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Executive Summary 
 
The Northwest Missouri Regional Water Supply Transmission System Study has been 
completed as a follow-up to the Phase I report by the Water Partnership of Northwest 
Missouri. In this study, a conceptual pipeline network from Phase I, known 
colloquially as Idea Sketch 7, was used as a baseline to complete a conceptual design 
and cost estimate. The conceptual system is designed around three major water 
suppliers, the emerging Atchison County Wholesale Water Commission, Missouri-
American in St. Joseph, and the City of Plattsburg. Additional water suppliers in the 
region will be easily incorporated into future studies. 

The conceptual design incorporates 299 miles of pipeline, ranging in diameter from 8-
inches to 36-inches. The initial Phase I routing works to place transmission pipeline 
within reach of each water system in the 12 county project area, allowing each 
community to buy and sell water to and from the wholesale system through master 
meters. Nine pump stations and six intermediate storage tanks work to keep 
pressures within tolerable ranges. 

The estimated initial cost of the pipeline, pump stations, and elevated storage tanks is 
$149.4 million. An estimated additional $22.3 million would be required as capital 
contributions toward facility expansions at each of the three major water suppliers. 
The total estimated initial cost of the system is $171.6 million. 

Operations and maintenance costs were calculated for the conceptual system. The 
major contributors to operations and maintenance expenses in a wholesale system are 
wages and salary, electricity, and facilities maintenance, including pipeline repair and 
storage tank recoating. Estimates of each of these expenses total $1.3 million annually. 

As all facilities degrade and depreciate in value with time, cost estimates of renewal 
and replacement costs were calculated. These estimates attempt to place an estimated 
lifespan on the facilities. The approach used assumes full replacement of each 
component at the end of its lifespan at an inflation adjusted value of initial 
construction cost, less incidentals such as easement acquisition and some engineering 
design. Projected lifespan is assumed as 20 years for pump stations, 40 years for 
storage facilities, and 60 years for pipeline. When compensating for price inflation 
during the lifespan of the facilities, it is assumed that cash investments set aside for 
depreciation will gain interest at a rate equal to inflation. The annual cash investment 
requirement for replacement of the conceptual system is estimated at $1.8 million. 

The final major cost component that the conceptual system would incur is wholesale 
water purchase from the suppliers. Using the projected average daily usage of 13.1 
million gallons and current wholesale rate structures from the three suppliers, an 
average wholesale water rate to the system of $2.28 per 1,000 gallons can be expected, 
totaling approximately $10.79 million annually. 

Assuming conservative financing costs at 6 percent interest on 30-year term revenue 
bonds, the estimated annual debt service for the $171.6 million capital costs is 
approximately $12.5 million. If grants can be obtained to fund one-half of the project, 
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the annual debt cost can be decreased to $6.2 million. This translates to an 
approximate annual operating budget of $20.0 million with 50 percent grants, or  
$26.2 million without grants. Water rates to recover these expenses would range from 
$4.23 to $5.55 per 1,000 gallons, a wholesale bill of $21.14 to $27.73 for an average 
customer using 5,000 gallons monthly.



 

Section 1 
Introduction 
 
The Northwest Missouri Water Steering Team, later renamed Water Partnership first 
met on February 28, 2006 in realization of the growing need for a long-term, 
affordable, high-quality water supply. The Water Partnership consists of 
representatives from each of the 12 counties in Northwest Missouri. The 12 counties are 
Andrew, Atchison, Buchanan, Caldwell, Clinton, Daviess, Dekalb, Gentry, Harrison, 
Holt, Nodaway, and Worth. Communities contained within the 12-county area are 
shown in Figure 1-1. The Water Partnership desires to produce a plan that will 
provide this supply while leveraging existing infrastructure and maintaining local 
control over the distribution systems. Toward this goal, the Water Partnership 
completed an initial Phase I report in 2007 that identifies the existing facilities, 
considers multiple resource alternatives, and defines the need. Other work included 
in the Phase I report includes a Missouri Department of Natural Resources (MDNR) 
projection of population growth and water demand, and the tabulated results from 
baseline surveys of the water systems in the 12-county area. 

The baseline survey is the work of the Water Partnership’s engineering subcommittee. 
The Engineering Subcommittee consisted of the following members: 

 Bob Stein, Nodaway County Commissioner and Subcommittee Chair 

 Bill Hills, Consultant to the Water Partnership 

 Steve McIntosh, Missouri Department of Natural Resources 

 Breck Summerford, P.E., Missouri Department of Natural Resources 

 Dave Williams, Missouri Department of Natural Resources 

 Bruce Hattig, P.E., Bartlett and West 

 Brock Pfost, P.E., White Cloud Engineering 

 Doug Schulte, P.E., Snyder and Associates 

 Dave Hamilton, P.E., Schaefer Kline and Warren 

 Ken Zelk, P.E, Crowley Wade and Milstead 

After completing the baseline survey, the subcommittee set to work generating 
several different rough sketches of alternatives to supply water to the area. As these 
sketches became more refined, they were assigned numbers. Idea Sketch No. 7 was 
endorsed by the Water Partnership in February 2007, and introduced in the Phase I 
report. This initial layout, shown in Figure 1-2, includes transmission piping and 
potential supply sources. 

A 1-1 
NW MO Report Final.030609.doc 



Section 1 
Introduction 

Northwest Missouri Regional Water Supply Transmission System Study 

A 1-2 
NW MO Report Final.030609.doc 

The conceptual design and cost estimating included in this report are derived from 
the initial effort of the engineering subcommittee. Although phasing of the 
construction required to complete the conceptual design is likely required, this report 
ignores any phasing. This simplification enables the Water Partnership to focus on the 
feasibility of the final system. After initial feasibility of the entire system is evaluated, 
future work should establish funding scenarios that will guide the evaluation of 
phasing and define the size of each construction phase. 

This study was completed by CDM Federal Programs Corporation and Bartlett & 
West. Funding for this study was provided through the U.S. Army Corps of Engineers 
Planning Assistance to States (PAS) Program, Section 22 of the Water Resources 
Development Act of 1974 (Public Law 93-251) as amended to assist the States in the 
preparation of comprehensive plans for the development, utilization and 
conservation of water and related land resources, and Section 319 of the Water 
Resources Development Act of 1990 (public Law 101-640). The Missouri Department 
of Natural Resources, as the non-Federal sponsor of the PAS agreement, utilized State 
general revenues funds to fund about 43%of this study's cost, with 7% of the study 
cost provided by the local sponsor.  
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Section 2 
Existing Facilities Descriptions 
 
The service area currently represented by the Northwest Missouri Water Partnership 
includes 12 counties, all within northwest Missouri, covering approximately 6,100 
square miles. The communities represented by the Water Partnership currently serve 
over 85,000 people, with the remaining unserved population obtaining water from 
household wells or other alternative means. The water needs of St. Joseph, although 
inside the 12-county area, have been excluded during the planning process, since the 
needs of the community appear to be met by Missouri-American in the future. 

For this study, three potential wholesale water suppliers that are capable of producing 
enough water together to meet the future needs of the study area were considered. 
These suppliers include the emerging Atchison County Wholesale Water 
Commission, Missouri-American Water Company in St. Joseph, and the City of 
Plattsburg. The additional supply hubs that were identified in the 2007 Phase I report 
have relatively minor contributions as compared to the three major suppliers named 
above; however, these additional local contributors may be considered in the 
preparation of a final design. The City of Kansas City, Missouri has also expressed 
interest to be considered as a potential supplier and could be added in future studies.  

A survey of the three suppliers was completed as an initial task of this report. In the 
survey, the suppliers were asked to define their current capacity, and explain plans in 
place for expansions. They were also asked to report their current wholesale water 
rate. Copies of the correspondence with the suppliers are provided in Appendix A. 
Bartlett & West is the engineer for the Atchison County Wholesale Water Commission 
and provided the requested information. 

The Atchison County Wholesale Water Commission (ACWWC) is currently in the 
initial planning stages to construct water supply facilities. A facility plan is being 
completed simultaneous with this report. The facility plan indicates that the initial 
construction will be of a 2.5 million gallons per day (MGD) groundwater treatment 
facility and wellfield. This facility will not have excess treatment or transmission 
capacity, but will be designed to be expanded up to 10 MGD as needed. The 
commission has not set a wholesale water rate, but the facility plan shows that an 
anticipated wholesale water rate might be approximately $2.65 per 1,000 gallons sold. 

Missouri-American Water Company owns and operates the municipal water system 
in St. Joseph. Currently, Missouri-American operates a 30 MGD groundwater 
treatment facility that currently has 8.0 MGD of available capacity. The facility 
operators indicate that the plant was originally designed to be easily expanded to a 
capacity in excess of 40 MGD. The current wholesale water rate structure includes a 
negligible minimum charge and a water charge per 1,000 gallons as outlined in  
Table 2-1 below. 
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Table 2-1 
Missouri-American Rate Schedule 

Rate Class Rate 
For the first 100,000 gallons $4.2233 
For the next 1.9M gallons $3.2798 
For the next 3.0M gallons $2.7328 
For all over 5.0M gallons $1.8638 

The City of Plattsburg currently operates a 1.5 MGD municipal water treatment plant 
treating surface water from Smithville Lake. Plans are in place to expand the plant to 
2.5 MGD initially, then ultimately as much as 4.0 MGD to meet future city needs. No 
excess production or transportation capacity is currently available, but raw water 
rights are available to expand production up to 10 MGD as needed. Plattsburg has 
indicated that their wholesale water rate is $2.85 per 1,000 gallons sold. 

Future rates from these entities will likely be adjusted to include several different 
factors. The rates will likely increase due to price inflation, regulatory changes, and 
future capital expenditures, among other factors. Due to the complexity reflected in 
these rates, no attempt has been made to predict what rate of increase may be seen in 
the future.



 

Section 3 
Description of Need 
 
Water has long been identified as a key driver in the success and stability of the 
population. In northwest Missouri, many communities depend on access to the 
Missouri River and its alluvial aquifers or a federal reservoir for water supply. Those 
without access to these reliable sources depend on wheeled water from a wholesale 
supplier, or unreliable wells or local surface water reservoirs. During times of 
drought, these communities are the first effected. A 14-month drought spanning 2003 
and 2004 drove the water supply entities to act, creating the Water Partnership. 

Unreliable water supplies have forced water systems in northwest Missouri into the 
beginning of a downward spiral. The lack of adequate water has deterred much 
needed industry and commercial development, which has weakened the revenue 
stream upon which the water systems depend. It seems that water treatment and 
supply facilities have been the first to suffer from limited budgets, often falling into 
disrepair. Scheduled maintenance has been deferred as funds for renewal and 
replacement have been diverted to meet more immediate needs. 

The goal of the Water Partnership is to provide a long-term, affordable, abundant, 
high-quality water supply for the citizens of the region. Communities served by the 
Clarence Cannon Wholesale Water Commission in northeast Missouri have seen the 
economic trends from poor water supply reversed as the wholesale supply has come 
online. The expectation is that safe and reliable drinking water can bring similar 
results to the Water Partnership member communities.
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Section 4 
Future Water Need Projections 
 
Historical growth trends and water usage surveys for the communities in the study 
area were compiled and studied by MDNR in 2006, and from that, projections 
extending to year 2030 were completed. This work was presented in the Phase I report 
produced by the Department of Natural Resources Water Resources Center. The 
Phase I report numbers have been modified for this study as follows: 

 Year 2030 peak usage for the City of Pattonsburg has been adjusted from 2.3 MGD 
to 0.23 MGD. 

 Year 2030 peak usage of 0.35 MGD for Buchanan Public Water Supply District 
(PWSD) #1 has been added. 

4.1 Population and Water Demand Projections 
Population projections in the Phase I report assumed that the growth trends from 
2005 to 2006 would continue. As indicated in the Phase I report, prior to the formation 
of the Clarence Cannon Wholesale Water Commission (CCWWC) in the early 1990’s, 
northeast Missouri was experiencing a decline in population and water usage, similar 
to what northwest Missouri is facing today. Since the CCWWC began supplying 
water, all but two of the nine counties located within its service area have experienced 
a positive change in growth compared to the previous two decades. The most 
significant impact of the regional water supply, however, has been on water usage, 
which has gone up 2.6 percent annually since 1994. Based on the trend seen at 
CCWWC, as communities are phased into this project, it is assumed that population 
growth and/or subsequent water usage will increase by 2.6 percent annually. 

The entire water usage for selected communities has been included in the wholesale 
supply system, to acknowledge that most of these supplies are aging beyond their 
expected service life, or suffer from water quality or quantity issues. An important 
trend identified in the Phase I effort is that of the 83 systems in the region, 43 
purchase water from a neighboring community. At one time, 24 of those 43 systems 
had their own source supply. Since many aging and degrading supplies remain, 
regionalization and consolidation of water suppliers will likely continue, even in 
absence of a regional comprehensive system. The assumption that a majority of 
communities will have abandoned their water supplies within the next 20 years is 
validated by the trends seen in the area. 

Water demands are projected to the year 2030, which is anticipated to be the first year 
that all phases of the conceptual system would be built and in operation. Projected 
demands total 26.25 MGD as detailed in Table 4-1 below. Figure 4-1 shows the supply 
sources. 
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Table 4-1 
Projected Water Demands1 

PWS System 

2030 
Maximum 
Daily Use 

(MGD) PWS System 

2030 
Maximum 
Daily Use 

(MGD) 
Dekalb Co. PWSD #1 1.91 Grant City (MFWCO)2 0.29 
King City 0.28 Sheridan 0.032 
Cameron 3.27 Worth PWSD #1 0.081 
Clinton PWSD #3 0.54 Andrew Co. PWSD #1 1.96 
Stanberry (MFWCO)2 0.24 Andrew Co. PWSD #2 1.34 
Atchison Co. PWSD #1 0.31 Andrew Co. PWSD #3 0.34 
Fairfax 0.25 Andrew Co. PWSD #4 0.19 
Rock Port 0.49 Caldwell Co. PWSD #1 0.066 
Tarkio 0.31 Caldwell Co. PWSD #2 0.087 
Craig 0.24 Caldwell Co. PWSD #3 0.23 
Clinton Co. PWSD #1 0.16 Hamilton 0.33 
Gower 0.16 Kingston 0.078 
Plattsburg 1.51 Polo 0.14 
Albany 0.68 Coffey 0.013 
Gentry PWSD #1 0.22 Daviess Co. PWSD #1 0.31 
Gentry PWSD #2 0.058 Daviess Co. PWSD #2 0.25 
Bethany 1.12 Gallatin 0.72 
Harrison Co. PWSD #1 0.20 Jamesport 0.12 
Harrison Co. PWSD #2 0.92 Pattonsburg3,4 0.23 
New Hampton 0.032 Mound City 0.26 
Maryville 4.63 Holt Co. PWSD #1 0.18 
Nodaway PWSD 0.85 Big Lake 0.054 
Parnell (MDWCO) 0.003 Oregon 0.22 
 Buchanan PWSD #13 0.35 

  Total  26.25 MGD 
Notes: 
1 From Electronic Transmittal, Steve McIntosh, MDNR, March 7, 2008 
2 MFWCO = Middle Fork Water Company 
3 Added from the Phase I report 
4 Corrected from 2.3 to 0.23, Electronic Transmittal, Steve McIntosh, MDNR, September 24, 2008 

The annual usage rate is modified from usage rates from the baseline survey. The 
original data was modified in two ways. First, Pattonburg’s 2030 maximum day 
demand was changed from 2.3 to 0.23 MGD. This, along with adding demands for 
Buchanan PWSD #1, changed the 2030 total maximum day demand from 28 to  
26.25 MGD. Secondly, the original average to maximum day ratio was 1.3. In practice, 
the typical average to maximum day demand is usually closer to 2.0. After 
implementation of the conceptual plan, due to the availability of high quality, low-
cost water, it is anticipated that the actual ratio will become closer to 2.0. We have 
chosen to utilize a conservative peaking factor of 2.0, or 13.1 MGD average daily use, 
so that a conservative unit cost of water can be developed. If in actuality, average 
usage approaches max day usage as shown in the baseline study, it should only drive 
down the cost of water and improve the feasibility of the project. 
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Section 5 
Resource Alternatives Considered 
 
The Phase I report considered a number of options referred to as "sketches" before the 
engineering subcommittee recommended Sketch No. 7, which the Water Partnership 
accepted. The following descriptions of the sketches have been taken from the Phase I 
report. 

5.1 Sketch No. 1: Regional Reservoir 
This is similar to the approach taken by the CCWWC, which draws its water from 
Mark Twain Lake and serves water systems in northeast Missouri. It would call for a 
large regional reservoir with its own water treatment plant and water transmission 
lines. 

5.2 Sketch No. 2: Northwest Missouri Wholesale Water 
Commission 
This plan would involve supporting the Northwest Missouri Wholesale Water 
Commission’s (NMWWC) plan to develop a well field in the Missouri River alluvium, 
building a plant to process the water and link that plant via transmission lines to the 
following systems: 

 Andrew County PWSD #2 

 Andrew County PWSD #3 

 Buchanan County PWSD #1 

 Clay County PWSD #8 

 Gentry County PWSD #1 

 Gentry County PWSD #2 

 Harrison County PWSD #2 

 Platte County PWSD #3 

 King City 

 Polo 
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5.3 Sketch No. 3: Atchison County Wholesale Water 
Commission 
Like Sketch No. 2, this would encourage ACWWC to develop a well field and build a 
water treatment plant. They would sell wholesale water to Atchison County  
PWSD #1. Atchison County PWSD #1 would expand its boundaries to include the 
entire county. Atchison County would also construct transmission mains to wheel 
water from the Atchison County Wholesale Water Commission to themselves, and the 
water systems of Rock Port, Tarkio, Fairfax, and Craig. They could later wheel water 
through to Nodaway County, Holt County and other systems that connect to the 
ultimate regional water transmission lines. 

5.4 Sketch No. 4: Maximizing Seven Hubs 
Sketch No. 4 would take advantage of existing water systems that meet the needs of 
current customers and have the capacity for expansion. The systems identified 
include Bethany, Cameron, Maryville, Middlefork Water Company, Missouri 
American Water Company, Plattsburg, and Savannah. 

5.5 Sketch No. 5: Small Reservoir System 
Rather than have a regional reservoir as suggested in Sketch No. 1, this plan would 
involve a series of reservoirs — one in each of the 12 counties. Each reservoir would 
have its own water treatment plant and water transmission lines. 

5.6 Sketch No. 6: Unserved Area Focus 
This plan would change the focus from serving the region to finding ways to serve 
currently unserved areas by extending existing systems. 

5.7 Sketch No. 7: Regional Water Plan 
Sketch No. 7 is a hybrid of sketches No. 2, 3, 4, and 5. The Sketch No. 5 element 
includes support of the development of the Little Otter Creek reservoir in Caldwell 
County. 

5.8 Sketch No. 8: Do Nothing 
While many communities have seen how quickly water supplies can dwindle, and 
many of those communities face expensive construction in the near future to meet 
drinking water quality standards, the option of doing nothing regionally and leaving 
each community to its own means remains.



 

Section 6 
Selected Plan 
 
The Water Partnership for Northwest Missouri studied a number of regional water 
plan options before making the recommendation known as Sketch No. 7. The goal of 
Sketch No. 7 is to develop a regional water system that will transmit large quantities 
of water throughout the 12-county area. One important feature of this plan is how it 
incorporates existing facilities and current developments. 

The water will be transported to the region's major communities identified in the 
baseline study: Cameron, Bethany, Maryville, Missouri-American Water Company, 
Middle Fork Water Company, Plattsburg, and Savannah. The water will be 
transported through large transmission lines, with the cities and water districts 
adjoining the transmission lines being allowed to obtain water through a master 
meter. As stated previously, a guiding assumption for this study is that, simplifying 
the system to include three suppliers, Missouri-American Water Company, ACWWC, 
and Plattsburg, pipeline and pumping capacity will be in place that will accommodate 
additional suppliers. Future studies will be able to incorporate the impact of adding 
additional suppliers. 

Cities and water districts will serve their individual customers through their own 
existing water distribution systems. These water systems will continue to function as 
individual political subdivisions, being managerially and financially responsible for 
providing all distribution to serve their individual customers. Storage will be 
provided in the transmission system for pump station equalization only; each water 
system will remain responsible for their own internal storage needs to meet peak 
equalization and fire demand. 

In time, a number of systems will likely decide to discontinue the use of their own 
water source. This will be due to reduced source capacity, increased need that the 
source would not support, need for water treatment facility expansion or 
replacement, or because of the cost efficiency of purchasing treated water from 
another source. The conceptual system is sized with the consideration that the needs 
of each community will be met completely by the wholesale system and no internal 
contribution will be made. 
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Section 7 
Conceptual Design and Pipeline Layout for 
Selected Plan 
 
The goal of the conceptual design stage is to utilize the existing pipeline route as 
established by the Water Partnership as a base to locate intermediate pumping and 
storage locations. Preliminary pipeline sizing is also established along the route. The 
conceptual design was based on Sketch No. 7 and was developed using proprietary 
modeling software and then confirmed using the commercially available H2OMAP 
Water™ modeling application from MWH Soft (http://www.mwhsoft.com/). 
H2OMAP is a geographic information system (GIS)-based water supply and 
distribution systems analysis program that provides simulation capabilities for 
performing a wide variety of essential modeling tasks. The program supports 
geocoding and multiple mapping layers which can be imported from one of many 
data sources.  

The input parameters used to create the H2OMAP model of the conceptual system are 
presented in Appendix B. The output data tables generated by the model are 
presented in Appendix C. The piping, pumping, and storage facilities for the 
conceptual plan are shown in Figure 7-1. Numbers shown by each facility correspond 
to detailed information provided in the Appendix C. 

7.1 Model Criteria and Pipeline Sizing 
Model development criteria have been established for the project as defined in  
Table 7-1 below. These criteria were chosen to minimize energy costs while 
optimizing storage and pumping facilities. A conservative maximum pressure is 
selected to minimize the need for energy dissipation at delivery points, as most 
communities should be able to accept incoming water at the selected pressure with 
minimal need for throttling or higher-classed pipeline installation. Low-lying systems 
will likely require pressure-reducing valves at their master meter connection. 

Table 7-1 
Model Development Criteria 

Model Constraint Value 
Allowable Friction Headloss Range 5.3 - 15.8 feet per mile 
Target Pressure Range 40 - 150 PSI 
Allowable Pressure Range 20 - 200 PSI 
Maximum Transmission Velocity 5.0 feet per second 
Elevated Storage Tank Volume 10% Transmission Flow 
Maximum Horsepower per Pump 300 HP 
Hazen-Williams Roughness Coefficient 140 

PSI = pounds per square inch 
HP = horsepower  
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7.2 Pumping Facilities 
Pump stations are located in areas where free-flowing pressures from elevated 
storage or other pump stations would drop below 40 pounds per square inch (psi) 
without pumping. The pump stations are sized so that they can provide the flow for 
downstream peak daily demands over a 24-hour delivery period and discharge 
pressures are selected so that the levels in elevated storage tanks can be maintained 
while transmitting at these flowrates. Individual pumps in each pump station are 
limited to 300-horse power (HP) to allow low voltage (480 volt or less) equipment 
while keeping conductor sizes within a reasonable and economical range. 

7.3 Water Storage Facilities 
Elevated storage facilities are located in locations where the combination of elevation 
and pipeline friction losses would cause the pipeline pressure at the upstream pump 
station to exceed 150 psi, in all cases at the highest point along a particular pipeline 
branch. Storage facilities are sized in the transmission system for pump station 
equalization only; each water system will remain responsible for their own internal 
storage needs to meet peak equalization and fire demand. 

The conceptual system routing has been established as a looped system, where there 
is potential for the water to be supplied to each point by at least two pipelines. The 
looped nature of the system provides redundancy during an isolated outage of a 
pump station, supply point, pipeline, or storage tank. When a leak, pump station, or 
storage tank outage occurs, water will still be able to be served to an area by using the 
still functioning portion of the pipeline loop. The system will operate in a partially 
degraded state, and it may not provide 100 percent of peak daily needs during these 
times. Some storage capacity will be available during outages, but it is assumed that 
the capacity required for emergency storage will be provided by the individual 
communities. 

7.4 Blending Treated Water 
When combining treated water from various groundwater and surface water sources, 
some care will need to be made in managing varying water quality standards. First, 
when addressing the chlorine residual concentration and type in the various systems, 
long detention times between suppliers may lead to drops in chlorine residual that 
may necessitate chlorination stations. Consideration should also be made to the use of 
free chlorine by some suppliers and chloramines by others. It may be worthwhile for 
all water suppliers to utilize the same type of chlorine residual to prevent 
complications in the distribution system.  

Further, as some of these suppliers may be treating groundwater with lime softening 
processes and other suppliers may be utilizing surface water, the varying hardness 
and pH changes in the waterline may need to be carefully monitored to prevent either 
corrosive waters or calcium carbonate deposition in the distribution system overtime. 
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Evaluation of the various treated water quality characteristics, and chlorine residuals 
should be conducted as the study progresses. It is possible that water quality 
modeling may need to be conducted towards estimating chlorine demands and 
degradation in the shared distribution system.



 

Section 8 
Conceptual Plan Preliminary Cost Estimate 
 
The conceptual design and layout performed in the previous section has been 
completed so that a cost estimate may be produced and project feasibility can be 
determined by completing a wholesale water rate analysis. This section presents the 
underlying information required for a water rate analysis, including initial 
construction costs, system replacement cost, and annual operating and maintenance 
costs. 

8.1 Initial Construction Cost 
Cost estimates for initial construction cost of the conceptual system have been 
developed using an approach that incorporates actual prices from recent similar 
projects. Facilities are divided into three classes: Pipeline, Pump Stations, and Water 
Storage. 

Individual cost estimates have been developed for each type of facility. Pipeline costs 
were estimated by assuming a unit price per foot for each size of pipe, ranging from 
$35.50 per foot of 8-inch diameter pipe up to $166.10 per foot of 36-inch diameter pipe. 
Pipeline unit prices are intended to include material, installation, and incidentals, 
including design and easement acquisition. 

Pump station costs have been estimated by assuming a fixed cost for a minimalist 
pump station, including costs for the land, structure, power, and instrumentation. 
Additional cost is then added per pump and per horsepower for additional footprint, 
power, and equipment costs. Estimated pump station costs range from $820,000 for a 
300-HP pump station utilizing dual redundant pumps, to $1.9 million for an 800-HP 
station with four pumps. 

Water storage tank costs have been estimated by assuming a fixed cost for a basic 
installation, including costs for land acquisition and the basic structure. Additional 
cost is then added per foot of height, and per 1,000 gallons of volume. Estimated 
elevated storage tank costs range from $600,000 for a 100-foot tall, 200,000-gallon tank, 
to $2.0 million for a 140-foot tall, 2-million gallon tank. 

Costs were estimated for capital contributions to required expansions at each of the 
three suppliers. These costs may be partially mitigated in future evaluations by 
including peak day contributions from additional suppliers, thereby reducing the 
need for expansions. 

Since the Plattsburg facilities and the proposed ACWWC facilities have no additional 
capacity, it is assumed that each water treatment plant (WTP) facility would require a 
6.0 MGD expansion to meet peak demands. The allocated costs for these expansions 
are estimated at $11.5 million and $8.5 million, respectively. The Missouri-American 
Facility currently has excess capacity, but the conceptual facilities would force a 3.0 
MGD expansion of their facility. The allocated cost of the expansion is estimated at 
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$2.3 million. Costs for facility expansions are roughly estimated using a rule-of-thumb 
approach. No attempt has been made to perform any preliminary design or determine 
the condition or capacity of existing facilities during preparation of these estimates. 

Estimated costs were computed for each pump station, storage tank, and branch of 
pipe. The total estimates of initial cost are as shown in Table 8-1 below. The cost 
breakout for the pump stations, water storage facilities, and pipeline are provided in 
Appendix D. 

Table 8-1 
Conceptual Facilities Costs 

Item Initial Cost 
Pump Stations $   13,000,000 
Water Storage Facilities $     7,200,000 
Pipeline $ 129,200,000 
WTP Expansions $   22,300,000 
Total $ 171,700,000 

8.2 Replacement Cost 
System replacement costs are essential to managing a water system and are an 
important component in determining rates. This report assumes full replacement of 
each component at the end of its lifespan at the inflated initial construction cost, 
minus 40 percent for one-time project incidentals. These expenses, such as easement 
acquisition and some design costs, do not need to be paid again during a replacement 
project. Projected lifespan is assumed as 20 years for pump stations, 40 years for 
storage facilities, and 60 years for pipeline. When compensating for price inflation 
during the lifespan of the facilities, it is assumed that cash investments set aside for 
depreciation will gain interest at a rate equal to inflation. 

Using this assumption, annualized replacement costs are approximately $388,800 for 
pump station replacement, $107,500 for storage tank replacement, and $1.3 million for 
pipeline replacement, or a total of $1.8 million per year in replacement costs. Most 
often, investments can be chosen which exceed the rate of price inflation. If this 
happens, the amount of cash needed to fund depreciation is reduced. For example, if 
the rate of return on the reserve funds set aside for depreciation exceed the rate of 
inflation by 1 percent, the annualized replacement costs decrease to a total of 
 $1.1 million. 

8.3 Annual Operation and Maintenance Cost 
Operation and Maintenance (O&M) costs were developed using similar data from 
comparable water systems. Although many different factors combine to make up a 
system’s annual budget, often the bulk of the cost is represented in four components: 
staffing, energy (electricity) costs, storage repainting, and pipeline maintenance and 
repair. Costs for these four categories have been estimated and the total of these costs 
are represented as the estimated annual O&M cost for the system. 
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Staffing costs assume a staffing level of six full-time employees, comprised of two 
administrative and four field employees. Estimated staffing costs including benefits 
and employer payroll contributions total $300,000. 

Electrical costs are mostly derived from pumping operations. Assuming pumping 
operations are active approximately 25 percent of the total hours available in a year, 
the system would have an annual electrical demand of approximately 8,574,000 
kilowatt-hours. Assuming a rate cost of $0.10 per kilowatt-hour, the estimated annual 
energy cost is approximately $857,400 per year. 

Storage tank recoating represents another significant maintenance cost on the 
conceptual system. To develop this cost estimate, it is assumed that the coating 
systems used require a full blast and recoat every 15 years. Recent recoating costs for 
similar size tanks indicate the present value cost of recoating is approximately 
$150,000 per tank. If this cost is annualized, the cost to recoat all six of the system’s 
storage tanks should be budgeted at approximately $60,000 per year. 

The final component of the estimated operating and maintenance costs is pipeline 
upkeep. For this component, it is assumed that one break will occur for every 20 miles 
of pipeline each year. The present value repair cost represents the additional labor 
cost, equipment cost, and parts, and is estimated at $2,000 per repair. Multiplying 
those two factors show an estimated cost of upkeep for the 299-mile conceptual 
pipeline system is approximately $30,000 per year. 

Combining these four factors provides a representation of annual operations and 
maintenance costs for the conceptual system, excluding depreciation as represented in 
the previous section. This annual cost totals approximately $1.25 million per year. 

8.4 Water Purchase Cost 
Water purchase costs were calculated using data provided by the three suppliers. 
Since there are no preexisting water purchase contracts, terms have been assumed. 
Although Missouri-American is capable of serving an entire average day alone, the 
split of supply on an average day is assumed to mirror the peak day allocations to 
each supplier. The allocations are 23 percent each from both ACWWC and the City of 
Plattsburg, and 54 percent from Missouri-American. Based on these assumptions, the 
aggregate water supply cost per 1,000 gallons is $2.2832. Assuming a combined 
annual purchase of 4,727 million gallons, the annual water purchase costs total  
$10.79 million. 
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Section 9 
Summary of Wholesale Rate Requirements 
 
This section of the report presents the results of financial analyzes required to provide 
a preliminary estimate of the wholesale rates applicable to this project. The results of 
this assessment are presented in Table 9-1 below using three capital improvement 
financing scenarios: 

 Scenario 1 assumes 100 percent revenue bond financing 

 Scenario 2 assumes 80 percent revenue bond financing and 20 percent grant 
funding 

 Scenario 3 assumes 50 percent revenue bond financing and 50 percent grant 
funding 

Table 9-1 
Summary of Wholesale Rate Requirements 

  Scenario 1 Scenario 2 Scenario 3 
Estimated Annual Debt Service  $12,474,000 $9,980,000  $6,237,000
Estimated O&M Expense  $1,300,000 $1,300,000  $1,300,000 
Estimated Annual Renewal and Replacement $1,800,000 $1,800,000  $1,800,000 
Estimated Annual Water Purchase $10,645,000 $10,645,000  $10,645,000 
Total Estimated Annual Revenue Requirement $26,219,000 $23,725,000  $19,982,000 
Estimated Cost per 1,000 gallons $5.55 $5.02 $4.23
Estimated Customer Monthly Wholesale Cost 
(5,000 gal) $27.73 $25.10 $21.14

The need and amount of capital and operating reserves and bond issuance costs 
cannot be established at this time. The bond underwriter will determine the need for 
reserves to provide investor security based on the actual project phasing plan to be 
implemented. Typically, if these reserves are deemed necessary, they can be 
accumulated over a period of time by the entity. Bond issuance cost is directly related 
to the size of the bond issues. Without a phasing plan, bond issuance sizes cannot be 
determined along with bond issuance costs. 

For purpose of these financial analyses, the following assumptions are used: 

 Total estimated capital improvements will be $171.7 million for the entire project, 
including transmission mains, pumping stations, storage facilities, and expansion 
to existing water treatment plants. 

 Annual water usage was calculated using 13.1 MGD average daily use assuming all 
wholesale customers are under contract for service.  

 No phasing of the issuance of revenue bonds has been assumed. All revenue bonds 
are assumed to have been issued at a 6 percent interest rate, 30-year term, with 
equal annual debt service payments. 
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 All funding of any operating and capital reserves, which may be necessary for 
revenue bond issuance has been completed. Reserves may not be necessary should 
insurance be ultimately obtained.  

 Estimated revenue bond issuance amounts do not reflect impact of any issuance 
costs nor any capitalized interest during construction. 

 Water purchases are distributed as follows: 23 percent each from ACWWC and 
City of Plattsburg, remaining 54 percent from Missouri-American. 

 Estimated annual renewal and replacement cost is based on straight-line 
depreciation projections for various facility types. 

To refine the “Summary of Wholesale Rate Requirements” presented in Table 9-1, 
certain key activities must be initiated and completed in order to have an accurate 
representation of the project’s long term financial requirements. The list below 
denotes key activities: 

 Establishment of a political entity with rate setting, enforcement, and debt issuing 
authority. 

 Legal commitment by community members to participate in the project during 
design, construction, and operation of the project facilities. 

 Development of a detailed system design that recognizes an actual “phasing” 
scheme for the project’s design, construction, and operation. 

 Development of a project strategic financial plan that recognizes project “phasing” 
and changes in membership in order to determine the actual size of needed bond 
issues and timing. This will impact the need and level of “capitalized interest 
during construction” and reflect the financing scheme developed by the entity and 
its memberships for funding during construction. 

 Revisit the baseline study to obtain more accurate average and maximum day 
water usage figures and update the estimated cost of water based on actual 
membership. 

 Hiring of bond council and underwriter to develop revenue bond ordinance; an 
official bond offering statement;  projected debt service schedules; bond issuance 
cost; the need for, amount, and timing of any necessary operation and capital 
reserves to provide investor security; bond issuance amount; interest rate; bond 
term; adequate level of “capitalized interest during construction”; and bond market 
timing. 



 

Section 10 
Conclusions 
 
This feasibility study provides a conceptual plan that from which capital, operations 
and maintenance, and replacement cost estimates can be derived. Any changes in the 
assumptions, criteria, or projections used for this plan will modify the resulting 
conclusions. Conclusions based on the stated assumptions, projections and analyses 
in this report include: 

 The conceptual design and cost estimating included in this report are derived from 
the initial effort of the engineering subcommittee. Although phasing of the 
construction required to complete the conceptual design is likely required, this 
report ignores any phasing. 

 The water needs of St. Joseph, although inside the 12-county area, have been 
excluded from this planning process, since the needs of the community appear to 
be met by Missouri-American in the future. 

 Three potential suppliers that are capable of producing enough water together to 
meet the future needs of the study area were considered. These suppliers include 
the emerging Atchison County Wholesale Water Commission, Missouri-American 
Water Company in St. Joseph, and the City of Plattsburg.  

 The additional supply hubs that were identified in the 2007 Phase I report have 
relatively minor contributions as compared to the three major suppliers named 
above; however, these additional local contributors may be considered in the 
preparation of a final design. The City of Kansas City, Missouri has also expressed 
interest to be considered as a potential supplier and could be added in future 
studies.  

 Based on the trend seen at CCWWC as identified by MoDNR staff reports, as 
communities are phased into this project, it is assumed that population growth 
and/or subsequent water usage will increase by 2.6 percent annually. 

 The entire water usage for all communities has been included in the wholesale 
supply system, to acknowledge that most of these supplies are aging beyond their 
expected service life, or suffer from water quality or quantity issues. 

 Projected maximum water demands for year 2030, the projected first year all 
phases are in operation, total 26.25 MGD. Average daily use was calculated to be 
13.1 MGD. 

 Estimated facilities costs total $171.7 million. 

- Nine pump stations are utilized in the conceptual design. Estimated construction 
costs of all pump stations total $13 million. 
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- Six water storage facilities are utilized in the conceptual design. Estimated 
construction costs of all storage tanks total $7.2 million. 

- 299 miles of pipeline ranging in diameter from 8-inches to 36-inches are utilized 
in the conceptual design. Estimated construction costs for pipeline total $129.2 
million. 

- Expansions at each of the three water supplies will be required. Estimated 
allocated costs for water treatment plant expansions total $22.3 million. 

 Estimated annualized replacement costs total approximately $1.8 million per year. 

- Pump stations are estimated to have a 20-year average replacement cycle. 
Annualized replacement costs are approximately $388,800. 

- Water storage facilities are estimated to have a 40-year average replacement 
cycle. Annualized replacement costs are approximately $107,500. 

- Pipeline is estimated to have a 60-year average replacement cycle. Annualized 
replacement costs are approximately $1.3 million. 

 Annual operations and maintenance costs are composed of four components: 
Staffing, energy, storage repainting, and pipeline maintenance. These expenses are 
an estimated $1.3 million annually. 

- Staffing is composed of six full-time employees. Estimated annual staffing costs 
total $300,000. 

- Electrical demand is estimated to be approximately 8.6 million kilowatt-hours 
per year. Assuming a rate of $0.10 per kilowatt-hour, the estimated annual 
energy cost is approximately $857,400 per year. 

- If the present value cost of recoating (approximately $150,000 per tank) is 
annualized, the cost to recoat all six of the system’s storage tanks is an estimated 
$60,000 per year. 

- The estimated cost of upkeep for the conceptual pipeline system is 
approximately $30,000 per year. 

 Annual water purchase costs were estimated using a supply of 23 percent each 
from ACWWC and Plattsburg, and 54 percent of the annual demand from 
Missouri-American. Annual water purchases total $10.79 million for 4,727 million 
gallons purchased, translating to an aggregate wholesale supply rate of $2.28. 
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 Wholesale rate analysis was performed utilizing 30-year term revenue bonds at 6 
percent interest to finance the capital costs. When combined with the annual 
expenditures as listed above, the annual revenue requirements range from $26.22 
million with no grant money to $19.98 million with 50 percent grants available to 
defray capital costs. 

This translates to an estimated cost per 1,000 gallons of $5.55 to $4.23, respectively, 
or an estimated customer monthly wholesale ranging from $27.73 to $21.14 for an 
average (5,000 gallons per month) customer. 
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Section 11 
Recommendations 
 
This feasibility study concludes, given the assumptions and conceptual design as 
presented, that the project may be feasible if the rate information produced is 
acceptable to the member entities. To further investigate feasibility and obtain 
funding, additional study is recommended to be performed in the following areas: 

 A study should be performed that will assess the environmental impact of the 
proposed system. This study should include a review by other governmental 
entities for project conflicts, assess impact to farmland, and include other 
assessments as required by applicable funding agencies. 

 Additional development of the conceptual design should be performed which 
studies project phasing further. This study should include an assessment of 
available funding options and investigate the phasing requirements and 
restrictions of each lender. 

 Evaluation of the various treated water quality characteristics, and chlorine 
residuals should be conducted as the study progresses. It is possible that water 
quality modeling may need to be conducted towards estimating chlorine demands 
and degradation in the shared distribution system. 

 Following the above recommended work, the conceptual design should be further 
developed. Additional work should include various cost-benefit analyses of 
different processes, detailed operations plans, and materials of construction. This 
work could be incorporated into a future preliminary design report.
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Jeff Shamburg

From: Bob.Fuerman@amwater.com
Sent: Tuesday, December 02, 2008 4:01 PM
To: Bruce Hattig
Cc: Jeff Shamburg; Larry Nespica; plevniakje@cdm.com; frank.kartmann@amwater.com; 

kevin.dunn@amwater.com
Subject: RE: St. Joseph Capacity and Rates

Bruce,

The new reliable capacity is 30 MGD. This is with the largest pumping unit out of service 
and one filter out of service. This leaves 5.5 MGD available capacity from the plant and 
when you add in the  max day usage from our existing Water District Customers of 2.5 MGD, 
shows an available capacity of 8.0 MGD to supply to the Partnership at this time. As I 
said in the previous email, the plant is ultimately expandable to over 40 MGD.

Thanks
Bob Fuerman, P.E.
Director, Production

Missouri American Water
727 Craig Road
St. Louis, MO 63141
Phone: (314) 996-2462
Fax: (314) 432-7824

                                                                           
             "Bruce Hattig"                                                
             <bruce.hattig@bar                                             
             twest.com>                                                 To 
                                       <Bob.Fuerman@amwater.com>           
             12/02/2008 08:20                                           cc 
             AM                        "Jeff Shamburg"                     
                                       <jeff.shamburg@BARTWEST.COM>,       
                                       <plevniakje@cdm.com>, "Larry        
                                       Nespica" <NespicaLR@cdm.com>        
                                                                   Subject 
                                       RE: St. Joseph Capacity and Rates   
                                                                           
                                                                           
                                                                           
                                                                           
                                                                           
                                                                           

Bob,
Your message is timely as we are preparing the final document this week.
Please copy Jeff Shamburg on your message about the plant capacity

Bruce
-----Original Message-----
From: Bob.Fuerman@amwater.com [mailto:Bob.Fuerman@amwater.com]
Sent: Tuesday, December 02, 2008 6:55 AM
To: Bruce Hattig
Cc: frank.kartmann@amwater.com; Michael.Wood@amwater.com; greg.weeks@amwater.com
Subject: St. Joseph Capacity and Rates

Bruce,



�

I just received the new tariff sheets for St. Joe and wanted to get them to you. The rates
went into effect of November 28, 2008. The Sale for Resale rate went down a little from 
the previous rate.

(See attached file: St. Joseph .pdf)

As far as the plant capacity, please use the term "available" instead of excess capacity. 
The reliable plant capacity as built was 30 MGD treatment and 28.5 MGD for system 
delivery. The difference being plant use. These are based on the largest pumping unit 
being out of service to determine reliable capacity. We did replace one pump last year 
with a larger pump and I will have the new reliable capacity this afternoon. With 
everything in service the plant can treat 35 MGD, but we normally rate the plants based on
some of larger units or processes being out of service. I just wanted to clarify why we 
have different numbers.

The plant is expandable to over 40 MGD, so in the future, we could have additional 
available capacity.

I will follow up with an email on the new reliable plant capacity. If you have any 
questions, please don't hesitate to call.

Thanks
Bob Fuerman, P.E.
Director, Production

Missouri American Water
727 Craig Road
St. Louis, MO 63141
Phone: (314) 996-2462
Fax: (314) 432-7824

----------------------------------------------------------------------
This e-mail and any files transmitted with it are confidential and intended solely for the
use of the addressee. If you receive this transmission in error, please notify the sender 
and delete this e-mail. No employee or agent is authorized to conclude any binding 
agreement on behalf of Bartlett & West, Inc. with another party by e-mail.



�

Jeff Shamburg

From: Bob.Fuerman@amwater.com
Sent: Wednesday, December 10, 2008 1:40 PM
To: Bruce Hattig; higghs@embarqmail.com
Cc: Jeff Shamburg; bernard.meyer@amwater.com; frank.kartmann@amwater.com
Subject: Water Partnership of Northwest Missouri

Dear Bruce and Harlan,

Good to talk with you both this morning. I want to emphasis we want to help as much as we 
can with the Partnership and appreciate you letting us be a part of making history in NW 
Mo.

As per our conversation this morning, I wanted to send you the following language so that 
we do not have a misunderstanding in the future.

The information MAWC provided is based on estimates and is not a promise or pledge to 
provide water to the Partnership at any time in the future.  MAWC shall not reserve 
capacity, or make any capital improvements unless and until the Partnership enters into a 
valid water supply agreement.

If you should need anything, please do not hesitate to call. I look forward to seeing you 
at future Partnership meetings.

Thanks
Bob Fuerman, P.E.
Director, Production

Missouri American Water
727 Craig Road
St. Louis, MO 63141
Phone: (314) 996-2462
Fax: (314) 432-7824
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Phase II Feasiblity Study
NW Missouri Water Partnership

Model Input - Junctions
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

 ID ELEVATION DEMAND1 X Y
1 1159 0 339598.398 4467850.261
2 1098 0 313181.6535 4467189.189
3 1070 0 377140.7641 4402255.85
4 1106 0 370038.7875 4434505.817
5 945 225 369068.8562 4452993.623
7 1006 0 340639.5484 4443670.214
6 1115 1028.6 340990.6927 4452954.226
8 943 0 296717.8837 4477489.429
9 985 285.6 297466.5743 4478599.317

10 1061 280.8 289415.3693 4477864.631
11 973 0 287427.346 4477048.105
12 899 170.9 296526.9718 4468160.199
13 959 0 362745.0587 4401135.752
14 939 0 362768.6471 4386036.112
15 991 0 372357.7323 4379755.687
16 903 454.9 390159.7036 4456992.091
17 924 698.8 386770.1091 4457068.956
18 933 34.2 398266.8235 4457378.751
19 913 1016.5 412719.9541 4457687.561
20 1023 1659.2 340734.1873 4417176.641
21 983 0 340192.2642 4409545.176
22 903 0 349327.9134 4401322.702
23 897 1105.7 356395.4252 4401128
24 1101 280.1 339551.2738 4432286.155
25 1022 156.6 340578.7573 4442069.213
26 952 4176 395647.1457 4401167.437
27 932 120 404792.9431 4400676.955
28 964 1023.8 414070.4857 4398697.48
29 905 1609.4 406546.3873 4427040.198
30 913 1016.5 412726.4586 4457687.416
31 1039 400.4 401670.6753 4417224.221
32 869 165.4 298286.5427 4451962.429
33 870 342.7 309160.6165 4444922.039
35 1063 0 394653.4882 4457920.115
34 992 0 298729.4443 4467673.791
36 1038 0 401370.9464 4416687.051
37 861 73.2 373949.2427 4455630.092
38 939 0 369110.5671 4454158.071
39 971 0 395734.479 4401937.092
40 1023 3265.9 342615.6355 4467713.66
41 1143 0 340700.3272 4463961.12
42 1058 322.3 320339.2307 4432787.613
43 1091 0 314959.217 4467101.67
44 1063 0 313620.3928 4467172.239
45 1063 0 313626.2689 4467171.931
46 973 0 364130.818 4401769.955
47 973 0 364136.4989 4401772.655
48 988 2173 365693.5989 4402448.255
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Phase II Feasiblity Study
NW Missouri Water Partnership

Model Input - Junctions
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

49 963 0 369303.7909 4417220.036
50 1085 194.2 369966.2333 4434150.159
51 1037 0 369353.1989 4419683.253
52 1037 0 369353.0933 4419676.358
53 844 0 380744.745 4455405.331
54 964 0 376079.3734 4455582.047
55 957 0 376071.4346 4455582.211
56 1073 0 395218.89 4457874.553
57 958 0 395649.0193 4401699.427
58 1059 0 402561.8438 4419487.124
59 952 0 395644.5207 4401173.257
61 965 0 414020.4012 4398697.349
60 952 0 395653.527 4401166.944
62 882 0 311338.1433 4439784.911
63 1018 0 315711.7885 4436250.983
64 871 180.5 309261.1997 4444799.513
68 952 395639.7691 4401167.763
72 991 372538.3724 4379762.005
74 973 287380.8843 4477036.751
76 1000 362362.6369 4400982.113
78 983 340193.1642 4409612.075
80 983 340189.2704 4409475.44
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Phase II Feasiblity Study
NW Missouri Water Partnership

Model Input - Pipes
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

 ID LENGTH DIAMETER ROUGHNESS MINORLOSS FROM TO
1 29172.94 8 140 0 5 6
2 30499.89 10 140 0 7 6
3 5606.06 8 140 0 8 9
4 24059.17 24 140 0 10 8
5 7404.01 24 140 0 10 11
6 30937.45 24 140 0 8 12
7 55567.10 20 140 0 13 14
8 47569.06 20 140 0 14 15
9 11299.87 14 140 0 16 17

10 52847.05 12 140 0 18 19
11 7823.94 20 140 0 20 78
12 24107.29 30 140 0 22 23
13 5973.93 30 140 0 23 76
14 52320.72 12 140 0 24 20
15 32682.67 10 140 0 25 24
16 5259.59 10 140 0 7 25
17 110430.01 14 140 0 29 30
18 45006.03 8 140 0 32 33
19 7659.35 20 140 0 12 34
20 52790.68 10 140 0 34 32
22 15266.13 14 140 0 35 16
23 2030.11 20 140 0 36 31
24 20550.00 16 140 0 37 38
25 52550.10 20 140 0 36 39
26 3822.76 16 140 0 5 38
27 14359.12 10 140 0 40 41
28 37174.58 10 140 0 41 6
29 21.35 12 140 0 19 30
30 85822.68 10 140 0 42 20
31 82848.93 20 140 0 43 1
32 9998.92 20 140 0 1 40
34 4379.25 20 140 0 45 43
35 47487.16 20 140 0 34 2
36 1440.51 20 140 0 2 44
37 4999.94 36 140 0 13 46
39 5583.86 36 140 0 47 48
40 37835.16 30 140 0 48 3
41 61992.65 30 140 0 3 68
42 55761.42 18 140 0 49 48
43 47676.84 18 140 0 50 51
44 8061.95 18 140 0 52 49
46 63955.28 18 140 0 5 4
47 1227.06 18 140 0 4 50
48 22310.88 16 140 0 17 53
49 15320.06 16 140 0 53 54
51 6964.78 16 140 0 55 37
52 1861.02 14 140 0 35 56
53 10472.82 14 140 0 56 18
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Phase II Feasiblity Study
NW Missouri Water Partnership

Model Input - Pipes
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

54 828.61 20 140 0 39 57
55 8013.11 20 140 0 31 58
56 28992.84 20 140 0 58 29
57 1809.95 20 140 0 57 59
58 30028.84 14 140 0 60 27
59 20.95 24 140 0 59 26
60 21.00 14 140 0 26 60
61 31939.71 12 140 0 27 61
62 164.32 12 140 0 61 28
63 18978.02 8 140 0 62 63
64 18978.02 8 140 0 63 42
65 520.12 8 140 0 33 64
66 18457.90 8 140 0 64 62
67 0.55 24 140 0 7000 1
69 495.97 16 140 0 7002 56
71 442.65 12 140 0 7004 4
73 366.31 36 140 0 3 7006
75 249.14 12 140 0 7008 58
79 1.00 60 140 0 7012 21
83 202.73 30 140 0 7016 74
91 1.00 24 140 0 72 7014
95 413.32 30 140 0 76 13
97 22.53 36 140 0 76 7018

101 17228.96 30 140 0 80 22
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Phase II Feasiblity Study
NW Missouri Water Partnership

Model Input - Pumps
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

 ID TYPE DIAMETER DSGN_HEAD DSGN_FLOW FROM TO
5001 1 36 183 13200 46 47
5013 1 18 170 2700 52 51
5019 1 16 330 2250 55 54
5021 1 30 167 8306.1 68 26
5029 1 20 315 3650 44 45
5035 1 20 325 3900 72 15
5037 1 12 385 4900 74 11
5039 1 20 415 3185 21 78
5041 1 36 190 10601 21 80

Page 5 of 6



Phase II Feasiblity Study
NW Missouri Water Partnership

Model Input - Tanks
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

 ID TYPE ELEVATION MIN_LEVEL MAX_LEVEL INIT_LEVEL X Y
7000 2 1159 95 115 114 339598.40 4467850.43
7002 2 1073 107 127 126 395232.37 4458025.12
7004 2 1106 74 94 93 369904.28 4434516.41
7006 2 1070 110 130 129 377147.21 4402367.32
7008 2 1059 121 141 140 402497.12 4419526.84
7018 2 1000 70 80 79 362358.22 4401004.21
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Junction Report

ID Demand
(gpm)

Elevation
(ft)

Head
(ft)

Pressure
(psi)

1 1 0.00 1,159.00 1,273.00 49.40
2 10 280.80 1,061.00 1,345.16 123.13
3 11 0.00 973.00 1,355.92 165.92
4 12 170.90 899.00 1,277.90 164.18
5 13 0.00 959.00 1,078.34 51.71
6 14 0.00 939.00 1,205.98 115.68
7 15 0.00 991.00 1,315.24 140.49
8 16 454.90 903.00 1,220.11 137.40
9 17 698.80 924.00 1,246.61 139.79

10 18 34.20 933.00 1,186.22 109.72
11 19 1,016.50 913.00 1,057.41 62.57
12 2 0.00 1,098.00 1,155.82 25.05
13 20 1,659.20 1,023.00 1,387.56 157.96
14 21 0.00 983.00 983.00 -0.0000
15 22 0.00 903.00 1,137.75 101.72
16 23 1,105.70 897.00 1,088.88 83.14
17 24 280.10 1,101.00 1,288.36 81.18
18 25 156.60 1,022.00 1,211.42 82.08
19 26 4,176.00 952.00 1,286.68 145.02
20 27 120.00 932.00 1,246.49 136.27
21 28 1,023.80 964.00 1,172.40 90.30
22 29 1,609.40 905.00 1,168.04 113.98
23 3 0.00 1,070.00 1,199.00 55.90
24 30 1,016.50 913.00 1,057.41 62.57
25 31 400.40 1,039.00 1,207.49 73.00
26 32 165.40 869.00 1,199.65 143.27
27 33 342.70 870.00 1,140.55 117.23
28 34 0.00 992.00 1,257.85 115.19
29 35 0.00 1,063.00 1,201.29 59.92
30 36 0.00 1,038.00 1,210.30 74.66
31 37 73.20 861.00 1,025.21 71.15
32 38 0.00 939.00 1,078.40 60.40
33 39 0.00 971.00 1,283.01 135.20
34 4 0.00 1,106.00 1,199.00 40.30
35 40 3,265.90 1,023.00 1,251.14 98.85
36 41 0.00 1,143.00 1,226.12 36.02
37 42 322.30 1,058.00 1,216.49 68.68
38 43 0.00 1,091.00 1,451.00 155.99
39 44 0.00 1,063.00 1,152.73 38.88
40 45 0.00 1,063.00 1,460.41 172.20
41 46 0.00 973.00 1,072.10 42.94
42 47 0.00 973.00 1,254.91 122.15
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Junction Report

ID Demand
(gpm)

Elevation
(ft)

Head
(ft)

Pressure
(psi)

43 48 2,173.00 988.00 1,247.94 112.63
44 49 0.00 963.00 1,139.67 76.55
45 5 225.00 945.00 1,088.29 62.09
46 50 194.20 1,085.00 1,201.07 50.29
47 51 0.00 1,037.00 1,293.64 111.20
48 52 0.00 1,037.00 1,124.02 37.71
49 53 0.00 844.00 1,301.04 198.03
50 54 0.00 964.00 1,338.41 162.23
51 55 0.00 957.00 1,008.22 22.19
52 56 0.00 1,073.00 1,199.00 54.60
53 57 0.00 958.00 1,284.16 141.33
54 58 0.00 1,059.00 1,199.00 60.66
55 59 0.00 952.00 1,286.67 145.01
56 6 1,028.60 1,115.00 1,161.34 20.08
57 60 0.00 952.00 1,286.65 145.00
58 61 0.00 965.00 1,172.78 90.03
59 62 0.00 882.00 1,165.45 122.82
60 63 0.00 1,018.00 1,190.97 74.95
61 64 180.50 871.00 1,140.63 116.83
62 68 0.00 952.00 1,119.55 72.60
63 7 0.00 1,006.00 1,204.06 85.82
64 72 0.00 991.00 991.00 -0.000
65 74 0.00 973.00 972.90 -0.04
66 76 0.00 1,000.00 1,079.00 34.23
67 78 0.00 983.00 1,399.69 180.55
68 8 0.00 943.00 1,313.78 160.66
69 80 0.00 983.00 1,172.68 82.19
70 9 285.60 985.00 1,305.02 138.66
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Pipe Report

ID From Node To Node Length
(ft)

Diameter
(in) Roughness Flow

(gpm)
Velocity

(ft/s)
Headloss

(ft)

1 1 5 6 29,172.94 8.00 140.00 0.00 0.00 0.00
2 10 18 19 52,847.05 12.00 140.00 1,054.42 2.99 128.81
3 101 80 22 17,228.96 30.00 140.00 10,627.78 4.82 34.93
4 11 20 78 7,823.94 20.00 140.00 -3,165.48 3.23 12.13
5 12 22 23 24,107.29 30.00 140.00 10,627.78 4.82 48.87
6 13 23 76 5,973.93 30.00 140.00 9,522.08 4.32 9.88
7 14 24 20 52,320.72 12.00 140.00 -920.70 2.61 99.20
8 15 25 24 32,682.67 10.00 140.00 -640.60 2.62 76.93
9 16 7 25 5,259.59 10.00 140.00 -484.00 1.98 7.37
10 17 29 30 110,430.01 14.00 140.00 978.58 2.04 110.63
11 18 32 33 45,006.03 8.00 140.00 259.92 1.66 59.10
12 19 12 34 7,659.35 20.00 140.00 4,200.37 4.29 20.05
13 2 7 6 30,499.89 10.00 140.00 484.00 1.98 42.72
14 20 34 32 52,790.68 10.00 140.00 425.32 1.74 58.20
15 22 35 16 15,266.13 14.00 140.00 -1,094.35 2.28 18.81
16 23 36 31 2,030.11 20.00 140.00 2,976.88 3.04 2.81
17 24 37 38 20,550.00 16.00 140.00 -2,321.25 3.70 53.19
18 25 36 39 52,550.10 20.00 140.00 -2,976.88 3.04 72.72
19 26 5 38 3,822.76 16.00 140.00 2,321.25 3.70 9.90
20 27 40 41 14,359.12 10.00 140.00 544.60 2.22 25.02
21 28 41 6 37,174.58 10.00 140.00 544.60 2.22 64.78
22 29 19 30 21.35 12.00 140.00 37.92 0.11 0.000
23 3 8 9 5,606.06 8.00 140.00 285.60 1.82 8.77
24 30 42 20 85,822.68 10.00 140.00 -585.58 2.39 171.07
25 31 43 1 82,848.93 20.00 140.00 3,775.05 3.86 178.00
26 32 1 40 9,998.92 20.00 140.00 3,810.50 3.89 21.86
27 34 45 43 4,379.25 20.00 140.00 3,775.05 3.86 9.41
28 35 34 2 47,487.16 20.00 140.00 3,775.05 3.86 102.03
29 36 2 44 1,440.51 20.00 140.00 3,775.05 3.86 3.09
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Pipe Report

ID From Node To Node Length
(ft)

Diameter
(in) Roughness Flow

(gpm)
Velocity

(ft/s)
Headloss

(ft)

30 37 13 46 4,999.94 36.00 140.00 13,219.93 4.17 6.25
31 39 47 48 5,583.86 36.00 140.00 13,219.93 4.17 6.98
32 4 10 8 24,059.17 24.00 140.00 4,656.87 3.30 31.37
33 40 48 3 37,835.16 30.00 140.00 8,337.86 3.78 48.94
34 41 3 68 61,992.64 30.00 140.00 8,296.68 3.77 79.45
35 42 49 48 55,761.42 18.00 140.00 -2,709.07 3.42 108.26
36 43 50 51 47,676.84 18.00 140.00 -2,709.07 3.42 92.57
37 44 52 49 8,061.95 18.00 140.00 -2,709.07 3.42 15.65
38 46 5 4 63,955.27 18.00 140.00 -2,546.25 3.21 110.70
39 47 4 50 1,227.06 18.00 140.00 -2,514.87 3.17 2.08
40 48 17 53 22,310.88 16.00 140.00 -2,248.05 3.59 54.42
41 49 53 54 15,320.06 16.00 140.00 -2,248.05 3.59 37.37
42 5 10 11 7,404.01 24.00 140.00 -4,937.67 3.50 10.76
43 51 55 37 6,964.78 16.00 140.00 -2,248.05 3.59 16.99
44 52 35 56 1,861.02 14.00 140.00 1,094.35 2.28 2.29
45 53 56 18 10,472.82 14.00 140.00 1,088.62 2.27 12.78
46 54 39 57 828.61 20.00 140.00 -2,976.88 3.04 1.15
47 55 31 58 8,013.11 20.00 140.00 2,576.48 2.63 8.49
48 56 58 29 28,992.84 20.00 140.00 2,587.98 2.64 30.96
49 57 57 59 1,809.95 20.00 140.00 -2,976.88 3.04 2.50
50 58 60 27 30,028.84 14.00 140.00 1,143.80 2.38 40.16
51 59 59 26 20.95 24.00 140.00 -2,976.88 2.11 0.01
52 6 8 12 30,937.45 24.00 140.00 4,371.27 3.10 35.88
53 60 26 60 21.00 14.00 140.00 1,143.80 2.38 0.03
54 61 27 61 31,939.71 12.00 140.00 1,023.80 2.90 73.71
55 62 61 28 164.32 12.00 140.00 1,023.80 2.90 0.38
56 63 62 63 18,978.02 8.00 140.00 -263.28 1.68 25.52
57 64 63 42 18,978.02 8.00 140.00 -263.28 1.68 25.52
58 65 33 64 520.12 8.00 140.00 -82.78 0.53 0.08
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Pipe Report

ID From Node To Node Length
(ft)

Diameter
(in) Roughness Flow

(gpm)
Velocity

(ft/s)
Headloss

(ft)

59 66 64 62 18,457.90 8.00 140.00 -263.28 1.68 24.82
60 67 7000 1 0.55 24.00 140.00 35.45 0.03 0.00
61 69 7002 56 495.97 16.00 140.00 -5.73 0.01 0.00
62 7 13 14 55,567.10 20.00 140.00 -3,913.68 4.00 127.63
63 71 7004 4 442.65 12.00 140.00 31.38 0.09 0.00
64 73 3 7006 366.31 36.00 140.00 41.18 0.01 0.00
65 75 7008 58 249.14 12.00 140.00 11.50 0.03 0.000
66 79 7012 21 1.00 60.00 140.00 13,793.26 1.57 0.000
67 8 14 15 47,569.06 20.00 140.00 -3,913.68 4.00 109.26
68 83 7016 74 202.73 30.00 140.00 4,937.67 2.24 0.10
69 9 16 17 11,299.87 14.00 140.00 -1,549.25 3.23 26.51
70 91 72 7014 1.00 24.00 140.00 -3,913.68 2.78 0.000
71 95 76 13 413.32 30.00 140.00 9,306.25 4.22 0.66
72 97 76 7018 22.53 36.00 140.00 215.83 0.07 0.00
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Pipe Report

ID HL/1000
(ft/kft)

Total Forward
Flow
(MG)

Total Reverse
Flow
(MG)

Total Net Flow
(MG)

Flow Reversal
Count

1 1 0.00 0
2 10 2.44 0
3 101 2.03 0
4 11 1.55 0
5 12 2.03 0
6 13 1.65 0
7 14 1.90 0
8 15 2.35 0
9 16 1.40 0
10 17 1.00 0
11 18 1.31 0
12 19 2.62 0
13 2 1.40 0
14 20 1.10 0
15 22 1.23 0
16 23 1.38 0
17 24 2.59 0
18 25 1.38 0
19 26 2.59 0
20 27 1.74 0
21 28 1.74 0
22 29 0.01 0
23 3 1.56 0
24 30 1.99 0
25 31 2.15 0
26 32 2.19 0
27 34 2.15 0
28 35 2.15 0
29 36 2.15 0
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Pipe Report

ID HL/1000
(ft/kft)

Total Forward
Flow
(MG)

Total Reverse
Flow
(MG)

Total Net Flow
(MG)

Flow Reversal
Count

30 37 1.25 0
31 39 1.25 0
32 4 1.30 0
33 40 1.29 0
34 41 1.28 0
35 42 1.94 0
36 43 1.94 0
37 44 1.94 0
38 46 1.73 0
39 47 1.69 0
40 48 2.44 0
41 49 2.44 0
42 5 1.45 0
43 51 2.44 0
44 52 1.23 0
45 53 1.22 0
46 54 1.38 0
47 55 1.06 0
48 56 1.07 0
49 57 1.38 0
50 58 1.34 0
51 59 0.57 0
52 6 1.16 0
53 60 1.34 0
54 61 2.31 0
55 62 2.31 0
56 63 1.34 0
57 64 1.34 0
58 65 0.16 0
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Pipe Report

ID HL/1000
(ft/kft)

Total Forward
Flow
(MG)

Total Reverse
Flow
(MG)

Total Net Flow
(MG)

Flow Reversal
Count

59 66 1.34 0
60 67 0.00 0
61 69 0.00 0
62 7 2.30 0
63 71 0.00 0
64 73 0.00 0
65 75 0.000 0
66 79 0.12 0
67 8 2.30 0
68 83 0.49 0
69 9 2.35 0
70 91 0.92 0
71 95 1.59 0
72 97 0.00 0
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Pump Report

ID From Node To Node Flow
(gpm)

Head Gain
(ft)

1 5001 46 47 13,219.93 182.82
2 5013 52 51 2,709.07 169.62
3 5019 55 54 2,248.05 330.19
4 5021 68 26 8,296.68 167.13
5 5029 44 45 3,775.05 307.68
6 5035 72 15 3,913.68 324.24
7 5037 74 11 4,937.67 383.02
8 5039 21 78 3,165.48 416.69
9 5041 21 80 10,627.78 189.68
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Tank Report

ID Demand
(gpm)

Elevation
(ft)

Head
(ft)

Pressure
(psi)

% Full
(%)

Level
(ft)

1 7000 -35.45 1,159.00 1,273.00 49.40 95.00 114.00
2 7002 5.73 1,073.00 1,199.00 54.60 95.00 126.00
3 7004 -31.38 1,106.00 1,199.00 40.30 95.00 93.00
4 7006 41.18 1,070.00 1,199.00 55.90 95.00 129.00
5 7008 -11.50 1,059.00 1,199.00 60.66 95.00 140.00
6 7012 -13,793.26 983.00 983.00 0.00 100.00 0.00
7 7014 -3,913.68 991.00 991.00 0.00 100.00 0.00
8 7016 -4,937.67 973.00 973.00 0.00 100.00 0.00
9 7018 215.83 1,000.00 1,079.00 34.23 90.00 79.00
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Phase II Feasiblity Study
NW Missouri Water Partnership

Cost Estimates
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

Pipe Diameter
Length 
(feet) Unit Cost Extension

1 20 94475 93.80$     8,861,746$         
2 8 5606 35.50$     199,017$            
3 20 153816 93.80$     14,427,926$       
5 14 38900 65.30$     2,540,188$         
4 20 25669 93.80$     2,407,761$         
6 16 68969 74.90$     5,165,798$         
7 24 62401 112.30$   7,007,669$         
8 36 107172 166.10$   17,801,348$       
9 14 30050 65.30$     1,962,276$         
10 10 119977 45.60$     5,470,961$         
11 12 31940 55.50$     1,772,674$         
12 30 99829 139.50$   13,926,135$       
13 8 101941 35.50$     3,618,914$         
14 12 52321 55.50$     2,903,832$         
15 10 52791 45.60$     2,407,282$         
16 12 52848 55.50$     2,933,044$         
17 20 103137 93.80$     9,674,280$         
18 18 177127 84.40$     14,949,534$       
19 10 85824 45.60$     3,913,558$         
20 14 110431 65.30$     7,211,161$         
21 36 5000 166.10$   830,500$            

Total 129,155,103$     

Pipeline
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Phase II Feasiblity Study
NW Missouri Water Partnership

Cost Estimates
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

Tank ID Height

Volume 
(x1000 

gal) Extension
7000 115 500 937,500$            
7002 127 150 617,500$            
7004 94 400 785,000$            
7006 130 1200 1,675,000$         
7008 141 400 902,500$            
7018 80 1900 2,250,000$         

Total 7,167,500$         
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Elevated Water Storage Tanks
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Phase II Feasiblity Study
NW Missouri Water Partnership

Cost Estimates
WO: 16164.007

By: JAS 11/13/08
Checked By: BJH 11/18/08

Pump 
Station ID Flow

Flow 
(MGD) Head Total HP

Number of 
Pumps Extension

5001 13220 19.0 217 1100 5 2,540,000$       
5013 2709 3.9 163 200 2 620,000$          
5019 2248 3.2 330 300 2 820,000$          
5021 8297 12.0 245 800 4 1,900,000$       
5029 3775 5.4 308 450 3 1,160,000$       
5035 3912 5.6 324 500 3 1,260,000$       
5037 4938 7.1 383 750 4 1,800,000$       
5039 3165 4.6 417 500 3 1,260,000$       
5041 10628 15.3 154 650 4 1,600,000$       

Total 12,960,000$     
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Pump Stations
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