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EnvironmentalQualityBoard
TheEnvironmentalQualityBoard(EQB)bringstogethertheGovernor’sOffice,fivecitizensandtheleadersofnine
state agencies in order to develop policy, create longrange plans and review proposed projects that would
significantlyinfluenceMinnesota'senvironmentanddevelopment.MinnesotaStatutes(seeChapters103A,103B,
116C,116D,and116G)directstheEQBto:
x
x
x
x
x
x
x

Ensurecompliancewithstateenvironmentalpolicy
Overseetheenvironmentalreviewprocess
Developthestatewaterplanandcoordinatestatewateractivities
Coordinateenvironmentalagenciesandprograms
Studyenvironmentalissues
Conveneenvironmentalcongresses
AdvisetheGovernorandtheLegislature
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ExecutiveSummary
The2010MinnesotaWaterPlandefinesavisionforMinnesota’swaterresourcesthatensureshealthy
ecosystems and meets the needs of future generations. It recognizes that Minnesota is a leader in
managinglandandwaterresources,butthatthereareopportunitiesfortheseprogramstoimproveand
adapt.
In 2008, the citizens of Minnesota voted to dedicate special tax revenue to protect and restore the
state’sland,water,habitat,trailsandculturalresources.Thesevaluedresourcesdefineouridentityas
Minnesotans, and with this special revenue comes a responsibility to set priorities wisely and in a
mannerthatcanmosteffectivelymakeadifference.Wehavebeengivena25yeartimeframeinwhich
tomaketheinvestmentsneededtohelpMinnesotasecureasustainablefuture.
In recent years, state agency activities have grown in response to increased needs and associated
funding.Thestatewaterplangatherstogetherinformationregardingtheseeffortsinasingledocument,
while also recognizing contributions from numerous additional concurrent efforts. The goal of this
report is to define a broad framework that can be adapted and applied to specific land and water
activities.
Thewaterplanhasthreemainparts:
x

x

x

ReflectingonthePastsummarizes keypointsfrompastdecadalplanning effortsandpresents
significant issues and events that have influenced our understanding of natural resource
priorities.
Evaluating the Status of Minnesota’s Water Resources in the Present provides an overview of
thestatusofthestate’sgroundwaterandsurfacewaterresources,aswellasmonitoringefforts
andtrends.
ChartingaRoadmapfortheFuture–ImplementationPrinciplesandStrategiesisthefoundation
ofthewaterplan,identifyingkeystrategiesandprinciplesforachievingthevisionofsustainable
waterresourcemanagement.

ImplementationPrinciples
Thefollowingprinciplesdefinehowstateagenciesmustworktogetherwithlocalandfederalpartnersto
ensureeffectiveprogress.
1. Optimized coordination – Coordination of efforts must be optimized across local, state and
federalentitiestomaximizethebenefitsofcombinedactions.
2. Prioritizedresources–Prioritiesmustbesettomosteffectivelytargetresourcesandmaximize
opportunities.
3. Comprehensive land and water management – Sustainable water resources can be achieved
whenlandandwateraremanagedasaholisticsystem.
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4. Adaptive management – Adaptive management must be employed to support informed
decisionmakingwhilesupportingthecollectionofinformationtoimprovefuturemanagement.
5. Goals and measures – A system to define targets and measure progress must be in place to
determinewhetherwatermanagementstrategiesareachievingdesiredoutcomes.
6. Education and outreach – Effective water resource management efforts must bring together
bothscienceeducationandoutreach.
7. Shared, longterm vision – Application of the Minnesota Water Plan vision to achieve
sustainablewatermanagementcanunitepeopleintocooperativeaction,inspiringthemtowork
togetherforacommonfuture.
Strategies
Thesestrategiesidentifycriticalactivitiesthatstateagencieshavesetouttoaccomplishinthecoming
10years,andbeyond.
1. Increase protection efforts – Groundwater and surface water supplies are protected from
depletionanddegradation,recognizingthatprotectionisoftenmorefeasibleandcosteffective
thanrestoration.
2. Promote wise and efficient use of water – Water quality degradation and water quantity
conflictsareminimizedthroughthepromotionofwiseandefficientuseofwater.
3. Restoreandenhancelocalcapacity–Recognitionandsupportforlocalcapacityandactionsis
increased.
4. Employwaterresourcemanagementunits–Statelevelwaterresourcemanagementactivities
are improved by defining water resource management units for coordinating a systems
approachtomanagement.
5. Collect information necessary for water management decisions – Information necessary to
supportsustainablewatermanagementdecisionsiscollectedefficientlyandcollaboratively.
6. Improve access to environmental data – Decisionmakers and the public have ready access to
environmentaldatatosupportsoundmanagementdecisions.
7. Providecurrentimplementationtools–Waterresourceconcernsareaddressedthroughtheuse
ofanadaptiveapproachtoupdatingmanagementtools.
8. Employ a targeted approach for protection and restoration – Land management projects are
targetedtohighriskareastoprotectandrestorewaterresources.
9. Apply a systematic approach for emerging threats – A systematic approach is developed for
identifying,assessingandrespondingtoemergingthreats.
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Stateagenciesaremandatedtomanageandprotectthestate’swaterresourcesandarecommittedto
continuouslyadaptingprogramsanddirectiontoachievewatersustainably.TheEnvironmentalQuality
Board and its member agencies recognize the need to continue to improve coordination of efforts,
adaptprogramstonewinformation,presentclearquantityandqualitytargets,andcommunicatethese
initiativesandprogresstothepublicinthedaysandyearsahead.Theseimplementationprinciplesand
strategiesdefineaplan,buildingupontoday’sfoundation,tosetMinnesotaonacoursetoanimproved
andsustainablefuture.
The challenges and obstacles are significant, and overcoming them depends on all partners working
together to realize sustainability. State agencies provide a framework for collecting information and
delivering technical support and funding, but rely extensively on local government, stakeholders and
landowners to apply conservation practices and restoration efforts. Equally important is the support
from and open communication with elected officials. Only by working together as local, state and
legislativepartnerscanMinnesotaeffectivelyprotectandimproveitsnaturalresources.
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Chapter1Introduction

The2010MinnesotaWaterPlandefinesavisionforMinnesota’swaterresourcesthatensureshealthy
ecosystems and meets the needs of future generations. Minnesota is a leader in managing land and
waterresources,butrecognizesthatthereareopportunitiesfortheseprogramstoimproveandadapt.
The 2010 Minnesota Water Plan brings together in a single document recent work of state water
agenciesandarticulatestargetedstrategiesforthefuture.
The Environmental Quality Board is charged with coordinating comprehensive longrange water
resourcesplanningandpolicythroughaMinnesotaWaterPlanevery10years.Theplanalsopresents
informationonthestatusofthestate’swaterresources.AlthoughthelawrequirestheEQBtodevelopa
statewaterplaneachdecade,andwhiletheplanshouldguidestateactivitiesthroughthedecade,the
planninghorizonshouldbeviewedaslongterm.
Thisplandoesnotsetouttotouchoneverywaterissuechallengingthestate.Rather,thegoalofthe
plan is to inform state agency programs that are responsible for addressing the multitude of water
challenges facing Minnesotans, and to communicate to theLegislature and public the commitment of
the agencies toward working on sustainable water management. This document strives to outline the
framework that will be implemented over the coming years to improve water management and the
deliveryofinformation.Thisreportisnotallinclusive,butisdesignedtohelpsetprioritiesandinform
decisionmaking.Readersofthisreportarealsoencouragedtoreviewtheappendicesformuchgreater
detailonthestatusofMinnesota’swaterresourcesandprogramsformonitoringandmanagingthem.
Purpose
Thisplanseekstointegratetheworkofstateagencies
and identify ways that work can usefully guide the
activities of local, regional and state agencies. 2010
represents an exciting time for water resource
managementinMinnesota.Whilethe stateisblessed
with abundant water and natural resources, these
must be managed as an interconnected system to
achievesustainability.Managingforwaterqualityand
quantity,whilebalancingtheneedsofnaturalsystems
withhumanactivityanddevelopment,iscomplexand
challenging.Butitiscritical.

103B.151 COORDINATION OF WATER
RESOURCEPLANNING.
TheEnvironmentalQualityBoardshall:
(2) coordinate comprehensive long
range water resources planning in
furtherance of the Environmental
Quality Board's "Minnesota Water
Plan," published in January 1991, by
September 15, 2000, and each tenyear
intervalafterwards.

Thepassageofthe2008CleanWater,LandandLegacy
Amendmentsignalstheimportanceofwaterresources,habitatandenvironmentalhealthtothestate’s
citizens,and represents theopportunitytobringallparticipants andstakeholderstogethertoachieve
what is best for nurturing Minnesota’s economy, communities, human health, recreation and
environment.
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Values
Minnesotans truly value their water resources. Through the current University of Minnesota Water
Sustainability Framework process, a survey was created to gather input from citizens in the state.
Resultsindicatethatcitizensconsiderdrinkingwaterasthemostimportantuseofwater,followedby
ecologicalservices.Althoughresourcesvaryacrossthestate,thereisconsensusabouttheneedtobe
protective of drinking water and ecology above other uses. Additionally, survey results show that
citizens are most concerned about chemical pollution, but close behind is recognition that nutrient
pollution, nonnative species and loss of wetlands threaten the quality and character of Minnesota’s
waters. Survey respondents said they supported equal investment in restoring impaired waters and
protecting stillhealthy resources; and similarly seemed equally committed to investing in ground and
surfacewaters.
HistoricalPerspective
Similarly, Minnesotans have long recognized the importance of water resource protection. Specific to
groundwater resources, the Groundwater Protection Act of 1989 articulated specific protection goals:
“It is the goal of the state that
groundwaterbemaintainedinitsnatural
103A.204GROUNDWATERPOLICY.
condition, free from any degradation
(a) The responsibility for the protection of
caused by human activities. It is
groundwaterinMinnesotaisvestedinamultiagency
recognized that for some human
approachtomanagement.
activities this degradation prevention
goal cannot be practicably achieved.
(b)TheEnvironmentalQualityBoardshallpreparea
However,
where
prevention
is
report on policy issues related to its responsibilities
practicable, it is intended that it be
listed in paragraph (a), and include these reports
achieved. Where it is not currently
with the assessments in section 103A.43 and the
practicable,thedevelopmentofmethods
"MinnesotaWaterPlan"insection103B.151.
andtechnologythatwillmakeprevention
practicable is encouraged” (Minnesota
Statutessection103H.001).
TheCleanWaterLegacyActof2006(MinnesotaStatutesChapter114.10)callsforprotecting,restoring
andpreservingthequalityofMinnesota'ssurfacewaters.TheLegislature,inpassingthelaw,notedin
findingsthat:
x

x

There is a close link between protecting, restoring, and preserving the quality of Minnesota's
surface waters and the ability to develop the state's economy, enhance its quality of life, and
protectitshumanandnaturalresources;
Achievingthestate'swaterqualitygoalswillrequirelongtermcommitmentandcooperationby
all state and local agencies, and other public and private organizations and individuals, with
responsibilityandauthorityforwatermanagement,planning,andprotection;and
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x

Allpersonsandorganizationswhose activitiesaffectthequality ofwaters,includingpointand
nonpoint sources of pollution, have a responsibility to participate in and support efforts to
achievethestate'swaterqualitygoals.

Inmorerecentlegislation,theCleanWater,LandandLegacyAmendment(LegacyAmendment),passed
byMinnesotavotersonNovember4,2008,wascreatedto:
x
x
x

Protectourdrinkingwatersources;
Protect,enhanceandrestoreourwetlands,prairies,forestsandfish,gameandwildlifehabitat;
topreserveartsandculturalheritage;tosupportparksandtrails;and
Protect,enhance,andrestoreourlakes,rivers,streams,andgroundwater.

In response to the Legacy Amendment, the Legislature established the Clean Water Fund (CWF), into
whichonethirdoftheLegacyAmendmentsalestaxproceedsaredeposited.MinnesotaStatutesSection
114D.50furtherspecifiestheallowedusesoftheCleanWaterFund:
x
x

Supportingmeasurestopreventsurfacewatersfrombecomingimpaired,and
Supporting measures to prevent the degradation of groundwater in accordance with the
groundwaterdegradationpreventiongoalundersection103H.001.

RecentActivities
Stateandlocalagencieshaveincreasedtheiractivitiesassociatedwithwatermonitoring,planningand
aquiferresourceevaluationwithinthelastseveralyears.Someoftheserecenteffortsinclude:
x
x
x
x
x

x
x
x
x

A Department of Natural Resources (DNR) plan to “Develop a Groundwater Level Monitoring
Networkforthe11CountyMetropolitanArea”
The Metropolitan Council’s sevencounty Twin Cities Metropolitan Area Master Water Supply
Planandregionalgroundwatermodel
MinnesotaDepartmentofAgriculture(MDA)fundingtoacquireadditionalanalyticalequipment
tosupportincreasedmonitoringcapacityandanexpandedpesticideanalytelist
Minnesota’s involvement as a pilot state for a proposed National Groundwater Monitoring
Network
The Environmental Quality Board’s water availability reports, “Managing for Water
Sustainability: Report of the EQB Water Availability Project,” and “Use of Minnesota’s
RenewableWaterResources:MovingtowardSustainability”
The Freshwater Society’s report, “Water is Life – Protecting A Critical Resource For Future
Generations”
TheMinnesotaPollutionControlAgency’s(MPCA)redesignedambientgroundwatermonitoring
network
MDAandMinnesotaDepartmentofHealth(MDH)partnershipformonitoringcommunitywater
suppliesforpesticidesandpesticidedegradates
UnitedStatesGeologicalSurvey’sNationalWaterQualityAssessmentresearch
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x
x
x
x
x
x
x
x
x
x

Theincorporationofgroundwaterconsiderationsincountywaterplans
ImprovedgroundwaterdatamanagementbyMPCAthroughtheEQuISdatabase
StudiesbytheMinnesotaGeologicalSurveyandDNRonMinnesota’saquiferresources,
A cooperative effort with MDA, MPCA, MDH and the Southeast Minnesota Water Resources
Boardtoobtainpesticidedatainconjunctionwithlongtermnitratedatacollection
United States Geological Survey’s lowflow study on the Mississippi River as it relates to
metropolitansurfacewatersupplyplanning
TheUniversityofMinnesota’swatersustainabilityframeworkplanningefforts
ContinuedprogressintheadvancementoftheCountyGeologicAtlasprogram
Secondgenerationwatersupplyplansforwatersuppliers
DNR’sGroundwaterTechnicalWorkGroupassessmentofmodelsandtoolsneededtomanage
wateravailabilityandsustainability
MPCA’sreporttotheLegislature,“StatewideEndocrineDisruptingCompoundMonitoringStudy
2007–2008”

This list is far from exhaustive; many efforts are ongoing or have been completed recently; the
bibliographyinthisreportservesasaresourceformanyoftheotherdocumentsthatdetailworkand
findings.
ContributionsfromManyGroups
Thisplanrecognizesthatsustainablewaterresourcemanagement,monitoringandplanningdependon
partnershipswithandparticipationofmanygroupsandstakeholders.Federal,state,regionalandlocal
governmentpartnersarecriticaltoprovidingeffectiveresourcemanagementprograms.Inadditionto
these partners, cities, watershed districts, citizen groups and others monitor Minnesota’s resources.
Manypublicandprivatepartnershipsconducteducationandoutreachactivities.Localandstateentities
and many other groups and organizations effectively plan for an improved future. Academia, industry
andotherfieldsprovideresearchandimprovementtools.
While each of these contributions is essential, this plan focuses on state executive branch
responsibilities and charges, including, when applicable, the activities and involvement of the
MetropolitanCouncil.
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Chapter2ReflectingonthePast

TheEnvironmentalQualityBoardhasalong
history of preparing decennial Minnesota
water plans. Since the board’s inception in
1973,eachdecadehasbeenmarkedwitha
commitment to protect and restore
Minnesota’s water resources. Separately
and collectively, these documents express
great vision, transformational ideas and
indications of progress. There are also
recurring thoughts and reflections of
barriers that impede Minnesota’s ability to
realize the articulated visions. It is our
challenge,andresponsibility,tolooktothe
past to learn and to move forward with a
renewed commitment to enact progress.
The following passages highlight key issues
andfindingsfromearlierstatewaterplans,
which in turn have informed the
developmentofthe2010MinnesotaWater
Plan.

MinnesotaWatermarks:Gauging
theFlowofProgress20002010
MinnesotaWatermarks,developedthrough
the EQB Water Resources Committee in
September 2000 with assistance from the
WaterManagementUnificationTaskForce,
river basin teams and many others, puts
forth four statewide goals and nine
objectives:
x

“WaterisprecioustoMinnesotans.Itisasymbolofour
state and our people. Protecting and conserving water
resourcesisaninvestmentinMinnesota,notacost.
The rich outdoor experience that we value, and that so
typifies our state, centers on our lakes, wetlands, and
streams. Beneath the surface, we also share the hidden
treasureofabundant,puregroundwater.
We have come to realize inrecent years that our water
resourcesareatrisk.Wecannotstandpatandmaintain
thequalityofMinnesota’swater.
We have begun to understand a very simple principle 
theecologicalprincipleofinterdependence.Whatwedo
onthelandaffectswaterqualityandavailability.When
we seek to protect our water quality, we had better
understand quantity. When we think to use surface
water,weneedtorealizethatgroundwatermayalsobe
affected.
Minnesotans across the state have joined in a unique
grassroots campaign called "comprehensive local water
planning." The word "comprehensive" signals a
recognitionoftheprincipleofinterdependence;theword
"local" means that the people involved are close to the
realissuesandsolutions.
TheMinnesotaWaterPlansetsanambitiousagendafor
protecting and conserving our water. It is an agenda in
whicheachofushasaparttoplay.”
GovernorArneCarlson
1991MinnesotaWaterPlan
Letterofintroduction

Minnesotans will improve the
qualityofwaterresources.
x Protect and improve water
quality in rivers, streams
andotherwatercourses
x Protectandimprovelakewaterquality
x Protectandimprovegroundwaterquality
8
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x

x

x

Minnesotans will conserve water supplies and maintain the diverse characteristics of water
resourcestogivefuturegenerationsahealthyenvironmentandastrongeconomy.
x Maintaingroundwaterlevelstosustainsurfacewaterbodiesandprovidewatersupplies
forhumandevelopment
x Maintainthehydrologiccharacteristicsofsurfacewaterbodiesthatsupport beneficial
uses
Minnesotanswillrestoreandmaintainhealthyaquaticecosystemsthatsupportdiverseplants
andwildlife.
x Ensure that aquatic environments have conditions suitable for the maintenance of
healthyselfsustainingcommunitiesofplantsandanimals
x Limitgeographicrangeofexoticspecies
Minnesotans will have reasonable and diverse opportunities to enjoy the state’s water
resources.
x Provideaccesstowaterbasedrecreationsites
x Improveormaintainthequalityofwaterrecreation

The report evaluated water resources across the state’s seven major basins and concluded that while
resources, challenges and priorities varied significantly across the state, six conditions and problems
wereconsistentthroughout:



x

Local planning and funding. Strengthening local planning and ensuring adequate financial
resourcesforlocalwatermanagementwerekeyissuesinmostbasins.

x

Land use. Land use and its relationship to the condition and quality of lakes, streams and
groundwaterwereofinterestineverybasin.

x

Prevention.Mostbasinteamsnotedthehighqualityofwaterresourcesandtheimportanceof
maintainingtheseresourcesintopcondition.

x

Educationandstewardship.Waterresourcesaregreatlyaffectedbytheactionsofindividuals,
whosometimesunknowinglypollute.

x

Climate effects. All basin teams, recognizing the interrelationship of all aspects of the
environment, noted that weather and climate change must be considered in planning for
Minnesota’swaterresources.

x

Coordination.Acontinuing,cooperativeeffortisneededbecausemultiplegroupsandunitsof
governmenthaveaninterestinwaterorarechargedwithmanagingthem.
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MinnesotaWaterPlan:DirectionsforProtectingandConservingMinnesota’s
Waters
MinnesotaWaterPlan:DirectionsforProtectingandConservingMinnesota’sWaters,issuedbytheEQB
in1991,setanambitiousagendaforprotectingandconservingwaterresourcesinthestate.Itidentified
theprinciples,policiesandactionsrequiredformanagingwaterinthe1990sandbeyond.
Minnesota’sWaterGoals:
x
x

To improve and maintain the high quality and availability of Minnesota’s water for future
generationsandlongtermhealthoftheenvironment.
Toensurethatourusesofwateraresustainable,andthatinmeetingourneedsforwater,we
recognizeitslimitsandinterconnections,acceptitschangingandvariablenature,andadjustour
demandsuponitwhennecessarytosafeguarditforfutureneeds.

Minnesota’sWaterPrinciplesarethatwe:
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Managewater’sinterconnections
Focusontheresource
Managehydrologicunits
Makepartnershipsworkforwater
Makepreventionthefocus
Putpublichealthandsafetyfirst
Recognizetheimportanceofinformation
Understandtheimportanceofresearch
Thinklongterm
Acceptlimitstogrowth
Makethosewhobenefitpay
Letcitizensmakeadifference
Educatepeopletochangebehavior
Makegovernmentunderstandable,
adaptableandaccountable

Understandingwater’sinterconnections
Water quality cannot be considered
withoutquantity.Availabilityhingesupon
qualityaswellasquantity.Surfacewaters
are connected to groundwater. Land use
affects both quality and quantity of
water. Air quality effects water quality.
Clearly, the environment must be
managed well to protect water, just as
water must be managed well to protect
theenvironment.
(Aprinciplefromthe1991waterplan)

The1991MinnesotaWaterPlanincluded28recommendationsforMinnesota’swaterresourcesandfor
its programs. They were designed to help Minnesota meet the objectives for water management and
wereframedbythefollowingfouroverarchingcategories:
x
x
x
x


Integratingwatermanagement
Focusingontheresource
Protectingandconservingwaterresources
Managingwater’sinterconnections
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TowardEfficientAllocationandManagement:AStrategytoPreserveand
ProtectWaterandRelatedLandResources

InJune1979,theMinnesotaWaterPlanningBoard,whichwasmergedwiththeEQBin1983,published
“Toward Efficient Allocation and Management: A Strategy to Preserve and Protect Water and Related
Land Resources” with funding from the Legislative Commission on Minnesota’s Resources. The report
was prepared in response to the previous year’s drought. The report set forth four requirements to
meetifMinnesotaweretoachieveitspotential:
x
x
x
x

Astrongerfocusoneffectivemanagement–acornerstoneofMinnesotapolicyinthepast,but
evenmoreimportantinthefuture.
Greater emphasis on the efficient allocation and use of water resources and rejection of the
conceptofwaterasalimitless,freegood.
Improved collection and dissemination of information for use in making critical water and
relatedlandresourcesdecisions.
Planning,researchanddecisionmakingthatdealwiththeinterdependenceofissuesandplaces
increasedemphasisonthestateasaunit.

LessonsLearned

ReviewofthesehistoricaldocumentsconfirmsthatMinnesotanshavelongknownthechallengesthey
face in protecting human and ecosystem health from the potential threats caused by using land and
water. Nationwide, many efforts have led to significant progress and adoption of sound management
practices.Asanexample,accordingtoarecentreportreleasedbytheNaturalResourcesConservation
Service,soilerosiononU.S.croplanddecreased43percentbetween1982and2007throughincreased
implementationofconservationpractices.Whileaverylaudableaccomplishment,moreworkremains
toaddressbothlongstandingissuesandemergingthreats.
Looking back, many of the goals and objectives are essentially unchanged. However, over the past
decade, we see a series of challenges and opportunities that uniquely define the environmental,
economicandsocialconsiderationsoftoday.Challengestoresourcemanagementinclude:
x
x
x



Increasingpressuresonfiniteresourcesduetopopulationandeconomicgrowth;
Increasing level of complexity of the issues (a trend that is expected to continue) through
increasedunderstandingsofdynamicsystemsandgrowingthreatstothem;and
Decreasingstatefundingforlocalgovernmentthathasledtoinadequateresourcesinmuchof
the state to support the capacity of local government, upon which state agencies rely for
implementingnonregulatoryandlanduserelatedmanagementactivities.
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Similarlythereareuniqueopportunitiesuponwhichtobuildaplanforthefuture,including:
x

x
x

Increasing attention to these issues, especially impaired waters, emerging threats and climate
change;
Increasing resources available to do this work through the Clean Water Legacy Act, and more
recentlytheCleanWaterLandandLegacyFund;and
Improvingstrategiesthatwateragenciesareemployingtoaddressthegoalsandobjectives.
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TransformationalMilestones
Transformationalmilestonesareeventsorissues
that significantly impact water resource
management. They can be events that raise
publicawarenessofatopicorproblemsofsuch
concern that they affect fundamental change in
a
program’s
operations.
Regardless,
transformational milestones help define the
state’scourseinwaterresourcemanagement.
The way in which water resources are viewed
continues to evolve. Increased visibility of the
needtoprotectandrestoreresourceshasarisen
from attention to such issues as climate change
andhypoxiaintheGulfofMexico.Theseissues,
along with other events and milestones, impact
theworkofstateagenciesandhelpcharacterize
today’schallengesandneeds.

Ten years ago few Minnesotans talked about
impairedwatersandevenfewerusedtheTMDL
acronym. But today thousands of Minnesotans
have been engaged in Total Maximum Daily
Load efforts and agencies have adapted their
programstonewmonitoringandpriorityefforts.
No one has a crystal ball to predict what will
transpireinthecomingyears,whichiswhystate
agencies must be ready to respond with
adaptive management techniques and
coordinated efforts. Looking back over the last
decade the following issues and events have
drivenprogrammaticchange:

x

Population
growth
and
competitionforresources

x

Ecosystemfragmentation

x

Climatechange

x

HypoxiaintheGulfofMexico

x

Contaminants of emerging concern,
includingendocrineactivecompounds

x

ImpairedwatersandTMDLs

x

2006 Clean Water Legacy Act and the2008
CleanWaterLandandLegacyAmendment

x

Sustainabilityasagoal

increased

PopulationGrowth
The state’s population has grown by almost
500,000 people since publication of the 2000
state water plan. That growth increases the
pressure on finite resources and reflects a
nationwide trend that offers few if any easy
answers.
EcosystemFragmentation
Continued development on the landscape
further
fragments
ecosystems.
This
fragmentation adversely affects biology, water
quality, hydrology and connectivity, degrading
the ecological functions that support healthy
watersheds.
ClimateChange
Climate change is a recognized threat with the
potentialforfarreachingimpactsonland,water
and habitat. Increased modeling and
characterizationoffuturescenarioshasraisedits
visibility while fostering development of

Looking forward there will be unforeseeable
challenges, but a system can be developed to
guide a strategic response. Working together,
the citizens, local governments, agencies and
Legislaturecanmovesuccessfullytowardagoal
ofsustainability.
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interagency teams with federal, state, local, industry and academic members. There are, however,
inherent complexities in measuring climate changes and forecasting likely impacts.  Consequently,
developingresponsemechanismsthatmustalsobeeasilyadaptableisasignificantchallenge.
Hypoxia
Recentmediaattentionregardinghypoxia(oxygendeprivationintheGulfofMexicocausedbyexcess
nutrientsdischargingtotheMississippiRiver)hasincreasedscrutinyoflandusepracticesintheUpper
MississippiRiverValley.Thisisacomplexissue,withmanysourcescontributingnutrientstotheriver,
including runoff from urban areas, wastewater discharges and industrial discharges, as well as others.
MinnesotaanditsMidwestneighborsrecognizethatfarmingpractices,whilecriticalforfeedingpeople
andsupportingtheeconomy,impactwaterqualitywithinandbeyondthestate’sbordersandthatthere
isacontinuingneedtoenhanceconservationpractices.
ContaminantsofEmergingConcern
TheMinnesotaPollutionControlAgencyandthedepartmentsofAgricultureandHealthareworkingon
efforts to characterize and respond to contaminants of emerging concern (CEC), including endocrine
active compounds, pharmaceuticals and personal care products. The state continues to be active in
assemblinginformationaboutthepresence,extentandpotentialimpactofthesechemicals.
ImpairedWatersandTMDLs
Sincethedraftingofthe2000statewaterplan,thousandsofMinnesotanshavebeenengagedinTotal
MaximumDailyLoad(TMDL)efforts,whichfocusonevaluatingwhetherwatersaremeetingqualityand
designated use standards. This process has increased understanding of the status of the state’s water
resources,whilealsohelpingthepublictobetterappreciatetheconnectionoflandactivitieswithwater
quality.
CleanWaterLegacyActandLegacyAmendment
Minnesotaisdedicatingimportantresourcestotacklethesechallenges.The2006CleanWaterLegacy
Act, the 2008 Legacy Amendment and subsequent water resource funding support programs are
increasingmonitoringandreporting,promotingtheunderstandingofadynamiclandandwatersystem,
andenhancingwaterrestorationandprotectionactivities.
SustainabilityasaGoal
Water quality has been a significant public policy topic for decades, but more recent discussion is
focused on sustainability. A commonly defined goal of achieving sustainability has led to continued
coordination among programs and an acceptance that “…water use is sustainable when the use does
notharmecosystems,degradewaterquality,orcompromisetheabilityoffuturegenerationstomeet
theirownneeds(MinnesotaSessionLaw2009c172).”Arecognizedgoalisbetterunderstandingofthe
flowthroughsurfacewaterandgroundwatersothatallocationsofwatermaybemadewithoutadverse
impactsonhumanorecosystemhealth.
14
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Improved technology, data transfer programs and online support tools have increased the knowledge
base of local governments and other support systems. While information sharing has improved, local
partners have struggled with diminished financial resources, limiting their ability to implement local
protectionandrestorationefforts.
EarlyeffortsbasedontheFederalCleanWaterActfocusedprimarilyonpointsources.Programssince
then have addressed most point sources, successfully improving the environment. Today, nonpoint
sources of pollution present the greatest challenge. Effective responses will depend on the use of
multipletools,newtechnologiesandenhancededucationefforts.
Looking back, transformational milestones have helped define priorities and needs. There have been
significant accomplishments, laudable advances and new challenges. Working together, citizens, local
governments,agenciesandtheLegislaturecancreateanimprovedfuturewheresustainabilityofwaters
andecosystemsisthecommongoal.
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Chapter3EvaluatingtheStatusofMinnesota’sWaterResourcesinthe
Present

MonitoringDynamicSystems
State agencies conduct a variety of water monitoring activities to assess quality and quantity; have
regulatoryandtechnicalandfinancialassistanceprogramstoaidincompliancewithregulationofwater
resources;andcoordinateactivitiestoavoidoverlapofagencyresponsibilitiesandmaximizeefficiency.
Minnesota’s landscape, weather patterns and land and water use are continually changing, making
assessments of progress in water resource management efforts challenging but ever more important.
Significantimprovementsinmanagementofwaterqualityandquantityinoneareaofawatershed,for
example,maybeoffsetbynegativechangesinanother.Itisimportanttoconsiderchangesinlandand
wateruseanddemographytoprovideacontextformonitoringandassessingchangesinwaterquality.
UnderstandingtheContextofTrends
Asanexample,waterqualitymonitoringmayindicatethataparticularstreamimpairedforitstypeand
quality has not improved significantly over the past 20 years. That might be either encouraging or
discouraging, depending on what is happening upstream. If there has been a large increase in
developmentandimpervioussurfacesupstream(e.g.fromhomeconstruction)butnodecreaseinwater
quality, then it may be that improvements in storm water management practices on individual sites
haveresultedinnonetincreaseinimpacttothewaterbody,despiteasignificantpotentialfordamage
comparedtohistoricalstormwatermanagementpractices.
Similarly,theremayhavebeensignificantimprovementsinprotectinggroundwaterwithinawellhead
protectionareabut,becauseoftheslowrateoftravel,itmaytakeyearsordecadesbeforetheeffects
ofthoseimprovementscanbedetectedatgroundwatermonitoringsites.Additionally,inrecentyears
analytical capabilities and methods have dramatically increased the ability to detect new potential
contaminants in the environment. At the same time, public and stakeholder interest in previously
unidentifiedcontaminants,aswellasotherthreatstowaterresourcessuchasfrominvasivespeciesand
climatechange,haveincreasedthecomplexityofwatermanagementinMinnesota.
The key goal for water resource management is to have enough water of the quality desired for the
intendeduseatthelocationwhereitisneedednowandforfuturegenerations.Thatis,whileitmaynot
bepossibleorpracticabletoprotectorrestoreallwatersofthestatetothehighestlevelsofquality(e.g.
presettlementconditions),thestatemustbestrategicinitswaterprotectionandrestorationeffortsto
helpensurethatgroundandsurfacewatersofthequalityandquantitydesiredareavailableandthat
standardsaremet.Therefore,trendinformationiscriticaltodefiningastrategythatwilladdressthreats
towaterresourcesandensureeffectivepoliciesandplansthatdirectactivitiestowardprotectingand
restoringwaterqualityandquantity.
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ContextforReporting
The Environmental Quality Board (EQB) is charged in statute for consolidating the water quality,
quantityandplanningassessmentsdetailedinM.S.103A.43,103H.175and473.1565.Thissectionofthe
Minnesota Water Plan summarizes four agency reports (Appendices A through D) to provide current
status information on surface and ground water quality and quantity and metropolitan planning
activities.Thiscontextisimportantforunderstandingtherelationshipsoflandusetowaterqualityand
quantity and, most importantly, the relationship of human health to water resource and ecological
health. This section of the Minnesota Water
103A.43WATERASSESSMENTSANDREPORTS
Planhasthreeparts:
x
x
x

StatusofMinnesota’sWaterQuality
StatusofMinnesota’sWaterQuantity
StatusofMetropolitanAreaWater
SupplyPlanning

The Environmental Quality Board is charged in
statute for consolidating the water quality,
quantity and planning assessments detailed in
M.S.103A.43,103H.175and473.1565.



StatusofMinnesota’sWaterQuality
Minnesota employs a multiagency approach to monitoring surface and groundwater that requires a
widerangeoftechnicalexpertisetoevaluateandassessresources.Itrequirestheconcertedeffortofall
responsible state agencies, along with local and federal partners as well as citizens, to build a
comprehensive picture of the status of the state’s water quality. Two agency reports on the status of
Minnesota’swaterqualityaresummarizedinthissection.
BiennialAssessmentofWaterQualityDegradationTrendsandPreventionEfforts
Minnesota Statutes 103A.43 instructs the
Minnesota Pollution Control Agency (MPCA)
103A.43WATERASSESSMENTSANDREPORTS
and Minnesota Department of Agriculture
(MDA) to conduct a biennial assessment of
(b) The Pollution Control Agency and the
water quality trends (Appendix A). Assessing
Department of Agriculture shall provide a
water quality trends in both surface and
biennial assessment and analysis of water
groundwater is very timely because the
quality, groundwater degradation trends, and
informationregardingstatusandtrendsaidsin
efforts to reduce, prevent, minimize, and
setting priorities for data collection, research
eliminate degradation of water. The
and implementation. Additionally, with recent
assessment and analysis must include an
communication efforts related to impaired
analysisofrelevantmonitoringdata.
waters,aswellasthreatstodrinkingwater,it
is a topic of great interest to state agencies,
theLegislatureandthecitizensofMinnesota.
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ReportOverviewBiennialAssessmentofWaterQualityDegradationTrendsandPreventionEfforts
ThisMPCAandMDAbiennialassessmentprovidesanoverviewofrelevantmonitoringdataandefforts
to reduce, prevent, minimize and eliminate sources of water pollution to Minnesota’s ground and
surface water resources. This document draws from existing reports and information to highlight
currentwaterqualityconditionsandprogramactivities.
The report summarizes relevant water quality monitoring data for both ground and surface water in
Minnesota from the MPCA and MDA. The report also consolidates information from a number of
individual reports, documents and databases on the status and trends of the state’s water quality
resources.Becauseofthelargeamountofinformationavailable,thisreportissummaryinnatureand
directsthereadertoadditionalinformationthroughwebbasedlinks.
Informationongroundwaterqualityispresentedfirst,highlightingnitrates,pesticides,volatileorganic
compounds,chloridesandcontaminantsofemergingconcern.Thegroundwaterinformationisfollowed
by descriptions of the efforts to prevent and eliminate groundwater degradation through program
activitiesconductedbythetwoagencies.
Surface water quality information is presented next by water resources (i.e. lakes, streams and
wetlands) and emphasizes the status and trends of Minnesota’s surface water quality. Lake water
transparency data, pesticide detections, trends in water quality indicator parameters and impaired
waters listings are presented to highlight Minnesota’s surface water quality conditions. As with
groundwater, efforts to reduce and minimize surface water degradation include multiple program
activitiesconductedbytheMPCAandMDA.
ConclusionsandRecommendationsBiennialAssessmentofWaterQualityDegradationTrendsand
PreventionEfforts
TheMPCAandMDAcollectwaterqualityinformationinresponsetobothbroadandspecificstatutory
mandates to explore water quality issues of current and emerging concern and, in accordance with
formalinteragencyagreements,throughcontinuouscooperationandcoordination.
Significant progress has been made by MPCA, MDA and stakeholders in addressing sources of
groundwater contamination, particularly through remediation, permitting and best management
practices. However, concerns still exist, and continued effort is needed, to fully realize the state’s
groundwaterqualitygoals.
Improvementsinsurfacewaterqualityhavealsobeensignificant,alongwithvoluntaryandregulatory
reductionofpointandnonpointsourcesofpollutionthroughMDAandMPCAprogramsandstakeholder
support.Coupledwiththesegainsareopportunitiesforcontinuedimprovements,alongwithadditional
actionsthatareneededtorealizeMinnesota’ssurfacewaterqualitygoals.
Forbothgroundandsurfacewaterresources,ongoingmonitoringisrequiredtocharacterizevulnerable
aquifersandlandscapesettings.Additionally,MDAandMPCAmustcontinuetoidentifyandinvestigate
contaminant problems, including the presence and extent of emerging contaminants. Ongoing
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monitoring provides the trend data that are critical in evaluating progress and refining management
actions. Protection strategies, whether regulatory or voluntary, must be developed to avoid the
occurrenceofnewproblems.Furthermore,allstrategiesshouldbeperiodicallyreevaluatedandrefined
inordertoadapttochangingsituationsinchemicalandlanduse.
2010GroundwaterMonitoringStatusReport
The 1989 Groundwater Protection Act
(MinnesotaStatutes103H.175)requiresthe
103H.175GROUNDWATERQUALITYMONITORING
Minnesota Pollution Control Agency
“In each evennumbered year, the Pollution
(MPCA),incooperationwithotheragencies
Control Agency, in cooperation with other
participating in the monitoring of water
agencies participating in the monitoring of water
resources, to report on the status of
resources, shall provide a draft report on the
groundwater
monitoring
to
the
status of groundwater monitoring to the
Environmental Quality Board for review in
EnvironmentalQualityBoardforreviewandthen
each evennumbered year. The 2010
to the house of representatives and senate
Groundwater Monitoring Status Report
committees with jurisdiction over the
(AppendixB)fulfillsthisrequirement.
environment, natural resources, and agriculture
ReportOverview2010Groundwater
aspartofthereportinsection103A.204.”
MonitoringStatusReport
TheGroundwaterMonitoringStatusReport
detailsgroundwatermonitoringeffortsatthreescales:national,statewideandregional.Monitoringof
bothqualityandquantityisperformedbytheU.S.GeologicalSurvey,MPCA,MinnesotaDepartmentof
Agriculture (MDA), Minnesota Department of Natural Resources (DNR) and Metropolitan Council and
includes work by consultants and the citizen monitoring network. This multilevel team approach
providesforamorecomprehensiveassessmentoftheresources.
At the state agency level, the MPCA, MDA and Minnesota Department of Health (MDH) each have
important statutory responsibilities in protecting the quality of Minnesota’s groundwater. The MPCA
andMDAconductstatewideambientgroundwaterqualitymonitoring.TheMDHconductsgroundwater
monitoringforthepurposeofregulatingpublicandprivatewatersupplywellsandevaluatingtheriskof
contaminants in groundwater to human health. In addition to these agencies, the DNR monitors
groundwater quantity conditions across the state through a network of monitoring wells. The
groundwatermonitoringrolesconductedbytheseagencies,asstipulatedbystatestatute,areshownin
Figure1.
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Figure1.Coordinatingrolesinwatermanagement.
ConclusionsandRecommendations2010GroundwaterMonitoringStatusReport
MonitoringeffortstodateinMinnesotahaveidentifiedthatgroundwaterqualitygenerallyisgoodand
incompliancewithdrinkingwaterstandards.However,humancausedimpactstogroundwaterquality
areapparentinmanyareasofthestate.Thoseareasofimpactedgroundwatercorrelatewithlanduse
practicesknowntocausetheobservedqualityimpacts.Groundwatermonitoringcontinuestoverifythe
presenceofelevatedconcentrationsofnitrates,lowconcentrationsofpesticidesandtheirdegradation
byproducts, and chlorides in more sensitive aquifers within the state. The more recent detections of
contaminants of emerging concern CECs and perfluorochemicals (PFCs) in groundwater require
additionalmonitoringeffortstoevaluatetheextentoftheirpresence.
Theneedformonitoringgroundwaterqualityandquantitycontinues.Alongtermcommitmenttothe
collection and analysis of groundwater data is necessary to identify changes in water quality and
quantityovertimeandtoprovideinformationthatisnecessarytoeffectivelymanageandprotectthis
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critical resource. Groundwater movement is generally slow and often requires years of monitoring to
assessthetrendsandimpactsofhumanactivitiesonthisresource.
Longterm monitoring networks coupled with adequate systems by which to share groundwater data
arenecessarytodeterminewhetherthequalityandquantityofMinnesota’sgroundwaterresourcesare
at risk and to inform management decisions. Continued investments are required to understand and
protect groundwater systems to ensure that future generations will also have an abundant source of
cleanwater.

StatusofMinnesota’sWaterQuantity
2010WaterAvailabilityAssessmentReport
MinnesotaStatutessection103A.43instructstheDepartmentofNaturalResources(DNR)toconductan
assessmentofwateruseandavailabilityonafiveyearbasis,withreportsfromevenyearscompiledin
thedecadalstatewaterplan(AppendixC).Thegoalofthischargeistoprovideastatusupdateonthe
availabilityofMinnesota’swaterresourcesaswellastrendsinappropriationsandwaterresources.The
latestreport,completedin2007jointlybytheEQBandDNR,buildsona2000DNRreport,Minnesota’s
WaterSupply:NaturalConditionsandHumanImpacts.TheDNRmorerecentlypreparedanadditional
report,LongtermProtectionoftheState'sSurfaceandGroundwaterResources,todefineoptionsand
funding as they relate to programs necessary for providing adequate protection of the state’s water
resources.
103A.43WATERASSESSMENTSANDREPORTS
The 2010 Water Availability Assessment Report
was prepared in response to M.S. 103A.43. The
(c)TheDepartmentofNaturalResourcesshall
reportdiscussedthattheavailabilityofwaterto
provide an assessment and analysis of the
meet the state’s needs is determined by three
quantity of surface and ground water in the
basic factors: climate and global weather
stateandtheavailabilityofwatertomeetthe
patterns, human changes to flow pathways and
state'sneeds.
to water use, and human changes to water
quality. Of these, climate and global weather
patternsarechallengingtomanagedirectly.Conversely,peoplehavegreatabilitytoaffectwaterquality
and water pathways. In order to address the longterm sustainability and availability of water and
naturalresources,theDNRmustengageinlongtermthinkingandplanningefforts.Inthisreport,the
agencydetailstrendinformationrelatedtoprecipitation,streamflows,lakelevels,groundwaterlevels
andwateruse.
ReportOverview2010WaterAvailabilityAssessmentReport
The DNR is charged with overseeing the state’s Water Appropriation Permit Program to ensure that
waterquantityismanagedwiselytoprotectthelongtermviabilityofthewaterresourceforpeopleand
theenvironment.MinnesotaStatutes103G.265requirestheDNRtomanagewaterresourcestoensure
an adequate supply to meet longrange seasonal requirements for domestic, agricultural, fish and
wildlife,recreational,power,navigationandqualitycontrolpurposes.
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Minnesota’s climate provides an ample supply of water. A relatively good network exists for
understanding precipitation patterns, lake levels and stream flow that enable management of surface
water systems. However, far less is known about the groundwater system. Since 75 percent of
Minnesotansdependongroundwatersystems,andbecausedependenceisincreasing,aquifersystems
willneedtobebetterdefinedinthefuture.Additionally,thestatewillrequireabetterunderstandingof
therelationshipsbetweensurfaceandgroundwaterandthehealthofMinnesota’secosystems.
ConclusionsandRecommendations2010WaterAvailabilityAssessmentReport
In conclusion, the report states that an increasing number of Minnesota locations are experiencing
watersupplyproblemsrelatedtoinadequatesupplies,unacceptablequalityorboth.Wateravailability
problemsaremoreevidentinplaceswhere:
x
x

x

Water is being consumed faster than it can be
replenished;
Land use choices that are made without proper
planning and protective practices are degrading
watersupplies;and
Thenaturallandscapehasbeenchangedsogreatly
thattheecosystemsthatremainarenolongerable
to provide essential cleansing and recharge
functions.

Watersthatbecomeimpairedby
contaminantsarestillavailablefor
use;however,thecostofremoving
contaminantsmaybesoexpensive
thattheresourcebecomes
undesirableandisnotconsidered
available.

Wellmanagedindustry,agriculture,housing,manufacturing,powergenerationandpublicwatersupply
systemsareallnecessaryelementsfornurturingandsustainingcommunities.Tomaintainallthenatural
resource features that contribute to Minnesota’s attractive quality of life, including fish and wildlife
habitat and recreational opportunities, each growth and development decision must include
considerationofitseffectonthewatersupplyandassociatedwaterresources.Carefulconsiderationof
theeffecteachusemayhaveontheavailablewatersupplyisessentialforthesustainabilityofthewater
supplyandthewatersupply’sabilitytoberechargedforfuturegrowth,developmentandenjoyment.
Ensuring the future of Minnesota’s water supply will require practicing thoughtful water supply
management, including conservation, restoration, study and protection. Only in this manner will
Minnesotanscontinuetowiselycontroltheirwaterresourcedestiny.
Pastmanagementsystemsweredesignedaroundmanagingtheconsequencesofanindividualproject
to prevent an adverse impact on the natural system. While largely successful in this endeavor, the
challenge for all levels of government in Minnesota will be adapting to understand and manage the
impacts on public, economic and environmental health from the collective actions of all land use and
watersupplymanagementdecisions.
The report states that to begin to eliminate current problems and avoid future water availability
problems,Minnesotamustimprovebothunderstandingandthequalityofmanagementdecisionsinthe
followingareas:
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x
x

x

x

Weneedtosignificantlyincreaseourunderstandingofhowwatermovesinto,throughandout
oftheearthbeneathus.
Wewillneedtolearnhowtoreduceourwithdrawalofwatertonotexceedtherateofrecharge
nor adversely impact local resources. As we pump groundwater from the aquifer system,
withdrawals have the potential to reach a point after which they will not be sustainable and
competitionandconflictswillensue.
Wewillneedtomanagelandusestoensurethatwaterrechargetoourgroundwatersystems
hashadsufficienttimeortreatmenttoremovecontaminantsbeforeenteringsubsurfaceflow
pathways.
And finally, we will need to learn more about how our surface waters are dependent on
groundwatersystemsforsupplythroughouttheyearsowecanpreventundesirableimpactsin
lakes and wetlands, rivers and streams, and in natural and rare plant communities that all
provideimportantfunctionstowardthequalityoflifewehaveenjoyedinMinnesota.

Thereportconcludesthegreatestthreattohavingsufficientwatertoassureourmanyandvariedneeds
comesfromhowwehavemanipulatedthelandscapewithoutdueconsiderationofitsimpactsonwater
quantity,waterqualityandtheecosystem.Theecosystemfunctionsofnaturalplantcommunitiesthat
slow water flow and remove nutrients and other compounds can reduce problems through better
landscape planning and management choices that retain these essential functions. Looking forward,
Minnesotamustbecomemuchwiserabouthowitismanagingthelandsandwatersofthestateifthere
ishopeforthedesiredavailabilityandqualityofwatertoprovidethequalityoflifewedesire.

StatusofMetropolitanWaterSupplyPlanning

MetropolitanAreaWaterSupplyPlanning:
ReporttotheLegislatureaspartofthe2010
MinnesotaStateWaterPlan
The Metropolitan Council is directed in Minnesota
Statutes
473.1565
to
submit
findings,
recommendations and planning activities to the
EQBforinclusioninthe2010StateWaterPlan.The
report,MetropolitanAreaWaterSupplyPlanning,is
AppendixD.

473.1565METROPOLITANAREA
WATERSUPPLYPLANNINGACTIVITIES
Thecouncilmustsubmitreportstothe
legislature regarding its findings,
recommendations, and continuing
planningactivitiesundersubdivision1.
These reports shall be included in the
"Minnesota Water Plan" required in
section103B.151,andfiveyearinterim
reportsmaybeprovidedasnecessary.

TheMetropolitanCouncilisresponsibleforcarrying
out planning activities that address the water
supply needs of the metropolitan area. Planning
activities include the development of a Twin Cities Metropolitan Area Master Water Supply Plan. This
planwasdevelopedincooperationwiththeMetropolitanAreaWaterSupplyAdvisorycommittee,the
Minnesota Department of Natural Resources and additional stakeholders to provide guidance,
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emphasize conservation, promote interjurisdictional cooperation and inform longterm sustainability
withconsiderationforreliability,securityandcosteffectiveness.
ReportOverviewMetropolitanAreaWaterSupplyPlanning
The plan for the sevencounty area, approved in March 2010, summarizes five years of community
outreach, data collection and technical analysis. The framework in the plan guides longterm water
supply planning at the local and regional level. The plan uses an adaptive approach to water supply
management,settingforthadynamicprocessforthecollectionofnewinformation,updatinganalytical
tools,andimprovingguidancetoaddressanticipatedwaterresourceissuesandtoensuresuppliesare
developedsustainably.
TheCouncil’splanningactivitieswereorganizedintotwophases.Duringthefirstphase,culminatingina
report to the 2007 Minnesota Legislature, the Council conducted a preliminary evaluation of water
supplyavailability,examinedthewatersupplydecisionmakingandapprovalprocessandexploredthe
need for a regional role in water supply safety, security and reliability. The second phase refined the
water resource availability assessment and culminated in the Metropolitan Area Master Water Supply
Plan. Phase II analyses focused on the following stakeholderidentified issues that have limited water
supplyavailabilityinthepastandmayoccurinthefuture:
x
x
x
x
x
x

Impacttosurfacewaterfeatures
Significantaquiferdrawdown
Wellinterference
Impacttotroutstreamsorcalcareousfens
Aquifervulnerability
Presenceofspecialwellconstructionareas

Definitions
Traditional groundwater sources
aresourcesthatarecurrentlyused
byeachcommunity.
Alternative water sources include
otheraquifers,surfacewatersand
neighboringwatersupplysystems.

The analysis conducted as part of the planning effort
indicates that, overall, the region’s water resources are
adequate to meet projected demands for the foreseeable
future.However,localissuesarepredictedtocontinuetoariseiftraditionalsourcesaredevelopedto
meetthosedemands.Theissuesincludeimpactstosurfacewaters,unacceptablegroundwaterdeclines
andthepotentialforinterferencewithprivatewells.
ConclusionsandRecommendations–MetropolitanAreaWaterSupplyPlanning
The Master Plan provides a framework for longterm water supply development at the local and
regionallevelthatdoesnotharmecosystems,degradewaterqualityorcompromisetheabilityoffuture
generations to meet their needs. The plan recognizes the benefits of identifying, early in the process,
issuesthatcommunitiesneedtoaddress.
The plan presents the results of the metropolitan area water supply availability assessment at both a
regional and community scale. The regionwide water supply assessment highlights potential problem
areassothattheycanbeconsideredinthedevelopmentofregionwideplans.Theplanalsoprovides
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enoughdetailonthepotentiallocalproblemstoensurethatwatersupplierswillbeawareofwhatmust
beaddressedaspartofdevelopment.Thisscalevariabilityisintendedtoidentifyandcoordinatewater
supply planning activities among utilities, local, regional and state planners and resource managers,
reducingthelikelihoodthatwatersupplyproblemswilldevelop“undertheradar.”


Figure 2: The analysis shows potential groundwater level drawdown primarily in outerring suburbs that rely
primarily on groundwater. Should these communities continue to use their traditional groundwater sources,
aquifer water levels are expected to decline significantly in some areas. Use of alternative water sources may
neutralizepredictedimpacts.

The plan presents local information in communityspecific water supply profiles. The profiles provide
information about each community’s current and projected water demand, current potential supply
sourcesandissuesidentifiedthroughthetechnicalanalysis.Inaddition,theplanprovidesguidanceto
communities for addressing the issues identified in their profiles. With this information, communities
willbeawareofpotentialwatersupplyissuesandtherangeofappropriatesolutionsbeforeinvesting
significanttimeandmoneyininfrastructureplanning.
The 2010 master water supply plan expands upon recommendations identified in the 2007 legislative
report, particularly those that support an adaptive management framework. The master water supply
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plan stresses ongoing data collection, analysis and tool updates for water supply decisions. As the
regionalplanning process continues,thesetoolswillsupportthe developmentandimplementationof
longterm sustainable water system decisions. Lessons learned through this process are expected to
resultinfuturerecommendationstoensurethesustainabledevelopmentofwatersupplies.
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Chapter4ChartingaRoadmapfortheFuture–Implementation
PrinciplesandStrategies

In preparing for the 2010 Minnesota Water Plan, the EQB convened an interagency team to identify
strategicdirectionsforguidingthewaterrelatedfunctionsoftheagenciesoverthenext10yearsand
beyond. While the next state water plan is scheduled for 2020, the vision of these directions is long
term,extendingwellbeyondthatdate.
Planning, reporting and stakeholder involvement activities regarding Minnesota water resource
management needs and challenges contributed to the foundation of this plan. In the last five years
alone, agency personnel have engaged in coordination and planning efforts that have called on the
expertise of hundreds of state professionals and thousands of engaged citizens. The results of these
efforts, including the needs expressed and ideas for an improved future, contributed to the
developmentofthisplan.
The Legislature charges several state
agencies with managing and protecting
PrinciplestoGuideImplementation
Minnesota’s water resources. These
Thestrategicdirectionsframetheworkthatwill
agencies are committed to continuously
occur, while these principles guide their
adapting programs and direction to ensure
implementation:
sustainable water management. However,
these programmatic changes take time.
x Optimizedcoordination
Furthermore, benefits are often complex
x Prioritizedresources
and thus should be thoughtfully
x Comprehensivelandandwatermanagement
communicated to the public because the
x Adaptivemanagement
pace and presence of change can be
x Goalsandmeasures
inconspicuous.Additionally,landandwater
x Educationandoutreach
interactions are highly complex and
x Shared,longtermvision
dynamic systems; land and water

improvement efforts often take years to
demonstrate change, or change may be
maskedbyotherenvironmentalconditions.
Looking forward, the EQB and its member
agenciesrecognizetheneedtocontinueto
improvecoordinationofefforts,adaptprogramstonewinformationandcommunicatetheseinitiatives
andsuccessestothepublic.
Thisreportoutlinesninestrategiesforguidingtheworkofagencies.Duringthedevelopmentofthese
strategies,certainoverarchingprincipleswererecognizedthatcutacrossboundariesandarecriticalto
each strategy. These principles define how the work of the strategies will be implemented. The
implementationprinciplesarediscussedfirst,followedbyapresentationofthestrategies.
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ImplementationPrinciple#1–OptimizedCoordination

Coordination of efforts must be optimized across local, state and federal entities to maximize the
benefitsofcombinedactions.
Natural resource challenges are great, the implications of decisionmaking are significant and the
resources to address the challenges are finite. There has been a clear call for improved coordination,
and a responding increased effort among state agencies that is now expanding to include local
government,theresearchcommunity,federalentitiesandotherinterests.
Themajorityofdaytodaycoordinationeffortslackvisibilitybecausetheyareroutine–butnonetheless
critical – to successful water management. Effectively administered coordination leads to improved
efficienciesandprogramadaptation.Coordinationmustcontinuetobepromotedandexpanded,aswell
ascommunicatedtothepublicandLegislature.

ImplementationPrinciple#2–Prioritizedresources

Prioritiesmustbesettomosteffectivelytargetresourcesandmaximizeopportunities.
Agencies recognize a need to effectively prioritize resources to maximize the effectiveness of their
effortsbydirectingthemtoareaswheretheneedisgreatestandtheimpactisexpectedtoproducethe
mostbeneficialresults.Examplesinclude:
x
x
x

x
x
x
x

Monitoring – Gather data where the need is greatest, or in ways that are better coordinated
withrelatedefforts
Protection–Targetprotectionmeasureswithconsiderationforfactorssuchaswherethethreat
ismostimminent,orthelandandwaterresourceisconsideredofhighestvalue
Restoration – Apply restoration in concert with other activities based on consideration of the
valueoftheresource,thepotentialimpactoftheproposedrestoration,andtheengagementof
thelocalstakeholders,alongwithothersitespecificfactors
Research–Definethequestionsthataremostinneedofanswers
Problem identification – Identify the most critical water resource problems and target actions
and/orresourcestoaddressthem
Stakeholder engagement – Target stakeholder engagement in concert with monitoring,
protectionorrestorationactivities
Outreach–Targetoutreacheffortsinatimelymannerandwheretheyaremostneeded(e.g.in
advance of future resource management activities so that those activities will be done by
engagedandinformedcitizens,industryandlocalgovernment)

Inatimewhendecisionsoftenneedtobemadewithincompletedata,itiscriticalthatagenciesatall
levelsofgovernmentprioritizetheiractivitiesanddedicatepersonnelandresourcestowardareasthat
havethegreatestneedandcanprovidethehighestbenefit.
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ImplementationPrinciple#3–ComprehensiveLandandWaterManagement

Sustainablewaterresourcescanbeachievedwhenlandandwateraremanagedasaholisticsystem.
Landandwatermustbeviewedandmanagedholisticallyusingasystemsapproachthatrecognizestheir
complexinterconnections.Araindropthatbeginsassurfacewatermaysoonbecomegroundwater,only
tobedischargedlatertothesurfacewatersystem.Comprehensivewatermanagementrecognizesthis–
andthewayinwhichquantityandqualityareintricatelylinked.
Ifwaterisnotofsufficientqualityforitsdefineduse,itwillnotbeavailable,withouttreatment,inthe
necessaryquantity.Furthermore,bothqualityandquantityaredirectlyconnectedtolandmanagement
practices and land use changes, including those that result in water consumption. Vegetative habitat
affectswaterquantityandqualityinwaysthatdirectlyimpactthebiologyofthestream,allofwhichare
indicators of ecosystem health. A degraded ecosystem can often be used as an indicator of a system
from which water or fish may also be harmful for human consumption. Conversely, a healthy aquatic
systemoftenindicatesasystemthatisadequateforsustaininghumanhealth.Lookingtothefuture,no
singlepartofthesystemcaneffectivelybemanagedalone;rather,itmustbeevaluatedandmanagedas
asystemwithconsiderationofallrespectiveinteractions.

ImplementationPrinciple#4–AdaptiveManagement

Adaptivemanagementmustbeemployedtosupportinformeddecisionmakingwhilesupportingthe
collectionofinformationtoimprovefuturemanagement.
Adaptivemanagementisastructured,iterativeprocessofoptimaldecisionmakingrelativetochanging
demands, environmental conditions and uncertainty, with a goal of addressing change and reducing
uncertainty over time by adequately monitoring the system and its response. In this way, decision
making simultaneously optimizes resource objectives and generates information needed to improve
futuremanagement.Adaptivemanagementisoftencharacterizedas"learningbydoing.”
Someoralloftheprinciplesofadaptivemanagement
have been used to some degree in water resource
MinimizingRiskthroughApplicationof
management in the state for decades. Conversely,
AdaptiveManagement
someprogramsandmanagementstrategieshavenot
Managing water resources for the goal of
adequatelyrespondedtotheneedforchangerelative
water sustainability requires decision
to improved understanding, while others have not
makinginthefaceofuncertainty.Waiting
been developed to collect sufficient information to
forthecollectionofmoreinformationisa
assess effectiveness. Agencies involved with water
decision in itself, with risk associated in
management are more robustly integrating adaptive
waitingtoact.
management into their respective programs and will
continuetoemploythisapproachinthemonthsand
yearsahead.Stateprogramsmustbetransparentaboutwhathasworkedandwhathasn’t,andhowthe
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modified response will address what has been learned. Additionally, adaptive management calls for
periodic examination of progress and review of each program’s defined goals. As an example, the
impaired waters process was intentionally designed to be an iterative effort, informed by newly
generatedinformation.
Waterresourcesmustbemanagedtomeetagrowingnumberofcompetingneeds,atmultiplescales,
and over the longterm and in many situations where high levels of uncertainty exist. A foundational
premise of adaptive management is that knowledge of water resources, and the services that they
provide,isnotonlyincompletebutelusive.However,theseresourcesareandneedtocontinuetobe
used, even in the face of uncertainty. Decisionmaking must take place using the best available
information at the time. Adaptive management allows
futuredecisionstoimprovebasedonnewdata.Theability
One tenet of the Great Lakes
to act must be supported by the ability to react – quickly
Compact (Minnesota Statutes
and with the best resources currently available – when
section103G.801)is“topromotean
informationindicatesusesareunsustainable.
adaptive management approach to
Restoring water quality, hydrology and ecosystems that
the conservation and management
have been degraded by significant human alteration of
of basin water resources, which
naturalsystemsoverdecadeswillbechallenging;progress
recognizes, considers and provides
may also take decades. Implementing effective programs
adjustmentsfortheuncertaintiesin,
that will result in environmental improvements requires
and evolution of, scientific
the recognition that some trial and error is necessary.
knowledge concerning the basin's
There also must be recognition that the complexity of
waters and water dependent
natural systems which are being managed is so great that
natural resources,” demonstrating
despitesignificantscientificworkandunderstanding,even
thestate’scommitmenttoutilizean
in the most wellstudied systems, uncertainty will persist.
adaptive management approach in
However, with an appropriately designed monitoring and
waterresourcemanagement.
evaluation process, management decisions can be
periodicallyrefinedtoimproveeffectivenessandultimately
achievemanagementgoals.

ImplementationPrinciple#5–GoalsandMeasures

A system to define targets and measure progress must be in place to determine whether water
managementstrategiesareachievingdesiredoutcomes.
Stateagenciesinrecentyearshavebeguntoexplicitlydefinetargetsandmeasures,andtrackthemto
gaugeperformance.Itiscriticaltodevelopthesemeasuresspecificallyfortheoutcomessought.These
measures may be water resource improvement trends, indicators of social change or measures of
adoptionofbestmanagementpracticesorurbanconservationpractices.
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Passage of the Clean Water, Land and Legacy
ConstitutionalAmendmentin2008sentaclear
TMDL Implementation Plans are written to
message to the Legislature and Executive
include specific targets and defined measures,
BranchthatthecitizensofMinnesotastrongly
such as number of conservation practices
value natural resources, habitat, trails and
adopted, pollution reduction schedules (e.g. a
parks. However, the 25year commitment
25%reductioninphosphorusloadingbytheyear
demands that progress must be achieved and
2020),andwaterqualityimprovementtrends.
that resources must be distributed wisely.
Tracking
measures
of
effectiveness
demonstratesthatMinnesotaisimprovingitsenvironment,gatheringinformationthatcansupportthe
adaptive management principle, and communicating progress to the citizens. An interagency team is
developing measures specific to the Amendment resources and will be recommending longterm
measuresandtargetstotrack:
x
x
x
x

Agencyperformance,includingactivitiesandoutputs;
Financing,suchaslocaleffortsandleveragedfunding;
Environmentalchangesrelatedtowaterresourcetrends;and
Societalchanges,suchasadoptingnewhomeownerpractices.

Noneoftheseeffortsareeasytotrack;bothenvironmentalandsocietalchangesareparticularlyhardto
measure because they take time to mature, and cause/effect relationships are hard to untangle.
Regardless,theendgoaliswiseuseofresourcesandprogresstowardasustainableenvironment.

ImplementationPrinciple#6–EducationandOutreach

Effectivewaterresourcemanagementeffortsmustbringtogetherbothscienceeducationand
outreach
State agencies recognize that the desired actions to protect water resources must take place on the
landscape, which often results from the actions of individual landowners, communities, local
governmentandthebusinesscommunity.Landownersanddecisionmakerscanbenefitwhenthestate
providesguidanceanddirectionbasedonthebestavailablescienceanddata.Thus,whilestrongwater
managementdemandsgooddataandasoundunderstandingofsystemdynamics,theremustalsobea
commitmenttopartnerwithlandowners,stakeholdersandlocalgovernment.
Environmentaleducationtakesplaceinmanydifferentways.MechanismsincludethetraditionalK12
education, but also community programs, summer camps, environmental organizations, community
educationeffortsandmanyothers.Complementarytotheworkofstateagenciesiscommunicatingwith
customer bases; engaging in active stakeholder efforts; communicating generally through print and
electronic publications and mailings; and working with traditional educators in developing curriculum.
These efforts must continue and grow in the future to affect positive actions and change on the
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landscape. Mutually beneficial partnerships will need to be fostered to ensure that education by
nongovernmentalgroupscomplementagencyoutreachandstakeholderefforts.
Successinachievingthewaterplanvisiondependsonalllevelsofgovernmentworkingincoordination
on its implementation. State agencies provide the framework in which information is collected and
programsareadministered,butrelyheavilyonlocalgovernment,stakeholdersandlandownerstoapply
conservation practices and restoration efforts. Equally important is the support from and open
communicationwithourelectedofficials.Onlyworkingtogetheraslocal,stateandlegislativepartners
can we effectively improve our natural resource trends. Education and outreach are important
componentstoensuringallpartnershaveaccesstothesameinformationandthateffectivedialogues
takeplace.


ImplementationPrinciple#7–Shared,LongTermVision

ApplicationoftheMinnesotaWaterPlanvisiontoachievesustainablewatermanagementcanunite
peopleintocooperativeaction,inspiringthemtoworktogetherforacommonfuture.
The 2010 Minnesota Water Plan defines a shared
vision of strategies to move the state toward long
term water sustainability. This document defines a
longterm vision in which water is managed
comprehensivelyforquantityandquality;forhealthy
ecosystems and citizens; and in a way that doesn’t
jeopardize the resources of future generations. For
success, Minnesota must apply this shared vision;
Minnesotans must commit to memory that water
sustainabilityisourcommongoalandthatachieving
itwillrequiresustainedadaptivelongtermaction.

MinnesotaWaterPlanDefinesVision
The 2010 state water plan details a
shared, longterm vision – one in which
water is managed comprehensively for
quantity and quality, for healthy
ecosystemsandcitizens,andinawaythat
doesn’tjeopardizetheresourcesoffuture
generations.



SummaryoftheImplementationPrinciples
These seven implementation principles are broad, overarching principles relevant to each of the
strategies in this plan. The principles describe how the work of the agencies in carrying out the
strategiesshouldtakeplace.Inthisnextsection,theninestrategiesofthestatewaterplanarticulate
criticalactivitiesthatthestateagencieshavesetouttoaccomplishinthenext10yearsandbeyond.
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Strategy#1–IncreaseProtectionEfforts

Goal–Groundwaterandsurfacewatersuppliesareprotectedfromdepletionanddegradation,
recognizingthatprotectionisoftenmorefeasibleandcosteffectivethanrestoration
Minnesota has relatively abundant surface
and groundwater supplies that are vital to
humanhealth,qualityoflifeandeconomic
stability. The significant value of water
requires that Minnesotans protect their
resources and prevent degradation and
depletion.
ValueofGroundwater

Strategies
Thestrategiesareorderedstartingwiththosethat
are protective and involve local partners, followed
by management areas and their associated data
and information needs, and ending with decision
makingtools.

1. Increaseprotectionefforts
Healthy and robust groundwater systems
2. Promotewiseandefficientuseofwater
arecritical.Thoughthecitizensofthestate
3. Restoreandenhancelocalcapacity
mayhavedifficultyvisualizinggroundwater
4. Employwaterresourcemanagementunits
or understanding its complexity, they rely
5. Collect information necessary for water
ontheservicesitprovideseveryday.Three
managementdecisions
quarters of Minnesotans rely on
6. Improveaccesstoenvironmentaldata
groundwaterastheirdrinkingwatersource.
7. Providecurrentimplementationtools
Groundwater also is the source of a
8. Employatargetedapproachforprotectionand
majority of the state’s surface water
restoration Apply a systematic approach for
systems,
which
support
sensitive
emergingthreats
ecosystems and recreational economies
throughout Minnesota. Healthy ecosystem
functions help maintain the health of
surface and groundwater supplies. Due to
slowtraveltimeswithinmostaquifers,theconsequencesofunwiseactionstodaycanbechallengingto
detectastheyoccur,andmaytakeyearstobemeasuredthroughgroundwatermonitoringefforts.Ifa
contaminant is introduced, it cannot usually be immediately detected and, once detected, may be
extremely difficult and expensive to clean up. All of these factors make sustainable groundwater
managementchallengingandhighlightthenecessityofemployingadaptivemanagement.
ValueofSurfaceWater
ManycitizensinMinnesota’smajormetropolitanareasdependonsurfacewaterastheirdrinkingwater
source. Surface waters support ecosystems, fisheries, recreation, navigation, power generation,
industrialcoolingandamultitudeofotheractivities.HealthysurfacewatershelpdefineMinnesotaand
supportitseconomy.Yet,monitoringconductedbytheMPCAindicatesthatatleast40percentofthe
state’s surface waters don’t meet their designated uses and are considered “impaired.” Similar to
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groundwaterimpacts,restorationandquantificationofassociatedimprovementisaslowandexpensive
process.Limitedwaterandfinancialresourcesmakeprotectionahighpriority.
BenefitsofProtection
The importance of protection has long been recognized. Specific to groundwater resources, the
GroundwaterProtectionActof1989articulatedspecificprotectiongoals.TheCleanWaterLegacyActof
2006 was passed for the purpose of protecting, restoring and preserving the quality of Minnesota's
surface waters. And in more recent legislation, the Clean Water, Land and Legacy Constitutional
AmendmentpassedbyMinnesotavotersonNovember4,2008stressesprotection.
Theneedforgreaterfocusonprotectionextendsbeyondpreservingwatersupplies:Preventingwater
qualityproblemsbeforetheyoccurisakeytenetofthe1972CleanWaterActandstatewaterquality
laws and rules, equally as relevant today as it was in the past. The Department of Natural Resources’
January2010report,LongTermProtectionoftheState’sSurfaceandGroundwaterResources,detaileda
seriesofrecommendationsforthelongtermprotectionofsurfaceandgroundwaterusingmanyofthe
sametoolsandstrategiesdetailedintheMinnesotaWaterPlan.
Minnesota state agencies, in cooperation with the Clean Water Council, have developed groundwater
and surface water protection strategies that reflect that wellmanaged land leads to healthy aquatic
systems.ImplementationofthestrategieswilltakeplaceincomingyearsthroughtheMinnesotaWater
Planstrategiesandotherefforts.Protectingwaterresourcesleadstoensuringthatthestatewillhave
adequatesuppliesofsufficientqualitynowandinthefuture.Manyofthefollowingrecommendations
recognize the steps that have been started; however, commitment to their continuation and
advancementarekeytotheirsuccess.
Recommendations–IncreaseProtectionandPreventionEfforts
x
x

x
x

Continue development of protection and implementation strategies for groundwater and
surfacewaterresourcesandcommunicatetheresultsoftheseeffortstostakeholders.
Continue to identify and proactively address potential problems by focusing on protection
activities and tools for preventing degradation, including pollutant source reduction,
conservationandthefosteringofsustainablepractices.
Recognize the importance of local partnerships in identifying and capitalizing on prevention
opportunities.Workwithlocalgovernmenttoincorporateprotectionintolocalplanningefforts.
Employ compliance and enforcement techniques and voluntary practices as tools to prevent
degradationandoverusewhilesupportingtheongoingrefinementofstatemanagementtools
and techniques (e.g. refinement of water quality standards) to more precisely protect water
resources.
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Strategy#2–PromoteWiseandEfficientUseofWater

Goal–Waterqualitydegradationandwaterquantityconflictsareminimizedthroughthe
promotionofwiseandefficientuseofwater
Unsustainablewaterwithdrawalsandallocationscanhavesignificantadverseconsequencesonhuman
and ecosystem health, as well as cause significant financial burdens. Conversely, when water is used
efficiently,therearemultipleenvironmentalandcostbenefits.Thesebenefitsincludereducingtheneed
forconstructionandoperationoflargersupplyandwastewatertreatmentsystems;reducedenergyand
chemicalconsumptionfortreatingwaterandwastewater;andprotectionofenvironmentallysensitive
features such as instream flows, groundwater levels,
Per capita water use over the last 10
fens, wetlands and lake levels. Additionally, water
years has increased 6 percent, from 156
qualitydegradationcanbepreventedwhenlesswater
to 168 gallons per day (GPD) in the
isusedorismoreefficientlymanaged.Thesimpleact
metropolitan area, and 413 to 443 gpd
ofconservationbenefitsbothquantityandquality.
outstate. This trend indicates the
It is widely recognized that some areas of the state
likelihoodforincreasedfutureconflicts.
have limited water resources while others have
– DNR Water Availability Assessment
suppliesthatappeartobeplentifulorevenexcessive.
Report(AppendixC)
Despitethisdisparity,Minnesotanstendtotakewater
forgrantedinplanningfordevelopment;expectingto
finditavailableeverywhereinaquantityandqualitythatmeetstheirdemandsatminimalcost.
Historically,Minnesotanshavespentagreatdealoftime
andenergyinattemptingtoridthelandscapeofwateras
Metrocommunitiesuseroughly2.6
quickly as possible, with significant adverse
timesmorewateronthepeaksummer
environmental consequences. Additionally, this
daythananaveragedaypresumablyto
perception of excess water has affected public
accommodatelawnwatering.This
understanding regarding the need to conserve. Even in
leadstocostlyconstructionofnew
relativelywaterrichregions,thereareconsequencesfor
municipalwells,treatmentandstorage
withdrawals.Theseincludereduceddischargetosurface
facilitiesandincreasestheriskofwater
water features and ensuing impacts to aquatic life;
qualitydegradation.Moreimportantly,
impacts on neighbors; potential influences on the
itdepletesthelimitedreserveofwater
migration of contaminants; and the rising costs
morequickly.
associated with constructing new wells and associated
infrastructure. While there are clear benefits from efficient use, it is also true that most Minnesotans
rarely experience shortages or are even aware of them; therefore there is no sense of urgency to
conserve. With growing demand for water and more limits on supplies for both quantity and quality
reasons,waterconservationwillrequiremuchmoreseriousattentionbyallusersinyearstocome.
Minnesota’slawshavelongrecognizedthebenefitassociatedwithemployingwaterefficiencies,aswell
as the respective savings to both users and the state. However, the challenge is continuing to
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communicate this message to citizens and industry in a state that has many resources and relatively
inexpensiveaccesstowater.Toolsthatarebeingused,andwillcontinuetobeimportantinthefuture,
include:
x
x

x

x

x

x
x

State agencies are developing programs and leading efforts for water conservation, guided by
MinnesotaStatutessections103A.205and103A.206.
Minnesota Statutes section 103G.101 requires that the commissioner of the Department of
Natural Resources (DNR) develop a water resources conservation program for the state that
includes conservation, allocation and development
ofwatersforthebestinterestsofthepeople.
WaterConservationPrograms
Minnesota Statutes section 103G.301 also allows
Many suppliers have some type of
for consideration of alternatives to the actions
watering restrictions in place over
proposed in permit applications, including
the summer. These are typically
conservation measures to improve water use
odd/even restrictions that help
efficienciesandreducewaterdemand.
reduce peak day demands,
Minnesota Rules 6115.0770 state that “in order to
allowing utilities to develop
maintain water conservation practices…it is
systems for lower peak volumes.
necessarythatexistingandproposedappropriators
Communities also provide water
and users of waters of the state employ the best
conservationmessagesthroughbill
available means and practices based on economic
inserts, websites, newsletters and
considerations for assuring wise use and
other
local
media.
Other
developmentofthewatersofthestateinthemost
conservation measures employed
practical and feasible manner possible to promote
by water utilities include leak
the efficient use of waters.” The rule goes on to
detection, tree or topsoil
allow the DNR to “require a more efficient use of
requirements and metering or
water to be employed by the permittee or
monthlybilling.
applicant.”
The DNR, in review of all appropriation requests,
considersefficiencyofuseandintendedapplicationofwaterconservationpractices(Minnesota
Rules 6115.0670). In addition, Minnesota Statute section 103G.291 requires that public water
suppliersservingover1,000personsemploywaterusedemandreductionmeasuresincludinga
conservation rate structure and education program prior to requesting additional
appropriations.
Minnesota Statutes chapter 115.03 requires that applicants for wastewater discharge permits
evaluateintheirapplicationsthepotentialreusesofthedischargedwastewater.
Public water suppliers provide information on their water conservation programs as part of a
water supply plan (Minnesota Statutes section 103G.291); most have a conservation payment
ratestructureinplace,orwillby2013,tomeetstatutoryrequirements.

WhileitisclearthattheDNRhasanexplicitstatutoryandregulatoryroleinensuringwiseusethrough
thewaterappropriationpermitrequirementsandreviewofmunicipalwatersupplyplans,theremaining
state agencies have a role in promoting water conservation. All are in agreement with the need to
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incorporate conservation and promotion of wateruse efficiencies in their water programs. Therefore,
theagencieswillseekopportunitiestopromotewaterconservationandwiseuseinallaspectsofwater
management. Despite the variability in water availability across the state, a coordinated, consistent
messagefromstateagenciesthatwiseandefficientuseofallthestate’swateriscritical.Similartothe
firststrategy,manyoftherecommendationsinthissectionrecognizethatimportantstepshavebegun,
butcommitmenttotheircontinuationandadvancementarekeytotheirsuccess.
Recommendations–PromoteWiseandEfficientUseofWater
x
x

x
x

Continue to promote water efficiency and seek opportunities to further advance water
conservationandwiseuseinallaspectsofwatermanagement.
Encourageotherentitieswitharoleinmanaginglandandwaterresourcestoincorporatewater
conservation goals into local water plans while evaluating options for incorporating water use
efficiencyinregulatoryprograms.
Ensure a coordinated, consistent message that wise, efficient use of all the state’s water is
important.
Develop guidance materials on best management practices for water conservation as well as
exploreandsupportopportunitiesforalternativemethodstoefficientlyuseresourcessuchas
stormwaterandwastewater.
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Strategy#3–Restore
andEnhanceLocal
Capacity

AligningSelfandPublicInterestforCleanWater



ByAnnieLevensonFalk,CitizensLeague,July16,2010

Goal – Recognition of and
supportforlocalcapacityand
actionsisincreased

Duringourstudyonwatergovernancelastyear,Ifoundagem
ofaquotefromaCitizensLeaguereportbackin1993:

Thestateishighlydependenton
the daytoday activities of local
governments, nonprofits and
landownerstomeetitslandand
water management goals. State
and community partnerships
continue to achieve significant
accomplishments,
harkening
back to the earliest organized
approaches
of
watershed
management initiated by the
federal Soil Conservation Service
in the 1930s. The state
recognizes that in order for
water management to be
effective, support is necessary
from local governments, non
profits and landowners. While
the assessment, funding and
overall goals may originate with
thestate,implementationoccurs
atthelocallevel.

“Statelawmakersshouldembracetheviewthatthepurposeof
governmentistodesignenvironmentswhereindividualcitizens
andinstitutionsaresystematicallyorientedtoaccomplishpublic
purposes,andwheretheymeettheirowninterestsinthecourse
ofdoingso.”
This is exactly what we need to do to address problems like
water pollution. The biggest water quality problems we're
dealingwithtodayarenotthemajorindustrialpollutersofthe
past; they're caused by pollution from the activities of the
millions of individuals, businesses, and communities on the
landacrossthestate.Reducingpollutionisgoingtorequirethe
public (i.e., us) to acknowledge that we're the source of the
problemandtotakeacentralroleinthesolutions.
Scienceandengineeringhavetoldusalotaboutwhatwecan
dotoimproveourwaters.Thequestionfortherestofusisnot
somuchwhatcanwedo,buthowarewegoingtodoit?
Most of our water pollution comes from our activities on the
land. And most of the land is in private ownership. So the
peoplewhoownandcareforthelandaretheoneswhoneed
tomakethechanges.
Thekeywaterpolicyquestion,notaskedfrequentlyenough,is:

In recent years, the foundation
How does Minnesota set up the environments in which
on which water resource
individuals, businesses, farms and other organizations all
management implementation
work together with government toward the goal of clean
largely depends – especially for
water,becausetheymeettheirowninterestintheprocessof
addressing nonpoint source
doingso?
pollution – has eroded as local
government funding reductions
have limited local capacity for
water resource management in
someareasofMinnesota.Forthestate’seffortstobesuccessful,existingcapacitymustbesupported
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and lost capacity must be rebuilt. Increasing funding for local projects is not the only answer. While
money needs to be provided for local projects, there also needs to be recognition of the capacity
required for the local entity to apply for, receive and make the best use of the project funds. This
capacitymustbesustainedacrossfundingcycles.
CoordinationofLocalEffort
ShorelandManagementAct
Thehealthandsustainabilityofsurfacewater
and groundwater resources are directly
The Shoreland Management Act is an
related to land uses within watersheds that
example of recognizing the importance of
drain to surface water features and recharge
local land use regulation to statewide water
aquifers.Landusemanagementanddecision
resources. Shoreland and riparian areas are
making is conducted by local governmental
critically important to water quality, flow
unitsincoordinationwithprivatelandowners
regime,rechargeandecosystemfunction.The
andlandmanagers.Decisionsatthelocallevel
conceptoftheShorelandManagementActis
individually and cumulatively have the
to provide statewide minimum standards for
greatest impact on water resource
land uses in shoreland areas, which are then
management within the state. The local
implemented by local governments through
capacity to understand, access and evaluate
land use ordinances. This component of
information,aswellassupportandencourage
riparian land use management is a critical
good land use decisions and water resource
piece of water resource management that
management practices, is highly variable
needs additional resources for updates and
across Minnesota. A key aspect of the state
implementation.
water plan strategy is to ensure that local
governments have access to needed
informationandusethatinformationaspartofdecisionmaking,educationandoutreachefforts.New
levels of coordination with local government (cities, counties, SWCDs, watersheds) are essential for
implementationofsustainablewaterresourcemanagement.
LocalEngagement
State government tends to interact with its local partners on a programbyprogram and projectby
projectbasis,ratherthaninanintegratedway.Opportunitiestosolverootproblemsoraddresslarger
stateandcommunityconcernsmaysometimesbemissed.Localcapacitytomanagewaterandrelated
landresourcesislimited,andsomelocalgovernmentsareconcernedthattheymustnavigatethrougha
maze of multiple federal and state agency interests, perspectives and requirements. The state is
currentlyexploringopportunitiestoengagelocalgovernmentsacrossissuesandatavarietyofscales,
including major watersheds and groundwater management areas, and increasing program delivery
through local governments to accomplish better outcomes for Minnesota communities and natural
resources.
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Recommendations–RestoreandEnhanceLocalCapacity
x
x
x
x
x
x
x
x
x

Implement organizational structures that enhance local contacts and coordination with local
governments. Explore programmatic opportunities to attract additional funds for local
implementationbyusingstatefundstoleveragefederal,localandlandownercontributions.
Deliverassesseddataandtrendinformationtolocalmanagers.
Participateintheestablished10yearplanningcyclesatthecommunitylevel.
Look for opportunities for federalstatelocal fund to be coleveraged for multiple benefit
projectsandactivities.
Utilize local governments to costeffectively provide state program services when appropriate
byintegratingfunctionswithotherlocalservices.
Increase recognition of and stabilize support for local capacity and actions – local capacity
cannotthrivewhilegoingfrompotentialgranttopotentialgrant.
Continue to explore ways to support state and local collaboration to provide consistent
messagesandinformationtolocalinterests.
Develop a system of incentives to reward local units of government that incorporate water
availabilityandsustainabilityconsiderationsintotheirwaterandlanduseplansanddecisions.
Buildandmaintainthecapacitytoworkacrossprojects,programsandagenciestomeetlocalas
wellasstateneeds.


Strategy#4–EmployWaterResourceManagementUnits

Goal – Statelevel water resource management activities are improved by defining water
resourcemanagementunitsforcoordinatingasystemsapproachtomanagement
One of the big challenges for the state in effectively managing its water resources is organizing and
coordinatingmanagementeffortsatascalethatpromotesefficiency,engagementandimplementation
success. Experience has shown that addressing water resources at a toosmall scale, such as a
waterbodybywaterbody
approach,
can
miss
opportunities to identify related problems and address
WaterResourceManagementUnits
them more comprehensively and, in the process, realize
x Surface water managed through
economies of scale. Conversely, selecting a management
the81majorwatersheds
area that is too large – such as the state as a whole,
ecoregions or even river basins – can make it difficult to
x Groundwater managed using
coordinate activities with the area’s many federal, state
source water protection areas
and local partners and can present barriers to fostering
and groundwater management
local engagement. Delineation of surface and
units
groundwatermanagementunitsprovidesawaytodefine
thenaturalresourcetoimprovecoordinationofmapping,
monitoringandmanagement.
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SurfaceWaterManagementUnits
AkeystrategythathasemergedfromtheimplementationoftheCleanWaterLegacyActandactivities
supported by the Clean Water Fund is the use of the state’s 81 major watersheds as the organizing
frameworkforsurfacewaterqualitymanagementundertheact(Figure3).Themajorwatersheds,while
large enough to provide a systems approach to solving problems and to gain economies of scale, are
small enough to promote targeted and coordinated efforts and are hydrologicallybased units.
Additionally, a coordinated watershed approach enables addressing protection and restoration for
multipleimpairmentssimultaneously.Thisdoesnotmeanthatthemajorwatershedsareaonesizefits
allscaletoaddresseveryquestion.Rather,thisstrategyisaboutusingtheappropriatescaletoachieve
resourcegoals.Othermanagementscales(individualwaterbodies,basins,etc.)continuetobevaluable;
the employment of the major watershed scale is simply a tool for enhancing the coordination and
efficiencyofmonitoringandmanagement.
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Figure3.Minnesota’s81majorwatershedsandtheirrespectivemonitoringschedule.
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GroundwaterManagementUnits
Similarly, for groundwater, source water protection areas and groundwater management areas are
beingdevelopedtodefinetheboundariesandflowpathwaysforsubsurfacewatermovement.Whileit
is recognized that surface watershed and groundwater aquifer boundaries are different, both systems
need to be managed in an integrated manner when possible, recognizing that landuse management
choices will impact the sustainability of human and ecological health. Merging the understanding of
surface and groundwater movement will foster increased coordination and collaboration among state
agencies and with federal and local groups as the state and its partners continuously improve
management tools based on new information and system understanding. Additionally, characterizing
thelargersystemwillimprovequantificationofflowthroughtheresourcetoenhancemanagementof
sustainablewithdrawals.
DefiningBenefits
The benefits of this “water resource management unit” approach to organizing and coordinating the
workofwaterresourceprotectionandrestorationaremany,including:
x
x

x

x

Identifying most, if not all, water resource problems in an area at one time. Additionally,
enablingtheopportunitytoaddresstheproblemsthroughacoordinated,efficientprocess.
Fosteringincreasedlocalunderstandingofhowwatermovesthrough,acrossandbeneaththe
landscape, which will help identify causes and solutions to both water quality and quantity
issues.
Providing citizens, stakeholders and local government an opportunity to proactively engage in
the resource management work, first through volunteer and local monitoring activities, and
then through implementation efforts. This upfront engagement helps set the stage for local
involvement in water resource management and enhances the information available for good
planningeffortsandsuccessfulimplementationofrestorationandprotectionstrategies.
Developingeffectivemanagementstrategiesbasedonhydrologicboundaries.

Thisapproachalsoprovidesanopportunitytointegrateandprioritizeprotectionandrestorationefforts
atthemanagementunitscale,relyingondatatodeterminewhatactionsareneededandhowresources
can be most effectively allocated. With this approach, protection becomes an integral part of the
identifiedmanagementstrategiesandmanagementandimplementationeffortscanthenincludeboth
protectionandrestorationfocusedactivities.
Recommendations–EmployWaterResourceManagementUnits
x
x
x

Utilize water management units to organize and communicate data, trend information and
preferredstrategiestolocalplanningprocessesandorganizations.
Continue to employ a major watershed approach to protecting and restoring surface water
quality,whileenablingscalingeffortsupordownasappropriate.
Defineandemploygroundwatermanagementareas.
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x

x
x

x

Achievethegoalofa10yearcycleformonitoringandassessment,TotalMaximumDailyLoad
allocation and protection strategy development, and implementation of regulatory and
nonregulatoryactionstoprotectandrestoresurfacewaterquality.
Develop schedules collaboratively for groundwater monitoring, mapping and management
activitiestofostercrossagencycoordinationandefficiency.
Align major watershed and source water protection or aquifer management area monitoring,
planning and implementation schedules where possible to foster a better understanding of
surface water/groundwater interactions, identify opportunities to concurrently meet
groundwaterandsurfacewatermanagementneeds,andhelpavoidunintentionallytransferring
problemsfromonewaterresourcetoanother.
Use and enhance existing local delivery systems to deliver conservation locally within water
resourcemanagementunits.

Strategy#5–CollectInformationNecessaryforWaterManagementDecisions

Goal–Informationnecessarytosupportsustainablewatermanagementdecisionsiscollected
efficientlyandcollaboratively
The state is employing a thoughtful, integrated and collaborative approach for collecting prioritized
information,intargetedlocations,andwithintimeframesthatwillinformwatermanagementdecisions.
It has long been recognized that effective water resource management requires sufficient data and
information about the hydrologic systems to inform sound decisionmaking. While a great deal of
informationhasbeencollected,anunderstandingofstatus,trends,stressorsandinteractions(between
groundwaterandsurfacewater,waterandlanduse,climateandrecharge,ecosystemcomponents,etc.)
is essential to identifying and achieving water resource goals and supporting adaptive management
principles.

“Sustainable water management requires
sound data to support understanding of the
variouselementsofthehydrologicsystem.This
includes high resolution landscape and soils
information, precipitation, aquifer recharge,
aquifer discharge, aquifer withdrawals,
ecosystemservicesneeds,surfacewaterquality,
ground water quality, evapotranspiration,
surface
water
and
groundwater
interconnections and flow pathways, among
othertraits.”

The state has made significant progress
towards meeting this need in recent years,
particularlyinthesurfacewaterarenawiththe
advent of the Clean Water Legacy Act and
Clean Water Fund support for monitoring and
informationgathering efforts. Furthermore,
there has been a renewed effort in the past
year to generate new critical groundwater
data. While gaps remain, the state is on a
trajectory to address many of those gaps over
the next 10 years, provided that funding
continues.

2008EQBreport,ManagingforWater
Sustainability

Each agency has a specific need for collecting
information relevant to its statutory mandates
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and agency objectives. To gain a more complete understanding of the hydrologic system, these
information sources must be considered together. State agencies routinely coordinate ground and
surface water sampling activities to eliminate redundancy and maximize efficient use of limited
resources. In addition, information collected for a variety of purposes is routinely shared across
agencies.Thiscollaborativeapproachisworkingwell,andisfurtherenhancedbyeffortstoidentifyand
employ “water resource management units” (discussed in Strategy 3) to prioritize, schedule and
communicatefuturedatacollectionefforts.
While discussion of the collection of water information often occurs in the context of surface and
groundwater,itisimportanttorememberthatthesesystemsareconnectedandalsoincludelandscape
andbiologicalsystems.Thefollowingsectionsonsurfacewater,groundwater/surfacewaterinteraction,
andgroundwaterprovidefurtherdiscussiononthecollectionofexistinginformationaswellaspriorities
forcollectingadditionalinformation.
SurfaceWater
The state is on track to monitor and assess its surface waters on a 10year cycle and to monitor the
outletsofmajorwatershedsforfloodwarning,pollutanttrendandadaptivemanagementpurposes.The
CleanWaterLegacyActandtheCleanWaterFundhavegreatlyaccelerateddatacollectionforsurface
water quality (biology, physical characteristics and chemistry). There is a need to continue that effort
over the 10year cycle, expand the effort through local parternships and use adaptive management
conceptstomeasureprogressandidentifyinformationgaps.
Additionaleffortsareneededtocollectinformationthatwillassistin
determining the water quality and quantity requirements of healthy
ecosystem functions and drinking water. Typical approaches to
address ecosystems have tended to orient around the minimum
requirements(quantityandquality)ofanecosystem,ratherthanwhat
is needed to support a healthy ecosystem. The natural variability of
flowswithinayear(seasontoseason)andbetweenyears(drytowet
years) is a factor that biota have adapted to and depend upon.
Understanding and addressing the variability requirements of
ecosystemscontinuestobeachallengeforwatermanagers.

FiveKeyComponents
forEcologicalFunctions
x
x
x
x
x

Hydrology
Connectivity
Biology
Geomorphology
Waterquality

The relationship of surface water to the landscape or watershed is also critically important to
understanding the system. For example, information is needed about the role of small headwater
streams and wetlands in overall system health. This better understanding will be used in the
development of predictive tools utilizing hydrology, connectivity, biology, geomorphology and water
quality information to assess watershed health. These tools will ultimately help inform land use
decisionsthatareprotectiveofwaterresources.
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GroundwaterandSurfaceWaterInteraction
Groundwater and surface water management has traditionally occurred independently of the other,
which has led to unintended consequences. Groundwater pumping, for example, can reduce aquifer
levelsthatadverselyimpactseeps,springs,wetlandsanddischargetostreams.Conversely,groundwater
recharge from unsustainable land use and surface water can transport chemical constituents into the
groundwater system. Additional information on sitespecific geology, hydrology and identification of
sensitive landscape features will better inform water appropriations, best management practices and
land use decisions to avoid adversely affecting ground and surface water interactions. An improved
understandingofsurfaceandgroundwaterinteractionswillhelpensurethatbothcomponentsofwater
resourcesarebeingprotected,andwearenotinadvertentlytransferringproblemsfromonecomponent
toanother(i.e.fromsurfacewatertogroundwater,orviceversa).
Groundwater
Efforts to develop information for understanding groundwater systems are ongoing. Agencies are
makingsignificantprogresstowardaddressinginformationgapsrelatedtoaquifercharacteristics,water
qualityandwatersustainability.Whiletrenddataisavailableforseveralimportantpollutants,itisstill
lacking for others; monitoring and information gathering efforts being implemented through recent
fundinginitiativesaredesignedtoaddresssomeofthesegaps.Regardless,sufficienttimeisnecessary
forcollectionofdatathatsupportrigoroustrendanalysis.
Continuing development of county geologic atlases and development of groundwater monitoring
networks, such as the groundwater level monitoring network for the 11county metro area, are
examples of ongoing efforts that will better inform land and water management decisions. However,
additionalinformationisrequiredtobetterunderstandaquifercharacteristicssuchasrecharge,storage
andmovementofwaterintheseundergroundsystems,andtoidentifyareasathighriskfordepletion
and/orcontamination.
Groundwatersystemsdataareparticularlychallengingbecausethemaininformationsourceistypically
asinglepoint(i.e.awell)onthelandscape,requiringsignificantinterpretationbetweenpoints(wells)to
definethesystem.Forthesereasons,itisimportanttomaximizetheinformationobtainedfromeach
point and prioritize those areas of investment for information collection. State agency programs will
need to increase monitoring requirements and coordinate efforts under existing authorities to ensure
enoughinformationiscollectedtounderstandandmanagegroundwatersystems.
Concurrently, more work is necessary to characterize the quality of private drinking water wells.
Monitoring efforts exist for public water supplies (through the Department of Health), and ambient
groundwater quality (through the Pollution Control Agency and the Department of Agriculture). With
theexceptionofarequirementfortestingnewlyconstructedwells,Minnesotalacksasystematiceffort
to monitor and understand private drinking water well quality. Traditionally, well owners have been
encouragedtoconductannualtestingoftheirwater,butfewdoandthedatathatisgeneratedisnot
aggregated in a single location for public use. There have been some recent efforts coordinated by
counties with state agency support – most notably the Southeastern Minnesota Nitrate Study – but
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more work is needed to assure that these water supplies, which are outside the Source Water
ProtectionProgram,aresufficientlyunderstoodandprotected.
Recommendations–CollectInformationNecessaryforWaterManagementDecisions
x
x

x

x

x

Continue work on collaborative and integrated systems of groundwater and surface water
informationcollection.
Continuerecentlyaccelerateddataandinformationgatheringefforts,suchasthe10yearcycle
of watershed monitoring, enhanced groundwater monitoring, and increased efforts to better
understandaquifercharacteristics.
Focusonthefollowingpriorityareasforadditionalinformationcollection:
x Waterqualityandflowrequirementstosustainhealthyecosystems
x Groundandsurfacewaterinteractions
x Aquifercharacteristicssuchasrecharge,use,storageandtransmissivity
x Resourcethresholdsandperformancestandardstoinformmanagementdecisions
Identifydefensiblecriteriaforassessingthecriticalwaterlevelsorflowconditionsrequiredto
support ecosystems. The criteria should consider ecosystemsensitive practices that protect
criticalcomponentsofthehydrograph,including:
x Ahabitatandpopulationbasedminimumflow
x Ahighflowprotectionstandardthatprotectscriticalhabitatformingandsiltflushinghigh
flows
x Protectionsfordownstreamneeds
x Protectionsforthenaturalvariabilityofflowsovertime(hydrographshape)
Increaseeffortstocharacterizethequalityofprivatedrinkingwaterwells.

Strategy#6–ImproveAccesstoEnvironmentalData

Goal – Decisionmakers and the public have ready access to environmental data to support
soundmanagementdecisions
Gooddatahavediminishedvalueiftheyarenotreadilyaccessible.Agenciesarecommittedtomaking
easy and efficient access to data a high priority of their respective programs. Many reports call for
improveddatacollectionandmonitoringefforts,butitisequallyimportanttoensureaccesstothedata
tosupportplanningefforts.
RecentProgress
Greatstrideshavebeenmaderecently.Agencieshavefocusedonstrengtheningtheirwatermonitoring
effortsanddefiningclear,longtermplansfordatacollectionandcommunicationoftrends.Concurrent
withenhanceddatacollectionefforts,agencieshavemadesignificantprogressinrecentyearstoward
enhancingaccesstoenvironmentaldatathroughwebportals,suchastheMinnesotaPollutionControl
Agency’s Environmental Data Access site (which includes Department of Agriculture monitoring data),
andtheuseofdatastandardssuchasDepartmentofHealth’sCountyWellIndexuniquewellnumber.
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The Department of Natural Resources (DNR) recently received resources to implement a foundational
waterlevelmonitoringprograminthe11countymetropolitanarea.Asapartofthisproject,theDNR
will begin the development of a groundwater level data management framework that will improve
storage,accessandsharingofdatabetweenagenciesandotherlevelsofgovernment.Additionally,the
MetropolitanCouncil,DNRandMPCAareworkingtogetherondefiningbetterdatabasetools.
The MPCA received a modest Clean Water Fund allocation to begin development of a “Watershed
InformationManagementSystem”thatwillserveasaportalthatwillconnectmultiplesourcesofwater
dataandinformation.Theseeffortsarefoundationalandshouldbebuiltupontoensurethatresource
managersanddecisionmakershaveaccesstotheinformationtheyneedtosupportamoresustainable
waterresourcemanagementsystem.
DefiningGoals
Easyaccesstoaccuratedataandinformationensuressoundmanagementdecisionsandefficientuseof
resources. Furthermore, to ensure costeffective use of existing information and funds, agencies will
acceleratecooperativeeffortstoshareandsimplifypublicaccesstoenvironmentalandtechnicaldata.
The goal will be to provide information in a variety of formats to encourage adoption by citizens,
interest groups, local units of government, watershed groups and other interested parties and to
facilitate the exchange of information among professionals. A welldesigned data access system will
improve the state’s ability to clearly communicate trends in areas such as surface water discharge,
groundwaterwithdrawals,waterqualityconditionsandecosystemhealth.
Recommendations–ImproveAccesstoEnvironmentalData
x

x

x

x

x

Establish data standards that provide a common format for accessing and sharing identified
categories of water data (e.g. surface and groundwater quality, surface and groundwater
quantity,biological,andmeteorologicaldata,etc.).
Identifyandprioritizegapsinthecurrentdatamanagementsystem.Forexample,stateagencies
areawareoftheneedforarepositoryforstoringandsharingsurfacewaterandgroundwater
flowdatacollectedbylocalgovernmentandotherpartners,andareactivelyevaluatingoptions
formeetingthisneed.
Develop an implementation plan for enhanced data management that includes system
requirements,aprioritizedlistofneeds,agencyrolesandresponsibilitiesandaworkplanand
costforfillinggapsandimplementingidentifiedimprovements.
Continue to provide more and better opportunities to share water data and information
through web portals, analytical tools (such as the DNR’s Watershed Assessment Tool and the
Environmental Quality Board’s Water Availability Information System), map interfaces and
upload/downloadfunctions.
Continue efforts to develop and apply water sustainability models and planning tools,
integrating new information and research results, as well as additional social, economic and
environmentaldata.
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x

x
x
x

Providethecontextualinformationneededtounderstandandusewaterdata,suchasstandards
andbenchmarks,trendinformationandsupportingdataaboutlanduse,climate,hydrogeology,
geomorphology,soils,nativeplantcommunities,protectedfeaturesandecosystems.
Identifywaterqualityandquantitytargetsanduseanimproveddataaccesssystemtomeasure
progresstowardsthem.
Build on recent and current data access projects to identify the users of state water data and
their information needs, and use that knowledge to guide future data access enhancement
projects.
Developguidanceinformationforthepubliconagencymonitoring,mappingandmanagement
activities. Clearly articulate the roles and responsibilities of the various entities involved in
naturalresourcemanagement.
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Strategy#7–ProvideCurrentImplementationTools

Goal – Water resource concerns are addressed through the use of an adaptive approach to
updatingmanagementtools
A variety of management tools are used by
state agencies, local governments and
stakeholders to protect and improve water
quality. These tools can take many forms –
communitybased outreach efforts; voluntary
bestmanagement practices and guidance;
incentives;andregulatoryrulesandstandards
based on scientific information that supports
policy objectives. It is important that these
toolsarecurrentandeffective toensurethat
protection and restoration efforts are
successful.
The selection of one or more management
tools to address water quality and quantity
concerns may be driven by the scope of the
problem, by the water quality issue being
addressed (i.e., is it acute or chronic in
nature?),orbyothercomplexitiesthatrequire
developmentofothertools.

ExamplesofWaterResourceProtection
ManagementTools
Successful management tools can include such
efforts as education, rules, enforcement and
incentives:
x
x
x
x

x

x
x

Best management practices (BMPs) offer
guidance to users regarding the management
of pollutants, processes, land and waste.
BMPs and other tools offer guidance so that
impacts on water quality are prevented or
resource degradation is minimized to the
greatestextentpossible.Certainconservation
practices help protect against or reverse
damagetowaterandadjacentlandresources
to ensure that ecological and resource
protective functions are maintained or
improved.

x

x

x

Stormwaterdrainstenciling
Constructionsitesiltfencing
Liquid waste management and recycling
guidance
Local
ordinances
regarding
land
management and impervious surfaces,
includingshorelands
Best management practices for use of
pesticides in agricultural and residential
settings
Rules for management of feedlots and the
landapplicationofmanure
Regulationsforindustrialandnonindustrial
dischargestowaterways
Enforcement programs for compliance with
storage tank rules and containment
structurerequirements
Incentives or recommendations for
alternative crop rotations, production
systemsorlandmanagementapproachesin
agriculturalsettings
Incentives to protect healthy ecosystems
such as conservation design developments
andtransferofdevelopmentrights

When BMPs and other recommended practices fail to be effective or are not adopted, despite their
practicality,othersolutions–suchasthedevelopmentofincentivesorregulationsbasedonscienceand
stakeholderinput–maybenecessary.
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Management practices, protection incentives and regulations should continue to be optimized and
refinedoverthenext10years.Forexample:
x

x

x

Considerable progress has been made refining management practices, rules and standards to
reflectnewunderstandingofwaterqualityandecosysteminteractions,andtoaddresschanging
landuseconditions.Continuedrefinementisneededasnewinformationbecomesavailableand
toreflectnewissuesandopportunities.
Manywaterresourceprotectionlawsandrulesareworkingwellandachievingdesiredresults.
Othersarenotaseffective,whichcouldbeduetomyriadfactorssuchasinconsistentadoption
across the state, lack of adequate funding or the need for additional education and technical
assistance. These tools should be fully optimized to enhance water resource protection and
restoration.
Effortstoavoidproblemsbeforetheyoccurthroughpollutionprevention,complianceactivities,
education and product stewardship have accelerated in recent years. These activities should
continue to improve our ability to address potential threats to water resources before they
becomecostlyrestorationproblems.

Ultimately,recommendedpractices,guidanceandlaw,supportedbyadequateeducationandoutreach,
shouldcreateasetofextremelyflexible,robustanddiversetoolsthatare periodicallyreevaluatedto
ensuretheireffectivenessandpracticalityandincorporatenewinformationandlearning.
Practicestoprotectlandandwatersystemsaredetailedinthefollowingtwosections.However,these
toolsapplytoallofMinnesota’slandscapes.Thesectionsincludeexamples relatedtoagriculture,but
the same practices are relevant to any activity across the state that modifies the landscape, including
forestry,mining,urbandevelopmentandindustry.
WaterQualityBestManagementandConservationPractices
For many groundwater and surface water contaminants, recommended management practices (e.g.,
Best Management Practices) and conservation practices are the primary tools for protecting and
restoring water quality. However, the cost and effectiveness of many practices can vary considerably
dependingonmultiplevariables.Onesizedoesnotfitall,andwhatmaybebeneficialforoneareaofthe
state,onemunicipalityoronebusinessmaynotbeappropriateinanother.Somepracticesmaybemore
difficult or expensive to implement or may have undesired consequences on nontargeted
contaminants. In some situations, the practices and technologies promoted may be less effective in
certain settings, may change over time, or understanding may advance since the practice was last
revised. For these reasons, and to ensure that limited funding is spent wisely, it is important to
periodically review and quantify, to the extent practical, the costs, benefits, limitations and
environmentaloutcomes,bothintendedandunintended,fromspecificmanagementandconservation
practices.
In a similar manner, BMPs can be applied for enhancing water quantity. These water quantity
conservation practices are detailed more explicitly in Strategy 2 to promote wise and efficient use of
water.
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AgriculturalBestManagementPractices
BMPsforagriculturalcontaminantsoftenneedtobedeveloped orupdated toaddressenvironmental
concernsandtokeeppacewithevolvingtechnologiesandcropproductionpractices.Newplanthybrids
or new methods for the precise application of fertilizer are examples of innovations that may require
new BMPs. Because agricultural BMP development depends on understanding and incorporating
multiplevariables,andforreasonsoutlinedabove,itisimportanttodevelopandimplementastepwise
systematicprocesstoreviewBMPs.
Therearethreestepsinthisprocess.Thefirststepistoestablishasystematicprocesstoscreenexisting
BMPsandidentifythosethatrequireamoredetailedreview;gapsincurrentBMPs;andnewpractices
ortechnologieswhichmayrequireaBMP.Thereshouldbeaneasilyunderstood,transparentprocess
for the systematic review of BMPs and the identification of issues or concerns regarding their
implementation.Thisprocessshoulddeterminewhethertherearesufficienttechnicaldatatodevelopa
BMPand,ifnot,recommendadditionalrequiredprojectstoacquiresuchdata.Theprocessshouldalso
includeafeedbackloopinwhichgrowersandcropadvisorscanprovideinputintothereviewprocesson
theobstaclesfortheirsuccessfulimplementation.
ThesecondstepistoundertakeBMPevaluationprojectstofullyunderstandandquantifytheircosts,
benefits,limitationsandenvironmentalimpacts.BMPsmayvaryfromextremelysimplepracticesthat
are easy to implement to potentially complex and expensive ones that might require considerable
fundingandknowledgefortheirimplementation.FormanyagriculturalBMPs,tofullyunderstandand
optimize their implementation will require plotscale or fieldscale evaluation supported by water
monitoringandcomputermodeling.
ThethirdstepintheprocessistosupportlocalBMPdemonstrationsitesthatfacilitatetheirsuccessful
adoption. Demonstration sites for BMPs will help refine the BMPs to address potential variability in
conditions that frequently exist on a regional or local scale. For example, a local demonstration site
would help educate farmers on how a specific practice will complement their cropping system.
DemonstrationsitesalsohelpaddressthehumandimensionofBMPadoptionbecauseanindividualwill
bemuchmorelikelytoadoptapracticeifafriendorneighborcanpersonallyexplainanddemonstrate
thatitworks.DemonstrationsitesshouldbeintegratedintolocalandregionaleffortstopromoteBMPs.
ResearchthatisusedforagriculturalBMPdevelopmentshouldbeeasilyavailabletothepubliconline.
TheBMPsshouldbecompiledinaneasilyaccessibleformatthatidentifieswhere,whenandhowthey
mightbeused,aswellasthepotentialtradeoffsbetweendifferentcontaminantsorpracticesthatmight
beimpactedbytheBMP.
Agricultural BMPs are an important tool for protecting water quality. They are also a fundamental
buildingblockforotheractions,includingregulations,toprotectgroundwaterandsurfacewater.Ifthey
arenoteffective,thestateisatriskofexpendingconsiderableresourceswithoutachievingthedesired
improvementsinwaterquality.
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Recommendations–PrioritizeDevelopment,EvaluationandImplementationofWaterQuality
ProtectionManagementTools
x

x

x
x

x

x
x

Develop a summary of existing laws and rules that are not yet fully implemented and identify
the barriers (financial, policy, administrative, etc.) that are preventing their effective
implementation.
Provide appropriate guidance to landowners and local government to ensure that all
management and conservation practices are adopted in the most effective manner for their
sitespecificapplication.
Supporteffortstoevaluate,developandadvancemanagementandconservationpractices.
Develop a systematic process to screen existing management practices, further refine existing
practiceswhenappropriateanddevelopnewpractices.Partofthisprocessistounderstandand
quantify the costs, benefits and limitations of formal BMPs and other management and
conservationpractices.
Support local demonstration sites to facilitate the successful adoption of BMPs and other
practices. Share findings of research studies used for BMP and conservation practice
developmentthroughaneasilyavailableonlineaccesspoint.
Continuetorefinestandardsandrulesasneededtoreflectnewinformationandissues.
Identify connections between regulation, education, incentives and protection activities, and
continuetooptimizetheuseofthesetools,incombination,toachievewaterqualitygoals.


Strategy#8–EmployaTargetedApproachforProtectionandRestoration

Goal–Landmanagementprojectsaretargetedtohighriskareastoprotectandrestorewater
resources
Thestateappliesatargetedapproachtoimplementprotectionandrestorationprojectstoensurethat
limited resources are allocated in a manner that provides the greatest possible return on investment.
Effective deployment of implementation tools begins with a tailored understanding of where on the
landscape activities are impacting water resources. Minnesota targets activities on two levels: broad
targetingoccursatthestateprogramlevelwhilerefined,smallerscaletargetingisemployedatthelocal
level.Thistwotierapproachincreasestheeffectivenessofthestrategy.Thisstrategyisstronglylinked
with the second implementation principle that calls for prioritizing limited resources to be applied
wherethegreatestbenefitmayberealized.
Insomesituations,arelativelysmallsectionofthelandscapemaybecontributingadisproportionately
high percentage of contaminants. Identifying these vulnerable areas, also known as priority
managementzones,isanecessaryfirststepinimplementation.Oncetheseprioritymanagementzones
areidentified,quantifyingthechangeneededtoprotectorrestorewaterresourcesisalsonecessary.
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Itisimportanttonotethatusingatargetedapproachdoesnotsignifythatbestmanagementpractices
orotherimplementationtoolsareignoredinlessvulnerablelandareas.Acertainpercentageoffunding
and effort should be allocated to promoting BMPs in all areas where their adoption will provide
increasedprotectionofecosystemfunctionsandwaterresources.However,itisintendedthatincreased
resourcesshouldbeexpendedinthoselocationsthatposethegreatestriskassourcesofcontaminants,
orthatwillhavethemostbenefit.
ToolstoIdentifyHighRiskAreas
A successful targeted approach requires the existence of
tools for identifying high risk areas on the land. For
example, recent developments in the use of LiDAR
technology, as well as enhancements in modeling and
stressor identification capabilities, are enabling a new
levelofriskidentification.Thedetailedtopographicmaps
provided by LiDAR can be combined with soil, wildlife,
floodplainandotherdatatocreateGISlayersthat,when
used in conjunction with computer models and field
evaluation sites, form the basis for a much more precise
method for targeting than has previously been available.
These and other landscapebased methods will have
applicationsforbothurbanandagriculturalsettings.
Similartoolsfortargetinghighriskareasarealsoavailable
for potential sources of groundwater and drinking water
contamination. The capture zones, times of travel and
hydrogeologic vulnerability of aquifers are already
defined in Source Water Protection Areas (SWPAs) for
municipal water supply wells. More detailed
hydrogeologic vulnerability maps could be created,
possibly incorporating crop or other sourcespecific GIS
layersinareasoutsideofSWPAs.

BroaderApplicationofTargeting
The strategy of “targeting” is
important to apply in a variety of
areas. Targeting allows the best
application of resources to the
areas in which they are most
needed or effective, including
monitoring,
protection
and
restorationefforts.
State agencies already use
targetingtosetprioritiesforwater
quality sampling; monitoring of
flows in rivers and streams;
enrollment
of
conservation
easements; and to inform
installation
of
wells
for
groundwater level assessments.
Local plans then refine targets for
localconditions.

RiskInventory
Identification of ecologically intact locations on the landscape will allow targeting of areas that are
providinghighqualityecologicalservices(waterquality,infiltration,floodretention,habitat,etc.)within
thewatershed.Theseareasarehighriskinthesensethatallowingdegradationofthesefunctionswould
resultindegradationofwaterresourcesintheareaaswell.Thereisanimportantcorrelationbetween
intactecologicalfunctionandsustainablewaterresources.InformationfromtheWatershedAssessment
Tool,combinedwithMinnesotaCountyBiologicalSurveydata,canbeusedtoidentifyareasthatneed
tobemaintainedtopreventecologicaldegradation.
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In addition to targeting intact ecological areas, the state must focus on areas of degraded ecological
function that provide the best restoration opportunities. The National Wetland Inventory Update
project will eventually allow coarse evaluation of wetland functions that can be used to target
restoration of ecological functions that are limited within a watershed. These information sources
shouldalsobeusedincombinationwithotherinformation,suchassoils,hydrologyandlandcovertype,
to target sites that are providing some ecological services but have stressors that are limiting the
functionofthesystem.
RiskEvaluation
Oncehighriskareasareidentified,asystematicapproachshouldbeusedforselectingandfundingthe
appropriatemanagementandconservationpracticesgiventheuniquelandscape,landuseandspecific
contaminantsofconcerninthewatershedorarea.Twoconsiderationsareespeciallyimportantinthe
selectionofrecommendedpractices.
First,itshouldberecognizedthatformanylandusestheremaybeasignificantcostandcomplexityto
changinglandusepractices.Forexample,ifafarmerhasbeenusingthesamecroprotation,orhasa
significant investment such as an irrigation system, it might be very difficult, expensive and risky to
implement a major change in practices. Conversely, there might be some practices that are relatively
easytoadopt.Priorityshouldgenerallybegiventothosepracticesthathavethegreatestprobabilityof
successandenvironmentalbenefitwithconsiderationforcost.
Second, in some watersheds or aquifer recharge areas there may be more than one contaminant of
concern and practices that may help minimize adverse impacts of one contaminant may increase
negativeimpactsofanother.
Forexample,soilincorporationmaybeadesiredpracticetoreducerunoffofnutrientsorpesticides,but
it may also increase the runoff of sediment, which may be the more significant concern in the
watershed. This potential for tradeoffs and unintended consequences is very real and is likely to
increaseovertimeasmorewatersarelistedasimpairedformultiplecontaminants.
To help address this concern, the state should develop and make accessible lists of contaminants of
concernforspecificwaterresourcemanagementunits.Thestateshouldalsodeveloplistsofpractices
for specific contaminants and resource protection goals and the potential contaminant and resource
tradeoffswithotherpractices.Locallandusemanagersandlocalgovernmentalunits(LGUs),withthe
assistance of state technical personnel, should select appropriate practices in consideration of the
contaminantsofconcern,landuse,landcharacteristicsandpotentialtradeoffs.
It may be expensive to implement major changes in land use practices. For example, changes in an
agricultural setting may include implementing an alternative crop rotation or removing land from
production.Forsomecontaminants,suchasnitrogeningroundwater,thestateshouldexploreoptions
forcreatingsustainablemarketsincluding,ifnecessary,subsidiesforlownitrogeninputcroprotationsin
highrisk areas. A sustainable marketdriven alternative crop rotation option such as alfalfa may be a
highly desirable solution to local contamination problems. This might be linked to alternative energy
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crops.Thesignificantcostofimplementingmajorchangesinlandusepracticesreinforcestheneedfor
carefultargetingoflandusechangesthatoptimizetheuseoflimitedresources.
Thestatehasmadesignificantprogressinemployingtargetedstrategies,includingprogressinadopting
BMPs, but still has persistent water quality and quantity concerns. Some of the easier solutions have
been employed, leaving the state with a need to rely more heavily on targeting to efficiently and
soundlydedicatelimitedresourcesinamannerthatisasefficientaspossible.Atargetedapproachcan
be applied in coordination with new tools that have been and are being developed to help with that
targeting,includingLiDARandresourcemodels.
Recommendations–EmployTargetedApproachtoIdentifyandProtectHighRiskAreas
x
x
x

Useatargetedapproachtooptimizelocationsformonitoringandsampling.
Useatargetedapproachtoidentifyhighriskareasonthelandscapeingreatestneedofspecific
BMPsandecosystemprotection.
Employ targeting methods to determine the optimal places on the landscape to achieve the
maximumbenefitfromtheuseoflimitedresourcesforprotectionandrestorationefforts.


Strategy#9–ApplyaSystematicApproachforEmergingThreats

Goal – A systematic approach is developed for identifying, assessing and responding to
emergingthreats
Minnesota’s water resources, while abundant, face a variety of recently recognized threats such as
aquaticinvasivespecies,possiblechangesinclimate,PFCs,andendocrineactivecompounds,toname
justafew.Astatestrategyforidentifying,assessingandrespondingtonewthreatstowaterqualityand
quantityandecosystemhealthisneededtoprovideacoordinatedplanforfederalandstateagencies,
workingwithlocalgovernmentandcitizensinresponse.
Stateagenciesareworkingtirelesslytoidentifyemergingissuesandthreatstowaterresources,gather
relevantinformationandestablishstrategiesforaddressingemergingissues.Manyoftheseeffortshave
followed an “ad hoc” approach with the lead state agency identifying and investigating the threat,
bringingintheotherwateragenciesasneededbasedontheirexpertiseandauthoritiesregardingthe
specificissueathand.Thisapproachhasgenerallyworkedwell,inpartbecauseoftheconcertedefforts
ofthestatewateragenciestoworktogetherinestablishingstrongcommunicationandcoordinationand
toclarifyrolesandresponsibilities.
While this ad hoc approach has produced effective results (for example, in addressing contaminants
such as PFCs), the continued increase in complexity along with new concerns suggests that a more
systematic approach across agencies for identifying and understanding new threats is warranted. It is
important to note that it will not always be possible to identify threats prospectively; at times, state
agencieswillstillbeinareactivemode.Whilethismoresystematicapproachcannotpreventthatfrom
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occurring,it canhelp ensurecontinuedstrong coordinationof agencyinvestigationsandresponsesas
newthreatsemerge.
Recommendations–SystematicApproach
forEmergingThreats
x

x

ContaminantsofEmergingConcern

Develop a systematic approach for
Progress is being made to better
identifying, assessing and responding
characterize surface and groundwater
toemergingthreatsinconsiderationof
systems.Withthatsaid,therearegapsto
thefollowingsteps:
be addressed during the next 10 years.
x Identifyandevaluateemerging
One area of need involves contaminants
threatstowaterresourcesona
of emerging concern (CECs), including
regularbasis
endocrineactive chemicals, pharm
x Prioritizeeffortstoinvestigate
aceuticals and personal care products,
andaddresspotentialthreats,
wherethestateiscontinuingtoassemble
anddetermineanapproachto
information about the presence, extent
fundinghighpriorityefforts
and potential impact of these chemicals.
x Clarifyandfurthercoordinate
A limiting factor can be the lack of
rolesandresponsibilitiesfor
availableanalyticalmethodsforanalyzing
investigatingthreatsincluding
these chemicals at appropriate detection
presenceandextent,impacts
levels. Also lacking are benchmarks for
(human,aquaticand
manyofthechemicals,whichareneeded
ecosystemhealth),stressors
to help interpret the potential impact of
andsources
what exists in the environment. As
x Establishdiverseteams,
analytical methods improve and new
includingpersonnelfrom
studiesfromacademia,state,federaland
federalagencies,state
other sources are published about CECs,
government,local
state agencies will need to regularly re
government,academia,
evaluatedatacollectioneffortstoensure
industry,environmental
wearegatheringtheinformationneeded
organizationsorotherrelevant
to adequately inform decisionmaking
parties,specifictothethreat
aboutthesechemicals.
underconsideration
x Identifymanagementtools,
bothavailableaswellas
needed,foraddressingthe
stressorsandsources,andcoordinatemanagementefforts
x Shareinformationwithinterestedstakeholdersandthepublicasitbecomesavailable
Conveneinteragencyteamsasneededtoaddressemergingthreatstomitigatetheir potential
adverseenvironmentalandhealthimpacts.
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SummaryoftheStrategies
Theseninestrategiesdefinewhatthestateagencieshavesetouttoaccomplishinthecoming10years
andbeyond.Thesevenimplementationprinciplesdescribehowthestrategieswillbeimplemented.The
principlesarebroadinnatureandaremeanttobeapplicabletoeachofthestrategiesdiscussedabove.
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Chapter5ConclusionsandNextSteps
The face of the water, in time, became a wonderful book – a book that was a dead language to the
uneducated passenger, but which told its mind to me without reserve, delivering its most cherished
secretsasclearlyasifitutteredthemwithavoice.Anditwasnotabooktobereadonceandthrown
aside,forithadanewstorytotelleveryday.
–MarkTwain,a.k.a.SamuelLanghorneClemens(18351910)
Minnesota–derivedfromtheDakotalanguagewordminisota,meaning“waterthatreflectsthesky”–
hasarichhistoryofrespectfulresourcestewardship.Citizens,landandbusinessowners,localandstate
officialsandsomanyothersclearlyseethenewstoriesTwainmentionsofourchanginglandscapeand
of progress made. They also see the challenges ahead for protecting and restoring surface water,
groundwaterandecosystemhealthinthe“Landof10,000Lakes.”
The 2010 Minnesota Water Plan defines a vision for Minnesota’s water resources in which healthy
ecosystems will meet the needs of future generations. The plan puts forth a series of strategies and
principles to guide state efforts toward protecting and restoring surface water, groundwater and
ecosystem health over the next decade. The strategies frame the work that agencies have set out to
accomplish, working in partnership with federal and local entities, as well as academia and citizen
groups. The principles guide their implementation. The goal, shared across Minnesota, is sustainable
waterandlandmanagement.
In recent years, nonprofitorganizations, stakeholder groups, state and federal agencies and academia
have led numerous efforts and studies regarding water and waterrelated issues. Their work endows
value, articulates opportunities for growth and informs subsequent activity. Their work also improves
understanding and benefits state agencies’ water protection and restoration efforts, which have
expandedinrecentyears.Movingforward,thissharedknowledgewillbecomeevenmoreimportantto
prioritize limited resources, apply adaptive management principles to programs, and build and foster
effectiverelationshipswithlocalgovernmentandstakeholders.
Each state agency must also continue its leadership and create collaborative partnerships across
boundaries.Agenciesmustcontinuetobeefficient,identifyquantityandqualitytargets,anddiscover
anddeliverimprovedproductstogether,withengagementofcitizensandlocalgovernment.
The Environmental Quality Board also must provide support to agencies to ensure effective
implementationoftheplan.Infiveyears,theEQBwillrevisittheplantogageitscontinuingrelevanceas
aguidetoachievingMinnesota’svisionofsustainablelandandwaterresourcemanagement.
The next steps will be challenging. However, for Minnesota to protect its resources for future
generations while continuing to provide goods and services to the world, it will be critical to apply,
evaluateandimprovethesestrategiesandprinciples.Astrong,sustainablefuturecallsforaproperand
prudent balance among Minnesota’s environmental, social and economic priorities. This will ensure
manynewandgoodstoriesfordecadestocome.
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2010 Groundwater Monitoring Status Report
1. Introduction
The 1989 Groundwater Protection Act (GWPA) (Minnesota Statutes, Chapter 103H.175)
requires the Minnesota Pollution Control Agency (MPCA), in cooperation with other
agencies participating in the monitoring of water resources, to provide a draft report on the
status of groundwater monitoring to the Environmental Quality Board (EQB) for review in
each even-numbered year. This report is written to provide an update of groundwater
monitoring activities in Minnesota to fulfill the MPCA’s 2010 GWPA reporting
requirements. For additional information on the background and history of groundwater
monitoring in Minnesota, see Minnesota’s Groundwater Condition: A Statewide View
(O’Dell 2007).
2. Agency Roles in Groundwater Monitoring and Assessment
Minnesota employs a multi-agency approach to monitoring groundwater that requires a wide
range of technical expertise to evaluate and assess groundwater resources. Please see the
attached table for descriptions of the roles the various agencies play in groundwater
monitoring, protection, and evaluation. It takes the concerted effort of all the state agencies,
along with local and federal partners, to build a comprehensive picture of the status of the
state’s groundwater resources.
The MPCA, Minnesota Department of Agriculture (MDA), and Minnesota Department of
Health (MDH) each have important statutory responsibilities in protecting the quality of
Minnesota’s groundwater. The MPCA and MDA conduct statewide ambient groundwater
quality monitoring. The MDH conducts groundwater monitoring for the purpose of
regulating public and private water supply wells and to evaluate the risk of contaminants in
groundwater to human health (O’Dell 2007). In addition to these agencies, the Minnesota
Department of Natural Resources (DNR) monitors groundwater quantity conditions across
the state through a network of groundwater monitoring wells. The groundwater monitoring
roles conducted by these agencies are shown in the figure below.

223

A 2004 Memorandum of Agreement (MOA) between the MPCA, MDA, and MDH clarifies
the agencies’ roles in operating a statewide integrated groundwater-quality monitoring
system, provided in Appendix A.

3. Water-Quality Monitoring and Assessment
Groundwater quality monitoring in Minnesota was conducted at many different levels during
2008-2009 including national, statewide, multi-county, and site-specific efforts. National
groundwater-quality monitoring was conducted by the U.S. Geological Survey (USGS) as
part of the National Water Quality Assessment (NAWQA). The USGS studies evaluated
chlorides in groundwater in the northern U.S. and mapped aquifer levels in the Twin Cities
area. Statewide groundwater-quality monitoring sampled a greater number of wells compared
to national efforts with a bulk of the monitoring conducted by the MPCA, MDA, and MDH.
Reports for two multi-county assessments of groundwater-quality conditions were completed
including a citizen volunteer monitoring of nitrate concentrations in southeastern Minnesota
and a reconnaissance of perfluorochemicals (PFCs) in the state’s ambient groundwater. A
considerable amount of groundwater monitoring was conducted at contaminant release sites
including: petroleum release sites, Superfund sites, brownfield clean-up sites, solid waste
landfills, hazardous waste sites, agricultural cleanup sites, and other facilities. The following
sections provide more detail about these monitoring activities.
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3.1 National Water-Quality Monitoring
As noted in the 2008 Groundwater Monitoring Report (MPCA 2008), the USGS has
conducted several regional groundwater studies that included Minnesota. These studies have
assessed groundwater quality as influenced by different land use settings for the presence of
organic wastewater compounds (OWCs), the occurrence of arsenic, the presence of uranium
and radon in glacial and bedrock aquifers, and to calculate groundwater recharge rates.
More recent work by the USGS assessed chloride concentrations in shallow glacial aquifer
systems in the northern United States within urban, agricultural and forested land use settings
(Mullaney et al 2009). The highest chloride concentrations in groundwater were measured in
urban areas followed by agricultural and forested areas.
The chloride report noted the use of salt for road deicing has increased since the 1950s in the
United States. These increases may be related to increases in road area and consequent
deicing, salt storage areas, wastewater and septic-system discharges, recycling of chloride
from drinking water, and landfill leachate. This report notes that human land use practices are
likely increasing salt concentrations in our shallow groundwater resources. Similar results are
noted in studies conducted by the University of Minnesota and MPCA which are presented in
the Regional Water-Quality Monitoring section of this report.
The USGS also conducted a study of groundwater levels in three principal aquifers within the
Twin Cities Metropolitan Area (TCMA) in cooperation with the DNR, MPCA, and
Metropolitan Council (Sanocki et al 2009). Water concentrations were measured once in
March and again in August of 2008 in the Prairie du Chien-Jordan, Franconia (Tunnel City
Group)-Ironton-Galesville (Wonewoc Sandstone), and Mount Simon-Hinckley aquifers. The
study noted large seasonal fluctuations in water levels between the sampling events and
provides important information for tracking water levels within the TCMA in response to
increasing groundwater withdrawals; and informing groundwater modeling efforts.
3.2.2

Statewide Water-Quality Monitoring

The MPCA and MDA continued statewide ambient groundwater quality monitoring during
2008-2009. This monitoring focused on aquifers that are vulnerable to anthropogenic
(manmade) contamination from the land surface. Monitoring groundwater in vulnerable
aquifers increases the likelihood that human impacts on groundwater quality will be detected
within a reasonable time frame. The MPCA ambient monitoring efforts were conducted in
non-agricultural areas of the state with a majority of samples collected in quaternary (glacial)
sand and gravel aquifers. The MDA monitoring focused on agricultural regions in quaternary
sand and gravel aquifers, with additional samples collected from springs in the southeastern
part of the state where little or no quaternary deposits are present. The locations for ambient
monitoring wells for both of these programs are overlain on Minnesota’s vulnerable aquifers
in the figure below.
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Figure 1. Ambient Monitoring Well Locations in Minnesota’s Vulnerable Aquifers.
MDH water-quality monitoring efforts continued to focus on assessing public water supplies,
which often utilize groundwater. The MDH sampled the quality of finished drinking water in
cooperation with the state’s public water supply systems to determine contaminant
concentrations as part of the Safe Drinking Water Act regulations.
Minnesota was selected as one of five pilot sites to test the concepts for a proposed National
Framework for Groundwater Monitoring Network (NFGWNM) (ACWI 2009). The proposed
NFGWMN will use selected wells from state monitoring networks to be included in a longterm national-scale assessment of groundwater quantity and quality conditions. Data will be
made available from the various state networks through a web-based data portal. The DNR
and MPCA are working cooperatively with staff from the USGS, EPA, and other
organizations to evaluate monitoring networks, field practices, and data management systems
to identify any monitoring gaps, changes required to conform to the proposed NFGWMN
criteria, and develop a prototype web-based portal for data sharing. The project area for the
Minnesota pilot study is the Cambrian-Ordovician aquifer system located in the southeastern
part of the state. In Minnesota, the Cambrian Ordovician aquifer system consists of the
Galena limestone, Platteville limestone, St. Peter Sandstone, Prairie du Chien Dolomite,
Jordan Sandstone, Tunnel City (Franconia) Sandstone, Wonewoc (Ironton-Galesville)
Sandstone, and Mount Simon-Hinckley Sandstone. A final report on this effort is expected to
be available by March 2011.
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3.2.1

MPCA

Within the last several years, the MPCA has redesigned its statewide ambient water quality
monitoring network to better represent ambient groundwater conditions within different land
use settings. Most monitoring wells originally sampled by the MPCA’s network were
installed for the purposes of remedial investigations; those wells installed “upgradient” of the
suspected contamination were also used for ambient monitoring to minimize network
installation costs. Using remediation wells resulted in a bias towards detecting gasolinerelated volatile organic compounds in surficial aquifers and likely was not representative of
ambient groundwater conditions. The redesigned network will focus on monitoring
groundwater quality within vulnerable, shallow sand and gravel aquifers to provide an early
warning of groundwater contamination, and to better understand how shallow groundwater
quality varies with land use, and to track changes in water quality over time. The network
will be located within non-agricultural parts of the state and focus on quantifying the impacts
from different urban land use settings, as shown on the figure below. Groundwater will be
tested for nutrients, inorganic compounds, volatile organic compounds and contaminants of
emerging concern that include endocrine disrupting compounds (EDCs). Assessing EDCs in
the groundwater is part of the MPCA’s larger efforts to determine the occurrence,
distribution, sources, and fate of these contaminants in the hydrologic system (Draft MPCA
Ambient Monitoring Plan 2010).

Figure 2. Statewide Ambient Groundwater Monitoring Well Networks for the MPCA
and MDA.
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In addition to monitoring ambient groundwater conditions, the MPCA continues to collect
groundwater quality information at contaminant spill and release sites, permitted landfills and
land treatment facilities. The MPCA remediation programs alone have investigated a
cumulative total of 20,699 sites with the main focus of protecting groundwater resources.
Approximately 1,660 of these sites have ongoing corrective actions, many of which include
groundwater monitoring. Petroleum product spill sites and voluntary investigation and
cleanup sites (brownfields) make up the majority of these sites, followed by Superfund,
RCRA and closed landfills. The most common contaminants detected at remediation sites are
volatile organic compounds and major and trace inorganic elements.
3.2.2

MDA

The MDA began monitoring groundwater in November of 1985 and redesigned its network
in 1998. New wells were installed in 1999, and the MDA began sampling these wells in
2000, shown as triangles in the map above. Wells were first installed in the vulnerable
aquifers located in the central sand plains (pesticide management region 4 (PMR 4) for the
purpose of tracking trends over time. Monitoring of other PMRs of the state began in 2004
that included sampling of naturally occurring springs in the southeast portion of the state
PMR 9. In 2009 natural spring monitoring was augmented with the sampling of domestic
drinking water wells. Groundwater in the north central and northeastern part of the state are
not currently monitored due to very limited agricultural production in these heavily forested
regions.
MDA collected samples from 169 wells and springs in 2009. Of the total sites, 143 were
monitoring or observation wells, 14 were private drinking water wells, and 12 consisted of
naturally occurring springs emerging from karst bedrock formations in southeastern
Minnesota. All of the locations are considered sensitive to contamination from activities at
the surface (MDA 2010).
The MDA also manages a remediation program which collects a large volume of
groundwater quality information from contaminant spill and release sites. Over 500 sites
have been investigated and one of the main priorities of these investigations is to protect
groundwater resources. Soil corrective actions are completed at most sites, and groundwater
monitoring is completed at many of these sites. Typical sites include agricultural chemical
storage and distribution cooperatives in rural Minnesota, agricultural chemical manufacturing
facilities and wood treating facilities. Groundwater monitoring also is conducted at sites
managed by the MDA, including the former Kettle River Creosoting Company site in
Sandstone, Minnesota. Common constituents that are monitored at MDA remediation sites
include fertilizers, herbicides and insecticides and wood treatment compounds.
3.2.3

MDH

The MDH continues to facilitate the monitoring of community public water supplies across
the state as required by the Safe Drinking Water Act. A majority of the nearly 1,000
community water supply systems across the state obtain their drinking water supplies from
groundwater. Including private well systems, the MDH estimates the total number of
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Minnesotans reliant on groundwater resources for drinking water and other purposes is 3.84
million or 73 percent of the state’s population (MDH Memo 2009).
Community public water supply systems are routinely tested for a number of different
contaminants, which include: pesticides and industrial compounds, bacterial contamination,
nitrate/nitrite, radioactive elements (radium), disinfection by-products, arsenic, lead, copper
and other inorganic chemicals. The MDH reviews these test results to determine if they meet
applicable federal or state drinking water standards. In the event of an exceedance, the people
who use the water are notified and appropriate steps are taken to correct the problem.
Private drinking water wells are not tested as part of the effort described above; however, the
MDH reviews nitrate, coliform bacteria, and arsenic data collected by well drillers from
newly installed drinking water wells to determine the potability of the water. Approximately
20 percent of Minnesotans are served by private water systems (almost entirely wells). State
regulations, administered by the MDH, now require licensed water well contractors (and
anyone constructing a new well for his or her personal use) to have the water from each new
drinking water well tested once for arsenic.
The MDH continues to administer the state’s wellhead protection program which is designed
to protect public water supplies from sources of groundwater contamination. There are
roughly 8,300 public water supply systems in the state that mostly use groundwater.
Wellhead protection planning is required to protect the groundwater resources and potable
water from contamination sources. For many of the larger community water supply systems,
extensive groundwater protection plans are required and reviewed by the MDH.
3.2.4

DNR

The DNR continued to maintain a groundwater level monitoring network across the state.
There are approximately 750 wells in this statewide network, which also is being evaluated
to determine its adequacy. Data collected from the network is used to assess groundwater
resources, determine long-term trends in water levels, interpret impacts of pumping and
climate, plan for water conservation, and evaluate water conflicts. Water level readings are
measured monthly in cooperation with soil and water conservation districts or other local
units of government. Site specific monitoring is required of 123 permittees. An ongoing
water supply planning effort is guiding establishment or improvement of monitoring plans
for all public water suppliers. More than 650 communities in the state have public water
supply systems, and 320 of these are currently involved in the planning effort.
The DNR is also developing county geologic atlases in cooperation with the Minnesota
Geologic Survey (MGS). As a part of that effort, groundwater sampling is done at selected
wells to support groundwater sensitivity mapping done as part of the county geologic atlas
series of reports. These atlases were completed in cooperation with the MGS. Approximately
80 to 100 wells were sampled in each investigated county to determine major ion and trace
element concentrations and tritium values. Stable isotopes of oxygen, hydrogen, and carbon14 age dating analysis also were conducted in a few wells which were suspected of having
very old water.
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As noted in the 2008 report, data was published from Pope and Crow Wing counties in 2006
and 2007, which was followed by publication of the Traverse/Grant Regional Hydrogeologic
Assessment in 2008. Data from Todd county is scheduled to be published in 2010. Data
collection for Carlton County is underway. Data collection for McLeod, Carver, Benton, and
Chisago Counties will be conducted in 2010.
The DNR also has completed a plan to improve groundwater level monitoring in the greater
Twin Cities Metropolitan Area. This monitoring is necessary to address the ever increasing
demands on groundwater resources in this area. The report titled “Plan to Develop a
Groundwater Level Monitoring Network for the 11-County Metropolitan Area” (MnDNR
2009) is based on the NFGWM and identifies the long-term needs for monitoring to
understand aquifers and groundwater movement in the region. This network will inform
groundwater protection activities, help reduce water quality degradation, and ensure that
water use does not harm ecosystems.
The DNR in conjunction with the MGS is conducting an aquifer investigation of the Mt.
Simon aquifer to better understand the physical and recharge characteristics of this important
aquifer. The investigation will map and monitor water levels of the aquifer in south-central
and east-central Minnesota and augment production of county geologic atlases for this area.
Monitoring wells will be installed in a number of locations to assess the physical and
recharge characteristics of this important aquifer. The wells also will be sampled for
chemical constituents that will help determine the residence time or age of the groundwater
in the aquifer. The wells will also be instrumented with equipment to continuously record
groundwater concentrations. The information generated by this project will be useful to water
management scientists, planners, drillers, consultants, industrial users, and municipal
officials for protection and use of this aquifer (DNR Memo 2010).
3.2.5

Metropolitan Council

The Metropolitan Council began a regional water supply planning effort in 2005. Five years
of community outreach, data collection, and technical analysis culminated in the
development and approval of the seven-county Twin Cities Metropolitan Area Master Water
Supply Plan. The framework in the Plan guides long-term water supply planning at the local
and regional level. The plan uses an adaptive approach to water supply management, guided
by management tools and based on the best available information generated through resource
monitoring and predictive analyses. Ongoing data collection and analyses are used to refine
the understanding of water availability and offer a robust range of options for meeting the
projected water demand.
A key component of this planning effort is a regional groundwater flow model, which
simulates all major aquifers underlying the Twin Cities Metropolitan Area. The Metropolitan
Council constructed this model (Metro Model II) with the cooperation of a technical
workgroup and other stakeholders. The Metro II Model simulates all major aquifers
underlying the TCMA, including the glacial drift or recent alluvium, St. Peter, Prairie du
Chien Group, Jordan, St. Lawrence, Upper Franconia, Ironton-Galesville, Eau Claire, and
Mount Simon-Hinckley. The model is designed to determine: 1) the maximum pumping
capacity of a proposed wellfield, 2) the drawdown from a proposed wellfield and if any
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existing wells may be impacted, 3) future groundwater concentrations, 4) the effect of
pumpage on ecological resources such as trout streams and calcareous fens, and 5) the effect
of land use on recharge and groundwater concentrations. The Metropolitan Council currently
is collecting additional aquifer hydraulic conductivity data that can improve the Metro II
Model’s predictive capabilities and will be useful for water planning efforts in Metro Area
communities.
Public outreach tools, such as the online Conservation Toolbox and water supply map
service, also are critical components of the plan. Current data collection efforts are targeted at
updating these tools and include characterizing ground and surface water interaction across
the region, creating a geodatabase of reported aquifer hydraulic properties, and developing
effective resource monitoring and water conservation strategies.
3.3

Regional Water-Quality Monitoring

3.3.1

Nitrates

Nitrates, the most common form of groundwater contamination in Minnesota, continue to be
widely detected in the state’s groundwater. Nitrate monitoring was included in the ambient
groundwater monitoring networks of the MDA and MPCA, USGS NAWQA, and the
southeastern Minnesota citizen Volunteer Nitrate Monitoring Network. The MPCA, MDA,
and USGS networks collected nitrate concentration data which can be used to identify
temporal trends. Nitrate concentration data was collected by the MPCA annually in
approximately 98 wells from 2008-2009, and in 31 of these wells since 2004. The MDA
sampled approximately 85 wells on a quarterly basis in the central sand plains which have
been in place since 2000, and the USGS has monitored selected wells for nitrates since 1995
as part of the NAWQA.
The final report for the Volunteer Nitrate Monitoring Network was issued by the Southeast
Minnesota Water Resources Board (SEMWRB 2009). The network was developed by the
SEMWRB, MDA, MDH, and MPCA to assess the practicality of establishing a costeffective, locally driven means of obtaining long-term data on nitrate concentrations in
private drinking water supplies. Nitrate concentrations were tested in approximately 600
private drinking water wells across nine counties in southeastern Minnesota. The wells were
monitored to determine the impact well construction and local land use have on drinking
water quality, and to describe the regional distribution of nitrate concentrations and any
temporal trends.
A review of the nitrate data, on a county-by-county basis, shows about 12% of the wells had
nitrate concentrations equal to or above the 10 milligram per liter (mg/L) drinking water
standard, 27% between 1 to 10 mg/L, and 61% of samples below 1 mg/L. The data also
suggest there may be a geographic pattern, with the eastern counties showing greater
percentages of wells with higher nitrate levels (Appendix 8.d, SEMWRB Final Report).
Results from the third round of sampling are shown on the figure below (Appendix 8.b, Final
Report).
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Figure 3. Southeastern Minnesota Volunteer Nitrate Study.
3.3.2

Chloride

The presence of elevated chloride concentrations in some of Minnesota’s urban streams and
lakes has generated several studies of the distribution of chloride in the groundwater
underlying urban settings. There are few natural salt-containing minerals in the sediments
and rocks underlying the Twin Cities Metropolitan Area, so any detected chloride in
Minnesota’s water resources likely is of anthropogenic (man-made) origin (Novotny et al
2008). Chloride is highly mobile in the environment, and numerous studies have
documented increased concentrations in streams, lakes, and groundwater in a variety of
environmental settings (Novotny et al 2007 and Wenck et al 2006).
A review of chloride concentrations and sources in the surficial sand and gravel aquifers of
Minnesota was conducted by the MPCA. Concentrations were most increased in urban
settings with lesser effects in agricultural and forested parts of the state. The highest
concentrations occurred in urban areas. Road de-icing chemicals were identified as the
primary source of chloride within urban areas, based on interpretations of chloride/bromide
ratios.
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The University of Minnesota prepared several reports that address salt impacts on water
quality that focus primarily on the Twin Cities Metropolitan Area (Sander et al 2007,
Novotny et al 2008). They have identified the presence of higher chloride concentrations in
shallow wells near major roadways. Higher chloride concentrations in shallow groundwater
monitoring wells compared to deeper wells in the region further suggests an anthropogenic
chloride source. Increased chloride concentrations also have been observed in shallow public
water-supply wells near Toronto, Canada (Bester et al 2006) and Chicago, Illinois (Kelly
2008) over the last 30 years.
4.2.3

PFCs

In 2004, perfluorochemicals (PFCs) were detected in drinking water supplies in groundwater
in several eastern Twin Cities suburbs; most of the contamination was traced to four dumps
or landfills. In 2004, MPCA began sampling monitoring wells at disposal sites and nearby
private wells. The MDH sampled city wells in Washington County to identify drinking-water
supplies with PFCs. Sampling soon expanded to a large part of the east metro. More than
1,600 private wells were sampled, along with more than 50 community wells. Both private
and community wells were affected, including a number of private wells in Lake Elmo,
Cottage Grove, Grey Cloud Island Township, and several of the city of Oakdale’s wells.
Based on PFC concentrations found in some wells, MDH advised 83 households not to drink
their water. The MDH, MPCA, and 3M have worked with affected parties to provide safe
drinking water by supplying alternative sources of water or assisting with water filtration to
remove PFCs. Results over the past several years indicate the groundwater plumes emanating
from the waste sites are stable, i.e. the areas of contamination are not expanding and
concentrations are not increasing. The MDH and MPCA continue to test wells in the area to
monitor any changes in concentrations or movement of the PFC groundwater plumes.
Testing of drinking water supplies outside of the eastern Twin Cities generally shows very
low to undetectable concentrations of PFCs, with the exception of low level detections of
PFBA (perfluorobutanoic acid). PFBA was detected in several wells at concentrations below
health concern levels established by the MDH. Long-term sampling of city and private wells
is underway to assure that actions can be taken to protect public health if concentrations
increase. Testing of additional drinking water sources throughout Minnesota will inform
efforts to evaluate potential exposure to PFCs through drinking water (MPCA 2008).

3.3.4 Contaminants of Emerging Concern
The USGS has been at the forefront in identifying chemicals of emerging concern (CECs) in
the United States (Barnes et al 2008, Lee et al 2004). In testimony before Congress, the
USGS noted that CECs include many chemicals used in our homes, businesses, and
industries, such as pharmaceuticals, detergents, fragrances, fire retardants, disinfectants,
plastics, hormones and insect repellants. Many of these chemicals are used in relatively small
quantities and were not expected to be of environmental concern; however, in recent years
advances in laboratory technology have allowed scientists to detect CECs in the environment
at very low concentrations, usually at less than one part per billion. Despite these extremely
low concentrations, investigation is warranted because the limited data suggest some CECs
may have adverse effects at these concentrations (Richardson 2007).
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The continual introduction of CECs into the environment may have undesirable effects on
humans and animals. The introduction of antibiotics and other pharmaceuticals into the
environment may result in strains of bacteria that are resistant to antibiotics treatment
(Daughton and Ternes, 1999). Another concern is the potential to adversely affect fish
reproduction due to endocrine disruption.
CECs were identified in Minnesota’s groundwater at low levels in a national reconnaissance
conducted by the USGS. The USGS tested for the occurrence of pharmaceuticals and organic
wastewater compounds (OWCs) from a network of 47 wells across 18 states. CECs were
detected at 81% of the wells sampled. The most frequent detections were for DEET (an
insect repellant-in 35% of the samples), bisphenol A (a plasticizer– in 30% of the samples),
tri (2-chloroethyl) phosphate (a fire retardant- in 30% of the samples), sulfamethoxazole (an
antibiotic-in 23% of samples), and 4-octylphenol monoethoxylate (a detergent metabolite-in
19% of the samples) (Barnes et al 2008).
In a Minnesota study, the USGS tested for the presence and distribution of OWCs in
wastewater, surface, ground and drinking waters. Samples were tested for pharmaceuticals;
antibiotics; household, industrial, and agricultural use compounds; sterols and hormones.
Groundwater sampling was limited to 11 wells located near potential OWC sources. A total
of 31 OWCs were detected in the groundwater samples. The greatest number of OWCs were
detected in two wells adjacent to a waste dump. For all of the samples tested the most
frequent detections were for cholesterol (commonly associated with animal fecal matter),
caffeine, DEET insect repellant, bromoform (by-product of waste and water disinfection),
beta-sitosterol (plant sterol and a know endocrine disruptor), AHTN (synthetic musk
fragrance widely used in personal care products); bisphenol-A (plastic in polycarbonate resin,
a known endocrine disruptor); and cotinine (a nicotine metabolite) (Lee, K.E., et al, 2004).
The MPCA is currently monitoring for endocrine disrupting compounds and other CECs in
the groundwater as part of its efforts to address the rising concerns associated with these
chemicals in Minnesota’s environment. This monitoring will expand the existing knowledge
of the occurrence of CECs in the groundwater.
Specific long-term objectives for the MPCA’s monitoring of EDCs and other CECs in
groundwater are to: 1) determine the occurrence and distribution of these contaminants in the
groundwater system, 2) quantify any temporal trends in concentrations, and 3) use this
information in conjunction with other data collected as part of ambient monitoring to
evaluate the sources of contamination in the groundwater (Draft MPCA Ambient Monitoring
Plan 2010).
One short-term objective of this monitoring is to define the magnitude of EDCs and CECs in
groundwater within urbanized parts of the state. Other areas may be targeted which have the
potential for CEC contamination, in subsequent sampling events, such as areas receiving
livestock manure applications (Nichols et al 1998, Peterson et al 2000). The current goal is to
sample 40 wells each year. Monitoring will first concentrate on shallow wells in the surficial
quaternary sand and gravel aquifers, which are more susceptible to contamination.
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All groundwater quality sampling will be performed by the MPCA in cooperation with the
USGS. All water sampling and analyses will be performed according to USGS procedures,
and all water samples will be analyzed to determine the concentrations of approximately 120
emerging contaminants including hormones, alkylphenol detergents, plasticizers, fire
retardants, pharmaceuticals, antibiotics, and personal care products. Many of these
compounds are known or suspected EDCs. Additional details of this work are presented in
the Draft MPCA Ambient Groundwater Quality Monitoring Network Improvements and
Implementation Plan (MPCA 2010).

Figure 4. Proposed Sampling Locations for EDCs and CECs in FY2010.
4.0 Groundwater Data Access and Management
Data from the MPCA’s ambient groundwater monitoring network, previous monitoring
efforts, and the open, closed, and demolition landfills are available on the MPCA’s website
through the Environmental Data Access (EDA) system. The EDA system was developed to
improve access to environmental data and is available at the following web address (URL):
http://10.4.5.106/water/groundwater/gwmap/gwdata.html.
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Groundwater quality data collected by other program areas including feedlots, National
Pollutant Discharge Elimination System/(NPDES) permitting, petroleum remediation,
Resource Conservation and Recovery Act cleanup, Superfund, and Voluntary Investigation
and Cleanup programs is not available in EDA; however, information on how to access
water-quality data from these programs is available through the MPCA’s Groundwater
Catalog, http://www.pca.state.mn.us/index.php/topics/environmental-data/edaenvironmental-data-access/eda-groundwater-searches/eda-groundwater-catalog.html.
The MPCA is transitioning its data management for water-quality data, which includes the
Agency’s ambient groundwater quality monitoring data to a new database (EQuIS) with
enhanced functionality. The new data management system will allow the MPCA to improve
the current limitations of STORET and design a system that is tailored to meet Minnesota’s
needs. EQuIS was procured by the MPCA in January 2010 and is being prepared to receive
the agency’s water-quality data. Migration of data from the current local STORET database
into EQuIS is expected to begin in May 2010 and is projected to be completed by Fall 2010.
EQuIS will allow for better compatibility with the MDA and other state agency databases.
5.0 Needs and Conclusions
The need for monitoring groundwater quality and quantity continues. A long term
commitment to the collection and analysis of groundwater data is necessary to identify
changes in water quality and quantity over time and provide information needed to
effectively manage and protect this critical resource. Groundwater movement is generally
slow and often requires years of monitoring to assess the trends and impacts of human
activities on this resource.
To date, groundwater monitoring efforts in Minnesota have identified that groundwater
quality generally is good and in compliance with drinking water standards. However, humancaused impacts to groundwater quality are apparent in many areas of the state. Areas of
impacted groundwater correlate well with land use practices known to cause the observed
quality impacts (O’Dell 2007). As noted in the studies cited in this report, groundwater
monitoring continues to verify the presence of elevated concentrations of nitrates, low
concentrations of pesticides and their degradation by-products, and chlorides in more
sensitive aquifers within the state (see figure 1.). The more recent detections of CECs and
PFCs in our groundwater supplies require additional monitoring efforts to evaluate their
impacts on groundwater resources (see figure 4.).
It should be recognized that a number of state and local agencies have increased their
activities associated with groundwater monitoring, planning and aquifer resource evaluation
within the last several years, as described in the plans and reports listed below:
•
•

DNR’s Plan to Develop a Groundwater Level Monitoring Network for the 11-County
Metropolitan Area,
Metropolitan Council’s seven-county Twin Cities Metropolitan Area Master Water
Supply Plan and regional groundwater model,
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•
•
•
•
•
•
•
•
•
•
•
•

MDA additional analytical equipment, increased monitoring capacity, and expanded
pesticide analyte list,
Minnesota’s involvement as a pilot state for a proposed National Groundwater
Monitoring Network,
Environmental Quality Board’s water availability report “Managing for Water
Sustainability, (EQB 2008),
Freshwater Society’s report “Water is Life – Protecting A Critical Resource For
Future Generations (FWS 2008),
MPCA’s redesigned ambient groundwater monitoring network,
MDA-MDH partnership to monitor Community Water Supplies for pesticides and
pesticide degradates,
Research conducted by the USGS NAWQA in this region,
Incorporation of groundwater considerations in county water plans,
Improved groundwater data management by the MPCA by using the EQuIS database,
Studies by the Minnesota Geological Survey of Minnesota’s aquifer resources,
MDA cooperation with MPCA, MDH, and the Southeast Minnesota Water Resources
Board to obtain pesticide data in conjunction with long-term nitrate data collection,
and
University of Minnesota’s water sustainability planning.

Long term monitoring networks coupled with the ability to share groundwater data with state
and local agencies responsible for groundwater resources are necessary to determine if the
quality and quantity of Minnesota’s groundwater resources are at risk and inform
management decisions. In addition, investments are needed to understand and protect
groundwater systems so that future generations also will have an abundant source of clean
water (DNR 2009).
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6RXWK)RUN&URZ5LYHU 
0LVVLVVLSSL5LYHU7ZLQ&LWLHV 
5XP5LYHU 

0LQQHVRWD5LYHU+HDGZDWHUV 
3RPPHGH7HUUH5LYHU 
/DF4XL3DUOH5LYHU 
0LQQHVRWD<HOORZ0HGLFLQH5LYHUV 
&KLSSHZD5LYHU 
5HGZRRG5LYHU 
0LQQHVRWD5LYHU0DQNDWR 
&RWWRQZRRG5LYHU 
%OXH(DUWK5LYHU 
:DWRQZDQ5LYHU 
/H6XHXU5LYHU 
/RZHU0LQQHVRWD5LYHU 
8SSHU6W&URL[5LYHU 
.HWWOH5LYHU 
6QDNH5LYHU 
/RZHU6W&URL[5LYHU 
0LVVLVVLSSL5LYHU/DNH3HSLQ 
&DQQRQ5LYHU 
0LVVLVVLSSL5LYHU:LQRQD 
=XPEUR5LYHU 
0LVVLVVLSSL5LYHU/D&UHVFHQW 

$XJXVW

5RRW5LYHU 
0LVVLVVLSSL5LYHU5HQR 
 QRQH
8SSHU,RZD5LYHU 
8SSHU:DSVLSLQLFRQ5LYHU 
&HGDU5LYHU 
6KHOO5RFN5LYHU 
:LQQHEDJR5LYHU 
'HV0RLQHV5LYHU+HDGZDWHUV 
/RZHU'HV0RLQHV5LYHU 
(DVW)RUN'HV0RLQHV5LYHU 
%RLVGH6LRX[5LYHU 
0XVWLQND5LYHU 
2WWHU7DLO5LYHU 
8SSHU5HG5LYHURIWKH1RUWK 
%XIIDOR5LYHU 
5HG5LYHURIWKH1RUWK0DUVK5LYHU 
:LOG5LFH5LYHU 
5HG5LYHURIWKH1RUWK6DQGKLOO5LYHU 
8SSHU/RZHU5HG/DNH 
5HG/DNH5LYHU 

 QRQH
7KLHI5LYHU 
&OHDUZDWHU5LYHU 
5HG5LYHURIWKH1RUWK*UDQG0DUDLV&UHHN 
6QDNH5LYHU 
5HG5LYHURIWKH1RUWK7DPDUDF5LYHU 
7ZR5LYHUV 
5RVHDX5LYHU 
5DLQ\5LYHU+HDGZDWHUV 
9HUPLOLRQ5LYHU 
5DLQ\5LYHU5DLQ\/DNH 
5DLQ\5LYHU%ODFN5LYHU 
/LWWOH)RUN5LYHU 
%LJ)RUN5LYHU 
5DSLG5LYHU 
5DLQ\5LYHU%DXGHWWH 
/DNHRIWKH:RRGV 
8SSHU%LJ6LRX[5LYHU 
/RZHU%LJ6LRX[5LYHU 
5RFN5LYHU 
/LWWOH6LRX[5LYHU 
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6XUIDFH:DWHU/DNH/HYHOV
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3HUFHQWLOH








3HUFHQWLOHUDQNLQJEDVHGRQWKHPHGLDQRIODNHOHYHOVIRU
WKHSHULRGUDQNHGZLWKDOOKLVWRULFDOUHSRUWHGOHYHOV
$ODNHUDQNHGDW]HURPHDQVWKDWWKHGHFDGHPHGLDQ
LVWKHORZHVWLQWKHSHULRGRIUHFRUGDUDQNLQJRILQGLFDWHV
WKHKLJKHVWLQWKHSHULRGRIUHFRUG
$UDQNLQJDWWKHWKSHUFHQWLOHVSHFLILHVWKDWWKHGHFDGHPHGLDQ
ODNHOHYHOLVLQWKHPLGGOHRIWKHKLVWRULFDOGLVWULEXWLRQ

+LJK:DWHU/HYHOV !WKSHUFHQWLOH
$ERYH1RUPDO:DWHU/HYHOV WKSHUFHQWLOH
+LJK1RUPDO:DWHU/HYHOV WKSHUFHQWLOH
/RZ1RUPDO:DWHU/HYHOV WKSHUFHQWLOH
%HORZ1RUPDO:DWHU/HYHOV WKSHUFHQWLOH

'15
:DWHUV

/RZ:DWHU/HYHOV  WKSHUFHQWLOH
/HYHO+\GURORJLF8QLW

6RXUFHGDWDIURP01'15:DWHUV/DNH/HYHO0LQQHVRWD0RQLWRULQJ3URJUDP

$XJXVW

'150DMRU:DWHUVKHG
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/DNH9HUPLOLRQ  6W/RXLV&RXQW\
'15/DNH/HYHO010RQLWRULQJ3URJUDP




























$YHUDJHODNHHOHYDWLRQIRUSHULRGLVIHHW
DERYHWKHDYHUDJHODNHHOHYDWLRQIRUWKHSHULRGRIUHFRUG




<HDU
5HSRUWHG/DNH/HYHOV

\UPHDQ  

3HULRGRIUHFRUGPHDQ  

2WWHU7DLO/DNH  2WWHU7DLO&RXQW\
'15/DNH/HYHO010RQLWRULQJ3URJUDP



$YHUDJHODNHHOHYDWLRQIRUSHULRGLVIHHW
DERYHWKHDYHUDJHODNHHOHYDWLRQIRUWKHSHULRGRIUHFRUG










<HDU
5HSRUWHG/DNH/HYHOV

\UPHDQ  

3HULRGRIUHFRUGPHDQ  

0LOOH/DFV/DNH  0LOOH/DFV&URZ:LQJ $LWNLQ&RXQWLHV
'15/DNH/HYHO010RQLWRULQJ3URJUDP














<HDU
5HSRUWHG/DNH/HYHOV



$XJXVW

\UPHDQ  

3HULRGRIUHFRUGPHDQ  



































$YHUDJHODNHHOHYDWLRQIRUSHULRGLVIHHW
DERYHWKHDYHUDJHODNHHOHYDWLRQIRUWKHSHULRGRIUHFRUG





/DNH(OHYDWLRQ IW1*9'GDWXP









































$OWKRXJKPRVWFKDQJHVLQZDWHUOHYHOLQ/DNH
0LOOH/DFVDUHLQÁXHQFHGE\XVXDOZHDWKHU
SDWWHUQVWKHODNHLVDOVRDIIHFWHGE\D
À[HGFUHVWVSLOOZD\DQGÁXFWXDWLRQVFDXVHG
E\VHLFKHVZKLFKDUHODUJHZDYHVRUVWRUP
VXUJHV)RUWKLVGHFDGHWKHPD[LPXPOHYHO
ZDVLQDIIHFWHGE\VHLFKHDFWLRQDQG
WKHORZHVWOHYHOVZHUHGXULQJWKHGURXJKWVRI
DQG7KHGU\·VHUDEURNHDOO
UHFRUGVIRUORZOHYHOV





2WWHU7DLO/DNHWKHODUJHVWODNHLQ2WWHU7DLO
&RXQW\LVSDUWRIWKH2WWHU7DLO5LYHUFKDLQ
RIODNHV$OWKRXJKWKHODNHKDVDPD[LPXP
GHSWKRIIHHWRYHURIWKHODNHLV
OHVVWKDQIHHWLQGHSWK,QUHVSRQVHWR
WKHKLJKSUHFLSLWDWLRQDVVHHQLQWKHFOLPDWH
PDSVWKHODNHH[SHULHQFHGYHU\KLJKDQG
VXVWDLQHGOHYHOVLQZHOODERYHWKH
\HDUDQGWRWDOUHFRUGDYHUDJHV7KLVLV
DOVRUHÁHFWHGLQWKHVWUHDPÁRZPDS





2Q/DNH9HUPLOLRQ0LQQHVRWD·VÀIWKODUJHVW
ODNHWKHODVWKDOIRIWKHGHFDGH
KDVVHHQODUJHDQQXDOODNHOHYHOÁXFWXDWLRQV
EHWZHHQVSULQJDQGIDOODFRPPRQSDWWHUQ
LQDPDMRULW\RIWKH\HDUVRIODNHUHFRUGV
<HDUVRIOLWWOHDQQXDOODNHÁXFWXDWLRQVXFK
DVDQGDUHUHODWLYHO\XQFRPPRQ

/DNH(OHYDWLRQ IWGDWXP

/DNH/HYHOV 

/DNH(OHYDWLRQ IW1*9'GDWXP
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:KLWH%HDU/DNH  :DVKLQJWRQ&RXQW\
'15/DNH/HYHO010RQLWRULQJ3URJUDP


















































$YHUDJHODNHHOHYDWLRQIRUSHULRGLVIHHW
EHORZ WKHDYHUDJHODNHHOHYDWLRQIRUWKHSHULRGRIUHFRUG





/DNH(OHYDWLRQ IWGDWXP



<HDU
5HSRUWHG/DNH/HYHOV

\UPHDQ  

3HULRGRIUHFRUGPHDQ  

/DNH0LQQHWRQND  +HQQHSLQ&RXQW\
'15/DNH/HYHO010RQLWRULQJ3URJUDP







































$YHUDJHODNHHOHYDWLRQIRUSHULRGLVIHHW
DERYHWKHDYHUDJHODNHHOHYDWLRQIRUWKHSHULRGRIUHRFUG

























/DNH(OHYDWLRQ IW1*9'GDWXP


$IWHUKLJKODNHOHYHOVLQWKHÀUVWIHZ\HDUVRI
WKLVGHFDGH:KLWH%HDU/DNHKDVGURSSHG
DOPRVWIHHWIURP6SULQJWR)DOO
7KLVDUHDKDVH[SHULHQFHGDEQRUPDOO\
GU\WRVHYHUHGURXJKWFRQGLWLRQVRIIDQGRQ
GXULQJWKRVHVHYHQ\HDUVDFFRUGLQJWRWKH
1DWLRQDO'URXJKW0LWLJDWLRQ&HQWHU7KHGHFOLQH
UHVXOWHGLQWKH\HDUPHDQIDOOLQJEHORZ
WKHWRWDOUHFRUGDYHUDJH7KLVLVVLPLODUWR
WKHWLPHZKHQWKHODNHGURSSHGIHHW
IURP6SULQJWR)DOO1RWHWKDW
LWWRRNWKUHH\HDUVXQWLOIRUWKHODNH
WRULVHRYHUIHHWWRDPRUHDYHUDJHOHYHO
2YHUWKHORQJWHUP:KLWH%HDU/DNHOHYHOV
DUHFRQWUROOHGSULQFLSDOO\E\WKHUHJLRQ·V
JURXQGZDWHUOHYHOÁXFWXDWLRQVDQGLQWKH
VKRUWWHUPE\SUHFLSLWDWLRQDQGUXQRIIIURP
DVPDOOZDWHUVKHG

/DNHOHYHOVDQGGLVFKDUJHKDYHEHHQFRQ
WUROOHGRQ/DNH0LQQHWRQNDVLQFH
,QRUGHUWRUHGXFHÁRRGLQJRQGRZQVWUHDP
ZDWHUVZDWHULVVWRUHGIURP$SULOWRPLG
-XQHDQGWKHQUHOHDVHGDWDFRQWUROOHGXQL
IRUPUDWHGXULQJVXPPHUDQGIDOO7KHGDP
FORVHVZKHQWKHODNHOHYHOLVDWIHHW
DQGEHORZDVLWGLGGXULQJWKHGURXJKWVRI
DQG/DNHOHYHOVDUHDIIHFWHGE\
SUHFLSLWDWLRQDQGUXQRIIHQWHULQJWKHODNH
DVVHHQE\WKHODVWKDOIRIWKLVGHFDGHGXULQJ
WKHGU\VHDVRQVDVZHOODVHYDSRUDWLRQDQG
FRQWUROOHGGLVFKDUJHOHDYLQJWKHODNH



<HDU
5HSRUWHG/DNH/HYHOV

\UPHDQ  

3HULRGRIUHFRUGPHDQ  

/DNH6KHWHN  0XUUD\&RXQW\
'15/DNH/HYHO010RQLWRULQJ3URJUDP




$YHUDJHODNHHOHYDWLRQIRUSHULRGLVIHHW
DERYHWKHDYHUDJHODNHHOHYDWLRQIRUWKHSHULRGRIUHFRUG


/DNH(OHYDWLRQ IW1*9'GDWXP



















































:LWKDQDYHUDJHPD[LPXPGHSWKRIIHHW
/DNH6KHWHNLVRQHRIWKHODUJHVWODNHVLQ
VRXWKZHVWHUQ0LQQHVRWDDQGWKHKHDGZDWHUV
RIWKH'HV0RLQHV5LYHU7KHODVWKDOIRIWKLV
GHFDGHKDVVKRZQDQRUPDOSDWWHUQDURXQG
WKHDYHUDJHZLWKPRUHH[WUHPHKLJKERXQFHV
LQWKHÀUVWSDUWRIWKHGHFDGH

<HDU
5HSRUWHG/DNH/HYHOV

$XJXVW

\UPHDQ  

3HULRGRIUHFRUGPHDQ  
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*URXQGZDWHU
Ground Water


:


:







:

Groundwater Provinces
Metro
South-Central











:
:

Southeastern




Central
Western

 


 





:





Arrowhead
Provincial Indicator Wells


:



Aquifer
Water Table

DNR
Waters

Buried Artesian
Bedrock

Water Level
* Percentile ranking based on last reported reading for the current
month compared to all historical reported levels for that month.
A water level ranked at zero means that the present reported level
is the lowest in the period of record; a ranking of 100 indicates
the highest in the period of record.
A ranking at the 50th percentile (median) specifies that the presentmonth reported water level level is in the middle of the historical distribution.




High Water Levels (> 90% percentile)
Above Normal Water Levels (75% - 90% percentile)
Normal Water Levels (50% - 75% percentile)
Normal Water Levels (25% - 50% percentile)

 Below Normal Water Levels (10% - 25% percentile)
 Low Water Levels (< 10% percentile)

Source data from: MN DNR Ground Water Level Monitoring Program



$XJXVW
$XJXVW
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*URXQGZDWHU/HYHOV 

3URYLQFH²6RXWK&HQWUDO3URYLQFH
7KHLQGLFDWRUZHOOLQWKH0RXQW6LPRQW\SLFDOO\WKH
GHHSHVWDTXLIHULQWKHVWDWHDQGDZDWHUVXSSO\DTXL
7KHWHQ\HDUDYHUDJHZDWHUOHYHOZDVFRPSDUHGWR
WKHHQWLUHOHQJWKRIUHFRUGIRUWKHZHOO$KLJKYDOXH IHUIRUDQXPEHURIFRPPXQLWLHVVKRZVDFRQWLQXHG
GHFOLQHLQWKHZDWHUOHYHOV7KHVL]HRIWKHVHDVRQDO
LQGLFDWHVWKDWWKHDYHUDJHZDWHUOHYHOFRPSDUHG
F\FOLFFKDQJHVLQZDWHUOHYHOVFRQWLQXHVWRLQFUHDVH
WRWKHKLJKHVWRIZDWHUOHYHOVPHDVXUHGLQWKH
EHWZHHQVXPPHUDQGZLQWHUZDWHUOHYHOV
ZHOO$ORZYDOXHLQGLFDWHGWKDWWKHDYHUDJHZDWHU

OHYHOFRPSDUHGWRWKHORZHVWRIZDWHUOHYHOV
PHDVXUHGLQWKHZHOO$PDSVKRZLQJWKHZHOOVDQG
WKHLUZDWHUOHYHOVLVSUHVHQWHGLQ)LJXUH;0RVWRI
WKHZHOOVVKRZWKDWWKHWHQ\HDUDYHUDJHIDOOVZLWKLQ
QRUPDOZDWHUOHYHOVIRUWKHZHOOZKLFKDUHOHYHOV
EHWZHHQDQGRIDOORIWKHZDWHUOHYHOVPHD
VXUHGLQWKHZHOO
6HYHQRIWKHZHOOVZHUHVHOHFWHGDVUHSUHVHQWD
WLYHVRIWKHVL[JURXQGZDWHUSURYLQFHVLQWKHVWDWH
DQGK\GURJUDSKVZHUHSURGXFHGIRUHDFKZHOO7KH
JURXQGZDWHUSURYLQFHVDUHGHÀQHGE\WKHEHGURFN
DQGJODFLDOJHRORJ\ZKLFKFRQWUROWKHDYDLODELOLW\RI
JURXQGZDWHULQHDFKRIWKHDUHDV7KHVHSURYLQFHV
DUHSUHVHQWHGRQWKH)LJXUHEHORZ
3URYLQFH²0HWUR3URYLQFH
:DWHUOHYHOVLQWKH3UDLULHGX&KLHQ-RUGDQDTXLIHUD
PDMRUZDWHUVXSSO\DTXLIHUVKRZHGDQRYHUDOOGRZQ
ZDUGWUHQGLQZDWHUOHYHOV7KHK\GURJUDSKDOVR
VKRZVWKHF\FOLFDOFKDQJHEHWZHHQWKHKLJKVXPPHU
ZDWHUXVHDQGORZHUZLQWHUZDWHUXVH,QWKHSDVW
WHQ\HDUVWKHVZLQJEHWZHHQWKHKLJKZDWHUOHYHOV
RIZLQWHUDQGWKHORZZDWHUOHYHOVRIVXPPHUKDV
LQFUHDVHGDQGDSSHDUVWREHJUHDWHUWKDQDQ\WLPH
H[FHSWIRUWKHGURXJKW


3URYLQFH²6RXWK&HQWUDO3URYLQFH

3URYLQFH²6RXWKHDVWHUQ3URYLQFH
7KHLQGLFDWRUZHOOLQWKH-RUGDQDTXLIHUDOVRVKRZV
DVOLJKWGRZQZDUGWUHQGLQZDWHUOHYHOVVLQFHPHD
VXUHPHQWVEHJDQLQWKHVDOWKRXJKWKHZDWHU
OHYHOVDSSHDUWRKDYHOHYHOHGLQWKHSDVWWHQ\HDUV
7KHSDVWWHQ\HDUVDOVRVKRZZLQWHUVXPPHUZDWHU
OHYHOF\FOHVVLPLODULQVL]HWRWKRVHLQSUHYLRXV\HDUV

3URYLQFH²0HWUR3URYLQFH
3URYLQFH²6RXWKHDVWHUQ3URYLQFH

$XJXVW
$XJXVW
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3URYLQFH²&HQWUDO3URYLQFH

7KHZDWHUWDEOHDTXLIHULQWKH&HQWUDO3URYLQFHLVDPDMRU
ZDWHUVXSSO\IRUWKLVSDUWRIWKHVWDWH7KLVDUHDKDVD
ODUJHQXPEHURILUULJDWLRQV\VWHPVZKLFKDOVRXVHWKLV
DTXLIHU7KHZDWHUOHYHOLQWKLVDTXLIHUKDVGHFUHDVHG
VLQFHPHDVXUHPHQWEHJDQLQWKHVEXWDSSHDUVWR
KDYHOHYHOHGRIILQWKHSDVW\HDUV+RZHYHUWKH
FKDQJHVEHWZHHQZLQWHUDQGVXPPHUZDWHUOHYHOVKDYH
LQFUHDVHGRYHUWKHSDVWWHQ\HDUV

3URYLQFH:HVWHUQ3URYLQFH

3URYLQFH:HVWHUQ3URYLQFH

3URYLQFH²$UURZKHDG3URYLQFH
7KLVZHOOLVDEXULHGDTXLIHUZHOORQWKHERUGHURIWKH
$UURZKHDGDQG&HQWUDO3URYLQFHV7KHZHOOKDGODUJH
F\FOLFDOFKDQJHVXQWLODERXWZKHQWKHZDWHUOHYHO
URVHDQGOHYHOHG,QWKHSDVWWHQ\HDUVWKHUHKDVEHHQ
OLWWOHFKDQJHLQWKHJHQHUDOZDWHUOHYHOVRUWKHVHDVRQDO
FKDQJHVPHDVXUHGLQWKHZHOO
3URYLQFH²&HQWUDO3URYLQFH

3URYLQFH²:HVWHUQ3URYLQFH

7ZRZHOOVLQWKH:HVWHUQJURXQGZDWHUSURYLQFHZHUH
VHOHFWHGWRSURYLGHDUHSUHVHQWDWLYHSUHVHQWDWLRQRIWKH
SURYLQFHEHFDXVHRILWVVL]H7KHVHWZRZHOOVDUHERWK
EXULHGDTXLIHUZHOOV7KHQRUWKHUQRIWKHWZRZHOOVVKRZV
DGRZQZDUGWUHQGLQZDWHUOHYHOIURPWKHVWKURXJK
WKHHDUO\VZKHQWKHZDWHUOHYHOVURVHDQGVWDELOL]HG
7KHSDVWWHQ\HDUVKDVVHHQDVORZGRZQZDUGWUHQGLQZD
WHUOHYHOVEXWQRWWRWKHH[WHQWRIZKDWZDVVHHQLQWKH
SDVW7KHVRXWKHUQZHOOVKRZVDVPDOOGRZQZDUGWUHQGLQ
ZDWHUOHYHOV7KHSDVWWHQ\HDUVGRHVQRWDSSHDUWRVKRZ
DQ\FKDQJHLQJHQHUDOZDWHUOHYHOVDQGWKHUHLVQRUHJX
ODULW\LQVL]HRUWLPLQJRIWKHFKDQJHVEHWZHHQVXPPHU
3URYLQFH²$UURZKHDG3URYLQFH
DQGZLQWHUZDWHUOHYHOV

3URYLQFH:HVWHUQ3URYLQFH



$XJXVW
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:DWHU8VH
0LQQHVRWD'15UHJXODWHVZDWHUXVHWRSURWHFWWKH
ORQJWHUPYLDELOLW\RIWKHZDWHUUHVRXUFHIRUSHRSOH
DQGWKHHQYLURQPHQW:DWHUXVHSHUPLWVDUHUHTXLUHG
IURPDSSURSULDWRUVRIPRUHWKDQJDOORQVSHU
GD\RURQHPLOOLRQJDOORQVSHU\HDU2QDQDQQXDO
EDVLVPRQWKO\ZDWHUXVHGDWDLVFROOHFWHGIURPWKHVH
SHUPLWKROGHUV7KLVLQIRUPDWLRQLVDQDO\]HGDQG
FRPSDUHGZLWKGDWDIURPVWUHDPÁRZPHDVXUHPHQWV
ODNHZDWHUOHYHOVJURXQGZDWHUOHYHOVDQGSUHFLSLWD
WLRQWRJLYH0LQQHVRWDQVDSLFWXUHRIZKDWLVJRLQJRQ
ZLWKWKHZDWHUUHVRXUFHVRIWKLVVWDWH

2YHUDOO0LQQHVRWDVDZZDWHUXVHLQFUHDVHE\
ELOOLRQJDOORQVSHU\HDUIURPWKURXJK H[
FOXGLQJZDWHUXVHGIRUSRZHUJHQHUDWLRQ 5HVLGHQWLDO
ZDWHUXVHDFFRXQWHGIRUDERXW%*<RURIWKH
LQFUHDVH
7KHÀJXUHVRQWKLVSDJHLOOXVWUDWHSRSXODWLRQDQG
ZDWHUXVHFRPSDULVRQVEHWZHHQWKHFRXQW\PHWUR
DUHDDQGJUHDWHU0LQQHVRWD0LQQHVRWD·VSRSXODWLRQ
LQFUHDVHGVOLJKWO\GXULQJWKH\HDUSHULRGIURP
WKURXJKPDLQO\LQWKH7ZLQ&LWLHVDUHD3XEOLF
ZDWHUVXSSOLHUVUHSRUWWKHYROXPHRIZDWHUXVHGLQ
WKHLUFRPPXQLWLHVIRUKRXVHKROGSXUSRVHV UHVLGHQWLDO
ZDWHUXVH &RPSDULVRQVRIWKHVHYROXPHVWRUHSRUWHG
SRSXODWLRQVHUYHGDUHVKRZQLQ)LJXUH´5HVLGHQWLDO
:DWHU8VH3HU&DSLWDµ5HVLGHQWLDOSHUFDSLWDZDWHU
XVH LQFUHDVHGLQWKHFRXQW\7ZLQ&LWLHVDUHDDQG
GHFUHDVHGVOLJKWO\RXWVLGHRI7ZLQ&LWLHVDUHD:KHQDOO
ZDWHUXVHV ´DOOXVHVµLQFOXGHVLQGXVWULDOSURFHVVLQJ
LUULJDWLRQSXEOLFZDWHUVXSSO\DQGRWKHUXVHVH[FHSW
SRZHUJHQHUDWLRQ DUHGLVWULEXWHGDFURVV0LQQHVRWD·V
SRSXODWLRQWKHSHUFDSLWDZDWHUXVHLQFUHDVHGE\
IURPWR

0LQQHVRWD3RSXODWLRQ



1RQ7ZLQ&LWLHV
FRXQW\7ZLQ&LWLHV



 5HVLGHQWLDOZDWHUXVHYROXPHGRHVQRWLQFOXGHVHSDUDWHZDWHUXVHV
EHORZWKHUHJXODWRU\WKUHVKROGRIJDOORQVSHUGD\RURQHPLOOLRQ
JDOORQVSHU\HDUVXFKDVLVW\SLFDOIRUSULYDWHUHVLGHQWLDOZHOOV


0LOOLRQ3HRSOH

0LQQHVRWD3RSXODWLRQ6RXUFH(VWLPDWHVIURPWKH0LQQHVRWD6WDWH
'HPRJUDSKLF&HQWHU



5HVLGHQWLDO:DWHU8VH3HU&DSLWD

:DWHU8VH
([FOXGLQJ3RZHU*HQHUDWLRQ




1RQ7ZLQ&LWLHV

1RQ7ZLQ&LWLHV

FRXQW\7ZLQ&LWLHV

FRXQW\7ZLQ&LWLHV








*DOORQVSHU&DSLWDSHU'D\

*DOORQVSHU&DSLWDSHU'D\

0LQQHVRWD5HVLGHQWLDO:DWHU8VH6RXUFH6XSSOHPHQWDO,QYHQWRU\
IRUPVUHTXLUHGE\SXEOLFZDWHUVXSSOLHUVZKLFKWDOO\WRWDOZDWHUXVHE\
FXVWRPHUFDWHJRU\DQGSRSXODWLRQVHUYHG2XWSXWLVWKHDYHUDJLQJRIDOO
VXSSOLHUV ODUJH VPDOO 1RWHWKHTXDOLW\RIWKLVLQIRUPDWLRQYDULHV
9DOXHVDUHIURPDYHUDJLQJDOOUHSRUWHGLQIRUPDWLRQ

:DWHU8VH([FOXGLQJ3RZHU*HQHUDWLRQ6RXUFH'15:DWHU$SSURSULDWLRQ
3HUPLW3URJUDPZDWHUXVHUHSRUWVPDLQWDLQHGLQWKH6WDWH:DWHU8VH
'DWD6\VWHP 6:8'6 
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2YHUDOOZDWHUXVHKDVULVHQIURPDERXWELOOLRQJDOORQVSHU\HDULQWKHPLGVZKHQHOHFWURQLFZDWHUXVH
GDWDWUDFNLQJEHJDQWRDERXWELOOLRQJDOORQVSHU\HDULQ2YHUWKHSHULRGZDWHUXVHLQFUHDVHG
E\ELOOLRQJDOORQVSHU\HDU7KHODUJHVWSRUWLRQRIZDWHUXVHLVIRUSRZHUJHQHUDWLRQIURPVXUIDFHZDWHU
VRXUFHV7KLVXVHLVPRVWO\QRQFRQVXPSWLYHPHDQLQJWKDWWKHZDWHULVUHWXUQHGWRLWVVRXUFHLPPHGLDWHO\DIWHU
XVH3XEOLF:DWHU6XSSO\DQG,QGXVWULDOSURFHVVLQJDFFRXQWIRURIWKHQRQSRZHUJHQHUDWLRQZDWHUXVH,UULJD
WLRQZDWHUXVHKDVLQFUHDVHGRYHUWLPHZLWKPRUHDFUHVUHJXODUO\LUULJDWHG$QQXDOSUHFLSLWDWLRQGULYHVFKDQJHV
WRLUULJDWLRQGHPDQGRQD\HDUO\EDVLV,QGXVWULDOSURFHVVLQJZDWHUGHPDQGFKDQJHVZLWKWKHÀQDQFLDOFOLPDWHDQG
WKHQHHGWRPRYHZDWHULQWKHLURQPLQLQJDUHDVRI0LQQHVRWD
0LQQHVRWD5HSRUWHG:DWHU8VHLQ%LOOLRQ*DOORQV
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6XUIDFHZDWHUXVHKDVULVHQIURPELOOLRQJDOORQVSHU
\HDULQWRELOOLRQJDOORQVSHU\HDULQ
*URXQGZDWHUXVHKDVULVHQIURPELOOLRQJDOORQVLQ
WRELOOLRQJDOORQVLQ
,QWKHFRXQW\PHWURDUHDSULQFLSOHDTXLIHUV
DFFRXQWIRURIJURXQGZDWHUXVH7KH3UDLULHGX
&KLHQ-RUGDQDTXLIHULVXVHGIRUDQDYHUDJHRIRI
WKHJURXQGZDWHUGHPDQGRYHUWKHODVW\HDUV7KH
VXUÀFLDODTXLIHUVDYHUDJHGRIWKHWRWDOJURXQG
ZDWHUXVH7KHUHPDLQLQJZDWHUXVHGFDPHIURPWKH
)UDQFRQLD,URQWRQ*DOHVYLOOHDQG0W6LPRQ+LQFNOH\
DTXLIHUV7KHODUJHVWLQFUHDVHLQXVHRYHUWKH\HDU
WLPHSHULRGZDVIURPWKH3UDLULHGX&KLHQ-RUGDQDQG
VXUÀFLDODTXLIHUV

6HH)LJXUHEHORZ
JHQHUDOL]HG
JHRORJLFFROXPQ

)RUPDWLRQ
*ODFLDO
6HGLPHQWV
'HFRUDK6KDOH
3ODWWHYLOOH)P
*OHQZRRG)P
6W3HWHU
6DQGVWRQH
3UDLULHGX
&KLHQ*URXS

25'29,&,$1

0LQQHVRWD:DWHU8VH6XUIDFH:DWHUDQG*URXQG:DWHU
6RXUFH'15:DWHU$SSURSULDWLRQ3HUPLW3URJUDPZDWHUXVHUHSRUWVPDLQ
WDLQHGLQWKH6WDWH:DWHU8VH'DWD6\VWHP 6:8'6 

$JH
48$7

:DWHU8VHE\0DMRU$TXLIHU6RXUFH'15:DWHU$SSURSULDWLRQ3HUPLW
3URJUDPZDWHUXVHUHSRUWVPDLQWDLQHGLQWKH6WDWH:DWHU8VH'DWD
6\VWHP 6:8'6 0XOWLDTXLIHUZHOOVZHUHHYDOXDWHGDQGZDWHUXVH
DVVLJQHGWRLQGLYLGXDOPDMRUDTXLIHUE\WKHPHWKRGGHVFULEHGLQ86
*HRORJLFDO6XUYH\:DWHU5HVRXUFHV,QYHVWLJDWLRQV5HSRUW7ZR
SHUFHQWRINQRZQZDWHUXVHZDVHLWKHUIURPDQXQNQRZQDTXLIHUVRXUFH
RURWKHUPLQRUVRXUFHVRPLWWHGIURPWKHJUDSKLF

0LQQHVRWD:DWHU8VH

6KDNRSHH
)RUPDWLRQ

&$0%5,$1

2QHRWD
'RORPLWH
-RUGDQ
6DQGVWRQH
6W/DZUHQFH)P
)UDQFRQLD
)RUPDWLRQ
,URQWRQ6V
*DOHVYLOOH6V

(DX&ODLUH
)RUPDWLRQ

3F

0W6LPRQ
6DQGVWRQH
+LQFNOH\
6DQGVWRQH

([DPSOHRIDJHQHUDOL]HGJHRORJLFFROXPQIRU
WKHFRXQW\PHWURSROLWDQDUHD
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:DWHU5HVRXUFH6XPPDU\
2YHUDOOWKHDYHUDJHSUHFLSLWDWLRQZDVKLJKHURYHUWKHODVWWHQ\HDUVZKHQFRPSDUHG
WRWKHKLVWRULFDODYHUDJHDQGPDUNHGO\KLJKHULQDUHDVRIWKHQRUWKZHVWSDUWRIWKH
VWDWH

*HQHUDOO\LQGLFDWRUODNHVDQGULYHUVUHVSRQGHGWRFOLPDWLFFRQGLWLRQVDQGUHÁHFW
WKRVHFRQGLWLRQVRYHUWKHSDVWWHQ\HDUV

6WUHDPÁRZVZHUHKLJKHUWKDQWKHKLVWRULFDODYHUDJHLQWKHZHVWHUQKDOIRIWKH
VWDWHDQGVOLJKWO\EHORZDYHUDJHLQWKHHDVW

,QGLFDWRUODNHVDFURVVWKHVWDWHZHUHVOLJKWO\KLJKHUWKDQWKHKLVWRULFDODYHUDJHZLWK
WKHH[FHSWLRQRI:KLWH%HDU/DNHDJURXQGZDWHULQÁXHQFHGODNH

*HQHUDOO\JURXQGZDWHUOHYHOVLQZDWHUWDEOHDQGEXULHGDUWHVLDQLQGLFDWRUZHOOVDUH
LQWKHQRUPDOUDQJHZKHQFRPSDUHGWRKLVWRULFDODYHUDJH

6HDVRQDOÁXFWXDWLRQVLQVRPHLQGLFDWRUZHOOVZHUHJUHDWHULQUHFHQW\HDUVZKHQ
FRPSDUHGWRKLVWRULFDOÁXFWXDWLRQVLQGLFDWLQJVHDVRQDOXVHRIWKHUHVRXUFHLVLQFUHDVLQJ
'HHSHUDTXLIHUVLQPHWURSROLWDQDUHDVXVHGIRUZDWHUVXSSO\FRQWLQXHWRGHFOLQH
RYHUWLPH
,QVRPHDUHDVWKHUHOLDELOLW\RIGHHSDTXLIHUVIRUZDWHUVXSSO\LQWKHIXWXUHPD\EH
OLPLWHGLIWKHGHFOLQLQJWUHQGFRQWLQXHV
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3UHYLRXV5HSRUWV 6WUDWHJLHVIRU:DWHU0DQDJHPHQW
7KHFRQFHUQVVWUDWHJLHVDQGFRQFOXVLRQVIRXQGLQ´0LQQHVRWD·V:DWHU6XSSO\1DWXUDO&RQGLWLRQVDQG+XPDQ
,PSDFWVµUHPDLQUHOHYDQWWRGD\DQGDUHLQFRUSRUDWHGLQWRWKLVUHSRUWE\UHIHUHQFH7KH'15KDVDOVRODLG
RXWVWUDWHJLHVWRSURYLGHIRUWKHORQJWHUPSURWHFWLRQRIRXUVXUIDFHDQGJURXQGZDWHUUHVRXUFHVWKDWFDQEH
IRXQGLQRXUUHSRUWIRXQGDW
KWWSÀOHVGQUVWDWHPQXVSXEOLFDWLRQVZDWHUVORQJWHUPBSURWHFWLRQBVXUIDFHBJURXQGBZDWHUBSGI
7KHWZRUHSRUWVUHIHUHQFHGDERYHDQGWKHWDEOHEHORZZHUHVKDSHGDQGJXLGHGE\SUHVHQWDQGSDVWLQWHU
DJHQF\LQSXWSURFHVVHVDQGUHSRUWVDQGWKURXJK\HDUVRIRQJRLQJFRRUGLQDWLRQDQGGLVFXVVLRQVZLWKRXU
PDQ\SDUWQHUVLQZDWHUVXSSO\PDQDJHPHQW0RUHUHFHQWUHSRUWVVXFKDVWKH0HWURSROLWDQ&RXQFLO·V0DVWHU
:DWHU6XSSO\3ODQ(4%UHSRUWVRQ:DWHU6XVWDLQDELOLW\DQGSDVWUHSRUWVRQZDWHUDYDLODELOLW\UHTXLUHGXQGHU
0LQQHVRWD6WDWXWHV$KDYHFRQWLQXHGWRVKDSHWKHGLUHFWLRQ'15KDVWDNHQZLWKLWVUHVSRQVLELOLWLHV

3UHYLRXVO\,GHQWLÀHG6WUDWHJLHV
0LQQHVRWD·V:DWHU6XSSO\1DWXUDO&RQGLWLRQVDQG
+XPDQ,PSDFWV 6HSWHPEHU
:DWHU6XSSO\$VVHVVPHQW

3DUWQHUVKLSLQ6WXG\DQG3URWHFWLRQ

/RQJWHUP3URWHFWLRQRIWKH6WDWH·V6XUIDFH:DWHU
DQG*URXQGZDWHU5HVRXUFHV -DQXDU\
(QKDQFH'DWD&ROOHFWLRQDQG6KDULQJDQG6LPSOLI\
$FFHVVWR'DWD
$QVZHU.H\4XHVWLRQVDQG0HHW.H\,QIRUPDWLRQ
1HHGV
'HOLYHU8S7R'DWH3URWHFWLRQ7RROVDQG
5HFRPPHQGHG%HVW0DQDJHPHQW3UDFWLFHV
$GRSW/RQJWHUP)RFXVIRU0RQLWRULQJDQG
3UHYHQWLRQ$FWLYLWLHV

&RQVHUYDWLRQDQG5HVWRUDWLRQ

$SSURDFK*URXQGZDWHUDQG6XUIDFH:DWHU0DQ
DJHPHQWDQG3URWHFWLRQDVD&RPSUHKHQVLYH
6\VWHP
3URYLGH$GHTXDWH)LQDQFLDO5HVRXUFHV

5HJXODWLRQDQGVKDUHGUHVSRQVLELOLW\

(QFRXUDJHDQG,QÁXHQFH/RFDO(QJDJHPHQWLQ
0DQDJHPHQW3UHYHQWLRQDQG'HPRQVWUDWLRQ
(IIRUWV
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&RQFOXVLRQVDQG5HFRPPHQGDWLRQV
$QLQFUHDVLQJQXPEHURISODFHVLQ0LQQHVRWDDUH
H[SHULHQFLQJZDWHUVXSSO\SUREOHPVUHODWHGWR
LQDGHTXDWHVXSSOLHVXQDFFHSWDEOHTXDOLW\RUERWK
2XUSDVWPDQDJHPHQWV\VWHPVZHUHGHVLJQHGDURXQG
PDQDJLQJWKHLPSDFWVRIDQLQGLYLGXDOSURMHFWWR
SUHYHQWLWIURPFUHDWLQJXQDFFHSWDEOHLPSDFWVWRRXU
QDWXUDOUHVRXUFHV\VWHPV:HKDYHEHHQODUJHO\VXF
FHVVIXOLQWKLVHQGHDYRU7KHFKDOOHQJHIRUDOOOHYHOV
RIJRYHUQPHQWDVZHPRYHIRUZDUGZLOOEHDGDSWLQJ
WRXQGHUVWDQGDQGPDQDJHWKHLPSDFWVIURPWKH
FROOHFWLYHDFWLRQVRIDOOODQGXVHDQGZDWHUVXSSO\
PDQDJHPHQWGHFLVLRQVRQWKHSXEOLFHFRQRPLFDQG
HQYLURQPHQWDOKHDOWK

FDSWXUHGE\SXPSLQJKDVEHHQGLYHUWHGIURPGLVFKDUJH
DUHDV VSULQJVVWUHDPVODNHVDQGZHWODQGV DQGWDNHQ
IURPVWRUDJHDVHYLGHQFHGE\GHFOLQLQJJURXQGZDWHU
OHYHOV:HQHHGWROHDUQKRZPXFKKXPDQVFDQWDNH
DZD\IURPGLVFKDUJHDUHDVZLWKRXWLPSDLULQJHFR
V\VWHPIXQFWLRQDQGZHDOVRQHHGWROHDUQKRZWR
PDQDJHSXPSLQJZDWHUOHYHOVWRUHGXFHFRPSHWLWLRQ
DQGFRQÁLFWDPRQJZDWHUXVHUV

,QVRPHSODFHVZHDUHVHHLQJZDWHUDYDLODELOLW\SUREOHPV
:HDUHXVLQJZDWHUIDVWHUWKDQLWFDQEHUHSOHQLVKHG
E\GLYHUWLQJZDWHUIURPQDWXUDOGLVFKDUJH]RQHVRU
ORZHULQJZDWHUOHYHOVLQDTXLIHUV,QVRPHDUHDVRXU
ODQGXVHFKRLFHVDUHFRQWDPLQDWLQJRXUZDWHUVXSSOLHV
DQGZHKDYHVRJUHDWO\FKDQJHGWKHQDWXUDOODQGVFDSH
WKDWWKHHFRV\VWHPWKDWUHPDLQVLVQRORQJHUDEOHWR
SURYLGHLWVHVVHQWLDOFOHDQVLQJDQGUHFKDUJHIXQFWLRQV

 $QGÀQDOO\ZHZLOOQHHGWROHDUQPRUHDERXW
KRZRXUVXUIDFHZDWHUVDUHGHSHQGHQWRQJURXQG
ZDWHUV\VWHPVIRUVXSSO\WKURXJKRXWWKH\HDUVRZH
FDQSUHYHQWXQGHVLUDEOHLPSDFWVLQODNHVDQGZHWODQGV
ULYHUVDQGVWUHDPVDQGLQQDWXUDODQGUDUHSODQW
FRPPXQLWLHVWKDWDOOSURYLGHLPSRUWDQWIXQFWLRQV
WRZDUGWKHTXDOLW\RIOLIHZHKDYHHQMR\HGLQ0LQ
QHVRWD

0LQQHVRWD·VFOLPDWHRQDYHUDJHSURYLGHVXVZLWKDQ
DPSOHVXSSO\RIZDWHU:HDUHLPSURYLQJRXUQHW
ZRUNVIRUXQGHUVWDQGLQJSUHFLSLWDWLRQSDWWHUQVODNH
OHYHOVDQGVWUHDPÁRZWKDWHQDEOHXVWRPDQDJH
VXUIDFHZDWHUV\VWHPV:HNQRZIDUOHVVDERXWRXU
JURXQGZDWHUV\VWHPDQGVLQFHDSSUR[LPDWHO\RI
0LQQHVRWDQVGHSHQGRQJURXQGZDWHUV\VWHPVDQGGH
SHQGHQFHLVLQFUHDVLQJZHZLOOQHHGWRNQRZPRUH
DERXWWKHVHV\VWHPVLQWKHIXWXUH$GGLWLRQDOO\ZH
ZLOOQHHGWRKDYHDEHWWHUXQGHUVWDQGLQJRIWKHVXUIDFH
DQGJURXQGZDWHUUHODWLRQVKLSVWRWKHKHDOWKRIRXU
HFRV\VWHPV7REHJLQWRHOLPLQDWHFXUUHQWSUREOHPV
DQGDYRLGIXWXUHZDWHUDYDLODELOLW\SUREOHPVZH
PXVWLPSURYHRXUXQGHUVWDQGLQJDQGWKHTXDOLW\RI
PDQDJHPHQWGHFLVLRQVLQWKHIROORZLQJDUHDV

,QVXPPDU\LQGXVWU\DJULFXOWXUHKRXVLQJPDQXIDF
WXULQJSRZHUJHQHUDWLRQDQGZHOOPDQDJHGSXEOLF
ZDWHUVXSSO\V\VWHPVDUHDOOQHFHVVDU\HOHPHQWVWR
QXUWXUHDQGVXVWDLQFRPPXQLWLHV7RPDLQWDLQDOOWKH
QDWXUDOUHVRXUFHIHDWXUHVWKDWFRQWULEXWHWR0LQ
QHVRWD·VDWWUDFWLYHTXDOLW\RIOLIHLQFOXGLQJÀVKDQG
ZLOGOLIHKDELWDWDQGUHFUHDWLRQDORSSRUWXQLWLHVHDFK
JURZWKDQGGHYHORSPHQWGHFLVLRQQHHGVWRLQFOXGH
FRQVLGHUDWLRQRILWVHIIHFWRQWKHZDWHUVXSSO\DQG
DVVRFLDWHGZDWHUUHVRXUFHV&DUHIXOFRQVLGHUDWLRQRI
WKHHIIHFWHDFKXVHPD\KDYHRQWKHDYDLODEOHZDWHU
VXSSO\LVHVVHQWLDOIRUWKHVXVWDLQDELOLW\RIWKHZDWHU
VXSSO\DQGWKHZDWHUVXSSO\·VDELOLW\WREHUHFKDUJHG
IRUIXWXUHJURZWKGHYHORSPHQWDQGHQMR\PHQW

,QRUGHUWRHQVXUHWKHIXWXUHRIRXUZDWHUVXSSO\
WKRXJKWIXOZDWHUVXSSO\PDQDJHPHQWLQFOXGLQJFRQ
VHUYDWLRQUHVWRUDWLRQVWXG\DQGSURWHFWLRQPXVWEH
SUDFWLFHG2QO\LQWKLVPDQQHUZLOO0LQQHVRWDQVFRQ
WLQXHWRZLVHO\FRQWUROWKHLUZDWHUUHVRXUFHGHVWLQ\


 :HQHHGWRVLJQLÀFDQWO\LQFUHDVHRXUXQGHU
VWDQGLQJRIKRZZDWHUPRYHVLQWRWKURXJKDQGRXW
RIWKHHDUWKEHQHDWKXV

 :HQHHGWROHDUQWRUHGXFHRXUZLWKGUDZDORI
ZDWHUDQGSURPRWHWKHXQGHUVWDQGLQJWKDWZDWHU



 :HZLOOQHHGWRPDQDJHODQGXVHVWRHQVXUHWKDW
ZDWHUUHFKDUJLQJRXUJURXQGZDWHUV\VWHPVKDVKDG
VXIÀFLHQWWLPHRUWUHDWPHQWWRUHPRYHFRQWDPLQDQWV
EHIRUHHQWHULQJVXEVXUIDFHÁRZSDWKZD\V
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Introduction
Minnesota Statutes, Section 473.1565, directs the Metropolitan Council (Council) to “carry out
planning activities addressing the water supply needs of the metropolitan area,” including the
development of a Twin Cities Metropolitan Area Master Water Supply Plan (Master Plan). The
legislation directs that the plan:
• Provide guidance for water supply development.
• Emphasize conservation, interjurisdictional cooperation, and long-term sustainability.
• Address reliability, security and cost effectiveness of metro area water supplies.
The Master Plan was completed in March 2010. In addition, the law required that the Council
“…submit reports to the legislature regarding its findings, recommendations, and continuing
planning activities under subdivision 1. These reports shall be included in the "Minnesota Water
Plan" required in section 103B.151…”. This report fulfills that requirement by describing efforts
conducted to date, including an overview and conclusions of the Master Plan and ongoing planning
efforts.
The analysis conducted as part of the planning effort to date indicates that, overall, the region’s water
resources are adequate to meet projected demands for the foreseeable future. However, local issues are
predicted to continue to arise if traditional sources are developed to meet those demands. The issues
include impacts to surface waters, unacceptable groundwater declines and the potential for interference
with private wells.
The Master Plan sets forth a dynamic process for collecting new information, updating analytical tools,
and improving guidance to address anticipated water resource issues and ensure supplies are developed
sustainably. The plan adopted the following definition of water sustainability: “…water use is
sustainable when the use does not harm ecosystems, degrade water quality, or compromise the
ability of future generations to meet their own needs.” (Minnesota Session Law 2009 c172)

Planning Activities
Stakeholder Input
As prescribed in Minnesota Statutes 473.1565, the Metropolitan Area Water Supply Advisory
Committee − whose members represent state agencies, counties, local governments and the Council −
was established to assist the Council in its planning activities. The guidance provided by this group
was critical to the development of the plan and will continue to be so in the future. The advisory
committee is set to sunset at the end of 2012.
From the beginning of the planning process, the Council recognized that an inclusive and transparent
process involving water resource and supply managers is critical for this to be a successful and useful
effort. Through a series of workshops, the Council sought direction from a wide range of stakeholders
whose input played an important role in shaping the plan’s content and structure. As the need to
develop technical information and tools emerged in 2007, the Council convened a technical advisory
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group to ensure the accuracy of data and the usability of its analysis. With their roles in water
management, the Minnesota Department of Natural Resources (DNR) and the Minnesota Department
of Health (MDH) played an integral part in the development of this plan.
The central issue that emerged from the stakeholder input was the need to link water supply to overall
planning, and that evaluating resources in the context of planned growth is necessary if the region is to
satisfactorily address potential limitations. As planning continues, so will the collaborative process that
has been established between stakeholders and the Metropolitan Area Water Supply Advisory
Committee.
Phase I
The planning activities were organized into two phases. During the first phase, culminating in a report
to the 2007 Minnesota Legislature (January 2007), the Council conducted a preliminary evaluation of
water supply availability, examined the water supply decision-making and approval process, and
explored the need for a regional role in water supply safety, security and reliability.
As a first step in the development of a sound regional base of technical information, the Council
collected water supply system and resource monitoring location information from throughout the
region. The Council also performed an initial analysis comparing regional water demand projections
and water resource availability. The goal was to identify communities where water supplies might be
inadequate to serve projected growth. This was the foundation for a more robust analysis in the second
phase.
With guidance from the Water Supply Advisory Committee (Minnesota Statutes 473.1565) and input
from stakeholders, the Council evaluated the current water supply decision-making and approval
process and agency roles during Phase I. The DNR, MDH, and the Council each play a unique role in
the water supply decision-making and approval process in the region. While coordination exists among
these agencies, opportunities were identified for improving coordination and streamlining the process.
Consequently, the MDH and DNR have been increasing the routine communication and coordination
between them. The most significant change to improve the process, however, was identified to be an
adequate evaluation of water supply availability as part of planning for growth. Roads, parks and sewer
service capacities are evaluated as part of regional planning, but historically there has been little or no
water supply availability assessment prior to growth. It is this gap that the Master Plan addresses.
The Council also evaluated a range of safety, security and reliability issues during the first phase of the
planning effort. Contamination (both intentional and accidental, in both the distribution system and the
source-water area), loss of power, and natural disasters were identified as the most significant shortterm risks to the region’s water supplies. The evaluation concluded that federal and state regulations
and programs are already in place requiring communities to identify and establish protocols for
protecting the safety, security and reliability of their water supplies. However, as part of ongoing
planning activities, the Council will continue to look for areas where there is a benefit to a regional
approach water supply protection.
Phase II
Building on the work done in Phase I, the second phase of work focused on refining the water resource
availability assessment. Phase II culminated in the Metropolitan Area Master Water Supply Plan
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(March 2010). Phase II analyses focused on the following stakeholder-identified issues, which have
limited water supply availability in the past and may occur in the future:
 Impact to surface water features
 Significant aquifer drawdown
 Well interference
 Impact to trout streams or calcareous fens
 Aquifer vulnerability
 Presence of special well construction areas
The water resource availability assessment evaluated the potential for these issues to occur based on
projected demands. It relied on the best available, regionally consistent data collected by the Council
and by others through various programs and studies conducted over the years. These data sets included
water supply system infrastructure information, geologic data, surface water flows, water well
information, studies of groundwater and surface water interaction, and areas of known groundwater
contamination.
Using this data and information, the Council conducted a regional analysis that compared projected
water demands to available resources. Metro Model 2, a computer model of the region’s groundwater
flow built upon the PCA’s original Metro Model, was developed to assess the ability of the region’s
water resources to supply projected demands without adverse consequences. The model and other
analyses highlighted areas where, based on projected demands, groundwater withdrawals could cause
unacceptable impacts to water resources.
Information about special well construction areas and source water protection areas developed by the
MDH was also compiled and presented in the plan to inform water supply planning decisions.
In addition, work was conducted to better understand how much more water could be withdrawn from
the Mississippi River for water supply during low-flow conditions, while maintaining a minimum flow
necessary for existing water withdrawal infrastructure and other uses including downstream navigation
channels, sustainable habitat for fisheries and wildlife, recreation, and point-source-inflow dilution.
The study evaluated the probability of low flows in the Mississippi River to inform communities
currently using the river as a source as well as those who are considering its use.

Results: Metropolitan Area Master Water Supply Plan
Five years of stakeholder input, data collection, and technical analysis culminated in the development
and approval of the Master Plan in March 2010. The plan provides a framework for long-term water
supply development at the local and regional level that does not harm ecosystems, degrade water
quality, or compromise the ability of future generations to meet their own needs. The plan recognizes
the benefits of identifying, early in the process, issues that communities need to address.
Much of the analysis focused on evaluating the potential impacts of groundwater withdrawal, the
preferred source for virtually all the growing suburbs in the region. A variety of scenarios were run,
including one that assumes that the entire developable area of the region is developed at urban
densities and that groundwater will be the water source used to meet all new demand in the region
(ultimate development).The analysis for this scenario predicts that the magnitude of aquifer declines
will vary across the metropolitan area. In the developed central cities and inner-ring suburbs, aquifer
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decline is expected to be minimal. In outer-ring suburbs and rural areas, particularly in the southern
metropolitan area, aquifer decline on the order of 100 feet may occur.
The ramifications of this decline vary from aquifer to aquifer and from place to place. In some areas
the projected decline will have little impact on natural resources, and in others could adversely affect
aquifer productivity and/or surface water features. In areas where adverse impacts from use of
traditional sources are predicted, communities will be able to meet projected demands through
development of options including use of other aquifers, surface waters, conservation, and cooperation
with neighboring communities, avoiding the adverse impact.
The plan presents results of the metropolitan area water supply availability assessment at both a
regional and community scale. The region-wide water supply assessment highlights potential problem
areas, so that they can be considered in the development of region-wide plans. The plan also provides
enough detail on the potential local problems that water suppliers will know what needs to be
addressed as part of development. This scale variability is intended to identify and coordinate water
supply planning activities among utilities, local, regional and state planners and resource managers,
and to reduce the likelihood that water supply problems will develop “under the radar.”
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The Master Plan presents local information in community-specific water supply profiles, one for each
community in the region. The profiles provide information about each community’s current and
projected water demand, current potential supply sources, and issues identified through the technical
analysis. In addition, the plan provides guidance for communities to address the issues identified in
their profiles. With the information supplied in the profiles, communities will know what potential
water supply issues they face and the range of appropriate solutions before they invest significant time
and money in infrastructure planning. The information will also be used by the DNR to help ensure
that potential issues are being addressed and appropriation permits can be issued with more
confidence. Having this information available will help to avoid many of the costly and timeconsuming delays in water supply development, as well as the challenging appropriation decisions,
that have occurred in the past.
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It was clear that providing public access to data and analyses was critical in the development of a
useful master water supply plan. The Council created several online tools to put data and analyses in
the hands of regional and local planners. Water demand, infrastructure, and groundwater model data
are available as maps through the Make-A-Map application on the Metropolitan Council website.
Community water use information is provided through the Council’s online Topics application. An
online water conservation toolbox provides water suppliers with program ideas and water customers
with wise water-use tips.
As required by Minnesota Statutes 473.1565, the Metropolitan Council will consider the results of the
planning effort when preparing the metropolitan development guide (Minnesota Statutes 473.145).
Although water supply will not be the only factor in developing long-range growth forecasts, it will be
considered alongside the other factors that shape the regional forecasts. Where other factors indicate
that growth should occur and water supplies have some limitation, the Council will assist the
communities in developing plans to meet projected demands sustainably. The Council will also review
local comprehensive plans for consistency with the Master Plan in accordance with Minnesota Statutes
103G.291.
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Ongoing Efforts
The Council’s planning effort resulted in a collaborative and dynamic process for the evaluation of
water supply availability, linked to long-term planning and based on a continuously improving
foundation of technical information and management strategies. The plan recognizes the value of an
adaptive approach to water supply management, guided by management tools developed with the best
available information generated through resource monitoring, mapping and predictive analyses. The
Master Plan describes the ongoing process for incorporating the information collected through efforts
led by the Council, communities, watershed districts, local, county and state agencies, and others into
the analyses and tools.
The primary outcome of the ongoing effort will be identification of sustainable sources to meet longterm demand for the entire Twin Cities Metropolitan Area. This will include the development of subregional or local plans that: identify water supply sources; establish management thresholds linked to
resource monitoring networks; monitor and manage withdrawals; and identify options to address any
emerging issues. In order to accomplish this, the Council intends to continue the established water
supply planning process described below and illustrated in Figure 3.
−

Improve the water supply availability technical analysis, including the metropolitan area
groundwater model, with new data, methods and information. The updated analysis will include the
evaluation of various land-use, climate and growth scenarios to identify potential local and regional
water supply limitations as well as options to meet projected demands.

−

Update water supply planning tools and guidance, including the water conservation toolbox, water
supply development guidance and online water supply mapping. The tools are used by cities and
regulators to identify actions to take and sources to develop to meet future demands without
adverse impacts to natural resources.

−

Collect data and information on: water levels, hydrogeologic properties, water chemistry, recharge
rates, geology, water use, wells, water supply systems, water conservation, groundwater
contamination and groundwater/surface water interactions. This information may be collected by
the Council or others through regular programs or special studies, and will be used to improve the
water supply availability analysis and planning tools.
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Examples of specific efforts under way or on the horizon include:
• Developing a map of known groundwater contaminant plumes in the region.
• Convening a stakeholder group to develop a protection plan for the Seminary Fen and for a
Valley Branch trout stream.
• Characterizing glacial aquifers in the region.
• Developing tools for communities to use to evaluate the feasibility of stormwater reuse.
These are examples of the types of information collection, analysis and tool development that will
continue as part of the ongoing planning process.
Inclusion and transparency, informed by robust data collection and analysis, create the organizational
basis that inspires better decision-making. In order to continue the collaborative process established in
development of the plan, stakeholders will be engaged through a variety of collaborative venues. For
example, the Council will continue to utilize technical work groups to gather input and provide review
of the Council’s technical analyses.
The Council’s water supply planning effort balances regional growth against local resource
vulnerability, recognizing that supplies appear to be regionally sufficient to meet foreseeable demands.
However, supplies may be locally limited due to a number of factors that require active management.
This dichotomy provides challenges for resource protection and opportunities for interjurisdictional
cooperation. Cooperation could occur on many levels and include information sharing, shared
monitoring points, coordinated source-water protection, co-development of supplies, and wholesale or
retail purchase of supplies. Regardless, an iterative management process is necessary so that as new
withdrawals are made, information is collected, impact predictions are improved and cost-effective
supply development decisions are made. Integrating local data collection and resource management
strategies with regional networks will allow managers at all levels to have the best possible sense of
the long-term regional availability of water and to provide the framework for local withdrawal
decisions.

Recommendations
Two specific recommendations were made by the Metropolitan Area Water Supply Advisory
Committee/Metropolitan Council in the 2007 Report to the Legislature: 1) Consolidate and clarify the
requirements for local water supply plans, and 2) Provide funding for capital projects that have a
regional or state benefit, specifically to provide funding for the interconnection between the
Minneapolis and St. Paul water supply systems. Other less formal recommendations in that report
included conducting additional data collection, analysis and sharing, as well as improving coordination
between agencies in the water supply permitting process.
The 2010 Master Water Supply Plan expands upon recommendations identified in the 2007 report,
particularly those that support an adaptive management framework. The plan stresses ongoing data
collection, analysis and update of tools for water supply decisions. As the regional planning process
continues, these tools will support the development and implementation of long-term sustainable water
system decisions. Lessons learned through this process are expected to result in future
recommendations to ensure that water supplies are developed sustainably.
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