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Executive Summary
Introduction

¢tKS wWSR WAGSNI 2F (KS baiMaiely 48)000:§uBre milsASOREKR)in. | Ay A &
sizeand includes the U.S. states of South Dakota, North Dakota, and Minnesbtaea@anadian

province of Manitoba. The Red River forms the boundary between Minnesota and North Dakota;

roughly 20,000 ri(52,000 km) of the basin is in North Dakota and 17,008 @#,000 krf) is in

Minnesota. The basin is approximately 10,000 (0,000 knf) in Manitoba. The South Dakota portion

of the basin is rougkl600 mf (1,500 kni). Figure E$ shows a map of the basin.

Various water supply studies have indicated thater demand may equal or exceed supply in

significant portions of the basiduringdroughtconditions (MNDNR, 1987; I1ISD, 2005; USBB07).This

document discusses water conservation approaches and the potential to reduce demand for water as a
YSFya (2 AYLINR@GS GKS o0l airyQa NBaiAf mEGExE2002y R YA GA3
LINPLI2ASR | daz2Fd LI GKE | LILINRBFOK F2N glivGwd O2y a SNID
supplyingthe same or comparable servicegth reduced water use. Inclusion e€onomic, social, and

ecological sustainabilityn water planningis a critical component. This inclusl®aintaining existing and

future business vitality of a community, ensuring that all community residents have access to water, and
important habitat needs are met. The gadlthis report is to identify \&ter corservation approaches

that have the goal of maintaining the same level of residential and business services with reduced water
use.While several communities are evaluated as representative of the basin, the report is not intended

as a water conservationgm for any given community.

Population and Business Profiles

Sixteen representative communities in the Red River basin were evaluated for water conservation
potential. Two of these communities are located in Manitoba, and includes a water cooperative
compasedof multiple municipalities; nine communities were located in Minnesota and five
communities in North Dakota. Table-EShows the current census population of representative
communities and historic rates of population growth. In some communitiesnelei population
projections to the year 2050 wevailable The populatios of some communitiebavebeen declining,
although the combined populatiohas been increasing.

Business census information was collected from the U.S. Census Bureau for U.8nit@sinfrigure ES

2 shows the types of businesses and Figur8 Bl$ows the historic rates of growth of these businesses.
Sales, services, and health cacial services made up the majority of businesses in the representative
communities. Overall, heditcare and social services had the highest growth rates followed by service
related businesses. Saledated businesses were mostly unchanged over the past ten years. The overall
growth of businesses follows population growth patterns. Communities wittirdag population

generally have declining number of businesses. However, it was not uncommon to have increases in
health care and social service businesses even when population has decreased.
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Figure EQ. Map of the Red River Basin
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Table ES.. Current, Historic, and Projectd®bpulation Growth of Representative Communities

Location Most Recent Census Historic Rate of Projected
Population Population Population in Year
Growth/Decline 2050 (if available)
[% per year]
PVWC (MB) 36,465 +0.7% Not Available
Selkirk (MB) 9,515 -0.2% Not Available
Breckenridge (MN) 3,559 -0.4% 2,540 to 3,60
Crookston (MN) 8,192 +0.1% 6,840 to 8,460
Detroit Laks (MN) 7,558 +0.3% Not Available
East Grand Forks (MN) 7,501 -1.4% 7,470to 9,800
Fergus Falls (MN) 13,471 +0.6% 12,00 to 23,10
Moorhead (MN) 35,178 +0.02% 37,394 and 50,245
Pelican Rapids (MN) 2,374 +2.3% 2,120to0 4,080
Perham (MN) 2,559 +1.6% 2,200to 4400
Thief River Falls (MN) 8,410 +.3% Not Available
Fargo (ND) 90,599 +2.0% 106,3€0to 204,300
Grand Forks (ND) 49,321 -0.04% 60,000to 83,800
Harvey (ND) 1,989 -1.2% Not Available
Valley City (ND) 6,826 -0.5% 5,220t0 6,50
West Fargo (ND) 14,940 +1.9% 17,340 to 33,900

Sources: U.S. Census Bureau, 2000. Statistics Canada, 2006. USBR, 2007.

Notes:

Historic rate of population growth is calculated between respective national census years (1990 and 2000 for the U.S. @mdi 199

2006 for Canada

Moorheadservicepopulation includes the town of Dilwortand Oakport TownshifMost recent Moorhead service population
estimate was11,089(U.S. Census, 20@8@d Cliff McLain, 2030USBR population projections adjusted proportionally for Dilworth

andOakport populations.
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Figure EQ. Proportion of Business Types from Representative Communities
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Figure ES. Annual Growth of Businesses from Representative Communities

Average Annual Growth of Businesses from
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Histaric Water Use

Water use was collected for each representative community. Information was generally collected from
1990 to 2007, although the availability of data varied over the b&ginter water use, defined here as

the months of November to Marchends to show indoor residential water use and Ragricultural
business and industries. Water use typically peaks in summer months, defined here as the months of
April to October. This increased use is associated with outdoor landscape irrigation and @giicult
businesses.

Water use during winter months range from 62 U.S. gallons per person per day (gclifyé232r
person per day, Icd) in Manitoba to approximately 130 to W58.gcd (491 to 574 Icd) in the Minneseta
North Dakota metropolitan areaSone rural communities reported higher usés.some communities
(for example Manitoba), summer water use is patrticularlydifferent from winter use. Other
communities have distinctive summer usfich isindicative of irrigation activities. Table S
sunmarizes the water use.

Drought can have a significant impact on water,wsith drier years having higher water needlsing

climate data from 1931 to 2007, the potential impacts of past drought events were examined. Maximum
peak summer monthvater usewasestimated from past droughtandrange from approximately 80 to
260U.Sgcd (310 to 976 IcdT.able ES projects potential water use in past droughts.

Table EL. Historic Winter and Peak Summer Month Water Use

Location Winter Use SummerUse
U.S.gcd (Icd) (Peak Month)
U.S.gcd (Icd)
PVWC 62 (232) 50-79 (188-299)
Selkirk 79 (299) 82¢ 106 (310-401)
Breckenridge 73 (278) 105- 156 (398 592)
East Grand Forks 130 (491) 162-261 (612- 986)
Moorhead 124 (469) 136-229 (514- 867)
Fargo 99 (34) 137-275 (519 1,039)
Grand Forks
Residential 31 (118) 51-117 (194 443)
Commercial and Institutiong 52 (195) 58-90 (220- 341)
Air Force Bas 6 (23) 10-24 (38-91)
Industrial 35-48 (134-181)
Unaccounted/unmetered 8- 15 (29-58)
Total 152 (574) 155- 258 (589 976)
Valley City 91 (343) 125-238 (472-902)
West Fargo 79 (298) 105-213 (399 808)
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Table ES. EstimatedwWater Use in Past Droughts

Location PeakEstimatedAnnual Use PeakEstimatedMonthly Use
U.S. gcd (i) Yeals) U.S. gcd (Icd) Date

PVWC (MB) 65 (246) 1936, 1952, 75 (283) August 1961
1988, 2006

Selkirk (MB) 91 (344) 2006 104 (393) August 1961

Breckenridge 88 (333) 1934, 1970, 134 (507) August 1993

(MN) 1976, 1980

East Grand Forks 173 (655) 1976 261(988) July 1936

(MN)

Moorhead (MN) 147 (556) 1980 195 (738) May 1980

Fargo (ND) 150 (568) 1976 244 (924) August 1976

Grand Forks (ND 176 (666) 1976 222 (840) July 1936

Valley City (ND) 118 (447) 1952 174 (659) July 1936

West Fargo (ND) 120 (454) 1976 194 (734) August 1976

Water Conservation Approaches

Common water conservation approaches and typical water savings for residential indoor and outdoor,
commercial, industrial, and institutional usesre examined. For residential conservation, the

applicdion of lowflow fixtures and appliances, leak and energy lagy@ntion was examined. Outdoor

lawn irrigationincludedthe planting of droughtesistant plants (xeriscaping), the use of efficient

irrigation methods, and rainwater harvesting. In the UcBrtain lowflow fixtures and appliances have

been mandated in new spaces since 1994. Manitoba has been consulting with stakeholders in adapting
provincial plumbing code to include water efficient residential fixtures.

WaterSmart Manitoba is a provinciahter conservation initiative to help Manitobans reduce water use

today and for future generations. This initiative is designed to make the people aware of how they

consume water and educate people about ways to cut back the consumption and fixing lehks on

gl GSN) adzLJLJX @ aeadsSy F2N) O2yaSNBAYy3a 6 GSNWP ¢KS AyA
residential households and in time will provide programs for other water use sectors such as agriculture,
municipal and commercial. WaterSmagisidential program encompasséalr components: (i) public

awareness and education; (ii) incentives for the purchase offllow toilets; (iii) consultation and

regulation development on the prohibition of the sale of higgnsumption water fixtures; (ivargeted

assistance for loweincome, singldamily households. The residential program currently

saves/conserves about 273 million |gref water annually in Manitoba.

Water conservation potential for commercial and industrial water use can vary fromdsssto

business. Often business water needs and processes can be unique, requiring detailed conservation
review that fits business plans. Based on literature informatiba typical potentialfor business
conservatiorranges from 16% to 30% savirdgpending on the type of business.
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Finally, distribution losses can occur in the distribution system prior to delivery to the customer location.
Not all distribution losses are real losses; some may be unmetered authorized uses or errors in
measurementsRedudng the real losses from distribution system leaks can provide for conservation.
Within Minnesota, state water conservation plans call for a maximum rate of 9% unaccounted loss;
conservation potential can be estimated for communities vatssrates exceethg this amount.

Potential water savings were evaluated for several conservation approachescéifutiunity

participatior? in a water conservation program is considered, residential outdoor conservation has the
greatest potential. On average, the uskedoought resistant landscape vegetation and efficient irrigation
could result in a 20.S.gcd (76 lcd) savings in surarmuse. Commercial anddustrial conservation

could result in an average of 11S.gcd (42 Icd¥avings Residential indoor conservati from adopting
low-flow fixtures, appliances and leak and energy loss prevention could resultih&dgtd (34 Icd)
savings. Finally, in communities having more than a 9% unmetered or unaccounted losS,.gcl (19
Icd) savings could be providedsaming these are real losses.

A conservation program might not have full participation in a commukitiyen partial participatiofin

a water conservation program is assumed, residential outdoor potential savings is significantly less. The
higher cost ad presumed limitechdoptionof drought resistant landscapingightresult in a 2J.S.gcd

(8 Icd)savings Residential indoor conservation under partial participation is similar to full participation,
with an estimated 8J.S.gcd (30 Icd) saving€ommercal and ndustrial savings were estimated at an
average of 1U.S.gcd (26 lcd). Full participation in unaccounted and unmetered loss reduction was still
assumed.

Figure ES shows the potential conservation savings, assuming full and partial conservatigrapr
participation.

% Full community participation is defined as evéigme and business adopting all described conservation
measures

* For this report, partial community participation is defined asnaximum adoption of residential indoor leffow
fixtures and appliances of 90%sulation of hot water pipes and reductiaf consumer leakat a maximum

adoption rate of 906;10% of homes adopt xeriscaping and other irrigation conservation megama®ximately

60% of businesses participate in detailed water audits and associated conservation efforts. The reduction of
unmetered and unaccounted losses is not assumed to be impacted by a reduced participation as these activities
are routine maintenance or part of Capital Improvement Programs (CIPs).
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Estimated Water Conservation Full Potential in Representative
Communities
Residential Indoor

9 ged (34 led)
16% reduction

Unaccounted/Unmetered
5 ged (19 Icd)
27% reduction

Commercial and Industrial
11 ged (42 Ied)
19% reduction

Residential Outdoor
20 ged (76 Icd)
45% reduction

Estimated Water Conservation Potential with Assumed Adoption Limits
in Representative Communities

Unaccounted/Unmetered
5 ged (19 led)
27% reduction

Residential Indoor
8 ged (30 led)
16% reduction

Commercial and Industrial
7 ged (26 Icd)
11% reduction

Residential Outdoor
2 ged (8 Icd)
4% reduction

Figure E&. Estimated Water Conservation Potential Assuming Full (top) and Partial (bottom)
Conservation Program Participation
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The following recommendations are suggested to promote and enhance regional water conservation in
the Red River basin:

1.

Educationawarenessincentives and regulationfor water conservatiorare essential and should be
considered for basin communities

For outdoorwater conservation, full community participationfiscommended Anoutdoor
conservation ppgrammay includeadopting Xeriscapinglantingdroughttolerant plans), drip
irrigation, rain water harvestinggndwater use schedulingrhese have the largest potential for
water savingdut are assumed to be the most difficult to implement.

A revew s suggested to determine the role that existing conservatioaier laws and policies
drought and other water use ordinances, water rates, or private groundwater use may have. The
current community outdoor watering restrictions, particularly those taamed in emergency

drought management ordinances, should be reviewed and adapted when needed for improved
effectiveness.

For indoormwater conservatiorprograms full community participatioms recommendedThe most
effective conservatioisuch as lowflow fixtures and appliances and other measures, such as retrofit
on resale, should be promoted to provide gradual indoor water conservation improvements.

Further review is recommended of existing business, agricultural, and other water conservation
plans. Btential conservation approaches, suchuge of reclaimed nopotable water (known as

ogreye 2 NJ watarisystendl should also be reviewed. Business planning strategies that provide
sustainable employment for communities, particularly those with aémdj population, should be a
component of water conservation planning programs. Key emerging business sectors for the basin,
in particular health care and social services, should be a key part of commercial and industrial water
conservation planning.

Progams to reduce actual losses in water distribution systems should be supported. Detailed loss
analysis can be undertaken to develop target loss rates and refine estimates of real losses in
distribution systems. Communities with declining populations maxelagher
unaccounted/unmetered losses due to reductions in water system funding, although further
research is required to establish this linkage. This may indicate a need for additional financial or
government assistance to maintain and improve distribatsystems for communities facing
declining water sales.

A Pilot study for oudoor water conservation should beonsideredn the Red River Basihased on
Fargd é@xperience to determine any value and benefit based on existing summer water use

Red River BasWater Conservation for Residential, Municipal, Commercial, and Industrial N&&dsh 2010
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APilotstudy onthe & & 2 T (apprdrach koévater conservatioshould be considered for
communities within the Red River Basin

Further conservation can be achieved through proper valuation of the real cost of water supply and
appropriated 2 | (i S NJ polidds,Qvithyeahsideration of economic impacts to customers.
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1. Purpose and Scope
¢t KS wSR wA@SN 27T Baskh$ afp@riiatly 48,000 SqraremlEES,00B kif)
and includes the U.S. states of South Dakota, North Dakota, and Minnesatiaea@dnadian
province of Manitoba. The Red River forms the boundary between Minnesota and North Dakota;
roughly 20,000 ri(52,000 k) of the basin is in North Dakota and 17,008 @@##,000 krf) is in
Minnesota. The basin is approximately 10,000 (30,00 knf) in Manitoba. The South Dakota
portion of the basin is roughly 600 7fil,500 k). Figurel shows a map of the basin.

Responding and preparing for drought can take many forms, including increasing water supplies,
reducingwater needs by conserving water, and mitigating drought impacts. The Red River Valley
Water Supply Proje¢tJSBR, 2008xamined the potential of increasing water supply along with

select municipal water conservation. The development of additional wafepliges, as with the Red

River Valley Water Supply Project, may not be possible in the short term. During this time, the risk of
drought and hazards from associated impacts will remain and possibly increase as basin population
and water needs change.

Thisdocument discussesater conservation approaches and the potential to reduce demand for
water as a means to improwhe bt 3 A Yy Q& NI & A { theSnyfpaads of-dsbiyhtwakedd A 3 (G S
conservation has in the past been framed in terms of demand managei@moaches to reduce
demand rather than increase suppWolff andGleick 2002 noted that often demand management
was approached through economic means. The benefit obtained through certain wateagse
weighed against the cost of providing this watertiaditional demand management approaches,
certain water uses may be priced above the benefit obtained to reduce water use.

Wolff and GleickJNR L2 aSR | aa2¥Fd LI (K¢ Bhslah@ratddcigife2 NJ 1 G S|
contrasts the differences between the soft path approach and traditional sygplyning or

demand management. Supply planning projects future demand needs and compares this with
existing and future water supplies. As demands exceed existing supplies, fupyles are

scheduled to become part of the water distribution system. Demand management focuses on
economic measures that provide incentives to conserve water with improved efficiency or water
pricing.With soft path, water conservation examines how tlz® or comparable services can be
provided with reduced water use. Thele of water planning oreconomic, social, and ecological
sustainabilityis a critical component. This inclsl®aintaining existing and future business vitality

of a community, ensung that all community residents have access to water, and important habitat
needs are met. The concepts behind soft patlvater conservation arparalleledin guidelines
described by the American Water Works Association (AWWA, 2006) and the U.S. Eerntednm
Protection Agency (USERP®98).
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Figurel. Red River of the North Basin
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Dominant

Discipline

Range
of Policy
Choices

Fundamental
Question

Planning Process

Outcome

Engineering

Policies based on
presumed need
for new
infrastructure.

How can we meet projected
water needs given current
trends in water use and
population growth?

Planners extrapolate from current consumption
patterns to determine future “requirements” and
then locate and develop new sources of supply to
meet this projected demand.

Construction of dams, pipelines,
canals, wells, desalination
systems, and interbasin
transfers, where necessary.

Economics

Policies based on

How can we reduce needs

Planners incorporate efficiency and information

Efficiency gains through technical

short-term for water to conserve the -l B with imp pricing p to fixes and consumer education.
cost-benefit resource, save money and maximize use of existing infrastructure. Increasing
calculations. reduce environmental capacity is only one option among others in a
impacts? least-cost approach.
Multidisciplinary Policies based How can we deliver Planners model a sustainable future state for water Options to reduce water use
on stakeholder services currently use with attention to long-term economic and social through innovation, conservation,
consultation and provided by water in ways prosperity. They then “backcast” to devise a feasible water reallocation and changing

political review.

that recognize the need
for economic, social and
ecological sustainability?

and desirable path to reach that state. Ecological
sustainability is fundamental to all economic,
political and socio-cultural choices.

patterns of use and re-use. More
water is left in situ.

Source:Brandes and Brooks, Augzi07
Figure2. Water Planning Approaches

Thisreport discusses the current state of water use from representative public water supplies in the

Red River basin. Water conservation approaches that have the goal of maintainiragrtbdevel of
residential and business serviogih reduced water use are discuss&tihile several communities

are evaluated as representative of the basin, the report is not intended as a water conservation plan

for any given community
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2. Basin Characteri stics
Sixteen representative public water supplies were selected for water conservation evaluation. These
public supplies are located over three jurisdictions of Manitoba, Minnesota, and North Dakota. The
selection of these representative communitie@asbased on the watersheds with the highest
permitted and reported domestic, commercial, municipal, and industrial water d$esCity of
Winnipeg was not included in this studyitswater supply is obtained frol8hoal Lake-igure3
shows the watersheds with the highest permitted public water supply use in the lbagired
provides a map showing the location of the selected representative communities, which are:

¢ Manitoba
o Pembina Valley Water Cooperativ
o City of Selkirk
e Minnesota
o City of Breckenridge
City of Crookston
City of Detroit Lakes
City of East Grand Forks
City of Fergus Falls
City of Moorhead, including Dilworth and Oakport Township
City of Pelican Rapids
City of Perham
City of Thief River Fall
e North Dakota
o City of Fargo
City of Grand Fork#cludingthe Grand Forks Air Force Base
City of Harvey
City of Valley City
City of West Fargo

O O O OO0 O o0 O

o O O ©o

This section describes tleharacteristics of thpopulation, housing, and business character of each
represertative community.

® The Pembina Valley Water Cooperative (PVWC) is a water cooperative whitiesugter to 18 member
municipalities and one First Natioklember municipalities are: the city of Altona; portions of the city of Carman;

the Rural Municipality (RM) of Dufferin; the city of Emerson; RM Franklin; the city of Gretna; RNRErey;

Montcalm portions of the city of Morden; RM Morris; the city of Morris; the city of Plum Coulee; RM Rhineland;

RM Roland; the city of St. Claude; RM Stanley; RM Thompson; and portions of the city of Winkler. The First Nation
of Roseau River, although not a forma¢mber, receives water supply from the cooperative.
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Public Water Supply Permits and Reported Use By Watershed

200,000
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160,000
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@
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2
S
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60,000
40,000
20,000
0
Red River (MB, Sheyenne River Red Lake River Otter Tail River Buffalo River
MN, ND) (ND) (MN) (MN) (MN)
| W Permits [acft] 188,645 66,804 41,525 32,942 31,059
Il Average Reported Use [acft/yr] 17,874 5,339 8,584 5,018 1,758
R tath Breckenridge (MN) Fargo (ND) Crookston (MN) Detroit Lakes (MN) Moorhead (MN)
epresentative East Grand Forks (MN) Harvey (ND) Grand Forks (ND) Fergus Falls (MN)
Communities Fargo (ND) Valley City (ND) Thief River Falls (MN)  Pelican Rapids (MN)
Grand Forks (ND) West Fargo (ND) Perham (MN)
PVWC (MB)
selkirk (MB)
Sources:

Manitoba Water Stewardship Water Licensing; Minnesota Department of Natural Resources Division of Waters Water Permits;
North Dakota State Water Commission

Notes:
Reported and licenskuse includes both surface and grounderawater sources.
Average reported use is available data from 1988 to 2006. Reported historic use is from North Dakota State Water Comchission a
Minnesota Department of Natural Resources. No reported historic use data is available for Manitoba or&kmtith D
This figure was originally produced in color. Reproduction in monochrome may result in loss of information.

Figure3. Public Water Supply Permits and Reported Historic Use by Watershed
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Figure4. Locations of Representative Communities
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2.1.Sources of Water

Public water supplies obtain water from diversions frgroundwater andsurface wateythe latter

of which includesivers, lakes, and reservoitsigure5 provides the location of keyater supply
features Conjunctive use iglso used in some communitiesvithich both surface and groundwater
are utilized.

The prgoortion of waterthat public water supplies obtain from surface and ground waters is
provided inFigure6. While South Dakota has the loweshounts of public water supplyt has the
highest proportion of water supply from grouwater at approximately 90% of total permits.
Minnesota has the second highest proportional use of groundwater at 60% of the total pefsits.
of January 2010, approximately 75% of all municipal projects in the Manitoba portion of the Red
River Basin are soced from groundwater. However, these projects tend to be smaller in nature
than their surface water counterparts and represent approximately 50% by volume of water
allocated (about 10, 000 dahor 8,100 acrefeet).About 63% of the surface water volumidoaated

in the Manitoba portion of the basin (B00 dani or 5,100 acrefeet) is from the main stem of the
Red River between the US border and Winnigkirk uses groundwater exclusively as a supply.
PVWC has three surfaeater treatment plantsone atSteptenfield Reservoir and two on the Red
River

Surface water is used for approximately 90% of North Dakota public water permits. In addition to

the naturally occurring flow in various rivers, storage reservoirs are also used to supplement supply.
Reguated reservoirs or lakes in the basin include Lake Traverse in the Bois de Sioux watershed, Lake
Ashtabula in the Sheyenne River watershed, Lake Orwell in the Otter Tail River watershed, and the
Upper and Lower Red Lakes in the Red Lake River waterslesg. rEiservoirs serve multiple

purposes, including habitat, water supply, flood control, water quality enhancement, recreation, and
tribal water rights. A reservoir is currently being constructed near Morris, Manitoba for

supplemental water supply for theV®VC Tablel lists the conservation, flood control, and total

storage for reservoirs in the basin.

A portion of reservoir storage is reserved for water supply. This portion is called the conservation
pool and may b@ermitted to specific parties. To fill the conservation pool, a water right or permit is
needed from the respective jurisdiction the reservoir is located in. This peanihclude

information such as priority of water use, the rate of water withdrawal, and the &talial amount

of water that may be stored. A storage permit might also specify the months of the year water can
be accumulated.

When supplemental water is neededparmit holderwill make a call for water to the respective

dam operator. Storage flows neking from storage releases are considered separately from stream

flows generated from natural runoff. Stream flows attributed to natural runoff are distributed to all

permit holders on the basis of their priority to the water. Stream flows attributed storage

I 002dzyd NBfSFHaS +FNB tS3rffe LINPGSOGSR dzlJ 42 GKS
storage water is used, the return flows are considered part of the natural runoff and distributed
downstream to all permit holders.
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Figure5. Red River Basin Map
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Sources:

Manitoba Water Stewardship Water Licensing; Minnesota Department of Natural Res®ivisisn of Waters Water Permits;
North Dakota State Water Commission

Figure6. Sources of Water for Public Water Supplies in the Red River Valley

Tablel. Reservoirs in the Red River Basin

Reservoir Conegrvation Storage | Flood Control Storage Total Storage
[acre-feet] [acre-feet] [acre-feet]
Lake Traverse Primarily used for flood control 179,967
Lake Ashtabula 70,600 30,700 157,500
Lake Orwell 8,300 5,700 14,000
Upper and Lower Red Limited releas to no n/a 2,443,157
Lakes more than 50,000 aft/yr
Homme n/a n/a 3,905
Maple River n/a 60,000 60,000
Morris 286 million imperial n/a 1,056
gallons (1056 acft)

Source: U.S. Army Corps of Engineers, Availabli@®@at: http://www.mvp.usace.army.mil/Moore Engineering, "Taming the Lower Sheyenne
River", Minnesota Water Resources Conference, 2808na EchpSeptember 200&ordon Martel, personal communication, February 8,
2010.
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