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Introduction

The City of Minot’s Public Works Depart-
ment is responsible for managing, storing, 
treating, monitoring and delivering safe, 
potable water to the citizens of Minot 
as well as to the Northwest Area Water 
Supply (NAWS) transmission system, 
Minot Air Force Base (MAFB), and 
the North Prairie Rural Water District 
(NPRWD).  The Minot Public Works 
Department’s responsibility to provide 
potable water starts with obtaining source 
water from two aquifers and ends with 
meeting water quality standards and regu-
lations at the customer’s tap.  To execute 
this responsibility the Public Works 
Department operates and maintains pipe-
line distribution systems, storage facilities, 
pumping facilities, treatment facilities, and  
testing programs necessary to ensure 
the citizens of Minot and bulk customers  
are provided with a sufficient supply of 
potable water.  The City of Minot’s staff 
has recognized that, to provide this suffi-
cient water system capacity, a plan must 
be developed to ensure the Public Works 
Department’s needs for maintenance and 
future capital projects are being met in a 
fiscally responsible manner.
The objective of this study is to update 
the City’s overall water distribution system 
model and provide master planning to 
assist in recovery from impacts of the 
2011 Mouse River flood.

Water System Overview

and distribution system components de-
scribed below.
The City of Minot’s water system is     
supplied by two ground water sources, 
the Sundre Aquifer has 5 active wells, and 
the Minot Aquifer has 7 active wells.  The 
eighteen MGD-capacity Water Treatment 
Plant transfers treated water to the High 
Service Pump Station (HSPS), from there 
it is pumped into the distribution system 
and storage reservoir tanks.
The distribution system is divided into 
three pressure zones, the Valley Pressure 
Zone (nominal hydraulic grade 1715 ft. 
MSL), the North Hill Pressure Zone (nomi-
nal hydraulic grade 1770 ft. MSL), and the 
South Hill Pressure Zone (nominal hydrau-
lic grade 1790 ft. MSL).  Pressure zones 
are created to maintain acceptable system 
pressures within established limits across 
wide elevation ranges. The pressure zone 
boundaries are, for the most part, dictated 
by elevation. These boundaries are creat-
ed by physical separation, closed pipes, 
and/or pressure regulating valves (PRVs).  
A map showing these different pressure 
zones can be located on Figure 2-8 of 
Technical Memorandum #2.

•	
•	
•	
•	
•	

Generally, the City’s water system consists 
of source water supply, water treatment, 

  There are currently 8 operational     
tanks in the distribution system:

•	 4 ground storage tanks and one  elevated 
tank are located in the Valley Pressure 
Zone

•	 2 elevated tanks in the South Hill pres-
sure Zone

•	 1 elevated tank in the North Hill Pressure 
Zone.
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Criteria Devlopment and 
Demand Projections

8 Pump Stations are used to send water 
to the operational tanks, and also located 
in strategic areas to supplement system 
pressure during peak usage times. A more 
detailed list of tanks and pump stations 
can be located in Tables 2-6 and 2-7 of 
Technical Memorandum #2.

The remaining pipe is High Density Poly-
ethylene, Asbestos Cement (AC), Copper, 
Ductile Iron (DI), or Steel. A complete 
breakdown of pipe sizes and material type 
can be found in Tables 2-2 and 2-3 of 
Technical Memorandum #2.

Typically, a master plan would be on a 
pre-determined time based outlook (i.e. 
25 years, etc.), but with the City of Mi-
not currently growing at a rapid pace, a 
phased population-based growth approach 
was used for this analysis.  The basis for 
the analysis is the Comprehensive Growth 
Plan (Figure 1-2 of Technical Memorandum 
#1) completed by Stantec for the City of 

The distribution system is comprised of 
over 255 miles of pipeline ranging from 
2 inch to 36 inch diameter pipes. Most 
of the piping in the existing system is 
the original piping.  In the older parts of 
the City the piping is primarily cast iron, 
comprising approximately 37% of the 
entire pipe network.  Another 62% of the 
City’s pipe network consists of polyvinyl 
chloride (PVC).

Minot, which is divided into 5 future growth 
development phases.  The 2010 Census 
estimated that 42,000 (± 5,000) people 
lived in the City of Minot. For this analysis, 
it was assumed that about 50,000 people 
lived in the City of Minot in 2012.  Stan-
tec projected that at build-out, the City of 
Minot would have a population of 80,000.  
This would be an addition of 30,000 people 
to the distribution system.

This approach was used to determine the 
projected future water demand on the sys-
tem.  Accurate demand forecasting is crit-
ical for the development of a useful model 
and an accurate master plan.   
A unit-use rate demand per acre, was 
developed for each land use type by eval-
uating the existing demand on the system 
within each land use.  The existing demand 
within each land use was divided by the 
acreage of each land use to develop gal-
lons per minute (gpm) per acre unit-use 
rate for each land use.  These unit-use 
rates were then compared to other unit-use 
rates developed for similar water systems.  
They were also adjusted to match the 
City of Minot’s future population projec-
tion.  Due to the abnormally high amount 
of precipitation Minot received during 2013, 

For this analysis, a two stage approach 
was used to develop demand projections 
and Capital Improvement Plan projects.  
Phase 1, 2 and 3 of the Comprehensive 
Growth Plan were incorporated for Stage 1 
(which estimates a population of 68,000), 
and Phase 4 and 5 of the Comprehensive 
Growth Plan were incorporated for Stage 2 
(estimates a population of 79,000).  
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historic water use records, Water Treat-
ment Plant (WTP) production records, 
and population estimates from 2012 were 
used to perform this analysis and develop 
Peaking Factors. Estimated 2012 popula-
tion and WTP production information can 
be located in Tables 1-1 and 1-2 of Tech-
nical Memorandum #1.

The Innovyze Infowater® hydraulic model 
that was developed and calibrated for the 
prior East Side Valley Zone projects was 
used for the basis of this city-wide hydrau-
lic model and master plan.  The East Side 
Valley Zone hydraulic model was devel-
oped in 2006, so additional information 
was required.  This additional information 
included new facilities added since 2006 
(High Service Pump Station, Southwest 
Booster Pump Station, etc.) as well as 
a considerable amount of pipe in newly 
developed areas of town.  This information 
was provided by City staff in the form of 
GIS shape files and as-built drawing files.  
After the existing distribution system com-
ponents and demands were entered into 
the model, the hydraulic model was cali-
brated to confirm its accuracy.  Calibration 
consisted of adjusting the model to match 
real-time field-collected data. The calibra-
tion consisted of two components: steady-
state and dynamic calibration.
Steady-state calibration was accomplished 
by placing pressure recorders (collecting 
pressure data at 1 minute increments) at 
various locations throughout the City from 
August 16, 2013 to August 23, 2013.  On 
August 20, 2013, 11 fire flow tests were 
performed throughout the City to stress 

Model Development

the distribution system by imposing a large 
demand at a particular location and then 
collecting instantaneous flow and pressure 
data at various locations throughout the 
distribution system.  After completion of the 
field hydrant tests, the tests were simulat-
ed in the hydraulic model. This required 
the creation of a steady-state calibration 
scenario where each measured test flow 
was added to the corresponding hydrant 
in the model as a water demand over and 
above the demands existing in the system 
at the time the test was performed. The 
model was run to observe the resulting 
flows and residual pressures. The pres-
sures measured by the pressure loggers 
were also compared to the pressures at 
the corresponding model hydrants.  The 
model was adjusted to more closely repro-
duce the residual pressures and flow rates 
observed in the field.
Dynamic calibration consists of comparing 
actual tank levels, system pressures and 
booster pump flows with corresponding 
model levels, pressures, and flows over a 
24-hour period. All available recorded data 
for the tanks, booster pump stations, and 
wells were compiled for August 21, 2013. 
The demands in the model were adjusted 
to match the actual demands for that day. 
The model was then run for 24 hours and 
was adjusted to better match the field data. 
More detailed calibration results can be 
located in Technical Memorandum #5.
Once the hydraulic model was successful-
ly calibrated it was modified to include a 
layout for future system piping and other 
facilities based on the populations projec-
tions listed in Section E.3 of this Executive 
Summary.  
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Water System Analysis
•	

The calibrated hydraulic model was then 
used to evaluate the performance of the 
water distribution system in its existing, 
Future Stage 1 and Future Stage 2 scenar-
ios (the latter 2 with recommended Capital 
Improvement Plan projects completed).  
The criteria used to evaluate the system 
included capacity, operation, and reliability 
requirements for piping, pumping and stor-
age facilities.

•	
•	
•	
•	
•	

Pipe criteria include diameter, flow rate, 
pressure, velocity, head loss, and reliabil-
ity.  Pipes must have sufficient capacity to 
convey flows under each of the two de-
mand conditions defined as:

•	 Peak Hour - the hour of peak demand 
usage on the Maximum Day.

•	 Fire Suppression - the average Maximum 
Day plus various fire flow requirements for 
fire suppression.

Diameter	
The criteria for pipe diameter is based on 
peak domestic flow, fire flow and pressure 
requirements of hydraulic analysis as well 
as other hydraulic criteria.  In addition, 
minimum diameter requirements have been 
established by the Ten-State Standards 
which incorporate Insurance Services 
Office (ISO) standards.  The City of Minot 
has adopted a minimum diameter of eight 
(8) inches for new construction or replace-
ment.  Currently, all pipes with a diameter 
6 inches or less requiring replacement or 

Piping

repair are replaced with 8-inch diameter 
pipe.

Flow Rate
The criteria for pipe flow rate is that pipes 
must have sufficient capacity to convey 
flows under peak hour water demand con-
ditions.  This requirement also applies to 
sizing of proposed pipe and other distribu-
tion system improvements. Current peak 
hour demand conditions were determined 
from recent water system operation re-
cords.
Pipe capacity was also evaluated under 
fire flow demand.  Because needed fire 
flow for each customer in the distribution 
system varies based on a number of indi-
vidual circumstances and are not readily 
available, typical fire flow values – based 
on ISO requirements for each land use 
– were used for evaluation.  Categories 
include residential, commercial, industrial, 
and institutional.  Fire flow duration was 
also based on Fire Suppression Rating 
Schedule requirements.

Pressure
Pipe pressure criteria include maximum, 
minimum and fire flow requirements.  Un-
der normal operation, pressures should 
range between 60 and 80 psi at ground 
level.  It should be noted that all pressures 
indicated are at ground elevation, and not 
at the elevation of the pipe.
Maximum distribution system pressure is 
dictated by the pressure class of pipe and 
other appurtenances in the distribution sys-
tem.  Static pressure above 100 psi is not 
advisable because of the increased leak-
age rate, an increased risk of pipe failure 
and the required installation of pressure 
reducing valves on distribution mains or on 
service connections.
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A minimum distribution system pressure 
is required to avoid customer complaints 
and prevent contamination from backflow.  
The Ten-State Standards require that a 
minimum pressure of 20 psi, measured at 
ground level, be maintained at all points in 
the distribution system under all conditions 
of flow.  The minimum pressure of 20 psi 
occurs only during fire flow conditions (i.e. 
residual pressure).  However, a minimum of 
35 psi is required during peak hour opera-
tions to avoid customer complaints.

Fire Flow
The fire flow is the critical part of the 
analysis and results in the recommenda-
tion of replacement of many of the pipes 
that are 6 inches and smaller, especially 
in areas that are zoned something other 
than residential.  The system is required to 
maintain a minimum of 20 psi at each fire 
hydrant with the average of maximum day 
demand plus required fire flow.  The ma-
jority of the distribution system is residen-
tial and is required to maintain a fire flow 
of 1,000 gpm for 2 hours.  The existing 
maximum day model shows there are 462 
fire flow nodes out of 2,340 total fire flow 
nodes that do not meet the required 20 psi 
residual pressure.  There are 185 nodes 
that are not able to provide 1,000 gpm 
with a 20 psi residual.  Even after all the 
Capital Improvement Plan (CIP) projects 
are completed, there are still 361 fire flow 
nodes that do not meet the required 20 psi 
residual pressure and 160 nodes that are 
not able to provide 1,000 gpm. Most of the 
deficiencies are due to 40% of the system 
as 6 inch and smaller cast iron pipe that 
was installed before 1960.  As construction 
projects are completed where cast iron 
pipe is in place, these pipes should be re-
placed with minimum 8 inch PVC pipe.  

Velocity
There are no regulations governing the 
maximum velocity of flow in pipes (other 
than a minimum target velocity of 2.5 feet 
per second (fps) when flushing is per-
formed).  Criteria for evaluation and design 
are provided by way of recommendation 
rather than requirement.  For evaluation 
of existing pipes, a maximum   velocity 
of 10 fps under peak hour flow conditions 
is recommended.  For design or sizing of 
recommended pipe improvements, a maxi-
mum velocity of 5 fps under peak hour flow 
conditions is suggested.

Head Loss
As with velocity, head loss criteria are sug-
gested as indicators of sufficient capacity 
and energy efficiency.  It is recommended 
that a maximum design head loss rate of 10 
ft./1,000 ft. under peak hour flow conditions 
be used for pipes less than 16 inches in 
diameter.  For pipes 16 inches and greater 
diameter, a head loss rate of 3 ft./1,000 ft. 
is recommended.

Reliability
To increase reliability of service in the dis-
tribution system, dead end pipes should be 
minimized by looping whenever practical. 
It is also recommended that hydraulically 
isolated areas be provided with two feed 
sources.  There are at least two feed sourc-
es to each of the three Pressure Zones in 
the area.  The North Hill Pressure Zone 
has water being supplied by the North Hill 
3 MG Reservoir pump station to the North 
Hill Tower, with the 1 MG Reservoir pump 
station supplementing the pressure in this 
Zone.  The South Hill Pressure Zone has 
two elevated tanks, the South Hill Tower 
and the Dakota Square Tower.  Each of 
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these towers has two supply lines.  The 
Jim Hill Booster Pump Station and the 
South Hill Reservoir supply water to the 
South Hill Pump Station.  The Southwest 
Booster Pump Station and the Dakota 
Square Pump Station provide water to the 
Dakota Square Tower.  The newly con-
structed 72nd St Tower is only fed by the 
Railway Ave BPS.

As part of the CIP projects, the 72nd St 
Tower will also be able to be fed from the 
North Hill Zone through a new PRV located 
at 46th Ave NE and 13th Street NE.  There 
would also be an additional Tower con-
structed in the North Hill Zone and an ad-
ditional Tower constructed in the South Hill 
Zone.  These improvements will add to the 
redundancy and reliability of the system.

The majority of the system is looped ex-
cept at pressure zone boundaries and 
cul-de-sacs.  One way to improve reliability 
is to make sure the PRVs are operation-
al and to adjust pressure settings so that 
they operate during emergency conditions 
(if pressure falls below a certain pressure).

Capacity
The evaluation criteria for pumping capac-
ity is that all pump stations should have 
sufficient capacity to supply peak water 
demands without dangerous overloading 
(within safe operating range of the pump). 
The pump stations are capable of supply-
ing sufficient capacity for maximum day 
water demand.  It is assumed that the 
peak hour demand and fire flow will be 
supplied by the storage facilities.  Since 

there is currently only one feed line to the 
72nd St Tower, the Railway Avenue BPS is 
equipped with a fire pump that will operate 
during fire conditions as necessary (such 
as if water storage in the 72nd Street Tow-
er has been depleted).

Reliability
Evaluation criteria for pump reliability is 
that all pump stations must be equipped 
with at least two pumps.  The pump station 
must be able to provide a firm capacity, or 
the maximum pumping demand with the 
largest of the pumps out of service. All 
pump stations are equipped with at least 
two pumps. Most pump stations also have 
power redundancy in the form of a fixed 
stand-by generator to provide electrical 

Pumping

It should be noted that if all the pro-
jected demand in Future Stage 2 (79,000 
people) is experienced the WTP City 
High Service Pumps and the Southwest 
Booster Pump Station will be pumping at 
maximum capacity.
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power during a line-loss event.  The excep-
tions to this being the South Hill Pump Sta-
tion, Dakota Square Pump station, and the 
North Hill Pump Station (which is supplied 
by the North Hill 1 MG Ground Reservoir).

Capacity
Storage capacity evaluation criteria in-
cludes provisions for operations, fire and 
emergencies.

Fire  
Fire storage capacity must, at a minimum, 
be equal to the water volume required to 
serve the largest needed fire flow for the 
required fire flow duration.  For the City 
of Minot, this is equal to 5,000 gpm for a 
duration of 4 hours, or 1,200,000 gallons.  
Fire storage capacity should be evaluated 
at the minimum storage level under aver-
age daily demand conditions.  Fire storage 
capacity can only be counted for hydrants 
or points of delivery where it is hydrauli-
cally available at the minimum pressure 
for the required fire flow duration.  Where 
ground level storage is to be used as fire 
storage, only the volume that can be de-
livered by the pumps during the fire flow 
duration can be counted.

Operational  
Operational storage requirements are cal-
culated based on the diurnal (daily cycle) 
water use records of the maximum day.  As 
planning or design criteria for future storage 
capacity requirements, the same current 
maximum day diurnal curve should be ap-
plied to the projected maximum day water 
use of the planning horizon.  Elevated stor-
age, which is not hydraulically available to 
the distribution system under normal oper-
ating conditions, cannot be counted as op-
erational storage. The operational storage 
analysis does not include storage required 
for the NAWS system, the MAFB system, 
or the NPRWD system.  These entities are 
required to provide their own water storage 
facilities.

Emergency  
The emergency storage requirement was 
established as the average daily demand 
for a duration of 4 hours.  Emergency 
storage did not include storage required 
for the NAWS system, the MAFB system, 
or the NPRWD system.  These entities are 
required to provide their own water storage 
facilities.

Storage

Following this evaluation criteria for 
storage capacity, the North Hill Zone 
and South Hill Zone are required to have 
new elevated tanks constructed to meet 
the storage essential to meet operational 
storage, emergency storage, and fire flow 
storage.  A one million gallon storage tank 
should be constructed in each Zone in or-
der to provide adequate storage for exist-
ing and build-out demand on the system. 
A detailed Storage Analysis can be found 
in Table 4 in Technical Memorandum #4.
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Summary of issues identified in the existing distribution system:

1.	 As identified in section E.5.3 of this Executive Summary and shown in Table 4 of Tech-
nical Memorandum #4, the available storage in the North Hill Pressure Zone and South 
Hill Pressure Zone is undersized and needs additional capacity installed to meet the In-
surance Services Office (ISO) Required Storage Capacity criteria for operational storage, 
emergency storage, and fire flow storage.  A 1 million gallon elevated tank in each should 
be constructed in each Zone to provide adequate storage for the existing distribution 
system (These are listed as Projects 5 and 7 in Table 4 of Technical Memorandum #3).  
The addition of these tanks will also provide adequate storage for the Future Stage 1 and 
Future Stage 2 build outs.

2.	 All fire flow issues cannot be resolved without replacing or upsizing replacing a large 
portion of the existing 6-inch cast iron pipe.  As construction projects occur where exist-
ing 6-inch water lines are located, these should be replaced with 8 inch pipe, but overall 
6 inch pipe replacement is not shown in the CIP.

3.	 Installation of a redundant source of power (i.e. generator) should be considered at the 
South Hill Pump Station, Dakota Square Pump Station, and the North Hill Pump Station 
to provide power during a line-loss event.

4.	 During meetings with City of Minot staff and subsequent conversations, it was discov-
ered that there are a number of control valves (pressure reducing valves, altitude valves, 
etc.) in the distribution system that do not function properly.  An Operational Plan 
should be developed for proper operation and maintenance of all valves in the distribu-
tion system, including gate valves.

The detailed list of recommended CIP projects for Future Stage 1 and Future State 2 are 
located in Tables 3-1 and 3-2 of Technical Memorandum #3, Table ES-1 lists the estimated 
costs for each of those projects:

Recommended Capital Improvement Plan Program (CIP)

After evaluating the results of the Existing, Future Stage 1 and Future Stage 2 Scenarios, 
Capital Improvements Plan program projects were developed to address velocity and pres-
sure issues and some of the general fire flow issues for Existing and Future development. 
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Table ES-1 
•	 Project No. •	 Project •	 Estimated 

Cost
•	 Phase 1 build out (68,000 population)

•	 Project 1 •	 *Pipe Replacement - Downtown Project
•	 * - Water main only, does not include street paving

•	 $2,700,000

•	 Project 2 •	 Northeast Side Phase 1 •	 $2,320,000
•	 Project 3 •	 Northeast Side Phase 2 •	 $3,200,000
•	 Project 4 •	 46th Ave NE - N Broadway to 13th Street NE •	 $1,900,000
•	 Project 5 •	 Future North Hill Elevated Tank •	 $3,000,000
•	 Project 6 •	 6” Pipe Replacement - 16th Ave SE- to Vie Street •	 $400,000
•	 Project 7 •	 Future South Hill Elevated Tank •	 $3,000,000
•	 Project 8 •	 *37th Ave SE/2nd Street SE to 13th St SE 

•	 * - Water main only, does not include street paving
•	 $800,000

•	 Project 9 •	 Northwest Project •	 $2,180,000
•	 Project 10 •	 6” Pipe Replacement - 21st Ave NW/6th Street NW 

to Skyline Dr., 5th Street NW to 3rd Street NW
•	 $800,000

•	 Project 11 •	 6” Pipe Replacement - University Ave/1st NE to 3rd 
Street NE

•	 $260,000

•	 Project 12 •	 6” Pipe Replacement - 11th Ave NW/N Broadway 
to Main St

•	 $300,000

•	 Project 13 •	 6” Pipe Replacement - 8th Street SE/Railway Ave to 
Burdick Expy.

•	 $990,000

•	 Project 14 •	 72nd Street SE to 88th Street SE •	 $1,600,000
•	 Phase 2 build out (79,000 population)

•	 Project 20 •	 South Project •	 $1,900,000
•	 Project 21 •	 Valley Street/27th Street SE to Hwy 2/52 •	 $1,400,000
•	 Project 22 •	 Valley Street/14th Ave SE to 20th Ave SE •	 $2,000,000
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To:  Dave Schwengler 

Houston Engineering 

Date:  March 24, 2014 

 

Subject: Demand Analysis and Projections 

From:  Gracelyn NeVille Job No: 10503376 

 

PURPOSE 
This technical memorandum presents the demand analysis results for the City of Minot’s 

future growth.  The purpose of this analysis was to determine the projected future water 

demand on the system.  Accurate demand forecasting is critical for the development of a 

useful model and an accurate master plan.   Unit-use rates were developed utilizing the 

existing demand and existing land use plan.  Then the demand factors were applied to the 

future land use plan to develop future demand on the system. 

 

UNIT-USE RATES 
A unit-use rate, demand per acre, was developed for each land use type by evaluating the 

existing demand on the system within each land use.  Figure 1-1 shows the existing land 

use map provided by the City of Minot.  The existing demand within each land use was 

divided by the acreage of each land use to develop gpm per acre unit-use rate for each 

land-use.     

 

These unit-use rates were then compared to other unit-use rates developed for similar 

water systems.  They were also adjusted to match the City of Minot’s future population 

projection.  Stantec completed a comprehensive growth plan for the City of Minot.  They 

divided the future growth into five development phases.  The Stantec Comprehensive 

Growth Plan is shown in Figure 1-2.  The 2010 Census estimated that 42,000 (± 5000) 

people lived in the City of Minot.  For the demand analysis, it was assumed that about 

50,000 (± 5000) people lived in the City of Minot in 2012.  Stantec projected that at 

buildout, the City of Minot would have a population of 80,000 people.  This would be an 

addition of 30,000 people to the System.  

 

Table 1-1 shows the estimated demand and estimated population in 2012.  The maximum 

water demand occurred in the month of July.  The average maximum day demand was 

around 6,300 gpm.  If we estimate a per capita use of 200 gpd, that would be about 

46,000 people.  This estimate correlates to the 2010 Census and the 2012 estimate (± 

5000).  So this per capita use was used to check the future demand unit-use rates.       
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Table 1-1. Estimated Population Based on 2012 Maximum Day Demand 

  2012 Max. Production 

  

Average 

Maximum 

Day  Est. Use 

Est. 

Population 

  gpm gpd/capita people 

WTP Production 7,200     

City Demand 6,300 200 46,000 

NAWS Demand 900     

 

Peaking Factors were also developed looking at the WTP production records for 2012 as 

shown in Table 1-2.   This table shows that the peaking factor from average day 

production to maximum day production was 1.5 and the reducing factor from average day 

use to minimum day production was 0.75.   

 

Table 1-2. 2012 WTP Production  

 

  MG gpm 

Factor of 

Average 

Jan. 161.15 3610 0.78 

Feb. 147.18 3524 0.77 

March 163.50 3663 0.80 

April 156.72 3628 0.79 

May 193.87 4343 0.94 

June 217.85 5043 1.10 

July 320.67 7183 1.56 

Aug. 306.49 6866 1.49 

Sept. 268.93 6225 1.35 

Oct. 181.48 4065 0.88 

Nov. 147.49 3414 0.74 

Dec. 162.98 3651 0.79 

Average 205.89 4601   

 

After evaluating the demand per land use and comparing it to the per capita use for the 

projected population, Table 1-3 was developed for the unit use rates for each land use. 
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Table 1-3. Unit-Use Rates for Each Land Use Type 

 

Land Use Type 

Average Day  

Unit-Use 

Rate 

Max Day  

Unit-Use 

Rate 

Min Day 

Unit-Use 

Rate 

  gpm/ acre gpm/acre gpm/ acre 

Parks and Open Space 0.00 0.00 0.00 

Public/Semi-Public 0.02 0.03 0.02 

Rural/Agricultural 0.02 0.03 0.02 

Very Low Density 

Residential 0.03 0.05 0.02 

Low Density Residential 0.18 0.27 0.14 

Medium Density Residential 0.23 0.35 0.17 

Manufactured Home Park 0.23 0.35 0.17 

High Density Residential 0.8 1.20 0.60 

Commercial 0.2 0.30 0.15 

Neighborhood Commercial 0.73 1.10 0.55 

Office Business Park 0.4 0.60 0.30 

General Mixed Use 0.2 0.30 0.15 

Industrial 0.08 0.12 0.06 

 

The unit-use rates shown in Table 1-3 for each land use type were applied to the City of 

Minot’s future land use plan (Figure 1-3) and added to the existing model to simulate 

future demand on the system. 

 

PROJECTED DEMAND 
 

Two additional future scenarios were created to evaluate the existing system’s ability to 

handle the future growth and to recommend future facilities.  The first future model is 

with a projected population of 70,000 people.  This included Phase 1, 2, and 3 of the 

Stantec Comprehensive Growth Plan.  The second future model is the build out model 

which would have a projected population of 80,000 people.  This included all 5 phases of 

the Growth Plan. These scenarios also included the projected demand for the Minot Air 

Force Base (MAFB) and the NAWS demand.  Table 1-4 shows the additional demand on 

the system for each of these stages. 
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Table 1-4. System Demand 

  

Existing 

Demand 

Future 

Stage 1 

Future 

Stage 2 

   gpm gpm gpm 

North Hill 1,083 1,003 1,542 

South Hill 2,190 976 1,658 

Valley 2,634 1,129 1,407 

Total City 5,907 3,108 4,608 

NPRW 412     

Total City & NPRW 6,319 3,108 4,608 

MAFB 1,750 1,050 1,050 

North NAWS 125 2,675 2,675 

South NAWS 880 620 620 

Total Demand Added At Each Stage 9,074 7,453 8,953 

Total Demand on City & NPRW 6,319 9,427 10,927 

200 gpd/capita 46,000 68,000 79,000 

Total Demand on System 9,074 16,527 18,027 

 

Table 1-4 shows that by applying the unit-use rates per land use type shown in Table 1-3 

to the land use map shown in Figure 1-3 that the approximate population projection is 

achieved. The Future Stage 1 and Future Stage 2 results are used to analyze the existing 

and future facilities.   
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To:  Dave Schwengler 

Houston Engineering 

Date:  March 24, 2014 

 

Subject: Description of Existing Facilities and Operations  

From:  Gracelyn NeVille Job No:    10503376  

 

PURPOSE 
The City of Minot’s existing water distribution system is comprised of a pipe network, 

water storage facilities, and pumping stations.  This memorandum contains a summary of 

the City of Minot’s water distribution system facilities and other important information 

about the system’s current operation.   

 

The City of Minot provides potable water to all consumers within city limits, to North 

Prairie Rural Water District (NPRWD), to Northwest Area Water Supply (NAWS), and 

to the Minot Air Force Base (MAFB).    

 

MODEL UPDATE  
The 2004 model piping is shown in Figure 2-1.    This model was updated with the 

piping for areas shown in Figure 2-2 and Figure 2-3, associated demands, and with 

updated demand for NPRWD, NAWS and MAFB.  The existing model location did not 

match the coordinate system of the new GIS data.  One example of the discrepancy is 

shown in Figure 2-4.  All model pipes were moved to the spatial location that overlapped 

the street and parcel maps and imagery.   

 

Besides additional piping to accommodate new growth, there were some major facility 

changes to the model.  These major facility changes are listed below: 

 WTP reconfigured. 

 NAWS HSPS Pumps installed 

 City HSPS Pumps replaced. 

 5 MG tank replaced with 3 MG North Hill Tank and New Pumps  

 Southwest Booster Pump Station  

 Railway Ave Booster Pump Station 

 New 72nd Street Elevated Tank Operational after Calibration 

 East Side Ground Storage Tank and BPS taken offline after Calibration 

 

The existing water distribution system is illustrated in Figure 2-5.  Figure 2-5 shows the 

distribution piping layout, the WTP, the storage tank locations, the pump stations, the 

PRV’s, and the closed pipes in the system.  The hydraulic schematic of the existing 

system is shown in Figure 2-6.  
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EXISTING FACILITIES 
 

JUNCTIONS 

 

Demand 

The meters were geocoded in the 2004 model and the demand was allocated based on 

billing records in the 2004 model.  These demands remained the same.  New demands 

were only added to the model in the new areas shown in Figure 2-3, NPRWD, NAWS 

and MAFB.  The demands allocated to the existing model are shown in Table 2-1. 

  

Table 2-1. Existing Model Demand (GPM) 

  Demand 1 Demand 2 Demand 3 Total 

North Hill 778   305 1,083 

South Hill 1,581 316 293 2,190 

Valley 1,999 452 183 2,634 

NPRW   412     

MAFB   1,750     

North NAWS   125     

South NAWS   880     

Total Demand 4,358 3,935 7,81 9,074 

 

The following demand fields were used during the allocation process.  All the large users 

are allocated in Demand 2. 

 

 Demand 1 = General Consumption  

 Demand 2 = Large consumer demand 

 Demand 3 = Unverified demand allocated by meter route 

 Demand 5 = Future demand 

 

Diurnal Pattern 

The existing system model was created as an extended period simulation (EPS) model. 

An EPS model is one which simulates various demands during different hours of the day, 

with greater demands during peak hours based on a diurnal pattern. Two 24-hour diurnal 

patterns were created (one for the North Hill and one for the South Hill-Valley Zone).  

Separate diurnal curves were developed for the two NAWS demand points as well as the 

two MAFB demand points.  The NPRWD demands were assigned the same diurnal 

pattern as the zone they are connected to (North Hill, South Hill or Valley).   

 

Maximum day diurnal patterns for the model were derived from hourly flow and tank 

level data collected as part of the calibration testing and as provided from the City of 

Minot’s SCADA data. Using this data, a consumption diurnal curve was created with 

factors (ratios) for each hour representing the demand for that hour compared to the 

average for the entire day.   
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For Maximum Day Analysis and for Calibration, the SCADA, 2013 data from August 21, 

2013 was used to develop the diurnal curve. Figure 2-A shows the existing maximum 

day diurnal utilized in the model for all maximum day scenarios.   The diurnals for the 

NAWS and MAFB were taken from the August 21, 2013 SCADA data, but it should be 

noted that the demand pattern varied substantially from day to day.  The NAWS demand 

and half of the MAFB is isolated from the rest of the City system so it has no effect on 

the rest of the system, but the North MAFB demand pattern (diurnal curve) does have an 

effect on the North Hill operations.   

 

Figure 2-A. Maximum Day Diurnals 
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PIPE NETWORK  
 

The existing Minot potable water system is comprised of pipelines ranging in diameter 

from 2 to 36-inches, with most pipes in the system being 6 to 8 inches in diameter.  It 

should be noted that pipe dead ends less than 100 feet and most of the smaller pipes (2 to 

4 inches) that do not affect the hydraulics of the model are not included in the model to 

minimize the links in the system.  Table 2-2 shows the pipe diameters that are included 

in the model.  The existing pipe sizes are shown in Figure 2-5. 

 

Table 2-2. Existing Model Diameters 

Diameter Length Percent 

in ft % 

2 919 0.07% 

3 2,819 0.21% 

4 11,555 0.86% 

5 651 0.05% 

6 584,972 43.32% 

8 410,204 30.38% 

10 66,174 4.90% 

12 104,050 7.71% 

14 27,476 2.03% 

16 80,524 5.96% 

18 27,896 2.07% 

20 347 0.03% 

24 15,882 1.18% 

30 8,659 0.64% 

36 8,106 0.60% 

Total 1,350,237   

 



TECHNICAL MEMORANDUM 2 

 

5 of 13 

Table 2-3 shows the material of the existing system.   

 

Table 2-3. Existing Model Pipe Material 

AC 4,080 0.30% 

CI 493,674 36.56% 

COPPER 1,492 0.11% 

DI 6,757 0.50% 

PVC 843,667 62.48% 

STEEL 250 0.02% 

14" DR9 

POLY 317 0.02% 

Total 1,350,237   

 

Most of the piping in the existing system is the original piping.  In the older parts of the 

City of Minot the piping is primarily cast iron, comprising approximately 37% of the 

entire pipe network.  Another 62% of the City of Minot’s pipe network consists of 

polyvinyl chloride (PVC).  The remaining pipe is High Density Polyethylene (HDPE or 

DR9 Poly), Asbestos Cement (AC), Copper, Ductile Iron (DI), or Steel.  The pipe 

material of the existing water system is shown in Figure 2-7. 

 

PRESSURE ZONES 
 

The City of Minot’s system is currently divided into 3 pressure zones.  These pressure 

zones are the North Hill, South Hill, and the Valley Zones.  Other zones served by the 

WTP are the Northwest Area Water Supply (NAWS) line, the Minot Air Force Base 

(MAFB), and the North Prairie Rural Water District (NPRWD).  The pipes in each of 

these pressure zones are shown in Figure 2-8. 

 

Pressure zones are created to keep pressures within established limits across wide 

elevation ranges. The pressure zone boundaries are, for the most part, dictated by 

elevation. These boundaries are created by physical separation, closed pipes, and/or 

pressure regulating valves (PRVs). The closed pipes are shown in Figure 2-8. The 

pressure (or hydraulic grade) within each zone is governed by boundary conditions such 

as tanks, pumps and/or the PRVs. A list of the PRVs in the system with their associated 

elevation and setting is shown in Table 2-4.  
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Table 2-4. Existing PRV 

ID Description Type Elev Dia Setting Operations 

9001 

Existing PRV-Between 

Frontage Rd & 

Broadway Just North of 

2nd St NW PRVs 1,687.51 6 60 Closed 

9003 

Existing PRV-27th St 

NW & 5th Ave NW PRVs 1,597.06 6 62 Operational 

9005 

Existing PRV-27th St 

NW PRVs 1,659.28 6 60 Operational 

9007 Existing PRV-1st St SW PRVs 1,670.97 6 45 Not Operational 

9009 

Existing PRV-Old East 

Side PS PRVs 1,557.40 8 81 

Operational during Calibration, 

but not Operational during other 

Scenarios. 

9015 

Existing PRV-Dakota 

PS PRVs 1,735.42 8 77 Operational 

9021 

Existing PRV-HW2 & 

52 BYP PRVs 1,709.75 6 52 Operational  

There are 7 PRVs in the City of Minot’s system; of them, 4 are currently in use.  There is 

very little flow coming through the valve on Highway 2.   The PRV between the frontage 

road and Broadway, just north of 2nd Street SW, is closed.  The PRV on 1st Street 

Southwest was not closed, but the City of Minot believes all pipes downstream feeding 

into the Valley Zone are closed.  The model does operate better during peak hour and fire 

flow conditions if this PRV is operational, but at a very low setting (between 40-45 psi). 
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VALVES 
 

Besides the 7 PRVs, there are five (5) control valves in the system.  These valves are 

shown in Table 2-5.  There are few control valves in the system that are not operable, so 

they are not listed in Table 2-5 below. 

 

Table 2-5. Existing Valves 

ID Description Type Elevation Dia. Setting Operation 

8000 

Throttle Valve South of 

Burdick Expressway 

feeding Jim Hill BPS Throttle 1,579.86 16 0.55 

Throttle Gate Valve 

V8002 

NAWS N Master Meter-

19th Ave NW FCV 1,724.11 18 1,800 
FCV for NAWS flow into North Hill 

V8008 North Hill PSV 

PSV/ 

FCV 1,745.50 12 60 
PSV at 60 psi  

V8010 FCV to Old East Side Tank FCV 1,558.00 8 Pattern 

Used as FCV with pattern based on 

Calibration data.  Not Operational in 

Maximum Day or Future Models 

V8012 FCV into SH Booster FCV 1,726.00 12 1,500 

Controls flow into Old 3 MG Tank/ 

SH Booster Station 
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STORAGE RESERVOIRS AND TANKS 
 

There are eight (8) operational tanks in the Minot Model.  Table 2-6 shows tank 

information and capacity for the existing tanks in the system.  

 

Table 2-6. Existing Reservoirs and Towers 

Tank Site 
Model  

ID No. 
Type 

Model  Elev. Min. Max. Initial Dia. Capacity 

Type ft ft ft ft ft (gal) 

South Hill Res  

(Old 3 MG 

Res) 

7002 Ground  Cylindrical 1,722.3 9.0 24.0 16.5 150 3,000,000 

Dakota Square 

Res  

(3 MG 

Reservoir) 

7004 Ground  Cylindrical 1,721.3 10.0 23.0 19.1 150 3,000,000 

Dakota Square 

Tower 
7006 Elevated 

Variable 

Area 
1,866.5 0.0 37.5 33.5 50 500,000 

South Hill 

Tower 
7008 Elevated 

Variable 

Area 
1,866.6 0.0 37.5 31.5 50 500,000 

North Hill 

Tower 
7010 Elevated 

Variable 

Area 
1,857.0 20.0 37.5 26.7 50 500,000 

North Hill 

3 MG 

Reservoir 

7012 Ground  
Variable 

Area 
1,725.1 15.0 21.4 17.8 156 3,000,000 

North Hill 1 

MG Reservoir     
7014 Ground  Cylindrical 1,717.3 10.0 30.0 22.1 75 1,000,000 

East Side 

Reservoir 
7018 

Ground-

Offline After 

Calibration 

Variable 

Area 
1,546.0 12.0 16.3 16.2 72 500,000 

72nd St Tower 

7020 

Elevated-

Online After 

Calibration 

Cylindrical 1,741.0 5.0 40.0 35.0 70 1,000,000 

Total Without East Side Ground & With East  Side Elevated 12,500,000 

 

During calibration the East Side Tank and Booster Pump Station was operational, but it 

was decommissioned after the 72nd Street Elevated Tank came online in the fall of 2013.  

The total storage capacity is 12.5 million gallons with the New East Side Tower and 

without the existing East Side Ground Storage Tank.   

 

The tank levels of the ground storage tanks are controlled by the hydraulic grade line of 

the system (HGL).  The tank levels of the elevated storage tanks are controlled by the 

pump feeding into the tanks.   
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PUMPING STATIONS 
 

Pump hydraulics in the model are represented by a curve that defines the pump’s head 

versus flow relationship. Pump curves in the model were derived from the actual certified 

pump curves or pump test data during the 2004 model update, if available, and confirmed 

by field-testing.  Table 2-7 lists the pumps along with the model ID, whether it is 

controlled by a curve or design point, if it is a variable speed pump, if there are additional 

parallel pumps, what controls the pump operation, and any comments about the pump 

itself. 
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Table 2-7. Existing Pump Station 

    
Design 

Flow 

Additional 

Parallel  

On-Off 

Control 
Comments 

Description 
Model 

ID No. 
gpm Pumps 

Curve/ 

gpm/psi 
  

Water Treatment Plant          

WTP City HSPS HSP110 VSP-Curve  3 Flow Curve New Pump 

WTP NAWS HSPS HSP210 VSP-Curve  3 142 psi New Pump 

South Hill Pumps   

(Old 3 MG Reservoir)  
      

  

South Hill PS 1 5001 Curve   SH Tower 2004 Pump 

South Hill PS 2 5003 Curve   SH Tower 2004 Pump 

Jim Hill Booster           

Jim Hill BPS 1 5043 Curve   SH Tower 2004 Pump 

Jim Hill BPS 2 5045 Curve   SH Tower 2004 Pump 

North Hill 3 MG Reservoir          

North Hill BPS 1 5005 Curve   NH Tower New Pump 

North Hill BPS 2 5007 Curve   NH Tower New Pump 

North Hill BPS 3 5009 Curve   NH Tower New Pump 

1 MG Reservoir           

1 MG PS 1 5017 Curve   Time 2004 Pump 

1 MG PS 2 5019 Curve   Time 2004 Pump 

Dakota Square Reservoir  

(New 3 MG Reservoir)  
      

  

Dakota Square PS 1 5037 1200   DS Tower 2004 Pump 

Dakota Square PS 2 5039 1200   DS Tower 2004 Pump 

Dakota Square PS 3 5041 1200   DS Tower 2004 Pump 

Southwest BPS           

Southwest BPS SWBPS VSP-Curve  0  DS Tower New Pump 

East Side Tank           

East Side PS 1 5047 Curve   Time 
Offline After 

Calibration 

East Side PS 2 5049 Curve   Time Offline 

East Side PS 3 5051 Curve   Time Offline  

Railway Ave BPS           

Railway Ave BPS 1  RWBP1 

 

VSP-Curve  1 

 72nd St. 

Tower 

Online After 

Calibration 

Railway Ave Fire 

Pump    5062 
Curve  

   

Online After 

Calibration 
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The existing model has 27 pumps.  There are 4 pump stations with Variable Speed Pumps 

(VSP) operational in the system.  These pumps allow the flow to fluctuate at a greater 

range with more efficiency.    The Railway Pump Station and 72nd Street Elevated Tank 

came on line after calibration.  When these facilities came online, the East Side ground 

tank and pump stations were decommissioned.  The East Side ground tank and pump 

stations were not operational in the Maximum Day analysis.  The Railway Pump Station 

and 72nd Street Elevated Tank were operational during the Maximum Day analysis.   

 

OPERATIONS 
 

Operational controls were added to reflect actual control settings or the intent of manual 

operational practices or procedures.  Initially the controls were set using the Facility 

Controls found in Appendix A, but during calibration these controls were modified to 

reflect the actual operations of the system.   

 

Most of the pumps are controlled by the elevated tank levels. However, the City of Minot 

currently operates some of the facilities manually.  The controls actually used in the 

model for Calibration and Maximum Day Scenario can be found in Table 2-8.  
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Table 2-8. Calibration and Maximum Day Controls 

  Facility Type Control Control 
Fill or 

Pump 
Calibration 

Maximum 

Day 

Water Treatment 

Plant ID 
  

  ID   On Off On Off 

WTP NAWS HSP HSP210 VSP Pressure     142   142  

WTP City  HSP  HSP140 VSP Flow     Flow Curve Flow Curve 

South Hill Res  

(Old 3 MG Reservoir) 
T7002 

FCV/ 

Time 
1500 gpm V8012 Fill 22 7 22 7 

South Hill PS 1 5001 Level SH Tower T7008 Pump 31 36 31 36 

South Hill PS 2 5003 Level SH Tower T7008 Pump 28 34 28 34 

Jim Hill Booster                   

Jim Hill BPS 1 5043 Level SH Tower T7008 Pump 30 36 30 36 

Jim Hill BPS 2 5045 Level SH Tower T7008 Pump 27 36 27 36 

Dakota Square Re 

(3 MG Reservoir) 
T7004     477 Fill Gravity/Check Valve 

Dakota Square PS 1 5037 Level DS Tower T7006 Pump 29 36 29 36 

Dakota Square PS 2 5039 Level DS Tower T7006 Pump 20 35 20 35 

Dakota Square PS 3 5041 Level Closed             

Southwest BPS                   

Southwest BPS 

SWBPS 
VSP 

/Level 

1200 gpm  

(DS 

Tower) 

T7006 Pump 28 35 28 35 

North Hill 3 MG 

Reservoir 
T7012 PSV 60 psi V8008 Fill 17 19 15 20 

North Hill BPS 1 5005 Level NH Tower T7010 Pump 29 37 29 37 

North Hill BPS 2 5007 Level NH Tower T7010 Pump 20 32 20 32 

North Hill BPS 3 5009 Level NH Tower T7010 Pump 16 24 16 24 

North Hill Bypass P8709   Open if V8008 is closed/  Closed if V8008 is Open 

North Hill 1 MG Res T7014                 

1 MG PS 1 5017 Time     Pump 6 13 6 13 

1 MG PS 2 5019 Time Closed             

East Side Tank T7018 
Flow/ 

Time 

100 gpm/ 

400 gpm 
V8010 Fill 0/16 6 

Offline 

  

East Side PS 1 5047 Time Closed         Offline  

East Side PS 2 5049 Time     Pump 7 18 Offline  

East Side PS 3 5051 Time Closed         Offline 

Railway Ave BPS                   

Railway Ave BPS 1 RWBP1 
VSP/ 

Level 

1800 gpm  

ES Tower 
T7020 

 
Offline 

 
26 36 

Railway Ave Fire Pump 5062 Level 
   

Offline 
 

15 18 
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During Calibration the WTP was manually controlled, so a flow curve was developed to 

operate the pumps.  The NAWS VSP was set to operate at 142 psi based on the SCADA 

data.  The 1 MG and the East Side pump station were both set up to run on time based on 

SCADA data.  Calibration results will be discussed in more detail in Technical 

Memorandum 5.  It should be noted that if there is no control on the 1 MG fill line, the 

tank is not being pulled down as fast as shown in the calibration data.  There are times 

during the day that the tank is filling and the model keeps the elevation in the tank higher 

than shown in the SCADA data. 

 

The major change between the Calibration Scenario and the Maximum Day Scenario is 

that the East Side Tower and Railway Ave Pump Station came on line this fall after 

calibration.  When the facilities became operational, the East Side reservoir and pump 

station were taken off-line.   
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To:  Dave Schwengler 

Houston Engineering 

Date:  March 24, 2014 

Subject: Description of Future Facilities and Operations  

From:  Gracelyn NeVille Job No:  10503376 

 

PURPOSE 
This memorandum contains a summary of the proposed Capital Improvement Projects 

(CIP) along with a description of future water distribution system facilities and other 

information about the City of Minot’s future operations of the system.  The City of Minot 

will continue to provide potable water to all consumers within city limits, to North Prairie 

Rural Water District (NPRWD), to Northwest Area Water Supply (NAWS), and to the 

Minot Air Force Base (MAFB).   Figure 3-1 shows the Future Water System at build-out 

conditions (79,000 people). 

 

SCENARIOS  
The maximum day system was analyzed under three Scenarios. 

 Existing Maximum Day (Peak Hour and Fire Flow on Average of Maximum Day) 

 Future Stage 1 (68,000 population) Maximum Day (Peak Hour and Fire Flow on 

Average of Maximum Day) 

 Future Stage 2 (79,000 population) Maximum Day (Peak Hour and Fire Flow on 

Average of Maximum Day) 

 

These Scenarios were used to develop CIP projects. 

 

CIP PROJECTS  
After evaluating the results of these Scenarios, CIP were developed to address velocity 

and pressure issues and some of the general fire flow issues.  All fire flow issues cannot 

be resolved without replacing or upsizing replacing a large portion of the existing 6-inch 

Cast Iron Pipe.  As construction projects occur where existing 6-inch water lines are 

located, these should be replaced, but overall 6 inch pipe replacement is not shown in the 

CIP.   

 

Table 3-1 and Figure 3-2 show the proposed projects required for most of Future Stage 1 

Growth. As new development takes place in future areas, local distribution pipe lines will 

need to be added and looped as much as possible to provide the best fire flow protection. 
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Table 3-1. Future Stage 1 CIP Projects 

Project 

No. Project Description Unit Quantity 

Project 1 Pipe Replacement-Down Town Project 8-inch pipeline LF 7,100 

    12-inch pipeline LF 3,000 

    16-inch pipeline LF 1,500 

    18-inch pipeline LF 1,200 

Project 2 North East Side Phase 1 16-inch pipeline LF 23,800 

  Interim Booster Pump Station EA 1 

  Interim Keep Closed Valve EA 1 

Project 3 North East Side Phase 2 16-inch pipeline LF 37,200 

Project 4 46th Ave NE -N Broadway to 13th St NE 8-inch pipeline LF 100 

    16-inch pipeline LF 5,800 

    12-inch PRV EA 1 

Project 5 Future North Hill Elevated Tank 1 MG Elev Tank EA 1 

    16-inch pipeline LF 780 

Project 6 

6" Pipe Replacement- 

16th Ave SE-From 8" to VIE St 8-inch pipeline LF 1,100 

Project 7 Future South Hill Elevated Tank 1 MG Elev Tank EA 1 

    16-inch pipeline LF 100 

Project 8 37th Ave SE-2nd St SE to 13th St SE 12-inch pipeline LF 4,100 

Project 9 North West Project 12-inch pipeline LF 18,600 

Project 10 

6" Pipe Replacement- 

21st Ave NW-6th St NW to Skyline Dr / 

5th St NW to 3rd St NW 8-inch pipeline LF 1,100 

Project 11 

6" Pipe Replacement- 

University Ave- 1st NE to 3rd St NE 8-inch pipeline LF 800 

Project 12 

6" Pipe Replacement- 

11th Ave NW-N Broadway to Main St 8-inch pipeline LF 900 

Project 13 

6" Pipe Replacement- 

8th St SE-Railway Ave to Burdick Expy 8-inch pipeline LF 3,300 

Project 14 72nd St SE to 88th St SE 10-inch pipeline LF 14,400 

Project 15 Rivers Edge Dr to 55th St SE 8-inch pipeline LF 1,600 

    10-inch pipeline LF 10,400 
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The additional transmission mains required to accommodate build-out conditions (79,000 

people) are shown in Table 3-2 and Figure 3-3.   

 

Table 3-2. Future Stage 2 Projects 

Project No. Project Description Unit Quantity 

Project 20 South Project 8-inch pipeline LF 100 

    12-inch pipeline LF 22,800 

    16-inch pipeline LF 7,000 

Project 21 Valley St 27th St SE to Hwy 2 12-inch pipeline LF 9,400 

Project 22 Valley St 14th Ave SE to 20th Ave SE 12-inch pipeline LF 16,600 
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FUTURE FACILITIES 
 

JUNCTIONS 

 

Demand 

Two additional future scenarios were created to evaluate the existing system’s ability to 

handle future growth and to recommend future facilities.  The first future model is with a 

projected population of 68,000 people.  This included Phase 1, 2, and 3 of the Stantec 

Comprehensive Growth Plan.  The second future model is the build-out model which 

would have a projected population of 79,000 people, this included all 5 phases of the 

Stantec Comprehensive Growth Plan. These scenarios also included the projected 

demand for the Minot Air Force Base (MAFB) and the NAWS demand.  Table 3-3 

shows the additional demand on the system for each of these stages. 

 

Table 3-3. System Demand 

  
Existing 

Demand 

Future 

Stage 1 

Future 

Stage 2 

   gpm gpm gpm 

North Hill 1,083 1,003 1,542 

South Hill 2,190 976 1,658 

Valley 2,634 1,129 1,407 

Total City of Minot 5,907 3,108 4,608 

NPRW 412     

Total City of Minot & NPRWD 6,319 3,108 4,608 

MAFB 1,750 1,050 1,050 

North NAWS 125 2,675 2,675 

South NAWS 880 620 620 

Total Demand Added At Each 

Stage 
9,074 7,453 8,953 

Total Demand on City of Minot & 

NPRWd 
6,319 9,427 10,927 

        

Total Demand on System 9,074 16,527 18,027 

 

* All future demand was allocated in the Demand 5 field in the model. 

 

Diurnal Pattern 

The same diurnal patterns used for the existing system were used for the North Hill, 

South-Hill Valley, and MAFB.  The NAWS South diurnal was adjusted slightly to allow 

them to pull more frequently in the future, but this does not really affect the City’s 

system.   
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PIPE NETWORK  
The CIP projects added approximately 175,000 linear feet of pipe to the system.   Table 

3-4 shows the length of pipe included in the model for each pipe size.  Figure 3-1 shows 

the pipe sizes in the future system.   

 

Table 3-4. Future Model Diameters 

Diameter Length Percent 

in ft % 

2 919 0.06% 

3 2,819 0.18% 

4 11,555 0.76% 

5 651 0.04% 

6 572,753 37.55% 

8 428,300 28.08% 

10 89,714 5.88% 

12 171,425 11.24% 

14 27,467 1.80% 

16 157,728 10.34% 

18 29,039 1.90% 

20 285 0.02% 

24 16,117 1.06% 

30 8,715 0.57% 

36 7,871 0.52% 

Total 1,525,360   

 

PRESSURE ZONES 
The City of Minot’s system will still be divided into 3 pressure zones.  The pressure 

zones are the North Hill, South Hill, and the Valley Zones.  Other zones served by the 

WTP are the NAWS line, the Minot Air Force Base (MAFB), and the North Prairie Rural 

Water District (NPRWD).  The future system pipes in each of these pressure zones are 

shown in Figure 3-4. 

 

The physical separation and closed pipes were not changed in the future scenarios.  There 

was one PRV installed in the future model.  This PRV was installed to feed the Northeast 

side of the Valley Zone from the North Hill Zone.  The information about the future PRV 

is shown in Table 3-5.  

 

Table 3-5. Future Model PRV 

ID Description Type Elevation Dia Setting Comment 

V8006 

Future PRV 

46th Ave NE & 13th 

St NE PRV 1,647.08 12 55 

Feeds to the Northeast side of 

the Valley Zone from North 

Hill Zone 
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VALVES 

An interim keep closed valve will be added on the east side of the Valley Zone to prevent 

the water from the interim booster pump station flowing back into the Valley Zone.  This 

valve will only be required to be closed until the Future North Hill Tower and PRV is 

constructed.  For more information about Project 2 refer to the East Side –Valley Zone 

2013 Distribution System Improvement Analysis Technical Memorandum, the only other 

valve change is to the NAWS N Master Meter. In the Future Stage 2 Scenario, the North 

Hill Tank is not able to keep up with the demand without having more flow from the 

NAWS line.  The flow through the master meter would have to be increased from 1,800 

gpm to 2,500 gpm if all of the projected demand comes online.  These valves changes are 

shown in Table 3-6. 

 

Table 3-6. Valve Changes to CIP and Future Model Scenarios 

ID Description Type Exist CIP 

Future  

Stage 1 

Future 

Stage 2 

V8002 NAWS N Master Meter-19th Ave NW FCV 1,800 1,800 1,800 2,500 

       

 

STORAGE RESERVOIRS AND TANKS 

Two additional elevated tanks (towers) are recommended to be constructed to 

accommodate future demand.  The Future North Hill Tower was modeled to be 

constructed near 46th Ave NE & 13th St NE.  The Future Southwest Tower will be constructed 

near County Road 14 and 30th Street SW.  Table 3-7 shows the information for the future 

towers being added to the system.    

 

Table 3-7. Future Towers 

Tank Site 

Model 

ID 

Number 

Type 

Model  
Ground 

Elev. 
Elev. Min. Max. Initial Dia. Capacity 

Type ft ft ft ft ft ft (gal) 

North Hill Tower T5002 Elevated Cylindrical 1656 1,847 20 40 32 70 1,000,000 

Southwest Tower T5004 Elevated Cylindrical 1782 1,870 20 40 33.5 70 1,000,000 

Total Additional Storage         2,000,000 

 

The tank levels are controlled by the pumps feeding the towers.  The Future North Hill 

Tower will be supplied with water from the existing North Hill Elevated Tank which is 

supplied by the North Hill 3 MG Ground Reservoir.  The Southwest Tower is supplied 

with water from the Southwest Booster Station. 
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PUMPING STATIONS 

There was one interim pump station recommended as part of Project 2.  This will operate 

to provide adequate pressure during peak hour and fire flow to the Northeast side of the 

Valley Zone.  This pump will only be required until the Future North Hill Tower and 

PRV is constructed.  For more information about Project 2 refer to the East Side –Valley 

Zone 2013 Distribution System Improvement Analysis Technical Memorandum.   No 

other pumps were added to the future system.  However, many of the controls were 

altered to accommodate the future demand on the system. 
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OPERATIONS 

Operational control for each scenario are shown in Table 3-8. 

 

  Facility Type Control Control 
Fill or 

Pump 

Maximum 

Day 

Maximum 

Day CIP 

Future 

Stage 1 

Future 

Stage 2 

Water Treatment Plant ID     ID   On 
Of

f 
On Off On Off On Off 

WTP NAWS HSPS HSP210 VSP Pressure     142   142   143   145   

WTP City HSPS HSP140 VSP Pressure     Flow Curve 85   90   92   

South Hill Res  

(Old 3 MG Reservoir) 
T7002 

FCV/ 

Time 
1500 gpm V8012 Fill 22 7 22 7 22 7 22 7 

South Hill PS 1 5001 Level SH Tower T7008 Pump 31 36 31 36 31 36 31 36 

South Hill PS 2 5003 Level SH Tower T7008 Pump 28 34 28 34 28 34 28 34 

Jim Hill Booster                           

Jim Hill BPS 1 5043 Level SH Tower T7008 Pump 30 36 30 36 30 36 30 36 

Jim Hill BPS 2 5045 Level SH Tower T7008 Pump 27 36 27 36 27 36 27 36 

Dakota Square Res 

(3 MG Reservoir) 
T7004     477 Fill Gravity/Check Valve 

Dakota Square PS 1 5037 Level DS Tower T7006 Pump 29 36 29 35 29 35 28 34 

Dakota Square PS 2 5039 Level DS Tower T7006 Pump 20 35 20 34 19 32 19 32 

Dakota Square PS 3 5041 Level Closed                     

Southwest BPS                           

Southwest BPS 
SWBPS 

VSP 

/Level 

1200 gpm*  

DS Elev 
T7006 Pump 28 35 28 35 29 35 29 35 
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  Facility Type Control Control 
Fill or 

Pump 

Maximum 

Day 

Maximum 

Day CIP 

Future 

Stage 1 

Future 

Stage 2 

 ID     ID   On Off On Off On Off On Off 

North Hill 3 MG Res T7012 Level   V8008 Fill 15 20 15 20 15 20 15 20 

North Hill BPS 1 5005 Level NH Tower T7010 Pump 29 37 29 37 29 37 29 37 

North Hill BPS 2 5007 Level NH Tower T7010 Pump 20 32 20 32 25 32 23 32 

North Hill BPS 3 5009 Level NH Tower T7010 Pump 16 24 16 24 20 24 20 24 

North Hill Bypass P8709   
 

  Open if V8008 is closed/  Closed if V8008 is Open 

North Hill 1 MG Res T7014 Time   1517 Fill Gravity 

1 MG PS 1 5017 Time     Pump 6 13 6 13 (1) (1)  (1) (1)  

1 MG PS 2 5019 Time Closed                     

East Side Tank T7018     V8010 Fill Offline 

East Side PS 1 5047 Time       Offline 

East Side PS 2 5049 Time     Pump Offline 

East Side PS 3 5051 Time       Offline 

Railway Ave BPS                           

Railway Ave BPS 1 
RWBP1 

VSP/ 

Level 

1800 gpm*  

ES Elev 
T7020 Offline 26 36 30 36 26 36 26 36 

Railway Ave Fire Pump 5062 Level     Offline 15 18 15 18 15 18 15 18 

* Southwest Booster Pump Station flows are as follows: 1200 at Maximum Day, 1400 gpm at Maximum Day CIP, 2000 gpm at Future Stage 1, 

and 2400 gpm at Future Stage 2.   

* Railway Ave Pump Station Flows are as follows: 1800 gpm at Maximum Day, 1800 gpm at Maximum Day CIP, 2200 gpm at Future Stage 1, 

and 2800 at Future Stage 2.   

(1)    1 MG tank to be operational based on pressure in the North Hill Pressure Zone 
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There are a few changes in operations for each scenario that should be noted.   

 

1. The NAWS High Service Pump (HSP) control pressure was set at 142 psi based 

on the SCADA data available in 2013 from August 16 to August 23.  This was the 

average pressure setting during this time frame.  This control pressure was used 

for Maximum Day and Maximum Day CIP scenarios.  It was increased from 143 

psi in Future Stage 1 and to 147 psi in Future Stage 2.  The ultimate design 

control pressure of the NAWS HSP is 150 psi.  There is difficulty operating the 

Southwest Booster Pump Station when the pressure at the NAWS HSP is over 

145 psi.  If NAWS is pulling from both the North and South Meters the Southwest 

Booster Pump Station will operate with the NAWS HSP set at 147 psi. If NAWS 

is not pulling, the Southwest Booster Pump Station will only operate with NAWS 

HSP set at 145 psi.  This is because the Southwest Booster Pump Station becomes 

unnecessary if the pressures are set at 150 psi.  This issue will need to be 

readdressed when NAWS buildout is complete. At Future Stage 1, the maximum 

pumping rate is 9,200 gpm.  During Future Stage 2, the maximum pumping rate is 

10,300 gpm. 

 

2. The City of Minot’s High Service Pump (HSP) control pressure was set at 85 psi 

based on the SCADA data available in 2013 from August 16 to August 23.  The 

control pressure ranged from 73 to 97 psi during this time frame.  The average 

pressure during the time frame was 85 psi.  This control pressure was used for 

Maximum Day and Maximum Day CIP scenarios.  To maintain tank levels and 

pressure in the system, the control pressure had to be increased to 90 psi in Future 

Stage 1 and 92 psi in Future Stage 2.  At Future Stage 1, the maximum pumping 

rate is 8,000 gpm.  During Future Stage 2, the maximum pumping rate is 8,950 

gpm. If all this projected demand comes online in Future Stage 2, the City HSP 

will be at maximum capacity.  

 

3. The Southwest Booster Pump Station (BPS) is controlled by flow and the tank 

level of the Dakota Square Tower.  Based on SCADA data available, the average 

pumping rate was around 1200 gpm.  This flow control was used for Maximum 

Day and Maximum Day CIP Scenarios.  It was increased to 2,000 gpm to handle 

Future Stage 1 demand and 2,400 gpm for Future Stage 2 demand.  The design 

point for this pump is only 2,000 gpm, so this may be an issue if all of the 

projected demand in Future Stage 2 comes on line.  The level controls were also 

altered to ensure that the Dakota Square Tank recovered properly. 

 

4. Dakota Square Pump operational controls were altered along with the Southwest 

BPS controls.  During calibration and maximum day scenario, this tank was not 

recovering.  The controls were adjusted to have the Southwest BPS operate more 

frequently to allow the Dakota Square Tank to recover properly. 
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5. The Railway BPS is controlled by flow and the tank level of the New 72nd St 

Tower.  This pump station was not operational during calibration.  The initial 

pumping rate for Maximum Day and Maximum Day CIP Scenarios is 1,800 gpm.  

This pumping rate was increased to 2,200 gpm in Future Stage 1 and 2,800 gpm 

in Future Stage 2.   

 

6. The 1 MG reservoir on North Hill is currently manually operated.  It fills over 

night, but there is really no control valve.  To calibrate the system, controls had to 

be set based on time for this fill line.  The control basically has the fill line open 

from 11 at night to 6 in the morning.  It does not allow the ground storage to feed 

back into the system during the day.  These controls were taken off for the 

Maximum Day CIP and Future Scenarios.  The function of this fill line out in the 

field needs to be evaluated in more detail.  The pumps were also turned on and off 

based on the SCADA data time.  The pumps came on at 6:30 a.m. and turned off 

at 1:30 p.m.  In the future models it is changed to operate off the pressure in the 

system. 

 

7. The final major change is the NAWS North Meter (V8008).  Its current flow 

control setting is 1800 gpm.  This is sufficient to handle up to Future Stage 1 

demand, but it will need to be increased to 2,500 gpm to provide for Future Stage 

2 demand.   
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To:  Dave Schwengler 

Houston Engineering 

Date:  March 24, 2014 

 

Subject: Potable Water System Analysis   

From:  Gracelyn NeVille Job No: 10503376 

 

PURPOSE 

This memorandum discusses the evaluation criteria used in analyzing the capacity and 

performance of the City of Minot’s water distribution system facilities. This 

memorandum also discusses the results of the different scenarios run to analyze the 

system.   The evaluation process identified deficiencies in the system (defined as those 

components that do not meet the performance criteria).  The City of Minot’s hydraulic 

model was utilized as the primary tool in performing the analysis. 

 

CRITERIA DEVELOPMENT  
The criteria covers capacity, operation, and reliability requirements for piping, pumping, 

and storage facilities.  A summary of the criteria and associated references are provided 

in Table 4-1.  The criteria herein are based on adopted State and local regulations, and 

industry standards.  Where not otherwise established, criteria are based on best practices.  

 

In the State of North Dakota, the design and construction of public drinking water 

systems is regulated by the North Dakota Department of Health (NDDH).  The NDDH 

has adopted the “Ten-State Standards” to use as guidelines, with some modification [1]. 

In the discussions that follow, the performance criteria have been grouped by facility 

type:  

 Pipe criteria – distribution network. 

 Pumping criteria – supply and booster facilities. 

 Storage criteria – ground and elevated facilities.   

 

Pipes must have sufficient capacity to convey flows under each of the two demand 

conditions defined as: 

 Peak Hour - the hour of peak demand usage on the Maximum Day. 

 Fire Suppression - the average Maximum Day plus various fire flow requirements for 

fire suppression. 

 

These two criteria were evaluated for Existing Maximum Day Demand Conditions, 

Existing Maximum Day Demand Conditions with CIP projects completed, Future Stage 1 

Demand (68,000 people) with CIP projects completed, and Future Stage 2 (79,000 

people) with CIP projects completed.  
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Table 4-1. 

Design and Evaluation Criteria 

Criteria Value/Description Reference 

 Diameter    

  Required size 

Minimum size 

Serving hydrants 

W/o hydrants 

As calculated to serve the greater of: peak hourly flow or average 

of MDD + fire flow 

6 inches 

3 inches 

[1] Articles 8.1.1, 8.1.2 

 

[1] Articles 8.1.2 

[1] Articles 8.1.4 

 Fire Flow   

  Residential 

1 and 2 family dwellings, two stories or less 

(for spacing between buildings of 11-30 ft.) 

Residential (Multi-family) 

Commercial  

Industrial 

Institutional 

 

1000 gpm, 2 hours duration 

    

2500 gpm, 2 hrs. duration 

3000 gpm, 3 hrs. duration 

4000 gpm, 4 hrs. duration 

5000 gpm, 4 hrs. duration 

 

[3] Section 340, 604 

 

[3] Sections 300, 604 

[3] Sections 300, 604 

[3] Sections 300, 1100 

[3] Sections 300, 1100 

 Pressure [at ground level]   

  Normal operation 

Maximum pressure  

Minimum pressure 

Working pressure (peak hour) 

All flow conditions (including fire flow) 

60 to 80 psi 

100 psi 

 

35 psi 

20 psi 

[1] Articles 8.1.1 

[1] Articles 7.3.1 

 

[1] Articles 8.1.1 

[1] Articles 8.1.1 

 Velocity   

  Maximum operational  

Existing pipe 

Design pipe 

Minimum flushing 

 

10 fps 

5 fps 

2.5 fps 

 

[2] pp.39 

[2] pp.39 

[1] Article 8.1.6b 

 Headloss   

  Maximum design rate, at peak hour flow conditions 

Pipe diameter < 16-inch 

Pipe diameter > 16-inch 

 

10 ft/ 1000 ft 

3 ft/ 1000 ft 

 

[2] pp.39 

[2] pp.39 
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Table 4-1. (Continued) 

Design and Evaluation Criteria 
Criteria Value/Description Reference 

 Reliability   

  Distribution 

Transmission 

Looping of dead-ends wherever practical 

Two source feeds to all hydraulically isolated areas 

[1] Article 8.1.6a 

 

      Valve Spacing 

Commercial districts 

Other districts 

Widely scattered 

 

Maximum of 500 feet 

Maximum of 800 feet 

Maximum of 1 mile 

[1] Article 8.2 

Pumping Criteria Value/Description Reference 

 Capacity 

Required Flow 

 

Equal to maximum pumping demand of the following 2 criteria.  

Pump to storage tanks (average of maximum day demand).  If 

pump directly to distribution (greater of peak hourly flow or 

average of MDD + fire flow). 

 

[1] Article 6.3 

 Reliability   
  Equipment 

 

Firm capacity (sufficient to deliver minimum capacity with largest 

pump out of service).  Minimum of 2 pumps. 
[1] Article 6.3 

  Power 

 

Electric pumps must have at least two different power sources or 

emergency generator 
[1] Article 6.6.6 

 Operation   
  Minimum pressures (booster pumps) 

Pump intake 

Suction line 

 

20 psi 

10 psi 

 

[1] Article 6.4 

[1] Article 6.4 

Storage Criteria Value/Description Reference 

 Capacity   
  Fire protection storage 1,200,000 gallons (5000 gpm x 4 hour duration) [3] Section 611A 
  Operational storage (minimum) Volume of Maximum Day Diurnal Curve above Average 

Maximum Day Demand 
 

  Emergency storage 

Total Required 

Average Day Demand For Four Hours 

Sum of Operational, Emergency, and Fire Protection 

Requirements  

 

 Operation   
  Maximum level range (elevated storage) 30 feet  [1] Article 7.3.1 
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PIPE NETWORK  
Pipe criteria include diameter, flow rate, pressure, velocity, headloss, and reliability.  

 

Diameter 

The criteria for pipe diameter is based on peak domestic flow, fire flow and pressure 

requirements of hydraulic analysis as well as other hydraulic criteria.  In addition, 

minimum diameter requirements have been established by the Ten-State Standards.  

Article 8.2.2 states: “The minimum size of water main for providing fire protection and 

serving fire hydrants shall be six inches in diameter”. The minimum size of water main in 

the distribution system where fire protection is not to be provided should be a minimum 

of three (3) inches in diameter” [1]. 

 

The City of Minot has adopted a minimum diameter of eight (8) inches for new 

construction or replacement.  Currently, all pipes with a diameter 6 inches or less 

requiring replacement or repair are replaced with 8-inch diameter pipe.   

 

Flowrate 

Pipes must have sufficient capacity to convey flows under peak hour water demand 

conditions.  This requirement also applies to sizing of proposed pipe and other 

distribution system improvements. Current peak hour demand conditions were 

determined from recent water system operation records.  

 

Pipe capacity was also evaluated under fire flow demand.  The Ten-State Standards refer 

to the Insurance Service Office (ISO), Fire Suppression Rating Schedule for 

determination of fire flow requirements [1].  According to the Fire Suppression Rating 

Schedule, fire flow conditions include average of maximum day domestic demands plus 

“Needed Fire Flow” [3]. Maximum Day Demand was calculated from recent water 

production records.  Because needed fire flow for each customer in the distribution 

system is not available, typical fire flow values for each of land use will be used for 

evaluation.  These values were established based on ISO requirements.  Categories 

include residential, commercial, industrial, and institutional.  Fire flow duration will also 

be based on Fire Suppression Rating Schedule requirements.  Fire flow and duration 

assigned to each land-use category are summarized in Table 4-1. 

 

Pressure 

Pressure criteria include maximum, minimum and fire flow requirements.  Under normal 

operation, pressures should range between 60 and 80 psi at ground level.  It should be 

noted that all pressures indicated are at ground elevation, and not at the elevation of the 

pipe. 

 

Maximum distribution system pressure is dictated by the pressure class of pipe and other 

appurtenances in the distribution system.  Static pressure above 100 psi is not advisable 

because of the increased leakage rate, an increased risk of pipe failure and the required 

installation of pressure reducing valves on distribution mains or on service connections. 

[1] 
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A minimum distribution system pressure is required to avoid customer complaints and 

prevent contamination from backflow.  The Ten-State Standards require that a minimum 

pressure of 20 psi, measured at ground level, be maintained at all points in the 

distribution system under all conditions of flow [1].  The minimum pressure of 20 psi 

occurs only during fire flow conditions (i.e. residual pressure).  However, a minimum of 

35 psi is required during peak hour operations to avoid customer complaints. [1] 

 

The minimum pressure during maximum day conditions are shown on Figures 4-2, 4-6, 

4-10, and 4-14 show the maximum velocity for the Existing Maximum Day Demand 

Conditions, Existing Maximum Day Demand Conditions with CIP projects completed, 

Future Stage 1 Demand (68,000 people) with CIP projects completed, and Future Stage 2 

(79,000 people) with CIP projects completed.  The junctions that do not meet the required 

35 psi during peak hour conditions in the existing maximum day scenario are shown in 

Table 4-2.   The pressures at these junctions are also shown for the three scenarios after 

the CIP projects are completed.  
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Table 4-2. Minimum System Pressures During Peak Hour Conditions 

      

Max 

Day 

Max 

Day 

CIP 

Future 

Stage 1 

Future 

Stage 2 

Model Description Elev 

Min 

Press 

Min 

Press 

Min 

Press 

Min 

Press 

ID   ft psi psi psi psi 

J7684 PZ Boundary 2nd St NW & Broadway 1671 19 29 30 28 

3026 PZ Boundary 1st NE & 13th Ave NE 1660 24 36 35 34 

1754 Dead End 2nd St SE & 5th Ave SE 1666 24 34 36 34 

2498 Dead End 7th St NW & 13th Ave NW 1660 26 34 35 33 

2464 Dead End 7th St NW & 13th Ave NW 1659 26 34 35 34 

3008 PZ Boundary 6th St NE & Hill Crest Dr 1651 27 38 38 36 

2024 PZ Boundary 2nd St NW & Broadway 1652 27 38 39 37 

766 

PZ Boundary 18th St SW & Trailer Park 

Rd 1657 28 37 40 41 

1500 PZ Boundary 6th St SW & 6th Ave SW 1662 28 36 38 37 

3012 PZ Boundary 6th St NE & Hill Crest Dr 1645 30 42 42 40 

4002 PZ Boundary 1st NE & 13th Ave NE 1645 30 42 42 40 

J7286 PZ Boundary 2nd St NW & Broadway 1646 30 40 41 39 

778 

PZ Boundary 18th St SW & Trailer Park 

Rd 1653 30 39 42 43 

J7682 PZ Boundary 2nd St NW & Broadway 1645 30 41 42 40 

J7282 PZ Boundary 2nd St NW & Broadway 1644 31 41 42 40 

J7280 PZ Boundary 2nd St NW & Broadway 1644 31 41 42 40 

1772 PZ Boundary 6th St SW & 6th Ave SW 1650 31 40 42 40 

1770 PZ Boundary 6th St SW & 6th Ave SW 1649 31 40 42 41 

2806 

PZ Boundary 15th Ave NW & 13th ST 

NW 1650 31 38 39 38 

3010 PZ Boundary 6th St NE & Hill Crest Dr 1641 32 42 43 41 

1440 PZ Boundary Main St & 5th Ave SW 1648 32 42 43 42 

3046 PZ Boundary 6th St NE & Hill Crest Dr 1639 32 43 44 42 

J7284 PZ Boundary 2nd St NW & Broadway 1640 32 43 44 42 

2804 

PZ Boundary 15th Ave NW & 13th ST 

NW 1646 33 40 41 40 

772 

PZ Boundary 18th St SW & Trailer Park 

Rd 1645 33 42 45 46 

J7274 PZ Boundary 2nd St NW & Broadway 1638 33 44 45 43 

1522 Dead End 6th St SW & 6th Ave SW 1649 34 42 44 43 

1710 PZ Boundary 4th St SE 1643 34 43 45 43 

1762 Dead End 7th Ave SE 1642 34 43 45 44 

3048 PZ Boundary 6th St NE & Hill Crest Dr 1634 34 45 46 44 

 

The Figures and Table 4-2 show that the CIP projects eliminate most of the low pressure 

areas.  J7684 is only one junction that never meets a minimum pressure of 35 psi or 

greater in any of the scenarios.  This is a dead end at a pressure zone boundary at 2nd 
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Street NW & Broadway.  There are four other junctions that are just below the minimum 

pressure of 35 psi depending on the scenario and changing operations and the actual 

demand on the system. 

 

 

 

Fire Flow 

The system is required to maintain 20 psi at each fire hydrant with the average of 

maximum day demand plus required fire flow.  Table 4-1 shows the fire flow placed on 

the system for each use type.  The majority of the system is residential and is required to 

maintain a fire flow of 1,000 gpm for 2 hours.  The fire flow is the critical part of the 

analysis and would result in the recommendation of replacement of many of the pipes 6 

inches and smaller, especially in areas that are zoned other than residential.  Although 

some general changes were made to correct fire flow, 6 inch pipe replacement or upgrade 

throughout the system was not recommended as part of the CIP.  Therefore, there are still 

fire flow issues throughout the system.  The residual pressure are shown on Figures 4-3, 

4-7, 4-11, and 4-15 for the Existing Maximum Day Demand Conditions, Existing 

Maximum Day Demand Conditions with CIP projects completed, Future Stage 1 Demand 

(68,000 people) with CIP projects completed, and Future Stage 2 (79,000 people) with 

CIP projects completed. 

 

Many of the areas are capable of providing the minimum 1,000 gpm for 2 hours 

requirement, but not the required higher flow based on land-use.  Figures 4-4, 4-8, 4-12, 

and 4-16 show the available flow for each fire flow junction for each scenario.  The 

junctions that do not meet the required 20 psi residual pressure at the target fire flow are 

included in Appendix B.   The existing maximum day model shows there are 462 fire 

flow nodes out of 2,340 fire flow nodes that do not meet the required 20 psi residual 

pressure.  There are 185 nodes that are not able to provide 1,000 gpm with a 20 psi 

residual.  Even after all the CIP projects are completed, there are still 361 fire flow nodes 

that do not meet the required 20 psi residual pressure and 160 nodes that are not able to 

provide 1000 gpm.    

 

Most of the deficiencies are due to having 40% of the system as 6 inches and smaller cast 

iron pipe that was installed before 1960.  As construction projects are completed where 

cast iron pipe is in place, these pipes should be replaced with minimum 8 inch PVC pipe.    

 

Velocity 

There are no regulations governing the maximum velocity of flow in pipes (other than a 

minimum target velocity of 2.5 fps when flushing is performed).  Criteria for evaluation 

and design are provided by way of recommendation rather than requirement.  For 

evaluation of existing pipes, a maximum velocity of 10 fps under peak hour flow 

conditions is recommended.  For design or sizing of recommended pipe improvements, a 

maximum velocity of 5 fps under peak hour flow conditions is suggested.  By 

maintaining pipe velocities below 5 fps, the system can in most cases avoid the necessity 

of surge protection devices [2].   
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Figures 4-1, 4-5, 4-9, and 4-13 show the maximum velocity for the Existing Maximum 

Day Demand Conditions, Existing Maximum Day Demand Conditions with CIP projects 

completed, Future Stage 1 Demand (68,000 people) with CIP projects completed, and 

Future Stage 2 (79,000 people) with CIP projects completed.  Table 4-3 shows areas that 

have velocities greater than 5 fps in any of the four scenarios analyzed. 
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Table 4-3. Maximum Velocity During Peak Hour Conditions 

    Max Day 

Max Day 

CIP 

Future 

Stage 1 

Future 

Stage 2 

Model Description Max Vel Max Vel Max Vel Max Vel 

ID   fps fps fps fps 

3093 

6" Along 27th St NW from 10th Ave NW 

to 27th Ct NW 6.66 0.24 0.24 0.24 

9003D PRV-27th St NW & 5th Ave NW (62 psi) 6.49 0 0 0 

5055 14" Supply line to Dakota Square Tank 6.14 3.05 2.81 2.84 

1895 12" Downtown on 2nd Ave SW 6.08 1.94 2.15 2.54 

1125 10" South Hill Tower 5.45 5.96 4.11 3.78 

P328 

8" from 27th St SE to 4th Ave SE South 

of Railway Ave 5.35 4.64 3.54 4.09 

4601 14" North Hill Tower 2.7 5.97 5.97 6.02 

4653 12" North Hill BPS Discharge 2.98 5.56 5.92 5.93 

 

Table 4-3 shows that there are really only 8 areas that see velocities over 5 fps.  All the 

higher velocities in the distribution piping were corrected with the proposed CIP projects.    

 

Headloss 

As with velocity, headloss criteria are suggested as indicators of sufficient capacity and 

energy efficiency.  It is recommended that a maximum design headloss rate of 10 

ft./1,000 ft. under peak hour flow conditions be used for pipes less than 16 inches in 

diameter.  For pipes 16 inches and greater diameter, a headloss rate of 3 ft./1,000 ft. is 

recommended [2].  

 

Reliability 

[1]. The Ten-State Standards suggests that all hydraulically isolated areas should be 

provided with two or more feed sources [1].   

 

There are at least two feed sources to each of the three Pressure Zones in the area.  The 

North Hill Pressure Zone has water being supplied by the North Hill 3 MG Reservoir 

pump station to the North Hill Tower with the 1 MG Reservoir pump station 

supplementing the pressure in this Zone.  The South Hill Pressure Zone has two elevated 

tanks, the South Hill Tower and the Dakota Square Tower.  Each of these towers has two 

supply lines.  The Jim Hill Booster Pump Station and the South Hill Reservoir supply 

water to the South Hill Pump Station.  The Southwest Booster Pump Station and the 

Dakota Square Pump Station provide water to the Dakota Square Tower.  The newly 

constructed 72nd St Tower is only fed by the Railway Ave BPS. 

 

As part of the CIP projects, the 72nd St Tower will also be able to be fed from the North 

Hill Zone through a new PRV located at 46th Ave NE and 13th Street NE.  There would 

also be an additional Tower constructed in the North Hill Zone and an additional Tower 

constructed in the South Hill Zone.  These improvements will add to the redundancy and 

reliability of the system. 
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Valve spacing will not be analyzed as part of this project.  However, valve spacing 

requirements are provided herein for reference.  In general, sufficient valves should be 

provided on water mains to minimize inconvenience and sanitary hazard during repairs.  

Ten States Standards requires valves to be spaced at no more than 500 foot intervals in 

commercial districts and at not more than one block or 800 foot intervals in other 

districts.  Where systems serve widely scattered customers, valve spacing should not 

exceed one mile.  Auxiliary valves must also be installed on all hydrant leads [1]. 

 

The majority of the system is looped except at pressure zone boundaries and cul-de-sacs.  

One way to improve reliability is to make sure the PRV’s are operational and to adjust 

pressure settings so that they operate during emergency conditions (if pressure falls 

below a certain pressure).   

 

PUMPING CRITERIA 
 

Capacity 

All pump stations should have sufficient capacity to supply peak water demands without 

dangerous overloading (within safe operating range of the pump) [1].  This is usually the 

average of maximum day water demand for supply pumps delivering to storage facilities.  

For pumps delivering to the distribution system this is either peak domestic flow or the 

average of maximum day flow plus fire flow, whichever is greater. 

 

The pump stations are capable of supplying sufficient capacity for maximum day water 

demand.  It is assumed that the peak hour demand and fire flow will be supplied by the 

storage facilities.  Since there is currently only one feed line to the 72nd St Tower, the 

Railway Avenue BPS is equipped with a fire pump that will operate during fire 

conditions as necessary. 

 

It should be noted if all the projected demand in Future Stage 2 (79,000 people) is 

experienced, that the WTP City High Service Pumps and the Southwest Booster Pump 

Station will be pumping at maximum capacity. 

 

 

 

Reliability 

All pump stations must be equipped with at least two pumps.  The pump station must be 

able to provide a firm capacity, or the maximum pumping demand with the largest of the 

pumps out of service [1]. 

 

Power for each electrically driven pump station shall be supplied from at least two 

independent sources.  As recommended by Ten State Standards, one power source may 

be from a standby or an auxiliary source such as an emergency generator [1]. 

 

All Pump Stations are equipped with at least two pumps. Most pump stations also have 

power redundancy in the form of a generator to provide power in during a line-loss event, 
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the exceptions to this being the South Hill Pump Station, Dakota Square Pump station 

and the North Hill Pump Station supplied by the North Hill 1MG Ground Reservoir. 

 

Operation 

In-line booster pumps shall be located or controlled so that they do not produce an intake 

pressure of less than 20 psi under normal operating conditions, nor suction line pressures 

of less than 10 psi [1].   

 

The inline booster pump stations all have suction line pressure greater than 20 psi. 

 

STORAGE CRITERIA 
 

Capacity 

Storage capacity requirements include provisions for operations, fire and emergencies. 

Only those portions of clearwells at water treatment facilities not required to achieve the 

necessary disinfection contact time may be considered in calculating storage capacity [1].  

The capacity of storage tanks not required for backwash or process water at the treatment 

facilities will also be considered for fire, operational, and emergency capacity. 

 

Fire   

Fire storage capacity must, at a minimum, be equal to the water volume required to serve 

the largest needed fire flow for the required fire flow duration.  For the City of Minot, 

this is equal to 5,000 gpm for a duration of 4 hours, or 1,200,000 gallons.  Fire storage 

capacity should be evaluated at the minimum storage level under average daily demand 

conditions.  Fire storage capacity can only be counted for hydrants or points of delivery 

where it is hydraulically available at the minimum pressure for the required fire flow 

duration.  Where ground level storage is to be used as fire storage, only the volume that 

can be delivered by the pumps during the fire flow duration can be counted [3].  

 

Operational   

Operational storage requirements are calculated based on the diurnal water use records of 

the maximum day.  As planning or design criteria for future storage capacity 

requirements, the same current maximum day diurnal curve should be applied to the 

projected maximum day water use of the planning horizon.  Elevated storage, which is 

not hydraulically available to the distribution system under normal operating conditions, 

cannot be counted as operational storage [1]. 

  

The maximum day diurnal curve was plotted along with a line equal to the average of 

maximum day demand.  The operational storage requirement for each Zone was then 

calculated by determining the area between the diurnal curve and the average demand 

line.  This area is equivalent to the storage volume required to supply peak demands 

without emptying the storage tanks. 

 

Operational Storage did not include storage required for the NAWS system, the MAFB 

system, or the NPRWD system.  These entities are required to provide their own water 

storage facilities. 
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Emergency   

The emergency storage requirement was established as the average daily demand for 

duration of 4 hours.  Emergency storage did not include storage required for the NAWS 

system, the MAFB system, or the NPRWD system.  These entities are required to provide 

their own water storage facilities. 

 

Table 4-4 shows the required storage and the available storage for each zone and then as 

a total system.   The available storage from the reservoirs in the Valley Zone up to the 

North Hill Zone or the South Hill Zone was based on the pump station capacity at each 

reservoir assuming that one pump was standby and would not be operational at each 

facility.  These pumps were assumed to operate for the four hour duration of the fire flow.   
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Table 4-4. Storage Analysis 

  North Hill South Hill Valley  Total 

  (gal) (gal) (gal) (gal) 

Existing Required Storage         

Fire Storage (4 hours at 5,000 gpm) 1,200,000 1,200,000 1,200,000 1,200,000 

Operational Storage 212,662 422,451 508,099 1,143,212 

Emergency Storage  

(4 hours at average day demand) 
199,885 404,308 486,277 1,090,470 

Total 1,612,547 2,026,759 2,194,376 3,433,681 

Future Stage 1 Required Storage         

Fire Storage (4 hours at 5,000 gpm) 1,200,000 1,200,000 1,200,000 1,200,000 

Operational Storage 397,358 606,863 725,883 1,730,104 

Emergency Storage  

(4 hours at average day demand) 
376,246 580,800 694,708 1,651,754 

Total 1,973,604 2,387,663 2,620,590 4,581,858 

Future Stage 2 Required Storage         

Fire Storage (4 hours at 5,000 gpm) 1,200,000 1,200,000 1,200,000 1,200,000 

Operational Storage 493,357 738,614 779,509 2,011,480 

Emergency Storage  

(4 hours at average day demand) 
475,754 706,892 746,031 1,928,677 

Total 2,169,111 2,645,506 2,725,540 5,140,157 

     Available Storage per Zone         

  North Hill South Hill Valley  Total 

  

Available 

Storage 

Available 

Storage 

Available 

Storage 

Available 

Storage 

Storage Tank (gallons) (gallons) (gallons) (gallons) 

South Hill Pumps (Old 3 MG 

Reservoir)   100,000 2,900,000 3,000,000 

North Hill 3 MG Reservoir 800,000   2,200,000 3,000,000 

1 MG Reservoir 100,000   900,000 1,000,000 

Dakota Square Reservoir (New 3 MG 

Reservoir)   600,000 2,400,000 3,000,000 

East Side Reservoir     0 0 

Dakota Square Tower   500,000 0 500,000 

South Hill Tower   500,000 0 500,000 

North Hill Tower 500,000   0 500,000 

East Side Tower     1,000,000 1,000,000 

Total Existing Storage 1,400,000 1,700,000 9,400,000 12,500,000 

New North Hill Tower 1,000,000     1,000,000 

New South Hill Tower   1,000,000   1,000,000 

     

Total Future Storage 2,400,000 2,700,000 9,400,000 14,500,000 
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Table 4-4 shows that the North Hill Zone and South Hill Zone are required to have new 

elevated tanks constructed to meet the storage required to meet operational storage, 

emergency storage, and fire flow storage.  A one million gallon storage tank should be 

constructed in each Zone in order to provide adequate storage for existing and build-out 

demand on the system.   

 

Operation 

The maximum operating level range is recommended for elevated storage, and is 

provided as a planning or design criteria.  The maximum variation between high and low 

levels in elevated tanks should not exceed 30 feet [1].   

 

All tanks within the system meet this requirement. 
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#

##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

South West BPS

Jim Hill BPS

72nd St Tower

¯ LEGEND

^ TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

. CLOSED PIPES

PIPES

JUNCTION MINIMUM PRESSURE

! Less than 35 psi

! 35 - 50 psi

! 50 - 80 psi

! 80 - 100 psi

! Greater than 100 psi

MINOT POTABLE
WATER MASTER PLAN 2014

EXISTING MAXIMUM DAY
MINIMUM PRESSURE

FIGURE 4-2



!

!

!

!

!

!

!

! !

!!

!

!

! !
!

!

! !
!!!!

!!
!!!

!
!

!

! !

!

!

!

!
!

! !

!!

!!

!!

!

!!
! !

!

!

!
!

!

!

!

!

! !
!

!!
!
!

!

!!!

!!

!
!

!!

!

!
!

!

!

!

!!!!!

! !

!

!!!
!

!
!

!

!

!!

!!

!
!!
!

!!

!
! !

!!

!

!!!
!!

!
!!

!!

! !

!
!

!!

!!
!

! !

!

!!

!!

!

! !

!!

!!

!

!!

!!
!

!!

!

!!

!

!

!! !

!

!

!

!

!!

!!!

!

!

!

!

! !

!

!

!!
!

! !

!!
!

!!

!!

!!
!

! !!

!
!!

! !

!

!
!!

!

!
!!!

!

!

!

!

!

!

!
!

!

!

! !
! !

!!

!

! ! !

!
! !

!

!!
!!
!!
!

!!
!

!

!!!

! !

!!
!

!

! !
!

! !

!

!

!!
! !

!

!!

!

!

! !

!

!

!

!

!

!
!

!

!!

!

! !

!!!
!
!
! !

!
!

!

!

!

!
!

!!

! !

! !

!
!

!!
!

!

!

!

!
!

!
!

!

!

!
!

!!

!
!

!!

!!
!

!

! !
!
!

!

!

!!
!

!

!

!
!

!

!

!

!!

!

!

!

!

!

!

!

!!

!
!

!!

!

!
!

!
!

!

!!
! !

!

!!

! !
!
!

!

!!
!

!

!

! !

!
!

!

!
!
!

!

!!
!

!
!

!! !
!

!! !
!

!

!

!

!

!

!

! !
!

!

!

!

!!!

!

!
!!
!

!

!

!

!!
!

!

!

!

!

!

!

!

!

!

!

!!

!!

! !

! !

! !

!!

! !

! !

! !

! !

!
!

!

!!
!

!
!!

!
!

!

!!

! !
! !

!!

!

!
!

!

!

!

!

!

!
!

!

!

!! !

!
!

!

!!

!
!

!
!

!

!

!

! !
!

!

!
!

!

!

!

!

!

!!
!

!!

! !

! !

!!

! !

! !

!
!!
!

! !

!
!

!

!

!
!!

!

!

!!

!!

!

!!

!
!

!

!

!

!

!

!

!

! !

!

!!

!
!

!

!!

!

!

!

!

!
!

!

!!
!

!!

!!!!

!

!
!
!

!

!
!
!!

!!

!
!

!

!
!

!

!

!
! !

!

!
!

!!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

! !

!!
! !! !

!
!

!

!!!

!

!
!

!

!

!

!!

!!

! !!!
! !

! !

!

!

!
!!

!

!!!
!!

! !!!

!
! !

!!
!!

!! !

!

!!

!!

! !

!
!

!

!
!

!

!

!!

!

!

!

!

! !
!

!

!

!!

!

!!

! !

!

!

!

!

!

!

!

!!

!
!!
!

!!!

!
!

!

! !

!!

! !

!

!

!

!

!

!

!

!

! !!

!!

! !

! !

!
!
!

!

!!!!

!

!
!

!

!

!

!

!

!!
!

!

!

!!

! !

!

!
! !

!!
!

!

!

!
!
!

!

!

!

! !
!
!

! !

!!!!

!

!

!

!

!

! !

! !

!!

!

!
!

!!
!

!
!

!

!

!

!
! !!

!

!
!

!

!

!!!

!

!!

!

!!

!

!
!

!

!

! !

!

!!

!!

!!

!!

!
!

!

!!

!

!
!
!

!

!

!

!

!

!
!

!

! !
!

!

! !

!!
!!

!!

!

!

!

!
!

!

!!
! !

!

!

!

! !!
!

!

!!!

!!
!!!

!

!

!
!!

!

!
!

!
!

!

!

!

!

!

!!
!
!

!

!
!

!
!
!

!
!!

!!

!

!!

!

!!
!!

!
!

!
!

!!

! !

!!

!!

!

!

!!
!

!

!
!!
! !

!

!

!
!

! !

! !

!

! !!

!
!!

!

!

!

!

!!

! !

!!

! !
!

! !

!

!

!

!

!

!

!!

!
!

!

!!

!

!

!

!!
!

!

!!
! !

!
!

!

!

!!
! !

!!
!

!

! !!
!

!

!
!

!

! !

! !

!

!

!

!
!
!

!
!

!

!

!

!!

!!

!

!
! !

!!

! !

!

! !!

!!

!

!

!

!

! !

! !
!

! !
! !

!!
!

!

!!
!!

! !
!

!

!!!
!

!!

! !
! !

!!

!!

!!
!

! !

!
!!

!
!

!

!

!

!

!

!

!
!

!

!

!
!

!!
!

!
!

!

!
!
!

! !
!

! !

!

!

!

!
!

!

!

!

!

!
!

!

!
!

! !

!!!

!

!

! !

!

!

!

!

!

!

!

!

!

! !

!

!

!
!
!
!

! !
!!!

!!

!
!

!

!

!

!

!

!
!
!

!

!

!!

!

!
!

!!

!

! !

!!

!
!
!!

!

!

!! !! !
! !!

!

!

!

!!

!!
!

!

! !

!

!
!! !

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!! !
!

! !
!

!

!!

!!

!

!

!!
!

!
!
!

!
!

!

!

!

!
!

! !

!

!

!

!

!

!

!

!

!

!

!!
!!

!!!! !

!!

! !

!

!!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

! !!

!

!

! !!!

!

!! ! !
! !

!

! !
! !

!
!

!

!
!

!

!

!

! !

! !

! !

!

!
!!

!
!

!!

!
!
!

!

! !

!
!

!!

!

!
!

!

!
!

!
!
!

!

!!

!
!

!

! !

!
!

!!!
!!
!
!!

!
!

! !

!

!

!

!

!

!!!

!

!
!

!

!
!

!

!! !

!
!!!

!
!

!!

!
!

!
!

!

!!! !

!

!
!

!
!

!

!
!

!

!

!!
! !

!

!

!
!
!

!! !

!

!

!

!
!

!

!

!
!

!

!
!

!

!

!

!!
!

!

!
!

!
!

!

! !

!

!

!
! !

!

!
!

!

!

!

!

!

!!!

!

!

!

!

!!

!

!!

!

!

!

!

!

!

!!!

! !

!

!!
!
!

! ! ! !

!
!

!

!

!
!

!!

!

!
! !

!

!

!!
!

!

!

!

!
!

!

!

!

!

!

! !

!

! ! !

!

!

!
!

!
!

!
!

! ! ! !

! ! !

! !

!

!
!

! !
! !

!

!!!!

! ! !
!!

! ! !
!

!
!

!

! !
! !

!

!

!

!

!

!

!

!

!

!

!

!
!

! !

!
!

!

!

!
!

!

!

!

!

!

!

!

!!

!! !

!

!
!
!

!
!
! !

!

!

!

!

!
! !!

!

!

!

!

!

!

!

!
!

!

!

!

!
!!

!!!

!

!!!!!

!!

!!

!

!

!

!
!

!
!
!

!

!

!

!

!

! !

!!

!

!

! ! !

!

!

!

! !

!

!

!

!

! !

! !

! !

!

!

!

!

!

!

!

!

!

!
!
!

!

!

!

!

!

!!

! !

! !

!
!

!

!

! !

!

!

!

!

!

! ! !

! !

!

!!

!

!

!

!

!

!

!
! ! ! ! ! ! ! ! !

!

!

!!
!

!

!

!

!

!

!

!

!

!

! !

! !

!

! !!!
!

!

!
!

!!

!
!
!

!
!
!

!
!

!

!

!

!

!

!

!

!

!

!

! ! !

!!

!

!

! !

!

!

! ! ! ! ! !

! ! !!
!

!! !
!

!

!
!

! !

!

!

!

!!!

!
!
!

!!

! !

!
!!

!

!

!!! ! !

!!!

!!!!!
!

!

!
!
!!
!

!

!

!

!

!

!

!

!

!

!

!!

!
!
!

!
!

!

!

!

!

!

!

!!! !!

!

!

!

!!

!

!
!!
!!

!! !!
!!!! !!

!

!!! !
!! !!!! !!

!
!! !!!
!
!

!
!! !!! !!

! !
!

! !!!!
! !

!
! !

!

!!!!

!

!

!

! ! !!

!

!!! !

!!
!

!
!!

!

!!!!

!
!

!!

!

!!

!!

!
!

!

!!!!!!
!

!

!!!
!!! !!!

!!!!

!

!

!! !! !!

!
!
!

!!
!
!!
!

! !

!

!!!

!

!!
!!!

!
!!

!
!

!
!

!

!

!

!!

!

!

!

!

!

!!!

!
!
!

!

!!!!!!

!!!!
!!!
!
!

!!
!

! !!
!!!!

!

!

!!!!!!!! !!! !!!
!
!! !

!
!!

!
!

!!

!
!
!!!!

! !!!! !!

!
!

!
!!!

!
!!!
!

!

!
!
!
!

!
!

!

!!!!

!!

! !

!! !

!

!!

!! !!
!

!
!

!
!

!

!!!!
!

!
!

!

!

!
!

!

!!!!!!!!!!!!!!!!!!!
!

! !

!!!

!!
!

!!
!!
!!
!!
!!
!
!!
!
!

!

!

!

!

!!

!

.

.

.

.

.

.

.

. .

.
.

.
.

.

.

.

.

.

.
.

.

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

. .
.

.

.

. .

.

.

. .

.

.

.

.

.

.

.

..

.

.

.

#

##
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#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

South West BPS

Jim Hill BPS

72nd St Tower

¯ LEGEND

^ TOWER

!T EXSTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

. CLOSED PIPES

PIPES

JUNCTION RESIDUAL PRESSURE 

! Less than 20 psi

! 20 - 30 psi

! 30 - 40 psi

! 40 - 50 psi

! Greater than 50 psi

MINOT POTABLE
WATER MASTER PLAN 2014

EXISTING MAXIMUM DAY
RESIDUAL PRESSURE

FIGURE 4-3
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##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

72nd St Tower

South West BPSSouth West BPS

¯ LEGEND

^ TOWER

!T EXSTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

. CLOSED PIPES

PIPES

AVAILABLE FIRE FLOW

! Less than 500  gpm

! 500 - 1000 gpm

! 1000 - 2000 gpm

! 2000 - 3000 gpm

! 3000 - 4000 gpm

! Greater than 5000 gpm

MINOT POTABLE
WATER MASTER PLAN 2014

EXISTING MAXIMUM DAY
AVAILABLE FIRE FLOW

FIGURE 4-4
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#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG/ South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

South West BPS

Jim Hill BPS

72nd St Tower

¯ LEGEND

^ TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# PRV

. CLOSED PIPES

PIPE MAXIMUM VELOCITY

Less than 2 fps

2 - 5 fps

5 - 8 fps

Greater than 8 fps

MINOT  POTABLE 
WATER MASTER PLAN 2014

CIP EXISTING  MAXIMUM DAY
MAXIMUM VELOCITY

FIGURE 4-5
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##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

South West BPS

Jim Hill BPS

72nd St Tower

¯ LEGEND

^ TOWER

!T EXSTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

. CLOSED PIPES

PIPES

JUNCTION MINIMUM PRESSURE

! Less than 35 psi

! 35 - 50 psi

! 50 - 80 psi

! 80 - 100 psi

! Greater than 100 psi

MINOT POTABLE
WATER MASTER PLAN 2014

CIP EXISTING  MAXIMUM DAY
MINIMUM PRESSURE

FIGURE 4-6
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Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

South West BPS

Jim Hill BPS

72nd St Tower

¯ LEGEND

^ TOWER

!T EXSTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

. CLOSED PIPES

PIPES

JUNCTION RESIDUAL PRESSURE 

! Less than 20 psi

! 20 - 30 psi

! 30 - 40 psi

! 40 - 50 psi

! Greater than 50 psi

MINOT POTABLE
WATER MASTER PLAN 2014

CIP EXISTING  MAXIMUM DAY
RESIDUAL PRESSURE

FIGURE 4-7
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"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

72nd St Tower

South West BPSSouth West BPS

¯ LEGEND

^ TOWER

!T EXSTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

. CLOSED PIPES

PIPES

AVAILABLE FIRE FLOW

! Less than 500  gpm

! 500 - 1000 gpm

! 1000 - 2000 gpm

! 2000 - 3000 gpm

! 3000 - 4000 gpm

! Greater than 5000 gpm

MINOT POTABLE
WATER MASTER PLAN 2014

CIP EXISTING  MAXIMUM DAY
AVAILABLE FIRE FLOW
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#

"W
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"P

!T
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!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG/ South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

South West BPS

Jim Hill BPS

Future North Hill Tower and PRV

Future Southwest Tower

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# PRV

# FUTURE PRV

. CLOSED PIPES

PIPE MAXIMUM VELOCITY

Less than 2 fps

2 - 5 fps

5 - 8 fps

Greater than 8 fps

MINOT  POTABLE 
WATER MASTER PLAN 2014

FUTURE STAGE 1 (POPULATION 70,000)
MAXIMUM DAY

MAXIMUM VELOCITY

FIGURE 4-9



!

!

!

!

!

!

!

! !

!!

!

!

! !
!!

!

!

! !
!!!!

!!
!!!

!
!

!

! !

!

!

!

!
!

! !

!

!!

!!

!!

!

!

!!
! !

!
!

!

!
!

!

!

!

!

! !
!

!!
!
!

!

!

!!!

!!
!

!
! !

!!

!

!
!

!

! !

!

!!!!! !

! !

!

!!!
!

!
!

!

!

!!

!!

!
!!
!

!!

!
! !

!!

!

!!!
!!

!
!!

!!

! !

!
!

!!

!!!
!

!

!

!

!
!

!!

!!
! !

!

!

!

!

!!

!!

!

!

!

!

!!
!

!!

!

!!

!

!

!! !

!

!

!

!

! !

!!!

!

!

!

!

! !

!

!

!

!!
!

! !

!!
!

!!

!!

!!
!

! !!

!

!!

!! !

!

!

!
!
!

!

!
!!

!

!

!

!

!

!

!

!
!

!

!

! !

! !

!!

!

!! ! !

!

!

!

! !

!

!!
!!
!!

! !

!!
!

!

!!!

! !

!!
!

!

! !
!

! !

!

!

!!
! !

!

!

!!

! !

!

! !

!

!

!

!

!

!
!

!

!!

!

! !

!!!
!

!
! !

!

!

!

!

!

!
!

!

!

!
!

!

!

!
!!

!

! !

!
!

!!
!

!

!

!

!
!

!
!

!

!!

!
!

!!

!
!

!!

!!
!

!

!

! !
!
!

!

!

!!
!

!

!

!
!

!

!

!

!

! !

!

!

!

!

!

!

!

!!

!

!

!!

!

!
!

!
!

!

!!

! !
!

!!

! !

!
!

!

!!

!

!

!

! !

!
!
!

!

!
!

!

!

!!
!

!
!

!! !
!

!! !
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!!!

!

!
!

!
!

!

!

!

!

! !
!

!

!

!

!
!

!

!

!

!

!

!

!

!!

! !

! !

! !

! !

!!

! !

! !

! !

! !

!
!

!

!!

!
!
!!

!
!

!

!!

! !
! !

!!

!

!
!

!

!

!

!

!

!
!

!

!

!! !

!
!

!

! !

!
!

!
!

!

!

!

! !
!

!

!
!

!

!

!

!

!

!!
!

!!

! !

! !

!!

! !

! !

!
!!
!

! !

!
!

!

!

!
!!

!

!

! !

!!

!

!!

!
!

!

!

!

!

!

!

!

! !

!

!!

!
!

!

!!

!

!

!

!

!
!

!

!!
!

!!

!!

!

!!

!

!
!
!

!

!

!

!!

!!

!

!

!

!
!

!

!

!
! !

!

!
!

!!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

! !

!!
! !! !

!
!

!

!!!

!

!
!

!

!

!

!!

! !

! !!!
! !

! !

!

!

!
!!

!

!!!
!!

! !!

!

!

!
! !

!!
!!

!! !

!
!
!!

!!

!!

! !

!
!

!

!
!

!

!

!

!!

!

!

!

!

! !
!

!

!

!!

!

!!

! !

!

!

!

!

!

!

!

!

!!

!
!!
!

!
!!

!
!

!

! !

!!

! !

!

!

!

!

!

!

!

!

!

!

!!

!!

! !

! !

!
!
!

!

!!!!

!
!

!
!

!

!

!

!

!

!!
!

!

!

!!

! !

!

!
! !

!!
!

!

!

!!!
!

!
!

!

!

!

! !

!
!

!
! !

!

!!!!

!

!

!

!

!

!

! !

! !

!!

!

!
!

!
!

!
!

!
!

!

!

!

!
! !!

!

!
!

!

!

!!!

!

!!

!

!!

!

!
!

!

!

! !

!

!!

!!

!

!!

! !

!

!

!

!

!
!

!

!!

!

!
!

!

!

!

!

!

!

!
!

!!

! !
!

!

! !

!!

!!

!!

!

!

!

!

!

!
!

!

!!
!

!

!

!

!

!

! !!!
!

!

!!
!

!!
!!!

!

!

!
!!

!

!

!

!
!

!

!

!

!

!

!!
!
!

!

!
!

!
!
!

!
!!

!!

!

!!

!

!!
!!

!

!

!
!

!!

! !

!!

!!

!

!

!!
!

!

!
!!
! !

!

!

!
!

! !

! !

!

! !!

!
!!

!

!

!

!

!!

! !

!!

! !
!

!

! !

!

!
!

!

!

!

!

!!

!

!
!

!!

!

!

!

!!
!

!

!!

! !

!
!

!

!

!
!
! !

!!
! !

!

! !!

!
!

!

!

!

!

! !

! !

!

!

!

!
!
!

!
!

!

!

!

!!

!!

!

!!

! !

!!

! !

!

! !!

!!

!

!

!

!

! !

! !
!

!
!

! !

!!
!!

! !

!!
!!

! !

!

!

!
!

!

!

!

!!

! !
! !

!!

!!

!!

!

! !

!
!!

!
!

!

!

!

!

!

!

!
!

!

!

!
!

!!
!

!
!

!

!
!
!

! !
!

! !

!

!

!

!

!

!
!!

!

!

!

!

!
!

!

!
!

! !

!!!

!

!

!
!

!

!

!

!

!

!

!

!

!

! !

!

!

!
!
!
!

! !
!!!

!!

!
!

!

!

!

!

!

!
!
!

!

!

!!

!

!
!

!
!!

! !
!

! !

!!

!
!

!!

!

!

!! !! !
! !!

!

!

!

!!

!!

!

!

! !

!

!
!! !

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
! !

!

! !
!

!

!!

!!

!

!

!!
!

!
!
!

!
!

!

!

!

!
!

! !

!

!

!

!

!

!

!

!

!

!

!!
!
!

!

!!!! !

!!

!
!

!

!!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

! !!

!

!

! !!!

!

!! ! !
! !

!

! !
! !

!
!

!

!

!

!

!!

!

! !

! !

! !

!

!

! !

!!

!
!

!

!!

!
!
!

!

! !

!
!

!!

!

!
!

!

!
!

!
!
!

!

!!

!
!

!

! !

!
!

!!!
!!
!
!!

!
!

! !

!

!

!

!

!

!!!

!

!
!

!

!
!

!

!! !

!
!!!

!
!!

!!

!

!

!

!

!

! !! !

!

!
!

!
!

!

!
!

!

!

!!
! !

!

!

!
!
!

!! !! !

!

!

!

!
!

!

!

!
!

!

!
! !!

!

!

!

!!
!

!

!
!

!
!

!

! !

!

!

!
! !

!

!
!

!

!

!

!

!

!!!

!

!

!

!

!!
!!

!

!

!

!

!

!

!

!

!

!!!

! !

!

!!
!
!

! ! ! !

!
!

!

!

!
!

!!

!

!
! !

!

!

!
!
!

!

!

!

!

!

!

!

!

!

!

!

! !

!

! ! !

!

!

!
!

!
!

!
!

! ! ! !

! ! !

! !

!

!
!

! !
! !

!

!!!!

! ! !
!!

! ! !
!

!
!

!

! !
! !

!

!

!

!

!

!

!

!

!

!

!

!

!
!

! !

!
!

!

!

!
!

!

!

!

!

!

!

!

!!

!! !

!

!

!
!

!
!
! !

!

!

!

!

!
! ! !

!

!

!

!

!

!

!

!

!

!

!

!

!
!!

!!!

!!!!

!

!

!!!!!!!!!!!!

!!!!!

! !

!!

!
!!

!

!
! !

!

!

!

!

!!
!!!!

!!!!!!!!

!!

!!

!

!

!

!

!
!

!!!

!
!
!

!

!

!

!

!

! !

!!

!

!

! ! !

!

!

!

! !

!

!

!

!

! !

! !

! !

!

!

!

!

!

!

!

!

!

!
!
!

!

!

!

!

!

!

!

!!

! !

! !

!
!

!

!

!
! !

!

!

!

!

!

!

!

! ! ! !

! ! !

! !

!

!

!!

!

!

!

!

!

!!!!!!!! !

!

!!
!

!

!!

!!!!!!!

!

!
!!
!

!

!

!!

!!

! !

!

!!
! ! ! ! ! !

!

!
!

!!
!
!! ! !! ! ! ! ! ! ! !

!

!

!

!!
!

! !!

!

!

!

!

!

!!

!

!!

!

!

!!

! !

!

!
!

! !

!

!

!!!! !

!
!

!

! !

! !

! !

!

!

! !!!
!

!

!
!

!!

!
!
!

!
!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

! ! !

!!

!

!
!!

! !

!

!

! ! ! ! ! !

! ! !!
!

!! !
!

!

!
!

! !

!

!

! !

!

!!!

!
!!
!

!!

! !

!
!!

!

!

!!! ! !

!!!

!!!!!
!

!

!
!
!
!!
!

!!!!

! ! !!

!

!

!

!

! !!

!

! !!
!

!

!

!

!

!
!

!

!

!!

!

!

!

!!

!!

!
!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

! !!

!
!!

!

!!

!

!

!! !!

!

!
!

! !
!!

!!
!! !!!!!!

! !!!!!

!

!
!

!!!!

!! !!! !!

!

!

! !
! !

!
!
!
!
!!!!!!
!
!!
!!!!

!

!!

!!!!! !

!!

!

!!!

!!!
!!!! !!

!!! !!!!!!
!!!! !!

!

!!! !
!!

!

!
!! !!!! !!

!
!! !!!
!
!

!
!! !!! !!

! !
!

! !!!!
! !!

!
! !

! !!

!

!

!!!!!!

!

!

!

!

! !
!

!
! ! !!

!

!!! !

!!
!

!
!!

!

!!

!

!

!

!

!!!!!

!
!

!!!
!

!

! !

!
!

! !!
!

!

!

!!

!!

!!!!

!!
!

!
!

!

!!!!!!
!

!
!!

!

!!!
!!! !!!

!!!!

!

!

!
!!!! ! !! !!

!

!

!

!

!

!!

!
!
!

!!
!
!!
!

! !

!

!!!

!

!!

!!
!!!

!
!!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!!

!
!

!!

!

!

!
!!

!!

! !!
!

!

!

!

!

!

!

!!!

!!!!

!
!

!!

!

!!

!! !!!!

!!!

!

!!!
!!!
!
!

!!
!

! !!
!!

!

!!
!

!

!!!!!!!!!!!
!

!!
!

! !!! !!!

!
!! !

!
!!

!
!

!!

!!!
!
!!!!!

!! !!!! !!
!

!

!
!!

!
!!

! !
!!!

!
!

!

!!

!
!!!

!

!

!

!
!
!
!

!
!

! !

!

!!!!

!!!!!!! ! ! ! !!!!

!

! !!!!!
!!
!!! !

!!

!

!!!

!

!

!
!

!!!

!! !

!

!!
!! !!
!

!
!

!
!

!

!!!!
!

!

!

!!!

!

!

!!!!
!
!

!
!
!
!!

!

!
!

!

!!!!!!!!!!!!!!!!!!!
!

! !!

!

!!!

!!

!!

!!
!!
!!
!!
!!
!
!!
!
!

!

!
!

!

!

!
!

! !!

!!

!
!

.

.

.

.

.

.

.

. .

.
.

.
.

.

.

.

.

.

.
.

.

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

. .
.

.

.

. .

.

.

. .

.

.

.

.

.

.

.

..

.

.

.

#

#

##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

Future North Hill Tower and PRV

Future Southwest Tower

South West BPS

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

# FUTUREPRV

. CLOSED PIPES

PIPES

JUNCTION MINIMUM PRESSURE

! Less than 35 psi

! 35 - 50 psi

! 50 - 80 psi

! 80 - 100 psi

! Greater than 100 psi

MINOT POTABLE
WATER MASTER PLAN 2014

FUTURE STAGE 1 (POPULATION 70,000)
MAXIMUM DAY

MINIMUM PRESSURE

FIGURE 4-10
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##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

South West BPS

Future Southwest Tower

Future North Hill Tower and PRV

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

# FUTURE PRV

. CLOSED PIPES

PIPES

JUNCTION RESIDUAL PRESSURE 

! Less than 20 psi

! 20 - 30 psi

! 30 - 40 psi

! 40 - 50 psi

! Greater than 50 psi

MINOT POTABLE
WATER MASTER PLAN 2014

FUTURE STAGE 1 (POPULATION 70,000)
MAXIMUM DAY

RESIDUAL PRESSURE

FIGURE 4-11
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##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

South West BPS

Future Southwest Tower

South West BPS

Future North Hill Tower and PRV

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

# FUTURE PRV

. CLOSED PIPES

PIPES

AVAILABLE FIRE FLOW

! Less than 500  gpm

! 500 - 1000 gpm

! 1000 - 2000 gpm

! 2000 - 3000 gpm

! 3000 - 4000 gpm

! Greater than 5000 gpm

MINOT POTABLE
WATER MASTER PLAN 2014

CIP FUTURE STAGE 1 (POPULATION 70,000)
MAXIMUM DAY

AVAILABLE FIRE FLOW

FIGURE 4-12
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##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG/ South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

South West BPS

Jim Hill BPS

Future North Hill Tower and PRV

Future Southwest Tower

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# PRV

# FUTURE PRV

. CLOSED PIPES

PIPE MAXIMUM VELOCITY

Less than 2 fps

2 - 5 fps

5 - 8 fps

Greater than 8 fps

MINOT  POTABLE 
WATER MASTER PLAN 2014

FUTURE STAGE 2 (POPULATION 80,000)
MAXIMUM DAY

MAXIMUM VELOCITY

FIGURE 4-13
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#

#

##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

Future North Hill Tower and PRV

Future Southwest Tower

South West BPS

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

# FUTURE PRV

. CLOSED PIPES

PIPES

JUNCTION MINIMUM PRESSURE

! Less than 35 psi

! 35 - 50 psi

! 50 - 80 psi

! 80 - 100 psi

! Greater than 100 psi

MINOT POTABLE
WATER MASTER PLAN 2014

FUTURE STAGE 2 (POPULATION 80,000)
MAXIMUM DAY

MINIMUM PRESSURE

FIGURE 4-14
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#

#

##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

South West BPS

Future Southwest Tower

South West BPS

Future North Hill Tower and PRV

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

# FUTUREPRV

. CLOSED PIPES

PIPES

JUNCTION RESIDUAL PRESSURE 

! Less than 20 psi

! 20 - 30 psi

! 30 - 40 psi

! 40 - 50 psi

! Greater than 50 psi

MINOT POTABLE
WATER MASTER PLAN 2014

FUTURE STAGE 2 (POPULATION 80,000)
MAXIMUM DAY

RESIDUAL PRESSURE

FIGURE 4-15



!

!

!

!

!

!

!

! !

!!

!

!

! !
!

!

! !
!!!!

!!
!!!

!
!

!

! !

!

!

!

!
!

! !

!!

!!

!!

!

!!
! !

!

!

!
!

!

!

!

!

! !
!

!!
!
!

!

!!!

!!

!
!

!!

!

!
!

!

!

!

!!!!!

! !

!

!!!
!

!
!

!

!

!!

!!

!
!!
!

!!

!
! !

!!

!

!!!
!!

!
!!

!!

! !

!
!

!!

!!
!

! !

!

!!

!!

!

! !

!!

!!

!

!!

!!
!

!!

!

!!

!

!

!! !

!

!

!

!

! !

!!!

!

!

!

!

! !

!

!

!!
!

! !

!!
!

!!

!!

!!
!

! !!

!
!!

! !

!

!
!!

!

!
!!

!

!

!

!

!
!

!

!
!

!

!

! !

! !

!!

!

! ! !

!

! !

!

!!
!!
!!
!

!!
!

!

!!!

! !

!!
!

!

! !
!

! !

!

!

!!
! !

!

!!

!

!

! !

!

!

!

!

!

!
!

!

!!

!

! !

!!!
!
!
! !

!

!

!

!

!

!
!

!

!

!

! !

! !

!
!

!!
!

!

!

!

!
!

!
!

!

!

!
!

!!

!
!

!!

!!
!

!

! !
!
!

!

!

!!
!

!

!

!
!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!

!!

!

!
!

!
!

!

!!
! !

!

!!

! !
!
!

!

!!
!

!

!

! !

!

!

!

!
!
!

!

!!
!

!
!

!! !
!

!! !
!

!

!

!

!

!

!

! !
!

!

!

!

!!!

!

!
!!
!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!!

! !

! !

! !

! !

!!

! !

! !

! !

! !

!
!

!

!!

!
!
!!

!
!

!

!!

! !
! !

!!

!

!
!

!

!

!

!

!

!
!

!

!

!! !

!
!

!

! !

!
!

!
!

!

!

!

! !
!

!

!
!

!

!

!

!

!

!!
!

!!

! !

! !

!!

! !

! !

!
!!
!

! !

!
!

!

!

!
!!

!

!

! !

!!

!

!!

!
!

!

!

!

!

!

!

!

! !

!

!!

!
!

!

!!

!

!

!

!

!
!

!

!!
!

!!

!!!!

!

!
!
!

!

!
!

!!

!!

!

!

!

!
!

!

!

!
! !

!

!
!

!!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

! !

!!
! !! !

!
!

!

!!!

!

!
!

!

!

!

!!

! !

! !!!
! !

! !

!

!

!
!!

!

!!!
!!

! !!!

!
! !

!!
!!

!! !

!

!!

!!

! !

!
!

!

!
!

!

!

!!

!

!

!

!

! !
!

!

!

!!

!

!!

! !

!

!

!

!

!

!

!

!!

!
!!
!

!
!!

!
!

!

! !

!!

! !

!

!

!

!

!

!

!

!

! !!

!!

! !

! !

!
!
!

!

!!!!

!

!
!

!

!

!

!

!

!!
!

!

!

!!

! !

!

!
! !

!!
!

!

!

!
!
!

!

!

!

! !

!
!

! !

!!!!

!

!

!

!

!

! !

! !

!!

!

!
!

!!
!

!
!

!

!

!

!
! !!

!

!
!

!

!

!!!

!

!!

!

!!

!

!
!

!

!

! !

!

!!

!!

! !

!!

!
!

!

!!

!

!
!

!

!

!

!

!

!

!
!

!

! !
!

!

! !

!!

!!

!!

!

!

!

!
!

!

!!
! !

!

!

!

! !!
!

!

!!
!

!!
!!!

!

!

!
!!

!

!

!

!
!

!

!

!

!

!

!!
!
!

!

!
!

!
!
!

!
!!

!!

!

!!

!

!!
!!

!

!

!
!

!!

! !

!!

!!

!

!

!!
!

!

!
!!
! !

!

!

!
!

! !

! !

!

! !!

!
!!

!

!

!

!

!!

! !

!!

! !
!

! !

!

!

!

!

!

!

!!

!
!

!

!!

!

!

!

!!
!

!

!!

! !

!
!

!

!

!
!
! !

!!
!

!

! !!
!

!

!

!

!

! !

! !

!

!

!

!
!
!

!
!

!

!

!

!!

!!

!

!
! !

!!

! !

!

! !!

!!

!

!

!

!

! !

! !
!

!
!

! !

!!
!

!

!!
!!

! !
!

!

!
!
!

!

!!

! !
! !

!!

!!

!!

!

! !

!
!!

!
!

!

!

!

!

!

!

!
!

!

!

!
!

!!
!

!
!

!

!
!
!

! !
!

! !

!

!

!

!

!

!

!

!

!

!
!

!

!
!

! !

!!!

!

!

! !

!

!

!

!

!

!

!

!

!

! !

!

!

!
!
!
!

! !
!!!

!!

!
!

!

!

!

!

!

!
!
!

!

!

!!

!

!
!

!!

!

! !

!!

!
!

!!

!

!

!! !! !
! !!

!

!

!

!!

!!
!

!

! !

!

!
!! !

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!! !
!

! !
!

!

!!

!!

!

!

!!
!

!
!
!

!
!

!

!

!

!
!

! !

!

!

!

!

!

!

!

!

!

!

!!
!!

!!!! !

!!

!
!

!

!!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

! !!

!

!

! !!!

!

!! ! !
! !

!

! !
! !

!
!

!

!

!

!

!

!

! !

! !

! !

!

!

!!

!
!

!!

!
!
!

!

! !

!
!

!!

!

!
!

!

!
!

!
!
!

!

!!

!
!

!

! !

!
!

!!!
!!
!
!!

!
!

! !

!

!

!

!

!

!!!

!

!
!

!

!
!

!

!! !

!
!!!

!
!

!!

!
!

!
!

!

! !! !

!

!
!

!
!

!

!
!

!

!

!!
! !

!

!

!
!
!

!! !

!

!

!

!
!

!

!

!
!

!

!
!

!

!

!

!!
!

!

!
!

!
!

!

! !

!

!

!
! !

!

!
!

!

!

!

!

!

!!!

!

!

!

!

!!

!

!!

!

!

!

!

!

!

!!!

! !

!

!!
!
!

! ! ! !

!
!

!

!

!
!

!!

!

!
! !

!

!

!
!
!

!

!

!

!
!

!

!

!

!

!

! !

!

! ! !

!

!

!
!

!
!

!
!

! ! ! !

! ! !

! !

!

!
!

! !
! !

!

!!!!

! ! !
!!

! ! !
!

!
!

!

! !
! !

!

!

!

!

!

!

!

!

!

!

!

!
!

! !

!
!

!

!

!
!

!

!

!

!

!

!

!

!!

!! !

!

!

!
!

!
!
! !

!

!

!

!

!
! !!

!

!

!

!

!

!

!

!
!

!

!

!

!
!!

!!!

!

!!!!!

!
!!

!
! !

!

!

!

!!

!!

!

!

!

!
!

!
!
!

!

!

!

!

!

! !

!!

!

!

! ! !

!

!

!

! !

!

!

!

!

! !

! !

! !

!

!

!

!

!

!

!

!

!

!
!
!

!

!

!

!

!

!!

! !

! !

!
!

!

!

!
!

!

!

!

!

!

! ! !

! !

!

!!

!

!

!

!

!

!

!

!
! ! ! ! ! ! ! ! !

!

!

!

!!
!

!

!

!

!

!

!

! !

!

!
!

! !

!

!

!

!

!

! !

! !

!

!

! !!!
!

!

!
!

!!

!
!
!

!
!
!

!
!

!

!

!

!

!

!

!

!

!

!

! ! !

!!

!

!

! !

!

!

! ! ! ! ! !

! ! !!
!

!! !
!

!

!
!

! !

!

!

!

!!!

!
!
!

!!

! !

!
!!

!

!

!!! ! !

!!!

!!!!!
!

!

!
!
!!
!

! ! !

!

!

!

!

!

!

!

!

!

!

!

!

!!

!
!
!

!
!

!

!

!

!

!

!

!!! !!

!

!

!

!!

!

!
!!
!!

!! !!
!!!! !!

!

!!! !
!! !!!! !!

!
!! !!!
!
!

!
!! !!! !!

! !
!

! !!!!
! !

!
! !

!

!!!!

!

!

!

! ! !!

!

!!! !

!!
!

!
!!

!

!!!!

!
!

!!

!

!!

!!

!
!

!

!!!!!!
!

!

!!!
!!! !!!

!!!!

!

!

!! !! !!

!
!
!

!!
!
!!
!

! !

!

!!!

!

!!

!!!

!
!!

!
!

!
!

!

!

!

!!

!

!

!

!

!

!!!

!

!
!

!

!! !!!!

!!!!
!!!
!
!

!!
!

! !!
!!!!

!

!

!!!!!!!! !!! !!!

!
!! !

!
!!

!
!

!!

!
!
!!!!

! !!!! !!

!
!

!
!!!

!
!!!

!

!

!
!
!
!

!
!

!

!!!!

!!

! !

!! !

!

!!

!! !!
!

!
!

!
!

!

!!!!
!

!

!

!

!

!
!

!

!!!!!!!!!!!!!!!!!!!
!

! !

!!!

!!

!

!!
!!
!!
!!
!!
!
!!
!
!

!

!

!

!

!!

!

.

.

.

.

.

.

.

. .

.
.

.
.

.

.

.

.

.

.
.

.

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

. .
.

.

.

. .

.

.

. .

.

.

.

.

.

.

.

..

.

.

.

#

#

##

#

#

"W

"P

"P

"P

!T

!T

!T

!T

!T

^

^
^

^

^

^

3 MG/Dakota 
Square Reservoir

Dakota Square Tower

South Hill Tower

North Hill Tower

Old 3 MG / South Hill Reservoir

North Hill 3 MG Reservoir 1 MG Reservoir

East Side 
Reservoir

WTP

Railway Ave BPS

Jim Hill BPS

South West BPS

Future Southwest Tower

South West BPS

Future North Hill Tower and PRV

72nd St Tower

¯ LEGEND

^ TOWER

^ FUTURE TOWER

!T EXISTING TANK WITH PUMPS

"P BOOSTER PUMP STATION

"W WTP

# EXISTING PRV

# FUTURE PRV

. CLOSED PIPES

PIPES

AVAILABLE FIRE FLOW

! Less than 500  gpm

! 500 - 1000 gpm

! 1000 - 2000 gpm

! 2000 - 3000 gpm

! 3000 - 4000 gpm

! Greater than 5000 gpm

MINOT POTABLE
WATER MASTER PLAN 2014

CIP FUTURE STAGE 2 (POPULATION 80,000)
MAXIMUM DAY

AVAILABLE FIRE FLOW

FIGURE 4-16



TECHNICAL MEMORANDUM 5 

 

1 of 6 

 

To:  Dave Schwengler 

Houston Engineering 

Date:  March 24, 2014 

 

Subject: Model Calibration Results   

From:  Gracelyn NeVille Job No: 10503376 

 

PURPOSE 

This memorandum outlines the hydraulic model calibration process and results. The 

calibration process included field testing, calibration scenario development, review of 

results and model adjustments. The purpose of the calibration testing was to discover the 

actual operating conditions that occur in the City of Minot’s water distribution system.  

The operating conditions recorded out in the field were compared with the computer 

model output to confirm that the model would provide accurate results when executed. 

 

STATIC CALIBRATION 

After the existing distribution system components and demands were entered into the 

model, the hydraulic model was calibrated to confirm its accuracy. Calibration consists of 

adjusting the model to match field collected data. The calibration consisted of two 

components: steady-state and dynamic calibration. 

 

Steady-State Calibration 
Steady-state calibration is accomplished by performing fire flow tests in the field and 

then comparing the field results with model results under the same conditions in the 

model. On August 20, 2013, Houston Engineering performed 11 fire flow tests 

throughout the City. Pressure loggers were also placed on various hydrants throughout 

the system during the testing.  Appendix TM-5A contains the Model Calibration Testing 

with figures showing the test and pressure logger locations. 

 

The objective of fire flow testing is to stress the distribution system by imposing a large 

demand at a particular location and then collecting instantaneous flow and pressure data 

at various locations throughout the distribution system. For each test, a large demand was 

achieved by flowing one or more hydrants. The flow from the hydrants was measured 

using pitot gages. The residual and rebound pressures were measured at a hydrant nearby 

the flow hydrants.  

 

After completion of the field hydrant tests, the tests were simulated in the hydraulic 

model. This required the creation of a steady state calibration scenario where each 

measured test flow was added to the corresponding hydrant in the model as a water 

demand over and above the demands existing in the system at the time the test was 

performed. The model was run to observe the resulting flows and residual pressures. The 

pressures measured by the pressure loggers were also compared to the pressures at the 

corresponding model hydrants. The model was adjusted to more closely reproduce the 
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residual pressures and flow rates observed in the field. The primary model adjustments 

included the following: 

 

 The Hazen-Williams resistance coefficients were lowered in the old cast iron 

pipes. 

 Pipe diameters, closed pipes, and connectivity problems were corrected at various 

locations. 

A comparison of the field data and the model results revealed that under steady state 

conditions, the model was hydraulically well calibrated. Table 5-1 compares the field 

measurements with the modeled results.   This table shows the initial pressure, the 

residual pressure, the difference between the field data and model data for initial 

pressure, and the difference in the change of pressure when the test occurs.  It also shows 

the pressure at each of the three pressure loggers. 
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Table 5-1. Steady State Calibration Results 

Residual 
Jns 

Test 
No 

Test 
Field 
Test 
Time 

Initial Pressure 
(Psi) 

Residual 
Pressure (Psi) 

Diff In 
Initial 
Press 
(psi) 

Diff in Change 
in Press 

(Psi) 
PL1 PL2 PL3 

Jns Field Model Field Model 
 

Field Model Field Adj. 3362 Field 2906 Field 498 

3206 1 3204 13:45 76 76.1 72 72.5 -0.1 4 3.6 110.5 90.5 87.2 74.8 72.9 68.1 70.4 

2978 2 2982 13:30 67 70.7 61 66.8 -3.7 6 3.8 109.4 89.4 86.9 69.6 72.9 68.1 70.3 

1962 3 3508 10:15 77 79.7 63 68.2 -2.7 14 11.5 107.8 87.8 90.4 73.4 72.6 66.8 70.8 

4018 4 3496 13:00 77 74.7 55 67.2 2.3 22 7.5 109.9 89.9 89.2 75.8 72.3 67.9 70.1 

1908 5 1904 10:30 74 75.4 61 67.4 -1.4 13 8.0 107.3 87.3 88.1 73.7 72.8 67.1 70.9 

3582 6 1438 11:00 58 58.5 52 54.7 -0.5 6 3.9 107.0 87.0 87.1 74.4 73.0 68.1 71.2 

284 7 282 11:15 77 80.9 67 70.6 -3.9 10 10.3 106.3 86.3 87.2 73.8 73.6 67.9 71.1 

4040 8 4000 11:45 66 69.2 56 59.3 -3.2 10 9.9 108.7 88.7 87.4 74.1 74.1 67.4 71.2 

1534 9 458 12:45 76 77.7 54 72.2 -1.7 22 5.6 110.5 90.5 87.6 75.2 74.7 62.5 69.4 

488 10 486 12:30 64 68.5 59 63.6 -4.1 5 4.9 109.4 89.4 87.7 77.0 75.3 66.1 68.3 

540 11 542 12:00 59 63.0 55 58.5 -4.0 4 4.5 108.0 88.0 87.5 75.9 75.9 66.2 69.1 

 

The system calibrated fairly well.  All initial pressures are within 4 psi.  There are two areas that do not see the pressure drop as shown in 

the field, this is probably due some closed pipes in the areas.  Test number 4 is located at 5th Avenue NW and 21st St. NW.  The other 

pressure test that does not show the same pressure drop as in the field is test 9, this is located at 9th Avenue SW and 4th Street SW.  Both 

of these tests are located near zone boundaries and there are several closed pipes in the area.  The initial pressures calibrate, but the model 

is not seeing the pressure drop due to the test.  Additional closed pipes should be field verified in these two areas.   
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Dynamic Calibration 

Dynamic calibration consists of comparing actual tank levels, system pressures, booster 

pump flows, and well flows with corresponding model levels, pressures, and flows over a 

24-hour period. All available recorded data for the tanks, booster pump stations, and 

wells were compiled for August 21, 2013. The demands in the model were adjusted to 

match the actual demands for that day. The model was then run for 24 hours and was 

adjusted to better match the field data. The primary model adjustments included the 

following: 

 

 Pipe diameters, closed pipes, and connectivity problems were corrected at various 

locations 

 Pump controls were adjusted 

 1 MG reservoir pumps operates on time rather than pressure.  The SCADA 

showed the pumps ran between 6:30 and 15:30.  The pump was throttled back 

with a setting of 0.9. 

 The Southwest booster pump station flow control was set at 1,200 gpm.   

 The South Hill Reservoir fill line has a flow control valve set at 1,500 gpm. It is 

closed at 7 am and opened at 10 p.m.   

 Flow restriction put on fill line to 1 MG tank so it doesn’t fill too fast. 

 The Old East Side Tank automatic controls were disabled, and manual controls 

were set for both the supply line and the discharge pumps.   

 During the calibration, the Railway Booster Pump Station and New 72nd St Tank 

were offline. 

 The automatic controls for the NAWS feed into the North Hill Reservoir were 

disabled, and a manual flow pattern was created based on the SCADA data. 

 It should be noted that the NAWS patterns and MAFB patterns are very different 

from day to day.  The patterns used were those for August 21, 2013. 

The tank graphs for each tank are shown below. 
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SUMMARY 
MWH was successful in developing an accurate model of the City of Minot’s water 

distribution system. The model is hydraulically well calibrated, and can be used for 

analysis of the system. The results of the analysis can be compared to the standards 

summarized in Technical Memorandum #4.  In this way, system deficiencies can be 

identified and improvements can be developed to fix the deficiencies. 






























































