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Acronym List

ac-ft-- acre feet

ASR — aquifer storage and recovery

bgals -- billion gallons

CDSS.--.Colorado Decision Support Systems

cfs -- cubic feet per second

Corps — U.S. Army Corps of Engineers

CRWUD -- Cass Rural Water Users District

CWA -- Clean Water Act

DEB -- Doug Emerson basin also DEBs Doug
Emerson basins

DEIS -- Draft Environmental Impact Statement

DWRA — Dakota Water Resources Act

EIS -- Environmental Impact Statement

EPA — U.S. Environmental Protection Agency

ESA -- Endangered Species Act

gals/yr — gallons per year

Garrison Diversion — Garrison Diversion
Conservancy District

GDU -- Garrison Diversion Unit

GFTWD -- Grand Forks-Traill Water District

GIS -- Geographical Information Systems

gpc/d — gallons per capita per day

gpm -- gallons per minute

IDC — interest during construction

IFIM — Instream Flow Incremental Methodology

mg/L -- milligrams per liter

Mgals -- million gallons

mgd -- million gallons per day

MNDNR — Minnesota Department of Natural
Resources

MNGS -- Minnesota Geological Survey

MODNR -- Missouri Department of Natural
Resources

MOU -- memorandum of understanding

MPCA — Minnesota Pollution Control Agency

MR&I — municipal, rural, and industrial

NDHD -- North Dakota Health Department

NDSU — North Dakota State University

NDSWC -- North Dakota State Water
Commission

Needs and Options Report — Report on Red
River Valley Water Needs and Options

NEPA -- National Environmental Policy Act

NPDWR — National Primary Drinking Water
Regulations

NSDWR -- National Secondary Drinking Water
Regulations

OM&R -- operation, maintenance, and
replacement

PHABSIM -- Physical Habitat Simulation
System

Phase IA report — Reclamation 1998 study

Phase IB report — Reclamation 1999 study

Phase Il report — Reclamation 2000 study

Project — Red River Valley Water Supply
Project

PSW -- principal supply works

Q90 -- MPCA's 90% exceedance flow
guideline

Reclamation — Bureau of Reclamation

Red River — Red River of the North

Red River Basin — Red River of the North
Basin

RSRWUD -- Ransom-Sargent Rural Water
Users District

RWS — rural water system

SCADA - supervisory control and data
acquisition

SCPP -- Snake Creek Pumping Plant

SDWA -- Safe Drinking Water Act

Sheyenne National Grasslands see the
Grasslands

SWD — Southeast Water District

TCWD - Tri-County Water District

TDS -- total dissolved solids

the Grasslands -- Sheyenne National
Grasslands

TRWD -- Traill Rural Water District

USGS -- United States Geological Survey

WC — water conservation

WCPA -- water conservation potential
assessment

WTP -- water treatment plant

WU -- water users

WUA-- water user(s) association
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Appendix A — Needs Assessment

Introduction

This Needs Appendix contains information and analysis used in the development of chapter two,
Needs Assessment. The appendix provides detailed information on the methods and analysis
that could not reasonably be included in the chapter text. A description of the materials
included on the data CD (compact disc) reference materials used in the analyses are also
provided in this appendix.

Needs Assessment Materials Included on the Data CD

Prior to release of the Needs and Options Report, a number of technical reports were published
in support of the analysis conducted. These were produced by Reclamation and other outside
entities. A list of the reports and the source of the report is listed in table 1. Each report is
provided in PDF format on the enclosed CD.

Table 1 — Tabulation of Needs and Options Supporting Reports.

Report Title Source of Report

Report on Red River Valley Water Supply Project Needs and Options, Aquatic Bureau of Reclamation
Needs Assessment, Instream Flows for Aquatic Life and Riparian Maintenance,
Final Report 2003

Report on Red River Valley Water Supply Project Needs and Options, Current Bureau of Reclamation
and Future Population of the Red River Valley Region 2000 through 2050, Final
Report 2003/Revised 2005

Report on Red River Valley Water Supply Project Needs and Options, Recreation | Bureau of Reclamation
Needs Assessment, Final Report 2003

Report on Red River Valley Water Supply Project Needs and Options, Water Bureau of Reclamation
Quality Needs, Regulatory Overview of the Safe Drinking Water Act, Final Report

2003

Report on Red River Valley Water Needs and Options, Assessment of Bureau of Reclamation

Commercial Needs, Future Business and Industrial Activity in the Red River
Valley, Final Report 2004

Report on Red River Valley Water Needs and Options, Water Conservation Bureau of Reclamation
Potential Assessment, Final Report 2004

Report on Red River Valley Water Needs and Options, Water System Bureau of Reclamation
Assessment Executive Summary, Final Report 2004

Report on Red River Valley Water Needs and Options, Industrial Needs Bureau of Reclamation
Assessment: Future Red River Valley Commercial Water Demands, Final Report

2004

Red River Valley Industrial Water Needs Assessment, 2004 North Dakota State University,

Department of Agribusiness and
Applied Economics, Fargo, North
Dakota.

Population Projections for Red River Valley Counties and Municipalities, 2000 Northwest Economic Associates
through 2050, 2003
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Information presented in tables throughout the needs assessment
was originally created in Microsoft Excel as spreadsheets.

Original spreadsheets are provided to document the process of
estimating water demands. The data CD contains a majority of the
tables included in chapter two along with files containing
information used to create data for these tables.

Table 2 lists the tables included in chapter two and identifies
whether they were originally developed in Microsoft Excel or
whether they were developed strictly for the report in Microsoft
Word. All data that involved computations are provided in the

Appendix A

The per capita water
demand (gpc/d),
annual average and
maximum water
demands (ac-ft) and
peak day water
demand (cfs or ac-ft)
estimates were
generated in the water
system water demand
computation
spreadsheets included
in this appendix.

original Excel format on the CD. There may be slight differences
between the Word and Excel tables, relating to format, but all table values are the same. A
limited number of figures were developed to display tabular data in the needs assessment and
these figures are listed in table 3.

Section 2.1 of the Needs and Options Report provides background information on current water
systems in the Red River Valley service area. The section summarizes the following: 1) types
and number of water systems presently in the valley; 2) outlines assumptions used to identify
which of these water systems would have their own water treatment capability in the future; and
3) identifies the water systems focused on in the analysis. From the report text, only table 2.1.2
and figure 2.1.1 are included in this appendix and on the CD. The remaining tables of the
section are not included because they did not include data calculations.

Section 2.2, Water Demand Calculation Methods, contains a number of tables and figures which
demonstrate how the needs assessment analysis was conducted. The example using Fargo’s
historic water use and demand projections were developed in Excel and are included in this
appendix and CD, along with the other water systems that were individually analyzed. The
example of Fargo’s peak day analysis was also developed in Excel in addition to the analysis of
each individual water system. This information is included in this appendix and CD.

Section 2.3 of the Needs and Option Report summarizes population projections for
municipalities and counties in the Red River Valley through 2050. Population projections are
summarized from the Report on Red River Valley Water Supply Project Needs and Options,
Current and Future Population of the Red River Valley Region 2000 through 2050 (Reclamation
2003b). Municipality population projections provided by the water systems in the Red River
Valley were also used in the analysis. These population projections were provided to
Reclamation in a July 18, 2003, letter from Advanced Engineering and Environmental Services,
Inc. (see Attachment 1). Tables in Section 2.3 were developed in Excel using data from the
Reclamation and water user projections. This supporting data is summarized in Attachment 2.
The population projections for rural water systems are included in section 2.6. Summarized
population projection data from the above sources are on the CD.

Section 2.4, Per Capita Water Demands, contains the annual average, maximum year, maximum
month and peak day per capita water demand estimates for major water systems in the study
area. All of tables in section 2.4 were originally developed in Excel. Historic water demand data
presented in the tables were taken from individual water system spreadsheets, which are included
in the appendix and CD.

A-2
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Section 2.5, Water Conservation, includes information summarized from the Report on Red
River Valley Water Supply Project Needs and Options, Water Conservation Potential Assessment
Final Report (Reclamation 2004b). Specific tables included in the report text are not included in
this appendix or on the CD; however, the analysis documented in the water conservation report
was developed in Excel and is included on the CD.

Sections 2.6, 2.7, 2.8 and 2.9 present the future water demand analysis for municipalities, rural
water systems, industries, and consumptive recreational activities, respectively. The analysis
was conducted using tabular information developed in previous analysis. The majority of tables
included in sections 2.6 - 2.9 were originally developed in Excel. The tables on municipal
population were only developed in Word for clarification purposes. An Excel spreadsheet
calculating future rural water system populations is included in the appendix and the CD. The
majority of the tables in sections 2.6 - 2.9 are included in this appendix and on the CD.

Section 2.10, Other Red River Valley Water Needs, covers non-water demand needs including
water quality, aquatic environment, and non-water consumptive recreation. No tables from this
section are included in the appendix or CD. However, the original reports documenting the
analysis completed are included on the CD.

Section 2.11 presents a summary of the analysis and results of the needs assessment. Most tables

included in this section were developed in Excel and are included in this appendix and on the
CD.

Table 2 — Needs Assessment Tables.

Table Name File Name on CD T_ab REME Description
in Excel
2.1.1 — Red River Valley MR&I Summarizes how many of each
Systems. Not Included N/A type of water system is in the
study area.
2.1.2 — Municipalities Lists municipal water systems
Maintaining Water Treatment Not Included N/A that will continue to have their
Facilities through 2050. own WTP capability through
2050.

2.1.3 — Breakdown of
Municipalities Served by Rural

Identifies how many water

Chapter 2 Section 2.1 Table 2.1.2 | systems will have WTPs by

Water Systems. Graphics 2050.
2.1.4 — Water Systems Included in Table lists all municipal and
Water Demand Analysis. rural water systems which are
Not Included N/A individually evaluated in the
Needs Assessment.
2.2.1 - Fargo Historic Monthly Fargo Demand Demand
Raw Water Diversions. Calculations (max month) Analysis
3-1-05
2.2.2 — Fargo Historic Metered Fargo Demand Demand
Water Usage (without system Calculations (max month) Analysis
losses). 3-1-05
2.2.3 — Fargo Historic Monthly Fargo Demand Demand
Metered Water Use Without Calculations (max month) Analysis
System Losses. 3-1-05
2.2.4 — Fargo Historic Summer Fargo Demand
and Winter Monthly Per Capita Calculations (max month) Demand
Water Use Data without System Analysis

3-1-05

Losses.
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Tab Name

Table Name File Name on CD in Excel Description
2.2.5 — Water Conservation Table 2.2.5 not included Table 2.2.5 data from Table 14
Potential Assessment Results. on CD, but table was S in WCPA Final Report.
. ummary
developed from data in Sheet
Final WCPA
Computation Sheets.xls
2.2.6 — Fargo Water Demand Fargo Demand Demand
Estimates. Calculations (max month) Analvsis
3-1-05 Y
2.2.7 - Ranked Naturalized Flow data was originally
Annual Flows at Emerson, Nat vs Hist Flow at Table 2.2.7 generated from the StateMod
Manitoba — 1931 — 2001 Emerson 3-1-05 - surface water hydrologic
model.
2.2.8 — Fargo Average and Average & | Information for Fargo
Maximum Monthly Water Needs Appendix Max originated from this
Demands (ac-ft). RRVWSP MR&lI Monthly spreadsheet.
Demand Req 1-24-05 Water
Demand
2.2.9 — Fargo Historic Peak Daily Fargo Demand Demand
Water Use. Calculations (max month) -
Analysis
3-1-05
2.2.10 — Estimated Peak Daily Fargo Demand Demand
Water Demand with WC and Calculations (max month) -
Analysis
Losses. 3-1-05
2.2.11 — Water Demand and Peak Day Analysis
. X . Fargo Scen
Storage Analysis — City of Fargo Municipal and Rural 1
— Scenario One. Water Systems 1-20-05
2.3.1 - County Population Table 2.3.1 is not Original tabular population
Projections. included, but the table data came from Reclamation
was developed from data County and Northwest Economics
in RRV Population Associates reports.
Projections.xls
2.3.2 — Municipal Population Table 2.3.2 is not Original tabular population
Projections. included, but the table data came from Reclamation
was developed from data City and Northwest Economics
in RRV Population Associates reports.
Projections.xls
2.3.3 - Service Area Population
Projections Used in Analysis Not Included N/A
2.4.1 — Water Demands for North Most data shown in the table
Dakota Cities with Water Needs Appendix were taken from the water
Treatment Plants through 2050 Pp Demand system maximum month
RRVWSP MR&l .
(gpc/d). Summary | demand calculation Excel
Demand Req 1-24-05 . .
spreadsheets included in the
appendix and on the CD.
2.4.2 — Water Demands for Most data shown in the table
Minnesota Cities with Water Needs Appendix were taken from the water
Treatment Plants through 2050 PP Demand system maximum month
RRVWSP MR&I .
(gpc/d). Summary | demand calculation Excel
Demand Req 1-24-05 . :
spreadsheets include in the
appendix and on the CD.
2.4.3 — Water Demands for North Most data shown in the table
Dakota Cities Served by Rural Needs Appendix were taken from the water
Water Systems (gpc/d). Pp Demand system maximum month
RRVWSP MR&l .
Summary demand calculation Excel

Demand Req 1-24-05

spreadsheets include in the
appendix and on the CD.




Final Needs and Options Report Appendix A
Table Name File Name on CD T_ab NETE Description
in Excel
2.4.4 — Water Demands for North Most data shown in the table
Dakota Rural Water Systems . were taken from the water
Needs Appendix .
(gpc/d). Demand system maximum month
RRVWSP MR&I .
Summary | demand calculation Excel
Demand Req 1-24-05 . :
spreadsheets include in the
appendix and on the CD.
2.4.5 — Prorated Annual
Maximum Month and Peak Daily Needs Appendix Demand
Water Demands of Rural Water RRVWSP MR&l Summar
Systems including Cities to be Demand Req 1-24-05 y
Served in the Future.
2.5.1 — Specific Water Same as Table 6 in Water
Conservation Measures Evaluated Not Included N/A Conservation Potential
in WCPA. Assessment (WCPA) report.
2.5.2 - WCPA Summary Results. | Table 2.5.2 is not Data from Table 14 in WCPA
included, but the table S Final Report.
ummary
was developed from data Sheet
in Final WCPA
Computation Sheets.xls
2.5.3 — Summer and Winter Water | Table 2.5.3 is not Data from Table 14 in WCPA
Savings. included, but table was Final Report.
- Summary
developed from data in Sheet
Final WCPA
Computation Sheets.xls
2.6.1 — Municipal Current and Needs Appendix Municioal
Future Populations. RRVWSP MR&I ol fis
Demand Req 1-24-05 Y
2.6.2 — Municipal Annual Needs Appendix Municipal
Maximum Month and Peak Daily RRVWSP MR&I Anal s?is
Water Demand. Demand Req 1-24-05 y
2.6.3 — Annual Maximum Month Needs Appendix Municipal
Municipal Water Demand RRVWSP MR&lI Monthly
Scenario One Projections (ac-ft). Demand Req 1-24-05 Demands
2.6.4 — Annual Maximum Month Needs Appendix Municipal
Municipal Water Demand RRVWSP MR&lI Monthly
Scenario Two Projections (ac-ft). Demand Req 1-24-05 Demands
2.6.5 — Municipal Water Needs Appendix Scenl1 &2
Demands Scenario One. RRVWSP MR&lI Summary
Demand Req 1-24-05 Tables
2.6.6— Municipal Water Demands Needs Appendix Scenl1 &2
Scenario Two. RRVWSP MR&l Summary
Demand Req 1-24-05 Tables
2.6.7 — Fargo 31-Day Max. . 31 Day Max
Month and Peak Day Water Needs Appendix Month
. RRVWSP MR&l .
Demand Scenario One. Scenario
Demand Req 1-24-05 One
2.6.8 — Fargo 31-Day Max. . 31 Day Max
Month and Peak Day Water Needs Appendix Month
. RRVWSP MR&l .
Demand Scenario Two. Scenario
Demand Req 1-24-05 Two
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Table Name File Name on CD T_ab NETE Description
in Excel
2.7.1 — Rural Water System Table 2.7.1 is not Spreadsheet estimates the 2000
Current and Future Population included but data and 2050 rural water system
Projections. presented in table comes Summary populations based on
from Rural Water Sheet Reclamation county population
Population Estimates 2- projections. Analysis assumed
04-04.xls that 100% of county residents
will be served by RWS.
2.7.2 — Cities Served by Rural Not Included N/A
Water Systems.
2.7.3 — Rural Water System Water Needs Appendix RWS
Demands. RRVWSP MR&l Analvsis
Demand Req 1-24-05 Y
2.7.4 — Rural Water System Water Needs Appendix Scenl &2
Demands Scenario One. RRVWSP MR&lI Summary
Demand Req 1-24-05 Tables
2.7.5 — Rural Water System Water Needs Appendix Scenl &2
Demands Scenario Two. RRVWSP MR&lI Summary
Demand Req 1-24-05 Tables
2.7.6 — Annual Maximum Month .
Needs Appendix RWS
Rural Water _Sys_tem Water _ RRVWSIgpMR 2l Monthly
Demand Projections Scenario One
(ac-f). Demand Req 1-24-05 Demands
2.7.7 — Annual Maximum Month .
Needs Appendix RWS
Rural Water _Sys_tem Water _ RRVWSIgpMR&I Monthly
Demand Projections Scenario Demand Req 1-24-05 Demands
Two (ac-ft).
2.8.1 — Historic Industrial Water Industrial Demand Tables General
Use. 12-10-04
2.8.2 — Future Annual Red River Water demand data comes
Valley Commercial Water Reclamation Industrial Tables 2.8.2 | from the Reclamation Future
Demand (ac-ft). Water Demand Estimate & 283 Red River Valley Commercial
Water Demands report.
2.8.3 — Location of Annual Water demand data comes
Industrial Water Demands (non Reclamation Industrial Tables 2.8.2 | from the Reclamation Future
agri-processing). Water Demand Estimate & 283 Red River Valley Commercial
Water Demands report.
2.8.4 — North Dakota 2050 Water demand data
Projected Industrial Water Industrial Demand Tables General summarized from NDSU
Demand. 12-10-04 Industrial Needs Assessment
report.
2.8.5 — Allocation of North Water demand data
Dakota 2050 Projected Industrial Industrial Demand Tables General summarized from NDSU
Water Demands. 12-10-04 Industrial Needs Assessment
report.
2.8.6 — Redistribution of NDSU Industrial Demand Tables General
Industrial Water Demands. 12-10-04
2.8.7 — Monthly and Peak Day .
Future Industry Water Demands Industrial Demand Tables General
. 12-10-04
Scenario One.
2.8.8 — Monthly and Peak Day .
Future Industry Water Demands Industrlallsz mand Tables General
. -10-04
Scenario Two.
2.8.9 — Summary of Future Needs Appendix Scenl&?2
Industrial Water Demands RRVWSP MR&lI Summary
Scenario One. Demand Req 1-24-05 Tables
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Table Name File Name on CD T_ab NETE Description
in Excel
2.8.10 — Summary of Future Needs Appendix Scenl &2
Industrial Water Demands RRVWSP MR&I Summary
Scenario Two. Demand Req 1-24-05 Tables
2.9.1 - Golf Courses Annual
Water Demands Projected va\gn%?g 9C cznér%ess Tabl;ssl 2
through 2050.
2.9.2 — Annual Maximum
Monthly Golf Course Water lIQrI:/\e/ni)?l; 9C glér%%s Tablgssl 2
Demand Projections (ac-ft).
2.9.3 — Water Demand for Golf RRV Golf Courses Tables1, 2
Courses. Inventory 9-25-03 &3
2.10.1 - MR&I Water System See Water System Assessment
Data Summary Results. Executive Summary Final
Not Included NIA Report (Reclamation 2004c)
for more information.

2.10.2 — Community-based Flow
Regime for Sheyenne River and Not Included N/A
Red River Reference Sites.
2.10.3 — Estimated Bankfull and
Floodflow Flows for Sheyenne
River and Red River Refgrence Not Included N/A
Sites.
2.10.4 — USGS Recommended Summarizes recommended
Streamflow for Canoeing in the Not Included N/A flows for canoeing on the
Sheyenne River Sheyenne River.
2.11.1 — Summary of Water Needs Appendix Scenl &2
Demands Estimates Scenario RRVWSP MR&lI Summary
One. Demand Req 1-24-05 Tables
2.11.2 — Summary Water Demand Needs Appendix Scenl &2
Estimates Scenario Two. RRVWSP MR&l Summary

Demand Req 1-24-05 Tables
2.11.3 — Summary of 2050 Water Needs Appendix Scenl &2
Demands Scenario One. RRVWSP MR&lI Summary

Demand Req 1-24-05 Tables
2.11.4 — Summary of 2050 Water Needs Appendix Scenl &2
Demands Scenario Two. RRVWSP MR&lI Summary

Demand Req 1-24-05 Tables
2.11.5 — Monthly Distribution of Needs Appendix Scenario 1
2050 Maximum Year Water RRVWSP MR&lI Monthly
Demands (ac-ft) Scenario One. Demand Req 1-24-05 Demands
2.11.6 — Monthly Distribution of Needs Appendix Scenario 2
2050 Maximum Year Water RRVWSP MR&lI Monthly
Demands (ac-ft) Scenario Two. Demand Req 1-24-05 Demands
2.11.7 — Comparison of Current Needs Appendix Summar
(2005) with Future (2050) Water RRVWSP MR&l Chartsy

Demands.

Demand Req 1-24-05
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Table 3 — Needs Assessment Figures.
Figure Name File Name on CD Tab el Description
in Excel
2.1.1 — Independent Municipalities . Displays data presented in Table
vs. Municipalities served by Rural Chapteé 2 Septmn 2.1 Table 2.1.2 | 2.1.2.
raphics
Water Systems
2.2.1 - Fargo Historic Per Capita Fargo Demand Displays data presented in Table
Water Use Calculations (max Figure2.4.1 | 2.2.1and 2.2.2.
month) 3-1-05
2.2.2 - Fargo Summer and Winter Fargo Demand Displays data presented in Table
Historic Per Capita Water Use Calculations (max Figure2.4.2 | 24.4.
(without water losses) month) 3-1-05
2.2.3 - Estimation of Fargo’s
Annual Average Water Demand
Including Water Conservation and Not Included N/A
Water Loss.
2.2.4 - Maximum Month Water Peak Day Analysis Displays data presented in Table
Demand Curve — Fargo under Municipal and Rural Fargo Scen | 2.2.13.
Scenario One Water Systems 1-20- 1
05
2.2.5 — Storage Simulation — Fargo Peak Day Analysis Displays data presented in Table
under Scenario One Municipal and Rural Fargo Scen | 2.2.13.
Water Systems 1-20- 1
05
2.11.1 — Comparison of Average Needs Appendix Summary Displays data from Tables 2.11.1
Annual Water Demand between RRVWSP MR&I Charts &2.11.2.
Scenario One and Scenario Two. Demand Req 1-24-05
2.11.2 — Comparison of Maximum Needs Appendix Summary Displays data from Tables 2.11.1
Annual Water Demand between RRVWSP MR&I Charts & 2.11.2.
Scenario One and Scenario Two. Demand Req 1-24-05
2.11.3 — Comparison of Peak Day Needs Appendix Summar Displays data from Tables 2.11.1
Water Demand between RRVWSP MR&I Chartsy &2.11.2.

Scenario One and Scenario Two.

Demand Req 1-24-05
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A.l - Rural Water System Population Estimates

Rural water system population projections are required to estimate future water demands.
Population projections were estimated for the Red River Valley on a county and municipality
basis (see Table 1 for list of reports), but developing actual rural water system populations
requires a combination of both municipal and county population projections. Rural water
systems provided their population projections.

Table A.1.1 shows how 2000 and 2050 population projections for Cass County were used to
estimate rural water system potential populations. The 2000 population census for Cass County
was 123,138 while Reclamation projected a 2050 population of 254,800. Removing the cities
with their own water treatment facilities reduces the remaining population to 15,130 (2000) and
12,670 (2050) which is the estimated rural service population of Cass County. This method was
applied to every county in the Red River Valley of North Dakota.

The geographic area of each rural water system was also evaluated to determine what share of
each county was covered by which rural water system. A certain amount of judgment was
required in this analysis because populations are not distributed evenly throughout a county.
Table A.1.2 (Table 2.7.1 in the Needs and Options Report) shows the percentage of each rural
water system service area resides in each county. For example, the geographic service area of
Agassiz Water Users District includes approximately 35% of Grand Forks County and 20% of
Walsh County. Therefore, in estimating the service population for Agassiz Water Users District,
35% of Grand Forks county rural population and 20% of Walsh county rural population were
included.

The population of a rural water system can also be adjusted to account for communities in their
service area that would be served in the future. Reclamation assumed 10 communities would be
served by a rural water system. These communities include Cooperstown, Hankinson, Harwood,
Hillsboro, Horace, Lidgerwood, Mayville, Minto, Pembina, and Wyndmere.

Table A.1.3 presents the results of the rural water system population estimates. Populations were
estimated based on 2000 county census data as well as Reclamation’s 2050 county and city
population projections. The last column provides the population projections provided by the
rural water systems. Reclamation estimated 88,140 rural residents in the 12 rural water system
service areas based on 2000 population levels. Reclamation estimated the population would be
reduced to 62,281 by 2050. The decline is due to the reduced population estimated in a majority
of the counties served by the 12 rural water systems. The total future population (2050) estimate
provided by the rural water systems is 79,578.

Reclamation used two different water demand scenarios for evaluating future water demands and
available water sources in the Needs and Options Report. Reclamation’s population projection
of 62,281 is used in water demand Scenario One and the water users’ population projection of
79,578 is used in water demand Scenario Two.
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In an August 14, 2003 memorandum from Houston Engineering to the Garrison Diversion
Conservancy District (Attachment 3) regarding unserved rural residents, it was recommended
that 95% of a county’s population be used to estimate the service population of a rural water
system. In developing the population estimates used in the analysis, Reclamation assumed 100%
of the rural population would eventually be served by a rural water system because it represented
a more conservative approach in evaluating future water supplies. This decision had little
influence on the results of the analysis because all of but two of the rural water systems
evaluated were determined to have adequate water supplies through 2050.

Table A.1.1 — Example of County Rural Water System Population Estimate — Cass County.

Population Projection Year
2000 2050
County Population 123,138 254,800
Major Cities in the County
Harwood 607 1,120
Horace 915 1,950
Fargo 90,599 204,300
West Fargo 14,940 33,900
Enderlin 947 860
Total Rural Population 15,130 12,670

Table A.1.2 - Rural Water System Current and Future Population Projections.

Reclamation Reclamation Rural System
Counties and Cities included in Estimated 2050 2050
Rural Water System Service Area and Percentage of Potential = . Population
; opulation Co
Rural Population 2000 o Projection
. Projection
Population
Agassiz Water Users Grand Forks (35%), Walsh (20%) 4,132 5,355 5,300
District
Barnes Rural Water Barnes (70%), Griggs(10%), LaMoure 5433 2,266 4,897
District (20%), Ransom (5%)
Cass Rural Water Users | Barnes (10%), Cass (99%), Richland 18,050 16,244 21,048
District (10%), Ransom (10%)
Dakota Rural Water Barnes (10%), Cass (1%), Griggs
District (90%), Nelson (25%), Steele (65%) 6,116 3,421 2,600
Grand Forks-Traill Water | Grand Forks (60%), Steele (15%),
District . 9,711 12,176 15,000
Traill (45%)
Langdon Rural Water Cavilier (90%), Towner (50%), 4,673 1,568 2,900

District

Ramsey (15%)’ Walsh (5%)

A-11
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Reclamation Reclamation Rural System
Counties and Cities included in Estimated 2050 2050
Rural Water System Service Area and Percentage of Potential . Population
; Population Co
Rural Population 2000 Proiecti Projection
. rojection
Population
North Valley Water Pembina (100%), Cavalier (10%) 9,091 5,101 8,900
District
Ransom-Sargent Water Barnes (10%), Dickey (10%),
Users District LaMoure (10%), Ransom (85%), 4,727 1,036 2,673
Sargent (30%)
Southeast Water District | Richland (90%), Sargent (70%) 11,425 7,273 7,500
Traill Rural Water District | Steele (20%), Traill (55%) 6,476 4,527 2,800
Tri-County Water District | Grand Forks (5%), Nelson (75%), 3.674 2185 2800
Ramsey (10%), Walsh (5%) ' ’ ’
Walsh Rural Water Walsh (70%) 4,634 1,129 3,160
District
88,140 62,281 79,578

Totals
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Table A.1.3 - North Dakota Red River Valley Rural Water System Population Estimates.

Assumed Present (2000) Rural Signup % = 100%

Assumed Future (2050) Rural Signup %=  100%
Percent of Rural chjp;:al Signu Estimated Rural P?.\fjp;:al ST Estimated Water User
Rural Water County . gnup Rural Service County . gnup Rural Service Population
S Rural ; Service Percentage . : Service Percentage . L
ystem Population Population Population (2000) Population Population Population (2050) Population Projections
(2000) (2000) (2000) (2050) (2050) (2050) (2050)
Agassiz Water
Users District
Grand Forks 35% 8,558 2,995 100% 2,995 14,918 5,221 100% 5,221
County
Walsh County 20% 5,681 1,136 100% 1,136 670 134 100% 134
Total = 4,131 5,355 5,300
Barnes Rural
Water District
Barnes County 70% 4,949 3,464 100% 3,464 1,360 952 100% 952
Griggs County 10% 1,701 170 100% 170 560 56 100% 56
LaMoure County 20% 4,701 940 100% 940 2,694 539 100% 539
Ransom County 5% 3,463 173 100% 173 670 34 100% 34
Additional Systems
Ransom Sargent 685 685
Water Users
Total = 5,432 2,266 4,897
Cass Rural Water
Users District
Barnes County 10% 4,949 495 100% 495 1,360 136 100% 136
Cass County 99% 15,130 14,979 100% | 14,979 12,670 12,543 100% | 12,543
Richland County 10% 7,083 708 100% 708 4,280 428 100% 428
Ransom County 10% 3,463 346 100% 346 670 67 100% 67
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Potential ; Potential .
e Waier | POl | couny | S| Saue | pulSarvice | ounty | | S90P |l Sarvice | popuadon
ystem Population Population Population (2000) Population Population Population (2050) Population Projections
(2000) (2000) (2000) (2050) (2050) (2050) (2050)
Additional Cities
Harwood 607 1,120
Horace 915 1,950
Total = 18,050 16,244 21,048
Dakota Rural
Water District
Barnes County 10% 4,949 495 100% 495 1,360 136 100% 136
Cass County 1% 15,130 151 100% 151 12,670 127 100% 127
Griggs County 90% 1,701 1,531 100% | 1,531 560 504 100% 504
Nelson County 25% 2,262 566 100% 566 528 132 100% 132
Steele County 65% 1,743 1,133 100% | 1,133 830 540 100% 540
Additional Cities
Cooperstown 1,053 840
Finley 515 470
McVille 470 470
Tolna 202 202
Total = 6,116 3,421 2,600
Grand Forks-Traill
Water District
Grand Forks 60% 8,558 5,135 100% | 5,135 14,918 8,951 100% | 8,951
County
Steele County 15% 1,743 261 100% 261 830 125 100% 125
Traill County 45% 3,650 1,643 100% | 1,643 310 140 100% 140
Additional Cities
Hatton 707 600
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Potential . Potential .
Rural . Estimated Rural . Estimated Water User
Rural Water PRrcel o County Rurgl Sy Rural Service County Rur_al sl Rural Service Population
S Rural : Service Percentage a : Service Percentage . S
ystem Population Population Population (2000) Population Population Population (2050) Population Projections
(2000) (2000) (2000) (2050) (2050) (2050) (2050)
Northwood 959 730
Thompson 1,006 1,630
Total = 9,711 12,176 15,000
Langdon Rural
Water District
Cavalier County 90% 2,471 2,224 100% 2,224 110 99 100% 99
Towner County 50% 2,876 1,438 100% 1,438 1,641 821 100% 821
Ramsey County 15% 4,844 727 100% 727 4,095 614 100% 614
Walsh County 5% 5,681 284 100% 284 670 34 100% 34
Total = 4,673 1,568 2,900
North Valley Water
District
Pembina County 100% 7,943 7,943 100% 7,943 4,260 4,260 100% 4,260
Cavalier County 10% 2,471 247 100% 247 110 11 100% 11
Additional Cities
Milton 85 60
Osnabrock 174 130
Pembina 642 640
Total = 9,091 5,101 8,900
Ransom-Sargent
Water Users
District
Barnes County 10% 4,949 495 100% 495 1,360 136 100% 136
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Potential - Potential .
e Waier | POl | couny | S| Saue | pulSarvice | ounty | | S90P |l Sarvice | popuadon
ystem Population Population Population (2000) Population Population Population (2050) Population Projections
(2000) (2000) (2000) (2050) (2050) (2050) (2050)
Dickey County 10% 5,757 576 100% 576 4,572 457 100% 457
Lamoure County 10% 4,701 470 100% 470 2,694 269 100% 269
Ransom County 85% 3,463 2,944 100% 2,944 670 570 100% 570
Sargent County 30% 2,212 664 100% 664 70 21 100% 21
Additional Cities
Forman 506 510
RSWU Service by -927 -927
others
Total = 4,728 1,036 2,673
Southeast Water
District
Richland County 90% 7,083 6,375 100% | 6,375 4,280 3,852 100% | 3,852
Sargent County 70% 2,212 1,548 100% 1,548 70 49 100% 49
Additional Cities
Hankinson 1,058 1,170
Lidgerwood 738 680
Milnor 711 600
Ransom Sargent 242 242
Water Users
Rutland 220 150
Wyndmere 533 530
Total = 11,425 7,273 7,500
Tr_aiII_ Rural Water
District
Steele County 20% 1,743 349 100% 349 830 166 100% 166
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Potential ; Potential .
e Waier | POl | couny | S| Saue | pulSarvice | ounty | | S90P |l Sarvice | popuadon
ystem Population Population Population (2000) Population Population Population (2050) Population Projections
(2000) (2000) (2000) (2050) (2050) (2050) (2050)
Traill County 55% 3,650 2,008 100% 2,008 310 171 100% 171
Additional Cities
Hillsboro 1,563 1,930
Mayville 1,953 1,660
Portland 604 600
Total = 6,476 4,527 2,800
Tri-County Water
District
Grand Forks 5% 8,558 428 100% 428 14,918 746 100% 746
County
Nelson County 75% 2,262 1,697 100% | 1,697 528 396 100% 396
Ramsey County 10% 4,844 484 100% 484 4,095 409 100% 409
Walsh County 5% 5,681 284 100% 284 670 34 100% 34
Additional Cities
Lakota 781 600
Total = 3,674 2,185 2,800
VV_aIs_h Rural Water
District
Walsh County 70% 5,681 3,977 100% | 3,977 670 469 100% 469
Additional Cities
Minto 657 660
Totals = 4,634 1,129 3,160
;(C))tpaLIJII;X\éSn _ 88,140 62,281 79,578
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A.2 - Water Demand Computation Sheets

Section 2.2, Water Demand Calculation Methods, provides a description of how water demands
were estimated in the Needs and Options Report. Excel spreadsheets included in this appendix
are the basis for the water demand analyses conducted (see Attachment 4). Table A.2.1 lists the
water systems for which water demand analysis was conducted and the corresponding Excel
spreadsheet filename for each water system as included on the enclosed CD. Section 2.3 of the
Needs and Options Report describes how these water systems were selected for evaluation. Data

used in the analysis of the water demands for the municipal and rural water systems is included

in Attachment 4.

Table A.2.1 — List of Water System Water Demand Computation Sheets.

Water System

Excel Computation Spreadsheet Filename

Agassiz Water Users District

Agassiz Demand Calculations (max month) 3-1-05.xls

Barnes Rural Water District

Barnes RW Demand Calculations (max month) 3-1-05.xls

Breckenridge

Breckenridge Demand Calculations (max month) 3-1-05.xls

Cass Rural Water Users District

Cass RW Demand Calculations (max month) 3-1-05.xls

Cooperstown

Cooperstown Demand Calculations (max month) 7-22-04.xls

Dakota Rural Water District

Dakota Water Users Demand Calculations (max month) 3-1-05.xls

Drayton

Drayton Demand Calculations (max month) 7-22-04.xls

East Grand Forks

East Grand Forks Calculations (max month) 3-1-05.xls

Enderlin Enderlin Demand Calculations (max month) 3-1-05.xls
Fargo Fargo Demand Calculations (max month) 3-1-05.xls
Grafton Grafton Demand Calculations (max month) 3-1-05.xls

Grand Forks

Grand Forks Demand calculations (max month) 3-15-05.xls

Grand Forks-Traill Water District

Grand Forks Demand Calculations (max month) 3-1-05.xls

Gwinner Gwinner Demand Calculations (max month) 3-1-05.xls
Hankinson Hankinson Demand Calculations (max month) 7-22-04.xls
Harwood Harwood Demand Calculations (max month) 7-22-04.xls
Hillsboro Hillsboro Demand Calculations (max month) 7-22-04.xls
Horace Horace Demand Calculations (max month) 7-22-04.xls
Langdon Langdon Demand Calculations (max month) 3-1-05.xls

Langdon Rural Water District

Langdon Rural Water Dist Demand Calculations (max month) 3-1-05.xIs

Larimore Larimore Demand Calculations (max month) 3-1-05.xls
Lidgerwood Lidgerwood Demand Calculations (max month) 7-27-04.xls
Lisbon Lisbon Demand Calculations (max month) 7-22-04.xls
Mayville Mayville Demand Calculations (max month) 7-22-04.xls
Minto Minto Demand Calculations (max month) 7-22-04.xls
Moorhead Moorhead Demand Calculations (max month) 3-1-05.xls

A-19




Final Needs and Options Report Appendix A

Water System Excel Computation Spreadsheet Filename
North Valley Water District North Valley Water Users Demand Calculations (max month) 3-1-05.xls
Park River Park River Demand Calculations (max month) 3-1-05.xls
Pembina Pembina Demand Calculations (max month) 7-22-04.xls

Ransom-Sargent Water Users Ransom-Sargent RWU Demand Calculations (max month) 3-1-05.xIs
District

Southeast Water District Southeast Water Users Demand Calculations (max month) 3-1-05.xls
Traill Rural Water District Traill Water Users Demand Calculations (max month) 3-1-05.xls
Tri-County Water District Tri-County Water Users Demand Calculations (max month) 3-1-05.xls
Valley City Valley City Demand Calculations (max month) 3-1-05.xls

Wahpeton Wahpeton Demand Calculations (max month) 3-1-05.xls

Walsh Rural Water District Walsh Rural Water Dist Demand Calculations (max month) 3-1-05.xls
West Fargo West Fargo Demand Calculations (max month) 3-1-05.xls

Wyndmere Wyndmere Demand Calculations (max month) 7-22-04.xls
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A.3 - Peak Day Water Demand Computation Sheets

In the Needs and Options Report, section 2.2, Water Demand Calculation Methods, provides a
description of how peak day water demands were estimated. The Excel spreadsheets included in
this appendix are the basis for the peak day water demand analysis. All of the analysis was
conducted in one Excel spreadsheet called “Peak Day Analysis Municipal and Rural Water
Systems 1-20-05.xIs” which is included in the enclosed CD.

Chapter three described the results of surface water hydrologic modeling using StateMod on a
monthly time step for the future without the project and the action alternatives considered in the
Needs and Options Report. For each action alternative, two models (Scenario One and Two
water demands) specific to the alternative were developed and the capacity requirements of its
water supply features were determined. Two demand scenarios are evaluated in the Needs and
Options Report in recognition of the uncertainty related to estimating future water demands
through 2050. Satisfying capacity requirements meant meeting the estimated monthly water
demands through 2050.

Daily modeling is required to help understand the water demand and flow variability that is not
perceivable from monthly surface water modeling. Daily modeling is required because while
monthly modeling assures that demands are met on average over a month, flows may not be
adequate on individual days to supply enough water to meet peaking requirements. Daily
modeling shows the status of available flow and the ability of daily flows to meet peaking
demands.

Evaluating peak day demands for water systems using groundwater is relatively straightforward,
assuming the aquifers in question have been adequately assessed prior to issuing water permits.
The maximum permitted daily withdrawal is compared to the estimated peak day water demand
to determine if the current permit is adequate. Evaluating surface-water-dependent systems is
more complicated than evaluating groundwater-dependent systems and requires hydrologic
modeling to determine the adequacy of future supplies.

StateMod is capable of performing daily time-step modeling; however, the results from any
modeling are only as good as the available input data. There is very little daily 1930s flow data
for key locations in the model. Additionally, historic demand data for daily peaking are not
readily available for the majority of MR&I systems in the area.

Although StateMod is capable of filling in data gaps by interpolating flow data from nearby
gages, monthly modeling results showed zero flow available for nearly all major water users at
some point during the modeling period. Adding peaking demands to the system will not provide
greater resolution to the model, since the available flow is still zero. This means that an
alternative water source must be used not only to meet monthly demand, but also to meet the full
requirements of daily peaking demands.

Through consultation with USGS it was agreed that daily modeling in StateMod would not give
a higher level of flow resolution and ultimately would introduce an unacceptable level of error
into the model. Instead of modeling, it was agreed that spreadsheet analysis of daily peaking
requirements for individual water demands would provide answers.
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Peak Day Water Demand Analysis Method

Section 2.2 (Water Demand Calculation Methods) describes methods used to evaluate peak day
water demand in this report. Three basic methods were investigated for each Red River Valley
water system that fully or partially depends on surface water sources and has daily peaking
factors that must be met by the alternatives. These methods are additional groundwater capacity,
additional storage, or additional capacity of imported water sources. Some water systems have
access to groundwater sources that can be used to meet short-term peaking demands if there is
adequate withdrawal capacity. All water systems have the potential to develop storage to meet
all or part of their daily peaking requirements. Lastly, some alternatives proposed in the Needs
and Options Report propose to import new water sources. The capacity of this imported
conveyance feature could be increased to meet peak day demand requirements. Table A.3.1 lists
the water systems evaluated and which of the available peaking methods were analyzed for each
system to meet daily peaking requirements.

Table A.3.1 — Water Systems to be Evaluated for Peak Day Water Demand.

Water Systems Groundwater Storage Import1
Cass Rural Water Users District Yes Yes Yes
Drayton No Yes Yes
East Grand Forks No Yes Yes
Fargo Yes Yes Yes
Grafton No Yes Yes
Grand Forks Yes Yes Yes
Grand Forks-Traill Water District Yes Yes Yes
Langdon (City and RWD) No Yes Yes
Moorhead Yes Yes Yes
Valley City Yes Yes Yes
West Fargo Yes Yes Yes

! Not all water systems are served via pipeline in the alternatives, but additional pipeline capacity
can be considered for these systems to meet their increased surface water flow needs.

Groundwater — Peak Day Water Demand Method

Groundwater can be used to meet peak day water demand requirements if sources of
groundwater are available. Seven out of the 11 water systems listed in table A.3.1 have the
potential to tap local groundwater sources. The water systems and their potential groundwater
sources are listed in table A.3.2. The concept is to increase existing groundwater withdrawal
capacity or to develop new groundwater sources to meet peak day demands. The added
groundwater is intended for short-term intensive withdrawals, not day-to-day use.

The 31-day scenario for modeling peak day is based on estimated peak day, maximum month,
and a 31-day water demand distribution curve. Following are two examples that show the how
peak day and maximum month analysis was conducted.

An analysis of Grand Forks historic water use revealed annual groundwater withdrawals to meet
peak day averaged about 6% of the annual maximum water demand. This analysis is in
Appendix B.

An analysis of Fargo maximum month water demand revealed a water demand of 5,005 ac-ft
under Scenario One. Column 8 in table A.3.3 shows Fargo’s daily water shortages and surpluses
of storage for their maximum month under Scenario One demands. The total shortage is 449.1
ac-ft or 146.3 million gallons (Mgals). That is the amount of water that would be withdrawn
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from groundwater in the maximum month. The largest daily shortage occurs on the twenty-first
day of the month at 77.9 ac-ft (25.4 Mgals) or an equivalent flow capacity of 39.3 cfs.
Additional well capacity of 39.3 cfs will be required to meet the peak day water demand for
Fargo under Scenario One.

Table A.3.2 — Water Systems with Potential Groundwater Sources.

Water Systems Groundwater Source Description
Cass Rural Water Users Cass Rural Water Users District currently has wells developed in West Fargo
District North Aquifer, but this study assumes that they will purchase water from Fargo as

their primary source of water in the future. There is adequate capacity in the
aquifer to meet short-term peaking needs.

Fargo The West Fargo South Aquifer is located approximately 6 miles south of the city
of Fargo. The aquifer is not a good water source candidate for continuous
withdrawals; however, it is relatively untapped and could serve the city of Fargo’s
periodic peak day water demands in the future.

Grand Forks The Elk Valley Aquifer is located approximately 17 miles west of the city of Grand
Forks. The aquifer is heavily permitted, but there is potential to purchase or
contract for irrigation water rights to meet peak day water needs.

Grand Forks-Traill Water Grand Forks-Traill Water District currently uses the Elk Valley Aquifer as a water

District source. The aquifer is heavily permitted, but there is potential to purchase or
contract for irrigation water rights to meet peak day water needs.

Moorhead The city of Moorhead currently uses the Buffalo Aquifer as a water source. There
is potential to expand their well capacity in the aquifer to meet peak day
demands.

Valley City The city of Valley City currently uses surface water from the Sheyenne River to

recharge groundwater via a pond adjacent to the WTP. Their actual water supply
comes from wells adjacent to the recharge pond. Well capacity to meet peak day
demands would also be included.

West Fargo An ASR system is planned as the city of West Fargo water source in a drought
using the West Fargo North Aquifer. The ASR system would be designed for
peak day capacity.

Storage - Peak Day Water Demand Method

Table A.3.3 shows a 31-day maximum month water demand scenario developed for each water
system listed in table A.3.1. The Scenario One water demand for the city of Fargo is used as an
example in the following discussion. The 31-day scenario was developed based on historic daily
water use by the city of Grand Forks because Grand forks had historic data that other systems
lacked.

Table A.3.3 shows the estimated water demand in cfs and ac-ft (columns 3 and 4), the daily
water delivery in 161.5 ac-ft (column 5), and storage required, which is the difference between
the water needed and delivered in ac-ft and Mgals (columns 8 and 9) and net storage (column
10). The net storage is the day-by-day storage volume simulation for the water system. In this
example, the city of Fargo’s peak daily water demand could be met with 125.3 Mgals of storage.

Figure A.3.1 below shows the water demand curve for Fargo under Scenario One in ac-ft. The
peak day occurs on the twenty-first day of the month at a demand of 239.3 ac-ft or 120.7 cfs.
Figure A.3.2 shows the storage simulation for the city of Fargo. A total storage of 125.3 Mgals
(385 ac-ft) is required to meet peak day water demands during the maximum water demand
month. In this simulation, the maximum volume of water required for peaking is achieved on the
fifteenth day of the month at 125.3 Mgals, as shown in column 10 of table A.3.3.
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This storage method captures excess flows from Lake Ashtabula when its releases are higher
than needed during the maximum month. Water is withdrawn from storage on days where river
flows (releases from Ashtabula and natural flows) are not adequate to meet peak day demands.
Column 5 of table A.3.3 shows the average volume of water (161.5 ac-ft) allocated for Fargo’s
use during the maximum month scenario. In 16 of the 31 days, the water demand is higher than
what is available, based on hydrologic modeling. Approximately 125.3 Mgals of storage has to
be drawn these 16 days to meet peaking demands. The other 15 days require less than average
maximum month demand (< 161.5 ac-ft) and excess allocated flows to Fargo can be used to
recharge the storage reservoir(s).

Table A.3.3 — Water Demand and Storage Analysis — City of Fargo — Scenario One.

Daily Water Daily Daily Daily Accum. | Accum. Storage

Dl\a/lly e Demand Water Water Water Water System Storqge Required Storaege
ax Distribution | Demand | Demand | Deliver Demand | Deliver REgEs (106 i

Month y (ac-ft) gallons)

(%) (cfs) (ac-ft) (ac-ft) (ac-ft) (ac-ft) gallons)

1 3.37% 84.9 168.5 161.5 168.5 161.5 -7.0 -2.3 57.7
2 2.76% 69.6 138.0 161.5 306.5 322.9 23.5 7.6 65.3
3 2.24% 56.6 112.2 161.5 418.7 484.4 49.3 16.1 81.4
4 2.29% 57.7 114.5 161.5 533.2 645.8 46.9 15.3 96.7
5) 3.76% 94.8 188.1 161.5 721.3 807.3 -26.6 -8.7 88.0
6 3.93% 99.1 196.6 161.5 917.9 968.7 -35.2 -11.5 76.5
7 3.28% 82.8 164.2 161.5 1,082.1 | 1,130.2 -2.7 -0.9 75.7
8 2.99% 75.5 149.7 1615 1,231.8 | 1,291.6 11.7 3.8 79.5
9 2.37% 59.7 118.4 161.5 1,350.3 | 1,453.1 43.0 14.0 93.5
10 2.41% 60.9 120.8 161.5 14711 | 1,6145 40.7 13.2 106.7
11 2.99% 75.5 149.7 161.5 1,620.8 | 1,776.0 11.7 3.8 110.6
12 2.99% 75.5 149.7 161.5 1,770.5 | 19374 11.7 3.8 114.4
13 2.99% 75.5 149.7 1615 1,920.3 | 2,098.9 11.7 3.8 118.2
14 2.99% 75.5 149.7 161.5 2,070.0 | 2,260.3 11.7 3.8 122.0
15 3.02% 76.3 1514 161.5 2,221.4 | 2,421.8 10.1 33 125.3
16 3.50% 88.3 175.1 161.5 2,396.4 | 2,583.2 -13.6 -4.4 120.9
17 3.59% 90.6 179.8 161.5 2,576.2 | 2,744.7 -18.3 -6.0 114.9
18 3.59% 90.6 179.8 161.5 2,755.9 | 2,906.1 -18.3 -6.0 108.9
19 3.59% 90.6 179.8 161.5 2,935.7 | 3,067.6 -18.3 -6.0 103.0
20 3.63% 91.7 181.9 161.5 3,117.6 | 3,229.0 -20.4 -6.7 96.3
21 4.78% 120.7 239.3 161.5 3,356.9 | 3,390.5 -77.9 -25.4 70.9
22 4.20% 106.1 2104 1615 3,567.3 | 3,551.9 -48.9 -15.9 55.0
23 3.77% 95.2 188.8 161.5 3,756.1 | 3,7134 -27.4 -8.9 46.1
24 3.34% 84.4 167.3 161.5 3,923.4 | 3,874.8 -5.9 -1.9 44.2
25 3.58% 90.3 179.1 161.5 4,102.5 | 4,036.3 -17.6 -5.7 38.4
26 4.42% 111.6 221.3 161.5 4,323.8 | 4,197.7 -59.8 -19.5 18.9
27 4.25% 107.1 212.5 1615 4,536.3 | 4,359.2 -51.0 -16.6 2.3
28 2.44% 61.7 122.4 161.5 4,658.6 | 4,520.6 39.1 12.7 15.0
29 1.38% 34.9 69.2 161.5 4,727.8 | 4,682.1 92.3 30.1 45.1
30 2.36% 59.5 118.1 161.5 4,845.9 | 4,8435 43.4 14.1 59.2
31 3.18% 80.2 159.1 161.5 5,005.0 | 5,005.0 2.3 0.8 60.0

Totals 5,005.0 5,005.0
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Figure A.3.1 — Maximum Month Water Demand Curve — Fargo under Scenario One.
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Figure A.3.2 — Storage Simulation — Fargo under Scenario One.

Additional Pipeline Capacity - Peak Day Water Demand Method

Some alternatives involve importing water from outside the Red River Valley. Water imports
include water from the Missouri River, Lake of the Woods and Minnesota groundwater. The
conveyance pipeline system’s capacity from each of these water sources can be increased to meet
peak day requirements. For example, for Fargo under Scenario One, the difference between
average water allocation during the maximum month (161.5 ac-ft) and Fargo’s peak day water
demand (239.3 ac-ft) is 77.9 ac-ft or 25.4 Mgals. That is equivalent to 39.3 cfs flow over a one-
day period. Therefore, the import feature to serve Fargo can be increased in capacity by 39.3 cfs
to meet peak day water demands. The results are the same capacity requirements as discussed
for groundwater. These values are highlighted in table A.3.3.

Peak Day Water Demand Analysis Results

Tables A.3.4 and A.3.5 show the results of peak day water demand analysis for water demand
Scenario One or Scenario Two. The tables show the required increase in capacity in cfs from
groundwater sources, storage in millions of gallons, and added pipeline capacity in cfs for
imports. Groundwater capacity in the table represents the added capacity required above what is
needed to meet average day demand during a maximum month. Storage volume in the table
represents the volume in Mgals required to meet peak day above a water system’s requirements
for normal operational flows and fire flows. Added pipeline capacity in cfs is the added capacity
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required above results generated in the monthly hydrologic model that are based on maximum
month. Detailed analysis for each of the water systems appears in Attachment 5.

A combination of two or all three of these peak day demand methods can be employed by a
water system to meet peak day. For example, the city of Moorhead has all three methods
available, so some combination may be preferable to using one method exclusively. Table A.3.2
identifies the peak day methods available to individual systems. If one method is more cost
effective than the other two, the full capability of that method may be used before the other two

are considered.

Table A.3.4 — Peak Day Water Demand Results - Scenario One.

Scenario One

Scenario One Storage

Scenario One Added

Water Systems Well Capacity Capacity Pipeline Capacity
(cfs) (millions of gallons) (cfs)
Cass Rural Water Users District 0.56 2.78 0.56
Drayton NA 1.86 0.45
East Grand Forks NA 7.90 3.79
Fargo 39.26 125.30 39.26
Grafton NA 2.69 0.52
Grand Forks 27.05 65.37 27.05
Grand Forks-Traill Water District 1.29 4.12 1.29
Langdon (City and Rural Water NA 245 0.92
System)
Moorhead 5.12 24.01 5.12
Valley City 1.53 3.36 1.53
West Fargo 3.56 15.99 3.56

NA - This method of meeting peak day demand is not available

Table A.3.5 — Peak Day Water Demand Results - Scenario Two.

Scenario Two

Scenario Two Storage

Scenario Two Added

Water Systems Well Capacity Capacity Pipeline Capacity
(cfs) (millions of gallons) (cfs)
Cass Rural Water Users District 0.85 4.27 0.85
Drayton NA 1.86 0.45
East Grand Forks NA 10.41 5.27
Fargo 46.72 147.69 46.72
Grafton NA 3.81 0.79
Grand Forks 28.67 69.50 28.67
Grand Forks-Traill Water District 1.86 5.85 1.86
Langdon (City and Rural Water NA 275 108
System)
Moorhead 6.42 30.04 6.42
Valley City 1.97 4.26 1.97
West Fargo 3.64 16.18 3.64

NA - This method of meeting peak day demand is not available

Peak Day Results for Alternatives

All action alternatives need to meet peak day water demands for the alternatives or options in
order to meet the comprehensive water needs of the Red River Valley. Table A.3.6 lists each
alternative and the peak day method or methods employed for that alternative. Tables A.3.7 and
A.3.8 show the peak day water demand methods used and results for each of the action
alternatives under Scenario One and Scenario Two, respectively. The GDU Water Supply
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Replacement Pipeline alternative is not listed in the table because it was originally designed to
meet peak day demands, so no additional capacity was added to this alternative.

Table A.3.6 — Alternatives and Peak Day Water Demand Methods Used.

Alternative Peaking Factor Method(s)
North Dakota In-Basin Groundwater and Storage
Red River Basin Groundwater and Storage
Lake of the Woods Groundwater and Storage

Peak day releases from Lake Ashtabula to meet
downstream peak day demands

GDU Import Pipeline Import pipeline capacity increased

Missouri River to Red River
Valley Import

GDU Import to Sheyenne River

Groundwater and Storage

Each water system has a peaking method shown with the associated capacity requirement for
each of the six supplement alternatives. Capacity values for groundwater and pipeline are in cfs
units, while capacity requirements for storage are in Mgals. Selecting which peak day methods
to use in which alternative was somewhat subjective, with the main goal to use all peak day
methods at least once in the alternatives.

Four of the six alternatives primarily use groundwater, with some storage to meet their peak day
demands. The GDU Import Pipeline alternative uses increased import pipeline capacity and
some limited storage to meet peak day. The GDU Import to Sheyenne River alternative also has
increased pipeline capacity as its primary method of meeting peak day demands. But rather than
adding 82.5 cfs (Scenario One) or 95.7 cfs (Scenario Two) increased pipeline capacity, the
increase was smaller because of efficiencies associated with using Lake Ashtabula as a re-
regulating reservoir. Storage was used to meet peak day demands in some alternatives for
Drayton, Grafton, Langdon (city and rural water system), and East Grand Forks.
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Table A.3.7 — Alternative Peak Day Method and Capacity Requirement — Scenario One.

Appendix A

Options
Missouri
Water Systems ND In-Basin Regalsilr\]/er La\l;vig(fj;he t%IDS%_(Ier;epnorIte Glgil:)(larnrﬁ)grt Rzgl(gi;[/cér
River Valley
Import
Cass Rural Water Groundwater | Groundwater | Groundwater | Purchased ® Purchased * | Groundwater
Users District 0.56 cfs 0.56 cfs 0.56 cfs 0.56 cfs 0.56 cfs 0.56 cfs
Drayton Storage Storage Storage In River In River Storage
1.86 mg 1.86 mg 1.86 mg 0.45 cfs 0.45 cfs 1.86 mg
East Grand Forks Storage Storage Storage In River? Pipeline Storage
7.90 mg 7.90 mg 7.90 mg 3.79 cfs 3.79 cfs 7.90 mg
Fargo Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
39.26 cfs 39.26 cfs 39.26 cfs 39.26 cfs 39.26 cfs 39.26 cfs
Grafton Storage Storage Storage In River? In River 2 Storage
2.69 mg 2.69 mg 2.69 mg 0.52 cfs 0.52 cfs 2.69 mg
Grand Forks Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
27.05 cfs 27.05 cfs 27.05 cfs 27.05 cfs 27.05 cfs 27.05 cfs
Grand Forks-Traill Groundwater | Groundwater | Groundwater | Purchased * Purchased * | Groundwater
Water District 1.29 cfs 1.29 cfs 1.29 cfs 1.29 cfs 1.29 cfs 1.29 cfs
Langdon (City and Storage Storage Storage In River 2 In River 2 Storage
Rural) 2.45 mg 2.45 mg 2.45 mg 0.92 cfs 0.92 cfs 2.45 mg
Moorhead Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
5.12 cfs 5.12 cfs 5.12 cfs 5.12 cfs 5.12 cfs 5.12 cfs
Valley City Groundwater | Groundwater | Groundwater | Groundwater | Groundwater | Groundwater
1.53 cfs 1.53 cfs 1.53 cfs 1.53 cfs 1.53 cfs 1.53 cfs
s e Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
3.56 cfs 3.56 cfs 3.56 cfs 3.56 cfs 3.56 cfs 3.56 cfs
g;%l;ré?t\;v?é?sr) 78.4 cfs 78.4 cfs 78.4 cfs 1.5cfs 1.5 cfs 78.4 cfs
(Sr:]‘g)""ge CEEELY 14.9 mg 14.9 mg 14.9 mg 0.0 mg 0.0 mg 14.9 mg
PIEETIS CEEEEy 0.0 cfs 0.0 cfs 0.0 cfs 82.5 cfs 82.5 cfs 0.0 cfs

(cfs)

* The water to meet peak day demands would be actually purchased from Fargo or Grand Forks for these rural

systems

2 peak day demand met by additional flows in river
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Table A.3.8 - Alternative Peak Day Method and Capacity Requirement — Scenario Two.

Appendix A

Alternatives

Missouri
Water Systems T Red River | Lake of the S GDU Import vl o
Dakot_a Basin Woods _Sheyenne Pipeline RS s
In-Basin River Import Valley
Import
Cass Rural Water Groundwater | Groundwater | Groundwater | Purchased ® Purchased * | Groundwater
Users District 0.85 0.85 0.85 0.85 0.85 0.85
Drayton Storage Storage Storage In River In River Storage
1.86 1.86 1.86 0.45 0.45 1.86
East Grand Forks Storage Storage Storage In River? Pipeline Storage
10.41 10.41 10.41 5.27 5.27 10.41
Fargo Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
46.72 46.72 46.72 46.72 46.72 46.72
Grafton Storage Storage Storage In River? In River 2 Storage
3.81 3.81 3.81 0.79 0.79 3.81
Grand Forks Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
28.67 28.67 28.67 28.67 28.67 28.67
Grand Forks-Traill Groundwater | Groundwater | Groundwater | Purchased * Purchased * | Groundwater
Water District 1.86 1.86 1.86 1.86 1.86 1.86
Langdon (City and Storage Storage Storage In River? In River? Storage
RWS) 2.75 2.75 2.75 1.08 1.08 2.75
Moorhead Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
6.42 6.42 6.42 6.42 6.42 6.42
Valley City Groundwater | Groundwater | Groundwater | Groundwater | Groundwater | Groundwater
1.97 1.97 1.97 1.97 1.97 1.97
s e Groundwater | Groundwater | Groundwater In River? Pipeline Groundwater
3.64 3.64 3.64 3.64 3.64 3.64
CHRUMEREED 90.1 90.1 90.1 2.0 2.0 90.1
Capacity (cfs)
(Srggfe Capacity 18.8 18.8 18.8 0.0 0.0 18.8
Pipeline, Purchased
or in River Capacity 0.0 0.0 0.0 95.7 95.7 0.0

(cfs)

* The water to meet peak day demands would be actually purchased from Fargo or Grand Forks for these rural

systems

2 peak day demand met by additional flows in river
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Appendix A — Attachment 1

July 18, 2003 Letter from Advanced Engineering and Environmental
Service, Inc. Regarding Population Projections
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304 E. Broadway Dizsapas
P.O. Box 1017 " | CLASSIFICATION !
Bismarck, ND 58502 PROJECT

CONTROL NO.
Re: Comments on Population Projections FOLDER 1.D.

Red River Valley Water Supply Study

Dear Signe:

As the engineering representative for Eastern Dakota Water Users (EDWU) and members
of the Technical Team for the Red River Valley Water Supply (RRVWS) Project, we have
reviewed the draft population projection document prepared by the Bureau of Reclamation
(Reclamation) entitled Current and Future Population of the Red River Valley Region 2000
through 2050 dated May 2003. We have also reviewed the document prepared by
Northwest Economic Associates (NEA) entitled Population Projections for Red River
Valley Counties and Municipalities, 2000 through 2050 dated May 23, 2003.

As you are aware, we were involved in assisting with the presentation on the City of
Fargo’s behalf at the Public Scoping meeting in Fargo on June 25, 2003 regarding the
above referenced population projection documents. In addition, we are also familiar with
the written comments on the population projections provided by the City of Fargo and the
City of Grand Forks. We agree with these comments and have attached them as support
for our position.

The differences between the population projections prepared by Reclamation/NEA and
the City of Fargo and the City of Grand Forks were relatively significant. The comment
letters submitted by the City of Fargo and the City of Grand Forks raise concerns
associated with underestimating the population of the two largest municipalities in the Red
River Valley over the 50-year planning horizon, which could ultimately lead to
inadequately sized infrastructure during the implementation of a RRVWS Project. To that
end, the City of Fargo and the City of Grand Forks address this issue by requesting the
consideration of the projections they provided to date for the Needs Assessment data
gathering process and suggesting the inclusion of a Cohort analysis that utilizes a
reasonable set of increasing trend possibilities.

L:\EDWU\DocumeﬂﬁRRVWS gt )‘/1Da&dments\Commﬁ»téettels\EDWU Pc%wia‘gn Prqgjection Comments 062003.doc
B vance gineering an nvironmenta ervices, inc.

2016 Washingtpn Street South e Grand Forks, ND 58201 e (t) 701-746-8087 () 701-746-0370
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Ms. J. Signe Snortland

Bureau of Reclamation

Re: Comments on Population Projections
Red River Valley Water Supply Study

July 18, 2003

Page 2 of 7

This comment letter is intended to support a set of population projections for the
remaining municipalities included in the RRVWS Project. In aggregate, the remaining
municipalities comprise a substantial portion of the Red River Valley population.
Underestimating the future population and/or providing a limited range of growth estimates
for these municipalities raise similar concerns noted above with respect to the
implementation of a RRVWS Project. Therefore, it is imperative that a higher range of
population projections be considered for the remaining municipalities in similar fashion to
that requested by the City of Fargo and the City of Grand Forks.

EDWU Supported Population Projections for North Dakota Municipalities

When considering population projections for the remaining municipalities, participant
information and the population projections prepared by Reclamation and NEA were relied
upon for justification. It was also recognized that some municipalities could be influenced
by such factors as metropolitan growth, industrial presence, institutional presence,
economic development indications, etc. As such, the municipalities listed in the
documentation prepared by Reclamation and NEA were categorized according to the
methodology that appears to provide reasonable, higher population projections with
respect to concerns associated with the potential for inadequately sized infrastructure
under the RRVWS Project. EDWU supports the following categorization strategies:

RECLAMATION 2050 POPULATION PROJECTIONS

2050

MUNICIPALITY POPULATION JUSTIFICATION
Cavalier 1,710 Approx. 0.2% growth
Drayton 920 Stable population; industrial presence
Forman 510 Stable population; regional industrial presence
Harwood 1,120 Approx. 1.2% growth; Fargo influence

. Approx. 0.4% growth; industrial presence; 1-29
Hillskaro 1,930 corridor; Fargo/Grand Forks inflt?ence
Langdon 2,100 Stable population
Lisbon 2,530 Approx. 0.2% growth; regional industrial presence
McVille , 470 Stable population
Park River - 1,540 Stable population
Pembina 640 Stable population; industrial presence
Portland 600 Stable population; institutional presence (Mayville)
Thompson 1,630 Approx. 1.0% growth; Grand Forks influence
Wahpeton 12,140 Approx. 0.7% growth; industrial presence

LAEDWU\Documents\RRVWS Study Documents\Comment Letters\EDWU Population Projection Comments 062003.doc
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NEA COHORT ZERO MIGRATION 2050 POPULATION PROJECTIONS

MUNICIPALITY iy JUSTIFICATION
POPULATION

Mayville 2,066 Approx. 0.1% growth; institutional presence

NEA COHORT TREND MIGRATION 2050 POPULATION PROJECTIONS

MUNICIPALITY 2050 JUSTIFICATION
POPULATION

Arthur 603 Approx. 0.8% growth

Casselton 3,160 Approx. 1.1% growth; Fargo influence

Gwinner 1,254 Approx. 1.1% growth; industrial presence

Horace 3,132 Approx. 2.5% growth; Fargo influence

Minto 896 Approx. 0.6% growth; Grand Forks influence

Wyndmere 697 Approx. 0.5% growth; regional industrial presence

PARTICIPANT 2050 POPULATION PROJECTIONS

MUNICIPALITY 2050 JUSTIFICATION
POPULATION

Cooperstown 1,053 Stable population

Enderlin 947 Stable population; industrial presence -

Fargo 243,073 2.0% growth; trend analysis

Finley 515 Stable population

Grafton 6,244 0.65% growth; positive economic indicators

Grand Forks 89,631 1.2% growth; trend analysis

Hankinson 1,058 Stable population

Hatton 707 Stable population

Lakota 781 Stable population

Larimore 1,839 0.5% growth; Grand Forks/GFAFB influence

Lidgerwood 738 Stable population

Mapleton . 997 1.0% growth; Fargo influence

Northwood 959 Stable population

Valley City 7,500 Barnes County Development Corporation

Walhalla 1,057 Stable population; industrial presence

West Fargo Approx. 1.7% growth; Fargo/Moorhead/West Fargo

34,705

Metro area
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It is interesting to note that the population projections completed by Reclamation and NEA
include some municipalities that currently have a population less than or about 500
(Arthur, Forman, and McVille) or are presently served by rural water systems (Casselton,
Cavalier, Finley, Hatton, Mapleton, Northwood, Portland, Thompson, and Walhalla). To
the best of our knowledge, information was not collected from these municipalities during
the Needs Assessment data collection process completed to date, which was likely due to
interpretation of the Specific Plan of Study and the rural water systems being able to
provide the water source, water usage, and water quality data.

The population projections for these municipalities could easily be incorporated into the
population projections and future water demands for the rural water systems. However,
the Needs Assessment data collected from rural water systems will likely not include
water system storage and distribution system needs anticipated over the 50-year planning
horizon for bulk service customers. Based on the list of projects on the draft 2003
Drinking Water State Revolving Fund (DWSRF) loan program Intended Use Plan (IUP), it
appears that a number of relatively small communities are concerned about storage and
distribution system age and/or condition. Therefore, it would be prudent for Reclamation
to assume a range of costs as appropriate for such improvements based on the water
system summary reports completed for the rural water systems, if such improvements are
intended to address water loss reduction and/or conservation.

EDWU Supported Population Projections for Rural Water Systems

Of the 12 rural water systems included in the RRVWS Project, information provided by
Reclamation suggests that only five (5) of these systems provided population projections.
information through 2050. It is recognized that some of the information provided by the
rural water systems may have been received after the information was presented by
Reclamation. The following information is intended to summarize the population
projections for all of the rural water systems included in the RRVWS Project. As noted
above, the population projections for the rural water systems may need to be revised
according to the projections prepared for municipalities that are presently being served by
rural water systems. The future population projections for various rural water systems
may also need to be adjusted to include municipalities that presently operate independent
water systems but would likely rely upon a regional system in the future for bulk water
service.
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RURAL WATER SYSTEM 2050 POPULATION PROJECTIONS
RURAL WATER 2050
SYSTEM POPULATION JUSTIFIGATION
Agassiz Water 5300 Moderate system growth of 30-40 people per year
Users, Inc. : due to development areas in the Grand Forks area
Barnes Rural 3785 Approx. 0.5% growth based on present number of
Water District ' non-served rural residences within district boundary
Cass Rural Water 19.533 Population projections provided during the Needs
Users District ' Assessment process — influence from Fargo
Stable population through 2050; could add Binford,
B:le(;astal\rc\éater 2,600 Sibley, and Hannaford as bulk services — resulting
1R population served would be approximately 3,025
Grand Forks-Traill 15.000 Population projections provided during the Needs
Water District ' Assessment process — influence from Grand Forks
Langdon Rural 2900 Stable population through 2050; increase from
Water District ' 2,100 includes on-going Phase IV expansion
North Valley 8900 Stable population through 2050; this value includes
Water District ' anticipated system expansion in 2004 and Pembina
Ransom-Sargent Population projections provided during the Needs
V\{atgr MISETS .E88 Assessment p#ocess P °
District
Population projections provided during the Needs
Southeast Water 7 500 Assessment process; could add Lidgerwood,
Users District ’ Wyndmere, and Hankinson as bulk services —
resulting population served would approach 10,000
Stable population through 2050; could add
Traill County 5 800 Hillsboro, Galesburg, and Mayville as bulk services
Water Users ' ~ resulting population would be approximately
6,950
Tri-County Rural 2 800 Stable population through 2050; increase from
Water District : 2,538 includes on-going system expansion
wzicse? gusﬁct 3,160 Stable population through 2050

EDWU Supported Population Projections for Minnesota Municipalities

With the inclusion of the Minnesota communities of Breckenridge, Moorhead, and East
Grand Forks in the RRVWS Project, Reclamation and NEA have prepared population
projections accordingly. Each of the Minnesota municipalities included in the RRVWS
Project border a North Dakota municipality with relatively large populations and
projections for growth. Based on the respective influence of the respective metropolitan
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areas, EDWU supports the following population projections for Breckenridge, Moorhead,
and East Grand Forks:

MINNESOTA MUNICIPALITY 2050 POPULATION PROJECTIONS

2050
MUNICIPALITY POPULATION JUSTIFICATION
Breckenridge 3,601 Cohort Zero Migration (NEA); Wahpeton influence
0, o
Moorhead 58,421 1.2% growth; Fargo/Moorhead/West Fargo Metro

area
1.2% growth; Grand Forks/East Grand Forks
Metropolitan Planning Organization

East Grand Forks 13,619

Although not directly included in the RRVWS Project study effort, other Minnesota
systems and potential industrial water users could increase the overall water demand on
the RRVWS Project alternatives. Such systems include Fergus Falls and Thief River
Falls. Consideration should therefore be given towards the future population projections
of appropriate Minnesota communities and other potential developments that could impact
the availability of water for entities included in the RRVWS Project.

Thank you for the opportunity to provide comments on the population projection
documents prepared to date for the RRVWS Project. Due to the potential impact of the
population projections on the alternatives developed for the RRVWS Project, we trust that
the population projections recommended by EDWU will be considered to representa =
higher set of data with which to adequately plan for the potential water needs of the Red
River Valley. If you have any questions regarding my comments, please do not hesitate
to contact me.

Sincerely,

Advanced Engineering and
Environmental Services, Inc.

Z;lwi[ S PE.

Steve L. Burian, P.E.
Chief Executive Officer

Attachments
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c: Pat Zavoral, City of Fargo
Mark Bittner, P.E., City of Fargo
Bruce Grubb, P.E., City of Fargo
Al Grasser, P.E., City of Grand Forks
Todd Feland, City of Grand Forks
Hazel Fetters-Sletten, City of Grand Forks
Jerry Blomeke, Cass Rural Water Users District
Cliff McLain, P.E, City of Moorhead
Dan Boyce, City of East Grand Forks
Dave Koland, Garrison Diversion Conservancy District
Dave Johnson, P.E., Garrison Diversion Conservancy District
Rick St. Germain, P.E., Houston Engineering, Inc.
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Reclamation

Northwest Economics

Reclamation Revised
Population Estimates

Reclamation Final

Draft Population Projections Associates in Response to Population Estimates
(May 2003) (May 2003) Comments (September 2003)
(August 2003)
ND Data i
Center & MN US Census Cohort Comp. Celitlis@elul) Cohort Comp. Celifelas @il Best Estimate Red Best _Estlmate
County 2000 Census - . . Past Net . . Trend - ; Red River Valley
Demographic Bureau Zero Migration : X Zero Migration . . River Valley Counties .
S Migration Migration Counties
2050 2050 2050 2050 2050 2050 2050 2050
North Dakota
Barnes 11,775 11,879 5,862 11,592 10,080 11,049 8,750 10,100 7,200
Cass 123,138 192,757 191,242 214,055 227,546 141,900 244,545 270,300 254,800
Cavalier 4,831 2,060 0 3,968 3,367 3,832 1,577 3,400 2,400
Grand Forks 66,109 71,622 101,788 81,066 107,135 79,407 85,459 107,100 107,100
Griggs 2,754 1,181 42 2,209 1,861 2,135 1,095 1,900 1,400
Nelson 3,715 3,422 0 2,853 2,400 2,744 1,695 2,400 1,800
Pembina 8,585 6,922 2,806 7,861 6,775 7,613 6,082 6,800 4,900
Ransom 5,890 5,852 2,685 5,325 4,594 5,179 5,302 4,600 3,300
Richland 17,998 16,222 16,635 18,767 16,536 18,439 16,978 18,800 18,800
Sargent 4,366 4,302 781 3,974 3,437 3,894 3,782 3,400 2,500
Steele 2,258 1,840 0 2,072 1,796 2,019 1,878 1,800 1,300
Traill 8,477 6,787 5,917 8,274 7,209 8,049 6,612 7,200 5,100
Walsh 12,389 7,768 7,038 11,322 9,757 10,974 6,766 9,800 7,000
North Dakota Totals 272,285 332,614 334,796 373,338 402,493 297,234 390,521 447,600 417,600
Minnesota
Clay 51,313 54,384 65,669 56,296 56,194 61,053 58,286 65,100 83,600
Kittson 5,263 5,297 1,471 4,558 5,557 4,609 3,431 5,600 3,600
Marshall 10,114 8,435 4,459 9,388 9,020 9,135 6,204 9,400 6,900
Norman 7,434 7,076 2,542 7,251 6,151 6,713 5,602 7,300 5,100
Otter Tail 57,222 93,072 65,810 51,100 98,248 51,329 69,845 98,200 81,700
Polk 31,352 32,255 25,194 32,379 26,530 31,044 26,211 34,700 32,400
Traverse 4,119 3,568 0 3,935 3,238 3,553 3,180 3,900 2,800
Wilken 7,133 7,134 2,851 7,966 5,705 7,216 6,587 8,000 4,900
Minnesota Totals 173,950 211,221 167,996 172,873 210,643 174,652 179,346 232,200 221,000
Regional Totals 446,235 543,835 502,792 546,211 613,136 471,886 569,867 679,800 638,600
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Source of Population Projections

Appendix A

Reclamation Northwest Economics Associates Water Users 2 Reclamation Reclamation
Reclamation
Draft 2050 Revised Population Rt e
PPN Population Cohort Comp. Zero| Cohort Comp. 2050 Population Estimates in .
Municipality 2000 Census L ) . . H N Population
Projection™ (May Migration Trend Migration Estimate Response to (September 2003)
2003) Comments P
(August 2003)
North Dakota
Arthur 402 400 380 603 603 400 400
Casselton 1,855 2,380 1,979 3,160 3,160 2,380 2,380
Cavalier 1,537 1,710 1,335 1,389 1,710 1,710 1,710
Cooperstown 1,053 840 778 437 1,053 840 840
Drayton 913 920 833 642 920 920 920
Enderlin 947 860 761 776 947 860 860
Fargo 90,599 167,420 106,386 190,743 243,073 207,100 204,300
Finley 515 470 470 418 Sl 470 470
Forman 506 510 386 169 510 510 510
Grafton 4,516 4,130 4,169 2,722 6,244 4,130 4,130
Grand Forks 49,321 69,390 59,999 63,471 89,631 83,800 83,800
Gwinner 717 1,170 721 1,254 1,254 1,170 1,170
Hankinson 1,058 970 835 1,023 1,058 970 970
Harwood 607 1,120 697 433 1,120 1,120 1,120
Hatton 707 600 598 348 707 600 600
Hillsboro 1,563 1,930 1,413 809 1,930 1,930 1,930
Horace 915 1,950 1,255 3,132 3,132 1,950 1,950
Lakota 781 600 525 185 781 600 600
Langdon 2,101 2,100 1,642 1,137 2,100 2,100 2,100
Larimore 1,433 1,190 1,408 1,398 1,839 1,190 1,190
Lidgerwood 738 680 547 619 738 680 680
Lisbon 2,292 2,530 1,804 2,013 2,530 2,530 2,530
Mapleton 606 610 801 381 997 610 610
Mayville 1,953 1,660 2,066 1,319 2,066 1,660 1,660
McVille 470 470 316 234 470 470 470
Minto 657 660 595 896 896 660 660
Northwood 959 730 686 280 959 730 730
Park River 1,535 1,540 1,210 763 1,540 1,540 1,540
Pembina 642 640 671 574 640 640 640
Portland 604 600 479 339 600 600 600
Thompson 1,006 1,630 1,169 1,150 1,630 1,630 1,630
Valley City 6,826 5,840 6,503 5,225 7,500 5,840 5,840
Wahpeton 8,586 12,140 9,685 7,892 12,140 12,140 12,140
Walhalla 1,057 970 876 706 1,057 970 970
West Fargo 14,940 27,610 17,343 26,632 34,705 34,400 33,900
Wyndmere 533 530 516 697 697 530 530
Total for North Dakota 205,450 319,500 231,837 323,969 431,452 380,380 377,080
Minnesota
Breckenridge 3,559 2,540 3,601 3,258 3,601 2,540 2,540
East Grand Forks 7,501 7,500 8,338 7,466 13,619 9,800 9,800
Moorhead 32,177 35,360 41,758 32,895 58,421 44,200 44,200
Total for Minnesota 43,237 45,400 53,697 43,619 75,641 56,540 56,540
Grand Total 248,687 364,900 285,534 367,588 507,093 436,920 433,620

! Each city population projection was estimated using one of the methods discussed on page 9 of the Reclamation Population Projection Repo

2 Water User population projections were provided by Steve Burian acting as an engineering representative for the Eastern Dakota Water Users organization in
Advanced Engineering and Environmental Services, Inc. letter dated July 18, 2003.
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RED RIVER VALLEY WATER SUPPLY PROJECT
PARTICIPANT PROVIDED 2050 POPULATION PROJECTIONS
FOR RURAL WATER SYSTEMS

Rural Water System 2050 Population Prcl)jections
from RWS
Agassiz Water Users District 5,300
Barnes Rural Water District 3,785
Cass Rural Water Users District 19,533
Dakota Rural Water District 2,600
Grand Forks-Traill Water District 15,000
Langdon Rural Water District 2,900
North Valley Water District 8,900
Ransom-Sargent Water Users District 3,600
Southeast Water District 7,500
Traill Rural Water District 2,800
Tri-County Water District 2,800
Walsh Rural Water District 3,160
Total 77,878

! Water User population projections were provided by Steve Burian acting as an engineering
representative for the Eastern Dakota Water Users organization in Advanced Engineering and

Environmental Services, Inc. letter dated July 18, 2003.
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August 14, 2003 Letter from Houston Engineering Regarding
Rural Population Projections
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2505 N. Univ. Dr., PO Box 5054 Fargo, ND 58105 - -
Phone (701) 237-5065  Fax (701) 237-5101 Houston Engineering, Inc.

Memo

To: GDCD
From: Gregg Thielman

Date: August 14, 2003

Re: Needs 3.2 - Unserved Rural Residents

Needs Task 3.2 involved conducting research on existing rural water systems to
determine the percentage of rural residents that ultimately are served by rural water
systems. Two types of rural water systems were investigated; rural systems near
large metro areas (such as Fargo) and more “rural” water systems, such as Barnes
Rural Water. At least three rural water systems of each type were documented. This
task involved only rural residents and did not include cities served by rural water
systems.

The rural water systems near metro areas that were evaluated included Grand Forks
Traill Water Users, Cass Rural Water System, and Agassiz Water Users. The more
“rural” water systems that were evaluated included North Valley Water District,
Barnes Rural Water, and Dakota Water Users.

Metro Area Systems:

Grand Forks Traill Water Users: Do not have a formal study or
calculations. Randy Loeslie, the system manager, indicated there are very
few unserved rural residents within the system boundary. He estimated 95%
of the residents are served by rural water. He indicated the only holdouts are
people who did not participate in the original signup or trailer houses, etc. that
moved in after the rural water system was installed.

Cass Rural Water Users: Do not have a formal study or calculations. Jerry
Blomeke, the system manager, indicated that roughly 75% of the residents in
the geographic service area for Cass Rural Water are system members. A
more detailed breakdown for rural residents and cities was not available.
Jerry expects this number to eventually approach 90-95% of the residents.

® Page 1
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Agassiz Water Users Inc.: Representatives from Agassiz Water Users
indicated there are very few rural residents in their service area who do not
receive rural water due to the poor quality of groundwater in the area.
Therefore, they estimate the percentage of rural residents served to be 90%
or higher.

Rural Area Systems:

North Valley Water District: Gordon Johnson, the system manager, indicated
that excluding the City of Pembina, the population in the North Valley Water
District service area is 8,258 people. Of these, approximately 458 people are
not served. Based on these numbers, approximately 94.5% of the rural
residents within the service area for the North Valley Water District are served
by rural water.

Barnes Rural Water District: Paul Lacina, the system manager,
indicated that there are no good numbers for the percentage of residents
served by the Barnes Rural Water District.

Dakota Water Users: Larry Amundson, the system manager, indicated
that after a recent expansion, a majority of the residents within the service
area for Dakota Water Users are served by rural water. He estimated the
percentage of rural residents served to be 90% or higher.

Conclusions:

Most of the rural water systems that were evaluated did not have detailed
numbers for the percent of rural residents served. Based on our discussions
with the system managers, it appears a large majority of the rural residents in
the Red River Valley receive water from rural water systems. The percentage
exceeds 90% in most cases. It is unlikely this number will ultimately reach
100% for a majority of the systems. It is reasonable to assume this
percentage will approach 95% though.

® Page 2
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Municipal and Rural Water Demand Computation Data Sheets
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Agassiz RWS Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 152 16.2 14.0 7. 9. 22.7 20.. 20,4 1 4. 135 14, 204 4, 7% 134
1989 8.7 74 9.3 . X .0 X X .. 9.4 10.4 128 4, 7% 84
1990 114 114 4. . | .0 i . 16. 3 131 . 180 4, 1% 118
1991 89 10.1 3.4 .. K .4 . 3 .2 . 8.9 149 4, 7% 98
1992 10.7 .5 1. X X B K ! 13.1 . X X 151 4, .5% 99
1993 137 12.4 2. . 20. . X . 15. . . . 77 4, 4% 116
1994 A ! 8.1 . 12! . S ! 9. 4, 1.4% 7
1995 . . 113 .. 12 . . g 4, 1.3% 84
1996 X . 10.4 9.7 .3 9.7 4, 0.8% 84
1997 . X 9.7 X 217 3 10.4 79 4, 11.7% 94
1998 .. .. 10.7 .4 133 .6 . . .. .. .2 14.4 13 4. 0.8% . 90
1999 5 5 110 .. 111 .4 . . .! 113 .5 8.0 131 4, 2.4% . 86
2000 82 10.1 84 117 16.4 19.1 124 155 136 124 9.7 9.1 147 4,181 12.7% 15 96
2001 10.8 116 104 10.8 13.6 15.0 14.9 13.1 11.2 13.1 8.6 10.7 144 4,181 16.5% 2.0 94
Average 9.9 9.7 111 12.0 156 158 14.4 146 12.3 112 10.4 10.6 148 11.7% 96.7

Unaccounted for losses data was not available from 1988 - 1991 so average losses from later years was used in the analysis

Per Capita Water Use Analysis (Monthly water diversion without system losses)

1989 g . . . . 3
1990 96 9.6 127 121 199 152 159 182 142 129 113 6.8 158 4,181 104 199 158
1991 7.4 8.7 12.3 13.7 16.1 15.0 143 13.1 7.8 9.0 7.5 7.1 132 4,181 86 16.1 128
1992 6.7 5.4 7.0 9.7 12.3 13.0 7.6 7.8 8.9 8.0 8.7 6.8 102 4,181 67 13.0 104
1993 82 6.8 6.7 6.1 14.6 13.0 10.4 9.8 10.0 9.9 5.8 9.7 111 4,181 73 14.6 116
1994 7.5 7.5 8.0 10.3 12.4 10.3 11.7 11.3 9.6 7.8 9.9 9.9 116 4,181 76 12.4 99
1995 81 8.6 111 9.0 12.4 115 11.6 14.2 11.0 7.0 112 11.2 127 4,181 83 14.2 113
1996 . . 10.3 .3 9.6 . . . 12.3 9.0 .. 9.6 126 4,18 83 14. 18
1997 . X 3 5.1 9.1 7.7 4,18: 83 20.; 62
1998 X X 106 .3 132 9.1 418 15. 23
1999 . . .7 .9 10.2 1. 4,18 84 154 23
2000 3 . .9 10.2 X 12.0 0. 4,18 84 17. 40
2001 . . 4 .9 1. 11. 9.3 1. 4,18: 13. 104
Average 4 .2 __ .5 __ 10.4 __ 4. __ .. 13. 10.7 9.6 __ 84.5 15.! 126.5
% Distrib. 6.5%] 6.4%] 7.2%] 8.1% 10.9%] 0.1%] 8.3%| 7.5%] 6.8%|
Daily Peak Demand Analysis
|Peak Daily Demand Estimate (with WC and
lLosses) (gpc/d)
IMax Daily Water Use (w/o water losses) =
1988 . Conservation Reduction =
1989 Subtotal =
1990 No
1991 Daily |[Peak Daily Demand with WC and
1992 Peakin ater Losses =
1993 Data
1994 IPeak Daily Demand Factor with WC and
1995 /ater Losses =
1996 'WC = Water Conservation
1997
1998
1999
2000
2001
Average 0 0 0 0 0.00

Historic Monthly Per Capita Water Use Data (without system losses)

4
1989 57 53 62 72 90 86 1. 86 65 69 65 67 4,
1990 4 82 98 97 153 121 2. 141 113 99 90 53 4,
1991 7 74 95 109 124 119 1 101 62 69 60 55 4,
1992 1 46 54 78 95 104 58 60 71 62 70 53 4,
1993 63 58 52 48 113 103 81 75 80 77 46 75 4,
1994 58 64 62 82 96 82 91 87 e 60 79 76 4,
1995 63 74 86 72 95 92 90 110 88 54 89 87 4,
1996 65 72 80 66 74 118 99 112 98 69 65 74 4,
1997 65 39 64 121 156 122 81 92 72 59 72 50 4,
1998 62 68 82 7 102 123 103 104 106 70 65 110 4,
1999 65 72 83 7 84 105 119 105 82 85 74 60 4,
2000 51 73 53 8 115 140 83 108 96 84 65 59 4,
2001 68 83 65 7 90 104 100 86 74 86 53 67 4,

Average 64 70 73 83 108 113 99 101 86 74 70 70
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Agassiz RWS Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) winer= [ ] summer= [ ]

1988 102 121 93 120 133 165 a1 145 117 97 o1 93 4,18 103 133
1989 57 53 62 72 90 86 12 86 65 69 65 67 4, 63 85
1990 74 82 98 o7 153 121 22 141 113 99 90 53 a, 82 125
1991 57 74 95 109 124 119 11 101 62 69 60 55 4, 75 98
1992 51 46 54 78 95 104 58 60 71 62 70 53 4, 59 75
1993 63 58 52 48 113 103 81 75 80 77 46 75 4, 57 88
1994 58 64 62 82 96 82 o1 87 77 60 79 76 a, 70 82
1995 63 74 86 72 95 92 90 110 88 54 89 87 4, 78 88
1996 65 72 80 66 74 118 99 112 98 69 65 74 4, 70 95
1997 65 39 64 121 156 122 81 92 72 59 72 50 4, 68 97
1998 62 68 82 102 123 103 104 106 70 65 110 a, 77 101
1999 65 72 83 84 105 119 105 82 85 74 60 4, 71 96
2000 51 73 53 115 140 83 108 9% 84 65 59 4, 64 104
2001 68 83 65 90 104 100 86 74 86 53 67 4, 68 90
Average 64 70 73 83 108 113 99 101 86 74 70 70 718 97.0
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 103
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Max Year Monthly Demand w/o System Losses (gpc/d) = 165
Estimated Water Losses (%) = 12%
‘Average Monthly
Demand w/o Losses 64 70 73 83 108 113 99 101 86 74 70 70 845
(gpe/d)
Average Monthly
BT ) 56 62 65 75 99 104 9 91 76 65 62 62 757

Average Monthly
Demand w/ WC and 64 70 74 85 112 118 102 104 86 74 70 70 85.7

Losses (gpc/d)

Max Month Data wio 102 121 98 121 156 165 141 145 17 % o1 110 1222
Losses (gpc/d)
peionihDatas 15 137 1 137 177 187 160 164 132 113 104 125 1385
Losses (gpc/d)
(I CERiTS 03 113 % 112 147 156 132 135 107 % 83 102 134
(gpe/d)
Max Month Dataw/ WC | - oq 128 101 127 166 177 149 153 122 102 94 116 1285
and Losses (gpc/d)
Water Losses = TT7%

WC = Water Conservation

Reclamation 2050 Pop =

Max Month Data w/ WC

53.9 59.0 51.7 62.8 84.8 87.1 76.1 78.1 60.0 519 46.5 58.9 7709
and Losses

[Water User 2050 Pop =

Max Month Data w/ WC

53.3 58.4 51.2 62.2 83.9 86.2 75.4 773 59.4 51.4 46.0 58.3 763.0
and Losses
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Barnes Rural Water District Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 9.48 9.17 10.81 6 3.1 559 .49 4.27 .92 9.85 8.00 .88 615 40, 50
1989 9.10 988 9.29 .81 4 ) a1 99 10 33 977 74 55 615 39. 2
1990 .98 .13 10.61 14 4.2 . .10 .33 .08 55 9.26 .49 .08 645 39. 7]
1991 35 .04 9.99 .54 4 X 99 20 78 42 10.40 53 71 ,660 3 14
1992 12 .01 89 81 ) } 65 62 .90 .93 9.98 .32 14.27 693 7
1993 .82 4 } 51 69 1 71 02 .25 12.37 33 710
1994 .95 .34 } 82 .59 94 59 964 12.56 30 743 2
1995 23 .50 94 88 E .08 67 34 457 12.19 49 63 778
1996 18 14 ) 68 85 1 92 89 30 9.97 86 9.03 ,808 32
1997 .03 70 50 73 .10 3 78 93 12 17 .72 7.48 823 30.

1998 15 .27 .92 67 4.86 4 34 20 11 59 36 4 4.28 868 28 X

1999 .07 .29 22 .53 20 ¥ - .05 16 .29 .09 6 4.09 663 34. } 23

2000 .44 .93 37 4.83 .96 58 X .22 01 27 .68 8 68.17 742 35. I 23

2001 13.29 14.06 13.05 16.38 17.30 15.97 16.85 15.88 14.35 12.79 13.96 14.08 177.95 3,79 40.1% 59 128

2002 12.48 11.46 12.74 11.06 15.14 19.10 14.40 13.26 13.57 12.14 10.66 13.05 159.06 3,874 37.4% 5.0 112
Average 11.91 10.59 11.93 12.77 14.60 14.92 1353 13.55 12.14 11.87 11.35 12.52 151.67 37.39% 140.1

Per Capita Water Use Analysis (Monthly water diversion without system losses)

1988 .95 .31 .28 9.15 10.74 .64 .42 06 .00 .15 84.65 615 89 10.74 37
1989 .78 .30 .49 11.64 7.90 48 59 .82 .26 23 8144 615 85 11.64 48
1990 .09 .62 .68 6.70 858 81 56 .03 .73 .96 84.82 645 88 9.68 22
1991 .49 .04 .95 754 74 70 .28 .92 .90 .03 85.73 660 88 9.04 13
1992 .20 .13 .02 11.67 i .94 .22 .24 3 .63 88.06 693 90 67 a4
1993 .20 62 12.24 6.80 . .82 .13 . 4 .44 85.28 710 86 .24 51
1994 .93 10.04 7.93 8.82 ; 17 82 ¥ T .53 88.95 743 89 .04 22
1995 .85 5.78 11.18 11.99 . 10.57 ¥ . 1 .39 90.23 778 89 .99 a4
1996 .69 759 7.76 12.07 . 83 .80 : 88 77 99.97 ,808 98 .07 ]
1997 774 97 35 11.56 9.64 8.03 } 37 42 .97 102.45 823 99 56 136
1998 10.32 .07 26 9.80 74 10.60 I .99 76 .81 111.07 868 106 74 136
1999 753 .85 52 11.49 72 10.37 4 .60 .41 .93 107.88 663 1 .49 105
2000 6.37 .83 96 9.59 .00 11.22 X .28 .68 .81 108.21 742 9 96 107
2001 7. 10.44 35 10.03 .91 .94 4 .85 .01 .14 106.64 796 7 .35 100
2002 7. 11 18 14.14 .45 31 874 0 14 122
Average 6. 7.49 .25 87.6 0.71 1195
% Distrib. 7.6%] 8.4 9.2%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpc/d)
[Max Daily Water Use (w/o water losses) 2007
1988 N/A . Conservation Reduction = 9.5
1989 N/A [Subtotal = 191.3
1990 N/A
1991 N/A {[Peak Daily Demand with WC and
1992 499,700 153,994 345,706 128 4 "W_atev Losses = 3055
1993 512,000 160,815 351,185 130 4
1994 493,000 156,911 336,089 123 4 Peak Daily Demand Factor with WC and
1995 618,000 200,433 417,567 150 - [Water Losse: 243
1996 664,000 134,425 529,575 189 .15 WC = Water Conservation
1997 690,000 | 123370 566,630 201 29
1998 565000 | 118377 446,623 156 .78
1999 678,000 153,980 524,020 143 63
2000 720,000 164,282 555,718 149 .70
2001 630,000 195,366 434,634 114 31
2002 N/A
Average 606,970 | 156,195 | 450,775 148 1.69
Historic Monthly Per Capita Water Use Data (without system losses)
1988 57 59 73 106 102 117 132 107 12 87 64 39 615 )
1989 57 7 59 80 117 148 o7 92 7 72 67 89 615
1990 o1 7 74 83 118 84 105 95 7 98 60 o7 645
1091 83 67 113 84 [ o1 93 7 108 74 110 660
1992 77 98 101 96 144 71 83 102 75 66 103 603 X
1993 71 7 98 [ 146 84 74 105 75 64 02 65 710
1994 96 2 81 122 03 7 98 73 95 57 95 77 743 )
1995 60 57 68 69 130 44 60 123 75 98 73 109 778
1996 03 90 111 90 89 4 106 113 81 83 70 101 808 .
1997 106 101 88 o4 130 110 92 85 84 88 80 823
1998 85 83 116 [ 127 14 132 119 99 101 90 110 868
1999 o1 55 66 81 93 105 [ o1 68 76 70 663
2000 73 66 55 88 103 85 87 o7 80 54 85 742
2001 62 76 60 92 9 88 03 84 74 58 69 796
2002 63 60 65 53 85 122 79 69 74 60 67 874
Average 78 70 79 oL 107 114 o5 96 83 78 74 85
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Barnes Rural Water District Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|
1988 57 59 73 106 102 117 132 107 120 87 64 39 615 66 111
1989 57 73 59 80 117 148 97 92 I 72 67 89 615 71 100
1990 91 6 74 83 118 84 105 95 7 98 60 97 645 80 95
1991 83 1 67 113 84 94 91 93 7 108 74 110 ,660 85 92
1992 i 7 98 101 96 144 71 83 102 75 66 103 ,693 95
1993 71 7 98 94 146 84 74 105 75 64 92 65 ,710 91
1994 96 2 81 122 93 7 98 73 95 57 95 i 743 87
1995 60 7 68 69 130 44 60 123 75 98 73 109 778 105
1996 93 90 111 90 89 4 106 113 81 83 70 101 ,808 92 102
1997 106 101 88 94 130 110 92 85 84 88 80 ,823 93 106
1998 85 83 116 94 127 14 132 119 99 101 90 110 868 96 115
1999 91 55 66 81 93 105 94 91 68 76 70 ,663 73 88
2000 73 66 55 88 103 85 87 97 80 54 85 ,742 74 84
2001 62 76 60 92 96 88 93 84 74 58 69 ,796 72 82
2002 63 60 65 53 85 122 79 69 74 60 67 ,874 59 81

Average 78 70 79 91 107 114 95 96 83 78 74 85 79.3 96

Per Capita Water Use Analysis (Max Month Method)

Winter Demand without Losses (gpc/d) = 96

Indoor W. Conservation Reduction (gpc/d) = 8.15

Outdoor W. Conservation Reduction (gpc/d) = 0.65

Peak Monthly Demand w/o System Losses (gpc/d) = 148

Estimated Water Losses (%) = 37%

Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec S
|Average Monthly Deman
wio Losses (gpc/d) 78 70 79 91 107 114 95 96 83 78 74 85 87.6

Average Monthly Demang g 62 7 82 % 105 86 86 74 69 66 7 788

w/ WC (gpc/d)

Average Monthly
Demand w/ WC and 111 929 113 132 156 168 137 138 118 110 105 122 1259
Losses (gpc/d)

Max Month Data w/o

106 101 116 122 146 148 132 123 120 108 o5 110 1191
Losses (gpc/d)
MdonthiDatae] 169 161 185 195 233 237 212 196 192 173 151 176 1901
Losses (gpc/d)
Max M"’(‘::,g;‘a TR o8 92 108 114 136 139 123 113 111 % 86 102 1102
psxoniDatals AG [ 148 172 182 218 222 196 181 177 158 138 163 176.1
and Losses (gpc/d)
Water Losses = 37.4%

'WC = Water Conservation

Reclamation 2050 Pop =

Max Month Data w/ WC
and Losses

|Water User 2050 Pop =

Max Month Data w/ WC
and Losses

729 62.1 80.3 82.0 101.4 100.0 915 84.3 79.7 735 62.3 76.0 965.9
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Breckenridge Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1987 11.5 10.6 11.6 11.8 13.2 14.8 15.6 16.6 13.6 12.6 11.4 115 155 4,014 20.7% 2.7 106
1988 13.0 12.0 131 13.4 15.0 16.7 17.7 18.8 154 142 129 13.0 175 4,014 30.1% 4.4 120
1989 127 1.7 129 131 147 16.4 173 18.4 15.1 139 127 12.8 172 4,014 31.3% 45 117
1990 125 115 127 129 144 16.1 17.0 18.0 148 137 12.4 12,6 169 3,708 30.1% 4.2 125
1991 12.0 111 121 123 138 154 16.3 173 142 131 119 12.0 162 3,708 28.6% 3.9 119
1992 117 10.8 118 12.0 134 15.0 159 16.8 138 12.8 116 17 157 3,709 29.5% 3.9 116
1993 109 10.0 110 112 125 14.0 148 15.7 129 119 10.8 109 147 3,709 26.0% 3.2 108
1994 113 104 114 116 13.0 145 154 16.3 134 12.4 113 114 153 3,709 26.5% 34 113
1995 113 104 114 116 13.0 145 154 16.3 134 12.4 112 113 152 3,710 26.6% 34 113
1996 10.6 9.8 10.7 109 122 13.7 145 153 126 116 10.6 10.7 143 3,710 20.7% 25 106
1997 9.2 85 9.3 95 10.6 119 126 133 109 101 9.2 9.3 124 3,714 20.0% 21 92
1998 9.3 85 9.4 95 10.7 119 126 134 110 101 9.2 9.3 125 3,714 17.7% 18 92
1999 8.4 7.7 85 8.6 9.7 10.8 114 121 9.9 9.2 83 8.4 113 3,693 10.7% 1.0 84
2000 81 75 82 8.4 9.4 105 111 117 9.6 8.9 81 8.2 110 3,559 8.1% 0.7 84
2001 79 73 8.0 8.1 9.1 10.2 10.8 11.4 9.3 8.7 7.9 7.9 107 3,558 7.9% 0.7 82
Average 9.9 9.2 10.0 10.2 114 12.8 135 14.3 117 10.9 9.9 10.0 134 22.3% 98.0

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1987 ¥ i X . ] X ] I . . ] i 014 84 I

1988 . . . I . ) . 4. . ) . X 014 84 4.

1989 ¥ ; . X . ] i i . . I i 014 81

1990 . . . X . . ) ) . . . } 708 87

1991 . ; ¥ I I I I X . . ] i 708 85

1992 . . . ) .6 . X X 9.9 X } . 709 82

1993 5 i Z X 4 i d 5 9.7 ) 6 ; 108 709 80

1994 . . . } 7 . X 0 10.0 I 9 X 112 709 83 X

1995 1 7.0 5§ 82 . 111 . j 10.0 ] ; . 112 ] 83 X 116

1996 . 73 . 8.4 . 11.2 X X 10.1 } . } 114 ) X 116

1997 E 4 z 74 8 99 P 2 101

1998 2 ) . 7.7 1 103 ) . 103

1999 Z P Z 7. I 8 101 693 § 100

2000 2 . 2 7. .6 .7 4 101 559 I 103

2001 B . E 74 4 5 . ) ] 1 2 E 98 558 ) 100
Average E 1 Z 7. .8 10.1 10. - B § 5 E 102 75.0 - 104.3
% Distrib. 7.1%[ 6.4%] 7.2%[ 7.4%] 8.6%| 9.9%[ _ 10.6%] 1.4%] 8.9%| 8.1%] 7.1%] 7.2%] 100.

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and
Losses) = c/d)
Max Daily Water Use (w/o water losses) 2235
1987 948,000 860,003 . . Conservation Reduction = 9.6
1988 975,000 3 ISubtotal = 213.9
1989 1,044,000
1990 782,000 643,052 173 .31 Peak Daily Demand with WC and
1991 724,000 597,296 161 .15 /ater Losses = 237.7
1992 824,000 696,882 188 .51
1993 528,000 423,630 114 .52 [Peak Daily Demand Factor with WC
1994 712,000 601,375 162 .16 land Water Losses =
1995 543,000 431,868 116 .55 WC = Water Conservation
1996 709,000 627,729 169 .26
1997 601,400 533,074 144 91
1998 524,590 464,154 125 67
1999 617,666 584,556 158 .11
2000 446,700 422,303 119 .58
2001 N/A
Average 712,811 97,565 615,246 162 217

Historic Monthly Per Capita Water Use Data (without system losses)

1987 69 68 70 85 102 107 15 91 79 71 70 14 83
1988 69 68 70 85 102 107 15 91 79 71 0 14 83
1989 66 65 68 82 99 103 12 88 76 68 7 14 80.!
1990 72 70 73 89 107 111 20 95 82 4 2 ,708 87..
1991 71 69 72 87 104 109 17 93 1 1 ,708 85.
1992 68 66 69 83 100 104 13 89 7 68 ,709 81
1993 67 66 68 81 97 101 109 87 6 7 ,709 80.:
1994 69 68 70 84 100 105 113 90 9 ,709 82.
1995 69 68 70 84 100 104 112 90 8 .7 82,
1996 71 71 72 85 100 104 112 91 80 .7 83.
1997 62 62 63 4 88 1 98 79 70 64 2 .7 73.
1998 65 64 65 90 )4 100 82 2 66 65 .7 5.
1999 64 65 65 88 1 97 80 66 65 ,693 4.
2000 67 68 68 91 )4 100 83 67 ,559 7.
2001 65 66 66 89 1 97 81 66 ,558 5.
Average 68 67 69 82 97 101 109 87 68 5.
Maximum historic water use month = 120 gpc/d
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Final Needs and Options Report

Breckenridge Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Winter =

Summer =

Appendix A

1067 69 68 70 85 102 107 5 o1 70 71 70 014 70 57
1988 69 68 70 85 102 107 o1 79 71 014 70 o7
1989 66 65 68 82 % 103 88 76 68 014 68 %3
1990 72 70 73 89 107 111 o5 82 708 73 101
1901 71 69 72 87 104 109 o3 708 72 %
1992 68 66 69 83 100 104 89 68 709 69 o4
1993 67 66 68 81 o7 101 109 87 67 709 68 %
1994 69 68 70 84 100 105 113 %0 70 709 70 %
1995 69 68 70 84 100 104 112 %0 69 . 70 %
1996 7 71 72 85 100 104 112 o1 80 71 I 72 %
1997 62 62 63 66 4 88 1 %8 79 70 64 62 . 63 83
1998 65 64 65 69 %0 4 100 82 2 66 65 I 66 86
1999 64 65 65 69 88 1 o7 80 66 65 693 66 84
2000 67 68 68 7 o1 4 100 83 69 67 559 68 87
2001 65 66 66 70 89 1 o7 81 67 66 558 67 84
Average 68 67 69 73 52 57 101 109 87 69 68 669 %2
Per Capita Water Use Analysis (Max Year Method)
Winter Demand without Losses (gpc/d) = 73
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 120
Estimated Water Losses (%) = 10%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec Capita (gpe/d)
Average Monthly Demand 68 67 69 73 82 97 101 109 87 76 69 68 806
wio Losses (gpe/d)
Average Monthly Demand
59 58 60 64 72 88 o1 % 78 67 61 60 715
WC (gpe/d)
Average Monthly Demand
e M et 66 65 67 7 80 97 102 110 86 74 68 66 795
e 72 7 7 78 89 107 111 120 o5 82 74 72 87.1
(gpeld)
MECMEhiDaa S Seses 80 78 81 86 9% 118 124 134 106 %2 82 81 %38
(gpcrd)
MEMenDEE N 64 62 65 69 79 97 102 111 £ 73 65 64 781
(gpc/d)
MaCMohDra e 7 69 72 7 88 108 13 123 o5 81 73 7 868
and Losses (gpc/d)
Water Losses = 10.0%

WC = Water Conservation

Max Month Data w/ WC and
Losses (gpc/d;

Reclamation 2050 Pop =

246.9

Water User 2050 Pop =

Max Month Data w/ WC and|

Losses (gpc/d)

350.0
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Cass Rural Water Users Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

T Waterloss Gata was ot avalable iom 1968

Per Capita Water Use Analysis (Monthly water diversion without system losses)

1989 20.7 187 259 168 180 267 10,028 73 378 126
1990 224 243 246 19.0 218 10,142 77 30.7 101
1991 159 244 206 160 221 10,270 66 26.7 87
1992 164 195 189 223 228 10,422 69 293 ()
1993 181 237 20.7 206 197 10,554 67 266 2]
1994 21.0 24.0 24.6 22.6 22.2 10,692 76 315 98
1995 758 71 765 77 7T 10,848 78 32 10:
199 26. 28 29, 23 285 109 88 20, 120
1997 2 30. 25 20, 27.0 173 75 34 104
1998 6 211 23’ 225 270 32 95
1999 7. 26. 22. 287 A2 37. 109
2000 4. 24 X 214 587 0. 118
2001 1 7 25 z 253 688 35 100
Average 206 Zy 24 . 226 747 33. 102.9
9% Distrib. 7.0%] 83%] 8.0%] 70%] 7.1%
Daily Peak Demand Analysis
[Peak Daily Demand Estimate (with WC and
Losses) = (gpefd)
[Max Daily Water Use (w/o water losses) = 130.2
1988 [W_C Reduction = 95
1989 [Subtotal 1208
1990
1991 [Peak Daily Demand with WC and
1992 [Water Losses = 157.0
1993
1994 |[Peak Daily Demand Factor with WC
1995 [and Water Losses =
1996 WC = Water Conservation
1997
1998
1999
2000
2001 1,842,105 130 174
Average 1,842,105 130 174
Historic Monthly Per Capita Water Use Data (without system losses)
1988 48 59 47 60 100 95 63 101 73 70 53 50 9903 | 683 |
1989 66 54 53 64 87 85 122 83 62 83 56 58 ,028 731
1990 71 62 62 77 o4 79 98 89 80 78 62 142 76.
1991 50 56 56 72 72 61 84 79 7 65 52 270 66.
1992 51 4 5 56 87 (2 75 89 [3 59 422 68
1993 55 5 5 66 81 83 70 81 7" 63 554 67,
1994 63 7 6 83 95 o1 83 77 7 74 692 76.
1995 77 7 7 88 85 102 82 88 3 79 848 78
1996 83 7 85 89 107 116 104 86 85 83 109 881
1997 6 65 86 104 79 75 92 7: 78 173 74
1998 7 86 80 95 88 o1 77 [3 64 270 75.
1999 7 67 7 109 81 103 7 7. 81 A12 77
2000 6 7 9. 92 83 114 [ [ 59 587 76.
2001 61 6 o o2 93 o7 7 7L 70 688 77,
Average 62 64 62 7. 8 92 87 oL 7 72 65 67 74,

A-59



Final Needs and Options Report

Cass Rural Water Users Water Demand Calculations
Maximum Month Method

Appendix A

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = |:| Summer = |:|
Population |\ ier per || summer per
Historic Monthly Metered Water Usage (gallons per CapitaUse [ Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (gpe/d) (gpeld)
988 48 59 a7 60 100 95 63 101 7 70 53 50 903 53 84
989 66 54 53 64 87 85 122 8 5 8 5 5 ,028 58 87
990 71 62 62 77 2 79 98 8 8 7 3 6 142 67 86
991 50 5 5 72 72 61 84 7 7 6 5; 6 270 59 73
992 51 4 56 87 94 75 8 6 5 7 7 422 60 78
993 55 5 66 81 83 70 8 7 6: 6 6 554 59 76
994 63 7 83 95 o1 83 7 7 7: 7 5 692 70 83
995 77 7 88 85 102 82 88 6 7 6 6 84 73 84
996 7 83 7 85 89 107 116 104 86 85 7 83 £ 78 98
997 6 6 65 86 104 79 75 9 73 6 78 ) 65 85
998 6 7 86 80 95 88 91 7 62 7 4 : 69 82
1999 6 7 6 76 109 81 103 7 74 6 R 68 87
2000 7 6 7 94 92 83 114 6 69 7 58 66 87
2001 7 6 5 96 92 93 97 7 71 6: 688 67 88
Average 6 5 7 87 52 87 oL 7 72 65 6 65.2 84
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 78
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 122
Estimated Water Losses (%) = 23%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec S EE)
|Average Monthly Demand wio Losses (gpc/d) 62 64 62 72 87 92 87 o1 75 72 65 67 747
|Average Monthly Demand w/ WC (gpc/d) 53 55 54 64 78 82 78 81 66 62 56 59 65.9
|Average Monthly Demand w/ WC and Losses (gpc/d) 69 72 70 83 101 107 101 106 86 81 73 77 856
[Max Month Data wio Losses (gpc/d) 77 83 75 88 100 109 122 114 92 85 75 83 919
[Max Month Data w/ Losses (gpc/d) 100 108 97 114 130 142 158 148 120 111 97 108 119.4
IMax Month Data w/ WC (gpc/d) 69 75 66 80 91 100 112 104 83 7 66 75 831
IMax Month Data w/ WC and Losses (gpc/d) 89 97 86 103 118 129 146 136 108 % 86 97 108.0
Water Losses = 231%
WC = Water Conservation
/Annual Water Demand (acre-feet) = 2050 Pop = 16,244 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
|Average Monthly Demand w/ WC and Losses (gpc/d) 107.3 100.7 108.2 124.1 156.3 160.3 155.7 1635 1282 1253 109.7 119.0 1558.2
IMax Month Data w/ Losses (gpc/d) 154.3 150.4 149.8 1706 200.8 2119 244.2 2288 179.2 1715 1450 166.2 21726
IMax Month Data w/ WC and Losses (gpc/d) 137.9 1356 1335 1548 1818 1935 2252 209.8 160.9 1525 129.1 1498 1,964.4
Water demands corrected for per capita water demand of cities included in RWS service area
[Average Monthly Demand w/ WC and Losses (gpc/d) 1025 96.2 1034 | 1186 | 1493 | 1532 | 1488 | 1563 | 1225 | 1197 | 1048 | 1137 | 14890 |
|IMax Month Data w/ WC and Losses (gpe/d) | 1300 [ 1278 | 1258 | 1459 | 174 | 1824 | 2123 | 1077 | 1516 | 1437 | 1217 | 1412 | 18516 |
|JAnnual Water Demand (acre-feet) = \Water Users 2050 Pop = 21,0Aﬁ Total
Jan Feb Mar pr May Jun Jul Aug Sep Oct Nov Dec (AcF)
|Average Monthly Demand w/ WC and Losses (gpc/d) 139 130 140 161 203 208 202 212 166 162 142 154 2,019
IMax Month Data w/ Losses (gpc/d) 200 195 194 221 260 275 316 296 232 222 188 215 2815
IMax Month Data w/ WC and Losses (gpc/d) 179 176 173 201 236 251 292 272 208 198 167 194 25545
Water demands corrected for per capita water demand of cities included in RWS service area
[Average Monthly Demand w/ WC and Losses (gpc/d) 1328 124.6 1340 | 1537 | 1935 | 1985 | 1928 | 2025 | 1587 | 1551 | 1358 | 1473 | 19293 |
{[Max Month Data w/ WC and Losses (gpe/d) | 1684 | 1656 | 1630 | 1800 | 2221 | 2364 | 2751 | 2562 | 1965 | 1863 | 1577 | 1830 | 23992 |
|JAnnual Water Demand Shortages (acre-feet) = A R A S 1,150 Ac-ft Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
|Average Monthly Demand w/ WC and Losses (gpc/d) 114 48 124 283 605 645 59.8 67.7 323 29.4 138 231 408.2
IMax Month Data w/ Losses (gpc/d) 585 545 540 748 105.0 116.1 148.4 1329 834 756 49.1 704 10226
IMax Month Data w/ WC and Losses (gpc/d) 421 398 376 58.9 86.0 977 129.4 1139 65.0 56.7 333 540 814.4
Shortages corrected for per capita water demand of cities included in RWS service area
|Average Monthly Demand w/ WC and Losses (gpc/d) 67 04 76 228 535 57.4 52.9 60.4 266 239 20 17.9 339.0
IMax Month Data w/ WC and Losses (gpc/d) 342 320 30.0 50.0 756 86.6 1165 101.9 55.8 479 259 454 7016
/Annual Water Demand Shortages (acre-feet) = Annual Permitted Allocation = 1,150.0 Ac-ft Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
|Average Monthly Demand w/ WC and Losses (gpc/d) 432 3456 444 65.0 106.7 111.9 105.9 116.0 702 665 463 58.3 869.0
IMax Month Data w/ Losses (gpc/d) 104.1 99.0 983 1252 164.4 178.7 2206 200.6 136.4 1264 92,0 1195 1,665.1
IMax Month Data w/ WC and Losses (gpc/d) 829 79.9 771 104.7 139.8 154.9 196.0 176.0 1126 1018 75 983 13953
Shortages corrected for per capita water demand of cities included in RWS service area
|Average Monthly Demand w/ WC and Losses (gpc/d) 370 2838 382 57.8 977 102.7 9.9 106.6 62.9 59.3 40.0 515 7793
IMax Month Data w/ WC and Losses (gpc/d) 726 69.8 67.2 932 126.3 1405 179.2 160.4 100.6 9.4 619 87.2 1,249.2




Final Needs and Options Report Appendix A

Cooperstown Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 A A A A A A A A A A A A 65.26 ,286 0.
1989 A A A A A A A A A A A A 67.77 ,266 0. 4
1990 A A A A A A A A A A A A 58.94 ,247 0.
1991 A A A A A A A A A A A A 58.68 ,228 0.
1992 A A A A A A A A A A A A 56.47 ,208 0.4
1993 A A A A A A A A A A A A 45.16 ,189 0.4
1994 A A A A A A A A A A A A 48.61 ,169 0.
1995 A A A A A A A A A A A A 50.99 ,150 0.
1996 .66 .97 .. 3 .27 .83 .05 .22 .96 .50 .82 .. 51.01 ,131 0.
1997 .99 .03 8 .. .16 .23 .19 .18 .18 .75 .43 3 50.32 ,111 0.
1998 .32 .35 .4 3 .05 .49 .50 .63 .65 .31 .73 3 55.72 ,092 0.4
1999 .97 .22 . .02 .89 .75 .00 .58 .44 .61 .15 . 40.14 072 0.4 .|
2000 3.10 2.30 2.34 2.40 5.12 4.41 6.09 7.54 4.19 3.84 246 4.20 47.99 1,053 0.0% 0.0
2001 2.88 3.62 3.16 3.23 3.36 3.92 571 3.44 5.10 4.35 239 3.10 44.26 1,034 0.0% 0.0
2002 254 2.75 2.89 3.74 4.20 5.64 7.25 4.89 5.57 3.01 3.16 371 49.35 1,014 0.0% 0.0
Average 3.07 3.03 3.33 341 4.43 5.32 5.40 5.78 4.58 3.48 3.16 3.39 52.71
¢ 1 - 1 = 1
Ui

Inaccounted for losses data was not available so assumed 0

rer Lapita vater use Analysis (Montnily water aiversion without system 10Sses)

1988 A A A A A A A A A A A A 65.26 286 39 A A
1989 A A A A A A A A A A A A 67.77 266 47 A A
1990 A A A A A A A A A A A A 58.94 247 29 A A
1991 A A A A A A A A A A A A 58.68 228 31 A A
1992 A A A A A A A A A A A A 56.47 208 28 A A
1993 A A A A A A A A A A A A 4516 189 04 A A
1994 A A A A A A A A A A A A 48.61 169 14 A A
1995 A A A A A A A A A A A A 50.99 150 21 A A
1996 .66 .97 12 27 .83 05 22 .96 .50 82 .27 51.01 131 124 .83 201
1997 .99 .03 X .24 16 .23 19 .18 .18 .75 4 .01 50.32 11 124 .23 187
1998 .32 .35 4 .13 05 .49 50 .63 65 .3 .7 11 55.72 092 140 .63 263
1999 .97 .22 .02 89 .75 00 58 .44 6 .1 .30 4014 072 103 .58 142
2000 .10 30 L .40 12 41 .09 54 19 8 4 20 47.99 ,053 125 54 239
2001 2.88 362 3.16 323 336 3.92 571 344 5.10 435 239 3.10 24.26 1,034 117 571 184
2002 254 2.75 2.89 3.74 4.20 5.64 7.25 4.89 557 3.01 3.16 3.71 49.35 1,014 133 7.25 238
Average 3.07 3.03 3.33 341 443 532 5.40 5.78 458 3.48 3.16 3.39 4836 1253 6.68 20738
% Distrib. 6.3%] 6.3%) 6.9%] 7.0%] 9.2%] 11.0%] 11.2%] 12.0%] 9.5%] 7.2%] 6.5%] 7.0%[ 100.0%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpc/d)
Max Daily Water Use (w/o water losses) 195.1
1088 A 0 [W- Conservation Reduction = 95
1989 A [ [Subtotal = 185.7
1990 A 0
1991 A [ [Peak Daily Demand with WC and
1992 A [ [Water Losses = 185.7
1993 192,607 0 192,607 162 129
1994 183,003 0 183,003 157 125 [Peak Daily Demand Factor with WC
1995 224,385 [ 224,385 195 156 [and Water Losses =
1996 196,174 0 196,174 174 139 WC = Water Conservation
1997 204,767 204,767 184 147
1998 A
1999 A
2000 A
2001 A
2002 A
Average 200,205 200,205 174 1.39
Historic Monthly Per Capita Water Use Data (without system losses)
1988 A A A A A A A A A A A A 1286 39
1989 A A A A A A A A A A A A 1266 46.
1990 A A A A A A A A A A A A 247 295 |
1991 A A A A A A A A A A A A 1228 310 |
1992 A A A A A A A A A A A A 1208 280 |
1993 A A A A A A A A A A A A 189 04.
1994 A A A A A A A A A A A A 1169 13
1995 A A A A A A A A A A A A 150 21
1996 105 95 02 50 201 173 149 7 100 113 93 131 23
1997 87 7 85 o7 50 187 122 179 55 109 103 117 111 24.
1998 98 109 132 157 20 108 162 255 2 98 114 92 1002 398 |
1999 89 107 127 [ 17 116 90 138 7 79 98 69 072 1026 |
2000 95 78 72 76 57 140 187 231 3 118 78 129 053 124.
2001 90 125 99 104 105 126 178 107 4 136 77 o7 034 117.
2002 81 97 92 123 134 185 231 156 183 9% 104 118 1014 1333
Average 92 101 100 106 133 165 163 174 143 105 o8 102 1253
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Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = : Summer = :I
Population | ;e per | summer per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita Use Capita Use
Year an Feb Mar Apr May un Jul Aug Sep Oct Nov Dec (gpc/d) (gpcid)
1088 A A A A A A A A A A A A 286 A A
1989 A A A A A A A A A A A A 266 A A
1590 A A A A A A A A A A A A 247 A A
1901 A A A A A A A A A A A A 228 A A
1992 A A A A A A A A A A A A 208 A A
1993 A A A A A A A A A A A A 189 A A
1994 A A A A A A A A A A A A 169 A A
1995 A A A A A A A A A A A A 150 A A
1996 105 4 95 %2 201 173 149 7 100 113 %3 131 %9 148
1997 87 7 85 57 187 122 179 55 109 103 117 111 %8 150
1998 98 109 132 157 198 162 255 2 %8 114 % 092 117 162
1999 89 107 127 94 7 116 %0 138 7 79 9 69 072 57 108
2000 9 78 7 76 7 140 187 231 3 118 78 129 053 88 161
2001 % 125 9 104 05 126 178 107 7 136 77 57 034 % 136
2002 81 97 92 123 134 185 231 156 183 9% 104 118 1014 102 164
Average %2 01 100 106 133 165 163 174 143 105 98 102 95.9 147
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 117
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 255
Estimated Water Losses (%) = 0%
Jan Feb Mar Apr May Jun Jul Au Se oct Nov Dec annualley
P! Y 9 P Capita (gpc/d)
Average Monthly Deman 92 101 100 106 133 165 163 174 143 105 98 102 1236
wio Losses (gpc/d)
Average Monthly Deman 84 93 92 98 124 155 154 164 134 9% % % 1148
W/ WC (gpcld)
Average Monthly
Demand w/ WC and 84 93 92 98 124 155 154 164 134 9% % 94 1148
Losses (gpc/d)
MR 105 125 132 157 157 201 231 255 183 136 114 129 1605
Losses (gpc/d)
Max Month Data w/ 105 125 132 157 157 201 231 255 183 136 114 129 1605
Losses (gpc/d)
Max M"’(‘;:S:)‘a wrwe 9% 17 124 148 147 192 221 25 174 126 106 121 1517
Max Month Data w/ WG 9% 17 124 148 147 192 221 25 174 126 106 121 1517
and Losses (gpc/d)
Water Losses = 0.0%
WC = Water Conservation
/Annual Water Needs (acre-feet) = 2050 Population = 840 Total
Jan Feb Mar Apr. May Jun Jul Aug Sep Oct Nov. Dec (Ac-Ft)
Average Monthly Deman 6.7 67 7.3 7.6 29 120 123 131 103 7.6 70 7.5 108
W/ WC and Losses
pdhonDaa Ny 84 2.0 105 121 125 156 184 204 142 109 88 103 151
Losses
padMoptiDas e 7.7 84 99 15 18 148 17.7 196 134 101 82 26 143
and Losses
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Dakota Water Users Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 5 B .4 8 8 78 ,975 1. 108
1989 8 7 9 5 1. 109
1990 7 7 5 1. 107
1991 9 4 K 0.! 102
1992 .. .. .. 7 .| g | .. . .. . .. ! 0.! 102
1993 .| ! 5 .9 X ! . .. .| . . . 5 0.! 101
1994 . X .4 5 4 K 0.! 103
1995 7 5 101
1996 8 . 9 1 101
1997 3 .3 7 80 ,100 104
1998 .. K .| 7 . .4 . .. . 2 . . 90 ,350 X . 105
1999 g 8 . 2 .. .4 . . 7 .5 . g 93 ,350 X . 108
2000 79 75 72 7.3 7.7 89 103 9.1 9.2 6.3 7.0 7.2 96 2,450 15.0% 12 107
2001 75 75 8.3 7.0 7.9 7.7 10.5 9.1 9.0 6.7 7.2 6.2 95 2,600 15.0% 12 100
Average 6.3 6.5 6.1 6.2 6.5 75 8.3 7.8 76 6.0 5.9 6.0 81 15.0% 104.1

* Water loss data was not available so used 0%

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1088 X 3 ] X 1 71 6. 4 5. 2. 66 975 92 7. 120
1989 I 2, 3 238 5 B 8. 0 2, 5. 67 7! 93 8. 148
1990 X 2. 2 47 9 7 7 7 2, 2. 65 7" o1 iz 128
1991 X 2. 7 0 4 7 X 2, 2, 63 7! 87 6. 109
1992 X E X 47 3. 2. 62 7" 87 7. 22
1993 B 2. i 50 2. 2. 62 7! 85 6. 12
1994 0 2. X 46 2. 2. 63 7" 87 6. 13
1995 .0 4.7 X 4.8 . 3 X X X 4. 4. 62 7! 85 6.9 17
1996 4. 3 . . .. . . . . .0 ,100 86
1997 4. . . . . . g £ . .7 ,100 89
1998 ,350 90
1999 ,350 92
2000 A . . . . A ,450 91
2001 .4 X . . . .5 ,600 85
Average .3 X . . . .5 B . X . I 885
9% Distrib. 7.8%] 8.0%] 7.4%] 7.5%] 8.0%] 9.5%] 10.6%] 9.9%] 9.6%] 7.3%] 7.2%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpe/d)
[Max Daily Water Use (o water losses) 2343
1988 |W. Conservation Reduction = 9.5
1989 Subtotal 2248
1990
1991 [Peak Daily Demand with WC and
1992 |Water Losses = 264.5
1993
1994 |Peak Daily Demand Factor with WC
1995 land Water Losses = 2.82
1996 WC = Water Conservation
1997
1998
1999
2000
2001 648,000 609,137 234 2.65
Average 46,286 609,137 234 2.65

Historic Monthly Per Capita Water Use Data (without system losses)

111 91.8

1989 4 81 70 82 90 104 114 143 118 83 ! 92.8
1990 1 86 69 79 80 112 115 124 114 4 4 8 90.6
1991 1 88 77 85 89 96 97 95 109 4 8 86.8
1992 1 131 72 80 83 103 100 87 99 8 86.6
1993 83 83 78 84 76 112 102 88 87 80 8 854
1994 82 84 90 7 82 101 109 89 111 7 8 87.4
1995 82 84 75 1 85 79 113 104 95 8 85.5
1996 71 86 89 7 81 92 113 91 104 ,100 86.2
1997 74 96 7 85 79 100 121 108 93 82 ,100 88.7
1998 97 89 79 80 103 100 105 118 83 75 ,350 89.7
1999 85 91 86 95 117 100 93 87 7 82 ,350 91.8
2000 89 92 83 86 105 104 108 67 9 79 ,450 90.8
2001 79 87 88 74 84 84 98 100 68 7 63 ,600 84.7
Average 81 92 77 81 84 102 103 104 76 7 75 88.5
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Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Winter =

Summer =

Appendix A

1988 78 110 72 81 83 120 111 112 107 B4 73 73 975 81 103
1989 81 70 82 90 104 114 143 118 83 K 78 107
1990 86 69 79 80 112 115 124 114 4 74 4 78 103
1991 88 77 85 89 96 o7 95 109 4 73 X 80 93
1992 131 72 80 83 103 100 87 99 69 d 84 o1
1993 83 83 78 B4 76 112 102 88 87 80 . 80 o1
1994 82 84 90 7 82 101 109 89 111 9 d 81 94
1995 82 84 75 1 85 79 113 104 95 2 K 79 92
1996 71 86 89 7 81 92 113 o1 104 8 ,100 80 93
1997 74 [ 78 85 79 100 121 108 93 82 100 82 95
1998 o7 89 7 79 80 103 100 105 118 83 75 350 81 98
1999 85 o1 3 86 95 117 100 93 87 7 82 350 82 101
2000 89 92 9 83 86 105 104 108 67 9 79 450 83 98
2001 79 87 88 74 84 84 98 100 68 7 63 600 78 92
Average 81 92 77 81 84 102 103 104 76 7 75 80.6 97
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 78
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 143
Estimated Water Losses (%) = 15%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec CERTEE)
Average Monthly Demand
ey e 81 92 77 81 84 102 110 103 104 76 77 75 885
Average Monthly Demand
WO (gpeld) 72 84 69 73 74 93 101 94 94 66 69 67 79.7
Average Monthly Demand
WIWC and Losses (gpeld)| 85 99 81 86 87 109 119 111 111 78 81 79 937
Rabernba LSS 97 131 %0 86 9% 120 121 143 118 87 82 83 1042
(gpc/d)
Max M°""(‘g2:;:)‘”/ Lossest 445 154 106 101 112 141 142 168 139 102 97 o7 1226
ERE RS 89 123 82 78 86 110 111 134 109 7 74 75 9.4
(gpc/d)
Max Month Data w/ WC
e () 105 144 9 92 101 130 131 157 128 91 87 88 1122
Water Losses = 15.0%

WC = Water Conservation

Max Month Data w/ WC and|
Losses

Reclamation 2050 Pop =

467.3

Max Month Data w/ WC and|
Losses

355.2
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Drayton Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 12.8 10.0 10.0 8.2 11 12.0 13.2 10.2 14.2 13.! 19.2 20.2 154 971 .0% 4 436
1989 18.0 18.7 .1 7.8 9. 104 17.1 117 13.6 22.. 17.4 22.4 185 966 .0% N 525
1990 213 18. 22 7.0 7. X 149 13. 14.0 22. 183 199 189 961 .0% N 538
1991 .3 .4 .. 10.2 . . . | .1 .4 g 4 83 956 .0% . 239
1992 2 .. X .. . X .. . .2 .4 g g 951 .0% 5 214
1993 .7 .4 X .| . . 3 .4 .7 5 . . 947 .0% .| 196
1994 . .. . . X . . .. . . . .| 942 .0% X 176
1995 . .4 . g g . . 5 .. .. X . 937 0% . 220
1996 X .| .. | 4. . . . 8 .| .. X 65 932 .0% X 192
1997 X . .. .. 7. . . . .. . . .| 66 927 .0% . 195
1998 X K g . 6. . . X . . . .| 80 923 .0% 5 238
1999 . .. . E 8. . . . . 5 X .| 83 918 .0% . 247
2000 8.2 6.8 76 7.0 6.8 4.2 43 5.0 83 8.1 6.6 119 85 913 11.0% 0.8 254
2001 10.8 10.1 113 11.0 8.6 3.4 3.5 3.3 7.5 8.3 8.6 8.8 95 908 11.0% 0.9 287
Average 9.5 9.0 9.6 7.4 6.6 5.6 6.0 5.8 8.6 10.0 9.1 10.0 97 11.0% 282.7

* Actual unaccounted for losses data was not available but Drayton estimates 11% annual losses

rer capita vvater use Analysis (Montniy water aiversionwitnout system I0sses)

20.7 165 966 467 20.7 715
18.1 168 961 479 18.. 629
956 213 .4 294
951 191 K 272
947 174 4 260
942 156 .| 212

K .. g 5 15.4 10. 119 20.5
1990 .6 17. 20.8 .. .. g 13.1 11. 12.2 20.5

w
-
S
i
=l
S
-

1989 16.

PSS
o|~|of

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000 X
2001 10.0 .. 10.4 10.1 A X . .

Average 8.6 8.1 88 6.5 57 4.7 5.1 4.9 77 9.1 9.1

9 Distrib. 9.9%] 9.3%] 10.1%] 7.5%] 6.6%] 5.5%] 5.9%] 5.7%] 8.9%] 10.5%] 9.5%] 10.5%]

e

bt P Pl Bl P P B S
~|o|o| o|o|w|~|n

71 923 212 N 280
X g 5 ! . X .| i 74 918 220 i 288
.9 .. X .4 . .. ! g . 1.2 75 913 226 112 407
7.9 85 908 255 104 381

87 251.6 103 364.9

B EIEIESE

o)

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and
Losses) = (gpc/d
[Max Daily Water Use (w/o water losses) 430.9

IW. Conservation Reduction = 9.5
Subtotal = 421.4

Peak Daily Demand with WC and

Water Losses = 473.5
[Peak Daily Demand Factor with WC

land Water Losses = 174

WC = Water Conservation

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000 A

2001 420,000 28,676 391,324 431 171
Average 420,000 28,676 394,000 431 171

R EEEEEEEE S

Historic Monthly Per Capita Water Use Data (without system losses)

1988 378 9

1989 543 630 480 211 4 300 515 335 411 683 541 692 966
1990 658 639 698 183 7 253 441 400 424 687 575 609 961
1991 287 285 284 330 7 105 106 131 187 259 228 223 956
1992 220 207 194 88 138 106 124 263 263 235 244 951
1993 207 251 260 97 106 78 94 21, 209 186 181 947
1994 197 189 133 7 101 101 101 21 205 174 185 942
1995 202 291 257 249 151 96 173 27. 194 174 117 937
1996 152 209 193 229 149 124 114 111 23 256 165 117 932
1997 175 228 19 165 232 174 102 122 166 167 177 188 927
1998 201 267 23 220 212 99 98 108 290 287 280 253 923
1999 284 289 27 238 279 208 68 126 205 210 213 255 918
2000 263 234 243 226 213 123 123 149 274 257 213 394 913
2001 354 364 369 370 273 94 93 84 243 264 285 281 908

Average 294 305 299 232 197 167 174 168 274 310 290 312
Maximum historic water use month = 698 gpc/d
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Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Drayton Water Demand Calculations
Maximum Month Method

With
Industry

[ ]

Without
Industry

Appendix A

[ ]

1088 378 316 285 233 319 364 302 252 439 402 610 624 o711 411 228
1989 543 630 480 211 264 300 515 335 411 683 541 692 966 524 236
1990 658 639 698 183 177 253 441 400 424 667 575 609 961 559 212
1901 287 285 284 330 137 105 106 131 187 259 228 223 956 260 80
1992 220 207 194 88 138 106 124 263 263 235 244 951 230 76
1993 207 251 260 o7 106 78 o4 21 209 186 181 047 215 62
1994 197 189 133 7 101 101 101 21 205 174 185 042 188 63
1995 202 201 257 249 151 %6 173 27 194 174 117 037 210 112
1996 152 209 103 229 149 124 114 111 23 256 165 117 032 194 83
1997 175 228 104 165 232 174 102 122 166 167 177 188 %27 183 105
1998 201 267 234 220 212 % o8 108 290 287 280 253 923 254 86
1999 284 289 275 238 279 208 68 126 205 210 213 255 018 246 113
2000 263 234 243 226 213 123 123 149 274 257 213 394 013 263 101
2001 354 364 369 370 273 o4 o3 84 243 264 285 281 508 316 o1
Average 204 305 299 232 197 167 174 168 274 310 200 312 290 118
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 559
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 698
Estimated Water Losses (%) = 11%
Annual Per
Jan Feb Mar Apr May Jun ul Aug Sep oct Nov Dec e
(Average Monthly Demand w/f 5, 305 299 232 197 167 174 168 274 310 290 312 2516
Losses (gpe/d)
Average Monthly Demand wi| g5 207 201 224 188 158 164 158 264 301 282 303 242.8
WC (gpc/d)
ereredMontiiDemand 322 334 327 252 211 177 185 178 207 338 316 341 2728
w/ WC and Losses (gpc/d)
L M“""zgz:;:)"‘” olosses|  ggg 639 698 370 319 364 515 400 439 687 610 692 532.6
LS M°"';‘g'::;:)"‘” Losses| 749 77 784 416 358 408 579 449 493 772 685 778 508.4
LS M°'(‘;25:)"’ LA 650 630 690 362 309 354 506 301 430 677 601 684 523.8
sl BERCITEET | gp 708 775 407 347 308 568 439 483 761 676 769 5885
Losses (gpc/d)
Water Losses = 11.0%

WC = Water Conservation

Max Month Data w/ WC and
Losses

2050 Population =

345

607
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East Grand Forks Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988* 36. 33. 38. .. 53. 61. 55. 51. 50. 39. 39.! 558.. ,507 .1% 180
1989 38. 36. 38. X . 40.. 67. 55. . 50.: 39. 42. 535.. ,583 .1% .. 71
1990 40. 35. 44. .! . 34. 43. 4. .. 38.. 33. 36. 480. ,658 .1% . 52
1991 35. 34. 50. 5 . 38. 35. 5 .. 38. 33. 5. 461. ,733 .1% | 45
1992 36. 34, 7.4 . . 8. 36. .. . . 35. .. 457.. ,809 .1% . 42
1993 35. 33. .| 38. . 6. 334 5 .. . . 4. 478, ,884 .1% . 47
1994 45 41 . R 44 . 4. . . 51. . . .! 550 ,947 .1% .. 168
1995 37. 32.! 3 44.1 65. 1. 50. 4 558 ,983 1% 170
1996 56.. 49. .. 43.( 62. 7. 50. 55. 44, . .. 569 ,003 1% . 173
1997 39. 33.! g 33. 37. 50. . 39.! 43. g . X 498 ,000 ! .. 195
1998 32. 30. . 37. 1. 48 52. .. 33. . 474 1,300 3 .. 78
1999 29. 28.! 1. 37. . 7., 42, 32. . 33. X 434 1400 . 5 61
2000 27. 26.. 28. 28.. . 4. 4, 60. 53. .. 35. . 463 ,500 3 .4 69
2001 30. 28.. 30. 29. . . 0. 40. 34. 33. 28. 5 405 501 4. .0 48
2002 29.. 26.. 28. 30.( . 34. 2. 334 29. 35. 29. .. 376 501 8. .7 37
Average 36.8 338 38.2 374 45.6 43.2 43.4 46.1 44.5 43.1 36.8 376 487 18.1% 162.5

1 Used data between 1997 and 2001 for unaccounted-for-water loss for pther years.
* No data was available for Jan-Mar of 1988. The average of 1989 - 2002 was used in the document.

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988 28. 25.. 29.7 3. 43. . 31. 31 457 ,607 47 53.2 209
1989 30. 28.. 30.3 7. 35. 31 34. 439 ,683 40 59.7 232
1990 33. 28. 36.7 7.4 32 X 26. 29. 394 ,658 25 41! 60
1991 28. 27.! .4 34.. 36.. 5 26. 28. 378 ,733 43. 65
1992 29. 27.. 3. 36. 28. 375 ,809 36. 37
1993 28. 26. 36.! 36. 33. 392 ,884 37. 42
1994 37. 33.; 49.( 43. 8. 30. 450 ,947 38 49. 183
1995 28. 24.! . 33 42. 41, 36. 457 ,983 39 57. 213
1996 47, X 31. 7. 36. 31.4 7. 466 ,003 142 53. 198
1997 30. 4. 28. 38. 37. 34 389 ,000 152 195
1998 25. 4. 27. 39. 26. 4 400 1,300 150 10
1999 22. X 24. 28, 25, 342 4,400 27 78
2000 21. 5 21 . 38. 28, X 385 ,500 4. 4. 41
2001 25, 23. 25. 29. 28.. 23. 26. 345 ,501 2 . 66
2002 23. 20.4 23. 23. 30.( 23. 27. 308 501 11 30.( 133
Average 295 26.4 . 30. 37. 35.. 205 | 30.. 394 136.4 45, 190.7
% Distrib. 7.5%] 6.7%] 7.8%] 9.4%] 9.1%] 7.5%] 7.7%] 100.0%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and
Losses) =
[Max Daily Water Use (/o water 10sses)

4,000,000 276,413 3,723,587
4,000,000 265,310 3,734,690
1990
1991 {[Peak Daily Demand with WC and
1992 | ater Losses = 522.6
1993
1994 3,348,000 272,218 3,075,782 344 252 |Peak Daily Demand Factor with WC
1995 3,400,000 276,413 3,123,587 348 255 land Water Losses = 345
1996 ,308,000 281,861 | 3.026,139 336 .46 WC = Water Conservation
1997 407,000 299,12 107,875 301 21
1998 ,397,000 204,31 192,690 300 20
1999 247,000 252,949 | 1,994,051 269 .98
2000 867,000 211,857 | 2655143 354 60
2001 ,326,000 163,432 162,568 288 11
2002 ,066,000 186,346 879,654 251 84
Average 942,364 244,567 | 269,797 333 44

Historic Monthly Per Capita Water Use Data (without system losses)

1988 08 106 13 145 70 209 180 165 68 161 123 118 507

1989 15 14 108 46 4 224 7 38 159 123 128 583

1990 25 37 8 55 D4 134 4 27 102 109 658

1991 04 60 0 22 106 38 102 106 733

1992 09 13 0 4 26 110 37 109 114 809

1993 107 6 7 32 95 132 35 25 137 884 El
1994 132 7 34 133 34 177 63 12 113 947

1995 97 34 206 159 121 58 36 165 ,983

1996 162 192 145 151 74 130 16 99 ,003 |
1997 4 125 32 195 140 63 177 180 160 000

1998 1 119 21 14 78 166 156 186 1 176 123 106 300

1999 97 100 105 34 56 156 73 150 11 123 117 96 1400

2000 92 94 93 97 46 167 65 233 20 167 127 98 500

2001 109 111 111 109 32 166 53 151 130 122 103 113 501 .

2002 102 o7 100 108 23 129 14 121 105 129 105 118 501

Average 115 114 120 122 150 147 43 153 151 141 120 119
Maximum historic water use month = 233 gpe/d
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]

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer =
Population
Winter Per [ Summer Per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita Use Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (gpcld) (gpcid)
1088 08 106 3 145 70 209 180 165 68 161 2 118 507 175
1089 15 4 108 46 224 7 8 150 23 128 563 162
1990 25 7 8 55 134 4 7 02 109 658
1901 04 0 0 106 8 02 106 733
1992 09 0 4 110 7 09 114 809
1993 10 6 7 % 5 137 884
1904 132 7 3 113 947 30 5
1995 o7 7 20 150 21 58 165 983 7 152
1996 162 3 %2 145 151 74 % 003 153
1997 4 125 1 32 195 140 63 18 160 000 4 162
1998 1 110 21 78 166 5 186 0 6 23 106 300 7
1999 97 100 05 3 56 156 73 150 0 3 17 % 400 108 4
2000 92 94 93 57 46 167 65 233 7 7 27 % 500 100
2001 109 111 111 109 32 166 53 151 0 03 113 7,501 110 4
2002 102 o7 100 108 23 129 14 121 105 105 118 7,501 105
Average 115 114 120 122 50 147 a3 153 151 120 110 118 4
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 142
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 233
Estimated Water Losses (%) = 18.1%
Jan Feb Mar Apr May Jun Jul Aul Sey Oct Nov. Dec Annual Per
P! Y 9 P Capita (gpe/d)
Average Monthly Demand 115 114 120 122 150 147 143 153 151 141 120 119 1330
wio Losses (gpc/d)
Average Monthly Demandwj 106 112 113 140 137 133 143 141 132 112 110 1240
WC (gpe/d)
Average Monthly Demand
wIWG and Losses (gpoly| 1% 129 136 138 171 168 163 175 172 161 136 135 1514
Max M°"“(‘;2;:)W’° tossed 71 162 160 145 206 209 224 233 210 177 180 165 1869
Max M”"'?gss;:)m Losses| 08 198 195 177 252 255 274 284 256 215 219 202 2282
Max M°'2§;3:)'a LA 162 154 152 136 197 199 215 223 200 167 171 157 1779
MacMonhDramwe 198 187 185 166 240 243 262 273 244 204 209 191 2171
and Losses (gpc/d)
Water Losses = 81%
WC = Water Conservation
|Annual Water Needs (acre-feet) = Reclamation 2050 Pop = 9,800} Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
Average Monthly Demand wj
T 122 109 127 125 160 151 152 163 156 150 123 126 1,662
Max Month Data w/ Losses | 194 167 182 159 235 230 255 265 231 201 198 188 2,505
DENETCEACIEE| g 158 173 150 224 219 244 254 220 190 189 178 2,384
Losses
|JAnnual Water Needs (acre-feet) = \Water User 2050 Pop = 13,619 Total
Jan Feb Mar Apr. May Jun Jul Aug Sep Oct Nov. Dec (Ac-Ft)
REEPNEGHEIEEDL | e 1512 1768 173.4 2218 2102 210.7 226.8 2162 208.0 1710 1745 2,300.4
'WC and Losses (gpc/d)
Max M""‘gg;‘:)‘ R o 2315 253.3 2215 3259 319.2 354.8 368.2 3209 279.2 2750 2614 34810
Max Month Data w/ WC and| g6 7 219.4 2399 2085 3108 3045 3396 353.1 306.2 264.0 262.0 248.0 33129
Losses (gpe/d)

A-68



Final Needs and Options Report Appendix A

Enderlin Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 1,007 9% 00
1989 1,002 9% 00
1990 997 9% 00
1991 992 9% 00
1992 L 46 44 142 182 176 105 0 136 99 4. 167 987 8% 4629
1993 12 3. 155 157 117 127 1 124 4. 156 982 4% 4356
1994 31 4. 129 148 106 101 6 2 155 977 9% 4360
1995 17 137 4.2 131 144 0 0 147 972 1% 4153
1996 X 06 K 60 .0 64 67 6 109 ¥ ¥ ¥ 13 967 3% . 3213
1997 ¥ 98 1 103 24 120 120 119 140 § X X 150 962 2% 1 4531
1998 X 139 4 177 9.1 182 176 198 207 X 1 5 225 957 1% K] 6428
1999 ¥ 164 6 166 99 206 225 187 194 X 7 8 234 952 5% 2 6735
2000 168 182 194 198 22 25 221 285 289 25 25 2.7 260 947 41% 09 7527
2001 254 218 230 194 194 237 201 215 249 248 254 231 279 942 17.7% 41 8102
Average 156 141 156 146 141 160 149 158 165 176 172 175 1% 18.9% 5403
accounted for water p ge by 5% to reflect iduals production.

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1088
1989
1990
1901
1902 ¥ 137 129 119 126 174 135 68 123 109 114 07 144 087 399 4 588
1903 . 104 1 139 136 110 101 82 77 13 125 110 132 082 368 ¥ 513
1004 X 86 120 133 110 132 42 116 144 89 114 131 132 o771 371 4 490
1095 X 118 109 137 117 152 87 101 64 89 104 115 132 o7z 373 2 522
1996 . 103 ) 77 28 37 37 42 86 62 79 87 85 967 240 10 379
1997 84 86 92 86 100 109 86 119 127 120 178 146 133 962 380 178 618
1008 174 147 154 161 180 154 154 164 175 106 181 180 202 957 578 106 683
1999 166 170 136 155 155 175 195 107 146 194 155 225 207 952 596 225 789
2000 183 158 159 190 178 238 104 229 287 217 234 226 249 047 722 287 1012
2001 236 210 102 181 100 177 148 159 241 125 235 108 229 042 667 241 853
Average 145 132 126 138 132 146 18 128 147 131 152 152 165 469.4 186 6446
9 Disib. 8.8%| 8.0%] 7.7%] 8.4%)| 8.0%] 8.9%)| 7.2%) 7.8%) 8.9%| 8.0%] 9.2 9.2 100,

* Major Differences between the Historic Monthly Filtered Water Production and Total Historic Monthly Metered Water Biled are attributable to an offset in the billing (meter reading) cycle and the water volume reporting system.

1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 - - - - - - - - - - - - -
1991 - - - - - - - - - - - - -
1992 038 040 040 040 048 046 042 049 040 040 044 037 505
1993 043 039 034 040 052 048 042 051 049 044 042 039 523
1994 045 036 047 044 036 070 037 046 051 036 035 038 521
1995 035 035 036 037 030 050 034 039 042 045 068 047 496
1996 037 031 032 025 031 039 041 037 050 035 041 032 4.30
1997 041 031 029 028 034 053 044 038 038 035 029 024 422
1998 029 035 020 026 033 030 065 045 037 038 031 031 419
1999 034 035 029 036 037 051 052 041 040 043 042 037 478
2000 047 036 031 044 049 059 057 049 052 045 046 056 5.70
2001 070 065 060 035 045 043 051 032 065 048 033 033 589

Average 042 033 036 035 039 049 047 043 046 041 042 033 495

1992 86 112 104 92 o7 140 109 38 96 79 85 72 1
1993 108 78 49 96 104 71 71 39 a1 85 96 84 92
1994 78 64 o7 105 83 95 15 20 15 65 20 105 100
1995 104 94 86 109 93 15 63 70 32 63 78 93 100
1996 83 74 73 53 03 03 o7 14 55 a7 54 64 52
1997 60 60 70 64 72 80 62 92 101 95 153 125 103
1998 150 123 133 138 152 129 126 131 149 171 157 160 72
1999 143 148 117 131 131 148 169 171 121 167 131 202 178
2000 157 134 131 165 130 211 166 198 259 192 210 203 215
2001 208 185 168 159 164 150 116 128 212 101 211 176 198
Average 118 107 103 111 103 114 20 97 118 106 127 128 132
1988 1,007 o 00 o
1089 1,002 o 00 o
1990 997 o 00 o
1991 992 o 00 o
1992 18 21 21 23 25 29 22 25 23 26 24 22 28 987 7 29 %8
1993 38 22 18 39 27 35 26 39 31 24 24 22 ) 982 % 39 133
1994 26 18 19 23 23 30 24 21 23 20 21 22 27 a7 76 30 102
1995 22 20 20 24 21 32 21 27 28 22 20 18 27 72 7 32 11
1996 23 26 23 22 22 30 26 24 26 22 21 20 2 967 81 30 102
1997 20 23 18 20 25 23 20 24 22 22 22 19 2 962 73 25 8
1998 21 20 19 20 25 23 21 29 22 21 21 17 2 957 74 29 %
1999 20 19 16 20 19 23 21 22 21 22 21 19 2 952 70 23 79
2000 22 20 24 21 43 21 23 27 23 21 20 18 28 947 82 43 152
2001 21 18 17 19 22 23 27 28 23 19 20 18 2 942 74 28 100
Average 23 21 20 23 25 27 23 27 24 22 21 19 27 780 31 1062
% Distrib. 1.4%) 1.3 1.2 1.4%) 1.5% 1.6% 1.4%] 1.6% 1.5% 1.3%] 1.3y 1.2 16.7%

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC
es) =

land Loss: (gocld)
[Max Daily Water Use (wio water losses) = 12437
Reduction = 95
Subtotal = 12342
[Peak Daily Demand with WC and
ater Losses = 1522.1
[Peak Daily Demand Factor with WC
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Enderlin Water Demand Calculations
Maximum Month Method

1995 N/A [and Water Losses = 193 ]
1096 A WG = Water Conservation
1007 676,000 605,380 25

760

915

1244

1087

921 197

Historic Monthly Per Capita Water Use Data (without system losses)

1988 Lo07 0
1089 1002 0
1990 997 0
To91 992 )
1092 58 5 78 % 81 76 7 1 987
1093 126 133 118 127 106 7 902
1094 102 977
1095 FiTy o972
1096 102 967
1097 962
1098 957
1099 952
00 14 947

2001 7 4 912 4

Average 7 76 5 80 B % 7 8 81 7 7 5 780

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) winer [ ] summer [ |
1988 007
1089 1002
1090 997
To91 992
1092 58 78 % 81 76 7 987
1093 126 133 118 127 106 7 902 100
1094 102 977
1095 Fins 72
1096 102 967
1097 962
1098 957
1099 952
00 14 947 7

2001 7 4 912 2

Average 7 7 6 80 8 % 7 8 8 7 7 5 7 8

Per Capita Water Use Analysis (Max Month Method)

Winter Demand without Losses (gpc/d) = 92
Indoor W. Conservation Reduction (gpc/d 815
Outdoor W. Conservation Reduction (gpeid) = 065
Peak Monthly Demand wio System Losses (gpc/d) = 147
Estimated Water Losses (%) = 19%
Average Morihy Demand
P e A 7 6 66 8 8 9 7 8 8 7 7 65 780
Average Monihy Demand
S 6 68 58 7 15 8 68 7 7 3 65 2 602
[Average Monthly Demand
R e | WG 8 7 88 2 102 8 % 2 i3 & o 853
[Max Morih Data wlo Losse ;5 o5 8 133 147 118 o4 127 106 8 82 7 1057
(gpe/d)
Radoniate 155 17 103 164 182 145 115 157 131 103 101 %0 1203
Losses (gpeid)
Max Month Data w/ We 118 87 3 125 138 108 8 118 o7 7 74 65 9.9
(gpe/d)
DEEEEINDS || oy 107 % 154 1m0 134 104 145 119 o1 o 8 1195
and Losses (gpcld)
Water Losses = 9%
WC = Water Conservation

[Max Month Data w/ WC and
Losses (includes Sunflower
Plant and Sheldon)

[Max Month Data w/ WC and
Losses (includes Sunflower
Plant and Sheldon)
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Fargo Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 336 294 340 363 459 566 565 442 417 361 385 320 4,849 71,230 20.0% 81.0 187

1989 338 294 316 326 399 445 618 484 347 308 286 367 4,528 72,660 20.0% 75.6 171
1990 308 284 316 324 372 384 483 543 416 375 338 337 4,478 74,111 31.1% 116.1 166
1991 323 278 292 300 372 393 407 464 389 356 298 297 4,169 75883 27.6% 95.9 151
1992 300 283 291 291 392 395 371 374 306 350 311 316 3.982 77,558 26.1% 86.6 141
1993 318 297 297 300 336 326 339 413 388 362 312 322 4,010 79,164 27.0% 90.2 139
1994 338 356 374 344 418 474 442 457 381 351 322 341 4,598 80,924 25.3% 96.9 156
1995 340 290 324 312 375 517 392 525 424 361 310 310 4,480 82,442 25.2% 94.1 149
1996 335 339 341 355 379 491 560 539 433 386 345 351 4,854 83,822 29.7% 1201 159
1997 362 328 375 324 300 345 329 361 297 280 244 243 3.790 85,358 15.7% 49.6 122
1998 246 221 240 264 326 294 359 433 344 292 269 281 3.568 86,935 4.1% 122 112
1999 327 254 286 271 323 365 400 371 309 303 279 281 3.770 88,128 12.5% 39.3 117
2000 276 275 293 285 341 319 379 450 314 297 265 283 3.777 90,599 9.5% 29.9 114
2001 276 246 292 281 323 331 436 407 332 302 272 276 3,774 92,410 6.7% 211 112
Average 316 288 313 310 365 403 434 447 364 335 303 309 4,188 20.0% 1424

Unaccounted for losses data was not available for 1988 and 1989 so the 1990 % of 31.1% was used

Per Capita Water Use Analysis (Monthly water diversion without system losses)

1983 255 213 259 282 378 485 484 361 304 239 877 230 149 485 227
1989 262 218 241 250 369 543 408 210 292 620 660 137 543 249
1990 192 168 200 208 268 366 227 222 221 ,085 NEE 114 227 192
1991 227 182 196 204 297 31 368 202 202 018 883 109 368 161
1992 213 196 205 205 309 284 287 225 229 ,943 558 104 309 133
1993 228 207 207 209 236 24 323 222 232 928 9,164 101 323 136
1994 241 259 277 247 377 34 360 225 245 434 80,924 116 377 155
1995 246 196 230 218 423 298 431 216 216 351 82,442 111 431 174
1996 215 219 221 235 371 440 219 225 231 412 83,822 112 440 175
1997 313 279 326 275 295 280 311 195 194 ,195 85,358 103 326 127
1998 233 209 227 252 282 347 221 257 268 422 86,935 108 221 161
1999 288 215 247 231 326 361 332 240 241 299 88,128 103 361 136
2000 246 245 263 255 289 349 420 235 253 418 90,599 103 220 155
2001 255 225 271 260 310 415 386 251 255 521 92,410 104 215 150
Average 244 216 241 238 331 362 375 231 237 323 1124 2031 1665
9% Distrib 7.3%] 6.5%] 7.2%] 10.9%] T1.3%]

Daily Peak Demand Analysis

|Peak Daily Demand Estimate (with WC and

lLosses) = (gpefd)
[Max Daily Water Use (w/o water losses) = 288.6
19887 289 257 . Conservation Reduction = 2
1989 = 2794
1990 No [Estimated Storage Depletion = 281
1991 Daily [Estimated Peak Day Demand Attenuation 36.0
1992 Peaking = 3435
1993 Data
1994 [Peak Daily Demand with WC and
1995 “Wi‘ef Losses = 38L7
1996
1997 19,300,000 17,669,957 207 184 [Peak Daily Demand Factor with Water
1998 20,900,000 20,499,160 236 2.10 [Conservation and Water Losses: 329
1999 ,900,000 211 88 WC = Water Conservation
2000 700,000 229 03
2001 400,000 224 99
Average ,070,000 233 07

Historic Monthly Per Capita Water Use Data (without system losses)

1988 116 107 117 132 71 227 2 164 157 127 108 71,230
1989 116 107 107 115 44 169 181 125 103 129 72,660
1990 84 81 87 93 11 121 186 135 1 96 74,111
1991 %6 86 83 90 17 130 156 129 86 75,883
1992 89 90 & 88 27 133 2 94 95 77,558 |
1993 93 93 84 88 100 99 101 5 95 79,164
1994 96 114 1 102 128 155 138 7 93 97 80,924
1995 %6 85 88 110 71 117 3 2 87 85 82,442
1996 83 93 93 99 48 169 4 0: 89 89 83,822 5|
1997 118 117 107 95 15 106 11 %6 87 7 73 85,358 5 |
1998 87 86 o7 116 08 2 156 127 104 100 86,935 |
1999 105 87 88 104 23 121 102 o7 88 88,128 |
2000 88 o7 94 111 06 150 105 95 90 90,599 |
2001 89 87 5 ) 105 112 135 112 98 89 92,410
Average o7 o5 o5 98 117 37 149 120 104 o5 o4
Maximum historic water use month = 241 gpeid
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Fargo Water Demand Calculations

Maximum Month Method

Appendix A

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = \:| Summer = I:I
Population e per | Summer per
Historic Monthly Metered Water Usage (gallons per capita/day) CapitaUse || Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec {gpeld)
988 11¢ 107 117 132 71 227 219 164 157 27 142 108 71,230 120 178
989 11 107 107 115 44 241 181 125 03 96 129 72,660 112 161
990 84 1 87 93 160 186 135 3 100 96 74,111 90 137
991 9 86 83 90 3 156 129 89 86 75,883 88 2
992 8 9 85 88 3 94 7 95 77,558 91
993 93 3 84 88 99 125 3 95 79,164 91
994 9 114 110 102 155 117 101 3 97 80,924 102
995 85 9 88 171 133 104 7 85 82,442 89 34
996 9: 8! 93 9 148 124 102 89 83,822 89 34
997 1 7 2 107 9! 115 06 118 96 87 73 85,358 102 103
998 97 116 108 129 156 127 104 100 86,935 92 123
1999 5 7 88 104 123 132 121 102 7 88 88,128 92 11
2000 8 7 94 111 106 124 150 105 5 90 90,599 91 11¢
2001 9 7 94 105 112 145 135 112 )8 1 89 92,410 91 11¢
Average 7 95 95 98 117 137 145 149 120 104 5 94 95.7 128.9
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 120
Indoor W. Conservation Reduction (gpc/d) = 6.67
Outdoor W. Conservation Reduction (gpc/d) = 1.26
Peak Monthly Demand w/o System Losses (gpc/d) = 241
Estimated Water Losses (%) = 10%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Capita
(gpc/d)
Average Monthly Demand | g6 95.0 95.4 97.7 17.1 137.0 1450 149.4 1202 1045 94.9 94.4 1124
w/o Losses (gpc/d)
esRds Moty Deend oot 88.3 88.7 911 107.9 1278 135.8 140.2 111.0 95.3 88.3 87.7 1045
WC (gpc/d)
AEEEDNEY BETERE | 5554 98.1 98.6 101.2 119.9 142.0 150.9 155.7 1233 105.8 98.1 97.4 1161
w/ WC and Losses (gpc/d)
LS M°"m(;act/z)‘”/ OLEEE | aamm 116.6 123.0 132.0 1713 226.9 240.9 185.7 1575 126.8 14255 1295 156.1
[ Mo"‘h(gzz'/:)w/ Losses| 313 129.6 136.7 146.6 190.4 252.1 267.7 206.3 175.0 140.9 158.3 1438 1735
Max MO"(;hpgz;"" WIWE I g1ps 109.9 116.4 1253 162.1 217.7 2317 1765 1483 176 1358 1228 1482
MG LERWWE || oy 1221 129.3 139.2 180.2 2418 2575 196.1 164.7 130.7 150.9 136.4 164.65
and Losses (gpc/d)
Water Losses = 10.0%
WC = Water Conservation
[Annual Water Needs (acre-feet) = 2050 Pop = 204,300} Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (Ac-Ft)
Average Monthly Demand w/WC| ) g46 1723 19016 1,903 2331 2671 2,034 3,027 2,320 2,057 1845 1,804 26,567
and Losses
Max Month Data w Losses 25552 2274 2,657 2,758 3,700 4781 5,203 4011 3201 2739 2077 2,79 39,701
Max M°"’"LUD:S’:5W/ (Cand 2,408 2,144 2513 2,619 3,502 4,549 5,005 3812 3,009 2,540 2,838 2,652 37,682
/Annual Water Needs (acre-feet) = |Water User 2050 Pop = 243,073 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (Ac-F1)
"Average Monthly Demand w/ WC
e 23157 20495 22797 22604 27729 31780 34903 36016 27604 24479 21949 22533 31,608.7
Max Month Data w/ Losses (gpc/d) 3,036.5 2,706.1 3,161.4 3,281.9 4,402.4 5,641.2 6,191.0 47719 3,915.6 3,258.7 3,5425 3,326.5 47,235.7
LA A A 2,865.1 2,551.3 2,990.0 3116.0 4,1663 54126 5954.9 45357 3,687.1 30226 3376.7 3,155.1 44,8333
Losses (gpc/d)
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Grafton Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 188 19 18 209 23 30 28, 29 219 19 276 905 6% 154
1989 204 20 18, 16.9 20 25 25, 28 217 21 265 872 6% 149
1990 21, 21, 19 217 23 24, 27, 28 217 21, 275 840 6% 156
1991 18 18 18. 21. 19 23 24, 24, 19 19 251 808 6% 143
1992 19 20 19. 20. 19 22 22 25 20 19 252 775 6% 144
1993 19 18 18 22 22 24, 25, 25 22 21 265 743 6% 153
1994 22 21 21 26. 24, 26 25, 28 24, 25, 299 710 6% 174
1995 24, 25 22. 25. 23 30 28, 29 23 22. 305 678 1% 179
1996 22 22 21 25. 23 0 28, 30 26 2. 305 646
1997 21 22 20 20 20 234 18 20 17 16, 238 613 3% 142
1998 19 20 19 22 26, 259 25, 28 2 23 7} 283 581 4% 1 169
1999 21 2 19 24 23 261 2. 29 230 22 2 283 548 3% 6 170
2000 26.9 274 212 256 339 374 353 360 271 26.2 245 352 4516 27.8% 81 214
2001 213 224 197 217 235 252 371 213 210 214 207 286 4,484 19.4% 46 175

Average 213 217 199 226 235 269 271 282 224 216 208 281 19.6% 164.4

* Unaccounted for losses data was not available from 1988 - 1994 so the average from 2001 - 1995 (19.6%) was used

Per Capita Water Use Analysis (Monthly water diversion without system losses)

1988 3 4.1 4 4 905 124 5. 174
1989 3 872 120 4. 168
1990 4 840 125 4. 168
1001 808 115 144
1902 775 116 152
1903 4 123 149
1904 1 140 168
1995 67 155 195
1996 64 7 187
1997 61 0 137
1998 . 581 0 180
1999 X 4 548 7 185
2000 . 0 516 4 216
2001 I 3 484 1 242

Average 3 z . X I I X X X 7 X 1320 1760

% Distrib. 7.4%| 7.6%| 6.8%| 8.0%| 8.3%| 9.9%| 0.0%] 10.5%| 9.1% 7.9%| 7.5%

Historic Monthly Metered Water Usage Purchased by WRWD (Millions of Gallons)

2000 000 000 000 000 000 000 013 013 013 013 006 007 065 4516
I 2001 | o031 | 122 [ o004 | o044 | o017 | o006 | 238 | 18 | o041 | 006 | 005 | 005 | 7.89 | I |
| Average [ o2 1 06 | o0 | | o1 | 05 | 13 | 10 [ 03 | o1 [ o1 | o1 | 43 | |

*Walsh Rural Water District bought 662,000 gallons in 2000, and 7,879,000 gallons in 2001. Volumes distributed per meter readings provided by System Manager.

Per Capita Water Use Analysis Less Water Sold to WRWD(Monthly water diversion without system losses)

4.1 4 4. 222 ,905 124 5. 174

3 213 872 120 4. 168

4 221 ,840 125 4. 168

202 ,808 115 144

202 775 116 152

213 74 123 149

4 241 71 140 168

265 67 155 195

250 ,64¢ 147 187

12 185 61 110 137

. 234 ,581 140 180

A .4 228 ,548 137 185

.1 .9 254 ,516 154 216

.8 .3 223 484 136 224

.| . .. S . .. .. .. .6 7 i . 225.1 1316 174.8
7.4%] 7.5%] 6.8%] 8.0%] 8.4%] 9.9%] 9.9%] 10.4%] 9.1%] 7.9%] 7.5%] 7.2%

Daily Peak Demand Analysis

[Peak Daily Demand Estimate (with WC and

Losses) = (@
[Max Daily Water Use (/o water losses) = 2826
331,800 | 1 E Reduction = 96
355,300 527 ¥ 4 1 Subtotal = 2730
191,600 1043,
240,600 K [Peak Daily Demand with WC and
200,400 1064, . jater Losses = 3397

|Peak Daily Demand Factor with WC

land Water Losses = 2.23

WC = Water Conservation

151,943 1,019,557 227 -
Average 1,243,986 151,656 1,092,330 233 177

Historic Monthly Per Capita Water Use Data (without system losses)

988 94 109 90 112 174 159 163 145 114 102 ,905 123,
989 1 116 96 86 144 140 163 132 115 110 872 119,
1990 1 123 101 118 138 151 162 140 115 98 ,840 125.
991 9 109 94 120 136 137 139 136 102 99 808 115.
992 119 102 112 129 124 147 127 110 04 105 775 116.
993 109 94 124 5 142 41 144 137 120 114 743 123,
1994 128 114 151 34 153 44 163 159 137 1 133 710 139.
995 172 133 161 138 195 75 182 54 137 13 126 678 155.
1996 12 138 1 149 134 184 69 181 7] 152 126 114 646 147.
997 143 1 116 110 137 95 113 9 91 87 93 613 109.
1998 126 1 137 157 159 154 174 1 131 140 122 581 139,

1999 138 1 146 134 158 153 179 14 131 129 111 548 137.
2000 34 152 129 184 216 193 198 53 135 133 117 516 153,
2001 132 1 124 134 146 217 150 7 117 124 116 484 1361

Average 115 130 105 128 130 158 154 161 146 122 121 111 1316

Maximum historic water use month = 217 gpoid
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Grafton Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:l Summer = I:I
1988 94 109 %0 112 123 174 150 163 145 114 100 102 905 101 146
1989 106 116 96 86 106 144 140 163 132 115 120 110 872 106 133
1990 112 123 101 118 126 138 151 162 140 115 115 % 840 111 139
1991 98 109 o4 120 104 136 137 139 136 102 108 % 808 105 126
1992 106 119 102 112 107 129 124 147 127 110 104 105 775 108 124
1993 101 109 o4 124 125 142 141 144 137 120 123 114 743 111 135
1994 119 128 114 151 134 153 144 163 150 137 144 133 710 132 148
1995 148 172 133 161 138 195 175 182 164 137 137 126 678 146 165
1996 12 138 118 149 134 184 169 181 184 152 126 114 646 28 167
1997 143 109 116 110 137 % 113 109 o1 87 93 613 109
1998 126 107 137 157 159 154 174 161 131 140 122 581 156
1999 138 108 146 134 158 153 179 144 131 120 111 548 150
2000 152 93 129 184 216 193 198 163 135 133 117 516 182
2001 132 108 124 134 146 217 150 147 117 124 116 484 152

Average 115 130 105 128 130 158 154 161 146 122 121 111 118 145

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 146
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 217
Estimated Water Losses (%) = 19.6%
Average Monthly Demand
) 115 130 105 128 130 158 154 161 146 122 121 111 1316
Average Monthly Demand
o WE (andd) 106 121 % 119 120 148 144 152 137 112 112 103 1226
|Average Monthly Demand
o e v | 22 151 120 148 150 185 179 189 170 140 140 128 1525
[Max Month Data wio Losse 148 172 133 161 184 216 217 198 184 152 144 133 1700
Max Month Data w/ 184 214 165 200 220 268 270 246 220 189 179 166 2116
Losses (gpcid)
Max M°’(';")Z:;a wwe 139 163 124 153 175 206 207 188 174 142 136 125 1610
LA S 173 203 155 190 27 257 258 234 27 177 169 155 2003
and Losses (gpc/d)

Water Losses = 19.6%
WC = Water Conservation

Reclamation 2050 Population

Max Month Data w/ WC and|
Losses (gpe/d)

|Water User 2050 Poj

Max Month Data w/ WC and|
Losses (gpe/d)

1029 109.0 919 1002 1290 1475 1531 1392 1248 1053 969 923 14012
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Grand Forks Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 195 79 176 193 247 312 280 228 207 191 182 200 ,590 ,595 .. 8. 152
1989 197 94 213 218 267 263 384 301 211 218 195 181 ,840 ,010 .- 5 162
1990 181 73 181 178 226 213 256 268 221 206 183 191 478 425 .- B 137
1991 199 70 185 198 217 237 216 235 204 204 179 183 427 ,870 .- X 133
1992 181 189 198 187 218 227 212 240 205 219 194 195 ,464 50,315 20.; 134
1993 206 190 215 207 248 227 217 203 211 213 192 191 521 50,759 26. 136
1994 184 181 187 186 216 223 202 249 219 216 193 200 ,456 51,204 K X 131
1995 215 199 231 217 233 309 260 255 241 238 224 213 ,836 51,649 . 4.} 150
1996 228 217 250 235 238 271 244 286 262 240 226 209 ,906 51,192 X . 156
1997 231 219 238 126 192 291 262 275 254 242 211 206 747 50,736 .- . 148
1998 222 206 237 243 268 261 279 308 287 236 214 211 972 50,279 .. . 162
1999 219 202 226 214 239 197 263 261 222 231 222 219 715 49,823 .. 7.1 149
2000 219 198 207 224 270 289 235 274 254 252 223 225 2,871 49,366 . 21.0 159
2001 221 207 221 218 235 251 291 227 259 262 222 219 2,835 49,958 . 12.8 155
Average| 207 195 212 203 237 255 257 258 233 226 204 203 2,690 E 19 147.6

T Unaccounted for losses data was not available for 1988 - 1991 and 1997 data was skewed due to flood so the average of the other years (8.3%) was used

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988 177 161 175 229 294 262 210 189 173 164 ,595 294 210
1989 177 174 198 247 243 364 281 191 199 175 ,010 364 253
1990 163 155 161 209 196 239 251 204 189 166 ,425 251 169
1991 182 153 181 200 220 199 218 187 187 163 ,870 220 147
1992 161 168 167 198 207 191 219 185 198 174 50,315 219 145
1993 179 163 180 222 200 191 177 184 186 165 50,759 222 146
1994 168 165 170 200 207 186 233 203 200 177 51,204 233 151
1995 190 75 192 208 284 235 231 217 213 199 51,649 5 284 184
1996 213 201 219 223 255 229 270 246 225 210 51,192 4 270 176
1997 212 200 107 173 272 243 256 235 223 192 50,736 272 179
1998 196 181 218 243 236 254 283 262 211 188 50,279 4 283 187
1999 212 195 207 232 190 256 254 215 224 215 49,823 4 256 171
2000 198 177 203 249 268 214 253 233 230 202 49,366 4 268 181
2001 209 194 205 222 239 278 214 247 250 209 49,958 4 278 186
Aver 188 176 237 239 239 214 208 186 1354 2653 1775
9% Distrib. 7.6%] 7.10] 9.6%] 9.7%] 9.7%] 8.7%] 8.4%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gperd)
[Max Daily Water Use (/o water losses) = 351.4
1988 15120000 | 590617 | 14529383 52.1
1989 17,520,000 16,872,310 38
1990 520,000 | 10,954,891 222 239
1991 970,000 16,535 249 84 91
1992 800,000 136,231 201 4 2563
1993 800,000 920,582 195 44
1994 650,000 125,123 198 4 5263
1995 690,000 873,143 269 .98
1996 ,940,000 424,293 204 50 |[Peak Daily Demand Factor with we
1997 ,520,000 ,893,576 215 .59 land Water Losses = 357
1998 13,680,000 12,847,350 256 189 WC = Water Conservation
1999 13,260,000 13,027,643 261 03 * Simplot was not in operation on the peak day in 1989
2000 14,080,000 13,388,688 271 .00
2001 12,600,000 12,178,983 244 .80
Average 12,867,857 611,519 12,256,338 246 .82
T information provided by Grand Forks and does not includes 2.5 million gallons of water lost in storage and 1.8 million gallons attunuated through drought contingency measures.
Historic Monthly Per Capita Water Use Data (without system losses)
1988 122 23 109 125 158 210 181 146 136 20 117 126 ,595 139,
1989 119 130 138 166 169 245 189 132 3 122 108 ,010 148
1990 107 107 109 137 132 156 64 138 4 112 113 ,425 125.
1991 118 109 2 130 147 129 4 125 109 108 ,870 122
1992 103 114 127 137 123 4 123 115 2 50,315 1.
1993 114 120 141 132 1 1 121 108 04 50,759 8.
1994 106 108 126 135 7 4 132 115 6 51,204
1995 119 129 130 184 7 44 140 129 7 51,649
1996 134 148 3 140 166 4 70 160 137 22 51,192
1997 135 139 7 144 179 4 163 154 126 19 50,736
1998 126 136 14 156 156 163 181 173 25 19 50,279
1999 137 142 8 150 127 166 164 144 137 49,823
2000 130 121 7 163 181 140 166 158 151 133 49,366
2001 135 13 134 137 144 159 180 138 165 T61 133 49,958
Average 122 126 125 127 144 158 155 155 143 134 119
Maximum historic water use month = 245 gpo/d
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Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = \:| Summer = \:|
Eoruisics Winter Per Summer Per
Historic Monthly Metered Water Usage (gallons per CapitaUse || Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec c/d (gpe/d)
1988 22 23 109 125 158 210 181 146 136 20 117 126 595 2 158
1989 9 30 130 138 166 245 189 132 3 122 108 010 Z 72
1990 7 107 109 37 156 64 138 ) 112 113 425
1991 ] 109 0 29 4 25 1 109 108 870
1992 103 114 7 3 4 7 115 2 50315
1993 114 120 1 1 8 108 04 50,759
1994 106 108 7 4 26 5 51,204
1995 119 129 4 7 a1 33 9 51,649
1996 134 148 3 166 44 70 160 7 51,192 4
1997 135 139 7 179 54 63 154 50,736 156
1998 126 136 14 156 156 163 181 173 50279 161
1999 137 142 8 150 127 166 164 144 49,823 149
2000 130 28 121 7 163 181 140 166 158 151 133 49,366 131 160
2001 135 139 134 137 144 159 180 138 165 161 133 49,958 136 158
Average 122 126 125 127 144 158 155 155 143 134 119 124 148
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = l:l Summer = l:|
\ati Summer Per
Simplot Water Use* (gallons per Boplisuc Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (gpe/d)
1988 2 ] 2 10 0 0 7 0 8 7 595 7
1989 0 4 8 4 5 15 7] 010
1990 T 1 13 17 425
1991 7 12 9 870
1992 17 13 19 20 50315
1993 17 14 17 50,759
1994 12 0 1 2 51,204 2
1995 23 28 3 28 34 2 51,649 30
1996 32 32 32 62 4 17 51,192 29
1997 23 77 27 33 28 50,736 23 3
1998 38 32 3 15 22 32 7 50279 33 29
1999 38 7 7 7 ] 49,823 30 16
2000 14 31 3 9 T 37 33 30 49,366 23 29
2001 26 26 A 36 41 33 31 33 49,958 32 32
Average 21 20 25 17 13 19 22 21 19 21 20
*No data was available from January to September 1992 5o the average was used.
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = l:l Summer = l:|
Population Winter Per Summer Per
GRAFB* (gallons per CapitaUse || Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct v Dec c/d (gpe/d)
1988 Z] 23 28 27 54 2 2 595 7] 33
1989 25 29 010 29
1990 32 425 9
1991 29 870 7
1992 50315 7
1993 9 50,759
1994 51,204
1995 51,649
1996 51,192
1997 9 50,736
1998 i} 50279
1999 T i} 7 7 0 9 49,823 3
2000 i} 10 15 8 0 6 49,366 9
2001 8 9 6 7 10 8 14 4 19 15 7 49,958 9
Average 13 13 13 13 15 15 18 28 17 15 12 13
*1988-1994's Annual volume was distibuted by the average monthly distribution from 1996-2001. Where no data was available the average was used.
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = l:l Summer = l:|
\ati Summer Per
Grand Forks less Simplot and GRAFB Water Use (gallons per Boplisuc Capita Use
Year Jan Feb Mar Apr May Jun ul Aug Sep Oct Nov Dec (gpe/d)
1988 89 88 74 93 120 173 92 100 84 80 97 595 19
1989 90 95 93 110 127 131 140 101 95 81 74 010 35
1990 84 85 77 85 108 105 132 108 97 78 90 425 14
1991 90 85 83 97 102 122 109 98 93 85 85 870 04
1992 68 87 78 79 90 98 100 92 80 83 50315 93
1993 86 89 95 91 114 106 74 89 78 79 50,759 95
1994 80 89 83 90 9 110 122 T 94 100 91 51,204 103
1995 71 79 93 77 87 139 82 90 78 80 51,649 99
1996 89 107 101 104 o7 118 152 7] 100 88 90 51,192 108
1997 100 107 99 94 106 91 107 94 89 90 50,736 102
1998 78 87 90 99 108 101 42 80 71 75 50279 14
1999 89 81 102 101 104 114 17 129 101 110 49,823 23
2000 88 106 80 9% 107 134 25 112 109 124 97 49,366 18
2001 96 104 85 104 104 108 06 105 113 94 93 49,958 11
Average 85 92 88 94 105 118 1 14 106 97 88 88 10
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = l:l Summer = l:|
Population Winter Per Summer Per
Grand Forks and GRAFB less Simplot Water Use (gallons per CapitaUse || Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (gpe/d) (gpe/d)
1988 110 112 97 115 148 200 176 146 29 10 109 119 595 11 15
1989 109 116 114 130 152 155 245 189 7 18 107 94 595 111 54
1990 96 99 o1 98 2] 156 164 12 9 103 010 97
1991 101 97 95 109 7 120 138 107 100 97 425 100
1992 79 99 90 90 4 106 128 105 9 94 870 91
1993 95 99 105 101 6 104 98 100 o1 89 50315 97
1994 90 100 o4 100 1 105 147 106 113 101 50,759 100
1995 84 92 106 90 102 119 110 105 o4 92 51,204 93
1996 102 116 116 119 108 82 166 113 98 101 51,649 109 2
1997 112 116 108 107 2 102 127 130 113 102 102 51,192 108
1998 88 9% 101 115 120 148 159 1 99 89 92 50,736 97
1999 106 102 113 108 124 159 7 34 111 119 50279 110 4
2000 9 114 o1 106 146 131 T 133 103 49,823 108
2001 104 113 91 111 11 116 144 124 109 100 49,366 105 12
Average 98 105 101 107 120 133 137 124 103 101 102 128
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Grand Forks Water Demand Calculations

Maximum Month Method
Per Capita Water Use Analysis (Max Month Method)

Grand Forks less Simplot and GFAFB Maximum Monthly Water Demand with Water Conservation (gpc/d) =
0

Winter Demand without Losses (gpc/d) = 9
Indoor W. Conservation Reduction (gpc/d) = 7.38
Outdoor W. Conservation Reduction (gpc/d) = 0.87
Peak Monthly Demand w/o System Losses (gpc/d) = 217
Estimated Water Losses (%) = 13.3%

A""J{‘;’gm’;’e‘?%zgs"d 85 02 88 (7 105 118 119 114 106 o7 88 88 2.6
A"""""’xg"(:‘;’;,';)e"‘“"" vl 7s 85 81 87 % 109 110 105 o7 88 80 81 914
:}’s\;?:n‘ﬁ'::s'z:g;:? d‘; % %8 %3 100 1 125 127 121 112 101 %3 o3 1054
Max M“""‘(;z'lz)‘”’" Losses| 100 107 102 110 127 173 217 152 131 129 124 110 1320
Max M°""(‘gDp3:)‘”’ Losses 115 124 17 126 146 200 250 176 151 149 144 127 1522

Max M°’(‘::JB:;“ wwe %2 100 o4 102 118 164 208 143 122 120 17 103 1237
[Viax Month Dataw/ WC and) 4 115 109 118 136 189 239 165 140 138 135 119 1427

Losses (gpc/d)
‘Water Losses = 13.3%

WC = Water Conservation

Simplot Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 32
Indoor W. Conservation Reduction (gpc/d) = 0
Outdoor W. Conservation Reduction (gpc/d) = 0
Peak Monthly Demand w/o System Losses (gpc/d) = 43
Estimated Water Losses (%) = 13.3%

Average Monthly Demand
o e () 24 21 24 20 23 25 17 13 19 22 21 19 20.7
Average Monthly Demand w/
WG (gocid) 24 21 24 20 23 25 17 13 19 22 21 19 207
Average Monthly Demand
w/ WC and Losses (gpc/d) 2 2 2 = z 2 * ® & * * * e
DD P/ L] 38 38 43 34 a1 77 62 34 a1 36 39 33 430
(gpcld)
MaqtentiiDatalnioszee a4 a4 50 39 a7 89 72 39 a7 a2 a5 38 496
(apcid)
Madionibataiuiive 38 38 43 34 iy 7 62 34 iy 36 39 33 430
(gpcld)
Madhio DS cland 44 44 50 39 a7 89 72 39 47 42 45 38 49.6
Losses (gpc/d)
Water Losses = 13.3%

WC = Water Conservation
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Grand Forks Water Demand Calculations

Maximum Month Method
GFAFB Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 24
Indoor W. Conservation Reduction (gpc/d) = 0
Outdoor W. Conservation Reduction (gpc/d) = 0
Peak Monthly Demand w/o System Losses (gpc/d) = 54
Estimated Water Losses (%) = 13.3%
Average Monthly Demand
o Losses (4peld) 13 13 13 13 15 15 18 28 17 15 16 12 156
Average Monthly Demand w/ 1 1 1 1 .
5 15 18 28 17 15 16 12 156
WC (gpe/d)
Average Monthly Demand
i e antl Losses (pofd) 14 15 15 15 18 17 21 32 20 17 18 14 180
Max Month Data w/o Losses 21 24 23 22 28 27 31 54 29 26 29 22 280
(gpcld)
Max Month Data w/ Losses 24 28 27 25 32 31 36 62 33 30 33 25 323
(gpeid)
Max Month Data w/ WC 21 24 23 22 28 27 31 54 29 26 29 22 280
(gpcld)
[Max Month Data w/ WC and 2 28 27 25 32 a 36 62 a3 20 a3 2 323
Losses (gpcid)

Water Losses = 13.3%

WC = Water Conservation

Grand Forks Annual Water Needs Including Simplot and GFAFB* (acre-ft) =

2050 Population =

Max Month Data w/ WC and
Losses

*Simplot water Use is not proportionate to the population of Grand Forks. The max year, 2001, water demand for Simplot was used in the analysis.

Grand Forks Annual Water Needs Including Simplot and GFAFB* (acre-ft) =

2050 Population =

Max Month Data w/ WC and
Losses

1322 1,289 1,389 1,363 1,658 2,227 2,686 2,125 1,652 1,630 1597 1,409 20,348

*Simplot water se is not proportionate to the population of Grand Forks. The max year, 2001, water demand for Simplot was used in the analysis.

Appendix A
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Grand Forks-Traill Water District Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 15.; 223 23. 18.0 30.8 30. 26. 27. 21. 23.0 8. 278 7,248
1989 13 2 19 134 11 29, 29, 28, 20. 229 9. 271 7323
1990 25. 0 28. 30. 5.4 31 34. 30. 25. 25. 4. 341 7.373
1991 32. 5 29, 29, z 29, 30. 29, 28. 26, 7. 352 7,448
1992 25. .4 25. 27 33. 29. 31. 24.4 24. 27. 26. 320 7,523
1993 27. - 29. 5. 29, 37, 31 32, 30. 35, 28. 361 7,448
1994 28. 4. 25. 9. 21. 33. 27. 41 29. 30. 27 360 7,575
1995 27, - 7. 4. 33, 37, 33 32 28. 30. a7. 367 7623
1996 35. 7.3 1. 41 33. 37. 26. 35. 21 26. 379 7,733
1997 24 4. 2. 0. 31, 35. 33, 35. 36. 26. 217 7,850
1998 18 X X 4. 9. 30. 34. 29. 25. 30. 26. 27 338 8,840
1999 34 - X 3. 8 65. a1, 31 3L 40. 27, 5. 452 8910
2000 202 231 251 263 355 36.1 216 34.0 259 263 265 259 342 8940
2001 28.0 27.1 184 56.2 27.6 38.3 30.7 25.3 26.5 318 28.7 28.7 367 9,000
Average 260 246 278 314 341 365 316 315 270 301 260 265 353

GF Traill - GF Air Force Base: Monthly Raw Water Diversions (Millions of Gallons)

1989 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 7.1 14
1990 71 71 71 71 71 71 71 71 71 71 71 71 85
1991 71 71 71 71 71 71 71 71 71 71 71 71 85
1992 71 71 71 71 71 71 71 71 71 71 71 71 85
1993 71 71 71 71 71 71 71 71 71 71 71 71 85
1994 71 71 71 71 71 71 71 71 71 71 71 71 85
1995 71 71 71 71 71 71 71 71 71 71 71 71 85
1996 71 71 71 71 71 71 71 71 71 71 71 71 85
1997 71 71 71 71 71 71 71 71 71 71 71 71 85
1998 71 71 71 71 71 71 71 71 71 71 71 71 85
1999 71 71 71 71 71 71 71 71 71 71 0.0 0.0 71
2000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
2001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
Average 5T 5T 5T 5T 5T 5T 5T 5T 5T 5T 5T 5T 2

Per Capita Water Use Analysis (Monthly water diversion)

—_85% |
1939 13 3 99 13 ) 3L 755 7. 1 28 7 20 ) 225 20 9 22 ) 257 7,323 13.5%
1990 182 16.9 218 229 283 247 27.1 236 187 18.0 185 169 256 7,373 13.5% 2.9 95
1991 254 175 226 220 27.0 228 230 224 209 193 239 207 267 7,448 135% 3.0 98
1992 18.0 173 187 208 268 223 24.1 173 178 20.5 120 19.0 235 7,523 13.5% 26 85
1993 200 207 219 18.0 228 306 244 257 231 285 181 217 276 7,448 13.5% 31 101
1994 211 276 185 32.6 140 264 20.1 34.6 225 238 126 20.7 275 7,575 13.5% 31 99
1995 199 201 204 272 2638 306 263 257 211 232 203 203 282 7,623 135% 32 101
1996 285 229 242 207 246 34.4 266 29.9 19.1 28.2 147 198 294 7,733 13.5% 33 104
1997 177 157 247 74 376 331 2438 282 267 282 292 19.0 332 7,850 135% 3.7 116
1998 109 125 26.7 17.0 32.0 232 27.2 22.6 188 233 189 20.3 253 8,840 33.5% 7.1 79
1999 273 2438 33.0 263 17 58.2 341 246 239 334 279 258 381 8,910 335% 106 117
2000 29.2 231 25.1 263 355 36.1 276 34.0 25.9 26.3 26.5 25.9 342 8,940 33.5% 95 105
001 8.0 7.1 184 56 7.6 38.3 30.7 5.3 6.5 318 8.7 8.7 367 9,000 33.5% 10.3 1T;
Average 200 196 x] 53 L T (X3 T4 0 0 709 TZ 797 T9.2% 010
year was calculated using the following €quation: POPUIALON e = 25°(# 0f Members(yea )
2Water loss data was estimated at 13.5% through the distribution system and 1998-2001 o

Per Capita Water Use Analysis (Monthly water diversion without system losses)

1989 104 23 170 105 282 266 262 258 79 20.0 180 195 222 7323 83 282 128
1990 154 1.0 189 200 254 218 243 20.7 158 152 157 2.0 221 7,373 82 254 115
99T 24 147 195 190 240 198 200 194 79 163 209 7.7 231 7,448 85 240 108
1992 153 g 161 182 242 196 214 146 52 78 £ 164 203 7523 74 242 07
1993 169 176 188 149 197 275 213 226 20.0 254 150 186 238 7,448 8 275 123
1994 180 246 154 295 109 233 170 315 195 20.7 95 176 237 7,575 86 315 139
995 67 69 72 240 237 774 237 76 79 0.0 71 72 223 7,623 i 274 20
1996 252 10, X 174 21 3 23. . . X - ; 254 7,733 £ 11 134
1997 139 12 . 237 33, 2 21 287 7,850 100 13.7 186
1998 8 5 X 9 24 T 20. 169 840 52 4, 94
1999 15. 3L, 3 23. . 253 910 8 7 178
2000 16. 26. 24 18, 4 . . 227 ,940 0 6 99
2001 5. 7 28, 20. 3 18 184 244 000 7 5 170
Average . L 21 24 26, 21 I i T6. 165 234 815 I 1306
9% Distrib. 6.9%] 6.3%] .29 0.3%] 1.9 9.3%] 9,29 7.3%] 6.9%] 7.1%) 100.0%]

Daily Peak Demand Analysis

IPeak Daily Demand Estimate (with WC and
lLosses) = (gpeld)
[Max Daily Water Use (/o water losses) - 1505

1988 _Conservation Reduction = 95
1989 total = 1410
1990
1991 [Peak Daily Demand with WC and
1992 ater Losses = 2121
1993
1994 ([Peak Daily Demand Factor with WC
1995 Jand Water Cosses = 194
1996 WC = Water Conservation
1997
1998 563,000 232,584 1,330,416 150 85
1999 578,000 349,586 1228414 138 69
2000 327,000 313,476 1,013,524 113 39
2001 231,000 893878 99 22
Average 424,750 308,192 1,116,558 125 54
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Appendix A

Population
Historic Monthly Metered Water Usage (gallons per capita/day)
Year Jan Fel Var Apr May Jun Jul Aug Sep Got Nov
588 54 6 125 104 109 9 83
989 6 121 115 114 82
990 7 106 i 71
991 7 7 4 7
992 6 2 X
993 3 23 110 7 7.
994 7 11 130 03 134 5.9
995 T 105 T 20 87.7
996 105 i 75 34 111 104 90.0
507 57 4 186 T 25 101 101 T 100.
998 4 2 37 9 61 57 4 59 52.
1999 0 7 59 112 178 50 82 7
2000 1 54 62 o4 99 88 61 59 9.
2001 4 7 70 62 104 54 77 8 66 4.
Average 66 7 50 59 112 89 89 83 8 8 T
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|
Population | \inter per | Summer per
Historic Monthly Metered Water Usage (gallons per CapitaUse | Capita Use
Year Jan Feb Var Apr B Jun Jul Aug Sep Oct Nov Dec (gpeld) (gperd)
988 54 9 8 6 2 125 104 109 86 89 83 70 248 76 106
989 6 11 121 115 14 2 6 323 5 107
990 7 68 99 106 i I 1 373 7 j
901 7 69 89 7 4 4 7 448 6
992 6 70 87 2 523 2
993 3 84 1 23 110 7 1448 100
504 7 11 66 130 03 134 88 2 575 88
995 i 3 105 100 20 [ 85 5 623 %6
996 105 7 75 89 34 111 104 49 733 101
507 57 54 6 186 139 25 101 101 108 850 108
998 4 2 37 o1 61 57 73 59 1 840
1999 0 1 59 112 178 50 82 55 910
2000 I 54 56 62 94 9 88 61 59 940
2001 64 7 29 170 62 104 54 77 66 000
Average 6 7 74 %0 59 112 B B £ 68 8 721
Per Capita Water Use Analysis (Max Month Method)
Winter Demand without Losses (gpc/d) = 92
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 186
Estimated Water Losses (%) = 34%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec Copita (gpolt)
Average Monthly Deman
wio Losses (gpeld) 66 67 74 % 9 112 89 89 73 83 68 68 815
Average Monthly Deman
WG (gpeld) 58 59 65 82 % 102 80 80 63 73 60 60 727
Average Monthly
Demand w/ WC and 87 88 98 123 135 154 120 120 % 110 % % 1003
Losses (gpc/d)
Max Month Data wio 105 116 88 186 139 178 115 134 97 110 108 86 121.8
Losses (gpc/d)
Max Month Data w/ 158 174 133 279 210 268 173 202 146 166 163 129 183.1
Losses (gpc/d)
Max Month Data w/ WG o7 108 80 177 130 169 106 125 88 101 100 78 1130
(gperd)
Max Month Data w/ WC 146 162 120 267 195 254 150 188 132 151 150 117 169.9
and Losses (gpc/d)
Water Losses = 335%
WC = Water Conservation
|JAnnual Water Needs (acre-feet) = 2050 Pop = 12,176 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
|Average Monthly Demand
e s 1005 925 1141 138.4 156.0 1726 1388 138.9 106.9 127.5 100.9 104.2 1,491.2
Max M&’;‘:‘g‘:m il 1832 182.1 153.7 312.9 242.7 300.2 200.9 2337 164.1 1017 182.4 149.9 24976
MaxMonth Dafa w/WC | gq 1693 1395 2001 2262 2843 184.4 217.3 1482 175.3 168.7 135.7 2,317.0
and Losses
|Annual Water Needs (acre-feet) = \Water User 2050 Pop = 15,000 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec. (AcF)
[FRECREMIVENTE g 114.0 1405 1705 102.1 2126 1710 1711 1317 157.1 1243 1284 1837.1
W/ WC and Losses
Max M&’;‘;‘Qg“"‘ & 225.7 224.4 189.4 385.4 299.0 369.8 2475 287.9 2022 236.2 224.7 184.7 30769
MaxMonth Dala w/WC | o5, 2086 1719 3685 2787 3502 227.2 267.7 1825 2159 207.8 167.2 2,854.4
and Losses
Annual Water Demand Shortages (acre-feet) = Annual Permitted Allocation = 1,712 Acft Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec. (AcF)
Max Month Data w/ WG 25.4 256 00 1555 826 1406 40.8 736 45 316 250 00 605.1
land Losses (gpc/d)
|Annual Water Demand Shortages (acre-feet) = Annual Permitted Allocation = 1,712 Ac-ft Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
Max Month Data w/ WC 64.6 64.9 324 2248 135.1 2065 835 1240 389 723 64.1 315 11425
and Losses (gpc/d)
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Gwinner Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1991 } 3 1 76 598 28.9% . 34
1992 X 7 .6 68 611 30.0% ; 306.6
1993 } 4 7 68 625 30.3% } 2965
1994 3 I ¥ ! Z ; 7 . . i . } 73 638 32.1% X 3154
1995 . X . . . X . X . . . I 651 28.9% . 329.1
1996 E i X i 1 X . i Z ] . ¥ 664 22.9% ; 360.0
1997 . . . 4 . . . ] . ) . . 677 23.2% I 306.9
1998 ¥ y X i X . i ; . y ; i 691 238% 4 2835
1999 . . . 4 . } . . . 4 . ) 69 704 25.6% I 270.1
2000 3 4 E I E I Z . ] i . N 76 717 29.7% ] 292.0
2001 . ) . ) . } . . . . . ) 68 730 27.6% . 257.0
Average ¥ 1 5 X T 1 X A T 1 ¥ X 74 27.5% 3059 |
Per Capita Water Use Analysis (Monthly water diversion without system losses)
1991 X 4 £ y Y I 7. y y y Z .0 54 508 247 7. 406
1992 . X . ) . X X . . ) . 4 48 611 215 . 314
1993 § P X I ¥ ¥ g g ¥ 4 } ; a7 625 207 y 258
1994 . X . . . - ) . . X . ) 50 638 214 - 299
1995 .6 4 56 651 234 343
1996 ) ) . . . . 7 67 664 278 . 396
1997 X ; X I . 4 -7 58 677 236 q 318
1998 . X . ) . . -2 . . X ) 4 54 691 216 . 304
1999 ¥ ; g i ] ) 6 i ] i 6 6 52 704 201 i 299
2000 3.2 35 43 31 5.4 5.1 5.6 7.4 5.1 4.4 36 29 54 77 205 74 345
2001 338 32 36 36 54 55 5.7 6. 39 3.4 3.0 25 50 730 186 6.0 273
Average! 35 34 4.0 39 52 58 5.7 6. 48 45 35 33 54 221.7 6.4 3231
% Distrib. 6.6%] 6.3%] 7.4%] 7.4%] 9.6%] 10.8%] 10.7%] 11.2%] 9.0%] 8.3%] 6.5%] 6.1%] 100.0%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpc/d)
[Max Daily Water Use (w/o water losses) 340.0
#REF! N/A . Conservation Reduction = 9.5
#REF! N/A [Subtotal = 3306
#REF! A
1991 A {[Peak Daily Demand with WC and
1992 A "yater Losses = 456.2
1993 A
1994 A Peak Daily Demand Factor with WC
1995 A Jand Water Losses =
1996 IIA 'WC = Water Conservation
1997 A
1998 A
1999 A
2000 A
2001 300,000 51,709 248,291 340 153
Average 300,000 51,709 248,291 340 153
Historic Monthly Per Capita Water Use Data (without system losses)
1991 158 145 173 237 241 387 393 278 245 336 202 162 598 247.
1992 222 175 167 205 221 250 259 303 230 199 160 182 611 214,
1993 158 209 181 202 226 230 207 249 256 229 164 171 625 2068 |
1994 160 168 209 229 282 299 239 258 22 198 162 136 638 2140 |
1995 150 146 184 148 276 314 276 332 27 269 233 202 651 2339 |
1996 220 259 255 256 302 396 375 352 29 234 219 172 664 2775 |
1997 214 218 193 247 317 270 255 31 220 185 175 677 2358 |
1998 204 196 225 258 249 289 295 243 186 32 161 691 216.
1999 155 191 184 218 268 259 290 181 180 72 164 704 200.
2000 175 192 144 244 239 251 334 238 199 66 130 717 205.
2001 168 158 158 165 238 251 252 264 176 151 137 111 730 186.
Average 173 183 193 199 250 291 279 292 243 218 176 161 221

Maximum historic water use month = 396 gpc/d
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Gwinner Water Demand Calculations
Maximum Month Method

With Without
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Industry I:' Industry I:'

1991 158 145 173 237 241 387 393 278 245 336 202 162 598 180 313
1992 222 175 167 205 221 250 259 303 230 199 160 182 611 185 244
1993 158 209 181 202 226 230 207 249 256 229 164 171 625 181 233
1994 160 168 209 229 282 299 239 258 224 198 162 136 638 178 250
1995 150 146 184 148 276 314 276 332 270 269 233 202 651 177 290
1996 220 259 255 256 302 396 375 352 291 234 219 172 664 230 325
1997 219 214 218 193 247 317 270 255 318 220 185 175 677 201 271
1998 54 204 196 225 258 249 289 295 243 186 132 161 691 179 253
1999 43 155 191 184 218 268 259 290 181 180 172 164 704 168 233
2000 46 175 192 144 244 239 251 334 238 199 166 130 717 159 251
2001 168 158 158 165 238 251 252 264 176 151 137 111 730 150 222
Average 173 183 193 199 250 291 279 292 243 218 176 161 181 262

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 230
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 396
Estimated Water Losses (%) = 28%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec Capita (gpe/d)
Average Monthly Demang 75 183 193 199 250 201 279 292 243 218 176 161 2217
wio Losses (gpe/d)
Average Monthly Demang ;5 174 185 191 241 281 270 282 233 209 168 152 2129

W/ WC (gpefd)

Average Monthly
Demand w/ WC and 227 241 255 263 332 388 372 390 322 288 231 210 2937
Losses (gpc/d)

Max Month Data w/o

222 259 255 256 302 396 393 352 318 336 233 202 2038
Losses (gpc/d)
Max Month Data w/
ey 306 358 352 353 416 546 542 486 438 464 322 278 4055
Max M"’(‘;:c?:)‘“ WIWCT 51 251 247 248 202 386 384 343 308 326 225 194 285.0
Max Month Data w/ WC
] 295 347 341 342 403 533 529 473 425 450 au 267 3933
Water Losses = 275%

2 Water conservation and summer drought contingency water savings is included in the design demand wio losses

Reclamation 2050 Pop =

Max Month Data w/ WC
and Losses (gpc/d)

|Water User 2050 Pop =

Max Month Data w/ WC

352 374 40.7 39.4 48.1 61.6 63.2 56.4 49.1 53.7 359 319 552.5
and Losses (gpc/d)
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Historic Monthly Raw Water Diversions (Millions of Gallons)

Hankinson Water Demand Calculations
Maximum Month Method

Appendix A

1988 .9 6 X X X X X X X .2 .9 .9 52 034 .0% 138.
1989 4 7 4 4 46 036 0% 121
1990 .7 .7 .7 50 ,038 .0% 132.
1991 a1 . 0% 107,
1992 43 K .0% 111§
1993 38 ,044 .0% 99.
1994 51 . 0% 134
1995 55 . .0% 142,
1996 5 . 62 ,050 .0% 160.¢
1997 . 5 L . 46 052 .0% 120,
1998 .7 5 .8 .4 5 .7 50 ,054 .0% 129,
1999 4 ¥ 5 5 X ¥ 5 X 0 5 4 4 46 056 0% X 119,
2000 4.0 37 4.0 41 4.6 5.1 5.4 5.7 47 4.4 4.0 4.0 54 1,058 0.0% 0.0 1389
2001 3.5 3.2 35 3.6 4.0 45 47 5.0 4.1 3.8 3.5 3.5 47 1,060 0.0% 0.0 1214

36 33 36 37 42 46 49 52 43 39 36 3.6 49 0.0% 127.1

T Water Toss Gala was ol avATSbIe 50 26107, was assumed h anay

Fer Lapliia vwater use Analysis (Montnly water aiversion witnout Systerm 10Sses)

1 . .| . 4. 45 5. 5. 5. 4. 4. . 3 1 1 56 1
1989 34 31 35 35 39 4.4 46 49 4.0 3.7 3.4 3.4 46 1,036 122 4.9 159
1990 3.7 3.4 38 38 43 48 5.1 54 44 4.1 3.7 3.7 50 1,038 132 54 172
1991 3.0 2.8 31 31 35 39 41 4.4 36 33 3.0 3.0 41 1,040 108 4.4 140
1992 32 29 32 32 36 21 23 26 37 35 31 32 73 1,042 112 76 146
1993 2.8 2.6 29 29 33 36 38 4.1 33 31 2.8 2.8 38 1,044 100 4.1 130
1994 38 35 39 39 44 49 52 55 45 42 38 38 51 1,046 134 55 175
1995 41 3.7 41 4. 47 5. 55 538 48 4.4 40 41 55 1,048 143 58 186
1996 3 3 7 2 5 3 62 1050 161 209
1997 .4 .5 .1 .4 .4 46 052 120 157
1998 7 7 4 7 7 50 054 129 169
1999 . % .0 . 6 056 120 156
2000 - 1 4 - 7 4 7 058 139 181
2001 2 5 7 0 1 8 7 060 121 158
Averz .| .3 .6 .9 .2 .3 .9 19 1271 165.5
9% Distrib. 7.4%] 6.8%] 7.5%] 7.6%] 8.6%] 9.5%] 10.1%] 10.7%] 8.8%] .10 7.4%] 7.4%] 100.0%)
Daily Peak Demand Analysis
IPeak Daily Demand Estimate (with WC and
lLosses) = (gpeld)
[Max Daily Water Use (w/o water losses) -
1988 |W. Conservation Reduction =
1989 [Subtotal =
1990
1991 [Peak Dally Demand with WC and
1992 }lmr Losses =
1993
1994 IPeak Daily Demand Factor with WC
1995 land Water Losses =
1996 WC = Water Conservation
1997
1998
1999
2000
2001
Average 0 0 0 0 0.00

Historic Monthly Per Capita Water Use Data (without system losses)

1991 94 96 95 109 25 128 136 03 97 95
1992 98 100 99 13 30 133 141 07 100 98 .
1993 8 89 88 93 0 16 119 126 90 88
1994 118 120 19 125 3 156 160 169 14 9 21 4
1995 125 127 26 3. 44 166 170 180 152 7 28 |
1996 141 143 42 4 162 187 191 203 172 54 44 ,050
1997 105 107 06 2 140 43 152 128 08 ,052
1998 113 115 14 150 54 163 138 16 1 054
1999 105 107 106 3 42 151 128 08 0 ,056
2000 121 124 123 65 175 148 125 122 058
2001 106 108 107 122 a2 153 130 11 109 106 060
Average! 111 113 112 128 151 160 136 122 114 111
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Hankinson Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Winter =

1

Summer =

Appendix A

1988 121 123 122 128 139 160 164 174 132 124 121 1034 123 153
1989 106 109 108 113 123 141 145 153 116 109 107 036 109 35
1990 116 118 117 123 133 154 157 127 119 116 038 118 47
1991 () %6 %5 100 109 125 128 103 o7 9% X 96 B
1992 98 100 99 104 113 130 133 107 100 98 ; 100 2:
1993 87 89 88 93 101 116 119 %6 %0 88 K 89 T
1994 118 120 119 125 135 156 160 14 9 121 118 K 120 4
1995 125 127 126 132 144 166 170 180 152 7 128 125 X 127 158
1996 141 143 142 149 162 187 191 203 172 4 144 141 050 143 7
1997 105 107 106 112 121 140 43 152 128 108 105 052 107
1998 113 115 114 120 130 150 54 163 138 116 114 054 116
1999 105 107 106 111 121 139 42 151 128 108 105 056 107
2000 121 124 123 129 140 161 65 175 148 133 125 122 058 124
2001 106 108 107 113 122 141 24 153 130 116 109 106 060 108 32
Average 111 113 112 118 128 147 151 160 136 122 114 1L 1134
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 143
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 203
Estimated Water Losses (%) = 0%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec Y
Average Monthly Demand wio
ey e 111 113 112 118 128 147 151 160 136 122 114 111 127.1
Average Monthly Demand w/
103 105 104 110 119 138 142 151 126 112 106 103 1183
WC (gpe/d)
Average Monthly Demand w/
e B CE) 103 105 104 110 119 138 142 151 126 112 106 103 1183
Max M“”"Z;z‘,:)‘”m Losses 141 143 142 149 162 187 191 203 172 154 144 141 1608
Max M°“"(‘g'::;:)w’ Losses 141 143 142 149 162 187 191 203 172 154 144 141 1608
[Max Month Data w/ WC (gpc/d) 132 135 134 141 152 177 182 193 162 144 136 133 152.0
Max Month Data w/ WC and 132 135 134 141 152 177 182 193 162 144 136 133 152.0

Losses (gpc/d)

Water Losses =
? Water conservation and summer drought contingency water savings is included in the design demand w/o losses
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Harwood Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1995 X K . B B N E K ! . B K X 597 0.0% X 66.4
1996 . . . . K K ! ! X E . . . 599 0.0%
1997 5 . . 5 g K . . X . | 5 . 601 0.0%
1998 X | X 5 X 5 X ! g g . | . 603 0.0%
1999 X 5 K | . 5 g ! . 5 . 5 . 605 0.0%
2000 5 | 5 5 K X R g | 5 X 5 .. 607 0.0%
2001 5 | . | g N ! . . 5 5 | ! 609 0.0%
Average B | . K B 4 B .. . B X 0.0%

Unaccounted for losses data was not available but Drayton estimates 11% annual losses

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1995
1996
1997 5 . 5 5 y K 5 . X .
1998 X | X 5 | 5 g ! . 4
1999
2000
2001
Aver age .. K ..
9% Distrib- 73%] 720 75

K

7.6%] 56

£
&

10.9%] 9.5%] 95%] 8.3%] 8.2%] 77%] 74%] 100,09

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and
Losses

Max Daily Water Use (w/o water losses) =

(gpc/d)

1988 A IW. Conservation Reduction =
1989 A Subtotal =
1990 A
1991 A Peak Daily Demand with WC and
1992 A /ater Losses =
1993 A
1994 A Peak Daily Demand Factor with WC
1995 N/A land Water Losses =
1996 A WC = Water Conservation
1997 A
1998 A
1999 A
2000 A
2001 N/A
Average

Historic Monthly Per Capita Water Use Data (without system losses)

6
1996 73 ¥ 73 68 68 101 80 80 58 68 71 63 599 727
1997 59 4 57 59 75 101 59 64 57 49 55 61 601 62.1
1998 53 6 55 61 55 62 83 80 76 75 66 52 603 64.9
1999 48 7 66 55 63 70 75 81 61 70 60 60 605 65.2
2000 57 58 59 66 67 86 3 75 55 59 55 59 607 64.0
2001 59 60 59 55 72 94 7 65 71 57 63 52 609 65.2
Average 56 61 62 61 66 87 4 74 67 63 62 57 65.8
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Harwood Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

1995 45 60 62 59 65 94 70 71 86 65 65 55 597 58 75

1996 73 70 73 68 68 101 80 80 58 68 71 63 599 70

1997 59 49 57 59 75 101 59 64 57 49 55 61 601 57

1998 53 60 55 61 55 62 83 80 76 75 66 52 603 58

1999 48 74 66 55 63 70 75 81 61 70 60 60 605 60

2000 57 58 59 66 67 86 3 75 55 59 55 59 607 59 69

2001 59 60 59 55 72 94 7 65 71 57 63 52 609 58 72
Average 56 61 62 61 66 87 4 74 67 63 62 57 60 72

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 70
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 101
Estimated Water Losses (%) = 0%
Average Monthly Demand 56 61 62 61 66 87 7 74 67 63 62 57 6538
wio Losses (gpe/d)
|Average Monthly Demand w
48 53 53 52 57 7 64 64 57 54 54 49 57.0
WC (gpc/d)
Average Monthly Demand|
T M (pel 48 53 53 52 57 7 64 64 57 54 54 49 57.0
SN D 7 74 7 68 75 101 83 81 86 75 7 63 768
(aperd)
UL SR 73 74 7 68 75 101 83 81 86 75 7 63 768
Losses (gpc/d)
Mo DaS e 65 65 65 60 65 %2 74 7 7 66 62 54 68.0
(gpe/d)
AW 65 65 65 60 65 %2 74 7 7 66 62 54 680
and Losses (gpc/d)

Water Losses = 0.0%
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Hillsboro Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 ¥ I 4 q 7 8.0 7 I 7 f 83 488 5 . 53
1989 . . . I . . 78 } . } I 72 485 . 4
1990 { ; ¥ y . i I 79 3 4 I . 69 482 Z 4
1991 . . . . . . ) 10.1 . I ] . 79 AT
1992 ¥ i ¥ ) 2 i . . . ) . ¥ 70 4 4
1993 . . . . . . . } . ) . . 69 4 . 4 28
1994 g i . i . I . I . X ; ; 4 4 Z 4 0
1995 } X } ) . . . ) . ) . . 7 46 . 4 7
1996 X ; i N . E . i . i ¥ I 4 462 144
1997 . 4 . ) . . . ) . ) } X 1 487 7.8%
1998 X y . N . i . I . i y } 65 512 6.3%
1999 ) ) . } . ] . ) . } ) ) 65 537 3.6% }
2000 57 5.0 57 63 6.6 6.7 7.0 72 6.4 6.1 56 5.7 74 1,563 9.3% 06 130
2001 4.9 42 4.9 4.8 5.6 6.3 6.2 6.0 5.0 5.7 4.8 4.9 63 1588 3.8% 02 109
Average 5.1 27 52 55 62 6.9 70 6.9 6.0 58 2.6 5.0 69 7.5% 1263

T Water loss data was not available from 1988 - 1995 so the average from 1996 - 2001 was used (7.5%)

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988
1989 55 48 2.9 46 55 69 8.9 74 43 49 4.0 76 66 1485 122 89 200
1990 45 37 43 48 56 55 76 75 52 6.0 44 76 64 1482 118 76 171
1991 44 39 50 54 69 73 8.7 96 84 7.0 15 29 73 1479 135 96 217
1992 a7 a4 45 a7 6.7 64 59 6.7 57 53 48 48 65 1476 120 6.7 152
1993 2.9 46 a7 5.1 57 6.0 57 58 58 5.7 50 76 64 1473 119 6.0 136
1994 48 5.1 51 55 56 71 55 76 46 ¥ 3.7 39 60 1470 111 71 160
1995 39 36 a1 LX) 73 54 51 58 76 73 37 37 53 1467 99 58 31
1996 7 3 1 1 ) 4 4 4 . - ) ) 55 1462 103 4 124
1997 X . .5 7 . ; -7 N . ¥ L y 66 487 . 159
1998 . . 7 4 . - 4 . 3 . X 4 61 512 X 46
1999 7 62 537 42
2000 . . . . . 4 . . . . . 7 563 118 X 40
2001 ¥ X ¥ X . i . f y . q ) 1 588 105 i 128

Average’ N i C I ¥ ] 6 1 X y ¥ 4. 4 116.7 E 158.4

9% Distrib. 7.4%] 6.7%] 7.4%] 7.9%] 9.0%[ 10.2%] 10.4%] 10.2%] 8.7%] 8.3%] 6.6%] 7.2%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = c/d)
Max Daily Water Use (w/o water losses) 311.6

1988 IW. Conservation Reduction = 9.6

1989 |Subtotal = 302.0

1990 421,110 4,188 406,922 275 .35

1991 477,100 ,258 460,842 312 .67 Peak Daily Demand with WC and

1992 360,300 4,366 345,934 234 .| /ater Losses =

1993 322,100 4,214 307,886 209 N

1994 399,600 277 386,323 263 . [Peak Daily Demand Factor with WC

1995 315,800 1,760 304,040 207 . land Water Losses =

1996 472,000 25,346 446,654 306 .62 WC = Water Conservation

1997 335,300 15,216 320,084 215 .84

1998 391,000 11,256 379,744 251 .15

1999 300,000 6,342 293,658 91 64

2000 357,700 18,787 338,913 17 .86

2001 347,700 6,508 341,192 15 .84

Average 374,976 13,960 361,016 a1 07

Historic Monthly Per Capita Water Use Data (without system losses)

1988 105 107 107 120 55 213 205 162 156 138 116 117

1989 120 115 106 102 19 56 193 160 97 106 89 100

1990 97 89 93 108 23 23 166 163 118 130 100 100

1991 96 94 108 21 51 64 189 210 189 152 35 108

1992 102 106 99 06 46 44 29 147 129 116 108 105 s

1993 107 111 103 16 25 36 26 128 132 124 114 102 . 5

1994 104 124 111 24 24 160 21 100 104 92 84 86 . 111

1995 86 87 90 99 94 123 12 27 105 95 83 81 . 98.6

1996 82 90 91 93 95 123 19 20 112 92 94 462 1027 |

1997 132 120 120 27 30 159 23 25 113 97 96 487 5

1998 91 98 100 19 25 126 37 41 95 91 93 512

1999 95 97 100 10 10 142 20 25 98 103 ,537

2000 105 101 106 23 25 131 32 36 106 105 ,563

2001 95 91 95 97 109 128 22 17 97 95 ,588 5
Average 101 102 102 112 124 145 43 40 94 99 6.
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Hillsboro Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 105 107 107 120 55 213 205 162 156 138 116 117 ,488 112 172
1989 120 115 106 102 19 156 193 160 97 106 89 100 ,485 105 13
1990 97 89 93 108 23 23 166 163 118 130 100 100 482 98 3
1991 96 94 108 121 51 64 189 210 189 152 35 108 47! 94 7¢
1992 102 106 99 106 46 44 29 147 129 116 108 105 . 104 35
1993 107 111 103 116 25 36 26 128 132 124 114 102 . 109 29
1994 104 124 111 124 24 160 21 100 104 92 84 86 . 106 17
1995 86 87 90 99 94 123 12 27 105 95 83 81 . 88 109
1996 82 90 91 93 95 123 19 20 112 92 94 ,462 90 15
1997 132 120 120 27 30 159 23 25 113 97 96 487 115 28
1998 91 98 100 19 25 126 37 41 95 91 93 512 99 23
1999 95 97 100 10 10 142 20 25 98 103 537 101 21
2000 105 101 106 23 25 131 32 36 106 105 563 108 27
2001 95 91 95 97 109 128 22 17 97 95 ,588 95 115
Average 101 102 102 112 124 145 43 40 94 99 101.6 132

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 112
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 213
Estimated Water Losses (%) = 10%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Capita (gpe/d)
(Average Monthly Demandw/f 5, 102 102 112 124 145 143 140 124 115 94 99 1167
Losses (gpe/d)
ersosMontiiDenandy 93 9 94 103 114 135 133 131 114 105 85 % 107.7
WC (gpc/d)
s eraoslioninlnenant 103 104 104 115 127 150 148 145 127 117 95 101 119.6
w/ WC and Losses (gpc/d)
pax M“"“zg‘::::)"‘" ooz 132 124 120 127 155 213 205 210 189 152 116 17 155.1
M M°"';‘g'::;:)"‘” fosses 146 138 133 141 172 236 228 233 210 169 129 130 1723
e M"'(‘;;g:)"’ G 123 116 111 119 145 203 196 200 179 143 107 109 146.1
MexiiontiiDataly AEiand I & 129 123 132 161 226 218 222 199 159 119 121 162.3
Losses (gpc/d)

Water Losses = 10.0%
WC = Water Conservation
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Horace Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 2 4 y . ] ) ) . ] 4 " 611 .0% 0.
1989 . . . . } . I } . . 4 . 637 0% 0.
1990 : § : 2 ] ] d I 4 - : K 662 0% 0.
1991 . ) . . . } . ] I . . . 687 .0% 0.
1992 : 2 : - ; ] I I . ] 4 : 713 0% 0.
1993 . . . . . ] } } } . I . 20 738 0% 0.
1994 ; [ ; . i k i I E ] d } 25 763 0% 0.
1995 6 23 789 0% 0.
1996 8 25 814 0% 0.
1997 7 25 839 0% 0.
1998 d | d { I ] i ] E ] i 8 26 864 0% 0.
1999 . . . . } ] ] . ) ] . 8 25 890 0% 0.
2000 2.0 18 2.0 21 26 238 32 34 24 23 2.1 21 29 915 0.0% 0.0
2001 2.0 18 2.0 2.0 26 27 3.0 3.3 24 23 2.0 2.0 28 940 0.0% 0.0
Average 16 14 16 16 2.1 22 25 26 19 18 17 16 23 0.0%

T Water

Per Capita Water Use Analysis (Monthly water diversion without system losses)

1988 - - - . ) - 3 . .

1989 13 12 13 14 17 18 2.0 2.2 16 15 14 13 19 637 81 2.2 115

1990 12 11 12 12 15 16 18 20 14 14 12 12 7 662 70 2.0 99

1991 12 11 12 13 16 17 19 2.0 15 14 13 12 i7 687 70 2.0 99

1992 13 12 13 14 17 18 2.0 22 16 15 14 13 19 713 72 2.2 103

1993 14 i3 14 15 18 20 22 23 17 16 15 14 20 738 74 23 106

1994 17 15 17 18 22 24 2.7 29 21 20 18 17 25 763 88 2.9 126

1995 16 17 16 17 21 22 25 27 19 18 17 16 23 789 79 27 113

1996 - . . . } . ) X ) . . 8 25 814 84 X

1997 - . - ] L p L ] L ] d 7 25 839 80 I 4

1998 . . . . . . ) . ) ) . . 26 864 81

1999 d | d ] L 7 I I L ] : J 25 890 78 g

2000 X . X ) X ] . . . . ) ) 29 915 87 . 4

2001 I | 1 ] X I 1 I 4 I 1 1 28 940 82 I 1
Average 1 3 ] X N ¥ i X J 1 . . 23] 795 X 1134 |
% Distrib. 7.0%] 6.3%] 7.1%] 7.3%] 9.19%[ 9.8%] 10.9%[ 11.7%] 8.4%] 8.1%] 7.3%] 7.1%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = (gpc/d)
[Max Daily Water Use (wio water losses)

1988 |W. Conservation Reduction =

1989 Subtotal

1990

1991 [Peak Daily Demand with WC and

1992 Water Losses =

1993

1994 |Peak Daily Demand Factor with WC

1995 land Water Losses =

1996 WC = Water Conservation

1997

1998

1999

2000

2001

Average 0 0 0 0 0.00

Historic Monthly Per Capita Water Use Data (without system losses)

1988 4 E
1989 67 66 67 7 96 104 112 83 7 72 67 637 80.
1990 58 57 58 5 83 89 96 1 66 62 58 662 69.
1991 58 57 58 5 83 89 96 1 66 58 687 69.
1992 59 64 8 86 93 100 4 60 13 72
1993 61 66 80 88 95 102 6 62 38 74.
1994 72 8 94 105 113 90 84 73 63 88.
1995 65 0 85 94 102 81 66 89 79.
1996 69 4 90 99 107 86 70 814 83.
1997 66 86 95 103 82 67 839 80..
1998 66 7 87 96 104 12 83 67 864 80.
1999 65 64 65 84 93 100 108 80 4 65 890 78.
2000 72 71 72 93 103 111 120 89 83 73 915 87.
2001 68 67 68 87 97 104 113 84 77 3 68 940 81.
Average 66 65 66 85 94 102 110 81 75 1 66 79.
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Horace Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 72 72 72 77 4 104 112 120 89 83 78 73 611 74 100
1989 67 66 67 96 104 112 83 77 72 67 637 69 93
1990 58 57 58 83 89 96 1 66 62 58 662 59 80
1991 58 57 58 83 89 96 1 66 62 58 687 59 80
1992 60 59 60 64 86 93 100 4 64 60 713 61 83
1993 61 61 62 66 80 88 95 102 6 66 62 738 63 85
1994 73 72 73 8 94 105 113 90 84 78 73 763 75 101
1995 66 65 66 0 85 94 102 81 1 66 789 67 o1
1996 69 69 69 Z 90 99 107 86 4 70 814 71 96
1997 66 66 67 I 86 95 103 82 67 839 68 92
1998 67 66 67 I 87 96 104 83 67 864 69 93
1999 65 64 65 69 84 93 100 108 80 Z 65 890 66 90
2000 72 71 72 77 93 103 111 120 89 83 73 915 74 100
2001 68 67 68 72 87 o7 104 113 84 77 68 940 69 04
Average 66 65 66 70 85 94 102 110 81 75 66 67.4 o1

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 75
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 121
Estimated Water Losses (%) = 0%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec )
Average Monthly Demand|
wio Losses (gpc/d) 66 65 66 70 85 94 102 110 81 75 71 66 795
Average Monthly Demand|
Wl WC (gpe/d) 58 57 58 62 76 85 92 100 72 66 63 58 70.7

Average Monthly
Demand w/ WC and 58 57 58 62 76 85 92 100 72 66 63 58 70.7
Losses (gpc/d)

Max Month Data w/o

73 7 73 78 94 105 13 121 % 84 78 7 88.0
Losses (gpoid)
deqHoniniDatele 73 72 73 78 o 105 113 121 %0 84 78 7 880
Losses (gpc/d)
RaxmoniiDaal NG 65 64 65 70 85 o5 103 112 81 74 70 65 79.2
(gpeld)
(L3 (I CER NS 65 64 65 70 85 % 103 112 81 74 70 65 792
and Losses (gpe/d)
Water Losses = 0.0%

WC = Water Conservation
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Langdon Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1986 76 7.9 76 ) . g 1 y 1 3 4. 73 269 25.9 6 88
1087 8.4 86 83 . . . 7 X 7 . 7 . 80 269 25. 7 o7
1988 10.2 10.6 10.1 ] 7 X I I I I . I 98 269 25. L 118
1989 17 12.0 1 ) . ) . X . 2 . 2 112 255 25. 2 135
1990 4 7 90 241 25. 110
1991 .7 .0 5 83 227 25. 102
1992 ¥ 10.2 7 [ 213 25. 117
1993 . 5 2 4 79 213 25. 98
1094 ¥ 10.1 7 6 5 93 185 25.3% 117
1995 6 2 . 2 2 89 171 21.0% 112
1996 8 35 139 4.2 15.0 115 103 115 174 157 13.7% 221
1997 0 8 102 14 26.6% 31
1998 6 10.1 117 12! 32.3% 50
1999 ) 5 4 .6 10.0 7 116 11! 25.9% 50
2000 4 8 . I I q 1 4 ¥ ; . ; 109 101 30.0% L 42
2001 11.8 12.2 117 8.8 9.0 92 94 9.8 95 75 6.7 75 113 2,087 32.3% 3.0 148
Average 106 10.9 105 79 8.1 83 8.4 8.8 85 6.7 6.0 6.7 1014 25.9% 127.3
Water loss data was not available from 1988 - 1993 and 1999 so average available data was used (25.9%)
Per Capita Water Use Analysis (Monthly water diversionwithout system losses)
1986 - - . - 23 4 4. 2. 7 54 1269 65 93
1987 . q . 0 a7 ] 2. 0 59 269 72 102
1988 ) ) ] ) -7 9 4 7 4 73 269 83 24
1989 7 83 255 100 42
1990 . ) 67 20 81 15
1991 6 638 ] 62 22 76 08
1992 7 77 5. 70 21 86 22
1993 6 65 4 2. 59 213 73 03
1994 7 77 5. 5 5 70 185 87 24
1995 7 76 4 5. 5 5 70 71 83 X 123
1996 6.2 16.8 16.0 116 11! 12 13.0 126 150 157 10T 168 260
1997 838 3 75 143 96 838 36
1998 95 4 7 79 129 102 95 48
1999 10. 115 111 10. 58
2000 ) 101 100 44
2001 .8 } I P . y . P . " i Y 087 100 46
Average X f 3 E X g ¥ - E X i X 948 1342
% Distrib. 11.2%] 11.6%] 11.0%] 7.6%] 7.9%] 8.19] 8.3%] 8.7%] 8.4%] 6.0%] 5.1%] 6.0%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = )
Max Daily Water Use (w/o water losses) 408.0
1988 757,000 687,510  Conservation Reduction = 96
1989 663,000 583,914 [Subtotal = 398.4
1990 644,000 259 )
1991 535,000 214 ! [Peak Daily Demand with WC and
1992 572,000 228 4 ater Losses = 537.6
1993 727,769 56,114 671,655 304 2
1994 64,845 613,155 281 .96 [Peak Daily Demand Factor with WC
1995 51,202 698,798 322 .40 [and Water Losses =
1996 65,134 665,866 300 .26 WC = Water Conservation
1997 74,615 874,385 408 30
1998 103,358 563,642 265 79
1999 82,086 688,914 326 a4
2000 89,467 773,533 368 .88
2001 99,968 781,032 374 .95
Average 727,769 654,563 301 18
Historic Monthly Per Capita Water Use Data (without system losses)
1986 86 99 85 60 61 64 64 67 67 46 46 ,269
1987 94 109 93 66 66 70 70 74 73 51 14 51 269
1988 16 133 114 81 81 86 86 90 90 62 54 62 ,269
1989 32 153 131 93 93 99 98 103 103 71 71 255
1990 07 Z] 106 75 75 80 80 84 83 58 50 58 X
1991 00 99 70 70 75 74 78 78 54 a7 54 ,
1992 14 112 80 80 85 85 89 88 61 53 61 X
1993 96 94 67 67 71 71 75 74 52 44 51 213
1994 1 1 81 81 86 86 90 89 62 54 62 185
1995 132 82 82 87 87 o1 90 64 56 64 17
1996 278 179 178 188 187 195 195 143 128 142 I
1997 146 83 89 94 94 99 98 68 58 68 ,
1998 159 93 94 100 100 105 104 70 59 69 I
1999 169 103 103 109 109 114 114 79 68 79 ,
2000 33 154 o1 92 98 98 103 102 69 59 69 101
2001 36 157 02 %2 98 98 104 103 69 58 68 087
Average 25 144 23 83 88 93 93 98 o7 68 58 67

Maximum historic water use month = 278 gpeld
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Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|
Population Winter Per Summer Per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita U: Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec c/d; gpc/d;
1986 86 99 85 60 61 64 64 67 67 4 4 4 269 69 62
1087 94 109 93 66 66 70 70 74 73 5 24 5: 1269 76 67
1088 116 133 114 81 81 86 86 90 90 6: 54 6: 269 93 83
1989 132 153 131 03 3 99 98 103 103 7 7 255 107 95
1990 107 4 106 75 80 80 84 83 58 50 58 } 87 77
1991 100 99 70 75 74 78 78 4 47 4 ) 81 7
1992 114 112 80 85 85 89 88 53 i 02
1993 96 94 67 71 71 75 74 44 ) 77
1994 1 33 14 81 1 86 86 90 89 54 185 03
1995 32 13 82 82 87 87 o1 90 56 17 o
1996 78 40 179 178 188 187 195 195 14 128 142 ] 0; 181
1997 46 25 88 89 [ 94 99 98 6! 58 6! ) 0; 90
1998 8 159 3 03 94 100 100 105 104 7 59 6 i 0 96
1999 6 169 103 103 109 109 114 114 7 68 7 . 1 105
2000 33 154 o1 92 98 98 103 102 6! 59 6! A of 93
2001 36 157 92 92 98 98 104 103 69 58 68 08 10 94
Average 25 144 88 88 03 93 98 o7 68 58 67 100.8 89
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 202
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 278
Estimated Water Losses (%) = 26%
Jan Feb Mar Apr May Jun Jul Aul Sey Oct Nov. Dec Annual Per
P! Y 9 P Capita (gpe/d)
SeraseMonihlyDemand 125 144 123 88 88 93 93 98 97 68 58 67 948
wio Losses (gpc/d)
Average Monthly Demand w
WC (gpedd) 116 135 115 79 78 84 83 83 87 58 50 59 858
Average Monthly Demand
NS G LB (el 157 183 155 107 106 113 113 119 118 78 67 79 1157
Max M”""(‘g'f:?:)w"’ Lossed 42 278 240 179 178 188 187 195 195 143 128 142 1908
Max M““‘ng:;:)w’ Losses| 557 ars 324 241 241 254 253 263 263 103 172 192 2575
Max M"’(‘;:g:)‘a wiwe 234 270 231 170 169 179 178 186 185 133 119 134 1818
(3 REND CHOINTS 316 364 312 230 228 241 240 250 250 180 161 181 2453
and Losses (gpc/d)
Water Losses = 25.9%
WC = Water Conservation
|Annual Water Needs (acre-feet) = 2,100 Total
Jan Feb Mar Apr May Jun ul Aug Sep Oct Nov Dec (AcF)
Average Monthly Demand w
B s 314 330 31.0 206 211 218 225 237 228 156 130 158 272
Max M""‘("g pns':) wiLosses| g5y 67.7 646 466 481 491 505 526 508 385 334 384 606
DEETEEAIVEET| g, 65.7 624 444 455 467 479 50.0 483 360 311 361 577
Losses (gpc/d)
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Historic Monthly Raw Water Diversions (Millions of Gallons)

1989 . . . . . . ! . . . . . 910 15.9% 0. 38
1990 | X | . ! X .| & .| 5 ! ! 910 .2% 0. 76
1991 .| . 5 | 5 2 ! 2 . 2 5 .. 435 .9% 0. 53
1992 . . 5 X 8 s .| X 2 3 ! 3 34 435 .1% 0. 65
1993 3 . 8 X . 2 .. . . 3 5 3 435 9% 0.
1994 .. 3 . X . X .. 3 . X . 1 435 0% 0.4
1995 3 . . s 3 . 3 2 . = .4 3 54 ,100 11.9% 0.
1996 .. X . 2 .. . 3 3 X s ! X 55 ,100 9.9% 0.
1997 3 . . s 3 . 3 3 . = = 3 4 ,100 10.2% 0.
1998 1 ,100 9% 0. 66
1999 9 ,100 8% 0. 64
2000 . . . . 3 B . = .| 3 5 3 1 ,100 6% 0. 67
2001 38 3.2 35 4.1 4.6 59 4.2 4.2 39 4.0 4.0 4.5 50 2,100 11.9% 0.5 65
Average 32 2.7 29 34 38 4.9 35 35 33 33 3.4 38 42 8.2% 65.8
—

1994 data was negative so used 0%
2 Data from 1995 - 2001 was developed from 1989 - 1994 monthly distribution

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1989 ; X ; . - ”
1990 25 14 08 22 17 28 24 21 18 16 17 18 23 910 69 28 104
1991 18 15 17 18 25 27 18 22 21 22 25 30 26 1435 50 30 70
1992 23 21 26 25 28 73 25 29 2.7 31 24 27 33 1435 63 73 100
1993 25 23 28 29 36 70 31 29 28 29 26 27 35 1,435 67 70 93
1994 31 27 33 36 38 50 33 31 30 30 36 70 a1 1435 79 50 116
1995 36 29 33 39 a4 59 a1 70 37 38 38 73 8 2,100 62 59 93
1996 38 31 34 71 75 61 72 72 39 70 70 75 50 2,100 65 61 9%
1997 X X I 0 g 3 g [ I 8 I L 100 63 3 9
1998 . 8 7 100 61 89
1999 4 ¥ L 7 g . I I I I X [ ,100 59 . 86
2000 X . } 9 . . . . ) . X } 100 63 . 92
2001 6 @ . ) 3 4 . I q 14 100 57 ¥ 86

Average i z L X 3 X L ¥ 0 X L X 38 60.7 901

% Distrib. 10.3%] 8.5%] 9.5%] 11.1%] 12.5%] 16.5%] 11.6%] 11.4%] 10.6%] 10.8%] 10.9%] 12.4%] 136.2%

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = cl
Max Daily Water Use (w/o water losses) 195.1
1989 96,000 545 90,455 [W- Conservation Reduction = 95
1990 99,000 311 92,689 102 68 [Subtotal = 185.7
1991 125,000 269 119,731 83 38
1992 128,000 872 125128 87 44 [Peak Daily Demand with WC and
1993 139,100 986 134,114 03 2 [Water Losses = 2063
1994 166,100 0 166,100 116 .
1995 222,800 17,582 205,218 98 61 [Peak Daily Demand Factor with WC
1996 221,000 15,033 205,967 98 62 [and Water Losses = 3.64
1997 214,500 15,045 199,455 o 57 WC = Water Conservation
1998 295,000 10,985 284,015 135 .23
1999 316,000 10,458 305,542 145 .40
2000 350,000 342 349,658 167 74
2001 426,000 16,222 409,778 195 .22
Average 215,962 204 206,758 116 92
Historic Monthly Per Capita Water Use Data (without system losses)
1989 4 26 23 37 52 46 32 25 23 26 39 910
1990 7 54 29 61 104 84 76 66 57 62 62 910
1991 1 38 38 57 62 40 49 50 50 59 68 435
1992 51 53 58 63 100 55 65 62 69 57 61 435
1993 56 58 63 81 93 70 65 65 65 59 61 435
1994 69 66 73 83 85 116 75 70 70 66 84 89 435
1995 55 50 60 68 90 62 61 57 58 59 67 100
1996 58 53 63 71 93 65 64 59 61 61 70 100
1997 56 51 61 69 o1 63 62 58 59 60 68 100
1998 54 50 58 66 86 61 60 56 57 57 65 100
1999 52 8 56 64 84 59 58 54 55 55 63 100
2000 56 1 60 68 89 63 62 57 59 59 67 100
2001 51 7 55 63 83 58 57 52 54 54 62 100
Average 55 9 60 65 88 62 60 56 56 58 65
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Appendix A

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = Summer = |:|
Population
Winter Per Summer Per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita Use Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep. Oct Nov. Dec C/
1989 4 26 23 37 52 46 32 25 23 26 39 910
1990 7 54 29 1 104 84 76 66 57 62 62 910
1991 1 38 38 4 7 62 40 49 50 50 59 68 435
1992 51 53 58 3 100 55 65 62 69 57 435
1993 56 58 63 81 93 70 65 65 65 59 435
1994 69 66 73 83 85 116 75 0 70 66 84 435
1995 55 4 50 60 6! 90 62 1 57 58 59 ,100
1996 58 4 53 63 7 93 65 4 59 61 61 ,100
1997 56 4 51 61 o1 63 2 58 59 60 68 ,100
1998 54 4 50 58 86 61 0 56 57 57 65 ,100
1999 52 4 8 56 84 59 58 54 55 55 63 ,100
2000 56 4 1 60 89 63 2 57 59 59 67 ,100
2001 51 2 7 55 63 83 58 7 52 54 54 62 ,100
Average 55 2 7 60 64 88 62 0 56 55 58 63
Per Capita Water Use Analysis (Max Month Method,
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 77
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 116
Estimated Water Losses (%) = 10%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Capita (gpcld)
Average Monthly Demand wi 55 49 47 60 64 88 62 60 56 55 58 63 50.9
Losses (gpc/d)
Average Monthly Demand w
WC (gpedd) a7 1 39 52 55 78 52 50 a7 46 50 55 511
Average Monthly Demand
wi WG and Losses (gnefd) 52 46 a4 58 61 87 58 56 52 51 55 61 56.7
Max Month Data w/o Losses 87 66 73 83 85 116 84 76 70 69 84 89 820
(gpe/d)
Max Month Data w/ Losses 97 73 81 92 9 129 9 85 78 76 94 99 911
(gpc/d)
Max Month Data w/ WC 79 58 65 75 76 106 75 67 61 59 76 81 732
(gpe/d)
Max Month Data w/ WC and) 88 64 72 83 84 118 83 74 67 66 85 % 813
Losses (gpc/d)
Water Losses = 10.0%
WC = Water Conservation
IAnnual Water Needs (acre-feet) = 2050 Pop = 1,568 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (Ac-Ft)
eraaslvoptiybenad 7.7 6.1 65 84 91 126 87 83 7.5 76 80 92 9.6
WC and Losses
Max Month Data w/ Losses 14.4 9.9 12.1 133 14.1 186 14.0 126 1.2 114 135 148 160.0
Max Month Data w/WC and| 5 ) 8.7 108 120 125 171 124 111 97 98 122 135 1429
Losses
IAnnual Water Needs (acre-feet) = |Water User 2050 Pop = 2,900 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (Ac-Ft)
REEPNEGIEEEE ] gnq 114 120 155 167 233 160 154 139 140 148 17.0 1843
WC and Losses
Max Month Data w/ Losses 26.7 183 224 247 26.1 343 259 233 208 211 25.0 274 296.0
Max M”""I‘.gs:‘:sw’ we and 242 160 199 222 232 315 230 20.4 180 182 226 24.9 264.2
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Larimore Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 3 4. 5 1 470 0. 95
1989 .8 7. .! X .. 3 .. . . 3 .| .3 1 467 0.! 115
1990 .7 X .. X . .. .. . 5 . . .7 54 464 0.! 120
1991 4 X . . g . X . X .. . X 1 461 0. 95
1992 .. 3 . X . . X . 5 . . . 55 ,458 0.! 103
1993 X X X 3 .| .. X 3 .. . . X 50 ,455 0. 94
1994 . X X . 5 3 .. . X .. .. X 56 ,452 0.! 105
1995 .. 3 . 5 . g X X .| . . . 63 ,449 0.! 119
1996 .4 . 4 67 ,445 0.4 127
1997 | .7 .3 4. 5. 67 442 0.4 126
1998 5. X . ¥ .2 3 .. .9 . . 4. 4. 56 ,439 0.! 106
1999 3.4 . . . .5 5 5 .2 . . 4.4 5. 53 ,436 X 0. 101
2000 52 31 3.4 39 33 29 43 5.7 4.9 5.2 36 4.4 50 1,433 10.0% 0.4 95
2001 4.8 3.7 3.7 4.2 5.2 5.5 5.9 5.6 5.1 6.1 6.2 5.6 62 1,430 10.0% 0.5 118
Average 4.7 4.6 4.6 4.3 4.9 5.4 5.4 5.6 4.5 4.5 4.4 4.4 57 10.0% 108.6

* Water loss data was not available so zero% was assumed in analysis

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

X A 6. X

1989 i 7. 4. 7. X 5 467 103 7 7!

1990 ¥ 4. 5. 4 464 108 44

1991 X X 4. T 461 86

1992 X 4. 4, X 4. 458 93

1993 E K X K X 4 g 4. 455 85

1994 X . X X . 3 X 5. ¥ 3 452 95 5,

1995 7 4. - . . 6.8 . 5. . .9 449 107 6.

1996 .1 X 4. . . .7 . .1 X .8 ,445 114 157

1997 .4 .. 7. . . . . .7 . .7 442 114 73

1998 3 X .4 . A . X X .4 439 96 25

1999 . . .4 . . . . . . 436 91 35

2000 X . . . . . . . .4 . .. X 433 86 22

2001 . ¥ . . 5 X . 3 X X 5 .1 ,430 106 134
Average 4. C 1 .9 4. X 0 .. 4. X i .9 97.7 138.9
9 Distrib. 8.2%] 8.0%] 7.9%] 7.5%] 8.6%] 9.5%] 9.5%] 10.0%] 7.8%] 7.8%] 7.6%] 7.6%] %)

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = (gpe/d
Max Daily Water Use (w/o water losses)

1988 |W. Conservation Reduction =

1989 | [Subtotal

1990 No data Available

1991 [Peak Daily Demand with WC and

1992 Water Losses =

1993

1994 |Peak Daily Demand Factor with WC

1995 land Water Losses =

1996 WC = Water Conservation

1997

1998

1999

2000

2001

Average 0 0 0 0 0.00

Historic Monthly Per Capita Water Use Data (without system losses)

1988 86 89 58 7 80 146 122 102 82 88 97 2 470
1989 95 172 67 78 100 93 169 118 7 90 102 84 467
1990 92 106 124 122 139 126 130 96 83 7 464
1991 67 63 7 75 87 98 121 99 83 461
1992 102 103 7 76 111 93 109 96 90 ,458
1993 74 88 7 84 102 92 94 87 72 455
1994 86 78 95 88 115 3 106 119 96 60 101 452
1995 105 102 114 96 132 56 95 113 102 86 88 96 449
1996 92 133 110 100 85 108 100 114 93 130 157 150 445
1997 144 155 167 115 93 129 100 106 89 83 84 102 442
1998 106 109 98 87 83 96 103 21 103 78 82 84 439
1999 68 75 7 80 90 100 117 3 73 7 93 105 436
2000 108 66 7 80 64 58 88 103 108 75 90 1433
2001 97 81 1 87 106 115 121 106 125 134 115 ,430
Average 94 101 1 89 99 113 109 93 90 91 87
Maximum historic water use month = 172 gpc/d
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Larimore Water Demand Calculations
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Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 86 89 58 i 80 146 122 102 82 88 97 2 470 68 103
1989 95 172 67 78 100 93 169 118 77 90 102 84 467 100 108
1990 92 106 124 122 139 126 130 96 83 7 ,464 99 118
1991 67 63 U 87 98 121 99 83 84 461 73 98
1992 102 103 7 111 93 109 96 90 70 ,458 84 102
1993 74 88 N 84 102 92 94 87 72 68 ,455 7 93
1994 86 78 95 88 115 30 106 119 96 60 62 101 ,452 85 104
1995 105 102 114 96 132 56 95 113 102 86 88 96 449 100 114
1996 92 133 110 100 85 108 100 114 93 130 157 150 445 124 105
1997 144 155 167 115 93 129 100 106 89 83 84 102 442 128 100
1998 106 109 98 87 83 96 103 103 78 82 84 ,439 94 97
1999 68 75 77 80 90 100 117 73 i 93 105 ,436 83 98
2000 108 66 80 64 58 88 103 108 75 90 ,433 81 90
2001 97 81 87 106 115 121 106 125 134 115 ,430 97 115
Average 94 101 89 99 113 109 93 90 91 87 92.3 103

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 124
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 172
Estimated Water Losses (%) = 10%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec CERTEE)
‘Average Monthly Demand wit
B 94 101 o1 89 99 13 109 115 93 90 o1 87 97.7
‘Average Monthly Demand w/
86 93 82 81 EY 104 100 105 83 80 82 79 88.7
WC (gpc/d)
Average Monthly Demand
NS i) L () 95 103 92 89 100 115 111 17 93 89 92 88 98.6
Max M°"‘rzg[;:'§)’”l oLosses| 4 172 167 122 139 156 169 130 106 130 157 150 5.1
Max M°""(‘g2:;:)‘”/ Losses 160 101 186 136 154 174 188 145 118 145 175 166 161.2
Max M"’(‘:")g:)‘a TR 135 163 159 114 129 147 160 121 97 121 149 141 136.1
Max Month Data w/ WC and
Pessmayterts 150 181 176 126 144 163 177 134 107 134 165 157 151.2

Water Losses = 10.0%
WC = Water Conservation

Reclamation 2050 Pop =

Max Month Data w/ WC and

17.0 185 19.9 138 16.3 17.9 201 152 118 152 181 17.8 201.6
Losses (gpc/d;

Water User 2050 Pop =

Max Month Data w/ WC and

263 286 308 214 252 276 31.0 235 18.2 235 28.0 274 3115
Losses (gpc/d)
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Lidgerwood Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 .4 .. . .. X . . X . 5 .. 47 803 0.0%

1989 .7 .. . . . X .. . . X . .4 50 801 0.0%

1990 .. .. . .. 3 . X X . . .. .. 7 799 0.0%

1991 X 5 X . . . . . X .. X X 97 0.0%

1992 .. .| .. .. . . 5 .. . . X .| 95 0.0%

1993 3 5 3 X . . .2 5 .. .. 5 5 94 0.0%

1994 .. .| .. .. . . .8 .. . . . .. 92 0.0%

1995 . .| .. .. . . .7 .. . . X .| 90 0.0%

1996 4 88 0.0%

1997 . . . 7 86 0.0%

1998 .0 5 .9 . . .7 . X . .. X X 85 0.0%

1999 .6 .0 .2 .. . .5 3 5 . . . .. 83 0.0% X

2000 32 31 32 31 37 3.7 4.0 6.0 43 38 25 3.0 44 781 0.0% 0.0 152.8

2001 2.3 2.1 25 25 3.2 3.2 4.4 3.9 29 25 25 24 34 779 0.0% 0.0 120.4
Average 33 29 32 32 38 4.1 4.7 5.2 4.3 35 3.0 3.0 44 0.0% 153.3

* Unaccounted for losses data was not available so assumed 0% annual losses
2 Monthly only available from 1999-2000, so rest on monthly data was calculated using 1999-2000 monthly distribu

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988 . - . 3 X 3 X - ) - . a7 803 159 X 229
1989 X i . X g X . X y X . 4 50 801 171 i 246
1990 . ) . } . } . . ) ) . ) 7 799 161 . 232
1991 X 5 X i . i y N g i ) I 97 141 4 204
1992 . X . ) . . ) . ) X X X 95 153 } 221
1993 X 5 I I . i 2 } . i I 5 94 137 4 198
1994 . X . ) X . 8 . ) X 1 ) 92 155 } 224
1995 L X L I I ) 7 y [ X .0 X 90 154 y 223
1996 . 2 4 4 ) 4 . : X ) . ) 88 166 ) 239
1997 X 4 3 X y ; . 1 y E . I 86 177 1 255
1998 X ) X X . ) ) . X ) ) ) 85 142 . 204
1999 X X . i 3 N y ; y I . L 83 157 a 199
2000 . ) . ) 7 ) X X ) ) ) X 81 153 X 254
2001 L L ) I .2 y L I I I ) L 79 120 4 189
Average B i ¥ [ 8 4 g . g I X X 44 1533 3 2225
% Distrib. 7.4%] 6.7%] 7.2%] 7.1%] 8.6%] 9.2%] 10.6%] 11.8%] 9.6%] 8.0%] 6.8%] 6.8%] 100.0%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = (gpe/d)
[Max Daily Water Use (w/o water losses) 332.3
1988 VA . Conservation Reducti 95
1989 A |Subtot: 322.8
1990 A
1991 A {[Peak Daily Demand with WC and
1992 A | ater Losses = 3228
1993 A
1994 A {[Peak Daily Demand Factor with WC
1995 A land Water Losses = 2.23
1996 N/A WC = Water Conservation
1997 N/A
1998 N/A
1999 236,000 236,000 301 .97
2000 259,500 259,500 332 .17
2001 207,500 207,500 266 74
Average 234,333 234,333 300 .96

Historic Monthly Per Capita Water Use Data (without system losses)

1988 28
1989 48 48 45 48 74 191 214 238 199 161 42 37 801
1990 40 40 37 39 64 180 201 224 188 151 4 30 799
1991 23 23 20 23 44 158 177 197 165 33 7 14 97
1992 33 33 3 33 56 72 192 214 79 44 7 23 95
1993 40 54 172 192 29 4 11 94
1994 58 4 194 217 46 29 25 92
1995 34 57 193 215 45 28 24 90
1996 14 14 69 186 208 231 156 38 34 88
1997 53 153 50 153 180 198 221 246 206 166 47 4 86
1998 23 123 21 123 44 159 178 198 166 134 18 14 85
1999 47 135 31 137 52 190 189 193 193 144 45 26 83
2000 32 143 32 131 54 156 167 246 184 158 106 23 81
2001 94 95 103 105 32 135 183 161 125 104 107 98 79
Average 133 133 130 133 156 172 192 214 179 144 127 124
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Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Lidgerwood Water Demand Calculations
Maximum Month Method

With
Industry

[ ]

Without
Industry

[ ]

1988 38 38 35 38 62 178 199 222 186 150 32 28 803 35 183
1989 48 48 48 74 191 214 238 199 161 2 37 801 196
1990 40 40 39 64 180 201 224 188 15 4 0 799 185
1991 23 23 23 44 158 177 197 165 7 4 97 163
1992 33 33 56 72 192 214 7 44 7 95 176
1993 40 54 172 192 7] 94 158
1994 58 4 194 217 4 9 92 178
1995 34 34 57 193 215 4 28 90 178
1996 14 14 14 69 186 208 231 156 3 34 88 191
1997 53 153 50 153 180 198 221 246 206 166 4 86 150 203
1998 23 123 21 123 a4 159 178 198 166 134 1 14 85 120 163
1999 a7 135 31 137 52 190 189 193 193 144 45 2 83 137 76
2000 32 143 32 131 54 156 167 246 184 158 106 2 81 128 7
2001 94 95 103 105 32 135 183 161 125 104 107 98 79 100 4
Average 133 133 130 133 156 172 192 214 179 144 127 124 130 7
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 150
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 246
Estimated Water Losses (%) = 0%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec BT
Average Monthly Demand
B ) 133 133 130 133 156 172 192 214 179 144 127 124 1533
Average Monthly Demand w|
WO (gpeld) 125 125 122 125 147 162 182 204 170 135 119 115 14455
Average Monthly Demand
T ) L () 125 125 122 125 147 162 182 204 170 135 119 115 14455
Max M°"‘Tg[;:":)”"/ oLossey 453 153 150 153 180 198 221 246 206 166 147 142 1766
Max M°""(‘g2:;:)‘”/ Losses| 53 153 150 153 180 198 221 246 206 166 147 142 1766
Max M"’(‘;"‘)g:)‘a TR 145 145 142 145 170 188 212 237 197 157 139 134 167.8
Max Month Data w/ WC
it LeEEEs () 145 145 142 145 170 188 212 237 197 157 139 134 167.8
Water Losses = 0.0%

WC = Water Conservation

Appendix A
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Lisbon Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 K K X . 11.0 109 104 . i . 104 ,154 11.8% | 32

1989 g . i 4 . 104 . 9.7 3 . g .. 101 ,166 9.3% . 28

1990 . i K .4 X 9.6 . 10.0 . . i .. 105 177 1.8% .. 32

1991 X . . .! . 10.0 . 104 . . . . 111 ,189 X ! 39

1992 A 5 . .. . 8.8 . . 3 . g g 101 ,200 g ! 25

1993 . ! . .4 3 9.1 . . . . 8 . 100 ,212 g ! 4

1994 g . X .. . 104 . . . . . 3 104 ,223 g

1995 10.1 4 8.4 . . 3 i A g 99 ,235 7.4

1996 7 .4 9.9 . 5 10.0 . . .. 104 ,246 7.6%

1997 .4 .4 . 11.0 . . 9.7 . . . 107 ,258 11.6% |

1998 .2 .. . .4 10.0 11.0 10.! 114 110 . . .| 118 ,269 14.6% 4

1999 .3 . . ! 10.0 113 10.4 112 9.9 i i g 113 ,281 19.6% 8

2000 82 78 7.4 8.2 86 9.9 9.6 116 10.4 8.6 85 8.4 107 2,292 22.7% 2.0 128

2001 8.6 95 7.6 8.8 10.1 10.7 11.3 11.9 12.4 115 10.8 10.6 124 2,304 25.5% 26 147
Average 8.4 8.1 7.9 8.5 9.2 10.1 9.8 10.2 9.5 8.6 8.4 8.4 107 14.4% 1316

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988
1989 65 6.1 71 6.7 78 96 9.7 89 73 77 71 74 92 2,166 116 97 149
1990 83 74 74 82 95 95 97 99 93 82 77 8.0 103 2177 130 99 151
1991 71 73 68 8.0 82 85 74 89 77 69 77 79 93 2,189 116 89 135
1992 62 62 68 6.7 8.0 73 76 78 66 68 63 64 83 2,200 103 8.0 121
1993 68 6.0 7.0 69 82 76 74 77 71 65 57 58 83 2212 102 82 124
1994 6.0 54 65 65 78 89 75 84 7.0 72 6.7 8.1 86 2223 106 89 133
1995 95 91 66 68 69 78 78 82 81 7.0 73 69 92 2,235 113 95 142
1996 - 71 - : - } . 3 3 8 7 4 96 246 117 ¥ 8
1997 Z 73 . ; z I I q .7 8 5 95 258 115 I 7
1998 . 7.7 . X . X . X . 4 6 101 269 122 X 6
1999 Z 4 . ; ; I g ; I ; . 7 o1 281 109 K 38
2000 . . 4 . . . . X . . . 4 83 202 99 X 39
2001 X q .0 E Z 1 0 92 ,304 110 ] 42

Average! E 1 .6 g 1 8 X I g E E 1 o1 1125 4 140.1

% Distrib. 7.7%] 7.5%] 7.2%] 7.8%] 8.7%] 9.6%[ 9.3%] 9.8%[ 8.9%] 8.0%] 7.7%] 7.8%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = c/d)
[Max Daily Water Use (w/o water losses) 201.0
1988 IW. Conservation Reduction = 9.6
1989 |Subtotal = 191.4
1990
1991 Peak Daily Demand with WC and
1992 \Water Losses = 2235
1993
1994 [Peak Daily Demand Factor with WC
1995 land Water Losses =
1996 407,700 21,492 386,208 172 .53 WC = Water Conservation
1997 349,100 314,837 139 .24
1998 447,600 400,398 176 57
1999 505,800 445,247 195 74
2000 527,500 201 79
2001 500,200 180 .60
Average 456,317 177 58

Historic Monthly Per Capita Water Use Data (without system losses)

1988 1

1989 97 100 106 102 1 48 145 1 115 109 110 ,166

1990 123 121 110 126 40 45 143 4 4 121 118 119 177

1991 105 119 100 122 29 109 1 102 118 117 ,189

1992 91 101 100 102 112 99 100 96 93 ,200

1993 100 97 102 104 107 106 95 86 84 212

1994 86 87 94 98 4 109 105 105 101 118 ,223

1995 138 46 95 102 100 20 101 109 99 ,235

1996 101 13 102 115 107 38 112 114 107 ,246

1997 105 15 94 108 103 25 28 112 118 108 ,258 .

1998 111 20 98 118 121 4 41 4 120 117 107 ,269 21.

1999 105 15 94 113 115 32 1 86 88 80 ,281 108.!

2000 86 91 75 89 93 135 2 93 94 90 ,292 99.1

2001 83 107 70 90 105 21 130 4 124 119 111 ,304 109.8
Average 102 109 96 107 115 23 129 22 106 106 103 1125

Maximum historic water use month = 155 gpc/d
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Lisbon Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Winter =

Summer =

Appendix A

1088 o8 99 105 113 35 155 148 2 T 99 o4 % 154 101 32
1689 o7 100 106 102 48 145 T 115 109 110 166 104 28
1690 123 121 110 126 45 143 2 4: 121 118 119 177 120 40
1691 105 119 100 122 29 109 1 102 118 117 189 113 18
1992 o1 101 100 102 1 112 59 100 %6 53 200 57 109
1693 100 o7 102 104 15 107 2 106 % 86 84 212 % 109
1994 86 87 o4 %8 33 109 1 105 105 101 118 223 o7 15
1695 138 46 o5 102 100 13 18 20 101 109 5 235 115 12
1996 100 13 102 115 107 29 30 38 112 114 107 246 109 26
1697 105 15 [ 108 103 2 21 25 28 112 118 108 258 108 123
1998 111 20 o8 118 121 2 29 41 120 117 107 269 112 32
1699 105 15 o4 113 115 24 32 86 88 80 281 59
2000 86 o1 75 89 o3 07 135 93 o4 %0 292 88
2001 83 107 70 50 105 21 130 124 119 FEEY 304 57
Average 102 109 56 107 115 23 125 22 106 106 103 1030
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 120
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 155
Estimated Water Losses (%) = 14%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec Capita (gpe/d)
Average Monthly Demand 102 109 % 107 115 132 123 129 122 106 106 103 1125
wio Losses (gpe/d)
Average Monthly Demand
(7 101 88 % 105 122 113 120 112 % o7 o4 1035
WC (gpe/d)
rrereggMopthiyiperand! 109 118 102 115 123 143 132 140 131 113 114 110 1208
w/WC and Losses (gpc/d)
Max M°"‘Tg[;:/‘:)“”° Lossed 138 146 110 126 140 155 148 146 142 124 119 119 1344
Max M°""(‘g2:;:)‘”/ Losses| 161 171 129 147 164 181 173 171 166 145 139 139 156.9
hax M"’(‘;"‘)g:)‘a TR 129 138 102 17 131 145 139 137 133 115 110 111 1254
Max Month Data w/ WC
P Ty e 151 161 119 137 153 170 162 160 155 134 129 129 1464
Water Losses = 14.4%

WC = Water Conservation
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Mayville Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 N K K K .. . 4 8 89 ,120 20.( 115
1989 .. X .| 3 | 5 7 ,106 20. 100
1990 . .. .. X .4 7 72 ,092 20. 94
1991 .. X .. X .. . .. . .. . 4 X 71 ,078 20. . 93
1992 . X . .. . ! .| . .| .. .. .. 68 ,064 20.( . 91
1993 .5 72 ,050 20. 96
1994 .2 71 ,036 20. 96
1995 .7 7 74 ,023 20. 101
1996 .7 82 ,009 20. 112
1997 . . .. . .8 73 ,995 20. 100
1998 . X .1 .1 .. . .. .9 . . .. . 74 ,981 20.( . 102
1999 .. 8 .7 .3 .. .6 . .1 5 X . . 70 ,967 20. . 97
2000 5.7 53 55 5.4 56 55 6.3 6.6 5.9 5.8 5.7 59 69 1,953 20.0% 12 97
2001 6.3 5.4 6.0 5.5 5.7 5.5 5.8 5.8 5.2 5.9 5.4 55 68 1,939 20.0% 11 96
Average 6.1 5.8 6.0 6.0 6.2 6.1 6.5 6.6 6.3 6.2 5.9 5.6 74 20.0% 99.2

* Water loss data was not available so zero% was assumed in analysis

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

- 6
1989 a7 2 5 2 106 80 105
1990 X 2. . 2. 2 } ,092 75 93
1991 g ] ; 2. 2 2. ,078 74 90
1992 2. 4 . 2 ] 2. 064 7 80
1993 2. 4 2. 2 5. 5 2. ,050 7 3 93
1994 2. 4 2. . 5 2 2. 036 7 5 90
1995 g 2. ; X g 5. y 5. 5 023 8 7 93
1996 . 4 I . } . 7. 7. 1 . X } 009 89 . 127
1997 ¥ 7 ] . i . ! I i ] X I 1995 80 . 92
1998 ) } X . I ) ) 3 4 . X ) 981 82 3 95
1999 I . g ; ; k ; j ! ] ; ; 967 78 . 101
2000 . ) . } . } 1 4 1953 g 93
2001 y L q " f L 7 7 ; g y 4 939 7 g 89
Average i X 4. ¥ I T 3 4 I X 4 4 794 X 963
9% Distrib. 8.3%] 7.8%] 8.1%] 8.1%] 8.5%] 8.4%] 9.0%[ 9.2%] 8.6%[ 8.5%] 8.0%[ 7.5%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpe/d)
[Max Daily Water Use (w/o water losses) 2221
386,000 337,342 . |W. Conservation Reduction = 9.6
1989 361,000 41,973 319,027 151 91 Subtotal 2125
1990 296,000 39,260 256,740 123 55
1991 429,000 38,630 390,370 188 .37 [Peak Daily Demand with WC and
1992 295,000 37,479 257,521 125 57 [ Water Losses = 250.1
1993 369,000 39,342 329,658 161 .03
1994 376,000 39,014 336,986 165 .08 [Peak Daily Demand Factor with WC
1995 490,000 40,767 449,233 222 .80 land Water Losses = 3.02
1996 8,000 44,932 433,068 216 72 WC = Water Conservation
1997 4,000 40,000 294,000 147 86
1998 7,000 40,493 366,507 185 33
1999 2,000 38,192 335,808 171 15
2000 382,000 37,918 344,082 176 .22
2001 348,000 37,260 310,740 160 .02
Average 380357 40,280 340077 168 11
Historic Monthly Per Capita Water Use Data (without system losses)
1088 95 103 96 101 104 107 105 9% 87 73 68 67 120 8
1989 75 80 2 6 88 89 101 78 83 77 67 106 7
1990 7 70 7 0 90 81 77 88 ,002 g
1991 7 66 1 87 79 83 68 078 4
1992 7 82 80 71 78 65 67 65 064
1993 7 1 70 83 89 90 89 65 ,050
1994 7 4 71 82 79 82 76 90 ,036 i
1995 7 7 75 88 82 87 87 90 82 ,023 80.
1996 7 9 03 87 123 118 02 84 82 ,009 89.
1997 85 84 92 73 74 82 79 77 995 80.
1998 76 9 82 83 92 90 86 82 981 1
1999 83 108 70 73 81 77 79 75 967 7.
2000 75 76 72 Z 85 90 81 77 953 7.
2001 86 79 81 78 78 70 79 ,939 6.
Average 78 81 76 1 84 86 83 80 9.4
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Mayville Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 95 103 96 101 104 107 105 96 87 73 68 67 ,120 88 95
1989 75 80 72 6 88 89 101 78 83 77 67 69 ,106 73 86
1990 70 77 0 90 81 77 88 51 ,092 71 79
1991 66 64 1 87 79 83 68 69 ,078 69 80
1992 82 68 80 71 78 65 67 65 ,064 73
1993 1 69 70 83 89 90 89 65 050 81
1994 4 71 82 79 82 76 90 036 79
1995 7 75 88 82 87 87 90 82 023 85
1996 9 93 87 123 118 92 84 82 009 81 98
1997 85 84 92 73 74 82 79 77 995 82 79
1998 76 9 82 83 92 90 86 82 ,981 79 85
1999 83 108 70 73 81 77 79 75 967 80 76
2000 75 76 4 85 90 81 77 ,953 5 80
2001 86 79 81 78 78 70 79 ,939 78 76
Average 78 81 76 1 84 86 83 80 76.7 82

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 88
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 123
Estimated Water Losses (%) = 15%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec Capita (gpc/d)
Average Monthly Demand 78 81 76 79 79 81 84 86 83 80 78 70 79.4
wio Losses (gpe/d)
Average Monthly Demand
69 72 67 70 70 7 75 77 73 70 69 61 704
WC (gpe/d)
Average Monthly Demand
S M et 82 85 79 82 82 84 88 % 86 82 81 72 828
Ly e 9% 108 % 101 104 107 123 118 %2 % %0 8 100.1
(apeld)
s M°"';‘g'::;:)“" RS | o 127 113 119 122 126 144 139 108 106 106 92 117.8
MEMen e 86 9% 88 92 o4 98 113 108 82 81 82 70 011
(apeld)
Mo D a W 101 117 103 109 111 115 133 127 97 o5 % 82 107.2
and Losses (gpc/d)

Water Losses = 15.0%

WC = Water Conservation
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Historic Monthly Raw Water Diversions (Millions of Gallons)

Final Needs and Options Report

Minto Water Demand Calculations
Maximum Month Method

Appendix A

1988 .6 .7 4 541 0. 1229
1989 7 .6 550 0. 116.
1990 6 560 0. 92.
1991 7 570 0. 90.:
1992 6 579 0. 89.
1993 7 589 0. 89.!
1994 599 0. 88.
1995 609 0. 88.
1996 618 0. 87.
1997 . . N 5 628 0. 87.
1998 7 .8 .8 7 638 0. 88.
1999 ! . 5 .8 5 .9 R 5 R .8 N 7 647 . 0. 87.
2000 15 15 17 18 19 2.0 2.0 20 19 19 18 17 22 657 10.0% 0.2 90.1
2001 16 15 17 18 19 19 19 2.1 18 19 19 17 22 667 10.0% 0.2 89.1
Average 16 16 16 17 17 18 19 19 17 17 16 16 20 10.0% 93.4

T Water

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988 - - . ) - . . . . - - - .
1989 17 18 17 17 17 15 26 24 16 16 13 13 21 550 104 26 158
1990 14 13 14 14 13 15 15 14 14 14 14 14 7 560 83 15 oL
1991 13 14 14 14 14 15 16 15 14 14 13 i3 i7 570 81 16 of
1992 13 14 14 13 14 15 16 15 14 14 14 13 i7 579 80 16 oL
1993 14 14 13 14 14 15 16 15 15 14 14 14 i7 589 81 16 of
1994 14 14 14 14 14 15 16 16 15 14 14 14 7 599 80 16 oL
1995 T4 15 13 17 15 17 15 16 15 17 12 17 8 609 80 17 92
1996 2 4 6 2 618 6 88
1997 4 6 4 628 6 87
1998 7 638 7 87
1999 - 7 647 7 89
2000 8 8 . 657 1 92
2001 z 7 9 7 20 667 80 95

Average 4 6 7 5 ] 18 84.0 99.7
% Distrib. 7.6%] 7.7%] 7.8%] 8.2%] 8.3%[ 8.8%] 9.5%] 9.5%[ 8.5%] 8.29%[ 7.9%] 8.0%[ 100.0%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpe/d)
Max Daily Water Use (w/o water losses) 205.0
1988 [W- Conservation Reduction = 95
1989 [Subtotal = 1956
1990 120,000 5181 114,819 205 2.44
1091 [Peak Daily Demand with WC and
1992 [Water Losses = 2173
1993
1994 [Peak Daily Demand Factor with WC
1995 land Water Losses =
1996 WC = Water Conservation
1997
1998
1999
2000
2001
Average! 120,000 5,181 114,819 205 2.44

Historic Monthly Per Capita Water Use Data (without system losses)

1988 101 112 95 105 99 148 149 149 99 95 86 89 541 1106
1989 101 116 100 103 100 o1 153 141 97 94 79 77 550 104.4
1990 83 86 7 82 77 89 83 83 85 80 86 83 560 83
1991 76 85 81 87 83 86 84 79 79 7 570 81
1992 3 86 77 86 83 83 82 80 82 579 80.
1993 7 82 80 84 83 85 84 7 82 589 80.
1994 Z 86 77 83 85 88 83 80 4 599

1995 2 86 79 82 87 83 89 609

1996 0 83 80 82 85 87 B4 618

1997 66 76 83 81 82 84 86 628

1998 67 Z 82 81 85 81 84 86 638

1999 65 5 83 78 89 81 84 86 80 647

2000 65 T 82 83 92 83 88 87 82 82 657

2001 69 1 81 83 85 83 92 81 83 85 2 667

Average 75 85 7 83 82 90 94 94 86 81 81
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Minto Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 101 112 95 105 99 148 149 149 99 95 86 89 541 98 123
1989 101 116 100 103 100 o1 153 141 97 94 79 77 550 96 113
1990 83 86 7 82 77 89 83 83 85 80 86 83 560 83 84
1991 76 85 81 87 83 86 84 79 79 76 570 79 84
1992 3 86 77 86 83 83 82 80 82 579 83
1993 7 82 80 84 83 85 84 7 82 589 83
1994 Z 86 77 83 85 88 83 80 4 599 82
1995 2 86 79 82 87 83 79 89 609 80
1996 0 83 80 82 85 87 B4 618 81
1997 66 76 83 81 82 84 86 628 82
1998 67 Z 82 81 85 81 84 86 638 83
1999 65 5 83 78 89 81 84 86 80 647 83
2000 65 T 82 83 92 83 88 87 82 82 657 87
2001 69 T 81 83 85 83 02 81 83 85 2 667 85
Average 75 85 83 82 90 94 94 86 81 81 80.1 88

Per Capita Water Use Analysis (Max Month Method'

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 98
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 153
Estimated Water Losses (%) = 10%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec CERTEE)
| Average Monthly Demand wi(
Rerer(s) 75 85 77 83 82 90 94 94 86 81 81 79 84.0
Average Monthly Demand w/
67 77 69 75 73 81 85 85 77 72 72 7 752
WC (gpe/d)
Average Monthly Demand
e LB () 75 85 77 84 81 9 94 94 85 80 81 78 836
Max M°""Zg[;3:)“’/ oLosses| 4o; 116 100 105 100 148 153 149 % o5 86 89 117
Max M"""(‘g;’:;:)"‘” Losses 112 129 111 116 111 164 170 166 109 106 9% % 124.1
MaxMonDs WG 93 108 92 o7 o1 138 143 140 89 86 78 81 102.9
(gpefd)
Max Month Data w/ WC and
syt 103 120 102 107 101 154 159 155 99 95 87 90 114.4

Water Losses = 10.0%

WC = Water Conservation
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Moorhead Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1987 111.1 97.5 120.6 130.6 147.2 181.3 165.5 144.9 1335 124.3 116.3 117.3 1,590 32,327 6.8% 9.0 135
1988 1217 114.3 124.7 147.1 158.8 203.3 2116 184.2 174.2 1412 1353 129.3 1,846 32,316 9.8% 151 156
1989 129.3 136.5 1434 118.0 1515 159.1 229.4 177.2 133.0 134.6 132.7 1359 1,781 32,306 12.9% 191 151
1990 1259 112.4 119.2 109.9 120.7 112.6 158.7 177.8 140.9 140.5 103.1 109.4 1,531 32,295 10.9% 139 130
1991 106.2 100.3 120.7 122.0 134.8 134.1 129.0 174.8 1352 128.0 1112 116.6 1513 32,284 11.7% 148 128
1992 122.7 1113 1145 113.6 144.6 129.4 118.0 138.5 1242 1222 106.2 108.7 1,454 32,274 9.8% 119 123
1993 110.9 102.8 109.7 109.3 119.6 99.6 103.4 128.6 136.8 124.9 102.2 108.4 1,356 32,263 4.5% 5.1 115
1994 114.6 105.0 113.0 106.8 1212 1419 1179 128.5 118.9 1127 1125 104.8 1,398 32,252 3.8% 45 119
1995 106.9 1128 130.3 117.6 129.4 159.6 1242 147.3 1325 124.4 1119 1175 1514 32,241 7.7% 9.7 129
1996 1221 1159 1154 107.0 1179 144.6 162.5 148.0 136.6 128.9 119.2 1195 1,538 32,231 6.7% 8.6 131
1997 1246 1313 1412 103.9 114.0 137.9 1321 147.6 136.8 132.7 117.7 120.0 1,540 32,220 9.0% 116 131
1998 1144 104.9 117.6 120.7 128.1 1189 1345 168.3 1375 121.0 1142 119.1 1,499 32,209 7.3% 9.2 128
1999 122.7 108.4 1232 117.4 128.6 135.6 1405 136.4 1222 127.1 1216 126.3 1,510 32,198 10.7% 134 128
2000 120.1 1213 1110 1150 127.6 116.4 1313 152.6 129.0 1221 1152 1223 1,484 32,188 9.0% 111 126
2001 126.7 124.1 124.4 108.3 134.9 138.9 169.2 157.8 140.9 124.0 112.2 1157 1577 32177 15.0% 19.7 134
Average 1113 106.8 1139 107.8 1221 128.8 1375 1445 126.6 119.0 107.7 110.2 1,436 9.0% 122.0

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1987 102.1 88.5 1116 121.6 138.2 172.3 156.5 135.9 1245 115.3 107.3 108.3 1,482 32,327 126 172.3 178
1988 106.6 99.2 109.5 1319 1436 188.1 196.4 169.0 159.1 126.1 120.2 114.1 1,664 32,316 141 196.4 203
1989 110.2 117.4 1243 98.9 1325 140.0 2104 158.1 1140 115.6 1136 116.8 1,552 32,306 132 2104 217
1990 112.0 98.5 105.3 96.0 106.8 98.7 1448 163.9 126.9 126.6 89.1 1,364 32,295 116 163.9 169
1991 914 85.5 105.9 107.2 120.0 119.3 1142 160.0 1204 113.1 96.4 1,335 32,284 113 160.0 165
1992 110.7 99.4 102.6 1017 132.7 117.5 106.1 126.6 1123 110.2 94.3 1,311 32,274 111 132.7 137
1993 105.8 97.7 104.6 104.2 1145 94.5 98.3 1235 1317 119.8 97.1 1,295 32,263 110 131.7 136
1994 1101 100.5 108.5 102.3 116.8 137.4 1134 124.1 1144 108.2 108.0 1,344 32,252 114 137.4 142
1995 97.3 103.2 120.7 107.9 119.7 149.9 1145 137.6 1229 114.7 102.2 1,398 32,241 119 149.9 155
1996 1135 107.3 106.8 98.4 109.3 136.0 153.9 139.4 1279 120.3 110.6 1,434 32,231 122 153.9 159
1997 113.0 119.7 129.6 92.3 102.4 126.3 1205 136.0 125.2 1211 106.1 1,401 32,220 119 136.0 141
1998 105.2 95.7 108.4 1115 118.9 109.7 1253 159.2 128.3 1119 105.0 1,389 32,209 118 159.2 165
1999 109.2 95.0 109.8 104.0 115.2 1222 127.1 123.0 108.8 1137 108.2 1,349 32,198 115 127.1 132
2000 109.0 110.2 99.8 103.9 116.5 105.3 120.2 1415 1179 1109 104.0 1,350 32,188 115 1415 147
2001 107.0 104.4 104.7 88.6 115.2 119.2 149.5 138.1 1212 104.3 925 1,340 32,177 114 149.5 155
Average 96.6 110.9 117.6 126.3 133.3 1,302 119.0 143.3 148.1
% Distrib. 7.4%) 8.5%] 9.0%] 9.7%] 10.2%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = (gpe/d)
Max Daily Water Use (w/o water losses) = 269.0
1987 6,150,000 295,801 5,854,199 181 152 . Conservation Reduction = 8.7
1988 9,190,000 497,734 8,692,266 269 2.26 Subtotal = 260.3
1989 8,990,000 627,017 8,362,983 259 218
1990 8,370,000 457,961 7,912,039 245 2.06 |Peak Daily Demand with WC and
1991 7,580,000 486,822 7,093,178 220 1.85 ater Losses = 289.2
1992 6,370,000 391,482 5,978,518 185 1.56
1993 6,410,000 167,764 6,242,236 193 1.63 ||Peak Daily Demand Factor with WC
1994 6,480,000 146,684 6,333,316 196 1.65 land Water Losses 22
1995 7,780,000 317,843 7,462,157 231 1.95 WC = Water Conservation
1996 6,310,000 283,014 6,026,986 187 1.57
1997 6,140,000 381,155 5,758,845 179 1.50
1998 7,090,000 301,342 6,788,658 211 177
1999 6,810,000 440,808 6,369,192 198 1.66
2000 6,920,000 365,885 6,554,115 204 171
2001 7,130,000 647,999 6,482,001 201 1.69
Average 7,181,333 387,287 6,794,046 211 177
Historic Monthly Per Capita Water Use Data (without system losses)
1987 02 88 111 121 172 156 136 5 107 108 32,327 25,
1988 06 110 109 136 194 196 169 124 114 32,316 41,
1989 10 130 24 102 144 210 158 117 117 32,306
1990 12 109 05 99 102 145 164 92 95 32,295
1991 91 95 06 111 123 114 160 100 102 32,284
1992 111 110 03 105 121 106 27 97 97 32,274
1993 106 108 05 108 98 98 4 100 103 32,263
1994 110 09 106 142 4 108 112 100 32,252
1995 97 4 21 112 155 106 108 32,241
1996 14 07 102 109 41 114 111 32,231
1997 13 30 95 03 31 136 110 109 32,220
1998 05 106 09 115 14 26 159 109 110 32,209
1999 09 105 10 108 27 27 112 113 32,198
2000 09 122 00 108 109 20 4 22 11 108 111 32,188
2001 07 116 105 92 15 123 150 26 105 96 96 32,177
Average 07 112 110 108 20 133 137 4 28 115 107 106

Maximum historic water use month = 210 gpe/d
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Moorhead Water Demand Calculations
Maximum Month Method

Appendix A

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|
Population
Winter Per [ Summer Per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita Use Capita Use
Year Jan Feb Mar Apr May un ul Aug Sep Oc Nov Dec (gpcld) (gpcid)
1067 02 88 11 121 5 72 56 136 4 107 108 327 106 140
1988 06 110 09 136 3 94 % 169 7 124 114 316 117 165
1989 10 130 24 102 2 44 10 158 8 117 117 306 117 4
1990 12 109 05 % 7 102 45 164 %2 % 295 102
1901 o1 % 06 111 0 123 14 160 100 102 284 101
1992 111 110 03 105 3 121 06 7 o7 o7 274 104
1993 106 108 05 108 5 %8 % 00 103 263 105
1994 110 09 106 7 142 3 108 12 100 252 108
1995 97 21 112 0 155 5 06 108 241 110
1996 14 07 102 09 41 7 14 111 231 111
1997 13 30 % 03 31 1 136 10 109 220 115
1998 05 106 09 115 9 14 6 159 09 110 209 109
1999 09 105 10 108 5 27 7 4 12 113 108 110 0
2000 09 122 00 108 7 109 20 4 22 1 08 111 32,188 110 20
2001 o7 116 105 2 15 123 50 26 5 % % 32,177 102 126
Average 07 12 110 108 20 133 37 4 28 15 107 106 1083 129
Historic Annual Per Capita Water Use Data (w/o system losses)
[Max Year Annual Water Demand (MG) = [ 1664
|Max Year Industrial Water Demand (MG)* = | 417
[Max Year Water Demand Less Industrial Demand (MG) = 1,247
Industrial water se will not increase proportionately to the population of Moorhead. The max year water demand prorated for a 2050 population, 22.75 gpc/d, for industries was used in the analysis.
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 94
Indoor W. Conservation Reduction (gpc/d) = 7.44
Outdoor W. Conservation Reduction (gpc/d) = 0.63
Peak Monthly Demand w/o System Losses (gpc/d) = 187
Estimated Water Losses (%) = 10%
Jan Feb Mar Apr May Jun Jul Aul Sey Oct Nov. Dec Annual Per
P! Y 9 P Capita (gpe/d)
Average Monthly Demand 84 89 87 85 97 110 114 120 105 93 84 84 9%.1
wio Losses (gpc/d)
Average Monthly Demand wf
) 7 82 80 78 89 102 105 111 9% 84 7 76 88.0
Average Monthly Demand
e M et 85 a1 89 86 9% 113 117 123 107 93 8 85 97.8
Max M°"“(';2;:)W’° Losseq 91 110 107 113 121 171 187 146 141 104 101 %4 1239
Max M""';‘gg:;:)m Losses| 101 122 119 126 134 190 208 162 157 115 112 104 1377
MEMenDEE N 83 102 100 106 112 163 179 137 133 9% 9 86 1158
(gpc/d)
MaCMohDra e 93 114 11 118 124 181 198 153 147 106 104 9% 1287
and Losses (gpc/d)
Water Losses = 10.0%
WC = Water Conservation
Annual Water Needs (acre-feet) = Reclamation 2050 Pop = 50,211 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
Average Monthly Demandwi 5,7 5 391.0 42455 399.3 4709 521.8 558.9 589.0 4936 446.0 393.9 403.9 5,499.9
WC and Losses
Max Month Data w/ Losses |~ 482.1 526.9 568.2 582.1 6403 879.9 994.2 7747 7258 550.4 519.8 4983 7,742.8
Max M°""|‘_E:s'jsw’ weandi 446 4912 528.7 543.8 504.1 835.2 948.0 7285 6812 504.2 4816 458.9 7,2382
Moorheads Annual Water Needs Including Industrial* (acre-ft) =
|JAnnual Water Needs (acre-feet) = 2050 Pop = 50,211 Total
Jan Feb Mar Apr. May Jun Jul Aug Sep Oct Nov. Dec (Ac-Ft)
Average Monthly Demandwi g, o 508.3 5418 5166 5882 639.0 6762 706.3 6109 563.3 511.2 5212 69074
WC and Losses (gpc/d)
Max Month Data w/ Losses | 599.4 644.2 6855 699.3 7576 997.2 11115 892.0 843.1 667.7 637.1 6156 91503
Max M°""L')3:S[:SW’ Weandi  goog 608.5 646.0 661.1 7114 95255 1,065.3 845.8 7985 6215 5089 576.1 8,645.7
*Industrial water use will not increase proportionately to the population of Moorhead. The max year, 2000, water demand, 417 MG, for industries was used in the analysis.
|JAnnual Water Needs (acre-feet) = Water User 2050 Pop = 64,432 Total
Jan Feb Mar Apr. May Jun Jul Aug Sep Oct Nov. Dec (Ac-Ft)
AEEPNEGHEIEEDL | g 5017 5447 512.4 6042 669.5 772 755.8 6335 5723 5055 518.3 7,057.6
WC and Losses
Max Month Data w/ Losses |~ 618.7 676.1 7202 746.9 8217 11201 12758 994.1 9314 706.2 667.1 6395 9,935.8
Max M“"""L::;:SW' Weandi geg0 630.3 6785 697.9 762.4 10718 1,216.6 934.9 874.1 647.0 618.0 588.8 9,288.2
Moorheads Annual Water Needs Including Industrial* (acre-ft) =
|JAnnual Water Needs (acre-feet) = \Water User 2050 Pop = 64,432 Total
Jan Feb Mar Apr. May Jun Jul Aug Sep Oct Nov. Dec (Ac-Ft)
Average Monthly Demandwi g5 619.0 662.0 629.7 7215 786.8 8345 873.1 7507 689.6 6228 635.6 8,465.1
WC and Losses (gpc/d)
Max Month Data w/ Losses | 736.0 793.4 846.4 864.2 938.9 1,246.4 1,393 11114 1,048.7 8235 7844 756.8 11,3433
Max M°""L')3:S[:SW’ Weand ga53 7476 795.8 815.2 879.7 1,189.1 13338 1,052.2 9914 764.3 735.3 706.1 10,695.7

* Industrial water use will not increase proportionately to the population of Moorhead. The max year, 2000, water demand, 417 MG, for industries was used in the analysis.
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North Valley Water Users Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 9.6 .1 5 10. .. . X .. 111 10.9 4 38 4200 30. 89.8
1989 11.2 .4 10.7 10.4 . 5 ! X 10.6 10.6 6 36 4200 29. 89.0
1990 9.3 .7 6 . . . X X 111 11.0 7 29 4200 26. 84.1
1991 9.7 .8 9.8 9.7 8 23 4200 25. 80.2
1992 9.4 0 2 15.2 3 58 5600 22. 773
1993 4. .7 6. 15.7 4.1 193 5600 22. 94.4
1994 .. .4 5 . . 18. 18. 7. 15.1 5 1 . 188 5400 21. .. 95.5
1995 . 5 4. X § 23. 20.. 9. 16. . 4. . 194 5400 21. . 98.3
1996 . . 4. X g 22. 21. 1.4 16.! . 4. ! 204 5600 21 . 99.6
1997 g . .. K .. 23. 19. 9.1 17.. X 15.. 5 207 5600 23. .1 101.1
1998 .. . 4. 16. 4. 22. 28.. 29.6 25. . 20. 20. 256 7600 20.: .3 92.4
1999 1. . 1. 23. 7. 29. 29. 28.2 22.! B 19. 19. 282 7600 14. .5 101.7
2000 20.1 18.9 20.0 21.2 29.7 275 316 29.5 25.1 23.2 19.2 19.9 286 7600 18.4% 4.4 103.0
2001 18.3 16.4 18.7 19.0 22.4 27.5 315 25.6 20.9 20.5 19.8 21.4 262 7500 17.8% 3.9 95.7
Average 14.0 12.9 14.3 14.9 18.5 20.2 20.3 19.8 16.6 16.0 14.4 15.0 197 22.5% 93.0

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

[ 1988 | 61 [ 56 [ 60 | 70 | 96 | 123 | 104 [ 96 | 76 | 74 | 69 [ 70 [ 9 | 4200 | 6 [ 123 [ NA |
1989 g . 4 6.7 .3 10.3 122 7. 6. 96 4,200 63 9.5 A
1990 ! 3 X 7.1 .8 9.5 10.0 8. 7. 95 4,200 62 9.2 A
1991 p . 4 7.2 10.2 9.3 8.6 7. 6. 92 4,200 60 7.3 A
1992 . 3 . 89 .7 . 8.2 7.5 22 ,600 60 A
1993 10.6 10.1 116 12.0 16.3 . 145 2.9 50 ,600 73 A
1994 10.2 10.1 114 12.1 15.6 . 15.6 4.4 49 ,400 75 A
1995 10.3 .2 10.5 105 136 . 16.6 6.4 52 ,400 7 A
1996 7 9.8 18. 7. 17. 160 ,600 8 17. N/A
1997 3 9.6 4 19.! 5. 15. 158 ,600 7 15. N/IA
1998 0 18.! 4, 25. . . . . 205 ,600 4 21, N/A
1999 5 23 26.. 26.. 24. . . . . 240 ,600 7 26.: 115
2000 .7 25. 23.. 27. 25.. 20. X 233 ,600 84 27.. 119
2001 4.4 4. 15. 18. 234 27. 21. 17.¢ 1 15.¢ 215 ,500 9 27.4 123

Average 59 X 6. 72 22. 24, 27. 23, 18 17. 15 6. 154 722 7. 119.0
9% Distrib. 6.9%] 6.1%] 7.0%] 7.5%] 9.9%] 10.6%) 1.8%] 10.4%] 8.2%] 7.7%] 6.8%] 7.2%] 100.0%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpe/d)
[Max Daily Water Use (o water losses) 169.6
1988 |W. Conservation Reduction = 95
1989 Subtotal 160.1
1990
1991 [Peak Daily Demand with WC and
1992 |Water Losses = 206.7
1993
1994 |Peak Daily Demand Factor with WC
1995 land Water Losses = 2.53

1996 WC = Water Conservation
1997
1998
1999 ,400,000 115265 | 1,284,735 169 .34
2000 ,400,000 144371 | 1,255,629 165 .29
2001 ,400,000 128,080 ,271,920 170 .35
Average ,400,000 129,239 ,270,761 168 .33

Historic Monthly Per Capita Water Use Data (without system losses)

2 )
1989 60 52 57 53 1 82 93 73 57 56 50 8 200 62.
1990 50 50 52 56 5 75 77 71 66 63 55 55 200 62.
1991 4 53 57 57 g 74 66 68 58 55 49 50 200 60.
1992 7 39 43 53 50 64 a7 101 73 74 62 73 600 59.
1993 1 64 67 71 94 96 84 74 70 63 65 600 73!
1994 1 66 68 75 93 96 93 86 68 60 64 400
1995 62 61 63 65 81 120 99 98 68 65 64 400
1996 73 63 65 68 79 111 101 102 65 62 600
1997 60 61 71 77 81 116 o1 86 66 67 600
1998 a7 50 43 54 86 81 102 107 4 70 70 600 i
1999 74 71 75 7 102 115 111 105 4 71 69 600 86.
2000 67 68 66 Z 108 101 116 107 1 80 65 66 1600 84
2001 62 60 64 7 80 105 119 03 6 71 71 75 500 78.

Average 58 58 60 65 82 95 oL 89 1 68 62 63 72
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North Valley Water Users Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Winter =

Summer =

Appendix A

1988 a7 48 46 56 98 80 74 60 57 55 54 4,200 51 74
1989 60 52 57 53 82 93 73 57 56 50 48 ,200 53 72
1990 50 50 52 56 75 77 71 66 63 55 55 4,200 53 71
1991 4 53 57 57 74 66 68 58 55 49 50 4,200 53 66
1992 7 39 43 53 50 64 47 101 73 74 62 73 ,600 51 68
1993 1 64 67 71 94 96 84 74 70 63 65 ,600 65 82
1994 1 66 68 75 93 96 93 86 68 60 64 ,400 66 85
1995 62 61 63 65 81 120 99 98 68 65 64 400 63 91
1996 73 63 65 68 79 111 101 102 65 62 ,600 66 90
1997 60 61 71 77 81 116 o1 86 66 67 ,600 67 87
1998 a7 50 43 54 86 81 102 107 4 70 70 1600 56 92
1999 74 71 75 7 102 115 111 105 4 71 69 1600 74 98
2000 67 68 66 4 108 101 116 107 1 80 65 66 1600 68 100
2001 62 60 64 7 80 105 119 93 6 71 71 75 1500 66 o1
Average 58 58 60 65 82 95 o1 89 1 68 62 63 60.9 83
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 74
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 120
Estimated Water Losses (%) = 23%
Average Monthly Demand
S Tansay ety 58 58 60 65 82 95 o1 89 74 68 62 63 722
Average Monthly Demand
WO (gpeld) 50 49 52 57 73 86 82 79 64 59 54 55 634
Average Monthly Demand
T ) LB (T 64 64 67 74 9 111 106 103 83 76 69 7 819
Mo SLosse 74 7 75 87 108 120 119 107 o4 80 7 75 %02
(gpc/d)
s D LNy 9% %2 97 112 139 155 153 138 122 103 a1 o7 1165
(gperd)
ER I RS 66 63 67 79 98 111 109 o8 85 70 63 67 814
(gpc/d)
Max Month Data w/ WC
e L () 85 81 86 102 127 143 141 126 110 91 81 87 105.1
Water Losses = 225%

WC = Water Conservation

Reclamation 2050 Pop =

Max Month Data w/ WC and|
Losses

624.6

|Water User 2050 Pop =

Max Month Data w/ WC and|
Losses

75.2 64.5 76.0 86.5 1116

122.0

124.0

1112

1,089.7
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Park River Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

Appendix A

1988 1 7. 7. 9. 76 3 92 .753 20.7% 143
1989 8 7. 7 7 77 7 82 739 7.4% 129
1990 .2 6.¢ 7. 4 725 .1% 117
1991 7 7. 5. 711 . 7% 113
1992 4. 5. 697 .5% 106
1993 7 74 683 3% 126
1994 6.5 669 25.0% 124
1995 X - 74 - 655 26.8% 130
1996 . 1 7.7 6. 641 23.5% 131
1997 X 2 } } - 82 6 - - 627 21.9% 127
1998 X 47 .1 ¥ 6. 71 73 .1 .3 613 13.7% 116
1999 .. 48 .4 . 5. 7.0 7.1 .7 .7 . . . ,599 27.6% . 120
2000 58 5.6 49 5.6 52 7.1 7.1 7.7 6.8 55 59 53 72 1,535 24.5% 15 129
2001 5.4 49 53 53 6.0 6.8 7.1 6.6 5.6 5.8 49 53 69 1,521 29.9% 17 124
Average 62 59 62 6.1 64 72 72 6.7 57 58 57 60 75 22.1% 1241
Per Capita Water Use Analysis (Monthly water diversion without system losses)
1989 56 57 6.1 50 63 63 50 65 48 28 45 43 68 1,739 07 80 153
1990 5.1 5.0 5.8 4.4 5.4 6.0 6.1 5.7 43 45 3.9 42 60 1,725 96 6.1 118
1991 47 52 6.0 5.6 49 46 5.1 5.0 42 45 43 49 59 1,711 94 6.0 117
1992 42 4.0 3.7 42 4.1 48 5.2 5.3 5.3 4.4 47 49 55 1,697 88 5.3 105
1993 41 45 6.1 53 5.0 58 48 44 34 3.2 47 5.7 57 1,683 93 6.1 120
1994 5.5 46 5.1 5.2 5.1 49 49 45 3.8 46 4.4 42 57 1,669 93 5.5 110
1995 51 39 45 45 5.0 56 6.1 49 38 48 45 48 58 1,655 95 6.1 124
1996 .4 60 641 100 125
1997 59 627 99 140
1998 59 613 100 135
1999 51 ,599 87 115
2000 . X . 55 535 98 135
2001 .7 .1 .8 48 521 87 118
Average 3 ; 3 2 58 966 1260
% Distrib. 8.2%] 77%] 8.3%] 8.1%] 8.6%] .9%] .9%] 9.1%] 7.5%] 6%] 7.4%] 7.9%] 100.0%]
Daily Peak Demand Analysis
IPeak Daily Demand Estimate (with WC and
lLosses) = (gpeld)
[Max Daily Water Use (w/o water l0sses) - 3208
587,000 . Conservation Reduction = 96
597,000 [Subtotal = 3112
532,000
506,000 [Peak Dally Demand with WC and
1992 437,000 24 /ater Losses = 399.3
1993 422,000 218
1994 398,000 208 |Peak Daily Demand Factor with WC
1995 516,000 277 X land Water Losse: 3.56
1996 566,000 515,235 314 .25 WC = Water Conservation
1997 495,000 449,503 276 86
1998 435,000 409,319 254 .63
1999 405,000 352,076 220 28
2000 540,000 491,338 320 .31
2001 450,000 393,362 259 68
Average 491,857 270 75

Historic Monthly Per Capita Water Use Data (without system losses)

1988
1989
1990 96 103 108 86 102 11 114 106 84 85 74 725 96.0
1991 89 108 113 110 92 90 9% %4 81 84 85 711 945
1992 80 85 70 83 77 94 98 102 103 83 93 1697 88,
1993 79 95 116 105 96 114 93 84 68 62 93 11 683 92.8
1994 106 98 99 104 98 98 94 88 75 88 88 80 1669 93
1995 99 85 87 90 98 113 120 95 76 93 92 2] 1655 9.
1996 111 120 102 107 93 125 93 106 82 82 94 93 641 1005
1997 101 106 %6 98 115 140 106 100 89 83 71 90 627 9.
1998 o7 87 86 93 112 131 131 107 93 o1 81 90 613 100.0
1999 71 2 77 79 2 103 84 84 80 87 1599 86.
2000 92 7 o 89 7 130 116 85 96 80 535 976
2001 79 2 5 79 90 4 104 84 86 71 76 521 87.2
Average 93 7 94 o5 3 104 88 86 87 90 6.
Maximum historic water use month = 148 gpc/d -
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Park River Water Demand Calculations
Maximum Month Method

Appendix A

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|
Population |\ ier per | summer per
Historic Monthly Metered Water Usage (gallons per CapitaUse | Capita Use
Year Jan Feb Var Apr May Jun Jul Aug Sep oot Nov Dec (gperd) (gpcid)
988 101 06 04 100 112 143 145 11 103 7 1 114 53 107 120
989 103 16 14 % 117 120 148 12 93 739 ) 115
950 % 03 08 86 102 116 4 T 84 725 o1 101
501 E 08 13 110 %2 %0 81 711 100 %0
502 8 85 70 83 77 o4 T 103 697 84 93
503 7 %5 116 105 % 114 110 683 100 86
504 T %8 9 104 % 8 8 669 %6 %0
905 o 85 7 %8 3 12 655 1 99
996 111 120 102 T 93 5 %3 T 641 4 o7
507 101 106 6 115 106 T 627 4 105
598 57 7 6 112 1 107 613 111
1909 71 2 7 1 2 103 1599 %
2000 % 7 T 7 7 130 11 5 0 535 108
2001 70 Z 5 0 0 104 84 6 3 521 %
Average %3 7 7 % 7 3 104 88 86 50 925 101
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 107
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 148
Estimated Water Losses (%) = 22%
Jan Feb Mar Apr May Jun ul Au Sey ot Nov Dec Annual Per
P! Y 9 P Capita (gpe/d)
Average Monthly Demand wio 93 o7 94 95 97 117 113 104 88 86 87 %0 9.6
Losses (gpe/d)
Average Monthly Demand w/
WC (@) 85 88 86 86 88 107 103 9 78 76 78 81 87.5
Average Monthly Demand w/ 109 113 110 1m 112 137 133 121 101 98 100 104 1123
WC and Losses (gpc/d)
Max M°”‘TQE;',:)W/° Losses 111 120 116 110 117 143 148 130 116 107 100 114 1200
Max M””"(‘g';:;:)""/ Losses 142 154 149 141 150 184 190 167 149 137 139 146 154.0
Max Month Data w/ WC (gpc/d) 102 112 108 101 107 134 139 121 107 o7 100 105 110
Max Month Data w/ WC and 131 143 138 130 137 171 178 155 137 124 129 135 142.4
Losses (gpc/d)
Waler Losses = 2.1%
WC = Water Conservation
|lAnnual Water Needs (acre-feet) = 2050 Population = 1,540 Total
Jan Feb Mar Apr May Jun Jul Aug Sep oot Nov Dec (AcF)
‘Average Monthly Demand w/
WE and Losses (gped) 159 150 161 157 165 195 194 7.7 143 144 142 153 194
Max M°"'z;p“:,'; Wi Losses 208 204 218 200 219 260 218 245 212 200 198 214 266
Max Month Data w/ WC and
e 192 19.0 202 18.4 201 243 260 227 19.4 182 182 198 246
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Pembina Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 ¥ . .3 5 ! .5 K 5 1. A4 7 54 0.0%
1989 g 5 7 K 7 .. 1 .. .8 X 1 54 0.0% 7.4
1990 X B ! ! g N 7 N 7 ! 1. 54 0.0% 9.
1991 4 0.0% 2.4
1992 X .. .. ! 2 .4 3 .. 2 .| 2 ! 34 0.0% X 16.
1993 . K g X 3 .4 X .4 2 ! . ! 26 54 0.0% X 11.
1994 .. K 5 ! X . X ! X .| X .. 28 54 0.0% 20.
1995 . .. X . ! 5 X 5 3 5 X ! 29 54 0.0% 21.
1996 = X .. ! ! .| . . 3 ! X . 27 54 0.0% 15.
1997 . K 2 .. 3 ! . .. . .| . ! 27 54 0.0% 13.
1998 .9 .| 3 . . 5 2 .. .4 .4 3 .. 30 54 0.0% 29..
1999 .5 . .0 . 3 X . 5 .3 .| . .. 28 54 0.0% X 20.
2000 19 2.0 19 26 23 21 2.7 21 21 28 21 28 27 642 0.0% 0.0 116.7
2001 2.2 2.4 2.3 2.2 2.3 18 25 2.0 2.4 2.1 2.0 2.3 27 642 0.0% 0.0 113.2
Average 18 17 19 2.0 2.2 23 23 23 22 2.0 19 21 25 0.0% 105.6

Fer Lapita varter use Analysis (Montnly water aiversionwitnout system I0Sses)

1988 2 3 5 5 64, 71 80
1989 6 7 I I 8 54 87 113
1990 4 7 - 7 54 80 90
1991 6 54 62 94
1992 9 54 16 9
1993 7 4 26 54 12 4 5
1994 1 0 28 54 20 4
1995 1 . ¥ 3 X 3 . 3 . 3 6 . 29 54 22 0 7
1996 B R .3 X . . . . .9 X . .4 27 54 154
1997 . X .4 . . . . . .7 . . . 27 34 142
1998 . .| .7 . 3 3 X . X .4 . .. 30 54 167
1999 . . . . . . . 3 . . . . 28 34 157
2000 ! .| . . . . .7 . . . . . 27 54 147
2001 .. . . . . K .5 . . . . . 27 54 11 . 131
Average X 7 K X .. .. .3 . .. X K . 25 105.6 X 135.0
9% Distrib. 7.5%] 7.0%] 7.8%] 8.2%] 8.8%] 9.3%] 9.1%] 9.2%] 9.0%] 8.3%] 7.6%] 8.3%] 100

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = (gpc/d
Max Daily Water Use (w/o water losses)

1988 IW. Conservation Reduction =

1989 |Subtotal =

1990

1991 Peak Daily Demand with WC and

1992 \Water Losses =

1993

1994 [Peak Daily Demand Factor with WC

1995 land Water Losses =

1996 WC = Water Conservation

1997

1998

1999

2000

2001

Average 0 [ 0 0 0.00

Historic Monthly Per Capita Water Use Data (without system losses)

1988 62 65 65 71 74 80 76 77 78 69 66 69 34
1989 7 86 84 84 113 106 109 93 78 82 65 34
1990 7 74 80 83 90 86 86 87 78 74 7 34
1991 4 40 55 48 59 91 62 92 57 43 7 34 .
1992 12 113 129 1 24 )4 17 23 100 126 12! 34 16.;
1993 89 79 145 1 7 2 22 96 90 9 34 11
1994 107 99 106 129 A 9 26 103 102 116 34 20.
1995 107 120 107 26 4 52 37 134 85 125 34 21.
1996 94 98 98 95 4 11 47 98 0 119 34 15.;
1997 88 102 112 17 1 13 12 103 1 98 34 13.;
1998 94 109 119 55 43 22 162 123 A 109 34 29.
1999 125 116 00 108 44 34 88 133 1 152 1. 113 34 20.4
2000 95 109 97 133 13 11 134 107 109 142 10 139 34 16.7
2001 113 131 117 112 14 91 127 101 123 107 106 117 54 13.2
Average 93 96 97 106 109 119 114 114 115 103 98 103 105.6
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Pembina Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|
Population Winter Per Summer Per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita U: Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec c/d; gpc/d;
1988 62 65 65 71 74 80 76 77 78 6 66 6! 4 66 76
1989 7 86 84 84 113 106 109 93 7 8 6! 4 77 o7
1990 7 74 80 83 90 86 86 87 7 74 7 4 75 85
1991 4 40 55 48 59 o1 62 2 5 P 7! 4 56 68
1992 123 113 18 24 04 100 124 i 4 119 4
1993 89 79 4 10 7 32 96 9 o 4 o7 7
1994 107 99 106 49 49 103 102 116 4 1
1995 107 120 11 26 4 52 134 85 125 4 0
1996 94 98 17 98 95 11 98 0. 119 4 0:
1997 88 102 22 112 17 1 13 12 103 1 %8 4
1998 94 109 36 119 55 43 22 162 123 4 4 8
1999 125 116 100 108 44 4 88 133 7 152 1 4 28
2000 95 109 97 133 1. 11 134 107 142 1 4
2001 113 131 117 112 14 o1 127 101 107 106 4
Average 93 96 o7 106 10 119 114 114 103 98 98.

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 119
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 175
Estimated Water Losses (%) = 0%
Jan Feb Mar Apr May Jun Jul Aul Sey Oct Nov. Dec Annual Per
P! Y 9 P Capita (gpe/d)
Average Monthly Demand wi 93 % o7 106 109 119 114 114 115 103 98 103 1056
Losses (gpe/d)
Average Monthly Demand w/
S 85 88 89 98 100 110 104 105 106 93 89 9% %38
Average Monthly Demand
e M et 85 88 89 98 100 110 104 105 106 93 89 9% %38
Max M°"“(‘;2;:)W’° Losses 125 131 136 145 155 175 152 162 151 152 149 139 1476
Max M”"'?gss;:)m Losses 125 131 136 145 155 175 152 162 151 152 149 139 1476
Max M°'2§;3:)'a LA 117 123 128 137 145 166 142 152 141 143 141 130 1388
Mo D e e ey 117 123 128 137 145 166 142 152 141 143 141 130 1388
Losses (gpc/d)
Water Losses = 0.0%
WC = Water Conservation
|Annual Water Needs (acre-feet) = 2050 Population = 640 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
erauslvoptiyDerand 51 48 54 58 61 65 63 64 62 57 53 58 69
WC and Losses
Max Month Data w/ Losses 7.6 7.2 83 85 94 103 92 29 89 93 88 84 106
Madietibaawwend 71 67 7.8 81 88 98 87 93 83 87 83 7.9 100
Losses
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Ransom-Sargent Rural Water Users Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 0. 0. 0. 0. 0. ,963 0% 0.4 0
1989 0. 0. 0. 0. 0. ,963 0% [oX 0
1990 0. 0. 0. 0. 0. ,963 0% [oX 0
1991 0. 0. 0. 0. 0. ,963 0% 0.4 0
1992 X X X 0. X [oX X [oX X [oX X 0.4 ,963 0% 0.4 0
1993 X X X [oX X [oX X [oX X [oX X [oX ,963 .0% [oX 0
1994 0. 0. 0. 0. 0. ,963 0% 0.4 0
1995 0. 0. 0. 0. 0. ,963 0% 0.4 0
1996 0. 0. 0. 0. 0. ,963 0% 0.4 0
1997 0. 0. 0. 0. 0. ,963 0% 0.4 [
1998 X X X 0. X [oX X [oX X 0.4 X 0.4 ,963 0% 0.4 0
1999 X X X [oX X [oX X [oX X [oX X 0.4 ,963 .0% 0.4 0
2000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [ 1,963 0.0% 0.0 0
2001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 1,963 0.0% 0.0 0
Average 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 10.0% 0.0

T Waler loss dala vias Incomplete and possibi i erfor so assumed 0%

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988
1989

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
Average X . X . X . X . X 0. X 0. 0.0
% Distrib. #DIV/O! #DIV/0! #DIV/O! #DIV/0! #DIV/O! #DIV/0! #DIV/O! #DIV/0! #DIV/O! #DIV/0! #DIV/O! #DIV/0! #DIV/O!
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Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and
Losses) = (gpc/d)
[Max Daily Water Use (w/o water losses) 142.9
1988 |W. Conservation Reduction = 95

1989 Subtotal = 1335
1990
1991 Peak Daily Demand with WC and
1992 |Water Losses = 1483
1993
1994 Peak Daily Demand Factor with WC

1995 land Water Losses =

1996 WC = Water Conservation

1997
1998
1999
2000
2001

Average

Historic Monthly Per Capita Water Use Data (without system losses)

1988 0 0 ,963
1989 0 0 ,963
1990 0 0 ,963
1991 0 0 ,963
1992 0 0 ,963
1993 0 0 ,963
1994 0 0 ,963
1995 0 0 ,963
1996 0 0 ,963
1997 0 0 ,963
1998 0 0 0 ,963
1999 ,963
2000 ,963
2001 ,963
Average
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Ransom-Sargent Rural Water Users Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 ,963
1989 ,963
1990 ,963
1991 ,963
1992 ,963
1993 ,963
1994 ,963
1995 ,963
1996 ,963
1997 ,963
1998 ,963
1999 ,963
2000 ,963
2001 ,963
Average 0.0

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 0
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 110
Estimated Water Losses (%) = 10%
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec C:‘;‘i't‘::::l' B
Average Monthly Demand
ey e 82 82 82 82 82 82 82 82 82 82 82 82 816
Average Monthly Demand
WO (gpeld) 73 73 73 73 72 72 72 72 72 72 73 73 728
Average Monthly Demand
T ) LB (T 82 82 82 82 80 80 80 80 80 80 82 82 809
Mo SLosse 80 80 80 % 100 110 110 100 % 80 80 80 %01
(gpc/d)
s D LNy 89 89 89 100 111 122 122 111 100 89 89 89 100.1
(gperd)
ER I RS 72 72 72 82 a1 101 101 o1 81 7 72 72 812
(gpc/d)
Max Month Data w/ WC
e L () 80 80 80 o1 101 112 112 101 90 78 80 80 90.3

Water Losses = 10.0%
WC = Water Conservation

Reclamation 2050 Pop =

Max Month Data w/ WC and|

79 71 79 87 9.9 10.7 11.0 9.9 85 77 76 79 104.8
Losses

203 183 203 22.4 25.6 275 28.4 25.6 22.0 19.9 19.6 20.3 2703

Max Month Data w/ WC and|
Losses
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Southeast Water Users Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 6. 8. 1 10.2 . 75 6.6 5.4 .1 87 ,915 32.. . 82
1989 7. 7.4 10.0 10. . 83 6.9 6.8 .7 97 ,97. 1. . 90
1990 5 6.4 0 9. 8.9 7.8 7.2 9 90 , 44 34. 3 72
1991 6.1 ! 6.1 . 6 7.4 . 113 114 10.3 .3 102 ,27! 3. 3 65
1992 g . X . 9.9 9.0 5 7 108 ,400 1.4 . 67
1993 28 ,518 12. 78
1994 10.3 ,593 22. 85
1995 10.0 ,715 85
1996 A ,805 84
1997 .. ! 5 g 4. X . E X 9.8 911 . ! 83
1998 8.4 .. 4 6. .. 5 . .. . 10.5 52 ,032 . 3 83
1999 10.4 10.2 ! .5 7.4 . .4 .. .. 5 129 62 ,149 X . 86
2000 10.8 118 119 16.3 16.7 145 17.4 138 12.1 10.8 12.3 161 5,224 14.2% 19 84
2001 113 12.6 126 15.5 15.9 18.4 16.9 14.4 14.2 12.6 135 169 5,310 17.3% 2.4 87
Average 8.7 9.5 10.1 12.9 13.7 13.1 12.8 10.9 10.3 9.9 10.3 132 21.4% 80.9

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988
1989 i X ]
1990 33 31 37 3,445 a7 6.4 62
1991 39 27 32 4,275 43 85 67
1992 72 6.7 78 4,400 59 99 75
1993 8.7 72 9.0 4,518 8 113 83
1994 7.0 76 78 4,593 66 3.1 95
1995 76 77 82 4,715 69 136 96
1996 5 9 805 z 95
1997 4 4 911 109
1998 10.3 4 032 107
1999 1 1 149 99
2000 10.4 .9 224 99
2001 8 10.1 310 100

Average 7.2 X 3 637 89.8

% Distrib. 6.8%] 6.2%] 7.0%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = (gperd
[Max Daily Water Use (w/o water losses) 1128
|W. Conservation Reduction = 95
Subtotal 103.3
¥ [Peak Daily Demand with WC and
¥ K Water Losses = 1216
1993 499,000 44,630 454,370 01 .58
1994 551,000 89,479 461,521 00 .58 [Peak Daily Demand Factor with WC
1995 545,000 75,570 469,430 00 56 |and Water Losses =
1996 589,000 47,150 541,850 113 77 WC = Water Conservation -
1997 594,000 61,586 532,414 108 70
1998 601,000 67,847 533,153 06 .66
1999 647,000 71,104 575,896 12 76
2000 635,000 62,611 572,389 10 72
2001 666,000 79,972 586,028 10 73
Average 529,500 71,652 457,848 102 .60

Historic Monthly Per Capita Water Use Data (without system losses)

2 4
1989 42 34 18 53 72 81 71 53 40 37 7 57 ,971 52.
1990 31 5 41 60 62 60 59 50 43 0 50 ,445 46.
1991 29 4 47 & 35 44 63 67 56 5 41 ,275 43,
1992 53 54 7 53 e 74 53 65 60 55 58 56 ,400 59.
1993 62 4 63 U 79 81 80 76 63 57 63 ,518 68.
1994 49 59 55 59 9. 95 78 67 63 51 60 59 ,593 65.
1995 52 58 56 62 63 96 93 74 66 65 72 68 ,715 68.
1996 57 68 66 7 75 95 87 88 78 70 69 69 ,805 74.
1997 55 55 55 2 98 109 81 80 71 62 61 52 ,911 70.
1998 66 46 54 99 95 104 94 55 65 59 4 ,032 69.
1999 57 60 7 90 99 89 83 69 68 7 ,149 72.
2000 4 61 54 89 95 78 96 63 56 34 ,224 72.
2001 4 60 2 54 79 85 97 88 72 64 7 ,310 72.
Average 1 51 53 59 77 85 78 75 57 56 58 63.
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Southeast Water Users Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 22 48 62 56 75 90 76 57 49 34 4 42 ,915 47 63
1989 22 34 8 53 72 81 71 53 40 37 7 57 ,971 45 59
1990 31 32 5 a1 60 62 60 59 50 43 40 50 445 38 55
1991 29 22 4 47 4 35 24 63 67 56 45 a1 275 35 51
1992 53 54 7 53 i 74 53 65 60 55 58 56 4,400 55 63
1993 62 57 4 63 7 79 81 80 76 63 57 63 518 61 75
1994 49 59 55 59 9 95 78 67 63 51 60 59 4,593 57 74
1995 52 58 56 62 63 96 93 74 66 65 72 68 715 61 76
1996 57 68 66 67 75 95 87 88 78 70 69 69 4,805 66 82
1997 55 55 55 2 98 109 81 80 71 62 61 52 911 58 83
1998 66 26 a1 54 99 95 104 94 55 65 59 54 ,032 53 85
1999 57 60 51 7 90 99 89 83 69 68 7 149 62 84
2000 64 61 61 54 89 95 78 96 63 56 54 224 62 83
2001 54 60 62 54 79 85 o7 88 72 64 7 310 62 83
Average 51 51 53 59 77 85 78 75 57 56 58 54.6 73
Per Capita Water Use Analysis (Max Month Method;
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 66
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 109
Estimated Water Losses (%) = 15%
| Average Monthly Demand wi(
Rerer(s) 51 51 53 59 77 85 78 75 64 57 56 58 637
Average Monthly Demand wi
WG (gpcid) 43 43 45 51 67 75 69 65 55 48 48 50 54.9
Average Monthly Demand
e LB () 51 51 52 59 79 89 81 77 64 56 56 58 64.5
Madiebanw SLosses 66 68 66 72 % 109 104 % 78 72 72 69 809
(gpefd)
MaMenDaia L osses 78 80 78 85 116 128 122 113 a1 84 85 81 9.2
MR MOnDalE AL 58 60 58 64 89 100 9 86 68 62 64 61 721
(gpefd)
Max Month Data w/ WC and
o) 68 70 68 75 105 117 111 102 80 73 75 71 84.8

Water Losses = 15.0%

WC = Water Conservation

Reclamation 2050 Pop =

Max Month Data w/ WC and
Losses

59.9 55.6 59.9 63.5 91.7 99.1 97.2 88.9 67.8 64.0 63.8 62.3 873.6

Max Month Data w/ WC and

61.7 57.3 61.7 65.4 94.6 102.2 100.2 91.7 70.0 66.0 65.8 64.2 900.9
Losses
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Traill County Water Users Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 109 131 7 145 4.7 17 12 160 800 0% ) 157
1089 76 113 X 116 0.1 ) 78 111 800 0% 4 100
1990 7.7 102 6 86 ) 1 77 100 800 0% o8
1901 80 5 .9 87 4 101 106 | 2800 | arow 104
1902 85 5 9.7 X 5 0 100 800 0% 106

03 77 ) 11 1 127 800 0% 104
1904 109 ¥ 2 11. 9 136 800 0% 134
1005 4.1 1 4 124 1 7 800 0% 144
1996 0.6 .0 7 03 4 24 800 0% 131
1907 5 6 ¥ 117 83 1 800 0% 138
1908 7 7 8 118 09 2 800 0% 4 139
1909 5 5 ¥ ¥ 1 5 . X K 137 125 ¥ 7 800 0% 5 141
2000 12 108 120 120 137 142 130 131 122 146 121 126 152 2800 37.0% 47 148
2001 103 108 124 119 135 140 131 131 120 123 132 132 150 2800 37.0% 46 147

Average 07 90 106 105 126 130 119 120 109 112 103 111 133 37.0% 1300

* Water loss data was incomplete so assumed 0%

Per Capita Water Use Analysis (Monthly water diversionwithout system losses,

1988 5 108 1
1089 2 7.
1990 3
1091 4
1992 3
1993 38
1994 59 T
1995 45 X 89 T
1996 0 78 %6
1997 4 82 7
1998 112
1999
2000
2001
Average X X X
9% Distrib. 6.7%] 5.9%] 7.7%] 7.7%] 10.1%[ 10.7%]
Daily Peak Demand Analysis
[Peak Daily Demand Estimate (with WC
3029
o5
2934
2658
|Peak Daily Demand Factor with WC
|and Water Losses = 402
WC = Water Conservation
303 370
303 370

Historic Monthly Per Capita Water Use Data (without system losses)

1988 7 103 125 140 1 1 800
1089 103 7 800
1990 7 800
1991 7 800
1992 04 3 800
1903 11 800
1904 105 E 800
1095 1 102 120 800
1996 %0 1. 82 500
1997 ] 40 8 = 134 800
1998 120 12 101 103 6 500 X
1999 88 T 123 o8 107 % 500 1
2000 104 1. % o7 114 8 500 4
2001 102 112 o8 o8 8 102 800 4
Average o7 107 %0 o 82 74 o
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:I Summer = I:I
1988 7 103 125 140 1 1 800
1089 103 7 800
1990 53 53 7 800
1091 i 800
1992 04 3 800
1993 11 800
1904 105 B 800
1095 1 102 120 o 800
1996 %0 1. 82 800
1997 ] 40 5 a7 134 800
1998 120 12 101 103 6 800 2 103
1999 88 1¢ 123 o8 107 % 500 Z 104
2000 104 1. % o7 114 88 500 7] 103
2001 102 112 o8 o8 8 102 800 7 %
Average o7 10 %0 o1 82 74 2 o1
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:I Summer = I:I
1988 800
1089 800
1990 800
1991 800
1992 800
1903 800
1904 800
1995 800
1996 800
1997 500
1998 500
1999 500
2000 500
2001 800
Average 4 4 4 4 4 o
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:I Summer = I:I
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Traill County Water Users Water Demand Calculations
Maximum Month Method

1988 Z 121 136 107 101 800 105
1089 87 65 800 Z
1990 78 66 800
1901 56 65 800
1902 100 49 800
1903 82 105 800
1904 100 800
1005 o8 125 54 800
1996 86 110 800
1907 %0 135 117 800
1908 125 108 54 800
1909 84 115 110 800

100 100 o: 800
2001 o8 108 [ 800
Average [ 102 86

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation Less American Crystal Sugar (gpc/d) =
Winter Demand without Losses (gpe/d) = 84

Indoor W. Conservation Reduction (gpc/d 815
Outdoor W. Conservation Reduction (gpcid) = 065
Peak Monthly Demand w/o System Losses (gpc/d) = 136
Estimated Water Losses (%) = 37%
Average Monihy Demand
P e 50 a 0 62 9 102 8 76 66 68 50 66 608
20 2 3 52 54 8 9 7 &7 57 58 51 58 610
WC (gpeld)
Average Monthly Demand
A s | I 61 8 85 133 147 122 106 o 0 81 2 %9
Max Morih Data wio Losse] g3 7 82 o1 125 136 119 105 8 o7 85 17 1008
(gpe/d)
Kadon it 147 17 130 104 199 215 190 166 122 153 134 186 1500
Losses (gpcid)
Max Month Data w/ We 85 66 7 8 116 126 110 o 74 87 7 100 920
(gpeid)
DEEEERTNES || e 104 17 131 184 200 175 151 17 138 121 13 1460
and Losses (gpcid)

Water Losses = 37.0%
WC = Water Conservation

Maximum Month Water Demand with Water Conservation American Crystal Sugar (gpc/d) =

Winter Demand without Losses (gpc/d) = 8
Indoor W. Conservation Reduction (gpc/d) 0
Outdoor W. Conservation Reduction (gpc/d) 0
Peak Monthly Demand w/o System Losses (gpc/d) = 19
Estimated Water Losses (%) = 37%

Average Monthly Demand
T 14 16 14 15 4 4 4 14 15 14 15 14 120
o 14 16 14 15 4 4 4 14 15 14 15 14 120
(Average Monthly Demand
wIWCand Losses (gpeld)| 2 ® ® * s ! ¢ = * = * 2 o
Kachonn Deta wie s I 19 17 18 4 4 4 17 18 17 18 17 142
(gpe/d)
paxiMoniData v 2 30 27 2 6 7 6 27 2 27 2 27 226
Losses (gpeid)
EAERERS 17 19 17 18 4 4 4 17 18 17 18 17 142
(gpeld)
Max Month Data w/ WC 27 30 27 F 6 7 6 2 F 27 F 27 226
and Losses (gpcld)
Water Losses = 37.0%

WC = Water Conservation

Traill County Water Users Annual Water Needs Including American Crystal Sugar and Service to Hillsboro and Mayville (acre-ft) =

[Reclamation 2050 Pop

Max Month Data w/ WC and|
Losses (gpcld)

Max Month Data w/ WC and)|
Losses
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Tri-County Water Users Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 Z 4 6.6 . 56 52 4.0 2 . 4 ) I 64 ,800 . 63
1989 . X 8.2 . 77 5 8.0 10.1 . . . . 90 ,800 0. 83
1990 E ) 8.4 . 8.1 105 103 9 . I . ) 96 ,800 0. 94
1991 . . 4 ) 3 7 . 10.3 } X ) ) 103 ,800 0. 101
1992 4 N ¥ . 5 2 I i z I 4 ) 94 ,800 0. I 92
1993 . . . I 7 12.8 . 4 ) ) . X 96 800 0. I 94
1994 ¥ N ¥ ) 1 8.1 . i ] i 10, 4 100 ,800 0. 98
1995 . ) . . 0 58 17. } . X 5. 10.2 93 ,800 0. o1
1996 ¥ ) ¥ I 116 96 117 4 164 2 X 99 ,800 0. o7
1997 . } . ) 106 112 10.1 10.5 10.0 11 ) 117 ,800 0. 115
1998 ¥ ¥ ¥ ¥ a7 6.6 63 6. 6.1 4. : 63 ,800 0. I 62
1999 . ) 1 . 6.1 62 6.2 6. . 5.0 5.1 X 66 800 0. I 65
2000 55 5.0 4.9 53 5.1 6.8 5.9 5.1 5.9 48 4.4 5.4 64 2,800 0.0% 0.0 63
2001 5.8 5.0 4.7 6.0 5.7 5.8 5.8 6.6 56 4.8 4.9 5.8 66 2,800 0.0% 0.0 65
Average 6.7 63 74 7.0 738 82 8.6 75 63 76 65 6.7 87 0.0% 848

! No water loss data was provided so assumed 0%

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1989 62 69 82 76 77 8.0 10.1 66 66 - 66 90 2,800 88 101 121
1990 71 5.7 8.4 56 8.1 103 89 69 6.0 . o1 %6 2,800 9 105 125
1991 74 79 104 98 103 84 103 77 69 3 87 103 2,800 101 104 124
1992 46 58 82 93 85 83 85 72 95 2 8.7 % 2,800 92 95 113
1993 75 66 96 9.0 9.7 78 a4 45 81 ; 8.0 %6 2,800 % 128 153
1994 94 68 97 6.7 8.1 92 88 8.1 78 ; 64 100 2,800 98 10.8 129
1995 62 62 62 66 70 178 92 35 96 ] 10.2 93 2,800 9T 178 212
1996 ) ) . . 116 117 4 - 16.4 X X 99 800 o7 16.4 195
1997 L ; ¥ I 10.6 10.1 1 I 1 i 117 800 115 115 136
1998 . . . ) 7 . . . . . . . 63 800 62
1999 ¥ ; . ¥ . y . i . . . Y 66 ,800 65
2000 . . . . . . . . . ) . . 64 800 63
2001 ¥ ] ¥ ] . f . . . q q i 66 ,800 65
Average’ 3 E Z | 1 E X 1 g | X E 87 84.8 1224
% Distrib. 7.8%] 7.3%] 8.6%] 8.1%] 9.0%] 9.5%] 9.9%] 8.6%] 7.3%] 8.7%] 7.5%] 7.8%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = (gpc/d
Max Daily Water Use (w/o water losses)

1988 IW. Conservation Reduction =

1989 |Subtotal =

1990

1991 Peak Daily Demand with WC and

1992 \Water Losses =

1993

1994 [Peak Daily Demand Factor with WC

1995 land Water Losses =

1996 WC = Water Conservation

1997

1998

1999

2000

2001

Average

Historic Monthly Per Capita Water Use Data (without system losses)

1988

1989 71 88 94 90 89 114 92 117 78 75 76 ,800
1990 82 73 97 66 94 125 119 103 82 107 105 ,800
1991 85 101 120 116 119 103 97 119 92 79 101 ,800
1992 53 74 95 111 98 98 96 97 86 109 88 100 ,800
1993 86 84 111 107 112 153 90 51 54 93 99 92 ,800
1994 108 87 112 80 93 97 106 102 96 90 129 74 ,800
1995 71 79 71 79 81 6 206 105 41 111 59 117 ,800
1996 104 125 107 72 134 115 135 39 84 189 34 23 ,800
1997 95 104 97 117 122 134 116 121 106 115 136 113 ,800
1998 50 55 48 50 54 ¥ 73 76 70 58 58 ,800
1999 67 66 58 63 71 74 71 78 57 61 53 ,800
2000 63 63 57 63 59 81 68 59 55 52 62 ,800
2001 67 63 54 71 66 69 67 76 55 59 66 ,800

Average 78 81 85 83 90 98 99 86 87 77 77
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Tri-County Water Users Water Demand Calculations
Maximum Month Method

Appendix A

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|
Population Winter Per Summer Per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita U: Capita Use
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec c/d gpc/d;
1088 83 69 76 79 65 62 46 60 71 5 45 45 800 66 59
1089 71 88 94 %0 80 114 %2 117 78 7 75 76 800 82 4
1990 82 73 97 66 94 125 119 103 82 6 107 105 800 88 %8
1091 85 101 120 116 119 103 97 119 92 7 79 101 800 100 7
1092 53 74 % 111 %8 % 96 o7 86 109 88 100 800 87 7
1993 86 84 111 107 112 153 90 51 54 53 9 % 800 o7 2
1094 108 87 112 80 93 o7 106 102 %6 %0 129 74 800 98 7
1995 71 79 71 79 81 69 206 105 a1 FEEY 50 117 800 79 102
1996 104 125 107 72 134 115 135 39 84 189 34 23 800 77 116
1097 9% 104 97 117 122 134 116 121 106 115 136 113 800 110 119
1998 50 55 48 50 54 79 73 76 70 58 58 800 53 7
1999 67 66 58 63 71 74 71 78 57 61 53 800 61 6
2000 63 63 57 63 50 81 68 50 55 52 62 800 60 6
2001 67 63 54 71 66 69 67 76 55 59 66 800 63 5
Average 78 81 85 83 %0 98 % 86 6 87 77 77 803 80
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 110
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 206
Estimated Water Losses (%) = 0%
Jan Feb Mar Apr May Jun Jul Aul Sey Oct Nov. Dec Annual Per
P! Y 9 P Capita (gpe/d)
(Average Monthly Demand wi 78 81 85 83 % 98 99 86 76 87 7 7 848
Losses (gpc/d)
Average Monthly Demand w 69 73 7 75 80 88 89 76 66 78 69 69 759
WC (gpe/d)
Average Monthly Demand
wIWE and Losses (gpeid) 69 73 7 75 80 88 89 76 66 78 69 69 75.9
Max M°"“(‘g'f:;:)w"’ Lossesl 108 125 120 117 134 153 206 121 106 189 136 117 1363
Max M”"'?ggs;da)w’ Losses 108 125 120 117 134 153 206 121 106 189 136 117 1363
Max M°?§;3:)'a LA 100 117 112 109 125 143 19 112 97 179 128 109 1275
oMb CERUTBET | g 117 112 109 125 143 19 112 97 179 128 109 1275
Losses (gpc/d)
Water Losses = 0.0%
WC = Water Conservation
/Annual Water Needs (acre-feet) = Reclamation 2050 Pop = 2,185 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcFy)
Average Monthly Demand wi —, 4 137 161 151 167 17.8 186 159 133 161 139 144 1859
WC and Losses
Max Month Dataw/ Losses |~ 22.5 235 250 236 27.9 30.7 428 252 214 39.2 27.4 24.4 3336
Max M”""I‘.Es:‘:sw’ weand 5 220 233 219 259 2838 408 232 195 373 258 227 312.0
IAnnual Water Needs (acre-feet) = Water User 2050 Pop = 2,800} Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcFt)
QR VEMYEIEET gy 175 206 193 214 228 238 204 17.0 207 179 185 2382
WC and Losses
Max Month Dataw/ Losses | 28.8 30.1 320 30.2 357 39.3 54.8 323 27.4 50.3 352 313 4275
Max MD"".‘_E;‘:SW/ WCandiiS 266 282 29.9 281 332 369 52.3 208 250 4.7 33.1 201 309.8
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Valley City Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 25, 5.1 27.9 8 35. 51.9 6. 34. 32. 28. 281 0. 399 230 30.9% 10.3 51

1989 30. 7 204 3 30. 32.2 43’ 6. 25. 24 25. . 353 197 22.4% I 34

1990 26. 6 21 4.0 29 5.0 33! 38. 4, 23’ 22 . 310 163 11.9% ) 18

1991 23. X 23! 2 27, 32 40 7 27. 25 4 326 129 23.1% 25

1992 20. X 20. 7 26. ; 25 27. 3 22. 19 ) 270 ,096 8.6% ] 04

1993 19. I 20. X 30. ) 23! 27 ) 22, 20. ) 272 062 6.9% . 106

1994 20. ; ] . 281 X 24.4 28 } 21 19. . 280 028 19 i 109

1995 . ; - X 25, 34, 26. 32. X 22, 20. X 290 ,995

1996 d 4. i . 26. - 281 33; ¥ 22. 21, . 295 961

1997 . ) 22, ) 25. 8. 29. 32, ) 23’ 20. X 291 927

1998 ] 1. 25. 4 26. 4 32. EEX I 23’ 19. X 299 893 .

1999 . 9. 21 9 24, 8. 28] 26 2. 20. 18. X 275 860 4 ]

2000 18.0 17.4 19.0 18.4 239 233 27.7 30.2 24.1 203 18.8 19.9 261 6,826 8.9% 19 105

2001 18.6 16.5 10.1 18.4 23.0 21.2 28.4 25.6 24.1 21.3 18.7 10.4 254 6.792 13.1% 2.8 103
Average 22.1 20.6 21.9 22.5 273 29.0 30.9 32.7 24.9 232 214 217 298 15.8% 1164

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

5 - X - } .

1989 23, 7 23, X 37. 396 L g I X 274 197 104 39, 183

1990 23, ) 25. K 30. 35, . X ; . 273 163 104 35, 63

1991 9 21, ; 264 34, . - . X 251 129 96 34 62

1992 7 24, 5 23; 25. ) X . } 247 1096 95 25.

1993 4 28, 22. 21. 25 23, : L ¥ 253 062 98 28,

1994 1 26. 27. 22. 26 20. X . X 251 028 98 27.

1995 - i i 20. 29, 22, 27, 193 E - ; 233 995 o1 29,

1996 . 0. 20. X I - 246 961 97 29, 42

1997 . 4 19, ¥ 4 X 230 927 o1 27 33

1998 23, X 4 } 253 893 101 30. 45

1999 19. 5 1 . 241 860 96 26 26

2000 . X . 22.1 4 X E 238 826 95 28 38

2001 . E 16. 21.3 185 15. 16 221 792 89 25 26
Average X X 17, 208 191 17. 17, 249 972 30. 1454
% Distrib. 7.2%] 6.6%] 7.1%] 8.4%] 7.7%] 6.9%] 7.1%] 100.0%]

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and

Losses) = c/d)
Max Daily Water Use (w/o water losses) 334.8
1988 [ 1 . . Conservation Reduction = 9.6
1989 3 ISubtotal = 325.3
1990
1991 660,000 204 .10 Peak Daily Demand with WC and
1992 ,310,000 176 .81 /ater Losses = 386.2
1993 ,370,000 187 .92
1994 ,440,000 194 .99 [Peak Daily Demand Factor with WC
1995 ,780,000 232 .39 land Water Losses =
1996 ,470,000 192 .98 WC = Water Conservation
1997 ,400,000 178 .83
1998 ,630,000 218 .24
1999 ,390,000 335 .44
2000 ,600,000 225 .31
2001 ,460,000 202 .07
Average 685000 | 134,703 | 221 27

Historic Monthly Per Capita Water Use Data (without system losses)

1988

1989 107 119 62 73 105 118 67 177 87 82 86 67 1197
1990 106 7 81 98 117 102 37 158 101 93 92 87 1,163
1991 76 69 80 79 95 111 19 57 98 97 89 84 1129
1992 82 83 85 93 113 114 108 91 94 81 83 ,096
1993 82 83 86 92 131 105 100 109 97 88 88 ,062
1994 82 88 88 90 121 29 97 89 83 86 ,028
1995 75 76 78 7 93 4! 92 80 7 75 ,995
1996 83 103 84 84 104 1 97 86 82 ,961
1997 76 76 79 85 94 1. 29 91 85 74 ,927
1998 83 91 100 94 105 101 3 41 114 91 74 ,893
1999 86 85 86 102 103 125 22 13 94 83 78 ,860
2000 76 81 81 81 104 104 22 133 108 87 82 85 ,826
2001 75 72 78 77 96 90 22 108 105 88 78 79 ,792

Average 83 84 82 88 107 118 23 132 99 88 82 81
Maximum historic water use month = 192 gpc/d
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Appendix A

]

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer =
Population | \iter per || Summer per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita Use Capita Use
Year Jan Feb Mar Apr May Jun ul Aug Sep Oct Nov Dec (gpc/d) (gpcid)
1088 68 73 79 104 110 152 63 108 104 80 84 88 230 83
1089 107 119 62 73 105 118 67 177 87 82 86 67 107 86
1990 106 7 81 98 117 102 37 158 101 %3 % 87 163 %0
1591 76 69 80 79 % 111 19 57 % o7 89 84 129 80
1992 82 83 85 %3 113 114 08 91 94 81 83 7,09 84
1993 82 83 86 % 131 105 0 109 o7 88 88 7,062 86 1
1904 82 88 88 %0 121 2 1 o7 89 83 86 ,028 86 1
1995 75 76 78 77 %3 4 92 80 77 75 995 77 0
1996 83 103 84 84 104 1 7 97 86 82 961 86 0
1997 76 76 79 85 9 1 o1 85 74 927 78
1998 83 o1 100 94 105 101 114 o1 74 893 86 1
1999 86 85 86 102 103 125 1 9 83 78 860 86 0
2000 76 81 81 81 104 104 22 33 108 87 82 85 826 81 1
2001 75 72 78 77 % %0 2 108 105 88 78 79 792 76 0
Average 83 B4 82 88 107 118 7] 152 9 88 82 81 3.2 1
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 83
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 192
Estimated Water Losses (%) = 16%
Jan Feb Mar Apr May Jun Jul Au Se oct Nov Dec annualley
P Y 9 P Capita (gpc/d)
gstsasiontlyDemand 83 84 82 88 107 118 123 132 9% 88 82 81 97.2
wi/o Losses (gpc/d)
Average Monthly Demand w|
e 74 76 7 79 97 109 114 122 % 78 74 72 882
Average Monthly Demand
TS M et 88 %0 87 94 115 129 135 145 106 93 87 86 1047
Max M”""(‘g';:;:)w"’ Losseq 197 119 100 104 131 192 167 177 114 97 92 88 1241
Max M““‘Tgﬁ:;:)w’ Losses| 7 142 119 123 155 228 198 211 136 15 109 105 147.3
Max Month Data w/ WC 98 111 %2 9% 121 182 158 168 105 87 83 80 115.0
(gpe/d)
Max Month Data w/ WG 117 132 109 113 144 217 187 199 124 104 9 9% 136.6
and Losses (gpc/d)
Water Losses = 5.8%
WC = Water Conservation
|JAnnual Water Needs (acre-feet) = 2050 Pop = 5,840] Total
Jan Feb Mar Apr. May Jun Jul Aug Sep Oct Nov. Dec (Ac-Ft)
Average Monthly Demand wj
e 489 450 485 506 640 693 749 805 57.2 517 470 417 685
Max M""‘gg:; R 'S 712 663 662 861 12256 1103 171 729 639 584 582 964
Max Month Data w/ WC and| ¢ 66.1 607 608 798 1165 1039 1107 668 57.6 530 52.7 894
Losses (gpe/d)
|Annual Water Needs (acre-feet) = Water User 2050 Pop = 7,500} Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
Average Monthly Demand wj
T 628 578 622 65.0 821 89.0 %.2 103.4 734 66.4 603 613 880.0
Max M""‘("g pns':) wiLosses| gy 014 85.1 8.1 1106 1575 1416 150.3 936 821 75.0 748 1,237.6
DEMEREEATIVEEE| gy 84.9 78.0 781 1025 1496 1335 1422 85.7 740 68.1 67.6 114756
Losses (gpc/d)
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Wahpeton Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 29.1 27. .! 31 5. 48. 42! 30. 27.8 29.4 402 9.6% 6. 25

1989 30.6 27. . 30. 34, 36. 50.. | X 31. 27.8 29. 400 .3% 7. 5

1990 29.7 27. .! 29. 34.. 33. 39. . .! 32. 28.8 29. 390 .7

1991 29. 26. X 28. X 3 39. .. .. 29. . 31. 383 4.

1992 28. 27. . 28. 33. A 31. . X 30. 5 27. 357

1993 28. 26. X 29. 32. | 30. 36. 34.. 31. R 30. 372 . X

1994 . 27. 5 30. 33. . 33. 36. .S 32. .. 29. 389 .S g 23

1995 .. 27. .. . 31. . 33. . 34.! 32. X 30. 394 5 g 5

1996 .| 33. . 5 33. . 43! . 36.. 32. 5 29. 409 8%

1997 S 28. .. . 33.6 . 35.! 5 37. 35. . 31. 408 8% 8

1998 .S 28. . R 34.8 . 42, ! 39. 33. X 29. 406 7% 4.0

1999 28. 26. 28.. 29. 32.8 . 35.! . 31. 29. . 31. 374 6% 42

2000 29.6 28.4 29.8 29.6 343 329 35.7 43.7 34.6 317 295 27.2 387 12.2% 3.9 123

2001 27.8 24.9 28.7 27.6 30.0 30.5 38.8 43.7 34.2 313 28.2 28.0 374 11.3% 35 119
Average 29.5 27.6 29.8 30.1 33.1 36.2 38.0 40.0 33.8 317 29.4 29.6 389 17.9% 122.8

T Water loss data was not available for 2000 and 1996 so water loss % were simmulated for those years

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988
1989 228 194 218 226 26.9 285 423 338 233 234 200 217 307 8,768 96 423 161
1990 233 20.9 231 235 27.9 26.6 329 37.0 26.1 256 224 233 313 8,751 98 37.0 141
1991 25.0 225 25.2 24.2 253 27.7 354 417 258 251 245 268 329 8,735 103 417 159
1992 24.2 226 24.9 235 28.9 27.2 265 285 26.1 26.1 22.2 228 303 8,718 9% 28.9 111
1993 22.9 20.0 238 236 26.2 250 243 301 281 259 252 246 300 8,702 o4 301 115
1994 234 204 24.1 22.9 25.9 334 26.2 288 265 24.9 218 218 300 8,685 % 334 128
1995 226 196 226 237 239 329 263 356 271 246 231 226 305 8,669 96 356 137
1996 21 254 231 231 25. 311 35. 3. 28. 24.9 21 22 316 652 100 35, 38
1997 24. 20.7 22.4 25, 25, 331 28. 1 29. 27.6 23. 231 315 636 100 331 27
1998 23 27 30. 32. 38. 7. 35. 29.7 26 25. 358 619 114 38. 48
1999 24 25. 28 29. 31 31 26. 254 26. 27. 323 ,603 103 3L 22
2000 25. 25. 30. 29, 31 39, 30. 27.7 25 23. 340 586 108 39, 54
2001 24 24, 26 271 35. 40. 30. 27.8 24; 24 332 570 106 40. 156

Average 23. 24, 27. 304 100.7 36. 1397

9% Distrib. 7.4%] 6.8%] 7.6%] 8.6%] 9.5%]

Daily Peak Demand Analysis

[Peak Daily Demand Estimate (with WC and

Losses) = (gpc/d)

Max Daily Water Use (w/o water losses) 206.6
1988 ,030,000 215,285 ,715 . |W. Conservation Reduction = 9.6
1989 ,000,000 255,627 ,744,373 Subtotal = 197.0

1990 ,785,000 210,534 574,466 180 .79

1991 ,620,000 146,888 473,112 169 .68 Peak Daily Demand with WC and

1992 ,625,000 147,110 ,477,890 170 .68 |Water Losses = 240.1
1993 ,546,000 198,082 | 1,347,918 155 .54

1994 ,674,000 244,236 | 1,429,764 165 .64 Peak Daily Demand Factor with WC

1995 ,815,000 245,455 ,569,545 181 .80 land Water Losses = 215

1996 N/A N/A N/A A WC = Water Conservation
1997 1,992,000 1,737,227 201 .00
1998 1,680,000 180 .79
1999 1,430,000 150 .49
2000 N/A N/A A
2001 1,749,000 1,633,592 191 .89
Average 1,745,500 553,596 179 .78

Historic Monthly Per Capita Water Use Data (without system losses)

1988
1989 84 79 80 86 99 109 156 124 83 86 76 80 768
1990 86 85 85 90 103 101 121 136 99 94 85 86 751
1991 92 92 93 92 93 106 131 154 98 93 93 99 735
1992 89 93 92 90 107 104 98 106 100 o7 85 34, 718
1993 85 82 83 90 97 96 90 12 108 96 97 1 702
1994 87 84 90 88 96 28 97 07 102 93 84 1 685
1995 84 81 84 o1 89 26 98 33 104 92 89 34, 669
1996 81 105 86 88 94 133 23 109 93 85 83 652
1997 90 85 84 97 96 105 1 103 90 88 636
1998 89 101 97 108 115 43 4 111 103 94 ,619
1999 92 93 90 99 107 17 1 D4 95 104 102 ,603
2000 97 102 97 100 114 12 20 4 19 104 99 87 586
2001 oL 89 95 04 100 105 133 51 120 105 96 02 570

Average 83 90 89 93 101 117 120 27 107 96 90 88
Maximum historic water use month = 158 gpeld
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Wahpeton Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 83 87 84 96 107 158 132 106 104 88 81 84 ,784 86 116
1989 84 79 80 86 99 109 156 124 88 86 76 80 ,768 81 110
1990 86 85 85 90 103 101 121 136 99 94 85 86 ,751 86 109
1991 92 92 93 92 93 106 131 154 98 93 93 99 ,735 94 112
1992 89 93 92 90 107 104 98 106 100 97 85 34 ,718 89 102
1993 85 82 88 90 97 96 90 12 108 96 97 ,702 89 100
1994 87 84 90 88 96 28 97 07 102 93 84 ,685 85 104
1995 84 81 84 91 89 26 98 33 104 92 89 34 ,669 86 107
1996 81 105 86 88 94 133 23 109 93 85 83 ,652 88 112
1997 90 85 84 97 96 105 1 103 90 88 ,636 89 111
1998 89 101 97 108 115 43 4. 111 103 94 ,619 99 129
1999 92 93 90 99 107 17 1 04 95 104 102 ,603 96 109
2000 97 102 97 100 114 12 20 A 19 104 99 87 ,586 97 120
2001 91 89 95 94 100 105 133 51 120 105 96 92 ,570 93 119
Average 88 90 89 93 101 117 120 27 107 96 90 88 89.8 111

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 99
Indoor W. Conservation Reduction (gpc/d) = 8.47
Outdoor W. Conservation Reduction (gpc/d) = 0.55
Peak Monthly Demand w/o System Losses (gpc/d) = 158
Estimated Water Losses (%) = 18%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec CERTEE)
Average Monthly Demand
s e aE) 88 90 89 93 101 17 120 127 107 9 ) 88 1007
Average Monthly Demand
80 81 80 85 92 107 110 17 98 87 82 80 916
WC (gpe/d)
Average Monthly Demand
Wi WC and Losses (gpc/d) 97 99 98 103 112 131 134 143 119 106 100 97 1117
Max M°"‘Tg[;:§:)“”° Losse 97 105 97 108 115 158 156 154 136 111 104 102 1202
Max M"""(‘g;’:;:)"‘” Lossest  y4g 128 119 131 141 103 190 188 165 135 127 124 1465
ER I RS 88 o7 89 9% 106 149 146 45 126 102 9% o3 1112
(gpc/d)
Max Month Data w/ WC
e L () 107 118 108 121 129 181 178 176 154 124 117 113 1355

Water Losses = 17.9%

WC = Water Conservation
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Walsh Rural Water District Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 111 1.7 ! X K . X . . ! .2 109 4 ,160 8% 29
1989 116 10.2 . 5 K .. .. .. . S 0 9.6 4 ,160 8% 3 21
1990 85 8.4 X .| ! X X ! . ! .. .| 4 ,160 8% . 23
1991 111 8.7 4 ,160 8% 23
1992 4 . ! . X 5 X X .| 5 ! .. 4 ,160 8% .. 28
1993 . . 5 X . . . 5 . .| X X 4 ,160 8% .S 23
1994 .. X .. X X 4. . X ! X K .. 156 ,160 8% . 36
1995 X .| X X . X . .. . .. . X 161 ,160 8% . 40
1996 . . ! g . X . X . .. . . 163 ,160 8% 5 41
1997 .. . X .. . . . X . X 5 5 160 ,160 .8% X 38
1998 3 .. X X .. .. . 4. . . 9 .. 156 ,160 1% 3 35
1999 . .. 1. .. X . . 4. .. . .3 .4 154 ,160 10.1% .. 33
20002 14.2 13.2 13.4 14.7 14.2 133 14.2 13.0 14.1 135 13.2 13.6 165 3,160 44.4% 6.1 143
20017 142 12.1 14.7 16.5 138 14.9 138 14.6 12.1 12.4 12.1 12.3 164 3,160 38.7% 5.3 142
Average 119 11.0 125 12.2 13.2 143 145 14.6 13.0 12.4 115 118 153 41.8% 1324

* Water loss data was provided for 1998 - 2001and averaged 41.8% which was used for 1988 - 1997
“ Walsh purchased 662,000 gallons in 2000 and 7,879,000 gallons in 2001 from Grafton which is added to the above monthly to

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988 .9 5 6. 6. 2 8.4 7 X - X X 86 ,160 75
1989 7 3 iz 6. 3 113 ) 81 ,160
1990 X 4 6. 7. 8 .6 83 ,160
1991 5. 7 101 83 ,160
1992 7. 7. 5 86 ,160 13
1993 X 6. 92 5 6. 83 ,160 2 97
1994 6. 7. 9.2 1 6. 3 91 ,160 105 111
1995 64 I 84 £ 8.0 103 I 8. 7 5 94 160 103 108
1996 . . X . 4 X 8.7 7 0 95 ,160 82 102 7
1997 X . . . X X 83 X X Z E 93 ,160 80 9.8 4
1998 . X X X X X 111 ¥ g . . 4 87 ,160 76 111 7
1999 Z . X X X i .6 E X X z . 92 ,160 80 106 2
2000 . 8 g X . § . X X - g . 91 ,160 79 8.6 91
2001 X . X 112 X X X . X 1 X | 100 ,160 87 112 119
Average! . X Z 6.9 . X . X B 0 . . 89 77.1 104 109.2
% Distrib. 7.4%] 6.3%] 8.1%] 7.7%] 8.8%] 10.0%] 10.4%)] 10.5%] 8.6%] 7.9%] 7.0%] 7.2%) 100.
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) =
[Max Daily Water Use (w/o water losses)
1988
1989
1990
1991 {[Peak Daily Demand with WC and
1992 "w_ater Losses = 215.7
1993
1994 {[Peak Daily Demand Factor with WC
1995 land Water Losses = 184
1996 WC = Water Conservation
1997
1998 512,000 187,967 324,033 103 133
1999 500,580 168,516 332,064 105 1.36
2000 504,000 200,244 303,756 96 1.25
20017 600,000 426,488 135 175
Average 529,145 346,585 110 142

Information provided by WRWD and includes 72,000 gallons purchased from Grafton to meet peak day demands

Historic Monthly Per Capita Water Use Data (without system losses)

1989 68 60 76 65 87 115 84 59 66 44 8 160
1990 36 39 68 58 93 109 108 93 7 55 57 160
1991 62 42 57 55 107 88 90 88 4 63 63 160
1992 43 69 65 100 90 109 79 67 51 160
1993 60 67 64 4 79 82 79 66 60 58 160 1
1994 69 70 67 94 96 86 107 68 67 69 160 8
1995 65 55 86 74 82 108 94 99 7 71 75 160 1
1996 81 76 70 60 75 105 89 104 7 4 82 71 160 82
1997 78 74 86 71 104 85 96 94 61 76 73 160 80
1998 66 51 61 62 80 113 84 7 83 65 66 160 75.
1999 73 57 67 84 76 109 93 105 75 84 160 79.
2000 83 81 75 o1 82 76 82 70 B4 75 77 160 79.
2001 o1 77 96 119 87 101 87 96 2 72 71 160 86.
Average 67 64 74 73 80 94 94 95 1 65 66 77.
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Walsh Rural Water District Water Demand Calculations
Maximum Month Method

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses)

Winter =

Summer =

Appendix A

1088 60 74 64 82 68 107 85 109 73 74 42 58 160 64 86
1689 68 60 76 65 &7 115 84 59 66 44 28 160 60 80
1690 36 39 68 58 93 109 108 o3 7 55 57 160 52 o1
1691 62 a2 57 55 107 88 %0 88 7 63 63 160 57 86
1992 43 69 65 100 50 109 79 7 67 51 160 62 87
1693 60 67 64 7 79 82 79 66 7 60 58 160 63 80
1994 69 70 67 o4 %6 86 107 68 67 69 160 88
1695 65 55 86 74 82 108 o4 59 87 7T 75 160 o1
1696 81 76 70 60 75 105 89 104 7 82 71 160 o1
1697 78 74 86 71 69 104 85 %6 7 76 73 160 85
1998 66 51 61 62 o7 80 113 84 7 83 65 66 160 62 89
1699 73 7 67 84 70 76 109 93 105 75 84 160 74 86
2000 83 A 75 o1 82 76 82 70 84 75 77 160 80 79
2001 o1 7 %6 119 87 01 87 % 72 72 71 160 88 86
Average 67 4 74 7 80 o4 o4 % 8L 65 66 680 86
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 88
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 119
Estimated Water Losses (%) = 42%
[Average Monthly Demand wi 67 64 7 73 80 o4 (7 % 81 72 65 66 771
Losses (gpc/d)
Average Monthly Demand wj
59 56 65 64 7 85 84 85 7 62 57 58 683
WC (gpe/d)
Average Monthly Demand
e M e 101 %5 112 111 121 146 145 147 123 107 %8 9% 173
D LS o1 81 % 119 o7 108 115 109 105 84 82 84 97.7
(gpe/d)
Max M°"';‘g'::;:)“” R 157 138 166 204 166 186 198 188 180 145 140 145 1679
MEMeTDa e 83 72 88 110 87 % 106 100 o5 75 7 76 889
(apeld)
oMb CERUTBET | g 124 152 190 150 170 182 171 164 129 126 131 1528
Losses (gpc/d)
Water Losses = 41.8%

WC = Water Conservation

Max Month Data w/ WC and|
Losses

Reclamation 2050 Pop =

Water User 2050 Pop =

Max Month Data w/ WC and
Losses

44.0

461.6
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West Fargo Water Demand Calculations
Maximum Month Method

Historic Monthly Raw Water Diversions (Millions of Gallons)

1988 29, 27. 28, 36. . 65. 75. 55.. 5. 32. 28. 29. 503 145 0.0% X 113
1989 281 26. 29, 30. I § 80. 56. 4. ] 33. 32. 480 216 0.0% X 108
1990 32. 27. 3L 33. X 34, 53. 60. 11 } 32. 33. 459 287 0.0% X 102
1991 32, 30. 33. 34. - § 41 56. 38. z 32, 31 451 358 0.0% X 100
1992 32. 29. 32. 32. . . 36. 43. 32. 34, 29, 30. 417 429 0.0% X 02
1993 32. 27. 3L 32. . E 32. 42. 38. E 30. 31 408 500 0.0% X 89
1994 32. 29, 32. 33 . 4. 38. 45. 35. 34, 33. 33. 147 850 0.0% X 95
1995 33, 28 32. 33. k 50. 0. 50. 40. 34, 32. 33. 67 200 0.0% X 7
1996 X 3L 34. 33. . 53. 7. 61 42. X 35. 35, 11 AT5 0.0% X 104
1997 g 323 36. 34, 2 9. 7. 7 39. 5 35 35 74 800 0.0% 4
1998 ) 30.7 33! 0. . 41 4. 731 50. 6 50. 36. 534 500 0.0% X 101
1999 } 329 39. 1. 7. 56.0 63. 58. 42. 8 381 39.4 538 4,910 0.0% X 99
2000 39.3 36.7 40.9 39.8 52.9 46.3 55.4 72.1 42.6 42.7 37.6 37.5 544 14,940 0.0% 0.0 100
2001 37.1 328 36.9 37.8 47.0 47.9 715 62.7 47.9 47.9 39.2 361 545 15,603 0.0% 0.0 95
2002 37.7 33.9 375 383 518 61.1 59.7 61.1 29.8 24.9 39.5 38.8 554 16,670 0.0% 0.0 o1

Average 32.0 28.7 32.1 33.1 415 445 49.5 53.4 38.3 36.7 333 32.3 455 0.0% 91.2

T Unaccounted for losses data was conflicting and relatively near zero so 0% losses were assumed in analysis

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988 29.8 27.2 28.2 29.3 503 12,145 113 75.9 208
1989 28.9 26.5 332 323 480 12,216 108 80.8 221
1990 32.2 273 326 33.1 459 12,287 102 60.3 163
1991 328 30.6 32,0 318 451 12,358 100 56.9 153
1992 324 295 295 30.7 217 12,429 92 435 117
1993 32.1 27.9 30.6 311 408 12,500 89 421 112
1994 32,0 29.6 332 33.0 447 12,850 95 54.1 140
1995 338 286 32.7 33.1 467 13,200 97 59.8 151
1996 34.9 31.0 351 35.0 511 13,475 104 67.8 168
1997 35. 32. 35. 351 474 800 %4 9. 19
1998 34. 30. 50. 36.7 534 4,500 101 73. 69
1999 36. 32. 38. 39. 538 4,910 99 63. a1
2000 39. 36. 37. 37. 544 4,940 100 72. 61
2001 37. 32, 39. 36. 545 693 95 71 52
2002 37. 33! 39. 38 554 670 o1 61 122

Average 33. 32. 455 91.2 57 139.3

% Distrib. 0% 6.3%) 7.3%] 7.1%] 10(

Daily Peak Demand Analysis

Peak Daily Demand Estimate (with WC and
Losses) = c/d)
Max Daily Water Use (w/o water losses) 282.6
1988 ,132,500 0 ,132,500 258 .83 . Conservation Reduction = 7.2
1989 ,452,100 0 ,452,100 283 .10 ISubtotal = 275.4
1990 ,041,800 0 ,041,800 248 .72
1991 ,918,800 0 ,918,800 236 .59 Peak Daily Demand with WC and
1992 ,283,700 0 ,283,700 184 .02 /ater Losses = 275.4
1993 ,178,300 0 ,178,300 174 91
1994 ,602,000 [ ,602,000 202 .22 [Peak Daily Demand Factor with WC
1995 ,091,900 [ ,091,900 234 .57 land Water Losses =
1996 ,755,000 ,755,000 279 .06 WC = Water Conservation
1997 729,800 729,800 198 .17
1998 ,453,000 ,453,000 238 .61
1999 ,012,100 ,012,100 202 .22
2000 ,837,400 ,837,400 257 .82
2001 ,580,000 ,580,000 228 .50
2002 N/A
Average 3,076,314 [ 3,076,314 230 2.52

Historic Monthly Per Capita Water Use Data (without system losses)

1988 7 78 79 83 114 129 215 150 95 101 91 86 ,145 1135
1989 76 7 78 82 113 128 213 149 95 100 90 85 ,216 107.7
1990 85 79 81 91 105 95 139 158 111 106 88 87 ,287 102.4
1991 86 88 86 94 109 108 109 148 103 97 86 83 ,358 99.
1992 84 85 84 87 112 109 95 113 86 90 79 80 ,429 92
1993 83 80 80 86 104 94 84 109 102 91 82 80 ,500 89.!
1994 80 82 82 88 113 140 96 1. 92 87 86 83 ,850 95.
1995 83 7 80 85 94 150 98 4¢ 102 84 82 81 ,200 97,
1996 84 82 82 82 100 133 62 4¢ 106 96 87 84 ,475 104.
1997 84 84 85 84 97 119 1: 94 92 85 82 ,800 94.1
1998 7 76 75 92 107 96 64 116 88 115 82 ,500 100.9
1999 8 79 86 93 103 125 126 95 91 87 85 ,910 98.
2000 85 88 88 89 114 103 56 95 92 84 81 ,940 99.
2001 75 76 80 97 102 29 102 99 83 74 ,693 95..
2002 73 73 77 100 122 1 18 99 87 79 75 ,670 91.
Average 80 81 86 105 117 3 36 100 93 87 82 91
Maximum historic water use month = 215 gpc/d
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West Fargo Water Demand Calculations
Maximum Month Method

Appendix A

]

Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer =
Population
Winter Per [ Summer Per
Historic Monthly Metered Water Usage (gallons per capita/day) Capita Use Capita Use
Year Jan Feb Mar Apr May Jun ul Aug Sep Oct Nov Dec (gpcld) (gpcid)
1088 7 78 79 83 14 129 15 150 % 101 o1 86 145 82
1089 76 77 78 82 13 128 13 149 95 100 %0 85 216 82
1990 85 79 81 o1 05 % 39 158 111 106 88 87 287 85
1901 86 88 86 94 09 108 09 148 103 o7 86 83 358 87
1992 84 85 84 87 12 109 9% 113 86 %0 79 80 429 83
1993 83 80 80 86 04 94 84 109 102 o1 82 80 500 82 o7
1904 80 82 82 88 13 140 9% 1 92 87 86 83 850 83 07
1995 83 7 80 85 9 150 98 4 102 84 82 81 200 81 1
1996 54 82 82 82 100 133 62 4 106 % 87 84 475 83 2
1997 54 84 85 84 o7 110 1 1 9 % 85 82 800 84 04
1998 7 76 75 % 107 % 1 & 116 88 115 82 500 86
1999 8 79 86 %3 103 125 7 126 % o1 87 85 910 85
2000 85 88 88 89 114 103 0 156 95 % 84 81 940 86
2001 76 75 76 80 97 102 7 129 102 % 83 74 693 77
2002 73 73 73 77 100 122 16 118 99 87 79 75 670 75
Average 81 80 81 86 105 17 31 136 100 %3 87 2 828 4
Per Capita Water Use Analysis (Max Month Method)
Maximum Month Water Demand with Water Conservation (gpc/d) =
Winter Demand without Losses (gpc/d) = 82
Indoor W. Conservation Reduction (gpc/d) = 5.89
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 215
Estimated Water Losses (%) = 0%
Jan Feb Mar Apr May Jun Jul Au Se oct Nov Dec annualley
P Y 9 P Capita (gpc/d)
gstsasiontlyDemand 81 80 81 86 105 17 131 136 100 93 87 82 984
wi/o Losses (gpc/d)
Average Monthly Demand w|
e 75 74 75 80 98 110 124 129 92 86 81 76 918
Average Monthly Demand
TS M et 75 74 75 80 9% 110 124 129 92 86 81 76 918
Max Month Data wio Losseg| g 88 88 9 114 150 215 164 116 106 115 87 187
(gpeld)
Max Month Data w/ Losses 86 88 88 94 114 150 215 164 116 106 115 87 187
(gpeld)
MeXMOnDSIRNANE 80 82 82 88 107 143 208 157 109 98 109 81 1122
(gpeld)
(3 RENAD CHOTINTS 80 82 82 88 107 143 208 157 109 98 109 81 1122
and Losses (gpc/d)
Water Losses = 0.0%
'WC = Water Conservation
|JAnnual Water Needs (acre-feet) = 2050 Pop = 33,900 Total
Jan Feb Mar Apr. May Jun Jul Aug Sep Oct Nov. Dec (Ac-Ft)
QEEPNEGHEEEED | gmg 2163 2422 250.4 a17.1 3422 308.8 4150 288.4 2778 2532 245.1 34877
WC and Losses
Max Month Data w/ Losses |~ 276.0 257.4 2846 293.0 368.3 468.1 6925 528.3 3611 340.8 359.0 280.1 4,509.2
Max M°"‘Tiz‘;’sw’ Weandi 5570 240.2 2656 2746 345.1 4457 6693 505.1 3387 3176 3406 261.1 4,260.7
|Annual Water Needs (acre-feet) = Water User 2050 Pop = 34,705 Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (AcF)
Average Monthly Demandwi 7 2214 2479 256.4 3246 350.3 408.2 4248 295.3 284.4 259.3 250.9 35705
WC and Losses (gpc/d)
Max M""‘("g pns':) wiLosses| g5 2635 2014 299.9 377.0 4792 709.0 540.8 369.7 348.9 367.5 286.8 46163
DENMEIEERCIVEET|  pma 245.9 2719 2811 353.3 456.2 685.2 517.1 346.7 325.2 348.7 267.3 43618
Losses (gpc/d)
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Wyndmere Water Demand Calculations
Maximum Month Method

Appendix A

1988 0 1 .0 13 495 .0% 0.4 72.2
1989 7 7 7 21 498 .0% 0. 7.
1990 7 7 22 501 .0% 0.4 9..
1991 6 5 20 504 .0% 0.4 7.
1992 7 7 22 507 .0% 0.4 8.
1993 6 6 20 511 .0% 0.4 7..
1994 7 7 21 514 .0% 0.4 4.
1995 . 7 7 22 517 .0% 0.4 7.
1996 6 7 7 22 520 .0% 0.4 4.4
1997 7 .8 8 23 523 .0% 0.4 8.!
1998 .1 .2 5 .2 28 527 .0% 0.4 6.
1999 K .5 ! 6 K .0 ! X N X X 6 20 530 .0% 0.4 105..
2000 16 15 15 16 18 2.0 19 2.0 17 16 16 16 20 533 0.0% 0.0 104.3
2001 13 13 12 13 15 16 16 16 14 14 13 13 17 536 0.0% 0.0 85.6
Average 16 16 15 16 18 2.0 19 2.0 17 17 16 16 21 0.0% 110.5

T

2 Use monthly distribution percentages from Lisbon to calculate monthly raw water diversions

Per Capita Water Use Analysis (Monthly water diversionwithout system losses)

1988 | - | - 5 § ¥ ¥ § - §
1989 17 16 16 17 19 2.1 2.0 21 18 17 17 17 21 298 118 21 141
1990 17 16 16 17 19 2.1 2.0 2.1 18 18 17 17 22 501 119 21 143
1991 15 15 14 16 17 19 18 19 16 16 15 15 20 504 107 19 129
1992 17 16 16 17 19 2.1 2.0 22 18 18 17 17 22 507 118 22 141
1993 16 15 15 16 17 19 19 2.0 17 16 16 16 20 511 107 2.0 128
1994 17 16 16 17 19 2.1 2.0 2.1 18 17 17 17 21 514 114 2.1 136
1995 17 17 16 17 19 21 21 22 18 18 17 17 22 517 117 22 140
1996 6 7 1 7 22 520 115 37
1997 7 2 23 523 119 42
1998 7 28 527 147 76
1999 20 530 105 26
2000 § 20 533 104 125
2001 4 17 536 86 102
Average’ 7 21 110.5 132.3
% Distrib. 7.8%] 7.5%] 7.3%] 7.9%] 8.7%] 9.7%] 9.3%[ 9.8%] 8.3%[ 8.1%] 7.8%] 7.8%] 100.0%]
Daily Peak Demand Analysis
Peak Daily Demand Estimate (with WC and
Losses) = (gpc/d)
[Max Daily Water Use (w/o water losses)
1988 |W. Conservation Reduction =
1989 Subtotal
1990
1991 [Peak Daily Demand with WC and
1992 |Water Losses =
1993
1994 Peak Daily Demand Factor with WC.
1995 land Water Losses =
1996 'WC = Water Conservation
1997
1998
1999
2000
2001
Average’ 0 0 0 0 0.00
Historic Monthly Per Capita Water Use Data (without system losses)
1988 66 71 62 69 74 85 79 84 73 69 68 66 495 722
1989 108 15 101 13 36 119 112 111 108 498 117,
1990 109 17 102 14 38 120 113 113 110 501 119.
1991 98 05 92 03 25 108 102 102 99 504 107
1992 108 16 101 13 37 119 112 112 109 507 118.
1993 98 05 92 03 108 102 102 99 511 107.
1994 104 98 109 108 108 105 514 4
1995 107 101 1 38 111 111 108 517 7.
1996 105 98 1 35 33 109 109 105 520 4
1997 108 102 1 40 7 113 112 109 523 8.
1998 134 42 126 2 151 Z 161 139 139 135 527 6.
1999 96 03 90 0 108 2 115 106 100 100 97 530 105.
2000 95 02 90 00 107 23 114 105 99 99 96 533 104,
2001 78 84 74 82 88 01 94 99 86 81 81 79 536 856
Average 101 108 95 106 113 30 121 128 111 105 105 102 1105
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Wyndmere Water Demand Calculations

Maximum Month Method
Winter and Summer Use - Historic Monthly Per Capita Water Use Data (w/o system losses) Winter = I:| Summer = |:|

1988 66 71 62 69 74 85 79 84 73 69 68 66 495 67 77
1989 108 115 101 113 21 29 36 119 112 111 108 498 109 26
1990 109 117 102 114 22 31 38 120 113 113 110 501 111 28
1991 98 105 92 103 18 25 108 102 102 99 504 100 15
1992 108 116 101 113 29 37 119 112 112 109 507 110 26
1993 98 105 92 103 18 24 108 102 102 99 511 100 15
1994 104 12 98 109 35 25 32 15 108 108 105 514 106 22
1995 107 5 101 20 38 28 36 18 111 111 108 517 109 25
1996 105 98 18 35 26 33 16 109 109 105 520 107 23
1997 108 102 122 A 30 3 20 113 112 109 523 110
1998 134 % 126 151 7 161 7 48 139 139 135 527 136
1999 96 103 90 1 108 2 115 2 106 100 100 97 530 98
2000 95 102 90 100 107 2 114 2 105 99 99 96 533 97 1!
2001 78 84 74 82 88 01 94 99 86 81 81 79 536 80 92
Average 101 108 95 106 113 30 121 128 111 105 105 102 102.8 118

Per Capita Water Use Analysis (Max Month Method)

Maximum Month Water Demand with Water Conservation (gpc/d) =

Winter Demand without Losses (gpc/d) = 136
Indoor W. Conservation Reduction (gpc/d) = 8.15
Outdoor W. Conservation Reduction (gpc/d) = 0.65
Peak Monthly Demand w/o System Losses (gpc/d) = 173
Estimated Water Losses (%) = 0%
Annual Per
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec Capita (gpc/d)
Average Monthly Demand w/ 101 108 %5 106 113 130 121 128 111 105 105 102 1105
Losses (gpc/d)
(Rl DT 93 100 87 %8 104 121 112 119 102 % 97 (7 1017
WC (gpc/d)
Average Monthly Demand
e M (e 93 100 87 %8 104 121 112 119 102 % 97 (7 1017
L M°""2g'::/";)w' olosses| 34 144 126 141 151 173 161 170 148 139 139 135 1466
LS M°"';‘gg:;§)"‘” SR 134 144 126 141 151 173 161 170 148 139 139 135 1466
LS M“'(‘;w:)"" LA 126 136 118 133 141 164 151 160 138 130 131 127 137.8
e Mon DL We e 126 136 118 133 141 164 151 160 138 130 131 127 137.8
Losses (gpc/d)

Water Losses = 0.0%

WC = Water Conservation
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Appendix A — Attachment 5

Data Sheets for Peak Day Analysis of Municipal
and Rural Water Systems
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Peak Day Water Demand Analysis
Red River Valley Water Supply Project

Appendix A

Method of Meeting Peak Day Demand
Scenario One Scenario Two
L Added Pipeline
. Storage Capacity Added Pipeline . Storage Capacity N
Water Systems Well Capacity (cfs) (millions of gallons) |Capacity a (cfs) Well Capacity (cfs) (millions of gallons) Ca?;g)ty
Cass Rural Water Users 0.56 2.78 0.56 0.85 4.27 0.85
Drayton NA 1.86 0.45 NA 1.86 0.45
East Grand Forks NA 7.90 3.79 NA 10.41 5.27
Fargo 39.26 125.30 39.26 46.72 147.69 46.72
Grafton NA 2.69 0.52 NA 3.81 0.79
Grand Forks 27.05 65.37 27.05 28.67 69.50 28.67
Grand Forks Traill Water District 1.29 4.12 1.29 1.86 5.85 1.86
Langdon (City and RWS) NA 2.45 0.92 NA 2.75 1.08
Moorhead 5.12 24.01 5.12 6.42 30.04 6.42
Valley City 1.53 3.36 1.53 1.97 4.26 1.97
West Fargo 3.56 15.99 3.56 3.64 16.18 3.64
Totals 78.37 255.83 84.05 90.13 296.63 97.71

! Only some of the alternatives have pipeline conveyance features which can be increased in capacity to meet peak day demands
NA - This method of meeting peak day demand is not available
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West Fargo - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 29.33 ac-ft 14.8 cfs
Max Month 2050 Water Demand = 685.2 ac-ft 11.1cfs
Max Month Project Flows = 685.2 ac-ft 11.1 cfs

Starting Storage =
Required Storage +
Storage estimated cost =

Monthly shortage in storage (31 days) =

Peak day shortage in storage =

Groundwater Analysis:

8.0 million gallons
16.2 million gallons
$8,092,000 (assumes $0.50 per gallon cost)

19.3 mg
2.4 mg

59.2
7.2

or

ac-ft
ac-ft

Appendix A

9.6 mgd 6636.5 gpm
7.2 mgd 5001.3 gpm
7.2 mgd
50 ac-ft
3.6 cfs 1634.4 gpm

West Fargo aquifer storage and recovery system is designed to withdraw 5,000 gpm to meet the maximum month withdrawal rate. However,
the West Fargo North Aquifer daily withdrawal rate could be increased to incorporate daily peaking requirements which are estimated to be

1,635 gpm.
. ) . ) Accum. Water
Water Storage
Day of Max Daily Water Daily Water |Daily Water Dal_ly Water Water Accum. Storage or ! g Net Storage
Month Demand Demand Demand |Delivery (ac: Demand (ac System Surplus (ac- or Surplus (105 allons)
Distribution (%) (cfs) (ac-ft) ft) ft) Deliver (ac-ft), ft) (10° gallons) 9
.39 11.7 .2 23.2 22. -1.1 -04 7.6
.78 9.6 .0 423 44. .1 .0 8.6
.26 7.8 57.8 66.. .6 1 0.8
4 .31 8.0 . 73.6 88.4 .3 .0 2.8
5 .78 .1 25. 99.5 0.5 -3.8 -1, 1.6
6 .95 7 7. 26.6 2.6 -5.0 -1 0.0
7 .30 4 2. 49.2 4.7 -0.5 -0. 9.8
8 .01 0.4 0. 69.9 .8 .5 0. 0.3
9 .39 8.3 6.4 86.3 98.9 .7 1! 2.1
.44 8.4 6.7 02.9 21.0 .4 1. .9
.0, 0.4 0.7 23.6 43. 0. 4.4
.0, 0.4 0.7 44.2 65. 0. 4.8
.0, 0.4 0.7 64.9 87. 0. .3
4 .0, 0.4 0.7 85.6 09.4 0. .8
5 .05 0. 0. 06.4 .5 . 0.4
6 4. 30. .7 -2.0 -0.7
7 4. 355. 5.8 2.7 -0.9 4.
8 4. 380. 97.9 2.7 -0.9 .8
9 . 4. 404. 420.0 2.7 -0.9 .9
. .6 25. 429.! 442. -3.0 -1.0 .0
4.28 4.8 9. 459. 464, 7.2 -2.4 9.6
4.23 4.6 9.0 488.. 486. -6.9 - 7.4
.80 .1 6.0 14. 508.4 -3.9 -1, 6.1
4 .37 .6 3.1 37. 530.5 -1.0 -0. .8
25 .60 4 4.7 61.9 552.6 - -0. .0
6 4.27" 4.8 9. 1.2 574.7 7. -2, .6
7 4.27" 4.7 9. 0.4 596.8 -7. -2, 0.3
8 247" 8.5 6. 7.3 618.9 5.2 17 2.0
9 1.40¢ 4.9 9.6 . 47.0 641.0 12.5 4.1 6.1
30 2.38Y 8.2 16.3 221 63.3 663.1 5.8 19 7.9
31 3.20 11.1 219 22.1 85.2 685.2 0.2 0.1 8.0
Totals 685.2 685.2
Maximum Month Water Demand Curvel
35.0
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&
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5
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West Fargo - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 28.65 ac-ft 14.4 cfs
Max Month 2050 Water Demand = 669.3 ac-ft 10.9 cfs
Max Month Project Flows = 669.3 ac-ft 10.9 cfs

Starting Storage =
Required Storage +
Storage estimated cost =

8.0 million gallons
16.0 million gallons or
$7,997,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) =
Peak day shortage in storage =

18.8 mg
2.3 mg

57.8 ac-ft
7.1 ac-ft

Groundwater Analysis:

Appendix A

9.3 mgd 6482.6 gpm
7.0 mgd 4885.2 gpm
7.0 mgd
49 ac-ft
3.6 cfs 1596.5 gpm

West Fargo aquifer storage and recovery system is designed to withdraw 4,900 gpm to meet the maximum month withdrawal rate. However,
the West Fargo North Aquifer daily withdrawal rate could be increased to incorporate daily peaking requirements which are estimated to be

1,597 gpm.

Day of Max Daily Water Daily Water (Daily Water| Dai.ly Water A\:;;‘:en:' Accum. St:\rl:;eeror Water Storage Net Storage
Month : D.emqnd Demand Demand |Delivery (ac Demand (ac syslem Sl (e or Surplus (10° gallons)
Distribution (%) (cfs) (ac-ft) ft) t) Deliver (ac-ft), ft) (10° gallons)

1 3.39% 11.4 22.7 21.6 22.7 21.6 -1.1 -0.4 7.6
2 2.78% 9.4 18.6 21.6 41.3 43.2 3.0 1.0 8.6
3 2.26% 7.6 15.2 21.6 56.4 64.8 6.4 21 10.7
4 2.31% 7.8 15.5 21.6 71.9 86.4 6.1 2.0 12.7
5 3.78% 12.8 25.3 21.6 97.2 108.0 -3.7 -1.2 115
6 3.95% 13.3 26.4 21.6 123.7 129.5 -4.9 -1.6 9.9
7 3.30% 11.1 22.1 21.6 145.8 151.1 -0.5 -0.2 9.7
8 3.01% 10.2 20.2 21.6 165.9 172.7 1.4 0.5 10.2
9 2.39% 8.1 16.0 21.6 181.9 194.3 5.6 1.8 12.0
10 2.44% 8.2 16.3 21.6 198.2 215.9 53 1.7 13.8
11 3.01% 10.2 20.2 21.6 218.4 2375 1.4 0.5 14.2
12 3.01% 10.2 20.2 21.6 238.6 259.1 1.4 0.5 14.7
13 3.01% 10.2 20.2 21.6 258.8 280.7 1.4 0.5 15.1
14 3.01% 10.2 20.2 21.6 278.9 302.3 1.4 0.5 15.6
15 3.05% 10.3 20.4 21.6 299.3 323.9 1.2 0.4 16.0
16 3.52% 11.9 23.6 21.6 322.9 345.4 -2.0 -0.6 15.4
17 3.61% 12.2 24.2 21.6 347.1 367.0 -2.6 -0.8 14.5
18 3.61% 12.2 24.2 21.6 3713 388.6 -2.6 -0.8 13.7
19 3.61% 12.2 24.2 21.6 395.5 410.2 -2.6 -0.8 12.8
20 3.66% 12.3 24.5 21.6 419.9 431.8 -2.9 -0.9 11.9
21 4.28% 14.4 28.6 21.6 448.6 453.4 -7.1 -2.3 9.6
22 4.23% 14.3 28.3 21.6 476.9 475.0 -6.7 -2.2 7.4
23 3.80% 12.8 25.4 21.6 502.3 496.6 -3.8 -1.2 6.1
24 3.37% 11.4 22.5 21.6 524.8 518.2 -0.9 -0.3 5.8
25 3.60% 12.1 24.1 21.6 548.9 539.8 -2.5 -0.8 5.0
26 4.27% 14.4 28.6 21.6 577.5 561.3 -7.0 -2.3 2.8
27 4.271% 14.4 28.6 21.6 606.0 582.9 -7.0 -2.3 0.5
28 2.47% 8.3 16.5 21.6 622.5 604.5 5.1 1.7 2.1
29 1.40% 4.7 9.4 21.6 631.9 626.1 12.2 4.0 6.1
30 2.38% 8.0 15.9 21.6 647.9 647.7 5.7 1.8 7.9
31 3.20% 10.8 21.4 21.6 669.3 669.3 0.2 0.1 8.0

Totals 669.3 669.3

Maximum Month Water Demand CurveI
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Valley City - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 8.90 ac-ft 4.5 cfs
Max Month 2050 Water Demand = 154.6 ac-ft 25 cfs
Max Month Project Flows = 154.6 ac-ft 25 cfs

Starting Storage =
Required Storage +
Storage estimated cost =

2.0 million gallons
4.3 million gallons or
$2,131,000 (assumes $0.50 per gallon cost)

14.6 ac-ft
3.9 ac-ft

Monthly shortage in storage (31 days) =
Peak day shortage in storage =

4.8 mg
1.3 mg

Groundwater Analysis:

Appendix A

2.9 mgd 2013.8 gpm
1.6 mgd 1128.4 gpm
1.6 mgd
13 ac-ft
2.0 cfs 882.7 gpm

Valley City has a permitted withdrawal rate of 800 gpm from their groundwater source in addition their 13,464 gpm surface water source. The
800 gpm well capacity is just short of the peak day storage of requirement of 854.2 gpm. However, since Valley City's groundwater source is
directly recharged by the Sheyenne River, expansion of the existing permit to cover higher withdrawal rates is highly likely.

. ) . ) Accum. Water
Day of Max Daily Water Daily Water |Daily Water Dal_ly Water . Accum. Storagelor Water Storage Net Storage
Month " D_em@nd e e |Peve e Demand (ac- _System Surplus (ac- or Surplus (105 gallons)
Distribution (%) (cfs) (ac-ft) ft) ft) Deliver (ac-ft), t) (10° gallons)
3! .6 5.2 .0 5.2 5.0 -0.2 -0.1 .9
7. .1 4.2 .0 9.4 0.0 0.8 0., .2
2. 7 .4 .0 .8 5.0 16 0. 7
4 .2 .8 .5 .0 .3 9.9 15 0.
5 7. .9 .8 .0 4.9 -0.8 -0.3
6 .90 .0 .0 .0 9.9 -1.0 -0.3
7 .25 .0 .0 4.9 0.0 0.0
8 4.6 .0 . 9.9 0.4 0.1 5
9 3.6 .0 413 44.9 14 0.4 .2
3.7 .0 44. 49.9 13 0.4 .6
4.6 .0 49.! 54.9 0.4 0. .7
4.6 .0 54. 59.8 0.4 0. .9
4.6 .0 58. 64.8 0.4 0. 4.0
4 5 4.6 .0 63.2 69.8 0.4 0. 4.
5 .99 4.6 .0 67.9 74.8 0.4 0. 4.
6 .47 .4 .0 73.2 79.8 -04 -0. 4.
7 .0 78.7 4.8 -0.! -0. 4.0
8 .0 4.2 9.8 0. -0. .8
9 . . .0 9.7 4.8 -0.! -0. .6
.60 R .6 .0 5.3 9.7 -0.! -0. .4
.75 4. .9 .0 4.2 04.7 -3. -1, .2
4.17" .4 .0 0.6 09.7 -1 0. 7
.74 .8 .0 6.4 4.7 -0. -0. 4
4 .31 .0 21.5 9.7 -0. 0.0 4
25 .55 X .0 27.0 4.7 -0.! -0. 2
6 4.3 .4 .0 33.8 9.7 -1 -0.! 0.7
7 4.2. .3 .0 40.3 4.7 -1 -0.! 0.
8 2.4 .9 3 .0 44.0 9. 1. 0.4 0.
9 1.35¢ 1 1 .0 46.1 44. 2.9 0.9 1.
30 2.33Y 1.8 3.6 .0 149.7 149. 1.4 0.5 2.0
31 3.15Y 2.5 4.9 5.0 154.6 154. 0.1 0.0 2.0
Totals 154.6 154.6
Maximum Month Water Demand Curvel
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Valley City - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 6.90 ac-ft 3.5 cfs
Max Month 2050 Water Demand = 120.4 ac-ft 2.0 cfs
Max Month Project Flows = 120.4 ac-ft 2.0 cfs

Starting Storage =
Required Storage +
Storage estimated cost =

1.6 million gallons
3.4 million gallons or
$1,680,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) =
Peak day shortage in storage =

3.7 mg
1.0 mg

11.4 ac-ft
3.0 ac-ft

Groundwater Analysis:

Appendix A

2.2 mgd 1561.3 gpm
1.3 mgd 878.8 gpm
1.3 mgd
10 ac-ft
1.5 cfs 687.5 gpm

Valley City has a permitted withdrawal rate of 800 gpm from their groundwater source in addition their 13,464 gpm surface water source. The

800 gpm well capacity is adequate to cover their peak day storage of 665.2 gpm.

Day of Max Daily Water Daily Water (Daily Water| Dai.ly Water A\:;;‘:en:' Accum. St:\rl:;eeror Water Storage Net Storage
Month , D.emgnd Demand Demand |Delivery (ac Demand (ac syslem Sl (e or Surplus (10° gallons)
Distribution (%) (cfs) (ac-ft) ft) t) Deliver (ac-ft), ft) (10° gallons)

1 3.33% 2.0 4.0 3.9 4.0 3.9 -0.1 0.0 1.6
2 2.72% 1.7 3.3 3.9 7.3 7.8 0.6 0.2 1.8
3 2.21% 13 27 3.9 10.0 11.7 1.2 0.4 2.2
4 2.26% 14 27 3.9 12.7 15.5 1.2 0.4 2.5
5 3.72% 2.3 4.5 3.9 17.2 19.4 -0.6 -0.2 23
6 3.90% 24 4.7 3.9 21.8 23.3 -0.8 -0.3 21
7 3.25% 2.0 3.9 3.9 25.8 27.2 0.0 0.0 2.1
8 2.96% 1.8 3.6 3.9 29.3 31.1 0.3 0.1 2.2
9 2.33% 14 2.8 3.9 32.1 35.0 1.1 0.3 2.5
10 2.38% 14 29 3.9 35.0 38.8 1.0 0.3 2.9
11 2.96% 1.8 3.6 3.9 38.6 42.7 0.3 0.1 3.0
12 2.96% 1.8 3.6 3.9 42.1 46.6 0.3 0.1 3.1
13 2.96% 1.8 3.6 3.9 45.7 50.5 0.3 0.1 3.2
14 2.96% 1.8 3.6 3.9 49.3 54.4 0.3 0.1 33
15 2.99% 1.8 3.6 3.9 52.9 58.3 0.3 0.1 34
16 3.47% 2.1 4.2 3.9 57.0 62.1 -0.3 -0.1 33
17 3.56% 2.2 4.3 3.9 61.3 66.0 -0.4 -0.1 3.1
18 3.56% 2.2 4.3 3.9 65.6 69.9 -0.4 -0.1 3.0
19 3.56% 2.2 4.3 3.9 69.9 73.8 -0.4 -0.1 29
20 3.60% 2.2 4.3 3.9 74.2 7.7 -0.5 -0.1 27
21 5.75% 35 6.9 3.9 81.1 81.6 -3.0 -1.0 1.7
22 4.17% 25 5.0 3.9 86.2 85.4 -1.1 -0.4 14
23 3.74% 2.3 4.5 3.9 90.7 89.3 -0.6 -0.2 1.2
24 3.31% 2.0 4.0 3.9 94.7 93.2 -0.1 0.0 1.1
25 3.55% 2.2 4.3 3.9 98.9 97.1 -04 -0.1 1.0
26 4.39% 2.7 5.3 3.9 104.2 101.0 -14 -0.5 0.5
27 4.21% 2.6 5.1 3.9 109.3 104.9 -1.2 -0.4 0.2
28 2.41% 15 29 3.9 112.2 108.7 1.0 0.3 0.5
29 1.35% 0.8 1.6 3.9 113.8 112.6 23 0.7 1.2
30 2.33% 14 2.8 3.9 116.6 116.5 1.1 0.4 1.6
31 3.15% 1.9 3.8 3.9 120.4 120.4 0.1 0.0 1.6

Totals 120.4 120.4

Maximum Month Water Demand CurveI
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Moorhead - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Appendix A

Basic Design Data:

Peak Day 2050 Water Demand = 57.18 ac-ft 28.8 cfs
Max Month 2050 Water Demand = 1333.8 ac-ft 21.7 cfs
Max Month Project Flows = 1333.8 ac-ft 21.7 cfs

Starting Storage =
Required Storage +
Storage estimated cost =

Monthly shortage in storage (31 days) =
Peak day shortage in storage =

Groundwater Analysis:

15.0 million gallons
30.0 million gallons
$15,018,000 (assumes $0.50 per gallon cost)

36.6
4.1

mg
mg

or

112.4 ac-ft
12.7 ac-ft

18.6 mgd 12938.1 gpm
14.0 mgd 9735.4 gpm
14.0 mgd

92 ac-ft

6.4 cfs 2879.7 gpm

Moorhead has a permitted withdrawal rate of 4,150 gpm from their groundwater sources which is already allocated for day-to-day use. However,
it is generally understood that Moorhead has significantly more groundwater capacity available in the Buffalo Aquifer (10 miles south of
Moorhead) if needed. To meet Moorhead's peak day requirements, additional well capacity of 2880 gpm will be developed to meet daily

peaking.
; ) ; Accum. Water
Water Storage
Day of Max Rl =] Daily Water il Wetier Da'.ly Wty Water (YOS, Storage or Surpl 9 Net Storage
W Tatitds Demand Demand (cfs) Demand (ac{ Delivery (ac: Demand (ac- System ST (G- or Surplus (10° gallons)
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (10° gallons)
.40 45.4 43.0 45.4 43.0 -2.4 -0.8 4.
7 7. 43.0 82.6 86.1 5.8 1. 6.
.2 0.4 43.0 13.0 29. 12.6 4. 0..
4 .3 1. 43.0 44.0 72. 12.0 3. 4.
5 .7 0. 43.0 94.6 15. 7. -25
6 .9 5 2. 43.0 47.5 58. -9. -3.2
7 .32 .3 44. 43.0 1.8 01. -1. -0.4
8 .03 0.4 40.4 43.0 2. 44, 2.6 0.9
9 .40 6.2 32.0 43.0 4. 87. 11.0 3.6
10 .45 6.5 32.7 43.0 6. 430. 10.4 3.4
11 0! 0.4 40.4 43.0 437. 473. 2. 0. .
12 .0 20.4 40.4 43.0 477. 516.. 2. 0. 27.
13 0! 20.4 40.4 43.0 518.0 559.! 2. 0. 28.!
14 0! 20.4 40.4 43.0 558.4 02.4 2. 0. 29.!
15 .06 20.6 40.8 43.0 99.2 45.4 2. 0. 30.0
16 Y 23.8 47.1 43.0 46.4 88.4 -4.1 -1.3 28.7
17 Y 24.4 48.4 43.0 94.8 31.4 -5.4 -1.7 26.9
18 Y 24.4 48.4 43.0 43.2 774. -5.4 -1.7 25.2
19 Y 24.4 48.4 43.0 791.5 17. -5.4 -1.7 235
20 .67 24.7 49.0 43.0 40.5 60. -5.9 -1.9 215
21 4.18Y 28.1 55, 43.0 96.2 03.! -12.7 -4.1 17.4
22 4.16% 28.0 55, 43.0 51.7 46. -12.5 -4.1 13.3
23 .81% 25.6 50.. 43.0 1,002. 89. -7.8 -2.5 10.8
24 .38% 22.7 45. 43.0 1,047. 1,032.6 -2.1 -0.7 10.1
25 .61% 243 48.2 43.0 1,095. 1,075.6 -5.2 -1.7 8.4
26 4.17% 28.0 55.6 43.0 1,151.4 1,118.7 -12.6 -4.1 4.
27 4.16% 28.0 55.5 43.0 1,206.9 1,161.7 -12.5 -4.1 0.
28 2.48% 16.7 33.1 43.0 1,240.0 1,204.7 9.9 3.2 3.
29 1.42% 9.5 18.9 43.0 1,258. 1,247.7 24.1 7.9 114
30 2.40% 16.1 31.9 43.0 1,290. 1,290.8 11.1 3.6 15.0
31 3.22% 21.6 42.9 43.0 1,333. 1,333.8 0.1 0.0 15.0
Totals 1,333.8 1,333.8
Maximum Month Water Demand Curve
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Final Needs and Options Report Appendix A

Moorhead - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 44.56 ac-ft 225 cfs 14.5 mgd 10082.6 gpm
Max Month 2050 Water Demand = 1065.3 ac-ft 17.3 cfs 11.2 mgd 7775.7 gpm
Max Month Project Flows = 1065.3 ac-ft 17.3 cfs 11.2 mgd

Starting Storage = 12.0 million gallons

Required Storage + 24.0 million gallons or 74 ac-ft

Storage estimated cost = $12,005,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 29.2 mg 89.8 ac-ft

Peak day shortage in storage = 3.3 mg 10.2 ac-ft 5.1 cfs 2300.0 gpm

Groundwater Analysis:
Moorhead has a permitted withdrawal rate of 4,150 gpm from their groundwater sources which is already allocated for day-to-day use. However,
it is generally understood that Moorhead has significantly more groundwater capacity available in the Buffalo Aquifer (10 miles south of
Moorhead) if needed. To meet Moorhead's peak day requirements, additional well capacity of 2300 gpm will be developed to meet daily

peaking.
Day of Max Daily Water Daily Water Daily Water Dai.ly Water A\ﬁ:::' Accum. St(‘)’\rlzztjiror Water Storage Net Storage
Month Demand Bemer (@) Demand (ac{ Delivery (ac Bemend e System Syelles (- or Surplus (105 gallons)
Distribution (%) ft) ft) t) Deliver (ac-ft) ft) (10° gallons)

1 3.40% 18.3 36.3 34.4 36.3 34.4 -1.9 -0.6 114
2 2.79% 15.0 29.8 34.4 66.0 68.7 4.6 15 129
3 2.28% 12.2 243 34.4 90.3 103.1 10.1 3.3 16.2
4 2.32% 12.5 24.8 34.4 115.0 137.5 9.6 3.1 193
5 3.79% 20.4 40.4 34.4 155.5 1718 -6.0 -2.0 17.3
6 3.97% 213 42.2 34.4 197.7 206.2 -7.9 -2.6 148
7 3.32% 17.8 35.3 34.4 233.0 240.6 -1.0 -0.3 145
8 3.03% 16.3 32.3 34.4 265.3 274.9 2.1 0.7 15.1
9 2.40% 12.9 25.6 34.4 290.9 309.3 8.8 29 18.0
10 2.45% 13.2 26.1 34.4 317.0 343.6 8.3 27 20.7
11 3.03% 16.3 32.3 34.4 349.2 378.0 21 0.7 214
12 3.03% 16.3 32.3 34.4 381.5 412.4 21 0.7 22.1
13 3.03% 16.3 32.3 34.4 413.7 446.7 21 0.7 227
14 3.03% 16.3 32.3 34.4 446.0 481.1 21 0.7 234
15 3.06% 16.4 32.6 34.4 478.6 5156.5 18 0.6 24.0
16 3.53% 19.0 37.6 34.4 516.3 549.8 -3.3 -1.1 229
17 3.63% 19.5 38.6 34.4 554.9 584.2 -4.3 -1.4 215
18 3.63% 19.5 38.6 34.4 593.6 618.6 -4.3 -1.4 20.1
19 3.63% 19.5 38.6 34.4 632.2 652.9 -4.3 -1.4 18.8
20 3.67% 19.7 39.1 34.4 671.3 687.3 -4.7 -1.5 17.2
21 4.18% 225 44.5 34.4 715.8 721.7 -10.2 -3.3 13.9
22 4.16% 223 44.3 34.4 760.1 756.0 -10.0 -3.2 10.7
23 3.81% 20.5 40.6 34.4 800.7 790.4 -6.2 -2.0 8.6
24 3.38% 18.2 36.0 34.4 836.7 824.7 -1.6 -0.5 8.1
25 3.61% 19.4 38.5 34.4 875.2 859.1 -4.1 -1.3 6.8
26 4.17% 22.4 44.4 34.4 919.6 893.5 -10.1 -3.3 3.5
27 4.16% 22.3 44.3 34.4 964.0 927.8 -10.0 -3.2 0.2
28 2.48% 133 26.4 34.4 990.4 962.2 7.9 2.6 2.8
29 1.42% 7.6 15.1 34.4 1,005.5 996.6 19.3 6.3 9.1
30 2.40% 12.9 25.5 34.4 1,031.0 1,030.9 8.8 29 12.0
31 3.22% 17.3 34.3 34.4 1,065.3 1,065.3 0.1 0.0 12.0

Totals 1,065.3 1,065.3

Maximum Month Water Demand Curvel
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Final Needs and Options Report

Langdon (City and RWS) - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Appendix A

Peak Day 2050 Water Demand = 5.40 ac-ft 2.7 cfs 1.8 mgd
Max Month 2050 Water Demand = 105.3 ac-ft 1.7 cfs 1.1 mgd
Max Month Project Flows = 105.3 ac-ft 1.7 cfs 1.1 mgd
Starting Storage = 1.3 million gallons
Required Storage + 2.8 million gallons or 8 ac-ft
Storage estimated cost = $1,377,000 (assumes $0.50 per gallon cost)
Monthly shortage in storage (31 days) = 3.2mg 9.7 ac-ft
Peak day shortage in storage = 0.7 mg 2.1 ac-ft 1.08 cfs
. . . Accum. Water
Water Storage
Day of Max Dty WEter Daily Water eIy Wty Dal.ly WD Water PRI Storage or Surpl 9 Net Storage
Month Demand Demandllers) Demand |Delivery (ac D (€5 System Sl (- or Surplus (10° gallons)
Distribution (%) (ac-ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) 9
1 3.35% 18 35 34 35 3.4 -0.1 0.0 13
2 2.74% 1.5 2.9 34 6.4 6.8 0.5 0.2 1.4
3 2.23% 12 2.3 34 8.8 10.2 11 0.3 1.8
4 2.27% 1.2 24 34 11.2 13.6 1.0 0.3 2.1
5 3.74% 2.0 3.9 3.4 15.1 17.0 -0.5 -0.2 19
6 3.91% 2.1 4.1 34 19.2 20.4 -0.7 -0.2 1.7
7 3.26% 17 3.4 3.4 22.7 23.8 0.0 0.0 17
8 2.98% 1.6 3.1 34 25.8 27.2 0.3 0.1 1.8
9 2.35% 12 25 34 28.3 30.6 0.9 0.3 2.1
10 2.40% 1.3 25 34 30.8 34.0 0.9 0.3 2.3
11 2.98% 1.6 3.1 3.4 33.9 37.4 0.3 0.1 2.4
12 2.98% 1.6 3.1 34 37.1 40.8 0.3 0.1 25
13 2.98% 1.6 3.1 3.4 40.2 44.2 0.3 0.1 2.6
14 2.98% 1.6 3.1 34 43.3 47.6 0.3 0.1 2.7
15 3.01% 1.6 3.2 3.4 46.5 51.0 0.2 0.1 2.8
16 3.48% 1.8 3.7 34 50.2 54.3 -0.3 -0.1 2.7
17 3.58% 19 3.8 3.4 53.9 57.7 -0.4 -0.1 25
18 3.58% 1.9 3.8 34 57.7 61.1 -0.4 -0.1 24
19 3.58% 19 3.8 3.4 61.4 64.5 -0.4 -0.1 23
20 3.62% 1.9 3.8 34 65.3 67.9 -0.4 -0.1 2.2
21 5.25% 2.8 5.5 3.4 70.8 713 -2.1 -0.7 1.5
22 4.19% 2.2 4.4 34 75.2 74.7 -1.0 -0.3 1.1
23 3.76% 2.0 4.0 3.4 79.2 78.1 -0.6 -0.2 1.0
24 3.33% 1.8 3.5 34 82.7 81.5 -0.1 0.0 0.9
25 3.56% 19 3.8 3.4 86.4 84.9 -0.4 -0.1 0.8
26 4.41% 2.3 4.6 34 91.1 88.3 -1.2 -0.4 0.4
27 4.23% 2.2 4.5 3.4 95.5 91.7 -1.1 -0.3 0.1
28 2.43% 1.3 2.6 34 98.1 95.1 0.8 0.3 03
29 1.37% 0.7 14 3.4 99.5 98.5 2.0 0.6 1.0
30 2.34% 1.2 25 34 102.0 101.9 0.9 0.3 13
31 3.16% 1.7 3.3 3.4 105.3 105.3 0.1 0.0 1.3
Totals 105.3 105.3
Maximum Month Water Demand Curve
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Final Needs and Options Report

Langdon (City and RWS) - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Appendix A

Basic Design Data:

Peak Day 2050 Water Demand = 4.60 ac-ft 2.3 cfs 1.5 mgd
Max Month 2050 Water Demand = 90.4 ac-ft 1.5 cfs 1.0 mgd
Max Month Project Flows = 90.4 ac-ft 1.5 cfs 1.0 mgd
Starting Storage = 1.2 million gallons
Required Storage + 2.4 million gallons or 8 ac-ft
Storage estimated cost = $1,224,000 (assumes $0.50 per gallon cost)
Monthly shortage in storage (31 days) = 2.7 mg 8.3 ac-ft
Peak day shortage in storage = 0.6 mg 1.8 ac-ft 0.92 cfs
Day of Max Daily Water Daily Water Daily Water Dailly Water AV(\:’:;J;?' Accum. St(\),\rI:;Zror Water Storage Net Storage
Month Demand Demand (cfs) Demand |Delivery (ac D (65 System STl (e or Surplus (10° gallons)
Distribution (%) (ac-ft) ft) t) Deliver (ac-ft) ft) (10° gallons) 9
1 3.35% 15 3.0 2.9 3.0 29 -0.1 0.0 12
2 2.74% 1.2 25 2.9 5.5 5.8 0.4 0.1 13
3 2.23% 1.0 2.0 2.9 7.5 8.7 0.9 0.3 1.6
4 2.271% 1.0 2.1 2.9 9.6 11.7 0.9 0.3 1.9
5 3.74% 17 34 2.9 13.0 14.6 -0.5 -0.2 17
6 3.91% 1.8 3.5 2.9 16.5 17.5 -0.6 -0.2 15
7 3.26% 15 3.0 2.9 19.4 20.4 0.0 0.0 15
8 2.98% 1.4 2.7 2.9 22.1 233 0.2 0.1 1.6
9 2.35% 1.1 2.1 2.9 24.3 26.2 0.8 0.3 1.8
10 2.40% 1.1 2.2 2.9 26.4 29.2 0.7 0.2 2.1
11 2.98% 14 2.7 2.9 29.1 32.1 0.2 0.1 2.2
12 2.98% 1.4 2.7 2.9 31.8 35.0 0.2 0.1 2.2
13 2.98% 1.4 2.7 2.9 34.5 379 0.2 0.1 23
14 2.98% 1.4 2.7 2.9 37.2 40.8 0.2 0.1 24
15 3.01% 1.4 2.7 2.9 39.9 43.7 0.2 0.1 24
16 3.48% 1.6 3.1 2.9 43.1 46.7 -0.2 -0.1 24
17 3.58% 1.6 3.2 2.9 46.3 49.6 -0.3 -0.1 2.3
18 3.58% 1.6 3.2 2.9 49.5 52.5 -0.3 -0.1 2.2
19 3.58% 1.6 3.2 2.9 52.8 55.4 -0.3 -0.1 2.1
20 3.62% 1.6 3.3 2.9 56.0 58.3 -0.4 -0.1 1.9
21 5.25% 2.4 4.7 2.9 60.8 61.2 -1.8 -0.6 1.4
22 4.19% 19 3.8 2.9 64.6 64.2 -0.9 -0.3 1.1
23 3.76% 17 3.4 2.9 68.0 67.1 -0.5 -0.2 0.9
24 3.33% 1.5 3.0 2.9 71.0 70.0 -0.1 0.0 0.9
25 3.56% 1.6 3.2 2.9 74.2 729 -0.3 -0.1 0.8
26 4.41% 2.0 4.0 2.9 78.2 75.8 -1.1 -0.3 0.4
27 4.23% 1.9 3.8 2.9 82.0 78.7 -0.9 -0.3 0.1
28 2.43% 1.1 2.2 2.9 84.2 81.7 0.7 0.2 0.4
29 1.37% 0.6 1.2 2.9 85.4 84.6 1.7 0.5 0.9
30 2.34% 1.1 2.1 2.9 87.5 87.5 0.8 0.3 1.2
31 3.16% 1.4 2.9 2.9 90.4 90.4 0.1 0.0 1.2
Totals 90.4 90.4
Maximum Month Water Demand CurveI
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Final Needs and Options Report Appendix A

Grand Forks-Traill Water District - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 11.20 ac-ft 5.6 cfs 3.6 mgd 2534.2 gpm
Max Month 2050 Water Demand = 233.3 ac-ft 3.8 cfs 2.5 mgd 1702.9 gpm
Max Month Project Flows = 233.3 ac-ft 3.8 cfs 2.5 mgd

Starting Storage = 2.8 million gallons

Required Storage + 5.9 million gallons or 18 ac-ft

Storage estimated cost = $2,926,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 6.8 mg 21.0 ac-ft

Peak day shortage in storage = 1.2 mg 3.7 ac-ft 1.9 cfs 834.7 gpm

Groundwater Analysis:
Grand Forks-Traill Water District (GFTWD) currently has wells in the Elk Valley Aquifer but their existing permitted capacity is insufficient to meet
their future needs so Reclamation proposes that they purchase some of their future water needs from the city of Grand Forks. Since their
additional peak day water need is only 807.8 gpm Reclamation proposes that GFTWD contract with a local Elk Valley Aquifer irrigator (only need
one irrigation well) to meet the infrequent peaking need.

Day of Max Daily Water Daily Water Daily Water Dai.ly Water A\ﬁ:::' Accum. St(‘)l\rlzgeror Water Storage Net Storage
Month Demand Demand (cfs) Demand (ac{ Delivery (ac Bemend e System Sl (e or Surplus (106 )
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (].Oa gallons)
1 3.37% 4.0 7.9 75 7.9 75 -0.3 -0.1 2.7
2 2.76% 3.2 6.4 75 14.3 15.1 11 0.4 3.1
3 2.24% 2.6 5.2 75 19.5 22.6 2.3 0.7 3.8
4 2.29% 2.7 5.3 75 248 30.1 2.2 0.7 4.5
5 3.76% 4.4 8.8 75 33.6 37.6 -1.2 -0.4 4.1
6 3.93% 4.6 9.2 75 42.8 45.2 -1.6 -0.5 3.6
7 3.28% 3.9 7.7 75 50.4 52.7 -0.1 0.0 3.5
8 2.99% 3.5 7.0 75 57.4 60.2 0.5 0.2 3.7
9 2.37% 2.8 5.5 75 62.9 67.7 2.0 0.7 4.4
10 2.41% 2.8 5.6 75 68.6 75.3 19 0.6 5.0
11 2.99% 3.5 7.0 75 75.5 82.8 0.5 0.2 5.2
12 2.99% 3.5 7.0 75 82.5 90.3 0.5 0.2 5.3
13 2.99% 3.5 7.0 75 89.5 97.8 0.5 0.2 5.5
14 2.99% 3.5 7.0 75 96.5 105.4 0.5 0.2 5.7
15 3.02% 3.6 7.1 75 103.5 1129 0.5 0.2 5.9
16 3.50% 4.1 8.2 75 111.7 120.4 -0.6 -0.2 5.6
17 3.59% 4.2 8.4 75 120.1 127.9 -0.9 -0.3 5.4
18 3.59% 4.2 8.4 75 128.4 135.5 -0.9 -0.3 5.1
19 3.59% 4.2 8.4 75 136.8 143.0 -0.9 -0.3 4.8
20 3.63% 4.3 8.5 75 145.3 150.5 -1.0 -0.3 4.5
21 4.81% 5.7 11.2 7.5 156.5 158.0 -3.7 -1.2 3.3
22 4.20% 4.9 9.8 75 166.3 165.6 -2.3 -0.7 2.6
23 3.77% 4.4 8.8 75 175.1 173.1 -1.3 -0.4 2.1
24 3.34% 3.9 7.8 75 182.9 180.6 -0.3 -0.1 2.1
25 3.58% 4.2 8.3 75 191.2 188.1 -0.8 -0.3 18
26 4.42% 5.2 10.3 7.5 201.6 195.7 -2.8 -0.9 0.9
27 4.24% 5.0 9.9 75 2115 203.2 -2.4 -0.8 0.1
28 2.44% 29 5.7 75 217.2 210.7 18 0.6 0.7
29 1.38% 16 3.2 75 220.4 218.2 4.3 14 2.1
30 2.36% 2.8 5.5 7.5 225.9 225.8 2.0 0.7 2.8
31 3.18% 3.7 7.4 7.5 233.3 233.3 0.1 0.0 2.8
Totals 233.3 233.3
Maximum Month Water Demand Curvel
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Final Needs and Options Report Appendix A

Grand Forks-Traill Water District - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 7.80 ac-ft 3.9 cfs 2.5 mgd 1764.9 gpm
Max Month 2050 Water Demand = 161.7 ac-ft 2.6 cfs 1.7 mgd 1180.3 gpm
Max Month Project Flows = 161.7 ac-ft 2.6 cfs 1.7 mgd

Starting Storage = 2.0 million gallons

Required Storage + 4.1 million gallons or 13 ac-ft

Storage estimated cost = $2,058,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 4.7 mg 14.5 ac-ft

Peak day shortage in storage = 0.8 mg 2.6 ac-ft 1.3 cfs 578.5 gpm

Groundwater Analysis:
Grand Forks-Traill Water District (GFTWD) currently has wells in the Elk Valley Aquifer but their existing permitted capacity is insufficient to meet
their future needs so Reclamation proposes that they purchase some of their future water needs from the city of Grand Forks. Since their
additional peak day water need is only 556.3 gpm Reclamation proposes that GFTWD contract with a local Elk Valley Aquifer irrigator (only need
one irrigation well) to meet the infrequent peaking need.

Day of Max Daily Water Daily Water Daily Water Dai.ly Water AV‘\:I::J;‘ Accum. St:r’::;ror Water Storage Net Storage
Month e Demand (cfs) (e (e [Pelver; (@ Demand (ac- Sysiiam Surplus (ac- or Surplus (10° gallons)
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (10° gallons)
.37 7 5.4 54 5.2 -0.2 -0.1 .9
.76 4.5 9.9 0.4 0.; 0. .2
.24 .6 3. 5. 1. 0. 7
4 .2 .7 7. 0. 1. 0.
5 .7 .1 -0. -0.3
6 .4 -1. -0.4
7 5 . -0. 0.0
8 4 4. 41. 0.4 0.1
9 . .9 3. 43.! 46.9 1.4 0.5
10 4. .0 3. 47.! .2 1. 0.4
11 8 4 4. . 2.4 4 0.4 0.1
12 2. 2.4 4. .2 7.2 2.6 0.4 0.1
13 2. 2.4 4. .2 2.0 7.8 0.4 0.1 .
14 2. 2.4 4. .2 6.9 3.0 0.4 0.1 4.0
15 2. 4. .2 1.7 78.2 0.3 0.1 4.1
16 .509 2. .2 77.4 3.5 -0.4 -0.1 4.0
17 Y 2. .2 3.2 8.7 -0.! -0.2
18 Y 2. .2 9.0 3.9 -0.! -0.2 .
19 Y 2. .2 4.8 9.1 -0.! -0.2 .4
20 639 .0 .2 100.7 104.. -0. -0.2 .2
21 4.81Y .9 .2 108.5 109.! -2.! -0. .
22 4.20% 4 .2 1153 114. -1. -0.! 1.
23 . 77% .1 3 .2 121.4 120.0 -0.! -0.. 1.
24 .34% 7 .4 .2 126.8 125.2 -0.. -0.. 1.
25 .58% 2. .8 .2 132.6 130.4 -0.! -0.2 1.
26 4.42% 3. 1 .2 139.7 135.6 -1 -0.6 0.
27 4.24% 3. 6.9 .2 146.! 140.8 -1. -0.5 0.1
28 2.44% 2.0 4.0 .2 150.! 146.1 13 0.4 0.5
29 1.38% 11 2.2 .2 152. 151.3 3.0 1.0 15
30 2.36% 19 3.8 .2 156.! 156.5 14 0.5 2.0
31 3.18% 2.6 5.1 .2 161. 161.7 0.1 0.0 2.0
Totals 161.7 161.7
Maximum Month Water Demand Curve
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Final Needs and Options Report Appendix A

Grand Forks - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 144.77 ac-ft 73.0 cfs 47.2 mgd 32757.1 gpm
Max Month 2050 Water Demand = 2685.8 ac-ft 43.7 cfs 28.2 mgd 19603.7 gpm
Max Month Project Flows = 2685.8 ac-ft 43.7 cfs 28.2 mgd

Starting Storage = 32.0 million gallons

Required Storage + 69.5 million gallons or 213 ac-ft

Storage estimated cost = $34,748,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 81.0 mg 248.5 ac-ft

Peak day shortage in storage = 18.5 mg 56.9 ac-ft 28.7 cfs 12869.0 gpm

Groundwater Analysis:

Grand Forks currently has no developed groundwater resources to draw on to meet peak day water demands. However, the Elk Valley Aquifer
approximately 17 miles west of Grand Forks has some developed irrigation groundwater that could potentially be purchased on a short term basis
to meet peak day requirements. To meet Grand Fork's peak day requirements, additional well capacity of 12,900 gpm will need to be developed.

Day of Max Daily Water Daily Water Daily Water Dailly Water A\«;::Jen: Accum. St:‘[’:;r or Water Storage Net Storage
W Tatitds Demand Demand (cfs) Demand (ac-| Delivery (ac: Demand (ac- System ST (G- or Surplus (10° gallons)
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) 9
.35 45. 89.9 89.9 86.6 - -11 0.9
.74 7. 73.6 3. 73. 4. 5.2
.22 0. 59.7 3. 59. . 44.0
4 .27 0. 61.0 4. 4 3 .4 52.
5 .74 0. 100.4 4. 433. -13.8 -4.5 47.!
6 .91 2. 105.0 489. 19.8 -18.4 -6.0 41!
7 .26 44. 87. 577. 06.5 -1.0 -0.3 41
8 .97 40.! 79. 657.0 93.1 6.8 22 43.;
9 .35 1. 63. 720.1 79.7 23.6 7.7 4
10 .39 2.4 64. 784.4 866.4 22.3 7.3 7
11 .97 40. 79. 864.2 953.0 . 2.2 .9
12 2.97 40. 79. 944.1 1,039.7 . 2.2 1
13 2.97 40. 79. 1,023. 1,126. . 2.2 4
14 2.97 40. 79. . 1,103. 1,212. . 2.2 .
15 .01 40. . . 1,184. 1,299. 3 1.9 9.
16 .48 47.1 .4 . 1,277. 1,386. -6. -2.2 7.
17 7 48.4 .0 . 1,373. 1,472.9 -9. -3.0 4.
18 7 48.4 0 1,469. 1,559.5 -9. -3.0 1.2
19 7 48.4 .0 . 1, . 1,646.1 -9. -3.0 8.2
20 2! 49.0 .1 . 1, . 1,732.8 -10.5 -3.4 4.8
21 4% 72.4 143.5 . 1,806.4 1,819.4 -56.9 -18.5 6.2
22 4.18% 56.7 112.4 . 1,918. 1,906.1 -25.7 -8.4 7.8
23 . 75% 50.8 100.8 . 2,019. 1,992.7 -14.2 -4. 23.2
24 .32% 45.0 89.3 . 2,108 2,079.3 -2.7 -0.! 22.4
25 .56% 48.2 95.6 . 2,204.! 2,166.0 -8.9 -2.! 19.4
26 4.40% .6 118.2 . 2,322. 2,252.6 -31.6 -10.3 9.1
27 4.23% 2 1135 . 2,436.. 2,339.2 -26.9 -8.8 0.4
28 2.43% 2.9 5.2 . 2,501.4 2,425.9 21.5 7.0 7.4
29 1.36% 8.5 6.6 . 2,538.1 2,512.5 50.0 16.3 23.7
30 2.34% 317 2.9 . 2,600.9 2,599.2 23.8 7.7 314
31 3.16% 42.8 4.9 . 2,685.8 2,685.8 1.8 0.6 32.0
Totals 2,685.8 2,685.8
Maximum Month Water Demand CurveI
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Final Needs and Options Report Appendix A

Grand Forks - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 135.35 ac-ft 68.2 cfs 44.1 mgd 30625.6 gpm
Max Month 2050 Water Demand = 2533.2 ac-ft 41.2 cfs 26.6 mgd 18489.9 gpm
Max Month Project Flows = 2533.2 ac-ft 41.2 cfs 26.6 mgd

Starting Storage = 30.0 million gallons

Required Storage + 65.4 million gallons or 201 ac-ft

Storage estimated cost = $32,683,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 76.4 mg 234.4 ac-ft

Peak day shortage in storage = 17.5 mg 53.6 ac-ft 27.0 cfs 12137.8 gpm

Groundwater Analysis:

Grand Forks currently has no developed groundwater resources to draw on to meet peak day water demands. However, the Elk Valley Aquifer
approximately 17 miles west of Grand Forks has some developed irrigation groundwater that could potentially be purchased on a short term basis
to meet peak day requirements. To meet Grand Fork's peak day requirements, additional well capacity of 12,200 gpm will need to be developed.

Day of Max Daily Water Daily Water Daily Water Dailly Water A\«;::Jen: Accum. St:‘[’:;r or Water Storage Net Storage
N Tatitd Demand Demand (cfs) Demand (ac-| Delivery (ac: Demand (ac- System ST (G- or Surplus (10° gallons)
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) 9
.35 42.8 4. 7 84.8 81.7 -3.1 -1.0 29.0
.74 .0 9.4 7 4.2 63.4 2.3 4.0 .0
.22 4 6. 7 0.5 45. 5.4 8.3 413
4 .27 .0 7.5 7 8.0 26. 4.2 7.9 49.2
5 .74 47.7 4.7 7 2.7 408. -13.0 4. 45.0
6 .91 49.9 7 461.7 490. -17.3 5.1 .3
7 .26 41.7 7 44.4 572.0 -0.9 -0.! .0
8 .97 .0 . 7 19.7 653.7 6.4 2. 41.
9 .35 0.0 59. 7 79.2 735.4 222 7. 48.
10 .39 0.6 60. 7 39.8 . 211 6. 55.
11 .97 .0 75. 7 15.1 8. 4 2. 7.
12 2.97 .0 75. 1.7 90.4 0. 4 2.1 9.4
13 2.97 .0 75. 1.7 65.7 1,062.3 4 2.1 1.5
14 2.97 .0 75. 1.7 1,041.1 1,144.0 4 2.1 .6
15 .01 4 76. 1.7 1,117.2 1,225.7 .6 1.8 4
16 .48 44.4 .1 1.7 1,205. 1,307.5 -6.4 -2.1 .3
17 .57 4! 0. 1.7 1,295. 1,389.2 -8. -2.! 0.4
18 .57 4! 0. 1.7 1,386. 1,470. -8. -2.! 7.5
19 .57 45. 0. 1.7 1,476. 1,552. -8. -2.! 4.7
20 .62 46. 1. 1.7 1,568.4 1,634. -9.! -3.. 1.5
21 .34 68.2 135.4 1.7 1,703. 1,716. -53.6 -17.5 4.0
22 4.18% 53.4 106.0 1.7 1,809. 1,797. -24.3 -7.9 6.1
23 . 75% 47. 5.1 1.7 1,904. 1,879. -13.4 -4.4 21.7
24 .32% 42. 4.2 1.7 1,989. 1,961. -2.5 -0.8 20.9
25 .56% 45. 0.2 1.7 2,079.. 2,042 -8.4 -2.7 18.2
26 4.40% 6. 1115 1.7 2,190. 2,124.1 -29.8 9.7 8.4
27 4.23% 4.0 107.1 1.7 2,297. 2,206.. -25.4 -8.3 0.2
28 2.43% 1.0 1 1.7 2,359. 2,288. 20.3 6.6 6.8
29 1.36% 7.4 4. 1.7 2,393 2,369.8 47.2 15.4 22.2
30 2.34% 29.9 9. 1.7 2,453. 2,451.5 22.4 7.3 29.5
31 3.16% 40.4 0. 1.7 2,533.2 2,533.2 1.7 0.5 30.0
Totals 2,533.2 2,533.2
Maximum Month Water Demand CurveI
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Final Needs and Options Report

Grafton - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Appendix A

Peak Day 2050 Water Demand = 6.51 ac-ft 3.3 cfs 2.1 mgd
Max Month 2050 Water Demand = 153.1 ac-ft 2.5 cfs 1.6 mgd
Max Month Project Flows = 153.1 ac-ft 2.5 cfs 1.6 mgd
Starting Storage = 2.0 million gallons
Required Storage + 3.8 million gallons or 11.7 ac-ft
Storage estimated cost = $1,903,000 (assumes $0.50 per gallon cost)
Monthly shortage in storage (31 days) = 4.28 mg 13.1 ac-ft
Peak day shortage in storage = 0.51 mg 1.57 ac-ft 0.79 cfs
. . . Accum. Water
Water Storage
Day of Max Dty WEter Daily Water eIy Wk Dal.ly WD Water PRI Storage or Surpl 9 Net Storage
Month Demand Demandllers) Demand |Delivery (ac D (€5 System Sl (- or Surplus (10° gallons)
Distribution (%) (ac-ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) 9
1 3.39% 2.6 5.2 4.9 5.2 4.9 -0.3 -0.1 1.9
2 2.78% 2.1 4.3 4.9 9.5 9.9 0.7 0.2 2.1
3 2.27% 17 35 4.9 129 14.8 15 0.5 2.6
4 2.31% 1.8 3.5 4.9 16.5 19.8 1.4 0.5 3.1
5 3.78% 2.9 5.8 4.9 22.3 24.7 -0.9 -0.3 2.8
6 3.95% 3.1 6.1 4.9 28.3 29.6 -1.1 -0.4 24
7 3.31% 2.6 5.1 4.9 33.4 34.6 -0.1 0.0 24
8 3.02% 2.3 4.6 4.9 38.0 39.5 0.3 0.1 25
9 2.39% 18 3.7 4.9 41.7 44.4 13 0.4 29
10 2.44% 1.9 3.7 4.9 45.4 49.4 1.2 0.4 33
11 3.02% 2.3 4.6 4.9 50.0 54.3 0.3 0.1 3.4
12 3.02% 2.3 4.6 4.9 54.6 59.3 0.3 0.1 35
13 3.02% 2.3 4.6 4.9 59.2 64.2 0.3 0.1 3.6
14 3.02% 2.3 4.6 4.9 63.9 69.1 03 0.1 3.7
15 3.05% 2.4 4.7 4.9 68.5 74.1 0.3 0.1 3.8
16 3.52% 2.7 5.4 4.9 73.9 79.0 -0.5 -0.1 3.7
17 3.62% 2.8 55 4.9 79.5 84.0 -0.6 -0.2 35
18 3.62% 2.8 5.5 4.9 85.0 88.9 -0.6 -0.2 33
19 3.62% 2.8 5.5 4.9 90.5 93.8 -0.6 -0.2 3.1
20 3.66% 2.8 5.6 4.9 96.1 98.8 -0.7 -0.2 29
21 4.25% 3.3 6.5 4.9 102.7 103.7 -1.6 -0.5 23
22 4.23% 3.3 6.5 4.9 109.1 108.7 -1.5 -0.5 1.8
23 3.80% 2.9 5.8 4.9 114.9 113.6 -0.9 -0.3 1.6
24 3.37% 2.6 5.2 4.9 120.1 118.5 -0.2 -0.1 15
25 3.60% 2.8 55 4.9 125.6 1235 -0.6 -0.2 13
26 4.24% 3.3 6.5 4.9 132.1 128.4 -1.6 -0.5 0.8
27 4.24% 3.3 6.5 4.9 138.6 133.3 -1.6 -0.5 0.3
28 2.47% 19 3.8 4.9 142.4 138.3 1.2 0.4 0.7
29 1.41% 1.1 2.2 4.9 1445 143.2 2.8 0.9 1.6
30 2.38% 1.8 3.7 4.9 148.2 148.2 13 0.4 2.0
31 3.20% 2.5 4.9 4.9 153.1 153.1 0.0 0.0 2.0
Totals 153.1 153.1
‘Maximum Month Water Demand Curve|
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Final Needs and Options Report

Grafton - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Appendix A

Peak Day 2050 Water Demand = 4.31 ac-ft 2.2 cfs 1.4 mgd
Max Month 2050 Water Demand = 101.3 ac-ft 1.6 cfs 1.1 mgd
Max Month Project Flows = 101.3 ac-ft 1.6 cfs 1.1 mgd
Starting Storage = 1.5 million gallons
Required Storage + 2.7 million gallons or 8.3 ac-ft
Storage estimated cost = $1,347,000 (assumes $0.50 per gallon cost)
Monthly shortage in storage (31 days) = 2.83 mg 8.7 ac-ft
Peak day shortage in storage = 0.34 mg 1.04 ac-ft 0.52 cfs
. . . Accum. Water
Water Storage
Day of Max Dty WEter Daily Water eIy Wk Dal.ly WD Water PRI Storage or Surpl 9 Net Storage
Month Demand Demandllers) Demand |Delivery (ac D (€5 System Sl (- or Surplus (10° gallons)
Distribution (%) (ac-ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) 9
1 3.39% 1.7 3.4 3.3 3.4 3.3 -0.2 -0.1 14
2 2.78% 1.4 2.8 3.3 6.3 6.5 0.4 0.1 1.6
3 2.27% 12 2.3 3.3 8.6 9.8 1.0 0.3 19
4 2.31% 1.2 2.3 3.3 10.9 13.1 0.9 0.3 2.2
5 3.78% 19 3.8 3.3 147 16.3 -0.6 -0.2 2.0
6 3.95% 2.0 4.0 3.3 18.7 19.6 -0.7 -0.2 1.8
7 3.31% 17 3.3 3.3 22.1 22.9 -0.1 0.0 18
8 3.02% 1.5 3.1 3.3 25.1 26.1 0.2 0.1 1.8
9 2.39% 12 24 3.3 27.6 29.4 0.8 0.3 2.1
10 2.44% 1.2 25 3.3 30.0 32.7 0.8 0.3 24
11 3.02% 15 3.1 3.3 33.1 35.9 0.2 0.1 24
12 3.02% 1.5 3.1 3.3 36.1 39.2 0.2 0.1 25
13 3.02% 15 3.1 3.3 39.2 42.5 0.2 0.1 2.6
14 3.02% 1.5 3.1 3.3 42.3 45.7 0.2 0.1 2.6
15 3.05% 1.6 3.1 3.3 45.3 49.0 0.2 0.1 2.7
16 3.52% 1.8 3.6 3.3 48.9 52.3 -0.3 -0.1 2.6
17 3.62% 18 3.7 3.3 52.6 55.6 -0.4 -0.1 25
18 3.62% 1.8 3.7 3.3 56.2 58.8 -0.4 -0.1 2.3
19 3.62% 1.8 3.7 3.3 59.9 62.1 -0.4 -0.1 2.2
20 3.66% 1.9 3.7 3.3 63.6 65.4 -0.4 -0.1 2.1
21 4.25% 2.2 4.3 3.3 67.9 68.6 -1.0 -0.3 1.7
22 4.23% 2.2 4.3 3.3 72.2 71.9 -1.0 -0.3 1.4
23 3.80% 19 3.8 3.3 76.1 75.2 -0.6 -0.2 1.2
24 3.37% 1.7 34 3.3 79.5 78.4 -0.1 0.0 1.2
25 3.60% 18 3.7 3.3 83.1 81.7 -0.4 -0.1 1.0
26 4.24% 2.2 4.3 3.3 87.4 85.0 -1.0 -0.3 0.7
27 4.24% 2.2 4.3 3.3 91.7 88.2 -1.0 -0.3 0.4
28 2.47% 1.3 25 3.3 94.2 91.5 0.8 0.2 0.6
29 1.41% 0.7 1.4 3.3 95.6 94.8 1.8 0.6 1.2
30 2.38% 1.2 24 3.3 98.1 98.0 0.9 0.3 15
31 3.20% 1.6 3.2 3.3 101.3 101.3 0.0 0.0 15
Totals 101.3 101.3
Maximum Month Water Demand CurveI
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Final Needs and Options Report

Fargo - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 284.73 ac-ft 143.6 cfs 92.8 mgd 64425.9 gpm
Max Month 2050 Water Demand = 5954.9 ac-ft 96.8 cfs 62.6 mgd 43465.0 gpm
Max Month Project Flows = 5954.9 ac-ft 96.8 cfs 62.6 mgd

Starting Storage = 70.0 million gallons

Required Storage + 147.7 million gallons or 453 ac-ft

Storage estimated cost = $73,847,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 174.1 mg 534.3 ac-ft

Peak day shortage in storage = 30.2 mg 92.7 ac-ft 46.7 cfs 20966.5 gpm

Groundwater Analysis:

Fargo currently has no developed groundwater resources to draw on to meet peak day water demands. However, the West Fargo South Aquifer
approximately 6 miles south of Fargo is generally an untapped aquifer of limited quality and quantity, but is sufficient to meet some short duration
intense water daily peaking water needs. To meet Fargo's peak day requirements, additional well capacity of 21,000 gpm will need to be
developed.

q q q Accum. Water
Water Storage
Day of Max oty Wetisn Daily Water el Wetien Dal.ly Wy Water (SEk Storage or 9 Net Storage
Month Demand Bemer (@) Demand (ac-| Delivery (ac: Bemend e System Syelles (- or Surplus 10° gall
Distribution (%) t) ft) % Deliver (ac-ft)| >“"P & (10° gallons) | (10" gallons)
1 3.37% 101.1 200.5 192.1 200.5 192.1 -8.4 -2.7 67.3
2 2.76% 82.8 164.2 192.1 364.7 384.2 27.9 9.1 76.4
3 2.24% 67.3 1335 192.1 498.1 576.3 58.6 19.1 95.5
4 2.29% 68.7 136.3 192.1 634.4 768.4 55.8 18.2 113.6
5 3.76% 1128 223.7 192.1 858.2 960.5 -31.6 -10.3 103.3
6 3.93% 118.0 234.0 192.1 1,092.1 1,152.6 -41.9 -13.6 89.7
7 3.28% 98.5 1954 192.1 1,287.5 1,344.7 -3.3 -1.1 88.6
8 2.99% 89.8 178.1 192.1 1,465.6 1,536.7 13.9 4.5 93.2
9 2.37% 71.0 140.9 192.1 1,606.6 1,728.8 51.2 16.7 109.8
10 2.41% 725 143.7 192.1 1,750.3 1,920.9 48.4 15.8 125.6
11 2.99% 89.8 178.1 192.1 1,928.4 2,113.0 13.9 4.5 130.2
12 2.99% 89.8 178.1 192.1 2,106.6 2,305.1 13.9 4.5 134.7
13 2.99% 89.8 178.1 192.1 2,284.7 2,497.2 13.9 4.5 139.2
14 2.99% 89.8 178.1 192.1 2,462.8 2,689.3 13.9 4.5 143.8
15 3.02% 90.8 180.1 192.1 2,642.9 2,881.4 12.0 3.9 147.7
16 3.50% 105.0 208.3 192.1 2,851.2 3,073.5 -16.2 -5.3 1424
17 3.59% 107.8 213.9 192.1 3,065.1 3,265.6 -21.8 -7.1 135.3
18 3.59% 107.8 2139 192.1 3,279.0 3,457.7 -21.8 -7.1 128.2
19 3.59% 107.8 2139 192.1 3,492.9 3,649.8 -21.8 -7.1 121.1
20 3.63% 109.1 216.4 192.1 3,709.2 3,841.9 -24.3 -7.9 113.2
21 4.78% 143.6 284.8 192.1 3,994.0 4,034.0 -92.7 -30.2 83.0
22 4.20% 126.2 250.3 192.1 4,244.3 4,226.1 -58.2 -19.0 64.1
23 3.77% 113.3 224.7 192.1 4,469.0 4,418.2 -32.6 -10.6 53.4
24 3.34% 100.4 199.1 192.1 4,668.0 4,610.2 -7.0 -2.3 51.2
25 3.58% 107.4 213.0 192.1 4,881.1 4,802.3 -21.0 -6.8 44.3
26 4.42% 132.7 263.3 192.1 5,144.4 4,994.4 -71.2 -23.2 21.1
27 4.25% 127.5 252.8 192.1 5,397.2 5,186.5 -60.7 -19.8 14
28 2.44% 73.4 145.6 192.1 5,542.8 5,378.6 46.5 15.2 16.5
29 1.38% 41.5 82.3 192.1 5,625.1 5,570.7 109.8 35.8 52.3
30 2.36% 70.8 140.5 192.1 5,765.6 5,762.8 51.6 16.8 69.1
31 3.18% 95.4 189.3 192.1 5,954.9 5,954.9 2.8 0.9 70.0
Totals 5,954.9 5,954.9
Maximum Month Water Demand Curvel
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Final Needs and Options Report

Fargo - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 239.32 ac-ft 120.7 cfs 78.0 mgd 54150.9 gpm
Max Month 2050 Water Demand = 5005 ac-ft 81.4 cfs 52.6 mgd 36531.7 gpm
Max Month Project Flows = 5005 ac-ft 81.4 cfs 52.6 mgd

Starting Storage = 60.0 million gallons

Required Storage + 125.3 million gallons or 385 ac-ft

Storage estimated cost = $62,651,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 146.3 mg 449.1 ac-ft

Peak day shortage in storage = 25.4 mg 77.9 ac-ft 39.3 cfs 17622.0 gpm

Groundwater Analysis:
Fargo currently has no developed groundwater resources to draw on to meet peak day water demands. However, the West Fargo South Aquifer
approximately 6 miles south of Fargo is generally an untapped aquifer of limited quality and quantity, but is sufficient to meet some short duration
intense water daily peaking water needs. To meet Fargo's peak day requirements, additional well capacity of 17,700 gpm will need to be

developed.
Day of Max Daily Water Daily Water Daily Water Dai.ly Water AV‘\:I::J;‘ Accum. St:r’::;ror Water Storage Net Storage
Month Demand Demand (cfs) Demand (ac{ Delivery (ac Demand (ac- System Sy (- or Surplus (10° gallons)
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (10° gallons)
.37 4. .5 168.5 161.5 -7.0 -2.3 7.7
.76 9.1 .0 06.5 2.9 23. 7.6 .3
.24 6. . 418.7 484.4 49. 16.1 4
4 .2 7. 4. 533. 45.8 46. 15.3 7
5 .7 4. 88. 721. 07.3 -26.6 -8.7 .0
6 96. 917. 68.7 -35.2 -11.5 .5
7 64. ,082.. ,130.. -2.7 -0.9 75.7
8 . 49. ,231. ,291. 11.7 3.8 79.5
9 . 59. 18.4 ,350.. ,453.. 43.0 14.0 93.5
10 4. 60. 20.8 AT71. ,614. 40.7 13.2 106.7
11 75.! 49.7 . ,620. ,776.0 11.7 110.6
12 2 75.! 149.7 161. 1,770. 1,937.4 11.7 114.4
13 2 75.! 149.7 161. 1,920. 2,098 11.7 118.2
14 2 75.! 149.7 161. 2,070.0 2,260.. 11.7 122.0
15 76.: 151.4 161. 2,221.4 2,421. 10.1 3 125.!
16 09 . 175.1 161. 2,396.4 2,583.. -13. -4.4 120.!
17 Y 0. 179. 161. 2,576.2 2,744.7 -18. -6.0 114.
18 Y 0. 179. 161. 2,755.9 2,906.1 -18. -6.0 108.!
19 Y 0. 179. 161. 2,935.7 ,067.6 -18. -6.0 103.0
20 3 1. 181. 161. ,117. ,229.0 -20.4 -6.7 96.3
21 4.78Y 120.7 239.. 161. ,356.! ,390.5 -77.9 -25.4 70.9
22 4.20% 106.1 210.4 161. ,567.. ,551.9 -48.9 -15.9 55.0
23 . 77% 5.2 188.8 161. ,756.. ,713.4 -27.4 -8.9 46.1
24 .34% 4.4 167.3 161. ,923.4 ,874.8 -5.9 -1.9 44.2
25 .58% 0.3 179.1 161. 4,102.! 4,036.3 -17.6 -5.7 38.4
26 4.42% 111.6 221.3 161. 4,323 4,197.7 -59.8 -19.5 18.9
27 4.25% 107.1 2125 161. 4,536.. 4,359.2 -51.0 -16.6 2.3
28 2.44% 1.7 122.4 161. 4,658. 4,520.6 39.1 12.7 15.0
29 1.38% 4.9 69.2 161. 4,727.. 4,682.1 92.3 30.1 45.1
30 2.36% 9.5 118.1 161. 4,845. 4,843.5 43.4 14.1 59.2
31 3.18% 0.2 159.1 161.5 5,005.0 5,005.0 23 0.8 60.0
Totals 5,005.0 5,005.0
Maximum Month Water Demand Curvel
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Final Needs and Options Report

East Grand Forks - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Appendix A

Peak Day 2050 Water Demand = 21.84 ac-ft 11.0 cfs 7.1 mgd
Max Month 2050 Water Demand = 353.1 ac-ft 5.7 cfs 3.7 mgd
Max Month Project Flows = 353.1 ac-ft 5.7 cfs 3.7 mgd
Starting Storage = 5.0 million gallons
Required Storage + 10.4 million gallons or 32 ac-ft
Storage estimated cost = $5,206,000 (assumes $0.50 per gallon cost)
Monthly shortage in storage (31 days) = 11.1 mg 34.2 ac-ft
Peak day shortage in storage = 3.4 mg 10.5 ac-ft 5.3 cfs
. . . Accum. Water
Water Storage
Day of Max Dty WEter Daily Water eIy Wt Dal.ly WD Water (SR Storage or Surpl 9 Net Storage
Month Demand Demandllers) Demand [Delivery (ac D (€5 System STl (- or Surplus (105 allons)
Distribution (%) (ac-ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) 9
1 3.32% 5.9 11.7 11.4 11.7 11.4 -0.3 -0.1 4.9
2 2.71% 4.8 9.6 11.4 21.3 22.8 1.8 0.6 55
3 2.19% 3.9 7.8 11.4 29.0 34.2 3.6 1.2 6.7
4 2.24% 4.0 7.9 114 37.0 45.6 35 11 7.8
5 3.71% 6.6 13.1 11.4 50.1 57.0 -1.7 -0.6 7.2
6 3.88% 6.9 13.7 11.4 63.8 68.3 -2.3 -0.8 6.5
7 3.23% 5.8 11.4 11.4 75.2 79.7 0.0 0.0 6.5
8 2.94% 5.2 10.4 114 85.6 91.1 1.0 0.3 6.8
9 2.32% 4.1 8.2 11.4 93.8 102.5 3.2 1.0 7.8
10 2.37% 4.2 8.4 11.4 102.1 113.9 3.0 1.0 8.8
11 2.94% 5.2 10.4 11.4 112.5 125.3 1.0 0.3 9.2
12 2.94% 5.2 10.4 11.4 122.9 136.7 1.0 0.3 9.5
13 2.94% 5.2 10.4 11.4 133.3 148.1 1.0 0.3 9.8
14 2.94% 5.2 10.4 11.4 143.7 159.5 1.0 0.3 10.1
15 2.98% 5.3 10.5 11.4 154.2 170.9 0.9 0.3 10.4
16 3.45% 6.1 12.2 11.4 166.4 182.2 -0.8 -0.3 10.2
17 3.54% 6.3 12.5 11.4 178.9 193.6 -1.1 -0.4 9.8
18 3.54% 6.3 12.5 11.4 1915 205.0 -1.1 -0.4 9.4
19 3.54% 6.3 125 11.4 204.0 216.4 -1.1 -0.4 9.1
20 3.59% 6.4 12.7 11.4 216.6 227.8 -1.3 -0.4 8.6
21 6.19% 11.0 21.8 11.4 238.5 239.2 -10.5 -3.4 52
22 4.16% 7.4 14.7 11.4 253.2 250.6 -3.3 -1.1 4.2
23 3.73% 6.6 13.2 11.4 266.3 262.0 -1.8 -0.6 3.6
24 3.30% 5.9 11.6 11.4 278.0 2734 -0.2 -0.1 3.5
25 3.53% 6.3 125 11.4 290.4 284.8 -1.1 -0.4 3.2
26 4.37% 7.8 15.4 11.4 305.9 296.1 -4.1 -1.3 1.8
27 4.20% 7.5 14.8 11.4 320.7 307.5 -3.4 -1.1 0.7
28 2.40% 4.3 8.5 11.4 329.2 318.9 2.9 1.0 1.7
29 1.34% 24 4.7 11.4 333.9 330.3 6.7 2.2 3.8
30 2.31% 4.1 8.2 11.4 342.0 341.7 3.2 1.1 4.9
31 3.13% 5.6 111 11.4 353.1 353.1 0.3 0.1 5.0
Totals 353.1 353.1
Maximum Month Water Demand Curve,
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Final Needs and Options Report

East Grand Forks - Scenario One Peak Day Analysis

Red River Valley Water Supply Project

Basic Design Data:

Appendix A

Peak Day 2050 Water Demand = 15.72 ac-ft 7.9 cfs 5.1 mgd
Max Month 2050 Water Demand = 254.1 ac-ft 4.1 cfs 2.7 mgd
Max Month Project Flows = 254.1 ac-ft 4.1 cfs 2.7 mgd
Starting Storage = 4.0 million gallons
Required Storage + 7.9 million gallons or 24 ac-ft
Storage estimated cost = $3,948,000 (assumes $0.50 per gallon cost)
Monthly shortage in storage (31 days) = 8.0 mg 24.6 ac-ft
Peak day shortage in storage = 2.5 mg 7.5 ac-ft 3.8 cfs
; ) ) Accum. Water
. Water Storage
Day of Max ity Wt Daily Water Ity Wi Dal.ly WD Water (SR Storage or 9 Net Storage
Month Remand Demand (cfs) Zemanci Reliveite Demand (ac S Surplus (ac- or Surplus 10° gall
Distribution (%) (ac-ft) ft) t) Deliver (ac-ft) p“) (10° gallons) (Logosiicns)
1 3.32% 4.3 8.4 8.2 8.4 8.2 -0.2 -0.1 3.9
2 2.71% 3.5 6.9 8.2 15.3 16.4 13 0.4 4.3
3 2.19% 2.8 5.6 8.2 20.9 24.6 2.6 0.9 5.2
4 2.24% 2.9 5.7 8.2 26.6 32.8 25 0.8 6.0
5 3.71% 4.8 9.4 8.2 36.0 41.0 -1.2 -0.4 5.6
6 3.88% 5.0 9.9 8.2 45.9 49.2 -1.7 -0.5 5.1
7 3.23% 4.1 8.2 8.2 54.1 57.4 0.0 0.0 5.1
8 2.94% 3.8 7.5 8.2 61.6 65.6 0.7 0.2 53
9 2.32% 3.0 5.9 8.2 67.5 73.8 2.3 0.8 6.0
10 2.37% 3.0 6.0 8.2 735 82.0 2.2 0.7 6.8
11 2.94% 3.8 7.5 8.2 81.0 90.2 0.7 0.2 7.0
12 2.94% 3.8 7.5 8.2 88.5 98.4 0.7 0.2 7.2
13 2.94% 3.8 7.5 8.2 95.9 106.6 0.7 0.2 75
14 2.94% 3.8 7.5 8.2 103.4 114.8 0.7 0.2 7.7
15 2.98% 3.8 7.6 8.2 111.0 123.0 0.6 0.2 7.9
16 3.45% 4.4 8.8 8.2 119.8 131.1 -0.6 -0.2 7.7
17 3.54% 4.5 9.0 8.2 128.8 139.3 -0.8 -0.3 7.4
18 3.54% 4.5 9.0 8.2 137.8 147.5 -0.8 -0.3 7.2
19 3.54% 4.5 9.0 8.2 146.8 155.7 -0.8 -0.3 6.9
20 3.59% 4.6 9.1 8.2 155.9 163.9 -0.9 -0.3 6.6
21 6.19% 7.9 15.7 8.2 171.6 172.1 -75 -2.5 4.2
22 4.16% 5.3 10.6 8.2 182.2 180.3 -2.4 -0.8 3.4
23 3.73% 4.8 9.5 8.2 191.7 188.5 -1.3 -0.4 3.0
24 3.30% 4.2 8.4 8.2 200.0 196.7 -0.2 -0.1 29
25 3.53% 4.5 9.0 8.2 209.0 204.9 -0.8 -0.3 2.7
26 4.37% 5.6 111 8.2 220.1 213.1 -2.9 -1.0 1.7
27 4.20% 5.4 10.7 8.2 230.8 221.3 -2.5 -0.8 0.9
28 2.40% 3.1 6.1 8.2 236.9 229.5 2.1 0.7 1.6
29 1.34% 1.7 3.4 8.2 240.3 237.7 4.8 1.6 3.2
30 2.31% 3.0 5.9 8.2 246.1 245.9 2.3 0.8 3.9
31 3.13% 4.0 8.0 8.2 254.1 254.1 0.2 0.1 4.0
Totals 254.1 254.1
Maximum Month Water Demand Curve
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Final Needs and Options Report

Drayton - Scenario One and Two Peak Day Analysis
Red River Valley Water Supply Project

Appendix A

Basic Design Data:

Peak Day 2050 Water Demand = 3.07 ac-ft 1.5 cfs 1.0 mgd
Max Month 2050 Water Demand = 67.8 ac-ft 1.1 cfs 0.7 mgd
Max Month Project Flows = 67.8 ac-ft 1.1 cfs 0.7 mgd
Starting Storage = 1.0 million gallons
Required Storage + 1.9 million gallons or 6 ac-ft
Storage estimated cost = $929,000 (assumes $0.50 per gallon cost)
Monthly shortage in storage (31 days) = 2.0 mg 6.0 ac-ft
Peak day shortage in storage = 0.3 mg 0.9 ac-ft 0.45 cfs
Day of Max Daily Water Daily Water Daily Water Dai_ly Water Av(\:;;?:‘ Accum. St(\:Arlaa;eeror Water Storage e SeEme
Month Demand Demandllers) Demand |Delivery (ac D (€5 System Sl (- or Surplus (10° gallons)
Distribution (%) (ac-ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) 9
1 3.37% 1.2 2.3 2.2 2.3 2.2 -0.1 0.0 1.0
2 2.77% 0.9 1.9 2.2 4.2 4.4 0.3 0.1 1.1
3 2.25% 0.8 15 2.2 5.7 6.6 0.7 0.2 13
4 2.30% 0.8 1.6 2.2 7.2 8.7 0.6 0.2 15
5 3.77% 13 2.6 2.2 9.8 10.9 -0.4 -0.1 14
6 3.94% 1.3 2.7 2.2 12.5 13.1 -0.5 -0.2 1.2
7 3.29% 1.1 2.2 2.2 147 15.3 0.0 0.0 12
8 3.00% 1.0 2.0 2.2 16.7 17.5 0.2 0.0 1.2
9 2.37% 0.8 1.6 2.2 18.3 19.7 0.6 0.2 14
10 2.42% 0.8 1.6 2.2 20.0 21.9 0.5 0.2 1.6
11 3.00% 1.0 2.0 2.2 22.0 24.1 0.2 0.0 17
12 3.00% 1.0 2.0 2.2 24.1 26.2 0.2 0.0 1.7
13 3.00% 1.0 2.0 2.2 26.1 28.4 0.2 0.0 1.8
14 3.00% 1.0 2.0 2.2 28.1 30.6 0.2 0.0 1.8
15 3.03% 1.0 2.1 2.2 30.2 32.8 0.1 0.0 1.9
16 3.51% 1.2 24 2.2 32.6 35.0 -0.2 -0.1 1.8
17 3.60% 1.2 2.4 2.2 35.0 37.2 -0.3 -0.1 1.7
18 3.60% 1.2 24 2.2 37.4 39.4 -0.3 -0.1 1.6
19 3.60% 1.2 2.4 2.2 39.9 41.6 -0.3 -0.1 1.5
20 3.64% 1.2 25 2.2 42.3 43.7 -0.3 -0.1 15
21 4.53% 15 3.1 2.2 45.4 45.9 -0.9 -0.3 1.2
22 4.21% 1.4 2.9 2.2 48.3 48.1 -0.7 -0.2 0.9
23 3.78% 13 2.6 2.2 50.8 50.3 -0.4 -0.1 0.8
24 3.35% 1.1 2.3 2.2 53.1 52.5 -0.1 0.0 0.8
25 3.59% 1.2 2.4 2.2 55.5 54.7 -0.2 -0.1 0.7
26 4.43% 1.5 3.0 2.2 58.5 56.9 -0.8 -0.3 0.5
27 4.25% 15 2.9 2.2 61.4 59.1 -0.7 -0.2 0.2
28 2.45% 0.8 1.7 2.2 63.1 61.2 0.5 0.2 0.4
29 1.39% 0.5 0.9 2.2 64.0 63.4 1.2 0.4 0.8
30 2.37% 0.8 1.6 2.2 65.6 65.6 0.6 0.2 1.0
31 3.19% 1.1 2.2 2.2 67.8 67.8 0.0 0.0 1.0
Totals 67.8 67.8
Maximum Month Water Demand Curve
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Final Needs and Options Report

Cass Rural Water Users District - Scenario Two Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 5.96 ac-ft 3.0 cfs 1.9 mgd 1348.6 gpm
Max Month 2050 Water Demand = 178.7 ac-ft 29 cfs 1.9 mgd 1304.3 gpm
Max Month Project Flows = 178.7 ac-ft 2.9 cfs 1.9 mgd

Starting Storage = 2.3 million gallons

Required Storage + 4.3 million gallons or 13 ac-ft

Storage estimated cost = $2,135,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 4.9 mg 14.9 ac-ft

Peak day shortage in storage = 0.6 mg 1.7 ac-ft 0.9 cfs 382.7 gpm

Groundwater Analysis:
Cass Rural Water Users District currently has wells in the West Fargo North Aquifer that serves the Phase | service area. This aquifer is being
mined so Reclamation proposes that the water system purchase water from the city of Fargo for the Phase | area. However, the aquifer is being
recharge so some limited use of this water for peaking is reasonable. CRWUD would keep one or two of their existing wells in service to meet

their peaking need of 390 gpm.

Day of Max Daily Water Daily Water Daily Water Dai.ly Water AV‘\:I::J;‘ Accum. St:r’::;er or Water Storage Net Storage
Month e Demand (cfs) (e (e [Pelver; (@ Demand (ac- Sysiiam Surplus (ac- or Surplus (10° gallons)
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (10° gallons)
.41 6.1 6.1 5.8 -0.3 -0.1 .2
.80 5.0 1. 0.8 0. 4
.28 4. 7. 17 0. .0
4 .33 . 4. 3. 16 0.
5 .80 .4 6. 8. -1.0 -0.3
6 .97 .6 7. 4. -1.3 -0.4 5
7 . .0 5. . 40.4 -0.2 -0.1 7
8 .0 7 5.4 44. 46. 0., 0.1 .8
9 4. .2 4.3 4 1. 0.5 .3
10 .45 2 4.4 . 1.4 0.4 7
11 0! 7 .4 3 3.4 0. 0.1 .8
12 .0 2.7 .4 4.1 9.2 0. 0.1 4.0
13 0! 2.7 .4 9.5 4.9 0. 0.1 4.1
14 0! 2.7 .4 4.9 0.7 0. 0.1 4.2
15 .0 2.8 0.4 6.5 0. 0.1 4.3
16 49 2 7 2.2 -0.6 -0.2 4.1
17 Y .2 8.0 -0.7 -0.2 .9
18 Y 7 103.8 -0.7 -0.2 .6
19 Y 106.2 109.! -0.7 -0.2 4
20 .68Y 112.8 115.. -0.8 -0.. .1
21 4.17Y . 120.2 121. -1.7 -0. .6
22 4.09% 3 7. 127.6 126.! -1.5 -0.! 2.1
23 1% 4 3 134.4 132. -1.1 -0.. 17
24 8% .0 .0 140.4 138.. -0.3 -0.. 1.6
25 .62% .3 .5 146.9 144. -0.7 -0.2 14
26 4.15% 7 4 154.3 149.9 -1.7 -0.5 0.
27 4.13% 7 7.4 161.7 155.6 -1.6 -0.5 0.
28 2.49% 2 4.4 166.1 161.4 13 0.4 0.
29 1.42% 13 25 168.7 167.2 3.2 1.0 1.
30 2.40% 2.2 4.3 173.0 172.9 15 0.5 2.
31 3.22% 29 5.8 . 178.7 178.7 0.0 0.0 2.
Totals 178.7 178.7
Maximum Month Water Demand Curve
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Final Needs and Options Report

Cass Rural Water Users District - Scenario One Peak Day Analysis
Red River Valley Water Supply Project

Basic Design Data:

Peak Day 2050 Water Demand = 3.88 ac-ft 2.0 cfs 1.3 mgd 877.9 gpm
Max Month 2050 Water Demand = 116.5 ac-ft 1.9 cfs 1.2 mgd 850.3 gpm
Max Month Project Flows = 116.5 ac-ft 1.9 cfs 1.2 mgd

Starting Storage = 1.5 million gallons

Required Storage + 2.8 million gallons or 9 ac-ft

Storage estimated cost = $1,392,000 (assumes $0.50 per gallon cost)

Monthly shortage in storage (31 days) = 3.2mg 9.7 ac-ft

Peak day shortage in storage = 0.4 mg 1.1 ac-ft 0.6 cfs 249.5 gpm

Groundwater Analysis:
Cass Rural Water Users District currently has wells in the West Fargo North Aquifer that serves the Phase | service area. This aquifer is being
mined so Reclamation proposes that the water system purchase water from the city of Fargo for the Phase | area. However, the aquifer is being
recharge so some limited use of this water for peaking is reasonable. CRWUD would keep one or two of their existing wells in service to meet
their peaking need of 250 gpm.

Day of Max Daily Water Daily Water Daily Water Dai.ly Water AV‘\:I::J;‘ Accum. S“\:\r’:;: or Water Storage Net Storage
Month Demand Demand (cfs) Demand (ac{ Delivery (ac Demand (ac- System Surplus (ac- or Surplus (10° gallons)
Distribution (%) ft) ft) ft) Deliver (ac-ft) ft) (10° gallons) g
.41 .0 4.0 4.0 3.8 -0.2 -0.1 4
.80 .3 7.2 7.5 0.5 0.2 .6
.28 . 7 9.9 13 11 0.4 .0
4 .33 4 7 2.6 5.0 1.0 0.
5 .80 .2 4.4 7.0 8. -0.7 -0.2
6 .97 .3 4 7 2. -0.9 -0.3
7 . .0 6. -0.1 0.0
8 .0 .8 0. 0.2 0.
9 4. 4 . 3. 1.0 0. .
10 .45 4 4. 7. 0.9 0. 4
11 0! . 8. 41. 0.2 0. 5
12 .0 1. 41. 45. 0.2 0.1 2.6
13 .0 1. 45. 48.9 0.2 0.1 2.7
14 .0 1. 48. 2.6 0.2 0.1 2.7
15 .0 1. 3 2.4 6.4 0.2 0.1 2.8
16 .54 2. 4. 6.6 0.1 -0.4 -0.1 2.7
17 Y 2.1 4.2 0.8 3.9 -0.! -0.2 25
18 Y 2.1 4.2 .0 7.6 -0.! -0.2 2.4
19 Y 2.1 4.2 .2 1.4 -0.! -0.2 2.2
20 3 2.2 4. .5 75.2 -0.! -0.2 2.0
21 4.17Y 25 4. 78.4 78.9 -1. -0.4 17
22 4.099 2.4 4. .2 2.7 -1.0 -0.3 13
23 1% 2.2 4.4 . 6.4 -0.7 -0.2 11
24 8% 2.0 3.9 1. 0.2 -0.2 -0.1 11
25 .62% 2.1 4.2 5. 4.0 -0.5 -0.1 0.9
26 4.15% 2.4 4. 100.6 7.7 -1.1 -0.4 0.6
27 4.13% 2.4 4. 105.4 101.5 -1.1 -0.3 0.2
28 2.49% 15 2. 108.3 105.2 0.9 0.3 0.5
29 1.42% 0.8 1. 110.0 109.0 2.1 0.7 1.2
30 2.40% 14 2.8 112.8 112.7 1.0 0.3 15
31 3.22% 1.9 3.8 . 116.5 116.5 0.0 0.0 15
Totals 116.5 116.5
Maximum Month Water Demand Curve
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Appendix B — Hydrology

INTRODUCTION

This appendix contains supplemental information and analysis used in the development of
chapter three (Hydrology) of the Needs and Options Report. The appendix provides detailed
information and analysis that could not be reasonably included in chapter three. Portions of this
appendix make reference to additional data available in the data CD. These materials are noted
and directions for their use are included.

B.1 - WATER DEMANDS
B.1.1 — Max Month Definition

The term “max month” is used throughout the Needs and Options Report and the appendixes.
Although this term is used in a variety of instances, it has root in one general meaning.

Max Month Definition: This term is used in reference to demands. Each demand,
whether it be for a municipal, rural, or industrial permit, was reviewed on a monthly basis
for the given time period (the demands developed as part of the Needs and Options
chapter two are based on 1985 to 2001) . The maximum value for each month of that
period was determined and set aside into a single year demand. For example, the highest
value for January may come from the third year of the period while the highest value for
February may come from the fifth year of that same period. These highest months are
combined into one composite year. That composite year is used for every year within the
analysis or more specifically modeling. An example of the max month distribution for
the Fargo permits is shown in table B.1.1.

Table B.1.1 - Max Month Demand Distribution for Fargo Permits

Modeled | Jan Feb Mar | Apr May | Jun Jul Aug Sep | Oct Nov Dec

Year

1931 Jan Feb Mar | Apr May | Jun Jul Aug Sep | Oct Nov Dec
1997 | 1997 | 1997 | 1988 | 1988 | 1988 | 1989 | 1990 | 1988 | 1988 | 1988 | 1989

1932 Jan Feb Mar | Apr May | Jun Jul Aug Sep | Oct Nov Dec
1997 | 1997 | 1997 | 1988 | 1988 | 1988 | 1989 | 1990 | 1988 | 1988 | 1988 | 1989

1933 Etc.

B.1.2 — Water Demands for Surface Water Modeling

Using water demand results presented in chapter two, the water demands required as input for
surface water modeling were developed. Two water demand scenarios were developed.
Scenario One uses Reclamation population projections (Reclamation 2003) and the intermediate
water demands results from the NDSU industrial water needs investigation (NDSU 2004).
Scenario Two uses population projections provided by the water users and the high water
demand results from the same NDSU industrial water needs investigation.



Final Needs and Options Report Appendix B

Tables B.1.2 and B.1.3 show the estimated average and maximum annual water demands in ac-
ft, the maximum month water demand in ac-ft and cfs and the peak day water demand in ac-ft
and cfs for the surface water dependent systems. The total maximum year water demand under
Scenario One is 101,024 ac-ft. The total maximum year water demand under Scenario Two is
128,270 ac-ft.

The groundwater section in chapter three evaluates the groundwater dependent water systems
and identifies two rural water systems, Cass Rural Water Users and Grand Forks Traill Water
Users, which would have inadequate groundwater supplies in the future. Reclamation assumed
these shortages would be met by surface water sources so their shortages are included in tables
B.1.2 and B.1.3. Langdon Rural Water District is uses a surface water source so it is also
included in tables B.1.2 and B.1.3.

Tables B.1.2 and B.1.3 also list the municipal water systems that are served from surface water
sources in the future. Six municipal water systems hold both surface water and groundwater
permits. Moorhead was the only system of the six that has the capability to treat both surface
water and groundwater. The analysis assumed of the remaining five cities; Breckenridge,
Lisbon, and Park River would use their groundwater permits and are not included in the tables.
Valley City and West Fargo would use their surface water permits as their primary water source
for the future. Therefore, the analysis assumed that eight systems would use surface water, seven
systems would use groundwater (not included in tables), and Moorhead would use both sources.

Tables B.1.2 and B.1.3 also list the surface water dependent existing and new future industrial
demands based on the results presented in chapter two. ADM Corn Processing in Walhalla lists
their water source as groundwater, but the well is adjacent to the Pembina River, so it is treated
as a surface water source in this analysis. Cargill, Inc. - West Fargo, Cass-Clay Creameries, Inc.
and Central Livestock all use West Fargo South Aquifer as their current source, but are included
as a surface water source in this analysis because the long-term viability of their aquifer is of
concern. All future industrial water demands for the Fargo/Cass County, Grand Forks/Grand
Forks County, Moorhead/Clay County and Wahpeton/Richland County areas are assumed to be
supplied by surface water because no viable groundwater sources are available in the area.

Estimated future water demands for recreation are included at the end of the tables B.1.2 and
B.1.3. These water demands were assumed to be served from surface water sources due to the
lack of available groundwater sources.
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Table B.1.2 — Surface Water Demands — Scenario One.
ety | M | Mo | Mesm™ | peak paiy | - D22k
Water System Water Water Water Water D\évrﬁt;: d Water
Demand Demand Demand Demand Demand
(ac-ft) (ac-ft) (ac-ft) (cfs) Ei) (cfs)

Rural Water Systems:

Cass Rural Water Users 340 702 116.5 2.0 3.88 1.96
Grand Forks Traill Water District 0 605 155.5 2.6 5.18 2.61

Langdon Rural Water District 100 143 171 0.3 0.99 0.50
ND Municipal Systems:
Drayton 281 607 67.8 1.1 3.07 1.55
Fargo 26,571 37,682 5,005.0 84.1 239.32 120.66
Grafton 706 927 101.3 1.7 4.31 2.17
Grand Forks 12,922 19,205 2,533.2 42.6 135.35 68.24
Langdon 272 577 65.7 11 3.56 1.79
West Fargo 3,486 4,261 669.3 11.2 28.65 14.45
Valley City 685 894 116.5 2.0 6.92 3.49

MN Municipal Systems:

East Grand Forks 1,662 2,384 254.1 4.3 15.72 7.92
Moorhead 6,909 8,646 1,065.3 17.9 44.56 22.47
Existing Industry:

ADM Corn Processing 128 298 24.8 0.4 1.10 0.55
American C[;¥§;?ér?”gar co. - 378 1,156 518.6 8.7 16.95 8.54
American Civstal Sugar Co. - 269 733 319.2 5.4 9.51 4.80
American Crystal Sugar Co. — o 104 543 0.9 181 0.91

Moorhead
Cargill Corn Processing Plant 1,930 2,104 196.9 3.3 9.21 4.64
Cargill, Inc. - West Fargo 135 162 135 0.2 0.45 0.23
Cass-Clay Creameries, Inc. 119 151 12.6 0.2 0.42 0.21
Central Livestock 66 361 30.0 0.5 0.71 0.36
Future Industry :
Fargo/Cass County 7,282 7,282 618.5 10.4 19.95 10.06
Grand Forks/Grand Forks County 6,771 6,771 575.1 9.7 18.55 9.35
Moorhead/Clay County 1,150 1,150 97.7 1.6 3.15 1.59
Wahpeton/Richland County 3,705 3,705 314.7 5.3 10.15 5.12
Future Recreation:

Cass County 201 288 76.9 1.3 3.49 1.76

Clay County 33 48 12.7 0.2 0.58 0.29

Grand Forks County 34 48 12.9 0.2 0.58 0.29

Otter Tail County 23 33 8.8 0.1 0.40 0.20
Totals 76,179 101,024 13,054.4 219.39 588.51 296.71
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Appendix B
Table B.1.3 — Surface Water Demands — Scenario Two.
ety | M | Mo | Mesm™ | peak paiy | - D22k
Water System Water Water Water Water D\évrﬁt;: d Water
Demand Demand Demand Demand Demand
(ac-ft) (ac-ft) (ac-ft) (cfs) Ei) (cfs)
Rural Water Systems:

Cass Rural Water Users 782 1,244 178.7 3.0 5.96 3.00

Grand Forks Traill Water District 218 1,142 225.8 3.8 7.53 3.80
Langdon Rural Water District 184 264 315 0.5 1.84 0.93
ND Municipal Systems:
Drayton 281 607 67.8 1.1 3.07 1.55
Fargo 31,613 44,833 5,954.9 100.1 284.73 143.55
Grafton 1,067 1,401 153.1 2.6 6.51 3.28
Grand Forks 13,727 20,348 2,685.8 45.1 144.77 72.99
Langdon 272 577 65.7 11 3.56 1.79
West Fargo 3,569 4,362 685.2 11.5 29.33 14.79
Valley City 880 1,148 149.6 25 8.89 4.48

MN Municipal Systems:

East Grand Forks 2,310 3,312 353.1 5.9 21.84 11.01
Moorhead 8,465 10,696 1,333.8 224 57.18 28.83
Existing Industry:

ADM Corn Processing 128 298 24.8 0.4 1.10 0.55
American C[;¥§;?ér?”gar Co. - 378 1,156 518.6 8.7 16.95 8.54
American Civstal Sugar Co. - 269 733 319.2 5.4 9.51 4.80
American Crystal Sugar Co. — o 104 543 0.9 181 0.91

Moorhead
Cargill Corn Processing Plant 1,930 2,104 196.9 3.3 9.21 4.64
Cargill, Inc. - West Fargo 135 162 135 0.2 0.45 0.23
Cass-Clay Creameries, Inc. 119 151 12.6 0.2 0.42 0.21
Central Livestock 66 361 30.0 0.5 0.71 0.36
Future Industry :
Fargo/Cass County 12,850 12,850 10914 18.3 35.21 17.75
Grand Forks/Grand Forks County 11,814 11,814 1003.4 16.9 32.37 16.32
Moorhead/Clay County 1,740 1,740 147.8 25 4.77 2.40
Wahpeton/Richland County 6,448 6,448 547.6 9.2 17.67 8.91
Future Recreation:
Cass County 201 288 76.9 1.3 3.49 1.76
Clay County 33 48 12.7 0.2 0.58 0.29
Grand Forks County 34 48 12.9 0.2 0.58 0.29
Otter Tail County 23 33 8.8 0.1 0.40 0.20
Totals 99,558 128,270 15,956.5 268.16 710.41 358.17
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Monthly Surface Water Demand Scenarios

Chapter two, section 2.4 of the Needs and Options Report provides examples of how monthly
water demand scenarios were developed for surface water supplied water systems. From the
fifteen years of data, the maximum demand value for each month was selected and used in the
development of the following tables.

Tables B.1.4 and B.1.5 show the annual maximum month water demand for both scenarios of the
same surface water dependent water systems as identified previously in tables B.1.2 and B.1.3.
Water demands are presented in acre-feet which are the units used in the surface water model.
Both annual maximum month water demand scenarios were used as input into the hydrologic
surface water model.
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Appendix B
Table B.1.4 — Annual Maximum Month Water Demand in Acre-Feet — Scenario One
Annual
Water Systems Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Demand Total
(ac-ft)
Rural Water Systems:
Cass Rural Water Users 342 32.0 30.0 50.0 75.6 86.6 | 1165 | 101.9 | 55.8 47.9 25.9 454 7016
Grand Foélf;riTgfi” Water 25.4 25.6 0.0 1555 | 826 | 1406 | 40.8 73.6 45 31.6 25.0 0.0 605.1
Langdon Rural Water District 13.1 8.7 10.8 12.0 125 17.1 12.4 111 9.7 9.8 12.2 135 142.9
ND Municipal Systems:
Drayton 64.0 56.0 67.8 345 30.4 33.7 49.7 38.4 40.9 66.6 57.2 67.3 606.6
Fargo 2,408.1 | 2,144.4 | 2,513.1 | 2,619.0 | 3,501.7 | 4,549.3 | 5,005.0 | 3,812.2 | 3,099.0 | 2,540.4 | 2,838.1 | 2,651.8 37,681.9
Grafton 68.1 72.1 60.8 72.2 85.4 97.6 | 1013 | 920 82.5 69.7 64.1 61.1 926.8
Grand Forks 12492 | 1,217.4 | 1,314.3 | 1,286.3 | 1,565.1 | 2,108.3 | 2,533.2 | 1,098.7 | 1,559.0 | 1,536.9 | 1,506.9 | 1,329.3 19,204.6
Langdon 63.1 65.7 62.4 | 444 | 455 46.7 47.9 500 | 483 36.0 31.1 36.1 577.0
West Fargo 64.9 66.1 60.7 60.8 79.8 | 1165 | 103.9 | 1107 | 66.8 57.6 53.0 52.7 893.6
Valley City 257.0 | 2402 | 265.6 | 2746 | 3451 | 4457 | 669.3 | 505.1 | 338.7 | 317.6 | 3406 | 261.1 4,260.7
MN Municipal Systems:
East Grand Forks 1847 | 157.8 | 172.6 | 150.0 | 223.6 | 219.1 | 2444 | 2541 | 220.4 | 190.0 | 188.6 | 1785 2,383.9
Moorhead 550.9 | 6085 | 646.0 | 661.1 | 711.4 | 9525 | 1,065.3 | 8458 | 7985 | 6215 | 598.9 | 576.1 8,645.7
Existing Industry:
ADM Corn Processing 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 297.8
American Crystal Sugar Co. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.3 5085 | 5186 | 121.5 0.0 1,155.8
— Drayton
Ame”carlﬂngriugar Co- | o0 00 | 3192 | 2854 | 1280 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 732.6
American Crystal Sugar Co- | g 00 | 405 | 543 | 95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 104.3
Cargill Corn Processing Plant | 154.5 | 161.2 | 180.8 | 179.3 | 180.2 | 1839 | 196.9 | 181.9 | 1840 | 1495 | 1583 | 1936 2,104.1
Cargill, Inc. - West Fargo 135 135 135 135 135 135 135 135 135 135 135 135 161.9
Cass-Clay Creameries, Inc. | 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 150.8
Central Livestock 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 360.5

B-6
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Table B.1.4 — Annual Maximum Month Water Demand in Acre-Feet — Scenario One (continued).

Appendix B

Annual
Water Systems Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec D?rrthTd
(ac-ft)
Future Industry :
Fargo/Cass County 618.5 558.6 618.5 598.5 618.5 598.5 618.5 618.5 598.5 618.5 598.5 618.5 7,282.0
Grand Foékosllj ﬁ{;nd Forks | 5751 | 5194 | 5751 | 5565 | 575.1 | 556.5 5751 | 5751 | 5565 | 575.1 | 5565 | 575.1 6,771.0
Moorhead/Clay County 97.7 88.2 97.7 94.5 97.7 94.5 97.7 97.7 94.5 97.7 94.5 97.7 1,150.0
Wahpeton/Richland County 314.7 284.2 314.7 304.5 314.7 304.5 314.7 314.7 304.5 314.7 304.5 314.7 3,705.0
Future Recreation:
Cass County 0.0 0.0 0.0 29 30.7 59.2 70.7 76.9 35.1 12.6 0.0 0.0 288.1
Clay County 0.0 0.0 0.0 0.5 5.1 9.8 11.7 12.7 5.8 2.1 0.0 0.0 47.7
Grand Forks County 0.0 0.0 0.0 0.5 5.2 10.0 11.9 12.9 5.9 2.1 0.0 0.0 48.4
Otter Tail County 0.0 0.0 0.0 0.3 35 6.8 8.1 8.8 4.0 1.4 0.0 0.0 329
Totals 6,8329 | 6,387.2 | 7,431.4 | 7,578.6 | 8,807.5 | 10,718.2 | 11,975.8 | 9,881.2 | 8,702.3 | 7,898.6 | 7,656.4 | 7,153.2 101,023.4

B-7
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Table B.1.5 — Annual Maximum Month Water Demand in Acre-Feet — Scenario Two.
Annual
Water Systems Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Dflz_rgtzr:d
(ac-ft)
Rural Water Systems:

Cass Rural Water Users | 72.3 69.4 66.8 92.8 1258 | 1401 | 1787 | 159.9 | 1002 | 90.1 615 86.8 | 1,244.4
Grand Foé'i‘sstggt"’"" water | g56 | 659 | 202 | 2258 | 1361 | 2075 | 845 | 1250 | 399 | 733 | 651 | 245 | 121424
La”ngBiSRt‘;rc‘"‘t" Water 24.2 16.0 19.9 22.2 23.2 31.5 23.0 20.4 18.0 18.2 22.6 24.9 264.2

ND Municipal Systems:
Drayton 64.0 56.0 67.8 345 30.4 33.7 49.7 38.4 40.9 66.6 57.2 67.3 606.6
Fargo 2,865.1 | 2,551.3 | 2,990.0 | 3,116.0 | 4,166.3 | 5,412.6 | 5,954.9 | 4,535.7 | 3,687.1 | 3,022.6 | 3,376.7 | 3,155.1 | 44,833.3
Grafton 102.9 | 1090 | 91.9 | 109.2 | 1290 | 1475 | 1531 | 139.2 | 1248 | 1053 | 96.9 923 | 1,401.2
Grand Forks 1,3216 | 1,289.0 | 1,389.4 | 1,363.2 | 1,658.3 | 2,226.6 | 2,685.8 | 2,124.8 | 1,652.4 | 1,630.1 | 1,597.3 | 1,409.2 | 20,347.9
Langdon 63.1 65.7 62.4 44.4 455 46.7 47.9 50.0 483 36.0 311 36.1 577.0
West Fargo 83.4 84.9 78.0 781 | 1025 | 1496 | 1335 | 1422 | 857 74.0 68.1 676 | 1,147.6
Valley City 263.1 | 2459 | 2719 | 2811 | 3533 | 4562 | 6852 | 517.1 | 346.7 | 3252 | 348.7 | 267.3 | 4,3618
MN Municipal Systems:
East Grand Forks 256.7 | 219.4 | 239.9 | 2085 | 310.8 | 3045 | 339.6 | 353.1 | 306.2 | 2640 | 262.0 | 2480 | 3,312.9
Moorhead 685.3 | 747.6 | 7958 | 8152 | 879.7 | 1,189.1 | 1,333.8 | 1,052.2 | 991.4 | 7643 | 7353 | 706.1 | 10,695.7
Existing Industry:
ADM Corn Processing 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.8 248 297.8
American Crystal Sugar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.3 5085 | 5186 | 1215 0.0 1,155.8
Co. — Drayton
American Crystal Sugar 0.0 0.0 319.2 | 2854 | 128.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 732.6
Co. — Hillsboro
American Crystal Sugar 0.0 0.0 405 54.3 9.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 104.3
Co. — Moorhead
Cargill CompProcessing | 1545 | 1612 | 1808 | 1793 | 180.2 | 1839 | 1969 | 1819 | 1840 | 1495 | 1583 | 1936 | 2104.1
Cargill, Inc. - West Fargo | 135 135 135 135 135 135 135 135 135 135 135 135 161.9
cass'c'aﬁn%reame“es' 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 150.8
Central Livestock 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 360.5

B-8
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Table B.1.5 — Annual Maximum Month Water Demand in Acre-Feet — Scenario Two (continued).

Annual

Water Systems Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec D(_T_?taarlld

(ac-ft)

Future Industry :

Fargo/Cass County | 1,091.4 | 985.8 | 1,091.4 | 1,056.2 | 1,091.4 | 1,056.2 | 1,0914 | 1,0914 | 1,056.2 | 1,0914 | 1,056.2 | 1,091.4 | 12,850.0

Grand Forks/Grand

1,003.4 | 906.3 | 1,003.4 | 971.0 1,003.4 971.0 1,003.4 | 1,003.4 971.0 1,003.4 971.0 | 1,003.4 | 11,814.0
Forks County

Moog‘oeuﬁ; Clay 1478 | 1335 | 1478 | 1430 | 147.8 143.0 147.8 147.8 143.0 1478 | 1430 | 1478 | 1,740.0
Wahpeégﬂ’n F;'/Ch'a”d 5476 | 4946 | 5476 | 5300 | 5476 | 5300 | 547.6 | 5476 | 5300 | 5476 | 5300 | 547.6 | 6,448.0
Future Recreation:
Cass County 00 0.0 0.0 2.9 307 592 707 76.9 351 126 00 00 288.1
Clay County 0.0 0.0 00 05 51 98 117 12.7 58 21 0.0 0.0 477
Grand Forks County | 0.0 00 0.0 05 52 100 11.9 2.9 59 21 00 00 284
Otter Tail County 0.0 00 00 03 35 638 81 88 20 14 00 0.0 329
Totals 8.892.8 | 8.282.6 | 9.514.7 | 9.6953 | 11,194.0 | 13,3964 | 14,8402 | 12,429.7 | 10,966.0 | 10,026.8 | 9,783.6 | 9,250.0 | 128,272.1
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B.1.3 — Development of Water Demands for GDU Import to Sheyenne River
Alternative

Water demand methods for the GDU Import to Sheyenne River Alternative are different than the
methods developed for the other alternatives. For the other alternatives, maximum monthly
water demands were developed based on the estimated water need for each water system for
each month of the year. A more detailed description of the methods used is provided in chapter
two, section four. Water demands for the GDU Import to Sheyenne River Alternative accounted
for maximum month demands and peak day demands. These demands would be sufficient to
ensure adequate water in the Sheyenne and Red Rivers to meet peak day needs for selected
surface water dependent water systems in the Red River Valley.

Three methods were used to develop the water demands for the GDU Import to Sheyenne River
Alternative. One method used maximum month and peak day demand estimates from each
water system. The other methods used maximum month demand estimates and Grand Forks
daily use data. Provided below is a description of the three methods used to develop peak day
water demands.

Maximum Month and Peak Day Method — This method uses maximum month and peak day
water demand data from each water system to develop adjusted (increased) monthly water
demands which address both maximum month demands and peak day water demands. The
maximum month water demands were increased proportionally based on the relationship
between a water system’s maximum month and peak day water demands.

For example, the city of Fargo has an estimated overall maximum month of 5,005 ac-ft in July
while their peak day in July is 239.32 ac-ft. Both of these demands are under water demand
Scenario One. To make sure Fargo has enough water in July, there must be at least 239 ac-ft in
the Sheyenne and Red Rivers allocated to Fargo all 31 days of July or 7,421 ac-ft. So the ratio
between originally estimated maximum month and adjusted maximum month to meet peak day
demands is 7,421 ac-ft/5,005 ac-ft = 1.48. The peak day factor of 1.48 was used for the other 11
months for the Fargo analysis. Each water system had its own peak factor and they ranged from
1.00 to 1.92. The overall increase in water demand using this method resulted in an increase
from 76,640 ac-ft to 115,140 ac-ft, or an increase of 50.2% under Scenario One and from 89,935
ac-ft to 135,142 ac-ft or an increase of 50.2% under Scenario Two. Note that this method used
the same peaking factors, so the net increase is 50.2% for both scenarios. See tables B.1.6 and
B.1.7 for Scenarios One and Two adjusted water demands for all of the surface water dependent
water systems which have daily peaking factors.

The advantage of this method is that the maximum month and the peak day are developed
individually for each water system. The disadvantage to this method is that the ratio of 1.50,
used in the Fargo example, might be too high in the winter months. Generally, peaking factors
are lower in the winter and higher in the summer. This method assumes the peaking factor is
similar throughout the whole year.
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Table B.1.6. Maximum Month Peak Day Water Demands — Scenario One
(using Maximum Month and Peak Day Method)
Adjust
Peak Factor Max Month Demand in Acre Feet
Water System é%%o Day for égf?tl)
: (gpc/d) Peak
Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Drayton 920 473.6 1.00 64.0 56.0 67.8 34.5 30.4 33.7 49.7 38.4 40.9 66.6 57.2 67.3 606.6

adjusted for peak day 64.0 56.0 67.8 345 30.4 33.7 49.7 38.4 40.9 66.6 57.2 67.3 606.6
Fargo 204,300 381.8 1.48 2,408.1 | 2,1444 | 2,513.1 | 2,619.0 | 3,501.7 4,549.3 5,005.0 3,812.2 3,099.0 | 2,5404 | 2,838.1 | 2,651.8 | 37,681.9

adjusted fo