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rer CXECUTIVE SUMMAry

A PLAN FOR
FOR TODAY
AND GENERATIONS TO COME

The MINNESOTA WATER
SUSTAINABILITY
FRAMEWORK

INNESOTA, THE LAND OF NEARLY 12,000 LAKES AND 63,000

miles of rivers and streams, has more freshwater than any of the

country’s other contiguous 48 states. Water is part of Minnesota’s
identity and a defining force in our state’s history, heritage, environment, and
quality of life. At the headwaters of three of the largest river basins in North
America, Minnesota receives 99% of its water from rain and snow—conse-
quently, most of our water quality problems originate right here in our own
state. While this means we are not forced to clean up water problems originat-
ing elsewhere, it also means we have a responsibility to take care of our waters
for our sake and for all those downstream.

We have had a tendency to take this abundance and cleanliness for granted.
But this complacency could lead to our undoing. Over time, as Minnesota was
settled, cleared, developed, and farmed, and our population grew, these human-
induced changes took an unintended toll on our lakes, rivers, groundwater, and
their related ecosystems. Minnesota’s population will grow—an estimated 22
percent larger by 2035—and that increased population will result in ever greater
demands on our finite water supply and its quality unless we make intentional
and strategic changes now.

WHAT IS THE MINNESOTA WATER SUSTAINABILITY FRAMEWORK?

It was in part due to Minnesota’s love of water and concern for the environ-
ment that in 2008, its citizens passed the historic Clean Water, Land and
Legacy Amendment to the state constitution, dedicating a portion of a small
increase in the state’s sales tax for the next 25 years to create the Clean Water
Fund to protect and enhance our water resources. This rare and unique op-
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portunity allows Minnesota to do what no other state has done—to truly take
action now for a sustainable water future.

The Legislature directed the University of Minnesota Water Resources Center
to construct a framework describing what needs to be accomplished and how to
get it done. The Legislature defined sustainable water use as that which “does
not harm ecosystems, degrade water quality, or compromise the ability of
future generations to meet their own needs.” Aspects of water sustainability
to be addressed included drinking water, stormwater, agricultural and industrial
use, surface and groundwater interactions, infrastructure needs, and within the
context of predicted changes in climate, demographics, and land use. The result
is the Minnesota Water Sustainability Framework. The following 150-page
report presents the 10 most pressing issues that must be addressed to achieve
sustainable water use, presents strategies for what should be done, and provides
recommendations for how to meet these challenges.

Over the last 18 months, a core team, led by University of Minnesota Water
Resources Center professor and co-director Deborah Swackhamer, collected,
compiled, considered, and synthesized the knowledge, insights, and perspec-
tives of hundreds of the best scientists and water management professionals
in the state and region, as well as the input of a wide range of citizens and in-
terest groups. The resulting Framework offers a step-by-step road map toward
water sustainability, identifying problems in a holistic way and offering con-
crete solutions and action steps based on current science and best practices.

Minnesota is at a crossroads. To do nothing about our current water manage-
ment would put our health, quality of life, and environmental and economic
future at stake. We have a rare moment in history to make the changes needed
to put Minnesota on the path to water sustainability through the Water Sustain-
ability Framework. Moving forward on the Framework recommendations will
assure the people of the state that our precious water resources will be here for
generations to come.

WATER SUSTAINABILITY TRIAD
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Figure 1-1: Water Sustainability Triad With Framework Issues A-J

WHAT THE FRAMEWORK IS NOT...

The Framework provides a long-range plan that frames major water sustain-
ability issues and provides strategies and recommendations for addressing
those issues. It is not a specific spending plan for the Clean Water Fund, nor
should it be limited by the availability of Clean Water Funds; rather, it includes
recommendations for investments that may come from sources beyond the
Clean Water Fund (other state funds, private funds, etc.), as well as recommen-
dations that require little or no investment by the state.

THE MOST PRESSING ISSUES

The Framework identifies ten major issues that present the challenges, and
solutions to those challenges, that must be addressed if water sustainability is
to be achieved in Minnesota. These issues (labeled A - J) fall within the three
areas that define sustainability: environmental, economic, and social.

The Strategies that address the Issues are in the following table, along with the
corresponding Desired Minnesota Future:



SUMMARY of DESIRED FUTURE, ISSUES, and STRATEGIES

DESIRED MINNESOTA FUTURE

A water supply that is protected for all future generations that is of
high quality and that is sustainable for all uses of water.

The “Land of Unimpaired Waters,” where we have met all our water
standards for nutrients and solids, we are not contributing to eutro-
phication problems beyond our borders, we can safely eat local fish.

A society that has embraced green manufacturing and chemistry
so as to eliminate new toxic contaminants, and in which drinking
water, recreation water, and food are free from harm from microbial
contaminants.

A society where all of our land use decisions and plans are
inextricably linked with sustainable water use and planning.

A society in which healthy ecosystems are considered the founda-
tion on which human well-being is based, all damaged ecosystems
have been remedied and all ecosystems are protected, while main-
taining a healthy economy. Changes to the hydrological system are
minimized and historic changes have been addressed to achieve
water quality and aquifer recharge needs.

A society in which energy policy and water policy are aligned.

A society in which water is considered a public service and is
priced appropriately to cover the costs of its production, protection,
improvement, and treatment, and the economic value of its
ecological benefits.

A society that maintains and protects its infrastructure for drinking
water, wastewater, stormwater, and flood protection in a manner
that sustains our communities and our water resources, maintains
and enhances ecosystems, and reuses water where appropriate to
conserve our sustainable supply.

A resilient society that values, understands, and treasures our water
resources, and acts in ways to achieve and maintain sustainable
and healthy water resources.

Governments, institutions, and communities working together to
implement an overarching water sustainability policy that is aligned
with all other systems policies (land use, energy, economic develop-
ment, transportation, food and fiber production) through laws, ordi-
nances, and actions that promote resilience and sustainability.

ISSUE

A. The Need for a Sustainable
and Clean Water Supply

B. Excess Nutrients and Other
Conventional Pollutants

C. Contaminants of Emerging
Concern

D. Land, Air, and Water
Connection

E. Ecological and Hydrological
Integrity

F. Water-Energy Nexus

G. Water Pricing and Valuation

H. Public Water Infrastructure
Needs

I. Citizen Engagement and
Education

J. Governance and Institutions

STRATEGIES

A.1: Determine the state’s water balance and improve water appropriations
permitting

A.2: Improve privately supplied drinking water quality

A.3: Plan for water re-use

B.1: Reduce excess nutrient and conventional pollutant loads by strengthening
policies to meet clean water standards, and require implementation of pollutant
load reductions by all sources

B.2: Establish a farmer-led, performance-based approach to meeting clean water
standards

B.3: Address “legacy” contaminants

C.1: Enact Green Chemistry Act
C.2: Develop a framework for managing contaminants of emerging concern
C.3: Address beach pathogens to improve recreation

D.1: Require integrated land and water planning; integrate water sustainability
in permitting

E.1: Enact Ecosystems Services Act

E.2: Prevent and control aquatic invasive species
E.3: Improve management of hydrologic systems
E.4: Preserve and encourage land set-aside programs

F.1: Understand and manage water and energy relationships

G.1: Include the value of ecological benefits in the pending water pricing
schemes

G.2: Provide for shared resources between large and small community water
supplies

H.1: Determine a long-term strategy for funding new, expanded, and updated
infrastructure and its maintenance

H.2: Incorporate new technologies and adaptive management into public water
infrastructure decisions

I.1: Ensure long-term citizen engagement
I.2: Ensure youth and adult water literacy and education

J.1: Provide a governance structure to ensure water sustainability
J.2: Ensure that the Water Sustainability Framework is reviewed and updated
regularly and informed by current, accessible data and information

Figure 1-2: Summary of Desired Future, Issues, and Strategies
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THE FRAMEWORK IN SUMMARY: A TEN- AND TWENTY-FIVE-YEAR PLAN
The following “dashboard” presents the complete list of Recommendations

in the Framework that are needed to implement the Strategies listed above

for addressing the ten important Issues. This summary table provides the
following information:

Minnesota Water Sustainability Framework

N

Individual Recommendations—recommendations
are grouped by the issue they address (identified
by A-J), and in relationship to a specific strategy
(identified by number). For example, A.1.a indicates
Recommendation “a” for Strategy 1 under Issue A.
Who Should Implement—if funding is appropri-
ated by the Legislature, this indicates whether a
given recommendation would be implemented by
the Legislature, the executive branch, or others.
Research Task—this column contains an R if the
recommendation is a research task rather than an
implementation or management task.
Implementation Phase—the phases refer to

the general time line for initiation of a given

RECOMMENDATION

A.l.ai, ii, iii: accelerate water balance mapping needs and implement
hydrologic monitoring network

A.l.aiv: design and complete the water balance hydrologic models

A.1.b i, ii: develop a web-based screening permit system

A.1b iii: restrict water exports from state

Figure 1-3: Dashboard Summary of Recommendations

recommendation’s implementation. Phase 1
corresponds to the first two years (2011-2012)

and is shown in color, blue or green,

Phase 2 corresponds to the next three years
(2013-2015), Phase 3 corresponds to years 6-10
(2016-2020), and Phase 4 corresponds to years
11-15 (2021-2025). The Ten-Year Plan contains
recommendations in Phases 1-3, while the Twenty-
Five-Year Plan contains all recommendations from
all phases. The time line for implementation does
not always correspond to how critical the action

is relative to others; rather, it reflects Minnesota’s
readiness to implement the action (i.e, “low-

hanging fruit”), the urgency of starting the action,

IF FUNDED,

WHO SHOULD
IMPLEMENT TASK

Executive

Executive R

Executive

Legislative

RESEARCH IMPLEMENTATION

and/or the fact that outcomes from the action will
take significant time (decade or more).

Level of Benefit to Water Resources—this gives
an indication of each recommendation’s potential
impact on improving or protecting water quality
and quantity for future generations. The scale

is given as 1 to 3 drops, with 3 drops indicating
maximal benefit and 1 drop indicating modest
benefit.

Multiple Benefits—this indicates whether the
recommendation as implemented would benefit
other state-defined natural and human resources,
including wildlife, fisheries, forest resources, air,

recreational resources, or human health.

LEVEL OF BENEFIT TO
PHASE WATER RESOURCES

Phase 1 ( Y ) @

Phase 1 ( Y ) @
Phase 1 (Y ) @

Phase 3 (Y )

MULTIPLE
BENEFITS




IF FUNDED,
RECOMMENDATION LEVEL OF BENEFIT TO MULTIPLE

WATER RESOURCES BENEFITS

A.1.b iv: develop eco-based thresholds for minimum flows
A.2.a: improve quality of private drinking water

A.3.a: plan for water reuse

A.3.b: develop reuse standards

B.1.a: require compliance of pollutant load reductions by all sectors
B.1.b: strengthen approaches to stormwater pollution

B.1.c: strengthen shoreland rules

B.1.d: increase capacity for local land use compliance

B.1.e: strengthen rules managing septic treatment systems

B.1.f: research cyanotoxin sources

B.2.a: establish farmer-led performance-based approach to meeting
standards

B.2.b: establish agricultural sustainable water certification
B.3.a: address contaminated sediments
B.3.b: evaluate coal-tar sealant alternatives

B.3.c: further eliminate mercury sources

WHOSHOULD | RESEARCH | IMPLEMENTATION
IMPLEMENT TASK PHASE
Executive Phase 1

Other Phase 2
Executive Phase 4
Executive Phase 4

Legislative Phase 1
Executive Phase 3
Executive Phase 3
Legislative Phase 2
Executive Phase 3

Other Phase 2
Legislative Phase 1
Executive Phase 3
Executive Phase 2
Executive Phase 1
Executive Phase 1
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RECOMMENDATION

C.l1.a: enact Green Chemistry Act

C.2.a: develop framework for managing contaminants of emerging
concern

C.2.b: expand MDH Contaminants of Emerging Concern program
C.2.c: prioritize facilities’ need for advanced treatment technologies
C.2.d: develop comprehensive policy for pharmaceutical disposal

C.3.a: establish state policy for pathogens and beaches

C.3.b, c: research pathogen indicators and sources

D.1.a: require comprehensive land and water planning

D.1.b: integrate sustainability in land use permitting

D.1.c: increase local enforcement and compliance capacity
D.1.d: monitor effectiveness

E.1.a i: enact Ecosystems Services Act

E.1.a ii: determine ecosystem services and their economic value
E.2.a: develop statewide policy for aquatic invasive species

E.2.b: research control measures for aquatic invasive species

E.3.a: accelerate watershed hydrological characteristics and response
landscape model application
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IMPLEMENT
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Executive
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Other
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Phase 2
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RECOMMENDATION

E.3.b: model drainage from field scale to watershed scale

E.3.c: require multi-benefit drainage management practices with new
or replaced tile drainage

E.3.d: expand cost-share program for retrofitting existing tile drainage

E.4.a: preserve and encourage conservation land set-asides

E.4.b: work to ensure next Farm Bill has strong conservation elements
F.1.a: understand and quantify the water-energy nexus

F.1.b: review energy policy for water sustainability

F.1.c: encourage renewable energy that minimizes water impacts
G.1.a: include ecological benefits in water pricing

G.1.b: include other economic incentives in water pricing

G.1.c: transition business to more equitable pricing

G.1.d: research and model value of water ecological benefits

G.2.a: provide for shared resources between small and large commu-
nity water supplies

H.1a: create standing advisory committee on new technologies .

H.1.b: address water reuse

IF FUNDED,
WHO SHOULD
IMPLEMENT

Other
Legislative

Executive

Executive

Executive
Other
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RECOMMENDATION

H.1.c: adopt Effective Utility Management program

H.2.a i: determine long-term funding strategy for public water infra-
structure

H.2.a ii: implement long-term funding strategy for public water infra-
structure

I.1.a: ensure long-term citizen engagement and support
I.2.a: ensure youth water literacy

I.2.b: ensure adult water literacy

J.1.a: review statutes and laws for water sustainability
J.1.b: enact Water Sustainability Act

J.1.c: re-establish the Legislative Water Commission
J.1.d: create Water Sustainability Board

J.1.e: form Watershed and Soil Conservation Authorities
J.2.a: create interagency data and information portal

J.2.b: maintain Framework as “living” document

IF FUNDED,

WHO SHOULD
IMPLEMENT

Other
Executive

Executive

Executive

Other
Other
Legislative
Legislative
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As shown in the dashboard, it is evident that most (about two-thirds) of the
Framework recommendations should begin in the first five years (Phases

1 or 2). Phase 1 recommendations, shown in blue and green, relate to
issues A, B, D, and J (The Need for a Sustainable Clean Water Supply;
Excess Nutrients and Other Conventional Impairments; Land, Air, Water
Connection; and Institutions and Governance). With few exceptions, these
will provide a high level of benefit to water resources, and most provide
multiple benefits to natural and human resources. Phase 2 recommendations
relate to strategies within all the issues except Issue F (Water-Energy
Nexus). These recommendations would provide good to excellent benefits
to water resources, and again, most would provide multiple benefits to
natural and human resources. Phase 3 recommendations are less urgent
and, though important, do not need to be initiated in the first five years.
Phase 4 recommendations, most related to water re-use, are not urgent.
Non-urgency should not be interpreted to mean a recommendation is
non-essential. In some cases, the Phase 3 or 4 recommendations cannot
be initiated until the recommendations in the earlier phases have been
instituted, yet are highly essential to sustainable water resources in
Minnesota. The most essential actions are shown in blue (see below for
explanation).

The dashboard also demonstrates that three-fourths of the recommendations
have multiple benefits to other natural resources and public health. Many of
the remaining one-quarter are positively linked to economic benefits.

THE ESSENTIAL TOP FIVE ACTIONS

The Framework is comprehensive in its recommendations and at first glance
may seem like a daunting challenge on many levels, including financial.

The quality and diversity of knowledge and perspectives that contributed

to the final form of these recommendations cannot be overemphasized,

and implementation of them in their entirety provides the best assurance

of water sustainability. However, in the expert view of the Framework’s

authors, there are 5 overall actions (encompassing eight recommendations)
that are most critical, in fact are considered essential, to achieving water
sustainability—implementing these five actions will take us closer to water
sustainability than any other limited combination of actions. These five
actions can be grouped into two parts: (i) Protect and restore water quantity
and quality and (ii) Address the interconnected nature of water. They are all
Phase 1 actions, of high impact to water quality, and have multiple benefits.
They are shown in the dashboard above in blue.

Protect and restore water quantity and quality through comprehensive,
integrated, and informed management and policy:

@ Revise water appropriations permitting (Recommendation A.1.b], and model
the state’s water balance [A.1.a)

@ Comply with water quality standards through implementation plans for
reducing pollutants [B.1.a] and bring farmers to the table to be part of this

solution (B.2.a)

© Address future contaminants (C.1.a, C.2.a)

Address the interconnected nature of water by integrating and aligning
planning and policies:

@ Integrate water and land use planning (D.1.a)

© Align water, energy, land, transportation policies for sustainability (J.1.a)

Executive Summary
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SHARING a VISION

INNESOTANS WILL REACH SUSTAINABLE MANAGEMENT OF
l \ / | our precious water resources only if we can agree on a shared

vision of what this means. A shared vision is not a single vision,
but is a collective vision that we all can embrace, even if we have diverse
perspectives and differing uses for water. The Minnesota Water Sustain-
ability Framework project’s public engagement efforts indicate that citizens
embrace the legislative definition of sustainability: “Sustainable water use
does not harm ecosystems, degrade water quality, or compromise the abil-
ity of future generations to meet their own needs.” Minnesotans can attain
a shared vision through strong leadership, robust engagement of citizens,
informed decision-making, and management strategies that use evaluation
and learning to continually adapt and evolve. The shared vision arising
from the Framework is that in the future, Minnesota’s lakes, rivers, streams,
wetlands, and aquifers are healthy and resilient, and that they are treasured
and understood to promote well-being and prosperity of present and future
generations. The adoption and implementation of this Framework will move
us to this vision.

SUSTAINABLE WATER USE DOES NOT HARM ECOSYSTEMS,
DEGRADE WATER QUALITY, OR COMPROMISE THE ABILITY OF
FUTURE GENERATIONS TO MEET THEIR OWN NEEDS. 99

—Minnesota Laws 2009, Chapter 172
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WAT E R P D |_ | CY THE CITIZENS OF MINNESOTA desire a sustain-
able water future, and this will require a robust,
S TAT E M E N T D r comprehensive, and integrated statewide policy.

This policy must ensure that water demand is
\4 | N N E S D T A ' forever balanced by clean renewable water, and
' that our water resources are protected, maintained,
and restored. This policy must recognize that water
resources are intrinsically linked to human health

D re a m b | e tO and well-being, a sustainable environment, and

economic prosperity. It should recognize the inter-
: k connectedness of water: the connection between
r a m e W D r surface and groundwater, the connection between
water and human activity on the land. This policy

must embrace the core values of transparency,
accountability, and equity, and must use the best

science to guide decisions.

THIS POLICY MUST ENSURE THAT WATER DEMAND

AND THAT OUR WATER RESOURCES
ARE PROTECTED, MAINTAINED, AND RESTORED.

The PRINCIPLES of the Minnesota Sustainable
Water Policy should be to:

Protect, maintain, and restore the biological,
chemical, and physical health of the state’s
water resources

Provide resiliency to our ecosystems, our
communities, and our economies

Increase our understanding of our state water
balance and the processes and stressors
affecting it to provide for improved decision
making

Improve our capacity for water management
that can adapt to new knowledge, changing
biogeochemical systems, and long-term
challenges

Encourage sustainable, conservation-minded
land use practices

Recognize and honor our many uses of water,
including recreational, cultural, and spiritual
values

Preserve our water-rich heritage and ensure
our future legacy as national and international
water stewards

Provide for a lasting foundation to achieve and
maintain sustainable water management.

Minnesota Water Sustainability Framework
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The following Framework will provide the
guidance needed to develop these principles into
long-term action to achieve sustainable water use
and management.



IMAGINE a MINNESOTA...

IMAGINE A MINNESOTA in which lakes, streams,
and groundwater are clean, where water is abun-
dant and available to all, to meet all needs.

Or imagine a Minnesota in which the ecological
integrity of our lakes and rivers has been destroyed
by competing, unbridled demands that far exceed
their capacity to meet them; where the health of
children is threatened by an uncertain water supply;
where access to clean water is controlled by a pow-
erful few; where competition for a scarce resource
generates crime and graft and separates people and
enterprises into haves and have-nots.

Or imagine any scenario in between. Your choice.
Our choice.

We don'’t know what Minnesota will be like tomor-
row. But we do know it will be different than today.
Population growth, climate change, and shifts in
governance, technology, lifestyle, and land use

are moving us toward a future unlike anything
we've seen before. The differences of opinion we
encounter today around water access, allocation,
and protection pale in comparison to those that
will emerge in the face of a bigger, more demand-
ing populace—unless we commit ourselves now
to a new and sustainable way of thinking, acting,
apportioning, and governing that will ensure our
water resources maintain ecological integrity while
meeting human physical, social, economic, and
spiritual needs in a just and sustainable way.

That's what this Framework is all about. In 2009, rec-
ognizing that under the new Clean Water, Land and
Legacy Constitutional Amendment, Minnesotans
would be investing billions of dollars in water man-
agement over the next quarter century, the state
Legislature called for creation of a comprehensive
and independent framework to guide and inform
the process. Over the next 18 months, a core team
led by University of Minnesota Water Resources
Center (WRC) professor and co-director Deborah
Swackhamer collected, compiled, sorted through,
and thoughtfully considered the knowledge, in-
sights, and perspectives of hundreds of experts and
thousands of citizens representing a spectrum of
water-related professions and points of view.

The Framework presented here is the result of that
massive effort. It is the nation’s first state-level plan

for ensuring that waters will be preserved, protected,
and available for use by all citizens for generations to
come. It gives Minnesotans a solid plan for shaping
the strong leaders, engaged citizens, and resilient pol-
icies needed to not only imagine, but create and pass
on to our children, a future in which lakes, streams,
and groundwater are clean and water is abundant and
available to all, to balance all needs, for all time.

WHAT THE FRAMEWORK IS NOT. The Framework
is to provide a long-range plan that frames the major
water sustainability issues and provides strategies
and recommendations for addressing those issues.
It is not a specific spending plan for the Clean Water
Fund or limited by it; rather, it includes recommen-

dations for investments that may come from sources
beyond the Clean Water Fund (other state funds,
private funds, etc.), and recommendations that re-
quire little or no investment by the state. The Clean
Water Fund can help support the goal of sustainable
water use and management, but is not the only
vehicle. This Framework addresses long-term needs,
so the reader won't see recommendations related to
things that Minnesota already does well, or that are
currently regulated or managed sufficiently using
good science and good process. For instance, the
Framework does not address forest management
and water, because Voluntary Site-level Forest Man-
agement Guidelines are effective. The Framework
does not address mining and water, as that is a site-
by-site issue handled adequately by permitting; and
the politics of siting decisions were not within the
scope of the Framework. The Framework does not
focus on wetland restoration per se, as the Wetlands
Conservation Act is considered successful for the
most part. The Framework does not address aspects
of the federal Clean Water Act that are considered to
be successfully implemented, or comment on what
is working well in the state. Instead, the Framework
focuses on where actions can be taken now and into
the future to move us even further forward.

Introduction
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MINNESOTA LAKES and STREAMS
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Figure 2-1: Lakes and Streams Map
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MINNESOTANS AND WATER

The Minnesota Water Sustainability Framework surveyed
Minnesotans’ attitudes and beliefs about water. Based on more
than 4,500 surveys and 9 listening sessions around the state,
the team concluded:

® Minnesotans consider providing drinking water to be the
most important use of water, followed by providing ecological
services, offering recreational opportunities, and meeting the
needs of agriculture.

® Minnesotans rank chemical pollution; nutrients; and
nonnative plant, animals, and diseases the three most serious
problems facing Minnesota’s waters.

® Minnesotans understand that we need to change our behavior
in order to reverse the trend toward reduced water quality.

® Minnesotans equally value improving polluted lakes and rivers
and protecting waters that are still healthy.

® Minnesotans place equal importance on investing in
groundwater and investing in surface waters.

® Minnesotans want to address the most serious water
problems first, rather than place priority on distributing
funding equitably across the state.

® Minnesotans want quantifiable measures of water quality to
be communicated and accessible.



The CURRENT STATE of WATER in MINNESOTA

MINNESOTA HOLDS THE HEADWATERS OF
three major continental river basins: the Red River
of the North flowing to Hudson Bay, the Missis-
sippi River flowing to the Gulf of Mexico, and Lake
Superior flowing out to the St. Lawrence River and
the Atlantic Ocean. Thus, approximately 99% of the
inflow of water to the state is from precipitation. In
total, Minnesota is touched by 8 major river basins
and has 6 major groundwater provinces defined
by geological characteristics and by availability of
water. Based on research done by the US Geologi-
cal Survey (USGS) in the mid-1980s, the major loss
of water (about 80%) is evapotranspiration, or loss
back to the atmosphere from plants, soil, and sur-
faces. Much of the remainder flows out of the state
in major rivers. The state currently has 13.1 million
acres of wetlands and lakes, 63,000 miles of rivers
and streams, 11,842 lakes over 10 acres in size, and
23,000 miles of drainage ditches and channels that
form 81 major watersheds. However, the current
balance of where water is and how it moves and
flows in Minnesota is not very well known, and that
lack of knowledge represents one of the biggest
challenges to managing water sustainably.

In spite of not knowing the quantity of water in the
state with any certainty, the use of water in Minneso-
ta is well characterized from data collected by both
the Minnesota Department of Natural Resources
(DNR) and the USGS. The largest use of water in
the state is for cooling of thermoelectric plants,

which constitutes 60% of total water use. The water
is almost all drawn from surface water sources, used
for once-through cooling, and returned to the stream
or river from which it was withdrawn. This practice
primarily affects a small area of rivers. When water
is returned from where it was taken, the practice is

termed nonconsumptive use. Other uses of water in
the state include domestic use (public and private
water supplies), which constitutes 15%, of which
about 75% is from groundwater. Mining constitutes

10%, mostly surface water; agricultural irrigation

and livestock production constitutes about 7.5%, of
which nearly all is groundwater. Other uses, such as
industrial use and aquaculture, each make up a few
percent. Setting aside nonconsumptive use gives a
better picture of water use in Minnesota: domestic
use is 22%, mining is 26%, agriculture is 19%, and
other uses are each less than 10% of the consumptive
water supply. In 2005 the per capita use of water

in Minnesota was 788 gal/day, and domestic use

MINNESOTA WATER USE by MAJOR CATEGORY: 1985-2005
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was 68 gal/day per person. The per capita use has
been rising in Minnesota since the mid 1980s, and
is driven by an increasing use for once-through
cooling of thermoelectric plants. However, other use
categories have also seen increased demand over
time (see Figure 2-2). About 78% of Minnesotans get
their drinking water from public supplies, and 22%
have private water supplies. The public drinking
water is largely from groundwater (~70%) with some
surface water sources (30%); private supplies all use
groundwater.

The quality of Minnesota’s water (and the na-
tion’s) has improved significantly since the pas-
sage of the Clean Water Act in 1972. Most conven-
tional parameters, such as phosphorus, oxygen,
and bacteria, have shown some improvements,
largely due to strong regulation of industrial point
sources through the National Pollutant Discharge
Elimination System (NPDES). In spite of this,
approximately 40% of the nation’s waters do not
meet water quality standards, and the same per-
centage is estimated for Minnesota. Recent stud-

ies suggest controlling point sources resulted in
significant improvement prior to the last decade.
The lack of improvement over the past decade
stems from the fact that now pollutant loads are
coming mostly from nonpoint sources. However,
most nonpoint sources have not been subject

to direct regulation of discharges, including
agricultural runoff and drainage. Regulations for
urban nonpoint stormwater are now being phased
in, and as a result, pollution from urban nonpoint
sources should be reduced. In Minnesota, the ag-

POINTS of PRIDE

Federal and state laws limit how much people may alter water and
waterways. In Minnesota, all groundwater and some surface water
must be kept suitable for drinking. In addition, water bodies may

Control of point-source pollution over the past 20
years has led to improvements in many aspects
of water quality.

Minnesota has buy-in at many levels of
government as well as funding to protect water
resources.

State law has allowed us to leverage state dollars
for water protection into many more local and
federal dollars.

Minnesota has made some progress in defining
groundwater resources.

Citizens are involved in monitoring and protect-
ing waters around the state.

Diverse interests work together to assess and
protect water quality.

Minnesota has a good system for recovering from
floods, settling well conflicts, and cleaning up

chemical spills.

Communities are welcomed to actively manage
their water resources.

For the most part, lakes and rivers are home to

not be degraded without compelling need. These limits and the
spirit of stewardship behind them have resulted in many positive
trends for Minnesota’s waters:

thriving ecosystems.

For the most part, Minnesota’s groundwater is
uncontaminated and undepleted.

Strong laws and policies recognize and work to
protect the value of wetlands.

Minnesota has been active in establishing
boards and councils to help set policy for man-
aging interstate and international waters.



ROOM for IMPROVEMENT

Despite these successes, Minnesota waters still face many threats. For example:

* Groundwater pumping has lowered groundwater
at least 40 feet in some parts of Minnesota.

* Runoff of oxygen-depleting pollutants from farms
and cities decreases oxygen in lakes and rivers,
altering their ability to support life.

* Extensive drain tile continues to be installed
each year, which may redirect water flow
and increase nutrients, bacteria, and various

ricultural community has been a national leader
in working to implement voluntary best practices,
but the state is still out of compliance with the
federal Clean Water Act.

The biggest threats to water quality in the state are
the continuing (and increasing) concentrations of
nitrates from agriculture and other unregulated non-
point sources, the presence of mercury that starts as
an air pollutant and accumulates in fish, and the po-
tentially hundreds of non-regulated chemicals from
household product and pharmaceutical disposal that
are found in surface and drinking water (Contami-
nants of Emerging Concern, or CECs).

Economists have tried to place a dollar value on
the goods and services water provides so we can
factor them appropriately into policy decisions. For

chemical input to receiving waters.

% Removal of species, overfishing, and introduc-
tion of nonnative aquatic invasive species has
changed and will continue to change aquatic
ecosystems.

% Lakeshores are increasingly being developed in
ways that decrease lakes’ ability to function as
healthy, sustainable ecosystems.

some, this process is fairly simple: for example, the
value of wild rice harvested in the state exceeds $5
million per year. For other goods and services, the
calculations are much more challenging. Water is
indispensible to agriculture, which provides $9.3
billion in farm income each year and generates $55
billion in economic activity in the state. Electrical
power plants use close to 900 billion gallons of
water each year in the process of generating $5.3
billion worth of electricity. Fishing contributes some
$4.7 billion in economic activity to the state each
year and supports more than 43,000 jobs. The epic
1997 floods along the upper Minnesota River and
the Red River of the North were estimated to have

a had a total economic impact of more than $1.5
billion; we don’t know how many such floods have
been prevented thanks to efforts to protect wetlands
that slow water’s movement. Water’s transportation

* Nitrate concentrations are increasing rather than
decreasing in some parts ofthe state, putting
infants at risk from drinking water.

* Hundreds of previously undetected, unregulated
chemicals have been found in water, and there
is evidence that some of them may cause
reproductive effects in fish. Impacts on humans
are not known.

value in Minnesota includes shipping more than

$2 billion worth of cargo each year from the Port of
Duluth Superior, supporting more than 2,000 jobs
and generating a $210 million impact. An additional
8.4 million tons of goods were shipped through

the Twin Cities in 2009. The use of water for waste
disposal, manufacturing, and other industrial
processes is also valuable but extremely difficult to
quantify. Water also provides huge, perhaps immea-
surable, aesthetic value to the people of Minnesota.
Perhaps most personally coveted is water’s value
for drinking. Minnesotans used 128 billion gallons
of drinking-quality water in 2005. At the going rate
for water in St. Paul, the equivalent value is about
$376 million. Using the price of bottled water brings
the the value to $164 billion. But given that access to
clean drinking water is literally a life-or-death mat-
ter, its value could as easily be set as priceless.
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framework for sustaining Minnesota’s water quality and quantity into the future cannot

succeed if it doesn’t recognize and accommodate external forces or external drivers of

change. In developing Minnesota’s Water Sustainability Framework, team members
took into consideration three of these major drivers and their trends that are expected to strongly
influence supply, demand, and quality of Minnesota’s water resources in the future:

CLIMATE CHANGE. Trends in Minnesota climate
today are toward warmer temperatures [especially
in winter and at night], more heat advisories, and
greater variation in precipitation (recall that precipi-
tation is 99% of the water that comes into Minne-
sota). Observations of data over the last 150 years
pravide abundant evidence of climate warming in
Minnesota, with readily ohservahle impacts on water
resources. Signs of climate warming are difficult to
ignore, whether because the salid ice caver prized
for winter recreational fishing lasts a shorter time
each winter or because an increasing frequency of
high intensity rainfall events averwhelms city starm-
water management infrastructure. Timing, intensity,
and duration of precipitation events are changing,
with high intensity thunderstorms contributing a
greater share of mean annual precipitation, lead-
ing to greater overland flow and less infiltration.
Analyses of precipitation records for Minnesota over
the last 100 years reveal that fall and spring are
notably wetter. With more of the summer precipita-
tion happening in intense, localized rainfall events,
precipitation received in one particular area is more
variable. This increased variahility results in periodic
intense flooding events and amplified dryness at
other times. There is some indication that we are
seeing a seasonal shift in the heaviest rainfalls to
August, September, and Octaober.

Climate change projections from a number of mod-
els recently analyzed and summarized for the upper
Midwest estimate that average annual temperature
will be 5.8°F warmer by 2068. An increased frequency
of high dew paints (increased water vapar in the air)
in summer manths will result in mare heat advisaries.
Climate change projections indicate that precipitation
will be 6-8% higher by 2063, but the precipitation is
anticipated to exhibit higher variability and greater ex-
tremes. This could mean too much water in too short
of a period at some times and not enough water when
and where it's most needed at other times. Implica-
tions far every aspect of water supply, demand, and
quality, as well as ecosystem health, are considerable

and need to be factored into planning for sustainability.

DEMOGRAPHICS. Aging, combined with growth
and increased diversity, will lead to challenges and
opportunities for Minnesota. Minnesota’s population
is projected to grow to 5.7 million by 2015 and 6.4
million by 2035. These population gains will be driven
by both natural increase [more births than deaths]
and by net in-migration [mare people moving in
than maving out]. The Twin Cities suburbs and the
Rochester and St. Cloud regions are all expected to
see substantial growth aver the next 30 years. The
“lakes” area of north central Minnesota is also pro-
jected to grow more than 35 percent over the next 25

A DIFFERENT FUTURE

years, thus putting increased pressure on fragile lake
enviranments. Slow growth or decline is projected in

much of western Minnesota and in the care counties
of the Twin Cities.

The continued aging of the baby boomers will result
in a large increase in the number of people ages 55
to 69 during the coming decade. Between now and
2035, the population over age 65 will more than
douhle, fram 623,200 in 2005 to 1,400,000 in 2035.
By contrast, the population under age 65 will grow
only 10 percent. Implications of these demographic
changes on water sustainability for the state as a
whole relate most directly to changes in tax revenues
and expenditures, not just immediate impacts on wa-
ter resources. As our state’s population ages, more of
the state’s spending will be directed toward services
for the oldest demographic group, while revenues
from the working population will decrease in propar-
tion. Nevertheless, movement of people to lake-rich
areas could lead to declines in water quality and cor-
responding declines in property values without care-
ful planning. Researchers at Bemidji State University
demanstrated that decreased water clarity [in Min-
nesota lakes] results in decreased property values.

As the ratio of workers tao residents declines, produc-
tivity and efficiency of services will need to increase
if we are to maintain our current standard of living
while sustaining water resources. For example, many
cammunities are responding to population-based
challenges to their fiscal health by joining together
to buy equipment, provide services, and manage
enviranmental resources.



Not only is the age and placement of the population
projected to change, the diversity of the population
will also increase. It is expected that minarity popula-
tions will grow from 16% today to 25% by 2035. The
diversity of Minnesota’s citizens will affect values
around water use and management.

Intentional planning will be critical to balancing water
sustainahility with competing societal demands as
demographics change. Minnesota has been able to

do this in the past. Our current success (e.g., eco-
nomic growth higher than the national average, higher
population growth than the rest of the “frost belt,” high
scares on social and economic indicators, good edu-
cational system] is related ta planning decisions made
more than 50 years ago. The chaoices we make now will
shape our future for the next several decades.

LAND USE. Deforestation, agriculture, urbanization,
mining, recreation, wetland drainage and altera-

tion, damming and channelization of streams, and
other land use changes will continue to affect water
location, movement, and quality. Between 1950 and
1999, the region including Minnesota, Wisconsin, and
Michigan experienced a decline of forest, crop, and
pasture land of 3.2, 5.4, and 4.0 million acres, respec-
tively, whereas urban and other land uses increased
by 2.1 and 10.3 million acres, respectively. These
changes were most pranounced in the 1950s and
1980s. Projections of land uses through 2050 are
consistent with historic trends—forest and agricul-
tural lands will decline, and urban and other land uses
will increase. In Minnesota, forest land is projected

to decline by 1.0 million acres, with a decrease of

0.5 million acres in timberland (representing a 10%

reduction]; a decline of 0.1 and 0.6 million acres an
private industrial and private non-industrial lands,
respectively, and an increase of 0.2 million acres

an public lands. Land used for crops and pastures
is projected to decline, 3.2 and 0.3 million acres,
respectively, and urban land is projected to increase
by 1.8 million acres by 2050.

The farests that cover nearly a third of Minnesota’s
land area play an important rale in the ecological,
economic, and social fabric of the state. They suppart
a healthy aguatic environment by providing wildlife
habitat, intercepting precipitation, cooling natural
waters, filtering out water pallution, and sequestering
carbon. These also support a large forest-products
industry and provide opportunities for outdoor recre-
ation. Minnesaota’s forests systems are vulnerable to
fragmentation, invasive species, climate change, and
increased atmospheric carbon and nitrogen. Conver-
sion of farestlands causes hydrologic modification
that can negatively affect water quality. A forested
landscape allows at least 90% of the valume of
water from rain events ta be taken up by plants and
returned to the atmasphere or filtered through the
sail and reintroduced to the groundwater, improving
water quality, providing needed groundwater resourc-
es, and preventing excess runoff. After conversion

to an urban setting, only 10% of the volume may be
infiltrated, resulting in significant high volume, rapid
runoff and subsequent unnaturally low water levels,
potentially harmful to aguatic species.

Agricultural land use though declining overall has
been intensifying, with annual row crops steadily
increasing while land in less-intensive perennial

crops, pasture, and non-row annual crops has been
decreasing. The lack of early-seasaon ground cover

in annual row crops decreases protection from soil
erosion and nutrient loss and increases the volume of
runoff. Agricultural drainage systems often assaci-
ated with annual row-crop production alter hydrology
by affecting peak stream flows and total valumes,
and increasing the potential for streambank erosiaon.

One of the greatest threats to Minnesota’s natural
resources is the expansion of urban and developed
areas, including more urbanized development along
lakes and streams. Development results in many of
the most significant causes of loss and degradation

of Minnesota’s resources, including the loss of prime
agricultural land, high-guality forests and prairies,
pristine shorelines, and open space, depletion of
wildlife and aguatic hahitat, increased susceptihility

to aquatic invasive species, and habitat fragmenta-
tion. Hydrologic modification and loading of solids,
nutrients, pathogens, and contaminants such as road
salt from land conversion interrupt natural water-
shed drainage and reduce water quality. Removal of
land cover and increased impervious surfaces [hard-
surfaced areas that prevent water from soaking into
the ground] change the valume, rate, timing, and dura-
tion of stormwater runoff, increasing the total runoff of
sediment, phosphorus, and contaminants to surface
waters as well as the erosive power of the starmwater.

The ability for Minnesota to craft a sustainable water
future is closely tied to the ahility to maintain the
quality and integrity of less-developed lands while
planning and managing across land uses intention-
ally and comprehensively.
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PROCESS USED to BUILD FRAMEWORK

The University used a highly collaborative ap-
proach to ensure that the diverse topics included
in the request from the Legislature were appropri-
ately addressed (see Appendix D for a list of all
participants and contributors). Participants and
contributors included state agency staff from Min-
nesota Pollution Control Agency (MPCA), DNR,
Minnesota Department of Health (MDH), Min-
nesota Department of Agriculture (MDA), Board
of Water and Soil Resources (BWSR), Public Facili-
ties Authority (PFA), Metropolitan Council, and
the Environmental Quality Board (EQB); federal
agency staff from the US Environmental Protection
Agency (EPA), the USGS, University of Minnesota
(UM) faculty and staff; private sector professionals;
city and county representatives; Watershed District
(WD), Watershed Management Organization
(WMO), and Soil and Water Conservation District
(SWCD) representatives; nongovernmental organi-
zations (NGOs); and citizens. The Water Resources
Center (WRC) formed an external advisory com-
mittee, the Headwaters Council, made up of 30
thought leaders on water from the state and region.
These water experts brought a variety of perspec-
tives and a wealth of knowledge to the process, and
reviewed the project from start to finish. The WRC
formed a separate committee, the Stakeholder and
Citizen Advisory Group, to provide information
from the many water-related interest groups in the
state as well as interested citizens, and to serve as

a conduit for getting progress on the project out to
stakeholders and citizens.

Background papers, or “white papers,” were
developed by the WRC on the current knowledge
of water use, water supply, and the quality of
water in Minnesota. Technical Work Teams were
formed of discipline-based experts on specific
categories of water use, and each of these teams
addressed what we know, what we don’t know,
and what issues needed to be addressed by the
Framework. These teams addressed domestic
water use, agricultural use, industrial and energy
use, recreational, cultural, and spiritual use, and
ecological benefits provided by water. The WRC
formed additional teams to summarize water
policy, water education, and water valuation.
Other contributors were called on for discipline-
specific advice or expert consultation.

These white papers, and information from a
variety of other sources, were integrated by the
Synthesis Team and considered in the design of
Framework. The Synthesis Team was a highly
diverse group of water professionals known

for their broad thinking and ability to integrate
complex information. They met intensively
over five months, and were charged with
advising the WRC on the issues, strategies, and
recommendations that make up the Framework.

CROSSCUTTING THEMES and BALANCE
CONSIDERED throughout FRAMEWORK
The Framework addresses ten major issues that
need action to reach sustainable water use and
management. These issues are not independent,

but are highly interrelated (see Part III). There
were several overarching themes that emerged in
the development of the Framework that appear
throughout the recommendations, but deserve
special mention here. These themes are:

& SYSTEMS THINKING: Groundwater and surface
water are one “water system” and contain and
support ecosystems and human systems—
water should be managed as a system, and not
managed as individual parts

¢ SCIENCE-BASED DECISIONS: Knowledge of the
system should provide the underpinning of
decisions

¢ DECISION-MAKING IN THE FACE OF UNCERTAINTY:
Itis not possible to have all knowledge about an
issue; one must make decisions based on weight
of evidence and allow for new knowledge to
continue to inform decisions

¢ ADAPTIVE MANAGEMENT:Build flexibility into
policy and decision-making to allow for new
knowledge and on-the-ground learning to
improve policy over time

¢ WATERSHED-BASED APPROACH: Water does
not follow political boundaries, so should be
managed based on its boundaries and not
counties or other artificial lines. It should be
recognized that groundwater also needs to be
managed by its boundaries and not political
ones. Many policies require a statewide
perspective, but implementation is generally
best at the major watershed scale.



A SIMPLE CYCLE for a PRECIOUS RESOURCE

THERE IS NO NEW WATER ON EARTH

surface water
evaporates

some water runs off
into lakes, reservoirs, and rivers

Introduction

some goes into the
ground and charges aquifers

Figure 2-3: Water Cycle
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¢ OUTCOME-BASED RECOMMENDATIONS:
Consistent with the Clean Water Legacy Act, it
is essential that actions have clear outcomes
for water sustainability and for protecting and
restoring water quality and quantity

¢ ACCOUNTABILITY: There is need for government,
business, local units of government, and
citizens to be responsible and accountable for
their actions

¢ SUPPORT FOR COMPLIANCE WITH EXISTING
POLICY: While many of Minnesota’s policies,
laws, and rules are strong, it is important
that local capacity be bolstered to ensure
compliance

¢ TRANSBOUNDARY STEWARDSHIP: Minnesota is
not an island, but must work with its state and
national neighbors and share responsibility
to affect change—examples include invasive
aquatic species, mercury pollution, and federal
farm policy. Minnesota also has a special
stewardship role as home to the headwaters of
three of North America’s largest river systems—
what is sent downstream matters.

The Framework balances long-term goals for
sustainability with actions that can be taken in
the short term, but need to be sustained into the
long term to realize the outcomes. It recognizes
that a biennial viewpoint must be balanced with
a decadal viewpoint. It balances the need for
public and private investment and involvement
in sustainability, recognizing that investments

FRAMEWORK POLICY TOOLS

regulations
incentives

voluntary measures

COMPLIANCE
FLEXIBILITY

education

Figure 2-4: Policy Tools

in the private sector from the public sector

are sometimes needed if the benefits accrued
affect everyone. The Framework balances
recommendations for action by the Legislature,
the Executive Branch, and others. The Framework
recommendations also incorporate a suite

of policy tools, recognizing that requlation is

not always the answer and that it provides the
least flexibility. These tools include education,
voluntary measures, incentives (cost-share,
subsidies, tax breaks or credits, market forces)
and regulation. They each play a role in achieving
a desired policy outcome.

CHANGING MINNESOTA’S FUTURE

We have a rare moment in history to make the
changes needed to put Minnesota on the path to
water sustainability. The goal of this Framework
is to put us on this path, either by changing the
trajectory of measures that are declining, or by
accelerating the trajectory of measures that are

working. Consider the following examples:

Although many measures of water quality have
improved over the last 25 years, nitrate (NO,) has
shown an increase in concentration over time

in much of the state. This poses a health hazard
to infants who drink that water, and contributes
to the hypoxia zone in the Gulf of Mexico. The
desired trajectory is to see a decrease in nitrate
over time, and reverse the increase.

Minnesota has seen declines in recent years in
land set-asides that can protect water quality and
flow. The desired trajectory is to see an increase,
to protect as much marginal land as possible.
There is a clear need to expand drinking

water and wastewater treatment facilities as

the population grows, to replace them as they
age, and to upgrade them in response to new
contaminant challenges or changes in standards.
The federal revolving funds program for states
has diminished in recent years, and the gap
between available funds and what is needed

has grown and will likely keep growing. The
difference will need to be met by a combination
of approaches, and the desired trajectory is to
reduce that gap with long-term solutions.

The goal of the Framework is to operationalize
water sustainability. If the strategies and
recommendations are implemented, it will put
Minnesota on the right trajectory for the future,
on the path to water sustainability.
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DRIVERS of CHANGE for WATER ISSUES

DRIVERS
DEMOGRAPHICS

LAND USE 3

* ENERGY

Issues
Water Use and Supply ®

Ecological Integrity
Nutrients and Impairments

Water Quality

Contaminants of
Emerging Concern

Infrastructure

Forces

Figure 3-1: Drivers of Change



Part III

ISsues, Strategies,
and Recommendations

Environmental

HE PROCESS UNDERTAKEN TO DEVELOP THIS FRAMEWORK

identified 10 overarching “big issues” related to water quantity and

quality of significance to Minnesota. In addition, these issues have
been identified by several national studies (National Research Council
reports, International Joint Commission studies, Water Resources Research
Institutes survey), and verified as relevant to Minnesota through an expert
consultation held by the WRC in July 2009. The technical work teams iden-
tified nearly 100 specific problems that need attention to reach sustainability
(see Appendix E for a list of the specific concerns). The issues form a logical
framework for identifying and organizing recommended actions to resolve
them. The WRC believes that by implementing these recommendations, a
future in which water use in Minnesota is sustainable can be created—meet-
ing current needs without harming ecosystems, degrading water quality, or
compromising the ability of future generations to meet their own needs.

Economic

These ten issues are not independent, but are highly interrelated. They
are also greatly influenced by the drivers of change described in Part II,
including climate change, demographics, and land use. An additional
driver of change is energy use. As described below, energy and water are
intricately linked, and energy production and use are affected by the other
major drivers, and in turn are linked to many of the water issues. The water
issues are affected by all the drivers, but are also affected by each other.
For example, an increase in population means more water demand, which Social
means more infrastructure is needed, and this will result in more water
quality problems, including nutrient impairments from urban runoff, more
loss of ecosystem integrity due to development, and more contaminants of
emerging concern, as they mostly come from consumer product waste. The
relationships are shown in Figure 3-1.

Issue A
The Need for a Sustainable and Clean Water Supply

Issue B
Excess Nutrients and Other Conventional Pollutants

Issue C
Contaminants of Emerging Concern

Issue D
Land, Air, and Water Connection

Issue E
Ecological and Hydrological Integrity

Issue F
Water-Energy Nexus

Issue G
Water Pricing and Valuation

Issue H
Public Water Infrastructure Needs

Issuel
Citizen Engagement and Education

Issue J

Governance and Institutions
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The issues are grouped into the three central
themes of sustainability—environmental concerns
(water quality and quantity, and land/water
connection), economic concerns, and social
concerns. Strategies for what can be done to
address these issues are provided for each of the
issues, and a desired Minnesota future condition
is described. Under each of these strategies,
specific recommendations for action (or for
research) for how to implement the strategy are
given. The core objectives (Appendix B), issues,
and strategies share broad agreement from the
Synthesis Team. The final recommendations are
offered by the WRC, based on advice, discussion,
and consultation with the Synthesis Team, the
Headwaters Council, the 8 technical work teams,
and many other professionals around the state
and region.

Figure 3-2: Aquifer Flow
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< 1NE NEED for a SUSTAINABLE and
CLEAN WATER SUPPLY

DEQUATE AMOUNTS OF WATER IN THE

right places, and of sufficient quality, are

required to balance drinking water, do-
mestic, manufacturing, agricultural, recreational,
and natural resource extraction; and ecosystem
needs now and for all time.

Desired Minnesota Future

A water supply that is protected for all future generations that is
of high quality and that is sustainable for all uses of water.

PROBLEM STATEMENT: Trend data on the use
of water and population growth indicate they are
strongly correlated in Minnesota (see Figure 3-3).

TRENDS in MINNESOTA WATER USE and POPULATION

1985-2007 TOTAL APPROPRIATIONS (billion gallons /year] —=— POPULATION [millions] ——
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Figure 3-3: Trends in Water Appropriation

In the rest of the country, per capita water use has
leveled off since the mid-1980s, but in Minnesota
per capita use has continued to grow. In fact, water
use is growing at a faster rate than the growth

of population (about 1.6 times faster). Given that
population in the state is projected to grow by
about 22 percent to 6,446,300 people by 2035
(Minnesota State Demographer office), it is pro-
jected that water demand would grow by an even
greater amount. So the state would need to reduce
its water consumption by about 35 percent over
the next 25 years just to stay at today’s water con-
sumption. However, there is evidence that today’s
water consumption levels are not sustainable,
particularly in the Twin Cities metro area. The
EQB has projected that by 2030, 22 counties may
be using more than 10 percent beyond what is
considered a renewable water supply, and 18 coun-
ties may be using more than 20 percent above
what is considered sustainable. Our biggest chal-
lenge is determining how much water constitutes
a sustainable supply—i.e, how much can be with-
drawn without depleting supply beyond a certain
threshold. Growing population, climate change,
groundwater pollution, fragmented permitting
systems, and competing uses of surface water
and groundwater mean that the gap between
abundant supply and growing demand is quickly
closing. As demand increases, a sustainable water
supply will require consideration of better conser-
vation practices and reuse of wastewater.
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MINNESOTA GROUNDWATER AVAILABILITY

GROUNDWATER AVAILABILITY
FOR HIGH CAPACITY USES

Available in multiple
regional aquifers

Available in near-surface
glacial sands

Limited in isolated aquifers
Not available

Figure 3-4: Minnesota Groundwater Availability

MAP SOURCE: MINNESOTA DEPARTMENT OF NATURAL RESOURCES

A sustainable water supply also depends on hav-
ing water of sufficient quality. There are many
sources of pollutants to surface and groundwater,
and when the presence of pollutants exceeds
health-based thresholds, it limits the use of water
even if there is sufficient quantity. For example,
aquifers in the East Metro suburbs that are con-
taminated with perfluorinated chemicals cannot
be used as a drinking water source—another water
supply is required until the perfluorochemicals

Minnesota Water Sustainability Framework
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are removed. One of the more pressing concerns
is the occurrence of nitrates in groundwater and
surface water at concentrations that exceed the
maximum contaminant limit (MCL) of 10pg/mL.
This limit is to protect infants from developing
methemeglobinemia, or “blue baby syndrome.”
Children under approximately 6 months of age
do not make the enzyme needed to protect their
hemoglobin from excess nitrates, and this results
in reduced oxygen transport in the bloodstream,

causing severe oxygen depletion or even death.
Excess nitrates in water are also associated with
some forms of cancer, and nitrates in water can
disrupt endocrine and other nerve signaling
pathways. Specific objectives, strategies, and rec-
ommendations related to issues of water quality
are addressed here and in subsequent chapters,
but the point that quality and quantity cannot be
divorced is underscored here.

SPECIFIC CONCERNS related to this issue that
have been identified:

+  Surface-groundwater interactions—Pumping
groundwater can reduce flows to surface waters;
contaminated surface water can contaminate
groundwater and vice versa

+  Groundwater over-withdrawals—It is not known
if groundwater withdrawals are greater than the
amount being recharged

+  Need for conservation—Minnesota’s seemingly
abundant water supply has nat encouraged
aggressive conservation practices

+  Water reuse—May be necessary to consider as
water demand grows

+  Cumulative impacts of multiple water
appropriators—Permit requirements do not
address cumulative impacts until there is a conflict

+ Nitrates, arsenic, bacteria in drinking water—Can
pose health risks to private well owners



Figure 3-5: Water Withdrawal Impact

WHAT IS KNOWN AND NOT KNOWN ABOUT
THIS ISSUE: Water sustainability requires know-
ing the physical water balance of the state. The
water budget of the state is just like a bank account.
Good fiscal management requires knowing what is
in your bank statement—how much was deposited,
how much was spent, and how much is currently in
the account. Your balance is what results from de-
positing and withdrawing over time. Thus the wa-
ter balance for the state is the amount of water in
the state “water account”—the difference between
withdrawals and deposits, and as a function of time.

Groundwater drawdown is not a good measure of
water availability because it ignores the connec-
tion between groundwater and surface water, and
it ignores the time lags involved in moving water
from shallow aquifers to deep aquifers. Water
sustainability requires knowing the physical water
balance of the state, which is the quantity of water
available over time or what is stored over time

in surface water, groundwater, and soil moisture.
Consider the hydrologic cycle, as shown in the
Introduction. This depends on the inputs of water
from precipitation, overland flows, base flows to
streams, infiltration rates to groundwater, outputs
of water from evapotransporation (loss of water
to atmosphere from all surface water, soils, and
plants), movement of water from shallow aquifers
to deep aquifers, and withdrawals or use of water
by humans. Changes in storage can include
changes in aquifer storage as reflected in water
table elevationsor changes in surface water stor-
age as reflected in lake levels. When a change

IMPACT of CUMULATIVE WATER WITHDRAWAL

DOMESTIC WELL

Water level before
high velume pumping

vy

Water level after

\u_!‘

high velume pumping

occurs in one component of the water budget, the
change is offset by a change in another compo-
nent or components.

Change in water storage over time

= (all inputs over time) - (all outputs over time)

= (precipitation, surface flows) - (surface outflows,
infiltration, withdrawals, evapotranspiration)

Lake level and surface storage are well character-
ized, but groundwater storage is not. Past and
current precipitation is very well known; the ability
to project future precipitation on a regional basis
has a great deal of uncertainty. Infiltration rates
are very difficult to measure, and they are not

well known for Minnesota in general. The use of
water for all major categories (domestic, industrial,
recreational, agricultural, etc) is well character-

HIGH VOLUME
PUMPING WELL

Wetland

Water level after
high volume pumping
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ized by the DNR and the USGS. This information
is detailed in the project white paper entitled
“Water Use in Minnesota.” Assumptions of future
demands for water can be made based on projec-
tions of population growth. Evapotransporation is
a significant term in this equation, and yet it is the
least well-characterized term.

Minnesota’s water appropriation permitting
rules do not regulate withdrawals based on the
impact on water balance (since it is not known),
but regulate appropriations through a system
that requires a permit for withdrawals of 10,000
gallons per day or greater. Permits are generally
granted, and then revoked or suspended if there
are conflicts among users, such as if groundwa-
ter pumping impacts surface flows nearby. While
this is a reasonably strong permitting system,
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it has two main weaknesses. One is that an “im-
pact” is defined as dropping below a physically
defined flow of surface water, known as the Qgo
flow threshold. This is relatively arbitrary and
does not protect ecological functions. In other
words, it does not protect against biological im-
pacts. These are also known as “ecosystem ser-
vices.” Ecosystem services is a term that refers
to the collective benefits to humans that natural
ecosystems provide, such as flood regulation
and filtering of contaminants by wetlands or the
recreational opportunities they support such as
fishing, hunting, and boating. The DNR com-
missioner currently has statutory authority to
“develop and manage water resources to assure

an adequate supply to meet long-range seasonal
requirements for ..fish and wildlife” in state
waters (Minnesota Statutes, section 103G.265).
While it can be construed that this includes
ecosystem services, there are no quantitative
thresholds defined or implemented to protect
against ecosystem impacts.

A second weakness of the permitting system

is that impacts of cumulative extractions are
considered in the current statutory language, but
there are no science-based indicators defined
and implemented.

Drinking water from Minnesota’s 7200 community

water supply systems is regulated by the federal
Safe Drinking Water Act under the jurisdiction

of the MDH. Approximately 80% of the state’s
population is served by these community systems.
The Safe Drinking Water Act requires the regular
testing of approximately 100 contaminants, and
requires notifying the public when violations

of the standards occur and advising them of
immediate action regarding their water. In
addition, an alternate supply of drinking water is
provided until the violations are addressed. All
community water systems issue an annual Water
Quality Report (or Consumer Confidence Report)
that lists the source of the system’s drinking water
as well as a list of all regulated contaminants that

The following gaps in knowledge and policy have been identified:

SCIENCE & TECHNOLOGY GAPS POLICY GAPS
1. The state’s water balance is poorly known. An understanding of the water 1.

balance, uses/withdrawals, recharge rates, and amounts of stored water

in layered aquifers is needed, all as a function of time. Recharge rates and o

flows between aquifer systems are particularly unknown.

2. The minimum base flows in surface water that are needed to protect
ecosystems and sustain other uses are not known.

3. Theimpacts of climate change on future base flows are not known [and
likely will never be known with certainty).

4. The cumulative impacts of multiple extractions from groundwater,

especially the impacts on base flow over time, are not known.

Resolution of water withdrawal permit conflicts is based on a hierarchy of
water uses rather than on a sustainability objective.

Cumulative impacts of multiple water extractions are not sufficiently
considered in issuing permits.

Only water quantity, and not water quality, is considered in permitting.

Water sustainability principles are not adequately included in water policies,

energy policies, agricultural policies, or land development policies.

5. Water reuse policies are needed for Minnesota in anticipation of the time

when there will be sufficient demand for reused water.

6. Policies to protect public health from nitrate, pesticides, and other

contamination of private drinking water wells are insufficient.



were detected, even in trace amounts well below
the legal standard, during the previous calendar
year. As a result of the Safe Drinking Water Act,
the U.S. is considered to have the safest drinking
water in the world. Minnesota has had relatively
few violations over time. In 2009, there were no
violations for pesticides, industrial chemicals, or
nitrates; 13 violations for bacteria; 40 violations
for arsenic (reduced to 10 by the end of the year);
10 violations for radium; 2 exceedances of the lead
and copper advisory. MDH annual reports and

a summary of the state’s drinking water quality
from 1999 to 2007 can be found at http://www.
health.state mn.us/divs/eh/tracking/dwreport.pdf.
Water is reused in Minnesota, but the cost of the
infrastructure is not balanced by demand. Cur-
rently, the MPCA has permitted over 214 municipal
wastewater facilities for reuse. Stormwater reuse

is being practiced on golf courses, city parks, ball
fields, etc, and can be an effective tool to bring
post-development runoff volumes down to pre-
development levels. Water reuse technologies have
been effectively employed in Singapore, Arizona,
and, to a lesser extent, California. Cities like Las Ve-
gas and small cities in Colorado have included water
reuse in water management. While there is modest
demand for water reuse in Minnesota at present, it
will be an important strategy for the future and the
state should position itself to be able to respond
when demand grows.

A.1 OBJECTIVE: To know the water balance of
the state so that it can be managed sustainably
and responsibly.

A.1 STRATEGY: Institute a system for permitting
in the short term that is based on flow regimes
that protect ecosystem services, and develop a
long-term strategy for understanding Minnesota’s
water balance. Design a water use system that
recognizes Minnesota’s water balance and
ecosystem needs. Protect drinking water.

A.1 OUTCOMES, MEASURES OF SUCCESS,
AND BENCHMARKS: Outcomes refers to
improvements in water quality and movement
toward water sustainability; measures refers to the
indicators that are used to assess progress; and
benchmarks refers to the time frame over which
progress is achieved. Generally, progress requires
considerable time and data, and thus achieving
or measuring progress has a longer time frame
than the time frame for implementing the related
recommendation.

If the Recommendations are implemented, the following outcomes should result:

® Protection of ecosystem functions, as measured by monitoring of ecosystem

indicators [in development by the MPCA] in various flow regimes included in permitting
< BENCHMARK: 90 percent of ecosystem indicators meet state biological standards
in 10 years

Fewer cumulative impacts from multiple withdrawals, as measured by declining reports
of water use conflicts between permittees <« BENCHMARK: No reports of conflicts
among users in 10 years

Complete picture of groundwater resources in Minnesota, as indicated by rate of
completion of county geologic atlases and aquifer characterization and streamshed
mapping < BENCHMARK: Atlases and aquifer mapp