary stratigraphy should be expanded to 
determine ground water distribution and flow 
characteristics and residence times in glacial 
deposits. Hydrogeologic research needs include:

■ Development of improved seismic and down
hole geo^ysical methods for detailed three- 
dimensional imaging of Quaternary straugraphy;

• CTiaracterization of borehole samples (e.g.. 
bulk density, porosity, penneability, resistivity, 
mineralogy, texture) to enhance interpretation of 
the geophysical signatures of (Quaternary materi
als;

■ Exploration by these and other geophysical 
techniques, followed by test drilling, for possible 
m^r aquifers in ancient bedrock valleys buried 
under the deep (Quaternary deposits of western 
Minnesota;

■ (3iaractertzation of flow and transport proper
ties of low penneability materials in Paleozoic 
and C:reiaccous bedrock aquifers;

■ Development of a library of physical property 
data (porosity, penneability. resistivity) for use in 
improvmg empirical and computer flow models 
in bedrock formations;

■ Expansion of county atlas and regional assess
ment programs to include more water quality 
infonnation (e.g. concentrations of agricultural 
chemicals, geochemically determined water 
residence times);

■ Detenninaiion of vertical penneability and 
contaminant tmsport characteristics of confining 
imits. possibly by using thetmal/geochemical 
methods to study the effectiveness of the confin
ing unit: and

■ Accelerated developmem of efficient, user- 
friendly and reliabie Geographic Information 
Systems (CIS) for geologic and hydrogeologic 
.dlUL

Why needed. Researchers, management agen
cies. and private consulting firms all rely on 
tpiality baseline data to ensure accurate and 
meaningful results. Of all our water resources, 
ground water is the least understood. We simply 
need more informatian on the distribution of
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Why needed. The WISIIUraled zone is the key 
link between COIUIDinlnt-producing activities at 
the ground surface and water quality in under
ground aquifers. Major transformations and loss 
mechanisms ~ usociated with die sublOils in 
this zone. but we still have a poor undemandin& 
or these processes and ~ unable to ICCUl'lllely 
predict raies and extent or COIIIIIDiNml transpon 
throupl UIISIIUl"llled mnes. RJ11eS of redwJe 
lhroup1 the W'5IIUrlled zone also ~ a key link 
between climate chan&'e and water table levels. 

Time and apace. Many phenomena in the unsar
urated zone (e.1. lelChin, of apicultunl chemi
cals in sand plains) appear to occur rapidly. 
Studies on such processes can be conducted 
effectively wilhin the biennial fundin& frame
work. Other situations. such as adsorplion of 
petroleum produC1s on fine-pained soils. require 
lon&er-ierm SIUdies. Apicultunl areas and land
fills ~ obvious polellDal researdl sites. There is 
I statewide need to incorponll: Ill undersundin& 
of WISIIUnred flow in wellhead proceaion plans. 

RESEARCH AREA 2 
HYDROGEOLOGIC 
CHARACTERIZA11ON OF 
GROUND WATER Rac>URCF.S 

Raearcb aeedL Mimaoca is lllakin, poams 
inptberin, and inlcrprain, lmic h)'droaeolosic 
dala on ics pound water raources dvousl'I the 
COW1ly aeolosiC 11111 and iqiollll arssmeM 
mappin& ~ Thea prosnms should be 
augmonred in aevenl ways. and research is 
needed on~ key topics. 
Resean:h is especillly needed on sevenl aspects 
or Quaternary SUllianplly - the a,mpiex layer 
or Jlacial deposits (uncomolidaled sand. pavel. 
silt and clay) that overlie bedrock in much or die 
Sllle (e.1. die Anota Sand Aain). Research on 
Quaiema,y SUllipaphy !llould be expanded to 
deiermine pound wllCI' discribution and flow 
characteristics and residen:e limes in pacial 
deposits. Hydroaeolosic resean:11 needs include: 

■ Development or improved seismic and down
hole geophysical methods for detailed three
dimensional imaging or Quaicmary stratigraphy: 

• Owacierizalion of borehole samples (e.g .. 
bulk density. porosity. permubiliry, resistivity. 
mineraJosy. iexture) to enhance irurprewion of 
the geophysical siplltllres or Quaternary materi
als; 

• Explol'llion by these and other geophysical 
ICCl'l\iques, followed by test drilling. for possible 
major aquifers in ancient bedrock valleys buried 
under the deep Quaiernary deposits or western 
Mimesota; 

• Owacteriulion of flow and transpon proper
ties or low permeability ma1erials in Paleozoic 
and Cretaceous bedrock aquifers: 

■ Development of I library of physical property 
dala (porosity. permeability. resistiviry) for use in 
impn,vin, empirical and computer flow models 
in bedrock formllions; 

• Expamion or counry Illas and regional assess
ment proanms to include more waaer quality 
informalion (e.g. concenlrllions or agricultunl 
chemicals, ,eochemically detel"1ined WIier 
residence limes); 

• Determinarion of venical permeability and 
coramiNnl tnmpOrt dwlctieristics of c:onftnin& 
units. possibly by usin, thermal/,eoc:hemical 
medloda to Sbldy the effectiveness of die conftn. 
in, unit: and 

• Accelerated development of efficient, user
friendly and reliable Geopaphic !nformllion 
Sys&ems (GIS) for pologic and hydrogeoloaic 
.data. 

Why needed. Researcilers. manqement aaen· 
cies, and privlle oonsuJ1in& firms all rely on 
quality baseline dala 10 ensure ICCUl'lle and 
meaninp&l results. Of all our war.er resources. 
pound w11er is w. least undmlood. We simply 
need more information on the distribution of 
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giound waier and (he hydraulic propenies of 
aquifers lo make wise planning decisions. Re
search on unconsolidated glacial deposits is 
important because aquifers in them are shallow 
and susceptible to contamination. Also, most of 
our lakes and wetlands lie in these deposits and 
are directly connected with the ground water 
system.

Time and space. Gathering and cataloging 
infbnnation on ground water aquifers is a task of 
daunting scope. Ultimatdy. the task is stttewide 
and long-teim. Work on facial deposits is more 
urgent because of their susceptibility to contami
nation. Work on bedrock confining layers is 
required to ensure clean giound water in the met
ropolitan Twin Gties area. Gradually, dau 
should be gathered on a county-by<ounty basis 
as part of (he geologic atlas series.

Research Area 3
Ground Water Transport and
Residence Times

Research needs. As the emphasis in giound w- 
ater research shifts more and more toward ques
tions of protection of aquifers fiom contami
nants. we are increasingly confronted with 
predictive questions such as “Where win a spill 
of tiicMotoethylene for or “What are the 
pathways from a buried landfill with unknown 
coiaeras of toxic chemicalsr Answen to such 
questions will require knowledfe of flow paths 
and tesidence times Some ground water may be 
clean at present but in the path of migrating 
poUutans: given enough time pollutants could 
reach even a deep wdL We need ways to predict 
whether an aquifer or well will produce sustain
ably clean water, or whether it is only a matter 
of time before contaminanis reach a wdL 

Typical flow paths should be determined for a 
variety of hydiogeologic settings. We need to 
know sources of rechaife water, flow paths, lesi- 
dence times of water, and subsequem points of 
discharge. What are the pathways of contami
nants that enter these giound water systems?

When will contaminants remain in the shallow, 
local flow systems, and when will they enter the 
deeper, regional flow system?

Fundamental to (his research is knowledge of 
the age of ground water, inferred geochemically. 
Sable and radio-isotopes that occur in ground 
water are invaluable tools to detennine giound 
water age. Is the wuer in deep aquifers of glacial 
age. and did recharge depend on high hydrostatic 
heads at the base of the glaciers? Can modem 
recharge rates supply water to these aquifers to 
match cunera withdrawals?

Regional aquifer systems need to be modeled 
to answer the above questions. First, modeling 
will aid our understanding of the natural cycle of 
ground water in an aquifer, i.e. the leivph of 
time and flow paths between recharge and dis
charge. Second, modeling will allow an estimate 
of how human-induced stresses on the system 
(e.g. pumping of wells) can alter the flow paths 
and resideiKe times.

Also fondamerual to progress on this topic is 
the development of better methods of three- 
dimenskmal imaging of subsurface aquifers and 
contaminant pathways. This may be termed 
“subsurface or Quaternary tomography ' for 
regtons where ancieiK. buried glacial channels 
and valleys aa as conduia or networks with 
feeder dmtciicuia. Subsurfece meter-scale 
sertimenaiy structures are not easily defined by 
conveiMioiul core-drilling techniques, and moa 
existing remote-sensing methods are unable to 
resolve important features in subsurface deposits. 
The following two techniques should be investi
gated foither as potential improvemems in 
aqinfer imaging.

■ High rcaohitioa (sub-meter scale [e.g. iJ 
kHsI) seismic imagiag techniques that allow 
profiling. These include “Georadar”. although ia 
penetration is limited. Improved techniipies 
might be developed from a combination of 
computer treatment methods used for on-iand oil 
exploration, such at vibroseis. and marine seis
mic profiling methods and computer deconvolu
tion:
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sround water and the hydraulic propenics of 
aquifen ro make wise planning decisions. Re
search on unconsolidlled glacial deposics is 
important because aquifen in them are shallow 
and susceplible to contamination. Also. most of 
our lakes and wetlands lie in lhese deposics and 
are direcdy connected with the ground water 
system. 

Time and space. Gllhering and cllllo&inl 
infonnllion on pound waser aquifers is a l&Slt of 
dllllllinl scope. Ultimlldy, the l&Slt is swewide 
and lon,-iienn. Wort on plcial deposits is more 
urgent because of their susceplibility ID conwni
nation. Worlt on bedrock conflllina layeB is 
required to ensure clean ground waaer in the met• 
ropoliWI Twin Cilies area. Gradually. dlla 
should be gathered on a county-by,oumy basis 
as pan of the geolop: Illa series. 

REsEARCH AREA 3 
GROUND WATER TRANSPORT AND 
RESIDENCE TIMES 

Retardl needs. As the emphais in ground w
aler rese~ shifts ~ and moae IOward ques
tions of procec.tion of aquifers flOm conllmi
rwu. we are incralinpy con6unled willl 
predictive queslions sucb IS "WIie~ will a spill 
of trictiloroethylene aor or "Whal are die 
pathways from a buried landftl1 widl ldnown 
cocuru of 100: chemiclllr Anlwen ., such 
questions will requi~ tnowleqe of now pllhs 
and residence lima. Some puuad .-er may be 
clean at praent bul in die pllh of mipadna 
pollUWU: liven enoup time pollUIIIIIS could 
reach even a deep well. We med ways IO predict 
whether an aquia or well will produce sustlin
ably clean waaer, or wbedler it is only a maaer 
of time bem c:onaaminanls reach a well. 

Typical flow pldls should be determined for a 
variety of hydroaeok)pc seainp. We need ID 
know sources of recharJe water, flow pllhs. resi
dence times of waiier. and subsequent poin&s of 
disctwse. Whal are the padlways of conwni
rwu that enter these ground waaer sys1ems? 

When will contaminancs remain in the shallow. 
local flow syslems. and when will they eruer the 
deeper. regional flow system? 

Fundamental to !his research is knowledge of 
the age of ground water. inferred geochemically. 
Stable and radio-isotopes thal occur in ground 
water are invaluable IDOis to delennine ground 
waler age. Is die water in deep aquifen of glacial 
age. and did recharge depend on high hydrostatic 
heads at die base of the glacien? Can modem 
recharJe rates supply water to lhese aquifen to 
mlf.Ch cum:nt withdrawals? 

Rqional aquifer systems need to be modeled 
to amwer die above questions. First. modeling 
will aid our undemandina of the llllUral cycle of 
ground water in an aquifer, i.e. the length of 
time and flow palhs between recharge and dis
charge. Second, modelins will allow an estimate 
of how human-induced SU'CSSCS on the system 
(e.g. pumpina of wells) can alter the flow padls 
and residence times. 

Also fundamaul to progras on !his topic is 
die developmenl of beaer medlods of three· 
dimensional imlpna of subsurface aquifen and 
conwninanl pllhways. This may be termed 
"subsurface or Qwllemuy tomopaphy·· for 
repons where ancienl. buried &lacial chnlels 
and valleys act u conduits or networks with 
feeder shortciraailS. Sublwflce meie,.,cale 
sedimen:ary SlnldUla are noc easily deftned by 
convel'llionll COR4rillinl ledniques. and IDOSl 
exislins raDOCC·sensinl methods are unable ID 
l'C:IOlve imponllll fea111ies in sublurflce deposits. 
1be foUowinc two leChniques should be invesd· 
pied fllllller IS potcnbll implovemena in 
aquifer imalinl-

• Hip l"llllludaa cu-- Kale le.a- l.5 
kHz)) llilmic bmpla tecriqlNI •bat allow 
proftllq. These include "Geondar". althoulh its 
penetrllion is limited. Improved tecmiques 

• mist- be developed from a combillllion of 
computer ueaoneN methods used for on-land oil 
elllJloralion. such II vibl'oseis, and marine seis
mic profiling methods and computer deconvolu• 
lion; 
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■ Intcnctive two^mtiMtonal (Mismic, geo- 
radar, proflKng) and one-dimensional dau 
banka Much of the recent research in parallel 
processing computers has gone into progrwis 
that can produce smoothed, three-dimensional 
imaging of large dau sets. Bask research on this 
topk is underway in several groups U the Uni
versity of Mimesoia. Research is needed lo 
produce adaptatkms for inttractive imaging of aU 
combined subsuihtce dau (drilling, logging, 
georadar, seismic, ground water chemistry, 
isotope tracers, etc.)

Why needed. The flow path of ground water 
normally determines the flow path of contami- 
nanu and their residence tunes in aquifers. To 
protect our aquifets from contamination, espe- 
ciaUy the deep aquifen that cutiendy provide 
high quality wakr. we must know the source and 
flow paths of ground water. The ultimau flue of 
contaminanu such as agtkulniral chemicals nd 
volttile organk compotmds will be better pre
dicted. and the transfbnnation of poUtuanu aloi« 
flow paths can be better studied. We need mod
eling expeitise to help predict the consequences 
of waste disposal landfills and ground water 
pumping. Knowledge of ground water ages will 
provide infotmation on the sustainability of our 
ground water lesources. Are some wells "min
ing" old (and not-easUy-tepiaceable) water, or 
ate they simply uppk« a renewable resource?

Time and space. Thete is an urgent need to be 
able to predkt the eflects of deep-aquifer pump
ing in the Twin Ciliet area and to be able to 
evaluate atenuHves for iandflU siies. Agricultur
al areas with generally shallow flow systems, 
which occur in aeveial legkns of the state, 
should be examined for the potential of fertilizer 
and pesticide residues to migrate to surfoce 
waters and deeper aquifers.

Research Area 4 
Wellhead Protection

Research needs. Wellhead pioiectian is one of 
the cornerstones of the groutid water matuge- 
ment/proiection strategy defined in the state's 
comprehensive 1989 legislation, but it is a rela
tively new concept and research is needed to de
velop practical approaches.

Methodadnodels to delineate wellhead protec
tion areas need to be developed and tested.

The sensitivity of such modeb to irqMi param
eters needs to be evahiated with regard to effects 
on the size, shape, and orientation of wellhead 
protection areas.

A hkrarchical scheme of applying wellhead 
protection methods should be developed. aUow- 
ing for (giick initial employment of simple 
methods to be followed by more accurate meth
ods later as time permits.

The sensUvity of delineation methods to vari
ability ki geol^c and hydrologk properties 
should be assessed. Dau on the geologk and 
hydrologk properties of important water supply 
aquifers in the state must be coUated in order to 
make this assessment.

A research need related to the concept of weU- 
head protection concerns the life expectancy of 
pathogenk oigaiasms. especially vinises. in 
ground water. The hydrogeologic ctmlitions that 
permit extended survival of pathogens need to be 
delineated so that weU code isolaiian distances 
are adequate to prevent the spread of disease 
dirough ground water.

In addition, research is needed to help define 
an approach that would adopt protection on an 
oqui/er basis (specifically for the Prairie du 
Chkn-fordan Atpufer) rather dim for the S(» 
individual wells cunemly used by municipal 
water suppUen in the Twin Odes area.
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■ lntencdve two-cliffllll90ftal (teismic:. po
radar, profllina) and one-dinmasional data 
banks. Muell of die recent research in parallel 
processin1 compuiers has aone into prosnms 
thll can produce smooched. dvee~imensional 
imqins of 1uJe data sets. Basic research on ~ 
topic is underway in several poups ll die UN• 
vemty of MimesoCa. Research is needed ID 
produce adapulions for inlmai~ imqin& o~ all 
combined subsurface data (drillinl, 10111"1, 
,eoradlr, seismic. pound Waler chemistry. 
isocope tracerS. etc.) 

Why needed. The Oow pllh of around waaer 
normally detennines die flow path of COllllllll· 
naru and dleir raidenc:e times in aquifers. To 
protect our aquifers from contaminllion. ~
cially the deep aquifers lhat cunendy provide 
hilh quality waler, we must know die sou'" and 
flow palhs of puund Wiler. The ullimate fate of 
COdllftinlnlS such IS apicu1lural chemical! and 
volalile orpnic compounds will be better pre
dicted. and the tranfonnalion of poUutarU alorll 
flow padls can be belier studied. We need mod· 
elinl e,q,enise IO help predict die consequences 
of wlSIC disposal landftlls and pound water 
pumpina. Knowled,e of pound water aaes will 
provide infonDalion on die SUllainability of our 
pound waler iaources. Are une welll "mininl" old (and not-asily-teplareable) water. or 
an: they simply 11pp111 • re11ewable raoun:e? 

TI- ud .... 'lbae ls .. llrpm need IO be 
able to p,edicl die drecU of deep-aqiiifll!I' pump
illl in die Twin Olia lie& and IO be able ID 
evaluate ailanllMI forlandftll sbes. Apicultur· 
al uas widl ..,.Uy lhalJow flow syslelllS. 
which OCQII' ID IC¥Clal iep1111 of the sWe. 
should be exained for the polelllial of fertilizer 
and pesaicide raidues 10 mipate ID surface 
waaers and deeper aquifers. 

REsEARCH AREA 4 
WELLHEAD PROTECTION 

Raeardl needs. Wellhead protection is one of 
the comenlOneS of die poun!f water manage
menc/proleaion strllelY defined in the stile · s 
comprehensive 1989 lepslllion. but it is a rela
tively new concepl and research is needed to de· 
velop pnaical approaches. 

Medlods/mOdelS ID delineate wellhead procec
tion an:a need IO be developed and teSled. 

The sensitivity of such models ID inpu, param
eters needs ID be evalualecl with reprd to effects 
on the size, shape. and orientation of wellhead 
protection arus. 

A hiervchical scheme of ICJPlyins wellhead 
protection methods should be developed. allow
ins for IJliclt initial employmelll of simple 
methods to be followed by more accunie medl
ods later as time permits. 

The sensitivity of delineation melhods to vari
ability in FOk>liC and hydrololic propenies 
should be messed. Dau on the pol<>sic and 
hydrolosic properties of impOf1a1l water supply 
aquifers in die stale must be collaled in order to 
make du utemnalL 

A research need relared IO the concep1 of well
head protection concerns the life expecw,cy of 
pllhoFnic orpmms. especially viruses. in 
pound waaer. The bydropolopc conditions lbll 
pennit extmdcd survival of pllhoFftS need to be 
delinealed ,o dlll well code i90lllion dlsrances 
an: adequate 10 ~ die spread of disease 
duoupt pound waler. 
• In addition. raearth is needed IO help define 
an approach that would adopt protection on an 
aqvi/tr basis (specifically for the Prairie du 
Olien-Jordan A!Jlifer) rllher than for die 500 
individual wells cummy uxd by mumcipal 
water suppliers in die Twin Oties area. 
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Why needed. Developmem of simple methods to 
delineate wellhead pratection areas will allow 
rapid and inexpensive deploymera. which wiU 
afford moderate wellhead protection until more 
accurate methods can be used. Wellhead protec
tion. even if not perfect, is better and less expen
sive than aquifer remediation or relocation of 
entire well fields. Public awareness of the con
nection between land use and ground water 
poUioion will be heightened as municipalities re
zone wellhead protection areas for resuicted land 
use.

Federal and state wellhead protection efforts 
seem to be focusing on irtdividual wells rather 
than whole aquifers for program imptememation. 
Application of the individual well approach in 
the Twin Cities region means that tremendous 
overlap would occur with almost any of the 
protection ting definitions being considered 
because of the high density of wells in the 
region.

Time ami space. Wellhead protection is at 
urgent mandated need. The most immediate 
applicatian sites are shallow aquifen in sand and 
limestone, because of the possibility of rapid 
movetnem oi oonuninants in these aquifer 
types. Uldmately. however, the application must 
be statewide and long-tenn.

Research Area 5
Surface Water-Ground Water
Interactions

Research nee*. Lakes, wedands. nd streams 
generaUy have a hydraulic coraiectian with 
aquifers, and emtieqa^y ground water plays Ml 
integral role in the hydrologic and ecolofical 
functioning of these water bodies.

Lake-gnrond water and wetland-rwiid water 
InteracthMs. Water levels in lakes and wetlands 
depend on both surfece and ground water hydrol
ogy. Ground water is the least known componem 
in the water budgets of lakes and wedands. and 
the effects of ground water techaige and dis

charge on amounts and rates of water-level chan
ges in surface-water bodies are poorly under
stood. Transient fluxes of water between aquifers 
and surface waters affect shott-temi water levels. 
Regional changes in ground-water recharge can 
alter the regional water table, causing long-term 
water-level changes in lakes and wetlands.

■ Environmental is ^ s are powerful tools to 
study residence and travel times, source attribu
tion, and biotic/abiotic interactions between 
ground md surface waters. Research on aquatic 
systems in Minnesou can profit greatly from 
their broader use. as we improve our ability to 
interpret their signals. Recem successes in using 
stable isotopes to determine ground water-lake 
interactions and mass fluxes should be expanded 
on selected systems to detennine long-tenn 
residence and response times of lake*

■ Lakes and wetlands deposit sediment layers 
each year that en mio represem an iraegrated 
environmental Nstoiy of the drainage basin. 
Inteipietation of lake and wedand sediments is a 
key to undeistanding past patterns of regional 
climate, hydrology and vegnation. Funhermore. 
undetsianding how lakes and wedands responded 
to past climate changes is imponant in predicting 
how they may respond to ftiture climate changes. 
Stable isotopes preserved in Mode and chemical 
species in lake sediments archive imponant in- 
fonnation on the dynamics of past environmental 
changes and the stability of ecosystems. A sys
tematic study of a series of haidwater lakes 
across climate giadientt is needed to calibrate 
these signals so that we can interpret the sedi
mentary record. In panicular. the comMned 
signals of caibbn. oxygen, and deuterium deserve 
more investigation, and we need to develop or 
improve dynamic models to simulate the behav
ior of these isotopes in lake systems. Other 
isotopes also deserve attention. Fbr example, the 
stable isotopes of strontium can be sensitive to 
watershed erosion, lake water saUnity. and 
ground water inputs. The isotopic composition of 
ground water and the flux of water between the 
lake and aquifer are of fundamental impoiunce 
in all isotopic studies on lakes.
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Wh:, needed. Development of simple methods to 
delineate wellhead proteetion area,; will allow 
rapid and inexpensive deployment. which will 
afford modenlle wellhead proteetion unlil more 
accurate methods can be used. Wellhead protec· 
lion. even if not perfect. is beUer and less e,q,en
sive than aquifer remedillion or relocation of 
entire well fields. Public awllffleSS of the con• 
nection between land use and pound waler 
pollution will be heipllened u municipalities re
zone wellhead proteetion areu for resuicted land 
use. 

Federal and swe wellhead protection effons 
seem to be focusins on individual wells radler 
than whole aquifen for propam implementation. 
Application of the individual well approach in 
the Twin Cities rqion means dial tremendous 
overlap would occur with almost any of the 
proteetion rinl definitions beinl considered 
because of the hip density of wells in the 
rqion. 

Time and spece. Wellhead procection is 111 
Ul)enl. mandaled need. The IDOSl immedille 
application sites are shallow -.airers in sand and 
limestone. because of the possibility of rapid 
movement of c:onlllllinlrlll in these -.aifer 
types. Ultimlldy. however. the application must 
be swewide and Ions-term. 

REsEARCH AREA 5 
SURFACE WATER-GROUND WATER 
INTERAcnONS 

Rneardl ...._ Lita. wedands. and sarams 
,enerally hive a b,.nuliC comection widl 
aquifers. IN! ~Y p,und waacrplays., 
intepal role In the hydn)lopc and ecolosial 
functioninl of these WIier bodies. 

~wamwl-drd ..... ...., 
illlenlctioaL Wrar levels in lata and wetlands 
depend on boch surface and pound water hydrol· 
Off. Ground WIier is the lcasl known component 
in the WIier budpts of lata and wedlllds. and 
the effects of pound water rec:harJe and dis• 

charse on amounts and rates of water-level chan
ges in surface-water bodies are poorly under
stood. Tramient fluxes of water between aquifers 
and surface waters affect shon•term water levels. 
Regional changes in ground-water recharse can 
Iller the rqional water table. causing long-term 
water-level changes in taus and wetlands. 

• Environmental i5010peS are powerful 100ls 10 
study residence and travel times. source aaribu• 
lion. and biotic/abiotic interactions between 
pound and surface waters. Research on aquatic 
systems in Mimesoca can profit greatly from 
their broader use. u we improve our ability to 
inlel'plet their signals. Recent successes in using 
stable isotopes to determine ground water-lake 
inleractiom and mus fluxes should be expanded 
on selected systems 10 determine long-term 
residence and response times of lakes. 

■ Lakes and wetlands deposit sediment layers 
each year dlll ,,. toto represent an integrated 
enviromlelUl tistory of the dninqe basin. 
lneipetalion of lake and wedand sediments is a 
key 10 undenUndifll past panems of regional 
climlle, hydroloff and veFWiOO- Funhermore. 
undenlandinl how lakes and wetlands responded 
10 s-t climale cbanFs is lmponant in prediclinl 
how they may respond 10 future climate changes. 
SUble ilOIDpa preleMd in biocic and chemical 
species in lake 9edlmenls archive important in• 
formalion on the dynamics of s-t enviromlenlal 
dlalaa and the stability of CCOlyslCIIIS. A S)'S· 
temllic IIUdy or a series of hardwarer likes 
ICIOII ClimllC padiera is needed to calibnle 
lhese signals 10 dial we ca, inlerpffl the sedi• 
men&ary record. In panicular. the combined 
signals of cart,c;n. oxysen, and deuterium deserve 
~ investipdon, and we need 10 develop or 
improve dynamic models ID simulllC the behav· 
ior of theJe isocopes in lake Systems. Other 
iSOIOpeS Ibo delerve lllenlion. For eumple, the 
Slable iSOIOpeS of stronlium ca, be sensitive ID 
waaershed erosion, lake waaer salinity. and 
pound water inputs. The isotopic composition of 
pound waler and the flux of water between the 
take and -.airer are of fllndamental impolWICe 
in all iSOIOpic studies on lakes. 
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■ Hydrologic modeling of imeractions between 
ground weter and surface waters should be done 
in tandem with isotopic studies. We need linked 
models to undeistand the effea of future climate 
change on water leveb in lakes and wetlands. 
We need to know how fast lakes may lespond to 
a climate change, and how much water levels 
will change. We need to know whether a climate 
change will cause the water table to drop enough 
to cause widespread diying and destniction of 
wetlands. Modeling is also fundamental in the 
hydrologic intetpretation of sedimentary records, 
including those of isotopes, that harbor signals of 
past climate.

Stream-grmiiid water intcractiotis. Work 
should be done to understand seepage of water 
between streams and aquifers. The distribution of 
seepage along stream channeU is poorly under
stood but is critical to determining ground water 
flow paths in adjacent aquifers. Knowledge of 
ground water flow paths is essential to predict 
the movement and ultimate fate of aquifer poUu- 
tanis. It is important to know whether a poUutam 
moving through soti and shallow ground water 
systems will be discharged into a local stream or 
enter a deeper, regional flow sysietn. Also, the 
availability of stream water is often limrted by 
low-flow conditions, at which time most or all of 
the stream water originaies at ground water 
seepage. Greater insight inao the variability in 
both flow rate and water quality during low-flow 
conditions would be gained by studies of stream- 
-ground water imetactions. Through this work 
the flow paths and residence times of ground 
water near stream win be better understood. The 
flow paths and tavei times of contaminants and 
low-flow stream oontttianB thus wUl be better 
predicied. Mansgeacnt dedsians on a watershed 
scale win be aidad by improved knowledge of 
stream-ground water interactions.

Wlqp nssdsd. Lake-level change has caused 
much property damage and public outcry. Short
term. ttansiem lake-level changes ate of interest 
to potential shoreline property holders, who ttuy 
wish to know what wiU hap^ to lidce leveU if 
next year's rainfeU is greater or less than 30-year

average values, and how long the anomalous 
lake, level will persist after climatic inputs have 
returned to nonnal. Long-ienn lake-level changes 
resulting from changes in the regional water- 
table elevation ate relevant in the face of po
tential climate change due to greenhouse warm
ing. A better understanding of ground water-lake 
level intenctions wiU help make better policy 
and management decisions. “Natuni" waur-level 
variability will be better defined. Criteria could 
be established to predia which lakes ate "sensi
tive" to potential water-level changes. The re
sponse of lake levels to climate change scenarios 
could be predicted if further hydrologic studies 
were undertaken on this topic.

Time and space. Understanding the relationships 
among climate, ground water, and wetlands is 
urgent because of the recent emphasis on wet
land preservation may conflict with the impend
ing possibility of a drier climate caused by the 
greenhouse effeo. Study sites ate needed in 
tnnseos across climatic gradietus. Particular 
arteniion should be paid to prairie wetlands, 
where many restoration efforts ate underway.

Research Area 6 
SUSTAINABILmr OF MINNESOTA’S 
Ground Water Resources

Research necda. Both the tpirntity and quaUty 
of Mitmesoa’s ground water resources need to 
be maintained. Ground water quantity is deter
mined by rates of aquifer recharge, which ate 
affected by changes in climate and land use. as 
well as by rates of water withdrawal for human 
use. Ground water quality can be maintained 
only by developing a thorough understanding of 
aquifer sensitivity to contamination and the flow 
p^ of contaminants in aqiufers.

Recharge. There is a need for improved under
standing of the teltuionship between precipitacian 
and aquifer recharge, and the seasonal Hid longer 
term variability in recharge. The importance of 
depiession-fbcused recharge should receive
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• Hydrololic modellns of i111eraclions between 
ground water and surface waters should be done 
in tandem with isoq)ic SIUdies. We need linked 
models to undemand the effect of future climaae 
chanae on water levels in lakes and wetlands. 
We need 10 know oow fast lakes may respond to 
a climate ctianae. and oow much w•r levels 
will chan,e. We need to know whether a climaae 
chlnae will cause the water table to drop enoup 
to cause widespread dl')'in& and desbuction of 
wetlands. Modelinl is allO fundamenlll in the 
hydrololic inlerpretalion of sedlmenWy ~rds. 
includina those of isotopes. that harbor slp\lls of 
past climate. 

Stnam-p,,und waler lntenctions. Wort 
should be done to understand seepaae of warer 
between strums and aquifffl. The distribution of 
seepqe alq stream c:hannds is poorly Wider• 
stood but is crilical to detcrmininl pound w..
flow paths in adjacent aquifers. Knowled,e of 
pound Water ftow palhs is esxnlial to ptedict 
the movement and ultimale file of aquifer poUu
!lnts. It is important ., know whcdlcr a pollutant 
movina lhrou&b soil and shaUow pound war 
systems will be discllarpd inlo a local stream or 
enter a deeper. rqional Dow syslml. Also. die 
availability of stream w•r is often limited by 
low-flow condllions, • which lime IDOlt or all of 
the Sbellll WIii.er oripllla M pound WIICf 
seepqe. O~r insi,.. iM> die vutabilky in 
both flow Ille and wa&erquallty durinl low·Oow 
conditions would be pined by IIUdiea of Slreaa· 
-pound water ~ TIIIOulh du WOik 
the llow plllll and raideDcc Cima of pound 
wa11er ..-- will be beaerunderslood. The 
flow palhs 111d lmel·dma of COIUIDinlnls and 
low-flow suaa mndidonl lbul will be betler 
predicted. MIi pcm 1edlionl on a wlfCllhed 
scale will be aided by improved llnowled,e of 
stram•pound war.er inlmcdonl. 

Wit:, ..... Luc-level ctianae has CIUled 
much pq,erty da&F and public OUlay. Shon· 
tena. trllllienl lake-level dllnpl are of inleral 
to polelllill shoreline pq,erty holden. who may 
wish 10 know whit will happen to lake levels if 
next year's rainfall is ,.aaer or less lhan JO.year 

averqe values. and how tona the anomalous 
late. level will persiSl after climalic inputs have 
retumed to normal. Lona-term lake-level chan,es 
resullin& from chanaes in the relional water-
table elevation are relevant in the face of po
tenlial climate chanp: due to pl!eflhouse wlllll
ina. A betler undemandin& of pound water-like 
level i111eraclions will help mike better policy 
and manqanent decisions. "Natural" water-level 
variability will be belier defined. Crtteria could 
be established to predict which likes - "sensi
tive" to potential water-level chan,es. The re
sponse of lake levels to climate ::hln,e scenarios 
could be predicted if funher hydrololic studies 
were undertaken on lhis topic. 

Til!le and space. Undemandina the relalionships 
amona climate, pound WIier, and wetlands is 
ur,ent because of the recen1 emphasis on wet· 
land praervalion may conftict with die impend· 
in& possibility of a drier climate caused by die 
areentiouse effect. Study sites - needed in 
uwiseas across climatic ,radierus. Particular 
allallion should be paid to prairie wetlands. 
where many restontion efforts - underway. 

llEsEARCH AREA 6 
SUSTAINABILITY OF MINNESOTA'S 
GROUND WATER REsoURCF.S 

R....-dl .... Bodi die quantity and quality 
of Mlmeloea's around w•r re,ources need 10 
be mainlained. Ground wacr qullllity is deter• 
mined by mes of aquifer rec:harJC. which are 
affected by ctianaes in climlle and land u,e, u 
well as by rares of WIier wilhdnwal for human 
use. Ol'Ol.lld w•r quality can be mainrained 
only by developina a dlorou&b undenlandinl of 
aquifer sensilivity to conuminllion and die ftow 
pllhs of contllllinanls in aquifers. 

Reclw'p. There is a need for improved under• 
Slandinl of die relationship between precipitarion 
and aquifer rec:harJC, and die seasonal and tonaer 
tena variability in recharfe. The imponance of 
depression-focused rechar,e should receive 
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hintier anemion. Likewise, there is an education
al need for better public undersunding of the 
concept of rechaife.

Water-table responae to land use. Water-table 
elevations change in response to changes in 
recharge that result ftom land use changes. Fbr 
example, uitianuation increases the impervious 
area of the land suifoce and results in re-routmg 
of ninoff. agricultural piactices affoa evapo- 
innspirabon and runoff. However, we do not 
have good infonnadon u accurately ptedia the 
magnitude of water-table changes in response to 
specific land-use changes, and research on this 
topic should be pursued.

Modeling. Water managers need a icadUy avaU- 
aUe. accurate ground water model of the entire 
metropolitan region to address the water supply 
questions that are expected to arise in the next 
20 yean. The currently available U.S. Geological 
Survey (USGS) model for the region meets nei
ther of the above criteria. The model should be 
able to model subregions within the metropolitan 
area within, which particular questions must be 
answered. The devdopment of such a modd for 
the region and its test applicdion is a high- 
priority ground-water need.

Aqidfor asstaitivtty to contamination. Eflbns 
should continue to detennine aquifer sensitivity. 
Research is needed on the poieniid forcomami- 
naied ground water to move into deeper aquifers. 
Interdisciplinary experimems should be condua- 
ed to dev^ opdt^ methodologies to deter
mine ground water sensitivity in divene geologic 
settings in Mtnesota. This research should 
involve experiments that would fietd test and 
scientifically evaluaie the various methods pres- 
endy in use to detennine sensitivity. New sensi
tivity mapping approaches also should be tested 
and their applicabUity detennined at various 
mapping scales. Such techniques as studies of 
nitrate migration and detennbiation of ground 
water residence times through radiometric age 
dating techniques should be evaluated. Ceidogic 
settings should include Quatematy aquifen and

bedrock aquifers such as the Jordan and Prairie 
du Chiea

Ground water Scnsitiviiy to aimatc. Research 
should be done to undentand the linkage be
tween climate and ground water, including the 
variability of the processes involved. The vari
ability of ground water recharge over tune 
should be assessed over several time scales. The 
linkage between climate and ground water should 
be modeled mechanisticaUy to help assess how 
possible foture changes in climate could alter 
ground water recharge. Research should assess:

■ Ground water availability and its variability in 
response to climate change;

■ Sensitivity of water levels in lakes and wet
lands to climate change:

•The effect of climate change on the hydrologic 
fimetion of wetland;

■ Variability in ground water gradients for im
proved delineation of wellhead protection areas: 
and

■ Variability of ground water contributions to 
stteamf. w (for better understanding of low-flow 
stmam-water avaUability during drought condi
tions).

Why naadad. Ohnate determines the ptecipita- 
tion-evapotianpitaiion balance of a region and 
thus potential recharge. Ground water recharge in 
him strongly influences water-table levels and 
ground water gradients, in turn causing a change 
in lake levels and drying up many wetlands. A 
climate-induced chanp in such gradients could 
alter both the direction and magnitude of ground 
water ftow. affecting contaminant transport and 
residence times. A change in recharge would 
translaie directly into changed availability of 
ground water for both human use and natural 
discharge into streams, lakes, and wetlands.
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funher aaenuon. Likewise. there is an education
al need for beaer public undenundina or the 
concep( or recblrp. 

Water-table nlpOlllt to lud 111t. Water-~ 
elevalions ctunae in respona to chanses in 
rectwae 1h11 iault from land use chln&eS. For 
example. urbnulion inauses the impervious 
ara of the land surface and results in re-routina 
of nanoff: qriculbllal pnc1ices affect evapo, 
uanspiralion and runoff. However. we do DOI 
have aood infonnllion ro ICCUlllely pmlict die 
mqnitude of WIier-tabie chan&a in respollle IO 
specific land-111e chan&a, and research on dlis 
topic should be p,nued. 

Modeli111- W11a manqers need a readily avail
able. accurate pound warer model of die entire 
metropolitan qion ro address the water supply 
questions dlll • expeaed ro arise in the next 
20 yean. The cunamy available U.S. Geolopcal 
Survey (USGS) model for the rep,n meeu nei
ther of die above criteriL The model should be 
able to model subrqionl widlin the mcuopolilln 
ara within. which pll1icular questions must be 
answered. The devdopncnl of such a model for 
the re&ion and its test application is a hip
priority pound-waeer need. 

Aquifer --'"ty lo CDNlmiNtM Effons 
should condlme to determine aquifer senaitivity. 
Resean:h is needed on die ~ for corumi
nued pound WIier to IDO¥C ila, deeper aqulfen. 
liurdisciplinlly experimela should be conduc:t
ed to develop opdlluD medloclolopes to dettr
mine pound w-, lallilivity in diverse Je01o1ic 
settinp in MJnnnar& This iaean:ll should 
involve experimaD lhlt would field test and 
scieNifically ~ die various medlods pres
ently in use to cletamine selllidvlty. New !fflli
tivity mappin1 applOIChes Ibo should be tested 
and their applicability determined ll various 
mappina scales. Such recllniques • Sllldies of 
nitrlle mipllion and delennlnalion of pound 
water residence limes dvoup radiometric IF 
dalif1I llednques should be evalUlled. Qeo1osic 
settinp should include Qualemary aquifers and 

bedroclt aquifers such as the Jo!dan and Prairie 
du Chien. 

Ground water Semitivity to Oimace. Research 
should be c1one ro undemand the linuse be
tween climate and pound water. includinl the 
variability of the processes involved. The vari
ability of pound water recblrp over lime 
should be assessed over several lime scales. The 
linkqe between c:limue and pound water should 
be modeled mecblnislically to help assess how 
possible future ctianaes in climate could alter 
pound water recblrp. Research should assess: 

■ Ground water availability and its variability in 
response fO dimale chan,e: 

■ Semitivity of water levels in lakes and wet
lands 10 climate chanF: 

• The effect of climate ctianae on the hydrolopc 
function of wetland; 

■ Variability in pound water lfldienls for im
proved delineation of we1lllead procection areas; 
and 

■ Variability Of pound Wiler contributions 10 
SbalDf' _ w (for beaer undersundina of low-flow 
Sballl·WIICI' avaiJability dutinl droulht condi
lionl). 

WIiy ...... Olm• dctamines die precipitt
~~ntion balance of a repon and 
11M polalllal rec:halJe. Ground WIICr recblrp in 
tum SUOIIIIY influences w11er-llble levels and 
pound warer pldialll. in tum causin& a chanF 
in like levels and dryina up many wedands. A 
climate-induced chanF in such pldie111S could 
lifer bodl die dlreclion and mqnitude of pound 
waler flow. affectina c:onuminanl cnn.,pon and 
residence limes. A ChanF in rechirF would 
transllle directly iM> chan,ed availability of 
pound waler for bodl human 111e and 111tural 
discbarJe into suams. lakes. and wetlands. 
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Time and space. Sustainability of Minnesou's 
ground water in lerais of both quality and avail
ability is important today and for fotuR genera
tions. In areas where use of ground water is high 
(such as the metropolitan area), the need for re
search to define sustainable yields and develop 
ways to maimain water quaUty are immediate, so 
that existing suppUes are not jeopardized.

Research Area 7
EmClENCY AND EFFECTIVENESS OF
Remeihation Technologies

lecda. Ground water remediation 
technology has been an active area for research 
in the state Ibr the past decade and substantial 
advances have been made, paiticulariy in the 
area of bfo-remediaiion. Additional research is 
needed in the following areas:

■ Evaluation of contaminam reduction by in sim 
remediation technologies as well as “pump and 
treat” methods for saturated and unsaturated 
zones:

■ Termination of cost-effectiveness of contami
nant reduction technologies: and

■ Development of new contaminant remediation 
techiKdogies based on engineering of new mi
crobes.

Why needed. Although Minnesota's ground 
water management strategy emphasizes protec
tion and prevention, many aquifers or parts of 
aquifers already are contaminated, and positive 
actioo must be taken to reverse this degradaUon. 
Therefore it is appropriate that research be 
conducted on efficient and effective remediation 
methods. The prevention/brotection strategy can 
be imfdement^ fully only if aderpjate manage- 
mera toots are avaUaMe.

Time and space. Remediation work must be 
done on contaminated sites, where tlw need is 
urgent Research also must be conducted in 
laboratory settings and on aquifen in a variety of 
hydrogeologic sellings to prepare for possible 
future dean-up needs.

I
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Time and •ac&. Sustainability of Minnesota's 
&round w•r in terms of both quality and avail
ability is imponant IOday and for future 1enera
tions. In area.1 where use of &round waler is hip 
(Such u the metropoliWl area}. the need for re
search to define SUSlainlble yields and develop 
ways ID mainlain water quality ~ immediate. so 
that elU5UIII supplies ~ not jeopardized. 

llEsEARCH AREA 7 
EmCIENCY AND Ern:cnvENESS OF 
REMEDIA110N TECHNOLOGIES 

llellU'dl needl. Ground w•r remediation 
tecmok>SY his been an active area for research 
in the swe for the put decade and subslantial 
advanca have been made. panicularly in the 
area of bio-remedialion. Additional research is 
needed in the followinl area.1: 

■ Evaluation of conllminanl reduction by in sttu 
remediation tecmolops u well • "pump and 
trea" mcdlocls for salllnted and WISllUnted 
zones; 

■ Tennlnation of cost-effectiveness of conwni
nant reduction technologies; and 

■ Development of new conwninant remediation 
technologies based on engineerin1 of new mi
crobes. 

Wh:, needed. Although Minnesou·s ground 
waser management strategy emphasizes pl'Olec• 
tion and prevemon. many aquifers or pans of 
aquifers already ~ contaminated, and positive 
action must be taken to reverse this degndation. 
111erefore it is appropriate that research be 
conducted on efficient and effective remediation 
methods. TIie prevention/proeection strategy can 
be implemented fully only if adequate manaac
ment toOls ~ available. 

Time and •ace. Remediation wortt must be 
done on conuminated si!ES. where the need is 
ursent- Research allo must be condueted in 
labonlory seuinp and on aquifers in a variety of 
hydropolopc seainp to prepare for possible 
fuaare clean-up needs. 
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Surface Water
Introduction

HE MOST VISIBLE ml multi-dimensioiul category of water occur at tiie land surface. Although 
I alaigeamoumofreseaich has been conducted on this facet of the resource, we have only begun
X. to undeistind its complexity. Moreover, new stresses and problems arise continually that require 

new infonnation for proper dedskm making and lesoiudon. "Surfoce Water” includes not only the 
standing and flowing bodies of water (lakes and riven) for which Minnesota is fmous. but also the land- 
water interfoce zones that occur in wetlands, the complex biological communities under the water surface, 
the atmospheric inputs that help detennine the composition and quality of the water, and much more.

The following paragraphs list the needs for research on surface water issues developed by the 
committee. It in no way pretends to be a compleie list of the things we need to know, but ndier is a list 
of research areas that the water professionals on the committee dunk should be soon.

Some general concerns can be summaiized from each area. Wetland functions, values and use are 
subjects of incleasing interest among water managen and policy mAers. as “mitigation" effmts expand 
on degraded and threatened wetlands. However, we still know little about how wetlands woit. ml
fundamental research is needed on wetland hydrology and ecology. Peih^ the biggest threat to the stale's 
water resources, as they cuiremly exisL is gl^ climate change. The time to join othen in collecting data 
on the phenomenon and evaluai^ the possible impacts a now. Mkmesoa has witnessed the invasion of 
many exotic species over the past century, and some serious problem species have appeared in just the 
past few years. We need to know how such invasions occur and what r hods will work to control the 
unwelcome visiton.

Improved knowledge of our lakes and the driving forces behind their behavior continue to be research 
needs. Gathering basic limnological infonnation on the state’s largest inland lakes, which curioiisly have 
been neglected in peat studies, should be a high priority. Of special research interest is Lake Superiw — 
a unique stale treasure about which we know so little and need to know much more to ensure the continu
ation of its beauty and high water quality. Because Mitsresou's waters are our primary recreatioiul assets, 
we need to know what impacts our use of these waien for recreational pursuits has on them. Many prev
ious water monitoring and research efforts have ignored the biological sciences, leaving some large voids 
in our knowledge that need to be filled. FInaUy. our riven have loiy endured our abuse but show promise 
of rebounding lo be the valuable resource they once were. To assure their recovery, we need basic dau 
on the condUon rrf the rivets, the materials flowing into them, and effective tools for analyzing their 
behavior.

Research Area 1 
Wetland Values, Functions 
AND Use/Misuse

Rcscareli iMeda. Further research is needed to 
better define the Amctions and values of wet
lands. and the beneficird roles they should play

as surface-water resources for society. In particu
lar. there is a need to devote research efforts to:

n Identify and quantify the values (both ecologi
cal and economic) of wetlands of different types 
for a broad cross-section of beneficial uses, in
cluding water quality enhancemetK. wildlife and 
fish habitau control of water flows, ground
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Surface Water 
INTRODUCTION 

T KE MOST VISIBLI! and multi-dimensional e11eaory of water occurs • the laid surface. Althou&h 
a Iarse amount of research has been conducled on this facet of the raourte. we have only belUJI 
to undel'llllld its complexity. MorecM:r. new suesaes and pcoblems arise continaally 1h11 require 

new infonnadon for proper decision makinl and resolulion. "Surface Warer" includes not only the 
standifll and ~ bodies of WIier (lakes and rivers) for which Minnesoca is famous. but also the land
waier uurface zones dllt ocaar in wetlands. the complex biolosical communities under the waier surface. 
the aanosplleric if11111S lbal help determine the composition and quality of the waler. and much more. 

The followlns parqnphs list the needs for research on surface warer issues developed by the 
commiaee. It in no way~ to be a complete list of the lhinp we need to know. but r'llller is a list 
of research arus that die waaer pn,fessionals on die commiaee think should be addraad soon. 

Some aenenl c:oncems can be summarized from each area. Wedand f\anclions, values and use are 
subjects of inaulina inrerest IIDOIII waaer manqers and policy makers. • "mitiption" effons expand 
on depaded and dftalened wetlands. However. we still know liale about how wetlands WOlt. and 
f\nlamenlll iaem:11 is needed on wetland hydlOIOIY and ecoloff. Perhaps die bigat dire• to the swe·s 
water resources. as dley currenlly exist. is pobll climaae chln&e- The time to join odlcrs in coUectin1 dau 
on die phe11ome11on and evallllfinl the poaible impacts is now. Mimelola bu witnessed die invuion of 
m.,y exodc: speciel over die s.i cen&ury. and une serious plOblem species have appeared in just the 
past few years. We need to know how such invasions occur and wbal will woit to conrol the 
unwelcome vislton. 

Improved knowledae of our 1ata and die drivin& fon:es behind dleir behavior continue to be research 
needs. Gllllerinl baic limnolopc:al informalioa on die Sllle's llfFSl inland lakes. which curiously have 
been nepcted in pul SIUdies. should be I hip priority. Of special iaeardl inrerest is Lake Superior -
a unique Sllle aeaure about wlKh we know ., liale and need to know much lllOle to ensure die continu• 
Ilion of ill beauty and hip __, cplity. Because Mimelola 's waren are our primary recrealional mets. 
we need to know ,.,._ impKII our u. of lheae waaers for ra:radonal punuill bu on them. Many prev
ious water monitorint and raean:11 effons have !pored die biolopcal sciences. leavinl une Iarse voids 
in our lalowledp lblt need IO be ftlled. finally, our rivers have lofll endwed our abuse but show pn,mise 
of reboundinl IO be die valuable raource dley once wm:. To amire dleir recovery, we need basic ilata 
on the condidon of die rivers. die mllerials ftowinl inlO them. and effeclive tools for analyzin& their 
behavior. 

REsEAllCH AREA 1 
WETLAND V ALUU, FUNC11ONS 
AND UsrJMISUSE 

llellU'I$ ...., Furdlcr research is needed to 
beaer define die funcdons and values of wet
lands. and die beneftc:ial !Ola dlcy should play 

as surface-water ruources for society. In particu
lar. there is a need to devoce re,earch effons to: 

■ Identify and quantify the valws (bodl ecololi· 
cal and economic) of wetlands of dilf~ types 
for a bload cross-section of beneftcial uses. in• 
cludifll waler quality enhancemenl. wildlife and 
fish habitat. conuol of w11er flows. around 
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water-sufface water interaction, and open space 
preservation:

• Better undeistand wetland ecosystem functions 
and how to restore that function;

■ Ouracterize and categorize Minnesota wet
lands according to hydrologic (unctions (i.e. the 
fluxes of the different components of the water 
budget):

■ Relate wetland vegetation quaraitativety to 
hydrologic function:

• Better undentand and develop unproved tech
niques for pollutant removal by wetiMids ml 
evaluate the uUimtee fate of such poUutans (for 
example, do they remain in wetland sediments or 
are they transported downward into ground water 
aquifers?):

■ Identify impacts of commonly used pesticides 
on wetland biota: (for example, can the decline 
in waterfowl be related to increased chemical 
contamination of wetlands?):

■ Define the role of mitigation in proper wetland 
regulation:

■ Define the role that wetlands pUy in oveiail 
watershed management and pollution reduction 
for receiving waters, paiticulariy lakes; and

■ Study the hydrology and water chemistry of 
resiored/creani wetlands to gather dam for 
applicadon to fonire wetland resioniions.

Research ^ It tieeded to define how long ml 
imder what oondMons the (unctions and values 
wUl continue to be valid. Cenainly we camot 
contimie to idease untreated urban nmoff into 
wetlands and expect them to remove contam
inants and infiluate water forever.

Why needed. Because of the location of wet
lands relative to the movemem of water in 
drainage basint, both uiben and niral wetlands 
commonly have become focal points for disposal

of collected nu»ff. The disposal usuaUy occurs 
without any pretreatment or attempt to minimize 
the load of damaging poUutams being carried in 
the runoff. Although we have come a long way 
in protecting wetlands over the last decade, they 
continue to be lost because of draining and 
filling associated with development and utility 
projects. In an effon to minimize impacts, miti
gation is proposed, but we reaUy know little 
about the functions that "mitigated wetlands” are 
trying to replace. (We use "mitigation" as a term 
for a suite of approaches that include, among 
other things, consuuction. alteration, enhance
ment or enlargement.) As a result, we might end 
up with a for less valuable wetland system. We 
need basic research to help define whether the 
mitigation approach is a desirable course to 
pursue. Should we be trying “no net toss" with
out a mitigation program?

The biology of wetlands depends on their 
hydrologic fonctioa A sUght change in the 
recharge or discharge function of a wetland 
might cause a large change in vegetatioa Some 
rare wetland types ouy be the result of a delicate 
balance in hydrology. We should have some 
means to understand the impact of a change in 
hydrology caused by climate change or by 
wetland mitigation efforts on various wetland 
types. Wetland restoration will then become 
more feasible and predictable and less of a 
trial-and-enor procedure. Knowledge of the 
hydrologic funoioning of wetlands will peraiit 
more rational managemem decisions to be made. 
Surveys of wedand vegetation could have predic
tive value in determining the hydrologic fonction 
of wetlands.

Time and space. The research on wetlands is by 
namre a lot«-ienn proposal. Much of the prob
lem with past wetland research is that dau 
collection was cut short by a biennial funding 
scheme. We need kmg-ttnn field studies on wet
lands to observe changes «d evaluate their 
ability to cope with our abuse. Spatially, wetland 
character is highly variable, but almost anything 
we can learn about wetland hmctions and values 
should be applicable statewide.
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water-surface waler interaction. and open space 
preservation: 

■ Better Wldemmd wetland tcosysrtm functions 
and how 10 restore that function; 

• Owacierize and cateaorize Minnesota wet
lands accordin& 10 hydrolo&ic functions (i.e. lhe 
fluxes of lhe different components of lhe waaer 
buclaet): 

■ Relate wetland ve,etation quantilllively 10 
hydrolo&ic funclion: 

■ Better Wlderstand and develop improved tech
niques for polluunt removal by wedands and 
evaluare lhe ullimar.e face of such pollutana ( for 
example, do !hey remain in wedand sediments or 
are !hey tnnsported downward into pound Water 
aquifer!?): 

■ Identify impacts of commonly used pesticides 
on wetland biota: (for eumple. can the decline 
in warerfowl be related ID ~ chemical 
contaminadon of wetlands?): 

■ Define the role of milipdon in proper wetland 
replation; 

■ Deftne die role that wetlands play in overall 
watenhed manqemenr and pollution reduction 
for receivifll ._,,, pll'licularty tata; and 

■ SCudy die hydroloff and WIiier chemisby of 
reslOl'ed/Clallld Mdlndl ID pdler dar.a for 
applicadon lO ........ wedand ralDrlliolll. 

Rescardl allo ii Mlded to deftne how Ion& and 
under what condldol11 die fllnclions and values 
will conlimle lO be valid. Ccnainly we Cll1IIO( 

cOdinue lO releae UNrealed Ult.I runoff inlo 
wetlands and expect diem ID remove conum
inanU and infllll'IIC warcr forever. 

Why ....._, BecaUle of die location of wet
lands reladve to die movement of waler in 
drainqe balinl, bodl Ult.I and naral wetlands 
commonly have become focal poinls for disposal 

of collected runoff. TIie disposal usually occur.. 
without any preueattnent or attempt to minimize 
lhe load of damaam1 pollutants bein1 canied in 
the runoff. Although we have come a Iona way 
in procectin1 wetlands over the last decade, they 
continue 10 be lost because of drainin& and 
fillin& as.,ociated with development and utility 
projects. In an effon 10 minimize impacts. miti
&alion is proposed. but we really know little 
about the functions that "miti1ated wetlands" are 
tryin& 10 replace. (We use "miti1ation" as a term 
for a suite of approaches that include. among 
other thinp, construction. alteration. enhance
ment or enluJement.) As a result, we mi,tu end 
up with a far less valuable wetland system. We 
need basic research 10 help define whether lhe 
mitipdon approach is a desirable course to 
pursue. Should we be rryin& "no net los.," with
out a miliption proaram? 

TIie biotosY of wetlands depends on their 
hydrolo&ic function. A .slipu chan,e in die 
n:dw)e or discharse function of a wedand 
mlpt CIUJe a tarp cban&e in ve,eWion. Some 
rare wedand typea may be the result of a delicate 
balance in hydroloff. We should have some 
means to undenland the impact of a chan,e in 
hydrolo&Y caused by climate chan&e or by 
wedand mitipdon efforts on various wedand 
typea. Wedand resaol'lllion will then become 
more feallble and prediaable and less of a 
trial-and-cnor procedure. Knowledai= of the 
hydrolop: functionin& of wedands will permit 
more radonal manaaanem decisions ., be made. 
Surveys of wedand ve,elllion could have predic
tive value in delerminin& the hydrolo&ic function 
of wetlands. 

Ti• 1111d .-e- The resean:h on wetlands is by 
naaare a Ions-term proposal. Much of die prob
lem widl put wetland research is thal data 
collection WIS CUI short by a biemial fundin& 
scheme. We need Iona-tam fteld studies on wet
lands to observe chan,a and evaluare their 
ability to cope with our abule. Spalially. wedand 
cha111cter is hilhly variable, but almolt anylhin& 
we can team about wetland functions and values 
should be applicable swewide. 
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Research Area 2 
Global Climate Change

Research needs. Global climate change research 
is a far reaching topic with a broad range of 
research efforts being conducted internationally. 
The effect of global climate change on the water 
resources of Minnesou wd the impact of this 
change on our ability to develop is also a very 
broad topic. The best we can hope to do is to 
define the likely results for differera Kenatios of 
climate change and fit these findii^ into the 
larger global research scheme. After this is done, 
state scientists and water managers will be in a 
better position to propose solutions within the 
broader global research community. Any effons 
undertaken in Minnesou could leverage research 
funds from other funding sources; studies by the 
U.S. Fish and Wildlife Service. U.S. Geological 
Survey. U.S. Forest Service, and National Sci
ence Foundation ate examples of on-going 
programs. Also some recem. smaU-scale research 
effbru in Mimeaou can be used as a b>«is for 
further definition of effects.

Research spcdiically is

■ The effectt of dimme dunge on availabie 
river flows, water supplies, stream and lake 
quality and fisheries lesources;

■ The nature of climate variatdliiy and how iMs 
variability might irepaa water and

■ The vdidiiy of predklion modds for aquatic 
and wetM ecosyamua.

Also, moniiotteg dam with a solid bioiogicat 
component are needed U) document the effects of 
climate change on aquatic systems.

Why neadad. Perhaps no other erviionmental 
issue has so much potential to impact our water 
resources as global dimaie change: yet we know 
so little abottt what teaUy could hap^ There is 
so much uncertainty about the impactt and they

ate of such a large scale that the temptation 
exists to ignore them altogether. The needs Usted 
above would begin to took at Minnesou's piece 
of the puzzle and answer some preliminary 
questions on impacts. With ail the federal re
search underway, state scientists have a good 
chance of coordinating with these efforts and 
leveraging outside funds for the sute.

Time and space. As mentioned above, the time 
and space scales for global climate change are 
extremely large, but the effects will be felt most 
acutely at the local level when water resources 
are affected. We need to initiate efforts in the 
state and tap into intetiutional research to answer 
those questions most pettinetu to us and our vital 
water resources.

Research Area 3 
Exotic SPEaES
Research needs. Exotic ptants and animals ate 
now having or have the potential to cause a con- 
skferable impact on aquatic and wetland ecosys
tems in Mbnesota. Research is needed to:

■ Identify and locate exotic species in the stale, 
including those that have been here for the long
term:

n Detennine characteristics of sites that make 
diem susceptible to invasian by exotic species:

n DeieiraUie the impaa of exotic species in 
Older to prioritize managemem needs:

a Find environmentally-safe techniques to con
trol or eliminate specific exotic pests such as 
purple loosestiife. zebra musseL and Eurasian 
water-milfoil: and

a Develop plans to manage the impact of Eva
sions by the species of the greatest cuirem or 
potential concern.
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REsEARCH AREA 2 
GLOBAL CLIMATE CHANGE 

Rnnrdl needs. Global climue c11an1e research 
is a far reachins topic widl a broad ran,e of 
research efforts beins conducled intemationally. 
The effect of global climue chan,e on the w11er 
resources of Minnesota and the impact of this 
chan1e on our ability IO develop is wo a very 
broa~ topic. The best we can hope 10 do is to 
defint the litdy ~ts for differmt scenarios of 
climue chlnle and flt these findin,s into the 
lqer pobal raearch scheme. After this is done. 
Stale scientiSIS and waaer manqers will be in 11 
beuer position to propose solutions within the 
broader pobal taelldl community. Any effons 
undertaken in Mimesoca aJUld lcverqe research 
funds from other fllndins soun:es; studies by the 
U.S. Fish and Wildlife Service, U.S. Geololial 
Survey, U.S. Forest Service. and Nllional Sci
ence Fowldlllon are eumples of on-aoinl 
pro,rams. Also some recent. small-~ research 
effons in Mlmaoca cm be used u a Jls for 
funher definition of effecca. 

Rneardl apedllcally ii meded •: 

• The effecu of c1lma ct-. on avliJable 
river flows. warer Sllpllliea. sarean and lake 
quality and fllheries iaoun:a; 

• The IIIIWe of c:limalc vartabWty and how Ibis 
variability mipt ims-t W..-: and 

• The va,lidity ol pnldicaon models for aqualic 
and wetland ecol) • 

Also, monito1311 dlla with a 90lid biololiCll 
componen1 are needed to documenl the effecu of 
climllC chlnle on aqualic sysrems. 

Why ....., Patllpl no other vironmental 
i~ hll ID much potential ID impact our WIier 

resowta M p,bli c:limalc ct-.: yet we ltnow 
so llale about whit rally aJUld happen. ~ is 
so much uncenainly about the impacte and they 

are of such a large scale that the temptation 
eJtists to isnore them allogether. The needs listed 
above would begin IO look 11 Mi.nmsota's piece 
of the puzzle and answer some preliminary 
questions on impacts. With all the federal re
search underway. swe scientists have a good 
chance of coordinating wilil these effons and 
leveraainl outside funds for the sute. 

Time and sp1ee. As mentioned above. the time 
and space scales for global climate change are 
extremely large. but the effects will be felt most 
acutely 11 die local level when water resources 
are affected. We need to initiate effons in the 
stale and Up into intemational research to answer 
those ~ons most pertinent to us and our vital 
water resources. 

REsEARCH AREA 3 
Exonc SPECIES 

a..an:11 ...._ Exotic plants and animals are 
now havinl or have the potential IO cause a con
sidenble impact on lqUllic and wetland ecosys
tems in Mimaola. Resean:11 is needed IO: 

• ldenlify and loclle ellOlic species in the ue. 
incl~ thole lhll have been here for die Ions· 
term; 

• Determine chanctaislics of sites lhll lillkr, 
lban SUICqldble 10 invasion by ellOtic species: 

• Determine the impact of exocic species in 
onler to prioritize mana,anent needs: 

• Find envilUIIIDel1lally-safe lecmiques to con
lJ'Ol or dlminlle speciftc exocic: pes&s Sl!Cfl as 
purple too.strife. zebra mussel. and Eumim 
waaer-milfoil; and 

• Develop plans IO mant,e the impact of inva
sions by die species of die pellCSl currem or 
poccntial concem. 

February 1992 Enwonmental 0uallly Board 23 



Why needed. The invasion of exouc species 
such as the three mentioned above threaten to 
eliminate much of the divenity of our aquatic 
resources. The rapid proliferation of these species 
points to the immediate need to better understand 
them and develop approaches to control their 
spread. Control of some exotic species is being 
studied by programs elsewhere, thus presenting 
some opportunity for leveraging funds. The 
committee notes that the term "exotic species" 
should apply also to stocked species, such as 
steelhead. as well as to species such as carp that 
were introduced in the more distant past.

Time and space. The need to begin work on the 
above research items is immediate, since every 
delay means further spread of the exotic species 
of concern. Solutions, however, will likely be 
long-tenn since infbmiation has to be gathered 
and digested before we can proceed with man
agement programs. The research results are of 
statewide importance and application. Leveraged 
fimds might be available from federal programs.

Research Area 4 
Lake Quality

Research needs. Although Mbneaoa hat over 
12.000 lakes that are cnicial lo the economic 
well-being ot the stale and lifestyles of its cid- 
zens. we find that much remains to be known 
about these resources. Researeh needs include:

■ Basic limnological shidies on the physicaL 
chemicaL nd biologicr' characieiistics of the 
state s large lakes inch m MiOe Lacs. Pepin. 
Red. and the Medsrippi river headwaters lakes, 
which have been niflecied in pest studies by 
Umnologistt end w«er man^easent agencies;

■ Analysis of attainable water quality, fonctional 
behavior, and optimum management techniques 
for shallow lakes;

■ Evaluation of the effectiveness of lake manip
ulation techniques, such as inflow nutrient con
trol. aeration, biomanipulation, artificial circula
tion. and other newly proposed techniques;

• Evaluation of the effects of shoreland develop
ment and water level fluctuations on aquatic 
habitat;

■ Evaluation of the geographic dimensions of 
the mercury contamination problem m game fish, 
improved understanding of the mechanisms 
leading to enhanced bioaccumulation of mercury 
in some lakes arxl species of fish (environmental 
foctors leading to enhanced bioaccumulation), 
and evaluation of possible midgative measures 
for mercury contamination of game fish, includ
ing the possibility that mercury bioaccumulation 
is enhanced by a deficiency in the essential 
element, selenium, or by elevated levels of 
cobalt;

■ Delineation of the organic compounds that 
pose potential health hazards by bioaccumulating 
in fish and review of the differing health adviso
ries issued by differem sources:

■ Analysis of the hydrologic effects of using 
abandoned Mesabi Iron Range pits for water 
supply or aquaculture;

■ Further devefopmem of stable isotope tech
niques to detennine and model ground water-lake 
interactkint. mass fluxes, bioiic interactions, and 
the impact of precipiiation trends on the hydro- 
logic system of lakes; and

■ Further development of paleolimnological 
techniques to analyze the effeos of human 
distuibanoe and gioM climate change on lakes.

In addition, effoits should be undertaken to 
detennine the best method to buUd a readily 
accessible state database for lake infonnatioa
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Why needed. 'The invasion of exotic species 
such as the lhree mentioned above lhreaien IO 
eliminate much of the diversity of our aquatic 
resources. 'The rapid proli fention of these species 
points 10 the immediaie need IO better understand 
!hem and develop approaches IO control their 
spread. Coruc;l of some exotic species is bein& 
studied by pl'OlfllllS elsewhere. thus presentin1 
some opportunity for leverqin1 funds. 'The 
committee noleS lhll the term "exotic species" 
should apply .lso 10 5IOCted species. such as 
steelhead. as well as IO species such as carp !hat 
were introduced in the more disiant past. 

Time and space. 'The need to bepn wort. on the 
above research ilmls is immediaie. since every 
delay means further spread of the exotic species 
of concem Solutions. however. will likely be 
lon1-term since informllion has IO be l•thered 
and di,ested bef~ we can proceed with m1n
a1ement propams. 'The research results are of 
swewide importance and application. Leverqed 
funds mipll be available from federal propams. 

REsEARCH AREA 4 
LAKE QUALITY 

llaardl ...._ Allhoup Mimaola has over 
12.000 lakes dial are cnacial ., die economic 
well-beiill of die Sllle and llfalyla of ill cili
zens. we find that much nmlilll IO be known 
aboul these raourca. Raean:11 needs include: 

■ Basic Ulllnalopal Ddiel on die physical. 
chemical. and blalop:,' clllnclerillics of the 
SIIIC's 1uJe 1111111 -=II • Mille Lacs. Pepin. 
Red. and die MMieel1411! mer headwllffl lakes. 
which have bem ..... In pat studies by 
limnolopm and Wlf.er llllftlFIDGll qencies: 

■ Analysis of aaalnable WIier quality. functional 
behavior. and opdnun 111-,emenl tecmiques 
for shallow Ilka; 

■ Evaluation of the effectiveness of laloc manip
ulation techniques. such as inflow nulriem con
trol. aeration. biomanipulation. artificial circula
tion. 211d other newly proposed techniques; 

■ Evaluation of the effects of shoreland develop
ment and water level fluctuations on aquatic 
habiw; 

■ Evaluation of the geo,nphic dimensions of 
the mercury contamination problem 111 game fish. 
improved understanding of the mechanisms 
leading IO enhanced bioaccumulation of mercury 
in some lakes and species of fish (environmenlal 
factors leadin1 to enhaalCed bioaccumulation). 
and evaluation of possible miligati"e measures 
for mercury contamination of 1ame fish. includ
in1 the pouibility lhal mertUry bioaccumulation 
is enhanced by a deficiency in the essenlial 
element. selenium. or by elevlled levels of 
cobllt 

■ Delineation of the orpnic compounds !hat 
pose polienlial health hazards by bioaccwnulating 
in fish and review of the ditferin1 health adviso
ries issued by different sources: 

■ Analysis of the hydroloaic effects of using 
abandoned Mesabi Iron Ranae pilS for water 
supply or ..,acu1111re: 

■ Funher development of stable isocopc tech
niques IO determine and model puund WIier-iake 
illlCl'ICdons. mas:: Duxes, biotic int.enctiM1. and 
the impact of pecipil.Mion irends on the hydro
io&ic sysaem of lakes; and • 

■ Further developmenl of paleolimnolo1·ca1 
tecmiques to analyze the effects of human 
disaart.ice and globll climare ctian,e on lakes. 

In addition. effons st.,uJd be undertaken to 
determine the best medlod IO build a readily 
accessible S111C dallbae ror lake informllion. 
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Why needed. The loiponance of lakes to the 
state of Minnesoa cannot be oveisuted. None
theless. we know so little about many of these 
valuable water bodies. Large gaps in our knowl
edge exist especially at each end of the size 
specmim — large and small/^hallow. Also, many 
of the techniques used to manage lakes are 
poorly undeistood. and their long-tenn effective
ness is not well documented. We are constantly 
learning about new threats to our lake resources 
from such stresses as mercuty. Eurasian water 
milfoil, and acid precipitation; yet we often find 
ourselves guessing about the impact that these 
threats pose because we have insufficient dau 
and understanding upon which to build objective 
conclusions. Building upon other studies is 
possible because of some on-going metropolitan 
area and statewide effoits to collect data. Minne
sota has long been recognized as a leader inter- 
nabonaUy in limnological research, and several 
recommendations build on existing research 
suengths.

Time and space. Any attempt to evaluate lake 
character and behavior will be a long-tenn effbn 
because lakes are slow to respond to external 
factors. However, we must b^in to document 
what is occurring in our lakes if we ever hope to 
fuUy understand them. Statewide application of 
specific studies focused on problems in a given 
lake might he diflicult. but applicaiions of cate
gorical lessons teamed, management techniques 
proven to be effecti's and the chancier of 
various lake types are useable over a wide 
geographic range.

Research Area 5 
Lake Superior

■ QuanUfy watershed and atmospheric loadings 
of poUutants. with emphasis on toxic substances 
such as heavy metals and PCBs;

■ Deteraiine the transport fate and effects of the 
polliuans in the lake; and

■ Establish baseline water quality and biological 
daubases. which currently do not exist.

In addition, studies are needed related to the St. 
Louis River remediation, the impaa of harbor 
dredging on the lake and the impact of economic 
development proposals for the drainage basin on 
the lake. We also need basic information on the 
eiTecUveness of managemem approaches on the 
lake.

Why needed. Although Lake Superior is in 
many respects Mitmesou’s greatest nanual 
resource, we know little about it Routine dau 
collection is esseiMially nonexistent other than for 
flsheries. Recem studies have shown that the 
western portion of the lake is distinedy different 
from the rest of the lake and merits our attention 
if we intend to protea its unique character.

Time and apace. Cunera efforts to condua 
research on Lake Superior are very small in 
compaiison with the size and complexity of the 
lake, and we must begin a hmg-tenn effoit to 
exploie the lake and the environmental features 
affiecting it Spatially, infonnatioa collected for 
Lake Superior ptobMy are not ttansforable to 
the test of the state. Nonetheless, it is in the 
state's imercsi to gather bifonnation to better 
understand this most valuable resource so that it 
is not adversely altered.

Research needs. Lake Superior is a unk|ue state 
resource that should be considered separately 
from other (inland) lakes at far as research needs 
are concerned. Research is needed on Lake 
Superior to:
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Why l'lftdecl. The tmponance of lakes 10 the 
state of Minnesoca cannot be overstated. None
theless. we know so linle aboul many of lhese 
valuable water bodies. Large gaps in our knowl
edge exist especially at each end of the size 
specttum - larse and small/shallow. Also. many 
of the iechniques used 10 manqe lakes an: 
poorly understood. and their Ions-term effective
ness is not well documented. We an: constantly 
leamina about new lhreaCs 10 our !alee resources 
from such suases as men:ury, Eurasian water 
:nilfoil. and acid precipitation; yet we often find 
ourselves guessina about the impact that lhese 
lhreats pose because we have insufficient data 
and undersWldinl upon which 10 build objective 
conclusions. Buildin1 upon other studies is 
possible because of some on•Soinl metropolitan 
area and swewide efforts to coUcct dala. Mime
sota has Iona been recoplized as a leader inter
nationally in limnoloatcal research, and several 
recommendalions build on existin1 research 
st.-enJlhs. 

Ti- and ~ Any aaempt 10 evaluare lake 
character and behavior will be a Ions-term effort 
because lakes an: sJow to respond to eittemal 
faao11. However. we must besin to documenl 
what is occuninl in our lakes if we ever hope ID 
fully undenland them. Stllewide applicadon of 
specific Sbldies focuted on plOlllcml in a pven 
lake milhl be dltllcult. but IR)llcldons of Clle· 
aorical 1e11o111 learned, m......- techniques 
proven to be effeal· e and die chanlcler or 
various lake types an: ulelble over a wide 
aeopaphic.,.._ 

REsEAllCH ADA 5 
LAKE SUPERIOR 

Raeardl needs. Late Superior Is a un:.que stale 
resource dial should be considered separarcly 
from ocher (inland) lakes u far u research needs 
an: concerned. ltacarch Is needed on Late 
Superior to: 

■ Quantify watershed and atmospheric loadings 
or pollutants. with emphasis on toitic substances 
such as heavy metals and PCBs; 

• Detennine the rranspon. fate and e ff :cts of the 
pollutans in the lake; and 

■ Establish baseline water quality and biological 
databases. which currently do Mt eitis1. 

In addition. studies are needed related to the St. 
Louis River remediation. the impact of harbor 
dredging on the lake and the impact of econom ic 
development proposals for the drainage basin on 
the la:Ce. We also need basic information on lhe 
eIT:c1jveness or manqement approachts on the 
lake. 

Why needed. Allhouah Laite Superior is in 
many respects Mimesoca's greatest tura1 
resource, we know little about il Routine data 
collection is i:ssencially nonexistent ocher !han for 
fisheries. Recent Sbldies have shown that the 
wesiem portion of lhe lalce is distinctly different 
from lhe rest of lhe lalce and merits our attention 
if we intend to procea its unique chancier. 

Tl• and ~ Curmu efforts 10 conduct 
research on Lake Superior an: very small in 
comparilon widt lhe size and complexity of the 
lake. and we must bepn a Iona-term effort to 
uplore lhe lake and die environmental feawres 
affeclinl il Spllially, informllion collected for 
Laite Superior problbly are not tnnsferrablc IO 
lhe resl of lhe sw.e. Nonetheless. it is in lhe 
Sllle • s inlerest to · p&her information to better 
understand this most valuable resource so that it 
is not advel1CI y altered. 
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Research Area 6 
Impact of Recreational 
Developments

Research needs. There are many proposals for 
recreational site developinettt in the state, and 
most involve water in some way. Research is 
needed to:

■ Quantify the impacts of recreational develop
ment and use on the aquatic ecology, water qual
ity. sediment transport and erosional features of 
affected water resources:

■ Define the water-based capacity of new recre
ational developments so that adverse impacts are 
minimized:

■ Quantify the economic consideratians associat
ed with recreational developments in terms of 
their impacts on associated water bodies.

Why needed. Recreational devetopmems such as 
marinas, harbors, resorts and paries exert pres
sures (and often have negative impaos) on the 
water resources that usually are the attraction for 
the development. We know little about the direct 
and indirect, physical and economic impacts of 
recreational devetopments or the knpacis of 
active recreational uses of the waters associated 
with these developments. Basic research would 
help us better evaluate the Denelta" of such 
proposals and assist agencies such as DNR in 
their efforts to evaluate impacts.

Time and spaea. TMs type of research has broad 
statewide appUcation and could be conducted 
relatively quickly, as recreational development is 
quite active. Although each devetapmem is local 
in character, the tedutiquetdevdoped to evaluate 
impact are transferable statewide.

Research Area 7 
Biological Monitoring

Research needs. Although biotic integrity and 
ecological health are among the most important 
goals for protection of our surface waters, our 
ability to manage resources to achieve these 
goals is limited by the paucity of basic biological 
infonnation on them. Fundamental research is 
needed to improve our tecimical abilities to 
obtain and use biological information in water 
managemera. Research specifically is needed to:

■ Evaluate the ecosystem health indices pro
posed to quauify biological impacts to water 
bodies: of special inierext are those recommend
ed by the Eralogical Monitoring and Assessment 
Program (EMAP) of the U.S. EPA:

■ Evaluate the differences between rapid 
bioassessmera teclmiques and the more compU- 
caied "Index of Biotic Integrity" relative to their 
effectiveness in delecting changes in ecosystem 
health:

■ Determine the value and credibility of the 
"ecoregion” concept and evaluate its use/inisuse 
in water quaUty management. If this approach is 
found to be uieftil. imptovemerus should be 
sought in the methods used to define ecoregions 
and develop water quality criteria based on each 
ecoregion:

■ Revise the instream-Oow determination meth
odology ID incorporate biological ftmetims into 
the flow level determinations and explore wheth
er common biological assessmera methodologies 
are applicable to wetlands:

■ Develop techniques to differentiaie between 
naturally occurring biological changes and those 
resulting from anthropogenic or cultural uifluenc-
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RESEARCH AREA 6 
IMPACT OF RECREATIONAL 
DEVELOPMENTS 

Re1tarch needs. There are many proposals for 
recreational site development in lhe swe, and 
most involve water in some way. Research is 
needed lo: 

• Quantify lhe impacts of recreational develot>
ment and ux on lhe IQWllic ecoio,y, water qual
ity, sediment transpon. and erosional feanires of 
affected water resources; 

• Define lhe water-based capacity of new recre
ational developmenlS so that adverse impaclS are 
minimized; 

• Quantify die economic considerllions usociat
ed with recreational developmenrs in tenns of 
lheir impacts on ISIOCialed w11er bodies. 

Why needed. Recrutional developmenls such u 
marinas. lwtJon. re,ons and puts uen pa
sures (and often have nepdve impacu) on die 
water resources that usually are die laraction for 
lhe development. We know UUle about lhe direct 
and indirect. physical and eainomic: imp1C1S of 
recreational developnaa or die implCII of 
active iecn=adonll UICI of die w-.. aaoc:llled 
wilh lhele devdopmenlL Bllic raean:11 would 
help us betler evlluMe die .,_.ftll" of suc:11 
proposals _and lllill l,enda suc:11 u DNR in 
lheir effons ro evlhlMe impau. 

Ti• 111d .,.._ Tiu type of iaem11 has bfflad 
Sbl.ewide applicldon 111d could be conducted 
rellllively quiddy, • l9Cl9llioial developmall Is 
quite active. Aldloqb eadl dnelopnent ii local 
in characler, die ledlniquel developed ro eval1111e 
impact are innsferlble lllleWide. 

RESEARCH AREA 7 

BIOLOGICAL MONITORING 

Rtltarch needs. Allhough biotic integriry and 
ecololical health are amon1 lhe most important 
a<>als for protection of our surface waters. our 
ability to manqe resources IO achieve these 
goals is limited by the paucity of basic bioloaical 
infonnllion on them. fwldamental research is 
needed to improve our iechnical abilities to 
obwn and use bioloaical infonnation in water 
mana,c;ment. Research specifically is needed to: 

• Evaluate lhe ecosystem heallh indices pro
posed to quantify bioloaical impacts to water 
bodies; of special inlerext are those recommend
ed by lhe Ecololial Monitorin1 and Assessment 
Program (EMAP) of lhe U.S. EPA; 

• Eval1111e the differences between rapid 
bioassessment tecMiques and lhe more compli
cated "Index of Biotic lnlepity" relative to lheir 
effectiveness in detectin1 chanaes in ecosystem 
heallh; 

• Determine the value and cmlibility of the 
"ecorepon" concept and eval1111e its use/misuse 
in water quality mana,ement. If this approach is 
found to be uaeful. imp,ovemera should be 
SOUpll in th: medloda Uled to define ecorqions 
art:S de11elop warer quallry criteria based on each 
ec.,rqion; 

• Revtte die inllram-Oow detenninllion melh
odoloff IO incolpon&e bioloaical fllnctions inlD 
die now level delenninalions and eq,iore whelh
er common biolopc:a' ,...anent mcdlodololics 
are applle2'Jle to wetlands: 

■ Devdop ledwques IO differentille between 
llllllrally OCCUrrinl biolopal chan,a and those 
resullinc from llllhrop>pnic or cultural influenc
es. 
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Why needed. Weier monitoring and leseaich 
programs ftequeraly ignore biological parameters 
because they are more difficult and costly to 
measure than are chemical parameten and be
cause the expertise needed to interpret the results 
is unavailable. Efforts to develop techniques that 
can be readUy applied in aquatic studies, to 
evaluate recently (teveloped procedures, and to 
educate those conducting such studies should 
help to increase the use of biological monitoring 
techniques in water quality management The 
ecoregion concept is widely used to develop 
regionally-specific criteria for water quality and 
regional expectations of attainable water quaUiy 
conditions, but the current approach is erode and 
not always an appropriately designed tool for 
generalizing information to unmonitored sites.

Time and space. Improving our capabUity to 
adequately conduct biological studies and accu
rately interpret the results wiU be of benefit 
statewide. Beginning such an endeavor is an 
immediate need.

Research Area 8 
River Protection and 
Management

Research needs.

MinneaoU River. Although dwre is a concerted 
research effort underway on many aspects of the 
Mitmesoa River throu^ the Minnesou River 
Assessment Projea (MNRAP), there remain 
many component of iMs system yet to be ex
plored. Further ai.4ies would be useful to:

■ Document and quantify the various sources of 
pollutants to the river.

■ Detennine the best mix of control alternatives 
available to reduce water quaUty problems:

■ Identify the manner in which pollutants from 
the upper portion of the watershed affect water 
totality in the lower poition; in paiticular. the

role that sediment oxygen demand <SOD) plays 
in the overall pollutant balance of the lower 
reaches needs to be determined;

■ Document the effects of shon-tetm. highly 
concentrated toxic ninoff from rainfall and snow
melt events on the biotic community of the river, 
and

■ Develop efficiera modeling techniques by 
which the simulated water quality of tributaries 
can be used as input to river models to portray 
the impaa of irregularly occurring nonpoint 
source pollution inputs.

Mississippi River. The drought of the late 1980s 
and the large oU spiU near Grand Rapids in the 
wittter of 1990-91 dramatically illustrated the 
vulnerability of the Mississippi River to both 
quantity (availability) and water quality prob
lems. Research is needed to;

■ Develop flow tuid contaminam dispersal mod
els for the river.

■ evaluate the most effective methods for detect
ing a contamination event and alerting dow
nstream water users;

■ Assess the risk of various industrial/commer- 
cialAtansportation activities relative to the intro
duction of contamination to the river, tuid

■ Define the institutional proUems that have to 
be overcome to protect the river aid devise an 
emergency alert plan.

Other Rivera and Riverine In

■ Need that is related to the efforts on the Min
nesou River but extends to most rivers in the 
stare is further exploration of stieambank erosion 
processes. Impacu of subsequem sedimentation 
and the effectiveness of managemem practices to 
address the problem need to be evaluated.
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Why needed. Water moni10ring and research 
programs frequently ipre biololical parameten 
because lhey are more difficult and costly 10 
measure than are chemical parameten and be
cause lhe expertise needed 10 interpret the results 
is unavailable. Effons 10 develop tecmiques that 
can be readily applied in aquatic studies, to 
evaluate recently developed procedures. and to 
educate those conductln1 such studies should 
help 10 increase the use of biolosical monilOrina 
techniques in water quality mlllliement. The 
ecoresion concept is widely used to develop 
regionally-specific criteria for water quality and 
relional expectations of attainable water quality 
conditions, but the curre,u approach is crude and 
not always an appropriately desiped tool for 
1eneralizin1 information to wmonitored sites. 

Time and space. lmprovifl& our capability to 
adequately conduct biolosical studies and accu
rately interpret the results will be of benefit 
statewide. Beginnina such an endeavor is an 
immediate need. 

REsEARCH AREA 8 
RIVER PROTECTION AND 
MANAGEMENT 

Rnean:b needs. 

Mlnnealta RIYII'. Abhoup there Is a concerted 
research effort underway on many aspects of die 
Minnesoca River dvoupi die Minnaola River 
Assessment Pr,,jec:t (MNRAP), dlere remain 
many compo11111 11 of du systan yet to be ex
ploied. Fwdler al_lt;dja would be useful to: 

■ Document and quandfy die various soun:es of 
pollUWIIS IO the river; 

■ Determine the best lnix of conuol aliemllives 
available to reduce war quality problems; 

■ ldenofy the manner in which pollutanlS from 
the upper ponion of the warershed affect water 
quality in the lower ponion; in panicular, the 

role that sediment oxyaen demand (SOD) plays 
in lhe overall pollllWll balance of the lower 
reaches needs 10 be determined: 

■ Document lhe effects of shon-term. highly 
concentnred toxic runoff from rainfall and snow
melt events on lhe biotic community of lhe river: 
and 

• Develop efficient modelina techniques by 
which the simulated water quality of tributaries 
can be used as if1)Ut 10 river models to ponray 
lhe impact of irreautarty occurring nonpoint 
source pollution inputs. 

Mluillippi River. The drought of the late 1980s 
and the lqe oil spill near Grand Rapids in the 
winter of 1990-91 dramatical!y illustrated the 
vulnerability of the Mississippi River to both 
quantity (availability) and war.er quality prob
lems. Research is needed 10: 

■ Develop flow and contaminant dispe~ mod
els for the river; 

■ evaluate the most effective methods for detect
ina a contamination eve,. and alerting dow
~ water uscn; 

■ Assess the risk of various industrial/commer
cialllrar.ponalion activities relllive to the intro
duction of contaminllion IO the river. and 

■ Define the institutional problems that have to 
be oven:ome lO proc,:ct the river and devise an 
emeria-=y alert plan. 

Other Riven and Riverine Impoundments. 

■ Need 1h11 is related IO the effons on the Min
nesoca River but extends lO most riven in the 
SUlle is further exploration of SU'elmblnt erosion 
processes. lmpaas of subsequent sedimentation 
and the effectiveness of manqement practices to 
address the problem need to be evalulled. 
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■ An assessment of the way that release of water 
from storage reservoiis is coordinated should be 
undertaken and alternative strategies that consid
er external impacts should be developed. .

■ The 1979 DNR study on dams needs to be 
updated.

Why needed. The Mirnesoia River has been 
characteriaed as one of the state's worn rivers 
with respect to water tpiality. The river serves as 
a means of traisport for poUutants from both 
agricultural and urban areas. Ongoing effoits are 
attempting to document the complexities of this 
river system, but no single program will be able 
to address all concerns. There remain research 
needs that should be addressed to enhance on
going activities. Some of the research items 
could leverage hinds from laiger-scale research 
efforts.

Users of Mississippi River include nearly one 
million people who rdy on it for drinking water, 
a series of large power producing facilities that 
rely on it for a clean source of cooling water, 
and navigation interests who move commodities 
over its surface. AU of these users need to know 
when the potential exists for a disruptive contam
ination event

Some strategies for release of water from im
poundments (especially those used for hydropow
er) may needlessly damage downstream ripiil» 
users. Not all Miraiesoa dams have operations 
plans. The last snidy of dams in the state is now 
more than 12 yean old. md we don't know 
whether its information is still valid for manage
ment or how hmctional or safe all dams are.

Time and space. The Minrresota River flows 
through a large portion of central and southern 
Minnesou. Any program to improve its quality 
would yield direct benefits to a substantial 
fraction of the state's population. Many of the 
research needs described for the Minnesou River 
would likely be transfertable to other rivets in 
the state. Research on the nature of the non- 
point/poira relationships in the river basin would 
be beneficial to other pollution control siniations 
in the state, as would the results of related 
projects looking at best management practices 
(BMPs) and institutions. Solutions to the prob
lems occurring on the Minnesou River will not 
come quickly, but research must continue if we 
hope to O' rotually reduce one of Minnesou's 
biggest pollution problems. The temporal scale 
of research needs on the Mississippi River is 
immediate and short-tenn. The api^ation is 
specific to this river, but it affects a large seg
ment of Minnesou's population.
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■ An a.uessment of the way that release of waier 
from storage reservoirs is coordinated should be 
underwten and altcmative Strale&ieS that COIISld
er external impacts should be developed. . 

■ The 1979 DNR study on dams needs to be 
updated. 

Why needed. The M rie,ota River has been 
characterized as one o the sure·s wom rivers 
with respect to WIier quality. The river serves as 
a means of tnnspOrt for pollutants from both 
agricultural and urban areas. Onaoin1 effons are 
attemplin1 to document the complexities of this 
river sysiem, but no sinlle propam will be able 
to address Ill concems. There remain research 
needs that should be addressed to enhance on-
1oin1 activities. Some of the research iiems 
could leverqe funds from laraer-SClle research 
effons. 

Users of Mississippi River include nearly one 
million people who rely on it for drinkinl water. 
a series of IIIJC power producins facilities that 
rely on it for a clean source of c:oolin1 water. 
and naviplion inflerescs who move commodities 
over its surface. All of these users need to know 
when the potential exists for a disruptive con&am· 
ination event. 

Some stn1eaies for releale of waler from im
poundments {especially dlOIC Uled for hydlopow
er) may necdlally ~ downstream riparian 
users. Not all Minnelota dama have operllions 
pa... The last study of dama in die SUfC is now 
more than 12 years old, and we don't know 
whether its infonnalion ii llil1 valid for manqe
ment or how f'\lncdonal or safe Ill dams are. 

Time and sp&ee. The Minnesota River flows 
lhrowah a large portion of central and soulhcm 
Minnesota. Any pl'Olfllll 10 improve its quality 
would yield direct benefits 10 a substantial 
fraction of lhc swe·s population. Many of lhc 
research needs described for lhc Minnesotl River 
would liltely be lllnSfcrrable to olhcr rivers in 
the swe. Research on the nature of lhc non
poinllpoint relationships in the river basin would 
be beneficial 10 olhcr pollution control sirualions 
in the swe. as would the results of related 
projects lookinl at best manqcment practices 
(BM.>!) ar.d institutions. Solutions 10 the prob
lems occurrin1 on lhe MiMCSOta River will not 
come quietly, but research must continle if we 
hope to c, tually reduce one of Minnesou·s 
bigest pollution problems. The temporal scale 
of research needs on lhe Mississippi River is 
immediate and short-term. The application is 
specific to this river, but it affects a large sea
ment of Minnesou's population. 
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Fate and Reduction of 

Environmental Pollutants
OLLimoN REACHES gro^ and surface water from a variety of sources, and for convenience they 
generally ate grouped into point and nonpoint source categories. Point souT:es are direct dis- 

M. charges to lakes and streams via pipes or ditches. These discharges typically are horn municipal 
sewage treatment systems and industrial or commercial operations. Much effort has been focused on 
coruroUing point source pollution 'luring the last 20 years through state and federal regulations to require 
permits for such sources and a grant program to cover much of the cost of improving municipal sewage 
treatment plants.

Nonpoint source (NPS) pollution is often referred to as polluted ninoff. The sources are the land-use 
or laitd-manageinent activities that allow contaminated water to nm off the surface of the ground, percolate 
into giound water, or seep ftom underground into surface water. The CouikU on Environmental Quality 
has estimated that pollution ftom nonpoim sources, such as feedkxs. landfills, and agriculture, is five to 
six times the pollution load ftom municipal and industrial point sources.

Additional research is needed on both point and nonpoint sources of pollution entering Miraiesoa's 
surface waters and ground water aquifers. The growing recognition that nonpoint source ninoff ftom urban 
and agricultural areas must be controlled has led to a need for better information on the design and effec
tiveness of “best management practices" or BMPs. Solutions to nonpoint source pollution problems involve 
a myriad of poiemial management piacticea that can be used in a “best" mix. To determine which 
practices should be used, we need much better infonnation on the effectiveness of each to perform a 
desired ftmction. Without this information, we will coruinue to hear claims that pollution is being handled 
by so-called BMPs that might not even be appropriate for the qsplication of concern. Transfer of findings 
from BMP research is particularly timely as programs such as MNRAP and local water (datmen begin 
to took for solutions to nonpoitx pollution problems.

One of the biggest proUeiiu with past BMP research is that the stu; es have been shott-tenn. In many 
cases, we have an idea of shon-ieim effectiveness, but we really do not know if this continues for mote 
than a year or two. BMP research needs to extend into a long-tenn mode so that we can team the reli
ability of the fKilities we ate building and practices we ate recommerwing. The results of appropriately 
desipKd research should be applicable statewide.

Research Area 1
Urban Runoff and Infiltration

Reseatxh nceda. Relaiively few studies have 
been conducted to tpiintify loads of nutrients, 
heavy metals »d pesticides in stormwater mnoff 
from towns and cities in Minnesoa and to 
detennine the effect of land-use and lenain fec- 
tots on such loads. Research is needed to belter 
define the relative importance of lesidetuial and

commercial developments, extent of impervious 
land surface, various drainage practice; and soil 
type on oontaminam export in urban runoff. The 
environmental and human health impacts of 
urban ruruff to surface waters and ground water 
resources need to be evaluated. Effects on human 
health and the urban environment from the use 
of fertilizen. pesticides and other toxic substanc
es need to be quaiKifled.
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...JiAkL:.

Fate and Reduction of 
Environmental Pollutants 

P 
OU.tmON REACHES ,round and surface waicr from a variety of sources. and for convenience they 
senerally are IJOUped into point and nonpoint source cateaories. Point so es are direct dis
ctwJes to likes and streams via pipes or ditches. These disctwses typically are from municipal 

sewqe trealment systems and industrial or commercial operations. Much effon has been focused on 
controlling point source pollution 1uring the last 20 yean throuah state and federal regulations to ruiuire 
permits for such sources and a grant program to cover much of the cost of improving municipal sewage 
treatment plants. 

Nonpoint source (NPS) pollution is often referred to IS polluted runoff. The sources are the land-use 
or land-mana,ement activities that allow contaminated waler to nm off the surface of the growid. percolaic 
into growid waler. or seep from underground into surface wa1er. The .:owicu on Environmental Quality 
has estimated that pollution from nonpoint sources. such IS feedlots. landftlls, and agriculture. is five to 
six times the pollution load from municipal and industrial point sources. 

Additional research is needed on both point and nonpoint sources of pollution ent.erin& Minnesoca's 
surface waters and growid waler aquifers. The powin& recx,pution that nonpoint source runoff from urt>an 
and agricultural areas must be conaolled has led to a need for belier informllion on the design and effec
tiveness of"best manaaement practices" or BMPs. Solutions IO nonpoint source pollution problems involve 
a myriad of pocential manaaement pnctices that can be used in a "best" mix. To determine which 
practi:es should be used. we need much beaer informalion on the effectiveness of each to perform a 
desired function. Without this information. we will continue to hear claims dial pollution is being handled 
by so-called BMPs that mi&flt ooc even be appropriate for the applicalion of concem. Tramfer of findinp 
from BMP research is particularly timely • pro,nms such • and loc:al water planners be&in 
to loot for 90lutions to nonpolnt pollution problems. 

One of the blgat probieml with put BMP research is that the 
cases. we have an idea of short-lerm effectiveness. but we ieally do 
than a year or two. BMP resean:b need! to ext.end into a Iona-term 
ability of the facWties we ue bulldin& and practices we ue recomm 
desi,ned resean:11 should be applicable maewlde. 

ia have been shon-t.erm. In many 
know if this continues for more 

,o dial we can learn the reli
ma. The results of appropriately 

R ESEARCH AREA 1 
URBAN RUNOff AND INFILTRATION 

Raardl needs. Relalively few studies have 
been condUCICd to qunfy loads of nutrients. 
heavy metals and pes!icides in SIOffllwa&er runoff 
from towns and cilia in Mimesoca and to 
det.ermine the effect of land-111e and temin fac
tors on such loads. Raearch is needed to belier 
define the relalive imponance of residential and 

commercial developments. extenl of impervious 
land surface. various drainqe practice:: and soil 
type on conuminanl expon in uit>an runoff. The 
environmenaal and human health impacts of 
urban runoff to surface wllel'S and ,round waaer 
resources need to be evalualed. Effects on human 
heallh and the urban environment from the use 
or renwzers. peslicides and other ioxic substanc
es need IO be quantified. 
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Researdi is needed to:

■ Quantify the phosphonis and nitrogen loadings 
in urban ninoff. locate sources and determine the 
impaa each has on receiving surAce water and 
ground water

• Quantify the amounts of pesticides, md other 
toxic substances such as heavy metals, in runoff 
in urban areas, detennine sources, and measure 
the impact on receiving waters;

■ Determine the amoum of chloride used as a 
road de-icing agent in urban areas and the impact 
it has:

■ Examine soU erosion, suspended and dissolved 
solids. BOD. and sediment oxygen demand 
(SOD) in urban runoff to determine environmen
tal effects;

■ Establish demonstration sites consisting of 
small, instrumented urban watersheds to study 
landscape-nmoff relationships and to investigate 
the effects of various landscape conditions and 
agricultural practices on the movement of chemi
cals in urban landscapes and watersheds:

■ Evaluate the effectiveness of retention ponds 
for urban ninoff.

■ Develop urban facilities to better handle ninoff 
from snowmelt;

■ Develop design criteria fbr small-scale systems 
to treat nroff from fully developed urban areas, 
which eventuaBy wiU come under EPA permU 
requiremeiKs;

■ Evaluate the use of rcfianal treatment faciUties 
to avoid a proliferation of small, poorly main
tained sites throughout a watershed;

■ Analyze the real effectiveness of combined 
sewer separation (have we really solved any 
problems, or have we created more?);

• Determine the fate and disposal of contami
nants that are trapped in BMP facilities (such as 
retention ponds); and

■ Develop and evaluate best management prac
tices for lesidentiai. municipal, and industrial 
sources of contaminants, including lanafiUs. land 
disposal systems, deep injection/burial of wastes, 
and treatment of wastes at point of origin, to 
prevent the degradation of ground water quality.

Why needed. In spite of the large expendimres 
of public and private furxls over the past two 
decades to clean up the stale's surface waters, it 
is apparent that the task is far from finished. In 
large part, this Is because control efforts and 
expenditures for treatment faciUties have been 
focused on point sources of pollutioa Both the 
quality and quantity of runoff in urban areas and 
their impK» on receiving waters need to be 
defined better so that the proper level of control 
and treatment can be determined. The short- and 
long-term effectiveness of BMPs used to control 
and treat urban rtmoff needs to be examined: this 
wiU be achieved most efficiently by estaoUshing 
a few long-tenn research/demonsiiabon sites. If 
we are going to prevera adverse environmental 
and heal'h unpacts from urban nmoff and in- 
fiUiaiion. we need to do the research to under
stand the problem and its potential solutions.

Time and space. The need to begin work on the 
ptiorities Usted above is immediate. Some moni
toring has been done in the Twin CiUes area, but 
this needs to be expanded to other urban areas in 
the state. Research projects need to be long-term 
to include varying cUmatk conditions and land- 
use practices and to evaluate the long-term 
effectiveness of proposed treatment techniques.
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Rueardl is needed to: 

• Quantify !he pbosphorus and nitr0gen loadin&S 
in urban runoff. locate sources and determine the 
impact each has on receivin1 surface water and 
ground water: 

• Quantify the amouru of pesticides. and other 
toxic substances such u heavy metals. in runoff 
in urban mu. determine sources. and measure 
the impact on receivin1 waters: 

• Determine the amount of chloride used as a 
road de-icin1 qent in urban areas and the impact 
it hu: 

■ Examine soil erosion. suspended and dissolved 
solids. BOD. and sediment oxysen demand 
(SOD) in urban runoff to determine environmen
tal effects: 

• Establish demonstralion sites consistin& of 
small. instrumenled urban wa&enheds to study 
landscape-nmoff relationships and to invesdpte 
the effects of various landscape conditions and 
agriculllanl pnctices on the movement of chemi
cals in ulbal landscapes and wllenheds; 

• Evalua11e the effectiveness of retention ponds 
for ulbal rw10ff; 

• Develop ulbal facillliea to beaier handle runoff 
from smwmelt: 

• Develop delip criteria for IIDall-scale sys&ems 
to trell ninoff flam fully developed ulbal areas. 
which evenlUally will come under EPA permit 
requiremenu; 

• Evaluaae die ua of reponal treallDenl facilities 
to avoid a prolifendon of small. poorty main• 
taincd sites duoupout I wuellhed; 

• Analyi.e die real effectiveness of combined 
sewer sepualion (have we really solved any 
problems. or have we created mor:?); 

• Determine the fate and disposal of contami
nants lhal are trapped in BMP facilities (such as 
retention ponds); and 

• Develop and evaluate best manasement prac
tices for residential. municipal. and industrial 
sources of contaminants. including lanofills. land 
disposal systems. deep injection/burial of wastes. 
and treatment of wastes at point of origin. to 
prevent the delf'ldation of around water quality. 

Why neec!ed. In spite of the lar1e expenditures 
of public and private funds over the past two 
decades to clean up the swe·s surface waters. ii 
is apparent lhal the wit is far from finished. In 
lqe pan. this is because control effons and 
expenditures for treatment facilities have been 
focused on point sources of pollution. Both the 
quality and quantity of runoff in urban areas and 
their impact on receivin1 waters need to be 
defined better so thal the proper level of control 
and trelllllenl can be determined. The short· and 
Iona-term effectiveness of BMPs used to control 
and treat urban NIIOff needs to be examined; this 
will be achieved most efficiently by estaolishing 
a few tons-term research/demonstration sites. If 
we are IOffll to ~ent adverse enviromlental 
and heal!JI impactS from urban runoff and in
filtnlion. we need to do the research to under
Sland the problem and its pocential solutions. 

Ti• and spaa. The need 10 belin worlt on the 
priorities listed above is immedllle. Some moni
torin& hu been done in the Twin Cities area. but 
this needs to be expanded to other urban areas in 
!he Sllle. Researdl projecls need IO be lon1-term 
to include varyin1 climatic conditions and land
use pnctices and to evaluate the ton1-1er:n 
effectiveness of proposed treatment techniques. 
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Research Area 2 
Agricultural Runoff 
AND Infiltration

Research needs.

Pesticides. Aldiough significant research on the 
origin, fine, and transport of pesticides frr»n 
normal field appUcation is underway, research on 
the fine and itanspon of pesticides ftom accidtn- 
tal and incidental spiUs has not been conducted 
in Minnesota or nationally. Research should 
focus on environmental impact and cost contain
ment issues regarding both normal agricultural 
use and spill cleanup. New technology needs to 
be develt^ied and existing technology modified 
to control agricultural weeds without adversely 
affecting the environmetK. Such methods as 
competitive crops, allelopathy. Md biological 
control should be studied. Specific research 
recommendations related to pesticides include;

■ Determining the frequency of spills at agricul
tural pesticide mixing and loading sites and 
irtvestigaie their environmental impact:

■ Detennining climatic interactions between 
precipitation events, infiltratiofi. and timing of 
chemical application:

■ Investigating the bioavailability and long-tenn 
envirtmmental implicatians of hnbicide residues 
bound in soil:

■ Developing and testing attemaiive weed man
agement systems to reduce herbicide use, control 
soil etoskm. and lednce losses caused by weeds 
in agronomic craps;

■ Evaluating the imetactions between crop and 
weed population dynamics:

n Determining degiadslion mechanisms and 
leaching rates of new tow-rate herbicide chemi- 
caU:

n Developing ditches that actually treat mnoff 
rather than simply traitsmit it (for example, con
duct research on various cross-sectional configu
rations, vegeution. effects of meanders, detention 
time, benns. aeration):

■ Establishing demonstration sites consisting of 
small, instnimenied watersheds to study land
scape-runoff relationships and to investigate the 
effects of various landscape conditions and 
agricultural practices on the movement of chemi
cals in niral landscapes and watersheds: and

■ Developing and evaluating management prac
tices to prevent ground water contamination from 
agriculmtal sources. itKluding tillage and crop
ping practices, drainage and irrigation manage
ment. and chemical management

Nutrients. Nutriem management needs to be 
evaluated. The impact and evaluation of nutrient 
BMPs on surfroe and ground water need to be 
quantified. Little research has been directed 
toward the impact of manure and legume nitro
gen on nitrate concentrations in ground water. 
Specific research topics related to nutrients 
include;

■ Establishing a systems approach to devek^ 
BMPs as combinations of practices to minimize 
the impact on surface and ground water, includ
ing la^ plot evaluation of irrigation practices 
on coarse-iextured irrigated soils;

■ Evaluating contributions of manure and other 
organic sources of nitrogen to the total nitrogen 
pool;

■ Developing manure management plans based 
on soil, manure, aitd crop types and evaluate 
their effectiveness in managing nitrogen and 
phosphonts:

■ Investigating contributions of legumes to the 
total amoura of available nitrogen:
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RESEARCH AREA 2 
AG RI CUL TUllAL RUNOFF 
AND INFIL TRA 110N 

Rneardl needL 

Petlicides. Aldloulh si~ficant research on the 
origin. fate, and transport of pesticides from 
normal field application is underway. research on 
the fate and uanspon of pesticides from accicun
tal and inciculllOJ spills has not been conducted 
in Minnesoca or nationally. Research should 
focus on environmenlll impact and cost contain
ment issues re1ardin1 bodl normal qricultur21 
use and spill cleanup. New t.eehnolo1Y needs to 
be developed and exillinl t.eehnok>IY modified 
to control qricullural weeds without advenely 
affeclin1 !he environment. Such methods u 
competitive crops, allelopalhy, and biololical 
control should be studied. Specific research 
recommendations related to peslicides include: 

■ Det.ennining the frequency of spills ll qricul
tural pesticide miJtinl and loadinl sit.es and 
investi1are their envinnnental impact; 

■ Det.erminin, climadc int.erlctions between 
precipilllion evenu, infiltrllion. and limin, of 
chemical applicllion; 

■ Investiplin, !he bioavailabillty and Ions-term 
environmental implicadons of hertlicide residues 
bound in soil; 

■ Developin, and lllllil'I alfemldve weed man
a,ement sys11e1111., niduce helblcide use, conll'Ol 
soil erosion. and niduce loas caused by weeds 
in aponomic c:n,pa; 

■ Evalullin, the inlenc1ions between crop and 
weed population dynamics; 

■ Det.erminin, desradltiOn mechanisms and 
leachin1 l'lla of new low-rat.e herbicide chemi
cals; 

■ Developing ditches that actually treat runoff 
rather than simply transmit it (for example. con
duct research on various cross-sectional configu
rations, vegetation, effects of meanders. detention 
time. berms. aeration); 

■ Establishin1 demonstration sites consisting of 
small. insuwnented watersheds to study land
scape-runoff relationships and to investigate the 
effects of various landscape conditions and 
asncultural practices on the movement of chemi
cals in Nr21 landscapes and watersheds; and 

■ Developing and evaluating management prac
tices to prevent ground water contamination from 
aSricultural sources, includinJ tillage and crop
pin& practices. drainqe and irrigation manage
ment. and chemical mana,ement. 

Nutrients. Nutrient manaaemen1 needs 10 be 
evaluated. 1be impact and evaluation of nulrient 
BMPs on surface and ground water need 10 be 
quantified. Lillie research has been direcied 
toward !he impact of manure and legume nilro• 
aen on nitrate concentraions in ground water. 
Specific research lopics related to nutrients 
include: 

■ Esublishinl a systems approach 10 develop 
BMPs u combinations of practices to minimize 
the impact on surface and ground water, includ
inl IIIJC plot evaluadon of irripuon practices 
on coarse-re,uured int11t.ed soils; 

■ Evalualin1 contributions of manure and other 
orpnic SCNlrteS Of nitroaen to the 10W nitrogen 
pool; 

■ Developin& manure manqement plam based 
on soil, manure. and crop types and evaluate 
their effectiveness in mana,ing nitto,en and 
phosphorus; 

■ lnvestiplin1 conlributions of legumes 10 the 
total amount of available nilJ'OICn; 
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■ Evaluaiing use of cover crops to minimize 
nitrate movement;

■ Determining the effect of Die drains on nitro
gen movement through soil profiles:

■ Evaluating new technologies that allow more 
precise fertilizer nitrogen appUcations on a soil 
by soil basis:

■ Continuing investigations to establish a nitro
gen soil test that can be used in more humid 
areas in Minnesota: and

■ Detennining the factors affecting denitrifi
cation rates within ground water aquifers and the 
signiricance of this potential sink for nitrate in 
sensitive aquifera.

Why needed. Agriculture is the largest nonpoint 
source of pollutant loadings to surface water and 
ground water. There has been virtually no re
search on the transport and fete of pesticides 
introduceu to the environment near drinking 
wells as a result of either nonnal loading and 
handling practices or accidemal spills. These 
could be large coiMtibutors to the degradation of 
ground water quality in snail but significant 
areas.

rhe 1991 nitrogen report prepared by the De
partment of Agriculture and Pollution Control 
Agency in response to a legislative mandate in 
the 1989 ground water bill, indicates that mito
gen reaches surface water and ground water from 
many sources. The contributians of agtkuUural 
practices to the ‘tdtrofen proMem” should be 
defined in Aitlher research. Elevaied nitrate 
levels in drinUag water supplies of some mral 
areas have been weU documented. To reduce 
these levels will require an approach that ac- 
coiaits for all the nitrogen contributed to agricul
tural systems. This ultimately will result in lower 
contributions of nitrogen to the environment 
Betttr ways » manage and use nutrienu and 
pesticides in agriculture should be developed and 
demonstrated, both as a cost savings to farmers 
and to promote good environmental practices.

AltemaUve solutions to weed control besides 
mechanical cultivation and chemical control need 
to be established. Cultivation has resulted in soil 
erosion, and chemical control has resulted in 
contamination of natural wateis. Biological forms 
of weed control that reduce soil erosion and 
movemem of contaminants into receiving waters 
are under development: these methods need to be 
evaluated for efficacy and possible harmful 
effects before they are adopted by agriculniral 
producers.

Time and space. These research needs affect 
large areas of the state. BMPs have been pro
posed to reduce nitrate loadings from agricu'tural 
areas, but undocumented assumptions have been 
made about Lheir effectiveness in rediKing sur
face water and ground water degradatitm. If 
producen are to be encouraged to adopt these 
practices, their effectiveness must be doounem- 
ed. The time frame required to make these 
assessments is 3-S yean (3-10 yean for weed 
control research). The research should be con
ducted in sensitive ground water areas and high 
impact surface water areas first

Research Area 3 
ATMOSPHERIC SOURCES 
OF Contaminants

Rcaearck necdsi The contributions of atmo
spheric conuminanis to Miimesou's surfece 
waten need to be better qusiiified. and the 
importance of these contributions to ecosystem 
health needs to be determined. Pesticides. PAHs. 
PCBs. nitrogen fonns. and mercury are pollutants 
of special concern in this regard. Specific topics 
in need of study include:

■ The relative contributions of atmospherically 
transported conuminanis to total entering a lake 
deiennined as a function of lake size or water- 
shed/lake area and geographic location in die 
sum.
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■ Evalualin1 use of cover crops 10 minimize 
nitrate movement: 

■ Determininl the effect of tile drai~ on nitro
gen movement throupt soil profiles: 

■ Evaluatinl new technololies that allow more 
precise fertilizer nib'Olffl applicalions on a soil 
by soil basis: 

• Conlinuin1 invesliptions to establish a nitro
gen soil test lhal can be used in more humid 
areas in Minnesota; and 

■ Determininl the factors affeclin1 denilrifl
cation rates within ground water aquifers and the 
significance of this potential sink for nitrate in 
sensitive aquifers. 

Why needed. Agriculture is die lqest nonpoilll 
source of polluWtt loadinp to surface water and 
ground water. There has been virtually no re
search on the trampolt and fate of pesticides 
introduceJ to the environmenr. near drinkine 
wells as a result of either normal loadlnl and 
handling pracdces or accidental spills. These 
could be tarse contributors to the depadaljon of 
ground water quality in small but significant 
areas. 

Ole 1991 nltroaen report, preplfflt by die De
panment of AgricultuR and Polllllion Conrrol 
Agency in respoim 10 a leplladve mandale in 
the 1989 pound WIier bill, indk:lla dial nitro
gen reaches surface wller and pound wller from 
many sourca. 'Ille conutbudcllll of qricultural 
practices to die "mlnlpn problem" should be 
defined in fullber racarch. EJevarcd nitrate 
levels in ihimial WIier aupplia of some Nral 
arcas have belll weD doaDented. To reduce 
these ~la will ~ Ill appn>aeh dial IC· 
counll for all die ni1ropn conutbulcd to qricul
tural system. '11111 ultlma&ely will result in lower 
conuibutiona of nltrop ID die enviromnenl. 
Better ways ID manqe and use nutrienU and 
peslicideJ in qric:uhure should be developed and 
demonsll'lled. bodl • a COil savinp to farmers 
and to promoce p,od environmetUI practices. 

Alternative solulions IO weed control besides 
mechanical cultlv~on and chemical control need 
IO be esublished. Cultlvalion has resulted in soil 
erosion, and cilemical control has resulted in 
conwninalionofnatural waters. Biological forms 
of weed control that reduce soil erosion and 
movement of contaminants inco receiving waters 
are Wider development: these methods need co be 
evaluated for efficacy and possible harmful 
effects before they are adopted by agricultural 
producen. 

Time and space. These research needs affec1 
lqe areas of the swe. BMPs have been pro
posed to reduce nitrare loadings from apicultural 
areas. but undocumented usumpCions have been 
made about t."leir effectiveness in reducing sur
face water and ground water degradation. If 
producers are to be er.courqed 10 adopt these 
practices. their effecliveness must be document
ed. 'Ille time frame required 10 mm these 
asaessmeru is 3-5 years (3-10 years for weed 
cOdn>l research). The research should be con
ducted in sensilive ground water areas and high 
impact surface ware, arus first. 

REsEARCH AREA 3 
ATMOSPHERIC SOURCES 
OF CONTAMINANTS 

R....-dl meda. The contributioN of 111110-
spheric coraminanls to Minnesoea's surface 
waiers need to be betller qullltifted, and the 
importance of these contribulions to ecosystem 
healdl needs to be detemilned. Pesticides. P AHs. 
PCBs, ni~ forms. and mercury are pollutanlS 
of special concem in this regard. Specific topics 
in need of study include: 

■ The relative contributions of atmospherically 
transported conuminanls to total enaering a Im 
delermined u a funclion of Im size or waier
shedllake area and geographic location in the 
SUie. 
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■ Anribution studies to detennine the nature of 
the emission sources for atmospherically-ttans- 
poited contaminants, in paiticular the importance 
of in-sute vs. out-of-sute sources and of itKiner- 
ators. stack emissions, pesticide application 
practices, wind-blown soil particles, and voladl- 
ittation of chemicals from the land surface;

■ The extent to which atmospherically derived 
contaminants ate causing ecological damage in 
Minnesou lakes:

■ The significance of atmospherically derived 
nitrate and ammonium in contributing to eutro
phication problems of in-land lakes:

■ The mechanisms whereby contaminants move 
through aquatic food webs into game fish, and 
in-lake factors that affect contaminant accumula
tion by fish;

■ Cost-effective and environmeiually safe meth
ods to lestoie lake ecosystems that have been 
contaminated by atmospherically-truisported 
chemicals.

Why ncctled. Recent studies have shown that 
atmospheric transport is responsible for wide
spread contamination of otherwise pristine lakes 
in Minnesota. However, the dimensions of this 
issue ate pooriy defined, especially for otganic 
contaminants. In the case of meicuiy cantamina- 
tion, we know that the problem is widespread 
and potentially serious in northeastein Minneso
ta. However, we lack information on its extent in 
other para of the stale, on the Iti-Iake facton that 
promote the accumulsiion of mercury in fish, 
and on feasible oontiDl and remediation strate
gies. In order to decide what tegulaioty. man
agement. and remediation stepe may be needed, 
if any. regarding aiibome contaminants, research 
on the topics listed above is needed.

Time and space. Becmise of the high variability 
associated with climatic patterns in the state, 
studies need to extend over several years and 
need to examine a variety of lake sites through
out the geographic confines of the state.

Research Area 4 
Treatment and Discharge 
OF Wastewater

Research needs. The effects of certain types of 
pollutants in the discharges from municipal and 
industrial wastewater treatment facilities need 
additional research. In particular, the impaa of 
toxic substaiKes in effluents on the ecological 
health of receiving water bodies need to be 
evaluated. Additional work also needs to be done 
on the impaa of individual sewage treatment 
systems on surface and ground water. Research 
is needed on the impaa of trace-level contami
nants and multiple contaminants in discharges on 
surface and ground water, and on their treatment 
and removal from the waste stream. Specific 
recommendations for further research include;

■ Determining effectiveness of existing technolo
gies in removing toxic substances:

■ Developing new technology for the separation 
and removal of toxic substances from waste 
streams:

■ Determining the economics of removing and 
recycling toxic substances from waste streams:

■ Investigating the formation of additional toxic 
compounds in waste streams as a result of chem
ical and biological tieatmem processes.

Why needed. With the passage of the Dean 
Water Aa in 1972. substantial amounts of 
federal funding were made available to build or 
upgrade mimicipal wastewater treatment facilities 
throughout the state. The Aa also required 
industries to mea permitted effluet>t limits. Over 
90 percent of the major aties and industries that 
discharge pollutants in the stale are in compli
ance with their permit conditions. This means 
that conventional pollutants (e.g.. suspended 
solids, oxygoi-demanding organic matter, micro
organisms) in municipal wasuwater are treated 
and controlled before discharge to receiving 
waters. Analytical methods that can detect syn-
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■ Anribution studies to dctcnnine the nature of 
the emission sources for aunosphcrically-trans
poncd contaminants, in particular the importance 
of in-state vs. out-of-state sources and or inciner
ators. st.1ek emissions, pesticide application 
practices. wind-blown soil particles. and volalil
i.:ation of chemir.als from the land surface: 

■ The extent to which abDOspherically derived 
contaminants ~ causin1 ecololical damaae in 
Minnesota l:lkes: 

■ TIie significance of aanosphertcally derived 
nitrate and ammoniwn in conlributin1 to eutro
phication problems of in-land lakes: 

■ The mechlnisms whereby contaminants move 
through aquatic food webs into game fish, and 
in-lake factors that affect coruminant accwnula
tion by fish: 

■ Cost-<:ffective and environmenlally safe meth
ods to restore lake ecosystems that have been 
contaminaled by annospherically-transportcd 
chemicals. 

Why needed. Recent Sbldies have shown that 
aanospheric trampon is responsible for wide
spread contamination of odlefwile prisline l.ata 
in Minnesoca. However, die dimensions of this 
issue ~ poolty defined. especially for orpnic 
C"nwninlnls. Jn die Cale Of me«llry contllllina• 
tion. we know thal die problem is widespread 
and pocentillly serious in nonhelllem Minneso
ta. However, we ladt informadon on ill extena in 
other parts of die lllle.. on die in-like factors that 
promote ihe ICCllllllllllion of mercury in fish. 
and on fellible conaol and remedillion stn&e· 
1ies. In order to decide whl& replllOry. man
a1ement. and remedillion saepa may be needed. 
if any, reprdln1 ailbome coruminants, reseuch 
on the topics listed above is needed. 

Time and space. Because of the high variability 
associated with climatic paaems in the swe, 
studies need to extend over several years and 
need to examine a variety of lake sites through
out the geolJ'll)hic conflnes of the stale. 

RESEARCH AREA 4 
TREATMENT AND DISCHARGE 
OF WASTEWATER 

Raearch needL The effects of cen.ain types of 
pollutants in the dischar,es from municipal and 
industrial wastewater treauncnt facilities need 
additional research. In particular. the impact of 
toxic subsunces in effluents on the ecological 
health of receivin1 water bodies need 10 be 
evalualed. Additional wot1t also needs to be done 
on the impact of individual sewage treaanent 
systemJ on surface and ground water. Research 
is needed on the impact of trace-level contami
nants and multiple contaminants in discharges on 
surface and ground water. and on their treaanent 
and removal from the waste stream. Specific 
recommendaions for further research include: 

■ Determinin1 effectivenes., of existin1 technolo
gies in removin1 toxic substances: 

■ Developin1 new technololY for the separalion 
and removal of toxic subsunces from waste 
sueams: 

■ Determining the economics of removing and 
recyclins toxic substances from waste streams: 

■ lnvestiplin1 the formation of additional toxic 
compounds in waste streams as a result of chem
ical and biological treatment processes. 

Why needed. With the passaae of the Ocan 
Wa&er Act in 1972, subsWltial amounts of 
federal fundinl were made available to build or 
ul)ln(le municipal wasaewater treaanent facilities 
Lhroughout the stale. The Act also required 
industties to meet penniaed effluent limits. Over 
90 percelll of the major cities and industries that 
disctw)e pollutancs in the swe are in compli
ance with their permit conditions. This means 
that convenlional pollutants (e.1.. suspended 
solids, oxygen-demandinl orsanlc maner. micro
or,11\isms) in municipal wu&ewaaer are treated 
and conuolled before disdwJe to receivin& 
waters. Analytical methods that can detect syn-
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thrk organic coiqnunds at very low levels have 
led 10 new concerns. A variety of toxic and 
potentially toxic coapounds have been discov
ered in both municipal and industrial waste 
streams. Because many of these compounds bio- 
accumulam in aquatic food chains, it is imporiMt 
to control and dim inale them from waste 
streams.

Almost one-fourth of Mimesou's population 
relies on individual treatment systems to treat 
household wastewater. In addition, most seasonal 
lake residences rely on this technology. These 
systems can be sources of contamination to both 
ground and surface waters (espedaUy lakes). In 
addition, many small communities cannot afford 
technically oomplicaied treatment systems.

Oxidation ponds and other simple systems 
similar to those used for individual houxhold 
wastewater treatment ate used in such communi
ties. The effectiveness of these technologies in 
removing toxic materials needs to be evaluated.

Time and space. This is a statewide problem 
that wUl tetpiiie several years to complete. In 
some cases, it may be necessary to eliminate a 
substance from maraifacturing processes to 
adueve its eliminaiion from receiving waters. 
Areas with large concentrations of individual 
treatment systems (e.g. lakes with lecreational 
hooces) ate priority areas for research on these 
systems.

I Planmng Fabnrary 1992

thrnc orpnic compounds II very low levels have 
led to new concems. A variety uf toJtic and 
potentially tollic compounds have been discov
ered in boCh municipal and indUSlrill wasae 
smams. Because mmy of these compounds bio
lCCIIDlullle in aqullic food dllins, it is imporunt 
to Conaol and eliminlle them from WISle 
sueams. 

Almost one-founh of Minnesota's population 
relies on individual treaanen1 syslClllS to uar 
household wasteWller. In lddilion. most seuonal 
like residences rely on this tecmololY- These 
systems can be ,oun:es of COllllminllion to boCh 
ground and surface WIim (especially lakes). In 
addition. many small communities camot afford 
teemicllly complicaled trelllllelll sysrems. 

OJt.idation ponds and ocher simple systems 
similar to dlOlle used for individual household 
wasrewater tn:arment are used in such comm uni -
tits. The effectiveness of these technologies in 
removma tollic materials needs to be evalualed. 

Tiam Uld .-,e. This is a statewide problem 
1h11 will require ,even! years to complete. In 
some cues. it may be necessary to eliminate a 
subslance from lllll'llfacturin& processes to 
achieve ils elimillllion from receivin& waters. 
Alas widl lar&e concenuations of individual 
treaanent S)'SllemS ( e.a. lakes with recreational 
homes) are priority areas for resean:h on these 
sysrems. 
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Integrated Water 

Management
Introduction

Y MHECatAlB} water MANAGEMENT iccognizcs the iMeiconnections of physical resources and the
I human agencies that use. manage. «td contiol components of the hydroh^c cycle. Coordination 

among management agencies is needed to eliminate conflicis that result from decisions focused 
on pan of a linked system. Eflons to iniegiate water management must acknowledge that big solutions 
do not exist, and success will come from many well-coordinated small solutions.

The objective of water matageis must be to optimize lesouice attributes and benefits without 
diminishing the resource, i.e. maintain a sustamable resource. To impiement the objective of resource 
sustainability, we must examine the feedback links among various water resource components under the 
full range of possible futures. Climate change and resource contamination are focemost among the un- 
ceitain futures. Sustainable mmagemcnt requires highly informed management agencies. The agencies 
need information about the magnitude and geographic pattern of resources and demand, about linkages 
among the resources, and aboitt the sustainable capacities under changes in climate, land use. population, 
technology, and legM structures and regulations. Research must be focused to provide this information.

The variability of water resources in Minnesoa may necessitate plans for adjusting water demands to 
safeguard resources for fontre needs. Such plans must ptovide a basis for prioritizing and scheduling 
demands. The adequacy of such plans depends on the adequacy of information about the resource and de
mands on it Although we have much of this information for cuncnt conditions, we know bole about 
sustainable capacities under changed xmdiiioas.

Definition of sustainabiMty tests on how much we know about the anatomy of the hydrologic cycle at 
all places and times. To manage for the foluie. we must use nob that answer “what ir questions about 
an integtaaed system. We should siatt by asking the foUowmc questions abou Umie on our ability n 
perform the needed analyses. What sie the Umitt on our resource data? b there adequate dam msnagetoeta 
to deal with the bulk irf data and modeltr. demands? In what way are current modeling technologies 
limiting? What level of atialyab now exbis? How will the lesulu of analyses be hnpfcmented? Taking 
stock of these Umhi geb at what we need to know and when we need to know it Sotne tasks can be 
aitacked.in panDd. bat some must logically precede others.

The stale's goab of sasisinabillty of quality and availability, as stated in the Minnesoa Wtter Plan 
(MEQB 1991). tocaaed the oomminee's attention on managemem that recognizes: the cuirent and desired
stales of the icsomoe; the coimectivity of the hydrologic cycle; the geognphic and tempoial variability 
of the resource: and the need for integrated managemen: of ihb complex resource — because overall 
solutioRS have u be derived horn cooidinaiion of many small solutions. The commioee addressed research 
and infonnalion needs m five aieu lebtive to integr^ water managemem issues:

a Warer avaOsbiliiy and conservation:
Socioeconoaic and legal issues in water riglas and water policy:
Analysb of trends in water availability, use and quality.
Barriers to defMng and managing sustainability, and 
Geographic Infonnation System (CIS) and dam base integration
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Integrated Water 
Management 
INntODUCTION 

I N'TEGltAlE> WATER MANAGEMENT recopuzcs die ~ of physical resources and die 
human qencies lhlt use. mll'IIF, and conaol c:omponera of die hydrokJsic cycle. Coordination 
amon, manqement a,encies is ~ to eliminale conftic1s lhlt r:ault from decisions focused 

on pan of a linked system. Effons ID inllepar.e water mlllllffllcnt must actnowledge ttw big solurions 
do not exist. and success will come from many well~ small 90lutiom. 

The objective of WIier ~rs must be to oplimize resowte lllributes and benefits ·lhou1 
diminishinl die resowte, i.e. maiJUin a sustainable resowte. To implement die objcclive of resource 
sustainlbility, wc must cuminc die fecdbldt links amona variom WIier raoun:c c:omponera under die 
full ranee of possible futures. Oimarc chan,e and resowte COdllDinllion are fomnost UDOCII die un
ccnain futures. Sustainable lllana,emcnl requires highly informed manqemcn1 agencies. The agencies 
need informllion about ~ mqnitudc and geosnphic paaem of resoun:es and demand. about linka,es 
amona die resourc:cs. and about die sustainable caplCities under chanFS in dimlle. land USC. population. 
iecl'n>logy. and lcpl struc:1Ures and replalions. Rescan:h mllll be focused ., provide this information. 

The variability of war taOWt:eS in Mimesoc.a may necasitae plans for adjUSlinl wuer demands to 
safeguard raources for fulwe needs. Such plans must pmvide a basis for priorilizinl and scheduling 
demands. The adequacy of such plans depends on die adequacy of information about die resowte and de
mands on iL Allllouih we hne mudl of du infonnllion for c:umn1 conditions. wc know linlc about 
sustainable capacities under c:1-,ed ~"'Ollditions. 

Dcfinilion of su111iNbitity ~ on how much we know about die wy of die hydn>lopc cycle 11 
all places nl limes. To IIIIIIIF for die fubale. we mmt ue IDOis dlll aawer ''wbal if' quesliolls about 
an ~ syseem. We lboald Slart by ukinl die rouowu. quesrioal about limits on our ability ID 
perform die needed 11111,-. W. are die limits on our :aource dll.a? Is~ adequlle dlla •~ 
to deal with die bulk ol dll.a 111d modellr... demands? In wbat way are c:umn1 modelina tecmologies 
limitin,? Whal lm:I of lllllylil now CJlilll? Bow will die lallll of lllllyses bf! imrt,mc,_., Tatin& 
stock of dlCIC lilaill .- • ... we need IO know and when we need to know iL Some tasts can be 
attactcd.in pmlld. • ... m• lop:ally precede odiers. • 

The sute's llllll ol 9llllilllllWly of quality and availability. as stated in die Mimesoc.a Witer Plan 
(MEQB 1991). lallll ft commiaee'1 lllalliolJ on manaaemer- dlll !UOpliz.es: die c:umn1 and dcsiftld 
states of die l'CIOlla: die c:omec:livity of die hydrolop: cycle; die geopapllic 111d le:DpOrll variability 
of die raource; 111d die need for •ar-d manqcmen: ol lhis comple-. raourcc - because overall 
sollllions have to be demed flam coonlinllion of many small sollllions. The aimmiaee addn:ssed raearch 
and infonDllion needs in five 11a1 relalive IO ilUp'IICd WIier manaaemer- issues: 

■ Wr,a availability and C0111Crvllion; 
■ Sodoeco1111111ic and lepl issues in WIier ripa and WIier policy; 
■ Analysis of balds in WIier availabitity, IIIC and quality: 
■ Barriffl IO dcflninc and lDll'lllinl IUSllinabtlily; and 
■ Cieop¥1k. lnfonulion S~ (GIS) and dll.a bue inlcgnlion 
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Concern 1 
Water Availability:
Status of the State’s 
Aquatic Resources

For an adequiie undentamting of water availabil
ity inihe state, we need dau on all components 
of the hydrologic cycle. The ability to make 
proper dedsians in aSocatoig the stale's waur 
resources tests upon the availability of such 
infiHmaiion. Decisions that over-ailocaie existing 
resources (because information on water avail
ability is inaccurate or inadequate) may diminish 
the gains on economic investments and/or rob 
ftmire generations of their righiftil inheritance. 
Prediction of water supply availability under 
futuie climatic conditions will involve models 
and analyses that start with this information as a 
base. Collection of basic hydndogic dau is not 
research, but many kinds of research studies 
depend on the avaiUbility of basic hydrologic 
data. Delineation of specific data needs i^aidmg 
the physical anrdMites of Mimesoa's water 
resources is beyond the scope of this document, 
but the committee noted that the state is not as 
“dau-rich'* as b conmioiily believed. Addiional 
monitoring infomutian is desirable on neatly all 
components of the hydrologic cycle, including 
both supply and demand variable. In many 
specific cases, the cunent SMBS of data availabil
ity hMen effective aMBagement decisiont.

Concern 2
SOCIOECWIOMIC AND LEGAL
Issues in Water Rights
AND POUCY

The physical aviiWtility of water resources is a 
primaty factor limiting bs use in some cases, but 
social and institiKional settings limit the access 
individuals have to the resource. These limits are 
neither well undentood nor resolvtd (or the 
entire state. Numerous iidbnnation and research 
needs can be identified for each social and 
instiiBtional issue listed below. Examples are

included with each issue, but the list is not 
exhaustive.

Legal Isaucs

- KL^ution of Native American water rights.

Research needs. Legal analysis of relevant 
treaties, federal and state laws, and legal (nece- 
deias: comparative review of issues in neighbor
ing states; economic analysis of benefits and 
costs of potential resolutions of water rights 
issues.

Why needed. To avoid misdirected capital 
invesonents and costly lawsuits.

u Implicatians of importing water for municipal 
supplies in western Minnesota.

Research needs. Impact on environment and 
institutional stnictuies

Why needed. Impon of water is recognition of 
water as an article of commerce. This opens the 
door to radical changes in the way we view 
water rights in the state.

ndL The costs of mainzaiiting water 
quality and adequate supplies genetaUy are 
thought to be te lower than the costs of denting 
contaminated water, if that is even possible, and 
the economic losses (Ibregone benefits) of inade
quate supplies. However, recent studies have 
produced large estimnes for the total national 
cost of environmental protection (of which 
protection of warer quality is just one finet). and 
deceaon makers are oondmialiy faced with diffi- 
cutt quesfions regarding the optimal use of 
limited financial resources to mnntain or en
hance environmental quality. We need to define 
the costs of dean and adrqnar water resources, 
deteimine who pays for thm and quantify their 
benefits to society in terms of quality-of-life. 
human health, and economic well-being. The
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CONCERN 1 
WATER AVAILABILITY: 
STATIJS OF ntE STATE'S 
AQUATIC REsOUltCES 

For an adequale undersUndinl or warer availabil
ity in the suae. we need dlll on all componenu 
of die hydrolopc cydc.. The ability IO make 
proper decisions in a!Joca1in1 die swe·s w11er 
resourta ~ upon die availability of such 
informllion. DeciSiOIIS 11111 over-allocale eJlislin& 
resourta (because inlonnllion on w11er avail
ability is inaccurat£ or inadequale) may diminish 
the pins on economic imesanetU and/or rob 
future ,eneralions or lheir ripdul inheritance. 
Prediction or water supply availability under 
ruture climatic OOllditions will involve models 
and analyses 11111 start with lhis inronnation as a 
base. Collection of buic hydrolosic dlll is nol 
research. but many kinds of rneardl studies 
depend on die availlbility or lmic hydrolopc 
dala.. Delineadon or specific dlll needs reprdinl 
the physical IIDibula or MimesaU's 11111a" 
resources is beyond die 9CC,pe of this cloculDcft.. 
but die CIOIIUDilliee noled thlt die Slale is nol as 
"dlll-ricb" as is c:maonly believed. AddllDnal 
monilorinl infonDllion is desirable on nearly all 
compona11S of die hydlolop: cycJe. includq 
both SIQllly and dalDd Vlrilble. In IDlllY 
specific caes. die ~-of cllll. aVlillbil
ity hinden en.:a,,,· - I ml ~ 

CONCUN 2 
SOCIOBCONOMIC AND LEGAL 
lssUES IN WATD RIGHTS 
AND POI.ICY 

The physical availability of WIier lallUlteS is I 
primary taceor limitinc ia ae in some caes. bul 
social and illSlilutional cllinp limit die ICCICSI 
individuals have., die iaDUR:C. TIICle limi11 ue 
ncidler well llllder1IDOd nor caolvul for die 
endre s&MC. Numaaus infonDldon and raealdl 
needs Clll be idenlifted tor eadl social and 
inllilUlional issue lissed below. Exanplel -

included with each issue. but the list is not 
exhaustive. 

uaallsaaa 

._..., ution or Native American water rights. 

Raean:11 needs. Lepl analysis of relevant 
treaties. rcderal and st.ate laws. and lepl prece
denls: comparalive review of issues in neighbor
inl staleS: economic analysis of benefits and 
C09IS of poo:ncial resolutions of water rights 
issues. 

Wily needed. To avoid misdirected capital 
invesanenis and costly lawsuits. 

■ Implications of importing waler for municipal 
supplies in wes&em Minnesoca. 

Raean:11 aadL Impact on environment and 
insurutional suuctures 

WIiy needed. lmpon or water is recoption of 
waaer as an article of commerce. This opens the 
door IO ndical chan&eS in die way we view 
waller rip in die SUie. 

R ➔ ......_ The com of mairaaininl waler 
quality and adequalie -.,plies ,enerally are 
thoqlll., be fir tower dlln die com of cleanilll 
COlllain..s waaer. if that is even possible, and 
die economic loaes (folqone benefits) of inade
QUIIC supplies. However. recent 5bldics have 
plOduced 111JC esmua for die IOCal nllional 
COil or cnvilUIIIDCIIIII protection ( of which 
pnMeCtion of Wlltr qiaality is just one facet). and 
deci.':ion makers - c:onlinually faced with diffi
cult quellionl repnlina Ille oplimal use of 
limited flnlncial raoun:es ., mainlain or en
lllllCC cnviloMlmlal quality. We need ID define 
die 0DIII of clean and adequMe war resources. 
delerllline who pays for diem. and quaitify lheir 
11eneft11 ., IOCiety in 11e1111S or quality-of-life. 
lualn healdl. md ecoa:,mic well..lJeinl. The 
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findings of such sudies need to be communicat
ed effectively to decision makeis and the geneial 
public. Research lecommendations include:

■ Quantifying water quality improvement bene
fits.

Why needed. This would make improvement 
costs more acceptable to the public and would 
help priofitiK competing options.

n Improved assessment of the ecorwuiic and 
non-economic value of ‘%vater in place” (e.g. in- 
stieam flow values) that includes its buffer stock 
value.

Why needed Irrational water valuation wUl 
hap^ in the absence of a sysmmaiic effon to 
consider all costs and values.

n Cost of managing and controlling fenn use of 
nitnee nd other chemicals, and the transaction 
costs of alternative control strategies.

Why needed. Such information will diminish 
inaction or inconect actions that result from 
unoeitainty.

■ Devdopment of a liability assignment proce
dure for dtasren that atfea wmer qualhy. (Who 
pays what economic cost and how do we com- 
pine enviraomemal coats and lost oppoitimilies.)

Why needed Esaenidizini aodi costs is con- 
traiy to the basaof snstahnUe reamiree manage- 
ment

n Idemifying bads for 
economic and

agiiculture in

Why needed We need to show tradeoffe m 
water resottfce avdlabUity and quality as a besis 
for decisions about agiicniniral resouroe manage- 
mett.

n Developing contingency plans for water avail- 
ddiqr problems.

Why needed To minimize the impact of shon- 
falls on economic conditions of individuals and 
the state, as wdl as the hedth and welfare of 
individuals in areas expeiiencing shortfalls.

Educatiand Issues

Reaeardi Needs. There is still a lack of public 
understanding of the unity of the hydrologic 
cycle, and in paiticular the role of wetlands and 
ground water in the cycle. We need to evaluate 
the effectiveness of our efforts to educate the 
public and policy makers on resource issues with 
which they must ded. Recommended topics for 
this area include:

a Define the role of wetlands in the hydrologic 
cycle artd educate the public tmd dected officials 
about their role.

Why needed. Because wetland preservation has 
become an emoiiand issue artd as a result the 
scientific basis for thdr protection has become 
removed from the conexi of their environmentd 
and ecotvNnic vdues and functions.

a Water conservatian and ptioritizdion of aqui
fer use.

. Use of high quality water to meet 
that low quality water can saiisly 
treshnem cosa and may tesuh in 

shortage of high-quality ground wmer.

Haas and space. These needs are statewide, 
long-term and imineJiate.

Concerns 
Trend Analysis

tods. Keeping track of where we are 
with retpea to water availability, quality. »d 
denidid requires that we collect, maimdn. tnd 
OHOtyxe adequate data on dimiie. streamflow, 
groimd water, water qudity. land management.
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findinp of such Sbldies need 10 be communical
ed effectively IO decision makers and the general 
public. Research ft!COllllllenda include: 

■ Qulnlifyina water ply improvement belle· 
fits. 

Why needed. This would mite improveme• 
COSIS more aa:epcable IO the public and would 
help prioritize compelinc oplions. 

■ Improved assessment of the ewo·iuwn; and 
non~c value of "warer in place" (e.g. in
stream flow values) dial includes its buffer SlOdt 
value. 

Why needed. lmlional waler vllllllion will 
happen in the ab9ence of a syslemllic effon to 
comider Ill COSIS and values. 

■ Cost of manaaui, and aJIIIIUllinl farm u,e of 
nilnl!.e and odler dlemicals. and the trlRIIClion 
COSlS of lllefflllive COllbOl SbM?pes. 

Why needed. Suell inlonmlion will diminish 
inaction or inmrrect aClions dial raull from 
w,cenainly. 

■ Dev~ Of I liabWty lllipmenl pn>ce· 
~ for diullas lbll affect ~quality. (Who 
pays what economic CXlll al how do we com
puac envilulWl com al lllllCJIIIICidlillil) 

WIiy needed. Euem11izin1 IUCb CIOltl is con
truy ID die basis of _,.lillble .....:e IIIIIIIF
lllenl. 

• ldenlifyinc ... b' •◄;"'tlbk ~ in 
economic: al mvbcaaisal 1am1. 

WIiy ..... We need ID show ndeoffs in 
WIier remun:e availlbility and quality • a buis 
for decuionl aboul apicullurll iaource IIIIIIIF" 
mmt. 

• Developinc condl11C11cy plans for Wala' avail
ability pn,bleml. 

Why needed.. To minimize the impact of shon
falls on economic conditiON of individuals and 
the sure. IS well IS the helllh and welfare of 
individuals in areu experienciJl& shortfalls. 

Educational lslues 

Raearda N--. Then= is still a lack of public 
lmderslanding of the unity of the hydrologic 
cycle. and in panicular the role of wedands and 
pound Water in the cycle. We need ID evaluate 
the effectiveness of our effons to educate the 
public and policy makers on resource i~ with 
which they must dell. Recommended lllpics for 
this an=& include: 

■ Define the role of wedands in the hydrolopc 
cycle and edUClle the public and elected officials 
about their role. 

Wby needed. Because wedand preservalion has 
bea,me an emolional issue and IS I result the 
scienliftc buis for their proceaion ha become 
removed from the conlelll of their enviromlental 
and economic values and funclions. 

■ Wru:r c:cmervllion and priorilizllion of aqui• 
ferue. 

WIiy ....._ Use of lliab pty WIiier ID meet 
demlndl lbll low quality WIiier can Sllisfy 
iDCl'ellel -. CIOltl al may raull in 
shonaF ol lli~ty pound WIiier. 

1'"1■1t ud ~ These needs are swewide. 
Jona-falll L"ld immeJille . 

CONCERN 3 
TREND ANALYSIS 

ae.■rc:11 ■--. Keepillc IJ'ldt of~ we an: 
widt rapec:t ID WIier availabilily, quality. and 
demand requira lbll we coUecl. mainUin. and 
a,,oJyr, adequlle -. on dilUe, lhaGlftow, 
pound wMer, WIiier quality. land IDllllplllCIII. 
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and water demand. Lang-ienn monitoring of all 
hydrologic cycle components is needed. A 
comprehensive long-teim monitoring program to 
assess the status of the state's water resources 
and temporal trends in water avaUability and 
quality needs to be designed and developed. 
Technical issues that need leseaich before such 
a program can be implemented include:

■ Spatial resolution and sampling frequency 
needed to detea trends at specified levels of 
sensitivity;

■ Evaluation of parameteis useful to deteimine 
biological integrity of surface waters:

■ Compatibility of existing monitoring programs 
with new ptogtam (how to design program to 
take maximum advantage of historical and 
current data for trend analyses without compro
mising design relative to goals and criteria of 
new program);

■ Usefulness of remote setsing techniques in 
long-term water resouice monitoring.

Why neeiM. We need trend monitoring to 
prot^ bencbmaifc data sets to evaluate our 
water resoutce management ptognms. to astesi 
the impact humans have on lesoutces. and to 
evrfuaie modeling and analytical procedures. We 
need to know the behavior of aU Rsouiccs that 
we uie and manage to make sure that they are 
maintained as assets for hmue generations and 
not trensferred to them as yet another debt

Time and Spaoa. Analysis of time trends in 
water resources lequbea raainienance of bench- 
maik stationa thmagh tong periods of time and 
for a wide range of tocalitiea. but the research 
needs identified above for deaipi of a mote 
comprehensive monitoring pngiam could be 
completed in a two- »thiee-year effort

Concern 4
Barriers to Dehning and 
Managing Sustainability

There are three classes of barriers to managing 
water resources for sustainabUity:

■ The complexities posed by the hydrologic 
cycle in lime md space:

n The complexities of user activities and rights 
and the insiiiutional stnictures that manage and 
regulate individual decisions; and

■ Complexities of the available dau and mlyti- 
cal tools.

Taken together, these complexities pose a formi
dable barrier to rational and truly integrated 
water management We need to think carefoay 
about how they work and inieraa in various 
sellings and tune-frames within Minnesota. In
deed, defining and maruging our water Ksrxirces 
for sustainability requires that we consider con
ditions beyond the collective nuiges of our 
experience. Changes in population, technology, 
developmem patterns, and climate. wiU induce 
changes in water supply and demand that may be 
beyond our ability to projea from retrospective 
trend analysis.

Simulaiton models are a maior tool used to 
perform the necessary analyses, but their prwhic- 
tive use depends on several limiting factors. We 
need research to unravel these Imiitaiions and 
expose the barriers described above. In partic
ular. we need to:

■ DefiiK the banriers to implementation of 
integrated water resources simulation models and 
then develop or adapt such models:

■ Evaluate the degree to which earlier analyses 
of s^ments of the hydrologic cycle for the 
stale's water resources are valid or limiting; and
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and waaer demand. Lon1-~nn monilOrina of all 
hydrologic cycle componen15 is needed. A 
comprehensive lon,-cerm moni10rin1 propam to 
assess die SlallU of die suae·s warer raoun:es 
and temporal tffllds in Wa!Er availability and 
quality needs IO be desipaed and developed. 
Tecmical issues 1h11 need research before such 
a prolfllll can be implemenled include: 

■ Spalial resolulion and samplinc frequency 
needed to detect tmlds ll specified levels of 
sensitivity; 

■ Evaluation of parameters useful 10 detennine 
biolo,ical inlepity of surface w aaers: 

• Compalibility of emtinS monitorin& prosrams 
widl new propam (bow IO desipl propam ID 
Uke maximum advlllllF of hisaorical and 
current data for trend analyses without compro
misinl desip1 relalive to pis and criteria of 
new propam): 

■ Usefulness of remoce seminl tedniques in 
lon,-term waler resourte monitorin&. 

Why needed. We need trend monitorin& ID 
provide bencllllwtt data seu to evallllle our 
WIier l'elOUlte manqemenl pn>pllDS. IO ._. 
lhe impact huma8 have on iaoun:a. and IO 
eval1111e IDOdeliDt and 11111'1iell pn,c;edmes. We 
need to mow die behavior of Ill ,aoun:a dial 
we uae and ~ to aua an lblt Ibey ue 

• IDlinlained u .... for r.ue ....... and 
nol tnnsfemd to lllem • ya IIIOlher debt. 

Ti- ud Spam. Anllysil of lime balds in 
waaer resouftZI ..,.. ~ of bench
mark stlliorll ....._ -. periods of lime and 
for a wide r,..e of locllida but die raeardl 
needs identified above for desipl of I ~ 
compRhalSive IDOllilOrinl propam could be 
completed in I two- ID dne-year effort. 

CONCERN 4 
BARRIERS TO DEFINING AND 
MANAGING SUSTAINABILITY 

lbere are dlree classes of barriers 10 managini 
water resowtes for suswnabiliiy: 

• The COlllplellilies posed by the hydrologic 
cycle in time and space: 

■ The compluities of user activities and rights 
and die institutional SlNCIUres lhat manage and 
regullle individual decisions: and 

■ Complellities of the available data and analyti
cal tools. 

Taken tosetJier. lhese complellities pose a formi• 
dable burier IO l'llional Ind lnlly inlesnt,ed 
waaer mana,ement. We need to tnnt carefully 
about how lhey wen and inleract in various 
seainp and time-frames widan Mimesoca. In
deed. deflmls and manqina our water aesoorces 
for SUlllinability recpres dial we consider con
ditions beyond die coUeaive fV1FS of our 
e,q,erience. am.es in populalion. rechnolosY. 
development paaam. and climare. will induce 
chln&a in WIiier supply and demand 1h11 may be 
beyond our ability 10 project from reaospec~ve 
amdlllllylis. 

Simlllalion models ~ I major -,c,l med 10 
pafonD die necasary lllllysea. but their produc· 
live uae dqxndl on leVCl'al limitinl faaon. We 
need raeardl to urnvcl lhele limit.Mions and 
~ die baniers described above. In partic
ular. we need to: 

■ Define lhe barriers IO implemenlMion of 
inlqrUed warcr resources simulalion models and 
lhen develop or adapC such models: 

■ EvalUIIC lhe depee IO which eutier analyses 
of sepaera of die hydrolopc cycle for the 
SIIIC's WIICr resources are valid or limitins; and 
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■ Examine the social and institutional baniers to 
integrated water management and the way they 
define responsibilities and implementation strate
gies.

The research approach most likely to be success
ful in resolving these issues would involve a 
pilot study area.

LimiU on Modeling Tcdmologict. For practical 
reasons, jicluding the availability of dau and a 
mismatch between the complexity of the prob
lems and computational capacity, modelers 
histoncally segmented the hydrologic cycle. 
They developed separate models for open chan
nel flow, tainfall-ninofr relations, flow through 
porous media, evapotranspiration. crop water use. 
etc. Eventually they indtided more processes as 
computational techniques and our undeistanding 
of the mathematics of these processes improved. 
Flow-routing models eventually emerged, as did 
ground water transport models. Current modeling 
tools may need refinement, but their deficiencies 
are eclip^ by the inadequacies of input data. 
The computational power now exists to model 
highly complicaied problems: computer technolo
gy is far ahead of the other components of the 
modeling process. Existing sysKms can provide 
answers to many questions for a region or water
shed, but they caiinat modd the entire state. The 
spatial and temporal lesotution of input dau 
often is a large source of enor.

Limttt on Analyds. Previous eflbrts to analyze 
the stale's water reaoumes on a holistic basis 
provide ortiy erode general picture for single 
variables at one point in time. There are some 
detailed sudiea of se^nents of the hydntiogic 
system for a few localities over a short period of 
time, but the implicit amumption in such saidies 
is that other components of the system remain 
constant. This assumption is tenable only over 
short time periods.

UntiUtml SMBUliott of reaiihs of analy
ses. After determining that the issuhs of a partic
ular analysis make scientific sense and are 
necessary to meet the objective of sustainabiiity.

three factors control implemeniation of the 
findings:

■ Legal footing — does the best scientific fore
cast constitute adequate basis for action by the 
state:

■ Financial ability — can we raise sufficient 
money to do the task without jeopardizing other 
important responsibiUties:

n PoUtical willpower — wiU the prescribed 
action on behalf of the sute as a whole alienate 
sufficient individual interests to remove the 
political leadership?

Research need. Only through sustained efforts 
to ftiUy devetop an integrated wuer management 
system for small pilot project areas will we be 
able to achieve tnie integration.

Why needed. We need a belter understanding of 
banieis to defining and managing susiaiiubility 
for the stale to address the changes needed to 
meet our objectives in water resource manage- 
men.

Concern 5
CIS AND Data Base Integration

Geographic ndbrautian systems ((HS) end dau 
base imegratton barriers have been a concern of 
the state for over a decade. CIS is only one of 
several available approaches to dau storage and 
management systems. CIS has more of a tide in 
some water resources applications than in others, 
and no single dau sroiage system will hamfle aU 
needs. Some aspecu of water management deal 
with pokH problems, and others deal with lines 
and areas. The optimal systems for each are 
ftndamenully ttifferem. CIS files are complex 
and require complere dau for dynamic variables 
such as precipiutioa In tabular fum these dau 
are mostly non-occuncnce for most places at 
most times. Thus the CIS file strocture should be 
used for some compuur modeling but not all.
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■ Examine the social and institutional banien IO 
integrated water mana,ement and the way they 
define responsibilities and implementation sttare
gies. 

The research approach most likely IO be success
ful in resolvin& these iSIUCS would involve a 
pi)Ol SNdy area. 

Limits oa ModeUna TldlnolotieL For practical 
reiuons. :..X:ludifll ll1e availability of data and a 
mismau:h between the corapleltity of the prob
lems and computational capacity. modelers 
hi • cally sepnenrcd the hydrok>lic cycle. 
Th.:y developed sepal'IIC models for open chan
nel flow. rainflll-:unoff relations. flow throulh 
porous media. evapouanspil'llion. crop water use. 
etc. Evenaually they included more processes as 
computational techniques and our understandina 
of the malhemalics of these processes improved. 
Flow-rouq models evenlUl.lly emerJed. a did 
ground WIier lJ'lnSpOlt models. Cllrrent modelinl 
tools may need refinement. but their deficiencies 
are eclipsed by ll1e inldequacies of inpll dala. 
The compuUlional power now eltisU ro model 
highly compliClled problems: computer tecmolo
gy is far ahead of the OCher componelU of the 
modelinl process. Eximnl SytlelDS can pmvide 
answers ro many qualiorll for a repin or~
shed. but dley c:amot model 1be enlire ... The 
spatial and lallpOnl iaolulion of inpll dlra 
often is I llqe IOW'0e of emJI'. 

Limits on Aul,- Plnioul effiJns lO analyze 
ll1e sta&e's WIiier. lelDUl'Cel Clft I holislic bail 
provide only Clllde pnenl piawe for sifllle 
variables • one poilll in a.. There are some 
detailed scudia of ....... of the hydrolop: 
system for a few loclliliel over a lhlln period of 
time. but 1be implicit .... plion in such Sllldies 
is lhat OCher componaa of 1be SystaD remain 
consur-.. This assumplion is tenable only over 
short time periods. 

Umits • impll_..._ of readll of wlf• 
-. A~r clnennininl lhll 1be resuks of a plllic
ular analysis m.ake ~ sense and are 
necessary to meet the objecdve of suswnability. 

three factors control implemcnWion of the 
rmdin,s: 

■ Legal footing - does ll1e best scientific fore
cast COl\1litute adequate basis for action by the 
stare: 

■ Financial ability - can we raise sufficient 
money ro do the task without jeopardizing other 
imponant responsibilities: 

■ Political willpower - will the prescribed 
action on behalf of the staae as a whole alienate 
sufficienl individual interests IO remove the 
political leadership? 

Raan:11 need. Only throulh sustained efforts 
ro fully develop an inlegraled water manqemem 
system for small pik>l project areas will we be 
able lO achieve true intqralion. 

Why aeeclld. We need a belier Wldenwiding of 
blnien so deftnin& and manqina suswnabiliiy 
for the SlllC lO address the dlan&es needed IO 
meet our objectives in water resoun:e manage
mait. 

CONCERN 5 
GIS AND DATA BASE IN'nGRATION 

Gwp .... dormalion syWS (GIS) and dlra 
blle illliepldon bmiers lave been a concern of 
die .- for over a decade. GIS Is only one of 
levenl available lllPft)ICbes to dlra 11i11f1F and 
m1--lfff syWS. GIS has ~ of a role in 
some w-, iaou,ces applications dim in ocben. 
and no sinp da&I 11iOnF System will handle Ill 
needs. Some aspec11 of war 1111111,ement deal 
with point plUblans. and odlen deal with lines 
and aras. The optimal sysais for each are 
fundamenlllly different.. GIS Illes ~ complex 
and ,equire mnplete cla&a for dynmiic variables 
such • pecipit.mon. In llbular rotill dlC9e dlra 
are lllOllly non-oa:umnce for IDOll places II 
IDOll limes. Thus die GIS Ille SlnlClUre should be 
Uled for some compurer moclelina but IIDl all. 
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However, we need lo insure Out adequate means 
exist for data exdianse among useis and suppli- 
eis and that dau conversions do not introduce 
significant error.

Rcseardi need. Demonstration projects should 
be undenaken to design and develop model dau 
storage and management systems suitable for 
holistic analysis of the water management issues 
in the study areas. This would allow us to define 
and wofk through the complexities of dau man
agement and institutional structures in areas large 
enough to allow upward transferability of the 
findings to the development of a statewide sys
tem but small enough to enable researcheis to 
solve problems in a timely and cost-effective 
manner.

Why needed. We need a belter understanding of 
CIS tnd dau base iraegration problems bec«ise 
the analyses that are built from dau are cons
trained not only by the stnicture of individual 
dau bases but also by our inability to link 
related dau bases. Dau provide the basis of 
decisions about law. policy, and managemem. 
Better dau imegiMion is more important for 
integrated management than for management of 
single componenu of a system. Without it the 
best analyses cannot be peifbnned. and we can 
neither evaluate piesem dau ooUectfon proce
dures nor atten the potential value trf propoted 
dau coOecdon. Moreover, agencies cumot 
coordinaie their acdona or dtaro dau if their dau 
systems are not integtaiBd.

Summary

Because integrated water managemem attempts 
to work with the way the hydrologic cycle fime- 
tions. its impleroenutian requires some fimda- 
memal chan^ in institution links. Thus, we 
recommend developmera of one or more inte
grated water managemem pilot projects that can 
evolve into a prototype for a stauwide system. 
Only through the developmem of such pilot 
projecUs) can we discover the banieis imposed 
by existing water rights, resource patterns, agen
cy agendas, dau limitmions. and analytical capa
bilities.

A major goal of the project would be to define 
the bariieis to iraegiai^ water managemem for 
sustainability. The pUot project should suit with 
a thorough evaluation of efforts at integrated 
water managemem by other states, with a careful 
asiessmem of when their findings can be trans- 
fened to Mimesou. lu prothict should Uy out a 
kmg-tenn agenda for the Legislature, state agen
cies, and public education through demonstration 
projecu that articulau the cosu and benefits of 
this approach.
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However. we need 10 insure that adequate mev\S 
exist for da~ exchln&e among users and suppli
ers and lhal dala conversions do not introduce 
significant em>r. 

Raeardl med. Demonstrllion projects should 
be undenakffl 10 desip and develop model dala 
SIOrage and m-,ement s)'Slalls suillble for 
holistic analysis or lhe water management i~ 
in lhe study areas. This would allow us 10 define 
and wen dvou&fl the complexities of dala man
agement and inslitutionll SU\IClWa in areas Jarae 
enough 10 allow upward ll'IIISferability or the 
findings 10 the development or a swewide sys
tem but small enough ID enable researchers 10 
solve problems in a timely and cost-effective 
manner. 

Why needed. We need a beaer Wlderslanding or 
GIS and data bate inlepllion problems because 
the analyses dial are built from dala are CXlllS· 
trained not only by the SII\ICbft or individual 
data bMeS but Ibo by our inlbility 10 lint 
relllCd c1a1a bues. Dala provide the t.is or 
decisions aboul law. policy. and manqement. 
Beau dala inlll:palion is more imponant for 
intqrued manqemcnt lhlll ror manqemcnt or 
sinpe componera or a syam. Widlout it. lhe 
best analyses camot be perfunned. and M CIII 
neither cv...- pmelll dlla CIOlleaion pnx:e
dures nor mm die polllllill vala ot plupoad 
dala collecdan. Mol9cMr, ..... camot 
coordlnlle dleir actiaal or.._ dlla lfdleir dala 
S)'SlallS ~ not ........ 
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SUMMARY 

Because intelraled water managem\.'flt mmtptS 
10 wort with the way the hydrologic cycle func. 
lions. its implemenw.ion requires some funda
mental ctianaes in inslillllion links. Thus. we 
recommend devetopmem or one or more inte
grated waaer mamgemenl pilot projects lhal can 
evolve inlo a pnxotype for a SUllewide system. 
Only throu&fl the d:velopmcnt of such pilot 
project(s) can we discover the baniers imposed 
by existinl wilier n&flls, resource paa.ems. agen
cy agendas. dala limitations. and analytical capa
bilities. 

A major .,al of the project would be 10 define 
the barriers 10 inlll:pa&ed water management for 
SUSlainability. The pilot project should swt with 
a thorou&fl evaluation of effons at integrared 
wilier manqement by odler states. wilh a careful 
as.sesmient of when their findings can be trans· 
femd 10 Mimcsoca. IIS product s,'lould lay out a 
Jona-tcnD ifellda for lhe Lc,warure. state agen
cies. and public education throu&fl dcmonstralion 
projecls 1h11 al1iculale lhe coses and benefits of 
lhis IIJPIOICh. 


