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EXECUTIVE SUMMARY

The wastewater infrastructure system of Traverse City provides a critical service to its residents and
businesses, providing for the collection and treatment of wastewater and protecting Grand Traverse
Bay by discharging clean water through an advanced treatment process. Recognizing the importance
of this wastewater system, Traverse City initiated a comprehensive assessment of its wastewater

infrastructure.

This Asset Management Plan summarizes this assessment and includes key recommendations for
future funding levels. This document was prepared using grant funding from the State of Michigan
Stormwater, Asset Management and Wastewater (SAW) Grant Program and is intended to
accomplish the following key goals:

* Provide the City with a new framework for collecting, organizing, and storing data for their
wastewater collection system using the latest available hardware and software.

* Survey key system components to augment the City’s existing Geographic Information
System (GIS) database and to make it easier for future generations to access infrastructure
data with greater ease.

* Add information for sewer material type, size, age, and depth to the GIS database.

* Physically evaluate the structural condition of all publicly-owned system components,
including sanitary sewer pipes, manholes, pump stations, and force mains. Store the data in
the City’s GIS database.

* Analyze the flow capacity of the City’s sanitary sewer pipes and identify where pipes should
be enlarged to minimize overflow potential.

* Identify long-term operations and maintenance strategies to maintain a reasonable structural
condition into perpetuity, including:

0 Regularly-scheduled sewer inspection (televising)
0 Repair and rehabilitation to address structural problems resulting from aging
infrastructure

* Provide recommendations for developing a prioritized Capital Improvement Plan to be
funded through the City’s wastewater enterprise fund.
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Mission Statement

One important element to an asset management program is a mission statement, which identifies the

overarching purpose of the City’s asset management program. The purpose of the City’s asset

management program is summarized by the following mission statement:

Enhance the safety, health, and quality of life for the
people of Traverse City through the effective management
and maintenance of its wastewater infrastructure.

Asset Management Team Leaders

The team leaders listed in Figure 1 are committed to the asset
management mission statement and were instrumental in the
progress made and findings outlined in this report. Further
questions on the City’s asset management program can be
directed to these team members.

Infrastructure Technology & Know-How
The City has made investments in updating their existing GIS
database to make it easier for future generations to access

infrastructure knowledge. These upgrades include the following:

* Surveyed key system components to augment the
City’s existing GIS database

* Procured and implemented Lucity, a computerized
maintenance management system (CMMS), to not
only house work order and call request information
but also infrastructure condition information

* Added information for sewer material type, size, age,
and depth to the GIS database

* Purchased tablets and mobile devices to improve
access to real-time asset information and enhance
field data collection

* Provide staff training on new hardware and software

Asset Inventory

Larry LaCross

¢ GIS Coordinator
* llacross@traversecitymi.gov
* 231.922.4900 ext 130

Dave Green

¢ Director of Public Services

* dgreen@traversecitymi.gov
* 231.922.4900

Timothy Lodge, PE

* City Engineer
* tlodge@traversecitymi.gov
* 231.922.4455

Christine Black

* Asset Management/GIS Analyst
* cblack@traversecitymi.gov
¢ 231.922.4900 ext 131

John Travis

* Asset Management Technician
* jtravis@traversecitymi.gov
* 231.922.4900 ext 127

Figure 1: Asset Management Team

An asset inventory is a list of the City’s assets and their attributes. The City inventoried and digitized

the majority of its sanitary sewer infrastructure, including manholes, sanitary sewers, force mains,

Traverse City — Wastewater Asset Management Plan
May 2017

Page 2



and pumping stations. The City is continuing to populate the attributes of the inventory using
observations in the field while performing condition assessment. This inventory resides in the City’s
GIS and CMMS systems. The GIS framework was enhanced as part of this effort, making it easier
for the City to store critical data for the location, size, material, install date, and condition of each

wastewater asset.

Condition Assessment
Through a methodical sampling procedure, a
representative sample of the City’s sanitary sewer

infrastructure (sanitary sewer pipes and manholes) :

has been assessed. The condition of the 1 902 69 mlles
infrastructure is based on the National manh()les Of plpe
Association of Sewer Service Companies
(NASSCO) condition grading system, which uses 429, 47%,

a scale of zero to five. Zero indicates the

condition condition
assessed assessed

infrastructure is in very good condition, while five

indicates the infrastructure is in very poor
condition or has already failed. About 42% of the ) )
approximately 1,902-structure manhole network Figure 2 : Portion of Sewer System Assessed
and about 47%' of the approximately 69 miles” of
sanitary sewer pipe infrastructure has been condition assessed. City staff indicates that there are 81
miles of sanitary sewer in Traverse City; this difference is due to OHM identifying only those sewer
segments noted as Traverse City-owned assets instead of including all public assets from the
geodatabase provided to OHM in April 2017, and it does not impact the findings of this Asset
Management Plan. The assets within the City’s nine pumping stations were also inventoried and
assessed. The major components inventoried within each station include but are not limited to
pumps, check/control valves, motors, level control systems, backup powert, structure, wet well, valve
vault, and telemetry. An analysis of force main age, material, and break history determined the
likelihood of failure for force main segments, which were not physically assessed due to concerns
about removing and repairing force main segments.

It was also observed that:

* Manhole infrastructure exhibits age-appropriate wear with an average structural rating of
approximately 1.75 and average O&M rating of 1.96. Structural manhole defects were
predominately related to brickwork. O&M manhole issues were driven by deposits, roots,
obstructions, and infiltration.

I'The percent of pipes assessed is based on the March 2017 data deliverable from the city and their corresponding GIS
pipe lengths.

2 Traverse City Owned pipes as defined in the provided April 2017 Geodatabase (8.5 GravityMain Layer) were used for
analysis.
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Sewer infrastructure has an average structural rating 1.82 and average O&M rating of 1.98.
The predominant structural defects as observed in the wastewater system are cracks or
fractures and pipe failures; the most common O&M defects in the surveyed system are
soil/ditt/rock deposits and roots.

The infrastructure will continue to degrade over time, for example, even though the average
condition of the manhole infrastructure is between a score of 1 (minimal wear and good
working) and 2 (moderate wear but still functional) per the 2016 assessment data, a small
percent of the infrastructure has a condition rating of 5; this percentage will grow over time.

The investigation leading to the identification of critical sewer infrastructure involved the

determination of business risk, which is identified as the combination of the probability of the

infrastructure failing as well as the consequence of its failure as shown in Figure 3.

Probability of Consequence Business Risk
Failure of Failure Exposure

Figure 3 : Risk Equation

The probability of failure is related to the physical condition of an asset. The consequence of failure

focuses on the economic losses and impacts to society due to an asset’s failure. The following

factors were combined to determine the consequence of failure for manholes, sanitary sewer and

force mains:

Network Position — the sum of upstream sewers discharging to a structure
Diameter/Size — the relative size of the asset with respect to the rest of the system

Restoration Type/Accessibility — refets to the cost to restore the surface above the asset and
if traffic control is needed

Environment — proximity to sensitive environmental features like Boardman River, Kid’s
Creek, Grand Traverse Bay, etc.

Critical Users — important system users (Munson Hospital)

For pumping station assets, probability of failure was based on the condition and the consequence

of failure was determined by the effect of an individual asset failure on system operations.
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Level of Service
The City, in line with its mission statement outlined eatlier, adopted level of service criteria’s, which

it plans on using as guidelines to manage the sanitary sewer system. These level of service criteria’s

are summarized in Table 1.
Table 1: Summary of Level of Service Criteria

Key Service Criteria Performance Indicator Target Level of Service

* MACP inspect a minimum
of 380 manholes per year,
approximately 20% of the

Asset Condition PACP & MACP Inspections
system

Assessment er Year* . ..
p * PACP inspect a minimum of

14 miles of sewer per year,
approximately 20 % of the

system
Replace existing meters with
Meter Updates and Radio the new sensus meters and -
Reads install radio reads for higher

accuracy of reads.

Compliance with MDEQ

Continue t ly with th
Sanitary Sewer Overflow ontiaue fo Comply Wi ©

Regulatory C li MDEQ SSO poli d Th
cguiatory Lomplance (S8SO) Policy and the Clean Q poticy an ©
Clean Water Act
Water Act
Utilize Lucity Software to aid
in utili tand
. . {0 utiity management an Respond to customer
Service Delivery and promote customer .
. . complaints and requests
Customer Communication communication, increase .
within one hour
effort to reduce number of
sewer calls and response time
Regular cleaning and L
) : Cl d tain 20% of
O&M Optimization maintenance of the collection can and mantain 00

the system per year
system Y pery

* Pipe Assessment Certification Program (PACP), to assess sanitary sewer condition
Manhole Assessment Certification Program (MACP), to assess manhole condition

** City to review and provide input. Information pulled from City’s 2016-2017 Annual Budget
Report.
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The condition assessment helped identify capital improvements that will allow the City to operate at
its maximum potential. Additional long-term operations and maintenance strategies will provide the
means to maintain a sound structural condition into perpetuity, including:

* Regularly-scheduled sewer, manhole, and pump station inspection
* Repair and rehabilitation to address structural problems resulting from aging
infrastructure

* Upgrades to the City’s wastewater treatment facilities, many of which have aged beyond
their useful service lives

As communities like Traverse City have developed and aged, the buried infrastructure is
deteriorating. Unless the City begins to systematically repair, rehabilitate, and/or replace these aging
components, City residents and businesses will experience a decreased level of service. The increased

level of investment is significant, and will require increased revenues.

Although the City currently has an annual budget of approximately $6 million for its wastewater
collection and treatment system, the recommendations in this Asset Management Plan would result
in a new annual budget of approximately $§9 million. The primary reasons for this increase are:

1. Increased investment in sewer/manhole rehabilitation, repair, and/or replacement for the
City’s aging infrastructure.

2. Systematic replacement of older force mains, which have aged well beyond their typical
service lives.

3. Additional investment at the Wastewater Treatment Plant, with multiple projects to be
identified in the upcoming Facility Plan.

4. Upgrades to pump stations that will require higher flow capacities to serve growing areas.
5. Targeted replacement of undersized sanitary sewers, as identified in this report.

0. Increased attention to sewer/manhole inspections and ongoing updates to this Asset
Management Plan.

The City Treasurer has reviewed the proposed level of investment for the collection system, pump
stations, and the WWTP and has provided the following recommendations for rate increases to
address the increased investment need:

e 2017-2018 Budget Year: Increase the base rate from $36.00 per the first 600 cubic feet to
$37.00 per the first 600 cubic feet, and increase the next tier from $42.00 per 1,000 cubic feet
to $43.00 per 1,000 cubic feet.

Traverse City — Wastewater Asset Management Plan Page 6
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* 2018-2019 Budget Year: Increase the base rate from $37.00 per the first 600 cubic feet to
$47.00 per the first 600 cubic feet, and increase the next tier from $43.00 per 1,000 cubic feet
to $53.00 per 1,000 cubic feet

The recommended rate increases for the 2018-2019 Budget year are relatively large, and should be
revisited as the WWTP Facility Plan is developed. Depending on the speed at which the City is able
to mobilize the increased investment in the collection and treatment systems, the rate increases may
be adjusted or delayed to subsequent years.

See Appendix H for a comprehensive table of proposed investments during the next ten years. This
table combines the recommendations from this Asset Management Plan with the cost projections
from CH2M on the pumping and treatment facilities they manage.
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I. Introduction

In December 2013, the Traverse City applied for and received a Stormwater, Asset Management,
and Wastewater (SAW) grant from the Michigan Department of Environmental Quality (MDEQ)
(which required a City matching contribution) in order to develop an Asset Management Program
or Plan (AMP) for the City’s wastewater system. This report summarizes the progress and findings
of that program.

The International Infrastructure Management Manual defines the goal of an asset management
program as meeting a required level of service in the most cost-effective way through the creation,
acquisition, operation, maintenance, rehabilitation, and disposal of assets to provide for present and
future customers. Such a program entails several components, which are detailed in this report,
along with the means by which the City addressed these components.

A. Mission Statement Larry LaCross
The purpose of the City’s asset management program « GIS Coordinator

is summarized by the following mission statement: * llacross@traversecitymi.gov

Enhance the safety, health, and quality of life for ~ * 231.922.4900 ext 130

the people of Traverse City through the effective Dave Green

management and maintenance of its wastewater

infrastructure. ¢ Director of Public Services

* dgreen@traversecitymi.gov
B. Team * 231.922.4900 ext. 116

The team leaders listed in Figure 4 are committed to .

the asset management mission statement and were TlmOthy LOdge’ PE
instrumental in the progress made and findings * City Engineer

outlined in this report. Further questions on the City’s * tlodge@traversecitymi.gov
asset management program can be directed to these * 231.922.4455

t bers. -

A MEmbers Christine Black

* Asset Management/GIS Analyst
* cblack@traversecitymi.gov
* 231.922.4900 ext 131

John Travis

¢ Asset Management Technician

* jtravis@traversecitymi.gov
* 231.922.4900 ext 127

Figure 4 : Asset Management Team
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II. Inventory and Condition Assessment

An asset inventory is a list of the city’s assets and their attributes, e.g. unique identifier, location, size,

material, etc. This inventory resides in the City Geographic Information System (GIS) and is also

connected to the City’s Computerized Maintenance and Management System (CMMS) program

which houses infrastructure condition inspection information as well as work orders associated with

individual assets, such as manholes, and sewer pipes. The City is continuing to edit and update the

attributes of the inventory using both as-built data as well as observations in the field while

performing maintenance and condition assessment.

The condition assessment of the existing infrastructure was
designed to survey a representative portion of the system.
Assessing every asset in the system would be cost-prohibitive,
time consuming, and unnecessary to determine the overall
system condition for the purposes of this project. Therefore, a
method was used to physically evaluate a representative sample
of the system in order to better understand the overall condition
of the entire system. Throughout the AMP, condition is shown
as a percent of the total. Because the inspected sample was
representative of the system, the results can represent the entire
system. The procedure for identifying the appropriate
infrastructure to sample was preceded by the following analyses:

The City’s GIS framework
was enhanced as part of
this effort, making it
easier for the City to store
critical data for the
location, size, material,
and condition of each

wastewater asset.

. Characteristics of the System: An age, material, and size distribution of the

infrastructure was identified.

. Determination of Sampling Size: Statistical science was incorporated into the analysis

in order to approximate the size of the sample so that the results would yield a

margin of error no greater than 5%.

. Random Selection of Sample: Once system characteristics were assessed as well as

sampling size, pockets of wastewater sewer and manhole infrastructure to be

condition assessed were selected randomly in an effort to obtain unbiased condition

data that would still be practical to collect.

The National Association of Sewer Service Companies (NASSCO) is a not-for-profit

organization setting the industry standard for the rehabilitation of underground utilities.
NASSCO’s Manhole Assessment Certification Program (MACP) and Pipeline Assessment
Certification Program (PACP) standardize identification of the type and severity of defects

Traverse City — Wastewater Asset Management Plan
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found in manholes and pipelines. The MACP and PACP processes rate the overall, structural,

and operations and maintenance (O&M) condition of the assets using a well-established and

universal defect coding system. MACP and PACP use the same process with some minor

adjustments to length-dependent defects since manholes are usually not as deep as sewer pipes

are long. The results are in the industry standard format used by most municipalities and

infrastructure assessment professionals.

The wastewater

collection system was

sampled to get a reliable

assessment of the
overall structural

condition of the entire

system. See Appendix

A for illustrations of the

City’s wastewater
system.

Individual defects were assigned a grade from one through
five, with five being the most serious, based on the type and
severity of the defect. These grades are predefined by
NASSCO in their defect coding system. Because there were
often multiple defects per asset, their associated grades were
totaled and combined to generate several metrics that are
representative of the condition of each pipe segment. An
explanation of the metrics are included in Figure 5. The
metrics are categorized as: Structural, Operation and
Maintenance (O&M), and Overall. Structural condition is
affected by defects like cracks, fractures, and surface or lining
damage. O&M condition is affected by defects like

soil/dirt/rock deposits, roots, infiltration, and obstructions. Overall condition metrics combine

both Structural and O&M defects. Appendix A contains maps to illustrate the condition of the

assets inspected as part of this AMP.

Number of Defects
||| +|mw " g g ”
Y o Y Y ] 3] &0 = &
ol = o -
Structure| T T | T |22l 2|2 |2 E] @ £ &
- == - = =
w |5|s[8|5|5]|e3|E585[25¢
HQlox|OE] oo
5-2-189 0 0 4 0 2 6 22 | 5234 3.667
— 7 I
- Y - Sum of defects Structure Rating/
Unique lh\uml)cr (.)l defects weighted by Total Defects
Asset ID with associated grade Grade (3.667 = 22/6);
score (3 is most severe) (22 = 4*3 + 2¥5) indicates overall
condition of asset
® 1% character: highest severity grade in the structure
e 2" character: total number of occurrences of highest severity grade
o 3" character: next highest severity grade in the structure
® 4" character: total number of occurrences of second highest severity grade
Figure 5: NASSCO Metrics
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The Ratings Index indicates the general condition of each inspected asset. The Ratings Indices
range from zero through five with zero being the best condition as shown in Table 2.

Table 2: Condition Rating Index

Ratings Index Asset Condition

0 New or like new

Minimal wear and good working condition

Moderate wear but still functional

Failure unlikely in near future

Failure likely in the foreseeable future

Marginal functionality with failure imminent
*MACP and PACP Scores

Ol As W =

B. Manholes

There are approximately 1,902 manhole structures in the City’s wastewater collection system, as
listed in the GIS. As part of the SAW effort, a detailed condition assessment was performed on
about 807 manholes, or 42% of the total inventory. Figure 6 shows a distribution of the
manhole infrastructure based on infrastructure age. The average age of the manholes in the
system is nearly 57 years with approximately 66% of the system installed between 1930 and
1960.

35%
30%
25%
20%
15%
10%

5%

0%

Percent of Total

1930 1940 1950 1960 1970 1980 1990 2000 2010

Installation Decade

Figure 6: Distribution of Wastewater Manholes Based on Installation Decade
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Figure 7 and Figure 8 summarize the average O&M and structural ratings of the surveyed manholes.

Overall, the City infrastructure exhibits moderate wear with an average structural rating of

approximately 1.75 and average O&M rating of 1.96. Figure 9 summarizes the distribution of MACP
condition scores, by decade of installation, for the inspected manholes. This information was utilized

in developing a structural deterioration curve for the City’s manhole assets. In general, older

manholes are in worse structural condition.

mo
ml
w2

4
m>5

Figure 7: Wastewater Manhole O&M Ratings

mo
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m4

m5

Figure 8: Wastewater Manhole Structural
Ratings
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Figure 9: Average Wastewater Manhole Condition Ratings Indices by Installation Decade

* Some asset condition data (for components newer than 1993) were available from previous City inspections that were
performed separate from the SAW Grant effort.
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Figure 10 and Figure 11 provide additional details of the distribution of scores in each decade. Based
on the inspection results, manholes that were installed in 1970’s appear to be in the worst structural
condition of the inspected manholes, while manholes installed in 1940’s appear to be in the worst
O&M condition of the inspected manholes. While a rating of 5 suggests imminent failure, a
structural rating of 4 is defined as failure likely in the foreseeable future. Figure 10 below shows that
pipes installed in the 1930’s had the highest occurrences of a structural rating of 4.

100%

50%

0% S
&
>
. 1980 5
Instaﬂauon Decade 1990 2000 2010 2] &
Figure 10: Wastewater Manhole Structural Ratings Indices by Decade
80%
60%
40%
20% 10
0% S &
19301940 1950 19 1970 s & g
701980
Instaﬂation Decade 1990 2000 2010 o7

Figure 11: Wastewater Manhole O&M Ratings Indices by Decade

* Some asset condition data (for components newer than 1993) were available from previous City inspections that were
performed separate from the SAW Grant effort.
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A frequency analysis, represented in Figure 12, indicates the most common defects in the
system. Overall, the following additional condition observations were made for the City’s

manholes:

Structural manhole defects were predominately related to brickwork. Brickwork
defects are assigned when displaced brick, missing brick, and missing mortar are

identified in the manhole.

O&M manhole issues were predominantly driven by deposits, roots, obstructions
and infiltration. Infiltration is induced by cracks or fractures in the manhole, which
provide inlets for rainwater and soil to infiltrate into the manholes. Deposits occur
when soil and other debris build up in a structure without regular cleaning/flushing.

Roots enter a manhole through defects such as cracks.
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Figure 12: Manhole Defects

Sanitary Sewer
There are approximately 81 miles of sanitary sewer pipe in the City’s wastewater collection
system, as listed in the GIS; however, as stated in the Executive Summary, only 69 miles of
sewer were used for the data analysis, as that was the quantity identified as Traverse City-owned
assets in the GIS geodatabase received in April 2017. As the City continues to develop and
refine its wastewater geodatabase, the sewer ownership attributes should be standardized so that

City-owned assets can be grouped together in one ownership class.

The average age of the system is 59 years with neatly 70% of the system installed between 1930

and 1960.

Figure 13, Figure 14, and Figure 15 summarize the sanitary sewer collection system
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inventory in terms of age, diameter, and material. The majority of the system consists of clay and
vitrified clay pipe.
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Figure 13: Wastewater Sewer Installation Inventory
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Figure 14: Wastewater Sewer Diameter Inventory
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Figure 15: Wastewater Sewer Material Inventory

As part of the SAW effort, a condition assessment was performed on approximately 32 miles of
pipe, or about 47% of the system. The inspected portion of the system had an average Overall
(structural and O&M) rating of 2.04, indicating that the majority of the system is in good condition.
The average structural rating is 1.82, and the overall O&M rating being 1.98. Figure 16 and Figure 17
show a breakdown of Overall PACP Ratings.

m0 mo0
ml ]
m2 m2
3 3
m4 m4
m5 m5
Figure 16: Wastewater Sewer Structural Ratings Figure 17: Wastewater Sewer O&M Ratings

Figure 18 shows a breakdown of the average wastewater sewer condition indices by installation

decade.
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Figure 18: Average Wastewater Sewer Condition Rating Indices by Installation Decade

* Some asset condition data (for components newer than 1993) were available from previous City inspections that were
performed separate from the SAW Grant effort.

Figure 19 and Figure 20 provide additional details of the distribution of scores in each decade. Based
on the inspected pipes, pipes that were installed in 1960’s appear to have the highest occurrences of
a rating of 5. None of the inspected pipes returned an O&M rating of 5. In general, based on the
structural ratings, pipes installed in 1970’s and prior appear to be the worst off, structurally.

Installation Decade

Figure 19: Breakdown of Wastewater Sewer Pipe Structural Scores by Decade
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Figure 20: Breakdown of Wastewater Sewer Pipe O&M Scores by Decade

* Some asset condition data (for components newer than 1993) wete available from previous City inspections that were
performed separate from the SAW Grant effort.

Within the inspected portion of the sewer system, approximately 7 miles of pipe had one or more
structural defects of grade 4 or 5 and is deemed to be in need of rehabilitation in order for the sewer
to achieve its intended function. This reflects approximately 31% of the inspected system.
Extrapolating this to the entire wastewater collection system yields roughly 21 miles of sanitary

sewer pipe that is likely in need of rehabilitation. Details on the system extrapolation are available in
Table 3.

Table 3: Highest Rated Sewer System Structural Defects Extrapolation

Highest Rated Inspected Extrapolation to  Percent of
Length .
Defect : System (mi) Total
(mi)
0 6.7 21.5 31%
1 1.2 3.8 6%
2 3.1 10.1 15%
3 3.8 121 18%
4 2.6 8.3 12%
5 4.1 13.1 19%

Table 4 summarizes the highest rated structural defect by diameter for the inspected system. It
appears that the majority of the 7 miles of pipe that had one or more structural defects of grade 4 or
5, are 12-inch in diameter.
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Table 4: Highest Rated Sewer System Structural Defects by Diameter

3

4

Diameter 0
(in)

6 1918
8 11471
9 1765
10 5744
12 6858
15 4116
18 1405
21 864
24 1171

Total (ft) 35310

Total (mi) 7

1 2
696 1923
2824 3758
87 880
1387 2618
175 4435
452 1463
362 525
286 940
6269 16544

1 3

1283
3640
709
3130
4022
2693
1091
1475
1861
19907

4

1236
1744
1831
1123
3803
2266

502

1069

13577

3

5 Total
6368 13423
5282 28720
1152 6424
2434 16435
5565 24859

456 11445
250 3247
-- 3227
17 5343
21529 | 113122
4 21

The most predominant structural defects as observed in the sanitary system are cracks or fractures
and pipe failures; the most common O&M defects in the surveyed system ate soil/dirt/rock
deposits and roots. Figure 21 depicts the type and number of defects reported in the inspected

portion of the wastewater collection system.
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Figure 21: Wastewater Sewer Defects
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D. Force Mains

There are approximately 4.7 miles of public force mains in the City’s wastewater collection
system. An inventory of the force mains was created using existing GIS and record drawings. A
technical memorandum summarizing the force mains and their assessment is presented in

Appendix C.

Assessing the condition of a force main is costly and often requires destructive or disruptive
testing methods, thus no force mains were physically assessed as part of this AMP. However, the
installation year, material type, history of breaks, associated pump stations, and location of the
force mains were used as a proxy for condition. The CoF (1-5) was based on the associated
pump station firm capacity and the location of the force main to roads, railroads, surface water,
drinking water wells, other force mains, historic districts, and residential or commercial parcels.
The PoF (1-5) was based on the force mains material, installation year, expected asset life,
history of repair, crossing of a river or stream and number of junctions. A BRE (1-25) for each
segment of force main was then calculated using the CoF and PoF.

Approximately 2.7 miles, or 60%, of the Traverse City’s public force mains returned high PoF
ratings indicating failure is likely in the foreseeable future or there is marginal functionality with
failure being imminent. Table 5 summarizes these force mains ratings and their associated

lengths.

Table 5: Prioritized Force Mains

Force Main Associated CoF PoF Maximum Length

Pump Station Segment BRE  (feet)
Front Street* 42 40 16.8 3,109
Coast Guard 3.0 42 14.3 7,316
Birchwood 3.1 4.0 13.6 2,583
WWTP 2.9 4.0 13.2 134
Bay 2.9 4.0 13.1 1,126

*¥Includes 558 feet of force main that is also connected to the WWTP Pump Station

E. Pump Stations

There are nine pumping stations in Traverse City’s collection system. The assets associated with
each station were inventoried and evaluated for condition and criticality. The major components
inventoried within each station include but are not limited to pumps, check/control valves,
motors, level control systems, backup power, structure, wet well, valve vault, and telemetry.
Details of the pump station assessment are available in Appendix D.

The current condition of the pump stations assets was assigned based on judgement of and
experienced facility design engineers. The condition ratings range from 1 to 5 with 1 being the
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best condition as shown in Table 6. The assets Polf was calculated based on the assets
percentage of remaining useful life. Together, the assets CoF and PoF was used to determine the
assets BRE.

Table 6: Pump Station Asset Probability of Failure

Ratings Index Asset Condition

1 Excellent, appears new

Good, appropriate wear

3 Average, minor life cycle altering defects
4 Poor, significant wear but functional
5 Very poor, failure of intended function

Based on the inspections, Traverse City’s pump stations are well maintained. Many assets are
functioning past the manufacturer specified useful life. Table 7 below summarizes the pump stations

approximate install year and the main issues encountered during inspection.
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Table 7: Pump Station Issues

Approx.

Station
Install Year

e Pumps, motors and check valves are nearing the end of the
Riverine 1983 expected service life and should be monitored closely.
* Heavy grease load at this station can adversely affect the pumps
and check valves.

* Both submersible pumps are near the end of their expected
Coast Guard 1995 service life. Although they are functioning, they should be
closely monitored.

¢ The chart recorder is not in service.

Hull Park 2001 e In ZQlS it a'ppea@d tbat the pump was not propetly seated
causing recirculation in the wet well.
Clinch Park 2003 ¢ No adverse comments.

* Both submersible pumps are near the end of their expected
Bay Street 1994 service life. Although they are functioning, they should be
closely monitored.

Birchwood 2002 e No adverse comments.

e Pumps need to be frequently unclogged due to rags and other
Front St 1930/1996 debris. The result is high maintenance costs. In the future when
the pumps need to be replaced, consider dry pit submersible
pumps that have better solids handling ability.

A more detailed document describing the data collection and inventory, field investigations and
findings, annual capital reserves and CIP, and recommendations for Traverse City’s pumping
stations is included in Appendix D.
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III. Deterioration Forecasting

Forecasting of infrastructure deterioration was based on the system inventory, infrastructure age,
historic data, and currently observed condition information. In general terms, the forecasting
process included the following steps:

e Structural Deterioration Over Time:

Infrastructure age and condition information was used to assess structural deterioration of
the infrastructure. O&M deterioration is not forecasted, as this tends to be more random in
nature and requires more detailed historic maintenance data. The deterioration information
was converted to infrastructure structural deterioration curves that provided insights as to
the anticipated infrastructure remaining life as well as rate of deterioration.

¢ Analysis of Entire System:

The condition information collected through the sampling procedure outlined earlier yielded
a structural condition rating distribution for the sampled infrastructure based on its age, size,
and material. This information was projected out (extrapolated) to the rest of the system (the
infrastructure which was not directly condition assessed) and the system as a whole was
allowed to deteriorate over time within a deterioration forecast model.

The results of the forecasting process yielded

information that was used to calculate the need for Deterioration forecasting helps

future investment in operation and maintenance of the us determine what percentage
wastewater infrastructure, which will be required for of the City’s assets must be
system components that are aging beyond their useful rehabilitated each year in order
service lives. to avoid unnecessary failures

. . and more expensive
Figure 22 shows the approximated structural ]
o ., emergency tepairs.
deterioration curve for the City’s wastewater
infrastructure. The current average rating of the City’s
wastewater infrastructure is 1.82 and as suggested by the curve below, with an average system rating
of 1.82, the system has approximately 42% of remaining useful life before reaching a rating of 5
(failure). In addition, the rate of deterioration of the existing infrastructure is likely going to increase,

highlighting the importance of field inspection in the upcoming years.
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Figure 22: System Deterioration

The longevity of Traverse City’s wastewater infrastructure was evaluated by combining data on
average structural condition, remaining useful life, rehabilitation costs, and deterioration. Under the
current funding structure, many assets are projected to fail as shown in Figure 23. This is indicted by
the increasing percentage of red (PACP scores of 5) in the system. Deferred maintenance results in
higher legacy costs when emergency repairs become necessary. In Figure 23 and Figure 24, both
start with the currently-observed structural condition on the left side of the graph, with a
deterioration rate that adjusts each component of the system based on typical annual deterioration
for each asset. Traverse City’s wastewater system is rapidly aging with some pipes and manholes
installed as early as 1930.

With the proposed dedicated funding, Traverse City will be able to proactively maintain and
rehabilitate the system, and improve their current level of service as shown in Figure 24.
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Figure 23: System Deterioration Under Current Funding Level
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Figure 24: System Deterioration Under Proposed Funding Level
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IV. Hydrologic and Hydraulic Modeling

As patt of this AMP, the City wanted to assess and evaluate inflow and infiltration (I/I) concerns
within the wastewater collection system. Appendix E contains the detailed results from the
Antecedent Moisture Model (AMM) method to estimate peak flow rates, hydraulic modeling to
evaluate conditions during peak flow rates, and a comparison of modeled peak flows to lift station
capacities.

Nine (9) temporary sewer flow meters and one rain gauge were installed for a period of five
months, from April - August 2015. The flow meters were used for many facets of this project: as
a clue to suggest areas for future condition assessment, as a tool to create and calibrate the
hydrologic and hydraulic models to assess the system capacity, as an indicator of current system
function, and to help capture the amount of I/I in the system.

An AMM allows for development of a continuous hydrologic model of the system accounting
for the variation in antecedent moisture conditions. Recent rainfall and soil moisture conditions
significantly affect the system response to wet weather events. Two models were built utilizing
flow metering and rain data. Other metered districts had wet weather flow responses that were
too low to develop a reliable hydrologic model. Ten-year frequency flows were obtained from
the AM Models for Meter District 3 and the WWTP. A ten-year frequency flow represents the
amount of flow with a 10% chance of being exceeded in any given year. This is the MDEQ
standard for evaluating sanitary sewer flow capacities.

Traverse City’s Meter District 3 and the WWTP were benchmarked against over 100 other mid-
western sewersheds. Benchmarking allows a direct comparison between sewer systems to
quantify how tight or leaky the Traverse City system is relative to other systems. Based on this
comparison, there is a wide range of wetness due to leaks observed in the City’s system. As
shown in Figure 25, Traverse Meter District 3 has a Peak 1/I Flow per 1,000 actes on the high
end of the spectrum and the Traverse City WWTP is on the low end of the spectrum. The
antecedent moisture modeling highlighted that Traverse Meter District 3 has excess flow where
wet weather flow removal may be especially advantageous.

Traverse City — Wastewater Asset Management Plan Page 26
May 2017



100%
® ®
ee >t
P [ J
80%
Traverse Meter District 3

&0
g

< 60%
5
o~
D)
=
=}

g 40%
R~

® All Benchmarks
20%
Traverse City WWTP
00 0 T T T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Peak I/I Flow (cfs) Per 1,000 Acres
(for 1" rain in 1 hour on AM conditions from April 20, 2000)

Figure 25: Benchmarked Meter District Wetness

A hydraulic model was created using EPA-SWMM and Traverse City’s exiting GIS data, LIDAR
data, and additional information supplied by the City. The major trunks of the collection system
that run east and west through downtown Traverse City were the focus of the hydraulic model,
as these sewers convey the majority of flow in the City’s collection system.

The model represents how the system functions, and is calibrated to real storms and the flow
response in the sewer system. Using peak flow rates established with Ten State Standards,
peaking factors, and results from the AMM, the EPA SWMM model was used to simulate
hydraulic conditions during peak flows. The model demonstrated that the main trunk handling
flows from the east side of the city has sufficient capacity to handle peak flows with no
surcharging or sanitary sewer overflows (SSOs), while the main trunk handling flows on the west
side of the city showed significant surcharging.

A more detailed document summarizing the hydrologic and hydraulic modeling completed as
part of the SAW grant is included in Appendix E.
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D. Recommendations

The recommendations for system upgrades resulting from the modeling study are shown in
Table 8, below.

Table 8: Modeling Recommendations

Estimated Time Frame

Cost

Upgrade WWTP flow meter to one capable of recording flows

1 10,000 Year 1-2
up to 16-18 cfs. +0, e

’ Cor'1du<':t Sanitary SC\Yer Evaluation Survey (SSE?) with smoke $30,000 Year 1.0
testing in Meter District 3 to locate and remove inflow sources.

3 Conduct basement. surveys along western trunk to identify $12,000 Year 1.0
allowable surcharging levels.

4 Clean' z?nd'televise siphons. .Based on the televising,.plan for §25,000 Year 1.0
rehabilitation (regular cleaning) or replacement of siphon(s)
Perform additional metering in District 3 to evaluate new wet

5 weather flows. Re-evaluate the recommended upgrades based $30,000 Year 3-5
on new flows.

6 Plan funding for recommended system upgrades. - Year 6-7

Perform recommended upgrades to the system. Current
recommendations are to upgrade the 355 feet of 12-inch
diameter sewer main along South Oak Street to 24-inch sewer,
7 695 feet of 21-inch diameter pipe downstream of the Oak $2,705,000" Year 8-10
Street Siphon to 30-inch, and 2,910 feet of 24-inch diameter
pipe downstream of the Boardman River Siphon upgraded to

30-inch.
. . . . During
Install larger capacity pumps (and, if necessary, force mains) N/A
8 . scheduled
for Bay and Woodmere during scheduled pump replacements
replacements

*Upgrade recommendations may change with completion of recommended surveys and metering. Construction method to
be determined during preliminary design. Cost estimate assumes significant regulatory and geotechnical issues

**Pump station upgrades are not included in this cost estimate, as they will occur as part of ongoing pump station
operations and planned pump replacements as components age out. Pump station replacement costs and future force

main rebabilitation and replacement costs are covered in separate technical memoranda.
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V. Level of Service

The City identified what are referred to as level of service measures that can be used to understand
staff and resource priorities. Table 9 summarizes these measures for the City’s asset management

program.

Table 9: Level of Service Criteria, Performance Indicator, and Level

Key Service Criteria Performance Indicator Target Level of Service

* MACP inspect a minimum
of 380 manholes per year,
approximately 20% of the

Asset Condition PACP & MACP Inspections
System

Assessment Per Year* . "
* PACP inspect a minimum of

14 miles of sewer per year,
approximately 20 % of the

system
Replace existing meters with
Meter Updates and Radio the new Sensus meters and o
Reads install radio reads for higher
accuracy of reads.
Compli ith MDE
ompilance Wi Q' Comply with the MDEQ SSO
Regulatory Compliance Sanitaty Sewer Ovetflow olicy and The Clean Water
gulatoty ~omp (SSO) Policy and The Clean | °0 0 o
Water Act ©
Utilize Lucity Software to
Aide in Utility M t
) ) detn ty Vanagemen Respond to customer
Service Delivery and and Promote Customer .
. o complaints and requests
Customer Communication Communication, Increase .
efficiently
effort to reduce number of
sewer calls
Regular Cleaning and o
Cl d 20% of
O&M Optimization Maintenance of the Collection can and maintain 20% o
the system per year
System

* Pipe Assessment Certification Program (PACP), to assess sanitary sewer condition
Manhole Assessment Certification Program (MACP), to assess manhole condition

** City to review and provide input. Information pulled from City’s 2016-2017 Annual Budget
Report.
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VI. Critical Assets

Determining the assets most critical to system operation allows a community to manage risk,
support Capital Improvement Plans (CIP), and efficiently allocate O&M funds. The two key factors
used to determine criticality are Probability of Failure (PoF) and Consequence of Failure (CoF). PoF
and CoF are multiplied to determine the Business Risk Exposure (BRE) as shown in Figure 26,
below. Details and maps are available in Appendices FF and H.

Probability of Consequence Business Risk
Failure of Failure Exposure

Figure 26: BRE Equation

PoF considers the physical condition or age of an asset and is often based on the Structural MACP
or PACP Index Rating. If an asset was not inspected, remaining useful life can be used a proxy for
condition. A standardized rating of one through five is assigned to each asset with a score of five
indicating worst condition as shown in Table 10.

Table 10: Probability of Failure

‘ Score Description

1 Improbable

2 Remote, unlikely but possible
3 Possible

4 Probable, likely

5 Imminent, likely in near future

CoF encourages a focus on social, environmental, and economic cost impacts. The economic CoF
encompasses the impacts of direct and indirect economic losses to the affected organization and
third parties due to asset failure. The social consequence represents the impact of society due to
asset failure and the environmental consequence of failure considers the impact to ecological
conditions occurring as a result of asset failure.

The factors were rated on a one through five scale for each asset. If one factor is deemed more
important, the weighting can be skewed to give that factor more influence. The final CoF
incorporating all the factors is described in Table 11. Details in how the factors were scaled is
available in Appendix F.
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The following factors were combined to determine the final CoF:
* Relative Network Position — the sum of upstream sewers discharging to a structure
* Diameter/Size — the relative size of the asset with respect to the rest of the system

* Restoration Type/Accessibility — refers to the cost to restore the surface above the asset and
if traffic control is needed

* Environment — proximity to sensitive environmental features like Boardman River, Kid’s
Creek, Grand Traverse Bay, etc.

* Critical Users — important system users (Munson Hospital)

Table 11: Consequence of Failure

Score Description ‘

Negligible, minor loss of function

Minimal or marginal
Noticeable, may suspend some operations

Critical, temporarily suspends operations

Ul B W DN =

Catastrophic disruption

Probability of Failure
1 2 3 4 5

A CIP should incorporate BRE and institutional knowledge, as

shown in the flow chart in Figure 28. Institutional knowledge can

reveal known problem areas or areas already designated for
upcoming projects. Assets are given high, medium, or low priority
based on their BRE as shown in Figure 27. An additional measure
confirms that any assets with an MACP or PACP Structural rating
of five or with defects likely to cause failure in the near future are

automatically given high priority status. Uninspected assets nearing

Consequence of Failure
S S I S

the end of their useful life should be inspected and assessed before

potentially unnecessary rehabilitation or replacement funding is Low Priority (1-4)
Medium Priority (5-9)
High Priority (10-25)

Figure 27 : BRE Matrix

allocated. These assets should be given medium priority.
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Figure 28: CIP and Risk Flow Chart

A more detailed document describing Traverse City’s business risk exposure is included in Appendix

F.
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VII. Revenue Analysis

The condition assessment helped identify capital improvements that will allow the City to operate at
its maximum potential. Additional long-term operations and maintenance strategies will provide the
means to maintain a sound structural condition into perpetuity. The City Treasurer has reviewed the
proposed level of investment for the collection system, pump stations, and the WWTP and has
provided recommendations for rate increases to address the increased investment need. The rate
recommendations are listed in the Executive Summary.

A summary table for all recommended investments over the next 10 years is included in Appendix
H. This table includes costs identified in this Asset Management Plan as well as pumping/treatment
facility costs as identified by CH2M. Appendix G includes CH2M’s WWTP CIP and O&M
Strategies.

Further refinement to the long-term revenue needs will be necessary when CH2M completes their
Facility Plan process, which is expected to commence later in 2017.

A Capital Improvement Plan (CIP) is a core component of an AMP and an essential planning
tool that allows for a community to properly plan for high cost, non-recurring projects. A CIP
should detail capital needs related to future/upcoming regulations, major asset replacements,
system expansions, system consolidation or regionalization, and improved technology.

Traverse City’s Capital Improvement Plan for its collection system is detailed in Appendix F and
for its overall wastewater system is detailed in Appendix H. The Capital Improvement Plans will
aide in identifying, prioritizing, and implementing capital projects within the City’s wastewater
collection system during the next 3-5 years.

Operation and Maintenance (O&M) strategies are an important component of an AMP. By
having O&M strategies in-place, such as cleaning and inspecting assets, communicates can
properly budget their funds while maintaining their assets.

O&M strategies directly tie into Traverse City’s Level of Service (LOS) criteria. Below details
the City’s O&M strategies developed as part of this AMP.

*  DPipes:
There are approximately 69-miles of pipe in the Traverse City’s sanitary system. This O&M
strategy will focus on cleaning and inspecting approximately 20% of the systems pipes per
year. Table 12 summarizes the estimated cleaning and inspection costs used to calculate the
annual O&M cost.
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Table 12: Estimated Cleaning and Inspection Costs for Pipes

Diameter Cleaning Inspection
(inches) Cost Cost
per Foot per Foot
4 $§ 125 $1.08
6 $§ 125 $1.08
8 $ 185 $1.08
9 $§ 191 $1.09
1 $§ 198 $1.10
12 $ 207 $1.11
15 $ 228 $1.22
16 § 243 $1.23
18 $§ 258 $1.24
21 $ 203 $2.30
24 $§ 270 $2.30
Unknown $ 203 $1.35

* The cleaning and inspection costs are estimated costs and reflective of public bid lists.

Using the cleaning and inspection costs detailed in Table 12 above, the annual O&M costs for pipes
would be approximately $230,000 for 14-miles of pipe.

e Manholes:
There are approximately 1902 manholes in Traverse City’s wastewater system. This O&M
strategy will focus on inspecting 20% of the systems manholes per year. The table below
summarizes the estimate cost for manhole inspection, which was used to calculate the annual
O&M cost

Table 13 : Estimated Manhole Inspection Costs

Manhole Inspection Cost per

Manhole
1 $ 100.00

Using the manhole O&M costs detailed in Table 13 above, the annual costs for manholes would be
approximately $38,000, for 380 manholes.

Regular cleaning and maintenance of the collection system is necessary to prevent backups due to
clogged or structurally-failing sewers. A “televise first” strategy is recommended when cleaning and
televising sewers to optimize cleaning budgets. This is done by televising sewers before
jetting/cleaning, and only cleaning when necessary. Based on out experience, most sanitary sewers
are self-cleaning. We recommend that the City inspect and clean sanitary sewer collection systems on
an “80/20” schedule. This schedule involves cleaning 80% of the system every 20 years and the
most critical or high maintenance 20% of the system every five years. The 20% of the system to be
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cleaned more frequently will be determined through the televising process and will generally consist
of those sewers that are identified as those that are not self-cleaning. The baseline Level of

Service for O&M purposes was a systematic wastewater televising (inspection) program and

an annual repair and rehabilitation program to maintain an average structural condition
equal to that observed in 2016.
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VIII. On-Going Data Management
A tully utilized AMP will improve the City’s wastewater system for the City’s future generations.

Figure 29 shows that a healthy data management process is an ongoing cycle. The City’s new asset

management plan has essentially completed one cycle of the data management process. Even though

that initial cycle is complete, it is essential that the City continue to collect data. Appendix B explains

the lay out of the first cycle conducted by OHM. This data management process will aid in the

tracking and use of data to cost-effectively manage the City’s wastewater system.

1.

Inventory

The City should continue to populate and complete missing or incorrect data in each asset’s
attributes. When assets are repaired or replaced and new assets are added, the BRE value can be
updated. The City should assign new unique Facility IDs to new assets in accordance with their

current naming convention.

Inspection Plan

Only a portion of the

i LONG TERM
system was condition-
y W d PLANNING INVENTORY

assessed in the creation of Establish unique IDs
Forecasting MNetwork association

this AMP, but it will be Optimization With iteration, will become
Long Term Budgeting

quicker

important to perform 0&M Planning

ongoing condition
IMMEDIATE
assessments of the rest of NEEDS

INSPECTION
the system. Eventually ASSESSMENT PLS:\N cTio

you will come back to : i B T =4 Dataformat
MANAGEMENT o
PROCESS

assets and assess them
again. The AMP
recommended an initial
rate of condition

assessment. The City kno e QUALITY
ASSURANCE

rence with lnv

should develop a plan to
inspect assets at this rate.

_ DATA
Whether the City INTEGRATION

performs the inspections

internally or utilizes the

help of a contractor, the

City should specify a data
format that will integrate with
their existing GIS and CMMS
software.

Figure 29: Data Management Process Diagram
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3. Quality Assurance

Data from the condition assessments will need to be checked for quality, either by the City or
OHM Adpvisors’ staff. The Quality Assurance process should occur throughout the Inventory
and Inspection Plan steps, especially while condition assessment is taking place to ensure that
the data is of satisfactory quality and in the correct format.

4. Data Integration

After data is checked for quality, it will need to be integrated into the City’s existing systems (e.g.
GIS and Lucity). Significant data rectification and preparation work may need to be performed
so that the collected information will transfer into the City’s systems seamlessly. The amount of
effort required will depend on the accuracy and format of the inspection data, as well as the
status of the existing system database.

5. Data Mining

Once the data is in the City’s systems, OHM Advisors can perform data mining or train Traverse
City staff on data mining. OHM Advisors analyzes the data to draw valuable insight from the
incoming data. These insights include trends in pipes of certain material, size, age, and location.

6. Immediate Needs Assessment

Use the inspection results to repair/replace assets that are failing and are in need of immediate
attention, such as collapsing pipes or other imminent concerns.

7. Long Term Planning

When a new batch of data is added, the City should check to see if the long term plan still aligns
with the results of the updated system deterioration forecasting and O&M and budget
optimizations. Long term budgeting and O&M planning should be updated as needed.

If these steps for a data management program are followed and continuously repeated and
improved, the City will be well on its way to leveraging their asset management plan into a truly

sustainable and cost-effective infrastructure management program.
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Appendix A: Condition Maps

Figure A-1: Overall Wastewater System

Figure A-2: MACP Structural Index Ratings

Figure A-3: MACP Highest Rated Structural Defects
Figure A-4: MACP O&M Index Ratings

Figure A-5: MACP Highest Rated O&M Defects
Figure A-6: MACP Overall Index Ratings

Figure A-7: MACP Highest Rated Overall Defects
Figure A-8: PACP Structural Index Ratings

Figure A-9: PACP Highest Rated Structural Defects
Figure A-10: PACP O&M Index Ratings

Figure A-11: PACP Highest Rated O&M Defects
Figure A-12: PACP Overall Index Ratings

Figure A-13: PACP Highest Rated Overall Defects
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Appendix B: Data Management and Editing

Traverse City’s wastewater asset inventory resides in the City’s Geographic Information System
(GIS) and is also connected to the City’s Computerized Maintenance and Management System
(CMMS) program which houses infrastructure condition inspection information as well as work
orders associated with individual assets. The City is continuing to edit and update the attributes of
the inventory. This document lays out edits made by the City and OHM Advisors during the
completion of the Asset Management Plan (AMP).

A. Introduction

At the onset of this project, GIS was the repository for all of the City’s digitally available asset
data. The City shared the wastewater GIS database with OHM Advisors in early 2015. That
database and a few subsequent updates served as the references for OHM throughout the course
of the project. A screenshot of the database’s most recent contents can be seen in Figure B-1.

= L TC_SW_WW2017.04.1 S.gdb
ﬁ Planimetric
= B SanitarySewer
@, SanitarySewer_Met
=1 SanitarySewer_Met_Junctions
[%*] ssBend
[~ ssCasing
[%*] ssCleanOut
[%*] ssControlValve
|E) ssDetention
1 ssDischargePoint
&) ssFitting
[~ ssGravityMain
[%7] ssinlet
[~ ssLateralline
[%*] ssManhole
[%*] ssNetworkStructure
(= ss0penDrain
[~] ssPressurizedMain
&) ssPump
[%*] =sServiceConnection
(%7 ssSystemValve
(2] ssTap
[%*] ssTestStation
[E) ssUndergroundEnclosure
(-] ssValveOperater
(%] ssVault
[~ ssVirtualDrainline
|E) ssWaterStructure
ﬁ Stormwater

Figure B-1: Wastewater Geodatabase Contents
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The City is maintaining the working database, which is constantly receiving updates and changes,
some of which will be discussed later in this document. Although the work is ongoing, each
asset has its own unique identifier and will be the key to incorporating all of the data collected
during this project regardless of method, tool, or software used.

The City used a portion of the SAW grant funds to purchase and implement an asset
management software called Lucity. CMMS software like Lucity is intended for integrating the
types of data being collected with an existing GIS inventory. Lucity provides an efficient, user-
friendly data management and work order platform that will benefit the City’s wastewater system
moving forward; especially if the City implements a funding source for the wastewater system
that allows for systematic inspections, repairs, and rehabilitation.

B. Static Data vs. Dynamic Data

There are two types of data being collected during the inspections: Static and Dynamic. Dynamic
data is any piece of information expected to continuously change over the lifespan of a particular
asset like a condition rating. Information that isn’t expected to change throughout the lifetime of
an asset is considered to be static data. Just as the data types are different, the way each is stored
should be different as well. Having two software applications as the City does in ArcGIS and
Lucity, allows the data to be stored separately, yet remain connected. As long as the link is
established between the two programs via the unique asset identifier, both datasets can be
viewed from either program. Static data such as the upstream and downstream structures of a
pipe, manhole wall material, spatial location, or invert elevations are best stored in a place that
allows the data to be edited, exported, and manipulated to create maps or online modules. A
GIS geodatabase is the perfect place to store this information, especially since a lot of the City’s
asset information already exists there. All of the static data can be kept in the attribute tables for
each feature class such as manholes, pipes, etc. and only need to be changed if the asset
undergoes a major change or replacement. An example of an attribute table for wastewater

gravity mains is available in Figure B-2.
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Sewer Gravity Mains

Table O x

E-1%1BS

s fains x

OBJECTID: | FAGILIYD- | _install Date Material Diameter | Main Shape | YearLined | Liner Type | From Manhole | ToManhole | Water Type | Enabled | _Active Flag Owned By Managed By | Flow Summary | _LastUpdate Date | LastEditor_|

u 2654 | SSGH-10000 | T S > b b > g o> Sewsge True Trus | Grand Traverse Courty Gner | > 2222016, o
3655 [ SSQU-A0001 | <N Hub <> > <l <> <l < Sewage True Trus | Grand Traverse County Other | N> 212273016 oL
3656 [ SSGI-10002__| <t <Hu <> M <> <> <> <> Sewage True True | Grand Traverse County Gther [ <tiul> 2223016 oL
3667 [ SSGH-10003__| <t Hule M M- Ml M <l Ml Sewage True True | Grand Traverse County 2222016 L
2655 [ SSGH-10004 | <t hu> <> <t < <> > <> Sewage True Tru 2222016, o
3650 [ SSGU-000E_| N> Hub <Hul> Nl <Hul> > <Ml Sewage True Tru 2233016 oL
3670 [ SSGI-10006 | <tu> <Hu <> M <> <> <> Sewage True True 2223016 oL
3671 [SSGU-10007 | <t Hule M <M M <l Ml Sewage True True 2222016 L
3672 [Sseu-10008 | <t hu> <> b <> s <> Sewage True Tru 2222016, o
3673 [SSGU-0008 | N> Hub <Hul> N < <Hul> it <Ml Sewage True Tru o 2233016 oL
3674 [SSGU-10010_ | <l b > M <> > EI <> Sewage True True | Grand Traverse County 2223016, oL
3675 [ SSGU-10011 | <t Hule M <M Ml M <l Ml Sewage True True | Grand Traverse County 2222016 L
3676 [Sseu-10012 | <t hu> <> b <> <> > <> Sewage True True | Grand Traverse County 2222016, o
3677 [SSU-A0013_ | <N Hub <Hul> N <Ml <Hul> it <Ml Sewage True True | GrandTra 2233016 oL
3678 [SSGU-10014 | <l b <> M <> <> > <> Sewage True True | Grand Traverse County 22273015 i
3675 [SSGU-1001E | <t Hule EI M EI EI M Sewage True True | Grand Traverse County 2222016 L
3650 [ SSGH-10016 | <t hu> <> b <> s <> Sewage True True | Grana 2222016, o
3681 [SSGU-AD0TT | N> Hub <Hul> N <Hul> it <Ml Sewage True True | Gran o 2233016 oL
3682 [SSGU-1001E | <l b <> M <> > <> Sewage True True | Grand Traverse County 22273015 [
3655 [ SSGH-10018 | <t Hul <> M <> EIT <M Sewage True True | Grand Traverse County 22272016 oC
3654 [ SSGU-10020 | <t “hu> <> <t <> < <> Sewage True Tru ers 122212016, o
3685 [SSGU-10021 | N> Hub <Hul> N <Hul> > <Ml Sewage True Tru 2233016 oL
3636 [SSGU-10022 | <l b <> M <> > <> Sewage True True 22273015 i
3657 [ SSGU-10023 | <t Hul <> M <> EIT <M Sewage True True 22272016 oL
2658 [ SSGH-10024 | <t “hu> <> <t <> < <> Sewage True Tru 122212016, o
3680 [SSGU-008 | N> Hub <Hul> N <Hul> it <Ml Sewage True Tru o 2233016 oL
3690 [SSGI-10028 | el b <> M <> > <> Sewage True True | Grand Traverse County 22273015 i
3691 [SSeu-10027 | <t Hul <> M <> EIT <M Sewage True True | Grand Traverse County 22272016 oL
3692 [ SSGI-10028 | <Nl Hul > b < > BT <M Sewage True True | Grand Traverse County 12222016 [
3693 [SSGU-10028 | N> Hub <Hul> N <Ml <Hul> Ml <Ml Sewsge True True | Grand Traverse County 1223016 LC
3694 [SSGIL10030 | <l b <> M <> <> > <> Sewage True True | Grand Traverse County 22273015 i
3695 [SSGH-10051 | <t Hul <> M M- <> EIT <M Sewage True True | Grand Traverse County 22272016 oL
36% [ SSGU-10032 | <Nl Hul > b <Ml > BT <M Sewage True True | Grand Traverse County 12222016 [
2657 [ SSGU-0033_ | <t “Hub <Hul> N <Ml <Hul> Ml <Ml Sewsge True True 1212273016, oL
3698 [SSGU-10034 | <l b <> M <> > <> Sewage True True | Grand Traverse County 22273015 [
3699 [SSou-10035 | <t Hul <> M <> EIT <M Sewage True True | Grand Traverse County 22272016 oC
3700 [ SSGH-10036 | <N Hul > b > BT <M Sewage True True | Grand Traverse County 12222016 [
3701 [ SSU-A0037 | <t “Hub <Hul> N <Hul> Ml <Ml Sewsge True True | Grand Traverse County 1212273016, oL
3702 [SSGU-10038 | <N Hub <> N <> <l <M Sewage True Trus | Grand Traverse County 212373016 i
3703 [SSGH-10038 | <t Hul <> M 5 <> EIT <M Sewage True True | Grand Traverse County 22272016 oL
3704 [ SSGU-10060 | <N Hul > b <Ml > BT <M Sewage True True | Grand Traverse County 12222016 [
3705 [SSGU-004T | <Nl “Hub <Hul> N <Ml <Hul> Ml <Ml Sewsge True True | Grand Traverse County 1212273016, oL
3706 [SSGU-10062 | <N Hub <> N <l <> <l < Sewage True Trus | Grand Traverse County 212273016 oL
3707 [SSGH-10043__| <t Hulb N> <M <M N> Ml <M Sewage True True | Grand Traverse County 2222016 oL
3708 [ SSGU-10084 | <Nl Hul Nl b <Ml Nl Nl <M Sewage True True | Grand Traverse County 12222016 [
70 [Ssauinnes | <t BT pI A ETS E i it Sewane True T o TomIIE T v

< >

o4 0 » 4 [B]S ] ©out of 4406 Selected)

Dynamic data can be effectively stored in Lucity, which allows multiple instances of the same

Figure B-2:

Wastewater Gravity Main Attribute Table

piece of information to be kept for each asset. For example, condition ratings change over time.

The condition of the asset is constantly changing and will typically yield a different rating each

time it is inspected. In addition, the ratings are typically only valid for a short amount of time

(most experts believe three to five years is appropriate) compared to the life of the asset.

Therefore, the most recent rating is often the most important, but previous ratings can provide

valuable information on an asset’s history and deterioration rate. For example, the more ratings

that exist for a particular asset over the course of its lifespan, the more accurate the deterioration

forecast or remaining useful life estimation will be. By keeping dynamic data in a separate asset

management software such as Lucity, the user has the flexibility to only show one or the most

recent value in the ArcGIS program, while still having access to that particular asset’s entire

history of values in the asset management database.

C. Manhole Data

OHM Advisors performed manhole inspections in accordance with NASSCO’s Manhole

Assessment Certification Program (MACP). Due to NASSCO’s Level 1 inspection being too

basic and their Level 2 inspection being extremely detailed, OHM performed a hybrid Level 1.5

or 1+ inspection on 807 manholes. This hybrid level inspection contains all of the Level 1 data
fields, some of the Level 2 data fields that OHM believes to be most important, defect coding,

as well as an interior video of the manhole. Because the manhole inspection data was finalized

prior to the City’s shift to Lucity for the dynamic data storage, the information was delivered to

the City on December 1, 2016 in a Microsoft Excel document named “Final Manhole Inspection

Tables_ WW.xlsx.” This table can also can be found on the external hard drive associated with

Traverse City — Wastewater Asset Management Plan
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the wastewater AMP. This file contains all of the manhole inspection information in a tabular
format that is linked to the inspection videos and consistent with the rest of the condition data
deliverables.

D. Sewer Data

Terra Contracting Services was hired to perform pipe inspections in accordance with NASSCO’s
Pipeline Assessment Certification Program (PACP). Terra inspected 25.4 miles of sewer, which
is approximately 30% of the City’s collection system. Terra provided the City with the inspection
videos, reports, and two database files named “TRAVERSE CITY.mdb” (delivered to the City
and shared with OHM shortly after) and “Traverse City.mdb” delivered directly to OHM on
February 20, 2017. City staff also performed pipe inspections in accordance with NASSCO’s
Pipeline Assessment Certification Program (PACP) on 7.8 miles of sewer. This dataset was
delivered to OHM on November 9, 2016.

OHM Advisors compiled the data from all database files and returned the finished product in an
Excel file with multiple tables. This format provides the flexibility to integrate the data into
Lucity and use the data for subsequent reporting and analysis. The Excel file contained the
following five different tables:

1. “Inspection Data” — Table containing all of the header information, which would be
considered the static data component of the inspection

“Media Links” — Table showing which media files pertain to which feature in GIS
“Structure Defect List” — Complete list of defects and their associated information

“Ratings” — NASSCO ratings table based on the defect coding

AR I S

“Rehab Recommendation Summary” —Table containing all of the recommended
rehabilitation that was identified during the review of the inspection videos

The sample final table file was sent to the City on September 12, 2016 and approved on
November 21, 2016.

Several pipe inspections discovered discrepancies with the existing GIS mapping, such as buried
manholes that needed to be added to the manhole features class or pipe segments that needed to
be split at a structure connected to, but not located at the endpoint of the line segment. OHM
Advisors provided the City with a list of the discrepancies and suggested corresponding GIS
edits. The list became a working document between the City and OHM Advisors to track the
collaboration and updates. All of the discrepancies were addressed and compiled into a final
table. This final table documents all of the suggested changes, notes between OHM Advisors
and the City, and geodatabase edits that were completed by the City. It is named “Final GIS
Discrepancy List from Wastewater PACP Data.xlsx” and can be found on the external hard
drive.

Traverse City — Wastewater Asset Management Plan
Appendix B: Data Management and Editing
May 2017



Upon completion of the edits, the PACP data fields were updated and compiled into the final
data table format previously mentioned. This Excel file is named “Final Sewer Inspection
Tables_ WW .xlsx” and can be found on the external hard drive.

The external hard drive is a separate deliverable and will be submitted to the City on or before
May 31, 2017.

E. Criticality Factors

The criticality factors were created using the “20160223_Storm_WatseWater.gdb” geodatabase.
A new attribute field was created for each criticality factor, which was populated for all manhole
and pipe segment features. Please refer to Appendix D for further details on factors and how the
criticality matrix was developed. This table was not intended to be a working database. Instead,
it is deliverable that will allow the City to join these new fields with their current working
database based on the unique asset identifier. Once the new fields have been joined to the City’s
working database, they can be edited easily in the future as the condition of the assets change
over time. The individual consequence of failure factors used to calculate the ratings will also
delivered to the City on the external hard drive, so the City can re-evaluate risk as more
inspections and rehabilitation projects are completed in the future.

F. Future Data Management Recommendations

The asset management plan is intended to be a working

“document” that must be continuously edited to incorporate new
Continued field

information and update existing data. The deliverables produced .
data collection

during the SAW Grant project only pertain to a portion of the

City’s wastewater system, so the datasets are just the foundation and database

of an ongoing effort to enhance the asset management plan. In update efforts are
addition, some of the data that was compiled during the project crucial to an
will need to be replaced with more current data as time goes on. effective AMP.

For example, attribute fields such as condition ratings or risk

factors will need to be adjusted in the event of any new
inspections or changes to an asset’s properties in the future.
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Appendix C: Force Main Inventory and Assessment Technical
Memorandum

A. Introduction

This memorandum summarizes the collection and assessment of data for the 4.7 miles of force
main in Traverse City’s wastewater conveyance system. The locations of these are shown in
Figure C-A-1 in Appendix C-A. A force main’s probability of failure was determined from age,
pipe material, break history, presence of stream crossings, and number of junctions. Criticality
was determined by associated pump station capacity, roadway traffic ratings, close proximity
surface water, railroad crossings, close proximity drinking water wells, presence of redundant
force mains, presence of historical districts, and the number of residential or commercial
properties along the force main. A copy of the proposed methodology that was originally
provided to Traverse City to describe these criticality ratings is provided in Appendix C-B. The
rating scale and several other details have since been modified to better fit Traverse City’s needs.
The goal of this process is to provide an estimate of the needed annual reserves and capital
improvement costs for force main maintenance and replacement.

B. Data Collection and Inventory

The 4.7 miles of force main that are maintained by Traverse City are shown in Figure C-A-1 in
Appendix C-A. An inventory of the force mains was created using the existing GIS, record
drawings, and operator input. Force mains were subdivided into shorter segments and
inventoried separately when split by fittings or valves, for diameter changes, for material
changes, and at major force main junction points. Segmentation allowed the risk potentials along
the entire force main to be identified in more detail and helps prioritize areas of greater concern
for future inspections. A unique facility identifier (ID) was assigned to each segment to link
criticality ratings back to the existing GIS. Information collected for each segment is
summarized in Table C-C-1 in Appendix C-C. Force main segments of an unknown material
type or diameter were assumed to have the same properties as adjoining segments. Those with
an unknown installation year were assumed to be installed at the same time as the associated
pump station.

Assessing the condition of a force main is costly and often requires destructive or disruptive
testing methods. In most cases bypass pumping would be required to prevent interruptions in
flows and keep the system operating during testing. For these reasons, it was elected to forgo a
condition assessment and use available information on each segment’s expected useful life,
history of repairs, presence of a stream or river crossing, and number of junctions as a surrogate
for condition ratings.
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A Probability of Failure (POF) rating predicts the likelihood of an asset to fail. Table C-1
provides a description of the POF score. The score was determined by taking a weighted average
of several POF factors that were rated using the same scale. Remaining useful life was the
highest weighted factor. As a force main deteriorates, and the remaining useful life decreases, the
POF increases. Observations of the deterioration of sewer conduits suggest that deterioration in
a new sewer starts slowly and occurs more rapidly as defects accumulate, thus fitting the shape
of an exponential curve. The properties of a deterioration curve are unique to each system.
However, with little information on the force main conditions in Traverse City to help fit the
curve, a general exponential relationship was assumed by an experienced facilities design
engineer. This relationship is characterized in Table C-2 and Figure C-1. As additional
information on how the system is aging becomes available this curve should be updated. The
history of repairs, presence of a stream crossing, and the number of additional junctions at the
end of a force main segment are also assigned a 1 to 5 rating and are factored in the POF. A
description of their individual ratings is provided in Table C-C-3 in Appendix C-C and rational
for each item is further explained in the criticality document in Appendix C-D.

Table C-1: Probability of Failure Descriptions

Improbable

Remote, unlikely but possible
Possible

Probable, likely

Imminent, likely in near future

OB O DN -

Table C-2: Probability of Failure Rating Compared to
Force Main Remaining Useful Life

14% 4.0
22% 3.5
32% 3.0
43% 2.5
57% 2.0
75% 1.5
100% 1.0
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Figure C-1: Probability of Failure for Force Mains

The Consequence of Failure (COF) rating describes the effect of an individual asset’s failure on
system operations. This value corresponds to the descriptions in Table C-3. COF was determined by
taking the weighted average of the following COF factors: the associated pump station capacity,
roadway traffic ratings, proximity to surface water, railroad crossings, proximity to groundwater
wells, presence of redundant force mains, presence of historical districts, and the number of
residential or commercial properties along the force main segment. Each factor was assigned a 1 to 5
value with the higher values being used in conditions where failure of the force main would have a
more catastrophic result. Table C-C-2 in Appendix C-C includes a breakdown of each factor, it’s
weighting, and how it is rated. Additional details for each factor are presented in the criticality
methodology document in Appendix C-D.

Table C-3: Consequence of Failure

Negligible, minor loss of function

Minimal or marginal disruption of operations
Noticeable, may suspend some operations
Critical, temporarily suspends operations
Catastrophic disruption

O A W N =

Traverse City expressed a desire for the POF to have greater significance than the COF when
determining criticality. For this reason, a weighted average was calculated for the two factors
with POF worth two-thirds of the average and COF worth the remaining one-third. The
resulting average was squared to create the correct scale for the Business Risk Exposure (BRE)
score. The BRE is used to determine the criticality of an asset to system operation and is helpful
for prioritizing limited funding. BRE ranges from 1-25. Generally, assets with a BRE less than 8
are considered non-critical and greater than 16 are considered critical. Assets with higher BRE
scores are more likely to need immediate attention. Assets with a lower BRE have longer
remaining useful lives or a smaller consequence of failure, but still need to be maintained.
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C. Force Main Assessment

Traverse City’s force mains appear to be functioning as intended. Only five breaks have been
recorded in the past 16 years. One of these breaks was a result of damage during construction
while the remaining four were shear breaks. No single force main has had more than two

recorded breaks.

Approximately 2.7 miles of force main has exceeded its material’s expected useful life. Several of
these force mains are more critical to the system and have been noted in Table C-4, along with
the reasons for their BRE score. The life expectancy of ductile iron and cast iron force mains is
60-75 years. Some newer materials such as HDPE and PVC will last closer to 100 years. As the
force mains continue to age, the risk of breaks and failures increases. It is recommended that
force mains which are at or exceeding their maximum life expectancy be replaced as soon as
possible to avoid a failure. The cost of force main replacement makes it difficult to replace all
the aging force mains at the same time and so a recommended replacement schedule has been
provided that spreads these out over the next fifteen years. Segments have been grouped by the
upstream pump station and the most critical segments have been incorporated into the proposed

5-year Capital Improvement Plan budget.
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Table C-4: High Business Risk Exposure Force Mains

Front The 85-year-old cast iron and ductile iron force main has 16.8 3,109
Street and  exceeded its expected life. There are no redundant force
connection mains between the pump station and its connection to the
to WWTP WWTP. It is connected to a high capacity pump station
and is located near some higher traffic roads and close to
the Boardman River.

Coast Some 73-year-old ductile iron and cast iron segments 14.3 7,316
Guard between the Coast Guard Pump Station and Woodmere

have exceeded their expected life. There have been two

repairs, these segments are near a high traffic road, and they

cross a railroad.

Birchwood The 60-year-old cast iron force main is at the end of its 13.6 2,583
expected life. It is connected to a decent capacity pump
station, there is no redundant force main, and it is near
multiple residential properties.

WWTP  The force mains that connect individual pump station force 13.2 134
mains to the WWTP appear to be 85 years old and past or
near their expected life depending on material. These force
mains handle several pump stations and are higher capacity,
have a few segments with no redundancy, and have many
junctions.

Bay This 85-year-old cast iron force main has exceeded its 13.1 1,126
expected life. There is no redundancy, and it is near surface
water and multiple commercial and residential properties.

D. Annual Capital Reserves and Capital Improvement Plan

This analysis provides an overview of the cost projections to manage Traverse City’s force
mains. The useful life of a force main is typically greater than 50 years. Capital assets with useful
lives greater than 20 years are not funded annually by a replacement fund. The capital costs are
substantial and should have some additional funding sources which may include bonds or other
established accounts. Cost estimates are based on 2016 dollars. These values do not account for
inflation.

Current technologies provide trenchless restoration options for force mains as an alternative to
direct replacement. Costs for using one of these restoration options, a cured-in-place pipe
(CIPP) lining system, were compared to the costs for a complete replacement. The cost
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comparison showed that for some of the smaller diameter force mains CIPP could provide a
cheaper option, but for 10-inch diameter and greater the savings were no longer significant and
in some cases more expensive. Based on these cost considerations, all estimated costs for force
mains 10-inches in diameter or greater were for the complete replacement of the force main. All
smaller diameter force main costs are for CIPP, with the exclusion of 2-inch force mains which
are too small for CIPP and must also be replaced.

Table 5 includes capital costs for force mains summed over the next 15 years. The critical force
mains from Table C-4 that have exceeded their expected life are spread throughout this period
order of their BRE rating. It may also be practical to consider prioritizing force mains that that
are no longer appropriately sized. Figure C-2 graphically displays the annual capital cost for these
replacements. A detailed list of these assets and any additional ones expected to fail over the
next five years is available in Appendix C-D.

Table C-5: Annual Cash Reserves for Replacement and Repair

Force Main Capital Fund
Pump
Station

Bay $0 $0  $0 $0 $0  $0 $0 $0  $0  $0 $0  $0 $0 $180,0 $0
84

Birchwood $0 $0  $0 $0 $0  $0  $0 $56827 $0 $0 $0 $0 $0 $0  $0
8

Coast $0 $0  $0  $0  $1,1725 $0 $0 $0  $0  $0 $0  $0 $0 $0  $0

Guard 93

Front $0  $607,83 $0 %0 $0  $0 $0 $0 $0 $0 $0 $0 $0 $0  $0

Street 4

Front $0  $14853 $0 %0 $0  $0 $0 $0  $0  $0 $0  $0 $0 $0 %0

Street — 1

WWTP

WWTP $0 $0 $0 %0 $0 %0 $0O $0 $0 $0 $32,05 $0 $0 $0  $0

Grand $0 $756,3 $0 $0 $1,1725 $0 $0  $568,2 $0 $0 $32,0 $0 $0 $180,08 $0
Total 65 93 78 51 4
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Figure C-2: Funding Necessary over Time at Recommended Replacement Years

In Figure C-3, costs were averaged over time to show typical annual expenses. All costs from the
next five years were summed and divided by five to get an expected annual expense over those years.
This provides a visualization of expected costs over time. The result is a capital cost of
approximately $385,791 annually between 2017 and 2021 for a total of roughly $1,928,957. The
following five years (2022-2026) decrease to an annual cost of $113,656 for a five year total of
roughly $568,278. The last five years (2027-2031) continue to decrease with an annual cost of
$42,427 and a total cost of $212,135.
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Figure C-3: Funding Spread Out Over Time for Recommended Replacements
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E. Recommendations

The information gathered during the inventory and assessment will be compiled into an easily
accessible and updatable database. The data presented in this memorandum provide an overview
of the cost projections with the understanding that a combination of funding sources will be the
best solution to manage Traverse City’s force main assets. Future iterations will be documented
with final agreed upon plan and funding mechanisms presented to the MDEQ in the rate
analysis and Asset Management Plan (AMP).

Future work will include a comprehensive capital improvement plan for the system. A holistic
approach to future improvements will incorporate results from assessments of the rest of the

conveyance and treatment system.

In any AMP, it is vital to actively assess system components. As force mains age and are
replaced, their probability of failure and system criticality change. These changes should be
reflected in planning. As repairs and replacements occur it is recommended that the opportunity
be taken to perform physical pipe inspections. Condition information from these inspections
should be incorporated into an updated AMP.
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Appendix C-A — Map of Traverse City’s Force Mains
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Appendix C-B — Original Proposed Assessment Methodology
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PROPOSED METHODOLOGY - FM CRITICALITY ANALYSIS

To complete a conditional assessment and establish priorities for force main inspection and maintenance,
TRAVERSE CITY proposes to perform a criticality analysis of their force main. A criticality analysis is a
form of risk analysis that assigns priorities to individual force main segments for field inspection. Criticality
scores are calculated values that use criteria to estimate, i.e., score, the likelihood (i.e. probability) of
failure and consequence (i.e. impact) of failure for a given force main segment.

Prior to conducting the criticality analysis, TRAVERSE CITY will subdivide each force main into shorter
segments (segmentation). The vertical and horizontal alignment of a force main, the environmental
conditions that a force main travels through and the physical characteristics of the force main, are not
typically uniform along its entire length. For example, a segment of force main that crosses a creek as a
submerged section of pipe (or as an aerial crossing) represents a higher risk (i.e. criticality) condition
than a segment of the same force main that travels along a 30-ft dedicated sewer utility easement. The
primary purpose of segmentation is to disaggregate a force main into smaller, more discrete segments
that can be scored differently to better reflect the different risk potential along the entire force main
alignment.

TRAVERSE CITY will segment the force main system into multiple segments, and each segment will be
assigned a unique asset ID number for use with TRAVERSE CITY’s GIS system. The criteria used to
perform the segmentation process are asfollows:

1) Changes in force main diameter

2) Changes in force main material

3) Locations of force main junction points (e.g. tee fittings)
4) Intersections with mainline valves

5) 2,500 linear feet or less per segment

Weighting Factors

Recognizing that each criterion is not of equal importance in determining criticality, weighting factors are
used to prioritize the degree of importance. A higher weighting factor indicates that the criterion is of
greater importance in the decision-making process. For both likelihood of failure and consequence of
failure criteria, weighting factors will be applied to the raw scores to arrive at a weighted score for each
criterion.

TRAVERSE CITY expressed a desire to place more importance on likelihood of failure criteria. For the
initial criticality analysis, therefore, likelihood of failure scores will be weighted with a factor ranging from
5to 10, and consequence of failure scores will be weighted with a factor ranging from 1 to 6. By applying
greater overall weighting to likelihood of failure criteria, the criticality analysis resulted in a prioritization
that places a greater emphasis on identifying force main segments with a higher likelihood, or probability,
of failure. While consequence of failure is also recognized as important, the objective of this approach is
to identify the force main segments that represent the highest likelihood of failure so that corrective action
can be implemented prior to a failure event occurring.

Likelihood of Failure Criteria

Likelihood of failure scores are intended to represent the probability that a force main will fail based on
the environmental conditions of where the force main is located and the physical characteristics of the
force main. Likelihood of failure criteria typically include age, material of construction, soil type where
the force main is buried, flow and pressure on the force main, work order history for the force main, and
actual pipe condition (as observed and recorded through field inspections). Following is a brief description



of the likelihood of failure criteria used by TRAVERSE CITY for the criticality analysis.

PIPE MATERIAL: Pipe material is a critical factor in determining the most typical failure modes for a given
force main segment. Most ferrous and cement-based force main failures are attributed to corrosion
(internal or external), and most PVC and other plastic pipe force main failures are attributed to improper
installation.

AGE OF MATERIAL: All pipe materials age and deteriorate over time due to abrasive, structural and
mechanical forces, and corrosive agents. All pipelines, therefore, have a finite useful service life, but that
service life is extremely difficult to predict because of the multitude of variables impacting it. 50 years is
generally accepted as a reasonable design service life for a pressure pipeline.

STREAM/RIVER CROSSINGS: Force main segments that cross streams or rivers represent a special
concern for TRAVERSE CITY given the potential for accelerated rates of corrosion in the coastal
environment and a history of failures at such locations. Deterioration of these pipe segments can be
severe for ferrous and cement-based pipe materials, especially those segments that are exposed to such
conditions over an extended period oftime.

NUMBER OF FORCE MAIN JUNCTIONS (TAPS): For the purposes of this analysis, a force main tap was
defined as the location at which one force main is connected or joined to another force main by means
of a structural or mechanical modification to the receiving force main segment. The location of the
structural or mechanical modification is assumed to be a potential point of failure. Each segment may
have 0, 1 or 2 taps associated with it. This criterion was scored based on the number of taps present on
a force main segment.

Consequence of Failure Criteria

Consequence of failure scores are intended to represent the degree of impact of a force main failure on
the service area located in close proximity to the force main. Consequence of failure criteria typically
consider direct impacts, such as loss of service and cost for repair and cleanup, health and environmental
impacts, such as public health risks and environmental resource impacts, and socioeconomic impacts,
such as transportation and business disruptions (Thomson). Following is a brief description of the
consequence of failure criteria used by TRAVERSE CITY for the criticality analysis.

QUANTITY OF FLOW: This criterion is based on the potential quantity of flow discharged to the environment
as a result of a force main segment failure. Average daily flow rates for each pumping station in the
system was provided by TRAVERSE CITY and incorporated into the criticality analysis.

SURFACE WATERS: This criterion is based on potential impacts to surface waters as a result of a force
main segment failure. Force main segments located in closest proximity to surface waters were scored
higher (greater consequence of failure) than force main segments located farthest from surface waters.

GROUNDWATER WELLS: This criterion is based on the potential impacts to public and private groundwater
wells in the event of a force main segment failure. Force main segments located in closest proximity to
groundwater wells are scored higher (greater consequence of failure) than force main segments located
farthest from groundwater wells.

HIGH QUALITY WATER AND OUTSTANDING RESOURCE WATER (HQW-ORW) MANAGEMENT ZONES: This
criterion is based on the potential impacts to high quality waters or outstanding resource
waters as a result of a force main segment failure. Force main segments located in closest
proximity to high quality waters or outstanding resource waters were scored higher (greater
consequence of failure) than force main segments located farthest from high quality waters
or outstanding resource waters.




TRANSPORTATION SYSTEMS: This criterion is based on the potential impacts to transportation systems in
the event of a force main segment failure. This criterion was scored based on the number and type of
transportation systems crossed by a force main segment.

PRESENCE OR ABSENCE OF REDUNDANT FORCE MAIN: This criterion is based on the presence or absence
of a redundant force main in the event of a force main segment failure. Force main segments without a
redundant force main were scored higher than force segments with a redundant force main.

CULTURAL RESOURCE IMPACTS: This criterion is based on the potential impacts to cultural resources in
the event of a force main segment failure. Force main segments that crossed historic districts were scored
higher than force main segments that did not cross historic districts.

RESIDENTIAL IMPACTS: This criterion is based on the potential impacts to residents in the event of a force
main segment failure. This criterion was scored based on the estimated number of residential parcels
located within an anticipated construction repair corridor for each force main segment.

COMMERCIAL IMPACTS: This criterion is based on the potential impacts to commerce in the event of a
force main segment failure. This criterion was scored based on the estimated number of commercial
parcels located within an anticipated construction repair corridor for each force main segment.

The above Forcemain Condition Assessment methods were modified from the original Abstract Paper
identified below:

CRITICALITY ANALYSIS AND INSPECTION METHODS FORFORCE MAIN CONDITION
ASSESSMENT

Authors: Ray Cox (1), Kelly Derr (2), Jim Perotti (2), Clayton Glatt @) (1 — Highfill Infrastructure
Engineering, 2 — Brown & Caldwell)

REFERENCES: Thomson, James C., et al. Inspection Guidelines for Wastewater Force Mains. Water
Environment Research Foundation (WERF). IWA Publishing: London, UK, 2010. WERF Publication 04-
CTS- 6URa.



Appendix C-C — Assessment and Inventory

Legend for Table C-C-1 by Column Number Heading:

: Unique Asset ID
: Associated Pump Station
: Force Main Material Type
: Force Main Diameter (Inches)
: Force Main Segment Length (Feet)
: Installation Year
: Expected Asset Life (Years): Based on typical material life
: Remaining Life Based on Installation Date (Years):
[8] = [7] — (Evaluation Year — [6])

9: Percent Remaining Useful Life

[91 = (8] / [7)) * 100
10: Consequence of Failure: Assigned based on the criticality factors in Table B-2
11: Probability of Failure: Assigned based on the criticality factors in Table B-3
12: Business Risk Exposure

[12] = ((1/3)*10] + @/3*[11])?
13: Replacement Year

[13] = Current Evaluation Year + [8]
14: 2016 Replacement Cost: Assigned based on the judgement of experienced engineer

O N N Ut AW

15: 2016 Value Assuming Linear Depreciation: Assumes depreciation based on asset’s total
predicted life [15] = [9] * [14]

16: CIPP vs Replacement: Shows whether replacement cost is based on a full replacement of the
force main or CIPP.
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Appendix C-C, Table C-C-1 Force Main Inventory and Assessment

Evaluation Year:
Risk Weighting: 33.3% 66.7%
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Remaining
Expected | Life Based on Percent Business Risk 2016 Value
Diameter Installation | Asset Life Install Date Remaining Consequence of Probability of |Exposure (1- 2016 Replacement [ Assuming Linear CIPP vs

Asset ID Associated Pump Station Material | (Inches) Length (Feet) Year (Years) (Years) Useful Life Failure (1-5) Failure (1-5) 25) Replacement Year Cost Depreciation Replacement
SSFM-32 Riverine PVC 12 681 1982 90 56 62% 3.2 1.8 5.1 2072 $136,106 $84,688|Replacement
SSFM-153 Riverine PVC 12 9 1982 90 56 62% 2.9 1.8 4.6 2072 $1,798 $1,119|Replacement
SSFM-10 Bay CI 8 1126 1931 60 -25 0% 2.9 4.0 13.1 1991 $180,084 $0[CIPP
SSFM-148 Front Street CI 16 973 1931 60 -25 0% 4.2 4.0 16.4 1991 $233,558 $0|Replacement
SSEM-150 Front Street CI 16 1559 1931 60 -25 0% 4.0 4.2 16.8 1991 $374,275 $0[Replacement
SSFM-251 Front Street - WWTP CI 16 3 1931 60 -25 0% 3.5 4.2 15.6 1991 $695 $0|Replacement
SSEM-252 Front Street - WWTP DI 16 2 1931 70 -15 0% 3.5 4.2 15.6 2001 $480 $0[Replacement
SSFM-282 Front Street - WWTP DI 18 57 1931 70 -15 0% 2.7 4.0 12.7 2001 $14,315 $0[Replacement
SSFM-261 Front Street - WWTP DI 18 195 1931 70 -15 0% 2.9 4.0 13.2 2001 $48,750 $0[Replacement
SSFM-250 Front Street - WWTP CI 16 16 1931 60 -25 0% 2.9 4.2 14.0 1991 $3,885 $0|Replacement
SSFM-281 Front Street - WWTP DI 24 41 1931 70 -15 0% 2.7 4.0 12.7 2001 $11,470 $0[Replacement
SSFM-259 Front Street - WWTP DI 24 150 1931 70 -15 0% 2.8 4.0 13.0 2001 $41,941 $0|Replacement
SSEM-280 Front Street - WWTP DI 16 112 1931 70 -15 0% 2.8 4.2 13.8 2001 $26,996 $0[Replacement
SSFM-289 Hull PVC 4 47 2001 90 75 83% 1.9 1.2 2.1 2091 $3,723 $3,102|CIPP
SSFM-291 Hull PVC 4 50 2001 90 75 83% 1.9 1.2 2.1 2091 $4,000 $3,333|CIPP
SSFM-287 Hull HDPE 2 222 2001 100 85 85% 1.8 1.2 2.0 2101 $5,319 $4,522|Replacement
SSFM-286 Hull PVC 2 2 2001 90 75 83% 1.6 1.4 2.1 2091 $48 $40|Replacement
SSFM-202 Woodmere DI 6 12 1992 70 46 66% 1.8 1.6 2.7 2062 $1,408 $925|CIPP
SSFM-189 Woodmere DI 6 34 1992 70 46 66% 1.8 1.6 2.7 2062 $4,028 $2,647|CIPP
SSFM-188 Woodmere DI 6 42 1992 70 46 66% 1.8 1.6 2.7 2062 $5,028 $3,304|CIPP
SSFM-203 Woodmere DI 6 12 1992 70 46 66% 1.8 1.6 2.7 2062 $1,416 $931|CIPP
SSFM-182 Woodmere PVC 6 1 1992 90 66 73% 1.8 1.6 2.7 2082 $120 $88|CIPP
SSFM-185 Woodmere PVC 6 2 1992 90 66 73% 1.8 1.6 2.7 2082 $180 $132|CIPP
SSFM-179 Woodmere DI 6 4 1992 70 46 66% 2.4 1.6 3.4 2062 $420 $276|CIPP
SSFM-180 Woodmere DI 6 4 1992 70 46 66% 2.4 1.6 3.4 2062 $420 $276|CIPP
SSFM-181 Woodmere DI 6 4 1992 70 46 66% 2.4 1.7 3.8 2062 $420 $276|CIPP
SSFM-171 Woodmere DI 8 14 1992 70 46 66% 2.4 1.6 3.4 2062 $2,240 $1,472|CIPP
SSFM-169 Woodmere DI 8 2 1992 70 46 66% 2.4 1.7 3.8 2062 $320 $210|CIPP
SSFM-167 Woodmere CI 8 4 1992 60 36 60% 1.6 1.8 3.1 2052 $640 $384|CIPP
SSFM-176 Woodmere CI 8 3 1992 60 36 60% 1.6 1.7 2.7 2052 $400 $240|CIPP
SSFM-166 Woodmere CI 8 18 1992 60 36 60% 2.6 2.0 4.9 2052 $2,880 $1,728|CIPP
SSFM-192 Woodmere DI 14 669 1992 70 46 66% 2.7 1.9 4.6 2062 $147,100 $96,666|Replacement
SSFM-231 Woodmere CI 10 372 1992 60 36 60% 2.4 1.8 4.1 2052 $67,775 $40,665|Replacement
SSFM-18 Woodmere CI 10 655 1992 60 36 60% 2.4 1.7 3.7 2052 $119,208 $71,525|Replacement
SSEFM-4 Woodmere+Coast Guard + Hull [PVC 16 341 1992 90 66 73% 2.9 1.7 4.5 2082 $81,840 $60,016|Replacement
SSFM-284 Woodmere+Coast Guard + Hull |DI 16 96 1992 70 46 66% 2.3 1.6 3.2 2062 $23,016 $15,125[Replacement
SSFM-276 Woodmere+Coast Guard + Hull [DI 16 21 1992 70 46 66% 2.3 1.7 3.7 2062 $5,016 $3,296|Replacement
SSFM-277 Woodmere+Coast Guard + Hull |DI 16 24 1992 70 46 66% 2.3 1.6 3.2 2062 $5,604 $3,722Replacement
SSFM-295 Coast Guard DI 8 58 1996 70 50 71% 2.4 1.4 3.1 2066 $9,280 $6,629|CIPP
SSFM-24 Coast Guard CI 8 4090 1943 60 -13 0% 2.9 4.0 13.1 2003 $654,369 $0|CIPP
SSFM-23 Coast Guard CI 8 3175 1943 60 -13 0% 3.0 4.2 14.3 2003 $507,956 $0[CIPP
SSFM-198 Coast Guard DI 12 51 1943 70 -3 0% 2.7 4.0 12.6 2013 $10,267 $0[Replacement
SSFM-196 Coast Guard DI 12 499 1996 70 50 71% 3.2 1.6 4.5 2066 $99,824 $71,303|Replacement
SSFM-199 Coast Guard DI 12 2 1996 70 50 71% 2.6 1.6 3.8 2066 $374 $267|Replacement
SSFM-207 Coast Guard DI 12 5 1996 70 50 71% 2.8 1.4 3.5 2066 $980 $700[Replacement
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Remaining
Expected | Life Based on Percent Business Risk 2016 Value
Diameter Installation | Asset Life Install Date Remaining Consequence of Probability of |Exposure (1- 2016 Replacement [ Assuming Linear CIPP vs

Asset ID Associated Pump Station Material | (Inches) Length (Feet) Year (Years) (Years) Useful Life Failure (1-5) Failure (1-5) 25) Replacement Year Cost Depreciation Replacement
SSFM-208 Coast Guard DI 12 5 1996 70 50 71% 2.8 1.4 3.5 2066 $980 $700[Replacement
SSEM-211 Coast Guard DI 12 471 1996 70 50 71% 2.8 1.4 3.5 2066 $94,135 $67,239|Replacement
SSFM-214 Coast Guard DI 12 5 1996 70 50 71% 2.5 1.4 3.2 2066 $980 $700[Replacement
SSEM-215 Coast Guard DI 12 5 1996 70 50 71% 2.5 1.4 3.2 2066 $1,000 $714|Replacement
SSFM-216 Coast Guard DI 12 517 1996 70 50 71% 2.5 1.6 3.6 2066 $103,331 $73,808|Replacement
SSEM-220 Coast Guard+Hull DI 12 4 1996 70 50 71% 2.8 1.4 3.6 2066 $800 $571|Replacement
SSFM-218 Coast Guard+Hull PVC 12 1 1996 90 70 78% 2.8 1.5 3.7 2086 $200 $156[Replacement
SSEM-151 TBA AC 12 16 1970 80 34 43% 3.2 2.1 6.2 2050 $3,300 $1,402|Replacement
SSFM-28 TBA AC 12 4834 1970 80 34 43% 2.9 2.2 6.0 2050 $966,889 $410,928|Replacement
SSEM-154 Birchwood CI 14 26 1956 60 0 0% 2.9 4.0 13.2 2016 $5,720 $0|Replacement
SSFM-30 Birchwood CI 14 2557 1956 60 0 0% 3.1 4.0 13.6 2016 $562,558 $0[Replacement
SSEM-122 Clinch Park DI 4 1 2002 70 56 80% 1.9 1.5 2.6 2072 $81 $65|CIPP
SSFM-123 Clinch Park DI 4 1 2002 70 56 80% 1.9 1.3 2.2 2072 $79 $63|CIPP
SSFM-124 Clinch Park DI 4 3 2002 70 56 80% 1.9 1.3 2.2 2072 $222 $177|CIPP
SSFM-127 Clinch Park DI 4 2 2002 70 56 80% 1.9 1.5 2.6 2072 $132 $106|CIPP
SSEM-125 Clinch Park DI 4 1 2002 70 56 80% 1.9 1.5 2.6 2072 $78 $63|CIPP
SSFM-126 Clinch Park DI 4 3 2002 70 56 80% 1.9 1.3 2.2 2072 $220 $176|CIPP
SSFM-128 Clinch Park DI 4 2 2002 70 56 80% 1.9 1.5 2.6 2072 $164 $131|CIPP
SSFM-129 Clinch Park DI 4 1 2002 70 56 80% 1.9 1.5 2.6 2072 $60 $48|CIPP
SSFEM-130 Clinch Park DI 4 1 2002 70 56 80% 1.9 1.5 2.6 2072 $108 $86|CIPP
SSFM-120 Clinch Park DI 4 7 2002 70 56 80% 1.8 1.6 2.8 2072 $592 $474|CIPP
SSEM-121 Clinch Park PVC 4 7 2002 90 76 84% 1.8 1.4 2.3 2092 $522 $441|CIPP
SSFM-119 Clinch Park DI 4 3 2002 70 56 80% 1.8 1.5 2.5 2072 $200 $160[{CIPP
SSFM-118 Clinch Park PVC 4 171 2002 90 76 84% 2.4 1.2 2.6 2092 $13,707 $11,575|CIPP
SSFM-117 Clinch Park DI 4 149 2002 70 56 80% 2.5 1.3 2.9 2072 $11,930 $9,544|CIPP
SSFM-131 Clinch Park Area PVC 2 42 2002 90 76 84% 2.2 1.4 2.7 2092 $1,004 $848|Replacement
SSFM-132 Clinch Park Area PVC 2 19 2002 90 76 84% 2.2 1.5 3.1 2092 $458 $387[Replacement
SSFM-155 Coast Guard-Woodmere Bypass DI 10 69 1992 70 46 66% 2.6 1.6 3.6 2062 $12,573 $8,262|Replacement
SSFM-161 Coast Guard-Woodmere Bypass  |CI 6 5 1992 60 36 60% 2.0 1.8 3.6 2052 $599 $359|CIPP
SSEM-162 Coast Guard-Woodmere Bypass  [CI 6 8 1992 60 36 60% 2.0 1.7 3.2 2052 $953 $572|CIPP
SSFM-163 Coast Guard-Woodmere Bypass  |CI 6 3 1992 60 36 60% 2.0 1.8 3.6 2052 $359 $215[CIPP
SSFM-156 Coast Guard-Woodmere Bypass CI 10 3 1992 60 36 60% 2.0 1.7 3.2 2052 $546 $328|Replacement
SSFM-157 Coast Guard-Woodmere Bypass  |CI 10 3 1992 60 36 60% 2.0 1.7 3.2 2052 $546 $328[Replacement
SSFM-158 Coast Guard-Woodmere Bypass  |CI 10 2 1992 60 36 60% 2.0 1.8 3.6 2052 $304 $218|Replacement
SSFM-160 Coast Guard-Woodmere Bypass  |CI 10 2 1992 60 36 60% 2.0 1.8 3.6 2052 $364 $218[Replacement
SSFM-164 Coast Guard-Woodmere Bypass CI 10 9 1992 60 36 60% 2.6 1.8 4.4 2052 $1,638 $983[Replacement
SSFM-201 Coast Guard - Cleanout Branch ~ |DI 12 40 1996 70 50 71% 1.8 1.4 2.4 2066 $8,000 $5,714|Replacement
SSFM-200 Coast Guard - Cleanout Branch DI 12 2 1996 70 50 71% 1.8 1.6 2.8 2066 $353 $252|Replacement
SSFM-271 WWTP DI 16 26 1931 70 -15 0% 2.5 4.2 13.0 2001 $6,240 $0[Replacement
SSFM-263 WWTP PVC 16 32 1931 90 5 6% 2.9 3.8 12.5 2021 $7,680 $427|Replacement
SSFM-283 WWTP DI 16 44 1931 70 -15 0% 2.9 4.0 13.2 2001 $10,451 $0[Replacement
SSEM-270 WWTP PVC 16 27 1931 90 5 6% 2.3 3.8 11.1 2021 $6,480 $360|Replacement
SSFM-273 WWTP PVC 16 5 1931 90 5 6% 2.3 3.8 11.1 2021 $1,200 $67|Replacement

*Items in bold were unknown and assumed based on available information.
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Legend for Table C-C-2 by Column Number Heading:

: Unique Asset ID

: Associated Pump Station

: Force Main Diameter (Inches)

: Force Main Segment Length (Feet)

: Pump Station Firm Capacity (gpm): Upstream pump station capacity

SN U AW

: Road ADT Value: Highest annual average daily traffic count for the streets that the force main
segment travels under

7: Railroad Crossings: Labeled N if no crossings occurred and Y if a force main crossed under a
railroad.

8: Distance to Closest High Quality Surface Water (feet): Surface waters around Traverse City
include the Boardman River, Boardman Lake, and Grand Traverse Bay.

9: Distance to Closest Drinking Water Well (feet): Determined using DEQ Wellogic information

10. Redundant Force Main: Y if a flows can be routed around this segment using another force
main, N if no bypass force main is present.

11. Crosses Historic District: Y if the force main travels through a historic district, N if not

12. Number of Residential Parcels: Number of residential parcels within the anticipated construction
repair zone for the force main

13. Number of Commercial Parcels: Number of commercial parcels within the anticipated
construction repair zone for the force main

14: Quantity of Flow Rating (1-5): Assigned a rating based on [5] and below table

GPM>=1,500
500<=GPM<1,500
250<=GPM<500
100<=GPM<250
1 GPM<100
15: High Quality Surface Water Rating (1-5): Assigned a rating based on [8] and below table

N W A~ 0

0-50 feet from surface water
51-100 feet from surface water
101- 200 feet from surface water
201- 300 feet from surface water
Over 300 feet from surface water

16: Groundwater Wells Rating (1-5): Assigned a rating based on [9] and below table

= N W O,

0-100 feet from well

101-200 feet from well

201-500 feet from well

501-1,000 feet from well

Greater than 1,000 feet from well

- N W s
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17: Transportation Systems Rating (1-5): Assigned a rating based on [6], [7], and below table

Rating Scale Transportation Description
5 Railroad Crossed
4 ADT >= 15,000
3 5,000 <= ADT < 15,000
2 0 < ADT < 5,000
1 Unrated/Pervious Surface

18: Redundant Force Main Rating (1-5): Assigned a rating based on [10] and below table
Rating Scale Redundant Force Main Description

5 No redundant force main
1 Redundant force main present

19: Cultural Impact Rating (1-5): Assigned a rating based on [11] and below table

5 Within historic district
1 Not within historic district
20: Residential Impact Rating (1-5): Assigned a rating based on [12] and below table

Rating Scale Residential Impact Description

B Over 20 Parcels

4 11-20 Parcels
3 4-10 Parcels
2 1-3 Parcels
1 0 Parcels
21: Commercial Impact Rating (1-5): Assigned a rating based on [13] and below table
Rating Scale Commercial Impact Description
5 Over 10 Parcels
4 6-10 Parcels
3 3-5 Parcels
2 1-2 Parcels
1 0 Parcels

22: Consequence of Failure: Weighted average of columns [14]-[21]
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Appendix C-C, Table C-C-2 Force Main Criticality Factors

COF Factor Wcightszl 40.0%| 10.0% 10.0% 10.0% 15.0% 5.0% 5.0% 5.0% 100.0%
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Closest High Distance to Crosses Quantity Cultural
Pump Station Road Railroad Quality Closest Redundent | Historic | Number of | Number of | of Flow | High Quality | Groundwater | Transportation | Redundant | Impact | Residential | Commercial | Consequence
Associated Pump | Diameter | Length | Firm Capacity [ ADT Crossing | Surface Water | Drinking Water | Force Main | Districts [ Residential | Commercial | Rating | Surface Water | Wells Rating [ Systems Rating | Force Main | Rating Impact Impact of Failure
Asset ID Station (Inches) | (Feet) (gpm) Value (Y or N) (feet) Well (feet) (Y or N) (Y or N) Parcels Parcels (1-5) Rating (1-5) (1-5) (1-5) Rating (1-5) | (1-5) [ Rating (1-5) | Rating (1-5) (1-5)
SSEFM-32 Riverine 12 681 350 24054 N 130 379 N N 2 2 3 3 3 4 5 1 2 2 3.2
SSFM-153 Riverine 12 9 350 0 N 120 370 N N 0 1 3 3 3 1 5 1 1 2 2.9
SSEM-10 Bay 8 1126 430 928 N 155 3000 N N 5 1 3 3 1 2 5 1 3 2 2.9
SSFM-148 Front Street 16 973 3600 24054 N 30 741 N N 1 4 5 5 2 4 5 1 2 3 4.2
SSEM-150 Front Street 16 1559 3600 7868 Y 231 580 N N 1 4 5 2 2 5 5 1 2 3 4.0
Front Street -
SSFM-251 WWTP 16 3 3600 0 N 195 780 N N 0 0 5 3 2 1 5 1 1 1 3.5
Front Street -
SSEM-252 WWTP 16 2 3600 0 N 195 780 N N 0 0 5 3 2 1 5 1 1 1 3.5
Front Street -
SSFM-282 WWTP 18 57 3600 0 N 325 875 Y N 0 0 5 1 2 1 1 1 1 1 2.7
Front Street -
SSEM-261 WWTP 18 195 3600 0 N 195 775 Y N 0 0 5 3 2 1 1 1 1 1 2.9
Front Street -
SSEM-250 WWTP 16 16 3600 0 N 195 780 Y N 0 0 5 3 2 1 1 1 1 1 2.9
SSFM-281 WWTP 24 41 3600 0 N 325 875 Y N 0 0 5 1 2 1 1 1 1 1 2.7
Front Street -
SSFM-259 WWTP 24 150 3600 0 N 213 790 Y N 0 0 5 2 2 1 1 1 1 1 2.8
Front Street -
SSFM-280 WWTP 16 112 3600 0 N 213 785 Y N 0 0 5 2 2 1 1 1 1 1 2.8
SSFM-289 Hull 4 47 30 0 N 65 1450 N N 0 0 1 4 1 1 5 1 1 1 1.9
SSFM-291 Hull 4 50 30 0 N 55 1450 N N 0 0 1 4 1 1 5 1 1 1 1.9
SSFM-287 Hull 2 222 60 0 N 105 1350 N N 0 0 1 3 1 1 5 1 1 1 1.8
SSFM-286 Hull 2 2 60 0 N 320 1350 N N 0 0 1 1 1 1 5 1 1 1 1.6
SSFM-202 Woodmere 6 12 450 0 N 370 2545 Y N 0 0 3 1 1 1 1 1 1 1 1.8
SSFM-189 Woodmere 6 34 450 0 N 418 2583 Y N 0 0 3 1 1 1 1 1 1 1 1.8
SSFM-188 Woodmere 6 42 450 0 N 350 2535 Y N 0 0 3 1 1 1 1 1 1 1 1.8
SSFM-203 Woodmere 6 12 450 0 N 370 2545 Y N 0 0 3 1 1 1 1 1 1 1 1.8
SSFM-182 Woodmere 6 1 450 0 N 370 2535 Y N 0 0 3 1 1 1 1 1 1 1 1.8
SSFM-185 Woodmere 6 2 450 0 N 350 2535 Y N 0 0 3 1 1 1 1 1 1 1 1.8
SSFM-179 Woodmere 6 4 450 0 N 340 2540 N N 0 0 3 1 1 1 5 1 1 1 2.4
SSFM-180 Woodmere 6 4 450 0 N 340 2540 N N 0 0 3 1 1 1 5 1 1 1 2.4
SSFM-181 Woodmere 6 4 450 0 N 340 2540 N N 0 0 3 1 1 1 5 1 1 1 2.4
SSFM-171 Woodmere 8 14 450 0 N 340 2530 N N 0 0 3 1 1 1 5 1 1 1 2.4
SSFM-169 Woodmere 8 2 450 0 N 340 2530 N N 0 0 3 1 1 1 5 1 1 1 2.4
SSFM-167 Woodmere 8 4 0 0 N 340 2530 N N 0 0 1 1 1 1 5 1 1 1 1.6
SSFM-176 Woodmere 8 3 0 0 N 340 2530 N N 0 0 1 1 1 1 5 1 1 1 1.6
SSFM-166 Woodmere 8 18 450 13247 N 330 2510 N N 0 0 3 1 1 3 5 1 1 1 2.6
SSFM-192 Woodmere 14 669 450 13247 N 330 2225 N N 0 1 3 1 1 3 5 1 1 2 2.7
SSFM-231 Woodmere 10 372 450 0 N 380 1230 N N 0 0 3 1 1 1 5 1 1 1 2.4
SSFM-18 Woodmere 10 655 450 0 N 441 1589 N N 0 0 3 1 1 1 5 1 1 1 2.4
Woodmere+Coast
SSFM-4 Guard + Hull 16 341 975 0 N 350 950 N N 0 0 4 1 2 1 5 1 1 1 2.9
Woodmere+Coast
SSFM-284 Guard + Hull 16 96 975 0 N 315 875 Y N 0 0 4 1 2 1 1 1 1 1 2.3
Woodmere+Coast
SSFM-276 Guard + Hull 16 21 975 0 N 370 935 Y N 0 0 4 1 2 1 1 1 1 1 2.3
Woodmere+Coast
SSFM-277 Guard + Hull 16 24 975 0 N 345 970 Y N 0 0 4 1 2 1 1 1 1 1 2.3
SSFM-295 Coast Guard 8 58 465 0 N 3000 1420 N N 0 0 3 1 1 1 5 1 1 1 2.4
SSFM-24 Coast Guard 8 4090 465 11967 Y 2840 1445 N N 2 0 3 1 1 5 5 1 2 1 2.9
SSFM-23 Coast Guard 8 3175 465 26039 N 330 2590 N N 25 5 3 1 1 4 5 1 5 3 3.0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Closest High Distance to Crosses Quantity Cultural
Pump Station Road Railroad Quality Closest Redundent | Historic | Number of | Number of | of Flow [ High Quality | Groundwater | Transportation | Redundant | Impact | Residential | Commercial | Consequence
Associated Pump | Diameter | Length | Firm Capacity [ ADT Crossing | Surface Water | Drinking Water | Force Main | Districts | Residential | Commercial | Rating | Surface Water | Wells Rating | Systems Rating | Force Main | Rating Impact Impact of Failure
Asset ID Station (Inches) | (Feet) (gpm) Value (Y or N) (feet) Well (feet) (Y or N) (Y or N) Parcels Parcels (1-5) Rating (1-5) (1-5) (1-5) Rating (1-5) | (1-5) | Rating (1-5) | Rating (1-5) (1-5)
SSFM-198 Coast Guard 12 51 465 13247 N 325 2555 N N 0 1 3 1 1 3 5 1 1 2 2.7
SSEM-196 Coast Guard 12 499 465 13247 Y 75 2135 N N 0 2 3 4 1 5 5 1 1 2 3.2
SSFM-199 Coast Guard 12 2| 465 13247 N 303 2566 N N 0 0 3 1 1 3 5 1 1 1 2.6
SSEM-207 Coast Guard 12 5 465 0 N 75 2140 N N 0 1 3 4 1 1 5 1 1 2 2.8
SSFM-208 Coast Guard 12 5 465 0 N 75 2135 N N 0 1 3 4 1 1 5 1 1 2 2.8
SSEM-211 Coast Guard 12 471 465 0 N 75 1730 N N 0 1 3 4 1 1 5 1 1 2 2.8
SSFM-214 Coast Guard 12 5 465 0 N 265 1735 N N 0 0 3 2 1 1 5 1 1 1 2.5
SSFM-215 Coast Guard 12 5 465 0 N 265 1730 N N 0 0 3 2 1 1 5 1 1 1 2.5
SSFM-216 Coast Guard 12 517 465 0 N 265 1235 N N 0 0 3 2 1 1 5 1 1 1 2.5
SSEM-220 Coast Guard+Hull 12 4 525 0 N 380 1235 N N 0 0 4 1 1 1 5 1 1 1 2.8
SSFM-218 Coast Guard+Hull 12 1 525 0 N 380 1235 N N 0 0 4 1 1 1 5 1 1 1 2.8
SSEM-151 TBA 12 16 700 0 Y 1825 3960 N N 0 0 4 1 1 5 5 1 1 1 3.2
SSFM-28 TBA 12 4834 700 3339 N 1825 1420 N N 0 0 4 1 1 2 5 1 1 1 2.9
SSEM-154 Birchwood 14 26 800 0 N 295 4055 N N 0 0 4 2 1 1 5 1 1 1 2.9
SSFM-30 Birchwood 14 2557 800 1244 N 310 4000 N N 19 0 4 1 1 2 5 1 4 1 3.1
SSEM-122 Clinch Park 4 1 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSFM-123 Clinch Park 4 1 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSEM-124 Clinch Park 4 3 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSFM-127 Clinch Park 4 2 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSFM-125 Clinch Park 4 1 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSFM-126 Clinch Park 4 3 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSFM-128 Clinch Park 4 2 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSFM-129 Clinch Park 4 1 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSEM-130 Clinch Park 4 1 175 0 N 90 3110 Y Y 0 0 2 4 1 1 1 5 1 1 1.9
SSFM-120 Clinch Park 4 7 175 0 N 140 3105 Y Y 0 0 2 3 1 1 1 5 1 1 1.8
SSEM-121 Clinch Park 4 7 175 0 N 140 3105 Y Y 0 0 2 3 1 1 1 5 1 1 1.8
SSFM-119 Clinch Park 4 3 175 0 N 155 3105 Y Y 0 0 2 3 1 1 1 5 1 1 1.8
SSFM-118 Clinch Park 4 171 175 0 N 155 3105 N Y 0 0 2 3 1 1 5 5 1 1 2.4
SSFM-117 Clinch Park 4 149 175 6883 N 210 3110 N Y 0 0 2 2 1 3 5 5 1 1 2.5
SSEM-131 Clinch Park Area 2 42) 15 0 N 5 3150 N Y 0 0 1 5 1 1 5 5 1 1 2.2
SSFM-132 Clinch Park Area 2 19 15 0 N 0 3170 N Y 0 0 1 5 1 1 5 5 1 1 2.2
Coast Guard-
SSEM-155 Woodmere Bypass 10 69 465 13247 N 325 2515 N N 0 0 3 1 1 3 5 1 1 1 2.6
Coast Guard-
SSFM-161 Woodmere Bypass 6 5 465 13247 N 330 2530 Y N 0 0 3 1 1 3 1 1 1 1 2.0
Coast Guard-
SSEM-162 Woodmere Bypass 6 8 465 13247 N 330 2530 Y N 0 0 3 1 1 3 1 1 1 1 2.0
Coast Guard-
SSFM-163 Woodmere Bypass 6 3 465 13247 N 330 2530 Y N 0 0 3 1 1 3 1 1 1 1 2.0
Coast Guard-
SSFM-156 Woodmere Bypass 10 3 465 13247 N 330 2530 Y N 0 0 3 1 1 3 1 1 1 1 2.0
Coast Guard-
SSFM-157 Woodmere Bypass 10 3 465 13247 N 330 2530 Y N 0 0 3 1 1 3 1 1 1 1 2.0
Coast Guard-
SSFM-158 Woodmere Bypass 10 2 465 13247 N 330 2530 Y N 0 0 3 1 1 3 1 1 1 1 2.0
Coast Guard-
SSFM-160 Woodmere Bypass 10 2 465 13247 N 330 2530 Y N 0 0 3 1 1 3 1 1 1 1 2.0
Coast Guard-
SSEM-164 Woodmere Bypass 10 9 465 13247 N 330 2510 N N 0 0 3 1 1 3 5 1 1 1 2.6
Coast Guard -
SSFM-201 Cleanout Branch 12 40, 0 13247 N 325 2560 N N 0 0 1 1 1 3 5 1 1 1 1.8
Coast Guatd -
SSEM-200 Cleanout Branch 12 2 0 13247 N 325 2560 N N 0 0 1 1 1 3 5 1 1 1 1.8
SSFM-271 WWTP 16 26 450 0 N 360 920 N N 0 0 3 1 2 1 5 1 1 1 2.5
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Closest High Distance to Crosses Quantity Cultural
Pump Station Road Railroad Quality Closest Redundent | Historic | Number of | Number of | of Flow | High Quality | Groundwater | Transportation | Redundant | Impact | Residential | Commercial | Consequence
Associated Pump | Diameter | Length | Firm Capacity [ ADT Crossing | Surface Water | Drinking Water | Force Main | Districts | Residential | Commercial | Rating | Surface Water | Wells Rating | Systems Rating | Force Main | Rating Impact Impact of Failure

Asset ID Station (Inches) | (Feet) (gpm) Value (Y or N) (feet) Well (feet) (YorN) | (YorN) Parcels Parcels (1-5) Rating (1-5) (1-5) (1-5) Rating (1-5) | (1-5) [ Rating (1-5) [ Rating (1-5) (1-5)
SSFM-263 WWTP 16 32 915 0 N 340 895 N N 0 0 4 1 2 1 5 1 1 1 2.9
SSFM-283 WWTP 16 44 915 0 N 315 875 N N 0 0 4 1 2 1 5 1 1 1 2.9
SSEM-270 WWTP 16 27 975 0 N 400 930 Y N 0 0 4 1 2 1 1 1 1 1 2.3
SSFM-273 WWTP 16 5 975 0 N 400 950 Y N 0 0 4 1 2 1 1 1 1 1 2.3

*Items in bold were unknown and assumed based on available information.
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Legend for Table C-C-3 by Column Number Heading:

: Unique Asset ID
: Associated Pump Station
: Force Main Material Type
: Force Main Diameter (Inches)
: Force Main Segment Length (Feet)
: Installation Year
: Expected Asset Life (Years): Based on typical material life
: Remaining Life Based on Installation Date (Years):
[8] = [7] — (Evaluation Year — [6])

9: Percent Remaining Useful Life

91 = (8] / [7)) * 100
10: History of Repairs: Number of repairs that have been needed

0 N1 N Ul AW

11: Stream or River Crossing: Y if force main crosses under a stream or river, N if not.

12: Number of Junctions: Number of additional force main connections at the upstream and
downstream end of the force main.

13: Age Rating (1-5): Assigned a rating based on [9] and the estimated exponential relationship
between the remaining life and probability of failure as shown in Figure 1 and Table 2

14: Repair Rating (1-5): Assigned a rating based on [10] and below table

5 >= 4 Repairs
4 3 Repairs

3 2 Repairs

2 1 Repair

1 0 Repairs

15: Stream Crossing Rating (1-5): Assigned a rating based on [11] and below table

5 Stream or river crossing
1 No crossing

16: Junction Rating (1-5): Assigned a rating based on [12] and below table

5 2 Junctions
3 1 Junction
1 0 Junctions

17: Probability of Failure: Weighted average of columns [13] to [16] the four consequence ratings.
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Appendix C, Table C-C-3 Force Main Probability of Failure

Evaluation Year: POF Factor Weights:|  75.0%|  8.3% 8.3%| 8.3%
1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Remaining Stream or Stream
Expected | Life Based | Percent River Age Repair | Crossing | Junction | Probability
Diameter | Length | Installation | Asset Life on Remaining | History of | Crossing | Number of | Rating | Rating | Rating Rating of Failure

Asset ID Associated Pump Station Material | (Inches) | (Feet) Year (Years) [Installation | Useful Life ] Repairs (Y or N) Junctions (1-5) (1-5) (1-5) (1-5) (1-5)

SSFM-32  |Riverine PVC 12 681 1982 90 56 62% N 1 1.8 1 1 3 1.8
SSFM-153  |Riverine PVC 12 9 1982 90 56 62% N 1 1.8 1 1 3 1.8
SSFM-10  |Bay CI 8 1126 1931 60 -25 0% N 0 5.0 1 1 1 4.0
SSFM-148  |Front Street Cl 16 973 1931 60 -25 0% N 0 5.0 1 1 1 4.0
SSFM-150 |Front Street CI 16 1559 1931 60 -25 0% N 1 5.0 1 1 3 4.2
SSFM-251  |Front Street - WWTP Cl 16 3 1931 60 -25 0% N 1 5.0 1 1 3 4.2
SSFM-252  |Front Street - WWTP DI 16 2 1931 70 -15 0% N 1 5.0 1 1 3 4.2
SSFM-282  |Front Street - WWTP DI 18 57 1931 70 -15 0% N 0 5.0 1 1 1 4.0
SSFM-261 |Front Street - WWTP DI 18 195 1931 70 -15 0% N 0 5.0 1 1 1 4.0
SSFM-250 |Front Street - WWTP Cl 16 16 1931 60 -25 0% N 1 5.0 1 1 3 4.2
SSFM-281 |Front Street - WWTP DI 24 41 1931 70 -15 0% N 0 5.0 1 1 1 4.0
SSFM-259  |Front Street - WWTP DI 24 150 1931 70 -15 0% N 0 5.0 1 1 1 4.0
SSFM-280 |Front Street - WWTP DI 16 112 1931 70 -15 0% N 1 5.0 1 1 3 4.2
SSFM-289  |Hull PVC 4 47 2001 90 75 83% N 0 1.3 1 1 1 1.2
SSFM-291 |Hull PVC 4 50 2001 90 75 83% N 0 1.3 1 1 1 1.2
SSFM-287  |Hull HDPE 2 222 2001 100 85 85% N 0 1.3 1 1 1 1.2
SSFM-286 |Hull PVC 2 2 2001 90 75 83% N 1 1.3 1 1 3 1.4
SSFM-202  |Woodmere DI 6 12 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-189  |Woodmere DI 6 34 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-188  |Woodmere DI 6 42 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-203  |Woodmere DI 6 12 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-182  |Woodmere PVC 6 1 1992 90 66 73% N 1 1.5 1 1 3 1.6
SSFM-185 |Woodmere PVC 6 2 1992 90 66 73% N 1 1.5 1 1 3 1.6
SSFM-179  |Woodmere DI 6 4 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-180 |Woodmere DI 6 4 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-181  |Woodmere DI 6 4 1992 70 46 66% N 1 1.7 1 1 3 1.7
SSFM-171  |Woodmere DI 8 14 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-169  |Woodmere DI 8 2 1992 70 46 66% N 1 1.7 1 1 3 1.7
SSFM-167 |Woodmere CI 8 4 1992 60 36 60% N 1 1.9 1 1 3 1.8
SSFM-176  |Woodmere CI 8 3 1992 60 36 60% N 0 1.9 1 1 1 1.7
SSFM-166 |Woodmere CI 8 18 1992 60 36 60% N 2 1.9 1 1 5 2.0
SSFM-192  |Woodmere DI 14 669 1992 70 46 66% N 1 1.7 3 1 3 1.9
SSFM-231 |Woodmere CI 10 372 1992 60 36 60% N 1 1.9 1 1 3 1.8
SSFM-18  |Woodmere CI 10 655 1992 60 36 60% N 0 1.9 1 1 1 1.7
SSFM-4 Woodmere+Coast Guard + Hull |PVC 16 341 1992 90 66 73% N 2 1.5 1 1 5 1.7
SSFM-284  |Woodmere+Coast Guard + Hull DI 16 96 1992 70 46 66% N 0 1.7 1 1 1 1.6
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Remaining Stream or Stream
Expected | Life Based | Percent River Age Repair | Crossing | Junction | Probability
Diameter | Length | Installation | Asset Life on Remaining | History of | Crossing | Number of | Rating | Rating | Rating Rating of Failure

Asset ID Associated Pump Station Material | (Inches) | (Feet) Year (Years) [Installation | Useful Life ] Repairs (Y or N) Junctions (1-5) (1-5) (1-5) (1-5) (1-5)

SSEFM-276 |Woodmere+Coast Guard + Hull [DI 16 21 1992 70 46 66% N 1 1.7 1 1 3 1.7
SSFM-277  |Woodmere+Coast Guard + Hull DI 16 24 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-295 |Coast Guard DI 8 58 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-24  |Coast Guard CI 8 4090 1943 60 -13 0% N 0 5.0 1 1 1 4.0
SSFM-23  |Coast Guard CI 8 3175 1943 60 -13 0% N 0 5.0 3 1 1 4.2
SSFM-198  |Coast Guard DI 12 51 1943 70 -3 0% N 0 5.0 1 1 1 4.0
SSFM-196 |Coast Guard DI 12 499 1996 70 50 71% N 1 1.6 1 1 3 1.6
SSFM-199  |Coast Guard DI 12 2 1996 70 50 71% N 1 1.6 1 1 3 1.6
SSFM-207 |Coast Guard DI 12 5 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-208 |Coast Guard DI 12 5 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-211 |Coast Guard DI 12 471 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-214  |Coast Guard DI 12 5 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-215 |Coast Guard DI 12 5 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-216  |Coast Guard DI 12 517 1996 70 50 71% N 1 1.6 1 1 3 1.6
SSFM-220 |Coast Guard+Hull DI 12 4 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-218  |Coast Guard+Hull PVC 12 1 1996 90 70 78% N 1 1.4 1 1 3 1.5
SSFM-151 |[TBA AC 12 16 1970 80 34 43% N 0 2.5 1 1 1 2.1
SSFM-28  [TBA AC 12 4834 1970 80 34 43% N 0 2.5 2 1 1 2.2
SSFM-154  |Birchwood CI 14 26 1956 60 0 0% N 0 5.0 1 1 1 4.0
SSFM-30  |Birchwood CI 14 2557 1956 60 0 0% N 0 5.0 1 1 1 4.0
SSFM-122  |Clinch Park DI 4 1 2002 70 56 80% N 1 1.4 1 1 3 1.5
SSFM-123  |Clinch Park DI 4 1 2002 70 56 80% N 0 1.4 1 1 1 1.3
SSFM-124  |Clinch Park DI 4 3 2002 70 56 80% N 0 1.4 1 1 1 1.3
SSFM-127 |Clinch Park DI 4 2 2002 70 56 80% N 1 1.4 1 1 3 1.5
SSFM-125 |Clinch Park DI 4 1 2002 70 56 80% N 1 1.4 1 1 3 1.5
SSFM-126  |Clinch Park DI 4 3 2002 70 56 80% N 0 1.4 1 1 1 1.3
SSFM-128 |Clinch Park DI 4 2 2002 70 56 80% N 1 1.4 1 1 3 1.5
SSFM-129 |Clinch Park DI 4 1 2002 70 56 80% N 1 1.4 1 1 3 1.5
SSFM-130 |Clinch Park DI 4 1 2002 70 56 80% N 1 1.4 1 1 3 1.5
SSFM-120 |Clinch Park DI 4 7 2002 70 56 80% N 2 1.4 1 1 5 1.6
SSFM-121 |Clinch Park PVC 4 7 2002 90 76 84% N 1 1.3 1 1 3 1.4
SSFM-119 |Clinch Park DI 4 3 2002 70 56 80% N 1 1.4 1 1 3 1.5
SSFM-118 |Clinch Park PVC 4 171 2002 90 76 84% N 0 1.3 1 1 1 1.2
SSFM-117 |Clinch Park DI 4 149 2002 70 56 80% N 0 1.4 1 1 1 1.3
SSFM-131 |Clinch Park Area PVC 2 42 2002 90 76 84% N 1 1.3 1 1 3 1.4
SSFM-132  |Clinch Park Area PVC 2 19 2002 90 76 84% Y 0 1.3 1 5 1 1.5
SSFM-155 |Coast Guard-Woodmere Bypass DI 10 69 1992 70 46 66% N 0 1.7 1 1 1 1.6
SSFM-161  |Coast Guard-Woodmere Bypass  [CI 6 5 1992 60 36 60% N 1 1.9 1 1 3 1.8
SSFM-162  |Coast Guard-Woodmere Bypass  [CI 6 8 1992 60 36 60% N 0 1.9 1 1 1 1.7
SSFM-163  |Coast Guard-Woodmere Bypass  [CI 6 3 1992 60 36 60% N 1 1.9 1 1 3 1.8
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Remaining Stream or Stream
Expected | Life Based | Percent River Age Repair | Crossing | Junction | Probability
Diameter | Length | Installation | Asset Life on Remaining | History of | Crossing | Number of | Rating | Rating | Rating Rating of Failure

Asset ID Associated Pump Station Material | (Inches) | (Feet) Year (Years) [Installation | Useful Life ] Repairs (Y or N) Junctions (1-5) (1-5) (1-5) (1-5) (1-5)

SSFM-156 |Coast Guard-Woodmere Bypass  [CI 10 3 1992 60 36 60% N 0 1.9 1 1 1 1.7
SSFM-157  |Coast Guard-Woodmere Bypass  [CI 10 3 1992 60 36 60% N 0 1.9 1 1 1 1.7
SSFM-158 |Coast Guard-Woodmere Bypass  [CI 10 2 1992 60 36 60% N 1 1.9 1 1 3 1.8
SSFM-160  |Coast Guard-Woodmere Bypass  [CI 10 2 1992 60 36 60% N 1 1.9 1 1 3 1.8
SSFM-164 |Coast Guard-Woodmere Bypass  [CI 10 9 1992 60 36 60% N 1 1.9 1 1 3 1.8
SSFM-201 |Coast Guard - Cleanout Branch (DI 12 40 1996 70 50 71% N 0 1.6 1 1 1 1.4
SSFM-200 |Coast Guard - Cleanout Branch  [DI 12 2 1996 70 50 71% N 1 1.6 1 1 3 1.6
SSFM-271  |WWTP DI 16 26 1931 70 -15 0% N 1 5.0 1 1 3 4.2
SSFM-263 |WWTP PVC 16 32 1931 90 5 6% N 1 4.6 1 1 3 3.8
SSFM-283  |WWTP DI 16 44 1931 70 -15 0% N 0 5.0 1 1 1 4.0
SSFM-270 |WWTP PVC 16 27 1931 90 5 6% N 1 4.6 1 1 3 3.8
SSFM-273  |WWTP PVC 16 5 1931 90 5 6% N 1 4.6 1 1 3 3.8

*Ttems in bold were unknown and assumed based on available information.
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Appendix C-D: 5-Year Asset Replacement Recommendations

Max Original Replacement Funding Source
Segment Year Based on Material Replacement
Year BRE Station and Location and Install Date Asset Length (ft) Cost OM&R CIP
[ No Replacements
S Annual Total $0 $0
16.8|Front Street 1991|Force Main 2533 $607,834 X
® 15.6|Front Street - WWTP 1991|Force Main 19 $4,579 X
(?1 14.3|Front Street - WWTP 2001|Force Main 557 $143,951 X
Annual Total $0 $756,364
) No Replacements
S Annual Total $0 $0
§ No Replacements
Q Annual Total $0 $0
- 14.3|Coast Guard 2003|Force Main 7265 $1,162,326 X
(%: 12.6{Coast Guard 2013|Force Main 51 $10,267 X
Annual Total $0 $1,172,593
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Appendix D: Pump Station Inventory and Assessment Technical
Memorandum

A. Introduction

This memorandum summarizes the collection and assessment of data for nine pumping stations
in Traverse City’s sanitary collection system. These stations are shown in the map in Appendix
D-A. The assets associated with each station were inventoried and evaluated for condition and
criticality. The goal of this process is to provide an estimate of the needed annual reserves for
asset maintenance and replacement. An analysis of the annual reserves for replacement are also
included with a criticality based Capital Improvement Plan.

B. Data Collection and Inventory

The nine pumping stations in Traverse City’s collection system are shown on the map in
Appendix D-A. The major components inventoried within each station include but are not
limited to pumps, check/control valves, motors, level control systems, backup powet, structure,
wet well, valve vault, and telemetry. The detailed asset inventory was collected through field
visits, operator input, suppliers’ input, and other sources. Each asset’s information, including
name, category, location, installation date, typical useful life, redundancy, and an estimated cost
to replace, was collected and compiled into the spreadsheet shown in Appendix D-B.

The current condition was assigned based on the judgement of experienced facility design
engineers. The condition rating range from 1 to 5 with 1 being the best condition as shown in
Table D-1.

Table D-1: Condition Ratings

Ratings Asset Condition

Index
1 Excellent, appears new
2 Good, appropriate wear
3 Average, minor life cycle altering defects
4 Poor, significant wear but functional
5 Very poor, failure of intended function

Asset types or categories (i.e. pumps, valves, electrical components, etc.) have expected useful
life numbers based on manufacturer experiences that can predict when an asset is likely to stop
functioning. However, each asset has a unique useful life number based on the current condition
and the age of an individual asset. The determination of the unique useful life number for each
asset was modified considering current condition, age, and the judgement of experienced facility

design engineers.

A Probability of Failure (POF) value was determined based on the percentage of remaining
useful life. The POF predicts the likelihood of an asset to fail. The POF for each asset was
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determined using the chart and the trend line shown in Tables D-2, D-3 and D-4 and Figures D-
1 and 2. Different trend lines were developed for the mechanical and electrical components and
the structural components. Structural components like wet wells or valve vaults are less likely to
fail since they have much longer useful lives and are often repaired instead of replaced.
Generally, impending structural failure is visually apparent and can be addressed in a timely

manner.

Table D-2: Probability of Failure

Score Description \

1 Improbable

2 Remote, unlikely but possible
3 Possible

4 Probable, likely

5 Imminent, likely in near future

Table D-4: Probability of Failure for

Table D-3: Probability of Failure for
Structural Assets

Mechanical and Electrical Assets

Remaining [ Probability of Remaining | Probability of
Useful Life Failure Useful Life Failure
10% 5 10% 4
15% 4 18% 3.5
25% 3 25% 3
40% 2 35% 2.5
50% 1.5 45% 2
70% 1 70% 1
Remaining Useful Life Remaining Useful Life
100% 80% 60% 40% 20% 0% 100% 80% 60% 40% 20% 0%
1 1
] Se.
3 3 9]
2 3 2 B
y = 6.048¢ 260 ° ¥ = 5.2965¢ 2% &
'5 ,E‘ J 3 C
4 5 4 8
~
5 5
Figure D-1: Probability of Failure for Figure D-2: Probability of Failure for
Structural Assets Mechanical and Electrical Assets
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The Consequence of Failure (COF) determines the effect of an individual asset failure on system
operations. Each value was determined by an experienced engineer corresponding to the
descriptions in Table D-5.

Table D-5: Consequence of Failure

Score Effect

1 Negligible, minor loss of function
Minimal or marginal

Noticeable, may suspend some operations
Critical, temporarily suspends operations
Catastrophic disruption

oA W

The Consequence of Failure and Probability of Failure are multiplied to determine a Business
Risk Exposure (BRE). The BRE is used to determine the criticality of an asset to system
operation and is helpful for prioritizing limited funding. BRE ranges from 1-25. Generally, assets
with BRE less than 8 are considered non-critical and greater than 16 are considered critical.
Assets with higher BRE scores are more likely to need immediate attention. Assets with lower
BRE have longer remaining useful lives but still need to be maintained.

C. Field Investigative Findings and Issues

Traverse City’s pump stations are very well maintained. Many assets are functioning past the
manufacturer specified useful life. The system is likely incurring higher annual maintenance and
repair costs to forestall greater capital costs in the future.

There are several stations with critical assets likely to fail in the near future. These are noted in
Table D-0, along with any other notable comments from inventory. A detailed list of the assets
expected to fail over the next five years is available in Appendix D-C.
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Table D-6: Pumping Station Issues

Facility = Station  Structure Approx.

D Type Install
Year
SSNS-6  Riverine Lift 1983 *  Pumps, motors and check valves are nearing
Station the end of the expected service life and should

be monitored closely.

*  Heavy grease load at this station can adversely
affect the pumps and check valves.

SSNS-10 Coast Lift 1995 *  Both submersible pumps ate near the end of
Guard Station their expected service life. Although they are
functioning, they should be closely monitored.

¢ The chart recorder is not in service.

SSNS-18  Hull Park Lift 2001 * In 2015 it appeared that the pump was not
Station propetly seated causing recirculation in the
wet well.
SSNS-4 Clinch Lift 2003 e No adverse comments.
Park Station
SSNS-2  Bay Street Lift 1994 *  Both submersible pumps ate near the end of
Station their expected service life. Although they are

functioning, they should be closely monitored.

SSNS-7 | Birchwood Lift 2002 e No adverse comments.
Station

SSNS-16  Front St Lift 1930/1996 *  Pumps need to be frequently unclogged due
Station to rags and other debris. The result is high

maintenance costs. In the future when the
pumps need to be replaced, consider dry pit
submersible pumps that have better solids

handling ability.

D. Annual Capital Reserves and Capital Improvement Plan

This analysis provides an overview of the cost projections with the anticipation that a
combination of funding sources will be the best solution to manage Traverse City’s pumping
station assets. The breakdown considers the annual cash reserves to set aside annually to replace
assets with Expected Asset Lives of 20 years or less. It also considers the total capital costs to
replace assets with Expected Asset Lives greater than 20 years. The annual reserve needed is
based on the assets’ replacement cost divided by the Expected Asset Life. The total capital cost
is that of replacing the asset at the year of failure. If an asset is expected to be replaced using
cash reserves, a replacement fund should be incorporated into revenue requirement calculations.
Capital assets with Expected Asset Lives greater than 20 years are not funded annually by a
Traverse City — Wastewater Asset Management Plan
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replacement fund and are not incorporated into the revenue requirement. The capital costs are
substantial and should have some additional funding sources which may include bonds or other
established accounts. The values used are based on 2015 dollars and do not include inflation. It
is anticipated that Traverse City will need to review and revise the projected repair and
replacement schedule to ensure that resulting revenue requirements are reasonable.

Table D-7 includes both the cash reserves set aside in a replacement fund and capital costs
summed over the next five years and by station. As the pump stations age, it may be useful to
consider replacing several assets at one station at once. In many instances, a number of assets in
one station are expected to fail around the same time. It may also be practical to consider
prioritizing stations that are more critical to the system or those with capacity issues. The issues
listed for the pump stations in Table D-6 provide a manageable starting point for improvement
necessary in the next five years. A detailed list of the assets expected to fail over the next five
years is available in Appendix D-C.

The annual cash reserves that should be set aside for replacement and repair of existing assets
over the next 5 years is shown in Table D-7 by station. The replacement costs for each asset at
each station are divided by the manufacturer predicted lifetime of the asset to calculate the
replacement funds to be set aside annually in an OM&R account. Taking into account the ages
of current assets with Expected Asset Lifetimes of 20 years or less, Traverse City’s OM&R fund
should already contain approximately $140,000 for upcoming replacements at the City’s
pumping stations.
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Table D-7: Annual Cash Reserves for Replacement and Repair

Station Annual Capital Fund
Replacement

Bay Street $2,450 $0 $0 $0 | $15,000 $0 $0
Birchwood $500 $0 $0 $0 $0 $0 $0
Clinch Park $1,000 $0 $0 $0 $0 $0 $0
Coast Guard $2,700 $0 $0 $0 $0  $15,000 $0
Front St $1,300 $0 $0 $0 $0 $0  $45,000
Hull Park $230 $0 $0 $0 $0 $0 $0
Riverine $250 $0 $0  $39,400 $0 $0 $0
TBA $250 $0  $36,000  $15,000 $0 $4,000 $0
Woodmere $450  $8,500 $0 $0 $0  $34,500 $0

Grand Total $9,130  $8,500  $36,000  $54,400  $15,000  $53,500  $45,000

In Figure D-3, the cash reserves necessary for replacement are compared to the capital cost for
replacement at failure year. The capital cost spikes are due to estimated failures at the indicated

year.
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Figure D-3: Funding Necessary over Time

E. Recommendations

The multitudes of information gathered during the inventory and assessment will be compiled
into a GIS geodatabase. The data presented in this memorandum provide an overview of the
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cost projections with the understanding that some combination of funding sources will be the
best solution to manage Traverse City’s pumping station assets. Future iterations will be
documented with final agreed upon plan and funding mechanisms presented to the MDEQ in
the rate analysis and Asset Management Plan. This section of the report will be expanded to

reflect the final decisions.

Future work will include a comprehensive capital improvement plan for the system. A holistic
approach to future improvements will incorporate results from assessments of the rest of the

collection and treatment system.

In any AMP, it is vital to actively assess your system. As the pump station assets age and are
replaced, their probability of failure and system criticality change. These changes should be

reflected in planning.

Traverse City — Wastewater Asset Management Plan
Appendix D: Pump Station Inventory and Assessment Technical Memorandum
May 2017



Appendix D-A: Map of Traverse City’s Lift Stations
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Appendix D-B: Assessment and Inventory Table

Legend by Column Number Heading:

: Unique Asset ID

: Pump Station

: Asset Type

: Description of Asset
: Installation Year

: Expected Asset Life (Year): Based on manufacturer specifications

~N O O AW N -

: Remaining Life Based on Installation Date (Years):
7 =5+ 6 — Current Evaluation Year

8: Condition: Assigned based on the judgement of experienced facility design engineer
9: Predicted Remaining Life Based on Condition (Years): Assigned based on the judgement of
experienced facility design engineer
10: Asset Life Based on Install Date and Predicted Life (Years):

10 = Current Evaluation Year + 9 — 5
11: Percent Remaining Useful Life

11 =9 / 10) * 100%
12: Consequence of Failure: Assigned based on the judgement of experienced facility design
engineer
13: Probability of Failure: Empirically based on Remaining Useful Life

13 = function of 11
14: Business Risk Exposure

14=12*13
15: Replacement Year

15 = Current Evaluation Year + 9
16: 2015 Replacement Cost: Assigned based on the judgement of experienced facility design
engineer
17: 2015 Value Assuming Linear Depreciation: Assumes depreciation based on asset’s total
predicted life

17=11*16
18: Annual Replacement Cost When Predicted Life < 20 Years: If an asset has a total predicted life
of less than 20 years, it should be funded from a dedicated replacement fund on an annual basis

18 =16 / 10if 16 < 20 years
19: Funding Source: CIP for assets with useful life > 20 years assumes no dedicated saving annually
for asset replacement vs OM&R for assets with useful life < 20 years assumes a dedicated
replacement fund on an annual basis
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Appendix D-B: Assessment and Inventory Table

Annual
Expecte | Remaining Life Predicted Asset Life Based 2015 Value | Replacement
d Asset Based on Remaining Life on Install Date Percent 2015 Assuming Cost When
Asset Installation Life | Installation Date Based on and Predicted Remaining | Consequence |Probability of | Business Risk | Replacement | Replacement Linear Predicted Life] Funding
1D Station Asset Description Year (Years) (Years) Condition | Condition (Years) Life (Years) Useful Life of Failure Failure Exposure Year Cost Depreciation | <20 Years Source
TBA Pump #1 Dry Pit Vertical 1969 30 -16 4 2 48 4% 3 5.0 15.0 2017 $18,000 $750 $0|CIP
TBA Pump #2 Dry Pit Vertical 1969 30 -16 4 2 48 4% 3 5.0 15.0 2017 $18,000 $750 $0jCIP
TBA Check/Control Valve #1 Swing Check 6" 1969 35 -11 3 5 51 10% 3 4.7 14.0 2020 $2,000 $196 $0jCIP
TBA Check/Control Valve #2 Swing Check 6" 1969 35 -11 3 5 51 10% 3 4.7 14.0 2020 $2,000 $196 $0|CIP
TBA Motor #1 Dry pit ODP 1969 30 -16 3 2 48 4% 3 5.0 15.0 2017 $0 $0 $0jCIP
TBA Motor #2 Dry pit ODP 2012 30 27 3 27 30 90% 3 1.0 3.0 2042 $0 $0 $0jCIP
TBA Control Panel 1969 25 -21 4 3 49 6% 4 5.0 20.0 2018 $15,000 $918 $0jCIP
TBA Level Control System Floats 1969 10 -36 3 5 51 10% 4 4.7 18.6 2020 $500 $49 $50]JOM&R
TBA Telemetry Sensiphone autodialer 1969 20 -26 2 5 51 10% 2 4.7 9.3 2020 $4,000 $392 $200|OM&R
TBA Dry Well Steel Can 1969 70 24 4 10 56 18% 4 3.5 14.1 2025 $20,000 $3,571 $0jCIP
TBA Wet Well large wet well with cat walk 1969 70 24 3 24 70 34% 4 2.4 9.6 2039 $15,000 $5,143 $0jCIP
Riverine Pump #1 Dry Pit Vertical 1983 30 -2 3 3 35 9% 3 4.8 14.4 2018 $11,000 $943 $0|CIP
Riverine Pump #2 Dry Pit Vertical 1983 30 -2 3 3 35 9% 3 4.8 14.4 2018 $11,000 $943 $0jCIP
Riverine Check/Control Valve #1 Swing Check 4" 1983 35 3 3 3 35 9% 3 4.8 14.4 2018 $1,200 $103 $0jCIP
Riverine Check/Control Valve #2 Swing Check 4" 1983 35 3 3 3 35 9% 3 4.8 14.4 2018 $1,200 $103 $0jCIP
Riverine Motor #1 Dry pit 1983 30 -2 3 3 35 9% 3 4.8 14.4 2018 $0 $0 $0jCIP
Riverine Motor #2 Dry pit 1983 30 -2 3 3 35 9% 3 4.8 14.4 2018 $0 $0 $0jCIP
Riverine Control Panel 1983 25 -7 3 3 35 9% 4 4.8 19.2 2018 $15,000 $1,286 $0jCIP
Riverine Level Control System Floats 1983 10 -22 2 5 37 14% 3 4.2 12.7 2020 $500 $68 $50JOM&R
Riverine Backup Floats Floats 1983 10 -22 2 5 37 14% 3 4.2 12.7 2020 $500 $68 $50|OM&R
Riverine Telemetry Sensiphone autodialer 1983 20 -12 2 5 37 14% 2 4.2 8.4 2020 $3,000 $405 $150]OM&R
Riverine Dry Well Steel Can 1983 70 38 2 38 70 54% 4 1.5 6.1 2053 $20,000 $10,857 $0jCIP
Riverine Wet Well 8'diameter 1983 70 38 2 38 70 54% 4 1.4 5.7 2053 $15,000 $8,143 $0jCIP
Coast Guard Pump #1 Submersible 1995 20 0 3 5 25 20% 3 3.5 10.6 2020 $18,000 $3,600 $900]OM&R
Coast Guard Pump #2 Submersible 1995 20 0 3 5 25 20% 3 3.5 10.6 2020 $18,000 $3,600 $900JOM&R
Coast Guard Check/Control Valve #1 Swing Check 6" 1995 35 15 3 15 35 43% 3 19 5.8 2030 $2,000 $857 $0JCIP
Coast Guard Check/Control Valve #2 Swing Check 6" 1995 35 15 3 15 35 43% 3 19 5.8 2030 $2,000 $857 $0JCIP
Coast Guard Control Panel 1995 25 5 3 5 25 20% 4 3.5 14.2 2020 $15,000 $3,000 $0JCIP
Coast Guard Level Control System Milltronics sonic 1995 20 0 2 5 25 20% 3 3.5 10.6 2020 $4,000 $800 $200|OM&R
Coast Guard Flow Meter F & P Magmeter 1995 20 0 4 20 0% 1 5.0 5.0 2015 $10,000 $0 $500JOM&R
Coast Guard Telemetry Sensiphone autodialer 1995 20 0 2 25 20% 3 3.5 10.6 2020 $4,000 $800 $200|OM&R
Coast Guard Structure Brick & block building 1995 70 50 2 50) 70 71% 4 1.0 4.0 2065 $15,000 $10,714 $0JCIP
Coast Guard Wet Well concrete, 10' Dia Precast 1995 70 50 3 50 70 71% 4 1.0 4.0 2065 $15,000 $10,714 $0JCIP
Coast Guard Valve Vault Concrete 1995 70 50 3 50) 70 71% 4 1.0 4.0 2065 $6,000 $4,286 $0jCIP
Hull Park Pump #1 Grinder 2013 20 18 2 18 20 90% 3 1.0 3.0 2033 $3,600 $3,240 $180JOM&R
Hull Park Control Panel 2001 25 11 2 11 25 44% 3 1.9 5.6 2026 $15,000 $6,600 $0JCIP
Hull Park Level Control System Floats 2001 10 -4 2 5 19 26% 3 3.0 9.0 2020 $500 $132 $50|OM&R
Hull Park Wet Well 3' FRP 2001 70 56 2 56 70 80% 3 1.0 3.0 2071 $4,000 $3,200 $0jCIP
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Appendix D-B: Assessment and Inventory Table

Annual
Expecte | Remaining Life Predicted Asset Life Based 2015 Value | Replacement
d Asset Based on Remaining Life on Install Date Percent 2015 Assuming Cost When
Asset Installation Life | Installation Date Based on and Predicted Remaining | Consequence |Probability of | Business Risk | Replacement | Replacement Linear Predicted Life] Funding
1D Station Asset Description Year (Years) (Years) Condition | Condition (Years) Life (Years) Useful Life of Failure Failure Exposure Year Cost Depreciation | <20 Years Source
Clinch Park Pump #1 Submersible 2003 20 8 3 8 20 40% 3 2.1 6.2 2023 $7,500 $3,000 $375]OM&R
Clinch Park Pump #2 Submersible 2013 20 18 2 18 20 90% 3 1.0 3.0 2033 $7,500 $6,750 $375|OM&R
Clinch Park Check/Control Valve #1 Swing Check 4" 2003 35 23 3 23 35 66% 3 1.0 3.1 2038 $1,200 $789 $0jCIP
Clinch Park Check/Control Valve #2 Swing Check 4" 2003 35 23 3 23 35 66% 3 1.0 3.1 2038 $1,200 $789 $0jCIP
Clinch Park Control Panel 2003 25 13 3 13 25 52% 4 1.5 6.0 2028 $15,000 $7,800 $0jCIP
Clinch Park Level Control System Floats 2003 10 -2 2 5 17 29% 3 2.8 8.3 2020 $500 $147 $50]JOM&R
Clinch Park Backup Floats 2003 10 -2 2 5 17 29% 3 2.8 8.3 2020 $500 $147 $50]OM&R
Clinch Park Telemetry Sensiphone autodialer 2003 20 8 3 8 20 40% 2 2.1 4.2 2023 $3,000 $1,200 $150]OM&R
Clinch Park Wet Well concrete, 6' Dia Precast 2003 70 58 2 58 70 83% 4 1.0 4.0 2073 $15,000 $12,429 $0jCIP
Clinch Park Valve Vault Concrete 2003 70 58 2 58 70 83% 4 1.0 4.0 2073 $6,000 $4,971 $0|CIP
Bay Street Pump #1 Submersible 1994 20 -1 3 3 24 13% 2 4.3 8.7 2018 $11,000 $1,375 $550]OM&R
Bay Street Pump #2 Submersible 1994 20 -1 3 24 13% 2 4.3 8.7 2018 $11,000 $1,375 $550]OM&R
Bay Street Check/Control Valve #1 Swing Check 6" 1994 35 14 3 14 35 40% 2 2.1 4.2 2029 $2,000 $800 $ojcip
Bay Street Check/Control Valve #2 Swing Check 6" 1994 35 14 3 14 35 40% 2 2.1 4.2 2029 $2,000 $800 $0jCIP
Bay Street Control Panel 1994 25 4 2 4 25 16% 2 3.9 7.9 2019 $15,000 $2,400 $ojCIP
Bay Street Level Control System Milltronics sonic 1994 20 -1 2 5 26 19% 3 3.6 10.9 2020 $4,000 $769 $200|OM&R
Bay Street Telemetry Sensiphone dialer 1994 20 -1 2 5 26 19% 2 3.6 7.2 2020 $4,000 $769 $200|OM&R
Bay Street Backup Floats 1994 10 -1 3 5 26 19% 4 3.6 14.5 2020 $500 $96 $50]OM&R
Bay Street Flow Meter F & P Magmeter 1994 20 -1 4 1 22 5% 1 5.0 5.0 2016 $10,000 $455 $500]OM&R
Bay Street Structure Brick & glazed block building 1994 70 49 2 49 70 70% 4 1.1 4.2 2064 $15,000 $10,500 $ojCIP
Bay Street Wet Well concrete, 8' Dia Precast 1994 70 49 2 49 70 70% 4 1.1 4.2 2064 $15,000 $10,500 $ojCIP
Bay Street Other Mixer 2014 10 9 3 9 10 90% 2 1.0 2.0 2024 $4,000 $3,600 $400JOM&R
Bay Street Valve Vault Concrete 1994 70 49 2 49 70 70% 2 1.1 2.1 2064 $6,000 $4,200 $ojCIP
Woodmere Pump #1 Dry Pit Submersible 1994 25 4 4 1 22 5% 3 5.0 15.0 2016 $8,500 $386 $0jCIP
Woodmetre Pump #2 Dry Pit Submersible 1994 25 4 3 5 26 19% 3 3.6 10.9 2020 $8,500 $1,635 $0jCIP
Woodmere Check/Control Valve #1 Swing Check 6" 2011 35 31 2 31 35 89% 3 1.0 3.0 2046 $2,000 $1,771 $0jCIP
Woodmetre Check/Control Valve #2 Swing Check 6" 2011 35 31 2 31 35 89% 3 1.0 3.0 2046 $2,000 $1,771 $0jCIP
Woodmetre Control Panel 1994 25 4 2 5 26 19% 4 3.6 14.5 2020 $15,000 $2,885 $0jCIP
Woodmere Level Control System Milltronics sonic 1994 20 -1 2 5 26 19% 3 3.6 10.9 2020 $4,000 $769 $200|OM&R
Woodmetre Backup Floats 1994 10 -11 3 5 26 19% 3 3.6 10.9 2020 $500 $96 $50]OM&R
Woodmere Telemetry Sensiphone autodialer 1994 20 -1 3 5 26 19% 2 3.6 7.2 2020 $4,000 $769 $200|OM&R
Woodmetre Flow Meter E & H Magmeter 1994 25 4 3 5 26 19% 1 3.6 3.6 2020 $11,000 $2,115 $0jCIP
Woodmetre Structure Brick & block building 1994 70 49 2 49 70 70% 4 1.1 4.2 2064 $15,000 $10,500 $0jCIP
Woodmetre Wet Well 6'x8' Concrete 1994 70 49 2 49 70 70% 4 1.1 4.2 2064 $15,000 $10,500 $0jCIP
Woodmetre Valve Vault Concrete 1994 70 49 2 49 70 70% 4 1.1 4.2 2064 $6,000 $4,200 $ojCIP
Woodmere Dry Well 8'x8' 1994 70 49 2 49 70 70% 4 1.1 4.2 2064 $6,000 $4,200 $0|CIP
Birchwood Pump #1 Dry Pit Submersible 2002 30 17 2 17 30 57% 3 1.3 4.0 2032 $18,000 $10,200 $ojcIip
Birchwood Pump #2 Dry Pit Submersible 2002 30 17 2 17 30 57% 3 1.3 4.0 2032 $18,000 $10,200 $ojCIP
Birchwood Check/Control Valve #1 Swing Check 8" 2002 35 22 2 22 35 63% 3 1.1 3.4 2037 $3,000 $1,886 $ojCIP
Birchwood Check/Control Valve #2 Swing Check 8" 2002 35 22 2 22 35 63% 3 1.1 3.4 2037 $3,000 $1,886 $ojCIP
Birchwood Control Panel 2002 25 12 2 12 25 48% 4 1.7 6.7 2027 $15,000 $7,200 $ojCIP
Birchwood Level Control System Milltronics sonic 2002 20 7 3 20 35% 3 2.4 7.1 2022 $4,000 $1,400 $200|OM&R
Birchwood Backup Floats 2002 10 -3 3 15 13% 3 4.2 12.7 2017 $500 $67 $50]OM&R
Birchwood Telemetry Sensiphone autodialer 2002 20 7 2 20 35% 2 2.4 4.8 2022 $5,000 $1,750 $250|OM&R
Birchwood Backup Power Generator on site 2002 30 17 2 17 30 57% 3 1.3 4.0 2032 $38,000 $21,533 $0JCIP
Birchwood Structure Concrete & Brick 2002 70 57 2 57 70 81% 4 1.0 4.0 2072 $20,000 $16,286 $ojCIP
Birchwood Wet Well 4'x13' Concrete 2002 70 57 2 57 70 81% 4 1.0 4.0 2072 $15,000 $12,214 $ojCIP
Birchwood Pump & Valve Vault Concrete 2002 70 57 2 57 70 81% 4 1.0 4.0 2072 $6,000 $4,886 $ojCcIP
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Appendix D-B: Assessment and Inventory Table

Annual
Expecte | Remaining Life Predicted Asset Life Based 2015 Value | Replacement
d Asset Based on Remaining Life on Install Date Percent 2015 Assuming Cost When
Asset Installation Life | Installation Date Based on and Predicted Remaining | Consequence |Probability of | Business Risk | Replacement | Replacement Linear Predicted Life] Funding
1D Station Asset Description Year (Years) (Years) Condition | Condition (Years) Life (Years) Useful Life of Failure Failure Exposure Year Cost Depreciation | <20 Years Source
Front St Pump #2 Dry Pit Vertical 1996 30 11 3 10 29 34% 2 2.4 4.8 2025 $80,000 $27,586 $0jCIP
Front St Pump #3 Dry Pit Vertical 1996 30 11 3 10 29 34% 2 2.4 4.8 2025 $80,000 $27,586 $0jCIP
Front St Pump #4 Dry Pit Vertical 1996 30 11 3 10 29 34% 2 2.4 4.8 2025 $80,000 $27,586 $0jCIP
Front St Check/Control Valve #2 Swing Check 12" 1996 35 16 3 16 35 46% 2 1.8 3.6 2031 $7,000 $3,200 $0jCIP
Front St Check/Control Valve #3 Swing Check 12" 1996 35 16 3 16 35 46% 2 1.8 3.6 2031 $7,000 $3,200 $0jCIP
Front St Check/Control Valve #4 Swing Check 12" 1996 35 16 3 16 35 46% 2 1.8 3.6 2031 $7,000 $3,200 $0jCIP
Front St Motor #2 Dry Pit 1996 30 11 2 10 29 34% 2 2.4 4.8 2025 $0 $0 $0jCIP
Front St Motor #3 Dry Pit 1996 30 11 3 10 29 34% 2 2.4 4.8 2025 $0 $0 $0jCIP
Front St Motor #4 Dry Pit 1996 30 11 3 10 29 34% 2 2.4 4.8 2025 $0 $0 $0jCIP
Front St Control Panel #2 VED 1996 25 6 3 6 25 24% 2 32 6.4 2021 $15,000 $3,600 $0jCIP
Front St Control Panel #3 VED 1996 25 6 3 6 25 24% 2 32 6.4 2021 $15,000 $3,600 $0jCIP
Front St Control Panel #4 VED 1996 25 6 3 6 25 24% 2 32 6.4 2021 $15,000 $3,600 $0jCIP
Front St Level Control System Milltronics sonic 1996 20 1 3 5 24 21% 3 3.5 10.4 2020 $4,000 $833 $200|OM&R
Front St Backup Floats Floats 1996 10 -9 3 2 21 10% 3 4.7 14.1 2017 $1,000 $95 $100]OM&R
Front St SCADA Panel Wireless link 2 2 PLC 5 1996 20 1 3 5 24 21% 3 3.5 10.4 2020 $20,000 $4,167 $1,000]OM&R
Front St Backup Power Generator on site 1996 30 11 3 11 30 37% 4 2.3 9.1 2026 $125,000 $45,833 $0JCIP
Front St Structure 37'x22', Brick, stone 1930 70 -15 3 25 110 23% 4 3.1 12.6 2040 $80,000 $18,182 $0jCIP
Front St Wet Well 37'x6' 1930 70 -15 3 25 110 23% 4 3.1 12.6 2040 $30,000 $6,818 $0jCIP
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Appendix D-C: 5-Year Asset Replacement Recommendations

. Funding Source
Year Business [ Replacement
Asset ID Station Asset Risk Cost OM&R CIP
n X
p= 0]|Coast Guard Flow Meter 5 10000
o Annual Total | $10,000 $0
© 0|Bay Street Flow Meter 5 10000 X
b=y 0|Woodmere Pump #1 15 8500 X
- Annual Total | $10,000 | $8,500
0[Birchwood Backup Floats 13 500 X
O[Front St Backup Floats 14 1000 X
~ 0[TBA Pump #1 15 18000 X
Q 0|TBA Pump #2 15 18000 X
0[TBA Motor #1 15 0 X
Annual Total | $1,500 | $36,000
0[Bay Street Pump #1 9 11000 X
0[Bay Street Pump #2 9 11000 X
O|Riverine Pump #1 14 11000 X
O[Riverine Pump #2 14 11000 X
0 0|Riverine Check/Control Valve #1 14 1200 X
§ O[Riverine Check/Control Valve #2 14 1200 X
O|Riverine Motor #1 14 0 X
O|Riverine Motor #2 14 0 X
O|Riverine Control Panel 19 15000 X
0[TBA Control Panel 20 15000 X
Annual Total | $22,000 | $54,400
2 0|Bay Street Control Panel 8 15000 X
o Annual Total $0 $15,000
0|Bay Street Level Control System 11 4000 X
0|Bay Street Telemetry 7 4000 X
0|Bay Street Backup Floats 14 500 X
0|Clinch Park Level Control System 8 500 X
0[Clinch Park Backup Floats 8 500 X
0]|Coast Guard Pump #1 11 18000 X
0[Coast Guard Pump #2 11 18000 X
0]|Coast Guard Control Panel 14 15000 X
0[Coast Guard Level Control System 11 4000 X
0]|Coast Guard Telemetry 11 4000 X
0|Front St Level Control System 10 4000 X
0[Front St SCADA Panel 10 20000 X
o O[Hull Park Level Control System 9 500 X
S O|Riverine Level Control System 13 500 X
~ 0[Riverine Backup Floats 13 5000 X
O|Riverine Telemetry 8 3000 X
0[TBA Check/Control Valve #1 14 2000 X
0[TBA Check/Control Valve #2 14 2000 X
0[TBA Level Control System 19 500 X
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Appendix D-C: 5-Year Asset Replacement Recommendations

. Funding Source
Year Business [ Replacement
Asset ID Station Asset Risk Cost OM&R CIP
0|TBA Telemetry 9 4000 X
0[Woodmere Pump #2 11 8500 X
0|Woodmere Control Panel 14 15000 X
0[Woodmere Level Control System 11 4000 X
0[Woodmere Backup Floats 11 500 X
0[Woodmere Telemetry 7 4000 X
0|Woodmere Flow Meter 4 11000 X
Annual Total | $95,000 | $53,500
O[Front St Control Panel #2 6 15000 X
b 0|Front St Control Panel #3 6 15000 X
S O[Front St Control Panel #4 6 15000 X
Annual Total $0 $45,000
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Appendix E: Hydrologic and Hydraulic Technical Memorandum

A. Introduction

Using SAW Grant Program Assistance, Traverse City retained OHM Advisors to assess
infiltration and inflow concerns within the Traverse City wastewater system. To address these
concerns, OHM worked with Martin Control Services (MCS) to install 8 temporary flow meters
and one rain gauge for the duration of 6 months during 2015. Flows were recorded from these
meters, as well as the permanent Wastewater Treatment Plant (WWTP) flow meter, under
varying antecedent moisture conditions and used to determine a wet weather response for the
development of hydrologic modeling parameters. These parameters were applied to a hydraulic
model of the system’s main trunks and used to evaluate the current system.

This memorandum summarizes the results from the Antecedent Moisture Model (AMM)
method to estimate peak flow rates, hydraulic modeling to evaluate conditions during peak flow

rates, and a comparison of modeled peak flows to lift station capacities.

Most of the system showed little to no discernable wet weather response, indicating that wet
weather flows are not generally a significant issue within this system. The one exception was
Meter District 3 (Figure E-1), where increased peak flows in response to wet weather conditions
were observed and an AMM was developed. Benchmarking data suggests that the capture
coefficient (percentage of rainfall that enters the collection system) for these storm events is
fairly low compared to other sanitary sewer systems, however the effect on peak flows is fairly
high with a peaking factor in the top 80th percentile of benchmarked systems. A model for the
WWTP was also completed to verify the overall wet weather response of the system, including
the incremental areas downstream of the temporary meters. The WWTP also had a low wet
weather response, making it one of the driest systems OHM has ever observed. The AMM
model was applied at these two locations for the following uses:

*  Meter District 3
0 This model was developed for Meter District 3, which had the greatest wet weather
response. This area is to the west of Boardman Lake and enters the main trunk just
upstream of Meter 4. Results were used to determine peak flows for the meter
district and in benchmarking comparisons to other systems.

e WWTP
0 This model was developed to measure the wet weather flow response of the entire
Traverse City System. Results were used in benchmarking comparisons to other
systems and to determine the flow rate during peak flows.
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For the Traverse City flow analysis, the calibrated models from the two analysis points were used
to determine the 10-year frequency peak wet weather flows. The 10-year frequency flow is
critical in Michigan, as the 2002 SSO Policy (MDEQ) makes a specific reference to collection
systems being designed so as to overflow less than once in ten years; in other words, systems
should be designed to safely convey the 10-year recurrence interval flow rate.

The remaining districts were evaluated using a peaking factor determined from the Ten State
Standards formula for peak design flows. It was found that the Ten State Standards formula
resulted in a higher (more conservative) peak hour flow when the incremental WWTP districts
were summed than the 10-year flow predicted by the WWTP AMM model. This confirmed that
the use of Ten State Standards would not cause an under prediction of peak flows within the
model. For Meter District 3, the 10-year frequency peak flow was greater than the Ten State
Standards peak design flow and so the 10-year frequency flow was used. Hydraulic conditions
during these peak hour flows were evaluated using an EPA SWMM hydraulic model and lift
station capacities were compared to expected inflows. Any deficiencies within the system are

summarized and recommendations provided.
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B. Background

1. Purpose and Scope

1. Temporary Flow Metering: The purpose of this task was to install temporary flow meters
near existing pump stations and other key locations within the Traverse City collection
system to capture local sewer flow response during both dry and wet weather conditions.
Once the data were gathered, meter math was conducted for each meter district to
obtain incremental flows and identify locations of higher inflow/infiltration.

2. Develop hydrologic model for selected metered districts. The purpose of using the AMM was to
create a continuous hydrologic model that predicts the effects of a wet weather response.
The model is calibrated to optimize the accuracy of fit to the observed conditions. Only
meter districts which showed sufficient inflow/infiltration responses were modeled.

3. Develop hydranlic model of the collection system’s trunk. The purpose of this task was to evaluate
the hydrologic responses and hydraulic performance of the wastewater collection system,
noting any specific problems related to elevated base flows, wet weather flows, and
hydraulic deficiencies under peak flow conditions. This analysis focused on the City’s
larger-diameter sewer systems, primarily downstream of key sewersheds and pump
stations.

4. Transition the hydranlic model files to City staff and provide training. The model was created with
EPA SWMM version 5.1 which is available as a free download from the EPA’s website.
This task will be completed following the submittal of this memo and will ensure that
staff have an understanding of the model structure and capabilities.

C. Hydrology

1. Antecedent Moisture Model (AMM)

This study utilizes the AMM, which is a continuous hydrologic model that can accurately
account for antecedent moisture and its effect on sanitary sewer wet weather response over
continually varying climate conditions. Antecedent moisture is a term that describes the
relative wetness or dryness of a sewershed. The AMM takes into consideration the ground’s
moisture and more accurately predicts the sewershed response to base groundwater flow and
rainfall dependent inflow and infiltration over an extended period of time using rainfall and
air temperature data.

2. Development of Antecedent Moisture Model

AMMs were developed for Meter District 3 and the WWTP. Other metered districts had wet

weather flow responses that were too low to develop a reliable hydrologic model. The

metering data for the other districts was necessary to determine that inflow and infiltration

during wet weather was not a major concern. With the meter data successfully demonstrating

that they were in good shape, Meter District 3 and the WWTP could be focused on.
Traverse City — Wastewater Asset Management Plan
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Once the meter and rain data were formatted and filtered, meter math was conducted for
each meter district in order to isolate the contributing sewersheds for each meter. The meter
districts are shown in Figure E-1 with the meter math used to determine the flows from each
district.

Long term hourly rainfall data used for the AMM frequency analysis were obtained for the
period of 1958-2013 through the National Oceanic and Atmospheric Administration’s
(NOAA) website from COOP: 208246. This station is located within 2.3 miles of the
Wastewater Treatment Plant. Daily temperature data for the same time period were obtained
from the Cherry Capital Airport Weather Station (WMO: 726387).

3. Calibration

Six months (March 27 — September 4, 2015) of meter data were used to build and calibrate
the AMM. To calibrate the models, the diurnal flow pattern was filtered out and specific
storms were defined. The daily diurnal flow pattern was filtered so that the resulting
observed flow signal only contained inflow and infiltration (I/I). The storms that were
chosen were based on the total event rainfall. These storms each have a minimum of 0.5
inches of total rainfall and generally consist of uniform rainfall distribution. The storm
events used in this analysis are listed in Table E-1. Only the May 24 — 25" storm exceed the
24-hour 1-year storm event rainfall (2.0 inches) as defined by NOAA’s Atlas 14 Precipitation
Frequency Estimates.

Table E-1: Summary of Model Storms -- 2015 Temporary Monitoring Period

4/9/2015* 1.1
5/24/2015 2.1
8/2/2015 1.3
8/18/2015 1.0

“The4/9/2015 storm event was not used for Meter District 3 AMM model calibration due to changing dinrnal patters that
probibited proper filtering of the diurnal flows.

Calibration adjustments were made based on the model flow fitting the observed meter flow

data as accurately as possible.

4. Accuracy of Fit

To quantify the percent error of peak flows and volumes for each storm, accuracy of fit
plots were created. These plots are illustrated in Appendix E-A. For each storm, the total
errors for peak flow and volume were calculated as well as the net error of each. Net error is
the average of all the errors and allows positive and negative values. Total error is the
average of the absolute value of the errors. The goal of this study was to reach a net error
close to 0 percent and a total error less than 20 percent. The summary of the calculated net
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and total errors is listed in Table E-2. Negative values indicate that the AMM under-predicts
and positive values indicate that the AMM over-predicts the observed flows.

Table E-2 Summary of Net and Total Error for Each AMM Model

Meter -3.7% 3.7% 23.0% 23.0%
District 3
WWTIP -1.0% 12.8% 1.5% 3.6%

Due to issues with the flow meter data from Meter 3, only one storm was used for accuracy
of fit analysis for Meter District 3. The May 24™ storm was the largest storm and was used
for this purpose. The total errors indicate that the AMM predicted peak flows and peak
volumes to within 13% of observed values for the WWTP and 23% of observed values for
Meter District 3. Net errors indicate that the AMM for the WWTP was not biased towards
over- or under-prediction of flows or volumes while the AMM for Meter District 3 tended
to over-predict volumes. Because of high variability in the Meter 3 data and unusual storm

event responses, the model was purposefully kept more conservative in volume predictions.

5. Validation

It is preferable to verify a model’s performance against storm events not used in the
calibration. In this case there were insufficient suitable storms to perform this validation. For
most districts, there was no discernable wet weather response in the flow metering data, and
the Ten State Standards formula combined with average flows from metering was used to
establish peak flows.

6. Frequency Analyses

A frequency analysis was performed for each model to determine the expected 10- and 25-
year frequency peak flows. The calibrated AMMs were used in conjunction with temperature
and precipitation data from the period of 1958 to 2013 to estimate annual peak flows. The
Log Pearson Type III methodology was then used to determine the design 10-year and 25-
year peak flows listed in Table E-3. The plots also include the 95% confidence interval and
are illustrated in Appendix E-B.

Table E-3 Summary of Peak Flows

Meter District 3 3.4 41
WWTP 12.7 14.1
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7. Benchmarking

In order to adequately characterize Traverse City’s wastewater collection system, the

modeled wet weather response was compared to those of other Midwest U.S. collection

systems. OHM Advisors has, through similar analyses, developed a benchmarking tool that

allows for comparisons to 56 other metered sewer districts in the Midwest U.S.

The peak flows and capture coefficients predicted from the AMMs for a 1-inch, 1-hour

event are presented in Table E-4 along with a typical Midwest collection system for

comparison. Figure E-2 and E-3 provide a graphical comparison of the peak flow and
capture coefficients at the WWTP and Meter District 3 compared to other Midwest
collection systems. These figures reveal that Traverse City’s collection system as a whole has

less inflow and infiltration than any other system that OHM Advisors has modeled. Meter

District 3 has high peak flows with a lower capture coefficient, suggesting that inflows are

creating high peak flows and little infiltration is occurring causing a smaller volume of the

storm to be captured. This may indicate the presence of directly connected stormwater

sources in this district, which may be cost effective to locate and remove.

Table E-4 Peak Flow (cfs per 1,000 acres) and Capture Coefficient (%)

Peak Flow
(cfs per
1,000 acres)

Meter 4.4

District

3

WWTIP 0.2

Typical 2.0

Midwest

System

Peak Flow Capture Capture

Benchmark Coefficient Coefficient

Ranking (%) Benchmark
Ranking

82.5% 1.2% 10.5%

0% 0.1% 0%

50% 2.6% 50%
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Figure E-2: Peak Flows from 58 Typical Midwest U.S. Collection Systems
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Sanitary Sewer Benchmarking
Capture Coefficients from 58 Typical Midwest U.S. Collection Systems
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Figure E-3: Capture Coefficients from 58 Typical Midwest U.S. Collection Systems

8. Lake Michigan Level

Due to Traverse City’s location on a bay of Lake Michigan, it is very possible that lake levels
could be a driving factor in groundwater infiltration. Lake level data alongside monthly
WWTP flows was provided by the City and is included in Appendix E-D. The monthly
flows make it difficult to extract historical diurnal patterns and differentiate between changes
in flows from groundwater and flows from other sources. More recent lake level data was
also obtained from the US Army Corps of Engineers. As shown in Figure E-4, lake levels
during the meter data collection were above average. Elevated lake levels continued into
2016. Groundwater levels and infiltration of groundwater into pipes as a result of these
levels is taken into account in the base flow when calibrating the AMMSs. A complete analysis
of lake levels was outside the scope of this study and it is uncertain how lake levels will
behave in the future.
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Figure E-4: Lake Michigan and Huron water levels and predictions from US Army Corps of Engineers

D. Hydraulic Model

1. Development of Hydraulic Model

A hydraulic model was created using EPA-SWMM and Traverse City’s existing GIS data.
LIDAR data was used where GIS data did not provide manhole rim elevations. Traverse
City supplied additional information for the siphon located at Front and Oak Street and the
siphon under Kids Creek. The major trunks of the collection system that ran east and west
through downtown Traverse City were the focus of the hydraulic model, as these sewers
convey the majority of flow in the City’s collection system. Flows from the west side of the
city were modeled starting at Meter 2 (South Oak Street between 6™ and 7™ street), following
the main trunk north on South Oak until intersecting with the 18-inch and 21-inch sewers
just north of West Front Street, and then east under the Boardman River until it reached the
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Front Street lift station. Flows for the east side of the city were modeled starting at the
downstream end of the Birchwood force main and traveling west along East Front Street
until also converging at the Front Street lift station. The modeled sections of the system are
illustrated in Figure E-5.

The Ten State Standards design peaking factors for peak houtly flows were used in
conjunction with average flows from meter data to estimate peak flows for all districts
except Meter District 3, which demonstrated higher wet weather responses. Population
information for the peaking factor calculations was determined for each area using ESRI’s
GIS-based U.S. Census Bureau 2010 Census Information. The modeled peak flows,
summarized in Table E-5, were compared to the peak flows obtained from 2015 metering
data and the 10-year peak flows from the AMM for Meter District 3 and the WWTP. The
highest predicated peak flow from each method was used in the model to increase
confidence that the EPA SWMM model would not under predict flows within Traverse City
and to surpass the minimum 10-year flow event requirement for this model.

Table E-5 Summary of Peak Flows

Meter 2015 AMM 10- Ten State Peak flow Manhole at
District observed  year peak Standards used in which
peak flow  flow (cfs) peak flow model (cfs) modeled
(cfs) (cfs) flows were
added
1 1.3 4.4 4.4 333
2 1.4
3 2.4 3.4 1.6 3.4 481
4 1.1 3.0 3.0 211
5 0.7
6 0.4 0.4 0.4 1496
7 1.2 1.4 1.4 WWTP
8 0.4 0.7 0.7 1452
East 1.0 1.0 WWTP
Northeast 0.8 0.8 1452 (42%)
1470 (34%)
880 (17%)
1458 (7%)
South ~ notmetered 1.0 1.0 WWTP
Central
Airport 0.01 0.01 WWTP
Central 0.3 0.3 1499 (60%)
1399 (40%)
WWTP 9.0 12.7 14.6 16.4
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Peak flows were added to the hydraulic model at the manholes downstream of the
temporary meters where a district’s flow entered a modeled trunk. The manholes where
flows were introduced are listed in Table E-5 and correspond to the manhole numbers in the
GIS provided by Traverse City. In some cases, flows from multiple districts entered the
modeled trunk at the same manhole and the peak flows were summed. Districts with
manholes along the modeled trunk that weren’t directly metered had their flows split
between multiple manholes with flows proportional to the upstream acreage for that
individual manhole. In this situation the percentage of the district’s total peak flow added to
each manhole is also shown in Table E-5. Lastly, four of the districts never contributed to
flows in the modeled trunks. These are considered only as additional flows to the WWTP
and are not present in the hydraulic model.
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E. Evaluation of System Deficiencies

1. Hydraulic Model — Anticipated problem areas

Using peak flow rates established with Ten State Standards peaking factors and results from
the AMM, the EPA SWMM model was used to simulate hydraulic conditions during peak
flows. The model demonstrated that the main trunk handling flows from the east side of the
city has sufficient capacity to handle peak flows with no surcharging or sanitary sewer
overflows (SSOs). On the other hand, the main trunk handling flows on the west side of the
city showed significant surcharging with a model-predicted SSO at MH #487 on South Oak
Street. This manhole is called out in Figure E-5 and is the location of a pipe diameter change
from 24-inch upstream to 12-inch downstream. This pipeline diameter decrease precedes a
double barreled siphon with a 12-inch and 10-inch line. Profile views from the model for the
east and the west side are presented in Appendix E-C Figures E-C.1. and E-C.2.

The model was then run with the 335 feet of 12-inch diameter pipe near the Oak Street
Siphon upgraded to a 24-inch diameter pipe. This removed the most significant restriction
within the main trunk on the west side and was used to determine the success improvements
would have on the system hydraulics. Surcharging was significantly reduced with this
upgrade. The predicted SSO at MH#487 was removed, however the problem moved
downstream and a SSO was predicted at a low elevation manhole just upstream of the
Boardman River Siphon (MH#1389). Figure E-C.3. shows the new profile view for the west
side of the city and Figure E-5 depicts the location of this new SSO.

To address the new SSO at manhole #1389, the 2,910 ft of 24-inch diameter pipe
downstream of the Boardman River siphon was upgraded to 30-inch diameter pipe. This
removed the predicted SSO and surcharging was eliminated with the exception of a 695 foot
section of 21-inch diameter pipe directly downstream of the Oak Street Siphon. Figure E-
C.4 shows these upgrades. A further upgrade of this section of 21-inch diameter pipe to 30-
inch eliminated the remaining surcharging. The profile of the system with all recommended
upgrades is shown in Figure E-C.5.

The last scenario evaluated was a reduction in peak hour flows from Meter District 3. Peak
flows could likely be reduced by removing infiltration and inflow sources through a Sanitary
Sewer Evaluation Survey (SSES). The peak flow used for this model was determined using
the Ten State Standards peaking factor calculation. As shown in Table E-5, this would be a
reduction in Meter District 3 peak flows from 3.4 cfs to 1.6 cfs. This scenario does not
require any pipe size upgrades and would address the model-predicted SSOs. However,
significant surcharging would still be present along most of the western trunk under this
scenario. A profile view from this scenario is presented in Figure E-C.6. A reduction in peak
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flows of this magnitude from source removal is not guaranteed and therefore use of other

upgrades is recommended in conjunction with source removal.

2. Flow Meter Limits at WWTP

During the September 5, 2014 rain event in Traverse City, the peak flow at the WWTP could
not be accurately established because the flow meter maxed out at 9.5 cfs causing a flat line
(Figure E-6). Maxing out of the meter was seen in several other locations in the 2013-2015
5-minute interval data for the WWTP. To accurately record peak flows at the WWTP the
flow meter should be upgraded to one that can record higher maximum flows. Given our
prediction of design-event peak flows exceeding 12 cfs, the flow capacity of the WWTP
influent meter should at a minimum exceed this flow.

Traverse City WWTP - September 5, 2014 Rainfall Event

| Flowmeter Maxes out>

9/3/2014 0:00 9/4/2014 0:00 9/5/2014 0:00 9/6/2014 0:00 9/7/2014 0:00

Figure E-6: Flows recorded at WWTP during the September 5, 2014 storm event

3. Lift Station Evaluation

The capacities of major lift stations within Traverse City were compared to expected inflows
from the peak flow model. Only lift stations that were associated with the calculated peak
flows were evaluated. This caused the Clinch Park and Hall lift stations to be excluded
Predicted flows were proportionally scaled based on acreage if only part of a meter district
contributed to lift station flows. A summary of lift station capacities and expected peak flows
is presented in Table E-6. Several lift stations were identified as having firm capacities below
the estimated peak flows.

Although we are not recommending immediate pump replacement, the City should consider
upgrading the firm capacities to match the modeled peak flows in Table E-6 when the
existing pumps reach the end of their respective useful lives. In some cases, this may require

more substantial facility improvements, including force main replacement.
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Table E-6 Lift Station Capacities and Peak Flows

Riverine 350 - Meter District 3 (45 180
ac)

Bay 430 560 Meter District 5 516

Front Street 6200 6200 Total Modeled Flows 5198

Birchwood 800 - Meter District 8 314

Woodmere 450 670 Meter District 7 + 646
South Central (100 ac)

Coast Guard 400 535 Airport Meter District = 18*
(454 ac)

TBA 700 760 Airport Meter District  27*
(670 ac)

Capacities in red are exceeded by modeled peak flow.

*These peak flows are associated with unmetered districts where flows were distributed based on residential
populations. Flows are transported directly to the WW TP and not part of the modeled collection system trunks. They

are likely higher than indicated becanse of flows from non-residential sources.

F. Evaluation of Alternatives and Recommendations

Flow meter information for the WWTP does not accurately capture actual peak flows due to a
maximum measurement capacity of 9.5 cfs. It is recommended that the flow meter at the WWTP be
upgraded to one that is capable of measuring flows up to 16-18 cfs. This accommodates the
projected design-event flows and provides additional flexibility for future growth in the collection

system.

Lift Station pump capacities at Bay and Woodmere were insufficient for the modeled peak hour
flows. When pumps at these stations need to be teplaced due to pump/motor equipment condition,

larger capacity pumps should be considered.

During the estimated peak hour flows, surcharging and SSOs are predicted in the hydraulic model
for the main collection system trunk on the west side of the city. To correct these concerns, it is

recommended that the following upgrades be completed if flows can’t be reduced:

* 335 feet of 12-inch diameter pipe along South Oak Street upgraded to 24-inch
* 095 feet of 21-inch diameter pipe downstream of the Oak Street Siphon upgraded to 30-inch

* 2,910 feet of 24-inch diameter pipe downstream of the Boardman River Siphon upgraded to
30-inch
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The conditions of the pipes at these recommended upgrade locations were reviewed when recent
CCTV inspections were available. The 12-inch diameter pipe on South Oak Street upstream of the
inverted siphon was in relatively good condition but could not be fully inspected because of high
water levels caused by the siphon. The 12-inch pipe directly downstream of the siphon had some
longitudinal cracks, suggesting an upgrade of the pipe in this location would also be structurally
beneficial. Most of the remaining locations were lined less than 15 years ago and were not inspected.
Those that were inspected were in good shape structurally with a few O&M concerns from the
presence of deposits and high water marks. The relative good shape of the system supports actions
to reduce flows before proceeding with upgrades.

Meter District 3 was identified as one of the main sources of increased wet weather flows. AMM
results and benchmarking information suggest that inflows are the most prevalent flow source in
District 3 and infiltration is minimal. Removal of these inflow sources will serve to further reduce
peak flows and surcharging in the system and may reduce the amount of recommended upgrades. It
is suggested that a SSES that includes smoke testing should be conducted in this district to locate
possible direct connections (i.e. roof drains, footing drains, etc.) before the above upgrades are
performed.

In addition to the SSES, it is recommended that basement surveys are conducted along the western
trunk. These surveys would provide information on the degree of surcharging that could be present
without causing basement flooding and help prioritize pipeline upgrades. Following these surveys,
an additional flowmeter study should be conducted for District 3 to determine the extent that wet
weather flows were eliminated. Based on the results, it can be re-evaluated which pipeline upgrades

are required. A recommended schedule and estimated costs for completing these activities is below.
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Table E-7 Summary of Recommended Actions and Estimated Costs

1 Upgrade WWTP flow meter to one capable of recording flows $10,000 Year 1-2
up to 16-18 cfs.

2 Conduct Sanitary Sewer Evaluation Survey (SSES) with smoke $30,000 Year 1-2
testing in Meter District 3 to locate and remove inflow sources.

3 Conduct basement surveys along western trunk to identify $12,000 Year 1-2
allowable surcharging levels.

4 Clean and televise siphons. Based on the televising, plan for $25,000 Year 1-2
rehabilitation (regular cleaning) or replacement of siphon(s)

5 Perform additional metering in District 3 to evaluate new wet $30,000 Year 3-5
weather flows. Re-evaluate the recommended upgrades based on
new flows.

6 Plan funding for recommended system upgrades. - Year 6-7

7 Perform recommended upgrades to the system. Current $2,705,000°  Year 8-10

recommendations are to upgrade the 355 feet of 12-inch
diameter sewer main along South Oak Street to 24-inch sewer,
0695 feet of 21-inch diameter pipe downstream of the Oak Street
Siphon to 30-inch, and 2,910 feet of 24-inch diameter pipe
downstream of the Boardman River Siphon upgraded to 30-

inch.
8 Install larger capacity pumps (and, if necessary, force mains) for N/A” During
Bay and Woodmere during scheduled pump replacements scheduled

replacements
*Upgrade recommendations may change with completion of recommended surveys and metering. Construction method to

be determined during preliminary design. Cost estimate assumes significant regulatory and geotechnical issues

**Pump station upgrades are not included in this cost estimate, as they will occur as part of ongoing pump station
operations and planned pump replacements as components age out. Pump station replacement costs and future force
main rebabilitation and replacement costs are covered in separate technical memoranda.
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Traverse City Sanitary Sewer Wet Weather Evaluation Project - Antecedent Moisture Model - Accuracy of Fit Analysis

Meter District #3 -2015

Storm Rain (in) Observed Model Peak Peak Flow | Obsetved Vol Model Vol |Volume Error Notes
Peak (cfs) (cfs) Error (%) (1000's cf) (1000's cf) (%)
05/24/15 |: 0.95 0.92 | 13 17 C D
08/02/15 |EE132
08/18/15 |EE_1.04 Storms removed from the analysis due to issues with the data.

Net Average Error -3.7% 23.0%
Total Average Error 3.7% 23.0%
RDII Flow (cfs) on primary Y axis, Rain (in) on secondary Y axis)
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Traverse City Sanitary Sewer Wet Weather Evaluation Project - Antecedent Moisture Model - Accuracy of Fit Analysis
Meters-WWTP - 2015

Storm Rain (in) Observed Model Peak Peak Flow | Obsetved Vol Model Vol |Volume Error Notes
Peak (cfs) (cfs) Error (%) (1000's cf) (1000's cf) (%)
05/24/15 4.04 4.95 20.5% 394 425 9
08/18/15_ |14 477 414 2% 324 318 = 18%
08/02/15  |BE1.32 4.78 4.83 12% 557 569 212%
04/09/15 I 105 3.92 3.36 4.5% 294 287 -2.3%
Net Average Error -1.0% 1.5%
Total Average Error 12.8% 3.6%
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Appendix E-B: AMM Frequency Analysis Figures
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Appendix E-C: SWMM Model Profiles
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Figure E-C-1: East side during peak hourly flows
No SSOs or surcharging
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Figure E-C-2: West side during peak hourly flows
Surcharging along line and SSO occurs at MH#487
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Figure E-C-3: West side during peak hourly flows with 12 lengths upgraded to 24”
Reduced surcharging upstream, increased surcharging downstream, and SSO now at
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Figure E-C-4: West side during peak hourly flows with all 12” lengths upgraded to 24” and
24” downstream of Boardman Siphon upgraded to 30”
SSO removed and surcharging greatly reduced
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