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EXECUTIVE SUMMARY

This Project Plan is prepared on behalf of the City of Muskegon Heights, Michigan, for the
purpose of obtaining a Drinking Water State Revolving Fund (DWRF) loan from the Michigan
Department of Environmental Quality for the construction of improvements to the City of

Muskegon Heights” water system.

The following is a summary of the problems that presently exist within the City of Muskegon

Heights’ water supply system:

1. Water Loss/Unbilled water over 50% of treated water

2. Insufficient Fire Flow Southwest section of the City

3. Insufficient Fire Flow in the area of Leahy Street and Hume Avenue

4. Insufficient Fire Flow to area North of Barney Avenue and West of Jefferson Street

5. Insufficient Fire Flow in the Northwest section of City, inadequate transmission

6. Insufficient Fire Flow in the area of 5™ Street and Hume Avenue

7. Insufficient Fire Flow in the area between Summit Avenue and Broadway Avenue

8. Shallow and undersized water mains and water services throughout the City resulting in

frozen and broken water services

The proposed projects would include the following elements:

1. City Wide Meter Replacement in order to more efficiently and accurately track and bill for

water.
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2. Water Main Replacement to provide increased flow, to provide greater cover for protection

from cold weather, improved reliability, reduced water loss, and increased transmission.

3. Water Service Replacement on all projects where the water main is being replaced.

4. Transmission Main Improvements along the Northeast area of the City.

The estimated probable cost of the proposed project is $10,454,500. The City of Muskegon
Heights is pursuing a DWRF loan for the project in the approximate amount of $5,287,500 for
year one and $5,167,000 for year two. Assuming all $10,454,500 is financed with a DWRF
loan for a 20 year period, the annual debt retirement and operation, maintenance and equipment
expense for the proposed Phase 1 project is estimated to be -$80,000 and for the Phase 2 project
$329,500. The Phase 1 negative expense is due to projected increased revenue and O&M
savings resulting from better accounting practices, improved meter accuracy and decreased
water loss. It is estimated that the water bill cost increase for a typical residential customer
would be approximately $4.33 per month ($52 annually) after completion of both phases. The
City of Muskegon Heights is not intending to raise water rates above the current rates to pay for
the necessary bonds to fund the proposed projects under Phase 1. Depending on the realized
savings from Phase 1 the City may raise rates for customers above current rates to pay for the
necessary bonds to fund the proposed projects under Phase 2. Phase 2 may result in an

approximate increase of $52 per year per REU.

iv
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I. PROJECT BACKGROUND

A. Study Area Characteristics

1. Delineation of Study Area

The study area comprises the existing Muskegon Heights Water System Service Area.
Figure 1 shows the study area and service area boundaries which is bounded by the
corporate limits of the City of Muskegon Heights. Figure 2 shows the existing water
distribution system.

2. Land Use in the Study Area

Zoning Map for the City of Muskegon is included in Appendix A.

Land uses shown on the zoning map are primarily single family residential with
commercial and industrial districts located primarily along the middle of the City and

the east and west City borders. This area is fully developed and zoned.

B. Population Data

The existing and estimated population projections for the City of Muskegon Heights have
been developed by the West Michigan Shoreline Regional Development Commission

(WMSRDC) and are presented in Table 1.

From 2000 to 2010, the U.S. Census indicates that the City of Muskegon Heights
population declined by 9.9%. The West Michigan Shoreline Regional Development

Commission is projecting a 0.037% population increase over the next 20 years.
Seasonal

Muskegon Heights does not have a significant seasonal population.

1
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Commercial/Institutional/Industrial

The City of Muskegon Heights has approximately 460 acres of Commercial / Institutional /

Industrial land. This is approximately 25% percent of the entire land cover within the City.

There is one significant water customer, Mahle Engine Components which accounts for

approximately 14% of the current average day demand.

The City of Muskegon Heights is home to the Muskegon Heights Public School Academy
System which amounts to three active school buildings and total school enrollment of

approximately 800 students. All of the schools are on public water.

C. Water Demands

The City of Muskegon Heights supplies and distributes water to all of the residents and
businesses within the City limits. Historically the City of Muskegon Heights supplied water
to two neighboring communities: City of Norton Shores, and Fruitport Township. In April
of 2015 both communities separated from the Muskegon Heights System and are now
served by the City of Muskegon water system. The land uses within the City of Muskegon

Heights are mixed with a significant amount of residential and commercial areas.

Historic water demand data was provided by the City of Muskegon Heights based on
metered data and Monthly Operating Reports. The water supply data for the combined City

and customer communities extends back to 2009 as summarized in Table 2.

Using this data, the following parameters have been estimated: average day demand, which
is the average daily water use for the year; maximum day demand, which is the highest

daily use for the year; and peak hour demand, which is the estimated maximum hour of

2
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water use during the year. Figure 4 graphically illustrates the historic and projected

demands based on this and additional information described further.

Table 1 and Figure 3 exhibit the historic and projected populations through 2036 for the
City of Muskegon Heights as well as the City of Norton Shores and Fruitport Charter
Township. The data shows that the City of Muskegon Heights population is projected to
rise slightly after falling for many years. The recent number of service connections is

provided in Table 4.

Population projections were prepared by using the historic data. A per capita water use of
approximately 128 gallons per capita per day (gpcpd) was estimated based on data from
2010. This was applied to the population projections for the City of Muskegon Heights to
project future water use. While WMSRDC population projections extend only through
2024, we have extrapolated the growth an additional 12 years to estimate water use in
2036. The resulting 2036 average day demand was projected at 1.40 mgd. In comparison
actual ADD pumpage to Muskegon Heights from the water treatment plant was 2.63 mgd
for 2015 with actual ADD billed water in the City of Muskegon Heights for 2015 being

0.69 mgd.

The total average day demand for the entire City for the year 2015 was approximately 2.63
mgd Over the last five years the maximum day to average day demand ratio was
approximately 2.5. This was conservatively used for maximum day projections. A peak
hour to maximum day multiplier of 1.75 was used to estimate peak hour demands based on
estimates for similar communities. The result is a 2036 projection of 3.50 mgd and 6.12

mgd for maximum day and peak hour demands, respectively.
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Demands were projected through Year 2036 in five-year increments. These projections are

provided in Table 3 for the service population.

D. Existing Facilities Evaluation & Needs

Prein&Newhof has tried to identify all of the water system needs for the next twenty years
based on current system conditions and historical data. The following are excerpts from the
2015 Water System Reliability Study (Appendix B) and from information gathered from the

City.

1. Water Supply

The City of Muskegon Heights provides water to its customers from a surface water
supply. The water source is Lake Michigan, a high quality water supply. The City
operates two intakes each with a steel and wood crib located offshore at a depth of
approximately forty (40) feet. Raw water is pumped from a station onshore to the
filtration plant, located about 930 yards east. The quantity of water available for long
term supply to City of Muskegon Heights customers is adequate to meet customer
demands. The combined intakes are rated at 50.8 MGD. The low lift station is rated at

25.3 MGD. Intakes were last inspected and cleaned in 2014.

2. Water Treatment

Water plant operators oversee the water production from the Lake Michigan source
through treatment followed by pumping into the distribution system. The Water Plant
is a conventional treatment facility with a capacity of 25.2 million gallons per day

(MGD).

The treatment process removes suspended materials from the Lake Michigan water via

coagulation, flocculation, sedimentation, and filtration. The Plant provides fluoridation
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in accordance with State of Michigan guidelines, and disinfection is attained through

the application of chlorine in the form of sodium hypochlorite.

The 2015 Sanitary Survey (Appendix C) performed by the MDEQ found only one
deficiency with the plant and had a number of recommendations regarding

maintenance and process optimization.

The deficiency found improper site drainage which created a potential for storm water
to seep through the building into the flocculation basins. This issue is being addressed

outside of the scope of this project plan.

3. Residuals

The City of Muskegon Heights Water Treatment Plant process wastewater is
discharged into two sludge lagoons located on the plant property. Sludge Lagoons have

a total capacity of 1.891 MG and are periodically cleaned.

4. Service Lines

The City of Muskegon Heights has approximately 4,950 water service connections
within the City. Only 3,800 of these connections (just over 75%) are currently active
customers which means there are over 1,000 water services to vacant or abandoned
buildings. Of these water services, over 82% are galvanized, 12% are copper, 4% are
cast iron and less than 2% are either ductile iron, PVC or HDPE. Most water services
are % inch diameter and are buried with approximately 3 feet of cover. Frozen water
services are a regular problem even with “let runs” in place with over 300 frozen
services in the winter of 2013-14 and a similar amount in the winter of 2014-15. Over
70 services broke in the winter of 2014-15 and more are being discovered even a year

later. Very few of the broken services have been replaced or deepened to prevent the
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service from freezing or breaking again and most were simply repaired with a clamp

over the broken area.

5. Meters

Most water meters (nearly 90%) are located inside the customer buildings or homes.

Over 10% of the meters are currently located inside meter pits.

All of the 3,800 active meters in the City’s system must be read in person with a meter
reader who spends nearly all of their time gathering and confirming meter readings.
Just over half of the meters have a touch pad with a digital output from the meter head
to a meter reading device carried by the meter reader. Roughly 45% of the system has
a pulse head on the meter with a device that must be manually read. The pulse head
meters have a history of not sending a pulse every time to the remote read device
mounted on the outside of the building that is read by the meter reader, which makes
the meter reading inaccurate and accounts for much of the unaccounted for water in the

water distribution system.

The City bills their customers on a quarterly basis from 3 different routes that are

walked by the meter reader every month.

The City has been actively replacing meters that have failed or have reached their
service life since 2012 with a lead free plastic composite meter. Approximately 850
meters have been replaced since this begun, or 20% of the total number of active
meters. Water Department personnel are used to do this currently and they are keeping
pace with a revolving 15-20 year replacement schedule to replace all of the meters in

the system. The meters still must be manually read.

6
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6. Transmission and Distribution System

A complex network of water mains provides distribution to City customers. The City
limits cover an area of approximately 3.2 square miles, and water customers are
supplied through a distribution network consisting of nearly 60 miles of water mains
ranging from 4- to 30-inches in diameter. The original system was constructed in the
early 1900’s. The older water main is nearly all cast iron, while newer water main is
ductile iron material. There is only 10,000 known feet of ductile iron pipe in the

system which makes up approximately 3% of the entire distribution piping network.

A grid of mains (4-inches and larger) has been constructed throughout the service area
on the primary streets and alleys. This network is very well-looped, but there is a need
for more valves to increase continuity of operations and reliability in the system.

Transmission is provided to the entire system.

Recent hydrant testing in the field indicated that there are significant hydraulic losses
on some distribution mains. The source of the hydraulic losses is not certain since
there is no evidence of significant tuberculation nor has the City found many closed or
inoperable valves when they have searched. The 2015 Reliability Study has identified
several areas in the City with deficient fire flow which is primarily due to undersized

mains, faulty valves and faulty hydrants.

7. Storage

There is currently one elevated storage tank in the City of Muskegon Heights
distribution system, two ground storage reservoirs, and ground storage at the treatment
plant consisting of six clear wells and two Finish Water Basins. The elevated storage
tank is located at the southeast corner of the city at Getty Street and Norton Avenue.

The tank was built in 1964, completely repainted most recently in 2000 with an
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inspection in 2007. This tank has a usable storage of 750,000 gallons. The ground
storage tanks are located in the middle of the city at Sherman and 5". The ground
water tanks were constructed in 1941 and were last inspected in 2005 and were
determined to be in good condition. Total storage between the two ground storage
tanks is 1.5 million gallons. Combined storage of the Clear Wells and Finished Water
Reservoirs is 4.5 million gallons. Table 7 provides a summary of the storage facilities.
The total volume of storage for the City of Muskegon Heights Water System is 6.75
million gallons. The existing water storage capacity is sufficient to meet the projected

water demand through the year 2036.

8. Pump Stations

The City owns and operates seven high service pumps which supply water to the
distribution system. Three pumps are located at the water treatment plant and four
pumps are located at the Sherman Pump Station adjacent to the Sherman Street ground
storage tanks. The three pumps located at the water treatment plant feed water to the
system via a 20 inch water main which connects the water system at the Southeast
corner of the City. These pumps are 1965 Vintage with a total firm capacity of 6.5
MGD. The Sherman Street pump station is provided water from the WTP via a 30
inch concrete low pressure water main. The firm capacity of the Sherman Street
Station is 5.2 MGD Two of the pumps were installed in 1941, one in 1957 and one in

1965.

In addition to the seven pumps in operation the City owns four more High Service
Pumps located at the WTP. These pumps were installed in 2000 and were previously
used to provide water to the City of Norton Shores and Fruitport Charter Township.

Since these communities no longer purchase water from the City of Muskegon Heights

8
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the pumps are no longer in service. According to the 2014 WFP Reliability Study

these pumps could be repurposed to provide water to the Muskegon Heights System.

E. Summary of Project Need

1. Orders of Enforcement Action

As a result of the 2015 Sanitary Survey the City has received a letter from the DEQ

outlining seven deficiencies in the system which are in violation of Act 399. This letter

is enclosed in Appendix C for reference. The deficiencies are summarized below:

D1.

D2.

D3.

D4.

D5.

Prepared by Prein&Newhof

Out of compliance Cross Connection program. This has been contracted with

Muskegon Charter Township to oversee for the City of Muskegon Heights.

Valve turning program must be reinstated. A plan of action is being implemented

for spring and summer of 2016.

Unaccounted for water loss is unacceptable. Accounting and billing processes
must be improved to better account for water. This the primary goal of this
Project Plan to address with meter replacement, water main upgrades and water

service replacements.

City must submit an updated Capital Improvement Plan. An updated Capital
Improvement Plan was submitted in December 2015. This is attached in

Appendix L.

City must submit an updated Emergency Response Plan. This will not be

addressed in the Project Plan, but will be updated in 2016.

9
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D6. Improper site drainage at the WTP which creates a possible pathway for
contamination into the flocculation/sedimentation basins. This will be addressed

outside this Project Plan.

D7. The City must hire a licensed operator for the distribution system. A licensed
operator was hired under contract in October 2015 and has been acting on an

interim basis since then.

3. Drinking Water Quality Problems

The majority of the City of Muskegon Heights water system is constructed of cast iron
pipe with shallow cover. Due to the shallow cover, frozen water mains and frozen
water services is a continuous problem. Well over 300 water services in each of the
winters of 2013-14 and 2014-15 froze, with many being repeat occurrences since they
were not replaced or deepened. Figure 6 shows frozen water services from the winter
of 2014-15. Many of these services have broken and have been repaired however it is
not known how many services have broken and have not been discovered yet. The
majority of the frozen services have occurred in the area south of Broadway and east of
Peck. These broken services have increased the risk of cross contamination of the
system and have required residents to drink bottled water for lengthy periods of time.
The amount of service calls and frozen services in the winter months has overwhelmed
the Water Department staff. Resources have not been available to be able to replace all

of the services that broke.

Most water mains in the distribution system were installed under one edge of the

pavement under the curb. This leaves half of the services connected to the water main
more susceptible to freezing due to deeper levels of frost and frozen ground under the
roadways. This is where most of these frozen service lines have occurred which is the

10
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responsibility of the City per the City’s Ordinance that states that the City is
responsible for the water service between the main and the service valve (curb box)

which is typically placed at the property line near the sidewalk.

Unaccounted for water loss has been a growing problem for Muskegon Heights. More
recently the problem has escalated to the point that 30% to 74% of all treated water is
unaccounted for. (Table 5 and Figure 5) The reasons for the loss is unknown, however,
unknown broken water services, leaking water mains and faulty meters are all
contributing to the problem to some extent. Current accounting and meter reading

practices make it difficult to determine the actual amount of loss.

4. Drinking Water Standards Compliance
Reliability
The 2015 City of Muskegon Heights Reliability Study identified numerous deficiencies
in regards to reliability of the system. Although many improvements have been
identified for the next twenty years, the following list includes the most critical projects
in order of importance. Areas of less than adequate fire flow are shown in Figure 6.
The primary objectives of these projects are to reduce water loss and unbilled water,

increase fire flows, and reduce maintenance and service calls.

1. Meter Replacement

The primary objective of this project is to improve water accountability and
increase staff efficiency. Current meter reading practices require a dedicated
employee to read meters every day without the ability to work on other
maintenance items. The City’s water distribution budget has three (3) full time

employees dedicated to meter reading, meter installation and replacement,

11
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customer service calls, service connections and reconnections, valve turning and
maintenance, water service repair and replacement, hydrant maintenance and
replacement, and water main repairs and maintenance. Best safety practices
dictate 3 workers to be present to perform the work safely, effectively and
efficiently when excavation is involved. The City must rely on two staff from the
Sewer department to assist in excavations or other routine maintenance during

heavy workloads or when water department personnel have paid time off.

Meter replacement with an automated meter reading system is highly desired to
free up a person to assist with routine water distribution system maintenance
where they are currently rarely available due to meter reading activities. This

will result in less reliance on outside personnel.

Water meters typically lose accuracy over time as deposits build up on the
mechanical parts inside the meter and slow them down. Best practices dictate
that meters be replaced every 20 years. Meters that are over 30 years old are very
unreliable in terms of accuracy for measuring water. Currently, roughly 42% of
the active meters in Muskegon Heights are over 20 years old and approximately

39% are over 30 years old.

It is estimated that replacing these older meters will dramatically increase the
accuracy of meter reading as well as increase the productivity of the water
department. It is estimated that as much as 25% of the current amount of
unaccounted for water is due to meter inaccuracy, errors in billing or water theft.
Systematically replacing all of the meters in the system will also ensure that all
customers that are connected to the water distribution system are being metered

properly. Due to the large number of vacant homes or abandoned homes in the

12
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community, the meter replacement program will likely uncover several accounts

that have been active, but not billed properly.

Southwest Corner Insufficient Fire Flow

The southwest corner of the City, consisting of the area south of Summit Avenue
and west of 5™ Street, has been identified in the recent Reliability Study as having
less than recommended fire flow. This area consists of a majority of 6 inch water
main that was constructed at a very shallow depth. In addition to the low fire
flows this area has the highest rate of freezing water services in the City with the
greatest frequency on 8" Street and 7™ Street. Improvements for this area are
going to focus on replacement of main with the greatest frequency of service

freezes and breaks while also providing increased fire flow. These projects are:

a) 7" Street Water main replacement (Oakwood Avenue to Summit Avenue)

The primary objective of this project is to reduce water loss due to service
leaks, decrease service and maintenance calls, and increase available fire
flow to both 7" Street and Highland Street within current standards. This
project will directly improve reliability and fire flow to approximately 75

residences.

Water main on 7" Street consists of a 6 inch cast iron water main with
approximately three feet of cover. This portion of water main has
experienced the greatest rate of frozen water services and service breaks in
the City. In the winter of 2014 there were 19 frozen water services with at
least 6 broken services. This is also an area identified in the latest

Reliability Study as having poor fire flow due to undersized mains and

13

\\muskegon-server\shared\2016\2160070 City of Muskegon Heights\REP\rep 2016-02 dwrf project plan.docx



potentially faulty or closed valves. Modeling has indicated available fire

flow along this portion of 7" ranges from 590 gpm to 720 gpm.

This project would consist of replacement of the existing 6 inch water main
with new 8 inch water main. Services would be replaced to the property
line where meter pits would be installed. Metering of the services would be
relocated to the meter pits. All valves would be replaced including valves
on the transmission mains at the south and north ends. Hydrants would be
located at all cross streets to improve hydrant spacing. In addition to the
work on 7™ Street a new 8 inch water main would be extended on
Rotterdam and connected to the 6 inch water main on Highland Street
where a new fire hydrant will be installed. This will improve fire flow to
both streets by providing more looping and reliability and will improve

hydrant spacing along Highland Street.

Water main is located in the roadway and due to space constraints and the
presence of other utilities; it would be replaced in the roadway. Due to the
significant amount of water service breaks under the road the condition of

the road is unsalvageable. Full roadway replacement will be required.

b) 8" Street Water main replacement (Oakwood Avenue to Summit Avenue)

The primary objective of this project is to reduce water loss due to service
leaks, decrease service and maintenance calls, and increase available fire
flow on both 8™ Street and 9™ Street to within current standards. This
project will directly improve reliability and fire flow to approximately 75

residences.
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Water main on 8th Street consists of a 6 inch cast iron water main with
approximately three feet of cover. This portion of water main has
experienced the second highest rate of frozen water services and service
breaks in the City. In the winter of 2014 there were 15 frozen water
services with at least 4 broken services. This is also an area identified in
the latest Reliability Study as having poor fire flow due to undersized mains
and potentially faulty or closed valves. Modeling has indicated available
fire flow along this portion of 8th ranges from 540 gpm to 570 gpm. There
is not a single fire hydrant along this stretch of road except at the south and

north ends.

This project would consist of replacement of the existing 6 inch water main
with new 8 inch water main. Services would be replaced to the property
line where meter pits would be installed. Metering of the services would be
relocated to the meter pits. All valves would be replaced including valves
on the transmission mains at the south and north ends. Hydrants would be
located at all cross streets to improve hydrant spacing. In addition to the
work on 8th Street a new 8 inch water main would be extended on
Rotterdam and connected to the 6 inch water main on 9™ Street where a
new fire hydrant will be installed. This will improve fire flow to both
streets by providing more looping and reliability and will improve hydrant

spacing along 9™ Street.

Water main is located in the roadway and due to space constraints and other

utilities would be replaced in the roadway. Due to the significant amount of
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water service breaks under the road the condition of the road is

unsalvageable. Full roadway replacement will be required.

Leahy Street Area Water main replacement (Sherman Avenue to Barney Avenue)

The primary objective of this project is to reduce water loss due to service leaks,
decrease service and maintenance calls, and increase available fire flow on Leahy
Street, Hume Avenue, and Baker Street to within current standards. This project

will directly improve reliability and fire flow to approximately 85 residences.

Water main on Leahy Street consists of a 4 inch cast iron water main with
approximately three feet of cover. This portion of water main has experienced
the third greatest rate of frozen water services in the City. In the winter of 2014
there were 9 frozen water services. This is also an area identified in the latest
Reliability Study as having extremely poor fire flow due to undersized mains and
potentially faulty or closed valves. Modeling has indicated available fire flow
along this portion of Leahy ranges from 180 gpm to 400 gpm which was
confirmed with flow tests. This project was identified in the most recent

Reliability Study.

This project would consist of replacement of the existing 4 inch water main with
new 8 inch water main. Services would be replaced to the property line where
meter pits would be installed. Metering of the services would be relocated to the
meter pits. All valves would be replaced including valves on the transmission
mains at the south and north ends. Hydrants would be located at all cross streets
to improve hydrant spacing. In addition to the work on Leahy Street a new 8 inch

water main would be extended on Hume Avenue to Baker Street and connected to
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the 6 inch water main on Baker Street. This will replace an existing 4 inch water
main. This will improve fire flow to both streets by providing more looping and

reliability.

Water main is located in the roadway and due to space constraints and other
utilities would be replaced in the roadway. Due to the significant amount of
water service breaks under the road the condition of the road is unsalvageable.

Full roadway replacement will be required.

Northeast Area Insufficient Fire flow and Transmission Deficiencies

The primary objective of this project is to increase available fire flow to within
current standards and increase system reliability in the area bounded by Jefferson
Street, Superior Street, Barney Avenue and Keating Avenue. This project will

improve reliability and fire flow to approximately 500 residences.

The area north of Barney Avenue has been identified as having poor fire flow in
the recent Reliability Study. One of the primary reasons for the poor flows is due
to a lack of connections of the distribution mains to the transmission main in the
area. There is a 14 inch transmission main running east west through this area
that has very few connections to the distribution system. Distribution pipes cross
it but do not connect to it. Project number 2 in the Reliability Study recommends
connecting the transmission main to the distribution mains at each crossing. It is
estimated that this will require 14 connections, five on Hackley Avenue and nine

on Delano Avenue.

Each connection would consist of cutting in a new cross on the transmission line

and replacing the 6 inch distribution main crossing the road with 8 inch water
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main. New valves would be placed on the distribution main and a new hydrant

would be placed at each location connecting to the Transmission main.

5. Sanford Street water main replacement (Oakwood Avenue to Broadway Avenue)

The primary objective of this project is to reduce water loss due to service leaks,
decrease service and maintenance calls, add an additional transmission main, and
increase available fire flow on Sanford Street and Columbia Street to within
current standards. This project will directly improve reliability and fire flow to
approximately 95 residences however will have a greater effect on the overall

system with an additional transmission main.

Water main on Sanford Street consists of 4 inch cast iron pipe with an average
burial depth of 3 feet. This area was identified in the recent Reliability Study as
having poor fire flows with available fire flow ranging from 80 gpm to 500 gpm.
Sanford Street has experienced frozen water services and subsequent service
breaks however the amount of frozen services is not extreme relative to the entire
system. The recent Reliability Study has recommended this stretch of main to be
increased to a 12 inch water main. This will increase transmission throughout the

south side of the system and provide transmission redundancy.

Water main is located in the roadway and due to space constraints and other
utilities would be replaced in the roadway. Due to the significant amount of
water service breaks under the road the condition of the road is unsalvageable.

Full roadway replacement will be required.
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Insufficient Fire Flow between Summit Avenue and Broadway Avenue

The area bounded by Summit Avenue to the south, Broadway Avenue to the

North, 8" Street to the west and Peck Street to the east has been identified in the

recent Reliability Study as having less than recommended fire flow. This area

consists of a majority of 6 inch and 4 inch water main that was constructed at a

very shallow depth. This area has experienced frozen water services and

subsequent service breaks. Improvements for this area will focus on replacement

of 4 inch water main. These projects are (the north side of the Sanford

transmission main project will benefit this area as well however is discussed

elsewhere.):

a)

5™ Street water main replacement (Summit Avenue to Broadway Avenue)

The primary objective of this project is to reduce water loss due to service
leaks, decrease service and maintenance calls, and increase available fire
flow on 5™ Street and Jefferson Street between Summit Avenue and
Broadway Avenue to within current standards. This project will directly

improve reliability and fire flow to approximately 65 residences.

Water main on 5" Street consists of 4 inch cast iron pipe with an average
burial depth of 3 feet. This area was identified in the recent Reliability

Study as having poor fire flows with available fire flow of approximately
220 gpm. This portion of 5™ Street has experienced frozen water services

and subsequent breaks.

Water main is located in the roadway and due to space constraints and other

utilities would be replaced in the roadway. Due to the significant amount of
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water service breaks under the road the condition of the road is

unsalvageable. Full roadway replacement will be required.

b) 7™ Street water main replacement (Summit Avenue to Broadway Avenue)

The primary objective of this project is to reduce water loss due to service
leaks, decrease service and maintenance calls, and increase available fire
flow on 7" Street and 8" Street between Summit Avenue and Broadway
Avenue to within current standards. This project will directly improve

reliability and fire flow to approximately 65 residences.

Water main on 7" Street from Summit Avenue to Broadway Avenue
consists of 4 inch cast iron pipe with an average burial depth of 3 feet. This
area was identified in the recent Reliability Study as having poor fire flows
with available fire flow of approximately 210 gpm. This portion of 7™
Street has experienced frozen water services. Replacing the existing 4 inch
water main with a new 8 inch water main and extending a new 8 inch water
main on Columbia from 7" to to 8™ Street will improve the available fire

flow to both streets and increase fire hydrant spacing on 8" street.

Water main is located in the roadway and due to space constraints and other
utilities would be replaced in the roadway. Due to the significant amount of
water service breaks under the road the condition of the road is

unsalvageable. Full roadway replacement will be required.
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7. 5" Street water main abandonment and Alley water main replacement (Hovey

Avenue to Barney Avenue)

The primary objective of this project is to reduce water loss due to service leaks,
decrease service and maintenance calls, and to eliminate redundant water mains
on 5" Street and the parallel alleys to the west and east between Hovey Avenue

and Barney Avenue. This project will directly improve reliability to

approximately 41 residences.

Water main on 5" Street consists of 4 inch cast iron pipe with an average burial
depth of 3 feet. This portion of 5" Street has experienced a high rate of frozen
water services due to the shallow cover of the main and services. The 5" Street
water main is paralleled to the west by a shallow 6 inch water main serving
houses on 6" Street and to the east by a shallow 6 inch water main serving houses
on Jefferson and a 14 inch transmission main. The existing roadway on 5" Street
consists of concrete and is in very good shape however could be concealing

significant water service leaks.

The proposed project would replace the 6 inch in the west alley with an 8 inch
water main and extend new services from the Alley to the houses on the west side
of 5™ Street, switch the water services in the Alley to the east from the 6 inch
water main to the 14 inch water main, install new water services from the 14 inch
water main to the houses on the east side of 5™ and abandon the 4 inch on 5" and
the 6 inch in the east Alley. Furthermore the transmission main would be
connected to the 6 inch water main on Hovey and a portion of the 6 inch on

Hovey would be abandoned.
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5" Street and Hume Area Insufficient Fire Flow (Sherman Avenue to Hume

Avenue)

The primary objective of this project is to reduce water loss due to service leaks,
decrease service and maintenance calls, and increase available fire flow in the
area bounded by 6" Street, Jefferson Street, Sherman Avenue, and Hume Avenue
to within current standards. This project will directly improve reliability and fire
flow to approximately 40 residences and the Muskegon Heights Academy (High

School).

Residences along this portion of 5" Street are served from the Alleys behind.
These Alleys also serve residences on 6" Street and Jefferson Street. The Alley
water mains consist of 4 inch cast iron pipe with average depth of bury
approximately three to four feet. The alleys are connected to transmission mains
at Sherman however available fire flow at Hume is very poor. Available fire flow
for both alleys at Hume is approximately 180 gpm. These alleys have a history of
frozen water services. This project was recommended in the most recent

Reliability Study.

This project would consist of replacement of the 4 inch water mains with 8 inch
water main and connection of the alleys to the transmission main on 5" Street at

Hume Avenue.

Northwest Area Insufficient Fire Flow and Transmission

The primary objective of this project is to improve reliability and fire flow to the
northwest corner of the City. The northwest corner of the City was identified in

the most recent Reliability Study as having poor available fire flows with fire
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flow ranging from 270 gpm to 500 gpm. This area is bounded by 5™ Street to the
east and Barney Avenue to the south. This area consists of shallow 6 inch alley
water mains extending north from the transmission main on Barney. These
extensions are looped at Keating with 6 inch and 4 inch water mains. The City
of Muskegon Heights has an emergency connection to the City of Muskegon in
the northwest corner. The City of Muskegon operates a 30” water main along the
north boundary. This connection is not useful at this time due to the lack of
transmission to the area. A new transmission main through this area will greatly
improve the available fire flow and will greatly improve the reliability of the

system in emergency conditions with a larger direct line to the City of Muskegon.

The proposed project was recommended in the Reliability Study and consists of
replacing an existing 4 inch and 6 inch water main in the alley between 7" and 6"
Streets with a new 12 inch transmission main and replacing the existing 4 and 6
inch water main on Keating Avenue from Park Street to 5™ Street. To improve
fire flow and reliability in the middle of this area an 8 inch water main would be
extended west from the Alley on Mann Avenue to the Alley between 9" and 8"
Streets. Hydrants would be added at the cross streets. This will improve system

reliability, fire flow and hydrant spacing.
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[l. ANALYSIS OF ALTERNATIVES

A. Identification of Potential Alternatives

1. No Action

Project 1:  Water Meter Replacement

No action will result in continued continuing to have a dedicated staff
member performing meter reads with no additional capacities.
Efficiencies of operations will not improve. Unaccounted for and

unbilled water will continue to be difficult to determine and control.

The City would be forced to continue to increase rates for its customers to
account for the cost of treating extra water that is far beyond the actual
demand of the system. These costs have nearly depleted the current fund
balance of the water distribution system and without more rate increases,
will cause for deficits in the fund balance. With the antiquated meters
and current manual meter reading process, the City loses out on having
the necessary personnel to properly maintain the water distribution

system which further degrades the system.

The distribution system currently pays $1.42/1,000 gallons of treated
water to cover the cost of treatment and pumping of the water. Rate
payers in the City of Muskegon Heights pay $3.18/1,000 gallons of
drinking water. The current monthly average pumpage from the water
treatment plant is over 80 Million Gallons. When over 50% of the water
treated is not billed, this can cost the water distribution fund over

$600,000 each year in treated water costs and reduced revenue. It is

24

Prepared by Prein&Newhof \\muskegon-server\shared\2016\2160070 City of Muskegon Heights\REP\rep 2016-02 dwrf project plan.docx



estimated that 25% of the total loss is attributed to the antiquated meters.
Therefore, replacing meters at the current pace will take approximately 15
years and would likely cost the City over $2.5 Million in lost revenues

over that period.

Standard single family meters installed are 5/8” in size which is an
industry standard. However, the chosen 5/8” meters currently being used
in the City’s replacement program can accurately detect flows as low as
0.25 GPM and as high as 25 GPM. Most communities have chosen to use
a style of 5/8” meters that can detect flows as low as 0.03 GPM and up to
35 GPM. Replacing meters of a comparable cost will increase the

accuracy of even the most recently installed meters in Muskegon Heights.

Currently, there are no ways of getting intermediate meter readings or

more frequent readings of every 3 months.

Project 2. Southwest Corner Insufficient Fire Flow

The proposed improvements included in this plan will not completely
solve the insufficient flows for this entire area. However if no action is
taken this area will continue to be prone to frozen water services and
frequency of water service breaks will most likely increase resulting in
more service calls, emergency repairs, and lost water. The risk of
prolonged service interruptions and contamination of the system will not
improve. Road infrastructure will deteriorate further due to failed services

and water mains. The quality of life and viability of home sales and
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home rentals along these streets will become less if water service is

inconsistent.

Project 3:  Leahy Street Area Water main replacement (Sherman Avenue to Barney

Avenue)

If no action is taken the existing system reliability and capacity will not
improve. This area will continue to be prone to frozen water services and
frequency of water service breaks will most likely increase resulting in
more service calls, emergency repairs, and lost water. The risk of
prolonged service interruptions and contamination of the system will not
improve. Road infrastructure will deteriorate further due to failed services
and water mains. The quality of life and viability of home sales and
home rentals along these streets will become less if water service is

inconsistent.

Project 4:  Northeast Area Insufficient Fire flow and Transmission Deficiencies

If no action is taken the existing system reliability and capacity will not

improve.

Project 5:  Sanford Street water main replacement (Oakwood Avenue to Broadway

Avenue)

If no action is taken the existing system reliability and capacity will not

improve.
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Project 6:

Project 7:

Project 8:

Prepared by Prein&Newhof

Insufficient Fire Flow between Summit Avenue and Broadway Avenue

If no action is taken the existing system reliability and capacity will not
improve. This area will continue to be prone to frozen water services and
frequency of water service breaks will most likely increase resulting in
more service calls, emergency repairs, and lost water. The risk of
prolonged service interruptions and contamination of the system will not
improve. Road infrastructure will deteriorate further due to failed
services and water mains. The quality of life and viability of home sales
and home rentals along these streets will become less if water service is

inconsistent.

5™ Street water main abandonment and Alley water main replacement

(Hovey Avenue to Barney Avenue)

If no action is taken this area will continue to be prone to frozen water
services and frequency of water service breaks will most likely increase
resulting in more service calls and emergency repairs. The risk of
prolonged service interruptions and contamination of the system will not
improve. Road infrastructure which is in very good condition will start to

deteriorate due to failed water services and water mains.

5" Street and Hume Area Insufficient Fire Flow (Sherman Avenue to

Hume Avenue)

If no action is taken the existing system reliability and capacity will not

improve.
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Project 9:  Northwest Area Insufficient Fire Flow and Transmission

If no action is taken the existing system reliability and capacity will not

improve.

2. Optimum Performance of Existing Facilities

Operation, Maintenance & Repair

The City of Muskegon Heights currently performs most of the operation, maintenance,
and repair within its distribution system. Components of the operation, maintenance,
and repair programs that the City of Muskegon Heights performs include the

following:

e Meter Reading.

e Annual hydrant flushing and maintenance.

e Valve Exercise Program.

Due to less than desirable staffing and inefficient equipment the current operation,
maintenance, and repair programs are not operating as efficiently as possible. Current
meter equipment requires one full time staff member be dedicated to only reading
meters. Current meter technology either requires a touch pad or a physical read
requiring hand entering the reading. This is a slow process and does not allow for use
of this staff member for maintenance activities which at times requires using other
department staff at an additional cost to the water fund. System wide replacement of
meters with radio read equipment will allow for meter reading to be completed while

performing other necessary maintenance activities.
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Hydrant flushing and maintenance is performed, however due to the age of the system
more hydrants are in need of repairs or replacement every year. The majority of
staffing is used to fix breaks, service calls, and read meters. This does not allow for

time to complete the Valve Exercise Program.

An active valve exercising and maintenance program is critical for this system to
continue to operate which was highlighted by the MDEQ. Less than desirable pressure
and flow during fire flows and Max Day could be attributed to faulty or closed valves.
Due to the lack of staffing valve exercising has not been a priority. By making other
maintenance activities more efficient, additional personnel, resources and time could
be dedicated to valve exercising and maintenance. This would result in locating all

faulty and closed valves in the system so that repairs can be completed.

The Cross Connection Program for the City is being completed by Muskegon Charter
Township. This is the most efficient method of completing this requirement while

freeing up staff to complete other tasks.

Completion of the proposed projects will greatly enhance the efficiency of the current
operations, maintenance and Repair programs so that the system can be maintained and

deterioration of the system may be managed.

3. Regional Alternatives

The project plan is required to include an investigation of any possible regional water
system alternative. The most likely regional alternative is the City of Muskegon. The
City of Muskegon owns and operates a WTP with adequate capacity to serve

Muskegon Heights. Currently the City of Muskegon serves all neighboring

29

Prepared by Prein&Newhof \\muskegon-server\shared\2016\2160070 City of Muskegon Heights\REP\rep 2016-02 dwrf project plan.docx



communities of Muskegon Heights with water and has numerous emergency

connections to the Muskegon Heights distribution system.

A regional alternative is not practical for the issues facing the City of Muskegon
Heights. The WTP and water source are in good condition. Primary deficiencies within
the City water system are in the distribution system which cannot be solved with a
regional system. The repairs and meter replacements would need to be completed
regardless of who owns the system. Assuming the connection were feasible,
connecting to alternative water system does not eliminate the reliability and needed
improvements to meet the requirements of Public Act 399. Therefore, this alternative

will not be considered further.

4. Meter Replacement

The City desires to bill its customers on a monthly basis to decrease unexpected high
water and sewer bills from the residents which will result in an increase of revenues.
When bills are too high for a customer to pay, the City must spend an extraordinary
amount of time and resources to collect the money through a payment plan or send a
crew out to turn off service after a bill goes unpaid. The City must then send someone
to turn on the service again when the bill does finally get paid. Customers get more
accustomed to paying a monthly bill rather than four times a year and it assists in
preventing large water bills from being created from poor plumbing that is very

common in the aged housing stock in Muskegon Heights.

Although a monthly billing system would increase the cost of printing and mailing bills
as well as processing payments, many of these systems can become automated with
Automated Clearing House (ACH) payments or other electronic payment options as
well as electronic billing practices that could reduce printing and mailing costs.
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Current practice of manually reading all the meters in the system does not make

monthly billing and payment possible.

There are essentially two major ways to efficiently and remotely read the meters in a
water system, a roaming network system or Mobile Automated Meter Reading (AMR)
or a tower based network system or Fixed Automated Meter Interface (AMI). Both

systems would allow for monthly reading and billing of customers.

a. Mobile AMR

Mobile AMR systems have a meter transmitter device mounted directly to the
meter head. The system sends a signal via a 900 MHz band signal via a radio
device that is mounted within the meter head directly. The radio signal is
powerful enough to penetrate basement and interior walls to reach a receiver that
could be as far as one or two streets away. Many meter reading systems can take
a reading every 15 minutes and store the readings inside the device until the
device is woken up and read when a mobile reading device passes by.
Additionally, some systems can store up to 90 days of readings within the head
itself. These systems are battery powered with a battery life of up to 20 years.
Most manufacturers offer a full warranty on their meter reading devices for up to
10 years and then offer a pro-rated warranty after that up to 20 years when

meters should be replaced.

A roaming meter reading receiver can fit into a small briefcase and fit inside any
vehicle that makes a normal route through the City. Each time the receiver
passes within the range of a meter (within a street or neighborhood), it can
receive the readings that have already been recorded by the meter. Meter
reading of all 3,800 active meters in the Muskegon Heights system can be

31

Prepared by Prein&Newhof \\muskegon-server\shared\2016\2160070 City of Muskegon Heights\REP\rep 2016-02 dwrf project plan.docx



Prepared by Prein&Newhof

accomplished in a matter of minutes and hours rather than weeks and months.
The device can be plugged in and downloaded as often as the City desires to
retrieve the readings from the mobile receiver. This would allow for improved

leak detection for customers and identification of backflow events.

Fixed AMI

Fixed base AMI systems have all of the same advantages of a mobile AMR
system with frequency of readings and internal storage of the readings. The
major difference of an AMI system is that the readings are sent via a meter
transmitter device that is not mounted to the meter, but rather wired from the
meter to a box usually mounted on the outside of a building. This transmitter
then sends signals as often as desired through a 450 MHz signal to a fixed-base
tower system of antennae that are installed throughout the City to receive the
signals. A propagation study would be required to determine the number and
location of the receiving antennae throughout the City. Communication devices
either through phone, fiber or cellular connections would send the data from

these antennae to City Hall’s central computer system for meter data processing.

The advantage of a Fixed AMI system over Mobile AMR systems is that meter
readings can be done remotely via a computer on demand from City Hall. This
allows for near instantaneous reporting of leaks or backflow events rather than
from the most recent passing of the mobile meter reading device. There are
many features that can be shared with customers who wish to track their water
consumption on a regular basis and the City can better promote water

conservation through better reporting of usage.
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The disadvantage of a Fixed AMI system is that a 450 MHz system does require
an FCC license for the frequency used to communicate from the meter
transmitter to the antennas. This system requires a monthly phone or cellular
bill to transmit readings from the antenna to City Hall. The antenna and
communication devices also require a hard wired power source to operate
resulting in monthly electric charges. Fixed AMI meter transmitters are
typically more expensive to purchase and more time consuming to install
because it is a 2-part system: Meter and Transmitter. The wired connection
from the meter to the transmitter is susceptible to damage from the customer, as
is the meter transmitter device mounted on the outside of the building. Lastly,
with the dense tree canopy of large, mature, hardwood trees that currently exist
in Muskegon Heights would require a fairly dense installation of antennae which
require siting and potential land acquisition or lease agreements prior to

installation.

A Mobile AMR system is the selected alternative for this Project Plan due to
lower upfront and annual costs while retaining nearly all of the added benefits of

having an Automated Meter Reading system.

5. Main Replacement

Due to the age and condition of the distribution pipes, valves, hydrants, and water
services main replacement is necessary. Strategic full replacement of water mains and
water services are necessary to maintain a working system and to eliminate unnecessary
maintenance. Through review of records and data analysis sections of main have been
identified for replacement that will provide the greatest benefit to the system. Full

replacement will allow for proper burial, insertion of valves, upsizing mains to meet
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flow requirements, and eliminating leaky water services. Some of these locations have

been outlined in the Capital Improvement Plan and the 2015 Reliability Study.

6. Meter Location

There are two potential meter locations for residential service. The majority of the
meters in the City of Muskegon Heights are located inside the residences. There is also
a significant amount located in meter pits at the property line. For all of the
recommended projects except for the meter replacement project the service lines are
being replaced from the new main to the property line. This is being done to eliminate
old shallow galvanized pipe. However this only replaces the services up to the property
line and the rest of the service on the property line will still be shallow with a high risk
of failure. If the service line on the property were to break the leaking water would go
undetected unless visible on the ground. There are two ways of eliminating this
problem, one is replacement of the water service on the customer’s property up to the

meter inside and the second is to install the meter in a meter pit at the property line.

Replacement of the service line will have the greatest benefit to the City and its
residents by completely eliminating water loss for each service and reducing water
demand. By replacing the entire service, residents will not have to worry about paying
for a leaky service or have frozen water services. This option will reduce the risk of
cross contamination in the case of service breaks. This work will require customer
cooperation due to the work on private property and may increase the City of

Muskegon Heights’ liability.

Installation of a meter pit at the property line will essentially eliminate the unbilled
water for each service. If the customer’s portion of the service is leaking the lost water
would be billed. This will essentially provide an incentive to the property owner to
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replace their water service. This option will not increase the City’s liability, will be in

accordance with current City Ordinances and will make meters easily accessible. Cross

contamination from leaking services will continue to be a risk.

Due to the increased liability and additional costs meter pits will be placed at the

property line and the meter will be relocated into the new pit for those projects getting

new water main. However the City may consider working with residents to assist in

financing full service replacement in lieu of a meter pit.

7. Pipe Material

There are mainly two different pipe materials currently used for new water main

construction for pipe diameters of less that 48-inch diameter.

a.

Prepared by Prein&Newhof

Polyvinyl Chloride (PVC)/Polyethylene:

PVC and Polyethylene pipe is manufactured from petroleum derivatives, chlorine
gas, and vinyl chloride. These two substances are known to have a probable
negative impact on the environment by their production. Not only is
PVC/Polyethylene an environmental concern these pipe materials are sensitive to
other natural environmental impacts like ultraviolet light exposure, temperature,
etc. According to UNIBELL the nationally recognized authority on
PVC/Polyethylene, the impact resistant of PVC/Polyethylene is reduced by
approximately 20% when exposed to sunlight and its ultraviolet light for

extended periods of time.

The installation of PVVC/Polyethylene is very sensitive to the type of materials
used for bedding the pipe in the trench. The strength of PVC/Polyethylene comes

from supporting the pipes from the centerline of the pipe and below. This requires
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very close attention to proper compaction of the necessary granular pipe backfill.
PVC/Polyethylene pipe has been known to deflect under static loads of the soil

column above to the point of bursting. Since PVC/Polyethylene is so sensitive to
installation compared to Ductile Iron, the cost associated with the installation of

the material is more than Ductile Iron.

The biggest drawback to PVC/Polyethylene is their ability to allow hydrocarbons
from contaminated soils or chemical spills to permeate the PVVC/Polyethylene and

possibly contaminate the drinking water.

PVC/Polyethylene materials are more difficult to locate because current locating
technologies rely on the magnet properties of the pipe material. Locating
PVC/Polyethylene pipe materials require the installation of a magnetic tracing
wire that can be cut or corrode over time making location of the pipe more
difficult. This would require more impact to the local residents since locating

would require more excavation to locate.

The neighboring communities of Muskegon Heights do not use
PVC/Polyethylene as a pipe material. If a regional system were to occur than

pipe consistency within the system is a benefit.

Due to the above concerns, PVVC/Polyethylene pipe materials will not be further

considered for the proposed projects.

b. Ductile Iron

Ductile iron pipe has been used in the construction of water main since the late

1970’s. According to the Ductile Iron Pipe Research Association, Ductile Iron
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pipe is thirteen times more impact resistant than similar pipe constructed of

PVC/Polyethylene.

Ductile Iron pipe is ferrous and more easily located by current locating
technologies. This will allow less inconvenience to local residents when digging

up water mains since it is more accurate to locate.

Ductile Iron pipe is not sensitive to hydrocarbon contamination and chemical
spills. This allows more protection of the drinking water supply from

hydrocarbons and chemical spills.

The materials for manufacturing ductile iron pipe are more environmentally

friendly than PVC/Polyethylene since it is made from recycled steel.

There are numerous advantages to using ductile iron pipe over
PV C/Polyethylene; therefore ductile iron pipe will be utilized in the construction

of the proposed selected projects.

7. Method of Construction

a.

Prepared by Prein&Newhof

Pipe Bursting

Pipe Bursting allows for water main replacement in place. The main to be
replaced is shut down and all services are disconnected. A cable or rod is
extended through the existing main and then attached to the new main at the far
end with a splitter head attached in front. The new pipe is then pulled through the
old main while the splitter breaks the old main and pushes it aside. The water
main is typically HDPE or fusible PVC and can be pre-chlorinated and pressure
tested so once the main is installed it can be reconnected. Often the pipe size can

upsized a full size if needed.

37

\\muskegon-server\shared\2016\2160070 City of Muskegon Heights\REP\rep 2016-02 dwrf project plan.docx



Pipe bursting is very effective in replacing large amounts of main in a short

amount of time. It typically requires very little excavation and restoration.

However within the City of Muskegon Heights the majority of the water mains
are located under the road and typical houses have lot widths of 50 feet meaning
the road would need to be opened up every 50 feet to install a water service.
Furthermore the majority of the existing water mains were installed shallow and
pipe bursting would not fix the shallow main issue. Due to the existing main
conditions and site conditions pipe bursting would not be a favorable method of

water main replacement and will not be considered further.

b. Open Cut

Prepared by Prein&Newhof

Traditional open cut methods will require more extensive restoration and full road
replacement. However the new water main will be able to be buried the correct
depth and the road can be replaced at the same time resulting in a better finish
product. For the majority of the proposed projects the water mains are located in

the roadway.

Due to space constraints the proposed water main will remain in the roadway. In
order to install the proposed water main and provide adequate room for
installation of water services a minimum of 20 feet of roadway must be removed
and replaced including one side of curb and gutter assuming the roadway is in
sound condition. Spoils and heavy equipment would utilize the pavement not
removed for water main installation. Roadways along the proposed projects are
not in sound condition. Any use by heavy equipment will destroy the remaining

pavement requiring full road replacement. Due to the frequency of water services
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along the proposed routes the remaining curb and gutter will require removal and

replacement.

B. Analysis of Principal Alternatives
1. Water Transmission and Distribution Alternative

a. Cost Effective Analysis

Locations for the recommended projects are shown in Figure 7.

Several projects have been identified as possible alternatives to meet the
parameters necessary to maintain acceptable pressures during peak demands.
Detailed cost estimates for each alternative are included in Appendix D.
Appendix E shows the present worth analysis for each option. The cost estimates
included all cost associated with engineering, construction, any mitigation cost if

necessary, and land purchase cost if necessary.

Project 1: System Wide Water Meter Replacement

Alternative No. 1 Construct a Mobile AMR System. Replace

all of the existing, active 3,800 water meters with a new meter
that is able to capture lower flow rates. Each meter will record
readings at 15 minute intervals and store 90 days’ worth of
readings. Each meter will have an internal transmitter that will
communicate the readings to a roaming receiver that is installed
in a vehicle that can make a regular route near all of the meters
on a monthly basis. This alternative includes the cost of all

meters, transmitters, mobile receivers, software, integration with
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Project 2:

the City’s billing system, installation of meters and training for

City employees to operate the system.

The estimated cost of this alternative is $2,111,550 with an

expected return on investment in just over 3 years.

Alternative No. 2 Construct a Fixed AMI System. Replace all

of the existing, active 3,800 water meters with a new meter that
is able to capture lower flow rates. Each meter will record
readings at 15 minute intervals and store 90 days’” worth of
readings. Each meter will be wired to an external transmitter
that will send readings to a fixed tower (antenna) network that
will then relay the data nearly live to the City’s billing system.
This alternative includes the cost of all meters, transmitters,
antenna receivers, software, integration with the City’s billing
system, power and phone connections, installation of meters

and training for City employees to operate the system.

The estimated cost of this alternative is $2,600,000 with an

expected return on investment in nearly 4 years.

7" Street Water main replacement (Oakwood Avenue to

Summit Avenue)

Alternative No. 1 Replace the existing 6 inch water main with 8

inch ductile iron water main. Replace all active water services
to the property line. Extend a new 8 inch water main along

Rotterdam Avenue from Sixth to Highland. Place new valves
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Project 3:

Project 4:

and fire hydrants at all intersections impacted by the project.

The estimated project cost would be $920,000.

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered.

8" Street Water main replacement (Oakwood Avenue to

Summit Avenue)

Alternative No. 1 Replace the existing 6 inch water main with 8

inch ductile iron water main. Replace all active water services
to the property line. Extend a new 8 inch water main along
Rotterdam Avenue from Eighth to Ninth. Place new valves and
fire hydrants at all intersections impacted by the project. The

estimated project cost would be $818,000.

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered

Leahy Street Water main replacement (Sherman Avenue to

Barney Avenue)

Alternative No.1 Replace the existing 4 inch water main with 8

inch ductile iron water main. Replace all active water services
to the property line. Replace existing 4 inch water main on
Hume from Leahy to Baker with 8 inch ductile iron water main.

Replace all active water services to the property line. Place new
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valves and fire hydrants at all intersections impacted by the

project. The estimated project cost would be $1,072,000.

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered.

Project 5: North Side Transmission Main Connections and Reynolds water

main abandonment and water service replacement

Alternative No.1 Cut in new tees and crosses to connect

distribution mains at all crossings that are not connected yet
along Hackley Avenue and Delano Avenue. There are an
estimated 14 connection locations. Install new valves and
hydrants on the transmission main at each distribution
connection location. Abandon existing 6 inch water main on
Reynolds from Hackley to Delano. Replace all water services
to property line and connect to existing 14 inch transmission

main. The estimated project cost would be $1,322,000.

Alternative No.2 Replace the existing 14 inch transmission

main on Hackley Avenue to Delano Avenue with a new 12 inch
transmission main. Connect new transmission main to all
distribution mains along the route. Replace all active water
services along route to property line. The estimated project cost

would be $2,661,000.
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Project 6: Sanford Street water main replacement (Oakwood Avenue to

Broadway Avenue)

Alternative No.1 Replace the existing 4 inch water main with 12

inch ductile iron water main. Replace all active water services
to the property line. Replace existing 4 inch water main on
Columbia from 6™ Street to Peck Street with 8 inch ductile iron
water main. Replace all active water services to the property
line. Place new valves and fire hydrants at all intersections
impacted by the project. The estimated project cost would be

$1,227,000.

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered.

Project 7: 5™ Street water main replacement (Summit Avenue to

Broadway Avenue)

Alternative No.1 Replace the existing 4 inch water main with 8

inch ductile iron water main. Replace all active water services
to the property line. Extend a new 8 inch water main along
Columbia Avenue from Fifth to Jefferson. Place new valves
and fire hydrants at all intersections impacted by the project.

The estimated project cost would be $633,000.
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Project 8:

Project 9:

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered.

5 Street water main abandonment and Alley water main

replacement (Hovey Avenue to Barney Avenue)

Alternative No.1 Abandon the existing 4 inch water main in 5

Street. Replace the existing 6 inch water main in the alley to the
west with 8 inch ductile iron water main. Abandon existing 6
inch water main in alley to the east. Switch water services
along 5™ Street to the alley water mains. Replace all services in
the alleys to the property line; connect water services in the east
alley to the existing 14 inch transmission main. Place new
valves and fire hydrants at all intersections impacted by the
project. The estimated project cost would be $391,000.

Alternative No.2 Replace the existing 4 inch water main with 8

inch ductile iron water main. Replace all active water services
to the property line. Place new valves and fire hydrants at all
intersections impacted by the project. The estimated project cost

would be $460,000.

5" Street Alleys water main replacement (Sherman Avenue to

Hume Avenue)

Replace the existing 4 inch water main in the alleys between 6"

and 5" and 5" and Jefferson with 8 inch ductile iron water main.
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Replace all services in the alley to the property line. Place new
valves and fire hydrants at all intersections impacted by the
project. Replace the existing 6 inch water main on Hume
between the two alleys with 8 inch ductile iron water main. The

estimated project cost would be $376,000.

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered.

Project 10: 6" Street Alley water main replacement

Replace existing 4 inch and 6 inch water main with new 12 inch
ductile iron water main. Replace existing 4 inch water main on
Keating from the next alleys to the east and west with 12 inch
ductile iron water main. Extend new 8 inch water main along
Mann Avenue two blocks to the west from the 6" Street Alley.
Replace all services in the alley to the property line. Place new
valves and fire hydrants at all intersections impacted by the

project. The estimated project cost would be $932,000.

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered.
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Project 11: 7" Street water main replacement (Summit Avenue to

Broadway Avenue)

Replace the existing 4 inch water main with 8 inch ductile iron
water main. Replace all active water services to the property

line. Extend a new 8 inch water main along Columbia Avenue
from Seventh to Eighth. Place new valves and fire hydrants at

all intersections impacted by the project.

There are no alternatives for replacement of old cast iron
shallow water main and water services so no other option has

been considered. The estimated project cost would be $652,000.

b. Environmental Evaluation

1) Cultural Resources

The proposed projects will not significantly impact existing structures in the
City of Muskegon Heights. The only impacts to buildings within the city will
be the replacement of existing water meters which may require minor piping
changes in some instances. It has been determined that no historic or
archaeological sites will be impacted by the construction of the proposed
project; the Michigan State Historic Preservation Office (SHPO) has been
contacted to provide their concurrence. No response has been received from

SHPO as of this report. See Appendix F for correspondence.

Tribal representatives have also been contacted regarding the projects to
verify that no tribal resources will be disturbed. No responses have been

received as of this report. See Appendix F for correspondence.
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2) Natural Environment

Climate

Climatological information was obtained from the National Weather Service

Forecast Office located in Grand Rapids, Michigan for Muskegon County.

Averages

High Temperature 56.5

Low Temperature 40.6

Mean Temperature 48.6

Precipitation (inches) 335

Seasonal Snowfall (inches) 93.7
Air Quality

The proposed projects will have minor short-term negative impact to the air
quality of the City of Muskegon Heights; however, there will be no long-term
impacts. According the MDEQ, Air Quality Division website; the City of
Muskegon Heights is in attainment for all regulated pollutants in accordance

with the Michigan State Implementation Plan.

Ground Water

The ground water is not used as a source of drinking water; however, it is an
important resource in that it helps recharge area surface waters. The
groundwater depth in the area varies, however it is expected to be deeper than

the proposed water main construction so no dewatering will be needed.
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Wetlands

A wetlands map containing the entire service area for the City of Muskegon
Heights as prepared by the National Wetlands Inventory and the USGS are
included in Appendix G. The National Wetlands Inventory map was obtained
from the MDEQ web site and illustrates various classifications of wetlands
within the City of Muskegon Heights. There are a few areas of wetlands
associated with Little Black Creek in the southeastern part of the City and
along the short section of the city that borders Mona Lake. No wetlands are

anticipated to be impacted by any of the proposed projects.

Coastal Zones

The study area lies within the Coastal Zone Management boundary. The

projects are not expected to affect the Coastal Zone area.

Floodplains

Federal Emergency Management Agency (FEMA) floodplain map is
contained in Appendix H. The areas along Little Black Creek and Mona Lake
are located within the 100 year floodplain. Proposed projects will not affect
the floodplains or floodways. No floodplains are anticipated to be impacted

by any of the proposed projects.

Natural or Wild and Scenic Rivers

No natural or wild and scenic rivers were found in the Michigan Department

of Natural Resources database for the project study area.
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Major Surface Waters

Mona Lake lies to the south of the City of Muskegon Heights and borders it
for approximately one quarter mile adjacent to Mona Lake Park. Mona Lake
provides excellent recreational opportunities to the residents of Muskegon

Heights through the use of fishing platforms and a boat launch located at the

park.

Topography

The study area is located on the north side of Mona Lake approximately three
miles east of Lake Michigan. The highest elevation in the study area is

roughly 625 feet. The water elevation at Mona Lake is roughly 580 feet.

All surface water runoff in the study area is directed towards the south or
southeast toward Mona Lake or Little Black Creek. A topographic map is

shown in Appendix I.

Geology

According to the Hydrogeologic Atlas of Michigan, the surficial geology of
the study area consists of lake bed deposits of sand. The thickness of the
unconsolidated sediments ranges from approximately 200 to 400 feet in the

vicinity of the Study area.

Soils

The soils in the study area may generally be described as belonging to a
single predominant soil association: Rubicon-Croswell-Deer Park association.

This association is described as, “Nearly level to steep, well drained, and
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moderately well drained, sandy soils on out wash plains, beach ridges, and
dunes.” These soils are generally droughty and sandy, available moisture
capacity and natural fertility are low. This soil association is highly suited for
recreation and community development. A General Soil Map for the City of
Muskegon Heights is attached as Appendix J. As a part of the final design
process, soil borings will be obtained in select areas. These soil borings will

be useful in determining soil types, depth to groundwater, and soil stability.

Agricultural Resources

No agricultural land is present within the study area as noted in the zoning

map in Appendix A.

Fauna and Flora

The Michigan Natural Features Inventory and the US Fish & Wildlife were
not contacted because the project area is urban and there is no suitable

wildlife habitat present for endangered species.

Project Site Contamination

An online review of the MDEQ’s Environmental Mapper website yielded
numerous sites of potential contamination within the City. However, only two
sites were adjacent to the proposed water main replacement areas. Those sites
were both listed as Closed Underground Storage Tank Sites, Part 211. Please

refer to Appendix K for a map showing these sites within the City.

It is expected that the construction projects will be above the groundwater

table. In the event that contaminated soils or groundwater are encountered
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during construction, the MDEQ will be consulted so as not to cause the

contamination to spread.

Ill. SELECTED ALTERNATIVE

A. Description

Figure 7 shows the proposed water system improvement locations in the water distribution.

The basis of design for the proposed improvements were mainly based on reducing water
loss and unbilled water, increasing available fire flow, and reducing maintenance and

service calls.

During new design, current standards require that pressure during peak demands and
without fire flow should not fall below 35 psi nor should they exceed 100 psi. The peak
demands used to ensure the proposed improvements are adequate do include the necessary
fire flow requirements. Projects 1 through 4 and potentially portions of project 5 are
intended to be completed in the first year of funding. The remaining projects would be

completed under subsequent requests for funding.

Project 1: System Wide Water Meter Replacement

Construct a Mobile AMR System. Replace all of the existing, active 3,800
water meters with a new meter that is able to capture lower flow rates. Each
meter will record readings at 15 minute intervals and store 90 days’ worth of
readings. Each meter will have an internal transmitter that will communicate
the readings to a roaming receiver that is installed in a vehicle that can make
a regular route near all of the meters on a monthly basis. This alternative

includes the cost of all meters, transmitters, mobile receivers, software,
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Project 3:

Project 4:
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integration with the City’s billing system, installation of meters and training
for City employees to operate the system. The estimated cost of this
alternative is $2,111,550 with an expected return on investment in just over

3 years.

7" Street Water main replacement (Oakwood Avenue to Summit Avenue)

Replace the existing 6 inch water main with 8 inch ductile iron water main.
Replace all active water services to the property line. Extend a new 8 inch
water main along Rotterdam Avenue from Sixth to Highland. Place new
valves and fire hydrants at all intersections impacted by the project. The

estimated project cost would be $920,000.

8" Street Water main replacement (Oakwood Avenue to Summit Avenue)

Replace the existing 6 inch water main with 8 inch ductile iron water main.
Replace all active water services to the property line. Extend a new 8 inch
water main along Rotterdam Avenue from Eighth to Ninth. Place new
valves and fire hydrants at all intersections impacted by the project. The

estimated project cost would be $818,000.

Leahy Street Water main replacement (Sherman Avenue to Barney Avenue)

Replace the existing 4 inch water main with 8 inch ductile iron water main.
Replace all active water services to the property line. Replace existing 4
inch water main on Hume from Leahy to Baker with 8 inch ductile iron
water main. Replace all active water services to the property line. Place
new valves and fire hydrants at all intersections impacted by the project. The

estimated project cost would be $1,072,000.
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North Side Transmission Main Connections and Reynolds water main

abandonment and water service replacement

Cut in new tees and crosses to connect distribution mains at all crossings that
are not connected yet along Hackley Avenue and Delano Avenue. There are
an estimated 14 connection locations. Install new valves and hydrants on the
transmission main at each distribution connection location. Abandon
existing 6 inch water main on Reynolds from Hackley to Delano. Replace
all water services to property line and connect to existing 14 inch

transmission main. The estimated project cost would be $1,322,000.

Sanford Street water main replacement (Oakwood Avenue to Broadway

Avenue)

Replace the existing 4 inch water main with 12 inch ductile iron water main.
Replace all active water services to the property line. Replace existing 4
inch water main on Columbia from 6™ Street to Peck Street with 8 inch
ductile iron water main. Replace all active water services to the property
line. Place new valves and fire hydrants at all intersections impacted by the

project. The estimated project cost would be $1,227,000.

51 Street water main replacement (Summit Avenue to Broadway Avenue)

Replace the existing 4 inch water main with 8 inch ductile iron water main.
Replace all active water services to the property line. Extend a new 8 inch
water main along Columbia Avenue from Fifth to Jefferson. Place new
valves and fire hydrants at all intersections impacted by the project. The

estimated project cost would be $633,000.
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5™ Street water main abandonment and Alley water main replacement

(Hovey Avenue to Barney Avenue)

Abandon the existing 4 inch water main in 5" Street. Replace the existing 6
inch water main in the alley to the west with 8 inch ductile iron water main.
Abandon existing 6 inch water main in alley to the east. Switch water
services along 5™ Street to the alley water mains. Replace all services in the
alleys to the property line; connect water services in the east alley to the
existing 14 inch transmission main. Place new valves and fire hydrants at all
intersections impacted by the project. The estimated project cost would be

$391,000.

51 Street Alleys water main replacement (Sherman Avenue to Hume

Avenue)

Replace the existing 4 inch water main in the alleys between 6" and 5" and
5" and Jefferson with 8 inch ductile iron water main. Replace all services in
the alley to the property line. Place new valves and fire hydrants at all
intersections impacted by the project. Replace the existing 6 inch water main
on Hume between the two alleys with 8 inch ductile iron water main. The

estimated project cost would be $376,000.

6" Street Alley water main replacement

Replace existing 4 inch and 6 inch water main with new 12 inch ductile iron
water main. Replace existing 4 inch water main on Keating from the next
alleys to the east and west with 12 inch ductile iron water main. Extend new

8 inch water main along Mann Avenue two blocks to the west from the 6
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Street Alley. Replace all services in the alley to the property line. Place new
valves and fire hydrants at all intersections impacted by the project. The

estimated project cost would be $932,000.

Project 11: 7" Street water main replacement (Summit Avenue to Broadway Avenue)

Replace the existing 4 inch water main with 8 inch ductile iron water main.
Replace all active water services to the property line. Extend a new 8 inch
water main along Columbia Avenue from Seventh to Eighth. Place new
valves and fire hydrants at all intersections impacted by the project. The

estimated project cost would be $652,000.

B. Transmission System Documentation

As reported in the 2015 Water System Reliability Study included in Appendix B, there are

several locations in the City of Muskegon Heights unable to meet recommended criteria.

The proposed improvements will provide the necessary piping to meet the year 2036 water
system demands and meet the minimum pressure requirement under Act 399. The
increased reliability will continue to serve areas of the City of Muskegon Heights into the

year 2036.

C. Monetary Cost Estimate

Appendix D includes detailed cost estimates for the proposed water system improvements.
The project costs include construction costs, contingency costs and approximately 20
percent for project engineering and legal/financial/bond counsel, and operation and
maintenance. Table 10 provides a summary of the recommended improvement projects.

Appendix E contains the present worth analysis, which includes details regarding the
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planning costs, design costs, construction costs and mitigation costs. There is no land

acquisition cost proposed. There is no mitigation cost anticipated.

D. Users Costs

The City of Muskegon Heights is planning on funding the proposed full project cost of
$10,454,500 with DWREF loans. The project will be split into two phases, Phase 1 will be
completed in the first year and will cost approximately $5,287,500. Phase 2 will be
completed following completion of Phase 1 and will cost approximately $5,167,000. The
loan period is expected to be a 20 year period. The expected interest rate is 2.5%. The
expected annual debt service for the proposed projects based on the DWRF loan criteria

will be approximately $339,200 per year for Phase 1 and $331,500 per year for Phase 2.

The expected increases in the City of Muskegon Heights’ existing Operation, Maintenance
and Replacement Cost for the selected alternatives are -$421,000 per year. This decrease is
primarily due to better accounting practices, reduced water loss and increased revenues

from more accurate meters.

Currently there are approximately 4,800 REU’s served by the water system. The increase in
the operation, maintenance and replacement and debt service translates to an annual
increase of $51.94 per REU or $4.33 per month. See Appendix M for the annual cost
summary. Currently typical quarterly water rates for all residential customers are between

$75-$100.

The City of Muskegon Heights is not intending to raise water rates above the current rates
to pay for the necessary bonds to fund the proposed projects under Phase 1. Depending on

the realized savings from Phase 1 the City may raise rates for customers above current rates
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to pay for the necessary bonds to fund the proposed projects under Phase 2. Phase 2 may

result in an approximate increase of $52 per year per REU.

E. Disadvantaged Community

The median household income in the City of Muskegon Heights is $20,474, according to
the US 2010 Census. At this income level the City of Muskegon Heights qualifies as a

disadvantaged community under the DWRF program.

F. Ability to Implement the Selected Alternatives

Implementation of the proposed project is based on the assumption that the project will be
financed by a low-interest loan from the DWRF program. The City of Muskegon Heights
has the necessary legal, institutional, financial, and managerial resources available to

ensure the construction, operation and maintenance of the proposed facilities.

1. Financials

The City of Muskegon Heights is in good financial condition and has sufficient Water
System funds to pay for the proposed bond payments for the bonding period of twenty
years. The calculations include an annual bond payment of approximately $670,700.

With its current rate structure, the City should have sufficient resources to cover future

payments and improvements.

2. Design/Permits
All proposed selected alternatives will be designed by a licensed professional engineer

and permitted by the MDEQ.
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IV. Evaluation of Environmental Impacts

A. General

The anticipated environmental impacts resulting from the construction of the selected plan

include beneficial and adverse, short and long-term, and irreversible and irretrievable. The

following is a discussion of the anticipated environmental impacts of the selected plan.

1. Beneficial Impacts

Prepared by Prein&Newhof

Construction activities associated with the water main system would occur
primarily within existing road rights-of-way and alleys; construction will be
confined to the section of water main being replaced minimizing disturbance to

residents.

Construction and equipment manufacturing related jobs would be generated

Local contractors would have an equal opportunity to bid on the construction

contracts.

Replacing water meters will allow for accurate billing of customers and make

the collection of meter readings easier and more efficient.

Construction of the proposed projects would improve the water distribution
system by eliminating the sections that are prone to freezing, it will increase

fire flows by replacing undersized pipes and eliminate leaking pipes.

No increased development of land is anticipated due to proposed water system

improvements.

The roads over the water mains to be replaced will be replaced providing new

roads to residents in project areas.
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e No increased storm water runoff.

¢ No detrimental impacts on air quality

e No negative impact on the surrounding groundwater.

e No impact on historical sites, archaeological sites, cultural sites, or recreational

areas.

¢ No impact on threatened or endangered species.

e Lower consumption of energy and natural resources due to reduced water

production.

¢ Recycling materials

e The use of renewable energy.

e Water conservation

e No disruption to fish and wildlife

¢ No disruption to fishing and recreational boating

e More reliable water distribution system

o Increased energy efficiency

2. Adverse Impacts

¢ Noise and dust would be generated during construction of the project.

e Traffic disruptions

o Water service disruption
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e Use of energy and natural resources

3. Short and Long-Term Impacts

The short-term adverse impacts associated with construction activities would be

minimal, and mitigatable, in comparison to the resulting long-term beneficial impacts.

a. Short Term Adverse Impacts

e Traffic disruption

e Dust and noise

e Water service disruption

b. Short Term Beneficial Impacts

¢ No disruption to fishing and recreational boating

e No disruption to fish and wildlife

e Construction activities associated with the water main system would
occur primarily within existing road rights-of-way and existing alleys,

minimizing disturbance to residents.

e Construction and equipment manufacturing related jobs would be

generated

e Local contractors would have an equal opportunity to bid on the

construction contracts.

o Roads will be reconstructed where they are impacted by the replacement

of the existing water mains.
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No detrimental impacts on air quality

No negative impact on the surrounding groundwater.

Water conservation; leaking water mains and services will be replaced.

No disruption to fish and wildlife

No disruption to fishing and recreational boating

More reliable water distribution system

Increased fire flows

c. LongTerm Adverse Impacts

No long term adverse impacts to the environment are anticipated for this

project plan.

d. LongTerm Beneficial Impacts

Prepared by Prein&Newhof

A water distribution system having the appropriate minimum size necessary
to meet minimum generic pressure requirements during peak demands

under Public Act 399.

A more reliable water distribution system

Water conservation, reduction of leaking water mains and services

Lower Operations and Maintenance Costs

No increased storm water runoff.
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. No impact on historical sites, archaeological sites, cultural sites, or

recreational areas.
. No impact on threatened or endangered species.

. Recycle and reuse natural resources

B. Analysis of Impacts

1. Direct Impacts

Construction of the proposed projects should have no effect on historical,
archaeological, geographic, cultural or recreational areas, as all construction activities
would be confined to existing developed sites and within road and alley rights-of-way.

Figure 7 shows the locations of the proposed projects.

The project will not detrimentally affect the water quality of the area, air quality,
wetlands, endangered species, or wild and scenic rivers. No residents or businesses will

be relocated.

Construction related jobs will be created due to the amount of work anticipated to be

completed in the next few years.

The DWRF program requires competitive bidding for all projects. This will allow a
larger number of contractors to bid on the projects compared to projects that would be

solicited from a short list of contractors.

The proposed project is not intended to extend or construct new water mains or roads
to previously undeveloped lands within the project areas. The proposed work is mainly
to replace or improve an existing distribution system to better serve its existing

customer.
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In most cases, the existing road will be replaced since the proposed water mains are
located under the road pavement. This reconstruction of existing roads will bring them

into current standards of road construction and improve safety.

Most likely dewatering of the groundwater table to allow the contractor to install the
water main in dry conditions will not be necessary since it is anticipated that the

ground water table will be below the proposed elevation of the water main.

There have been many documented frozen water services and water service breaks
throughout the City. Based on comments by repair crews, it is well known that the
existing water main and services are extremely shallow, repairs to damaged services
due to cold weather has consisted of repair clamps and temporary measures. Many
services are still leaking and an unknown amount of services could be leaking on the
customer’s side of the service. This leaking water has caused the distribution system
and water treatment plant to become less efficient in its energy use by having to pump
more to accommaodate leaking water services. Replacement of the shallow water mains
and shallow leaky water services will improve efficiency in man hours to repair
services as well as reducing the amount of energy needed to pump less water. This will

result in water and energy conservation.

Ductile Iron pipe is currently composed of one-hundred percent recycled materials.
Compared to PVC’s and Polyethylene pipe materials that require the use of non-
renewable energy and natural resources, the use of ductile Iron pipe for water main

construction eco-friendly.

The asphalt used for re-construction of existing road will be required to use a minimum

of twenty percent recycled asphalt removed from other projects. The use of the
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recycled asphalt requires less use of non-renewable resources like oil that is the base

material for the liquid asphalt.

2. Indirect Impacts

The proposed water facilities are sized to provide service for 20 years of future growth
in the study area, based on current trends. Future growth in the study area will not
greatly alter the character of the area. Future growth would be subject to conformance

with the land use and zoning plans of the City of Muskegon Heights.

3. Cumulative Impacts

Providing a more reliable water supply with new updated equipment and structures to
the customers of the system would be the primary cumulative impact anticipated from

the construction of the project.

V. MITIGATION

A. Short Term Construction Related Mitigation

Standard procedures used in the construction industry will be included in the construction

contract documents to mitigate construction activities.

1. Traffic Disruption

The water meter replacement project will not affect area traffic. The proposed water
main projects are mostly in residential areas, temporary detours will be setup to route
traffic around the construction. Residents in the immediate area of each project will
experience additional disruptions over the construction season that the work is taking

place adjacent to their home.
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Standard traffic and safety control devices such as barricades and lighted barrels will

be in place to warn and protect residents during construction activities.

2. Dust and Noise

Dust control methods such as water and/or brine will be used to keep dust to a
minimum. All haul roads and public roadways will be swept daily and maintained to
assure residents access to the area. Construction equipment will be maintained in good

condition to decrease noise.

3. Soil Erosion

Soil erosion and sedimentation control measures such as straw bales, sedimentation
basins, and silt fence, will be part of the construction activities to prevent soil release

and protect streams and wetlands.

4. Water Service Disruption

During construction of the water main projects, residents and businesses existing water
services must be transferred to the new water main. This may require the use of
temporary water main and services run above ground to allow crews to remove the old
main and replace it. This temporary water main and services will require the need to

interrupt water service several times causing inconveniences.

If possible, existing mains will be replaced in alternate locations than the existing,
which allows the contractor to chlorinate, test the new water main for bacteria, putting
the water main in service, and reconnect water services all while the existing water

main is still in operation.

5. Work in the Floodplain

No underground work is proposed in the floodplains.
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6. Work in the Wetlands

No work is proposed in the regulated wetlands.

B. Mitigation of Long Term Impacts

General construction activities in the distribution system improvements will prohibit the
disposal of soils in wetlands, floodplains, or other sensitive areas. Existing catch basins will
be protected on the distribution system where earth changing activities will take place to

prevent soil erosion into area water courses.

1.  Use of Natural Resources

As a result of the water main construction, natural resources such as gravel, sands, oil, and
fuels will be utilized and consumed. To minimize the impact on the natural resources a

number of things will be utilized during the construction.

Recycled materials like scrap iron will be used to make the ductile iron water main pipe.
This will require less use of iron ore that is mined from the ground. The use biodiesel will
use less oil to produce diesel fuels used in trucks and equipment. Recycled asphalt from
reclaimed roads will be used in reconstruction of existing roads. The recycled asphalt will

require less liquid asphalt which is made from oil.

2. Energy Use

The use of energy is inevitable in running a water distribution system and production of
materials used for construction. By using recycled or natural eco-friendly products as part
of the construction process or during construction will use less energy as compared to using
one hundred percent non-renewable resources. The use of the recycled and/or eco-friendly

products will not completely mitigate the use of all energy but it will offset a small percent.
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This Project Plan will result in less wasted water as well as less electricity demand for

pumping and treating less water.

C. Mitigation of Indirect Impacts

The project is not expected to have any affect as the current land uses which are generally

in accordance with the City’s zoning plan.

VI. PUBLIC PARTICIPATION

A. Formal Public Hearing

A public hearing describing the draft project plan along with alternatives, cost estimates,
etc., was held on April 25, 2016, at the City of Muskegon Heights City Hall prior to its
adoption by the City of Muskegon Heights Council. An audio transcript of the public

hearing along with the sign in sheet is included in Appendix N.

A notice of public hearing was published in the local newspaper 30 days before the hearing.

A copy of the public notice and affidavit showing the article is included in Appendix N.

B. Adoption of the Project Plan

On April 25, 2016 at 5:30 PM, during a regularly scheduled City Council meeting, the City
of Muskegon Heights Council discussed the proposed Project Plan and approved the

resolution adopting the Project Plan. A copy of the resolution is included in Appendix O.
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City of Muskegon Heights

Table 1
Historic and Projected Populations
City of . . Population of
Year N(I:L:)Sukrftg%n Muskegon Cltyscr)]folr\(lac;rton .I'_:(;SV'E;?]? Supplied
y Heights P Communities
1970* 157,426 17,304 22,271 10,214 49,789
1980 157,589 14,611 22,025 10,646 47,282
1990 158,983 13,176 21,755 11,485 46,416
2000 * 170,200 12,049 22,527 12,533 47,109
2010* 172,188 10,856 23,994 13,598 48.448
20142 173,016 10,908 24,109 13,663 48,680
20152 171,133 10,839 24,138 13,680 10,921
20167 171,195 10,843 - - 10,843
2026 2 171,820 10,882 - - 10,882
2036 2 172,447 10,922 - - 10,922
Notes: 1. Population through 2010 based on United States Census data.

2.

Prepared by Prein&Newhof

Population projections from West Michigan Shoreline Regional Development Commission
(increase of 0.037% per year from 2015 through 2035).

Muskegon County population data provided for informational purposes.

. Shaded is not part of the service population as of April 15, 2015
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City of Muskegon Heights

Table 2
Historic Water Supply Data
. Muskegon
) Systemwide Sh%s;i?r]nvzf]e Mﬁzrehgign Heights Muskegon
Fiscal Average Day Da Average Da Maximum Heights
Year Pumpage Y ge Lay Day Max/Avg
Pumpage Pumpage .
(mgd) (mgd) (mgd) Pumpage Ratio
(mgd)
2009 5.9 10.9 1.6 3.0 1.9
2010 5.6 11.2 1.4 2.8 2.0
2011 5.2 11.6 1.4 3.1 2.2
2012 5.6 17.3 1.3 4.0 3.1
2013 5.2 12.2 1.3 3.0 2.3
2014 55 10.1 1.7 4.9 2.9
2015 3.7 8.4 2.6 5.7 2.2
5-year Avg 5.0 11.9 1.7 4.1 25

1. Data based on Monthly Operating Reports

2. Water Supply includes water to customer communities as well as the City.

Table 3
Water Use Projections
Demand Projections, mgd
Year
Average Day Maximum Day Peak Hour

2016 1.39 3.47 6.07
2021 1.39 3.48 6.08
2026 1.39 3.48 6.09
2031 1.40 3.49 6.11
2036 1.40 3.50 6.12

Note: Projections based on population growth projection and historic per capita water
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City of Muskegon Heights

Table 4

Existing Service Connections

Fiscal Year 2015

Service Connections

Residential 3,100
Commercial/Industrial 700
Total 3,800

Note: Service Connection data provided by the City for 2015,

Table g
History of Total Unbilled Water

Year Tgtql Metered, Bi.lle.d Volume, Percent Unbilled

million gallons million gallons Water
2004 499.000 318.875 36.1%
2005 700.673 536.997 23.4%
2006 674.748 501.578 25.7%
2007 655.880 469.1596 28.5%
2008 643.695 446.5529 30.6%
2009 562.107 369.119 30.3%
2010 484.263 347.728 30.5%
2011 492.161 297.721 39.1%
2012 437.916 - -
2013 432.504 - -
2014 627.870 358.889 42.8%
2015 960.423 250.239 73.9%
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City of Muskegon Heights

Table 6
Treatment Plant Element Capacities
Element Number of | Rated Capacity

Units (MGD)
Intake 2 50.8
Low Service Pumps 6 25.3
Rapid Mix 2 NA
Flocculation Basins 6 38.02
Filters 12 25.20
High Service Pumps 7 35.48
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City of Muskegon Heights

Table 7
Existing Storage Tank Data
. . Sherman Sherman
Tank Site / Location Boulevard (East) Boulevard Getty Street
(West)
Volume, Gallons 1,000,000 500,000 750,000
Usable Storage, Gallons 1,000,000 500,000 750,000
Type Ground Ground '\élllél\t;::g
Date Constructed 1941 1941 1964
Last Inspection 11/2005 11/2005 05/2007
Last Painted Interior NA NA 2000
Last Painted Exterior NA NA 2000
Tank Drain Portable Pump Portable Pump Hydrant
Cathodic Protection N/A N/A Yes
Altitude Valve No No Yes, Not Used
Overflow Elev, ft 767
Total Head Range, ft 10 10 35
Normal HW Level, ft 35 35 23
Normal LW Level, ft 30 30 35
Norrgz;lngg’efrtatmg 5 5 12

Note: Data from 2015 Water System Reliability Study
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City of Muskegon Heights

Table 8
Pump Station Data

Site / Location Old High Service | New High Service Sherman Getty Street
Station at WTP Station at WTP Booster Booster
Pumps 3 4 4 3
Year Installed 1965 2000 1941 2002
Type Vertical Turbine | Vertical Turbine Centrifugal Centrifugal
Permit Capacity 4,500 gpm 10,420 gpm 6,390 gpm 2 @ 1800 gpm
1@ 200 h
1@ 250 hp @ P
1@ 150 hp
Horsepower 1 @ 150 hp 250 hp each 30 hp each
1@ 100 hp
1 @ 100 hp
1@ 75hp
Last Inspection
Last Efficiency Test
. WTP Generator / | WTP Generator / Generator
Auxiliary Power Type Dual Eeed Dual Feed Dual Feed
Auxiliary Power Rating 500 KW 500 KW 275 KW 80 KW
Auxiliary Power Fuel Type Diesel Diesel NA Natural Gas
Auxiliary Power Capacity 1500 gpm 5400 gpm
Auxiliary Power Starting Freq. Weekly Weekly Weekly
Auxiliary Power Load Testing Monthly Monthly Monthly

Note: Data from 2015 Water System Reliability Study
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City of Muskegon Heights

Table g
Proposed Phase 1 Project Schedule
Milestone Date
Submit Draft Project Plan to MDEQ March 2016
Hold Public Hearing April 2016
Submit Final Project Plan to MDEQ May 1, 2016
Submit User Charge System to MDEQ August 2016
Receive Approval of Project Plan August 2016
Submit Plans and Specifications to MDEQ October 2016
Receive Construction Permit November 2016
Receive Construction Bids December 2016
DWRF Loan Awarded January 2017
Begin Construction April 2017
Construction Completed December 2018
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City of Muskegon Heights

Table 10
Water System Improvements Cost Summary

Opinion of
Improvement Project Probable
Project Cost
1. Water Meter Replacement $ 2,111,500
2. 7" Street Water main replacement (Oakwood Avenue to Summit Avenue) $ 920,000
3. 8th Street Water main replacement (Oakwood Avenue to Summit Avenue) $ 818,000
4. Leahy Street Water main replacement (Sherman Avenue to Barney Avenue) $ 1,072,000
5. North Side Transmission Main Connections and Reynolds water main
i $ 1,322,000
abandonment and water service replacement
6. Sanford Street water main replacement (Oakwood Avenue to Broadway $ 1.227.000
Avenue)
7. 5th Street water main replacement (Summit Avenue to Broadway Avenue) $ 633,000
8. 5th Street water main abandonment and Alley water main replacement (Hovey
$ 391,000
Avenue to Barney Avenue)
9. 5th Street Alleys water main replacement (Sherman Avenue to Hume Avenue) $ 376,000
10. 6th Street Alley water main replacement $ 932,000
11. 7th Street water main replacement (Summit Avenue to Broadway Avenue) $ 652,000
Total Phase 1 $ 5,287,500
Total Phase 2 $ 5,167,000
Grand Total $ 10,454,500

Notes: 1. The Opinion of Cost is based on 2016 dollars.
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MUSKEGON COUNTY, MICHIGAN

FIGURE 1
WATER SYSTEM SERVICE AREA
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FIGURE 3

City of Muskegon Heights Water System
Population Data and Projection
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FIGURE 4

City of Muskegon Heights
Historic And Projected Water System Demands
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FIGURE 5

City of Muskegon Heights Water System

Historic Water Loss
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EXECUTIVE SUMMARY
This report represents the five year update of the City of Muskegon Heights Water System Reliability

Study. Based on the three primary components of the water distribution system (the source water

system and water treatment plant, the water distribution system (pipe), and the storage requirements),

the following conclusions are made:

The water supply has met the regulations for microbiological, radioactive, inorganic and
volatile organic contaminants for at least the past 5 years.

The existing supply capacity is adequate for current demands as well as water demands for
Year 2034 and further into the future. The projected Year 2014 maximum daily demand of
15.6 million gallons per day (mgd) represents 62 percent of the firm supply capacity (25.2
mgd). With the West Michigan Regional Authority no longer supplied, demands projected
through Year 2019 (5 year projection) represent only 13.9 percent of the current firm supply
capacity. Long term demand projections through Year 2034 indicate that maximum day
demands could reach only 14.2 percent of the existing firm supply capacity.

The City provides adequate water supply for normal (non-emergency) system conditions. The
distribution system meets minimum needs with respect to the hydraulic connectivity for this
community; however, some improvements are recommended to improve the system
transmission and distribution.

Over the next 20 years, the City is capable of providing storage for fire protection to all
residential customers equivalent to 1,000 gpm for 2 hours and to all commercial and industrial
customers equivalent to 3,500 gpm for 3 hours. However, the distribution of water is limited in
many areas of the City — more precisely in locations supplied by 4-inch and 6-inch mains.
Specific distribution and transmission system improvements have been recommended for

improved local fire protection to generally meet these goals.
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e The unbilled water estimated recently exceeds the desired range. The City should provide more
detailed accounting of known unbilled water use to determine whether actual “lost” water is at
unacceptable levels, particularly since these could change somewhat significantly when the
customer communities are no longer served.

o Field tests indicate that the distribution of water is limited in many areas. There is some
question as to the source of energy loss in the system. As a result, the City should perform a
more detailed field investigation on the distribution system to confirm the source of energy

loss (and reduced fire flow).
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l. INTRODUCTION

The City of Muskegon Heights is located in Muskegon County in the western, Lower
Peninsula, approximately 30 miles northwest of Grand Rapids. The City supplies water to all
City residents and businesses as well as two neighboring municipalities. The existing City

water system and projected City service area is shown in Figure 1 and 2.

The City is supplied with Lake Michigan surface water from two water intakes extending into
Lake Michigan. Water is purified via a conventional treatment plant. Water is then pumped to a
City-wide distribution system of nearly 60 miles of water main ranging in size from 4- to 30-
inches in diameter. The City operates and maintains 2.25 million gallons of storage within the

City distribution system between the Sherman Boulevard Reservoirs and the Getty Street Tank.

The purpose of this report is to document the reliability of the water system for the City of
Muskegon Heights. This reliability study aims to fulfill the requirements of Part 12, Rule
R325.11201 through R325.11207 promulgated under Michigan’s Safe Drinking Water Act,
1976, P.A. 399, as amended. A 5 and 20-year projection of water demands and an evaluation of

each of the system components on five year intervals are required by the Act.

This report contains growth projections for the City water system, which at present is
considered to be only within the City limits. The report identifies current and projected water
demands and includes a computer assisted network analysis of the water distribution system.
Recommendations for improvements to the water supply system are made with cost estimates

and are presented in a capital improvements plan.

The City has completed the following work on the water distribution system over the past 5
years:

e Constructed 12-inch water main on Mcllwraith Street from Sherman to Beulah Avenue.
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e Added a hydrant on Hackley Avenue, west of Ray Street.

e Removed a water main on Beulah Avenue from Mcllwraith Street to Jarman Street.

Il.  WATER DEMANDS
The City of Muskegon Heights supplies and distributes water to all of the residents and

businesses within the City limits. In addition, the City currently supplies customers in
neighboring City of Norton Shores and Fruitport Charter Township. The land uses within the
City of Muskegon Heights are mixed with a significant amount of residential and commercial

areas.

Historic water demand data was provided by the City of Muskegon Heights based on metered
data and Monthly Operating Reports. The water supply data for the combined City and
customer communities extends back to 2009 as summarized in Table 1. Detailed monthly water

use for all customers for Years 2009 through 2013 is provided in Appendix C.

Using this data, the following parameters have been estimated: average day demand, which is
the average daily water use for the year; maximum day demand, which is the highest daily use
for the year; and peak hour demand, which is the estimated maximum hour of water use during
the year. Figure 4 graphically illustrates the historic and projected demands based on this and

additional information described further.

The 2009 City of Muskegon Heights Water System Reliability Study breaks out water demands
for the three communities supplied by the City: the City of Muskegon Heights, the City of
Norton Shores and Fruitport Township. Recently, however, the City of Norton Shores and
Fruitport Charter Township formed the West Michigan Regional Water Authority. The new

authority intends to obtain water from the City of Muskegon beginning in April 2015. Thus, the
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water projections will consider only supply to the City of Muskegon Heights in the longer term

for the purposes of this Water System Reliability Study.

The City of Muskegon Heights water use projections were estimated considering historic and
projected water use and population. The West Michigan Shoreline Regional Development
Commission (WMSRDC) provides population projections through 2024. These indicate the

City of Muskegon Heights will have a growth rate of 0.12 percent from 2012 through 2024.

Table 2 and Figure 3 exhibit the historic and projected populations through 2034 for the City of
Muskegon Heights as well as the City of Norton Shores and Fruitport Charter Township. The
data shows that the City of Muskegon Heights population is projected to rise slightly after

falling for many years. The recent number of service connections is provided in Table 3.

Population projections were prepared by using the historic data. A per capita water use of
approximately 128 gallons per capita per day (gpcpd) was estimated based on data from 2010.
This was applied to the population projections for the City of Muskegon Heights to project
future water use. While WMSRDC population projections extend only through 2024, we have
extrapolated the growth an additional 10 years to estimate water use in 2034. The resulting

2034 average day demand was projected at 1.43 mgd.

In 2013, the maximum day to average day demand ratio was approximately 2.5, which is
higher than most years. This was conservatively used for maximum day projections. A peak
hour to maximum day multiplier of 1.75 was used to estimate peak hour demands based on
estimates for similar communities. The result is a 2034 projection of 3.58 mgd and 6.26 mgd

for maximum day and peak hour demands, respectively.

Demands were projected through Year 2034 in five-year increments. These projections are

provided in Table 4 for the service population.
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I1l.  WATER SUPPLY SOURCE

The City of Muskegon Heights provides water to its customers from a surface water supply.
The water source is Lake Michigan, a high quality water supply. The City operates two intakes
each with a steel and wood crib located offshore at a depth of approximately forty (40) feet.
Raw water is pumped from a station onshore to the filtration plant, located about 930 yards

east.

As mentioned in the previous section, the quantity of water available for long term supply to
City of Muskegon Heights customers is adequate to meet customer demands. More information
on the source water is provided in the “Water Filtration Plant Reliability Study for City of

Muskegon Heights”, dated June 2014.

V. WATER SYSTEM INFRASTRUCTURE

A. Water Treatment Facilities

Water plant operators oversee the water production from the Lake Michigan source
through treatment followed by pumping into the distribution system. The Water Plant is
a conventional treatment facility with a capacity of 25.2 million gallons per day

(MGD).

The treatment process removes suspended materials from the Lake Michigan water
via coagulation, flocculation, sedimentation, and filtration. The Plant provides
fluoridation in accordance with State of Michigan guidelines, and disinfection is

attained through the application of chlorine in the form of sodium hypochlorite.
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The City completed a separate report “Water Filtration Plant Reliability Study for City of
Muskegon Heights”, dated June 2014. This report evaluates the treatment plant in detail

and provides recommendations.

B. Storage Facilities

There is currently one elevated storage tank in the City of Muskegon Heights distribution
system, two ground storage reservoirs, and clear wells at the treatment plant. With the
formation of the West Michigan Regional Water Authority, the City will no longer
supply the customer communities and monitor those systems. The City will, however,
continue to maintain Getty Street elevated storage tank, the Sherman ground storage
tanks, and clear well storage for supply to City of Muskegon Heights residents. Data from

the distribution system storage reservoirs is provided in Table 8.

C. Water Distribution Mains
A complex network of water mains provides distribution to City customers. The City

limits cover an area of approximately 3.2 square miles, and water customers are supplied
through a distribution network consisting of nearly 60 miles of water mains ranging from
4- to 30-inches in diameter. The original system was constructed in the early 1900’s with
most water mains installed in 1939, 1964 and 1974. The older water main is nearly all

cast iron, while newer water main is ductile iron material. An approximate breakdown of

the water mains by size, material and age is presented in Tables 9 through 11.

A grid of mains (4-inches and larger) has been constructed throughout the service area on
the primary streets and alleys. This network is very well-looped. Transmission is
provided to the entire system and to connections with customer communities; however,

additional transmission would improve the system efficiency and overall hydraulics.
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D. Standby Power

The City of Muskegon Heights owns and maintains fixed generators at the Water

Treatment Plant and one of its Booster Stations. A 500 KW diesel generator is located at

the Water Treatment Plant. This generator can power the treatment plant to operate at 10

MGD. The Water Treatment Plant is also supplied by dual electrical feeds.

An 80 KW natural gas generator is located at the Getty Street Booster Station. Each

generator is started weekly. No auxiliary power is, however, available at the Sherman

pumping station.

V. WATER SYSTEM ANALYSIS

A. Water Storage Analysis

1.

Existing System
Ten State Standards states in Section 7.01: "Storage facilities should have sufficient
capacity, as determined from engineering studies, to meet domestic demands and

where fire protection is provided, fire flow demands”.

In addition to fire demand, storage tanks must be capable of storing the maximum
hour water demand in excess of the maximum day water demand for the period of
time in which the maximum hour water demand occurs. This considers that the water

supply system delivers the maximum day water demand.

An analysis was performed on the City of Muskegon Heights storage with
consideration for the firm capacity. Storage is more than adequate during higher
demand periods. Equalization storage and more than 3,500 gpm of fire flow are
available for 3 hour duration from the water treatment plant and elevated storage.

Table 12 provides the results of the storage analysis.
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2. Future Conditions

The City storage was analyzed for future conditions to determine whether additional
storage will be needed. Table 12 projects the recommended storage through Year

2034.

The analysis was completed based on demands and design firm supply capacity.
Given the reduction in future demands over present figures, the pumping and storage
facilities meet suggested volumes through Year 2034 and beyond. The available fire

storage exceeds 3,500 gallons per minute for 3 hours.

B. Distribution System Analysis
Water distribution software, WaterCAD V8i / WaterGEMS, aided the analyzing of the

City of Muskegon Heights’ water supply system network. Model input data consisted of
lengths, sizes, and roughness factors (Hazen-Williams coefficients) for pipes, and ground
elevations and demands for nodes, storage tank elevations and volumes, and pump curves

and capacities.

1. Model Development

The WaterCAD model from the 2009 Water System Reliability Study was updated
for analysis of the system. Demand data was updated including existing and projected
average day, maximum day and fire flow demands. Water mains 4-inch in diameter

and greater are included in the model.

Hydrant testing results were used to calibrate the model. A hydrant flow test
measures the distribution capabilities of a system by measuring and comparing the
static pressure at a given location under typical conditions and the residual pressure at

that same location for a given hydrant flow. The test data provides information for
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model calibration; that is, model parameters can be adjusted so that predicted results
compare favorably to measured results. In addition, the test data can provide
information to determine locations at which a valve might be partially closed, or

locations at which an unknown connection could exist.

Hydrant flow tests were performed by the City with assistance from Prein&Newhof
personnel on May 1, 2014. The results of these tests are shown in Table 13. The tests
were performed at a variety of locations dispersed throughout the system and provide

data to adjust roughness coefficients and demands when necessary to simulate results.

Using the hydrant test data, the model was calibrated as follows:

e Simulate system conditions using initial parameter assumptions from the

previous modeling work.

e Adjust water main roughness coefficients and system demand distribution

e Perform a sensitivity analysis on adjusted results

o Fine tune results based on previous steps

Table 14 compares the calibrated model results at the nearest model node to the 9
hydrant test sites. The initial simulations indicated that there is a lot of hydraulic loss
in the smaller mains. The Hazen Williams roughness coefficient was lower than the
usual ranging indicating either (1) tuberculation had reduced the diameter
measurably, or (2) the low hydrant flows were the results of some other issue (e.g. a
closed valve, a damaged valve, a left-handed valve, error in measurement, restriction
at hydrant lead, incorrect diameters, etc.). The City did spend some time looking for

closed valves once the results were obtained, but none were identified. As a result,
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the system was calibrated assuming these very old mains did have significant

tuberculation.

The system operation was simulated for comparison of the test results to the model
results. The results for model simulations of the hydrant tests are provided in Table

14.

The hydrant test results are reasonably simulated by the model. Static pressures and
residual pressures are within 2 psi and 4 psi, respectively at all test locations, and the
results are within 10 percent. Given the limitations in the hydrant test data and

fluctuations in system demands, the calibration results can be considered reliable.

Based on the calibration results, the Hazen-Williams coefficient ranges from 35 to
110 for distribution mains (8-inch in diameter or smaller), depending on the age and
diameter of the main. This represents the effects of scaling and/or tuberculation. The
Hazen-Williams coefficient generally was assumed to be higher but still ranged
between 110 and 130 for the larger transmission mains. Recently constructed main

throughout the system was assigned a Hazen-Williams coefficient of 130.

2. Existing System

Simulations were performed for various demand conditions using the calibrated
model. Resulting pressures were examined to determine the adequacy of the system
under high demand. Pressures during maximum day demands and without fires
should not fall below 35 psi, nor should pressures in the system exceed

approximately 90 to 100 psi.

The available fire flow is generally the standard by which a system is measured since

that is typically the highest demand experienced. Typically, the available fire flow
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represents the flow available at a given location without creating a low pressure
problem anywhere in the system. The minimum system pressure which should be
maintained at all times is 20 psi. While recommended fire flows vary based on many
factors, the generally suggested fire flows are 1,000 gpm for residential customers
and up to 3,500 gpm for commercial and industrial customers. Based on the available
storage and system conveyance, the City does not meet recommended fire flows in

many locations at present.

Results indicate that pressures within the City of Muskegon Heights are adequate
throughout the system during maximum day demands. However, the model results
show that the system transmission and distribution main capacity is less than
desirable in some locations during maximum day demands, as older infrastructure

limit the fire flow potential in some areas.

The 4-inch and 6-inch mains restrict the available fire flows to many residential
locations in the system to less than 1,000 gpm. The available fire protection could be

improved at the locations such as those presented in Table 15.

Appendix D includes output of the model results.

3. Future Conditions

Using the model, simulations were performed for future demand conditions to
determine where improvements to the existing infrastructure may be needed. All
water main Hazen Williams coefficients were reduced for 2034 demands to simulate
aging. Resulting pressures were reviewed to determine the adequacy of the existing
system under future demands. Available fire flows were also adequate in many

locations but they are less than desirable at other locations.
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Table 16 provides a summary of model results for Year 2034 demands with the
existing infrastructure. The results indicate that pressures would again be mostly
adequate, but the system transmission capacity would be even more limited due to
further aging of water main. Available fire flows will be further reduced from
existing fire flow capabilities because of the additional demands on the system from
the projected growth of the City over the period. As a result, potential improvements

were analyzed to improve the fire protection in the deficient locations.

Appendix D includes output of the model results for Year 2014 and 2034 simulations.

4. Distribution System Improvement Alternatives

Based on the results of the existing system analysis with future demand projections,
improvement alternatives were considered. Many alternatives were considered and
then selected and prioritized based on the most cost-effective alternatives to enhance

the overall service to the system including fire protection.

It should be noted that due to the significant hydraulic losses witnessed during
hydrant testing, a more detailed field investigation is warranted to confirm the source
of the hydraulic losses. The alternatives that follow are based on the available
information and the associated assertion that the small distribution mains are old and

are a significant source of hydraulic losses.

Each of the following alternatives provides improved available fire flow to the

system, and Figure 5 is a graphic of the potential improvements.

a. Transmission Improvements

The existing transmission system from the water treatment plant to the City is

adequate; however, transmission across the system is limited in some locations.
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To improve the base network, and also remove some older main, transmission
projects are recommended on Sanford Street, Broadway Avenue, Sherman
Boulevard, in the alley between 6™ Street and 7" Street, and in the alley west of

Getty Street.

b. Improved Fire Protection

The available fire flow in the system is limited at many locations. Several

improvements are evaluated including:

Southwest corner of the City - In the southwest corner of the City, transmission is

lacking. Two improvements options were analyzed. The first option considers
constructing a transmission main loop around the City, on Norton Avenue and
north to Broadway Avenue in the alley east of Seaway Drive. Alternatively, the
existing transmission main on Oakwood Avenue that supplies Norton Shores can
be connected to the local distribution mains at several cross-streets to increase the
capacity of the distribution system. Given the condition of the 6-inch main and
lack of transmission, both the transmission main and connections are

recommended to increase the available fire flow to 1,000 gpm.

Southeast near Wood Street — The area of Howden Street and Wood Street and

south of Summit is supplied by small diameter main, including a 2-inch dead end
main. In addition the watermain to the south at the cemetary was cut and capped
at the base of the hill. An 8-inch distribution main is recommended on Cleveland,
from Howden Street to Wood Street to remove some dead end mains. The 4-inch
main north on Wood Street is also recommended for replacement with an 8-inch

main to improve the fire protection in the area.
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Northeast corner of the City - In the northeast corner of the City, the transmission

and available fire flow are lacking. Along with transmission improvements, the
existing transmission main on Delano Avenue and Hackley Avenue should be
connected to the local distribution mains at several locations to increase the
capacity of the distribution system. These connections are recommended to

increase the available fire flow to 1,000 gpm for residential customers.

Columbia Avenue between Sanford Street and Seventh Street — The available fire

flow in this area is lacking primarily due to the existing 4-inch main. To improve
the fire protection, we recommend the 4-inch mains be replaced with 8-inch

main.

Baker Street area from Hovey Avenue to Hume Avenue — The available fire flow

in this area is lacking primarily due to the existing 4-inch main. To improve the

fire protection, we recommend the 4-inch mains be replaced with 8-inch main.

Hume Avenue from Jefferson Street to Sixth Street - The available fire flow in

this area is lacking primarily due to the existing 4-inch main. To improve the fire

protection, we recommend the 4-inch mains be replaced with 8-inch main.

Model simulations were performed including each of the potential improvements,
as well as other alternatives. Simulation results with recommended improvements

and Year 2034 demands are summarized in Table 17.

Results show that the available fire flows in the system meet the desired flows for

fire protection for the City of Muskegon Heights in many cases and not in other.
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VI.

RELIABILITY ISSUES

A.

Distribution Main Condition Assessment
The hydrant testing in the field indicated that there are significant hydraulic losses on

some distribution mains. This may be isolated to a few specific distribution mains or may
be widespread. In addition, the source of the hydraulic losses is not certain since there is
no evidence of significant tuberculation nor has the City found closed or inoperable
valves when they have searched. To better ensure the reliability of system hydraulics, a

thorough evaluation of those hydraulic losses is necessary.

Redundancy

Redundancy is a critical issue in a complex system such as the City’s. Currently, there are

several areas that could be improved for better reliability:

e Connection of transmission mains that currently serve the customer communities
to the distribution mains on Oakwood Avenue, Delano Avenue and Broadway

Avenue to the existing distribution system.
e Construction of additional transmission main

Otherwise, the system is looped well within the City, providing adequate hydraulics

during emergencies.

Deteriorating Mains
Most of the mains in the City of Muskegon Heights water distribution system were

constructed prior to 1970. Hydrant test results indicate that many have reduced capacity
due to tuberculation. These older mains and services should be systematically replaced in

conjunction with other utility work and whenever possible.
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D. Hydrants

With older mains and less than desirable capacity, hydrants become more critical. We
recommend adding hydrants at several locations within the City to improve service
during a fire. Specific location identified includes: Muskegon Heights High School
(Hovey Avenue & Jefferson Street), Muskegon Heights Junior High School (Baker Street
north of Manahan Avenue),Waalkes Street & Maplewood Avenue, Oakwood Avenue &
Glendale Street, Lincoln Avenue west of Lemuel Street, Maffett Street north of
Maplewood Avenue, Oakwood Avenue & Glade Street, Hackley Avenue west of Getty

Street, Hovey Avenue west of 7th Street.

E. Emergency Interconnects
The City of Muskegon Heights has always provided substantial reliability of water supply

to customers via interconnects. At present, there are 14 interconnects. Six of those
interconnects are connected directly to the City of Norton Shores or Fruitport Charter

Township. These are listed in Table 19.

Once the City of Norton Shores and Fruitport Charter Township are no longer customers,
we would recommend that the City maintain the existing connections to the City of

Norton Shores for emergency purposes.

F. Maintaining Multiple Facilities

The City has more than enough storage volume and high service pumping capacity

to supply future 2034 demands. Since the City has storage and high service pumping at
the Water Filtration Plant and Sherman Boulevard Storage Tank and Booster Station,
consideration should be given as to whether to continue to maintain all the current
infrastructure once the customer communities are not served. This is also discussed in the

2014 Report “Water Filtration Plant Reliability Study for City of Muskegon Heights”.
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The current infrastructure provides excellent reliability and redundancy; yet maintaining
facilities is costly and there are also interconnects that are available in an

emergency. Modeling results indicate that some additional transmission and connections
would be needed if the Sherman storage tank and booster station were abandoned. Thus,
it is recommended that these long term improvements be considered based on

maintenance needs.

G. Backup Power
The City of Muskegon Heights owns and operates two generators to provide emergency

back-up power. The generators are located at the Water Treatment Plant and at the Getty
Street Booster Station. These sites are maintained by City staff and the generators are
started weekly to assure that the unit is in “ready” condition. In addition, both generators
are load tested monthly. Both the Water Treatment Plant and the Getty Street Booster
Station can be operated in an emergency using the generators however the Water
Treatment Plant capacity is reduced to 10 MGD. To provide additional back-up power
both the Water Treatment Plant and the Sherman Street Pump Station are provided with

dual electrical feeds.

H. Maintenance Programs

The City of Muskegon Heights provides operation and maintenance services on the

distribution system. Specific maintenance programs for reliability include:

1. Water Accountability Plan

The City tracks monthly water meter readings in detail, comparing pumping volumes
with billing data. This includes detailed accounting of all meters to each of the

customer communities. The unbilled volume of water has ranged from 30 percent to
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39 percent in recent years, as shown in Table 18 and represented graphically in

Figure 6. The unbilled water had been relatively steady.

This is a high volume of water and is significantly higher than typical acceptable
standards.. However, this could change once the customer communities are no longer
supplied and a detailed accountability program is in place. Other known unbilled
water use such as hydrant flushing, street sweeping, firefighting, and main breaks are
not estimated at present. These can represent a substantial volume and should be
tracked to better gauge how much water is “lost” since this can have a significant
financial impact. The City should move forward with this accountability program to

ensure the financial viability of the system.

2. Meter Testing/Replacement Program

The City currently has an effective meter change out program. Approximately 300
meters are replaced each year. In addition, meters are tested at the request of
customers or as circumstances arise. In 2013, thirty residential (5/8”) meters were
tested for accuracy and all but three were found to be within the established
guidelines. These three meters were removed from service and tested to adjust the
water use for the accountability program. Large meters have not been tested in the

past, but the City plans to begin such testing in 2014.

3. Valve Exercising and Hydrant Flushing Program

Valve exercising enhances the reliability of the system and improves public
protection. Hydrant flushing improves water quality while also improving system

reliability.
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The City currently has a valve exercising and hydrant flushing program in place. The
City is divided into five (5) sections, one of which is addressed in full each year over
a 5-year cycle. Valves are operated and hydrants are flushed in one of the five
sections each year. In addition, dead end hydrants are flushed both in the spring and

fall each year.

4. Cross Connection Control Program

The City maintains a Cross-Connection Control Program in accordance with the
MDEQ rules and regulations. A Cross-Connection Control Ordinance was adopted in

1965 (Chapter 82, Division 3, Sections 82.76 — 82.81).

|. Main Depth
The winter of 2014 brought some of the most consistent cold weather the area has seen.

Temperatures were below freezing most of the winter, resulting in additional
maintenance work on water systems throughout the northern United States—especially
where the water services are shallow and systems with large elevated tanks. Colder

weather creates a deeper frost line and shallow service mains freeze more frequently.

Muskegon Heights had many frozen services over the winter of 2013 due to the shallow
depths. More specifically, many services were 3 or 4 feet deep in the southwestern

portions of the system.

We recommend replacing any City mains that are shallow when feasible, and providing
public educational materials regarding how to reduce the likelihood of a water service

freezing.
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J.  Emergency Response (Water Shortage Response) Plan

The City of Muskegon Heights currently does not have a specific water shortage response

plan. The City’s existing contingency plan does not address necessary actions if there is

no water available. If there is an emergency that does not impact the City of Muskegon,

the interconnect between the City’s would be opened.

We recommend the City prepare a Water Shortage Response Plan for MDEQ approval.

VIl. RECOMMENDATIONS FOR IMPROVEMENTS

The following categories of improvements to the City’s water system were used to prioritize

the recommended system improvements.

A. Recommended Projects

These projects will improve the level of service to City customers by improving system

transmission and increasing fire protection in areas that have less than suggested

available fire flow.

Short-Term (0-5 Years)

Project 1:

Project 2:

Project 3:

Project 4:

Project 5:

Replace 2200 feet of 4-inch and 6" main with 12-inch main on Keating Avenue
between Park Street & 5" Street

Replace 1900 feet of 4-inch main with 8-inch main in the alley between 6"

Street & 7th Street from Barney Avenue to Keating Avenue

Replace 2700’ of 6" main with 12" main in alley between Ray Street & Getty

Street from Hume Avenue to Delano Avenue

Construct 3,200’ of 8” main on Cleveland Avenue, Howden Street to Wood

Street, north to Summit Avenue and northwest and west on Collins Avenue

Add Hydrants: Muskegon Heights High School (Hovey Avenue & Jefferson
Street), Muskegon Heights Junior High School (Baker Street north of Manahan

Avenue),Waalkes Street & Maplewood Avenue, Oakwood Avenue & Glendale
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Project 6:

Project 7:

Project 8:

Avenue, Lincoln Avenue west of Lemuel Street, Maffett Street north of
Maplewood Avenue, Oakwood Avenue & Seaway Drive, Hackley Avenue

west of Getty Street, Hovey Avenue west of 7th Street.

Connect Oakwood Avenue, Delano Avenue and Hackley Avenue transmission

mains to distribution mains that cross at intersections.

Replace 800 feet of 6-inch main with 12-inch main on Barney Avenue from

Dyson Street to Getty Street

Replace 350 feet of 6-inch main with 12-inch main on Hume Avenue between
Ray Street and Getty Street

Long-Term (5-20 years)

Project 9:

Project 10:

Project 11:

Project 12:

Project 13:

Project 14:

Project 15:

Project 16:

Project 17:

Replace 700 feet of 2-inch main with 8-inch main on Ray Street between

Hume Avenue and Sherman Boulevard

Replace 1100 feet of 8-inch main with 12-inch main on Getty Street between

Broadway Avenue and Sherman Boulevard

Replace 3800 feet of 4-inch and 6-inch main with 12-inch in Sanford Street

from Norton to Broadway Avenue

Replace 1100 feet of 4-inch main with 8-inch main in 7" Street and 5th Street

from Summit Avenue to Broadway Avenue

Replace 1100 feet of 6-inch main with 12-inch transmission main on Norton

Avenue between alley east of Glade Street and Park Street

Replace 7100 feet of 6-inch main with 12-inch transmission main on alley east

of Glade Street from Norton Avenue to Barney Avenue

Replace 2000 feet of 4-inch main with 8-inch main in Leahy Street from

Sherman Boulevard to Barney Avenue

Replace 4500 feet of 6-inch main with 12-inch main on Sherman Boulevard
between Glade Street & 5th Street and Jarman Street & Getty Street

Replace 2300 feet of 4-inch main with 8-inch main from Norton Avenue &
Hoyt Street to Mona Lake Park
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Project 18:  Replace 2300 feet of 8-inch main on Broadway Avenue from Seaway Drive to
8th Street and Hoyt Street to Reynolds Street

B. General Recommendations
1. Perform Detailed Investigate of System Losses
A high priority recommendation is to thoroughly investigate the system to determine
the source of the significant hydraulic losses. This would include measuring pressures
and flows at adjacent locations to quantify losses. This process will identify whether
the hydrant flow limitations are as extensive as determine by the calibration in this
study. Record plans may also be reviewed as part of this process. A detailed plan of

approach should be prepared.

2. Water Accountability Plan (Year 2014-15)

The City should expand the water accountability program, reviewing all potential
sources of unbilled (and billed) water use. Tracking the unbilled water will enable the
City to confirm whether a significant source of lost revenue exists and must

ultimately be identified.

3. Replace Older, Deteriorating Mains (Year 2014-2034)

Some older, deteriorating mains were addressed with specific recommended projects
(Projects #2, #9, #12, #13 and #15). At present, the remaining older 4- and 6-inch
mains are either still able to pass the minimum desired flow for fire protection or can
be sufficiently served by nearby hydrants (the fire department has 3 trucks, each with
a 1,000 foot long 4” or 5” diameter hose. These small diameter mains are therefore

not all considered deficient under current conditions. However, the City should
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continue its effort to replace all old distribution mains, as well as any other

deteriorating mains, with 8-inch mains.

Replacement of other old, small-diameter main should be done in conjunction with
other street and utility projects. Significant tuberculation may have occurred on some
of these distribution mains; therefore, these should be replaced when other

construction is completed in these areas.

4. Reliability Study (2019)

This report represents the 5 year update of the Water System Reliability Study. Given
the uncertainty of growth, demand projections should be reviewed periodically. In
addition, infrastructure and system operation should be evaluated as needed to ensure

efficient and cost effective operation.

5. Other Maintenance Programs (2014-2034)

The City should continue current maintenance programs including hydrant flushing,

valve exercising, meter changeout, cross-connection control and tank maintenance.

5. Water Shortage Response Plan (2014-2034)

The City should develop a Water Shortage Response Plan, which would be included

or used in conjunction with the Emergency Response Plan.

6. Dead End Mains (2014-2034)

Dead end mains should be looped whenever possible. Water tends to become
stagnant in dead end mains; this affects the quality of water provided to customers

served by the main. Therefore, whenever feasible, dead end mains should be removed
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by closing loops to improve the circulation of water and increase fire protection

capability.

VIIl. COST ESTIMATES

An Opinion of Project Costs has been prepared for each recommended project. Costs for
projects of similar size and scope that have been constructed in western Michigan were

reviewed for relevant information.

The water main cost estimates have been prepared including an allowance of approximately
25% above the estimated construction cost. This allowance is intended to include the cost of
construction contingencies (issues which are presently unknown), legal fees, engineering
design and construction services (including preliminary and final design, soil borings,
topographic survey, bidding assistance, construction staking, compaction testing, construction
observation and project administration during the entire project) and administrative expenses

related to the project.

It has been assumed that land is available for construction of the described improvements. No
provision has been made in the cost estimate for extraordinary cost of land or right-of-way

purchase or easements.

Cost estimates are included in Table 20.
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City of Muskegon Heights

Water System Reliability Study

Table 1
Historic Water Supply Data
. Muskegon
) Systemwide S'\);Is;)e(?rwnvzlr?]e Mﬁsrehgign Heights Muskegon
Fiscal Average Day Da Average Day | Maximum | Heights
Y Pumpage y g y Day Max/Avg
ear Pumpage Pumpage :
(mgd) (mgd) (mgd) Pumpage Ratio
(mgd)
2009 5.9 10.9 1.6 3.0 1.9
2010 5.6 11.2 1.4 2.8 2.0
2011 5.2 11.6 1.4 3.1 2.2
2012 5.6 17.3 1.3 4.0 3.1
2013 5.2 12.2 1.3 3.0 2.3
5-year Avg 55 12.6 14 3.1 2.2

1. Data based on Monthly Operating Reports

2. Water Supply includes water to customer communities as well as the City.
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City of Muskegon Heights
Water System Reliability Study

Table 2
Historic and Projected Populations
City of . . Population of
Year N(I:L:)Sukrftg%n Muskegon Cltyscr)]folr\(lac;rton .I'_:(;SV'E;?]? Supplied
y Heights P Communities
1970* 157,426 17,304 22,271 10,214 49,789
1980 ° 157,589 14,611 22,025 10,646 47,282
1990 * 158,983 13,176 21,755 11,485 46,416
2000 * 170,200 12,049 22,527 12,533 47,109
2010* 172,188 10,856 23,994 13,598 48.448
20142 173,016 10,908 24,109 13,663 10,908
2015 2 173,223 10,921 24,138 13,680 10,921
2024 2 175,103 11,040 24,400 13,828 11,040
20343 11,173 11,173

Notes: 1. Population through 2010 based on United States Census data.

2. Population projections from West Michigan Shoreline Regional Development Commission
(increase of 0.12% per year from 2012 through 2024).

Projected for Muskegon Heights based on the same 0.12% population increase through 2034
Muskegon County population data provided for informational purposes.
Shaded is not part of the service population

o gk~ w

See Figure 2 for the location the future service area.
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City of Muskegon Heights
Water System Reliability Study

Table 3
Existing Service Connections
Fiscal Year Service Connections
Residential 3,918
Commercial/Industrial 730
Total 4,648

Note: Service Connection data provided by the City for 2013.

Table 4
Water Use Projections
Demand Projections, mgd
Year
Average Day Maximum Day Peak Hour

2014 1.40 3.49 6.11
2019 1.40 351 6.15
2024 1.41 3.50 6.18
2029 1.42 3.55 6.22
2034 1.43 3.58 6.26

Note: Projections based on population growth projection and historic per capita water use.
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City of Muskegon Heights
Water System Reliability Study

Table g
High Service Pump Data
Capacit Design Total
Pump No. Location pacity Dynamic Head | Motor (hp) | Year Installed
(MGD) (ft)
1 4.5 162 75 1965
2 Water Filtration 6.0 185 75 1965
High Service

3 Pumps to MH 2.0 142 125 1973

Firm Capacity 6.5
5 5.0 210 250 2002
6 Water Filtration 5.0 210 250 2002

High Service

7 Pumps to NS & 5.0 210 250 2002
8 FCT 5.0 210 250 2002

Firm Capacity 15.0
Pump 1 2.00 155 100 1965
Pump 2 6.00 * 155 200 1941

Sherman
Pump 3 Boulevard 2.20 152 75 1965
Pumps to MH

Pump 4 4.00 * 180 150 1941

Firm Capacity 8.2
Pump 1 2.59 48 30 2002
Pump 2 Getty Street 2.59 48 30 2002

Booster Station

Pump 3 to NS/FCT 2.59 48 30 2002

Firm Capacity 5.18

Notes: 1. Sherman Boulevard Pump 2 and 4 are currently not in operation due to a valve issue.

2. Data obtained from the June 2014 Water Filtration Plant Reliability Study.
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City of Muskegon Heights
Water System Reliability Study

Table 6
Treatment Plant Element Capacities
Element Number of | Rated Capacity
Units (MGD)
Intake 2 50.8
Low Service Pumps 6 25.3
Rapid Mix 2 NA
Flocculation Basins 6 38.02
Filters 12 25.20
High Service Pumps 7 35.48
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City of Muskegon Heights
Water System Reliability Study

Table 7
Existing Pump Stations
Site / Location Old High Service | New High Service Sherman Getty Street
Station at WTP Station at WTP Booster Booster
Pumps 3 4 4 3
Year Installed 1965 2000 1941 2002
Type Vertical Turbine | Vertical Turbine Centrifugal Centrifugal
Permit Capacity 4,500 gpm 10,420 gpm 6,390 gpm 2 @ 1800 gpm
1@ 200 h
1@ 250 hp P
1@ 150 hp
Horsepower 1@ 150 hp 250 hp each 30 hp each
1@ 100 hp
1@ 100 hp
1@ 75hp
Last Inspection
Last Efficiency Test
- WTP Generator / | WTP Generator / Generator
Auxiliary Power Type Dual Feed Dual Feed Dual Feed
Auxiliary Power Rating 500 KW 500 KW 275 KW 80 KW
Auxiliary Power Fuel Type Diesel Diesel NA Natural Gas
Auxiliary Power Capacity 1500 gpm 5400 gpm
Auxiliary Power Starting Freq. Weekly Weekly Weekly
Auxiliary Power Load Testing Monthly Monthly Monthly
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City of Muskegon Heights
Water System Reliability Study

Table 8
Existing Storage Facility Data
. . Sherman Sherman
Tank Site / Location Boulevard (East) Boulevard Getty Street
(West)
Volume, Gallons 1,000,000 500,000 750,000
Usable Storage, Gallons 1,000,000 500,000 750,000
Type Ground Ground '\élllél\fi;tlsg
Date Constructed 1941 1941 1964
Last Inspection 11/2005 11/2005 05/2007
Last Painted Interior NA NA 2000
Last Painted Exterior NA NA 2000
Tank Drain Portable Pump Portable Pump Hydrant
Cathodic Protection N/A N/A Yes
Altitude Valve No No Yes, Not Used
Overflow Elev, ft 767
Total Head Range, ft 10 10 35
Normal HW Level, ft 35 35 23
Normal LW Level, ft 30 30 35
Norn%zzlnggefrtatmg 5 5 12

S:\2013\2130684 City of Muskegon Heights\REP\Final Report\Rep 20151103.docx




City of Muskegon Heights
Water System Reliability Study

Table 9
Water Main Sizes and Lengths
Water Main Approximate Length of | Approximate Length of | Percentage of
Diameter (inches) Water Main (feet) Water Main (miles) Total (%)
4 30,224 5.7 9.6
6 191,556 36.3 60.6
8 9,400 1.8 3.1
10 30,300 5.7 9.6
12 13,380 2.5 4.1
14 13,500 2.6 4.3
16 4,145 0.8 1.3
18 8,139 15 2.6
20 5,800 1.1 1.8
24 6,520 1.2 2.1
30 2,920 0.6 0.9
Total 315,884 59.8 100

Source: City of Muskegon Heights MDEQ Sanitary Survey and 2014 WaterCAD V8i Model.

Table 10
Water Main Materials

Type Distribution

Approximate Length of

Approximate Length of

Percentage of

Water Main (feet) Water Main (miles) Total (%)
Cast Iron 154,768 29.3 49
Ductile Iron 157,957 29.9 50
Concrete 3,159 0.6 1
Total 315,884 59.8 100

Source: City of Muskegon Heights MDEQ Sanitary Survey
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City of Muskegon Heights
Water System Reliability Study

Table 11
Approximate Water Main Age

Year Installed LQ\%Ft)rrloc))(fl n\;\f;:teer LQ%%OS(; r\T/]\E/jl:;[lttaer Percenta(%]/(:)of Total
Main (feet) Main (miles)

1900-1930 140,618 26.6 44.5%
1931-1959 6,300 1.2 2.0%
1960-1979 152,732 28.9 48.3%
1980-1999 11,853 2.3 3.8%
2000-2014 4,381 0.8 1.4%

Total 315,884 59.8 100.0%

Source: Estimates based on information provided by City personnel
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City of Muskegon Heights
Water System Reliability Study

Table 12
Storage Analysis Summary

Year Firm Maximum Peak Suggested | Duration® Water Typical Fire Recommended | Storage | Recommended

Pump Day Hour Fire- (hours) Supplied® | Customer | Demand* | Storage Vol. Volume Additional

Capacity Demand Demand Flow" (gallons) Demand® | (gallons) (gallons) Provided Storage Vol.

(gpm) (gpm) (gpm) (gpm) (gallons) (gallons) (gallons)
2014 | 15050 2424 4242 1000 2 1806000 400000 120000 0 2250000 0
2014 | 15050 2424 4242 2500 2 1806000 400000 300000 0 2250000 0
2014 | 15050 2424 4242 3500 3 2709000 545000 630000 0 2250000 0
2024 | 15050 2458 4293 1000 2 1806000 405000 120000 0 2250000
2024 | 15050 2458 4293 2500 2 1806000 405000 300000 0 2250000
2024 | 15050 2458 4293 3500 3 2709000 553000 630000 0 2250000
2034 | 15050 2487 4345 1000 2 1806000 410000 120000 0 2250000
2034 | 15050 2487 4345 2500 2 1806000 410000 300000 0 2250000
2034 | 15050 2487 4345 3500 3 2709000 559000 630000 0 2250000

Notes: 1. Fire demand and duration based on Table 1-1 of AWWA M-31 Manual

2. Water Supply Volume based on firm capacity for the given duration

3. Customer Demand Volume based on one hour of peak demand and maximum day demands for the remaining duration.

4. Emergency Storage based on Fire Flow Demand over the duration.

5. Example Calculation: Year 2034
Firm Pump Capacity = 15050gpm (High Service Pump Firm Capacity)
Maximum Day Demand = 2034 projected max day demand (3.58 mgd) + 24hrs/day + 60min/hr = 2,487 gpm
Peak Hour Demand = 2034 projected peak hour demand (6.26 mgd) + 24 + 60 = 4,345 gpm
Water Supplied = firm pump capacity x duration = 15050gpm x 2hrs x 60min/hr = 1,806,000 gal
Typ Customer Demand=1hr of peak hour demand+21hr of max day demand=1hr x 4242 gpm + 1hr x 2424gpm = 410,000 gal
Fire Demand = standard fire flow x duration = 1000gpm x 2hr x 60min/hr = 120,000gal
Recommended Stor Vol = Typ. Customer Demand + Fire Demand - Water Supplied = 410,000 + 120,000 — 1,806,000 < 0 gal (firm cap > demands)
Storage Volume Provided = total of two storage tanks = 2,250,000 gallons
Recommended Additional Storage Volume = Recommended Storage VVolume - Storage VVolume Provided = 0
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City of Muskegon Heights
Water System Reliability Study

Table 13
Hydrant Test Results

Hydrant Hydrant Static Residual Pumps Operating Tank Level (T
Test Time ) . Flow Pressure | Pressure Filtrati sh
No. Static Hydrant Location(s) (gpm) (psi) (psi) ifration | Sherman | ety | Sherman
Plant PS
1 g:40 AM | Maplewood Ave. between Seaway | g 54 31 43 43 377 14.8
Dr. & Lemuel St.
2 9:01 AM Summit Ave. & Ninth St. 740 55 48 #3 #3 37.7 14.8
3 10:20 AM Amsterdam Ave. & Sanford St. 120 54 26 #3 #3 355 14.8
4 | 104N | Overbook St, Third West Hydrant | ¢, 54 34 43 43 345 14.8
from Woodcliff Dr.

5 11:13 AM Sherman Ave. & Ray St. 875 60 40 #3 #3 34.0 14.8
6 1:25 PM Hackley Ave. & Park St. 760 55 26 #3 #3 30.0 14.7
7 2:05 PM Hoyt St. & Keating Ave. 490 53 45 #3 #3 27.4 144
8 2:20 PM Keating Ave., east of Mcilwraith St. 780 52 38 #3 #3 26.5 14.3
9 2:45 PM Hoyt St. & Maplewood 1250 64 58 #3 #3 24.9 14.1
Notes: Hydrant tests were performed on May 1, 2014
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City of Muskegon Heights

Water System Reliability Study

Table 14
Comparison of Calibrated Model to Field Test Pressures

Hvdrant Field Tests Model Results
ydran : ;
. . Available . . Available
Model Node . : Test Static | Residual | —. Static | Residual | . Percent
) Static Hydrant Location(s .
TestNo No. y ©) Flow |pressure,|Pressure, Fire FIOV.V Pressure, | Pressure, Fire FIOW Difference
(gpm) psi psi at 20 psi psi psi at 20 psi
(gpm) (gpm)
1 Maplewood Avenue between o
J706 Seaway Drive & Lemuel Street 790 54 31 976 54 27 895 -8%
2 3273 Summit Avenue & Ninth Street | 740 55 48 1765 57 48 1588 -10%
Amsterdam Avenue & Sanford
3 J718 Street 120 54 26 133 54 27 136 2%
4 Overbook Street, third West 0
J60s Hydrant from Woodcliff Drive 640 o4 34 852 52 36 931 9%
5 J585 Sherman Avenue & Ray Street | g75 60 40 1272 61 36 1143 -10%
6 3430 Hackley Avenue & Park Street 760 55 2 841 55 o5 826 204
7 J228 Hoyt Street & Keating Avenue | 490 53 45 1053 52 45 1113 6%
Keating Avenue, east of
8 J238 Mcilwraith Street 780 52 38 1219 52 41 1388 14%
9 Hoyt Street, north of Seaway
J179 Drive 1250 64 58 3666 64 59 4045 10%
Notes: 1. Hydrant tests were performed on May 1, 2014.

2.Simulations assume Pump #3 operating at WTP and Pump #3 at the Sherman Pump Station
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City of Muskegon Heights
Water System Reliability Study

Table 15
Model Results for Existing Conditions
Jet Pressure (psi) Available Fire
Number Location Description Average Day Maximum Day Flow (gpm)
Demands Demands

J-523 Muskegon Heights High School School 62 54 180
J-486 Muskegon Heights Middle School School 65 58 1,360
J-93 Martin Luther King Elementary School School 60 52 2,680
J-229 Charles A. Lindbergh Elementary School School 60 52 3,230
J-418 Ellen Grace Loftis Elementary School School 64 55 280
J-518 Glendale Elementary School School 60 52 2,640
J-460 Edgewood Elementary School School 64 57 1,720

J-2 Dana Corporation Industrial 62 54 2,420
J-46 Lift-Tech International Industrial 63 51 1,260
J-117 Webb Chemical Services Corporation Industrial 64 57 3,200
J-384 Columbia Court Apartments Residential 64 57 1,450
J-704 Amsterdam & Ninth Residential 57 46 540
J-398 Oakwood & Mona Residential 57 45 520
J-701 Lincoln & Waalkes Residential 56 45 530

J-5 Leahy just south of Hovey Residential 62 54 180

Notes: 1.Average Day and Max Day Demand Pressures are based on tanks 5’ below the top.
2. Available Fire Flows are based on maximum day demands and with one pump operating at WTP

3.1S0 typically suggests an available fire flow 1,000-1,500 gpm for Residential Areas. The recommended available fire flows represents that necessary
for full credit toward insurance rating, but is not required.
4. Locations represent the extremities of the system plus other important locations within the City.
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City of Muskegon Heights
Water System Reliability Study

Table 16
Model Results for Year 2034 Demands with Existing Infrastructure

Jet Pressure (psi) Available Fire
Number Location Description Average Day Maximum Day Flow (gpm)
Demands Demands

J-523 Muskegon Heights High School School 62 54 240
J-486 Muskegon Heights Middle School School 65 57 1,320
J-93 Martin Luther King Elementary School School 60 52 2,610
J-229 Charles A. Lindbergh Elementary School School 60 52 3,160
J-418 Ellen Grace Loftis Elementary School School 64 54 370
J-518 Glendale Elementary School School 60 52 2,580
J-460 Edgewood Elementary School School 64 56 1,730

J-2 Dana Corporation Industrial 62 54 2,380
J-46 Lift-Tech International Industrial 63 50 1,230
J-117 Webb Chemical Services Corporation Industrial 64 56 3,960
J-384 Columbia Court Apartments Residential 64 56 1,420
J-704 Amsterdam & Ninth Residential 57 45 510
J-398 Oakwood & Mona Residential 56 45 460
J-701 Lincoln & Waalkes Residential 56 44 500

J-5 Leahy just south of Hovey Residential 62 54 250

Notes: 1.Average Day and Max Day Demand Pressures are based on tanks 5’ below the top.
2. Available Fire Flows are based on maximum day demands and with one pump operating at WTP

3.1S0 typically suggests an available fire flow 1,000-1,500 gpm for Residential Areas. The recommended available fire flows represents that necessary
for full credit toward insurance rating, but is not required.
4. Locations represent the extremities of the system plus other important locations within the City.
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City of Muskegon Heights
Water System Reliability Study

Table 17
Model Results for Year 2034 Demands with Recommended Projects
Jet Pressure (psi) Available Fire
Number Location Description Average Day Maximum Day Flow (gpm)
Demands Demands

J-524 Muskegon Heights High School School 65 59 6,000
J-486 Muskegon Heights Middle School School 65 59 1,790
J-93 Martin Luther King Elementary School School 60 54 5,410
J-229 Charles A. Lindbergh Elementary School School 61 54 5,730
J-418 Ellen Grace Loftis Elementary School School 65 59 1,050
J-518 Glendale Elementary School School 61 54 5,090
J-460 Edgewood Elementary School School 69 63 2,500

J-2 Dana Corporation Industrial 63 56 4,090
J-46 Lift-Tech International Industrial 65 59 4,140
J-117 Webb Chemical Services Corporation Industrial 64 59 5,770
J-384 Columbia Court Apartments Residential 65 59 1,950
J-704 Amsterdam & Ninth Residential 59 53 1,010
J-398 Oakwood & Mona Residential 59 54 5,510
J-701 Lincoln & Waalkes Residential 59 53 950

J-5 Leahy just south of Hovey Residential 63 57 3,810

Notes: 1.Average Day and Max Day Demand Pressures are based on tanks 5’ below the top.
2. Available Fire Flows are based on maximum day demands and with one pump operating at WTP
3.1S0 typically suggests an available fire flow 1,000-1,500 gpm for Residential Areas. The recommended available fire flows represents that necessary
for full credit toward insurance rating, but is not required.
4. Locations represent the extremities of the system plus other important locations within the City.
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City of Muskegon Heights
Water System Reliability Study

Table 18
History of Total Unbilled Water

Year T(_)tgl Metered, Bi_lle_d Volume, Percent Unbilled
million gallons million gallons Water
2004 499.000 318.875 36.1%
2005 700.673 536.997 23.4%
2006 674.748 501.578 25.7%
2007 655.880 469.1596 28.5%
2008 643.695 446.5529 30.6%
2009 562.107 369.119 30.3%
2010 484.263 347.728 30.5%
2011 492.161 297.721 39.1%
2012 437.916 - -
2013 432.504 - -

Note: Billing Data not available for 2012-13.




City of Muskegon Heights
Water System Reliability Study

Table 19
Interconnects
Location Main Size | Metered Status Community

Water Treatment Plant 20” 2002 Mag Regular Norton Shores

Seminole & McCracken 30”x12” Emergency * Norton Shores

Seminole & Henry 247x12” 8-inch Emergency Roosevelt Park

Getty & Norton 18”x16” 8-inch Emergency * Fruitport Twp

Broadway & Getty 147x12” 8-inch Emergency * Norton Shores

Broadway & Glade (Seaway) 87x8” 6-inch Emergency * Norton Shores

Seminole & Lake Harbor 30x12” none Emergency * Norton Shores

Glade (Seaway) & Oakwood 10”x10” none Emergency * Norton Shores
Hackley & Glade 10”x6” none Emergency City of Muskegon
Park & Keating 67x6” none Emergency City of Muskegon
Keating & 5™ Street Alley 367x12” none Emergency City of Muskegon
Keating Mcllwraith 367°x6” none Emergency City of Muskegon
Delano & Getty 147x14” none Emergency City of Muskegon
Barney & Getty 6”x6” none Emergency City of Muskegon

Note: 1.1In 2015, indirect regular connections to Fruitport Township and Norton Shores will become
emergency connections

2. Valves for emergency connections are exercised annually.
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Table 20

Cost Opinions for Recommended Improvements

Opinion of Time
Improvement Project Probable Frame
Project Cost (Years)
P-1 Replace 2200' of 4" and 6" main with 12" main on Keating Avenue i
between Park Street & 5™ Street $ 250000 2014-15
P-2 Replace 1900' of 4" main with 8" main in alley between 6" Street & i
7" Street from Barney Avenue to Keating Avenue $ 190000 2014-15
P-3 Replace 2700' of 6" main with 12" main in alley between Ray Street & i
Getty Street from Hume Avenue to Delano Avenue $ 310,000 2014-16
P-4 Construct 3,200’ of 8” main on Cleveland Ave., Howden St. to Wood
St., north to Summit Ave., and northwest and west on Collins Ave. 3 300,000 2014-24
P-5 Add Hydrants at 9 locations $ 60,000 2014-24
P-6  Connect Oakwood Avenue, Delano Avenue and Hackley Avenue $ 320,000 2015-24
transmission mains to crossing distribution mains
P-7 Replace 800' of 6" main with 12" main on Barney Avenue from
Dyson Street to Getty Street $ 60,000 2016
P-8 Replace 350' of 6" main with 12" main on Hume Avenue between Ray $ 40,000 2017
Street and Getty Street
P-9 Replace 700' of 2" main with 8" main on Ray Street between Hume $ 70,000 2019-24
Avenue and Sherman Boulevard
P-10 Replace 1100' of 8" main with 12" main on Getty Street between $ 130,000 9019-24
Broadway Avenue and Sherman Boulevard
P-11 Replace 3800’ of 4" and 6" main with 12" in Sanford Street from $ 430,000 2019-24
Norton Avenue to Broadway Avenue
P-12 Replace 1100' of 4" main with 8" main in 7th Street and 5th Street $ 220,000 9019-24
from Summit Avenue to Broadway Avenue
P-13 Replace 1100’ of 6" main with 12" main on Norton Avenue between
all e. of Glade Street and Park Street $ 130,000 2019-24
P-14 Replace 7100' of 6" main with 12" main on Glade Street and alley $ 800,000 9019-24
from Norton Avenue to Barney Avenue
P-15 Replace 2000’ of 4" main with 8" main in Leahy Street from Sherman $ 200,000 2024-29
Boulevard to Barney Avenue
P-16 Replace 4500 LF of 6" main with 12" main on Sherman Boulevard
between Glade Street & 5th Street and Jarman Street & Getty Street $ 500000 2024-29
P-17 Replace 2300’ of 4" main with 8" main from Norton Avenue & Hoyt
Street to Mona Lake Park $ 230000 | 2029-34
P-18 Replace 2300' of 8" main on Broadway from Seaway Drive to 8" i
Street and Hoyt Street to Reynolds Street $ 260000 2029-34
Grand Total $ 4,500,000

Notes: 1.Opinion of Cost includes 25 percent allowance for legal and administrative costs, engineering and

contingencies.
2. The Opinion of Cost is based on current dollars.
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Population Data and Projection

FIGURE 3
City of Muskegon Heights Water System
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WATER SYSTEM DEMANDS
(MILLION GALLONS PER DAY)
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City of Muskegon Heights
Historic Unbilled Water Data
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Appendix C

Monthly Water Supply Data



Annual Billing 2009

Total
Month MH NS FT Output (mg)
January 51.652 69.025  26.459 147.136
February 39.707 57.512  20.992 118.211
March 38.800 54.369  21.083 114.252
April 35.362 57.346  22.981 115.689
May 50.296 109.903 42.132 202.331
June 70.567 115.646  45.957 232.170
July 53.546 145477  47.747 246.770
August 64.369 163.854 51.943 280.166
September 45.646 118.823  40.750 205.219
October 41.246 75.315  31.329 147.890
November 36.334 48.267  23.326 107.927
December 34.582 70.334  28.543 133.459
Total Yearly Volume Billed (mg) 2051.22
Average Daily Billed (mgd) 5.620
Total Yearly Volume Billed for MH (mg) 562.107
Average Day Billed for MH (mgd)
Annual Billing 2010
Total
Month MH NS FT Output (mg)
January 33.603 53.577 21.804 108.984
February 37.737 52.795  20.428 110.960
March 38.951 52.486  20.931 112.368
April 35.028 59.278  23.380 117.686
May 55.377 124.831  45.188 225.396
June 43,505 119.598  38.977 202.080
July 49.741 135.252  43.713 228.706
August 61.014 182.199  56.826 300.039
September 38.842 98.187  31.177 168.206
October 43.419 83.496 28.914 155.829
November 19.743 64.691 19.877 104.311
December 27.303 56.014  21.639 104.956
Total Yearly Volume Billed (mg) 1939.52
Average Daily Billed (mgd) 5.314
Total Yearly Volume Billed for MH (mg) 484.263
Average Day Billed for MH (mgd)
Annual Billing 2011
Total
Month MH NS FT Output (mg)
January 44.746 66.556  25.254 136.556
February 37.581 54.948 20.316 112.845
March 37.175 51.615  21.048 109.838
April 38.08 64.746  25.422 128.248
May 36.175 69.904  27.982 134.061
June 45.823 109.435 39.832 195.090
July 62.942 164.786 57.89 285.618
August 4523 114597  39.963 199.790
September 37.479 97.952  35.703 171.134
October 39.608 78.568  32.323 150.499
November 29.91 54.024 22411 106.345
December 37.412 61.151  28.254 126.817
Total Yearly Volume Billed (mg) 1856.84
Average Daily Billed (mgd) 5.087
Total Yearly Volume Billed for MH (mg) 492.161

Average Day Billed for MH (mgd)
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Annual Billing 2012

Year 2012 Total Annual Water Use
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Total
Month MH NS FT Output (mg)
January 29.934 47272  21.944 99.150
February 29.292 46.389  21.867 97.548
March 34.150 57.558  26.235 117.943
April 25.995 52.125  22.359 100.479
May 30.592 85.983  33.839 150.414
June 55576 177.024  63.711 296.311
July 50.444 166.822 59.615 276.881
August 41.929 126.549  41.562 210.040
September 46.584 135.273 46.710 228.567
October 28.361 60.966  24.567 113.894
November 36.018 58.922  28.010 122.950
December 29.041 51.255  24.014 104.310
Total Yearly Volume Billed (mg) 1918.49
Average Daily Billed (mgd) 5.256

Total Yearly Volume Billed for MH (mg) 437.916

Average Day Billed for MH (mgd)

Annual Billing 2013

Year 2013 Total Annual Water Use
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Total
Month MH NS FT Output (mg)
January 28.403 46.206  20.266 94.875
February 38.013 49.061  20.527 107.601
March 39.125 60.756  26.968 126.849
April 29.879 49.455  21.008 100.342
May 30.243 77.586  31.265 139.094
June 43.345 118.586  45.834 207.765
July 39.833 137.273  48.928 226.034
August 51.258 151.802  55.887 258.947
September 34.926 96.523  37.189 168.638
October 31.991 61.466  26.660 120.117
November 35.695 61.304 29.206 126.205
December 29.793 48.711  22.044 100.548
Total Yearly Volume Billed (mg) 1777.02
Average Daily Billed (mgd) 4.869

Total Yearly Volume Billed for MH (mg) 432.504

Average Day Billed for MH (mgd)




Appendix D

Model Input / Output
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CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-1 J-46 J-1 6 483 60
P-2 J-1 J-551 6 626 60
pP-7 J-269 J-4 6 583 50
P-8 J-4 J-539 6 710 50
P-9 J-82 J-402 6 320 60
P-11 J-403 J-402 6 340 60
P-12 J-407 J-409 6 53 60
P-13 J-469 J-664 6 777 50
P-18 J-588 J-198 6 327 50
P-19 J-588 J-595 6 49 50
P-20 J-15 J-603 6 286 50
P-21 J-141 J-140 6 790 50
P-23 J-16 J-17 6 323 50
P-26 J-19 J-18 6 1,555 50
P-27 J-16 J-20 6 700 50
P-28 J-16 J-21 6 152 50
P-29 J-21 J-22 6 573 50
P-30 J-21 J-23 6 1,785 50
P-39 J-402 J-28 6 983 60
P-40 J-159 J-194 6 327 50
P-40 J-28 J-552 6 358 60
P-43 J-194 J-413 6 660 50
P-44 J-701 J-30 6 1,071 60
P-45 J-30 J-251 6 980 60
P-49 J-247 J-32 6 1,059 60
P-50 J-32 J-702 6 993 60
P-65 J-262 J-424 6 1,110 60
P-69 J-425 J-253 6 1,111 60
P-70 J-424 J-425 6 255 60
P-71 J-256 J-426 6 1,109 60
P-73 J-425 J-426 6 257 60
P-77 J-426 J-427 6 257 60
P-83 J-419 J-429 6 73 60
P-86 J-428 J-195 6 656 50
P-88 J-430 J-431 6 306 60
P-89 J-431 J-196 6 130 60
P-90 J-196 J-432 6 187 60
P-91 J-432 J-433 6 325 60
P-92 J-433 J-434 6 44 60
P-94 J-435 J-436 6 121 60
P-94 J-466 J-47 6 758 50
P-95 J-436 J-437 6 231 60
P-95 J-47 J-64 6 1,116 50
P-96 J-438 J-436 6 133 60
P-96 J-411 J-48 6 472 60
P-97 J-96 J-438 6 271 60



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-97 J-48 J-273 6 626 60
P-100 J-434 J-439 6 676 60
P-100 J-706 J-53 6 497 60
P-101 J-53 J-89 6 339 60
P-103 J-439 J-440 6 645 60
P-104 J-440 J-202 6 75 60
P-104 J-53 J-54 6 72 60
P-107 J-432 J-441 6 671 60
P-109 J-442 J-440 6 355 60
P-110 J-441 J-442 6 649 60
P-111 J-442 J-222 6 631 60
P-121 J-135 J-384 6 567 50
P-122 J-384 J-30 6 283 50
P-125 J-384 J-444 6 548 50
P-126 J-135 J-445 6 319 50
P-127 J-213 J-446 6 717 50
P-128 J-687 J-67 6 116 130
P-129 J-445 J-446 6 328 50
P-133 J-445 J-447 6 557 50
P-133 J-694 J-69 6 670 50
P-134 J-69 J-281 6 728 50
P-136 J-446 J-448 6 565 50
P-137 J-448 J-214 6 548 50
P-138 J-447 J-443 6 556 50
P-139 J-210 J-449 6 798 50
P-140 J-449 J-377 6 102 50
P-141 J-377 J-287 6 840 50
P-143 J-76 J-61 6 47 60
P-144 J-72 J-60 6 42 60
P-148 J-451 J-452 6 169 50
P-151 J-42 J-453 6 153 50
P-161 J-81 J-488 6 53 130
P-164 J-82 J-487 6 45 130
P-165 J-454 J-166 6 398 50
P-168 J-454 J-455 6 395 50
P-169 J-454 J-123 6 376 50
P-174 J-456 J-459 6 103 50
P-175 J-459 J-457 6 572 50
P-176 J-458 J-459 6 247 50
P-177 J-123 J-460 6 79 50
P-179 J-173 J-460 6 543 50
P-180 J-460 J-172 6 528 50
P-189 J-293 J-461 6 57 50
P-190 J-79 J-461 6 317 50
P-202 J-47 J-464 6 235 50
P-203 J-464 J-465 6 153 50



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-204 J-465 J-466 6 321 50
P-206 J-65 J-468 6 323 50
P-207 J-468 J-469 6 405 50
P-212 J-244 J-471 6 649 50
P-213 J-471 J-472 6 1,871 50
P-218 J-474 J-475 6 1,869 50
P-219 J-475 J-245 6 649 50
P-220 J-196 J-476 6 709 60
P-221 J-476 J-197 6 654 60
P-240 J-274 J-485 6 709 50
P-242 J-7 J-485 6 173 50
P-243 J-485 J-486 6 333 50
P-244 J-486 J-487 6 340 50
P-245 J-413 J-488 6 969 50
P-246 J-488 J-267 6 631 50
P-247 J-487 J-488 6 143 50
P-291 J-148 J-91 6 159 50
P-292 J-91 J-233 6 168 50
P-293 J-233 J-325 6 147 50
P-296 J-325 J-499 6 191 50
P-297 J-499 J-147 6 179 50
P-298 J-337 J-500 6 136 50
P-345 J-520 J-354 6 46 50
P-365 J-496 J-279 6 1,999 50
P-368 J-193 J-530 6 1,311 50
P-369 J-234 J-531 6 1,330 50
P-370 J-531 J-235 6 661 50
P-372 J-74 J-532 6 293 50
P-373 J-530 J-533 6 144 50
P-374 J-533 J-531 6 51 50
P-375 J-532 J-533 6 399 50
P-376 J-216 J-534 6 1,991 50
P-378 J-236 J-237 6 1,986 50
P-384 J-225 J-206 6 312 50
P-385 J-206 J-226 6 1,683 50
P-386 J-206 J-535 6 155 50
P-389 J-535 J-536 6 1,681 50
P-392 J-537 J-538 6 346 50
P-394 J-494 J-138 6 661 50
P-398 J-378 J-539 6 328 50
P-399 J-485 J-540 6 1,301 50
P-400 J-540 J-492 6 652 50
P-401 J-539 J-540 6 315 50
P-402 J-540 J-138 6 332 50
P-408 J-541 J-543 6 750 50
P-409 J-543 J-544 6 628 50



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-412 J-544 J-545 6 527 50
P-413 J-544 J-85 6 325 50
P-415 J-378 J-379 6 211 50
P-416 J-379 J-245 6 126 50
P-417 J-245 J-189 6 341 50
P-418 J-189 J-477 6 128 50
P-419 J-477 J-244 6 200 50
P-420 J-244 J-272 6 480 50
P-421 J-272 J-219 6 329 50
P-422 J-219 J-197 6 323 60
P-423 J-197 J-442 6 337 60
P-424 J-219 J-314 6 96 60
P-425 J-219 J-547 6 634 60
P-428 J-547 J-548 6 676 60
P-429 J-548 J-220 6 646 50
P-432 J-272 J-549 6 634 50
P-434 J-550 J-548 6 335 50
P-435 J-549 J-550 6 669 50
P-436 J-550 J-411 6 1,372 50
P-437 J-551 J-250 6 251 60
P-438 J-250 J-175 6 110 60
P-439 J-175 J-248 6 59 60
P-440 J-248 J-273 6 261 60
P-441 J-273 J-260 6 252 60
P-442 J-260 J-268 6 76 60
P-443 J-268 J-255 6 181 60
P-444 J-255 J-391 6 163 60
P-445 J-391 J-258 6 96 60
P-447 J-258 J-429 6 180 60
P-448 J-429 J-419 6 73 60
P-449 J-419 J-262 6 266 60
P-450 J-262 J-388 6 37 60
P-451 J-388 J-253 6 220 60
P-452 J-253 J-390 6 103 60
P-453 J-390 J-256 6 155 60
P-454 J-256 J-367 6 149 60
P-455 J-367 J-395 6 109 60
P-456 J-395 J-261 6 239 50
P-457 J-261 J-135 6 329 50
P-463 J-89 J-552 6 339 60
P-464 J-82 J-251 6 169 60
P-465 J-251 J-247 6 248 60
P-466 J-247 J-71 6 172 60
P-467 J-71 J-70 6 249 60
P-468 J-70 J-254 6 266 60
P-469 J-254 J-259 6 252 60



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-470 J-259 J-68 6 259 60
P-471 J-68 J-69 6 249 60
P-473 J-69 J-252 6 259 60
P-474 J-252 J-257 6 267 60
P-475 J-257 J-60 6 258 60
P-476 J-60 J-61 6 257 60
P-477 J-61 J-185 6 245 50
P-478 J-185 J-554 6 603 50
P-479 J-554 J-555 6 622 50
P-488 J-556 J-260 6 1,594 60
P-496 J-559 J-363 6 1,039 60
P-497 J-363 J-258 6 565 60
P-499 J-259 J-558 6 1,073 60
P-502 J-252 J-560 6 1,040 60
P-503 J-560 J-424 6 508 60
P-506 J-257 J-561 6 1,044 60
P-507 J-561 J-425 6 509 60
P-510 J-426 J-562 6 514 60
P-512 J-165 J-61 6 1,063 60
P-513 J-185 J-184 6 461 50
P-516 J-184 J-563 6 574 50
P-517 J-563 J-109 6 357 50
P-518 J-184 J-116 6 299 50
P-519 J-116 J-145 6 270 50
P-520 J-145 J-143 6 297 50
P-521 J-143 J-179 6 316 50
P-528 J-145 J-146 6 839 50
P-529 J-143 J-144 6 838 50
P-530 J-179 J-140 6 838 50
P-531 J-140 J-144 6 316 50
P-532 J-144 J-146 6 297 50
P-533 J-146 J-180 6 134 50
P-534 J-108 J-144 6 585 50
P-535 J-109 J-108 6 521 50
P-536 J-109 J-100 6 459 50
P-537 J-100 J-261 6 805 50
P-543 J-100 J-566 6 335 50
P-544 J-566 J-565 6 118 50
P-545 J-323 J-566 6 217 50
P-546 J-323 J-135 6 512 50
P-549 J-150 J-149 6 911 50
P-550 J-130 J-149 6 590 50
P-551 J-130 J-567 6 1,266 50
P-553 J-120 J-567 6 568 50
P-554 J-567 J-568 6 93 50
P-557 J-210 J-569 6 862 50



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-558 J-569 J-149 6 102 50
P-559 J-569 J-568 6 56 50
P-560 J-50 J-51 6 182 50
P-568 J-495 J-573 6 2,001 50
P-569 J-573 J-105 6 624 50
P-570 J-572 J-573 6 333 50
P-573 J-573 J-574 6 330 50
P-576 J-574 J-575 6 329 50
P-577 J-575 J-576 6 326 50
P-578 J-105 J-577 6 331 50
P-579 J-577 J-571 6 149 50
P-586 J-443 J-578 6 209 50
P-587 J-578 J-413 6 180 50
P-588 J-83 J-578 6 47 50
P-589 J-83 J-579 6 295 50
P-592 J-76 J-168 6 315 50
P-595 J-168 J-580 6 368 50
P-596 J-117 J-118 6 549 50
P-599 J-75 J-167 6 311 50
P-600 J-166 J-75 6 727 50
P-601 J-75 J-76 6 298 50
P-606 J-11 J-582 6 326 50
P-607 J-582 J-583 6 320 50
P-608 J-583 J-584 6 331 50
P-609 J-584 J-585 6 376 50
P-610 J-585 J-586 6 136 50
P-614 J-582 J-588 6 1,292 50
P-617 J-590 J-589 6 126 50
P-618 J-590 J-591 6 323 50
P-619 J-591 J-592 6 339 50
P-620 J-592 J-593 6 300 50
P-622 J-592 J-91 6 353 50
P-623 J-591 J-93 6 357 50
P-626 J-595 J-590 6 249 50
P-628 J-499 J-304 6 654 50
P-629 J-304 J-596 6 668 50
P-632 J-127 J-113 6 672 50
P-635 J-596 J-597 6 130 50
P-636 J-597 J-113 6 388 50
P-642 J-203 J-600 6 783 50
P-643 J-600 J-601 6 258 50
P-644 J-601 J-602 6 306 50
P-645 J-602 J-603 6 321 50
P-646 J-603 J-599 6 410 50
P-647 J-599 J-181 6 299 50
P-648 J-181 J-139 6 336 50



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-649 J-139 J-604 6 543 50
P-650 J-604 J-605 6 520 50
P-651 J-605 J-606 6 234 50
P-652 J-606 J-607 6 584 50
P-653 J-607 J-608 6 224 50
P-654 J-608 J-181 6 601 50
P-655 J-139 J-609 6 270 50
P-656 J-609 J-610 6 293 50
P-657 J-610 J-605 6 373 50
P-661 J-604 J-290 6 338 50
P-675 J-622 J-623 6 50 50
P-676 J-623 J-624 6 839 50
P-680 J-163 J-626 6 151 50
P-681 J-626 J-132 6 1,018 50
P-682 J-132 J-79 6 545 50
P-683 J-79 J-133 6 164 50
P-701 J-630 J-631 6 202 50
P-704 J-280 J-297 6 707 50
P-705 J-297 J-574 6 663 50
P-707 J-263 J-632 6 184 50
P-709 J-195 J-632 6 710 50
P-713 J-633 J-240 6 750 50
P-714 J-632 J-634 6 195 50
P-715 J-634 J-633 6 128 50
P-716 J-634 J-189 6 1,301 50
P-717 J-633 J-635 6 354 50
P-718 J-635 J-550 6 322 50
P-720 J-635 J-218 6 672 50
P-721 J-218 J-549 6 329 50
P-722 J-549 J-547 6 327 50
P-723 J-547 J-222 6 659 60
P-724 J-222 J-128 6 27 60
P-728 J-128 J-636 6 632 60
P-729 J-636 J-264 6 675 60
P-730 J-271 J-264 6 1,354 50
P-731 J-264 J-110 6 327 60
P-732 J-110 J-129 6 312 60
P-734 J-129 J-548 6 672 60
P-735 J-111 J-637 6 337 60
P-736 J-637 J-110 6 193 60
P-737 J-116 J-115 6 542 50
P-738 J-178 J-383 6 563 50
P-739 J-383 J-177 6 551 50
P-740 J-30 J-29 6 78 50
P-741 J-29 J-104 6 480 50
P-742 J-194 J-639 6 264 50



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-743 J-639 J-414 6 336 50
P-745 J-610 J-640 6 248 50
P-746 J-225 J-228 6 326 50
P-747 J-228 J-278 6 335 50
P-748 J-278 J-279 6 327 50
P-749 J-279 J-281 6 220 50
P-750 J-281 J-234 6 435 50
P-751 J-234 J-193 6 184 50
P-752 J-193 J-534 6 325 50
P-754 J-641 J-238 6 165 50
P-755 J-238 J-236 6 326 50
P-756 J-236 J-230 6 330 50
P-757 J-230 J-227 6 334 50
P-758 J-227 J-232 6 329 50
P-759 J-232 J-32 6 244 50
P-760 J-32 J-31 6 98 50
P-761 J-210 J-173 6 84 50
P-762 J-173 J-457 6 297 50
P-763 J-457 J-642 6 929 50
P-764 J-642 J-265 6 277 50
P-765 J-456 J-642 6 649 50
P-766 J-128 F-2 6 284 60
P-767 F-2 J-129 6 386 60
P-771 J-534 J-646 6 30 50
P-772 J-646 J-641 6 141 50
P-773 J-646 F-4 6 132 50
P-774 J-187 J-649 6 717 50
P-775 J-649 J-583 6 577 50
P-776 F-5 J-649 6 82 50
P-779 J-127 J-199 6 357 50
P-786 J-82 J-655 6 1,068 60
P-789 J-398 J-71 6 1,000 60
P-790 J-174 J-175 6 1,112 60
P-791 J-562 J-657 6 529 60
P-792 J-657 J-60 6 511 60
P-796 F-10 J-659 6 39 50
P-799 J-424 J-660 6 272 60
P-800 J-303 J-268 6 1,113 60
P-805 J-539 J-662 6 577 50
P-806 J-662 J-491 6 79 50
P-808 J-588 J-187 6 330 50
P-809 J-187 J-127 6 316 50
P-814 J-664 J-465 6 468 50
P-815 J-270 J-665 6 648 60
P-816 J-665 J-636 6 640 60
P-817 J-440 J-665 6 296 60



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-818 J-466 J-472 6 332 50
P-819 J-474 J-518 6 310 50
P-830 J-446 J-178 6 327 50
P-838 J-233 J-232 6 1,996 50
P-839 J-31 J-499 6 1,960 50
P-841 J-672 J-499 6 1,322 50
P-847 J-497 J-675 6 710 50
P-849 J-278 J-676 6 1,384 50
P-850 J-676 J-495 6 617 50
P-851 J-581 J-677 6 1,237 50
P-852 J-677 J-223 6 723 50
P-853 J-580 J-678 6 566 50
P-854 J-678 J-242 6 1,395 50
P-855 J-675 J-679 6 678 50
P-856 J-679 J-575 6 618 50
P-857 J-496 J-680 6 1,368 50
P-858 J-680 J-574 6 635 50
P-859 J-491 J-681 6 631 50
P-860 J-681 J-85 6 710 50
P-861 J-492 J-684 6 652 50
P-862 J-684 J-354 6 712 50
P-863 J-538 J-63 6 1,044 50
P-864 J-63 J-494 6 629 50
P-865 J-137 J-686 6 616 50
P-866 J-686 J-537 6 1,063 50
P-868 J-687 J-229 6 593 50
P-871 J-230 J-689 6 701 50
P-872 J-689 J-231 6 1,290 50
P-873 J-227 J-690 6 1,257 50
P-874 J-690 J-148 6 739 50
P-876 J-691 J-239 6 628 50
P-877 J-238 J-692 6 711 50
P-878 J-692 J-691 6 656 50
P-879 J-228 J-693 6 720 50
P-880 J-693 J-687 6 682 50
P-881 J-497 J-694 6 615 50
P-883 J-303 J-695 6 623 50
P-884 J-695 J-635 6 738 50
P-885 J-241 J-696 6 747 50
P-886 J-696 J-633 6 626 50
P-887 J-414 J-697 6 590 50
P-888 J-697 J-195 6 362 50
P-889 J-89 J-698 6 1,387 60
P-890 J-698 J-87 6 1,064 60
P-891 J-552 J-699 6 1,530 60
P-892 J-699 J-88 6 1,063 60



CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL INPUT - EXISTING INFRASTRUCTURE

Label Start Node Stop Node Diameter Approx Length Hazen-Williams
(in) (ft) C
P-893 J-655 J-700 6 863 60
P-894 J-700 J-45 6 1,841 60
P-895 J-551 J-701 6 615 60
P-898 J-702 J-250 6 610 60
P-899 J-398 J-703 6 1,128 60
P-900 J-703 J-248 6 530 60
P-901 J-399 J-704 6 599 60
P-902 J-704 J-273 6 1,073 60
P-903 J-558 J-705 6 519 60
P-904 J-705 J-255 6 1,072 60
P-905 J-403 J-706 6 483 60
P-907 J-70 J-707 6 504 60
P-908 J-707 J-399 6 492 60
P-909 J-254 J-708 6 409 60
P-910 J-708 J-556 6 658 60
P-911 J-68 J-709 6 397 60
P-912 J-709 J-559 6 663 60
P-913 J-460 J-710 6 371 50
P-914 J-710 J-124 6 479 50
P-915 J-169 J-711 6 485 50
P-916 J-711 J-76 6 244 50
P-919 J-575 J-713 6 585 50
P-920 J-713 J-282 6 781 50
P-923 J-586 J-674 6 206 50
P-924 J-31 J-715 6 541 50
P-925 J-715 J-672 6 98 50
P-939 J-247 J-720 6 41 60



CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)
F-2 625 64.0 54.0 990
F-4 635 60.0 52.0 740
F-5 625 64.0 56.0 670
F-10 625 62.0 57.0 2,090
J-1 625 63.0 51.0 800
J-2 630 62.0 54.0 2,420
J-3 625 65.0 58.0 3,310
J-4 630 63.0 55.0 910
J-5 630 62.0 54.0 180
J-7 625 65.0 58.0 3,330
J-10 625 64.0 57.0 3,210
J-11 625 64.0 57.0 3,210
J-13 635 60.0 51.0 2,690
J-14 625 66.0 59.0 3,510
J-15 625 60.0 59.0 6,000
J-15 625 61.0 58.0 580
J-16 584 83.0 80.0 1,800
J-17 584 83.0 80.0 840
J-18 586 82.0 79.0 360
J-19 584 83.0 80.0 770
J-20 583 83.0 80.0 600
J-21 584 83.0 80.0 1,100
J-22 583 83.0 80.0 590
J-23 580 84.0 81.0 370
J-24 586 80.0 78.0 240
J-25 637 58.0 51.0 1,040
J-27 638 58.0 50.0 990
J-28 640 56.0 43.0 480
J-29 625 64.0 57.0 1,080
J-29 636 59.0 51.0 1,070
J-30 625 64.0 57.0 1,090
J-30 640 56.0 45.0 500
J-31 635 59.0 52.0 660
J-31 635 59.0 51.0 1,110
J-32 635 59.0 52.0 690
J-32 640 56.0 45.0 510
J-33 634 60.0 52.0 1,200
J-34 628 62.0 55.0 1,670
J-35 633 60.0 53.0 1,260
J-37 632 61.0 53.0 1,330
J-38 631 61.0 54.0 1,400
J-39 630 61.0 54.0 1,450
J-40 627 63.0 56.0 1,880
J-41 629 62.0 54.0 1,560
J-42 595 76.0 67.0 80
J-43 628 63.0 55.0 1,790




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-44 626 63.0 56.0 2,040
J-45 625 63.0 50.0 1,160
J-45 590 78.0 69.0 70
J-46 625 63.0 51.0 1,260
J-46 635 59.0 52.0 1,150
J-47 635 59.0 50.0 330
J-47 635 59.0 51.0 480
J-48 625 63.0 53.0 950
J-49 625 64.0 56.0 200
J-50 625 63.0 57.0 3,190
J-51 625 63.0 57.0 960
J-53 640 56.0 43.0 470
J-54 639 58.0 50.0 940
J-58 600 74.0 65.0 50
J-60 620 69.0 65.0 4,360
J-60 630 62.0 54.0 180
J-61 615 71.0 67.0 4,300
J-61 630 62.0 54.0 3,620
J-62 635 60.0 52.0 3,070
J-63 630 62.0 54.0 650
J-64 635 60.0 51.0 2,170
J-65 635 59.0 51.0 2,060
J-65 635 60.0 52.0 3,100
J-67 635 60.0 52.0 3,020
J-68 625 64.0 55.0 1,160
J-68 635 60.0 52.0 2,750
J-69 625 64.0 56.0 1,160
J-69 635 60.0 52.0 680
J-70 640 57.0 46.0 890
J-70 635 60.0 52.0 2,940
J-71 640 57.0 45.0 860
J-72 613 72.0 69.0 6,000
J-74 635 60.0 52.0 3,260
J-75 625 64.0 57.0 1,660
J-76 625 64.0 57.0 1,640
J-76 610 73.0 70.0 6,000
J-77 625 64.0 57.0 3,210
J-78 625 64.0 57.0 3,210
J-79 625 60.0 58.0 660
J-79 625 64.0 57.0 3,220
J-80 625 64.0 57.0 3,240
J-81 625 65.0 58.0 3,260
J-82 640 56.0 44.0 690
J-82 625 65.0 58.0 3,270
J-83 625 64.0 57.0 1,120
J-85 635 60.0 52.0 800




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-87 625 62.0 48.0 860
J-88 625 62.0 49.0 1,000
J-89 640 56.0 43.0 520
J-91 635 59.0 52.0 1,510
J-93 635 60.0 52.0 2,680
J-96 635 59.0 50.0 450
J-100 625 64.0 57.0 1,390
J-102 640 57.0 49.0 890
J-103 625 63.0 55.0 940
J-104 625 64.0 57.0 3,190
J-105 625 64.0 57.0 1,160
J-108 625 64.0 57.0 2,490
J-109 625 64.0 57.0 1,320
J-110 625 63.0 53.0 910
J-111 625 63.0 53.0 480
J-113 625 64.0 56.0 1,020
J-115 625 64.0 57.0 2,290
J-116 622 65.0 59.0 1,590
J-117 625 64.0 57.0 3,200
J-118 625 64.0 57.0 540
J-120 600 75.0 67.0 540
J-123 625 64.0 57.0 1,460
J-124 625 64.0 57.0 2,950
J-127 625 64.0 56.0 860
J-128 630 61.0 52.0 1,210
J-129 625 63.0 54.0 1,060
J-130 625 64.0 57.0 2,200
J-132 625 60.0 58.0 410
J-133 625 60.0 58.0 550
J-135 625 64.0 57.0 1,770
J-137 625 64.0 56.0 3,200
J-138 630 62.0 54.0 1,060
J-139 625 60.0 58.0 1,340
J-140 618 67.0 61.0 1,510
J-141 625 64.0 57.0 2,360
J-143 605 73.0 67.0 1,840
J-144 625 64.0 57.0 1,810
J-145 620 66.0 60.0 1,570
J-146 625 64.0 57.0 1,760
J-147 635 59.0 52.0 670
J-148 635 60.0 52.0 2,520
J-149 618 67.0 60.0 960
J-150 625 64.0 57.0 2,380
J-159 625 64.0 57.0 3,250
J-163 625 60.0 58.0 260
J-165 625 67.0 63.0 500




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-166 625 64.0 57.0 3,130
J-167 625 64.0 57.0 3,210
J-168 625 64.0 57.0 2,990
J-169 625 64.0 57.0 3,080
J-172 625 64.0 57.0 3,040
J-173 618 67.0 60.0 1,140
J-174 625 63.0 52.0 1,490
J-175 625 63.0 52.0 1,150
J-177 625 64.0 57.0 3,020
J-178 625 64.0 57.0 2,410
J-179 605 73.0 70.0 3,840
J-180 625 64.0 57.0 2,540
J-181 625 60.0 58.0 1,530
J-184 625 64.0 58.0 1,470
J-185 600 76.0 72.0 1,990
J-187 625 64.0 56.0 1,110
J-189 635 60.0 51.0 1,530
J-193 635 60.0 52.0 1,130
J-194 625 64.0 57.0 1,500
J-195 625 64.0 56.0 1,220
J-196 635 59.0 50.0 910
J-197 635 59.0 50.0 1,250
J-198 625 64.0 57.0 3,260
J-199 625 64.0 56.0 520
J-202 630 62.0 52.0 980
J-203 625 61.0 58.0 1,810
J-206 635 60.0 52.0 850
J-210 618 67.0 60.0 1,220
J-213 625 64.0 57.0 2,280
J-214 625 64.0 57.0 3,060
J-216 635 60.0 52.0 3,260
J-218 630 61.0 52.0 860
J-219 635 59.0 50.0 1,180
J-220 625 64.0 54.0 420
J-222 630 61.0 52.0 1,230
J-223 635 60.0 52.0 3,270
J-225 635 60.0 52.0 820
J-226 635 60.0 52.0 3,070
J-227 635 59.0 52.0 980
J-228 635 60.0 52.0 970
J-229 635 60.0 52.0 3,230
J-230 635 60.0 52.0 1,040
J-231 635 60.0 52.0 2,820
J-232 635 59.0 52.0 840
J-233 635 59.0 52.0 1,200
J-234 635 60.0 52.0 1,120




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-235 635 60.0 52.0 3,260
J-236 635 60.0 52.0 1,070
J-237 635 60.0 52.0 3,240
J-238 635 60.0 52.0 1,080
J-239 635 60.0 52.0 3,270
J-240 630 62.0 54.0 2,980
J-241 625 64.0 55.0 2,550
J-242 635 60.0 52.0 3,260
J-244 635 60.0 51.0 1,390
J-245 635 60.0 51.0 1,310
J-247 640 56.0 45.0 830
J-248 625 63.0 52.0 1,150
J-251 640 56.0 44.0 760
J-252 625 65.0 57.0 1,360
J-253 625 64.0 56.0 1,390
J-254 640 57.0 47.0 930
J-255 625 64.0 54.0 1,270
J-256 625 64.0 56.0 1,390
J-257 625 65.0 59.0 1,690
J-258 625 64.0 54.0 1,260
J-259 640 57.0 47.0 970
J-260 625 63.0 53.0 1,290
J-261 625 64.0 57.0 1,440
J-262 625 64.0 56.0 1,350
J-263 625 64.0 56.0 3,310
J-264 625 63.0 53.0 950
J-265 625 64.0 56.0 370
J-267 625 64.0 57.0 770
J-268 625 63.0 54.0 1,340
J-269 625 65.0 58.0 3,330
J-270 635 59.0 50.0 1,630
J-271 625 62.0 47.0 810
J-272 635 59.0 50.0 1,130
J-273 625 63.0 53.0 1,280
J-274 625 65.0 57.0 3,280
J-278 635 60.0 52.0 1,050
J-279 635 60.0 52.0 1,110
J-280 625 64.0 57.0 2,840
J-281 635 60.0 52.0 1,110
J-282 625 64.0 57.0 2,930
J-283 635 59.0 50.0 790
J-286 625 64.0 57.0 2,870
J-287 625 64.0 57.0 2,980
J-288 625 64.0 57.0 3,260
J-290 625 60.0 58.0 6,000
J-293 625 60.0 58.0 3,950




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)
J-294 625 60.0 58.0 2,240
J-296 625 64.0 57.0 3,210
J-297 625 64.0 57.0 2,300
J-298 625 61.0 58.0 4,820
J-299 625 60.0 58.0 6,000
J-302 625 61.0 47.0 740
J-303 625 64.0 54.0 2,330
J-304 625 63.0 57.0 1,600
J-305 625 63.0 57.0 3,510
J-311 625 60.0 59.0 6,000
J-314 635 59.0 50.0 890
J-316 635 60.0 52.0 2,960
J-319 625 64.0 55.0 30
J-323 625 64.0 57.0 1,200
J-325 635 59.0 52.0 1,040
J-329 625 64.0 57.0 420
J-331 590 72.0 19.0 0
J-332 625 72.0 69.0 6,000
J-333 625 73.0 71.0 6,000
J-334 625 60.0 59.0 6,000
J-335 625 68.0 65.0 6,000
J-337 635 60.0 52.0 940
J-338 625 (N/A) (N/A) #VALUE!
J-339 625 64.0 57.0 3,040
J-345 625 63.0 57.0 3,320
J-347 625 63.0 57.0 3,460
J-349 625 63.0 57.0 3,510
J-351 625 60.0 58.0 6,000
J-352 625 60.0 58.0 6,000
J-354 630 62.0 54.0 1,640
J-356 625 63.0 57.0 3,520
J-359 635 60.0 51.0 2,110
J-363 640 57.0 48.0 720
J-367 625 64.0 56.0 1,280
J-368 625 64.0 57.0 3,320
J-374 625 64.0 56.0 300
J-375 625 64.0 56.0 3,250
J-376 625 64.0 57.0 2,480
J-377 625 64.0 57.0 1,660
J-378 635 60.0 52.0 1,120
J-379 635 60.0 51.0 1,170
J-380 635 60.0 51.0 2,720
J-382 630 62.0 55.0 320
J-383 625 64.0 57.0 1,160
J-384 625 64.0 57.0 1,450
J-385 625 64.0 55.0 2,730




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-387 625 64.0 56.0 2,950
J-388 625 64.0 56.0 1,340
J-389 625 64.0 56.0 3,220
J-390 625 64.0 56.0 1,350
J-391 625 64.0 54.0 1,240
J-393 625 64.0 57.0 390
J-395 625 64.0 56.0 1,230
J-396 625 64.0 57.0 120
J-398 640 57.0 45.0 520
J-399 640 57.0 46.0 540
J-402 640 56.0 43.0 580
J-403 640 56.0 43.0 480
J-407 625 68.0 65.0 6,000
J-409 625 66.0 60.0 3,620
J-410 625 66.0 60.0 3,560
J-411 625 63.0 53.0 1,840
J-412 625 64.0 56.0 220
J-413 625 64.0 57.0 1,380
J-414 625 65.0 57.0 3,270
J-415 625 64.0 57.0 3,230
J-416 625 64.0 56.0 190
J-417 625 64.0 55.0 360
J-418 625 64.0 55.0 280
J-419 625 64.0 55.0 1,230
J-421 625 64.0 61.0 6,000
J-423 625 68.0 65.0 6,000
J-424 625 64.0 57.0 1,290
J-425 625 64.0 57.0 1,480
J-426 625 64.0 57.0 1,300
J-427 625 64.0 56.0 80
J-428 625 64.0 55.0 2,760
J-429 625 64.0 55.0 1,230
J-430 635 59.0 50.0 510
J-431 635 59.0 50.0 700
J-432 635 59.0 50.0 1,000
J-433 635 59.0 50.0 840
J-434 635 59.0 50.0 830
J-435 635 59.0 50.0 810
J-436 635 59.0 50.0 660
J-437 635 59.0 50.0 520
J-438 635 59.0 50.0 560
J-439 635 59.0 50.0 1,710
J-440 635 59.0 50.0 1,200
J-441 635 59.0 50.0 1,790
J-442 635 59.0 50.0 1,370
J-443 625 64.0 57.0 3,110




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-444 625 64.0 57.0 3,150
J-445 625 64.0 57.0 1,540
J-446 625 64.0 57.0 1,890
J-447 625 64.0 57.0 1,230
J-448 625 64.0 57.0 1,250
J-449 625 64.0 57.0 2,630
J-450 625 64.0 57.0 2,540
J-451 610 70.0 61.0 130
J-452 610 70.0 61.0 130
J-453 595 76.0 67.0 80
J-454 625 64.0 57.0 1,670
J-455 625 64.0 57.0 3,050
J-456 625 64.0 56.0 440
J-457 625 64.0 56.0 580
J-458 625 64.0 56.0 380
J-459 625 64.0 56.0 450
J-460 625 64.0 57.0 1,720
J-461 625 60.0 58.0 1,690
J-462 635 60.0 52.0 3,270
J-463 635 60.0 52.0 2,920
J-464 635 59.0 50.0 380
J-465 635 59.0 50.0 420
J-466 635 59.0 50.0 430
J-468 635 59.0 50.0 710
J-469 635 59.0 50.0 530
J-471 635 60.0 51.0 2,410
J-472 635 60.0 51.0 340
J-473 635 60.0 51.0 270
J-474 635 60.0 51.0 340
J-475 635 60.0 51.0 2,710
J-476 635 59.0 50.0 1,870
J-477 635 60.0 51.0 2,750
J-478 635 60.0 51.0 2,740
J-479 635 60.0 51.0 2,690
J-480 635 60.0 51.0 150
J-481 625 66.0 59.0 3,490
J-482 625 65.0 58.0 3,340
J-483 625 64.0 57.0 3,240
J-484 625 64.0 57.0 3,230
J-485 625 65.0 58.0 2,040
J-486 625 65.0 58.0 1,360
J-487 625 65.0 58.0 3,270
J-488 625 65.0 58.0 3,260
J-489 625 64.0 57.0 3,240
J-490 625 64.0 57.0 330
J-491 635 60.0 52.0 2,830




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-492 630 62.0 54.0 3,030
J-494 630 62.0 54.0 3,040
J-495 635 60.0 52.0 3,230
J-496 635 60.0 52.0 3,260
J-497 635 60.0 52.0 3,260
J-499 635 59.0 52.0 1,030
J-500 635 60.0 52.0 2,350
J-501 635 60.0 52.0 2,480
J-515 635 60.0 52.0 2,970
J-516 635 60.0 52.0 3,000
J-517 635 60.0 52.0 3,190
J-518 635 60.0 52.0 2,640
J-519 630 62.0 54.0 2,500
J-520 630 62.0 54.0 2,360
J-521 625 64.0 56.0 3,310
J-522 630 62.0 54.0 180
J-523 630 62.0 54.0 180
J-524 625 64.0 56.0 3,310
J-525 635 60.0 52.0 3,310
J-526 635 60.0 52.0 3,310
J-528 635 60.0 52.0 3,210
J-529 635 60.0 52.0 2,500
J-530 635 60.0 52.0 920
J-531 635 60.0 52.0 1,190
J-532 635 60.0 52.0 1,090
J-533 635 60.0 52.0 1,190
J-534 635 60.0 52.0 1,090
J-535 625 64.0 56.0 820
J-536 625 64.0 56.0 3,280
J-537 625 64.0 56.0 530
J-538 630 62.0 54.0 520
J-539 635 60.0 52.0 1,520
J-540 630 62.0 54.0 1,560
J-541 635 60.0 52.0 510
J-543 635 60.0 52.0 3,200
J-544 635 60.0 52.0 1,120
J-545 635 60.0 52.0 2,630
J-547 630 61.0 52.0 1,320
J-548 625 64.0 54.0 1,160
J-549 630 61.0 52.0 1,250
J-550 625 64.0 54.0 1,350
J-551 625 63.0 51.0 920
J-552 640 56.0 43.0 520
J-554 595 78.0 75.0 1,230
J-555 590 80.0 77.0 6,000
J-556 640 57.0 47.0 550




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-558 640 57.0 47.0 560
J-559 640 57.0 48.0 590
J-560 625 64.0 57.0 890
J-561 625 65.0 57.0 940
J-562 625 65.0 59.0 1,000
J-563 625 64.0 57.0 1,010
J-564 625 64.0 57.0 2,520
J-565 625 64.0 57.0 2,430
J-566 625 64.0 57.0 1,820
J-567 618 67.0 60.0 770
J-568 618 67.0 60.0 730
J-569 618 67.0 60.0 820
J-571 625 64.0 57.0 1,020
J-572 625 64.0 57.0 3,220
J-573 625 64.0 57.0 3,220
J-574 625 64.0 57.0 3,210
J-575 625 64.0 57.0 3,200
J-576 625 64.0 57.0 3,190
J-577 625 64.0 57.0 3,130
J-578 625 64.0 57.0 1,400
J-579 625 64.0 57.0 620
J-580 625 64.0 57.0 3,210
J-581 625 64.0 57.0 3,210
J-582 625 64.0 57.0 1,380
J-583 625 64.0 56.0 1,130
J-584 625 64.0 56.0 1,010
J-585 625 64.0 56.0 540
J-586 625 64.0 56.0 480
J-588 625 64.0 56.0 2,300
J-589 625 64.0 56.0 840
J-590 625 64.0 56.0 1,260
J-591 625 64.0 56.0 1,430
J-592 625 64.0 56.0 1,100
J-593 625 64.0 56.0 600
J-595 625 64.0 56.0 2,830
J-596 625 63.0 57.0 860
J-597 625 63.0 56.0 860
J-598 625 63.0 57.0 1,630
J-599 625 61.0 58.0 3,170
J-600 625 61.0 58.0 760
J-601 625 61.0 58.0 740
J-602 625 61.0 58.0 770
J-603 625 61.0 58.0 900
J-604 625 60.0 58.0 1,540
J-605 625 60.0 58.0 1,480
J-606 625 60.0 58.0 2,240




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-607 625 60.0 58.0 920
J-608 625 60.0 58.0 910
J-609 625 60.0 58.0 1,020
J-610 625 60.0 58.0 1,000
J-611 625 60.0 58.0 2,360
J-612 625 60.0 58.0 2,510
J-622 625 65.0 62.0 3,430
J-623 625 65.0 62.0 1,780
J-624 625 65.0 62.0 450
J-626 625 60.0 58.0 270
J-627 625 74.0 72.0 6,000
J-628 590 80.0 77.0 6,000
J-629 590 80.0 77.0 6,000
J-630 590 80.0 77.0 6,000
J-631 590 80.0 77.0 1,180
J-632 625 64.0 56.0 1,760
J-633 625 64.0 55.0 1,730
J-634 625 64.0 56.0 1,640
J-635 625 64.0 54.0 1,440
J-636 630 61.0 52.0 1,040
J-637 625 63.0 53.0 660
J-639 625 64.0 57.0 1,240
J-640 625 60.0 58.0 640
J-641 635 60.0 52.0 1,020
J-642 625 64.0 56.0 430
J-644 635 60.0 52.0 2,790
J-646 635 60.0 52.0 1,060
J-649 625 64.0 56.0 770
J-651 625 64.0 57.0 2,490
J-652 625 64.0 56.0 430
J-655 640 56.0 44.0 430
J-657 625 66.0 61.0 1,090
J-659 625 62.0 57.0 4,050
J-660 625 64.0 56.0 820
J-662 640 58.0 49.0 1,430
J-664 640 57.0 48.0 420
J-665 635 59.0 50.0 1,140
J-671 635 60.0 52.0 2,600
J-672 635 60.0 52.0 2,530
J-673 625 64.0 56.0 220
J-674 625 63.0 57.0 1,950
J-675 635 60.0 52.0 430
J-676 635 60.0 52.0 720
J-677 625 64.0 57.0 800
J-678 625 64.0 57.0 840
J-679 625 64.0 56.0 320




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2014 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)
J-680 625 64.0 57.0 820
J-681 630 62.0 54.0 780
J-684 630 62.0 54.0 860
J-686 630 62.0 54.0 650
J-687 630 62.0 54.0 750
J-688 635 60.0 51.0 150
J-689 635 60.0 52.0 680
J-690 635 60.0 52.0 690
J-691 635 60.0 52.0 720
J-692 635 60.0 52.0 680
J-693 635 60.0 52.0 660
J-694 635 60.0 52.0 730
J-695 625 64.0 54.0 830
J-696 625 64.0 55.0 850
J-697 625 64.0 56.0 990
J-698 625 62.0 48.0 520
J-699 625 62.0 49.0 530
J-700 640 56.0 44.0 410
J-701 640 56.0 45.0 530
J-702 640 56.0 45.0 550
J-703 640 57.0 45.0 580
J-704 640 57.0 46.0 540
J-705 640 57.0 47.0 570
J-706 640 56.0 43.0 450
J-707 640 57.0 46.0 590
J-708 640 57.0 47.0 640
J-709 640 57.0 48.0 690
J-710 626 63.0 56.0 1,120
J-711 625 64.0 57.0 1,220
J-712 625 64.0 57.0 3,120
J-713 625 64.0 57.0 950
J-714 625 64.0 57.0 270
J-715 635 (N/A) (N/A) #VALUE!
J-716 625 64.0 54.0 210
J-717 625 64.0 56.0 450
J-718 625 64.0 56.0 120
J-720 640 64.0 61.0 6,000
J-721 584 82.0 79.0 70




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)
F-2 625 63.0 53.0 840
F-4 635 60.0 51.0 700
F-5 625 64.0 56.0 640
F-10 625 62.0 57.0 2,290
J-1 625 63.0 50.0 760
J-2 630 62.0 54.0 2,380
J-3 625 65.0 57.0 5,250
J-4 629.51 62.0 54.0 860
J-5 629.59 62.0 54.0 250
J-7 625 65.0 57.0 5,030
J-10 625 64.0 56.0 4,960
J-11 625 64.0 56.0 4,480
J-13 635 60.0 51.0 2,630
J-14 625 66.0 59.0 5,450
J-15 625 60.0 59.0 6,000
J-15 625 61.0 57.0 550
J-16 584 83.0 80.0 1,790
J-17 584 83.0 80.0 810
J-18 586 82.0 79.0 340
J-19 584 83.0 80.0 750
J-20 583 83.0 80.0 570
J-21 584 83.0 80.0 1,070
J-22 583 83.0 80.0 560
J-23 580 84.0 81.0 350
J-24 586 80.0 78.0 240
J-25 636.62 58.0 50.0 1,040
J-27 637.69 58.0 50.0 980
J-28 640 56.0 42.0 450
J-29 625 64.0 56.0 1,030
J-29 636.01 59.0 50.0 1,070
J-30 625 64.0 56.0 1,040
J-30 640 56.0 44.0 470
J-31 635 59.0 51.0 620
J-31 635.22 59.0 51.0 1,110
J-32 635 59.0 51.0 650
J-32 640 56.0 44.0 480
J-33 633.76 60.0 52.0 1,200
J-34 628.48 62.0 54.0 1,660
J-35 632.87 60.0 52.0 1,260
J-37 631.95 61.0 53.0 1,320
J-38 631.09 61.0 53.0 1,390
J-39 630.47 61.0 53.0 1,450
J-40 626.98 63.0 55.0 1,880
J-41 629.37 62.0 54.0 1,560
J-42 595 76.0 67.0 110
J-43 627.6 63.0 55.0 1,780




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-44 626.1 63.0 56.0 2,040
J-45 625 62.0 49.0 1,130
J-45 590 78.0 70.0 100
J-46 625 63.0 50.0 1,230
J-46 634.61 59.0 51.0 1,140
J-47 635 59.0 50.0 310
J-47 635 59.0 50.0 450
J-48 625 63.0 52.0 900
J-49 625 64.0 56.0 270
J-50 625 63.0 56.0 5,100
J-51 625 63.0 56.0 910
J-53 640 56.0 42.0 430
J-54 638.57 58.0 49.0 940
J-58 600 74.0 65.0 70
J-60 620 69.0 66.0 6,000
J-60 630 62.0 54.0 230
J-61 615 71.0 68.0 6,000
J-61 630.14 62.0 54.0 3,540
J-62 635 60.0 52.0 3,010
J-63 630 62.0 53.0 610
J-64 635 59.0 50.0 2,120
J-65 635 59.0 50.0 2,000
J-65 635 60.0 52.0 3,040
J-67 635 60.0 52.0 2,960
J-68 625 64.0 54.0 1,110
J-68 635 60.0 52.0 2,700
J-69 625 64.0 55.0 1,130
J-69 635 60.0 51.0 650
J-70 640 57.0 45.0 850
J-70 635 60.0 52.0 2,890
J-71 640 56.0 45.0 810
J-72 620 69.0 66.0 6,000
J-74 635 60.0 52.0 3,410
J-75 625 64.0 56.0 1,570
J-76 625 64.0 56.0 1,560
J-76 615 71.0 68.0 6,000
J-77 625 64.0 57.0 4,970
J-78 625 64.0 57.0 5,000
J-79 625 60.0 58.0 630
J-79 625 64.0 57.0 5,020
J-80 625 64.0 57.0 5,090
J-81 625 65.0 57.0 5,130
J-82 640 56.0 43.0 640
J-82 625 65.0 57.0 5,140
J-83 625 64.0 56.0 1,060
J-85 635 60.0 51.0 760




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-87 625 62.0 47.0 850
J-88 625 62.0 48.0 980
J-89 640 56.0 42.0 470
J-91 635 59.0 52.0 1,440
J-93 635 60.0 52.0 2,610
J-96 635 59.0 49.0 430
J-100 625 64.0 56.0 1,330
J-102 640 57.0 48.0 890
J-103 625 63.0 55.0 940
J-104 625 64.0 56.0 3,710
J-105 625 64.0 57.0 1,100
J-108 625 64.0 56.0 2,890
J-109 625 64.0 57.0 1,300
J-110 625 63.0 52.0 810
J-111 625 63.0 52.0 440
J-113 625 64.0 56.0 970
J-115 625 64.0 56.0 2,290
J-116 622 65.0 59.0 1,610
J-117 625 64.0 56.0 3,960
J-118 625 64.0 56.0 510
J-120 600 75.0 67.0 510
J-123 625 64.0 56.0 1,460
J-124 625 64.0 56.0 4,780
J-127 625 64.0 56.0 810
J-128 630 61.0 51.0 1,090
J-129 625 63.0 53.0 950
J-130 625 64.0 56.0 3,430
J-132 625 60.0 58.0 390
J-133 625 60.0 58.0 520
J-135 625 64.0 56.0 1,740
J-137 625 64.0 56.0 3,150
J-138 630 62.0 53.0 1,040
J-139 625 60.0 58.0 1,270
J-140 618 67.0 60.0 1,450
J-141 625 64.0 56.0 3,220
J-143 605 73.0 67.0 1,760
J-144 625 64.0 57.0 1,740
J-145 620 66.0 60.0 1,510
J-146 625 64.0 57.0 1,700
J-147 635 59.0 52.0 630
J-148 635 60.0 52.0 2,460
J-149 618 67.0 59.0 1,370
J-150 625 64.0 56.0 3,790
J-159 625 64.0 56.0 3,820
J-163 625 60.0 58.0 250
J-165 625 67.0 63.0 480




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-166 625 64.0 56.0 5,030
J-167 625 64.0 56.0 4,110
J-168 625 64.0 56.0 2,920
J-169 625 64.0 56.0 4,970
J-172 625 64.0 56.0 4,960
J-173 618 67.0 59.0 1,090
J-174 625 63.0 51.0 1,460
J-175 625 63.0 51.0 1,090
J-177 625 64.0 56.0 4,050
J-178 625 64.0 56.0 3,850
J-179 605 73.0 70.0 3,840
J-180 625 64.0 56.0 2,630
J-181 625 60.0 58.0 1,450
J-184 625 64.0 58.0 1,540
J-185 600 76.0 72.0 2,230
J-187 625 64.0 56.0 1,060
J-189 635 60.0 51.0 1,460
J-193 635 60.0 51.0 1,070
J-194 625 64.0 56.0 1,420
J-195 625 64.0 55.0 1,150
J-196 635 59.0 49.0 810
J-197 635 59.0 49.0 1,090
J-198 625 64.0 56.0 3,580
J-199 625 64.0 56.0 490
J-202 630 61.0 51.0 920
J-203 625 61.0 57.0 1,770
J-206 635 60.0 51.0 800
J-210 618 67.0 59.0 1,160
J-213 625 64.0 56.0 3,330
J-214 625 64.0 56.0 3,870
J-216 635 60.0 52.0 3,350
J-218 630 61.0 51.0 810
J-219 635 59.0 49.0 1,070
J-220 625 63.0 53.0 460
J-222 630 61.0 51.0 1,110
J-223 635 60.0 52.0 3,370
J-225 635 60.0 51.0 780
J-226 635 60.0 51.0 3,010
J-227 635 59.0 51.0 930
J-228 635 60.0 51.0 920
J-229 635 60.0 52.0 3,160
J-230 635 59.0 51.0 990
J-231 635 60.0 52.0 2,750
J-232 635 59.0 51.0 800
J-233 635 59.0 52.0 1,140
J-234 635 60.0 51.0 1,070




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-235 635 60.0 52.0 3,480
J-236 635 60.0 51.0 1,020
J-237 635 60.0 52.0 3,160
J-238 635 60.0 51.0 1,040
J-239 635 60.0 52.0 3,400
J-240 630 62.0 53.0 2,910
J-241 625 64.0 54.0 2,490
J-242 635 60.0 52.0 3,370
J-244 635 60.0 50.0 1,330
J-245 635 60.0 51.0 1,270
J-247 640 56.0 44.0 780
J-248 625 63.0 51.0 1,090
J-251 640 56.0 44.0 720
J-252 625 65.0 57.0 1,340
J-253 625 64.0 56.0 1,390
J-254 640 57.0 46.0 880
J-255 625 64.0 53.0 1,220
J-256 625 64.0 56.0 1,410
J-257 625 65.0 59.0 1,700
J-258 625 64.0 54.0 1,240
J-259 640 57.0 47.0 930
J-260 625 63.0 53.0 1,220
J-261 625 64.0 56.0 1,490
J-262 625 64.0 55.0 1,350
J-263 625 64.0 56.0 3,670
J-264 625 63.0 52.0 890
J-265 625 64.0 56.0 350
J-267 625 64.0 56.0 830
J-268 625 63.0 53.0 1,260
J-269 625 65.0 57.0 4,450
J-270 635 59.0 50.0 1,540
J-271 625 62.0 46.0 800
J-272 635 59.0 49.0 1,090
J-273 625 63.0 52.0 1,220
J-274 625 65.0 57.0 4,110
J-278 635 60.0 51.0 1,000
J-279 635 60.0 51.0 1,050
J-280 625 64.0 56.0 4,650
J-281 635 60.0 51.0 1,050
J-282 625 64.0 56.0 4,750
J-283 635 59.0 49.0 740
J-286 625 64.0 56.0 4,110
J-287 625 64.0 56.0 3,960
J-288 625 64.0 56.0 3,600
J-290 625 60.0 58.0 6,000
J-293 625 60.0 58.0 3,950




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)
J-294 625 60.0 58.0 2,240
J-296 625 64.0 56.0 4,030
J-297 625 64.0 56.0 2,250
J-298 625 61.0 57.0 6,000
J-299 625 60.0 58.0 6,000
J-302 625 61.0 46.0 730
J-303 625 64.0 54.0 2,270
J-304 625 63.0 56.0 1,560
J-305 625 63.0 57.0 5,100
J-311 625 60.0 59.0 6,000
J-314 635 59.0 49.0 820
J-316 635 60.0 52.0 2,890
J-319 625 64.0 55.0 40
J-323 625 64.0 56.0 1,150
J-325 635 59.0 52.0 990
J-329 625 64.0 56.0 540
J-331 590 75.0 39.0 0
J-332 625 72.0 69.0 6,000
J-333 625 73.0 71.0 6,000
J-334 625 60.0 59.0 6,000
J-335 625 68.0 65.0 6,000
J-337 635 60.0 52.0 900
J-338 625 (N/A) (N/A) #VALUE!
J-339 625 64.0 56.0 4,950
J-345 625 63.0 57.0 5,090
J-347 625 63.0 57.0 5,180
J-349 625 63.0 57.0 3,470
J-351 625 60.0 58.0 6,000
J-352 625 60.0 58.0 6,000
J-354 630 62.0 54.0 1,580
J-356 625 63.0 57.0 5,220
J-359 635 59.0 50.0 2,050
J-363 640 57.0 48.0 700
J-367 625 64.0 56.0 1,320
J-368 625 64.0 56.0 3,960
J-374 625 64.0 56.0 400
J-375 625 64.0 56.0 3,570
J-376 625 64.0 56.0 3,920
J-377 625 64.0 56.0 1,610
J-378 635 60.0 51.0 1,100
J-379 635 60.0 51.0 1,150
J-380 635 60.0 51.0 2,660
J-382 630 62.0 54.0 420
J-383 625 64.0 56.0 1,230
J-384 625 64.0 56.0 1,420
J-385 625 64.0 55.0 2,670




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-387 625 64.0 55.0 2,900
J-388 625 64.0 55.0 1,340
J-389 625 64.0 56.0 3,170
J-390 625 64.0 56.0 1,370
J-391 625 64.0 54.0 1,210
J-393 625 64.0 56.0 510
J-395 625 64.0 56.0 1,280
J-396 625 64.0 57.0 160
J-398 640 56.0 45.0 460
J-399 640 57.0 45.0 510
J-402 640 56.0 42.0 540
J-403 640 56.0 42.0 450
J-407 625 68.0 65.0 6,000
J-409 625 66.0 59.0 5,220
J-410 625 66.0 59.0 5,340
J-411 625 63.0 52.0 1,800
J-412 625 64.0 56.0 300
J-413 625 64.0 56.0 1,310
J-414 625 64.0 57.0 3,970
J-415 625 64.0 56.0 3,790
J-416 625 64.0 56.0 250
J-417 625 64.0 54.0 460
J-418 625 64.0 54.0 370
J-419 625 64.0 54.0 1,220
J-421 625 64.0 61.0 6,000
J-423 625 68.0 65.0 6,000
J-424 625 64.0 56.0 1,290
J-425 625 64.0 57.0 1,480
J-426 625 65.0 57.0 1,290
J-427 625 64.0 55.0 90
J-428 625 64.0 55.0 2,710
J-429 625 64.0 54.0 1,220
J-430 635 59.0 49.0 470
J-431 635 59.0 49.0 640
J-432 635 59.0 49.0 910
J-433 635 59.0 49.0 780
J-434 635 59.0 49.0 780
J-435 635 59.0 49.0 760
J-436 635 59.0 49.0 620
J-437 635 59.0 49.0 480
J-438 635 59.0 49.0 530
J-439 635 59.0 50.0 1,630
J-440 635 59.0 49.0 1,130
J-441 635 59.0 50.0 1,720
J-442 635 59.0 49.0 1,270
J-443 625 64.0 56.0 3,790




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-444 625 64.0 56.0 3,700
J-445 625 64.0 56.0 1,480
J-446 625 64.0 56.0 1,810
J-447 625 64.0 56.0 1,250
J-448 625 64.0 56.0 1,280
J-449 625 64.0 56.0 4,240
J-450 625 64.0 56.0 4,020
J-451 610 70.0 61.0 180
J-452 610 70.0 61.0 190
J-453 595 76.0 67.0 120
J-454 625 64.0 56.0 2,810
J-455 625 64.0 56.0 4,960
J-456 625 64.0 56.0 420
J-457 625 64.0 56.0 540
J-458 625 64.0 56.0 360
J-459 625 64.0 56.0 420
J-460 625 64.0 56.0 1,730
J-461 625 60.0 58.0 1,620
J-462 635 60.0 52.0 3,490
J-463 635 60.0 52.0 2,870
J-464 635 59.0 50.0 360
J-465 635 59.0 50.0 400
J-466 635 59.0 50.0 400
J-468 635 59.0 50.0 670
J-469 635 59.0 50.0 500
J-471 635 60.0 50.0 2,350
J-472 635 60.0 50.0 360
J-473 635 60.0 50.0 330
J-474 635 60.0 50.0 360
J-475 635 60.0 51.0 2,650
J-476 635 59.0 50.0 1,810
J-477 635 60.0 51.0 2,690
J-478 635 60.0 51.0 2,680
J-479 635 60.0 51.0 2,630
J-480 635 60.0 50.0 200
J-481 625 66.0 59.0 5,530
J-482 625 65.0 58.0 5,350
J-483 625 64.0 57.0 5,080
J-484 625 64.0 57.0 5,070
J-485 625 65.0 57.0 2,130
J-486 625 65.0 57.0 1,320
J-487 625 65.0 57.0 2,710
J-488 625 65.0 57.0 2,780
J-489 625 64.0 57.0 4,590
J-490 625 64.0 56.0 440
J-491 635 60.0 51.0 2,780




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-492 630 62.0 53.0 2,970
J-494 630 62.0 53.0 2,980
J-495 635 60.0 52.0 3,160
J-496 635 60.0 52.0 3,190
J-497 635 60.0 52.0 3,260
J-499 635 59.0 52.0 980
J-500 635 60.0 52.0 2,320
J-501 635 60.0 52.0 2,440
J-515 635 60.0 52.0 2,910
J-516 635 60.0 52.0 2,940
J-517 635 60.0 52.0 3,120
J-518 635 60.0 52.0 2,580
J-519 630 62.0 54.0 2,460
J-520 630 62.0 54.0 2,320
J-521 625 64.0 56.0 3,540
J-522 630 62.0 54.0 240
J-523 630 62.0 54.0 240
J-524 625 64.0 56.0 3,860
J-525 635 60.0 52.0 3,280
J-526 635 60.0 52.0 3,260
J-528 635 60.0 52.0 3,140
J-529 635 60.0 52.0 2,450
J-530 635 60.0 51.0 880
J-531 635 60.0 51.0 1,130
J-532 635 60.0 52.0 1,030
J-533 635 60.0 51.0 1,130
J-534 635 60.0 51.0 1,050
J-535 625 64.0 56.0 770
J-536 625 64.0 56.0 3,240
J-537 625 64.0 55.0 510
J-538 630 62.0 53.0 490
J-539 635 60.0 51.0 1,510
J-540 630 62.0 53.0 1,500
J-541 635 60.0 51.0 520
J-543 635 60.0 52.0 3,130
J-544 635 60.0 51.0 1,070
J-545 635 60.0 52.0 2,580
J-547 630 61.0 51.0 1,220
J-548 625 63.0 53.0 1,090
J-549 630 61.0 51.0 1,200
J-550 625 63.0 53.0 1,280
J-551 625 63.0 50.0 840
J-552 640 56.0 42.0 480
J-554 595 78.0 75.0 1,280
J-555 590 80.0 77.0 6,000
J-556 640 57.0 46.0 490




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-558 640 57.0 47.0 540
J-559 640 57.0 48.0 540
J-560 625 64.0 56.0 860
J-561 625 65.0 57.0 910
J-562 625 65.0 59.0 980
J-563 625 64.0 57.0 1,040
J-564 625 64.0 56.0 2,500
J-565 625 64.0 56.0 3,080
J-566 625 64.0 56.0 1,750
J-567 618 67.0 59.0 1,020
J-568 618 67.0 59.0 1,150
J-569 618 67.0 59.0 1,290
J-571 625 64.0 57.0 970
J-572 625 64.0 57.0 4,590
J-573 625 64.0 57.0 4,510
J-574 625 64.0 57.0 4,510
J-575 625 64.0 57.0 4,520
J-576 625 64.0 56.0 4,770
J-577 625 64.0 57.0 3,140
J-578 625 64.0 56.0 1,330
J-579 625 64.0 56.0 580
J-580 625 64.0 56.0 4,680
J-581 625 64.0 56.0 4,580
J-582 625 64.0 56.0 1,310
J-583 625 64.0 56.0 1,070
J-584 625 64.0 56.0 960
J-585 625 64.0 56.0 520
J-586 625 64.0 56.0 460
J-588 625 64.0 56.0 2,200
J-589 625 64.0 56.0 800
J-590 625 64.0 56.0 1,200
J-591 625 64.0 56.0 1,360
J-592 625 64.0 56.0 1,040
J-593 625 64.0 56.0 570
J-595 625 64.0 56.0 2,760
J-596 625 63.0 56.0 820
J-597 625 63.0 56.0 820
J-598 625 63.0 56.0 1,590
J-599 625 61.0 57.0 3,070
J-600 625 61.0 57.0 720
J-601 625 61.0 57.0 700
J-602 625 61.0 57.0 730
J-603 625 61.0 57.0 850
J-604 625 60.0 58.0 1,450
J-605 625 60.0 58.0 1,400
J-606 625 60.0 58.0 2,070




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)

J-607 625 60.0 58.0 870
J-608 625 60.0 58.0 860
J-609 625 60.0 58.0 970
J-610 625 60.0 58.0 950
J-611 625 60.0 58.0 2,180
J-612 625 60.0 58.0 2,320
J-622 625 65.0 62.0 3,430
J-623 625 65.0 62.0 1,710
J-624 625 65.0 62.0 430
J-626 625 60.0 58.0 260
J-627 625 74.0 72.0 6,000
J-628 590 80.0 77.0 6,000
J-629 590 80.0 77.0 6,000
J-630 590 80.0 77.0 6,000
J-631 590 80.0 77.0 1,120
J-632 625 64.0 55.0 1,680
J-633 625 64.0 55.0 1,640
J-634 625 64.0 55.0 1,560
J-635 625 64.0 54.0 1,370
J-636 630 61.0 51.0 940
J-637 625 63.0 52.0 600
J-639 625 64.0 57.0 1,180
J-640 625 60.0 58.0 600
J-641 635 60.0 51.0 1,000
J-642 625 64.0 56.0 410
J-644 635 60.0 51.0 2,730
J-646 635 60.0 51.0 1,030
J-649 625 64.0 56.0 730
J-651 625 64.0 56.0 2,440
J-652 625 64.0 55.0 560
J-655 640 56.0 43.0 380
J-657 625 66.0 61.0 1,080
J-659 625 62.0 57.0 5,540
J-660 625 64.0 56.0 840
J-662 640 57.0 49.0 1,540
J-664 640 57.0 48.0 400
J-665 635 59.0 49.0 1,020
J-671 635 60.0 52.0 2,560
J-672 635 60.0 52.0 2,490
J-673 625 64.0 55.0 290
J-674 625 63.0 57.0 1,910
J-675 635 60.0 52.0 400
J-676 635 60.0 51.0 690
J-677 625 64.0 56.0 760
J-678 625 64.0 56.0 800
J-679 625 64.0 56.0 310




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH EXISTING INFRASTRUCTURE

Label Elevation Pressure (psi) Available Fire
(ft) AvgDay | Max Day Flow (gpm)
J-680 625 64.0 56.0 770
J-681 630 62.0 53.0 740
J-684 630 62.0 53.0 810
J-686 630 62.0 53.0 620
J-687 630 62.0 54.0 710
J-688 635 60.0 50.0 190
J-689 635 60.0 51.0 640
J-690 635 60.0 51.0 650
J-691 635 60.0 51.0 690
J-692 635 60.0 51.0 640
J-693 635 60.0 51.0 630
J-694 635 60.0 51.0 690
J-695 625 64.0 54.0 790
J-696 625 64.0 54.0 810
J-697 625 64.0 56.0 940
J-698 625 62.0 47.0 440
J-699 625 62.0 48.0 500
J-700 640 56.0 43.0 380
J-701 640 56.0 44.0 500
J-702 640 56.0 44.0 520
J-703 640 56.0 45.0 540
J-704 640 57.0 45.0 510
J-705 640 57.0 47.0 540
J-706 640 56.0 42.0 420
J-707 640 57.0 45.0 560
J-708 640 57.0 46.0 590
J-709 640 57.0 48.0 650
J-710 626 63.0 56.0 1,240
J-711 625 64.0 56.0 1,150
J-712 625 64.0 56.0 4,020
J-713 625 64.0 56.0 900
J-714 625 64.0 56.0 360
J-715 635 (N/A) (N/A) #VALUE!
J-716 625 64.0 54.0 280
J-717 625 64.0 56.0 560
J-718 625 64.0 55.0 140
J-720 640 64.0 61.0 6,000
J-721 584 82.0 79.0 100




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
F-2 625 65.0 59.0 1,570
F-4 635 60.0 54.0 990
F-5 625 65.0 59.0 980
F-10 635 58.0 54.0 2,500
J-1 625 65.0 59.0 1,260
J-2 630 63.0 56.0 4,090
J-3 625 65.0 60.0 6,000
J-4 629.51 63.0 57.0 1,180
J-5 629.59 63.0 57.0 3,810
J-7 625 65.0 60.0 6,000
J-10 625 65.0 59.0 6,000
J-11 625 65.0 59.0 6,000
J-13 635 61.0 54.0 5,400
J-14 625 66.0 60.0 6,000
J-15 635 55.0 54.0 6,000
J-15 625 61.0 59.0 720
J-16 584 82.0 78.0 1,010
J-17 584 82.0 78.0 740
J-18 586 81.0 77.0 390
J-19 584 82.0 78.0 690
J-20 583 82.0 79.0 600
J-21 584 82.0 78.0 850
J-22 583 82.0 79.0 590
J-23 580 83.0 80.0 400
J-24 586 80.0 77.0 160
J-25 636.62 61.0 55.0 5,520
J-27 637.69 60.0 55.0 5,060
J-28 640 59.0 54.0 4,900
J-29 625 65.0 59.0 1,430
J-29 636.01 61.0 55.0 5,730
J-30 625 65.0 59.0 1,440
J-30 640 59.0 54.0 5,430
J-31 635 60.0 54.0 1,160
J-31 635.22 61.0 56.0 5,850
J-32 635 60.0 54.0 1,170
J-32 640 59.0 54.0 5,530
J-33 633.76 62.0 56.0 5,770
J-34 628.48 64.0 58.0 5,760
J-35 632.87 62.0 56.0 5,690
J-37 631.95 62.0 57.0 5,660
J-38 631.09 63.0 57.0 5,650
J-39 630.47 63.0 57.0 5,630
J-40 626.98 64.0 59.0 5,630
J-41 629.37 63.0 58.0 5,700
J-42 615 69.0 63.0 1,120
J-43 627.6 64.0 59.0 5,770




CITY OF MUSKEGON HEIGHTS
2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-44 626.1 65.0 59.0 5,400
J-45 625 65.0 59.0 4,170
J-45 617.13 68.0 62.0 1,850
J-46 625 65.0 59.0 4,140
J-46 634.61 62.0 56.0 5,850
J-47 635 61.0 54.0 970
J-47 635 61.0 54.0 960
J-48 625 65.0 59.0 1,320
J-49 625 65.0 59.0 2,500
J-50 615 69.0 63.0 6,000
J-51 625 64.0 59.0 1,230
J-53 640 60.0 54.0 6,000
J-54 638.57 60.0 54.0 4,430
J-58 623.04 65.0 60.0 120
J-60 620 67.0 63.0 4,960
J-60 630 63.0 57.0 6,000
J-61 615 69.0 65.0 4,940
J-61 630.14 63.0 57.0 6,000
J-62 635 61.0 54.0 6,000
J-63 630 63.0 56.0 6,000
J-64 635 61.0 54.0 4,590
J-65 635 61.0 54.0 4,440
J-65 635 61.0 54.0 6,000
J-67 635 60.0 54.0 6,000
J-68 625 65.0 60.0 1,970
J-68 635 60.0 54.0 5,890
J-69 625 65.0 60.0 1,980
J-69 635 60.0 54.0 5,780
J-70 640 59.0 54.0 1,910
J-70 635 60.0 54.0 5,990
J-71 640 60.0 55.0 2,320
J-72 621.71 67.0 63.0 6,000
J-74 635 60.0 54.0 5,530
J-75 625 65.0 59.0 2,110
J-76 625 65.0 59.0 2,100
J-76 620.59 67.0 63.0 6,000
J-77 625 65.0 59.0 6,000
J-78 625 65.0 59.0 6,000
J-79 635 55.0 54.0 750
J-79 625 65.0 59.0 6,000
J-80 625 65.0 59.0 6,000
J-81 625 65.0 59.0 6,000
J-82 640 60.0 56.0 6,000
J-82 625 65.0 59.0 6,000
J-83 625 65.0 59.0 1,470

J-85 635 61.0 54.0 1,060




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-87 625 65.0 59.0 6,000
J-88 625 65.0 59.0 4,450
J-89 640 59.0 54.0 6,000
J-91 635 60.0 54.0 5,640
J-93 635 60.0 54.0 5,410
J-96 635 61.0 54.0 530
J-100 625 65.0 59.0 1,850
J-102 640 59.0 54.0 3,170
J-103 625 66.0 60.0 2,530
J-104 625 65.0 59.0 5,970
J-105 625 65.0 59.0 1,490
J-108 625 65.0 59.0 5,370
J-109 625 65.0 59.0 1,760
J-110 625 65.0 59.0 5,890
J-111 625 65.0 59.0 690
J-113 625 65.0 59.0 5,510
J-115 625 65.0 59.0 5,350
J-116 622 66.0 61.0 2,120
J-117 625 64.0 59.0 5,770
J-118 625 64.0 59.0 690
J-120 615 69.0 63.0 1,670
J-123 615 69.0 63.0 2,070
J-124 625 65.0 59.0 6,000
J-127 625 65.0 59.0 1,310
J-128 630 63.0 56.0 2,050
J-129 625 65.0 59.0 5,900
J-130 625 65.0 59.0 5,440
J-132 635 55.0 54.0 470
J-133 635 55.0 54.0 630
J-135 625 65.0 59.0 2,380
J-137 625 65.0 59.0 5,650
J-138 630 63.0 57.0 1,440
J-139 635 56.0 54.0 1,520
J-140 615 69.0 64.0 1,900
J-141 625 65.0 59.0 5,370
J-143 615 69.0 64.0 2,030
J-144 615 69.0 64.0 2,530
J-145 620 67.0 62.0 2,010
J-146 625 65.0 59.0 2,480
J-147 635 60.0 54.0 5,500
J-148 635 60.0 54.0 5,560
J-149 615 69.0 63.0 2,100
J-150 625 65.0 59.0 5,920
J-159 625 65.0 59.0 6,000
J-163 615 64.0 63.0 340
J-165 625 65.0 60.0 5,540




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-166 615 69.0 63.0 6,000
J-167 625 65.0 59.0 4,100
J-168 625 65.0 59.0 3,430
J-169 625 64.0 59.0 6,000
J-172 625 64.0 59.0 6,000
J-173 615 69.0 63.0 2,090
J-174 625 65.0 59.0 4,180
J-175 625 65.0 59.0 2,230
J-177 625 65.0 59.0 6,000
J-178 625 65.0 59.0 6,000
J-179 615 69.0 64.0 2,180
J-180 625 65.0 59.0 5,330
J-181 635 56.0 54.0 1,750
J-184 625 65.0 60.0 1,880
J-185 600 76.0 71.0 2,410
J-187 625 65.0 59.0 1,700
J-189 635 61.0 54.0 2,230
J-193 635 60.0 54.0 1,560
J-194 625 65.0 59.0 2,000
J-195 625 65.0 59.0 1,680
J-196 635 61.0 54.0 1,200
J-197 635 61.0 54.0 1,820
J-198 625 65.0 59.0 5,520
J-199 625 65.0 59.0 710
J-202 630 63.0 56.0 1,360
J-203 635 57.0 54.0 1,970
J-206 635 61.0 54.0 1,150
J-210 615 69.0 63.0 2,110
J-213 625 65.0 59.0 5,410
J-214 625 65.0 59.0 5,890
J-216 635 60.0 54.0 5,450
J-218 630 63.0 56.0 1,320
J-219 635 61.0 54.0 1,740
J-220 625 65.0 59.0 630
J-222 630 63.0 56.0 2,040
J-223 635 60.0 54.0 5,540
J-225 635 60.0 54.0 1,130
J-226 635 61.0 54.0 5,670
J-227 635 60.0 54.0 1,470
J-228 635 60.0 54.0 1,390
J-229 635 61.0 54.0 5,730
J-230 635 60.0 54.0 1,680
J-231 635 60.0 54.0 5,370
J-232 635 60.0 54.0 1,350
J-233 635 60.0 54.0 5,740
J-234 635 60.0 54.0 1,560




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-235 635 60.0 54.0 5,740
J-236 635 60.0 54.0 1,570
J-237 635 60.0 54.0 5,650
J-238 635 60.0 54.0 1,690
J-239 635 60.0 54.0 5,740
J-240 630 63.0 57.0 4,940
J-241 625 65.0 59.0 5,610
J-242 635 60.0 54.0 5,460
J-244 635 61.0 54.0 2,060
J-245 635 61.0 54.0 1,860
J-247 640 61.0 56.0 6,000
J-248 625 65.0 59.0 2,210
J-251 640 61.0 56.0 6,000
J-252 625 65.0 60.0 2,030
J-253 625 65.0 59.0 2,000
J-254 640 59.0 54.0 1,810
J-255 625 65.0 59.0 2,360
J-256 625 65.0 59.0 1,850
J-257 625 65.0 60.0 2,210
J-258 625 65.0 59.0 2,460
J-259 640 59.0 53.0 1,780
J-260 625 65.0 59.0 2,250
J-261 625 65.0 59.0 1,900
J-262 625 65.0 59.0 2,240
J-263 625 65.0 59.0 6,000
J-264 625 65.0 59.0 5,980
J-265 625 65.0 59.0 640
J-267 625 65.0 59.0 1,100
J-268 625 65.0 59.0 2,310
J-269 625 65.0 59.0 6,000
J-270 635 61.0 54.0 4,440
J-271 625 65.0 59.0 5,500
J-272 635 61.0 54.0 1,710
J-273 625 65.0 59.0 2,360
J-274 625 65.0 59.0 6,000
J-278 635 60.0 54.0 1,530
J-279 635 60.0 54.0 1,610
J-280 625 65.0 59.0 6,000
J-281 635 60.0 54.0 1,710
J-282 625 65.0 59.0 6,000
J-283 635 61.0 54.0 1,020
J-286 625 65.0 59.0 6,000
J-287 625 65.0 59.0 5,930
J-288 625 65.0 59.0 5,570
J-290 635 56.0 54.0 6,000
J-293 635 55.0 54.0 4,450




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-294 635 55.0 54.0 740
J-296 625 64.0 59.0 6,000
J-297 625 65.0 59.0 1,670
J-298 635 57.0 54.0 6,000
J-299 635 55.0 54.0 6,000
J-302 625 65.0 58.0 3,580
J-303 625 65.0 59.0 5,200
J-304 625 65.0 59.0 6,000
J-305 615 68.0 63.0 6,000
J-311 635 55.0 54.0 6,000
J-314 635 61.0 54.0 1,170
J-316 635 60.0 54.0 5,390
J-319 625 65.0 59.0 110
J-323 625 65.0 59.0 1,580
J-325 635 60.0 54.0 5,840
J-329 625 65.0 59.0 670
J-331 615 69.0 63.0 1,870
J-332 625 69.0 65.0 6,000
J-333 625 71.0 67.0 6,000
J-334 635 55.0 54.0 6,000
J-335 625 66.0 62.0 6,000
J-337 635 60.0 54.0 1,290
J-338 625 (N/A) (N/A) #VALUE!
J-339 625 64.0 59.0 6,000
J-345 615 68.0 63.0 6,000
J-347 615 68.0 63.0 6,000
J-349 615 68.0 63.0 4,880
J-351 635 55.0 54.0 6,000
J-352 635 55.0 54.0 6,000
J-354 630 63.0 56.0 2,350
J-356 615 68.0 63.0 6,000
J-359 635 61.0 54.0 4,490
J-363 640 59.0 53.0 1,190
J-367 625 65.0 59.0 1,650
J-368 625 65.0 59.0 6,000
J-374 625 65.0 59.0 430
J-375 625 65.0 59.0 6,000
J-376 625 65.0 59.0 6,000
J-377 625 65.0 59.0 2,210
J-378 635 61.0 54.0 1,550
J-379 635 61.0 54.0 1,650
J-380 635 61.0 54.0 4,910
J-382 630 63.0 57.0 460
J-383 625 65.0 59.0 1,530
J-384 625 65.0 59.0 1,950
J-385 625 65.0 59.0 5,540




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-387 625 65.0 59.0 5,550
J-388 625 65.0 59.0 2,260
J-389 625 65.0 59.0 5,660
J-390 625 65.0 59.0 1,860
J-391 625 65.0 59.0 3,400
J-393 625 65.0 59.0 690
J-395 625 65.0 59.0 1,580
J-396 625 65.0 59.0 170
J-398 640 59.0 54.0 5,510
J-399 640 59.0 53.0 5,400
J-402 640 60.0 55.0 6,000
J-403 640 60.0 55.0 6,000
J-407 625 66.0 62.0 6,000
J-409 625 66.0 61.0 6,000
J-410 625 66.0 61.0 6,000
J-411 625 65.0 59.0 4,560
J-412 625 65.0 59.0 320
J-413 625 65.0 59.0 1,820
J-414 625 65.0 59.0 6,000
J-415 625 65.0 59.0 6,000
J-416 625 65.0 60.0 5,700
J-417 625 65.0 59.0 990
J-418 625 65.0 59.0 1,050
J-419 625 65.0 59.0 2,040
J-421 625 63.0 60.0 6,000
J-423 625 66.0 62.0 6,000
J-424 625 65.0 59.0 2,170
J-425 625 65.0 59.0 2,440
J-426 625 65.0 59.0 1,920
J-427 625 65.0 59.0 1,520
J-428 625 65.0 59.0 5,560
J-429 625 65.0 59.0 2,040
J-430 635 61.0 54.0 600
J-431 635 61.0 54.0 880
J-432 635 61.0 54.0 1,360
J-433 635 61.0 54.0 1,090
J-434 635 61.0 54.0 1,080
J-435 635 61.0 54.0 1,060
J-436 635 61.0 54.0 820
J-437 635 61.0 54.0 620
J-438 635 61.0 54.0 680
J-439 635 61.0 54.0 4,320
J-440 635 61.0 54.0 1,950
J-441 635 61.0 54.0 4,260
J-442 635 61.0 54.0 2,190
J-443 625 65.0 59.0 5,870




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-444 625 65.0 59.0 5,780
J-445 625 65.0 59.0 2,050
J-446 625 65.0 59.0 2,550
J-447 625 65.0 59.0 1,650
J-448 625 65.0 59.0 1,680
J-449 625 65.0 59.0 6,000
J-450 615 69.0 63.0 6,000
J-451 615 69.0 63.0 1,100
J-452 615 69.0 63.0 2,020
J-453 615 69.0 63.0 1,910
J-454 625 64.0 59.0 2,200
J-455 625 64.0 59.0 6,000
J-456 615 69.0 63.0 1,300
J-457 615 69.0 63.0 1,860
J-458 615 69.0 63.0 900
J-459 615 69.0 63.0 1,620
J-460 615 69.0 63.0 2,500
J-461 635 55.0 54.0 1,910
J-462 635 60.0 54.0 6,000
J-463 635 60.0 54.0 6,000
J-464 635 61.0 54.0 3,690
J-465 635 61.0 54.0 3,820
J-466 635 61.0 54.0 4,080
J-468 635 61.0 54.0 1,220
J-469 635 61.0 54.0 1,050
J-471 635 61.0 54.0 4,920
J-472 635 61.0 54.0 4,370
J-473 635 61.0 54.0 4,660
J-474 635 61.0 54.0 4,880
J-475 635 61.0 54.0 5,040
J-476 635 61.0 54.0 4,290
J-477 635 61.0 54.0 4,890
J-478 635 61.0 54.0 4,870
J-479 635 61.0 54.0 4,810
J-480 635 61.0 54.0 2,890
J-481 625 66.0 60.0 6,000
J-482 625 65.0 60.0 6,000
J-483 625 65.0 59.0 6,000
J-484 625 65.0 59.0 6,000
J-485 625 65.0 59.0 2,740
J-486 625 65.0 59.0 1,790
J-487 625 65.0 59.0 5,600
J-488 625 65.0 59.0 5,570
J-489 625 65.0 59.0 6,000
J-490 625 65.0 59.0 4,160
J-491 635 61.0 54.0 4,900




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-492 630 63.0 56.0 5,190
J-494 630 63.0 57.0 5,340
J-495 635 61.0 54.0 5,470
J-496 635 60.0 54.0 5,320
J-497 635 60.0 54.0 5,350
J-499 635 60.0 54.0 6,000
J-500 635 60.0 54.0 4,610
J-501 635 60.0 54.0 5,330
J-515 635 60.0 54.0 5,960
J-516 635 60.0 54.0 6,000
J-517 635 61.0 54.0 6,000
J-518 635 61.0 54.0 5,090
J-519 630 63.0 56.0 4,340
J-520 630 63.0 56.0 3,920
J-521 625 65.0 59.0 6,000
J-522 630 63.0 57.0 420
J-523 630 63.0 57.0 440
J-524 625 65.0 59.0 6,000
J-525 635 61.0 54.0 6,000
J-526 635 61.0 54.0 6,000
J-528 635 61.0 54.0 6,000
J-529 635 61.0 54.0 4,550
J-530 635 60.0 54.0 1,230
J-531 635 60.0 54.0 1,620
J-532 635 60.0 54.0 1,450
J-533 635 60.0 54.0 1,610
J-534 635 60.0 54.0 1,530
J-535 625 65.0 59.0 1,090
J-536 625 65.0 59.0 5,860
J-537 625 65.0 59.0 880
J-538 630 63.0 56.0 860
J-539 635 61.0 54.0 2,130
J-540 630 63.0 57.0 2,160
J-541 635 61.0 54.0 680
J-543 635 61.0 54.0 6,000
J-544 635 61.0 54.0 1,530
J-545 635 61.0 54.0 5,050
J-547 630 63.0 56.0 2,150
J-548 625 65.0 59.0 6,000
J-549 630 63.0 56.0 2,110
J-550 625 65.0 59.0 6,000
J-551 625 65.0 59.0 1,620
J-552 640 59.0 54.0 1,790
J-554 595 77.0 73.0 1,480
J-555 615 68.0 65.0 6,000
J-556 640 59.0 53.0 5,260




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-558 640 59.0 53.0 5,170
J-559 640 59.0 53.0 5,170
J-560 625 65.0 60.0 5,760
J-561 625 65.0 60.0 5,790
J-562 625 65.0 60.0 5,770
J-563 625 65.0 59.0 1,300
J-564 625 65.0 59.0 5,290
J-565 625 65.0 59.0 5,390
J-566 625 65.0 59.0 2,510
J-567 615 69.0 63.0 1,840
J-568 615 69.0 63.0 2,020
J-569 615 69.0 63.0 2,100
J-571 625 65.0 59.0 1,310
J-572 625 65.0 59.0 6,000
J-573 625 65.0 59.0 6,000
J-574 625 65.0 59.0 6,000
J-575 625 65.0 59.0 6,000
J-576 625 65.0 59.0 6,000
J-577 625 65.0 59.0 4,320
J-578 625 65.0 59.0 1,850
J-579 625 65.0 59.0 790
J-580 625 65.0 59.0 6,000
J-581 625 65.0 59.0 6,000
J-582 625 65.0 59.0 6,000
J-583 625 65.0 59.0 6,000
J-584 625 65.0 59.0 6,000
J-585 625 65.0 59.0 5,520
J-586 625 65.0 59.0 5,240
J-588 625 65.0 59.0 3,330
J-589 625 65.0 59.0 1,100
J-590 625 65.0 59.0 1,690
J-591 625 65.0 59.0 1,980
J-592 625 65.0 59.0 1,550
J-593 625 65.0 59.0 790
J-595 625 65.0 59.0 4,010
J-596 625 65.0 59.0 5,890
J-597 625 65.0 59.0 5,850
J-598 625 64.0 59.0 4,630
J-599 635 57.0 54.0 3,500
J-600 625 61.0 59.0 930
J-601 625 61.0 59.0 920
J-602 635 57.0 54.0 890
J-603 635 57.0 54.0 1,030
J-604 635 56.0 54.0 1,750
J-605 635 56.0 54.0 1,660
J-606 635 56.0 54.0 2,300




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-607 635 56.0 54.0 1,040
J-608 635 56.0 54.0 1,030
J-609 635 56.0 54.0 1,160
J-610 635 56.0 54.0 1,140
J-611 635 55.0 54.0 2,410
J-612 635 55.0 54.0 2,540
J-622 625 64.0 60.0 980
J-623 625 64.0 60.0 900
J-624 610 70.0 67.0 500
J-626 615 64.0 63.0 350
J-627 625 71.0 68.0 6,000
J-628 615 68.0 65.0 6,000
J-629 615 68.0 65.0 6,000
J-630 615 68.0 65.0 2,710
J-631 615 68.0 65.0 1,140
J-632 625 65.0 59.0 6,000
J-633 625 65.0 59.0 6,000
J-634 625 65.0 59.0 6,000
J-635 625 65.0 59.0 6,000
J-636 630 63.0 56.0 5,200
J-637 625 65.0 59.0 1,160
J-639 625 65.0 59.0 1,640
J-640 635 56.0 54.0 730
J-641 635 60.0 54.0 1,480
J-642 625 65.0 59.0 890
J-644 635 61.0 54.0 4,830
J-646 635 60.0 54.0 1,500
J-649 625 65.0 59.0 1,170
J-651 625 65.0 59.0 1,310
J-652 625 65.0 59.0 2,460
J-655 640 59.0 54.0 5,270
J-657 625 65.0 60.0 1,410
J-659 635 58.0 54.0 6,000
J-660 625 65.0 59.0 1,180
J-662 640 58.0 52.0 2,060
J-664 640 58.0 52.0 3,390
J-665 625 65.0 59.0 5,040
J-671 635 60.0 54.0 5,710
J-672 635 60.0 54.0 5,660
J-673 625 65.0 59.0 3,140
J-674 625 63.0 59.0 5,560
J-675 635 60.0 54.0 550
J-676 635 60.0 54.0 5,830
J-677 625 65.0 59.0 1,030
J-678 625 65.0 59.0 1,080
J-679 625 65.0 59.0 410




CITY OF MUSKEGON HEIGHTS

2014 WATER SYSTEM RELIABILITY STUDY

MODEL OUTPUT - 2034 DEMANDS WITH RECOMMENDED IMPROVEMENTS

Label Elevation Pressure (psi) Available Fire Flow
(ft) AvgDay | Max Day (gpm)
J-680 625 65.0 59.0 1,050
J-681 630 63.0 56.0 1,030
J-684 630 63.0 56.0 1,130
J-686 630 63.0 56.0 6,000
J-687 630 63.0 56.0 6,000
J-688 635 61.0 54.0 2,660
J-689 635 60.0 54.0 5,690
J-690 635 60.0 54.0 920
J-691 635 60.0 54.0 1,160
J-692 635 60.0 54.0 5,680
J-693 635 60.0 54.0 1,030
J-694 635 60.0 54.0 1,160
J-695 625 65.0 59.0 1,210
J-696 625 65.0 59.0 1,200
J-697 625 65.0 59.0 1,330
J-698 625 66.0 60.0 6,000
J-699 625 65.0 60.0 870
J-700 640 59.0 53.0 820
J-701 640 59.0 53.0 950
J-702 640 59.0 53.0 990
J-703 640 59.0 53.0 1,010
J-704 640 59.0 53.0 1,010
J-705 640 59.0 53.0 1,050
J-706 640 60.0 55.0 6,000
J-707 640 59.0 54.0 1,240
J-708 640 59.0 53.0 1,190
J-709 640 59.0 53.0 1,190
J-710 625 64.0 59.0 1,470
J-711 625 64.0 59.0 1,560
J-712 625 65.0 59.0 5,850
J-713 625 65.0 59.0 1,220
J-714 625 65.0 59.0 380
J-715 635 60.0 54.0 1,900
J-716 625 65.0 59.0 3,800
J-717 625 65.0 59.0 680
J-718 625 65.0 59.0 1,550
J-720 640 61.0 57.0 6,000
J-721 610 70.0 67.0 1,780
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APPENDIX E - WATER SYSTEM ASSETS

Infrastructure ID Year Installed Notes
High Service Pump HSP 1 1965 150 hp, permit capacity - 4.5 mgd, Constant Speed
High Service Pump HSP 2 1965 250 hp, permit capacity - 6.0 mgd, Constant Speed
High Service Pump HSP 3 1973 100 hp, permit capacity - 2.0 mgd, Constant Speed
High Service Pump HSP 4 2002 250 hp, permit capacity - 5.0 mgd, Variable Speed
High Service Pump HSP 5 2002 250 hp, permit capacity - 5.0 mgd, Variable Speed
High Service Pump HSP 6 2002 250 hp, permit capacity - 5.0 mgd, Variable Speed
High Service Pump HSP 7 2002 250 hp, permit capacity - 5.0 mgd, Variable Speed
High Service Pump SH 1 1965 100 hp, permit capacity - 3.0 mgd, Constant Speed
High Service Pump SH 2 1940 200 hp, permit capacity - 6.0 mgd, Constant Speed
High Service Pump SH 3 1965 75 hp, permit capacity - 2.2 mgd, Constant Speed
High Service Pump SH 4 1940 150 hp, permit capacity - 4.0 mgd, Constant Speed
High Service Pump GB 1 2002 30 hp, permit capacity - 0.3 mgd, Variable Speed
High Service Pump GB2 2002 30 hp, permit capacity - 0.3 mgd, Variable Speed
High Service Pump GB3 2002 30 hp, permit capacity - 0.3 mgd, Variable Speed
Generator WTP 800 kW, diesel fuel , 1350 hp, 10 mgd capacity
Generator Shorewell LSP 505 kW, diesel fuel , 765 hp, 10 mgd capacity

Storage Tank Sherman Blvd (West) 1940 500,000 gal vol, ground storage - last inspection: 2005

Storage Tank Sherman Blvd (East) 1940 1,000,000 gal vol, ground storage - last inspection: 2005

Storage Tank Getty Street 1964 750,000 gal vol, multileg elevated - last inspection: 2007

Water Main NA 1900-1930 140,618 ft

Water Main NA 1931-1959 6,300 ft

Water Main NA 1960-1979 152,732 ft

Water Main NA 1980-1999 11,853 ft

Water Main NA 2000-2014 4,381 ft
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Section 1 - Executive Summary

A Summary

The purpose of this Water Reliability Study is to satisfy the requirements of the Michigan Safe
Drinking Water Act. The Act requires that Type 1 water suppliers submit a Reliability Study
every five (5) years to determine the adequacy of the system to meet present and projected water
demands for the next ten years. The distribution system was analyzed separately by others. The

focus of this report is the water supply, treatment and pumping systems.

B. Results

The results indicate that virtually all of the treatment system components are within the design
criteria as published by the “Recommended Standards for Water Works, 2012 Edition” by the
Great Lakes Upper Mississippi River Board of State and Provincial Public Health and
Environmental Managers (This document is commonly referred to as the Ten State Standards).
The only processes which do not completely conform to Ten States Standards are the settling
basins and sludge storage lagoons. For the Settling Basins, the plants rated capacity exceeds the
capacity recommended based on the maximum velocity of 0.5 feet per minute in the settling
basins. The Water Filtration Plant’s (WFP) rated capacity only exceeds recommended design
capacity by 5% is considered adequate since the recommendations for detention time and other
criteria are met. For the sludge storage lagoons, the minimum recommended operating depth
and available freeboard height are not provided, however, the lagoons function as design and are
adequate for the WFP.

C. Conclusions

This Water Reliability Study concludes that the City of Muskegon Heights water supply and
treatment system components meet the requirements to provide a safe, efficient and reliable
water supply to its residential, commercial, industrial and contract customers. The adequacy of

the distribution system is being analyzed separately by others.

Currently, the Muskegon Heights Water Filtration Plant treats water for customers located in the
Cities of Muskegon Heights and Norton Shores plus Fruitport Township. Recently, the City of
Norton Shores and Fruitport Township formed the West Michigan Regional Water Authority.

City of Muskegon Heights
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This new Authority will allow for the two municipalities to jointly bond for the construction of a
new pump station, transmission main and other items required to connect the Norton Shores and
Fruitport Township Water Systems to the City of Muskegon Water Filtration Plant. The current
agreement for Muskegon Heights to provide Norton Shores and Fruitport Township with water
expires on April 15, 2015. For the purposes of this report, it is assumed that Norton Shores and
Fruitport Township will no longer be customers of the Muskegon Heights Water Filtration Plant
after April 15, 2015.

The potential decision for the City of Norton Shores and Fruitport Township to leave will have a
great impact on the WFP as these communities currently represent approximately 78% of the
population served by the WFP and account for approximately 75% of the water demand.
However, as a result of the separate expansions over the years and general layout of the WFP,
the treatment rate for the WFP can be reduced without the need for major modification to the
WFP.

The WFP consists of six pretreatment trains (a combination of a flocculation basin and
corresponding settling basin) with the ability to feed any of the 12 filters individually. With
some minor operation changes, any number and combination of pretreatment trains can be
operated at one time to maintain the desired treatment rate through each pretreatment train.
Based on the recommended design criteria published in Ten States Standards, each pretreatment
train has the ability to treat a maximum of 4.2 or 4.6 million gallons per day (MGD) (depending
on the specific pretreatment train) and each filter is capable of treating 2.1 million gallons per
day. Although the current rated capacity of the WFP greatly exceeds the demand from the City
of Muskegon Heights Water System alone, the WFP can be adjusted with minor operational

changes to adequately meet the current and future demands of Muskegon Heights alone.

Currently, the WFP is operated in three shifts, 24 hours per day and seven days per week. Due
to the expected loss of customer base and resulting decrease in water demand and revenue, it is
recommended that the WFP be reduced to operating one shift per day, seven days per week.
Although it will take some additional time and effort every day, the conventional filtration
treatment processes utilized by the WFP and the design of the WFP, lend themselves to allow for
the daily startup and shutdown of the WFP without major operational challenges. The available

finished water storage at both the plant site and in the distribution system provide more than

City of Muskegon Heights
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enough storage to allow for the intermittent operation of the WFP while still providing adequate

storage for the water system demands and required fire flows.

Several project recommendations are presented in a capital improvement list for the WFP. These
projects were developed jointly between representatives of the City and HRC based on current
needs identified at the WFP. The total estimated cost range for these recommendations is
$1,900,000 to $2,300,000. Many of these projects will require engineering assistance and could
then be competitively bid. The City should consider putting these projects in an overall capital

improvement plan and establish a reasonable time frame to implement the projects.
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Section 2 - Purpose

A. General

The purpose of this study is to satisfy the requirements of the Michigan Department of
Environmental Quality’s Michigan Safe Drinking Water Act (Act 399 of 1976 as amended) and
the Rules promulgated pursuant to the Act. Part 12 of the Rules require that Type 1 water
suppliers conduct a Water Reliability Study every five (5) years to determine the reliability of

the system to meet existing water demands and water demands projected for the next ten years.

The water distribution and storage system condition, reliability and adequacy were analyzed

separately by others.

This evaluation focuses on the reliability of the water supply, treatment, pumping and storage

capacity including the water storage capacity and condition at the plant site.

A Sanitary Survey of the water filtration plant and distribution system was prepared by the
MDEQ in February 2008. HRC has relied upon the Sanitary Survey plus discussions with plant
personnel and record drawings for most of the information pertaining to the number and size of

the various treatment basins, filters and storage reservoirs.

The treatment system components were analyzed and compared to the design criteria published
by the “Recommended Standards for Water Works, 2012 Edition” by the Great Lakes Upper
Mississippi River Board of State and Provincial Public Health and Environmental Managers
(Ten State Standards).

The principal elements of this Water Reliability Study include a study of water supply and
treatment plant capabilities for the current and 10-year projected average daily, maximum daily,

maximum daily and peak instantaneous demands.

MDEQ generally requires that an approved Water Reliability Study be on file to obtain
construction permits for additions and alterations to the water system.

City of Muskegon Heights
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Section 3 - Population and Water Usage

A Population

Currently, the Muskegon Heights Water Filtration Plant treats water for customers located in the
Cities of Muskegon Heights and Norton Shores plus Fruitport Township. Recently, the City of
Norton Shores and Fruitport Township formed the West Michigan Regional Water Authority.
This new Authority will allow for the two municipalities to jointly bond for the construction of a
new pump station, transmission main and other items required to connect the Norton Shores and
Fruitport Township Water Systems to the City of Muskegon Water Filtration Plant. The current
agreement for Muskegon Heights to provide Norton Shores and Fruitport Township with water
expires on April 15, 2015. For the purposes of this report, it is assumed that Norton Shores and
Fruitport Township will no longer be customers of the Muskegon Heights Water Filtration Plant
after April 15, 2015 but also includes the traditional information for a Reliability Study given the

current conditions.

The projected population for each municipality is based on data from the US Census Bureau and
the West Michigan Shoreline Regional Development Commission (WMSRDC). According to
the WMSRDC Demographic and Economic Projections, Muskegon Heights is projected to have
an approximate 0.12% growth rate per year from 2012 to 2024. Norton Shores and Fruitport
Township are projected to have similar growth rates. The existing and projected population for
each municipality along with the total population served by the Muskegon Heights WFP is

shown in the table below.

Table 3-1: Existing and Projected Population Served

Muskegon Fruitport Total Population
Year Heights Norton Shores Township Served
2010* 10,856 23,994 13,598 48,448
20142 10,908 24,109 13,663 48,681
2015 10,921 24,138 13,680 10,921
2024? 11,040 24,400 13,828 11,040

Notes: 1: Population from the US Census Bureau Statistics
2: The estimated population is based on a 0.12% growth per year

If the Norton Shores and Fruitport Townships continue forward with plans to leave the

Muskegon Heights WFP, the total customer base will be reduced from approximately 48,681 to
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11,040 or by approximately 78%. If, for some reason, the exodus doesn’t occur, the population
served would be similar to current conditions since growth in the service area is not expected to

be significant.

B. Water Usage

Table 3-2 shows the water system demands for the total system (Muskegon Heights, Norton

Shores and Fruitport systems) and for the Muskegon Heights system separately for the previous

5 years.
Table 3-2: Total System Water Demands
Muskegon Heights System Demand
Total System Demand (MGD) (MGD)
Demand 2009 | 2010 | 2011 | 2012 | 2013 | 2009 | 2010 | 2011 | 2012 | 2013

Average Day 5.9 55 5.3 5.6 5.2 1.6 14 1.4 13 1.3

Average Day
Maximum Month | 9.6 10.0 94 10.4 8.7 2.3 2.0 2.1 1.9 1.7

The water system demands for Muskegon Heights Water System have been decreasing for the

past 5 years and currently accounts for approximately 25% of the total system demands.

For 2013, the average day flow in the maximum month is 1.3 times the annual average day and
the maximum daily demand is 2.5 times the annual average day. A 1.75 peaking factor was used

to estimate the peak instantaneous (or maximum hour) system demand.

In 2010, the average daily per capita flow rate for the Muskegon Heights Water System was 128
gallons per capita day (gpcd). To determine the projected future water demands, the average day
flow rate of 128 gcpd was multiplied times the projected 2024 population as shown in Table 3-1.
Keeping with the 2013 data, the 1.3 and 2.5 factors were used to determine the average day
maximum month and maximum daily demands respectively. The 1.75 peaking factor was used
to estimate the peak instantaneous demand. Table 3-3 shows the current and future water system

demands for Muskegon Heights.
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Table 3-3: 2013 Muskegon Heights Water System Demands

Demand 2013 Estimated 2024°
Annual Average Day, MGD 1.3 14
Average Day Maximum Month, MGD 1.7 2.0
Maximum Daily, MGD 3.2 35
Minimum Day Demand, MGD 0.4 0.4
Peak Instantaneous (or Maximum Hour) 5.6" 6.1

Notes: 1: Estimated using a peaking factor of 1.75
2: The future water system demands were estimated using the projected
2024 population of Muskegon Heights as shown in Table 3-1

As indicated in Tables 3-3, at the current plant rating of 25.2 MGD, there is ample capacity for
the projected future growth in population and flow demands.

3-3
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Section 4 -  Existing Water Supply and
Treatment System

A. Existing System

The origin of the Muskegon Heights Water System dates back to 1907 when wells were the
source of supply. In 1941 a Water Filtration Plant (WFP) was placed in service using Lake
Michigan as the source of supply. The original plant had a rated capacity of 5.7 Million Gallons
per Day (MGD). The plant site is on Seminole Road in Norton Shores. In 1965 and 1971 the
plant capacity was increased each time by 5.7 MGD. The treatment plant was upgraded in 2002
to the current rated capacity of 25.2 Million Gallons per Day (MGD). Water is currently
provided to the cities of Muskegon Heights and Norton Shores as well as Fruitport Township.
Water to Norton Shores and Fruitport Township is pumped directly from the WFP and can also
be pumped from the Muskegon Heights Distribution System at the Getty Street Elevated Storage
Tank. The Norton Shores/Fruitport Water System operates at a pressure approximately 10 psi

higher than the City of Muskegon Heights Water System.
A site plan of the facilities at the Water Filtration Plant is shown in Figure 4-1.

1. Source Water and Intakes

Lake Michigan provides an unlimited excellent quality raw water source for the City of
Muskegon Heights. A Source Water Assessment completed in 2004 that indicated the
intakes are moderately sensitive to potential contaminants. The source water has moderately
high susceptibility to potential contamination. These and other climatic conditions of wind
and temperature inversions which create problems can be handled by an experienced

operating staff.

The plant has two separate intake pipelines into Lake Michigan each with dual intake cribs.
The original intake constructed in 1941 is a 30-inch pipe 4,700 feet long with a capacity of
16.8 MGD. A newer 4,800 feet long 42-inch intake with a capacity of 34 MGD was
constructed as part of the 2002 expansion project. The total rated capacity of both intakes is
50.8 MGD. Each intake pipe has a single emergency intake/access manhole approximately
1,500 feet from each crib that can be used as a standby emergency intake if the cribs become

plugged. Details of the manhole on the 1940 intake are not available, but the pipe extends
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approximately 8 feet from the buried intake pipe to approximately 2 feet above the lake
bottom. The manhole on the 2002 intake extends to 3 feet above the lake bottom and is
capped with a blind flange with eye hook for removal. Both manholes are protected with

riprap. Each intake crib is equipped with chemical feed lines to control zebra mussel growth.

The intakes were last cleaned in 2012. As part of this work, the 30-inch emergency access
manhole intake cover on the older 30-inch intake pipe was replaced. The intakes were made
fully operational, including the chemical feed piping, and they were flow tested at that time.
The 30-inch intake is currently not in use but should be tested again to ensure the reliability
of this intake for future use. Due to the concern regarding sand buildup near the intakes and
the emergency access manholes, it is recommended that both intakes be inspected every five
years including a flow test to determine the Hazen Williams C value for each intake.

Additional inspections and repair work may be necessary if results are not acceptable.

The water plant currently applies chlorine using a sodium hypochlorite solution for zebra
mussel control on a seasonal basis, typically when the water temperature is at or above 50 to
51 degrees Fahrenheit, which targets the specific time of the zebra mussel’s growth cycle.
The City should continue to chlorinate the in-use intakes on a seasonal basis unless
additional chemical contact periods are desired or if zebra mussel activity or accumulation is

observed during other times of the year.

Phosphate is also fed into carrier water solution to prevent calcium carbonate from

precipitating in the carrier line.

2. Low Service Pump Station

The Low Service Pump Station includes six low service pumps. A list of the existing low

service pumps is presented in Table 4-1.
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Table 4-1: Low Service Pumps

Design Total Motor
Pump Capacity Dynamic Size Year
Number | (MGD) Head (ft) (HP) Installed Drive Type
1 7.4 128 250 2000 Variable Frequency
2 4.6 120 100 1988 Constant Speed
3 7.4 128 250 2000 Constant Speed
4 3.7 120 150 2008 Variable Frequency
5 5.4 120 150 1965 Constant Speed
6 8.8! 130 250 1974 Constant Speed

Notes: 1: Low Service Pump No. 6 is currently not in operation due to an issue with
the Motor Starter.

The total capacity with all six pumps operating is 33.9 MGD. The firm capacity, which is the
pumping capacity with the largest pump out of service, is 25.3 MGD.

There are two 30-inch discharge lines from the low service pump station that convey the raw
water to the water plant. A hydraulic analysis of each low service discharge line was performed
starting from the low service pumps and ending at the flocculation basins. A system curve was
generated for each pipe. Pump curves were only available for Low Service Pumps 2, 4 and 6. It
was determined that each line, if operated independently, can provide more than 50% of the low

service pumping capacity. The System curves are show in Figure 4-2 below.

Pump selection at the Low Service Pump Station is done by operator preference and primarily to
maintain even wear and usage on each pump since the cost of operation is not markedly different
between the various pumps. Currently Pump Number 6 is not operational due to an issue with

the Soft Starter, which should be replaced.
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Figure 4-2 Low Service Pump Curves and System Curves for Pumps Running

Independently

C=120

C=140

3. Rapid Mix and Flocculation Basins
There are two in-line mechanical mixers for mixing pretreatment chemicals prior to
flocculation. One is located on each of the two 36-inch raw water lines. Each mixer is
capable of provided a velocity gradient of 2500 — 3400 sec’ @ 23 to 70 °F. Chemicals
added before the mixers are chlorine and alum. Both mixers are functional although they
have been prone to leakage through the shaft seals in the past which is typical with this type
of mixer. If these mixers are ever replaced, consideration should be given to a high speed
induction type mixer, which is not prone to shaft seal leakage problems. There are no
variable speed options on these mixers but this is not considered to be detrimental since

rapid mix typically performs well in a high speed, high shear environment.

There are a total of six (6) flocculation basins located at the water filtration plant with a total
volume of 0.792 MG. The design capacity of the flocculation basins is 25.2 MGD. At this
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flow rate the detention time is 45.3 minutes with a flow thru velocity of 0.85 feet per minute
(fpm). Ten States Standards recommendation for detention time is 30 minutes and a flow
thru velocity between 0.5 and 1.5 fpm. Table 4-2 shows the cross-sectional areas of each
basin and the permissible flow rate at the Ten States Standards recommended velocities.

Table 4-2: Flow Rates at Ten States Standards Recommended Velocities
Through each Flocculation Basin

Basin Basin Maximum Flow Rate at
Width Depth Through Flow Velocity
Flocculation | (Each) (Each) Volume | 0.5ft/min | 1.5 ft/min
Basins Feet feet MG MGD MGD
1 43 13.8 0.13 3.2 9.6
2 43 13.8 0.13 3.2 9.6
3 43 13.8 0.14 3.2 9.6
4 43 13.8 0.14 3.2 9.6
5t 16.7/44 13.8 0.14 1.2/3.2 3.7/9.8
6" 16.7/44 13.8 0.14 1.2/3.2 3.7/9.8

Notes: 1: Internal baffles inside flocculation tanks 5 and 6 create a serpentine
flow arrangement thus reducing the cross sectional area carrying the
flow inside the tanks. Since this arrangement has not markedly
affected flocculation and settling performance it is assumed that their
flow rate capacity is not materially affected .

Based on the design capacity of the plant of 25.2 MGD, the flow through velocity is within
the Ten States Standards criteria. However based on the anticipated future average flows,
these conditions would not be achieved since the flow-through velocities will be less than
recommended with all basins in operation. For future conditions, it is recommended that one
or two sets of flocculation basins be operated at a time to maintain the velocity and reduce
wear on the flocculator mechanisms. The flocculator drives and paddles for Basins have

been rebuilt and mechanisms replaced with greased bearings and are in good condition.

According to the previous Sanitary Survey, the area behind the inlet baffle on basins 1 - 4
collects surface scum and is recommended to be cleaned on a regular basis to remove the

buildup of this scum.

Flocculation Basins 1 through 4 were drained, inspected and repairs were made in 2011.

These repairs included repair of the wall surface of flocculation basins 1 and 2 and repairs of
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areas of outward leakage from basin 3 as well as repair of the structural expansion joint
between the 1940 and 1964 structures.

4. Settling Basins

The plant has a total of six basins with a total volume of 4.34 MG. The design capacity of
the settling basins is 25.2 MGD. At this flow rate the detention time is 4.13 hours with a
flow thru velocity of 0.52 fpm. Ten States Standards recommendation for detention time is 4
hours and a flow thru velocity of less than 0.5 fpm. Basins 1 through 4 have limited baffling
while basins 5 and 6 each have an inlet baffle wall with 105 3-inch diameter holes and four
30-foot long weir troughs on each basin outlet. Table 4-3 shows the width, depth and
volume of each basin and the permissible flow rate at the Ten States Standards
recommended velocity and detention time.

Table 4-3: Flow Rates at Ten States Standards Recommended
Velocities and Detention Time through each Settling Basin

Basin Basin Maximum Flow Rate
Width Depth Max Velocity | Detention Time
Settling (Each) (Each) Volume (0.5 ft/min) (4 hours)
Basin Feet feet Million Gallons MGD MGD

1 43 17.7 0.70 4.1 4.2

2 43 17.7 0.70 4.1 4.2

3 43 17.7 0.77 4.1 4.6

4 43 17.7 0.77 4.1 4.6

5 44 16.4 0.70 3.9 4.2

6 44 16.4 0.70 3.9 4.2

Some leakage is occurring through the ceiling of Settling Basins 1 through 4. It is planned
to cover these basins with a membrane and install drainage pipes on top of the basin to

minimize water ponding on the surface of the structure.

Flow-through velocities for the flocculation basins and detention times for both the
flocculation and settling basins at design capacity are adequate and within or below the
recommended Ten State Standards. A review of plant operating data for 2013 indicates that
the plant has maintained pretreatment efficiencies by producing settled water with an
average turbidity of 0.54 NTU.
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5. Filtration

The plant has a total of twelve filters providing a combined capacity of 25.2 MGD at 3
gpm/sf. Each filter is equipped with rotary surface wash arms. Filters 1 through 4 and 9
through 12 have Leopold underdrains and Filters 5 through 8 have Wheeler stacked ball type
underdrains. All twelve filters use a gravel media support system. Filter backwash water is
supplied by three 9,750 gpm pumping units. Each filter has a filter to waste line and an on-

line turbidity monitor.

Filters 1 through 4 and 9 through 12 have 12-inches of anthracite over 18-inches of sand
directly over the media support plate underdrains. Filters 5 through 8 have 6-inches of

anthracite over 22 inches of sand with 12-inches of support gravel over the underdrains.

The filters meet Ten State Standards recommendations. Filters 1 and 3 share a common wall
with the flocculation basin, however this wall was originally constructed with an internal
drained cavity so technically there is a double wall in this location. Filter backwash cycles
at the WFP are performed through an automated process. Manual controls are provided at
each filter to override or adjust the automation if necessary. Standard operating procedures

for manually backwashing a filter are provided and staff is trained to follow the procedures.

The filter control valves were previously controlled with programming and wiring from the
valve manufacturer which was no longer supported. This programming and wiring has been
eliminated to allow for the plant SCADA system to control all valves. The filter influent
valves have recently been replaced but the filter effluent control valves are obsolete and no

longer supported by the manufacturer. The filter effluent control valves should be replaced.

During the 2008 Sanitary Survey, many filters were observed to have some mixing of the
sand and anthracite media. This appears to be attributed to the gradation of the media. The
D90/D10 ratio of anthracite to sand appears to be close to 4 rather than the ideal ratio of 3.
When the ratio is this high, too much intermixing of the medias can occur, which could
potentially result in poor-quality filtrate. The filter media should continue to be monitored

for potential issues but currently the filters are producing quality filtrate.

The previous Sanitary Survey included performance goals for the operation of the filters.
These goals along with a summary of the operating data from 2013 are included in the Table
4-4,
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Table 4-4: 2013 Filter Operation Data

2013

Criteria Performance Goals | Annual Average | Monthly Averages
Filter Run Time Up to 200 hours 167 hours 131 - 193 hours
Loading Rate Less than 3 gpm/sf 1.2 gpm/sf 1.0 - 1.4 gpm/sf
Treated Water Turbidity | Less than 0.05 NTU 0.03 NTU* 0.02 - 0.5 NTU*
Wash Water Usage
(Wash Water Used /
Total Water Treated) Less than 1.5% 3.20% 2.0% - 4.3%

Notes: 1: Turbidity values obtained from combined filter effluent turbidimeter readings.

As shown in the table, the filters consistently operate at or near to these performance goals

with exception of the total wash water usage.

Currently, the plant staff backwash the filters when the effluent flow control valve reaches
100% open, even if the head loss through the filter is acceptable and the filter is treating
water effectively. Allowing the filter to continue to operate until the filter headloss increases

would allow for longer run times and would likely help reduce wash water usage.

The filters are currently operated on a continuous basis with between three to five filters out
of service at one time. Even with the three to five filters out of service at any time during the
year, the maximum loading rate for the filters was only 2.12 gpm/sf, well below the
recommended maximum loading rate of 3 gpm/sf. Based on future water demands, the City
may want to consider adjusting the number of filters in service during low demand periods to

further reduce wash water usage.

Sludge Handling

There are two on-site infiltration lagoons for the disposal of process wastewater. According
to the 2008 Sanitary Survey, the combined volume of the two lagoons is 1.89 MG. The
usable depth of each lagoon is 3.5 feet with 1.5 feet of free board. Although neither lagoon
is strictly in conformance with the recommendations of Ten State Standards (which
recommends a minimum usable depth of 5 feet and freeboard of 2 feet), they function as
designed. The discharge from these two lagoon cells qualifies for a groundwater permit
exemption. The sanitary sewer can also be used to dispose of process wastewater in an

emergency. Groundwater disposal has not been a capacity concern since the lagoons are
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located in an area with significantly well drained soils. Cleaning of the sludge lagoons will

be an ongoing O&M expense for the facility.

An analysis of the sludge storage capacity was completed in order to determine the
approximate frequency with which the lagoons would reach their capacity based on future
flows. The average amount of sludge produced was determined by reviewing at the average
daily flow and the amount of Alum added in 2013. Table 3-3 shows the approximate
amount of time it would take to fill the lagoons based on both the current annual average

flow and at the projected future average flow.

Table 4-5: Time to Fill Sludge Storage Lagoons

Total Fill Time (Years) at the Fill Time (Years) at the
Volume | Current Annual Average | Future Annual Average
Lagoon (MG) Flow of 5.2 MGD Flow of 1.4 MGD
North 0.94 4.4 16.3
South 0.95 4.4 16.4
Total 1.89 8.8 32.7

The fill times for the sludge lagoons will increase with the loss of water demand in the future
reducing the expense of maintaining the lagoons. However, the lagoons should still be
cleaned and monitored to make sure adequate volume of sludge storage is available. The
plant spent approximately $140,000 to clean the south lagoon in 2006 and it is anticipated
that both lagoons will need to be cleaned in the future. This cleaning project will be

included in the Capital Improvement Plan.

7. Treated Water Storage and High Service Pumps

There are two finished water storage reservoirs each with a capacity of 2.0 MG located at the
treatment plant. In addition there is 0.5 MG of finished water storage located in the
clearwells under the filters for a total finished water storage volume of 4.5 MG at the plant
site. The Sherman Avenue Reservoir, located remotely from the plant, provides an additional

1.5 MG of finished water storage capacity for a total finished storage capacity of 6.0 MG.

The Sherman Avenue Reservoir was inspected in 2005 by Dixon Engineering and found to
be in good condition. Recently, a retaining wall was built to provide a protective soil cap
over the previously exposed east wall and the hatches over the valve chambers were

replaced.
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The east and west reservoirs at the plant were also inspected by Dixon Engineering in 2006
and also found to be in good condition. The clearwells were inspected by plant personnel

during this past winter and no significant issues were observed.
All tanks should be scheduled for recurring inspections at least once every five years.

There are two High Service Pump Stations at the plant site. High Service Pumps (HSP) No.
1, 2 and 3 are located in the original East High Service Pump Station and pump to the
Muskegon Heights Pressure District. The original HSP No. 1 and 2 were installed in 1965.
However, no curves are available for these pumps. The West High Service Pump Station
was constructed as part of the 2002 plant expansion project. HSP No. 4 through 7 are
located in this new pump station and currently pump to the Norton Shores/Fruitport Pressure
District. Figure 4-3 shows the pump curve for High Service HSP No. 4 through 7 (which are
all identical) operating at full and reduced speeds. Figure 4-3 also includes the system curve
developed using the design points of HSP No. 1, 2 and 3. This system curve gives an
indication of where HSP No. 4 — 7 would operate if these pumps were connected to the
Muskegon Heights Distribution System, which is discussed in Section 5 of this report. A list

of all of the existing high service pumps is presented in Table 4-6.

The total capacity of all seven pumping units at the WFP is 32.5 MGD. The firm capacity is
26.5 MGD. The firm capacity of all pumps that can pump from the plant to the Muskegon
Heights system (this includes the Sherman Reservoir Pumps) is 11.5 MGD. The firm
capacity of all pumps that can pump from the plant to the Norton Shores - Fruitport system

(this includes the Getty Booster Pumps) is approximately 15.9 MGD.
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Figure 4-3: High Service Pumps No. 4 through 7 Pump Curves
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The older East High Service Pump Station includes two backwash water supply pumps and
the newer West High Service Pump Station includes one backwash water supply pump for
filter washes. A system curve was developed as part of the previous Reliability Study
starting from Backwash Pump No. 3 and ending at Filter No. 12 (Worst-case condition).

Figure 4-4 shows the backwash system curves and the pump curve.

Figure 4-4: Backwash Pump No. 3 Curve and Backwash System Curves
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Based on this analysis, it was found that the Backwash Pump No. 3 can provide 20 GPM/ft?,
which easily meets the Ten States Standards recommendation and should be sufficient for

filter bed expansion. Curves are not available for the older backwash pumps.

The Sherman High Service Pump Station is reliant on a low-pressure gravity main that runs
from the WFP to the reservoir and is the only source of water for filling the reservoir. This
main has been reliable and is not subject to pressure surges or other fluctuations that could
cause negative pressure conditions. A control valve at the Sherman Reservoir is utilized to
maintain the hydraulic grade line above the surface grade on the transfer line at all times
with an adequate factor of safety so that the hydraulic grade line in the pipe never comes
close to the surface grade. High Service Pumps are selected so that equipment wear is

evened out and to provide adequate turnover of reservoir contents in the case of the Sherman

Reservoir.
Table 4-6: High Service Pumps
Design Total
Pump Pumps| Capacity Dynamic Motor Year
Number| Location to (MGD) Head (ft) | Size (HP)| Installed Drive Type
HSP 1 East HSPS MH 4.5 162 150 1965 Constant Speed
HSP 2 East HSPS MH 6.0 185 250 1965 Constant Speed
HSP 3 East HSPS MH 2.0 142 100 1973 Constant Speed
HSP 4 | West HSPS | NS/FP 5.0 210 250 2002 |Variable Frequency
HSP5 | West HSPS | NS/FP 5.0 210 250 2002 |Variable Frequency
HSP6 | West HSPS | NS/FP 5.0 210 250 2002 |Variable Frequency
HSP7 | West HSPS | NS/FP 5.0 210 250 2002 |Variable Frequency
SH1 | ShermanRes | MH 3.0 155 100 1965 Constant Speed
SH?2' | ShermanRes | MH 6.0 155 200 1940 Constant Speed
SH3 | ShermanRes | MH 2.2 152 75 1965 Constant Speed
SH4' | ShermanRes | MH 4.0 180 150 1940 Constant Speed
GB1 MH Elev NS/FP 0.3 48 30 2002 |Variable Frequency
GB 2 MH Elev NS/FP 0.3 48 30 2002 |Variable Frequency
GB 3 MH Elev NS/FP 0.3 48 30 2002 |Variable Frequency
Notes: 1: Currently not operational due to valve issues.
8. Chlorine Feed

The WFP switched from chlorine gas to liquid sodium hypochlorite as part of the plant
upgrades in 2002. Sodium hypochlorite is stored in two 7,000-gallon storage tanks.
Currently only one of the 7,000-gallon storage tanks is filled at a time to reduce the loss of
hypochlorite strength over time. There is also a 300-gallon day tank. There are nine positive

displacement chemical feed pumps available to feed the solution to twelve different injection
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points spread throughout the treatment process. The hypochlorite tanks and feed pumps are
located in a separate room from other chemicals. Phosphate is fed into all carrier water lines

to control calcium carbonate build-up in the feed lines.

C*T is a measure of disinfection effectiveness for the time that the water and disinfectant are
in contact, where “C” is the concentration of the disinfectant and “T” is the amount of time
the disinfectant is in contact with the water. The C*T for the WFP was calculated in
accordance with USEPA Disinfection Profiling and Benchmarking Technical Guidance
Manual. The C*T required for the WFP is based on the required 3-log removal (or
inactivation) of giardia and 4-log removal (or inactivation) for viruses during the treatment
processes. With the conventional treatment process used at the Muskegon Heights WFP, a
2.5-log removal for giardia and 2-log removal for viruses is provided by the treatment
processes. The remaining 0.5 log removal for giardia and 2-log removal for viruses required
is to be provided with the use of disinfection. Since the WFP uses sodium hypochlorite
(chlorine) for disinfectant and sodium hypochlorite is more effective at the inactivation of
viruses than giardia, the required C*T is based on the 0.5 log removal of giardia. The C*T
required for 0.5 log removal of giardia in water at a pH>9.0 and 0.5 degrees Celsius is 77.0
min-mg/l. Table 4-7 shows the C*T values attributed to each treatment process under
conservative conditions. The following conservative conditions were used to determine the
C*T provided by the WFP:

e The maximum design flow rate of 25.2 MGD through the WFP and maximum flow
rate out of the storage reservoirs of 41.5 MGD. The flow rate out of the storage
reservoirs includes 20 MGD to the West High Service Pump Station, 12.5 MGD to
the East High Service Pump Station and the rated capacity of the gravity feed to the
Sherman High Service Pump Station of 9.0 MGD.

e The volume in the Storage Reservoirs and Filter Clearwells is based on the
minimum operating water levels of 3 feet deep in the West Reservoir and 7 feet
deep in the East Reservoir. There are three Filter Clearwells each with a north and
south part. The south clearwell must flow through the north clearwell to enter the
reservoirs. The storage volume for the Filter Clearwells is based on Clearwell No. 1
with a 3 feet deep water level to match the minimum operating water level of the

West Reservoir.
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o Baffling factors were used to conservatively estimate the actual detention time in
each process based on the amount of baffling provided to prevent short circuiting.
The baffling factors were determine in accordance with USEPA guidance as
described in Table 4-7.

e The minimum yearly chlorine residuals as measured at the rapid mix, applied and
plant tap locations.
Table 4-7: Baffling Factors

Baffling Baffling
Condition Factor Baffling Description
None, agitated basin, very low length to width
Unbaffled 0.1 ration, high inlet and outlet velocities
Single or multiple unbaffled inlets and outlets, no
Poor 0.3 intra-basin baffles.
Average 0.5 Baffled inlet or outlet with some intra-basin baffles.
Perforated inlet baffle, serpentine or perforated intra-
Superior 0.7 basin baffles, outlet weir or perforated launders.
Perfect (Plug Very high length to width ratio (pipeline flow),
Flow) 1.0 perforated inlet, outlet, and intra-basin baffles.

Table 4-8: WFP C*T Calculations

Min
Flow Detention | Chlorine C*T
Rate Volume Baffling Time Residual' | Attained
Location (MGD) | (gallons) Factor (min) (mg/l) | (min-mg/l)
Rapid Mix/ 252 6,300 1.0 0.4 1.2 0.7
Influent Piping
Flocculation 252 | 792,000 05 226 1.92 43.4
Basins
Settling Basins 25.2 4,340,000 0.5 124.0 1.50 186.0
Filters (11 of 252 | 331,000 0.7 13.2 1.50 19.9
12 in operation)
Clearwell 8.4 24,684 0.3 1.3 1.36 1.7
Storage 415 | 1,170,000 0.4 16.2 1.36 22.1
Reservoirs
Total C*T Attained 273.8
Required C*T 77.0
% of Required 356%0

Notes:  1: Minimum Chlorine Residuals obtained from the 2013 Monthly Operating Reports.

City of Muskegon Heights
4-14 Water Filtration Plant Reliability Study

\\h16\projdocs\201309\20130904\03_studies\working\20140609_mheightsreliabilitystudy.doc
© 2014 Hubbell, Roth & Clark, Inc.



Even under the most conservative conditions, the WFP currently achieves a C*T of 273.8
min-mg/l or over 3.5 times the required C*T to provide the required 0.5 log removal of

giardia.

As shown in the above table, most of the C*T is attained in the WFP Settling Basins. Based
on this calculation, as long as a minimum 0.5 mg/l residual is present in the Settling Basins,
the WFP should meet the required C*T values. For both the current and future flow values,
WFP should not have issues providing the required C*T values as long as minimum chlorine

residuals are maintained through the Settling Basins.

The sodium hypochlorite feed pumps are nearing the end of their useful life and should be
replaced. Typical chemical feed pumps have the ability to provide a wide range of flow and
care should be taken to select a pump with range of capacity to treat water near the design

flow rate and future flow rates without needed to replace the pumps.

9. Coagulant Feed

Liquid alum is stored in two 10,000-gallon storage tanks with a 430-gallon day tank. There
are two positive displacement chemical feed pumps each of which have the ability to feed
either or both rapid mix unit injection points. The alum storage tanks and feed pumps are
located in a room separate from other chemicals. Typically alum is fed at 14 — 20 ppm but if
there is a turbidity spike, feed rates can increase to 40 — 50 ppm to account for the higher
turbidity.

The alum feed pumps are nearing the end of their useful life and should be replaced. Typical
chemical feed pumps have the ability to provide a wide range of flow and care should be
taken to select a pump with range of capacity to treat water near the design flow rate and

future flow rates without needed to replace the pumps.

The raw water pH consistently exceeds the optimum pH range for alum of 5.5 to 7.8.
Failure to operate within this pH range when using alum may result in wasted chemicals.
The WFP has tried other chemicals previously and has achieved best treatment results with
Alum.
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10. Fluoride Feed

The water plant uses liquid Hydrofluosilicic Acid to provide fluoride to its customers. The
fluoride compound is stored in a 7,000-gallon tank with a 185-gallon day tank. Fluoride is
fed by 2 positive displacement chemical feed pumps each of which have the ability to feed
all 3 of the fluoride injection points. There is one injection point for each set of 4 filters. The

fluoride storage and pumps are located in a separate room from other chemicals.

Fluoride overfeed protection is currently provided by flow pacing using the SCADA system
with a separate hard wired circuit interlock relay connected to the flow meter to provide
overfeed protection when there is no flow. Plant tap fluoride residuals are tested every day to

ensure proper fluoride residuals are maintained.

The fluoride feed pumps are nearing the end of their useful life and should be replaced.
Typical chemical feed pumps have the ability to provide a wide range of flow and care
should be taken to select a pump with range of capacity to treat water near the design flow

rate and future flow rates without the need to replace the pumps.

11. Phosphate feed

The water plant feeds a food grade Sodium Hexametaphosphate solution to prevent scale
accumulation in the chlorine feed lines that run throughout the plant and the intake pipes.
The phosphate is delivered in dry bags and the solution is mixed in a drum container which
is connected to a chemical feed pump. The phosphate is fed into the sodium hypochlorite
carrier water line that runs out to the Low Service Pump Station and eventually to the

intakes.

12. Carbon feed

The water plant continues to maintain a carbon feed system which is only used to
periodically control taste and odor problems when necessary. The carbon is stored in 40
pound bags in the feeder room and approximately two dozen bags are kept on site. A
volumetric feeder is used to put the carbon into a slurry and a small centrifugal pump is used
to transport the solution. The carbon slurry is injected into each of the two raw water

transmission lines.
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In the past, the carbon feeder has been problematic since it uses a very small wetting cone
and has periodically plugged up with carbon fines and partially wetted carbon. Additionally,
the delivery pump was originally undersized but has been replaced with a higher pressure

unit. The carbon system has not been needed in recent years.

13. Plant Piping and Miscellaneous

The plant has two raw water intakes and two raw water transmission lines from the low
service station to the water plant which provide adequate reliability. However, there is only
a flow meter in the north line which causes a minor bottleneck at this point since the water
from the south line must also pass through this meter. The existing pipe configuration and
valves allow the flow to go in any direction (flow from the north to south transmission main
or south to north transmission main both before or after the flow meter). This arrangement

will probably continue to be suitable given the expected decrease in plant demand..

A majority of the paint on the existing piping is in poor to marginal condition. All of the
pipes were repainted as part of the last plant upgrade in 2002 and have deteriorated over
time. Specifically, the piping in the East Filter Gallery should be prioritized to maintain the
integrity of the piping. Piping in other areas of the plant appear to be in marginal condition
and the repainting work could be spread out over a few years. When the pipes are repainted,
Pipe labels and the paint color schedule should be in accordance with those recommended by
Ten Statess AWWA.

There are several backflow prevention devices located throughout the plant which have all
been tested in accordance with the City's cross connection program. All backflow preventers

in the plant are currently tested annually as a minimum.

14. Plant Metering and Controls

SCADA controls have been updated since the last plant expansion. All aspects of the
treatment system have the ability to be operated remotely from the control room using the
SCADA system and manual controls are also provided. Remote locations such as the Low
Service Pump Station, Sherman High Service Pump Station, Getty Booster Station, and the
elevated and ground storage tanks can all be monitored and controlled from the water plant.
Alarms provided at the WFP and remote locations are adequate in accordance with the 2008

Sanitary Survey.
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Each valve throughout the WFP is exercised annually as a minimum to maintain adequate
reliability. Records of these activities are being developed to ensure that all valves have

been identified and are being exercised and properly maintained.

15. Laboratory

The WFP Laboratory maintains DEQ certification for both Total Coliform and E.Coli, and
Heterotrophic Plate Count testing.

The WFP has turbidimeters for each individual filter as well as for each of the combined
filter effluent points and other locations throughout the entire treatment process. The

turbidimeters are reaching their life expectancy and should be replaced.

All of the lab equipment is calibrated by a contractor in accordance with the equipment

manufacturer recommended frequency.

16. Power Reliability

Both the WFP, which includes high service pumping, and the Low Service Pump Station
meet the requirements for power reliability. Each location has dual electrical feeds. Each
feed line is capable of operating the entire plant or the firm capacity of the Low Service
Pump Station. In addition, there is an 800 kW standby power generator at the water plant
and a 500 kW standby power generator at the Low Service Pump Station. Each generator is

capable of providing 10 MGD of treatment and pumping capacity.

The Sherman Avenue High Service Pump Station is also provided with dual electrical feeds.
The City has considered the need to provide a backup generator at the Sherman Avenue
High Service Pump Station but since this station already has a dual feed source, is fairly
reliable and is essentially a secondary means of pumping water, a generator is not necessary

at this location.
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Section5 - Recommendations

A Plant Operations Recommendation

1. Treatment Capacity

As discussed in Section 2, it is anticipated that after April 15, 2015, Norton Shores and
Fruitport Township will no longer be customers of the Muskegon Heights Water Filtration
Plant (WFP), thus reducing the average water demands in the future significantly. However,
since the WFP consists of six pretreatment trains (combination of the flocculation basin and
corresponding settling basin) with the ability to feed any of the 12 filters individually, the
treatment rate can be reduced without the need for major modifications to the treatment plant.

The current rated capacity of the WFP significantly exceeds the present and projected 10 year
water demands for Muskegon Heights. The current average day demand for the Muskegon
Heights water system is 1.4 MGD with a projected 2024 maximum day demand of 3.5 MGD.
Table 5-1 below summarizes the data in Tables 4-2 and 4-3 to show the flow range available for

each pretreatment train operated together (2 flocculation basins and 2 settling basins in service):

Table 5-1: Pretreatment Train Low and High Flow Rates

Pretreatment | Low Flow Rate' High Flow Rate’
Train (MGD) (MGD)
1 3.2 4.2
2 3.2 4.2
3 3.2 4.6
4 3.2 4.6
o) 1.2 4.2
6 1.2 4.2

Notes: 1: The low flow rate shown is based on the Ten States
recommendation of 0.5 fpm through the flocculation tanks.
Actual flow rate can be lower since this is generally a rule
for flocculation tanks without mixers since they are used to
keep the floc suspended during low flows.
2: High flow rate is based on the four hour detention time
requirement.

Each filter is capable of treating approximately 2.1 MGD at the design flow rate of 3 gpm/sf.

The WFP is currently operated 24-hours per day 7 days per week. With the expected loss of

customer base and resulting decrease in water demand, it is recommended that the WFP be
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reduced to operating one shift per day. Based on treating water over a period of 6 hours each
day and the future water demands shown in Table 3-3, the future average day and maximum
day treatment rates would be approximately 5.6 MGD and 14.0 MGD respectively. In order to
treat the future maximum daily demand, the WFP would need to operate four pretreatment

trains and seven to eight filters.

Based on the current and future water demands, it is recommended that two pretreatment trains
and four filters be taken offline for the foreseeable future. Taking these pretreatment trains and
filters offline would reduce the maximum capacity from 25.2 MGD to approximately 16.8
MGD, which is still more than sufficient to meet the current and future demands while
operating the WFP one shift a day. Taking the pretreatment trains and filters offline would
reduce the need to rotate between pretreatment trains and filters required in order to prevent
excessive detention times and would also reduce unwarranted wear and tear on mechanical
equipment. Taking the pretreatment trains and filters off line for an extended period would
require some operations efforts to return them online including disinfection and filtering to
waste until desired filter performance is achieved. However, this would still allow for future

use if water demand increases or in case of equipment failure.

2. High Service Pumping

Table 4-6 contains the location and capacity of each High Service Pump. There are currently
four high service pump stations. Currently, the East High Service Pump Station and Sherman
High Service Pump Station are capable of pumping water directly to the Muskegon Heights
Distribution System and the West High Service Pump Station and Getty Street Booster Station

are capable of pumping to the Norton Shores/Fruitport Distribution Systems.

a. Water Filtration Plant West High Service Pump Station Alternative

The West High Service Pump Station was constructed in 2002 and includes High
Service Pumps (HSP) 4 through 7. The pumps are in good condition and are controlled
with Variable Frequency Drives (VFDs). Once Norton Shores and Fruitport are no
longer customers of the WFP, this pump station could be connected to the Muskegon
Heights System in order to be utilized. It would be desirable to utilize this pump
station because the pumps are in fairly good condition and it would allow for more

control of the amount of water pumped since the pumps are controlled with VFDs.
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Figure 5-1 shows one option for connecting the West High Service Pump Station to the
Muskegon Heights Distribution System. This project would involve tapping both of
the existing 30-inch diameter transmission mains leaving the WFP site and installing
approximately 30 feet of new 24-inch diameter transmission main across Seminole Rd.
The connection should be made near an existing isolation valve on the 30-inch
diameter transmission main prior to the connection to the Norton Shores Distribution
System. The existing valve could then be used as an emergency connection between
Muskegon Heights and Norton Shores Distribution Systems. A hydrant may need to be
added to the existing 30-inch diameter transmission main from the Norton Shores
Distribution System to allow for flushing the of this section of transmission main
depending on the location of the connection.. This project would cost approximately
$100,000 to $120,000.

Based on a review of the existing pump curves for HSP No. 4 through 7 and the design
points of the existing East High Service Pumps (HSP No. 1 through 3), HSP No. 4
through 7 would be able to provide approximately 2 MGD at 1335 rpm (75%
maximum speed) and a maximum of 6 MGD while operating independently to the
Muskegon Heights Distribution System (see Figure 4-3). These numbers are estimates
and should be confirmed with a model of the distribution system. The West High
Service Pumps have sufficient capacity to provide water for both the current and future

Muskegon Heights Water System demands.

The connection of the West High Service Pump Station to the Muskegon Heights
Distribution System may possibly allow for the Sherman Reservoir to be taken out of
service. However, without the Sherman High Service Pump Station and Reservoir,
there would only be one means of transmission of water between the plant and the City
which would result in a critical reliability. If the Sherman High Service Pump Station
and Reservoir were taken out of service, it would leave the 30-inch transmission main
as the only connection between the WFP and the City Distribution System. Although
this transmission main has been fairly reliable and there are interconnects between the
City of Muskegon and Muskegon Heights Distribution Systems which could provide
water if the transmission main is out of service, it would still be desirable to maintain
the Sherman Reservoir and Pump Station as an additional source of water for the

Distribution System.
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b. Sherman High Service Pump Station Alternative

If the connection of the West High Service Station is not completed, the Sherman High
Service Pump Station is recommended to be operated to provide approximately slightly
over half of the City’s water demand. The Sherman High Service Pumps would allow
water to be pulled from both the WFP Reservoir and the Sherman Reservoir. This will
allow the stored water in both reservoirs to be turned over more often than if just the
high service pumps at the WFP are used, preventing potential water quality issues when
the Sherman pumps are operated. The East High Service Pumps would also be
maintained to provide a redundant source of water to the distribution system and to
keep circulation through the 30-inch high service main. The Sherman High Service
Pumps have sufficient capacity to provide water for both the current and future water

system demands.

The electrical systems at the Sherman Pump Station are outdated and should be
considered for replacement. The Motor Control Center (MCC) is no longer supported
by the manufacturer but refurbished parts are readily available for use. Replacing the
low voltage power circuits along with other needed improvements to increase security

and maintain reliability of the station are included in the Capital Improvements List.

c. Getty Booster Station

The Getty Booster Station currently serves to provide additional water to the Norton
Shores and Fruitport distribution systems as required. The pumps at this station are
centrifugal type with 30 HP motors and VFDs. Since they were originally designed to
only boost water pressure from the Muskegon Heights distribution system to the
Norton Shores/Fruitport system, they cannot generate a high enough operating
pressure to be used to pump from either reservoir into the Getty Elevated Storage Tank.
It may be possible to modify the existing pump impeller and install a larger motor
operating at a higher speed to generate enough pressure to operate at the Sherman High
Service Pump Station. However, considering the additional cost required to modify
and relocate the pumps, it is recommended to purchase a new, appropriately designed
pump rather than spend additional money to modify the existing pumps or pump
station. This existing pump station may have some value on the used equipment

market but doesn’t provide much worth to the City for its existing uses.
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The Booster Station also includes an 80 KW natural gas powered generator with a 150
amp transfer switch. This generator is not large enough to operate the pumps at the
Sherman High Service Pump Station. However, it is in good condition and could be

relocated to provide backup power to another City owned property or sold.

3. Water Storage

A summary of the available treated water storage capacity is shown in Table 5-2 below:
Table 5-2: Treated Water Storage Capacity

Location VVolume (MG)

North Filter Clearwells 1-3 0.3
South Filter Clearwells 1-3 0.2
WFP East Reservoir 2.0
WFP West Reservoir 2.0
Sherman Reservoir 15
Getty Elevated Storage Tank 0.75

Total 6.75

The Muskegon Heights Water System has a total of 6.75 million gallons of storage including
4.5 million gallons at the WFP and 2.25 million gallons in the distribution system. This amount
of water accounts for almost two times the future maximum day water demand. This amount of
storage could be excessive for normal operation and reducing the storage volume or possibly
operating at lower water levels in the reservoirs should be considered to prevent possible water
quality deterioration issues. Poor water circulation and long detention times can lead to loss of
disinfectant residual, microbial growth, formation of disinfectant byproducts, taste and odor
problems, and other water quality problems. Operating at a lower elevation or removing one

cell from service is one possibility to reduce the overall detention times.

As discussed above, if the West High Service Pump Station is connected to the Muskegon
Heights Distribution System, the Sherman Reservoir could potentially be taken out of service.

This would reduce the storage available by 1.5 million gallons to a total 5.25 million gallons.

If the West High Service Pump Station is not connected to the Muskegon Heights Distribution
System, the WFP East and West Reservoir operating water levels could be maintained below
the maximum level except during periods of high demands. Each Reservoir has an approximate
operating range of 13.5 feet with minimum operating water levels in the East and West

Reservoir of 7 feet and 3 feet, respectively. For every foot the operating level is lowered in the
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reservoirs, the total storage capacity is reduced by approximately 0.22 million gallons. The
total storage at the minimum operating level is approximately 1.17 million gallons.
Maintaining the water level at approximately half of the usable storage volume would reduce
the total storage capacity by approximately 1.5 million gallons but would increase energy usage
for high service pumping. Since the future estimated average system demand is 1.4 MGD, this
would still leave a 24 hours of usable storage available at the WFP along with the storage
available in the distribution system. Another option is to remove one of the plant reservoirs
while maintaining the other at current levels. It is also possible to isolate the filter clearwells
which are not in operation. Several options are available for plant staff to consider moving

forward.

4, Staffing

The Michigan Safe Drinking Water Act requires an operator with F-1 License to operate a
Treatment Plant with a rated capacity of greater than 5.0 MGD or serving a population greater
than 20,000. In addition, a properly certified shift operator must be onsite and in charge when
the operator in charge is not present. All shift operators require at least and F-4 certification.
The Muskegon Heights WFP currently employs one part time superintendent with an F-1
license, three operators with F-3 licenses and three operators with F-4 licenses. The City has
had a difficult time employing a full time F-1 operator due to the limited number of operators

that possess this classification.

If the City of Norton Shores and Fruitport Township proceed with plans to leave the WFP, the
total population served will drop below the 20,000 population limit the Michigan Safe Drinking
Water Act requires for an operator with an F-1 License. While the rated capacity of the
treatment plant will remain over 5.0 MGD, the population will be within the 4,000 to 20,000
person limit required to allow for an operator with an F-2 License to operate the WFP. The
City should appeal to MDEQ to have the operator certification for its plant reduced to F-2.
This may require that the plant capacity be de-rated but some capacity should be retained to
allow for less than full day operation and to avoid overtime staffing of the plant. The de-rated

capacity could be maintained for future use but may require some negotiation with MDEQ.

The MDEQ is currently drafting a revised interpretation for required operations oversight at
community water supplies. This interpretation states that for interim operation, as is the current

case with the WFP, when an operator in charge (OIC) (or superintendent) is no longer
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available, it is allowable for the Michigan Department of Environmental Quality to provide the
WEFP time to recruit a replacement or promote a staff member to fill the OIC position. During
this interim period, the supply must retain a temporary OIC certified at the appropriate level to
visit the WFP at least five days per week and be responsible for its daily operation. The WFP
will be required to have a full time OIC on staff or agreement for contract operation within 6
months unless a current staff member is desired for the position. The current staff member
must be eligible to take the proper licensing exam and must be registered to sit for the next

available exam.

This revised interpretation also includes penalties in an OIC is not hired in the required
timeframe. The Stage 1 Disinfectants and Disinfection Byproducts Rule requires water
supplies that disinfect to have proper certified operator oversight. A supply that fails to do so is
in violation of federal requirements and incurs a Tier 2 Treatment Technique violation. For
tracking and reporting purposes, the violation shall be entered in SDWIS as a Type 12 violation
and will be subject to EPA reporting. These violations would result in a required public notice

and financial penalties of $1,000 per day up to a maximum $5,000.

The U.S. Environmental Protection Agency (EPA) Community Water Supply (CWS) Survey
performed in 2006 provides a detailed look at the most important operational and financial
characteristics for over 1,300 community water supplies. Part of this survey includes a look
into average staffing levels for water supplies based on primary water source and ownership
based on the population served. Table 5-3 summarizes the pertinent data for staffing levels at

the WFP from this EPA CWS survey for surface water systems.

Table 5-3: 2006 EPA CWS Survey Data

Average Staffing Levels Average Wage'
3,301 - 10,000 | 10,001 - 50,000 | 3,301 - 10,000 | 10,001 — 50,000

Managers 1.2 1.9 $69,690 $78,560
Treatment Plant

Operators 2.7 5.6 $45,110 $48,910
Distribution System

Operators 3.6 7.9 $42,830 $47,640
Total 7.5 15.4 $359,610 $799,520

Notes: 1: Average wage adjusted from reported 2006 values to 2014 dollars based on an average 2.5%
cost of living increase. The average wages shown do not include benefits.
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Based on the future population to be served by the WFP after the customer shift, industry
average staffing levels would indicate between 4 through 7.5 full time equivalent staff. The
WEFP currently has 6 treatment plant operators on staff with an average wage of $42,200 and
one part time superintendent. Based on this comparison, the plant operations staffing levels
appear to be in line with comparable communities with the exception of at least one full time
manager/superintendent. 1f the WFP is reduced to operating one shift per day as recommended,
the City may consider reducing operations staff but it should be noted that many of the same
tasks required to operate the WFP will remain and additional WFP startup and shut down
activities will be required. In any case, a full time superintendent (OIC) with the appropriate
licensing classification should be hired to manage the plant in order to meet MDEQ

requirements.

B. Capital Improvement Project Recommendations

Table 5-3 includes a list of Capital Improvement Projects developed jointly by the City and
HRC through ongoing discussions regarding near term needs. An approximate project cost
range was determined based on previous vendor quotes for similar work as well as current
experience and quotes. In some cases, there is very limited information and so these costs
should be considered very preliminary in nature and thus significant contingencies have been
included by expanding the potential cost range for each item. Another reason for the large cost
range is that the expected time frame for each project is unknown and project costs could climb

significantly.
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Table 5-4: Capital Improvement Project Recommendations

No. | Capital Improvement Project Project Cost Range
1 | Inspect North and South Intakes $50,000 - $80,000
2 | Replace Soft Start on LSP # 6 $18,000 - $20,000
3 | Replace all plant turbidimeters $80,000 - $100,000
4 | Sherman pump valve refurbishment $14,000 - $20,000
5 g;sr][r;(ra:t West High Service Pump Station to Muskegon Hts. $100,000 - $120.000
6 | Replace Filter Effluent VValve Actuators on all filters $120,000 - $140,000
7| e et et g st o sty sne | gs0000- 700
8 | Re-paint plant piping $120,000 - $140,000
9 | Clean North Sludge Lagoon $100,000 - $130,000
10 | Add Meter to Filter Backwash Pumps 1 &2 $10,000 - $15,000
11 | Add Mag Meter to 30" from LSP $25,000 - $30,000
12 | Replace Chemical Feed Pumps $50,000 - $60,000
13 | Install membrane and drains over the top of Settling Basins 3&4 $282,000 - $340,000
14 g{;i)ilgcr:]estggairs:%vﬁ:) sluice gates in East High Service Pump $30,000 - $40,000
15 | Security and misc. improvements at Sherman Pump Station $60,000 - $80,000
16 | Replace roof at Sherman Pump Station $70,000 - $80,000
17 gg:ilgtr:]e low voltage power feed and circuits at Sherman Pump $25.000 - $34,000
18 | Replace media (18/12) in Filters 5-8 $136,000 - $170,000
19 [ Replace surface wash piping and arms in Filters 1-8 $360,000 - $395,000
20 | Refurbish 20-inch backwash water supply valve $3,000 - $5,000
21 | Inspect clearwells under Filters 5-8 $8,000 - $15,000
29 S(fr?r:igf tgtgtgr:é;d on backwash water supply meter and $5,000 - $10.000
23 | Relocate/modify exist chlorine monorail over HS Pumps 1&2 $14,000 - $23,000
24 | Install monorail over HS Pump 3 $12,000 - $14,000
25 | Replace media (18/12) in Filters 5-8 $136,000 - $170,000

Rounded Totals $1,900,000 - $2,300,000

Most of the basis for the projects above has been explained within the report or are fairly

obvious. Several of the projects are recommended to provide improved operation or to address

the age of the equipment so that it can continue to remain viable for the foreseeable future.
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Some of the projects could be paid for through energy cost savings such as the seasonal boiler

installation, which would save significantly on natural gas usage. Currently, quotes have been

received for projects 1 through 4 and these projects are scheduled to be completed this year.

An explanation of most of the projects and their rationale for inclusion is as follows:

Project 1 is necessary to determine the current condition of both intakes and identify
any issues and corrective actions needed to maintain reliability.

Project 3 involves replacing the turbidimeters located throughout the WFP. The
existing turbidimeters are nearing the end of their service life and are in need of
replacement to maintain reliability,

Project 4 includes the repairs to non-operational valves at the Sherman Pump Station.
Project 5 allows for the West High Service Pump Station to deliver water to the
Muskegon Heights Distribution System as discussed above.

Project 6 includes replacement of non-supported filter effluent control valves. All of
the filter valves are included as part of this project and while all the valves should be
replaced, this project may be done over a couple of years as money is available.

Project 7 addresses the building heating system and should lead to lower operational
costs for the building heating system.

Project 8 includes the repainting of all of the plant piping to maintain service. The
piping in the East Filter Gallery is in poor condition and should be prioritized to
maintain the integrity of the piping.

Project 10 addresses the metering of Backwash Pumps 1 and 2. This project will allow
more control over the filter backwash process.

Project 11 increase the reliability of the plant flow monitoring in case of a failure of the
existing flow meter.

Projects 14 addresses the operational status of some of the older sluice gates between
the reservoirs and the East High Service Pump Station so that isolation of the reservoirs
can be performed.

Projects 15, 16 and 17 will address deficiencies at the Sherman High Service Pump
Station. These projects include increasing security by adding a key card system similar
to that used at the WFP, replacing the roof which has started leaking, modifying the
roof drainage to meet code, replacing overhead doors and operators, and replacing

outdated lighting and unit heaters.
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e Project 18 is recommended since the original media from the 1960°s is still present in
these filters. The filter underdrains should be inspected at the time the media is
removed and a decision could be made as to whether underdrains replacement is
necessary at that time. A plastic media underdrain with integral media support system
(similar to filters 9-12) could be utilized if the underdrains are replaced so that the
filters are similar and backwashing characteristics are also similar. It is not
recommended that an air-wash system be incorporated for these filters since it would be
very costly to implement and it would not be desirable to have air wash on only four of
the 12 filters at the WFP. The merits of an air water wash system may also be
guestionable since the raw water supply is of very low turbidity.

e Project 21 is necessary since the clearwells have not been inspected in several years.

e Projects 23 and 24 will improve the maintenance access for High Service Pumps 1
through 3 by providing a monorail for removal of pumps and motors. Access to these

pumps is currently very difficult.
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Prepared by Prein&Newhof \\muskegon-server\shared\2016\2160070 city of muskegon heights\rep\rep 2016-02 dwrf project plan.docx



350 Ottawa NW, Unit 10
Grand Rapids MI 49503
Phone: 616-307-0261
Fax: 616-356-0298

WSSN: 04580

Office of Drinking Water and Municipal Assistance
Grand Rapids District Office

Water System Sanitary Survey
City of Muskegon Heights Water System
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Sanitary Survey Review Summary

Water Supply: City of Muskegon Heights

County: Muskegon

Evaluators: Ernie Sarkipato, Luke Dehtiar

WSSN:
District:

04580

61

Date: May 2015

Category comment N/ATNotEVINOD/R] Rec| Det | Sigbhet
Source X
Construction & Maintenance Install second raw water meter to improve flexibility X
Standby Power X
Isolation X
Source Water Protection Develop surface water intake protection plan X
Capacity X
Treatment X
Disinfection Install manual startup/shutdown controls for all chems X
Fluoride X
Phosphate Addition X
Softening X
Iron/Manganese Removal X
Arsenic Removal X
Pretreatment X
Filtration (gravity or membranes) Top off anthracite, develop filter maintenance program X
C*T X
Other Additional drainage control measures near floc/sed X
Distribution System X
Interconnections w/ Other WS X
Hydrants & Valves Must complete valve turning. Better records needed. X
Service Lines & Metering Replace old service lines, conduct account audits. X
General Plan Finalize the general plan & reliability study X
Cross Connections Update written program, improve inspections & records X
Construction & Maintenance X
Capacity Lost Water has been >30%, not acceptable X
Finished Water Storage X
Construction & Maintenance Conduct 5-year inspection of Getty Tank X
Controls Install a small permanent generator at Getty St. X
Capacity X
Pumps (All Pumping Facilities) X
Construction & Maintenance Install VFD's and/or right-sized pumps for lower cost X
Controls Install a small permanent generator at Sherman St. X
Capacity Make modifications for new HSP's, exercise them X
Monitoring & Reporting X
Bacteriological Monitoring Conduct 2nd round of crypto monitoring - Oct 2016 X
Chemical Monitoring X
MOR or Annual Pumpage Report X
Consumer Confidence Report X
Analytical Capabilities X
System Management & Operations X
Owner Responsibility Focus on internal analysis, planning, coordination X
Capacity Development X
Reliability Study Work with engineers to complete study underway X
Operations Oversight X
Permits X
Operator Compliance X
Operator Certification Hire foreman w/in six months of interim operation. X
Technical Knowledge & Training Increase training program and reward certification. X
Security X
Emergency Response Plan Update old Contingency Plan using new format X
Site Security (Fences, Alarms...) Conduct tabletop exercises X
Financial X
Rates Continually assess rates to fund improvements & staff X
Budget & Capital Imp. Plan Update CIP to include budget, perform water audits X
Other X
N/A - Not Appllcable NotEv - Not Evaluated NoD/R - No Deficiencies/Recommendations Made

Rec - Recommendations Made

Def - Deficiencies Identified
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SUMMARY OF FINDINGS - TREATMENT PLANT

The following is a list of items discussed in this report which should be addressed by the water system. This table is intended to
be a concise summary of the more detailed discussions which are found in following sections of the report.

SC Source MO System Management & Operations
TR Treatment OP Operator Compliance

DS Distribution System SR Security

ST Finished Water Storage FN Financial

PU Pumps (All Pumping Facilities) OT Other

MR Monitoring & Reporting

No. [ Cat |Concern Finding Page
1 | TR [Install additional drainage control for the building near the floc/sed basins DEF 18
2 | PU |Repair packing gland in LSP #3 REC 16
3 | TR |Adjust/repair packing on rapid mix #1 REC 17
4 | TR |Repair bearings on rapid mix #2 REC 17, 39
5 | TR |Top-off anthracite in filters 1-8 REC 21
6 | TR ]Install manual startup controls for chemical feeds due to part-time plant operation REC 40
7 | SC |Install additional raw water meter to provide flexibility with rapid mix units REC 17
8 | TR |Establish a filter maintenance program and secure necessary tools REC 21, 39
9 | TR |Check bed expansion during backwash periodically REC 21, 39
10 | MR |Conduct crypto sampling for round 2 of LT2 starting in Oct. 2016 REC 10, 36
11 | PU |Establish a comprehensive preventative maintenance program for all pumps REC 38
12 | SC |[Develop surface water intake protection plan REC 11, 37
13 | TR |Adopt water quality goals for the WTP REC 10, 21, 42
14 | TR |Keep vegetation away form the sludge lagoons REC 23,40
15 | OP [Develop training plans with each operator REC 35
16 | SR [Perform tabletop exercises to enhance security REC 5
17 | TR [Inspect chlorine intake line for plugs, perform periodic maintenance REC 11




SUMMARY OF FINDINGS - DISTRIBUTION

The following is a list of items discussed in this report which should be addressed by the water system. This table is intended to

be a concise summary of the more detailed discussions which are found in following sections of the report.

SC Source MO System Management & Operations
TR Treatment OP Operator Compliance
DS Distribution System SR Security
ST Finished Water Storage FN Financial
PU Pumps (All Pumping Facilities) OT Other
MR Monitoring & Reporting
No. [ Cat |Distribution Concerns Finding Page
1 | FN [Develop administrative process for calculating lost water and audit of water accounts DEF 55, 62
2 | DS |Provide Lost Water for 2010 - 2014, outline plan for reducing if over 10% DEF 4
3 | DS |Review and update the Cross Connection Control Program & Ordinance DEF 57
4 | DS |Cross Connection: improve Inspections and record keeping, submit report for 2014. DEF 57, 58, 61
5 | DS |Turn the remaining distribution valves as outlined in the previously approved program DEF 54, 61
6 | FN |Complete a new Capital Improvements Plan for the next 5-year and 20-year periods DEF 56, 61
7 | SR |Submit an Emergency Response Plan DEF 57
8 | OP |Hire or contract with a full time permanent distribution operator in charge DEF 44, 62
9 | DS |Improve the records keeping system for distribution activities, i.e. hydrants & valves REC 54, 61
10 | DS [Formulate a unidirectional flushing program to increase scour velocity and clean valve seats REC 54
11 | DS |Undertake a service line replacement program REC 52,55, 61
12 | DS [Continue the meter replacement program. At minimum, use a 15-year plan REC 55
13 | OP |[Support staff to attend appropriate training, provide incentives for professional certification REC 44,61
14 | MR |Update bacteriological sample site plan with new contact information REC 60
15 | ST [Perform 5-year inspection on Getty Tank REC 45
17 | DS |Consider installing radio read devices and/or reading meters monthly (ease of billing) REC 56
18 | ST |[Install small permanent generator at Getty Tank to ensure communications REC 45
19 | PU [Conduct an efficiency study on the Sherman St. pumps, determine efficacy of this station REC 48
20 | MO [Complete the update to the reliability study for the distribution system REC 59
21 | DS [Continue to install hydrant auxiliary valves, and make sure these are tracked. REC 54, 61
16 | PU [Modify piping of "new" High Service Pumps to be used by the City, exercise the pumps REC a7
22 | MO [Improve communication/transparency on billing, metering, lost water, inactive accounts REC 61, 62
23 | DS [Conduct a water balance on the 30" gravity line to Sherman pump sta., inspect if needed. REC 48




SANITARY SURVEY - TREATMENT PLANT

TREATMENT PLANT - BASIC DATA

Name of Supply:
WSSN: 4580

Mailing Address:
2724 Peck Street

Muskegon Heights, Ml

City Officials
Mayor:
City Manager:

City of Muskegon Heights

49444

Plant Address

Darrell L. Paige
Lori Doody (interim)

Water Filtration Plant
2323 Seminole Road

Review Dates: 7/22/14, 7/30/14
Reviewed By: Luke Dehtiar, Ernie Sarkipato

Muskegon Heights, M| 49444

Phone
(231) 733-8820
(231) 733-8850

Director Water Filtration Plant: ~ John Allen (231) 780-3415
F Operator-In-Charge: John Allen (231) 780-3415
F Designated Backup Operator: Eric Francik (231) 780-3415
Dir. of Infrastructure & Engin. John Allen (231) 780-3415
S Operator-In-Charge: John Allen (231) 780-3415
S Designated Backup Operator:  Kurt Miller

Water Treatment Plant Operators: Licenses
Director Water Filtration Plant: ~ John Allen F-1, S-1
Chief Operator: Vacant

Shift Operator Eric Francik F-3

Shift Operator Derrick Johnson F-3

Shift Operator Calvin Miles F-3, S-4
Shift Operator Steffan McGuffey F-4
Maintenance Relief Operator Dave Bonfoey S-3
Maintenance Relief Operator Deb Yordy F-3
Maintenance Relief Operator Vacant

Maintenance Relief Operator Vacant

Comments:

Email

dpaige@cityofmuskegonheights.org

1939chris@gmail.com
1939chris@gmail.com

1939chris@gmail.com
1939chris@gmail.com

Operator ID

3226

15671
17258

4281

6888
14397
17657

Expires

1/15/2017

1/15/2018

7/15/2015

7/15/2016
10/15/2015

7/15/2017

7/15/2017

2014 - John is the permanent OIC for the treatment plant, and the interim OIC for the distribution system. John also serves as
the OIC at Grand Rapids, but is able to split his time in order to meet the operations oversight policy.

Retail Customers: (None)
Wholesale Customers: (None)
Total Population Served: 10,856
Percent Metered: 100%
Percent Unaccounted: % Lost Metered Sold Unaccounted
WTP 2004 2% 2,273,429,000 2,228,765,000 44,664,000
WTP 2005 3% 2,714,355,000 2,629,971,000 84,384,000
WTP 2006 2% 2,456,281,000 2,418,177,000 38,104,000
WTP 2007| 12% 2,478,152,000 2,190,335,600 287,816,400
WTP 2008| 13% 2,294,822,000 2,002,689,900 292,132,100
WTP 2009| 13% 2,135,448,000 1,858,246,000 277,202,000
WTP 2010
WTP 2011
WTP 2012
WTP 2013
WTP 2014
Musk Hts Dist. 2004| 36% 499,000,000 318,875,000 180,125,000
Musk Hts Dist. 2005 23% 700,673,000 536,997,000 163,676,000
Musk Hts Dist. 2006] 26% 674,748,000 501,578,000 173,170,000
Musk Hts Dist. 2007| 28% 655,880,000 469,159,600 186,720,400
Musk Hts Dist. 2008| 31% 643,695,000 446,552,900 197,142,100
Musk Hts Dist. 2009| 30% 529,744,000 369,119,000 160,625,000
Musk Hts Dist. 2010
Musk Hts Dist. 2011
Musk Hts Dist. 2012
Musk Hts Dist. 2013
Musk Hts Dist. 2014

Comments:

2011: Unaccounted water levels need to be addressed in the Muskegon Heights Distribution System.
2015: Historic levels are well above the acceptable target of 10%. Attempts to calculate lost water for recent years are
not reliable, with amounts ranging from 60% to -30%. The actual amount remains unknown for recent years, with the
errors in calculation likely due to estimated billing practices by the City. The supply must refine their administrative
and accounting practices to make the calculation of lost water practicable and reliable. Any amount of lost water
above 10% must be investigated systematically in order to reduce the amount of lost revenue.
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Water System Construction Features & Dates:

1907 - City water system installed; 15 wells; 48698 feet of 1" to 10" water main.

1917 - Water system improvements; 28,435 feet of 4" through 14" water main; (2) 750 gpm wells; 10 fire hydrants; 31 valves
1940 - 5.7 MGD plant designed by Shoecraft, Drury & McNamee (Tetra Tech MPS). Plant included: intake, 3 low service
pumps, 1 rapid mix, 2 coagulation basins, 1 settling basin, 4 filters rated 2 gpm/ft2, 2 MG ground storage with 4 high service
pumps at plant and 1.5 MG ground storage with 4 high service pumps at Sherman St.

1941 - Plant commenced operation on August 17.

1942 - Norton Township connects to city water supply.

1952 - Fluoridation initiated on January 22.

1957 - Low Service Pump No. 4 and Sherman St. high service pump No. 5 installed.

1965 - 5.7 MGD plant expansion designed by Ayres, Lewis, Norris and May included: low service pump No.5, second settling
basin, 4 filters rated 2 gpm/ft2, 2 replacement high service pumps at plant, 1 replacement pump at Sherman St. station, 0.75
MG Getty St. elevated tank, instrumentation and transmission main.

1971 - 6 inches of anthracite added to each filter to allow 3 gpm/ft2 filtration rate.

1973 - 5.7 MGD expansion designed by Ayres, Lewis, Norris and May included; low service pump No.6, second rapid mix, 2
additional coagulation and settling basins, high service pump No.3 and additional 2 MG ground storage at plant.

1975 - Fruitport Township receives city water.

1984 - Replaced telemetering and instrumentation.

1985 - Installed 130 ft. of 30" main at low service pump station.

1992 - Restructured sludge lagoon into two cells.

2000 - 2003 - 8.4 MGD plant expansion designed by Fishbeck, Thompson, Carr & Huber. Plant included: 2nd intake, low
service pumps No.1 and No.3 replacement, low service station generator, 2nd raw water transmission main, 2 inline rapid mix
units, 2 additional flocculation basins, 2 additional rectangular sedimentation basins, 4 additional filters rated 3 gpm/ft2, filters 1-
4 replacement of media and underdrain, filter to waste on all filters, 2 additional clearwells, 4 additional high service pumps at 5
MGD each for high pressure district, new Phos. Alum CI F PAC chemical feed equipment, WTP backup generator, new SCADA
controls.

2001 - Getty St. Booster Pump Station to service high pressure district.

2002 - Cathodic Protection for Getty St. elevated storage tank.

2006 - Sludge Removed from the north lagoon cell and replacement of the SCADA system.

2015 - Norton Shores and Fruitport Twp purchase water from the City of Muskegon, rather than Muskegon Heights.

Is Vulnerability Assessment Available for review? Yes
Is Emergency Response Plan Available for review? No

Plant Personnel and Security Comments:

Personnel - Operator in Charge is properly certified and backup operators with the proper certification are also available. Shift
operators and maintenance relief operators should continue to be encouraged to pursue higher levels of certification.
Vacancies should be filled to provide flexibility in work schedule coverage.

Construction - WTP plant upgrades were completed in 2004 but did not address existing equipment. In 2009-2010 the low
service station, floc basins, sed basins, filter clearwells, and reservoirs were inspected and some rehabilitation work was
completed. Additional rehabilitation work is listed in the City's 2010 Ten Year Capital Improvement Plan (see Appendix K).
Security - A mechanical front gate with limited access has been installed and used at the WTP. A mechanical gate may also
be necessary at the entrance to the drive down to the low lift station. The City of Muskegon Heights' Vulnerability Assessment
(VA) contains several recommended short term and long term improvements. The VA is from 2004 and should be updated. A
Contingency Plan was completed in 2008. The 12/09 SDWA rule revisions changed the Contingency Plan into an Emergency
Response Plan (ERP). The ERP is currently outdated and must be updated. Table Top Exercises should be performed to
provide staff with emergency training.
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WATER TREATMENT PLANT

Demand Data (Million Gallons): Total System Demands (Hts. + N. Shores + Fruitport)
Year Max. Day Avg. Day Max. Month Avg. Day Min. Day Avg. Day / Capita (gpd)
2000 13.010 9.650 6.590 3.370 164.9
2001 14.460 11.940 6.850 2.680 171.4
2002 14.250 12.090 6.735 3.150 168.5
2003 15.980 10.528 6.832 3.550 171.0
2004 11.701 9.196 6.237 2.498 156.1
2005 15.651 12.901 7.811 3.815 189.8
2006 13.138 10.965 6.723 2.911 163.3
2007 15.201 11.290 6.789 2.957 164.9
2008 12.534 10.444 6.270 3.335
2009 10.952 9.373 5.851 3.299
2010 11.175 5.596 3.046
2011 11.633 5.222 2.848
2012 17.252 5.261 2.614
2013 12.207 5.179
2014 10.100 5.515
1Yr. 3Yr. 10 Yr.
Avg. Day Demand (MGD) 5.515 5.318 6.022
Avg./Rated Capacity 21.9% 21.1% 23.9%
Plant Design Capacity (MGD): 25.2  Max.. Day Demand (MGD) 10.100 17.252 17.252
State Rated Capacity (MGD): 25.2  Max./Rated Capacity 40.1% 68.5% 68.5%
Auxiliary Power Capacity (MGD): 10.0 Aux./Avg. Day Demand 181% 188% 166%
Plant Metering:
Location Type Line Size Flow Range Year Installed
Raw Water: Mag 36 inch 0-35 MGD 2003
New Flocculator Influent Strain Gage 36 inch 0-10 MGD 2003
Old Flocculator Influent Venturi 16 inch unknown 1940
Finished Water: Mag 16 inch 1000-19500 gpm 2005
New Backwash Water: Mag 24 inch 0-12,000 gpm 2003
Old Backwash Water: Venturi 20 inch unknown 1940
Individual Filter (1-12 each) Mag 10 inch 0-2,000 gpm 2003
Hypochlorite Mag 3inch 0-200 gpm 2003
Hypochlorite Mag 1.5inch 0-50 gpm 2003
Hypochlorite Mag 1.5inch 0-50 gpm 2003
Hypochlorite Mag 3inch 0-100 gpm 2003
Plant Service Water: Mag 4 inch 0-500 gpm 2003
High Pressure District: Mag 24 inch 0-12000 gpm 2003
Gravity to Sherman: Mag 30 inch 2500-27000 gpm 2005
Total Treated Water Storage: Tank Capacity
Treatment Plant Clearwell: North Clearwell 1 0.0905 MG
South Clearwell 1 0.0815 MG
North Clearwell 2 0.0905 MG
South Clearwell 2 0.0815 MG
North Clearwell 3 0.1205 MG
South Clearwell 3 0.038 MG
Ground Storage: East Reservoir 2.0 MG
West Reservoir 2.0 MG
|Total 4.50 MG
Distribution System Low Pressure District
Elevated Storage: Getty St. 0.75 MG
Ground Storage: Sherman 1 1.0 MG
Sherman 2 0.5 MG
Total (MG) 2.25 MG
Percent of Maximum Day: 13.0%

Demand/Capacity/Storage Comments:

2011 - Capacity of the WTP is adequate to handle maximum demands for the next several years. the generator at the WTP is
capable of meeting the average day demands of the entire water system, but is not capable of meeting current maximum day
demands.

2011 - The Strain Gage meter on the new flocculator influent line is a Niagara Model 1030F. It is not accurate due to the
proximity to pipe bends up and down stream of the meter.

2011 - Storage at the WTP appears to be adequate. Distribution system storage is adequate for the City of Muskegon Heights
in comparison to demands, but would only provide enough water to last about 10 hours based on the current average day
demand of the entire system.

2014 - Moving forward from the loss of the wholesale customers in 2015, the demands will be much less than the
system has experienced recently. Demand data will have to be re-assessed once the change-over occurs.
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Muskegon Heights Process Unit Capacities
Subrule 3 of Rule 1006 of the Michigan Safe Drinking Water Act (Act 399) states:

The rated capacity of the complete treatment system is the smallest of the following rated capacities for each element or
unit of the system:

(a) Intake-- The rated capacity of the intake is the lesser of the intake capacity at the 100-year drought elevation or the
intake capacity at the time of the lowest recorded elevation of surface water at the point of intake.

(b) Raw water supply-- The rated capacity of the raw water supply is the firm capacity of raw water pumping units or the
total flow from a system supplying raw water by gravity under minimum source water elevation conditions.

(c) Treatment processes-- The rated capacity of treatment processes including coagulation, precipitation, sedimentation,
and filtration is the established maximum allowable treatment rate. Where less than 4 filters are provided, the rated
capacity of the filters is the maximum allowable treatment rate with the largest filter removed from service.

(d) Finished water supply-- The rated capacity of the finished water supply to the distribution system or storage is the firm
capacity of pumping systems or the total flow from a system supplying finished water by gravity under the limiting head
condition.

The following are determinations of total and firm capacity for each unit process based on the "Recommended Standards
for Water Works" a.k.a. "10 State Standards". Where applicable, the WTP's design capacity (25.2 MGD) has been used
to determine compliance with these recommended design standards. A summary of the Rated Capacity for the WTP is
provided at the end of this section.

Intake

criteria = headloss through the intake to the low service pump station

Old 30" 16.8 MGD
New 42" 34 MGD

|Total Capacity 50.8 MGD
Rated Capacity 50.8 MGD

Low Service Pump Station

6 low service pumps in total. TDH = 128"

Total Capacity 33.9 MGD
Firm Capacity 25.3 MGD
Rated Capacity 25.3 MGD

The basis of design from the last WTP expansion included a hydraulic analysis of operating all 6 of the low service pumps
simultaneously and determined that the total pumping capacity would be limited to 33.9 MGD. In addition, the firm
pumping capacity with the largest low service pump out of service was determined to be 25.3 MGD. This is the basis for
the capacities listed above.
Flocculation Basins
criteria = 10 States Standards
Min. Flow Through Velocity = 0.5 feet/minute
Max. Flow Through Velocity = 1.5 feet/minute
Detention Time = 30 minutes

At Design Capacity of 25.2 MGD

Detention Time 45.3 Minutes >30 Minutes OK
Flow Through Velocity 0.82 Feet/Minute >0.5 & < 1.5 Ft/min. OK
Basin Compartment Capacity (MGD) @ Flow Through Velocity
Basin Volume Width Depth 0.5 fpm 1.5 fpm

1 0.126 43 13.83 3.20 9.61

2 0.126 43 13.83 3.20 9.61

3 0135 43 13.83 3.20 9.61

4 0.135 43 13.83 3.20 9.61

5 0.135 16.7 13.83 1.24 3.73

6 0.135 16.7 13.83 1.24 3.73

Total Capacity 15.30 45.90

Total Dt Capacity (All Basins) Dt Capacity (Largest Out of Service)
Dt 30 minutes Dt 30 minutes
Volume 0.792 MG Volume 0.657 MG
Capacity 38.02 MGD Capacity 31.54 MGD
Individual Basins 30 minute Dt Capacity

1-2 0.126 MG 6.05 MGD
3-6 0.135 MG 6.48 MGD
|Total Capacity 38.02 MGD
Rated Capacity 38.02 MGD
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Sedimentation Basins

criteria = 10 States Standards
4 hours Minimum Settling Time

Max. Flow Through Velocity = 0.5 feet/minute
Outlet Weir Launder Loading Rate = 20,000 gpd/ft

Detention Time @ 25.2 MGD Design Capacity

Flow Through Velocity @ 25.2 MGD Design Capacity

Basin
Basin Volume Width Depth
1 0.699 43 17.69
2  0.699 43 17.69
3 0.770 43 17.69
4 0.770 43 17.69
5 0.700 44 16.44
6 0.700 44 16.44

Total Sett. Time Capacity (All Basins)

Time 4.0 hours
Volume 4.338 MG
Capacity 26.03 MGD

Basins 5 & 6 have overflow weirs
4 weir troughs, 30 feet long per basin

4.13 Hours
0.52 Feet/Min.

>4 hours OK
>0.5 Ft/m  Not Met

Capacity @ Max. Velocity Capacity @ Dt

|Total Capacity

Rated Capacity

0.5 fpm 4 hours
4.10 4.19
4.10 4.19
4.10 4.62
4.10 4.62
3.90 4.20
3.90 4.20
Total Capacity 24.18
Firm Capacity 20.08
Sett. Time Capacity (Largest Out of Service)
Time 4.0 hours
Volume 3.568 MG
Capacity 21.41 MGD
Total Weir Length Each Basin 240 feet
Capacity of Each Basin 4.8 MGD
26.03 MGD
26.03 MGD

Based on the 4 hour detention time requirement

Filters

criteria = 3.02 gal/minute/sq.ft. maximum filter loading rate as permitted

Loading Rate @ 25.2 MGD Design Capacity

3.02 gpm/sqft

Filter Area sq.ft. Capacity
1 490 2.13 MGD
2 490 2.13 MGD
3 490 2.13 MGD
4 490 2.13 MGD
5 480 2.09 MGD
6 480 2.09 MGD
7 480 2.09 MGD
8 480 2.09 MGD
9 480 2.09 MGD
10 480 2.09 MGD
11 480 2.09 MGD
12 480 2.09 MGD
Total Capacity 25.20 MGD
Capacity (Largest Filter Out) 23.07 MGD
Capacity (N. Clearwell #1 Out) 16.68 MGD
Rated Capacity 25.20 MGD
High Service Pumps
Total Capacity Firm Capacity
WTP High Service Pumps (7 total) 32.53 MGD 26.48 MGD
Sherman Station Pumps (4 total) 15.2 MGD 9.2 MGD
Sherman Station Gravity Line 9 MGD 9 MGD
Total Capacity 41.53 MGD
Firm Capacity 35.48 MGD
Rated Capacity 35.48 MGD
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Unit Capacity Summary

UNIT RATED CAPACITY

Intake 50.8 MGD
Low Service Pumps 25.3 MGD
Floc Basins 38.02 MGD
Sed. Basins 26.03 MGD
Filters 25.20 MGD
High Service Pumps 35.48 MGD

The process schematic for the WTP show that it is comprised of six separate treatment trains consisting of flocculation,
sedimentation, and under normal operation filtration with the numbered flocculation basins and sedimentation basins
corresponding to each other (Floc 1 & Sed 1, Floc 2 & Sed 2, etc.) and every two basins corresponding with a set of 4
filters (Floc 1&2, Sed 1&2, Filters 1-4, etc.). Therefore, each treatment train may be limited by a different unit process
and the rated capacity for each treatment train must be determined in order to develop an overall rated capacity.

TREATMENT TRAIN RATED CAPACITY

Treatment Train Capacity Limiting Factor
Floc & Sed Basins 1, Filters 1-4 4.19 MGD Sed. Basin Min. Detention Time
Floc & Sed Basins 2, Filters 1-4 4.19 MGD Sed. Basin Min. Detention Time
Floc & Sed Basins 3, Filters 5-8 4.18 MGD Filter Loading Rate
Floc & Sed Basins 4, Filters 5-8 4.18 MGD Filter Loading Rate

Floc & Sed Basins 5, Filters 9-12 4.18 MGD Filter Loading Rate

Floc & Sed Basins 6, Filters 9-12 4.18 MGD Filter Loading Rate

TOTAL TREATMENT TRAIN RATED CAPACITY 25.10 MGD
WTP DESIGN CAPACITY 25.2 MGD
OVERALL WTP RATED CAPACITY 25.2 MGD

COMMENTS:

While the minimum required detention time appears to control the rated capacity for the first two treatment trains, the
WTP has the capability of splitting the flow across all 12 filters which would allow the Overall WTP Rated Capacity to be
increased to the WTP Design Capacity. At the WTP Design Capacity, all recommended design criteria are met except
for sedimentation basin flow through velocity which is only exceeded by 4% and does not appear to significantly impact
the ability of the WTP to meet current treated water quality standards.

In the future, as system demands increase near the design capacity, the WTP should evaluate what impacts, if any, the
higher flow through velocity may have on the effectiveness of the pretreatment process.

It should be noted that the north clearwells are critical for the operation of each set of filters and if one of these

clearwells is taken out of service the entire set of filters will also be out of service. The worst case of this would be if
north clearwell no. 1 was taken out of service the WTP capacity would be reduced to 16.7 MGD.
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Water Quality:

2014 Data Raw Treated

Normal Range Normal Range
Hardness, ppm 142 115-182 143 116-186
Turbidity, NTU 1.3 0.1-138 0.03 0.01-0.49
Color 8 0-385 0 0
Alkalinity, ppm 116 100-177 111 98-144
Total Col, cts/100 ml
TOC, ppm 2.1 1.4-4.3 1.71 1.26-2.3
Nitrate, ppm
Fluoride, ppm
TTHM, ppb
HAAS, ppb
pH 8.25 [5.13-11.5§ 7.71 6.4-8.9
HPC
Monitoring Requirements: See Monitoring Schedule; Appendix B

Complete Chemical Analysis: See DEQ Chem File

Comments on water quality/monitoring requirements:

2011 - Muskegon Heights should consider adopting Water Quality Goals for its treatment plant. See Appendix C.

2011 - The City and their customer supplies separately completed Standard Monitoring and IDSE Reports to comply with the
requirements of the Stage 2 DBPR. The reports showed elevated levels of DBP's but no single site is expected to exceed the
LRAA MCL for either TTHM or HAAS. The City of Muskegon Heights' IDSE report was approved in 3/2010 and the City is
ready for Stage 2 compliance monitoring.

2011 - The City completed LT2ESWTR crypto monitoring and has been classified into Bin 1, with the next round of monitoring
scheduled to begin in 10/2016.

2011 - TTHM's and HAAS's appear to be the contaminants that pose the biggest threat to the system's water quality. Turbidity
spikes have also occured at times, but have not exceeded treatment technique standards.

2011 - Raw water from Lake Michigan is generally of excellent quality. Taste and odor events, requiring the addition of
activated carbon, have occurred seasonally.

2011 - Monitoring requirements of the MSDWA are being met with the exception of a TOC monitoring violation in the 1st
Quarter of 2009. Operational monitoring parameters and frequencies at the WTP also appear to be adequate.

2015 - The City will be required to conduct the second round of crypto sampling under LT2ZESWTR in Oct. 2016.
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Intake Facility:

Intake 1 Intake 2
Year: 1940 2000
Capacity: 16.8 MGD 34.0 MGD
Last Inspected: Fall '14 Fall '14
Name of Source: Lake Michigan
Source Capacity: unlimited
Diameter of raw water intake pipe: 30" 42"
Total Length 4700 4800'
Location (latitude/longitude): available available
Submergence: 2 Cribs 2 Cribs
Entrance Velocity: 5.35 fps @ 22.56' HL 5.66 fps @ 17.5' HL
Grating 2"x12" 2"x12"
Zebra Mussel Control: Yes - Cl, PO4 Yes - Cl, PO4
Historic Low Water Elevation: 576.1 (1964)
Historic Low Water Flow: N/A

Historic High Water Elevation
Standby (Emergency) Intake?

582.5 (1986)
Yes, 1 Manhole Yes, 1 Manhole

Size Unknown 30" Diameter
Distance from Shore 3100' 3100'
Distance from Crib 1500' 1500'
Accessibility Steel Cover Blind Flange
Last Used Unknown Never

Is Source Water Assessment Plan available? Yes

Back flush provisions? No Yes

Comments of Intake: condition of intake, source protection, ownership, vulnerability to spills

- A Source Water Assessment was completed in 2004. Intakes are categorized as moderately sensitive to potential
contaminants. The source water has moderately high susceptibility to potential contamination.

- Seasonal Chlorination is used to control zebra mussels.

- The sump pump from the Low Service Station currently discharges to Lake Michigan and requires an NPDES permit

- Chemical feed for Zebra Mussels is pumped from the WTP but the Low Service Station has the ability to setup chemical
feed equipment if the line from the WTP breaks or is out of service. This includes fiber optics for controls and room for a 55
gallon chlorine container.

- Alternation of the Low Service Station Pumps is done by operator preference

- Potable water for the Low Service Station comes from the WTP.

- Each intake has a single emergency intake/access manhole. Detail of the manhole on the 1940 intake is not available, but it
was videoed as part of the 2010 inspection. The pipe extends approximately 8 feet from the intake to approximately 2 feet
above the lake bottom. The manhole on the 2000 intake extends 12 feet 3 inches from the intake to 3 feet above the lake
bottom and is capped with a blind flange with eye hook for removal. Both manholes are protected with riprap.

- Inspections were conducted on both the intakes in 2006. 69 cubic yards of material in total was removed from the cribs and
feed pipes. The old 30" intake showed many open joints with 1 inch gaps and a 30 foot section of pipe near the 3050 foot
mark near an access manhole where the pipe was only 40% open. The new 42" intake showed heavy sedimentation from
the cribs to the crib intersection with the pipes less than 50% open. The section of this intake near the access manhole was
also found to have mussel growth and sediment buildup. Portions of the inspection reports are in the basic data folder.

- Inspections of both intakes were conducted on days in May, June, and July of 2010. Video recordings were made of the
inspections. All 4 cribs structures had slat openings reduced to approximately 50%. All 4 intake pipe openings were over
90% plugged with material. Chlorine feed halos were found plugged. Material appears to be plugging most of the intake
pipeline from the cribs to past the emergency manholes. Intake No. 1 emergency manhole had no cover and was actively
pulling in water as the pipe section to the crib was plugged. As of November 2010 some of the material had been removed
from Intake No. 1 (North) but a cover could not be placed on intake emergency manhole before weather prevented additional
removal from being completed. Portions of both intakes remain plugged with material, which should be removed in Spring
2011 when conditions allow work to continue. Despite the presence of so much material in the intake, the WTP has been
able to meet demands. It is uncertain whether the intake conditions are a factor in TOC treatment. The condition of the
intakes may limit their capacity. At a reduced friction factor (C=50), capacity is limited to 8.75 and 18.3 MGD, respectively.
2014 - The intakes were inspection and cleaned in Fall 2014.

2014 - The City should consider implementing a surface water intake protection program (SWIPP). SWIPPs have been
successfully completed and implemented by other supplies utilizing great lakes sources. Grand Haven may be a good
example to reference, as they are relatively close and also utilize Lake Michigan as their source water.

2015 - Currently the intake chlorination has limited capacity. This issue should be addressed to ensure adequate
chlorine to deter zebra/quagga mussels.
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Pumps and Pump Locations:

Low Service: Preventive
Location/No. Make Year Capacity Type Lubricant Status  Maintenance Flooding?
LSP No. 1 Goulds 2000 7.4@128' VTVS H20 Active Yes No
LSP No. 2 Layne 1988 4.6@120' VTCS H20 Active Yes No
LSP No. 3 Goulds 2000 7.4@128' VTVS H20 Active Yes No
LSP No. 4 Peerless 1957 4.9@120' VTVS oil Active Yes No
LSP No. 5 Layne 1965 5.4@120' VTCS H20 Active Yes No
LSP No. 6 Peerless 1974 8.8@130' VTCS H20 Active Yes No

Firm 25.3 MGD Total 33.9 MGD
@128 TDH @128 TDH (See Page 5 for basis of LSP capacities)

4,6,and 2

Low Service Sub Level Piping (1, 3, 5) Low Service Sub Level Piping (4, 6, 2)
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High Service:

Low Pressure District: City of Muskegon Heights Preventive
Location/No. Make Year Capacity Type Lubricant Status  Maintenance Flooding?
WTP Old HSP No. 1 Layne 1965 4.46@162' VTCS H20 Active Yes No
WTP Old HSP No. 2 Layne 1965 6.05@185' VTCS H20 Active Yes No
WTP Old HSP No. 3  Peerless 1965 2.02@142' VTCS H20 Active Yes No
Sherman No. 1 Am. Well 1941 3.0@155' CentCS H20 Active Yes No
Sherman No. 2 Am. Well 1957 6.0@155' CentCS H20 Active Yes No
Sherman No. 3 Am. Well 1941 2.2@152' CentCS H20 Active Yes No
Sherman No. 4 DeLaval 1965 4.0@180' CentCS H20 Active Yes No
WTP OIld HSP No. 1 & No. 2 WTP OIld HSP No. 3

Sherman Pump Station
Pump Nos. 1 & 3 Pump No. 5 (Not Connected) Pump Nos. 4 & 2
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High Pressure District: City of Norton Shores & Fruitport Township Preventive

Location/No. Make Year Capacity Type Lubricant Status  Maintenance Flooding?
WTP New HSP No. 4 Peerless 2000 5.0@210' VTVS H20 Active Yes No
WTP New HSP No. 5 Peerless 2000 5.0@210' VTVS H20 Active Yes No
WTP New HSP No. 6 Peerless 2000 5.0@210' VTVS H20 Active Yes No
WTP New HSP No. 7 Peerless 2000 5.0@210' VTVS H20 Active Yes No

Firm High Pressure 22.77 MGD Total  27.77 MGD
Low Pressure 15.48 MGD* Total 21.53 MGD**
System 35.48 MGD* Total 41.53 MGD**
* Low Pressure & System based on FP#2 out and max. capacity of Sherman gravity feed = 9 MGD

** Total based on max. capacity of Sherman gravity feed = 9 MGD

NOTE: This section is outdate as a result of the loss of customers in 2015. Needs updating next survey cycle.

Filter Backwash: Preventive
Location/No. Make Year Capacity Type Lubricant Status  Maintenance Flooding?
Old HS BWP No. 1 DeLaval 1941 9750 gpm CentCS H20 Active Yes No
Old HS BWP No. 2 DeLaval 1941 9750 gpm CentCS H20  Out of Service Yes No
New HS BWP No. 3 Patterson 2000 9750 gpm VTCS H20 Active Yes No

| Firm Capacity: 28.08 MGD | Total Capacity: 42.12 MGD |

Backwash Pump No. 1 & No. 2 Backwash Pump No. 3

o e a——— =-5

Surface Wash Pump: Preventive
Location/No. Make Year Capacity Type Lubricant Status Maintenance Flooding?
Old HS SWP No. 1 Unknown 2002 Unknown CentCS H20 Active Yes No
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Contaminant Containment Pumps: Preventive

Location/No. Make Year Capacity Type Lubricant Status Maintenance Flooding?
Contam. Cont. No. 1 March 2002 12 gpm @ 30' CentCS oil Active Yes No
Contam. Cont. No. 2 March 2002 12 gpm @ 30' CentCS Oil Active Yes No

Chemical Transfer Pumps: Preventive

Location/No. Make Year Capacity Type Lubricant Status  Maintenance Flooding?

Sodium Hypochlorite March 2002 12 gpm @ 30' CentCS Oil Active Yes Yes

Alum March 2002 12 gpm @ 30' CentCS Qil Active Yes Yes

Fluoride Thompson 2006 47 gpm @ 30' CentCS oil Active Yes Yes
Chlorine Transfer Alum Transfer Fluoride Transfer

.
]

Sampling Pumps: (6) Preventive
Location/No. Make Year Capacity Type Lubricant Status  Maintenance Flooding?
Various Little Giant 2002 3 gpm @ 20 CentCS oil Active Yes No
Combined CFE March 2006 3gpm @ 28' CentCS Oil Active Yes No
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Comment on Pumps/Pump Maintenance:
- Pump maintenance is performed annually for each pump. No thermal or vibrational monitoring is employed, except on the
Norton Shores HSP.

2014 - Low Service Pump #1 has a bearing issue within the pump. The bearing was repaired and the motor rebuilt.
- LSP#2 & #6 were pulled in 2005 to have the impeller replaced and pumps and motors rebuilt.

2014 - LSP #3 was leaking badly from the packing gland at the time of my visit.

- LSP #5 had its actuating valve rebuilt in 2006.

- LSP #4 is back in service. Prior vibration issues have been resolved and a VFD was installed.

- Sherman Pump #1 is operated using an electric actuator and had a new motor installed in 2007.

- Sherman Pumps #2 - #4 are all hydraulically actuated but the actuator for #3 is supplied by the pump station discharge line.
-Sherman Pump #2 has a bad actuator and is too large to function properly given the current hydraulic conditions.

- Sherman Pump #4 currently has broken valves that prevent its use. Repairs on this pump were completed in 2014.

- An extra pump motor is kept on hand at the Sherman Station

- A gravity transmission line runs from the WTP to the Sherman Reservoirs and has a maximum capacity of 9 MGD.

- High Service Pump #3 was rebuilt in 2005.
- High Service Pump #1 had the actuator rebuilt in 2006.

- Backwash Pump #2 is out of service and needs motor repairs. Capacity is still adequate as only 1 pump is used during a
backwash. (2015 update - this pump is now functional)

- Sampling Pump Locations:

1. Raw

2. Rapid Mix (from both lines)

3. Settled (2 pumps in series)

4. Combined CFE

5. Plant Tap

- All Sample Pumps are Little Giant Model 4-MD except CFE Pump (March TE-5C-MD)

- Alum and NaHOCI transfer pumps are March Mfg. Model TE-7R-MD.
- Fluoride transfer pump is Finish Thompson Model KC8VTVN355C03.

- Contam. Contain. pumps are March Mfg. Model TE-7K-MD. These pumps discharge to the sludge lagoon.
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TREATMENT FACILITIES

Rapid Mix:

Number of Units: 2 Inline Units 2 Basins (Not in Use)
Volume of each unit: 36 inch diameter x 4 feet = 211 gallons 0.01 MG 0.015 MG
Detention Time at rated capacity: 0.024 minutes 1.43 minutes
Mechanical or Static? Mechanical Mechanical

In-line or CSTR? In-line CSTR

Velocity Gradient (G) 2500 - 3400 sec”’ @ 32 to 70 °F

Is mixing rate adjustable? Yes Yes

Condition of equipment Active Out of Service
Chemicals added (in order): Sodium hypochlorite, carbon, alum

FEREEREE

Rapid Mix No. 1 Rapid Mix No. 2

Comment on Rapid Mix:

2011 - Paddles have been pulled from the old rapid mix basins and they are no longer operated. However, the paddles are still
kept on hand in the WTP.

2011 - Rapid Mix No. 1 had a shear pin break and was rebuilt. There is no plan to inspect Rapid Mix No. 2 for possible rehab.
2014 - Rapid Mix #1 is leaking heavily. The packing should be adjusted to provide proper lubrication without excess leakage.

2014 - Rapid Mix #2 has an issue with its bearings, but should be repaired in fall of 2014.
2014 - The lack of a meter on each raw water line limits the flexibility of the rapid mix units.

The water supply plans on replacing one of the units, and rebuilding the other unit in fall of 2015.
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Flocculation Basins:

Number of Units: 6

Volume of each unit: 1&2 = 0.126 MG each; 3,4,5&6 = 0.135 MG each

Detention time at rated capacity: 45 minutes

Type of Units: All Horizontal Shaft Paddle Flocculators

Inlet design: Baffle Wall

Is mechanical flocculator used? Yes

Condition of equipment: 1,2,3,&4 New paddle wheels, chains; baffles rehabbed
5&6 Installed in 2004 and in good condition

Is C*T available? See Appendix C

Baffles: On inlet and outlet

Is Preventative Maintenance Performed?  Yes, Basin cleaned annually and drive greased monthly.

« Floc Basin No. 1 « — Floc Basin No. 2 — « Floc Basin No. 3 «

| Floc Basin No. 6 1

Comment on Flocculation Basins:

- Basins 1-4 have 2 stages each, flow is perpendicular to paddle wheels. Basins 5&6 have 6 stages each, flow is parallel to
paddle wheel shafts.

- Basins 1-4 have had paddle wheels and chains replaced with less corrosive materials. Concrete repairs and baffle repairs
were also completed.

- Old Floc Basins have an angled inlet baffle wall to accommodate the splitter box. The area behind this inlet baffle collects
surface scum which must be removed manually on a regular basis.

- The exterior building wall leaks by basin #2. A weep hole allows water to drain into the floc tank.

- Basins 1-4 were inspected for their structural condition and repaired in 2009.

- Floc drive motors are being rebuilt by WTP staff.

- Floc paddle wheel speeds are monitored through the SCADA system.

- 2014 Basins 3 & 4 are not operated in the winter due to icing issues.
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Settling Basins:

Number of Units 6
Volume of Each Unit: 1&2 = 0.699 each; 3&4 = 0.770 each; 5&6 = 0.700 each
Detention Time at rated capacity: 248 minutes
Type of units: Conventional rectangular below grade
Inlet Design: 1, 2, 3 & 4: Baffle Wall
5&6: baffle wall w/ 105 3" openings
Baffles: No intermediate baffling on any of the basins
Outlet Design: 1&2: No baffle wall, submerged ledge
3&4: Baffle Wall
5&6: Four 30" weir troughs
Baffling Factor (EPA Guidance Criteria): 1&2: 0.3 3&4: 0.5 5&6: 0.7
Overflow: to plant drain
Drains: Yes, to plant drain
Curbing: N/A
Cleaning Procedure: Manual; Drain, Open Valve to Lagoon, and Hose Down
Sludge Disposal: Lagoon
Physical Condition: 1-4: 2009-10 inspected & rehabilitated ; 5&6: New
Is C*T available? See Appendix A
Is preventative maintenance performed: Yes - inspected and cleaned annually
Effluent turbidity, average/range: (05'-09")
Avg. Min. Max.
2005 0.53 0.07 3.28
2006 0.55 0.10 2.61
2007 0.65 0.10 5.58
2008 1.00 0.10 5.13
2009 0.57 0.10 5.39
[ overall] 0.66 [ 007 | 558 |

Comments on Settling Basins:

- The additional basins have spread the flow and reduced levels of accumulated sludge to allow for easier removal.

- Basins 1-4 were inspected by Dixon Engineering in 2009. Repairs to the basin interiors were made, but surface drainage
must still be addressed to prevent ponding on the basin roof.

- 2014 - An additional drainage line should be added to prevent ponding against the building.

- Water from 3 separate settled water lines is run to a single turbidimeter to determine settled water turbidity.
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Eiltration

Type of filter: Rapid Sand Filtration

1-4 5-8 9-12
Number and Area of Filters: 490 ft? each 480 ft? each 480 ft* each
Design Filtration Rate, gpm/ft*: 3 3 3
Approved Filtration Rate, gpm/ft’: 3 3 3
Maximum Rate Experienced, gpm/ft*: 4.31 4.31 4.31
Average filtration rate, gpm/ftz: (2005-2010) 1.08 1.08 1.08
Is flow equalized through all filters? Yes Yes Yes
Rate of flow device: Effluent valve controlled by influent trough level
Filter to waste available? Yes Yes Yes
Filter hours:
Filter Run Time Individual Filter Runs (Hrs.)
Average Max. Monthly Avg. Min. Monthly Avg. Monthly Avg. Run Max. Run |%Wash H,0
2004*( 2124 274.2 150.3 Not Determined 438
2005%( 201.2 286.6 116.6 Not Determined 266.5 2.18%
2006*[ 237.1 285.5 156.3 Not Determined 226.5 2.62%
2007*( 260.0 287.2 231.9 Not Determined 221 2.95%
2008*( 181.7 241.3 88.1 Not Determined N/A 2.89%
2009| 134.0 219.5 75.3 Not Determined N/A 2.16%
* 2004 - 3/2008 MOR reported Hours of Filter Run Time per Day (Out of 288 possible) instead of filter run time
Filter Media - Filters No. 1-4 and 9-12
Anthracite Sand
Depth - inches 12 18
Effective size (mm):  0.95-1.05 0.45-0.55
Uniformity coefficient <17 <16
Filter Media - Filters No. 5-8
Anthracite Sand Torpedo Gravel Gravel Gravel
Depth - inches 6 22 3 3 3 3
Effective size (mm): 0.8-1.0 0.45-0.55 #16-#8 #8-3/16"  3/16"-3/8" 5/8"-1"
Uniformity coefficient 1.75 <16

Date Last Rebuilt or Checked: 2002 - all filters

Underdrain Type:

1-4 and 9-12: Leopold porous plate and plastic block

5-8: Wheeler Bottom Underdrains

Curbing: Yes

Filter Overflow:

None - will drain in hallway floor drain

Surface Wash:

Leopold-Palmer rotating sweeps

Surface Wash source of water:  Plant finished water

Depth of Water Above Media: 8 feet, 4 inches

Filter Performance Records:

Turbidimeters

Is there continuous turbidimeter for each filter?
Is there continuous turbidimeter for the applied?
Is there continuous turbidimeter for confluence?
Is there continuous turbidimeter for raw water?
Is there continuous turbidimeter for plant tap?
Turbidimeter used for combined compliance:

Yes Calibration frequency:
Yes Calibration frequency:
Yes Calibration frequency:
Yes Calibration frequency:
Yes Calibration frequency:
Yes Calibration frequency:
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Filtration (continued)

Filter Nos. 1, 2, 3, and 4

Comments on Filter Construction/Maintenance/Turbidity measurements:

- Turbidity is the determining factor in length of time for filter to waste cycle.

- The Plant Tap turbidimeter takes water from the finished water reservoir.

- Filters 1-8 have no indicators on their sweeps.

- Jar Tests are not currently performed to optimize treatment

- Most filters have mixing of sand & antrhacite rather than 2 distinct layers. The Dgy/D,, ratio of anthracite to sand appears to be
near 4, the ideal ratio is 3. When the ratio is this high too much mixing at the interface is typical.

- Media in Filters 5-8 is still original media from 1964 and may need to be replaced.

- Circular areas around the sweeps with more sand and less anthracite showing is caused by sweeps continuing to run due to
the surface wash valve not closing properly.

- Current operation of filters is to place filters in service based on demand while still limiting the filtration rate, and to run filters
for up to 200 hours prior to backwash based on turbidity levels. Limiting the number of filters in service has helped lower wash
water use, compared to previous practice of having all available filters in continuous operation.

- Annual assessments should be performed on the filters. This should be feasible since lower demands during the winter allow
sets of filters to be taken out of service.

- Filter operation should be optimized to maximize efficiency while maintaining performance to meet water quality goals.

- Turbidity data for individual filters is tracked through the SCADA system and stored on the computer, however the system is
currently not capable of generating printable reports on individual filters.

- Laser Nephelometers were installed on each CFE point to help detect breakthrough at compliance sampling points. However,
these units would be more useful detecting breakthrough if they were installed on each individual filter instead.

- Despite concerns about filter media (age, mixing), filters continue to meet turbidity treatment technique requirements.

- Clearwell inspections showed no evidence of filter underdrain failure.

- 2014 - The anthracite in filters 1-8 will be topped off this year.

- 2015 - The anthracite has not yet been added, planning on doing that this year.

- 2014 - All on-line turbidimeters will be switched to SWAN in the near future.

- 2015 - All filter effluent valve actuators were rebuilt or replaced and are functioning properly.

- 2014 - No filter profiling actions are conducted. Filter coring/probing, bed expansion during backwash, filter

Backwash:

Average run length time of filter: 158 (hours) 2008-2009

Criteria for backwash: 200 Hours, 8 feet head loss, or 0.1 NTU turbidity

Source of backwash water: Plant Service Line - finished water from the high service suction wells

Average duration of backwash: 30 minutes

Maximum duration of backwash: 45 minutes

Average backwash flow, gpm: 3333 gpm (100,000 gal / 30 minutes)

Maximum backwash flow, gpm: 9750 gpm only 1 pump is used. (could increase if 2 pumps used)

Average backwash rate - gpm/sq.ft: 1-4: 6.8 gpm/sq.ft 5-12: 6.9 gpm/sq.ft
Maximum backwash rate - gpm/sq.ft: 1-4: 19.9 gpm/sq.ft 5-12; 20.3 gpm/sq.ft
Rise Rate: 1-4: 2.66 ft/min 5-12: 2.72 ft/min
Backwash water disposal: Filter to waste - discharges to lagoon

Is bed expansion achieved? Unknown

Is there loss of media during backwash? No
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Backwash disposal

Is backwash water recycled? No
Location of recycled stream into plant flow: N/A
Is treatment/equalization provided prior to recycling? N/A

Associated problems with filters:

(Yes/No)
Air Binding - No Media Growth - No
Cementing - No Media Attrition - No?
Gravel Mounding - No Bacteria Growth - No
Media Loss - Yes? Uniform Backwash - Yes
Adequate Backwash Rate - Yes Mudballs - No

Filter Operation comments:

- Filter backwash operation is automated but there is a Standard Operating Procedure in place for manually backwashing a
filter if necessary.

- Backwash is run through an automated sequence. Operators are supposed to watch the backwash cycle but are not always
able to.

- The filter backwash does not appear to maintain a rate > 15 gpm/sq.ft. for at least 15 min. as recommended by Ten State
Standards

- Filters should be inspected to check filter bed expansion and the condition of the media.

- Filter run times have increased significantly since 2002. The additional filter capacity has allowed lower loading rates across
the filters resulting in the longer run times.

- Particle counters or similar monitoring equipment should be used to evaluate individual filter performance and monitor for
break through for filter runs exceeding 200 hours.

- The criteria for filter to waste is based on a set time after which filter to waste will continue if the turbidity has not yet fallen
below the set point until it does.

- A filter maintenance program should be developed and the WTP should begin to collect baseline data.

- Surface Sweep pressure/air relief should discharge to drain to avoid splashing the filter

- Surface Sweeps should be cleaned routinely to prevent nozzles from becoming plugged.

- 2014 - Filter-to-waste is utilized for 20 minutes following each wash.

- 2014 - Operators are present during the entire wash, and have the option to manually extend the wash if necessary.
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Sludge Handling:

Sludge Disposal options:
On-Site Lagoons
Sanitary Sewer (emergency)
Wastewater Sources:
Filter backwash / Filter to waste
Sedimentation Basin Drainage/Sludge
Contaminant containment tank discharge
Tank Drain/Overflow Lines (except finished water)

Number of lagoon cells: 2

#1 #2 Total
Lagoon bottom area @ ele. 617.5 (sq.ft.): 30,926 31,125 62,051
Lagoon high water area @ ele. 621 (sq. ft.): 41,195 41,253 82,448
Lagoon Volume (MG) 0.944 0.947 1.891
Usable Depth (feet): 35 35
Freeboard (feet) 15 15
Berm Side Slopes 1:3 1:3
3 Yr Average Day Demands (MGD): 5.318
Water Loss: 13%
Average Plant Flow (MGD): 6.113
Backwash/Waste %: 2.55%
Backwash/Waste Water Flow (MGD): 0.156
Average lagoon loading (gal/day/ft?): 5.0 5.0 2.5
Free from flooding? yes yes
Effluent sampling point? N/A N/A
Adequate runoff diverting structures? yes yes

Sludge Handling comments:

- Minimum usable depth and minimum freeboard are less than the recommended 5 feet and 2 feet, respectively from
10 States Standards.

- Each of the lagoon cells has an overflow structure with separate outlets on the adjacent property west of the
lagoons, which is owned by the City.

- The entrance structure was modified using riprap along the center berm wall to prevent washout.

- The south lagoon was emptied in 2010, and the north is being emptied in 2015.

- Trees and brush are rooted in the lagoon berm walls and should be removed to prevent damage.
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Plant Treated Water Storage/Clearwell:

CLEARWELLS

Location:

Size LXWxD (feet):
Volume (gal.):
Percent above grade:
Low water level:
Isolation capabilities:
Vents:

Reservoir Baffling:
Drains:

Overflow:

Access Hatches:
Alarms:

Last Inspection:

C*T applied or applicability:

FINISHED WATER STORAGE
Location:

Size LXW (feet):

Volume (MG)

Percent above grade:

Low water level:

Isolation capabilities:
Vents:

Reservoir Baffling:

Drains:

Overflow:

Access Hatches:

Alarms:

Last Inspection:

C*T applied or applicability:

i R B |

North Clearwells

1 2 3
Filter 2,4 Filter 6,8 Filter 9,10,11
50x22x11| 50x22x11 74x22x10
90,500 90,500 120,500
0% 0% 0%
7 7 7
Yes Yes Yes
6" Vent 6" Vent 6" Vent (2)
None None None
None None None
None None None
2 2 2
High&Low| High & Low | High & Low
2009 2009 2009
Yes Yes Yes

East Reservoir
122x144
2.0
0%
7
Yes
6" Vent (2)
Yes
None
30" w/flap
2
High&Low
2009
Yes

Comments on treated water storage/clearwell:

Clearwells

WTP East and West Reservoirs

West Reservoir
122x144
2.0
0%

7
Yes
6" Vent (2)
Yes
None
30" to E. Res
2
High & Low
May-06
Yes

South Clearwells

1 2 3
Filter 1,3 Filter 5,7 Filter 12
45x22x11 | 45x22x11 | 24x22x10
81,500 81,500 38,000
0% 0% 0%
7 7 7
Yes Yes Yes
6" Vent 6" Vent 6" Vent
None None None
None None None
None None None
2 2 2
High & Low | High & Low| High & Low
2009 2009 2009
Yes Yes Yes
Sherman #1 Sherman #2
81x108 24x108
1.0 0.5
0% 0%
7 7
Yes Yes
1 1
None None
None None
12" 12"

1 1
High & Low High & Low
Nov-05 Nov-05
No No

Sherman Blvd. Reservoirs

- Each clearwell pair has a crossover & valve between North & South sets. Crossovers: 1 & 2 are 24" and 3 is 30".

- If any north clearwell is taken out of service the set of 4 filters will be out of service.

- All six clearwells were inspected in 2009 by Dixon Engineering.

Finished Water Storage

- East & West Reservoirs are drained by high service pumps or drained to Sherman Tanks.
Reservoirs were inspected in 2006 by Dixon and found in good condition. East was inspected in 2009. Repairs are planned
in early 2011 for E. Reservoir & Suction Well. Gravity line to Sherman will also be isolated with an opportunity to check for

leakage. Inspection of the W. Reservoir is planned for 2011.

- Sherman reservoirs were inspected by Dixon in 2005. The report indicated the tanks were in good condition. Sherman

overflows to a storm sewer in NW corner. Valve chamber hatch needs repairs to prevent entrance of surface water drainage.
Vegetation in NE corner should be removed. The earthen cover adjacent to the east wall has been restored.
2015 - The Sherman hatches were replaced and vegetation removed.
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CHEMICAL FEED

Chlorine Chlorine Feed Pumps
Chemical supplied:  Sodium Hypochlorite (15%) 1,2,3 (Top); 4,5,6 (Right) ; 7,8,9 (Left)
UL/NSF approved? Yes I
Std 60 max dose: 84 mg/L at 12.5% Wt. Avail. Cl '
Avg. applied (05-10): 3.52 mg/L
Max. applied (05-10): 6.7 mg/L
Supplier: Alexander Chemical Manufacturer: Alexander
Chlorine Feed Points: Injection Point Feed Pumps  Status
1) Rapid Mix 1 1,2,0r3 Active
Raw 2) Rapid Mix 2 1,2,0r3 Active
3) Intakes 3,1,0or2 Active
4) Filters 1-4 Influent 4,5 0r6 Backup
Settled 5) Filters 5-8 Influent 5,4,0r6 Backup
6) Filters 8-12 Influent 6,4, 0r5 Backup
7) East Suction Well 7,8,0r9 Backup
12) East Res. Valve Box 7,8, or 9 Backup
Finished 8) West Suction Well  8,7,0r9 Backup
11) West Res. Valve Box 8, 7, or 9 Backup
9) New High Service PS 9, 7, or 8 Backup
10) Clearwell 3 Outlet 9,7,0r8 Backup

Chlorinators

Type of Feeders: Pump # Model # Speed RPM Tube # Tube Bore Flow Range mi/min
1,2,3 Watson Marlow 604U 3.3-165 26 1/4" 50 - 2300
4,5,6 Watson Marlow 504U 2-220 25 3/16" 8.1-890
7,8, Watson Marlow 504U 2-220 25 3/16" 8.1-890
9 Watson Marlow 504U 2-220 18 5/16" 20 - 2200

Chlorine Feed Dosage Determination: Flow Paced

Chlorine Room Description: Separate from other Chemicals, below grade, floor acts as secondary containment
Type Volume Depth/Wt. Measure Bypass

Storage Tank 1 FRP 7008 gallons Level Transducer N/A

Storage Tank 2 FRP 7008 gallons Level Transducer N/A

Day Tank FRP 315 gallons Level Transducer Yes

minimum days of storage (05-10): 11 Chlorine Bulk Tanks

Chlorine Safety Features/Summary: (Y/N)

Air Pack - None Haz-Mat Team County

Respirators - Yes Inside Access - Yes

Chlorine Leak Alarm - Yes Outside Access No

Doors Open Out - Yes Repair Kit - N/A

Heater - Yes Ventilation - Tank Vent

Window - No Air Supply - HVAC

Scales - No Fan Switches - None

Eyewash - Yes Transfer Pump Yes (see pump listing)

Piping Ident. Yellow

Chlorine comments:

- Only 1 storage tank is filled/used at a time to reduce loss of hypochlorite strength

- A March 3/4 HP transfer pump is used to supply the day tank if storage tank levels are too low
to feed by gravity. This can be done automatically, but is generally performed manually.

- Both Storage and Day Tanks have low level alarms

- There is a sump alarm in the floor sump

- Eyewash is usually refilled annually

- Feed is flow paced however there is no redundant flow switch, but normal operational readings
and samples provide additional overfeed protection.

- Pumps are not setup as intended as described above. Smaller pumps are being used during
low demand periods.

- Phosphate has been modified to now feed into all carrier water not just the intake for corrosion
control.

- The sump was full of fluid at the time of the inspection, but the sump has no pump to remove the

Chlorine Day Tank
T

|

2015 - The intake has not been getting enough chlorine solution to get a detectable residual. This should be addressed to
ensure adequate control of zebra/quagga mussels.
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Coagulant

Chemical supplied: Alum
UL/NSF approved? Yes
Std 60 max dose: 150 mg/L
Avg. applied (09-10): 22.4 mg/L
Max. applied (09-10): 69.4 mg/L
Supplier: USALCO Manufacturer: USALCO
Chemical feed points: Injection Point Feed Pumps Status
1) Rapid Mix 1 lor2 Active
2) Rapid Mix 2 lor2 Active
Chemical feeders:
model max feed rate min feed rate
1 Watson Marlow 604U 3 L/min. 0.1 L/min.
2 Watson Marlow 604U 3 L/min. 0.1 L/min.

Chem feed dosage determination Turbidity and Flow

Coagulant Dosage Calculation:

ppm Al+3 = Ibs Al+3 /M lbs H20
Feeder calibration frequency: N/A
Scale: No (Level Transducer)
Chemical Storage: Alum room

Bulk storage:

2 FRP tanks, 10,036 gallons each

Minimum Days of Storage: 17 (2005-2010)

Transfer pumps: Yes (see pump listing)

Day tank: FRP tank, 431 gallons

Spill protection:

Yes, room provides containment

piping identification: Orange

Overfeed protection: No

Alum Day Tank

Alum Comments:

Alum Bulk Tanks

Alum Feeds

| N F
“1 __ 1L in.ill'*".

O —

- A March 3/4 HP transfer pump is used to supply the day tank if storage tank levels are too low to feed by gravity.

- Both Storage and Day Tanks have low level alarms
- There is a sump alarm in the floor sump
- Eyewash is usually refilled annually
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Fluoride

Chemical supplied:  Hydrofluosilicic Acid (24%) (19.8% F)

UL/NSF approved? Yes

Std 60 max dose: 6 mg/L

Raw Avg. (04-09) 0.19 mg/L

Avg. applied (2009): 1.10 mg/L

Max. applied (2009): 1.32 mg/L

Supplier: Alexander Chemical Manufacturer: Alexander Chemical

Chemical feed point: Injection Point

Feed Pumps Status

1) Filters 1-4 Influent lor2 Active
2) Filters 5-8 Influent lor2 Active
3) Filters 9-12 Influent lor2 Active
Chemical feeders:
model max feed rate min feed rate
1 Pulsatron LPK7MA-KTC3-500 8 gph 0.5 gph
2 Pulsatron LPK7MA-KTC3-500 8 gph 0.5 gph

Chemical feed dosage determination:
Fluoride dosage calculation:
Feeder calibration frequency:
Scales?

Chemical Storage:

Bulk storage:

Minimum Days of Storage:
Transfer pumps:

Day tank:

Spill protection:

Piping identification:
Overfeed protection:

Flow

ppm F x Flow (MGD) x 8.34 / (0.198 x 10.2 x 24) = gal/hour soln.

N/A

Maximum scale wt. = 2000 Ibs.

Separate Fluoride Room

1 storage tank, 7008 gallons

Day Tank 3-5 days

Yes (1, see pump listing)

1 FRP day tank 185 gal. capacity

Secondary Containment provided

Light Blue

Flow pace via SCADA - residuals test every 2 hrs at onsite storage

Fluoride Comments:

- A transfer pump has been added to allow the bulk tank to supply the day tank when the bulk tank level is lower than the day

tank.

- Both Storage and Day Tanks have low level alarms

- There is a sump alarm in the floor sump
- Eyewash is usually refilled annually

2015 - The bulk tank was leaking at the outlet flange, and had been out of service for several months. The fluoride was

working again as of May 2015.
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Carbon:
Chemical supplied:  Hydrodarco

UL/NSF approved? Yes
Std 60 max dose: 250 mg/L
Supplier: Van Waters & Rogers Manufacturer: Norit Americas, Inc.
Chemical feed point: Injection Point Feed Pumps Status
1) 36" Intake (1) Volumetric Feeder Standby
2) 36" Intake (2) Volumetric Feeder Standby
Chemical feeders: Model Capacity HP Year Type Lubricant Status
Volumetric Feeder
Feed Pump March  12gpm @ 30' 3/4 HP 2002 Cent CS oil Standby
Chem feed dosage determination: Flow
Carbon dosage calculation: Ibs. Carbon / (8.34 * MG)
Feeder calibration frequency: Calibrated upon startup
Chemical Storage: Separate Room by Maintenance Shop
Bulk storage: 2 dozen bags of PAC (Room for 4 pallets)
Minimum Days of Storage: 1-2 days per bag
Spill protection: None
Piping identification: Medium Blue
Carbon Feeder Carbon Feed Pump

Comments on Carbon:

- Carbon is used intermittenly for taste and odor control in summer months as needed.

- Carbon was temporarily being fed from a tank in the Alum room using one of the alum feed pumps. This equipment has
now been removed from the Alum room. The carbon feeder had an oversized screw pump in the dry hopper, but a new
screw of the appropriate size has been installed. The feeder is now available for use as necessary.

- Typically, carbon will be fed in early May at a low rate to capture the entire seasonal algal bloom.
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Corrosion Control:

Chemical supplied: ~ Sodium Hexametaphosphate How is this product received, stored, and mixed?
UL/NSF approved? Yes

Std. 60 max dose: 12 mg/L

Supplier: Water Solutions Unlimited Manufacturer: ICL Performance Products Limited
Chemical feed point: Injection Point Feed Pumps  Status

1) Intake Hypochlorite Pipe 1 Inactive

2) Cl Room Carrier Water 1 Active

Chemical feeders:

model max feed rate min feed rate

1 Watson Marlow 504 Du 24 mL/min 0.11 mL/min {Changed to LMI?}
2 Watson Marlow 504 Du 24 mL/min 0.11 mL/min

Chem feed dosage determination: Flow

Phosphate dosage calculation: dosage = Ibs. chemical / (8.34 * MG)

Feeder calibration frequency: N/A

Scale: Yes, Force Flow Equipment 800 Ib. Capacity

Chemical Storage: Area near contaminant containment tank

Bulk storage: Pallet of Bags

Minimum Days of Storage: 60 days (in day tank)

Transfer pumps: No

Day tank: 55 gallon container

Spill protection: Yes, floor in area is depressed

Piping identification: Mint Green

Comments on Phosphate:

- Used to prevent buildup in the chlorine feed lines.

- A new line was installed to feed phosphate at the chlorine room into the carrier water line to prevent corrosion in all chlorine
feed lines not just the intake. This line feeds into the chlorine feed line upstream of the RPZ in the Cl feed room. There is
another RPZ upstream of the entire Cl feed room out in the hallway near the rapid mixers.
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PLANT PIPING AND MISCELLANEOUS

WTP Piping:

pipe diameter length
Old Intake pipe: 30"
New Intake pipe: 42"
Low service discharge: 30" & 36"
Low service discharge: 30" & 36"
Settled water effluent Tank 1&2: 36"
Settled water effluent Tank 3&4: 36"
Settled water effluent Tank 5&6: 36"
From North Clearwell No. 1: 24"
From North Clearwell No. 2: 24"
From North Clearwell No. 3: 36"
West Res to West Suction Well 30"
East Res to East Suction Well 30"
West Res to New Suction Well 48"
East Res to New Suction Well 48"
West Suction Well Header 18"
East Suction Well Header 24"
East Suction Well to Sherman 30" gravity
Old High Service Discharge 30"
New High Service Discharge 30"
Backwash: 20"
Surface wash: 4" - 6"
Wash water drain: 20"
Intake backflush line: N/A
Sludge drain: 20"
Plant service line: 6"

Pipe Color Coding: Piping Generic Color Technical Color (per Tnemec)

Raw Water: Dark Green Malachite PL19
Settled Water: Light Aqua Aqua Sky GB36
Filtered Water: Lightest Blue Teardrop (blue) GB13
Potable Water: Medium Blue Clearsky (blue) EN17
Nonpotable Water:  Blue Safety Blue SC06 w/ red bands?
Drain/Vent Lines: Gray Slate grey EN14

Backwash/Filter to Waste: Brown Amber Canyon EN10
Compressed Air: Green Safety Green SCO07

Sodium Hypochlorite: Yellow

Fluoride: Light Blue w/ Red Band
Alum Orange

Poly Phosphate: Mint Green

Carbon Slurry: Medium Blue

Natural Gas: Red

Diesel Fuel: Yellow

No. 2 Diesel Fuel:

Bright Yellow SC02

Teardrop (blue) GB13 w/ red bands
Safety Orange SC03

Frosted Mint GB48 w/ red bands?
Fountainbleu GB04?

Safety Red SC09

Bright Yellow SC02 w/ red bands
Green Charade GB50
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Plant Cross Connections and Common Walls:

Filter gullets: Air Gapped
Common walls: None
Chlorine feed room: RPZ

Plant water RPZ: RPZ
Chemical feed areas: RPZ
Surface wash: RPZ

Boiler: RPZ

WTP RPZ Listing:

Location
Basement Finished Water
Chlorine Carrier Water Line

Basement Irrigation Line
Fluoride Carrier Water
Boiler Feed Line

Boiler Fire Protection Line
Carbon Slurry Makeup Line
10 Carbon Fire Protection Line
11 Old Finished Water

©CoO~NOOODWNPE

12 Surface Wash Supply - Catwalk

13 New Floc Basin Wash Line
14 Paint Room Fire Line
15 Mechanical Room

16 Old High Service Booster Pump

Comment on Plant Piping Miscellaneous:
- Some Colors not in accordance with Ten States/AWWA

Chlorine Carrier Water - Raw Water
Chlorine Carrier Water - Settled Water

Dehumidifier:
Intake Cl Feed:
Raw Non Potable:
Carbon Slurry Line:

Fire Protect Carb Rm:
Drains to Treat tanks:

Irrigation Line:

Model

Watts 909

Watts 009 M2
Watts 009 M3QT
Watts 009 M3QT
Watts 909

Watts 909 QT
Watts 909 OT
Watts 909 MIOT
Watts 909 MIOT
Watts 909 MIOT
Watts 909

Watts 909

Watts 909 M1
Watts 909

Watts 009 QT
Febco 825

- Some Non-Potable water lines are mislabeled as potable water.
- Off of Surface wash line an unknown line runs off between filters 4 & 6 (possibly old irrigation line?) and there is a valved line

that runs off to the low service station.

Raw Non Potable

Raw Non Potable

RPZ

RPZ

RPZ

None

RPZ

Size Serial No. Last Tested
2.5" 114551 2010
15" 104382 2012
3/4" A96600 2010
3/4" A96762 2010
4" 198369 2010
1" 509350 2010
3/4" 502582 2010
2" 384250 2010
2" 381342 2010
2" 383396 2010
2" 288310 2010
6" 259021 2010
2" 361337 2010
4" 210732 2010
1/2" 288310 2010
6" 87084 2010

- Off the potable water line in the cat walk an unknown line runs off into the wall at filter #5
- The wall separating filters 1 & 3 from floc basins has been confirmed to be a double wall with a gap and drain line, not a

common wall.

- The transition joint in the wall between filters 4 & 6 has a large crack with water flowing out of it if the west reservoir is filled

above a certain level. The reservoir level is being kept below this point to prevent the leak. This will be further investigated and

repaired when the reservoir is inspected in 2011. This was repaired according to John Allen.

Page 31



PLANT METERING AND CONTROLS

Plant Domestic Metering:
Raw Water Metering:
High Service Metering:

Plant Controls:
Low Service Pumps - Pumps 1-6

chemical transfer pumps:

Rapid Mix

Flocculator Paddle Wheel VFD

Chemical Feed chlorine -
alum -
fluoride -
phosphate -

Filters - Control Valves

Set of 4 Filters 1-4, 5-8, 9-12
Individual Filters 1-12 (not used)

Filter Backwash -
Storage Isolation Valves
Clearwells

Finished Water Reservoirs - East & West
Sherman
High Service Pumps - WTP Pumps 1-7

Sherman 1-4
Elevated Storage Getty St. Tank

Fruitport Tank
Getty St. Booster Pumps 1-3

Security:

Security Measure Low Service

Cameras:
Security Door:
Intrusion Alarms:
Fencing:

Locks:

See Plant Metering on Page 3
See Plant Metering on Page 3
See Plant Metering on Page 3

X X X

Adjustment
SCADA Manual Monitored Alarms
Yes Yes Flow Yes
On/Off Yes No Yes
On/Off/Spd Yes Yes Yes
Yes Yes Dose/Lvl Yes
Yes Yes Dose/Lvl Yes
Yes Yes Dose/Lvl Yes
Yes Yes Dose Yes
Yes Yes Level Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
WTP Sherman
X
X

X X

X X

X X
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Flexibility in Operation:
- If North Clearwells are out of service the entire set of 4 filters is out of service

Valve Operation:
Are critical valves exercised on a routine basis? All plant valves exercised at least annually

Formal program for WTP valve maintenance developed in 2009

Valve Location Exercised
Intake Valves Annually
Intake Backflush Valve Annually
High Service Isolation valves Annually
Clearwell Valves Annually
Influent/Effluent Pretreatment Basins Valving Annually
Effluent Flume Valve Annually
Low Service Pump Discharge Valving Annually
Chemical Feed Valving _ Monthly _ John will check if this is accurate
Standby Power: Type Power Fuel Type Capacity HP Starting Loading
Rating /Source Frequency Frequency
Shorewell Low Service Pumping Station
Dual Feed Overhead 1500 KVA  Consumers Full N/A Primary Source
Dual Feed Underground 1500 KVA  Consumers Full N/A Only When Primary Fails
Generator 505 kW  Diesel 24hr 10.0 MGD 765 Weekly Annually

Water Treatment Plant

Dual Feed 2000 KVA  Consumers Full N/A Primary Source
Dual Feed 2000 KVA  Consumers Full N/A Only When Primary Fails

Generator 800 kW  Diesel 24hr 10.0 MGD 1350 Weekly Annually
- P —

Sherman High Service Station
Dual Feed Unknown Consumers Full N/A Primary Source
Dual Feed Unknown Consumers Full N/A Only When Primary Fails

Interruptions in Operation:
- None in WTP operation
- 2005 Break in plant transmission main to Muskegon Heights caused loss of pressure throughout
Muskegon Heights and rendered Sherman high service pumps inoperable.

Plant Alarms:

Comment on Plant Metering and Controls:

- Low Service Station Sump Pump Controls are located below grade.

- The Low Service Station generator is a Kohler 500 ROZD4 505kW/631KVA with 960 gallons of fuel storage.

- The Dual feed systems are locked out by Consumers Energy which must be contacted before a switch over can be
performed.
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LABORATORY

Parameter *Method Calibration Sample Points Sample Frequency
Alkalinity Titration Method Chemical Indicator Raw Daily
Std. Method 2320 B. Plant Tap Daily
Chlorine DPD Colorimetric Daily Meter Calibration |[Distribution System 10+20+10/month req'd.
Std Method 4500-Cl G Annual Rapid Mix every 1-2 hours
Amperometric Titration Applied every 1-2 hours
Std Method 4500-CI D Filtered every 1-2 hours
Fluoride SPADNS Annual Raw Daily
Hach DR2800 Plant Tap Daily
Distribution System Weekly
Hardness EDTA Titrimetric Chemical Indicator Raw Daily
Std Method 2340 C. Plant Tap Daily
pH Electrometric Method Per Manufacturers Raw Daily
Std Meth 4500-H" B. Specifications Plant Tap Daily
(pH Anode Meter)
Temp. Thermometer Replaced Annually Raw Daily
(Certified)
HPC Pore Plate Method Internal QA/QC Plant Tap Daily
Std Method 9215 B.
Turbidity [Turbidimeter Monthly Raw Every 4 hours (min.)
Hach 2100N (Bench) Applied Every 4 hours (min.)
Hach Model 1720 D Filtered Every 4 hours (min.)
Hach Filtertrak 660 CFE Filters 1-4 Every 4 hours (min.)
Nephelometric Meth. CFE Filters 5-8 Every 4 hours (min.)
Std Method 2130 B. CFE Filters 9-12 Every 4 hours (min.)
Plant Tap Every 4 hours (min.)
Individual Filters Every 4 hours (min.)
Coliform [Colilert Filtered Daily
Std Method 9223 B. Method QA/QC Plant Tap Daily
Distribution System 10+20+10/month req'd.
HPC Raw
Std Method 9215B Method QA/QC Plant Tap Daily
Distribution System
TOC Hach Dir Meth 10129 Annual Raw Monthly
(not- 0.3-20 ppm Plant Tap Monthly
approved)|Hach DR2800 w/
DRB200 Incubator

Laboratory Certification:

Laboratory Equipment:

Full Certification for:

Total Coliform and E. Coli (via Std. Methods, 19th Ed., Method 9223 B)
Hetertrophic Plate Count (via Std. Methods, 19th Ed., Method 9215B)

Jar Tester - Phipps Bird

HACH 2100N Benchtop Turbidimeter

Thermo Orion model 162A Conductivity Meter
Fisher Accumet XL15 (pH, Temp, Conductivity)

Hach DR5000 Spectrophotometer (F', UV,s,4, Color)

Hach Pocket Colorimeter I
Marketforce Sterilmatic Sterilizer
Fisher Scientific Isotemp Oven
Fisher Scientific Incubator

Comments on laboratory:

Sampling Locations
Raw

Rapid Mix

Settled

CFE (3 total)

Plant Tap
Distribution (various)

- All lab equipment is calibrated every 6 months by a contractor.
- TOC is monitored for operational purposes. The Hach Method is not approved for compliance. TOC compliance samples are

sent to a laboratory.
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WATER PLANT - OBSERVATIONS, CONCLUSIONS, AND RECOMMENDATIONS
A summary of conclusions and recommendations contained in this section can be found at the end of the section.

Basic Data:

The City of Muskegon Heights water supply is a public utility currently providing service within the City only. Fruitport Township
and the City of Norton Shores were previously customers of Muckegon Heights, but transitioned to utilizing water from the City
of Muskegon in April 2015. Treated water from the plant currently meets or exceeds drinking water standards and treatment is
performed in accordance with the requirements of the Safe Drinking Water Act. A treatment technique violation for Total
Organic Carbon did occur for 1 monitoring period (1st quarter 2009), but has been in compliance since.

The City meets the minimum operator certification requirements for treatment (F-1, John Allen), distribution (F-1, John Allen),
and shift operators (F-4). John is only serving as the distribution operator in charge (OIC) on an interim basis. The City is
encouraged to obtain operators with higher levels of certification when filling vacancies, and to provide adequate training and
incentives for staff to seek higher level certification, so the challenges of filling high level vacancies is minimized.

The water treatment plant was renovated and expanded in 2004 with available capacity to meet the anticipated future demands
of the City and its customer supplies with a rated capacity of 25.2 MGD.

Water demands have decreased over the past few years with average demands of 6.7 MGD, and maximum daily demands
slightly below 16 MGD. The rated capacity of 25.2 MGD should be adequate to meet the demands of the service area for the
future. Demands will be much less in the near future, as a significant portion of the water use was attributed to Fruitport and
Norton Shores. The population in the City of Muskegon Heights is expected to remain stagnant as the City is essentially built
out within its municipal boundary.

The City has completed a Vulnerability Assessment and Emergency Response Plan in accordance with federal requirements.
The City should continue to address security concerns, update its Vulnerability Assessment and Emergency Response Plan,
and conduct table top exercises or other simulations regarding potential threats involving critical infrastructure, both treatment
and distribution. The ERP should be updated to reflect changes in contact information and to re-evaluate the plan with the
recent changes in the water service area and infrastructure.

Rules and Regulations:

As part of the 1986 amendments to the Federal Safe Drinking Water Act, the Surface Water Treatment Rule (SWTR) was
promulgated and became effective June 29, 1993. As part of the 1996 amendments to the Federal Safe Drinking Water Act, the
Interim Enhanced Surface Water Treatment Rule (IESWTR) was promulgated and became effective January 1, 2002.These
rules and subsequent rules promulgated by the Department under the authority of the MSDWA, as amended, require the
following of surface water treatment plants:

1. Maintain a disinfectant residual through the treatment process sufficient to inactivate Giardia and viruses. As currently
operated, the City of Muskegon Heights WTP complies with disinfectant residual contact time (C*T) requirements. The
C*T calculation was updated as part of this survey and is included in Appendix C.

2. Rule 325.10720 requires that a residual disinfectant concentration entering the distribution system be no less than 0.2 mg/L.
Water suppliers must report to the MDEQ by the end of the next business day if the residual was below 0.2 mg/L. The City of
Muskegon Heights WTP has maintained plant tap free chlorine residuals of 0.2 mg/L or greater and meets these
requirements.

3. As further noted by Rule 325.10720, equipment must be provided to continuously monitor the chlorine residual leaving the
plant. The City of Muskegon Heights WTP has installed and maintains equipment to continuously monitor chlorine
residual leaving the plant and meets this requirement. Recent revisions to EPA method 334.0 now require continuous
monitors to incorporate a quality control process. The City calibrates the chlorine analyzers omnthly, using the maufacturer's
process and reagents. John should verify this meets the quality control requirements of EPA Method 334.0.
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Rules and Regulations (continued):

4. Residual disinfectant in the distribution system measured as total chlorine shall not be undetectable in more than 5% of the
samples each month, or HPC counts must be no more than 500. Distribution residuals must be measured and reported
whenever coliform samples are collected. The City of Muskegon Heights measures free chlorine in at least 40 distribution
system samples each month for the City's system as well as for its customer supply systems. |If free chlorine is less than 0.05
ppm a total chlorine residual is taken. The City has met this requirement as it has detected total chlorine residual in more
than 95% of its samples each month. The City also maintains the equipment to run HPC counts on the samples. For those
samples which neither free nor total chlorine residual was detected HPC counts were obtained and were all determined to be
less than 500.

5. Again, as noted by Rule 325.10720, turbidity determinations must be made at least once every 4 hours on samples
representative of filtered water while the plant is in operation. A single monitoring point at a location containing effluent from all
filters, but prior to storage is ideal for compliance purposes. All compliance points must be less than or equal to 0.3 NTU in 95%
of samples each month, and at no time exceed 1 NTU. The compliance points are North Clearwell #1 tank for filters 1-4 CFE,
the 36" effluent line from North Clearwell #2 for filters 5-8 CFE, and the 36" effluent line from North Clearwell #3 for filters 9-12
CFE. For compliance purposes, turbidity samples are collected from each CFE location once every 4 hours while the WTP is in
operation. The filtered water has not been greater than 1 NTU for any sample and has been less than 0.3 NTU in more than
95% of the monthly samples. Therefore, the Muskegon Heights WTP has met the requirements for this section.

6. Finally, the MSDWA requires that individual filter turbidity be monitored and recorded every 15 minutes. This information
must be recorded and maintained for 3 years to determine compliance with “triggers”. The Muskegon Heights WTP individual
filter monitoring and tracking system is operating and performing satisfactorily and the WTP meets these requirements.

7. Stage 1 of the Disinfectants/Disinfection Byproducts Rule (DBPR) has now been phased out, as Stage 2 requirements are
now fully implemented.

8. The Stage 2 DBPR was promulgated by EPA in January 2006 and requires MCL compliance at all TTHM and HAA5S
sampling locations rather than averaging results across the system. The City has established a monitoring plan and has
been collecting samples in accordance with Stage 2 as required. The City has not had any problems complying with
the new regulations.

9. The Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR) was promulgated by EPA in January 2006 and
requires Cryptosporidium treatment for certain vulnerable plants. The City has completed the required cryptosporidium
monitoring and has been classified as Bin 1, which requires no additional treatment. The City will complete a second
round of monitoring starting in October 2016.

The Michigan Safe Drinking Water Act and Administrative Rules received major revisions which became effective December 3,
2009. The City of Muskegon Heights should be aware of any changes in their requirements caused by these revisions.
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1. Source of Supply:

Lake Michigan provides the City of Muskegon Heights with an unlimited supply of excellent quality raw water. Wind conditions
and seasonal temperature inversions, however, create problems which can be effectively addressed by experienced operators.
The potential for occasional algae blooms present taste and odor problems which have been treatable in the past.

Raw water quality is generally very good, with average turbidity of just over 1 NTU. However, lake conditions can cause
fluctuations in raw water quality that can exceed 100 NTU. While this raw water can be difficult to treat at times, the plant has
produced a treated water averaging 0.03 NTU turbidity and 0.0 for color.

The Source Water Assessment completed in 2004 concluded that the Muskegon Heights intakes are moderately sensitive to
potential contaminants and that the Muskegon Heights source water has moderately high susceptibility to potential
contamination. The City of Muskegon Heights should use the information contained in the assessment to develop a more
comprehensive Source Water Intake Protection Program (SWIPP). It may be desirable to coordinate these activities with the
City of Muskegon and its customer supplies. Northwest Ottawa has established a SWIPP, which may be useful as a reference
in developing a program for the City.

2. Intake Facility and Wet Well:

The water plant has two separate crib intake pipes, an old 30 inch intake with a capacity of 16.8 MGD and a new 42 inch intake
with a capacity of 34 MGD for a total capacity of 50.8 MGD. Each intake pipe has the ability to feed chlorine for the removal and
prevention of zebra mussels and has manholes that can be used as a standby emergency intake. Phosphate is also fed into
the chlorine line to prevent them from clogging with buildup.

There are also two 30 inch discharge lines from the low service pump station to the water treatment plant which provide
adequate reliability and capacity.

The sump pumps in the low service station still discharge back to Lake Michigan and require the WTP to maintain a NPDES
discharge permit. The City may want to investigate alternative methods for the disposal of this wastewater which may be more
cost effective as costs for obtaining and complying with a NPDES permit continue to rise.

The water plant applies chlorine on a seasonal basis for zebra mussel control to target its intake chlorination to specific times of
the zebra mussel's life cycle while maintaining adequate CT. The City should continue to chlorinate its intakes on a seasonal
basis unless additional contact time is desired.

The intakes were both inspected in 2010 after previous inspections in 2006. It is generally recommended that they be inspected
once every 5 years as a minimum. The 2006 inspections indicated heavy sedimentation in portions of each intake and the 2010
inspection showed further sedimentation virtually plugging the intake lines. The accumulated zebra mussel debris has been
removed, but an increased inspection or cleaning may be warranted.

3. Information and Control System:

A new SCADA system was installed during the plant expansion. However, after numerous communication problems since its
installation, the system was replaced in 2007. The system allows for monitoring and control of the water treatment plant as
well as remote sites of both the City's and its customer supplies from a operations room in the WTP.
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4. Pumps and Pump Locations:

Proper functioning pumps are essential to the efficient operation of the plant. Pumps that fail to operate, or do not operate as
designed, waste operator time, system resources, and the ability for the water utility to provide adequate and reliable service to
its customers. It is important that the pumps be tested, serviced, and maintained. Detailed records should be kept of these
activities. As a general recommendation for all systems, a preventative maintenance program should be established for each
pump. As a minimum, the plan should include, but not be limited to, all of the following:

1) Basic pump information including the make, manufacturer, pump operating speed, design capacity including pump curves,
horsepower of the motor, and pump and motor efficiencies.

2) Actual pump capacity, alone and in combination with other similar use pumps. This information
should be recorded and maintained by plant staff so that system demands can be met using the most efficient combination of
pumps. This information should be updated at least once per year.

3) A record of all work performed on the pump, including scheduled as well as unscheduled maintenance. The record should
indicate the date the work was performed, the nature of the work,
and the name of the individual performing the work.

4) An evaluation of the actual current draw for each motor and comparison with original installation or design conditions. Motor
efficiencies should be verified at least once per year with appropriate records maintained.

Low service pumps No. 1 and No. 3 were replaced as part of the plant expansion giving the low service station total and firm
capacities of 33.9 MGD and 25.3 MGD, respectively. As other low service pumps are considered for replacement, the City
should evaluate the need for providing the low service station with additional firm capacity. Work on low service pumps No. 2
and No. 6 to replace their impellers and rebuild their motors was completed in 2005. Low service pump No. 4 was repaired in
2009 and had a VFD installed.

An additional high service pump station was also constructed as part of the plant expansion. This station contains 4 pumps
each with a capacity of 5 MGD, which are dedicated to serving the City of Norton Shores and Fruitport Township high pressure
district. A booster station at Getty Street constructed in 2002 near the City's elevated storage tank provides additional capacity
to this high pressure district.

The old high service pump station at the water treatment plant containing 3 pumps and the Sherman Boulevard pumping
station provide high service capacity to the City of Muskegon Heights low pressure district with total and firm capacities of
41.53 MGD and 35.48 MGD respectively.

A loss of pressure throughout the City's distribution system from a break on the City's high service transmission main between
the WTP and the City in 2005 prevented the hydraulically actuated valves that operate the Sherman high service pumps from
opening and rendered the entire station inoperable. Since then an electric actuator has been installed on pump No. 1 and the
hydraulic actuator for pump No. 3 now uses the station discharge line as its source which should allow the actuators to operate
during a loss of pressure or during a loss of power.

Sherman pump No. 4 is not currently in use except in an emergency due to a missing packing bolt that causes the pump to
leak excessively when operated. Appropriate repairs should be completed to pump No. 4 to ensure that it will operate properly
if needed.

High service pump No. 3 was rebuilt in 2005 and the actuator for pump No. 1 was rebuilt in 2006. Pump No. 2 is scheduled for
service next but no work has been completed.
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5. Pretreatment:

The water treatment plant uses 2 inline mixers with one located on each of the two 36 inch raw water lines to provide adequate
mixing of its pretreatment chemicals. Paddles for the old rapid mix basins have been pulled and the basins are now just used
for flow through to the floc basins. Some jar testing was done as part of the STEP 2 requirements for the TOC treatment
technique. The results suggested that the raw water may not be amenable to enhanced coagulation treatment, but further
testing was requested and mixing efficiencies should be further analyzed. Rapid mix #1 was leaking badly from the packing
gland and should be adjusted or repacked as necessary. Rapid mix #2 has a problem with the bearings and is
expected to be repaired shortly. The lack of dual raw water meters limits the flexibility of operation with the rapid
mixers.

Two additional flocculation basins were constructed as part of the water plant expansion in 2002 for a total of six basins and a
total volume of 0.792 MG. In 2009 the flocculator paddles for basins 1-4 had their paddle wheel and chains replaced. The
basins were also structurally inspected and repaired.

Two additional 700,000 gallon settling basins were constructed as part of the water plant expansion in 2002. The plant now
has 6 basins in all with a total volume of 4.338 MG. Basins 1-4 have limited baffling while the two new basins 5 & 6 each have
an inlet baffle wall with 105 3-inch holes and 4 30-foot weir troughs on the basin outlet.

Flow through velocities in the settling basins at the design capacity were slightly above recommended standards, but are still
considered adequate while flow through velocities for the flocculation basins and detention times for both flocculation and
settling basins at design capacity are adequate and exceed the recommended standards.

6. Filtration:

The water plant installed 4 additional anthracite capped rapid sand filters as part of the 2002 expansion for a total of 12 filters
overall. The 12 filters provide a combined capacity of 25.2 MGD at 3 gpm/sq.ft. The filters meet Ten State Standards
requirements except that the design backwash rate does not appear to be maintained for a period of at least 15 minutes. Filter
backwash cycles at the WTP are performed through an automated process and manual controls are provided on each filter to
override or adjust the automation if necessary. Standard operating procedures for manually backwashing a filter are provided
and staff are trained to follow the procedures.

The filter bed expansion should be tested during a backwash for each filter to determine whether an expansion of at least 50%
is being maintained for at least 15 minutes. The backwash cycle should be adjusted as necessary to meet the minimum
recommended standard.

The WTP staff do not currently conduct routine inspections and assessments of the filters to check for gravel mounding, mud
balls, loss of media, etc. While the filter media was installed only a few years ago, these inspections and assessments should
still be performed periodically to gather baseline data which can be used compare to results from future inspections and
assessments.

During the survey some filters were observed to have mixing of the sand and anthracite media. This appears to be attributed to
the gradation of the media. The Dgyy/D, ratio of anthracite to sand appears to be close to 4 rather than the ideal ratio of 3.
When the ratio is this high too much intermixing of the medias could occur, which could potentially result in poor-quality filtrate.
Again, annual individual filter assessments would help to identify whether a potential problem exists and could be performed
during periods of low demand in winter.

Media in filters 5-8 is still the original media installed in 1964 and may need to be scheduled for replacement.

Filter performance data appear to suggest that optimization of filters could potentially result in achievement of all of the
following performance goals:

- Filter runs of up to 200 hours with

- Maximum loading rates on filters below the approved limit of 3 gpm/ft? while

- Maintaining continuous treated turbidity of 0.09 NTU or less and

- Minimizing the percentage of wash water use to less than 1.5% with a goal of less than 1%.
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7. Sludge Handling:

The WTP has two onsite infiltration lagoons for the disposal of process wastewater. The discharge from these two lagoon
cells qualifies for a groundwater permit exemption. Domestic sewage from the WTP is handled by the sanitary sewer. The
sanitary sewer can also be used to dispose of process wastewater if necessary in an emergency.

However, neither of the lagoons have been constructed in accordance with Ten State Standards in regards to minimum
usable depth and minimum freeboard. Trees and other brush have been allowed to grow around the lagoon cells without
removal or proper maintenance. This growth may damage the berm structures.

The north lagoon cell had sludge removed in 2006 and the south lagoon cell is currently isolated to dry the sludge for
removal.

8. Treated Water Storage:

2 finished water reservoirs with 2 MG of storage each located at the treatment plant along with 6 clearwells provide 4.5 MG
of total storage at the plant. The Sherman reservoirs provide an additional 1.5 MG of finished water storage capacity for a
total finished storage capacity of 6 MG.

The Sherman tanks were inspected in 2005 by Dixon Engineering and found to be in good condition. Recommendations for
repair of the valve chamber hatch, removal of vegetation, and capping the exposed east wall still need to be completed.
The tanks are scheduled to be inspected again in 2011.

The east and west reservoirs were inspected by Dixon Engineering in 2006 and also found to be in good condition. The
east reservoir was inspected again in 2009 and repairs to the east reservoir and suction well are scheduled to be completed
in 2011. At that time the gravity transmission line to the sherman reservoirs will be isolated and allow the line to be tested
for leakage.

The transition joint in the wall between filters 4 & 6 has a large crack with water flowing out of it if the west reservoir is filled
above a certain level. This leak has how been fixed according to John Allen.

The clearwells were inspected in 2009 and showed no indication of failures within the filter underdrains.

All tanks should be scheduled for recurring inspections at least once every five years.

9. Chlorine feed:

The water plant switched from chlorine gas to liquid sodium hypochlorite as part of the plant upgrades in 2002. Chlorine is
stored in a single room separate from other chemicals. The water plant has 9 positive displacement chemical feed pumps
available to feed the solution to 12 different injection points spread throughout the treatment process.

Phosphate is fed into all chlorine carrier water lines to control corrosion rather than just the intake.
Also see comments in section 2 above, for the Intakes regarding zebra mussel control using chlorine.

GENERALLY, the plant should install manual startup controls for each chemical due to part-time plant operation.
Each chemical level should be read at the startup of the plant each day, as well as the shut-down each day.

10. Coagulant feed:
The water plant currently uses liquid Aluminum Sulfate as its primary coagulant. Alum is stored in a single room separate

from other chemicals. The water plant has 2 peristaltic chemical feed pumps each of which have the ability to feed either
rapid mix unit injection point.

The water plant previously fed Alumer, an alum and polymer blend to reduce sludge volumes, but the pin floc that was
produced was not as effective in the pretreament process.

The raw water pH consistently exceeds the optimum pH range for alum of 5.5 to 7.8. Failure to operate within this pH
range when using alum may result in wasted chemicals.

Page 40



11. Fluoride feed:

The water plant uses liquid Hydrofluosilicic Acid to provide fluoride to its customers. The fluoride is stored in a single room
separate from other chemicals. The plant has 2 positive displacement chemical feed pumps each of which have the ability
to feed all 3 of the fluoride injection points and there is one injection point for each set of 4 filters.

Fluoride overfeed protection is currently provided by flow pacing the raw water meter and utilizing a second signal from a
flow switch set at 3 MGD using the SCADA system. Plant tap fluoride residuals are tested every 2 hours.

A manually controlled transfer pump is present to allow Fluoride to be transferred from the bulk tank to the day tank when
the bulk level is below the top of the day tank.

12. Phosphate feed:

The water plant feeds a Sodium Hexametaphosphate solution to prevent buildup on the chlorine feed lines that run
throughout the plant and the intake pipes. The phosphate is delivered in dry bags and the solution is mixed in 55 gallon
containers which are hooked up to the chemical feed pumps. The plant has 2 positive displacement chemical feed pumps
available but only 1 pump is in service. The phosphate is fed into the chlorine carrier water line and can also be fed into the
line that runs directly out to the intakes.

13. Carbon feed:

The water plant continues to maintain a carbon feed system which is only used to control taste and odor problems when
necessary. The carbon is stored in 40 pound bags in the feeder room and approximately 2 dozen bags are kept on site. A
volumetric feeder is used to put the carbon into a slurry and a small centrifugal pump is used to transport the solution. The
carbon slurry is injected into each of the 2 raw water intake lines.

14. Plant Piping and Miscellaneous:
The plant has 2 raw water intakes and 2 raw water transmission lines from the low service station to the water plant which
provide adequate reliability.

All of the piping was repainted as part of the last plant upgrade. However, some of the pipes are not color coded in
accordance with the color schedule recommended by Ten States, but pipes are labeled to provide identification.

There are several backflow prevention devices located throughout the plant which have all been tested in accordance with
the City's cross connection program. RPZ's in the plant, should be tested annually at minimum.

Some piping in the gallery under the filters could not be traced. This piping should be identified and labeled.
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15. Plant Metering and Controls:

SCADA controls have been updated since the last plant expansion. All aspects of the treatment system have the ability to
be operated remotely from the control room using the SCADA system and manual controls are also provided. Remote
locations such as the low service station, Getty and Sherman booster stations, and the elevated and ground storage tanks
can all be monitored and controlled from the water plant. Alarms provided at the WTP and remote locations are adequate.

A formal mainentance program for valves at the water treatment plant was developed in 2009. Each valve throughout the
treatment plant should be exercised annually as a minimum to maintain adequate reliability. Records of these activities
should also be developed to ensure that all valves have been identified and are being exercised and properly maintained.

The City of Muskegon Heights currently meets the requirements for providing standby power at the WTP and its remote
sites. Both the shorewell low service lift station and the WTP each have their own dual feed services and backup
generator. The generators at each of these locations are capable of providing 10 MGD of capacity at their respective
facilities. The Sherman high service pump station is also provided with dual electrical feeds.

16. Laboratory:
The Water Treatment Plant Laboratory maintains DEQ certification for both Total Coliform and E.Coli, and Heterotrophic
Plate Count testing.

The Water Treatment Plant has turbidimeters for each individual filter as well as for each of the combined filter effluent
points and other locations throughout the entire treatment process.

All of the lab equipment is calibrated by a contractor.

17. Treatment Optimization:

It is important to optimize treatment practices to minimize the potential for contamination from microorganisms such as
Cryptosporidium and Giardia or other unforeseen contaminants. Many of the optimization goals are currently met by the
WTP. However, plant staff should continuously strive to produce the best water quality possible. A filter study should
address many of these same issues. Appendix G contains a copy of "Recommended Practices for Treatment
Optimization". This document prepared by this office in association with industry was provided to all water plants in May of
1995. It is recommended that these practices be studied to determine ways in which treatment may be further optimized.
While the details of the document will not be reiterated here, certain practices have proven useful for other water plants. It
is hoped that as many optimization practices as possible will be implemented. The City should begin to adopt internal
water quality goals for the WTP to meet that are more restrictive than the current regulated standards. An example of this
is found in Appendix C, an excerpt from AWWA's "Partnership for Safe Water Guidelines for Phase IV". Setting water
quality goals that are below the regulatory requirements helps maintain compliance as well as achieve optimisation of
treatment processes.

The recent upgrades to the WTP give the plant increased flexibility which could be used to perform plant scale trials,
running separate treatment trains to compare treatment of the same raw water quality.

The following is a list of additional references to be used in the optimization of the water treatment plant:

-AWWA Self-Assessment for Treatment Plant Optimisation, 2001 Edition

- EPA 625/6-91/027 Optimizing Water Treatment Plant Performance Using The Composite Correction Program, 1998
Edition
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18. Reliability:

The City's Vulnerability Assessment contained numerous recommendations for improving security and reliability of the
treatment plant and distribution system. The remaining recommendations from the Vulnerability Assessment should be
prioritized and a schedule for implementing them should be developed. In addition the Vulnerability Assessment should be

updated.

A reliability study of the City's distribution system was completed in February 2009 and a reliability study of the City's water
treatment plant was completed in November 2009. Recommended improvements from these studies have been
incorporated into the City's 2010 10-year capital improvement plan.

December 2009 revisions to the Michigan Safe Drinking Water Act Administrative Rules expanded the required content of
a water system reliability study and general plan which were not included in the City's 2009 studies.

19. Operators:
The City meets the minimum operator certification requirements for treatment (F-1, John Allen), and shift operators (F-

4). Currently John Allen is acting as OIC for distribution on a short-term basis, while the City seeks a qualified candidate
or promotes from within. Previously, the change from a single operator in charge for both treatment and
distribution to two separate operators in charge has helped the City to address previous deficiencies. Currently,
the respective operators in charge are the only staff certified at the appropriate levels (F-1 & S-2) to act as operator in
charge. The City is encouraged to obtain operators with higher levels of certification when filling vacancies,
and to provide adequate training and incentives for staff to seek higher level certification. Some incentives
have recently been established.

These incentives may include pay raises or bonuses, job advancement opportunities, and public recognition which may
encourage operators to pursue training and higher certification. The OIC should work with each operator to develop and
approve a training plan that ensures appropriate training is taken.
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2015 SANITARY SURVEY - DISTRIBUTION

Basic Information

WSSN: 04580 Supply: City of Muskegon Heights County: Muskegon

Date: April 2015 Reviewed by: Ernie Sarkipato District 61

Primary Contact: John Allen Copy To: Lori Doody

SDWIS Role: Interim Operator In Charge SDWIS Role: AC

Title: Utility Director (contract operator) Title: Interim City Manager

Telephone: 231-780-3415 Telephone 231-733-8870

Cell Phone: 231-955-0050 Cell Phone:

Pager: Pager:

Fax: Fax: 231-733-8879

e-mail: 1939chris@gmail.com e-mail:

Address: DPW Garage, 155 W. Sherman Rd. Address: City Hall, 2724 Peck Street
Muskegon Heights Ml 49444 Muskegon Heights Ml 49444

Population: 10,856 Year: 2010 Basis: 2010 Census Estimate

Operator Certification

Distribution Classification: S-2 Certification Op. # Exp. Date
Operator in Charge: John Allen (Interim) S-1 3226 1/15/2017
Backup Operator: Matt Millis None 14062
Other Operators: Kurt Miller S-3 13268 7/15/2015
Andre Evans (Meter Reading) None 4580
Estus McGee (Meter Repair) None 14171

Maintenance Assistant -

Maintenance Assistant -

Maintenance Assistant -

Do the operators receive adequate technical training?
If not, what and why?

Comments:

Staffing levels have decreased slightly over the years. The position of foremen is vacant, which puts additional strain on existing
staff. The position is currently posted as the City continues to search for a qualified candidate. Operators with licensing have
taken some classes to maintain licensure, but routine training has not been common practice. To increase the level of expertise
amongst staff and to help retain licensed operators, the water supply may wish to create incentives to obtain licenses such as
step increases in pay. The City must obtain a full time permanent foreman who is adequately licensed (S-2) within the
six month interim operation allowed.

Ownership
Ownership: City (City, Village, Township, County, Authority, Association)
Consent Agreement: Previous 2009 ACO now released
Escrow Account: N/A
Annual Fee: Active (Paid, Unpaid, Exempt, Etc.)
Comments:
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STORAGE

Construction, Controls & Maintenance

Location

SDWIS Facility ID (Site Code)
Volume

Type

Material

O.F. Elevation

Date Constructed

Date Inspected

Date Painted Inside

Paint System

NSF Std 61 Compliant (Y/N)
Date Painted Outside
Cathodic Protection

Tank Isolation Valve

Tank Drain (Hydrant)
Altitude Valve

Mud Valve

High Alarm

Low Alarm

Alarms Received By

Total Head Range (Feet)
Normal High Water Level
Normal Low Water level
Normal/Average Pressure
Data Recording System
Control Signal Type
Auxiliary Power for Controls?
Control System Adequate?
Vents Screened

Overflow Screened

Access Hatches Locked
Expansion Collar Lubricated
Mixing System

Overflow Splash Pad
Adequate Security?
Operator Visit Frequency
Comments:

Sherman Blvd. (West) Sherman Blvd. (East) Getty Street WTP Storage
ST200 ST200 ST300 ST100
0.5 MG 1.00 MG 0.75 MG 4.5 MG
Ground Ground Multileg Elevated Underground

767
1940 1940 1964 1941, 1973
2013 2013 May-07
N/A N/A 2000
N/A N/A Pota Pox 20
N/A N/A Yes
N/A N/A 2000
N/A N/A Yes
Yes Yes Yes
Portable Pump Portable Pump Hydrant
No No Yes, not used.
N/A N/A No
37 37 766
27 27 731
WTP scada system
10 10 35
35 35 766
30 30 754
radio radio radio
No No No
Yes Yes Yes
Yes Yes Iron Flapper
Yes Yes Yes
N/A N/A Yes - UPS

Sherman resevoirs function as one but can be operated seperately. The Getty Street tank was inspected by Dixon Engineering in 2007.
The report indicated the coatings were still in good condition and should be reinspected in 5 years. However, installation of a mud valve
was recommended. The Sherman reservoirs were inspected by Dixon Engineering in 2005. The report indicated that tanks were in good
condition and should be reinspected in 5 years. There is an overflow to a storm sewer in the NW corner. Shrubs and other deep rooted
vegetation should be removed from around the tank perimeter. The sherman resevoirs were again inspected in 2013 (dive inspection).
The minimum level for adequate pump suction head is unknown.
-Getty Tank should be inspected again, approximately every five years. Supply should also perform more frequent inspections of
hatches, screens, air intakes, overflow, etc.
-Getty St. Tank is current hub for SCADA communication to WTP, requiring a portable generator to maintain communications

during longer periods of power failure. Currently it is equipped with a small UPS for short term operation.

-Sherman St pump station does not have backup power for pumps, or for resevoir level indicator. The pumps would require a

large generator, but a small UPS could be installed for just the resevoir transducer.

Capacity
Usable Storage 0.5 MG 1.00 MG 0.75 MG
Total Usable Storage (gal) 2,250,000 2.250 Mgal

Total Usable Storage/Max Day
Total Usable Storage/Avg. Day

Given loss of customers, the Max Day/Avg. Day will need to be

revisited after some amount of data are gathered.

Comments: Storage capacity is deemed sufficient at this time.
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DISTRIBUTION

Pump Stations

Pump Number
Year Installed
Type

Permit Capacity
Permit TDH
Current Capacity
Current TDH
Basis

HP

Last Complete Inspection

Last Efficiency Test
Control Signal Type
Controls Adequate?

Operator Visit Frequency

Comments:

Location:

Old High Service Pump Station, Water Filtration Plant

Function:  Pump water from WTP to Muskegon Heights.
Adequate Security? Yes
1 2 3
1965 1965 1965
Layne VTCS Layne VTCS Peerless VTCS
4.46 MGD 6.05 MGD 2.02 MGD
162' 185' 142
4.46 MGD 6.05 MGD 2.02 MGD
2003 Test 2003 Test 2003 Test
150 250 100
2006 2003 2005
2003 2003 2003

AUXILIARY POWER

Power Type
Fuel Type
Capacity (gpm)

Total Pump Capacity (gpm)
Firm Pump Capacity (gpm)
Auxiliary Power Capacity (gpm)

Max Day Demand @ this location

Peak Hour @ this location

Avg Day Demand @ this location

Firm Pump Capacity/Max Day

Peak Hour/Firm Pumping Capacity

Aux. Power Capacity/Avg Day

Comments:

Fixed Generator Power Rating (kWh) 500 kW
Diesel Starting Frequency Weekly
Load Testing Frequency Monthly
8701 12.53 mgd
4500 6.48 mgd
8701 12.53 mgd
5.42 mgd
gpm (Hydropneumatic Stations)
2.181 mgd
83.6 %
%  (Hydropneumatic Stations)
174 %

HSP 3 was rebuilt in 2005. HSP 1 had the actuator rebuilt in 2006. The WTP generator can only provide
approximately 10 MGD of treatment, but the WTP also has dual electrical feeds which provide full capacity.
However, Consumers Energy must be notified to unlock the feed transfer. The Sherman Pump Station can
supplement demands from the City of Muskegon Heights distribution system.
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DISTRIBUTION

Pump Stations

Location: New High Service Pump Station, Water Filtration Plant

Function: PREVIOUSLY Pumped water from WTP to NS & FPT.

Adequate Security?

Pump Number 4 5 6 7

Year Installed 2000 2000 2000 2000
Type Peerless VTVS Peerless VTVS Peerless VTVS Peerless VTVS
Permit Capacity 5.0 MGD 5.0 MGD 5.0 MGD 5.0 MGD
Permit TDH 210’ 210' 210’ 210'
Current Capacity 5.0 MGD 5.0 MGD 5.0 MGD 5.0 MGD
Current TDH

Basis

HP 250 250 250 250

Last Complete Inspection

Last Efficiency Test

Control Signal Type

Controls Adequate?

Operator Visit Frequency

Comments:
VFDs installed for each pump. Currently not able to pump to Muskegon Heights distribution system. To
minimize deterioration, periodic running of the pumps and motors is recommended.

AUXILIARY POWER

Power Type Fixed Generator  Power Rating (kwh) 500 kwW
Fuel Type Diesel Starting Frequency Weekly
Capacity (gpm) Load Testing Frequency Monthly
Total Pump Capacity (gpm) 13889 20 mgd

Firm Pump Capacity (gpm) 10417 15 mgd

Aucxiliary Power Capacity (gpm) 13889 20 mgd

Max Day Demand @ this location 10.56 mgd

Peak Hour @ this location gpm (Hydropneumatic Stations)

Avg Day Demand @ this location 4.508 mgd

Firm Pump Capacity/Max Day 70.4 %

Peak Hour/Firm Pumping Capacity %  (Hydropneumatic Stations)

Aux. Power Capacity/Avg Day 225 %

Comments:

These pumps should be inspected for wear and efficiency as they represent the largest operating expense and
electrical use. Additional room is provided for installation of future pumping needs (2 additional HSPs). The WTP
generator can only provide approximately 10 MGD of treatment, but the WTP also has dual electrical feeds which
provide full capacity. However, Consumers Energy must be notified to unlock the feed transfer.

These pumps were dedicated to Fruitport & Norton Shores previously, but are now owned and may be
operated by Muskegon Heights. Pumping to the Muskegon Heights distibution system will resultin a
change in operating point, as they will not need to overcome as much TDH.
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DISTRIBUTION

Pump Stations
Location: Sherman Street Pump Station, Sherman and Jefferson

Function:  Pumps water from Sherman reservoirs to Muskegon Heights,
Adequate Security?

Pump Number 1 2 3 4
Year Installed 1941 1957 1941 1965
Type Am. Well CentCS  Am. Well CentCS  Am. Well CentCS Delaval CentCS
Permit Capacity 3.0 MGD 6.0 MGD 2.2 MGD 4.0 MGD
Permit TDH 155' 155' 152 180'
Current Capacity 3.0 MGD 6.0 MGD 2.2 MGD 4.0 MGD
Current TDH

Basis 2003 Test 2003 Test 2003 Test 2003 Test
HP 100 200 75 150
Last Complete Inspection 2007 2003 2003 2003
Last Efficiency Test 2003 2003 2003 2003

Control Signal Type

Controls Adequate?

Operator Visit Frequency

Comments:

This pump station along with two ground storage resevoirs is fed by a 30" gravity line from the WTP.
Indications are this line is in good shape, though no inspections have been done and a water balance has
not been submitted.

Pump #2 has been out of service for an extended period of time (bad actuator). The supply has been relunctant to
invest in it's repair due to low demand and large pump output. Pump #4 also has limited use, due to large
capacity and low demand, and is also currently out of service due to bad valves.

To minimize energy use while maintaining this redundant feed of finished water to the distribution system,
it is recommended the supply conduct efficiency testing on these pumps and consider installing variable
frequency drives. The appropriate pumping rate can be selected based on needs of the system, and at a
minimum cost.

AUXILIARY POWER

Power Type Dual Feed Power Rating (kWh) N/A
Fuel Type N/A Starting Frequency N/A
Capacity (gpm) Load Testing Frequency N/A
Total Pump Capacity (gpm) 10556 15.2 mgd

Firm Pump Capacity (gpm) 6389 9.2 mgd  (Gravity feed capacity is only 9.0 MGD)
Auxiliary Power Capacity (gpm) 10556 15.2 mgd  (Dual feed, no generator)

Max Day Demand @ this location 5.42 mgd

Peak Hour @ this location gpm (Hydropneumatic Stations)
Avg Day Demand @ this location 2.181 mgd

Firm Pump Capacity/Max Day 589 %

Peak Hour/Firm Pumping Capacity %  (Hydropneumatic Stations)
Aux. Power Capacity/Avg Day 23.7 %

Comments:

Pump 5 (0.86 MGD @ 150' TDH, 40 HP) is not installed. Pump motors and some electrical controls are below
grade and subject to flooding. Pump 1 has an electrical actuator and the hydraulic actuator for Pump 3 is supplied
by the station discharge line to allow valves to continue operating during a loss of system pressure such as the one
that occurred in 2005. Pump 1 had a nhew motor installed in 2007. An extra pump motor is kept on hand at the
Sherman Station. A backup generator is recommended.
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DISTRIBUTION

Pump Stations

Pump Number
Year Installed
Type

Permit Capacity
Permit TDH
Current Capacity
Current TDH
Basis

HP

Last Complete Inspection

Last Efficiency Test
Control Signal Type
Controls Adequate?

Operator Visit Frequency

Comments:

Location:  Getty Street Booster Station, Getty Street and Norton Avenui
Function:  Pump water from Getty Street Tank to Norton Shores & Fruitport.
Adequate Security?
1 2 3
2002 2002 2002
ITT, Bell & Gossett ITT, Bell & Gossett ITT, Bell & Gossett
2.59 MGD 2.59 MGD 2.59 MGD
48 48 48
2.59 MGD 2.59 MGD 2.59 MGD
30 30 30

2015: this pump station will be moved to Fruitport Township and connected to the City of Muskegon as
part of the transition from the City of Muskegon Heights.

AUXILIARY POWER

Power Type
Fuel Type

Capacity (gpm)

Total Pump Capacity (gpm)
Firm Pump Capacity (gpm)
Auxiliary Power Capacity (gpm)

Max Day Demand @ this location

Peak Hour @ this location

Avg Day Demand @ this location

Firm Pump Capacity/Max Day

Peak Hour/Firm Pumping Capacity

Aux. Power Capacity/Avg Day

Comments:

Fixed Generator Power Rating (kWh) 80kW/100KVA
Natural Gas Starting Frequency Weekly
Load Testing Frequency Monthly
5396 7.77 mgd
3597 5.18 mgd
5396 7.77 mgd
2.3 mgd
gpm (Hydropneumatic Stations)
0.3 mgd
44.4 %
%  (Hydropneumatic Stations)
39 %

Use of the station is limited to prevent double pumping but station is operated routinely to maintain pumps and
chlorine residual in areas near the station where stagnation, water age and DBP formation could be a problem.
Separate chlorine feed room, equipment appears decrepit.

2015: this pump station will be moved to Fruitport Township and connected to the City of Muskegon as
part of the transition from the City of Muskegon Heights.
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Interconnections with Other Supplies

Is water purchased from other supplies? No
If yes, list WSSN number (s):
No. of Emergency Connections: 30
. L : Status WSSN of
Location Main Size Capacity Metered? (Regular/Emergency)  Connection
DIRECT CONNECTIONS
Water Treatment Plant 30" 2002 Mag. Emergency 04850
Getty Street Booster Station 12" 2002 Mag. Emergency 04850
Seminole and McCracken 30x12 8" Emergency 04850
Seminole and Henry 24 x 12 8" Emergency 04850
Getty and Norton 18 x 16 8" Emergency 04850
Broadway and Getty 14 x 12 8" Emergency 04850
Broadway and Glade (Seaway) 8x8 6" Emergency 04850
Hoyt and Seaway 8x8 4" Emergency 04850
Seminole and Lake Harbor 30x12 None Emergency 04850
Glade (Seaway) and Cleveland 10x 10 None Emerg_;ency 04850
Hackley and Glade 10x 6 None Emergency 04570
Park and Keating 6 X 6 None Emergency 04570
Keating and 5th Street Alley 36 x12 None Emergency 04570
Keating and Mcllwraith 36 x 6 None Emergency 04570
Delano and Getty 14 x 14 None Emergency 04570
Barney and Getty 6 X6 None Emergency 04570
Oaklane and Sherman 12x12 None Emergency 04570
Seminole and Henry 12" None Emergency 05800
INDIRECT CONNECTIONS (THROUGH NORTON SHORES AND FRUITPORT TOWNSHIP)
Broadway and US 31 12 x12 1244 gpm 1001 4" Mag. Emergency 02507
Shettler and US 31 16 x 16 4980 gpm 2001 8" Mag. Emergency 02507
Pontaluna and Harvey 16 x 16 2880 gpm 2001 6" Mag. Emergency 02507
Sternberg and Harvey 16 x 16 2880 gpm 2001 6" Mag. Emergency 02507
Wilson and Harvey 12x6 1244 gpm_2006 6" Mag. Emerg_;ency 02507
Norton and Henry 6" None Emergency 05800
Summit and Henry 12" None Emerg_;ency 05800
Grand Haven Road and Wilson (Norton Shores) 12" None Emergency 06235
Black Lake Road (Norton Shores) 8" None Emergency 06235
Airline and Circle Drive (Fruitport) 10" None Emergency 06235
Judson and Clare (Fruitport) 8" None Emergency 06235
Third and Apple (Norton Shores) 10x 10 None Emergency 06235
Are valves exercised annually? No Exercised routinely, but less than annually.
Flushed? Yes
Comments:

Only the Norton Shores and Fruitport Township pressure district can adequately maintain pressure in to Muskegon Heights (overflow
elevation 767') in an emergency. However, the distribution system could be partially pressurized by "floating" on Muskegon's water system.

-Exercising of emergency valves is being integrated with the City's formal valve maintenance program. These activities are coordinated with
the participating water supply.
-Meters at emergency connections are not used.

Water Supply Tank Overflow Elevation
Musk Co. Northside 748 (Marshall St)
City of Muskegon 750.00

North Muskegon 752 (booster station)
Musk Co. Eastside 765

City of Muskegon Heights 767.00
Fruitport/Norton Shores 788.25
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Distribution Piping

Mains by Material
Cast Iron 49% Note: The cast iron in the system is largely pre-1970
Ductile Iron 50%
PVC
Asbestos-Cement
HDPE
Galvanized
Concrete 1%
(From DEQ sanitary survey dating back to 2007, unsure of source)

Estimated percent of piping with coal tar lining %
Mains by Size Mains by Age
2" 0% 1900 to 1930 years 88%
4" 10% 1931 to 1959 years 2%
6" 61% 1960 to 1979 years 5%
8" 3% 1980 to 1999 years 4%
10" 10% 2000 to 2014 years 1%
12" 4% to years
14" 4% Total: 100%
16" 1% The age break-down is suspect, as Ductile Iron was not
18" 3% available from 1900-1930.
20" 2%
24" 2%
30" 1%
Total: 100%

Based on 2015 Reliability Study

Comments:

Distribution system piping was first constructed in the early 1900s, though it is unknown whether any of this
piping remains in service yet today. Substantial upgrades/expansions to the distribution system were made in
1939, 1964 and 1974. No other substantial watermain replacement work has been completed since that time.
The system has been essentially built out within the City limits. Lack of road improvement funds has also
contributed to the unwillingness to complete replacement projects.

Note on pipe condition: Recent calibration efforts of the distribution system hydraulic model lead to
suspicions the system was being limited hydraulically by either severe tuberculation or closed valves.
Pipe coupons from tapping operations indicate the pipe interiors have been in fair condition and show
no signs of significant hydraulic loss.




DISTRIBUTION

Operational Concerns & Maintenance

Are there areas where water main breaks are frequent? No
If yes, identify locations:

Comments:

2005 - Major main break on 24" transmission line to the City of Muskegon Heights on Seminole Road. Heights distribution
system lost pressure and precautionary boil required. See Correspondence file for full report.

2015 - large break on a 16" with small loss of pressure due to lack of adequate isolation. Limited boil notice issued.
Generally speaking, only a few breaks a year is not bad for a larger distribution system.

Are there areas where aesthetic water quality complaints are frequent? Yes
If yes, identify locations: Dead Ends - these are flushed 2x/yer

Comments:
Aesthetic complaints are on dead ends on outside areas of the system usually occur after flushing. Random taste
and odor complaints are received in the summer months.

Do you receive complaints alleging illness due to the water? No
If yes, identify locations:

Comments:

Are there areas where customers complain of low pressure? No

If yes, identify locations:

Comments:
Water complaints are taken at City Hall. If related to distribution (water service line, meter, etc) a work order is generated for
DPW staff. Water quality related complaints are forwarded to WTP staff.

What is the procedure to respond to and track these complaints?

Comments:

2015 - The City has struggled in the last two winters with many frozen service lines. This is difficult during the winter,
trying to provide water to those homes without water, but also in the spring when the lines begin thawing and leaking.
The City does not typically make an effort to help customers thaw the lines.
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Distribution System Capacity

Are there areas where peak flows (including fire flow) cannot be maintained?
If yes, identify locations: See 2015 Distribution System Reliability Study.

Yes

Some hydrants have inadequate flow, but better flow can be found within a block

Comments:
Last ISO report date? 2004

Proposed distribution system improvements:
Location:
7100' 12", Glade Street & Glade Alley, Norton to Barney Avenue (Replace 6")

Estimated Completion Date

4500' 12", Sherman Boulevard, Glade to Fifth & Jarman to Getty (Replace 6")

2013-2016*

1100' 12", Norton Avenue, Glade Alley to Park Street (Replace 6")

2013-2016*

2200' 12", Keating Avenue, Park to Fifth & South to Delano (Replace 4" & 6")

2013-2016*

1900' 8", Sixth/Seventh Alley, Barney to Keating (Replace 4")

2013-2016*

2700' 12", Ray/Getty Alley, Hume to Delano (Replace 6")

2010-2012*

2300' 8", Along Hoyt, Norton to Mona Lake Park (Replace 4")

2017-2019*

800" 12", Barney Avenue, Dyson to Getty (Replace 6")

2010-2012*

500" 12", Hume Avenue, Superior to Ray/Getty Alley (Replace 6"

2013-2016*

700" 8", Ray Street, Hume to Sherman (Replace 2")

2013-2016*

1100' 12", Getty Street, Broadway to Sherman (Replace 8")

2013-2016*

2010-2012*

3200' 8" Cleveland Ave, Howden St to Wood St. Newly recommended

Add hydrants: High School, Junior High, Waalkes & Maplewood, etc. Newly recommended

Connect transmission main to distribution mains (due to customers leaving) Newly recommended

3800' of 12" in Sanford St; Norton to Broadway (Replace 4" and 6") Newly recommended

1100’ of 8" in 7th & 5th St, Summit to Broadway (Replace 4") Newly recommended

2000’ of 8" Leahy St, Sherman to Barney (Replace 4") Newly recommended

2300' of 8", Broadway, Seaway to 8th & Hoyt to Reynolds Newly recommended

*these projects are not yet completed, and reiterated by the 2015 reliability study

Comments:

The distribution improvements listed above were originally recommended in the 2009 Distribution System
Reliability Study. The completion dates are based on the City's February 2010 Capital Improvement Plan. The
2015 Reliability Study has added and re-prioritized several infrastructure projects to help increase flow and
pressure, and replace old undersized watermain. Due to the lack of these recommended infrastructure
projects being completed, an updated capital improvements plan with a detailed funding description
should be submitted.

System Growth

Year # of anstruction Permitted Amount
Permits Issued of WM Feet
2005 0 0
2006 0 0
2007 0 0
2008 1 379
2009 1 177
2010 0 0
2011 0 0
2012 0 0
2013 1 472
2014 0 0
Comments:

The City's February 2010 10 Year Capital Improvement Program addresses water main replacement and follows
the recommended improvements from the City's 2009 Reliability Study. No street improvement projects are
planned at this time, and the City has not historically funded replacement of watermain alone.
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Hydrants

Number of Hydrants 318
Number Without Auxiliary Shut-Off Valves 240 Note high number, referenced in 2008.
Number that are Self-Draining 251
Number of Inoperable Hydrants 2-3 (each is supplemented by adjacent hydrants)
Frequency of Hydrant inspection: 5 years
Inspection Staff:
Are there areas where additional hydrants are needed? No
If yes, list locations:
Hydrant location system Hydrant Map Accurate? March 2009 - Yes
Are hydrants color coded for capacity? Main Size  (not done yet)
Has this information been provided to the fire department? Fire Flow Contour Map
Frequency and seasons of hydrant flushing Fall, 5 areas, 1

done annually.

Dead ends flushed

annually per year
Purpose of flushing Clear Water Main
Is the public notified prior to flushing? Yes
Does flushing follow a specific format? Sherman Blvd outward, but isolation valves are not used.
Is the volume of water used during flushing estimated? Yes
Do hydrants receive maintenance painting?
Is a record maintained of hydrant activities? Yes Card files now scanned (hard drive)

Hydrant records should include: Hydrant number, location of the hydrant, type of hydrant, size of barrel, size of bottom valve, size of lead, direction of
turn, operable or inoperable, auxiliary valve type and size, weep holes plugged or unplugged, condition of hydrant (caps, chains, valve operation,
operating nut, leakage & etc.), color coded capacity, flow data (gpm & psi) flushing dates, inspection dates.

Comments:

-A formal hydrant inspection and water main flushing program was developed in 2009. The City is broken down into 5
areas. One area is flushed and inspected each year in the fall. Dead ends are flushed more often to reduce complaints.
-Yearly inspections have resulted in a detailed record of the hydrant and its maintenance history. Record data is not being
entered into a database.

-Although not required, yearly flushing of every hydrant with the added benefit from unidirectional flow using isolation
valves would offer a better result in terms of pipe scour & sediment removal.

-Many hydrants are without auxillary shutoff valves. Hydrant shut-off valves are added any time they are isolated,
though the number above is likely not 100% accurate as they are not formally tracked.

-Records management of hydrants could be improved by entering data into a J26database or spreadsheet and
would allow entry of data on flushing records, auxillary valve installation, inpections, etc. In addition, the existing
diaital records should include a back-up in addition to beina placed on a hard drive

Valves

Number of Valves 426
Number of inoperable valves 1
Are there areas where additional valves are needed? No
If yes, list locations:
Valve location system Valve Map Accurate? March 2009 - Yes
Valve Turning Frequencies Primary: 1/5 Annually

Others: 1/5 Annually
Records Maintained? Yes Card files now stored digitally (hard drive)

Valve records should include: valve number, location of valve(with witness points), type of valve, size of valve, normal operating status (open or
closed), condition of valve (operable or inoperable), direction of turn, number of turns, and dates of operation.

Comments:

A formal valve maintenance program was developed in 2009. The City is broken down into 5 areas, and the city crews
turned all valves in a section each year for only two years. Inspection includes a detailed record of the valve and its
installation/repair date. Data is NOT being entered into a database. The supply must continue the approved valve
turning plan, and is encouraged to maintain a digital record for each distribution valve. Recommend backing up
the card files stored on local hard drive. City is considering contracting this service. The City was awarded a
SAW grant for wastewater infrastructure inventorying, which will also be used to inventory the water assets.
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Customer Information

Active Inactive
Total Services 3821 1304 Total No. of Services: 5124
Metered services 3820 1304 Percent Inactive: 25%
Non-Metered 1 0
Percentage of service line materials: Ownership of Service (CWS/Customer)

Copper 5% (new service lines) | |From Corp Stop to Curb Stop CWS
PVC/PE/PB From Curb Stop to Property Line CWS
Galvanized 95% From Property Line to Meter Customer

Lead Meter CWS

Percent of Usage by Customer Type Large Users - % of Use

% Residential 45% Mahle Engine Components-14.1%; Mona View Cemetary-2.5%; Wells Villa
% Commercial 11% Development-1.8%; Quality Plating-1.6%; Muskegon Heights. HS-1.4%; BRT
% Industrial 32% Recycling Svecs-1.2%; City Hall/Police-1.1%; Mona Lake MHP-1.0%;
% Other 22% Muskegon County Family (Govt)-0.7%; Consumers Energy-0.6%
Comments:

There are approximately 1304 inactive services in the City of Muskegon Heights. This is a large portion of the potential revenue
in the City. It is also known that many of these inactive accounts could be illegally inhabited and using water without paying for it.
The city billing and water departments work together with inspections to periodically check inactive accounts to ensure the
structures are truly uninhabited. The current checks and balances program is necessary to ensure revenue is not further
lost to water theft, and the City should continuously audit the accounts to determine whether theft is occurring.

The City has struggled with a large number of frozen services. Even with "let runs" in place, the last two winters have resulted in
many (>100) frozen service lines. The problem due to freezing are not limited to the winter, but also in the spring when the city
finds many leaks that were likely caused by winter freezing. A service line replacement program is recommended to allow
staff to function more efficiently and minimize the amount of time & money spent on frozen service lines.

CUSTOMER METERS

Types of meters Used
Number of Meters with Remote Reading Devices

Sensus 60% Touchpad Rockwell 40% Manual/Remote

Residential Meter Sizes 5/8"
Industrial/Commercial Meter Sizes up to 6"
Meter Testing/Maintenance Program Yes, both and have meter tester at Sherman Street.

Average Age of Meter in System 18 years
Criteria for Changeout Meter Failure

Number or Percent Changeout per Year 400 (2010)
Master Meter Locations See Interconnection List
Calibration of Master Meters Annually

Meter Reading Staff/Contract: Andre Evans

Comments:

The City has started a meter replacement program. New meters are all Sensus. Continue with this program, as
replacement of old meters may help reduce unaccounted water levels. The City should also consider the use of radio read
meters to allow coordinated billing instead of the current quarterly billing for 1/3 of customers each month. Monthly billing
would allow for more frequent auditing and analysis, as well as increase regularity of billing with customers. The City is
looking at partnering with DTE meter readers as well.
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Water Rates

What is your current rate schedule? Muskegon Heights  $ 3.18 /1000gals or $/qgtr, $/cuM
Wholesale N/A /1000gals or $/qtr, $/cuM

Are current rates adequate to support O&M and CIPS? No see below

When was last time rates were adjusted? 2014

Has a water rate study been performed? When? Dec-09 HRC, with a more recent internal

Is there a meter charge or ready to serve charge? Yes 23.36/quarter for 5/8" meter

Is a copy of the water rate schedule and ordinance available? Yes

Comments:

Previous "distribution charge" has been incorporated into the overall water rate. The service charge per 1000 gallons
has been increased by $0.40 for three years in a row.

Cooperation with billing to see which accounts are active but not being billed?
Billing Department discounting bills?

Capital Improvements: The previous plan has been has been analyzed and the City is far behind schedule in
making needed improvements to the water system. The focus of improvements has been on water plant and
storage facilities, with very little focus on pipes valves and hydrants in distribution. The City has completed
approximately $1.3m worth of work, however the projects listed in the 2009 CIP total approximately $5.8m. An
updated CIP must be completed with more detailed information regarding budget for the improvements.

Monthly billing cycle could potentially help customers with budgeting, and result in a more frequent
accounting for water loss.

Lost Water should be a factor in discussions regarding rates and revenue. In 2008 and 2009 it was calculated
to be approximately 30%.

The DEQ's Revolving Loan Section offers municipal assistsance in the fiscal planning and analysis areas, and
staff are available to help upon request. Contact Bob Schneider at 517-388-6466.

Repair Parts Inventory

Extra Mains (Sections for Each Size in Service) Yes
Repair Clamps (2 or more for each size) Yes

Tees, Crosses & Elbows Yes
Hydrants Several
Valves Several per size.
Services (Corp & Curb Stops, Clamps and Lines) Yes
Other

Comments:

All repair parts kept at Sherman Station. See appendix for copy of City inventory of repair parts.

Safety Programs

Confined Space Entry Program
Trench Safety Program
Comments:
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Cross Connection Programs

Ordinance No. Sec. 82, Div. 3 Date: 1905

Approved Program (Y/N)? Yes Date: 1973

Staff Assigned to Program, (No., Dept and/or who) 1-year term contract with Muskegon Township
Is Annual Cross Connection report required (Y/N)? Yes

Was previous year's annual report received (Y/N)? No - 2014 Date:
Was previous year's annual report acceptable (Y/N)? No - not rec'd

Inspection Status: Poor/Very poor

Assembly Testing Frequency High Hazard: Low Hazard:
Assembly Testing Performance

Recordkeeping: Some records incomplete.

Private Well Isolation/Abandonment Procedure:

Comments:

2009 - Consent order included violations of Act 399 for failure to implement cross connection program.
2011 - Cross Connection Data per 2009 ACO submittal:

300 Total Accounts 309 Total Facilities

28  Vacant Accounts

272 Active Accounts 12  Accounts in Compliance w/3 year Inspection (06-09)
18 Accounts w/no Testable Device 254  Accounts with Testable Devices or Unknown

137 Testable Devices 7 Devices Tested last 3 years (06-09)

2011 - Efforts were restarted in 2008, to conduct "initial" inspections of all accounts to verify device information and determine hazard. Doug
Kadzban indicated that approximately 67% of these initial inspections are complete. Approximately 33% of those accounts that have been
inspected are in compliance. The others still need to make corrections or have devices tested. The City is looking into a new software
database system to track accounts, devices and due dates. New accounts have been added from the City's customer billing records. The
City must comply with inspection and device testing frequencies.

2015 - There were no efforts towards inpsections or device testing in 2014, and no annual report submitted. The city entered into a
1-year term agreement with Muskegon Township (currently Jim Hoppas). The Agreement does not specify the number of
inspections, devices to be tested, etc, and ends on November 1, 2015 with options for renewing.

-City has identified a difficulty in keeping track of accounts, which is due to the constantly changing nature of businesses and
housing in the City.

-While the three year device testing appears to be keeping up with the total number of devices identified, the re-inspection of
accounts is deficient.

-Records keeping system is needed to track accounts and make updates as ownership/occupancy changes. Recommend software
that can be accessed by both City staff and contracted Township staff.

Annual Pumpage Reports

Is Annual Pumpage Report required (Y/N)? N/A - MONTHLY REPORTS
Monthly Operator Reports

Are Monthly Operation Reports required (Y/N)? Yes

Were all previous year's reports received (Y/N)? Yes Timely?

Are previous year's reports acceptable (Y/N)?
If no, describe problems:

Comments:
MORs are submitted in a timely manner.

Consumer Confidence Reports

Is the annual CCR required? (Y/N) Yes

Was the previous year's report received? (Y/N) Yes Date:
Was the previous year's acceptable? (Y/N) Yes

Was the previous year's certification form received? (Y/N) Yes Date:
Comments:

The CCR has been distributed in accordance with the rules. CCRs are mailed to customers.

Emergency Response Plan

Date of ERP Oct-08 Acceptable?

Filed where?

Comments:

2010 - Per 12/2009 Michigan SDWA revisions, future ERPs shall include all of the above contents. The City's current ERP listed above is
based on the previous Contingency Plan format. The City must submit a new Emergency Response Plan at this time.
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Cross Connection Programs

2007 2008 2009 2010 2011 2012 2013 2014
Total No. Accts
High Hazard 63 63 62 72 51 51
Low Hazard 345 345 339 139 139 129
Years between inspections report report
High Hazard  not 1 1 1 1 1 1 not
Low Hazard submitted 3 3 3 3 3 3 submitted
Inspection Required
High Hazard - 63 63 62 72 51 5l
Low Hazard - 115 115 113 46 46 43
Inspection Completed
High Hazard - 14 0 1 35 26 28
Low Hazard - 4 12 10 8 3 7
Cross Connections Found - 29 15 35 16 9 16
Devices in System - 37 37 137 184 106 99
Devices Tested - 44 38 63 108 36 22
3-year Testing Total 44 82 145 209 207 166
High Hazard Accounts Low Hazard Accounts
100 140
90 Required Inspections ® Completed Inspections Required Inspections M Completed Inspections
120
80 B
70 =0 100
60 80
50
40 60
30 40
20
10 20
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200 ) — Devices
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150 =@=Three Year
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50 = # of Devices
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Comments:

The supply has been behind in inspections for several years. Records for the inspections completed are not

adequate.

residential - the supply must begin documenting residential hazards. 2014 report is missing.

Devices tested are adequate, meeting the minimum 3-year testing frequency. All accounts are non-
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General Plan

Date of Most Recent Plan: 2009
Filed Where? Office File Acceptable?
General Layout
Facility locations & capacities
Water Main Inventory
Identification of Service Areas
Hydraulic Analysis
Capital Improvement Plan

Comments:
2015 - The supply is currently due for an update to the General Plan, which is underway.

Reliability Study

Date of Most Recent Study: 2009
Filed Where? Basic Data Acceptable?
Contents: 5 & 20 Year Demand Projections

Source Production Totals (Monthly)
Customer Supply Usage (Annual)
Res/Comm/Ind Usage (Annual)
Water Shortage Response Plan
Recommended Improvements

Comments:
2015 - The supply is currently due for an update to the Reliability Study, which is underway. The city will need to
cooperate with requests from the engineer to complete testing in the distribution to aid in model calibration.

Permits
Applies for and obtains permits prior to construction (Y/N): Yes
Reviews plans prior to submittal to DEQ (Y/N): Yes
Standard specifications on file at CWS (Y/N): Yes
If applicable, adheres to contract with supplier regarding plan submittal (Y/N): Date:
Follows master plan for any construction (Y/N): Yes
Develops as-built plans (Y/N): Yes
Updates general plans (Y/N): Yes

Comments:
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MONITORING

Bacteriological

Date of Approved Site Sampling Plan : Sep-08
Number of samples required each month: 10 Basis: Population
Certified Lab Used: Muskegon Heights WTP
MCL, Monitoring or Reporting Violation(s) in past 3 years? (Y/N) No Date:
Number & Type of Violations None
Public Notice Issued according to regulations? (Y/N) N/A Date:
Comments:

SSP contact information should be updated. Muskegon Heights also analyzes TCR samples for its customer supplies.

Chemical
Date of Monitoring Schedule: Jan-15
Were nitrate, nitrite and fluoride (or partial chemical) samples collected? (Y/N) Yes
If nitrate detect, what is concentration? 0.7 Date: 2/25/2015
If nitrite detect, what is concentration? ND Date: 2/25/2015
Detects for metals > 50% of MCL? (Y/N) No
Metals (list) (2010 detections slightly above detection limit) ~ Barium and Chromium Date:
Date:
Detects for VOCs (Y/N) (except TTHMs & HAASS) No Date:
Detects for SOCs (Y/N) No Date:
Date of Approved Disinfection Byproduct Monitoring Plan: 2014

Comments:
2015: Sampling for DBP's is two samples quarterly. This reduced sampling is acceptable as long as LRAA's remain below
40/30 - routine sampling is four sites quarterly. Current LRAA's for DBP1 and DBP2 are acceptable for both HAAs and THMs.

Lead and Copper Monitoring

No. of Samples Required: 18
Frequency (Semi Annual/Annual/Triennial) Triennial
Exceedance of lead or copper action level (Y/N) No

If yes, was public education issued? (Y/N) Date:
Next Monitoring Period: 6/1/2017 - 9/30/2017
Corrosion Control Program Status, if applicable N/A
Lead service line replacement status, if applicable N/A
Comments:

Radiological Monitoring

Date of Monitoring Schedule

Alpha, beta, radium, uranium ND Date:

Radon  Not Required Date:

Tritum  Not Required Date:

Detects for Rads > 50% of MCL? (Y/N) No
If yes, list Date:

Comments:
Only Gross Alpha required.
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DISTRIBUTION - SYSTEM COMMENTS & SUMMARY

Infrastructure:

The Muskegon Heights water distribution system is largely well serviced by sufficient transmission mains
connected to smaller distribution mains. However it does contain some hydraulically deficient areas, and
continues to age without major efforts to upgrade older watermain. The areas of limited fire flow can be attributed
to old & undersized watermain, some limited connection between transmission and distribution mains, as well as
areas of insufficient transmission capabilities. The latest reliability study addresses these issues with
recommended improvements. An updated Capital Improvements Plan for 5 and 20 year periods is needed,
with budget analysis to show adequate funding.

The focus in recent years in terms of maintenance has been on flushing and inspecting hydrants, yet valve
operations and maintenance has been lacking. Without periodic operation, isolation valves in the system may
become inneffective at minimizing sanitary hazards during times of emergency. The supply must continue to
excercise valves periodically. In addition, recent attempts to calibrate computer models of the system to real-
time fire flow data indicate the potential for either significantly tuberculated watermain, or closed valves in the
system. Without a valve turning program, the latter can not be ruled out.

Perhaps due to age and poor construction practices, the city has also struggled with a multitude of frozen water
services the past few winters. The impact on staff and public perception stretches beyond the winter months and
into the spring, when leaking services continue to suface and require immediate attention. A service line
replacement program should be considered to minimize the threats associated with service line freezing.

Lost water, or unaccounted for water, has been estimated to be above 30% in previous years, and recently
calculations indicate extreme variability with lost water from -36% up to 60%. The supply has expressed some
difficulty in calculating the exact amount due to poor billing practices. The supply must formulate an
administrative plan to accurately perform a water budget and calculate percent of water that is not
generating revenue. This requires accurate billing, metering, and accounting practices.

Operations & Maintenance:

The operators possess the skiills and tools required to complete routine tasks such as fixing leaks, turn on/shut
off, and meter reading and replacement. There are programs which have proven more difficult to undertake such
as cross connection inspections, and requiring of testable device results. The cross connection program was not
addressed at all in 2014, leading to significant concerns over the ability of hte distribution operators to manage
and implement this program. However in January 2015 the program was contracted to Muskegon Township, and
according to discussions there will be significant headway with the program. Remaining concerns are in records
management and record keeping, communication between City staff and the contract operations staff, and
accountability for meeting stated goals of the program.

Staff are also encouraged to refine the record keeping systems at the garage, particularly in keeping digital
records. This will be aided through activities funded by the City's SAW grant, which will include an inventory of
hydrants and valves in the water distribution system. By maintaining digital records of hydrants, valves, service
lines, meters, etc there will be increased awareness of the system and tracking of changes in the system will be
more easily monitored.
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Staffing:

The past several years have seen turnover in staffing in the distribution operators. Namely, the position of
foreman has seen some turnover and is currently not filled with a full time permanent operator. The water
supply must either hire a full time properly certified operator for distribution, or arrange for contract
operations of the distribution system. Contract operations of the distribution system will alleviate the apparent
lack of staffing. Even with the foreman position filled, the staffing levels are not at the level they used to be a few
years ago. In addition, the City should encourage certification of all operators and provide training and
incentives to gain professional certification up to the rating of the water system.

While crews are generally able to be responsive to complaints and immediate needs within the system, there are
concerns over records management, operation of valves, hydrant flushing, meter reading and water accounting,
and pump maintenance. It is unclear whether there is adequate staffing at this time to coordinate and
ensure proper oversight of all these distribution system related activities.

Contracting services for cross connection activities has lessened the burden placed on distribution operators.
However, at this time annual reports have not been filed and are now overdue for the 2014 calendar year. In a
similar fashion, the City may wish to consider contracting services for other items such as water audits,
valve turning, pump maintenance, etc.

Storage:
The total finished water storage volume is adequate to allow for emergency use during peak demands.

Program Compliance:

Often times, when staffing levels are not ideal, it is the programs such as Cross Connection, Valve Turning,
flushing, and record keeping that fall to the back-burner and even off the plate entirely. Historically the Cross
Connection Program has been neglected by the City and it was a central item in the compliance discussions and
Administrative Consent Order (ACO) in 2009. The order and subsequent efforts to resolve it resulted in a
renewed focus in these areas. However, each of these programs has again seen some amount of neglect. The
Supply was not able to complete any inspections or require any device testing in 2014, essentially neglecting the
cross connection program entirely. Recognizing this, the City entered a one-year term contract with Muskegon
Township from November 1, 2014 to November 1, 2016. While the DEQ was not privy to this agreement until mid-
2015, it seems the terms of this agreement are somewhat vague. The number of inspections and device testing
are not specified, and management of records is not outlined. For valve turning, the Supply has neglected to turn
any of the distribution valves since completing two sections immediately following the ACO.

Management & Accountability:

With ongoing changes in personnel at City Hall and in the water distribution crews, as well as changes in
wholesale customers and residential/industrial accounts, the City must maintain a focus on transparency,
accountability, and viability for the future. The water and the revenue should be accounted for on a regular basis,
and accounts should be audited for theft and unauthorized use regularly. City Hall must interface with the Water
Plant and the Distribution operators regularly as well as the DEQ district office to coordinate ongoing issues of
water loss, theft, billing/metering inaccuracies, leaks, frozen pipes, estimated billing, etc.

To aid in the communication between City Hall, the Water Plant, and the Distribution crews, it is recommended

the City install networking capabilities at each facility so that account records may be viewed and updated as
changes occur. This would also increase the reliability and redundancy of records at the City.
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Appendix A: C*T Calculations



C*t Determination

The C*t required for a water treatment plant is based on the effectiveness of giardia and virus
inactivation of the treatment process. A 3-log removal is required for giardia and a 4-log removal
is required for viruses. The conventional treatment process employed at the Muskegon Heights
Water Treatment Plant has been awarded 2.5-log removal credit for giardia and 2-log removal
credit for viruses. In order to meet the requirement, the plant must increase its capacity to remove
or inactivate giardia by 0.5 logs, and viruses by 2 logs. The plant must make up the difference
through disinfection. Muskegon Heights uses chlorine as its disinfectant, which is much more
effective at the inactivation of viruses than giardia, so the required C*t is based on the 0.5-log
inactivation requirement for giardia rather than the 2-log inactivation of viruses.

To perform the calculation of C*t, the plant’s treatment is divided into each unit process. The
processes identified in this calculation include: rapid mix, flocculation, sedimentation, filtration,
clear well storage, and plant ground storage. Table C.1 shows the parameters used in the
calculation as well as the minimum residual applied to each process.

Table C.1. C*t Parameters

Parameter Value Basis

Flow Rate 25.2 MGD | Rated Plant Capacity

Temperature 0.5°C Lake Michigan Standard Minimum

pH — Raw Water 11.56* January 2004 - December 2009 Maximum
pH — Plant Tap 8.9 January 2004 — December 2009 Maximum
Cl Residual — Pretreatment

- Rapid Mix

- Flocculation Basins 0.9 mg/L | January 2004 - October 2010 Minimum**

- Settling Basins
Cl Residual - Intermediate
-Filters
Cl Residual — Plant Tap
- Clearwells 0.77 mg/L | January 2004 - October 2010 Minimum
- Finished Water Storage
* Muskegon Hts. Raw max. pH value does not appear reasonable but will be used.
**Recent operation reports indicate higher average residuals, with minimum levels above 1.0

0.88 mg/L | January 2004 - October 2010 Minimum

Baffling within a basin aids in keeping uniform flow through a process. ldeal plug flow
corresponds to a perfect baffling condition. Baffling factors are established for each treatment
process and used to adjust the C*t to account for short circuiting through the process. Table C.2
below shows the baffling factors used in the C*t calculations for Muskegon Heights.

Table C.2. Baffling Factors

Process Baffling Factor Basis

Rapid Mix 1.0 Pipeline Flow

Flocculation 0.5 Inlet and Outlet Baffles
Sedimentation 0.5 Inlet Baffles and Outlet Weir
Filtration 0.7 EPA Guidance*

Clear Wells 0.3 Unbaffled Inlet and Outlet
Plant Storage 0.4 Intra-Basin Baffles

* USEPA, LT1IESWTR Disinfection Profiling and Benchmarking Technical Guidance Manual, May 2003



The C*t value for the filters is calculated during a backwash cycle while the plant is operating at
full capacity. Essentially, the full 25.2 MGD is distributed over 11 of the 12 filters. The filters
generally have 8’4" of water above the media, and since the porosity of the media is unknown,
only the water above the media will be accounted for.

Area of 11 filters = 490 sqft * 3 filters + 480 sqft * 8 filters = 5310 sqft

Volume of 11 filters = 5310 sqft * 8.333 ft (8°4™) * 7.48 gal/cf = 331000 gal
Detention Time = 331000 gal / 17500 gpm (25.2 MGD) = 18.91 minutes

C*t for Filters = 0.88 mg/L * 18.91 min * 0.7 (baffling factor) = 11.65 min-mg/L

The clear wells are evaluated at the low water level for the high service station, which only leaves
3 feet of water in each clear well. The south clear wells must pass through the north clear wells
in order to exit the plant, so the detention time for the clear wells is calculated by dividing the
volume of a north clear well by the potential maximum flow through the set of clear wells (north
and south). North Clear Well #1 and South Clear Well #1 provide the most conservative
calculation, so those clear wells were used.

Volume of North CW #1 =50 ft * 22 ft * 3 ft (LWL) * 7.48 gal/cf = 24684 gal

Flow through filters 1-4 = 3.015 gpm/sf (1 filter washing) * 490 sqft * 4 filters = 5910 gpm
Detention Time = 24684 gal / 5910 gpm = 4.18 min

C*t for Clear Wells = 0.77 mg/L * 4.18 min * 0.3 (baffling factor) = 0.96 min-mg/L

The plant site ground storage reservoirs are accounted for, but their volumes are limited by the
low water level within the high service pumping station. The water levels within the east and
west reservoirs are 7 and 3 feet, respectively. The high service pumping capacity exceeds the
plant capacity, so the flow rate used in calculating the C*t for the ground storage reservoirs is
greater than what is used for the other processes. The Sherman Station has a pumping capacity of
15.2 MGD, but the gravity line can only support 9 MGD, so the draw from the reservoirs is 9
MGD. The new and old high service pumps have capacities of 20 and 12.53 MGD, respectively.
The total flow that can exit the plant reservoirs is 41.53 MGD.

The following table shows the C*t values attributed to each treatment stage and the total C*t for
the plant.

Table C.3. C*t Provided

C*t Flowrate Volume Baffling Cl Residual
Process (min-mg/L) (gpm) (gal) Factor (mg/L)
Rapid Mix 0.02 17,500 423 1.0 0.9
Flocculation 20.37 17,500 792,000 0.5 0.9
Sedimentation 111.55 17,500 4,338,000 0.5 0.9
Filtration 11.65 17,500 331,000 0.7 0.88
Clearwells 0.96 5,910 24,684 0.3 0.77
Plant Storage 14.03 28,840 1,314,000 0.4 0.77

Total 158.58



To re-iterate, the C*t required for a water treatment plant is based on the effectiveness of giardia
and virus inactivation of the treatment process. After deducting the credits awarded for
conventional treatment, the plant must inactivate giardia by 0.5 logs, and viruses by 2 logs. Using
chlorine as a disinfectant, the limiting factor will be removal of giardia.

Table C.4 shows the C*t that would be required for the Muskegon Heights Water Treatment Plant
at a temperature of 0.5°C and a pH of 9.0. At a minimum chlorine residual of 0.8 mg/L, the
required C*t would be 70 min-mg/L. However as shown in table, the C*t required varies based
on pH and chlorine residual for each process. Under the conditions identified above the required
C*t for the Muskegon Heights Water Treatment Plant is approximately 89 min-mg/L.

Table C.4. C*t Requirement

Chlorine pH>=9.0 & Temp<=0.5°C
Concentration Log Inactivation
(mg/L) 0.5 1.0 1.5
<=0.4 65 130 195
0.60 68 136 204
0.80 70 141 211
1.00 73 146 219
1.20 75 150 226
1.40 77 155 232
1.60 80 159 239

The Muskegon Heights Water Treatment Plant achieves a C*t of 158.58 min-mg/L (178% of the
89 min-mg/L required), or 0.89 log inactivation (0.5 required) under very conservative
conditions. C*t was calculated at the plant’s rated capacity, at the low water level within plant
storage, backwashing a filter, at the minimum chlorine residual. The required C*t was also
determined under conservative conditions. Since the C*t requirement is met under these
conservative conditions, we are confident that it will be met consistently.

Most of the C*t credit is gained within the sedimentation stage, and while chlorine is being fed at
the primary rapid mix unit, as long as a minimum applied free chlorine residual of 0.5 mg/L is
maintained, the C*t requirement should be met.

A tracer study would better quantify the effective contact time in the basins or the reservoir, and
would also be an indicator of any short circuiting. This study is recommended and could be done
by using fluoride as a tracer. The findings of a tracer study may impact the C*t determination.

NOTES:

With recent reductions in customer base, the flow through the plant is expected to be drastically
reduced and as such various treatment trains will likely be removed from operation on a regular
basis. The flow through each treatment unit is not expected to vary drastically from the above
assumptions. However, it is expected the plant will be undergoing drastic changes in operations
which may have an effect on the parameters used above such as chlorine residuals and pH.

Given the changes, plant operators must bear in mind the impacts these operational
changes may have on the achieved inactivation of viruses and giardia. Future analyses of C*t
will provide greater insight to the impact of operational changes on the C*t achieved at the plant.



Rapid Mix Floc Settling Filtration Clearwell Storage

Volume (gallons) 423 792,000 4,338,000 331,000 24,684 1,314,000
Flowrate (MGD) 25.2 25.2 25.2 25.2 8.51 41.53
Flowrate (gpm) 17500 17500 17500 17500 5910 28840
Flowrate (cfs) 38.99 38.99 38.99 38.99 13.17 64.26
Detention time (min) 0.02 45.26 247.89 18.91 4.18 45.56
Baffling Factor 1 0.5 0.5 0.7 0.3 0.4
Cl, Monitoring Location Pretreatment| Pretreatment| Pretreatment| Intermediate Plant Tap| Plant Tap

True Min ClI
Min Cl for CT Table

pH Monitoring Location

Max pH
C*T Attained 002l  2037] 11155 1165/  0.96]  14.03
C*T Req (1 log rem)
Log inactivation attained
% of required attained

O B City of Muskegon Heights WTP
log inactivation required Sanitary Survey 2015
0.890 Assumptions:
log inactivation attained See Attached Explanation
1/8.1

% of required




Rapid Mix Floc Settling Filtration Clearwell Storage

Volume (gallons) 423 792,000 4,338,000 331,000 24,684 1,314,000
Flowrate (MGD) 25.2 25.2 25.2 25.2 8.51 41.53
Flowrate (gpm) 17500 17500 17500 17500 5910 28840
Flowrate (cfs) 38.99 38.99 38.99 38.99 13.17 64.26
Detention time (min) 0.02 45.26 247.89 18.91 4.18 45.56
Baffling Factor 1 0.5 0.5 0.7 0.3 0.4
Cl, Monitoring Location Pretreatment| Pretreatment| Pretreatment| Intermediate Plant Tap| Plant Tap

True Min ClI
Min Cl for CT Table

pH Monitoring Location

Max pH
C*T Attained o0y  1041] 5701 609 058 838
C*T Req (1 log rem)
Log inactivation attained
% of required attained

O B City of Muskegon Heights WTP
log inactivation required .
Sanitary Survey 2015
_ _0-5_04 _ Assumptions:
log inactivation attained See Attached Explanation
1009 Minimum allowable chlorine residual to achieve required C*t

% of required 0.46 mg/L
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Appendix C: Recommended Practices for
Treatment Optimization



May 16, 1995
SUBJECT: Recommended Practices for Treatment Optimization

OVERVIEW

Increasing awareness of the potentially severe impact of cryptosporidium in
drinking water has refocused attention on the importance of optimal water
treatment. Because cryptosporidium is resistant to the disinfectants typically
used in water treatment plants, it is essential that every effort be made to
effect their removal through the pretreatment and filtration processes.

The department has utilized the input of a group of Michigan water treatment
plant superintendents to develop recommended practices in four areas: treatment
goals, monitoring protocols, treatment optimization, and emergency operating
procedures. These treatment practices must be optimized if Michigan water
supplies are to continue to avoid the cryptosporidiosis outbreaks experienced in
other areas of the country.

TREATMENT GOALS

The goal of all water treatment plants should be to consistently produce
finished water turbidities of 0.1 ntu or less.

The goal for each individual filter should be to consistently produce water with
turbidities of 0.1 ntu or less.

The goal of plant operators should be to minimize the size and duration of
turbidity increases above 0.1 ntu in individual filters after the following:

1) Restarting filters after backwash.

2) Restarting unwashed filters after routine plant shutdown.
3) Changes in filtration rates.

4) Changes in settled water quality.

MONITORING PROTOCOLS

Conformance with the treatment goals outlined above can only be determined if the
necessary monitoring information is available. [t is recommended that
continuously recording turbidimeters be provided for:

1) Raw water.
2) Settled water.

.. 3) Each individual filter.
4) Combined filter effluent.

Where it is not feasible to provide a turbidimeter for each filter, it is
recommended that each group or bank of filters be provided with one turbidimeter
and the necessary piping and valving to allow for monitoring of a specific filter
or the entire group of filters.



It is recommended ~that particle counters be utilized to determine the
effectiveness of optimized treatment. Particle counters have the potential to
provide an earlier and more sensitive detection of water quality changes than
turbidimeters. It is recommended that settled water and filtered water particle
counts be monitored as another indicator of treatment efficiency and to provide
a numerical measure of the removal of particles in the 2-5 micron cryptosporidium
size range.

Because of the high cost and uncertain reliability of cryptosporidium and giardia
testing, the State does not recommend routine testing for these parameters at
this time. However, if improvements in methods and reductions in analytical
costs occur, this type of monitoring will become useful in evaluating plant
performance. Cryptosporidium and giardia testing is currently optional for water
utilities and may be useful depending on specific conditions. Such testing may
be required in the future by U.S. EPA regulation. The 1imitations of current
Taboratory methods can lead to uncertain or unreliable results. As such,
utilities which pursue testing must carefully interpret these results. Careful
selection of qualified laboratories is also an important factor when considering
such testing.

TREATMENT OPTIMIZATION

There is an extensive amount of literature published on the subject of water
treatment. A list of selected references pertaining to treatment optimization
is attached. Based on a series of meetings with water treatment plant
superintendents, a number of treatment practices were jdentified as being
potentially important with regard to cryptosporidium removal, and in achieving
the treatment goals listed above.

For coagulant feed control, the following practices should be examined:

1) Routine jar testing.

2) Use of streaming current detectors or other methods for controlling
coagulant feed rates.

3) Optimization of the rapid mix and flocculation stages of treatment,
including periods when backwash water is recycled.

4) Use of polymers.

The effectiveness of previous coagulant adjustments made in response to
adverse changes in raw water quality caused by climatic and hydrologic
events should be reviewed.

For filter operation, the following practices should be examined:

1) Filtering to waste following backwash.
"2) Adding coagulant directly onto the filter influent following backwash,
in the backwash water, or at the end of a backwash.
3) Allowing filters to set for a period of time following backwash before
returning to service. '
4) Ramping up the flow rate onto any filter being returned to service.
5) Minimizing sudden rate changes on the filters.

2



6) Comparing length of filter runs and head loss development with filter
effluent turbidities.

7) Routine inspections for gravel mounding, mud balls, bed cracking,
media growth, and media loss.

8) Checking for even flow distribution during backwash.

Many plants have been shown to operate more effectively from a water quality
standpoint if the overall treatment rate is reduced. A reduction in the plant
operating rate should be considered whenever monitoring shows degradation of
treated water quality. Reductions in rates should also be considered during
periods of adverse raw water quality or cold water conditions. It may be
necessary to establish a lower overall plant rating than previously set in order
to ensure meeting plant treatment goals at all times.

If reclaim of backwash water is part of routine plant operations, extreme care
must be given to this practice to ensure against lowering plant effluent quality.
Should there be any question about meeting treatment goals as the result of
reclaim operations, discontinuing this practice permanently is encouraged.

EMERGENCY QPERATING PROCEDURES

A1l treatment plants occasionally experience changes in raw water quality that
cause treatment goals to be exceeded. Experience has shown that brief periods
of ineffective treatment can cause a cryptosporidiosis outbreak. Our discussions
with water treatment plant superintendents emphasized the need to review in
advance any procedures that may be effective in dealing with adverse changes in
water quality. In particular, it was emphasized that information must be shared
among operators in a treatment plant so that proper emergency procedures are
implemented regardless of the operator on duty. It is recommended that each
plant prepare a specific 1ist of procedures for dealing with the various types
of adverse treatment conditions that have previously been encountered. Plant
staff are encouraged to review past operating history to evaluate the
effectiveness of previous responses to these conditions so as to more guickly
implement an effective treatment regime. '

A number of emergency procedures were emphasized when treatment goa]s.are being
exceeded. They include:

Temporary plant shutdown.

STowing treatment rates.

Stopping reclaim of backwash water.

Monitoring individual filter turbidities.
Filtering to waste.

Hand dosing of coagulant onto filters.

Use of anionic or non-ionic polymer filter aids.
Increasing disinfectant dose.

Increasing monitoring frequencies.
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REFERENCES

The following recent articles and/or conferences focused on optimizing water
treatment operations. It is strongly recommended that water plant officials
review these article and conference outlines to help assess the overall
performance of their plants and to better determine what areas of the overall
operations and facilities need improvements or corrections.

1. "Assessing Treatment Plant Performance"; William D. Bellamy, John L.
Cleasby, Gary S. Logsdon, and Martin J. Allen; Journal AWWA, Vol 85,
December 1993, pp. 34-38.

2. "Preventing Waterborne Disease: How to Optimize Treatment", Participant
Guide, AWWA Satellite Teleconference, September 9, 1994.

3. "Chicago, Bulls, and Cryptosporidium®, AWWARF Technology Transfer
Conference, Conference Outline, October 14, 1993.
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Table 1. Partnership for Safe Water Phase IV Performance Goals

General Data Monitoring Requirements
» Daily raw water turbidity

> Settled water turbidity at 4-hour time increments from each sedimentation basin
» On-line (continuous) turbidity from each filter
>

One turbidity profile, that includes a backwash profile, from the filter run with the
maximum turbidity value for each month (refer to Checklist item #5).

> Combined filter effluent at 4-hour time intervals

Individual Sedimentation Basin Performance Goals
» Settled water turbidity less than 1.0 NTU 95 percent of the time when the
annual average raw water turbidity is less than or equal to 10 NTU

» Settled water turbidity less than 2.0 NTU 95 percent of the time when the
annual average raw water turbidity is greater than 10 NTU

Individual Filter Performance Goals
» Filtered water turbidity less than 0.10 NTU 95 percent of the time based on
values recorded at 15-minute time intervals

> 96t 97th 98th 99th percentile values that indicate consistent filter performance
» Maximum filtered water turbidity equal to or less than 0.30 NTU

» The treatment plant has an individual filter effluent turbidity goal following a
backwash of no more than 15 minutes of water production at a turbidity equal to
or greater than 0.10 NTU

Combined Filter Performance Goal
» Combined filter effluent turbidity of less than 0.10 NTU 95 percent of the time.

Disinfection Performance Criteria
» CT values to achieve required log inactivation of Giardia and virus




Appendix D: 10-Year Capital
Improvements Plan



Water System Capital Improvement Plan

10 Year
Year 1-3
Project
Inspect/Repair N.30” Intake
Inspect/Repair S. 42” Intake
LSPS Valve repair/replace
Reporting Program
On-line monitoring equipment
Carbon Feed modification
Resolve Hypochlorite plugging
Chemical Room Ventilation replacement
Resvr. Access Hatch replacement
Sed basins 3&4 deck sealing and drain install
Sed basin 1&2 drain install
Sludge removal
Sherman Stn Valve repair/replacement program
Sherman Resvr. East Retaining Wall replacement
Getty Elevated Tank Cleaning
WFP Valve repair/replacement Program
Filter Repairs
Relocate Lab AC units to ground level
Leak Repairs
Rotork valve operator replacement program
Pacscan removal and SCADA upgrade
WHFP East Resvr. Retaining wall
Pipe Galley Catwalk replacement
Install monorail for HSP1&2
Billing and Pumpage Report program
Computer network upgrades
Telephone network upgrade
Utility Upgrade
Safety Signs, Cones & Barricades
Vehicle Replacement

Upgrade watermain - GETTY ST - Broadway to Sherman

Water Meters

Hydrant Replacement Program
Backhoe replacement

Metal Detector replacement (3)

Water Meter Reading Unit Upgrade (incl new software)
Upgrade watermain - Alley between 6th & 7th from Barney to Kea

Vehicle Replacement Meter reader
Reliability Study

Upgrade watermain - upgrade to serve Mona Lake Park

Vehicle Replacement Water Technician
Total for years 1-3
Average per year
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Amount
60,000
60,000
15,000
50,000

9,500
5,000
3,000
30,000
3,000

300,000
50,000

150,000
60,000
65,000

7,000

120,000
50,000
16,000

360,000

128,000

200,000

115,000
45,000
20,000

120,000
50,000
15,000

300,000

3,100
35,000

110,000
57,000
90,000
90,000

2,400
15,000

171,000
20,000
15,000

216,000
20,000

3,251,000
1,083,667



Water System Capital Improvement Plan

10 Year

Year 4-7
Project
Inspect N. 30” Intake
Boiler and heating efficiencies
Sludge removal
Fluoride SCADA interlock w/ pumps
WFP Resevoir sealing
Sherman Station Valve repair/replacement program
Sherman Station Resevoir inspection
Sherman Station Resevoir repairs
Getty Booster Stn gas heater install
WEFP valve repair/replacement program
Vehicle replacement
Replace surface wash pipeing for filters1-8
Replace underdrain and media for filters 1-4
Backwash meter replacement and connect w/ SCADA
Monorail over HSP1
Replace media and sealant for filters 5-8
North lagoon enlargement
Rotork valve operator replacement program
Install VFD for HS
Earthen Berm for Basins 3 & 4
Security Upgrade
Utility Upgrade
Safety Signs, Cones & Barricades
Hydrant Replacement Program
Water Meters
Metal Detector replacement (4/4)
Upgrade watermain - upgrade Keating
Upgrade watermain - upgrade in Glade Street
Upgrade watermain - upgrade in Sherman Blvd
Meter readers (2)
Upgrade watermain - upgrade in Norton Ave
Upgrade watermain - upgrade in Hume
Upgrade watermain - upgrade in Ray
Upgrade watermain - upgrade in Barney
Total for years 4-7
Average per year
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Amount

60,000
50,000
300,000
5,000
180,000
60,000
5,000
150,000
5,000

120,000
35,000

350,000

300,000

8,000
12,000

250,000

200,000

270,000
60,000

250,000

140,000

400,000

4,800

120,000

76,000
800

220,000

710,000

450,000
30,000

110,000
50,000

110,000
80,000

5,171,600
1,292,900



Water System Capital Improvement Plan
10 Year
Year 8-10
Project
Inspect N. 30” Intake
Inspect S. 42” intake
Sludge removal
Sherman Stn. Valve repair/replacement program
Sherman low voltage circuit replacement
Getty elevated tank cleaning
WEFP valve repair/replacement program
Vehicle replacement
Plant inspections
S. lagoon enlargement
Install VFD for SPS
Seal decking of Sherman Resevoir
Lightning suppression system
Sludge Lagoon structure and equipment
Replace Basin 3&4 effluent pipe
Corrosion control application system
Alternative Energy Systems
LS Dehumidification System
Utility Upgrade
Safety Signs, Cones & Barricades
Hydrant Replacement Program
Water Meters
Metal Detector replacements (3)
Upgrade watermain - upgrade in Alley between Ray & Getty
Reliability Study
Vibratory Compactor
Dewatering pump
Vehicle Replacement
Total for years 8-10
Average per year

Grand Total
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Amount
60,000
60,000

150,000
60,000
30,000

7,000

120,000
35,000
12,000

200,000
65,000

150,000

200,000

110,000

220,000
80,000

600,000

100,000

300,000

3,600
90,000
60,000

2,400

270,000

15,000
3,000
3,000

62,000

3,068,000
1,022,667

11,490,600



STATE OF MICHIGAN Y
DEPARTMENT OF ENVIRONMENTAL QUALITY | N A

GRAND RAPIDS DISTRICT OFFICE

DAN WYANT
GOVERNOR DIRECTOR
June 23, 2015
Mr. John Allen
City of Muskegon Heights
2724 Peck Street WSSN: 04580

Muskegon Heights, Michigan 49444

Ms. Lori Doody, Interim City Manager
City of Muskegon Heights

2724 Peck Street

Muskegon Heights, Michigan 49444

Dear Mr. Allen and Ms. Doody:
SUBJECT:  City of Muskegon Heights — Community Water Supply Sanitary Survey

This letter will confirm visits with you on July 22, 2014, January 13, 2015, and April 13, 2015,
and summarize the subsequent review and discussion of the water supply facilities serving the
City of Muskegon Heights (City). The purpose of these meetings was to evaluate the water
system with respect to the requirements of the Michigan Safe Drinking Water Act, 1976 PA 399,
as amended (Act 399). In addition, the enclosed Water System Review form was updated to
gather information on the Muskegon Heights water supply system (Supply).

A number of items within the water system had been considered deficient and some in violation
of the Michigan Safe Drinking Water Act as recently as 2009. The City entered into an
Administrative Consent Order (ACO) with the Michigan Department of Environmental Quality
(DEQ), and made significant attempts at resolving the items listed in the ACO. The subsequent
2011 Sanitary Survey found the Supply was satisfactory in all but three categories, with no
deficiencies identified at that time.

Since then, administrative and operator staff has seen turnover with the loss of the City
Manager, permanent Treatment Plant Operator in Charge, and the permanent Distribution
Operator in Charge. The customer base within the City of Muskegon Heights fluctuates
dramatically, with continued loss of industrial customers and constant change within the
residential sector. In addition, the wholesale water customers of Fruitport Township and City of
Norton Shores have recently ended their long time purchase agreement with the City of
Muskegon Heights, effective April 15, 2015.

These changes have created challenges for the Supply. The intent of this sanitary survey
review is to assess the current condition and management of the water supply serving the City
of Muskegon Heights, and provide recommendations for the continued success and viability of
the water supply. The current sanitary survey has found an increase in issues noted at the
water supply, identified by four areas of deficiency. Staff of the DEQ are committed to working
with you to provide assistance toward the goal of re-attaining compliance at the Supply.

STATE OFFICE BUILDING « 350 OTTAWA AVENUE, NW « UNIT 10 « GRAND RAPIDS, MICHIGAN 49503-2341
www.michigan.gov/deq « (616) 356-0500
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Since the 2011 Sanitary Survey review, a number of improvements have occurred including but
not limited to the following:

o Repaired the roof over the sedimentation basins.

o Completed two of five quadrants of valve turning.

¢ Replaced a small percentage of customer meters per year.

e Entered into a contract with Muskegon Township to carry out activities under the Cross
Connection Program.

e Began updates to the Reliability Study and General Plan.

e Variable Frequency Drive installed on Low Service Pump 4.

e Inspected Sherman Street reservoirs including some rehab work.

e Installed SWAN turbidimeters in the treatment plant.

o Filter effluent valve actuators repaired or replaced in fall 2014.

e Repaired fluoride feed equipment.

e Repaired flocculation drives.

e Inspected and cleaned both intakes.

The following table summarizes our findings from our survey of the water system:

Survey Element Findings

Source Recommendations made
Treatment Deficiencies Identified
Distribution System Deficiencies Identified
Finished Water Storage Recommendations made
Pumps Recommendations made
Monitoring & Reporting Recommendations made
Management & Operations Recommendations made
Operator Compliance Deficiencies Identified
Security Deficiencies Identified
Financial Deficiencies Identified
Other -

The following Deficiencies are violations of Act 399 and must be resolved in order to return the
water system to compliance.

D1.The Supply has made some headway in improving its cross connection program. There
has been an increased effort by the Supply in recent years to increase the number of
backflow prevention devices tested, and the three-year testing total is now above the total
number of devices in the system. A lesser focus has been placed on the re-inspection of
accounts and inspection of new accounts, which are shown to be deficient as seen on
Page 58 of the sanitary survey. In fact, in 2014 there were no efforts to either perform
inspections or require backflow prevention device testing. The supply did not submit an
annual report due to the lack inspections or testing, however a report must be submitted
to satisfy the requirements of Act 399.
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In addition, the current formal cross connection control program for Muskegon Heights
does not meet the requirements of Part 14 of Act 399 to eliminate and prevent all cross
connections, because it does not specify timelines for inspections, testing, or correction,
and does not describe any recordkeeping methods. A revised program should be
submitted and these activities must be completed in accordance with the timetables
contained therein.

D2.lIsolation valves in a distribution system are necessary to minimize interruptions in service
and minimize sanitary hazards during construction or repairs. This requirement is found
Rule 1108 of Act 399. The Supply previously developed a valve turning program that
would result in the turning of each valve every five years. The program was developed
under the direction of the 2009 Administrative Consent Order. Two of five districts were
completed in 2009, however the remaining valves have not yet been exercised. Additional
concerns regarding the potential for closed valves have surfaced due to difficulties in
calibrating the hydraulic model for the Reliability Study currently underway. The valve
turning program must be reinstated in accordance with the existing program.

D3.1t is critical the water supply be equipped with the appropriate tools to responsibly manage
all its resources. Of particular importance is accounting for the finished water that leaves
the treatment plant, which is intended to be sold to customers in order to generate
revenue. In the past, estimated water bills have been common practice, creating
difficulties in proper accounting the treated water. The changing nature of the customers
also creates a need for close monitoring of City’s water accounts. To maintain the
managerial and financial capacity necessary to operate a viable water supply, the
following must be completed:

a. If estimated billing will continue to occur, the original meter reading should be
retained for tracking purposes.

b. Formulate an administrative process to periodically audit water accounts to check
for unauthorized usage and update account information.

c. Formulate an administrative process to periodically study lost water (or “non-
revenue water”) including losses at the treatment plant and those in the distribution
system.

Reference: Rule 703 of the Safe Drinking Water act states on-site inspections of
public water supplies may include a review of the administration and recordkeeping.

To help address some of these and other financial concerns, the Supply may wish to seek
financial planning assistance from the DEQ'’s Revolving Loan Section. To discuss the
options for going through this process, call Mr. Bob Schneider at 517-388-6466.

D4.The City’s current capital improvements plan, submitted in 2009, and found in Appendix D
of the attached sanitary survey, lists projects to be completed in three blocks of time. The
City has had difficulty completing a significant number of the projects in the Year 1-3
block, or any of the projects in the Year 4-7 block. A revised capital improvements plan is
required at this time, including a more detailed outline of funding sources and prioritization
of needed improvements. In addition, revisions to Part 16 of Act 399 changed the
requirements for capital improvements, and as of January 1, 2016, a plan must include
five year and 20-year planning periods.

D5.During times of emergency, it is vitally important to have a plan in place for contacts to be
made and appropriate measures to take. Part 23 of Act 399 includes a requirement to
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prepare an Emergency Response Plan. The current plan on file follows the older
Contingency Plan format, which does not meet the criteria found in Part 23.

D6.At the treatment plant a potential pathway for contamination of the flocculation/
sedimentation basins has been found to exist. Water is able to travel through the
foundation wall and puddles near the basin, potentially entering the basin. This potential
pathway for contamination must be addressed.

D7.The City was previously granted approval for temporary operations of the distribution
system based on terms outlined in the “Muskegon Heights Water Supply Operations and
Oversight and Transition Plan”. So far, the search for candidates to fill the role of foreman
has been unsuccessful, and the results for internal candidate’s testing have also been
unsuccessful. In the event a successful candidate with adequate licensure cannot be
hired by August 1, 2015, the supply must take steps to hire a contract operator on a
long-term basis. Please note contract operations arrangement may not alleviate any
shortages in staffing levels among the distribution crew.

Please submit a letter by July 31, 2015, that outlines the water supply’s plans and
schedule to address the above deficiencies.

Additionally, there are a number of Recommendations that are intended to enhance the
operation and maintenance of the water supply. A complete list of Recommendations may be
found on Pages 2 and 3 of the sanitary survey. These tables also provide page references for
more detailed information for each Deficiency and Recommendation.

If you have any questions, feel free to contact me at 616-307-0261; sarkipatoe @michigan.gov;
or Department of Environmental Quality, Resource Management Group, Grand Rapids District
Office, 305 Ottawa Avenue NW, Unit 10, Grand Rapids, Michigan 49503.

Sincerely,

Ernie Sarkipato, P.E.

Field Operations Section

Resource Management Group
ES:kw

Enclosure

cc: Mr. Darrell Paige, City Mayor
Muskegon County Health Department
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Project 2 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
7th (Oakwood to Summit) (50 ft. ROW with 30 ft. B/C to B/C)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 2300 ft. $60 $138,000
2 |10 Inch Water Main 100| ft. $90 $9,000
3 |8Inch V&B 8| ea. $1,500 $12,000
4 110 Inch V&B 2| ea $2,000 $4,000
5 |Hydrant Complete 6| ea $3,000 $18,000
6 |1 Inch Water Service 1325| ft. $25 $33,125
7 |1 Inch Corporation Stop 53| ea. $500 $26,500
8 |1 Inch Curb Stop 53| ea. $750 $39,750
9 |14 Inch x 8 Inch Tap 1| Isum $10,000 $10,000
10 |Road Replacement (30 ft. w/ C&G) 2300| ft. $150 $345,000
11 |Sidewalk Remove & Replace 3975| sft. $10 $39,750
12 |Restoration 23| sta $1,000 $23,000
13 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $708,125
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $212,875
Total Estimate: $921,000

page 1 of 13 $:1201612160070 City of Muskegon Heights\COR\Estimates 2016-02-22
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Project 3 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
8th (Oakwood to Summit) (50 ft. ROW with 30 ft. B/C to B/C)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 2100| ft. $60 $126,000
2 |10 Inch Water Main 100| ft. $90 $9,000
3 |8InchV&B 8| ea. $1,500 $12,000
4 110 Inch V&B 2| ea. $2,000 $4,000
5 |Hydrant Complete 5/ ea $3,000 $15,000
6 |1 Inch Water Service 1300 ft. $25 $32,500
7 |1 Inch Corporation Stop 52| ea. $500 $26,000
8 |1 Inch Curb Stop 52| ea. $750 $39,000
9 |Road Replacement (30 ft. w/ C&G) 2100| ft. $150 $315,000
10 |Sidewalk Remove & Replace 3900| sft. $10 $39,000
11 |Restoration 2.1 sta $1,000 $2,100
12 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $629,600
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $189,400
Total Estimate: $819,000
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Project 4 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
Leahy (Sherman to Barney) (66 ft. ROW with 35 ft. B/C to B/C)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 2500 ft. $60 $150,000
2 |10 Inch Water Main 100| ft. $90 $9,000
3 |8InchV&B 7 ea $1,500 $10,500
4 110 Inch V&B 2| ea $2,000 $4,000
5 |Hydrant Complete 4| ea $3,000 $12,000
6 |1 Inch Water Service 1475| ft. $25 $36,875
7 |1 Inch Corporation Stop 59| ea. $500 $29,500
8 |1 Inch Curb Stop 59| ea. $750 $44,250
9 |Road Replacement (35 ft. w/ C&G) 2500| ft. $180 $450,000
10 |Sidewalk Remove & Replace 4425| sft. $10 $44,250
11 |Restoration 25| sta $1,000 $25,000
12 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $825,375
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $247,625

Total Estimate: $1,073,000
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Project 5 - Alternate 1 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
North Side Transmission Improvements
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 100| ft. $90 $9,000
2 |14 Inch Water Main 100| ft. $200 $20,000
3 |8InchV&B 2| ea. $1,500 $3,000
4 |14 Inch V&B 1| ea. $3,000 $3,000
5 |Transmission Tie-in and 6 inch Abandonment 1| Isum $20,000 $20,000
6 |Hydrant Complete 2| ea. $5,000 $10,000
7 |1 Inch Water Service 726| ft. $30 $21,780
8 |1 Inch Corporation Stop 22| ea. $1,000 $22,000
9 |1 Inch Curb Stop 22| ea. $1,000 $22,000
10 |Road Replacement (35 ft. w/ C&G) 650 ft. $180 $117,000
11 |Sidewalk Remove & Replace 1650| sft. $10 $16,500
12 |Restoration 6.5 sta $1,000 $6,500
13 |Traffic Control 1| Isum $10,000 $10,000
Reynolds Street Improvments Subtotal: $280,780
1 |Jefferson/Sanford Alley (Hackley) 1| Isum $55,000 $55,000
2 |Sanford/Peck Alley (Hackley) 1| Isum $55,000 $55,000
3 |Peck/Maffett Alley (Hackley) 1| Isum $55,000 $55,000
4 |Maffett/Baker Alley (Hackley) 1| Isum $55,000 $55,000

page 1 of 13 $:1201612160070 City of Muskegon Heights\COR\Estimates 2016-02-22
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ItNeon.1 Description Quantity ~ Unit Unit Price Total Amount
5 |Baker/Leahy Alley (Hackley) 1| Isum $55,000 $55,000
6 |Howden and Delano 1| Isum $55,000 $55,000
7 |Riordan and Delano 1| Isum $55,000 $55,000
8 |Wood/Manz Alley (Delano) 1| Isum $50,000 $50,000
9 |Manz/McLIlwraith Alley (Delano) 1| Isum $50,000 $50,000
10 |McLIlwraith/Jarman Alley (Delano) 1| Isum $50,000 $50,000
11 |Jarman/Dyson Alley (Delano) 1| Isum $50,000 $50,000
12 |Dyson/Elwood Alley (Delano) 1| Isum $50,000 $50,000
13 |Elwood/Superior Alley (Delano) 1| Isum $50,000 $50,000
14 |Superior/Ray Alley (Delano) 1| Isum $50,000 $50,000

Transmission Main Cut-Ins Subtotal: $735,000

Construction Estimate: $1,015,780

Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $305,220

Total Estimate: $1,321,000
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Project 5 - Alternate 2 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
Hackley and Delano Transmission (Jefferson to Superior) (66 ft. ROW with 40 ft.. B/C to B/C)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |12 Inch Water Main 6300| ft. $60 $378,000
2 |8 Inch Water Main 1188 ft. $90 $106,920
3 |8InchV&B 36| ea. $1,500 $54,000
4 |12 Inch V&B 5| ea. $2,000 $10,000
5 |Hydrant Complete 18| ea. $3,000 $54,000
6 |1 Inch Water Service 726 ft. $25 $18,150
7 |1 Inch Corporation Stop 22| ea. $500 $11,000
8 |1 Inch Curb Stop 22| ea. $750 $16,500
9 |Road Replacement (40 ft. w/ C&G) 6300| ft. $200 $1,260,000
10 |Sidewalk Remove & Replace 2500| sft. $10 $25,000
11 |Restoration 63| sta $1,000 $63,000
12 |Traffic Control 1| Isum $50,000 $50,000

Construction Estimate: $2,046,570

Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $614,430

Total Estimate: $2,661,000

page 1 of 13 $:1201612160070 City of Muskegon Heights\COR\Estimates 2016-02-22




Prem & Newhof

Engineers=Surveyors=Environmental = Laboratory

Project 6 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
Sanford (Oakwood to Broadway) (66 ft. & 50 ft. ROW with 40 & 30 ft. B/C to B/C) Replace 4 Inch with 12 Inch
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |12 Inch Water Main 2800| ft. $60 $168,000
2 |8 Inch Water Main 100| ft. $90 $9,000
3 |8InchV&B 4| ea. $1,500 $6,000
4 110 Inch V&B 8| ea. $2,000 $16,000
5 |Hydrant Complete 7| ea. $3,000 $21,000
6 |1 Inch Water Service 2282| ft. $25 $57,050
7 |1 Inch Corporation Stop 82| ea. $500 $41,000
8 |1 Inch Curb Stop 82| ea. $750 $61,500
9 |Road Replacement (40 ft. w/ C&G) 1000| ft. $200 $200,000
10 |Road Replacement (30 ft. w/ C&G) 1700| ft. $150 $255,000
11 |Sidewalk Remove & Replace 6150/ sft. $10 $61,500
12 |Restoration 28| sta $1,000 $28,000
13 |Traffic Control 1| Isum $20,000 $20,000
Construction Estimate: $944,050
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $283,950

Total Estimate: $1,228,000
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Project 7 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
5th (Summit to Broadway) (66 ft. ROW with 35 ft. B/C to B/C)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 1400 ft. $60 $84,000
2 |10 Inch Water Main 100| ft. $90 $9,000
3 |8InchV&B 6| ea. $1,500 $9,000
4 110 Inch V&B 2| ea $2,000 $4,000
5 |Hydrant Complete 4| ea. $3,000 $12,000
6 |1 Inch Water Service 1089 ft. $25 $27,225
7 |1 Inch Corporation Stop 33| ea. $500 $16,500
8 |1 Inch Curb Stop 33| ea. $750 $24,750
9 |Road Replacement (35 ft. w/ C&G) 1400| ft. $180 $252,000
10 |Sidewalk Remove & Replace 2475| sft. $10 $24,750
11 |Restoration 14| sta $1,000 $14,000
12 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $487,225
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $146,775
Total Estimate: $634,000
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Project 8 - Alternate 1 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
5th Abandonment, 5th/6th Alley Replacement (Hovey to Barney) (16 ft. ROW unimproved)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 900| ft. $70 $63,000
2 |10 Inch Water Main 40| ft $90 $3,600
3 |8InchV&B 5| ea. $1,500 $7,500
4 |4 inch and 6 inch W.M. Abandonment 1| ea. $10,000 $10,000
5 |Hydrant Complete 2| ea. $3,000 $6,000
6 |14 x8Live Tap 2| ea. $15,000 $30,000
7 |1 Inch Water Service (In Alley) 288 ft. $25 $7,200
8 |1 Inch Water Service (Property) 1700 ft. $30 $51,000
9 |1 Inch Corporation Stop 36| ea. $500 $18,000
10 |1 Inch Curb Stop 36| ea. $750 $27,000
11 |Road Replacement 500 syd $70 $35,000
12 |Sidewalk Remove & Replace 2000| sft. $10 $20,000
13 |Restoration 16| sta $750 $12,000
14 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $300,300
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $90,700
Total Estimate: $391,000
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Project 8 - Alternate 2 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
5th Street Water Main Replacement (Hovey to Barney) (70 ft. ROW Concrete Road)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 650| ft. $70 $45,500
2 |10 Inch Water Main 40| ft. $90 $3,600
3 |8InchV&B 2| ea $1,500 $3,000
4 |Hydrant Complete 2| ea. $3,000 $6,000
5 |14 x8Live Tap 2| ea. $15,000 $30,000
6 |1 Inch Water Service 770 ft $25 $19,250
7 |1 Inch Corporation Stop 22| ea. $500 $11,000
8 |1 Inch Curb Stop 22| ea. $750 $16,500
9 |Road Replacement (20 ft. wide Concrete) 1500| syd $125 $187,500
10 |Sidewalk Remove & Replace 1650 sft. $10 $16,500
11 |Restoration 6.5 sta $750 $4,875
12 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $353,725
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $106,275
Total Estimate: $460,000
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Project 9 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
5th Alleys (Sherman to Hume) (16 ft. ROW Unimproved)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 1550 ft. $60 $93,000
2 |14 Inch Water Main 50| ft. $200 $10,000
3 |8InchV&B 2| ea $1,500 $3,000
4 |14 Inch Connection 1| ea $8,000 $8,000
5 |10x 8 Live Tap 2| ea $10,000 $20,000
6 |Hydrant Complete 2| ea. $3,000 $6,000
7 |1 Inch Water Service 304, ft $30 $9,120
8 |1 Inch Corporation Stop 38| ea. $1,000 $38,000
9 |1 Inch Curb Stop 38| ea. $1,000 $38,000
10 |Road Replacement 200 syd $70 $14,000
11 |Sidewalk Remove & Replace 2850| sft. $10 $28,500
12 |Restoration 15.5| sta $750 $11,625
13 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $289,245
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $87,755
Total Estimate: $377,000
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Project 10

Estimate of Probable Cost

Owner:
City of Muskgon Heights

Project Title:

Alley btw 6th and 7th (Barney to Keating) (16 ft. ROW unimproved)

Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity ~ Unit Unit Price Total Amount
1 |8 Inch Water Main 800| ft. $60 $48,000
2 |10 Inch Water Main 100| ft. $90 $9,000
3 |12 Inch Water Main 3700| ft. $75 $277,500
4 |8 Inch V&B 10| ea. $1,500 $15,000
5 |10 Inch V&B 2| ea. $2,000 $4,000
6 |12 Inch V&B 6| ea. $2,500 $15,000
7 |Hydrant Complete 9| ea. $11,500 $103,500
8 |1 Inch Water Service 432| ft. $25 $10,800
9 |1 Inch Corporation Stop 54| ea. $500 $27,000
10 |1 Inch Curb Stop 54| ea. $750 $40,500
11 |Road Replacement (35 ft. w/ C&G) 1300| ft. $100 $130,000
12 |Restoration 18| sta $1,500 $27,000
13 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $717,300
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $215,700
Total Estimate: $933,000

page 1 of 13

$:\2016\2160070 City of Muskegon Heights\COR\Estimates 2016-02-22




Prem & Newhof

Engineers=Surveyors=Environmental = Laboratory

Project 11 Estimate of Probable Cost
Owner:
City of Muskgon Heights
Project Title:
7th (Summit to Broadway) (66 ft. ROW with 35 ft. B/C to B/C)
Date: Project #:
February 22, 2016 2160070
Item
No. Description Quantity  Unit Unit Price Total Amount
1 |8 Inch Water Main 1400 ft. $60 $84,000
2 |10 Inch Water Main 100| ft. $90 $9,000
3 |8InchV&B 6| ea. $1,500 $9,000
4 110 Inch V&B 2| ea $2,000 $4,000
5 |Hydrant Complete 4| ea $3,000 $12,000
6 |1 Inch Water Service 1254 ft. $25 $31,350
7 |1 Inch Corporation Stop 38| ea. $500 $19,000
8 |1 Inch Curb Stop 38| ea. $750 $28,500
9 |Road Replacement (35 ft. w/ C&G) 1400| ft. $180 $252,000
10 |Sidewalk Remove & Replace 2850| sft. $10 $28,500
11 |Restoration 14| sta $1,000 $14,000
12 |Traffic Control 1| Isum $10,000 $10,000
Construction Estimate: $501,350
Construction Contingencies, Legal, Administrative, Engineering Costs (30%): $150,650
Total Estimate: $652,000
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Project Description
Total length of water main abandonment (LF)
Total length of new Water Main (LF)

Capital Costs (including ELAC)
Structures
Equipment
Planning
Design / Construction Engineering
Project Cost
(A) 20-yr Present Worth of Capital Costs !

(B) 50-yr Present Worth of Capital Costs !

Operation, Maintenance & Replacement (OM&R)
Energy Cost
Energy Cost Savings
Savings or Revenue Due to Reduced Unbilled Water
Labor ($7,2000/mile of WM)
Expected Labor Savings ($500/mile of WM)
Annual OM&R?
Annual Energy Cost

(C) 20-yr Present worth of OM&R !

Salvage Value of Capital
Salvage value at 20 years

(D) 20-yr Present worth of Salvage !

Total Present Worth (A + B + C - D)

Equivalent Annual Cost (based on Total Present Worth)

CITY OF MUSKEGON HEIGHTS DWRF PROJECT PLAN

PRESENT WORTH ANALYSIS

Project 1 Project 1 Alt. Project 2 Project 3 Project 4 Project 5 Project 5 Alt.
North Side
7th Street Water 8th Street Water Leahy Street Water ~ Transmission Main
Main Replacement ~ Main Replacement Main Replacement Connections and North Side
(Oakwood Avenue  (Oakwood Avenue  (Sherman Avenue to Reynolds Transmission Main
Meter Meter to Summit Avenue)  to Summit Avenue) Barney Avenue) Improvements Replacement
650
0 0 2,300 2,100 2,500 0 6,300
$0 $0 $779,000 $693,000 $908,000 $1,118,000 $2,252,000
$1,787,500 $2,200,000 $0 $0 $0 $0 $0
$81,000 $100,000 $35,000 $31,000 $41,000 $50,000 $102,000
$243,000 $300,000 $106,000 $94,000 $123,000 $152,000 $306,000
$2,111,500 $2,600,000 $920,000 $818,000 $1,072,000 $1,320,000 $2,660,000
$1,141,069 $1,405,058
$197,510 $175,612 $230,142 $283,384 $571,062
$10,000
-$340,800 -$340,800 -$2,568 -$2,519 -$2,859
$409.09 $409.09 -$886.36
-$70,000 -$70,000 -$189 -$170 -$208 $28 -$568
($410,800) ($410,800) ($2,348) ($2,281) ($3,067) ($858) ($568)
($6,041,629) ($6,041,629) ($34,534) ($33,543) ($45,105) ($12,618) ($8,356)
$48,600 $0 $552,000 $490,800 $643,200 $792,000 $1,596,000
$26,264 $0 $298,305 $265,232 $347,590 $428,002 $862,489
(4,926,823.87) (4,636,571.40) (135,328.48) (123,162.37) (162,551.79) (157,235.73) (299,783.03)
(334,998.93) (315,263.24) (9,201.65) (8,374.41) (11,052.69) (10,691.23) (20,383.72)

Notes:

'U.S. EPA Discount rate for Year 2016 is 3.125%

2 Negative value indicates reduction in Annual O&M

? Assumed energy cost rate of escalation is 3.75%
Page 1 of 4

March 22, 2016

NOTE: Energy savings are already accounted for in the reduced cost of purchasing treated water.

§22016\2160070 City of Muskegon Heights\COR\Cost Effective Analysis 2016-03-22_DWRF



Total Existing Residential Equivalent Units
(REUs)
City of Muskegon Heights REUs:

Unit of Government Responsible for Payment for:

City of Muskegon Heights
Annual Cost per REU
Monthly Cost per REU

Total Proposed Project Cost:
Total Present Worth:

Total Equivalent Annual Cost (12 Projects) 4

Total Muskegon Heights Cost per REU

CITY OF MUSKEGON HEIGHTS DWRF PROJECT PLAN

PRESENT WORTH ANALYSIS

Notes:
''U.S. EPA Discount rate for Year 2009 is

3.125%

2 Negative value indicates reduction in Annual O&M

3 Lo
Assumed energy cost rate of escalation is

*Based on Total Present Worth

Page 2 of 4
March 22,2016

4,800
Project 1 Project 1 Alt. Project 2 Project 3 Project 4 Project 5 Project 5 Alt.
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
(69.79) (65.68) (1.92) (1.74) (2.30) (2.23) (4.25)
(5.82) (5.47) (0.16) (0.15) (0.19) (0.19) (0.35)
$10,452,500
-$5,995,236
-$381,371
Annual* Monthly ¢
($84.93) ($7.08)
$:2016\2160070 City of Muskegon Heights\COR\Cost Effective Analysis 2016-03-22_DWRF



Project Description
Total length of water main abandonment (LF)
Total length of new Water Main (LF)

Capital Costs (including ELAC)
Structures
Equipment
Planning
Design / Construction Engineering
Project Cost
(A) 20-yr Present Worth of Capital Costs !

(B) 50-yr Present Worth of Capital Costs !

Operation, Maintenance & Replacement (OM&R)
Energy Cost
Energy Cost Savings
Savings or Revenue Due to Reduced Unbilled Water
Labor ($7,2000/mile of WM)
Expected Labor Savings ($500/mile of WM)
Annual OM&R?
Annual Energy Cost

(C) 20-yr Present worth of OM&R !

Salvage Value of Capital
Salvage value at 20 years

(D) 20-yr Present worth of Salvage !

Total Present Worth (A + B + C - D)

Equivalent Annual Cost (based on Total Present Worth)

CITY OF MUSKEGON HEIGHTS DWRF PROJECT PLAN

PRESENT WORTH ANALYSIS

Notes:

'U.S. EPA Discount rate for Year 2016 is 3.125%

2 Negative value indicates reduction in Annual O&M

? Assumed energy cost rate of escalation is 3.75%
Page 3 of 4

March 22, 2016

Project 6 Project 7 Project 8 Project 8 Alt. Project 9 Project 10 Project 11
Sanford Street Sth Street Water
Water Main Main Abandonment Sth Street Alleys
Replacement Sth Street Water and Alley Water 5th Street Water Water Main 6th Street Alley and 7th Street Water
(Oakwood Avenue Main Replacement Main Replacement Main Replacement Replacement Keating Avenue Main Replacement
to Broadway (Summit Avenue to (Hovey Ave. to (Hovey Avenue to  (Sherman Avenue to Water Main (Summit Avenue to
Avenue) Broadway Avenue) Barney Ave.) Barney Avenue) Hume Avenue) Replacement Broadway Avenue)
1,300
2,800 1,400 900 650 1,550 4,600 1,400
$1,039,000 $536,000 $331,000 $390,000 $319,000 $790,000 $552,000
$0 $0 $0 $0 $0 $0 $0
$47,000 $24,000 $15,000 $17,000 $14,000 $35,000 $25,000
$141,000 $73,000 $45,000 $53,000 $43,000 $107,000 $75,000
$1,227,000 $633,000 $391,000 $460,000 $376,000 $932,000 $652,000
$263,419 $135,896 $83,942 $98,755 $80,722 $200,087 $139,975
-$1,066 -$1,066
$409.09 -$1,772.73 $1,090.91 $409.09
-$237 -$104 -$57 -$33 -$118 -$407 -$104
($237) $305 ($2,895) ($1,099) ($118) $684 $305
(83,482) $4,485 ($42,583) ($16,164) ($1,741) $10,055 $4,485
$736,200 $379,800 $234,600 $276,000 $225,600 $559,200 $391,200
$397.,847 $205,246 $126,779 $149,152 $121,916 $302,195 $211,407
(137,910.59) (64,866.30) (85,420.82) (66,560.74) (42,935.05) (92,053.59) (66,947.92)
(9,377.22) (4,410.58) (5,808.18) (4,525.79) (2,919.36) (6,259.18) (4,552.12)
$:2016\2160070 City of Muskegon Heights\COR\Cost Effective Analysis 2016-03-22_DWRF



Total Existing Residential Equivalent Units
(REUs)
City of Muskegon Heights REUs:

Unit of Government Responsible for Payment for:

City of Muskegon Heights
Annual Cost per REU
Monthly Cost per REU

Total Proposed Project Cost:
Total Present Worth:

Total Equivalent Annual Cost (12 Projects) 4

Total Muskegon Heights Cost per REU

CITY OF MUSKEGON HEIGHTS DWRF PROJECT PLAN

PRESENT WORTH ANALYSIS

Notes:
''U.S. EPA Discount rate for Year 2009 is

3.125%

2 Negative value indicates reduction in Annual O&M

3 Lo
Assumed energy cost rate of escalation is

*Based on Total Present Worth

Page 4 of 4
March 22,2016

Project 6 Project 7 Project 8 Project 8 Alt. Project 9 Project 10 Project 11
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
(1.95) (0.92) (1.21) (0.94) (0.61) (1.30) (0.95)
(0.16) (0.08) (0.10) (0.08) (0.05) 0.11) (0.08)
8220162160070 City of Muskegon Heights\COR\Cost Effective Analysis 2016-03-22_DWRF



Appendix F

State Historic Preservation Office Correspondence
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Prem&Newhof

EngincersmSurveyorss Environmental a Laboratory

March 4, 2016
2160070

State Historic Preservation Office
Environmental Review Office
Michigan Historical Center

PO Box 30740

Lansing, MI 48909-8240

RE:  City of Muskegon Heights
Section 106 Review

Dear Environmental Review Coordinator:

On behalf of the City of Muskegon Heights, we would like to request a Section 106 Review
which is required for a Project Plan that we are preparing for proposed water system
improvements for the MDEQ Drinking Water Revolving Loan Unit. There are a total of thirteen
projects proposed to be completed throughout the City of Muskegon Heights in Muskegon

County over the next few years.

Enclosed is the Section 106 Review Application and supporting documentation. Based on our
review, no historic properties are expected to be adversely affected by the projects.

If you need any additional information in order to complete your review, please contact me.

Sincerely,
Prein&Newhof

—:;.
Amy L. }{alek, P.E.

ALM/alm

Enclosure(s): Section 106 Review Application

4910 Stariha Drive  Muskegon, MI 49441 t. 231-798-0101

f. 231-798-0337 www.preinnewhof.com

S:1201612160070 City of Muskegon Heights\COR\itr 2016-03-04 Section 106 review.doc



STATE HiISTORIC PRESERVATION OFFICE
Application for Section 106 Review

SHPO Use Only
IR Received Date / / Log In Date / /
[] oUT  Response Date / / LogOutDate - | /
Sent Date / /

Submit one copy for each project for which review is requested. This application is required. Please type. Applications
must be complete for review to begin. Incomplete applications will be sent back to the applicant without comment. Send
only the information and attachments requested on this application. Materials submitted for review cannot be returned.
Due to limited resources we are unable to accept this application electronically.

|. GENERAL INFORMATION

X THIS IS A NEW SUBMITTAL [] THIS IS MORE INFORMATION RELATING TO ER#

a0 oo

Project Name: City of Muskegon Heights Water System Improvement Plan

Project Address (if available): City of Muskegon Heights

Municipal Unit: City of Muskegon Heights County: Muskegon

Federal Agency, Contact Name and Mailing Address (If you do not know the federal agency involved in your
project please contact the party requiring you to apply for Section 106 review, not the SHPO, for this
information.):

State Agency (if applicable), Contact Name and Mailing Address: Sonya Butler, MDEQ Drinking Water
Revolving Loan Unit, P O Box 30241, Lansing, MI 48909-7741

Consultant or Applicant Contact Information (if applicable) including mailing address: Amy Malek;

Prein& Newhof; 4910 Stariha Drive, Muskegon, M! 49441, p 231-798-0101, amalek@preinnewhof.com

Il. GROUND DISTURBING ACTIVITY (INCLUDING EXCAVATION, GRADING, TREE REMOVALS,

UTILITY INSTALLATION, ETC.)

DOES THIS PROJECT INVOLVE GROUND-DISTURBING ACTIVITY? & YES |:] NO (If no, proceed to section lIl.)

Exact project location must be submitted on a USGS Quad map (portions, photocopies of portions, and electronic
USGS maps are acceptable as long as the location is clearly marked).

a. USGS Quad Map Name: Muskegon East and Muskegon West

b. Township: 9-10N Range: 16W Section:

c. Description of width, length and depth of proposed ground disturbing activity: Installation trenches for water
main and water services will be approximately 6 feet deep and 10 feet wide at the surface. The lengths of the
trenches will correspond to the pipe lengths as listed in ltem lll.a below.

d. Previous land use and disturbances: road, and utility installation

e. Current land use and conditions: urban residential

f.  Does the landowner know of any archaeological resources found on the property? D YES [Z NO

Please describe:
lll. PROJECT WORK DESCRIPTION AND AREA OF POTENTIAL EFFECTS (APE)
Note: Every project has an APE.
a. Provide a detailed written description of the project (plans, specifications, Environmental Impact Statements

(EIS), Environmental Assessments (EA), etc. cannot be substituted for the written description):
There are thirteen projects that are proposed to be completed over the next several years as funding allows;
they are as follows:

1. Replacement of existing water meters on all of the estimated 5,124 customer service lines throughout the
City. This will involve work inside of most of the buildings in the APE removing the old meters and
installing the new meters.



2. 7" Street from Oakwood to Summit; project includes 1900 feet of 8 and 10 inch water main, 1800 feet of
road replacement, and 1325 feet of water service replacements.

3. 8" Street from Oakwood to Summit; project includes: 1900 feet of 8 and 10 inch water main, 1800 feet of
road replacement, and 1300 feet of water service replacements.

4. Leahy Street from Sherman to Broadway; project includes 2600 feet of 8 and 10 inch water main, 2500
feet of road replacement, and 1250 feet of water service replacements.

5. Connections to the transmission main on Hackley between the Jefferson/Hackley alley and the
Baker/Leahy alley and on Delano Street between Howden and the Superior/Ray alley

6. Sanford Street from Oakwood to Broadway; project incudes the replacement of 2800 feet of 4 inch water
main with 12 inch water main, 2700 feet of road replacement, and 2282 feet of water service
replacements.

7. 5" Street from Summit to Broadway;project includes 1200 feet of 8 and 10 inch water main, 1100 feet of
road replacement, and 1090 feet of water service replacements.

8. 5" Street between Hovey and Barney; abandon existing water main and replace the existing water main in
the 5"/6™ alley; project includes 940 ft of 8 and 10 inch water main, 1700 feet of water service
replacements, restoration of gravel/turf alley.

9. 5" Street alleys, Sherman to Hume; project includes 1550 feet of 8 inch water main, 304 feet of water
service replacements, and 1550 of gravel/turf alley restoration.

10. Reynolds between Hackley and Delano; project includes 200 feet of 8 and 14 inch water main
replacement, 726 feet of water service replacements, and 650 feet of road replacement.

11. Alley between 6™ and 7" Streets from Barney to Keating; project includes 2150 feet of 8 to 12 inch water
main, 432 feet of water service replacements, and 1800 feet of gravel/turf alley restoration.

12. Howden between Sherman and Hume; project includes 770 feet of 8 and 10 inch water main, 726 feet of
water service replacements, and 670 feet of road reconstruction.

13. 7™ Street from Summit to Broadway; project includes 1200 feet of 8 and 10 inch water main, 1254 feet of
water service replacements, and 1100 feet of road reconstruction.

Provide a localized map indicating the location of the project; road names must be included and legible.

On the above-mentioned map, identify the APE.

Provide a written description of the APE (physical, visual, auditory, and sociocultural), the steps taken to

identify the APE, and the justification for the boundaries chosen. The APE was determined to be the entire

City of Muskegon Heights because project 1 on the list seeks to replace ever water meter in the City. The

City of Muskegon Heights is 3.19 square miles and had a population of 10,856 at the 2010 census. The City

was founded in 1890 after the lumbering era. The City is an urban setting with pockets of industrial

development and a downtown area in the center of the City. The areas of the proposed water main
replacement projects and upgrades are primarily residential. The water main replacements/improvements will
not affect any buildings.

The water meter replacement project will require each meter to be replaced with the majority of them being
located inside buildings. There are a total of 5,124 water services within the City; the majority of those
services have their meter inside of the home/building; all are proposed to be replaced with remote read
meters which will increase the efficiency and accuracy of the meter readers.



IV. IDENTIFICATION OF HISTORIC PROPERTIES

a. listand date all properties 50 years of age or older located in the APE. If the property is located within a National
Register eligible, listed or local district it is only necessary to identify the district: Based on the age of most of the
City and its infrastructure, it is estimated that the majority of the buildings in the APE are 50 years old or older, the
only impact to buildings will be the removal of existing water meters and the installation of new water meters,
which will have minimal impact on the buildings themselves.

b. Describe the steps taken to identify whether or not any historic properties exist in the APE and include the level
of effort made to carry out such steps: The National Register of Historic Sites was checked on-line; no sites were
listed for Muskegon Heights. The City of Muskegon Heights was established in 1860, so it is anticipated that
there are numerous buildings within the APE that are more than 50 years old. The only anticipated impacts to
buildings within the APE is the replacement of the existing water meters at each building. The replacements may
require minor piping changes to meet current placement standards, but no structural changes will be made. The
installation of new/replacement water mains and water services will stop outside of the buildings

c. Based on the information contained in “b", please choose one:

|X| Historic Properties Present in the APE
|:| No Historic Properties Present in the APE

d. Describe the condition, previous disturbance to, and history of any historic properties located in the APE:
Unfortunately there is a high level of poverty in Muskegon Heights; because of that many of the homes/buidings in
the City have fallen into disrepair or have been abandoned. The water main improvements were selected to
address areas that have either low fire flows and/or the water mains are too shallow and freeze on a regular basis
causing interuptions in service. The roads over the water mains are also in very poor conditon. By replacing the
existing water mains with larger mains at a proper depth, the City will be able to supply customers with more
consistant water service and better fire flows in the unfortunate event of a fire. Also the reconstructed roads over
the water mains will help give the neighborhoods a much needed face lift.

V. PHOTOGRAPHS
Note: All photographs must be keyed to a localized map.

Provide photographs of the site itself.
Provide photographs of all properties 50 years of age or older located in the APE (faxed or photocopied
photographs are not acceptable).

To

VI. DETERMINATION OF EFFECT

|:| No historic properties affected based on [36 CFR § 800.4(d)(1)], please provide the basis for this determination.

No Adverse Effect [36 CFR § 800.5(b)] on historic properties, explain why the criteria of adverse effect, 36 CFR
Part 800.5(a)(1), were found not applicable.

|:| Adverse Effect [36 CFR § 800.5(d)(2)] on historic properties, explain why the criteria of adverse effect, [36 CFR
Part 800.5(a)(1)], were found applicable.

Please print and mail completed form and required information to:
State Historic Preservation Office, Environmental Review Office, Michigan Historical Center, 702
W. Kalamazoo Street, P.O. Box 30740, Lansing, Ml 48909-8240
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2160070: Photographic log of Proposed Water System Improvements Project Locations, City of Muskegon Heights, Muskegon County,
Michigan. Photographs taken on March 2, 2016 by Amy Malek of Prein&Newhof.
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3) Project 3 - View looking north on 8th Street from Oakwood Street 4) Project 4 - View looking south on Leahy Street from Hume Street

5) Project 5 - View looking west on Hadley Ave. near Baker Street 6) Project 6 - View looking north on Sanford from Oakwood Street

S$:12016\2160070 City of Muskegon Heights\REP\photos 2016-03-02 Project Locations.docx



2160070: Photographic log of Proposed Water System Improvements Project Locations, City of Muskegon Heights, Muskegon County,
Michigan. Photographs taken on March 2, 2016 by Amy Malek of Prein&Newhof.
I :
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Ll

ti) Project 8-— View down the 5th/6th Alley from Hovey Street

11) Project 12 - View looking north on Howdin Street from Sherman ]2) Project 13 -View looking north on 7th Street from Summit

Boulevard

8:1201612160070 City of Muskegon Heights\REEP\photos 2016-03-02 Project Locations.docy
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Prem&Newhof

EngincersmSurveyorss Environmental m Laboratory

March 8, 2016
2160070

Ms. Cindy Winslow

Grand Traverse Band of Ottawa and Chippewa Indians
2605 NW Bayshore Drive

Peshawbetown, MI 49682

RE:  City of Muskegon Heights
Tribal Review

Dear Ms. Winslow:

We are currently preparing a Project Plan for the City of Muskegon Heights for submittal to the
MDEQ Drinking Water Revolving Loan Unit. The project plan proposes a total of thirteen water
system improvement projects to be completed throughout the City of Muskegon Heights in
Muskegon County over the next few years. The projects are as follows:

1.  Replacement of existing water meters on all of the estimated 5,124 customer service lines
throughout the City. This will involve work inside of most of the buildings removing the
old meters and installing the new meters.

2. 7th Street from Oakwood to Summit; project includes 1,900 feet of 8- and 10- inch water
main, 1,800 feet of road replacement, and 1325 feet of water service replacements.

3. 8th Street from Oakwood to Summit; project includes: 1,900 feet of 8- and 10-inch water
main, 1,800 feet of road replacement, and 1,300 feet of water service replacements.

4.  Leahy Street from Sherman to Broadway; project includes 2,600 feet of 8- and 10-inch
water main, 2,500 feet of road replacement, and 1,250 feet of water service replacements.

5.  Connections to the transmission main on Hackley between the Jefferson/Sanford alley and
the Baker/Leahy alley and on Delano Street between Howden and the Superior/Ray alley

6.  Sanford Street from Qakwood to Broadway; project includes the replacement of 2,800 feet
of 4-inch water main with 12-inch water main, 2,700 feet of road replacement, and 2,282
feet of water service replacements.

7. 5th Street from Summit to Broadway; project includes 1,200 feet of 8- and 10-inch water
main, 1,100 feet of road replacement, and 1,090 feet of water service replacements.

8.  5th Street between Hovey and Barney; abandon existing water main and replace the
existing water main in the 5th/6th alley; project includes 940 ft of 8- and 10-inch water
main, 1,700 feet of water service replacements, restoration of gravel/turf alley.

9.  5th Street alleys, Sherman to Hume; project includes 1,550 feet of 8-inch water main, 304
feet of water service replacements, and 1,550 of gravel/turf alley restoration.

4910 Stariha Drive Muskegon, MI 49441 . 231-798-0101 f. 231-798-0337 www.preinnewhof.com
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Ms. Cindy Winslow
March 8, 2016
Page 2

10. Reynolds between Hackley and Delano; project includes 200 feet of 8- and 14-inch water
main replacement, 726 feet of water service replacements, and 650 feet of road
replacement.

11. Alley between 6th and 7th Streets from Barney to Keating; project includes 2,150 feet of 8-
to 12-inch water main, 432 feet of water service replacements, and 1,800 feet of gravel/turf
alley restoration.

12. Howden between Sherman and Hume; project includes 770 feet of 8- and 10- inch water
main, 726 feet of water service replacements, and 670 feet of road reconstruction.

13.  7th Street from Summit to Broadway; project includes 1,200 feet of 8 and 10-inch water
main, 1,254 feet of water service replacements, and 1,100 feet of road reconstruction.

Enclosed are sections of the two USGS maps that include the project areas with the project
locations highlighted. Please review your records and let me know if you have any concerns with
the proposed project(s). We would like to request your comments in time for the public meeting
on April 18, 2016.
If you need any additional information in order to complete your review, please contact me.
Sincerely,
Prein&Newhof

’
Amy L/Malek, P.E.
ALM/mvk

Enclosure(s): Location Maps
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Prem&Newhof

EngineersmSurveyorss Environmental m Laboratory

March 8, 2016
2160070

Mr. Jay Sam, Director

Little River Band of Ottawa Indians
2608 Government Center Drive
Manistee, MI 49660

RE:  City of Muskegon Heights
Tribal Review

Dear Mr. Sam:

We are currently preparing a Project Plan for the City of Muskegon Heights for submittal to the
MDEQ Drinking Water Revolving Loan Unit. The project plan proposes a total of thirteen water
system improvement projects to be completed throughout the City of Muskegon Heights in
Muskegon County over the next few years. The projects are as follows:

Replacement of existing water meters on all of the estimated 5,124 customer service lines
throughout the City. This will involve work inside of most of the buildings removing the
old meters and installing the new meters.

7th Street from Oakwood to Summit; project includes 1,900 feet of 8- and 10- inch water
main, 1,800 feet of road replacement, and 1325 feet of water service replacements.

8th Street from Oakwood to Summit; project includes: 1,900 feet of 8- and 10-inch water
main, 1,800 feet of road replacement, and 1,300 feet of water service replacements.

Leahy Street from Sherman to Broadway; project includes 2,600 feet of 8- and 10-inch
water main, 2,500 feet of road replacement, and 1,250 feet of water service replacements.

Connections to the transmission main on Hackley between the Jefferson/Sanford alley and
the Baker/Leahy alley and on Delano Street between Howden and the Superior/Ray alley

Sanford Street from Oakwood to Broadway; project includes the replacement of 2,800 feet
of 4-inch water main with 12-inch water main, 2,700 feet of road replacement, and 2,282
feet of water service replacements.

5th Street from Summit to Broadway; project includes 1,200 feet of 8- and 10-inch water
main, 1,100 feet of road replacement, and 1,090 feet of water service replacements.

5th Street between Hovey and Bamey; abandon existing water main and replace the
existing water main in the 5th/6th alley; project includes 940 ft of 8- and 10-inch water
main, 1,700 feet of water service replacements, restoration of gravel/turf alley.

Sth Street alleys, Sherman to Hume; project includes 1,550 feet of 8-inch water main, 304
feet of water service replacements, and 1,550 of gravel/turf alley restoration.

4910 Stariha Drive Muskegon, MI 49441 t. 231-798-0101 f. 231-798-0337 www.preinnewhof.com
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Mr. Jay Sam
March 8, 2016
Page 2

10. Reynolds between Hackley and Delano; project includes 200 feet of 8- and 14-inch water
main replacement, 726 feet of water service replacements, and 650 feet of road
replacement.

11.  Alley between 6th and 7th Streets from Barney to Keating; project includes 2,150 feet of 8-
to 12-inch water main, 432 feet of water service replacements, and 1,800 feet of gravel/turf
alley restoration.

12. Howden between Sherman and Hume; project includes 770 feet of 8- and 10- inch water
main, 726 feet of water service replacements, and 670 feet of road reconstruction.

13.  7th Street from Summit to Broadway; project includes 1,200 feet of 8 and 10-inch water
main, 1,254 feet of water service replacements, and 1,100 feet of road reconstruction.

Enclosed are sections of the two USGS maps that include the project areas with the project
locations highlighted. Please review your records and let me know if you have any concerns with
the proposed project(s). We would like to request your comments in time for the public meeting
on April 18, 2016.
If you need any additional information in order to complete your review, please contact me.
Sincerely,
Prein&Newhof

( '_ ,,/()!/m, :/W/M/
Amy L. Malek, P.E.
ALM/mvk

Enclosure(s): Location Maps
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Prem&Newhof!

EngineersaSurveyorsm Environmental m Laboratory

March 8, 2016
2160070

Mr. Wesley Andrews

Little Traverse Bay Band of Odawa
7500 Odawa Circle

Harbor Springs, MI 49740

RE:  City of Muskegon Heights
Tribal Review

Dear Mr. Andrews:

We are currently preparing a Project Plan for the City of Muskegon Heights for submittal to the
MDEQ Drinking Water Revolving Loan Unit. The project plan proposes a total of thirteen water
system improvement projects to be completed throughout the City of Muskegon Heights in
Muskegon County over the next few years. The projects are as follows:

Replacement of existing water meters on all of the estimated 5,124 customer service lines
throughout the City. This will involve work inside of most of the buildings removing the
old meters and installing the new meters.

7th Street from Oakwood to Summit; project includes 1,900 feet of 8- and 10- inch water
main, 1,800 feet of road replacement, and 1325 feet of water service replacements.

8th Street from Oakwood to Summit; project includes: 1,900 feet of 8- and 10-inch water
main, 1,800 feet of road replacement, and 1,300 feet of water service replacements.

Leahy Street from Sherman to Broadway; project includes 2,600 feet of 8- and 10-inch
water main, 2,500 feet of road replacement, and 1,250 feet of water service replacements.

Connections to the transmission main on Hackley between the Jefferson/Sanford alley and
the Baker/Leahy alley and on Delano Street between Howden and the Superior/Ray alley

Sanford Street from Oakwood to Broadway; project includes the replacement of 2,800 feet
of 4-inch water main with 12-inch water main, 2,700 feet of road replacement, and 2,282
feet of water service replacements.

5th Street from Summit to Broadway; project includes 1,200 feet of 8- and 10-inch water
main, 1,100 feet of road replacement, and 1,090 feet of water service replacements.

Sth Street between Hovey and Barney; abandon existing water main and replace the
existing water main in the 5th/6th alley; project includes 940 ft of 8- and 10-inch water
main, 1,700 feet of water service replacements, restoration of gravel/turf alley.

5th Street alleys, Sherman to Hume; project includes 1,550 feet of 8-inch water main, 304
feet of water service replacements, and 1,550 of gravel/turf alley restoration.

4910 Stariha Drive  Muskegon, MI 49441 . 231-798-0101 f. 231-798-0337 www.preinnewhol.com
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Mr. Wesley Andrews
March 8, 2016
Page 2

10. Reynolds between Hackley and Delano; project includes 200 feet of 8- and 14-inch water
main replacement, 726 feet of water service replacements, and 650 feet of road
replacement.

11. Alley between 6th and 7th Streets from Barney to Keating; project includes 2,150 feet of 8-
to 12-inch water main, 432 feet of water service replacements, and 1,800 feet of gravel/turf
alley restoration.

12.  Howden between Sherman and Hume; project includes 770 feet of 8- and 10- inch water
main, 726 feet of water service replacements, and 670 feet of road reconstruction.

13.  7th Street from Summit to Broadway; project includes 1,200 feet of 8 and 10-inch water
main, 1,254 feet of water service replacements, and 1,100 feet of road reconstruction.

Enclosed are sections of the two USGS maps that include the project areas with the project
locations highlighted. Please review your records and let me know if you have any concerns with
the proposed project(s). We would like to request your comments in time for the public meeting
on April 18, 2016.

If you need any additional information in order to complete your review, please contact me.
Sincerely,

Prein&Newhof

Amy L."'Z/Ialek, P.E.

ALM/mvk

Enclosure(s): Location Maps
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Appendix G

Wetlands Map

Prepared by Prein&Newhof \\muskegon-server\shared\2016\2160070 city of muskegon heights\rep\rep 2016-02 dwrf project plan.docx
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Appendix H

Flood Plain Map
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NOTES TO USERS

This map is for use in administering the National Flood Insurance Program. It does
not necessarily identify all areas subject to flooding, particularly from local drainage
sources of small size. The community map repository should be consulted for
possible updated or additional flood hazard information.

To obtain more detailed information in areas where Base Flood Elevations (BFEs)
and/or floodways have been determined, users are encouraged to consult the Flood
Profiles and Floodway Data and/or Summary of Stillwater Elevations tables contained
within the Flood Insurance Study (FIS) Report that accompanies this FIRM. Users
should be aware that BFEs shown on the FIRM represent rounded whole-foot
elevations. These BFEs are intended for flood insurance rating purposes only and
should not be used as the sole source of flood elevation information. Accordingly,
flood elevation data presented in the FIS Report should be utilized in conjunction with
the FIRM for purposes of construction and/or floodplain management.

Coastal Base Flood Elevations shown on this map apply only landward of 0.0°
Morth American Vertical Datum of 1988 (MAVD 88B). Users of this FIRM should be
aware that coastal flood elevations are also provided in the Summary of Stillwater
Elevations table in the Flood Insurance Study Report for this jurisdiction. Elevations
shown in the Summary of Stillwater Elevations table should be used for construction
andfor floodplain management purposes when they are higher than the elevations
shown on this FIRM.

Boundaries of the floodways were computed at cross sections and interpolated
between cross sections. The floodways were based on hydraulic considerations with
regard to requirements of the National Flood Insurance Program. Floodway widths
and other pertinent floodway data are provided in the Flood Insurance Study Report
for this jurisdiction.

Certain areas not in Special Flood Hazard Areas may be protected by flood control
structures. Refer to Section 2.4 "Flood Protection Measures" of the Flood Insurance
Study Report for information on flood control structures for this jurisdiction.

The projection used in the preparation of this map was Universal Transverse
Mercator (UTM) zone 16. The horizontal datum was NAD 83, GRS 1980
spheroid. Differences in datum, spheroid, projection or UTM zones used in the
production of FIRMs for adjacent jurisdictions may result in slight positional
differences in map features across jurisdiction boundaries. These differences do not
affect the accuracy of this FIRM.

Flood elevations on this map are referenced to the North American Vertical Datum of
1988, These flood elevations must be compared to structure and ground elevations
referenced to the same wvertical datum. For information regarding conversion
between the MNational Geodetic Vertical Datum of 1929 and the Merth American
Vertical Datum of 1988, visit the National Geodetic Survey website at
http://www.ngs.noaa.gov or contact the Mational Geodetic Survey at the following
address;

NGS Information Services

NOAA, NINGS12

Mational Geodetic Survey

SSMC-3, #8202

1315 East-West Highway

Silver Spring, Maryland 20910-3282
(301) 713-3242

To obtain current elevation, description, and/or location information for bench marks
shown on this map, please contact the Information Services Branch of the MNational
Geodetic Survey at (301) 713- 3242, or visit its website at http:/fwww.ngs.noaa.gov.

Base Map information shown on this FIRM was provided in digital format by
Farm Services Administration. This information was photogrammetrically
compiled at a scale of 1:12,000 from aerial photography dated 2005.

The profile baselines depicted on this map represent the hydraulic modeling baselines
that match the flood profiles in the FIS report. As a result of improved topographic data,
the profile baseline, in some cases, may deviate significantly from the channel
centerline or appear outside the SFHA.

Corporate limits shown on this map are based on the best data available at the time
of publication. Because changes due to annexations or de-annexations may have
occurred after this map was published, map users should contact appropriate
community officials to verify current corporate limit locations.

Flease refer to the separately printed Map Index for an overview map of the
county showing the layout of map panels, community map repository addresses,
and a Listing of Communities table containing Mational Flood Insurance Program
dates for each community as well as a listing of the panels on which each community
is located.

For information on available products associated with this FIRM wisit the Map
Service Center (MSC) website at hiip./msc.fema.gov. Available products may
include previously issued Letters of Map Change, a Flood Insurance Study Report,
andfor digital versions of this map. Many of these products can be ordered or
obtained directly from the MSC website.

If you have questions about this map, how to order products, or the Mational
Flood Insurance Program in general, please call the FEMA Map Information
eXchange (FMIX) at 1-877-FEMA-MAP (1-877-336-2627) or visit the FEMA
website at http:/fwww.fema.gov/business/nfip.
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SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBJECT TO
INUNDATION BY THE 1% ANNUAL CHANCE FLOOD

The 1% annual chance flood (100-vear flood), also known as the base flood, is the flood that has
a 1% chance of being egualed or exceeded in any given year. The Special Flood Hazard Area is
the area subject to flooding by the 1% annual chance flood. Areas of Special Flood Hazard
inclede Zones A, AE, AH, AD, AR, AS9, Y, and VE. The Base Flood Elevation is the water-surface

elevation of the 1% annual chance flood.
ZONE A Mo Base Flood Elevations determined,
ZONE AE Base Flood Elevations detarmined.
ZOMNE AH Flood depths of 1 to 3 feet (usually areas of ponding); Base Flood Elevations
determined.
ZONE AOQ Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain); average
depths determined. For areas of alluvial fan flooding, velocities also determined.
ZONE AR Special Flood Hazard Areas formerly protected from the 1% annual chance
flood by a flood control system that was subsequently decertified. Zone
AR indicates that the former flood control system is being restored to provide
protection from the 1% annual chance or greater flood,
ZONE A99 Area to be protected from 1% annual chance flood by a Federal flood
protection system under construction; no Base Flood Elevations determined.
ZONE WV Coastal flood zone with velocity hazard (wave action); no Base Flood Elevations
determined.
ZOMNE VE Coastal flood zone with velocity hazard (wave action); Base Flood Elevations
determined.
~ FLOODWAY AREAS IN ZONE AE
#
The floodway is the channel of a stream plus any adjacent floodplain areas that must be kept free of
encroachment so that the 1% annual chance flood can be carried without substantial increases in
flood heights.
o] OTHER FLOOD AREAS
ZONE X Areas of 0.2% annual chance flood; areas of 1% annual chance flood with
average depths of less than 1 foot or with drainage areas less than 1 square
mile; and areas protected by levees from 1% annual chance flood.
OTHER AREAS
ZONE X Areas determined to be outside the 0.2% annual chance flocdplain.
ZONE D Areas in which flood hazards are undetermined, but possible,
K
NO\\]  COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS
B
s S OTHERWISE PROTECTED AREAS (OPAs)
CBRS areas and OPAs are nomally located within or adjacent to Special Flood Hazard Areas.
1% Annual Chance Floodplain Boundary
0.2% Annual Chance Floodplain Boundary
—— Floodway boundary
Zone D boundary
sessEssEBERER (CBRS and OPA boundary

Boundary dividing Special Flood Hazard Area Zones and boundary
= dividing Special Flood Hazard Areas of different Base Flood Elevations,

flood depths, or flood velocities.

S~ 513 T~ Base Flood Elevation line and value; elevation in fest*

(EL 987)

Base Flood Elevation value where uniform within zone; elevation in
feet*

*Referenced to the Morth American Vertical Daturm of 1988

Cross section line

- -@ Transect line

45° 02' 08", 93°02° 12 Geographic coordinates referenced to the North American Datum of

anggooom
DX5810

®mis

1983 (NAD B3) Western Hemisphers
1000-meter Universal Transverse Mercator grid values, zone 16

¥ Bench mark (see explanation in Notes to Users section of this FIRM
panel}
River Mile

MAP REPOSITORIES
Refer to Map Repositories list on Map Index

EFFECTIVE DATE OF COUNTYWIDE
FLOOD INSURANCE RATE MAP
July 6, 2015

EFFECTIVE DATE(S) OF REVISION(S) TO THIS PANEL

For community mag revizion history prior to countywide mapging, refer to the Community
Map History table located in the Flood Insurance Study report for this jurisdiction.

To determine

if flood insurance is available in this community, contact your insurance agent

or call the National Fleod Insurance Program at 1-800-635-6620.
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NOTES TO USERS

This map is for use in administering the National Flood Insurance Program. It does
not necessarily identify all areas subject to flooding, particularly from local drainage
sources of small size. The community map repository should be consulted for
possible updated or additional flood hazard information.

To obtain more detailed information in areas where Base Flood Elevations (BFEs)
and/or floodways have been determined, users are encouraged to consult the Flood
Profiles and Floodway Data and/or Summary of Stillwater Elevations tables contained
within the Flood Insurance Study (FIS) Report that accompanies this FIRM. Users
should be aware that BFEs shown on the FIRM represent rounded whole-foot
elevations. These BFEs are intended for flood insurance rating purposes only and
should not be used as the sole source of flood elevation information. Accordingly,
flood elevation data presented in the FIS Report should be utilized in conjunction with
the FIRM for purposes of construction and/or floodplain management.

Coastal Base Flood Elevations shown on this map apply only landward of 0.0°
Morth American Vertical Datum of 1988 (MAVD 88B). Users of this FIRM should be
aware that coastal flood elevations are also provided in the Summary of Stillwater
Elevations table in the Flood Insurance Study Report for this jurisdiction. Elevations
shown in the Summary of Stillwater Elevations table should be used for construction
andfor floodplain management purposes when they are higher than the elevations
shown on this FIRM.

Boundaries of the floodways were computed at cross sections and interpolated
between cross sections. The floodways were based on hydraulic considerations with
regard to requirements of the National Flood Insurance Program. Floodway widths
and other pertinent floodway data are provided in the Flood Insurance Study Report
for this jurisdiction.

Certain areas not in Special Flood Hazard Areas may be protected by flood control
structures. Refer to Section 2.4 "Flood Protection Measures" of the Flood Insurance
Study Report for information on flood control structures for this jurisdiction.

The projection used in the preparation of this map was Universal Transverse
Mercator (UTM) zone 16. The horizontal datum was NAD 83, GRS 1980
spheroid. Differences in datum, spheroid, projection or UTM zones used in the
production of FIRMs for adjacent jurisdictions may result in slight positional
differences in map features across jurisdiction boundaries. These differences do not
affect the accuracy of this FIRM.

Flood elevations on this map are referenced to the North American Vertical Datum of
1988, These flood elevations must be compared to structure and ground elevations
referenced to the same wvertical datum. For information regarding conversion
between the MNational Geodetic Vertical Datum of 1929 and the Merth American
Vertical Datum of 1988, visit the National Geodetic Survey website at
http://www.ngs.noaa.gov or contact the Mational Geodetic Survey at the following
address;

NGS Information Services

NOAA, NINGS12

Mational Geodetic Survey

SSMC-3, #8202

1315 East-West Highway

Silver Spring, Maryland 20910-3282
(301) 713-3242

To obtain current elevation, description, and/or location information for bench marks
shown on this map, please contact the Information Services Branch of the MNational
Geodetic Survey at (301) 713- 3242, or visit its website at http:/fwww.ngs.noaa.gov.

Base Map information shown on this FIRM was provided in digital format by
Farm Services Administration. This information was photogrammetrically
compiled at a scale of 1:12,000 from aerial photography dated 2005.

The profile baselines depicted on this map represent the hydraulic modeling baselines
that match the flood profiles in the FIS report. As a result of improved topographic data,
the profile baseline, in some cases, may deviate significantly from the channel
centerline or appear outside the SFHA.

Corporate limits shown on this map are based on the best data available at the time
of publication. Because changes due to annexations or de-annexations may have
occurred after this map was published, map users should contact appropriate
community officials to verify current corporate limit locations.

Flease refer to the separately printed Map Index for an overview map of the
county showing the layout of map panels, community map repository addresses,
and a Listing of Communities table containing Mational Flood Insurance Program
dates for each community as well as a listing of the panels on which each community
is located.

For information on available products associated with this FIRM wisit the Map
Service Center (MSC) website at hiip./msc.fema.gov. Available products may
include previously issued Letters of Map Change, a Flood Insurance Study Report,
andfor digital versions of this map. Many of these products can be ordered or
obtained directly from the MSC website.

If you have questions about this map, how to order products, or the Mational
Flood Insurance Program in general, please call the FEMA Map Information
eXchange (FMIX) at 1-877-FEMA-MAP (1-877-336-2627) or visit the FEMA
website at http:/fwww.fema.gov/business/nfip.
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SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBIECT TO
INUNDATION BY THE 1% ANNUAL CHAMNCE FLOOD
The 1% annual chance flood (100-vear flood), also known as the base flood, is the flood that has
a 1% chance of being egualed or exceeded in any given year. The Special Flood Hazard Area is
the area subject to flooding by the 1% annual chance flood. Areas of Special Flood Hazard
inclede Zones A, AE, AH, AD, AR, AS9, Y, and VE. The Base Flood Elevation is the water-surface
elevation of the 1% annual chance flood.

ZONE A Mo Base Flood Elevations determined,

ZOME AE Base Flood Elevations determined.

ZOMNE AH Flood depths af 1 to 3 feet (usually areas of ponding); Base Flood Elevations
determined.

ZONE AOQ Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain); average

depths determined. For areas of alluvial fan flooding, velocities also determined.

ZONE AR Special Flood Hazard Areas formerly protected from the 1% annual chance
flood by a flood control system that was subsequently decertified. Zone
AR indicates that the former flood control system is being restored to provide
protection from the 1% annual chance or greater flood,

ZONE A99 Area to be protected from 1% annual chance flood by a Federal flood
protection system under construction; no Base Flood Elevations determined.

ZONE WV Coastal flood zone with velocity hazard (wave action); no Base Flood Elevations
determined.

ZOMNE VE Coastal flood zone with velocity hazard (wave action); Base Flood Elevations
determined.

W FLOODWAY AREAS IN ZONE AE

The floodway is the channel of a stream plus any adjacent floodplain areas that must be kept free of
encroachment so that the 1% annual chance flood can be carried without substantial increases in
flood heights.

''''''''''''''' OTHER. FLOOD AREAS

ZONE X Areas of 0.2% annual chance flood; areas of 1% annual chance flood with
average depths of less than 1 foot or with drainage areas less than 1 square
mile; and areas protected by levees from 1% annual chance flood.

OTHER AREAS
ZONE X Areas determined to be outside the 0.2% annual chance flocdplain.
ZONE D Areas in which flood hazards are undetermined, but possible,

NO\\]  COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS

[>T v]  OTHERWISE PROTECTED AREAS (OPAsS)

CBRS areas and OPAs are nomally located within or adjacent to Special Flood Hazard Areas.
1% Annual Chance Floodplain Boundary

0.2% Annual Chance Floodplain Boundary
Floodway boundary

Zone D boundary

sessEssEBERER (CBRS and OPA boundary

Boundary dividing Special Flood Hazard Area Zones and boundary

= dividing Special Flood Hazard Areas of different Base Flood Elevations,
flood depths, or flood velocities.

Base Flood Elevation line and value; elevation in fest*

(EL 987) Base Flood Elevation value where uniform within zone; elevation in
feet*

*Referenced to the Morth American Vertical Daturm of 1988

Cross section line
@- ----- -@ Transect line

45° 02' 08", 93°02° 12 Geographic coordinates referenced to the North American Datum of
1983 (NAD B3) Western Hemisphers

A Boom by 1000-meter Universal Transverse Mercator grid values, zone 16

DX5510 ¥ Bench mark (see explanation in Notes to Users section of this FIRM
panel}

* w15 River Mile

MAP REPOSITORIES
Refer to Map Repositories list on Map Index

EFFECTIVE DATE OF COUNTYWIDE
FLOOD INSURANCE RATE MAP
July 6, 2015

EFFECTIVE DATE(S) OF REVISION(S) TO THIS PANEL

For community mag revizion history prior to countywide mapging, refer to the Community
Map History table located in the Flood Insurance Study report for this jurisdiction.

To determine if flood insurance is available in this community, contact your insurance agent
or call the Mational Flood Insurance Program at 1-800-638-6620.
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Contaminated Sites Map
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Export Results

Storage Tank Facilities

Facility Facility
ID Name
Vanderplow
00003631 | Distributing
Co
Ryder
00009673 | Truck
Rental
Gte 6052-
00011261 001
Mmpa
00011488 ' Muskegon
Branch
West
00013319 | Sanford
Village
Showrows[5_ ]

Address

2623
Jarman St

601 E
Sherman
Blvd

2908 Peck
St

2645 9th St

2700
SANFORD
ST

Open Part 201 Site

Site ID

61000007

61000038

61000068

Site
Name

Broadway
LF

Peck
Street.
Landfill

Webb
Chemical

Address

Broadway
& Getty

Peck
Street &
Seaway
Drive

2708
Jarman
Street

City

Muskegon

Muskegon

Muskegon

Muskegon
Hts

MUSKEG

City

Muskegon
Heights

Muskegon
Heights

Muskegon
Heights

ON

Zip
Code

49444

49444

49444

Zip

Method of Date of

Code County District ~ Latitude = Longitude Collection  Collection
Region GPS Code
— voas | 19981
49444 | Muskegon | o0C | 43.204072 | -86.231062 | S onctC g
Rapids Positioning 00:00:00
District Service SA o
Office Off
Region
Grand Matcning: | 200111
49444 | Muskegon | o oo0C | 43.204774 | -86.229335 | OIS | q)
Rapids House .
S 00:00:00
District Number
Office
Region
- s
49444 | Muskegon | o o0C | 43199211 | -86.244674 | i 1E | 01
Rapids House 00:00:00
District Number o
Office
Region
- e
49444 ' Muskegon . 43.204119 = -86.253541 & 01
Rapids House 00:00:00
District Number o
Office
Region
o e
49441 | Muskegon | o000 | 43.202586 | -86.245751 | o1& | 01
Rapids House 00:00:00
District Number o
Office
Results: 1 -5 of 60
Horizontal
County Source Pollutants  Latitude Longitude Collection
Method
The
geographic
coordinate
determination
Muskegon = Unknown | null 43.201953 | -86.22672 method based
on
interpolation-
map.
The
geographic
coordinate
PCB's; determination
Muskegon = Unknown TCE: VC 43.190156 = -86.245123 method based
on
interpolation-
map.
Muskegon = Chemicals | 1,1,1 43.202016 = -86.229413 The
and Allied | TCA; 1,2 geographic
Products DCA; coordinate
TCE; VC determination

http://www.mcgi.state.mi.us/environmentalmapper/exportResults.htm

method based
on

Page 1 of 3

Accuracy
Value

100

100

100

100

)

Horizontal
Reference
Datum

North
American
Datum of
1983

North
American
Datum of
1983

North
American
Datum of
1983

FI

F1

FI

F1

—

3/11/2016



Export Results Page 2 of 3
Site Zi Horizontal Horizontal FE
Site ID ) Address City P County Source Pollutants = Latitude Longitude Collection Reference
Name Code .
Method Datum i
interpolation-
map.
The
geographic
City of coordinate North
Muskegon 3124 Muskegon determination | American
61000129 sKes Wood sKeg 49444 = Muskegon | null null 43.195243 | -86.234533 n
Heights Street Heights method based | Datum of
DPW on 1983
interpolation-
map.
The
geographic
Heritage 3014 Muskegon s(leerr(ir;?izion I:;rg:ican
61000310 = Hospital Peck . 49444 = Muskegon | null null 43.197632 = -86.2448176 - 1
Heights method based | Datum of
(Former) Street
on 1983
interpolation-
map.
Show rows: Results: 1 -5 022 4 )
Baseline Environment Assessment
BEA e . Zip - Method Of
Number Facility Name Address City Code County District Collection
4099 540, 546 & 550 West Hume | 540, 546 & 550 West Hume qukegon 49444 Muskegon Graﬂd LocationBased
Avenue Avenue Heights Rapids
4098 540, 546 & 550 West Hume | 540, 546 & 550 West Hume qukegon 49444 Muskegon Grar}d LocationBased
Avenue Avenue Heights Rapids
Show rows: Results: 1-2 of 2 4 )
Brownfield Redevelopment
Project Ii)v;:::/d Site Parcel Fundin, Total 3
Unique ID 1 City County Latitude Longitude Tax € Brownficld App
Name Year Address Source .
ID# Incentives Am
Funded
Mona Muskegon | 2030 BRG
2200610031 = Terrace 10/3/2006 uskeg Wood MUSKEGON = 43.19666667 @ -86.23444444 ’ 2000000 0
Heights RRL
Development Street
26-790-
008-
0014-
00,26-
Muskegon 790-
2200806020  Family Care | 6/30/2008 | Muskegon | 2221Getty |\ riqppGoN | 4321140844 | -86.22514346 | 008- BRG 200000 0
. Heights Street
Expansion © 0001-
00,26-
790-
008-
0019-00
Versatile
Fabrication
formerly
2201406019 | Lift-Tech 6/62014 | Muskegon | 414 W MUSKEGON | 4320212164 | -86.25538635 | -o- BRG 100000 0
. Heights Broaway 6004639
International
(listed in
Ernie)
Mona Muskegon 3030 BRG
2200610031 = Terrace 10/3/2006 ISkeg Wood MUSKEGON = 43.19666667 @ -86.23444444 ’ 2000000 0
Heights RRL
Development © Street
http://www.mcgi.state.mi.us/environmentalmapper/exportResults.htm 3/11/2016



Export Results

. Project
Unique ID Name
2199607028 | Former
Ashendorf
Auto Parts

http://www.mcgi.state.mi.us/environmentalmapper/exportResults.htm

Award
Date/ . Site
Year City Address
Funded
7/16/1996 | Muskegon
Heights

County

MUSKEGON

Results: 1 -5 of 11

Latitude

43.2027

Page 3 of 3
Parcel Fundin Total 3
Longitude Tax Sourceg Brownfield App
ID# Incentives Am
-86.24546 SAF 10051 0
>

3/11/2016
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Future Water System Capital Improvement Plan (20 Year)
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CITY OF MUSKEGON HEIGHTS

Future Water System Capital Improvements

Type Project FY Budget (Est. Cost

Dist Improve Water Service to Mona Lake Park 2016 $135,000
Dist Replace Baker Water Main, Sherman to Broadway 2016 $152,000
Dist Loop Lemuel, Temple & Waalkes in Summit 2016 $175,000
Hyd Replace Hydrants 2016 $20,000
Meter Replace Water Meters (50/50 with Sewer) 2016 $25,000
Service |Replace Water Services 2016 $45,000
WFP Replace Soft Start on Low Service Pump #6 2016 $20,000
WFP Inspect North and South Intake Lines 2016 $80,000
WFP Connect West High Service Pump to Distribution System 2016 $120,000
Dist Replace Fith, Barney to Hovey 2017 $300,000
Dist Replace Sanford Water Main, Summit to Norton 2017 $391,000
Equip Automatic Valve Turning Machine & Vac System 2017 $45,500
Hyd Replace Hydrants 2017 $20,000
Meter Replace Water Meters (50/50 with Sewer) 2017 $25,000
Service |Replace Water Services 2017 $45,000
Vehicle [New Utility Vehicle 2017 $35,000
WFP Clean North Sludge Lagoon 2017 $130,000
WFP Re-Coat Plant Piping 2017 $140,000
Dist Replace Sanford, Broadway to Summit and Columbia, Sanford to Peck 2018 $183,500
Dist Replace Seventh, Summit to Oakwood 2018 $269,000
Hyd Replace Hydrants 2018 $20,000
Meter Replace Water Meters (50/50 with Sewer) 2018 $25,000
Pump Replace Roof at Sherman Road Pump Station 2018 $80,000
Service |Replace Water Services 2018 $45,000
WFP Replace Meter for WW Pump # 1 & 2 2018 $15,000
WFP Install Membrane and Drains over Basins #3 & 4 2018 $340,000
Dist Replace Eighth St Water Main, Broadway to Oakwood 2019 $243,000
Dist Connect 14" Transmission main to Distribution System 2019 $580,000
Hyd Replace Hydrants 2019 $20,000
Meter Replace Water Meters (50/50 with Sewer) 2019 $25,000
Service |Replace Water Services 2019 $45,000
WFP Refurbish 20" Backwash Water Supply Valve 2019 $5,000
WFP Replace Meter Head on BW water Supply Meter & Connect to SCADA 2019 $10,000
WFP Inspect Clearwells under Filters #5 - 8 2019 $15,000
WFP Repair Coatings on Filters #1 - 4 2019 $55,000
WFP Revise Hot Water Heating System and Boiler 2019 $70,000
Dist Replace Seventh, Summit to Broadway 2020 $171,000
Dist Replace Leahy, Sherman to Barney 2020 $317,000
Hyd Replace Hydrants 2020 $20,000
Meter Replace Water Meters (50/50 with Sewer) 2020 $25,000
Service |Replace Water Services 2020 $45,000
Soft Reliability Study 2020 $20,000
Tank Getty Elevated Tank Inspection 2020 $5,000
Tank Getty Elevated Tank Cleaning 2020 $10,000
Vehicle [New Utility Vehicle 2020 $35,000
WFP Carbon Feed System Modifications 2020 $10,000
WFP Evaluate and Repair Water Plant Leaks 2020 $25,000
WFP Replace Chemical Room Ventilation System 2020 $35,000
WFP Replace Rapid Mixers 2020 $36,000




CITY OF MUSKEGON HEIGHTS

Future Water System Capital Improvements

Type Project FY Budget |Est. Cost

Dist Replace Hume, Superior to Getty and Hovey, Ray E to Alley 2021-36 $130,000
Dist Replace Fifth, Summit to Broadway 2021-36 $162,000
Dist Replace Jefferson, Summit to Broadway 2021-36 $164,000
Dist Replace Norton, Glade to Park 2021-36 $205,000
Dist Loop Cleveland, Wood & Summit 2021-36 $250,000
Dist Replace Keating, Park to E of Fifth 2021-36 $262,000
Dist Replace Sherman, Jarman to Getty & Ray, Sherman to Hume 2021-36 $272,000
Dist Replace Reynolds, Barney to Sherman 2021-36 $300,000
Dist Replace Barney, Jarman to Getty & Dyson & Ray, Barney to Hovey 2021-36 $450,000
Dist Broadway, Glade to 8th & Hoyt to Howden 2021-36 $482,000
Dist Replace services on Sixth & eliminate 4" Main, Broadway to Norton 2021-36 $610,000
Dist Replace Glade, Norton to Barney 2021-36 $960,000
Equip Replace Tapping Machine 2021-36 $15,000
Equip Replace Miscellaneous Equipment 2021-36 $150,000
Hyd Replace Hydrants 2021-36 $350,000
Meter Replace Water Meters (50/50 with Sewer) 2021-36 $400,000
Pump Replace low voltage power feeds and circuits at Sherman Pump Station 2021-36 $35,000
Pump Replace pumps 1 and 3 at Sherman pump station 2021-36 $240,000
Service |Replace Water Services 2021-36 $700,000
Soft Reporting program 2021-36 $50,000
Soft Reliability study 2021-36 $65,000
Soft Replace Billing Software 2021-36 $100,000
Soft Security System Improvements at Plant & Sherman Pump Station 2021-36 $100,000
Soft Security upgrade 2021-36 $150,000
Soft SCADA replacement 2021-36 $470,000
Tank Sherman Resevoir inspection 2021-36 $25,000
Trans Replace gravity line with pressurized pipe 2021-36 $3,875,000
Vehicle [Vehicle Replacement 2021-36 $75,000
Vehicle [New Utility Vehicles 2021-36 $100,000
WFP Install monorail over HS pump #3 2021-36 $14,000
WFP Relocate/modify Existing Chlorine Monorail over HS pump 1 & 2 2021-36 $23,000
WFP Add Additional Mag Meter to Low Service Line 2021-36 $30,000
WFP Add 30" Mag Meter to low service line 2021-36 $30,000
WFP Rebuild Low Lift pumps #3 & 5 2021-36 $50,000
WFP Replace master meters 2021-36 $65,000
WFP Chemical feed pump replacement 2021-36 $70,000
WFP Rebuild Low Lift pumps #2,4 & 6 2021-36 $85,000
WFP Replace plant heating system 2021-36 $120,000
WFP Clean North Sludge Lagoon 2021-36 $130,000
WFP Replace influent valve actuators on filters 1-12 2021-36 $170,000
WFP Replace filter media (18/12) in filters 5-8 2021-36 $170,000
WFP Replace media (18/12) in filters 5-8 2021-36 $170,000
WFP Replace influent valve actuators on filters 1-12 2021-36 $170,000
WFP Replace Plant Roofing Systems 2021-36 $180,000
WFP Inspect North and South Intake lines 2021-36 $250,000
WFP Clean South Sludge Lagoon 2021-36 $265,000
WFP Replace underdrain and media filters 1-4 2021-36 $320,000
WFP Replace surface wash arms and piping in filters 1-8 2021-36 $395,000
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2160070
3/22/2016
City of Muskegon Heights
Muskegon County, Michigan
WATER SYSTEM IMPROVEMENT PLAN
ANNUAL COST - Phase 1

Operation &

Project Annual Debt Maintenance Total Annual
No. Project Cost Estimate Service* Increase/Decrease** Cost

1. Water Meter Replacement $2,111,500 $135,446.66 -$410,800.00 ($275,353.34)
2. 7th Street Water Main Replacement (Oakwood

Avenue to Summit Avenue) $920,000 $59,015.36 -$2,348.15 $56,667.21
3. 8th Street Water Main Replacement (Oakwood

Avenue to Summit Avenue) $818,000 $52,472.35 -$2,280.76 $50,191.59
4. Leahy Street Water Main Replacement (Sherman

Avenue to Barney Avenue) $1,072,000 $68,765.72 -$3,066.88 $65,698.84
5. North Side Transmission Main Connections and

Reynolds Improvements (Reynolds Only) $366,000 $23,477.85 -$857.95 $22,619.89

$5,287,500 $339,177.94 -$419,353.75 ($80,175.81)

Existing REU's
Annual REU Cost
Monthly REU Cost

*Annual debt service based on 20 year loan with a 2.5% interest rate.

** Operation & Maintenance cost based on current rate of approximatley $7,200 per mile of water main.

$:\2016\2160070 City of Muskegon Heights\COR\Cost Effective Analysis 2016-03-22_DWRF

4,800

($16.70)

($1.39)




2160070

3/22/2016
City of Muskegon Heights
Muskegon County, Michigan
WATER SYSTEM IMPROVEMENT PLAN
ANNUAL COST - Phase 2
Operation &
Project Annual Debt Maintenance Total Annual
No. Project Cost Estimate Service* Increase/Decrease** Cost
5. North Side Transmission Main Connections and
Reynolds Improvements $956,000 $61,324.66 $0.00 $61,324.66
6. Sanford Street Water Main Replacement (Oakwood
Avenue to Broadway Avenue) $1,227,000 $78,708.53 -$236.74 $78,471.78
7. 5th Street Water Main Replacement (Summit Avenue
to Broadway Avenue) $633,000 $40,605.13 $304.92 $40,910.06
8. 5th Street Water Main Abandonment and Alley Water
Main Replacement (Hovey Ave. to Barney Ave.)
$391,000 $25,081.53 -$2,895.45 $22,186.08
9. 5th Street Alleys Water Main Replacement (Sherman
Avenue to Hume Avenue) $376,000 $24,119.32 -$118.37 $24,000.95
10. 6th Street Alley and Keating Avenue Water Main
Replacement $932,000 $59,785.12 $683.71 $60,468.84
11. 7th Street Water Main Replacement (Summit Avenue
to Broadway Avenue) $652,000 $41,823.93 $304.92 $42,128.85
$5,167,000 $331,448.21 -$1,957.00 $329,491.22
Existing REU's 4,800
Annual REU Cost $68.64
Monthly REU Cost $5.72

*Annual debt service based on 20 year loan with a 2.5% interest rate.
** Operation & Maintenance cost based on current rate of approximatley $7,200 per mile of water main.

$:\2016\2160070 City of Muskegon Heights\COR\Cost Effective Analysis 2016-03-22_DWRF
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NOTICE OF PUBLIC HEARING

The City of Muskegon Heights will hold a public hearing on proposed improvements and upgrades to its
Municipal Water System for the purpose of receiving comments from interested persons. The hearing will
be held at 5:30 p.m. on April 25, 2016 at the Muskegon Heights City Hall, 2724 Peck Street, Muskegon
Heights, MI 49444,

The purpose of the purpose of the proposed improvements is to provide a more reliable water supply
system, enhanced fire protection in certain areas of the city, and deepening of water main and water services
to reduce the chance of freezing, and new water meters at all accounts to more accurately measure water

flows. The improvements proposed include the following:

1. Citywide meter replacement to more efficiently and accurately track and bill for water.

2. Water main replacement to provide increased flow to provide greater cover for protection
from cold weather, improved reliability, and increased transmission.

3. Water service replacement on all projects where the water main is being replaced.

4. Transmission main improvements along the Northeast area of the City to improve water
supply to certain areas identified as deficient.

Impacts of the proposed project include typical water main construction, and temporary disruptions such as
noise, dust, and traffic congestion caused by construction activities. The benefit will be more accurate water
billing for the City and its customers, better fire protection, reduced water main and service line breaks, and

reduced freezing of water in the distribution system.

The estimated cost of implementing the proposed Project Plan is $10,454,500. Phase 1 of the Project Plan
will cost an estimated $5,287,500 and the City is not planning to increase rates outside the current rate
structure from this work. Phase 2 of the Project Plan will cost an estimated $5,167,000 and there could be a
potential rate increase at the completion of Phase 2 of approximately $52 per year for an average residential

customer to cover the cost of that work.



Copies of the plan detailing the proposed project are available for inspection at the following location(s):

Muskegon Heights City Hall
2724 Peck Street
Muskegon Heights, MI 49444

Written comments received before the hearing record is closed on April 25, 2016 will receive responses in

the final project plan. Written comments should be sent to the Muskegon Heights City Clerk’s Office at
2724 Peck Street, Muskegon Heights, Michigan 49444,

Sharon Gibbs

Muskegon Heights City Clerk
2724 Peck Street

Muskegon Heights, MI 49444
231-733-8820
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Green Project Reserve
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