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1 EXECUTIVE SUMMARY

1.0 BACKGROUND

The City of North Kansas City (NKC) contracted with McClure Engineering Company (McClure) to
develop a Water Utility Management Plan (Plan) which included the evaluation and hydraulic
modeling of the City’s water distribution system and storage. The distribution system and storage was
also evaluated with projected growth over a 20-year planning period.

Future growth is limited by the City’s proximity to the Missouri River and KCMO. The City projects that
any future growth will occur from redevelopment of existing manufacturing/commercial land into large
apartment complexes and industries. Based on conversations with the City, only residential growth was
projected for this report. Growth was projected based on number of new apartment complexes to be
constructed.

The City is pursuing a planning project to expand its treatment capacity. This effort was not completed
at the time of this report; therefore, the existing treatment capacity was used as the limitation for
redevelopment opportunities. It was assumed that growth could occur until the demand was equal to
treatment firm capacity (5.90 MGD). Given this assumption, the WTP could still meet peak day
demands with its largest well and/or treatment unit out of service.

McClure evaluated the data provided by the City for completeness and condition. Based on this data,
McClure built a hydraulic model of the existing system to identify any deficiencies. With this
information, McClure aims to help the City develop a proactive plan to improve the existing system
and support any growth or development that occurs over the planning period. Some of these
deficiencies include:

1.0.1  Lack of Core Network

The term “core network” is used to describe the transmission capacity a water distribution system. The
system has some areas of water mains that are undersized, resulting in low fire flow availability,
inefficient conveyance, and poor system connectivity.

1.0.2 Limited Resiliency:

The system has redundancy issues with too few and undersized interstate and railroad crossings. If any
of these crossings are impaired, the system cannot provide peak day demand (PDD) without reaching
extremely high velocities. This puts the system at risk of failure and putting customers out of service.
The City also does not currently have a water main replacement program or valve
maintenance/replacement program, which has resulted in limited operational flexibility, specifically
when there are emergencies.

1.0.3 Storage Capacity:

Current storage capacity does not meet minimum storage requirements outlined in Ten States
Standards. Because of this, the system is more vulnerable to failure during PDD and emergency
events.
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1.1 RECOMMENDATIONS AND IMPLEMENTATION

McClure used the hydraulic modeling program to confirm performance, identify issues, and evaluate
alternatives for improvements. Assessed alternatives for the City’s distribution and storage system are
summarized below.

Table 1.1 - Assessed Alternatives

Issue Assessed Alternatives
Lack of : . .
ack of Core Construct a connected core network of large diameter transmission main
Network
Install larger and additional interstate and railroad crossings
Limited Resiliency Valve Inspection, Exercising, Maintenance, and Replacement Program
Long-term Water Main Replacement Program for Aging and Undersized
Mains
Limited Storage Alternative Ground Storage and Elevated Storage Tank Locations

1.1.1  RECOMMENDED DISTRIBUTION SYSTEM ALTERNATIVES

An adequate supply of finished water must flow from source, treatment, storage, and ultimately to the
end user in an efficient manner. As the City grows in population, a well-designed distribution network
to support large users and redevelopment is essential. Additionally, the existing system needs to be
maintained and updated to provide adequate service to existing customers.

It is recommended that the City move forward with distribution improvement projects to address the
issues previously listed. Four phases of this growth are outlined in this report.

Table 1.2 - Recommended Water Distribution System Projects

Section Project Est. Timeframe = Pr(e:sen’r-doy
ost

9.1.1 | Phase O — Project 1: Burlington Street (South) Upsize | Immediately -
9.1.2 | Phase 1 — Project 2: Additional Railroad Crossing 0-5 years $4,945,000
9.1.3 | Phase 1 — Project 3: Connection to GSR 0-5 years $3,900,000
914 [’JP;QSisZeeQ — Project 4: Existing Railroad Crossing 5-10 years $2,716,000
9.1.5 | Phase 2 — Project 5: North 1-29 Crossing Upsize 5-10 years $2,558,000
9.1.6 | Phase 3 — Project 6: Bedford Ave Upsize 10-15 years $5,877,000
9.1.7 | Phase 4 — Project 7: Levee Rd. Upsize 15-20 years $5,670,000
918 Water Moin Replocemen’r Project for Aging and Confinuous $1,41 8,'000 per

Undersized Mains Project
910 Valve Inspection, Exercising, and Maintenance Continuous

Program
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1.1.2  RECOMMENDED WATER STORAGE ALTERNATIVES

To meet minimum storage requirements outlined in Ten-States Standards, additional water storage is

necessary.
Table 1.3 - Recommended Water Storage Projects
Section Project Est. Timeframe = Prgsent-day
ost
9.2.1 Phase 1 — 2 MG GSR 0-5 Years $7,725,100
9.2.2 Phase 4 — 2 MG Elevated Storage Tank 15-20 Years $9,088,000

1.2 CIP AND FINANCING PLAN
The Capital Improvement Plan is based on growth via redevelopment of existing infrastructure into
large apartment complexes. Since the City expects this redevelopment to continue, the future demand
was set equal to the firm capacity of the plant. This demonstrates the maximum allowable demand
with the largest piece of equipment out of service (the city could still provide water in worst case
scenario). The timing for some of these projects can be adjusted based on the continued rate of

redevelopment.
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Exhibit 10.1 - 20 Year Capital Improvements Project

Soultion Phase O Phase 1 Phase 2 Phase 3 Phase 4 Estimated
(Immediately) | (0-5 YR) (5-10YR) | (10-15YR) | (15-20YR) | 2025 Cost
DISTRIBUTION NETWORK
1 9.1.1 |Burlington Street (South) Upsize
2 9.1.2 |Additional PID Crossing $4,945,000 $4,945,000
3 9.1.3 |Connection to GSR $3,900,000 $3,900,000
4 9.1.4 |Existing PID Crossing Upsize $2,716,000 $2,716,000
5 9.1.5 |North I-29 Crossing $2,558,000 $2,558,000
6 9.1.6 |Bedford Ave Upsize $5,877,000 $5,877,000
7 9.1.7 |Levee Rd. Upsize $5,670,000 $5,670,000
8 | 918 Zﬁfetj:gzir;i:pb‘;?nrze”* Project for Aging $1,418,000 | $7,090,000 | $7,090,000 | $7,090,000 | $7,090,000 | $29,778,000
Total Distribution| $1,418,000 | $15,935,000 | $12,364,000 | $18,637,000 | $7,090,000 | $55,444,000
STORAGE
1 9.2.1 |2 MG GSR $7,725,100 $7,725,100
2 9.2.2 |2 MG Elevated Storage Tank $9,088,000 $9,088,000
Total Storage $0 $7,725,100 $0 $0 $9,088,000 | $16,813,100
TOTAL IMPROVEMENTS | $1,418,000 | $23,660,100 | $12,364,000 | $18,637,000 | $16,178,000 | $72,257,100




2 INTRODUCTION

2.0 PURPOSE

The City of North Kansas City (NKC) contracted with McClure Engineering Company (McClure) to
update the existing 2007 Master Plan by incorporating new growth and development, updating the
hydraulic model, and evaluating the existing and future demands of the system. The purpose of this
Water Utility Management Plan (Plan) is to evaluate the potable water distribution and storage system
for the City and identify improvements needed to maintain a viable system for the next 20 years.

This Plan also discusses financing strategies to fund the proposed improvements. This Plan does not
include detailed evaluations of raw water supply and treatment processes. However, the capacities of
these systems are reflected based off previous reports outlined in Section 2.1.

2.1 PAST STUDIES

NKC has previously conducted a series of studies that focused on future planning, as well as water
supply, treatment, storage, and distribution improvements. McClure relied on the data presented in
the following reports:

e “Water Master Plan, December 2007”, completed by Burns & McDonnell Engineering
Company, INC.

e “Water Supply and Treatment Evaluations and Improvements, June 2016”, completed by
Burns & McDonnell Engineering Company, INC.

e “North Kansas City Master Plan, 2016”, completed by North Kansas City.

e “North Kansas City Market Study, 2023"”, completed by DLR Group.

2.2 APPROACH

McClure completed a comprehensive evaluation of the distribution and storage systems based on
discussions with and materials provided by North Kansas City (NKC), site visits, hydraulic testing (flow
and pressure), and extensive system hydraulic modeling. McClure first conducted an evaluation of the
existing system to establish current conditions and identify major deficiencies. These findings were
used fo create a new hydraulic model of the City’s system using Bently WaterGEMS. Meetings were
conducted with the City to verify system and model conditions, assumptions, and identified
deficiencies.

Following model calibration and validation, a series of alternatives were created. This resulted in the
identification of preferred alternatives that most effectively and efficiently serve the future distribution
and storage needs of the City. These alternatives were evaluated using both steady state and extended
period simulations (EPS) to establish viability and benefit. A steady state scenario is a snapshot in time,
with fixed, predefined conditions. An EPS is a dynamic evaluation of the function of the model over
time, including fluctuations in demand throughout the day. Preferred alternatives were then prioritized
and used to develop cost estimates. These prioritized projects and cost estimates were used to develop
a 20-year phased CIP with 4 phases. This plan identifies the most critical improvements based on
projected growth, cost estimates, funding sources, and projected funding timeframe.
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3 BACKGROUND INFORMATION
3.0  PLANNING PERIOD

The state of Missouri adheres to the Ten States Standards, which recommends a minimum planning
period of 20 years into the future for proposed improvements. In this case, the planning period will
extend to 2045. This ensures that the critical structures and equipment can accommodate future
demands over its useful life. A projection over this period provides an idea of what reasonable growth
can occur and helps promote best practices for long-term water system management.

3.1 GEOGRAPHY

North Kansas City is located in Sections 11, 12, 13, 14, 18, 21, 22, 23, 24, 27, and 28 of Township
50 North, Range 33 West in Clay County, Missouri. The City is bordered to the east, south, and west
by the Missouri River, which separates NKC from Kansas City, Missouri (KCMO) and Kansas City,
Kansas (KCK). The City is bordered to the north by Avondale. NKC is contained entirely in the
Buckeye Creek Watershed which drains to the Missouri River. A recent aerial photo of the City with
surrounding area is shown in Exhibit 3.1.

Future growth is limited by the City’s proximity to the Missouri River and KCMO. The City projects that
any future growth will occur from redevelopment of existing manufacturing/commercial land into large
apartment complexes and industries. For the purpose of this report, future industrial growth was not
evaluated.

Soil information for NKC was taken from the USDA Web Soil Survey. Soil data can be seen in the
table below. Soils that comprise 1% or greater of the total area were tabulated. The soils in NKC
consist mostly of Urban Land. A detailed soils report can be provided upon request.

Table 3.1 - Major Soil Types

Soil Type Total Acreage | Percent of Area
Knox silt loam, 20 to 35 percent slopes 77.5 2.60%
Knox silty clay loam, 9 to 14 percent slopes, severely eroded 445 1.50%
Knox-Urban land complex, 5 to 9 percent slopes 171.3 5.80%
Knox-Urban land complex, 9 to 14 percent slopes 35.0 1.20%
Gilliam silt loam, O to 2 percent slopes, occasionally flooded 142.1 4.80%
}?/oldron silty clay loam, O to 2 percent slopes, occasionally 56.0 1 90%

ooded

Leta silty clay, O to 2 percent slopes, occasionally flooded 88.2 3.00%
Haynie silt loam, O to 2 percent slopes, occasionally flooded 128.8 4.30%
Water 140.2 4.70%
Urban land, upland, 5 to 9 percent slopes 55.5 1.90%
Urban land, bottomland, O to 3 percent slopes, rarely flooded 1,991.8 66.90%
Total 2,930.9 98.60%
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3.2 SUMMARY
According to climate data provided by the Missouri Climate Center, from 1991 to 2020, the absolute

maximum and minimum temperatures experienced near the City were 113 and -23 degrees

Fahrenheit. The average monthly precipitation, and maximum and minimum temperature are shown

in Table 3.2.
Table 3.2 - Historical Climate Data

Month Average Max Average Min Average Monthly

Temperature (°F) | Temperature (°F) Precipitation (in)
January 38 19 1.16
February 44 24 1.48
March 55 34 2.36
April 66 44 4.05
May 75 54 5.32
June 84 64 5.25
July 88 68 4.58
August 87 66 4.24
September 79 58 4.04
October 67 46 3.25
November 54 34 2.00
December 42 24 1.57

3.3 POPULATION

3.3.1

HISTORICAL POPULATION

NKC has experienced moderate growth since being incorporated in 1912. The average annual
growth rate from 2010 — 2020 was roughly 0.60%. However, growth has increased significantly in the
last 5 years. This sudden increase in growth is from the redevelopment of manufacturing and
commercial land use to large apartment complexes and industries. Historical population data can be
seen in Table 3.3 and Exhibit 3.2. Population data provided by the United States Census Bureau. The
American Community Survey was used to estimate recent population over the last 5 years. Population
for 2025 was estimated, assuming that all new apartment units will be filled within the year. This can
be seen in Table 3.4, Table 3.5, and Exhibit 3.3.
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MASTER PLAN - NORTH KANSAS CITY

Population
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Table 3.3 - Historical Population

Year Population
1920 870
1930 2,574
1940 2,688
1950 3,886
1960 5,657
1970 5,183
1980 4,507
1990 4,130
2000 4,708
2010 4,295
2020 4,467

Exhibit 3.2 — Historical Population Growth
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MASTER PLAN - NORTH KANSAS CITY

Population

Table 3.4 - Recent Apartments Constructed

Apartment Number of Units Opening Date S;E‘;f;?::
ORA 275 2023 Full
23 and Swift 300 End of 2024 *Empty
Oxbow 275 2023 Full
The Backyard at On
© OCNV;ﬁﬁ af One 250 2022 Full
*2 people per unit was assumed for an equivalent population of 600
Table 3.5 - Recent Population
Year Population
2020 4,467
2021 4,510
2022 4,553
2023 5,534
2024 5,856
Estimated 2025 6,500
Exhibit 3.3 — Recent Population Growth
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3.3.2 POPULATION PROJECTIONS
Based on conversations with City Staff, any population increase will continue to occur from
redevelopment of manufacturing/industrial land use into large apartment complexes. Projected
population can be equated to the number of new apartments built within the planning period.

The average apartment built within the last 5 years in NKC has roughly 275 units and consists of
studio, one-bedroom, and two bedroom style floor plans. For the purpose of this report, it is assumed
that there are 2 residents per unit. An average apartment of 275 units would equate to a population
of 550 people. A projected population for the planning period is further discussed in Section 4.2.

3.4 LAND USE

3.4.1 CURRENT LAND USE
NKC consists primarily of industrial, manufacturing, and commercial lots in the south, with some
residential in the north. The current NKC zoning district map can be seen in Exhibit 3.4. Based on
conversations with the City, it is projected that some of the industrial/manufacturing land will be
redeveloped into multi-family housing/apartments.
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4 WATER DEMANDS

4.0 HISTORICAL WATER CONSUMPTION

The City provided complete water use data from 2018 to 2023. This data was analyzed to determine
historical water use trends and is summarized in Table 4.1. Since 2018, water use has increased
nearly 30%. More specifically, water use increased roughly 1.0 MGD between 2021 and 2022. This
sudden increase in demand is from the largest industrial user, Ingredion, expanding.

Table 4.1 - Recent Observed Water Use

Year | Average Day Demand (MGD) | Peak Day Demand (MGD)
2018 2.72 411
2019 2.73 3.60
2020 2.55 3.41
2021 2.48 3.46
2022 3.64 5.04
2023 3.54 5.30

4.0.1  SIGNIFICANT INDUSTRIAL USERS
Industrial and commercial users located in NKC contribute largely to overall water consumption. Most
of the large user demand comes from Ingredion, a manufacturer of sweeteners, starches, and
nutrition ingredients. They are located on the South side of the city, to the East of MO-9, and borders
the Missouri River. Ingredion, along with many other manufacturing/industrial users, are located east
of the railroad in an area referred to as the Paseo Industrial District (PID).

NKC provided daily meter data for 2023. From this, significant industrial users (SIUs) and the
corresponding average demands were identified. This can be seen in Table 4.2. It should be noted
that industrial and commercial users account for roughly 90% of the City’s overall water usage. Exhibit
4.1 shows the locations of the top water users in NKC.

Table 4.2 - Top User Data

Top 10 Users Average Demand (MGD)
Ingredion 1.58
US Gypsum 0.49
NKC Hospital 0.19
Harrah's 0.10
Burlington Car Wash 0.06
Tnemec 0.03
Walker Food Products 0.02
Park Lofts 0.02
Pelton Shepherd 0.02
Musket Corporation 0.02
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4.0.2 UNACCOUNTED FOR WATER USE
The Missouri Department of Natural Resources (MDNR) reported in the 2020 Sanitary Survey that
water loss in the system between January 2018 and November 2018 is 18.3%. Based on 2023 water
use and billing data, water loss has increased since 2018 and was 24.1%. It is recommended that a
monitoring and prevention plan be established if water loss exceeds 10%.

4.1  WATER DEMAND PROJECTIONS

To determine accurate water use projections, historical water use per capita is used. Typically, values
for per capita water use fall within the following ranges:

e Average Day Demand (ADD): 100-120 GPCD
e Peak Day Demand (PDD): 200-240 GPCD

Residential water use was determined on a percentage basis. Based on the 2023 billing data provided
by the city, approximately 10% of water use is from residential customers. Residential water use was
estimated for years spanning from 2020 to 2024. These values were divided by the corresponding
population to determine gallons per capita per day.

Based on historical population and residential water use from 2020 to 2024, NKC has an ADD of 80
GPCD, and a PDD of 137 GPCD. This is lower than most communities. Many communities do not
have the industrial and commercial presence that NKC does. Because the industrial/commercial use
in NKC is so substantial, it is easier to differentiate from residential demand. As a result, the water use
per capita is lower.

Future demand was determined based on the allowable number of new apartments that can be built
without overloading the current water treatment system. An average demand per apartment was
assigned based on the assumed population per apartment and per capita water use. The assumed

ADD for a typical apartment in NKC is 31 GPM, and a PDD of 52 GPM. Table 4.3 shows the number
of new apartments, and the corresponding demand required.

Table 4.3 - Projected Apartment Demand

Number of Additional Equivalent Equivalent Total NKC Total NKC
Apartments Population ADD (MGD) PDD (MGD) ADD (MGD) PDD (MGD)
1 550 0.04 0.08 3.74 5.38
5 2,750 0.22 0.38 3.92 5.68
8 4,400 0.35 0.60 4.05 5.90
10 5,500 0.44 0.75 4.14 6.05
15 8,250 0.66 1.13 4.36 6.43
20 11,000 0.88 1.50 4.58 6.80
25 13,750 1.10 1.88 4.80 7.18
30 16,500 1.33 2.25 5.03 7.55
Treatment Firm Capacity
(MGD) 5.90
Total Treatment Capacity
(MGD) 7.50
=
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The City has the capacity to add 8 new apartment complexes without exceeding the firm capacity of
the existing water treatment plant. Firm capacity is defined in Ten States Standards as the capacity of
the system with the largest well and/or treatment unit out of service. It is recommended that the firm
capacity of a treatment plant be designed to meet peak day demands. Because of this, the projected
water demand should not go beyond this value without planning for WTP upgrades. The City is
undertaking a planning effort to expand its treatment capacity. This effort was not completed and the
City recommended McClure approach this study based on the existing treatment limits. For the
purpose of this report, the projected demand is 5.90 MGD. This would result in a projected
population of roughly 10,900.

4.1.1 WATER CONSERVATION
Water conservation implementation is typically accomplished through installation of high efficiency
water fixtures. New water fixtures are substantially more efficient than those of even 15-20 years ago,
and new developments will tend to have lower interior water use per fixture than older developments.
Some communities have success in incentivizing the replacement of older water fixtures with newer,
more efficient versions. This is most effective in cities where the majority of houses are older than 60
years in age.

Other water conservation measures are emerging for growing metro communities. Some of these
include:

Implement Fair Water Rate Structures

Establish Water Conservation Goals

Install Meters at Unmetered Locations

Implement Toilet Replacement Programs

Fund Water Conservation Efforts

Adopt Outdoor Watering Ordinances

Establish Retrofit Programs

Educate the Public

” ITE
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5 EXISTING WATER SUPPLY
5.0 RAW WATER SUPPLY

NKC operates five water supply wells in the Missouri River alluvial aquifer. The wells are located in two
different well fields and are referred to as the north well field and south well field. Both are located
north of the existing water treatment plant. A summary of the wells and the corresponding capacity is
shown in Table 5.1. The total raw water capacity is 14.11 MGD, with a firm capacity of 10.80 MGD.

Table 5.1 - Water Supply

Water Supply Year Constructed Location GPM MGD
Well 2A 1997 South Well Field 2,200 3.17
Well 4A 1995 North Well Field 1,500 2.16
Well 5 1968 South Well Field 1,600 2.30
Well 6 1995 North Well Field 2,300 3.31
Well 7 2004 South Well Field 2,200 3.17

Total Capacity 9,800 gpm 14.11 MGD

Firm Capacity 7,500 gpm 10.80 MGD

Finished Water Peak Day Demand (Current) 5.30 MGD
Finished Water Peak Day Demand 2045 5.90 MGD

5.1 EXISTING WATER TREATMENT PLANT

NKC has one water treatment plant located on the west side of town on the intersection of Burlington
Street and W 19" Ave. The location of the WTP can also be seen in Exhibit 5.1. Treatment consists of
aeration, gas chlorination and lime slurry addition in solids contact clarifiers for softening, CO»
recarbonation for pH adjustment, and media filtration. Chlorine gas and phosphate are added post-
filtration for disinfection and iron sequestration/corrosion control. Finished water enters a clearwell
and is pumped to the distribution by four high service pumps.

The total capacity of the WTP is 7.5 MGD when operated over 24 hours. If a typical operation is
assumed, with the largest filter out of service, the resulting plant production is roughly 5.90 MGD. The
total and firm capacity is summarized in Table 5.2.

Table 5.2 - Capacity of Existing Facilities

Factor MGD

Total Treatment Capacity 7.50

Firm Capacity 5.90
Finished Water Peak Day Demand (Current) 5.30 MGD
Finished Water Peak Day Demand 2045 5.90 MGD

5.2 CONNECTION TO KANSAS CITY, MO

In 2016, Ordinance No. 8911 was issued, approving a reciprocal emergency water sales agreement
between KCMO and NKC. This allows for the reciprocal supply of water to one another in case of
emergencies. There are currently three interconnections. There are two established connection points
from KCMO to NKC, and one connection point from NKC to KCMO. Information regarding these
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established connections is summarized in Table 5.3. The locations of the connections can also be

seen in Exhibit 5.1.

McClure is in the planning and design phase for a fourth connection point from KCMO to NKC;
however, this connection will exclusively provide water to the NKC hospital in emergency events. This

interconnect cannot be used by the rest of NKC.

KCMO operates their distribution system at a much higher pressure than NKC. Because of this,
pressure reducing valve (PRV) vaults and check valves are required for these interconnections to
function properly. In addition, NKC operates a free chlorine system while KCMO operates a
chloramine system. If an emergency connection is used, the system must be flushed to prevent the
formation of trihalomethanes.

Table 5.3 - Interconnection Information

Interconnection Location Connection Size Notes
KCMO to NKC 1101 NE 32" Street 12-inch Mm”“mﬁgs”bNKc
nd
KCMO 1o NKC NE 32™ Street & NE Prather 8-inch )
Road

X : Provides water exclusively
KCMO to NKC NKC Hospital - o NKC hospital.
NKC to KCMO 799 N Atlantic Avenue 6-inch =

*Proposed Connection

14
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6 EXISTING DISTRIBUTION SYSTEM AND STORAGE

6.0 DISTRIBUTION SYSTEM
The City’s water distribution system has approximately 235,488 feet (or 44.6 miles) of pipe. The
majority of the distribution system is made up of 6-inch, 8-inch, and 10-inch pipe. The pipe size and
known composition of the distribution system is shown in Table 6.1. The existing distribution system
can also be seen in Exhibit 5.1. The composition of the water main is unknown for a majority of the

distribution system.

Pipe material can also be correlated to pipe age. Typically, any pipe installed more than 50 years ago
is cast iron. Pipe age is unknown; however, parcel structure age was provided by the city. This is
summarized in Table 6.2 and Exhibit 6.1. Based on age of structure, the unknown pipe type is most
likely cast iron, unless recent water main upgrades have been made.

Table 6.1 - Pipe Diameter by Material

Diameter DIP (f) Cast Iron (ft) Unknown (f) Total (f)
<4 1,904 0 0 1,904
4 2,016 0 1,987 4,003
6 5,668 0 68,019 73,687
8 3,987 66 72,138 76,190
10 6,481 0 52,642 59,123
12 250 0 12,875 13,125
14 0 0 4,130 4,130
16 0 0 3,276 3,276
18 0 0 49 49
Total 20,306 66 215,116 235,488
Table 6.2 - Parcel Structure Age
Age Percentage of Parcels
More than 70 Years Old 50.8%
50-70 Years Old 15.2%
30-50 Years Old 4.1%
15-30 Years Old 9.8%
5-15 Years Old 4.5%
Under 5 Years 1.5%
Unknown Age 14.0%
Total 100%
6.1  STORAGE SYSTEM
NKC currently owns and operates two storage tanks:
1. 0.24 million-gallon (MG) clearwell at the WTP, and
2. 1.70 MG reservoir at 32™ Street.
=
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Information regarding these storage tanks is shown in Table 6.3. The locations of the existing storage
tanks can also be seen in Exhibit 5.1.

Table 6.3 - Water Storage Data

Factor Clearwell GSR
Location WTP (below ground) 32" Street (above ground)
Working Volume 0.24 MG 1.70 MG
Installation Year 1912 -
Base Elevation - 896’
Low Water Level - 896’
High Water Level - 911’
Total Head Range 6.5’ 15
Dimensions 141" x 37’ 130" x 130’

6.2  BOOSTER PUMP STATIONS

NKC owns and operates three different pumping stations:

1. High Service Pumps (HSPs) at the WTP,
2. Booster Pumps at Vernon Street & East 26™ Street, and
3. Booster Pumps at Sunny Hill Apartments.

The WTP has four HSPs that deliver flow from the clearwell to the distribution system. Operation of the
HSPs is determined by the hydraulic grade in the GSR. Information regarding the HSPs is found in
Table 6.4.

Table 6.4 - High Service Pumps

Factor Pump 1 Pump 2 Pump 3 Pump 4
Location WTP
Pump Type Horizontal Split-Case Centrifugal Pumps
Design Flow (GPM) 1,500 1,500 2,200 2,200
TDH 180’ 180’ 180’ 180’
Horsepower 100 hp 100 hp 150 hp 150 hp
Total Capacity 7,400 gpm 10.65 MGD
Firm Capacity 5,200 gpm 7.50 MGD
Finished Water Peak Day Demand (Current) 5.30 MGD
Finished Water Peak Day Demand 2045 5.90 MGD

NKC has two booster stations that function independently. The Vernon booster station operates two
20 HP pumps constantly, and primarily serves the NKC hospital. The remaining two 75 HP pumps are
used for emergency situations. The Sunny Hill booster station operates only in emergencies,
specifically during fire events and if the Vernon booster station fails. Without these booster stations,
minimum standard pressure cannot be maintained at the hospital and the adjacent neighborhoods.
Currently, the two booster stations cannot be operated simultaneously. This has previously resulted in
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water main breaks in the distribution system. Information regarding the two booster stations is found in
Table 6.5.

Table 6.5 - Booster Pump Stations

Vernon Booster Station
Factor Sunny Hill Booster Station
Standard Pumps | Emergency Pumps
Location Vernon St. & East 26™ Ave. Ozark St. south of Clubhouse Dr.
Run Time 24/7 Emergencies Fire events or if Vernon fails
Number of Pumps 2 2 2
Pump Type Vertical Turbine Vertical Turbine Vertical Turbine, Split Casing
Design Flow (GPM) 400 1,400 400
Horsepower 20 75 20
17 =
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7 REGULATIONS

7.0  WATER SUPPLY AND TREATMENT REGULATIONS
The following regulations apply to the City of North Kansas City:

Safe Drinking Water Act and Amendments

Ten States Standards

Disinfection and Disinfectant Byproduct Rules
Consumer Confidence Reporting Rule

Missouri Department of Natural Resources Guidelines
Future Regulations when applicable

7.1 SAFE DRINKING WATER ACT
The Safe Drinking Water Act (SDWA) was signed on December 16, 1974. The SDWA applies to

every public water system in the United States but does not cover private wells nor does it apply to
bottled water.

The SDWA required the United States Environmental Protection Agency (USEPA) to establish National
Primary Drinking Water Regulations for contaminants that may cause adverse health effects. The
SDWA also mandated the USEPA set federal guidelines for contaminants that may affect the aesthetic
quality of drinking water. These guidelines are referred to as Secondary Drinking Water Standards.

7.1.1  National Primary Drinking Water Regulations

These regulations were developed in 1975 to set specific maximum contaminant levels (MCLs) for
several substances classified as contaminants. Amendments were made to the interim standards in
1976, 1979, and 1980. The limits are set for five different substances: inorganic chemicals, organic
chemicals, disinfectants and disinfection byproducts, microbiological contaminants, and
radionuclides.

e Inorganic chemicals include nitrates, lead, copper, asbestos, arsenic, cyanide, nitrites,
sodium, iron, manganese and a number of other metal compounds.

e Organic chemicals include volatile and semi-volatile organics such as benzene,
xylene, dioxins, PCB’s, and a number of other organic compounds. Synthetic organic
contaminants include atrazine, carbofuran, alachlor, toxaphene and other compounds
which are found in pesticides, herbicides and industrial processes.

e Disinfection byproducts form when disinfectants added to drinking water to kill germs
react with the naturally occurring organic matter in the water. Disinfection byproducts
include bromate, chlorite, haloacetic acids and total trihalomethanes.

e Microbiological contaminants are pathogenic organisms that include Giardia,
Legionella, total coliforms, viruses and Cryptosporidium.

e Radionuclide contaminants include radium, uranium, and alpha and beta particles.

Turbidity is also regulated because pathogenic organisms can be shielded by turbidity particles.
Turbidity is also a measure of treatment plant performance.

7.1.2  Secondary Drinking Water Standards
National Secondary Drinking Water Standards are non-enforceable guidelines regulating
contaminants that may cause cosmetic effects (such as skin or tooth discoloration) or aesthetic effects
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(such as taste, odor, or color) in drinking water. Secondary maximum contaminant levels (SMClLs)
were set in 1979,

7.1.3 1986 Amendments to the Safe Drinking Water Act

In 1986, amendments were made to the SDWA which created the Safe Drinking Water Act and
Amendments (SDWAA). Two new regulations created by the amendments were the Surface Water
Treatment Rule (SWTR), which does not apply to the City, and the Total Coliform Rule (TCR). The
purpose of these new rules was to improve public health protection through the control of
microbiological contaminants, particularly Giardia and Cryptosporidium.

In addition to these two regulations, the 1986 Amendments also included the following which are
generally applicable to groundwater systems:

Well head protection

New monitoring for certain substances
Disinfection for certain groundwater systems
Restriction on lead in solder and plumbing
More enforcement powers

7.1.4 1996 Amendments to the Safe Drinking Water Act

In 1996, Congress amended the SDWAA to emphasize sound science and risk-based standard
setting, small water supply system flexibility and technical assistance, community-empowered source
water assessment and protection, public right-to-know, and water system infrastructure assistance
through a multi-billion dollar state revolving loan fund. Major parts of the 1996 Amendments
include:

Consumer confidence reports

Cost-benefit analysis

Drinking water state revolving fund

Microbial contaminants and disinfection byproducts
Operator certification

Public information and consultation

Small water systems

7.2  GROUNDWATER RULE

In November 2006, the EPA published the Groundwater Rule (GWR) in the Federal Register. The
purpose of the GWR is to provide for increased protection against microbial pathogens in public
water systems that use groundwater sources. Groundwater systems that are prone to fecal
contamination are of primary concern because disease-causing pathogens may be found in fecal
contamination.

7.3 TOTAL COLIFORM RULE

The Total Coliform Rule was developed in 1989 to improve public health protection by controlling
total coliform bacteria and fecal pathogens from entering public water systems. This rule requires
public water supplies to conduct regular tests for total coliforms.

7.4  LEAD AND COPPER RULE

The Lead and Copper Rule was developed to help minimize lead and copper levels in drinking water
supplies in 1991. This rule establishes an action level of 0.015 mg/L for lead and 1.3 mg/L for
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copper based on the 90th percentile level of tap water samples. Samples exceeding these levels do
not automatically result in a violation, but they do require further testing to determine compliance.

7.5 STAGE 1 DISINFECTION AND DISINFECTION BYPRODUCTS RULE

The Stage 1 Disinfectants and Disinfection Byproducts Rule applies to systems that add a chemical
disinfectant to water for distribution. For the City of North Kansas City, chemical disinfection is
maintained at the injection point at the water treatment plant.

7.6  STAGE 2 DISINFECTANTS AND DISINFECTION BYPRODUCTS RULE

The Stage 2 Disinfectants/Disinfection By-Product Rule was developed by the EPA in 2006 to improve
the quality of the public drinking water supply by providing more protection from disinfection
byproducts, which include trihalomethanes, haloacetic acids, chlorite, and bromate. Long term
exposure (ingestion) to these byproducts results in increased health risks including cancer.

7.7  CONSUMER CONFIDENCE REPORT RULE

The United States EPA requires community water systems to put “annual drinking water quality reports”
into the hands of their customers. These reports, which were made a requirement in 1998, are
intended to inform the public in order to help them make knowledgeable decisions about their health
and environment. The following summarizes the important information the report must provide its
customers regarding their drinking water:

e The lake, river, aquifer, or other sources of the drinking water

e A brief summary of the susceptibility to contamination of the local drinking water
source, based on the source water assessments by state regulatory agencies

e How to get a copy of the water system’s complete source water assessment

e The level (or range of levels) of any contaminant found in local drinking water, as well
as EPA’s health-based standard (maximum contaminant level) for comparison

e The likely source of that contaminant in the local drinking water supply

e The potential health effects of any contaminant detected in violation of an EPA health
standard, and an account of the system’s actions to restore safe drinking water

e The water system’s compliance with other drinking water-related rules

¢ An educational statement for vulnerable populations about avoiding Cryptosporidium

e Educational information on nitrate, arsenic, or lead in areas where these contaminants
may be a concern

e Phone numbers of additional sources of information, including the water system and
EPA’s Safe Drinking Water Hotline (800-426-4791).

In addition, water systems must provide their customers with public noftification upon discovering any
violation of a contaminant standard. The most recent CCR for NKC is found in Appendix A.

7.8 RECOMMENDED STANDARDS FOR WATER WORKS (TEN STATES STANDARDS)
The Ten State Standards have been developed by the Great Lakes—Upper Mississippi River Board of
State and Provincial Health and Environmental Managers to provide a set of standards for water
treatment facilities. The State of Missouri is one of the “Ten” states directly involved and uses the Ten
State Standards as a guideline for raw water supply, treatment, distribution, and storage design.

7.9  MDNR MINIMUM DESIGN STANDARDS

The Missouri Department of Natural Resources (MDNR) has the primary responsibility for protecting
the environmental and water resources of the state. The primary focus of the MDNR is to ensure all
public water systems in Missouri meet or exceed the Federal Safe Drinking Water Act standards. This is
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done through permitting, setting contaminant limits and monitoring, certifying distribution and water
treatment operators, and providing funding sources for system improvements.

The MDNR requires that drinking water improvements abide by the Minimum Design Standards for
Missouri Community Water Systems. This document outlines the minimum requirements needed by the
MDNR for preparation and approval of reports, plans, and construction of public water systems.

7.10 FUTURE REGULATIONS

The EPA continuously reviews current regulations and evaluate potential future regulations to protect
the health and safety of America’s drinking water. Regulations that are under review or revisions are
open to input from individuals on the EPA website.

7.10.1 Regulations Under Revision or Development
e Proposed Revisions to the Lead and Copper Rule:

The Lead and Copper Rule is being revised to better protect children and communities from the risks
of lead exposure and to better protect children at school and in childcare facilities. Additionally, this
revision is focused on more complete lead service line replacements in communities. The revision
would establish a trigger level to jumpstart mitigation earlier and in more communities as well as
require testing in schools and childcare facilities.

e Potential Revisions of Microbial and Disinfection Byproducts Rules:

The EPA is in the process of reviewing regulations on Chlorite, Crypfosporidium, Haloacetic acids,
heterotrophic bacteria, Giardia lambila, Legionella, Total Trihalomethanes, and viruses. Revisions to
the regulations on these eight candidates, if appropriate, would maintain or strengthen public health
protection.

e Total Chromium or chromium-6 Review

The EPA, in 2010, initiated a reassessment of the health risks posed by exposure to chromium. When
this health assessment report is completed, the EPA will review the conclusions and determine if the
current chromium standard should be revised.

e Manganese Regulations

There is currently no regulatory limit for manganese in drinking water set by the EPA or IDNR. There
are Secondary MCL's for aesthetic concerns and a Health Advisory for potential long term health
impacts. The EPA is in the process of determining whether to regulate manganese in drinking water
due to updated health effect information and additional occurrence data based on recent studies.
Canada recently passed regulations to limit manganese in drinking water below 0.12 mg/L, the
current average concentration tested in the City’s finished water. Ruling from the EPA is expected in a
2 to 5-year time frame with limits in-line with Canada’s new regulations. New treatment facilities
should be set up to produce finished water near Canada’s new regulations or provide sufficient space
for additional treatment to improve manganese removal below the future limits.
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8 HYDRAULIC MODEL

8.0 MODEL CONSTRUCTION PROCESS

NKC provided available GIS data regarding the water distribution system to McClure, as well as
original design materials for the WTP, GSR, and booster stations. This data was imported into the
hydraulic modeling software, Bentley WaterGEMS, and a new model was generated. This model was
analyzed to identify any connectivity issues, unidentified or missing attributes, and other anomalies.
The attributes necessary for hydraulic modeling include:

Pipe Age (approximated using parcel structure age)

Pipe Material (estimated from age of pipe)

Pipe Diameter (available from GIS data)

Pipe Length (available from GIS data)

Node, Hydrant, Tank, and Pump Elevation (determined from LIDAR topography)
Pump Curves (provided by City)

Source Water Hydraulic Elevation (determined from City provided information)
System Demands (determined from City provided data)

GSR Overflow and Low-Water Elevations (provided by City)

Pump Operational Parameters (provided by City)

For pipes that had no age or material data, this information was inferred from parcel structure age
data provided by the City.

Skeletonization is the process of removing distribution system elements from the model that do not
have a significant impact on model function and outputs. Trying to replicate every valve, service
connection, and other water structures can be more hindering to the modeling process than it is
helpful. The model went through the skeletonization process where nonessential pipes and nodes were
condensed. For example, if two pipes of identical properties (diameter, age, material) are separated
by a node in the model, they were condensed into one pipe during the skeletonization process.

8.1  FIRE FLOW ANALYSIS

8.1.1 DISTRIBUTION SYSTEM FLOW AND PRESSURE TESTS

According to AWWA Manual M32: Computer Modeling of Water Distribution Systems, “hydraulic
models are only as good as the accuracy of their predictions of actual water system performance. The
best way to verify that a hydraulic model provides results that closely match actual field conditions
over a wide range of operating conditions is to perform model calibration.” Model calibration involves
taking water flow and pressure measurements at representative points in the water system. These real-
world tests can then be compared to the model output.

For this study, McClure identified 23 test locations throughout the City, as shown in Exhibit 8.1.
McClure personnel along with NKC staff performed these tests and recorded the results. Detailed field
test results are found in Appendix B. The results were used for hydraulic model calibration. The results
of the field testing were used in an iterative process to check the results of the model and adjust
conditions. These conditions can include roughness of pipes, valve status, connectivity, operational
controls, demand patterns, etc.

There are currently no regulated calibration standards in the United States, however, many sources
present recommended guidelines. Many of these guidelines are based on the intended use of the
model. According to AWWA Manual M32, models that will be used for long-term master planning
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should have an HGL accuracy of =10 ft. For the purpose of this model, an accuracy of =10 ft was
used fo determine when satisfactory calibration was achieved.

8.1.2 REQUIRED FIRE FLOW

Fire Flow requirements are determined by the Insurance Services Office (ISO) using the Fire Protection
Rating System. This system is based on a city’s capability to serve the community in a fire event and
assigns cities a score from 1-10, 1 being the best and 10 being the worst. The NKC Fire Department
has a score of 92.09 out of 105.5, and the distribution has a score of 37.34 out of 40. This has
given the City an overall rating of 1. A goal of any water distribution improvements plan is to maintain
the City’s high Fire Protection Rating.

Table 8.1 shows the minimum required fire flow that was used in the model. These values were used
as the threshold for whether or not specific areas met minimum fire flow requirements.

Table 8.1 - Fire Flow Requirements

Zone Required Fire Flow (gpm) Source
Commercial/Business 1,500 International Fire Code
Hospital 1,750 Hospital Fire Pump Requirements
Manufacturing/Industrial 2,500 Conversation with City Staff
Residential 1,500 International Fire Code
’s W=
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8.2  PRESSURE AND FLOW ANALYSIS

Upon achieving an acceptable level of calibration, the model was run to analyze pressure and
available fire flow. The model was run for peak day demand to simulate worst case scenario. These
results are shown in Exhibit 8.2, 8.3, and 8.4. Under current average day demands, the model
demonstrated that the City generally maintains 70-85 psi throughout the system. Under current peak
day demands, the City generally maintains 50-70 psi. Low pressure is generally only seen during
emergency events.

There are some areas in the City that do not meet the desired minimum fire flow outlined in Section
8.1. The area with the most limited fire flow is the PID. This is due to undersized mains and limited
number of interstate and railroad crossings. All locations outside of the PID meet the desired fire flows,
except isolated locations located off water mains 8” or less in diameter.
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8.3  DEFICIENCIES

McClure analyzed the results of the hydraulic model. The system generally functions adequately for
most demand conditions. The system maintains a stable pressure during average and peak demand
simulations. The system experiences high velocity during peak demand especially in the south portion
of the system near the largest water users. High velocity is not an issue on its own but is an indicator of
distribution problems especially undersized mains and lack of transmission capacity. High velocity in
small mains causes a localized pressure drop and surge which can cause water main breaks,
especially in older metallic pipe. Maximum velocity during peak day demands is shown in Exhibit 8.4.
The deficiencies in the NKC water main distribution system can be described by the following
categories:

1. Lack of Core Network
2. Limited Resiliency
3. Storage Capacity

8.3.1 Limited Core Network

The term “core network” is used to describe the transmission capacity a water distribution system.
These water mains are larger in size (12" or greater) and are relied on for conveyance of water. An
effective core network consists of large diameter water main in a grid pattern, with water main
bordering the system, and looped at strategic locations. The goal of the core network is to provide a
high water transmission capacity throughout the water system. These transmission mains are designed
to carry large volumes of water at low pressure loss and remove the high velocities, pressure loss, and
main breaks from smaller distribution mains. Smaller water main (less than 12”) connects within the
grid and provides service fo customers. The smaller mains should not be relied on for vast conveyance
of water. A successful core network will result in more fire flow availability, efficient conveyance, and
greater system connectivity.

Exhibit 8.5 shows the existing core network in NKC. Out of the total water main in the system, only
8.7% is 12" or larger in diameter. The lack of larger, looped mains prevent finished water from being
distributed efficiently throughout the system. Smaller water main must convey this water, resulting in
high velocities. High velocities can lead to more drastic issues, such as pressure drops and water
hammer.

Reliance on smaller water main for conveyance is concerning when emergencies occur. The size and
looping of a core network is designed to limit the impact of emergencies on the system. Without a
core network, the system must depend on smaller water mains to carry the flow. Situations like this
make routine maintenance, such as hydrant flushing, exercising valves, and water main replacement
projects, very difficult.

8.3.2 Limited Resiliency

It is expected that public water systems provide uninterrupted water service, even during emergency
events. As a result, resiliency must be considered in the design, operation, and maintenance of water
systems. Practices that can improve system resiliency include:

e Strategic Valving
e Accurate Water Distribution Maps
e Maintenance Programs
o Exercising valves
o Replacing aging and undersized mains
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A Looped System Served from Transmission Mains
Emergency Interconnections

Redundant Crossings

Emergency Storage

Without the above listed practices, systems are at risk of failure and putting customers out of service.
The East side of NKC is divided from the rest of the City by Interstate 29 and the railroad. There are
four 1-29 crossings, including a 12-IN, 10-IN, and two 8-IN mains. There are three railroad crossings,
including a 16-IN and two 10-IN mains. This can be seen in Exhibit 8.6. Because the WTP and GSR
are located on the West side, the only way to provide water to the East is through these crossings. The
East also has a high PDD, accounting for approximately 60% of the total demand. Some of the largest
users, such as Ingredion, Harrah’s, and the NKC hospital are located on the east side. If any of these
large crossings are impaired, the system cannot provide PDD without reaching extremely high
velocities.

The City does not currently have a valve maintenance program. This has created issues, being unable
to use certain valves at important times. Regularly exercising valves is important, as it ensures the
valves will operate properly when needed. It is also important that valves are placed at key locations
in the system. Large infrastructure (GSR, Booster Stations, etc.) should have valves in case
maintenance is required. Valves should also be placed regularly throughout the system so that mains
can be isolated during main breaks or repairs.

The City does not currently have a water main replacement program. Because of this, the water
distribution system consists of many aging and undersized mains. As pipe ages, they are more prone
to corrosion and breaks. Especially in growing cities, old water main is typically undersized for the
current population and demand. Because of this, it is good practice to have a water main
replacement program to replace aging and undersized water main.

8.3.3 Storage Capacity
Storage capacity is often governed by state regulations. The state of Missouri adheres to Ten States
Standards, where public water systems must have sufficient storage capacity to meet ADD and fire flow
demands.

Total Storage = Average Day Demand (MGD) + Fire Flow (MG)

Per MDNR standards, public water systems should provide fire protection for a duration of up to two
hours. Industrial users have the greatest minimum fire flow (2,500 gpm). Over two hours, this equates

to 300,000 gallons. With a current ADD of 3.7 MGD, the minimum storage required is 3.73 MG.
These calculations are shown below:

Total Storage = Average Day Demand (MGD) + Fire Flow (MG)
3.70 MG + 0.30 MG = 3.73 MG

The calculated minimum storage requirement will continue to increase as demand increases. This is
shown in Table 8.2. NKC does not currently meet the minimum storage requirement outlined in Ten
States Standards. Because of this, the system is more vulnerable to failure during peak day demands
and emergency events.
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Table 8.2 - Minimum Storage Required

Demand Scenario ADD (MGD) Fire Flow (MG) Minimum.S’rorcge
Required
Current 3.70 0.30 3.73
Firm Treatment Capacity 4.05 0.30 4.35
Total Treatment Capacity 4.98 0.30 5.28

9 IMPROVEMENT ALTERNATIVES

9.0

ALTERNATIVES EVALUATED

The alternatives investigated are summarized in Table 9.1.

Table 9.1 - Assessed Improvements

Issue Assessed Alternatives
Lack of . i .
ack of Core Construct a connected core network of large diameter transmission main
Network
Install larger and additional interstate and railroad crossings
Limited Resiliency Valve Inspection, Exercising, Maintenance, and Replacement Program
Long-term Water Main Replacement Program for Aging and Undersized
Mains
Limited Storage Alternative Ground Storage and Elevated Storage Tank Locations

For each improvement, the following process was generally followed for a ranking system:

1.

2.

Identify potential primary water main routes. Preference for alternatives that most directly
address undersized or aged mains.

Evaluate viability using fire flow and pressure analysis. Alternatives with minimal benefit were
removed.

Evaluate improvements for compatibility with future demand growth. Currently viable
improvements that were not compatible with 20-year projected growth were abandoned.
For most viable improvements, estimate if project is likely to be constructed as a whole, or if
incremental improvements are more likely.

If incremental construction is most likely, estimate phases and evaluate pressure and fire flow
for incremental improvements. Where two improvements have similar full-construction
benefits, improvement with greater incremental benefits is preferable.

Evaluate and compare most beneficial improvements by construction cost. Where two
systematic improvements are largely similar in benefit, the less expensive improvement is
preferable.
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9.1

RECOMMENDED DISTRIBUTION IMPROVEMENTS
9.1.1 Phase O — Project 1: Upsize Burlington Street (South)
The existing 12" water main on Burlington Street conveys water directly from the WTP to the
distribution system. This portion of water main is part of the City’s core network and provides water to
some of the largest users in NKC, including Ingredion. A 12” main is not large enough to convey the
volume of water required during peak day demands. The city would benefit from upsizing this water
main because it strengthens the core network.

It was indicated by City Staff that this project has already been planned for and is in the design phase.
It is recommended that the City continue to pursue this improvement. This improvement will consist of:

¢ Installation of approximately 2,685 LF of 16-IN, and 2,600 LF of 24-IN main distribution
system network piping (See Exhibit 9.7).

e South along Burlington St. from Armour Rd. to East 10" Ave. 24-IN main from Armour Rd. to
East 14" Ave. 16-IN main from East 14" Ave to East 10™ Ave.

This project was not included in the cost estimate because it is already in the planning and design
phase.

9.1.2 Phase 1 - Project 2: Additional Railroad Crossing

This project adds an additional interstate and railroad crossing. The project contributes to increasing
resiliency and building a robust core network. This will help ensure that the East side of the City stays
in service if an existing railroad crossing were to fail. These improvements consist of:

e Installation of approximately 4,545 LF of 16-IN main distribution system network piping (See
Exhibit 9.2)

e East along East 14™ St. from Burlington St., across the railroad, to Bedford Ave.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $4,945,000. Detailed cost
estimates can be found in Appendix C.

9.1.3 Phase 1 — Project 3: Upsize Interconnect to GSR

It is essential for a high functioning water system to connect major infrastructure and demands through
a core network. A key location for building the core network is from the WTP and the existing GSR. To
better facilitate the free flow of water between the WTP and existing GSR, it is recommended that the
City install a larger main directly between the two. This will help reduce velocity to and from the GSR,
maintain consistent levels in the GSR, and further build out the City’s core network. These
improvements consist of:

e Installation of approximately 6,670 LF of 16-IN main distribution system network piping (See
Exhibit 9.3)

e North along Burlington St. from Armour Rd. to East 27" Ave.

e East along East 27" Ave. from Burlington St. to Howell St.

e East along Clar Ferguson Dr. From Howell St. to Ozark St.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $3,900,000. Detailed cost
estimates can be found in Appendix C.
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9.1.4 Phase 2 — Project 4: Upsize Existing Railroad Crossing

To provide greater system resiliency, it is recommended that the City upsize the existing railroad
crossing in the South. There must be two 16” crossings in the south to provide full redundancy during
peak day demands. The existing crossing is a 10” pipe. Even with the additional crossing
(Improvement 9.1.2), the system cannot sustain peak day demands if one crossing were to fail. These
improvements consist of:

¢ Installation of approximately 2185 LF of 16-IN main distribution system network piping (See
Exhibit 9.4)

e East along East 10" Ave. from Burlington St., crossing the railroad, to Bedford Ave.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $2,716,000. Detailed cost
estimates can be found in Appendix C.

9.1.5 Phase 2 — Project 5: Upsize North 1-29 Crossing

This proposed project connects with Phase 1 Project 3 to continue to build up the water system’s core
network and connect major infrastructure. The project connects to the water main serving the GSR
and adds an additional interstate crossing. This project will increase the existing 12” water main to a
16" water main which carries significantly more water. Additionally, this project will allow a high
transmission pathway for water going towards Harrah’s and the PID and prevent help prevent high
velocities through the residential neighborhood south of the GSR. This could reduce main breaks in
this area. The project also increases the water main size feeding the Sunny Hill and Vernon booster
pump stations. This project will add resiliency upgrading an existing 1-29 crossing and continue to
build out the core network. These improvements consist of:

e Installation of approximately 3,430 LF of 16-IN main distribution system network piping (See
Exhibit 9.5)

e Southeast along the Levee, from N. Oak Trafficway, across 1-29, to Vernon St.

e FEast across Vernon St

e South along Vernon St. to Armour Rd.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $2,558,000. Detailed cost
estimates can be found in Appendix C.

9.1.6 Phase 3 — Project 6: Upsize Bedford Ave

This project connects to the 16” water main west of Harrah’s and further extends the core network on
the east side of 1-29 and the railroad. This project is essential to complete the core network loop for
the entire system. The project will increase the available fire flow in the PID and create additional
resiliency by connecting the core network in the north to the core network in the south allowing for
flexibility during emergencies. These improvements consist of:

e Installation of approximately 2,045 LF of 16-IN main distribution system network piping (See
Exhibit 9.6)
e Northeast along Bedford Ave., from E10th Ave to the Northernmost 16" railroad crossing.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $5,877,000. Detailed cost
estimates can be found in Appendix C.
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9.1.7 Phase 4 — Project 7: Upsize Levee Rd

This project, in combination with Phase 3 Project 6, increases the available fire flow to the PID area.
This project increases the transmission of large volumes of available water in an emergency. Any
limitations to fire protection in this area are due to smaller diameter dead end mains and services.
This project increases emergency resiliency and is an addition to the core network. These
improvements consist of:

e Installation of approximately 11,330 LF of 12-IN main distribution system network piping (See
Exhibit 9.7).

e South along Macon St, from Bedford Ave to E Levee St.

e Northeast along E Levee St, from Macon St to Warren St.

e North along Warren St, from E Levee Ave to Bedford Ave.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $5,670,000. Detailed cost
estimates can be found in Appendix C.

9.1.8 Water Main Replacement Project for Aging and Undersized Mains

Much of the water main in NKC is <8” piping. It is recommended that the City continue to
systematically replace all aging and undersized water main over the planning period. These projects
can be paired with other infrastructure projects, such as sewer and pavement repairs/replacement, to
minimize overall cost of the project. Typically, cities use previous projects as a basis for budgeting
water main improvements and projecting projects. This money would be set aside on a yearly basis for
limited improvements (several blocks of water main only) at minimum and larger improvements (part
of large roadway infrastructure project) when available. No cost has been recommended for this
project. However, a typical three block project could cost approximately $1,418,000 as a basis for
projecting future needs.

9.1.9 Valve Inspection, Exercising, and Maintenance Program

The City should implement a valve inspection and maintenance program. These types of programs
identify key areas of the distribution system and make sure valves are operational and replace valves
that are not functioning. This type of project would start with an evaluation process where each valve
in the system would be operated to test for functionality. This inspection would be organized by
infrastructure criticality which would concentrate on larger mains and crossings first and then step
down into smaller distribution mains. Once a list of valves and their operability has been developed,
the City can then create a plan for regular maintenance and replacement of non-functioning valves or
the addition of new valves where it would enhance resiliency in the distribution system. No cost has
been developed for this recommendation. A cost cannot be reasonably estimated without additional
field data and investigation on the condition of existing valves.

Exhibit 9.8 shows all recommended distribution projects.
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9.2 RECOMMENDED STORAGE IMPROVEMENTS

Water storage serves several purposes, including:

Provide reliable supply
Maintain pressure

Equalize pumping rates
Improve operational flexibility

The required storage capacity (3.73 MG, Section 8.3.3) exceeds the existing storage volume (1.70
MG from the GSR) by roughly 2 MG. The required storage capacity is also expected to increase as
water use continues to grow. For this reason, NKC will need to invest in additional finished water
storage. The total amount and timing of storage capacity will depend of the actual population and
demand growth; However, the City should invest in at least 2 MG additional storage to meet current
requirements.

Options for additional storage include an elevated storage tank (EST) or a ground storage reservoir
(GSR). ESTs typically cost more per unit volume than a GSR of the same volume. In addition, ESTs
require large piping directly to the WTP and work best with an established core network. Preferable
placement of a GSR is next to the WTP, which could be installed without core network improvements
being made in advance. For NKC, It would be more time efficient cost effective to install a GSR
before an EST.

In general, an EST and GSR require a 200’ x 200’ plot of land for staging and construction. The City
does not currently have much available space for this. Land acquisition will likely be required for the
installation of either an EST or GSR. Exhibit 9.9 shows the ideal locations for additional storage.

9.2.1 Phase 1 —2 MG Ground Storage Reservoir

To provide immediate additional storage, it is recommended that the City install a new 2.0 MG GSR
at the WTP. It would be critical to design this facility to work with the WTP process. Level control would
be the most efficient with the GSR upstream of the high service pumps at the water treatment plant.
The high service pumps would pull water from the GSR to pump to the system. This would involve
significant piping on site and careful design of water levels. The GSR would work most efficiently if it
could be filled using the existing treatment process eliminating the need for intermediate pumps. This
type of design would lead to a shorter and larger diameter GSR as opposed to a taller standpipe style.
For the purposes of this cost estimate, it is assumed that an intermediate pump station would be
required, and the high service pumps would need to be replaced. Property acquisition has not been
estimated as part of this project and would be a separate cost item for the City. Should property not
be available in the immediate areq, it is not recommended to use a GSR because operation of a GSR
within the distribution system becomes more complicated. This type of design makes it difficult to use
the entire storage of the GSR and is not recommended. Property acquisition is key to this proposed
project. Locations for a GSR can be seen in Exhibit 9.10.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $7,725,100. Detailed cost
estimates can be found in Appendix C.

9.2.2 Phase 4 — 2 MG Elevated Storage Tank
As the City grows, an increase in storage will again be required to meet minimum storage capacity
requirements. This size will depend on the amount of growth that occurs over the planning period. For
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the purpose of this report, a 2 MG EST was assumed. An EST is beneficial because it helps set the
pressure within the distribution system and provides an easily accessible water supply for emergencies
because it relies on the elevation of the water and not available electricity and pumping. A key
component to the functioning of an EST is access to large diameter mains of an operational core
network. It is important to have the core network installed to get the most benefit from additional
storage.. Property acquisition has not been considered in the cost estimate for this alternative. Possible
locations for an EST is shown on Exhibit 9.9.

The Engineer’s Estimate of Present-Day Probable Cost for this project is $9,088,000. Detailed cost
estimates can be found in Appendix C.

10 RECOMMENDATIONS
10.0 SUMMARY

The following improvements are recommended to address identifies issues and prepare for growth.

Table 10.1 - Recommended System Alternatives

Section Sisfias . Est. Est. Present
Timeframe Day Cost
DISTRIBUTION
9.1.1 Phase O — Project 1: Burlington Street (South) Upsize Immediately -
9.1.2 Phase 1 — Project 2: Additional Railroad Crossing 0-5 yrs $4,945,000
9.1.3 Phase 1 — Project 3: Connection to GSR 0-5 yrs $3,900,000
9.1.4 | Phase 2 — Project 4: Existing Railroad Crossing Upsize 5-10 yrs $2,716,000
9.1.5 Phase 2 — Project 5: North 1-29 Crossing Upsize 5-10 yrs $2,558,000
9.1.6 Phase 3 — Project 6: Bedford Ave Upsize 10-15 yrs $5,877,000
9.1.7 Phase 4 — Project 7: Levee Rd. Upsize 15-20yrs | $5,670,000
918 Water Main Reﬂ:(;::g:;’; T\;\(;]ﬁ]cs’r for Aging and Confinuous $F]e,:1|lr80,igcc)?
9.1.9 | Valve Inspection, Exercising, and Maintenance Program | Continuous -
STORAGE

9.2.1 Phase 1 - 2 MG GSR 0-5 yrs $7,725,100
9.2.2 Phase 4 - 2 MG Elevated Storage Tank 15-20 yrs $9,088,000

10.1 20-YEAR CAPITAL IMPROVEMENT PLAN (CIP)

McClure has evaluated the City of North Kansas City’s water system and future water needs and
developed this report to provide recommendations for improvements. NKC is anticipated to
experience growth over the projected planning period (20 years, ending in 2045), with water
demands also growing. The improvements are intended to serve the community at certain demand
levels. The actual growth experienced by the City over the planning period will direct the timing of
many of these projects. Thus, the 20-Year Capital Improvement Plan (CIP) presented in Exhibit 10.1
should be considered for budgetary purposes and should not be considered directive. For the purpose
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of this report, it is recommended that a water main replacement project for aging and undersized
mains occur each year over the planning period at roughly $1,418,000 each. For each water main
distribution project assessed, full length pavement removal, full length replacement of unsuitable soils,
and ductile-iron pipe with nitrile gaskets was assumed.
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MASTER PLAN - NORTH KANSAS CITY

APPENDIX A

CONSUMER CONFIDENCE REPORT
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MASTER PLAN - NORTH KANSAS CITY

APPENDIX B

FIELD HYDRAULIC TEST RESULTS
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