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Overview
CREAT Modules 

Moorhead Public Service Water Supply

Long-Term Water Supply (Drought) Planning

Drought Supply Options
 Buffalo Aquifer Expansion

MPS CREAT Module Experience
 Climate Awareness
 Scenario Development
 Consequences & Assets
 Adaptation Planning
 Risk Assessment
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Moorhead Public Service
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Moorhead Water Treatment Plant 
 Municipal utility - Public
 Built in 1994
 Population served: ~48,000
 Design capacity: 10 MGD
 Average 4.52 MGD (2018)

Source water
 ~80% - Red River of the North
 ~20% - Moorhead and Buffalo Aquifers
 Large variation in water quality

Treatment process
 Lime-softening, ozone disinfection, dual-media filtration, chloramination



Moorhead Public Service
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MPS Water Supply
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Red River
79.4%

Buffalo Aquifer
16.5%

Moorhead Aquifer
4.1%

Percent of water supplied to MHD by source (2006-2015)

 Surface Water – Red River
 Primary Source

 Groundwater – Buffalo Aquifer and Moorhead Aquifer
 Supplemental Source



MPS Water Supply
Maintain regular use of all 3 raw water sources for:

 Drought and water shortage preparedness
 Redundancy for Water Quality Variations
 Manage Treatment Operations
 Minimize chemical use and associated costs
 Control taste and odor events
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MPS Water Supply
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Sustainable Utilization of 
the Buffalo Aquifer 
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MPS Raw Water Summary
Total Capacity = 12.78 MGD

Firm Capacity = 10.53 MGD
 (largest pump out of service)
 Current Well Capacity of 5.5 MGD

MN DNR has permitted 25.6 MGDe for Moorhead
 Buffalo Aquifer wells and Red River could be expanded to provide additional 

water from existing sources
 MPS is determining where additional water supply will be provided
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Moorhead Water Demand 
projections
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MPS’ peak demand is projected to surpass the current firm capacity in approximately 2040
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Defining Climate Threats
Lower surface water (Red River) levels driving need for increased 
groundwater use from Buffalo Aquifer

Lower groundwater recharge (Buffalo Aquifer)
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Defining Climate Threats
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Figure 18.1: Annual average temperatures (red line) across the Midwest show a trend towards increasing temperature. The trend (heavy 
black line) calculated over the period 1895-2012 is equal to an increase of 1.5°F. (Figure source: updated from Kunkel et al. 2013). 

Temperatures are Rising in the Midwest



Public Health Issues
Drought
 Reduced soil moisture, groundwater, lakes, rivers, wetlands and stream flows
 Potential concentration of pollutants
 Decreased water supply for drinking water and agriculture
 Fire

Increased Water Temperature 
 Fish populations
 Mercury biomagnification in predatory fish
 Harmful Algal Blooms (HABs)
 Invasive species
 Increased vector born diseases (West Nile Virus, etc.)
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Extreme Heat Records
2011
 5 extreme heat advisories in MN
 June 6-7
 June 30-July 1
 July 16-20
 July 23
 August 1 

 July 19, 2011
 State Record Heat Index of 130 degrees F set in Moorhead, MN
 88 degree dew point with 93 degree f air temp

 Extreme heat events Increasingly driven by high dew point, not high temperature 
– MN Weather Almanac
 More evaporation occurs – warm air is less dense, so there is more room for water vapor
 Water holding capacity of air increases 7% per degree C – part of the reason for higher statistical 

likelihood of higher intense storms with more precipitation overall, but less source water recharge

 Humidity – function of temp and water vapor in atmosphere  affects skin’s ability to evaporate 
moisture (sweat) to cool the body
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Extreme Heat Events
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These storms started out producing large hail and a few funnel clouds, then transitioned to bow echoes and 60 to 
70 mph winds. These strong winds hit the Fargo-Moorhead area as well as the Fergus Falls, Minnesota area.
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A Resilient Utility
To prepare for potential drought conditions and the corresponding 
climate impacts, MPS initiated the development of a Buffalo Aquifer 
Management Plan to develop drought management strategies and 
evaluate the feasibility of a Buffalo Aquifer Expansion Project for the 
sustainable usage of the aquifer during a drought.

The operational strategy used at the current WTP has helped MPS 
reserve groundwater supplies for extended drought conditions in the 
Red River Valley and periods of contaminated water quality conditions 
on the Red River.
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 Series of computer modules 
designed to compare risks to costs 
of adaptive measures 
 Can evaluate specified threats a 

utility can face to operational 
resiliency
 MPS’ modules centered around 

the Buffalo Aquifer Expansion 
Project as outlined in the Buffalo 
Aquifer Management Plan
 Focused on source waters and 

pumping and conveyance systems 
in CREAT
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CREAT Experience



22

Climate Issues by Region



Climate Issues by Region 
Projected Climate Changes
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 Generally, annual precipitation increased during the past century (by up to 20% in some locations), with 
much of the increase driven by intensification of the heaviest rainfalls (Pryor et al. 2009). This tendency 
towards more intense precipitation events is projected to continue in the future (Schoof et al. 2010). 
Precipitation is projected to increase in winter, spring and fall, but decrease in the summer, and the 
average number of days each year without precipitation is expected to increase.

 Heat waves are anticipated to be more frequent, more severe and longer in duration

Figure 18.2: Projected increase in annual average temperatures by mid-century (2041-2070) as compared to the 1971-2000 period tell only part of the climate change 
story. Maps also show annual projected increases in the number of the hottest days (days over 95°F), longer frost-free seasons, and an increase in cooling degree 
days, defined as the number of degrees that a day’s average temperature is above 65°F, which generally leads to an increase in energy use for air conditioning. 
Projections are from global climate models that assume emissions of heat-trapping gases continue to rise (A2 scenario). (Figure source: NOAA NCDC / CICS-NC). 
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 Projections of increasing temperatures, faster evaporation rates and more sustained droughts brought on by climate 
change will only add more stress to overtaxed water sources.

 Projected increases in precipitation are unlikely to be sufficient to offset decreasing soil moisture and water 
availability in the Great Plains, due to rising temperatures and aquifer depletion. 

 More frequent extreme events, such as heat waves, droughts, snow and heavy rainfall are projected to occur.
 North Dakota's increase in annual temperature over the past 130 years is the fastest in the contiguous U.S. and is 

mainly driven by warming winters.

Figure 19.1: The region has a distinct north-south gradient in average temperature patterns (left), with a hotter south and colder north. For precipitation (right), the regional 
gradient runs west-east, with a wetter east and a much drier west. Averages shown here are for the period 1981-2010. (Figure source: adapted from Kunkel et al. 20131). 

https://nca2014.globalchange.gov/report/regions/great-plains#fn:994416dc-705b-4063-b8f5-bd3ed21d4a71


Scenario Development
Goal is to identify and define climate threats you want to consider based 
on the current concerns identified in the Climate Awareness module

Review historical climate conditions provided by CREAT for your location, 
such as temperature, precipitation and storm events (stock data) 

Stock data helps you to understand how these conditions drive selected 
threats. This historical climate data is used to build a Baseline Scenario for 
comparison with scenarios of future climate conditions.

MPS used customized location – specific data from Buffalo AMP for 
drought scenario development
 CREAT (PRISM data from 1981-2010) vs MPS Drought Model data
 Used CREAT default values for the 100-year intense precipitation event and 

annual number of hot days for analysis
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https://creat.epa.gov/creat/
https://creat.epa.gov/creat/


Scenario Development:
Buffalo AMP Data Regions 
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Scenarios Identified
Baseline Scenario
 Reduced groundwater recharge of the 

Buffalo Aquifer and streamflow for the 
Red River and Buffalo River.
 Decreased surface water supplies and 

groundwater recharge

MPS compared their climate records 
with the default CREAT data (PRISM data 
from 1981-2010)
 Custom data used for Baseline Scenario
 Default CREAT values used for the intense 

precipitation event and a range of metrics 
for annual number of hot days. 

Hotter & Drier Scenario 
 Reduced groundwater recharge for the 

Buffalo Aquifer and reduced streamflow 
for the Red River and Buffalo River.
 Decreases in summer-month precipitation 

will decrease surface water supplies and 
groundwater recharge. Related potential 
factors include:
 increased reliance on groundwater to meet demand; 
 increased demand due to increasing temperatures; 
 increased strain on groundwater resources due to 

increased agriculture increases; and 

decreased ability to meet peak demand 
due to insufficient groundwater pumping 
capacity.
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 Note: Both scenarios baseline and hot & dry required monthly temperature, precipitation, 100-year intense precipitation events (inches in 24 hrs), number 
of hot days above 90, 95, & 100 (annually, degrees F)



Scenario: Custom Baseline 
(2019-2060)
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Scenario: 
Hotter & Drier (2019-2060)
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Scenario Development -
Selections

 Able to select utility concerns and specific threats for Risk Assessment in the Module
 Used customized location – specific data in place of baseline historical data provided by CREAT

 Purpose was to more closely align efforts with completed MPS Drought Model

Threat Selected
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Scenario Summary
Hotter & Drier

Decreases in summer-month precipitation will decrease surface water 
supplies and groundwater recharge, especially impacting utilities that 
rely on groundwater supplies. 

Related potential factors include:
 increased reliance on groundwater to meet demand; 
 increased demand due to increasing temperatures; 
 increased strain on groundwater resources due to increased agriculture 

increases; and 
 decreased ability to meet peak demand due to insufficient groundwater 

pumping capacity.
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Ave Annual Temp 40.63 Fahrenheit Custom Annual Change in temp 7.43 Fahrenheit CREAT

Ave May Temp 54.8 Fahrenheit Custom May Change in temp 5.93 Fahrenheit CREAT

Ave June Temp 64.48 Fahrenheit Custom June Change in temp 6.58 Fahrenheit CREAT

Ave July Temp 69.99 Fahrenheit Custom July Change in temp 8.14 Fahrenheit CREAT

Ave August Temp 67.76 Fahrenheit Custom August Change in temp 7.64 Fahrenheit CREAT

Ave September Temp 57.73 Fahrenheit Custom
September Change in 

temp 7.22 Fahrenheit CREAT
Total Annual 
Precipitation 21.21 Inches Custom

Annual Change in 
precip 1.56 % CREAT

Total May Precip 2.68 Inches Custom May Change in precip 4.49 % CREAT

Total June Precip 3.74 Inches Custom June Change in precip -8.13 % CREAT

Total July Precip 3.06 Inches Custom July Change in precip -17.41 % CREAT

Total August Precip 2.7 Inches Custom
August Change in 

precip -15.82 % CREAT

Total September Precip 2.16 Inches Custom
September Change in 

precip -0.81 % CREAT
100-year Intense 

Precipitation Event 7.23 Inches/24hr CREAT
Change in 100-year 

Intense Precipitation 25.75 % CREAT
Annual Number of hot 

days over 90 °F 7.4 Days CREAT
Annual Number of hot 

days over 90 °F 43.73 Days CREAT
Annual Number of hot 

days over 95 °F 0.93 Days CREAT
Annual Number of hot 

days over 95 °F 16.47 Days CREAT
Annual Number of hot 

days over 100 °F 0 Days CREAT
Annual Number of hot 

days over 100 °F 3.87 Days CREAT

Climate Station: MOORHEAD
Custom Baseline Scenario

Climate Station: MOORHEAD
Hotter & Drier


Notes

		Data from most recent CREAT Module edition, 

		_1562087418448





CREAT Baseline





CREAT Baseline Custom

		Climate Station: MOORHEAD														Climate Station: MOORHEAD

		Baseline Scenario														Hotter & Drier												Difference

		Average Annual Temperature		40.63		Fahrenheit		Custom								Annual Change in temperature		7.43		Fahrenheit		CREAT						48.06

		Average January Temperature		7.03		Fahrenheit		Custom								January Change in temperature		9.07		Fahrenheit		CREAT						16.1

		Average February Temperature		11.65		Fahrenheit		Custom								February Change in temperature		8.93		Fahrenheit		CREAT						20.58

		Average March Temperature		25.44		Fahrenheit		Custom								March Change in temperature		6.88		Fahrenheit		CREAT						32.32

		Average April Temperature		42.19		Fahrenheit		Custom								April Change in temperature		6.03		Fahrenheit		CREAT						48.22

		Average May Temperature		54.8		Fahrenheit		Custom								May Change in temperature		5.93		Fahrenheit		CREAT						60.73

		Average June Temperature		64.48		Fahrenheit		Custom								June Change in temperature		6.58		Fahrenheit		CREAT						71.06

		Average July Temperature		69.99		Fahrenheit		Custom								July Change in temperature		8.14		Fahrenheit		CREAT						78.13

		Average August Temperature		67.76		Fahrenheit		Custom								August Change in temperature		7.64		Fahrenheit		CREAT						75.4

		Average September Temperature		57.73		Fahrenheit		Custom								September Change in temperature		7.22		Fahrenheit		CREAT						64.95

		Average October Temperature		45.3		Fahrenheit		Custom								October Change in temperature		6.6		Fahrenheit		CREAT						51.9

		Average November Temperature		27.88		Fahrenheit		Custom								November Change in temperature		7.39		Fahrenheit		CREAT						35.27

		Average December Temperature		13.35		Fahrenheit		Custom								December Change in temperature		8.76		Fahrenheit		CREAT						22.11

		Total Annual Precipitation		21.21		Inches		Custom								Annual Change in precipitation		1.56		%		CREAT

		Total January Precipitation		0.58		Inches		Custom								January Change in precipitation		22.95		%		CREAT

		Total February Precipitation		0.54		Inches		CREAT								February Change in precipitation		18.91		%		CREAT

		Total March Precipitation		0.96		Inches		Custom								March Change in precipitation		15.63		%		CREAT

		Total April Precipitation		1.8		Inches		Custom								April Change in precipitation		9.23		%		CREAT

		Total May Precipitation		2.68		Inches		Custom								May Change in precipitation		4.49		%		CREAT

		Total June Precipitation		3.74		Inches		Custom								June Change in precipitation		-8.13		%		CREAT

		Total July Precipitation		3.06		Inches		Custom								July Change in precipitation		-17.41		%		CREAT

		Total August Precipitation		2.7		Inches		Custom								August Change in precipitation		-15.82		%		CREAT

		Total September Precipitation		2.16		Inches		Custom								September Change in precipitation		-0.81		%		CREAT

		Total October Precipitation		1.59		Inches		Custom								October Change in precipitation		1.65		%		CREAT

		Total November Precipitation		0.8		Inches		Custom								November Change in precipitation		4.7		%		CREAT

		Total December Precipitation		0.58		Inches		Custom								December Change in precipitation		21.54		%		CREAT

		100-year Intense Precipitation Event		7.23		Inches/24hr		CREAT								Change in 100-year Intense Precipitation Event		25.75		%		CREAT

		Annual Number of hot days over 90 °F		7.4		Days		CREAT								Annual Number of hot days over 90 °F		43.73		Days		CREAT

		Annual Number of hot days over 95 °F		0.93		Days		CREAT								Annual Number of hot days over 95 °F		16.47		Days		CREAT

		Annual Number of hot days over 100 °F		0		Days		CREAT								Annual Number of hot days over 100 °F		3.87		Days		CREAT





CREAT Hotter & Drier

		Climate Station: MOORHEAD

		Hotter & Drier

		Annual Change in temperature		7.43		Fahrenheit		CREAT

		January Change in temperature		9.07		Fahrenheit		CREAT

		February Change in temperature		8.93		Fahrenheit		CREAT

		March Change in temperature		6.88		Fahrenheit		CREAT

		April Change in temperature		6.03		Fahrenheit		CREAT

		May Change in temperature		5.93		Fahrenheit		CREAT

		June Change in temperature		6.58		Fahrenheit		CREAT

		July Change in temperature		8.14		Fahrenheit		CREAT

		August Change in temperature		7.64		Fahrenheit		CREAT

		September Change in temperature		7.22		Fahrenheit		CREAT

		October Change in temperature		6.6		Fahrenheit		CREAT

		November Change in temperature		7.39		Fahrenheit		CREAT

		December Change in temperature		8.76		Fahrenheit		CREAT

		Annual Change in precipitation		1.56		%		CREAT

		January Change in precipitation		22.95		%		CREAT

		February Change in precipitation		18.91		%		CREAT

		March Change in precipitation		15.63		%		CREAT

		April Change in precipitation		9.23		%		CREAT

		May Change in precipitation		4.49		%		CREAT

		June Change in precipitation		-8.13		%		CREAT

		July Change in precipitation		-17.41		%		CREAT

		August Change in precipitation		-15.82		%		CREAT

		September Change in precipitation		-0.81		%		CREAT

		October Change in precipitation		1.65		%		CREAT

		November Change in precipitation		4.7		%		CREAT

		December Change in precipitation		21.54		%		CREAT

		Annual Number of hot days over 90 °F		43.73		Days		CREAT

		Annual Number of hot days over 95 °F		16.47		Days		CREAT

		Annual Number of hot days over 100 °F		3.87		Days		CREAT

		Change in 100-year Intense Precipitation Event		25.75		%		CREAT





Chart

		Climate Station: MOORHEAD								Climate Station: MOORHEAD

		Custom Baseline Scenario								Hotter & Drier

		Ave Annual Temp		40.63		Fahrenheit		Custom		Annual Change in temp		7.43		Fahrenheit		CREAT

		Ave May Temp		54.8		Fahrenheit		Custom		May Change in temp		5.93		Fahrenheit		CREAT

		Ave June Temp		64.48		Fahrenheit		Custom		June Change in temp		6.58		Fahrenheit		CREAT

		Ave July Temp		69.99		Fahrenheit		Custom		July Change in temp		8.14		Fahrenheit		CREAT

		Ave August Temp		67.76		Fahrenheit		Custom		August Change in temp		7.64		Fahrenheit		CREAT

		Ave September Temp		57.73		Fahrenheit		Custom		September Change in temp		7.22		Fahrenheit		CREAT

		Total Annual Precipitation		21.21		Inches		Custom		Annual Change in precip		1.56		%		CREAT

		Total May Precip		2.68		Inches		Custom		May Change in precip		4.49		%		CREAT

		Total June Precip		3.74		Inches		Custom		June Change in precip		-8.13		%		CREAT

		Total July Precip		3.06		Inches		Custom		July Change in precip		-17.41		%		CREAT

		Total August Precip		2.7		Inches		Custom		August Change in precip		-15.82		%		CREAT

		Total September Precip		2.16		Inches		Custom		September Change in precip		-0.81		%		CREAT

		100-year Intense Precipitation Event		7.23		Inches/24hr		CREAT		Change in 100-year Intense Precipitation Event		25.75		%		CREAT

		Annual Number of hot days over 90 °F		7.4		Days		CREAT		Annual Number of hot days over 90 °F		43.73		Days		CREAT

		Annual Number of hot days over 95 °F		0.93		Days		CREAT		Annual Number of hot days over 95 °F		16.47		Days		CREAT

		Annual Number of hot days over 100 °F		0		Days		CREAT		Annual Number of hot days over 100 °F		3.87		Days		CREAT









Consequences and Assets
Identified the types of threats that may impact MPS and selected data 
that defines scenarios of threats based on different changes in climate 
conditions at your location. Next, you need to determine which types of 
consequences you might expect if these threats were to occur. 

Utility Business Impacts

Utility Equipment Damage

Environmental Impacts

Source/Receiving Water Impacts

33
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Note: values based on water sector survey data and calculated using the utility type, population served, total daily 
flow, public vs private ownership, and financial condition, with input and adjustment by MPS
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Asset Definition
Prioritize those assets that are particularly vulnerable to the threats 
you have defined. Think about your assets and how you might group 
them together based on their thresholds for specific impacts. 

 Surface Water – Red River of the North
 Ground Water – Buffalo Aquifer
 Pumps and Conveyance Systems for Transport and Treatment

36



Adaptive Measures
Existing

Multiple Well Fields along Buffalo 
Aquifer

Identified Drought Management 
Stages corresponding to Water 
Supply Plan Action Levels

New River Pump Station (2013)

Limited storage of Surface Water

Full Maintenance and 
Rehabilitation of All Well Houses 
Complete in 2018

Potential

Increase Buffalo Aquifer Capacity 
(Included in Assessment)

Replace existing raw groundwater 
transmission mains

Regular inspection and annual 
statistical analysis of individual 
well production and performance 
(specific capacity)

Concerted Public Outreach Efforts
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Risk Assessment Results

40



Risk Assessment Results
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Likelihood Sensitivity
What is the likelihood of a scenario?

CREAT provides a risk assessment 
framework based on determining 
consequences from threats and the 
ability to reduce those consequences. 
This method assumes that each threat is 
considered as part of a ‘what if’ scenario, 
where likelihood is essentially 100%. 

If scenario likelihood were applied to 
results, then all risk assessments for that 
scenario would be reduced to reflect the 
lower potential for threat occurrence. 
Likelihood is far more difficult to assess, 
especially for potential future changes in 
climate, and it is not probable that any 
adaptive measures undertaken by a 
single utility will alter that likelihood.

When cost exceeds risk reduction, you 
may view this plan as an unwise 
investment if the scenario were truly a 
rare circumstance with a lower scenario 
likelihood.

When risk reduction exceeds cost, you 
may view this plan as a prudent 
investment in cases where the scenario 
is likely to occur.
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The Value of Redundant Supply
Safeguard Public Health

Improve Flexibility and Reliability

Risk Reduction

Seamless transfer to redundant 
systems without service 
disruptions 

Reduce stress on Buffalo Aquifer 
during heavy withdrawal

How to quantify in CREAT?
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Future Work
• Incorporate climate projections data from CREAT into MPS’ Drought Model
• Quantify the value of redundancy of supply in subsequent CREAT Modules 
• Adaptation of module data for flood analysis
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Questions? Please contact me at:
Marc Pritchard

MPS Water Plant Supervisor

mpritchard@mpstutility.com

218-477-8072

701-367-6588

www.mpsutility.com
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