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Executive Summary

Introduction

The Water Main Line Rehabilitation Master Plan (Master Plan) has been prepared to provide a
schedule for implementing replacements, rehabilitation, and upgrades to the McKinleyville
Community Service District's (MCSD or District) water distribution system main lines and
appurtenances (distribution system) for the next 50 years. This Master Plan effort includes an
analysis of all of the pipelines, service laterals, blow-off assemblies, and valves (including isolation,
air release, and pressure reducing valves) in the District’s water distribution system. No analyses of
booster stations or storage tanks are provided as a part of this study.

The original water distribution system was constructed in 1973. The average life expectancy of
asbestos cement (AC) pipe which constitutes the majority of the original system is 50 to 70 years.
Given the current age of the system is 47 years, the District can anticipate increased pipeline
failures and leaks in the next five to ten years. As the system continues to age, replacement and
rehabilitation of existing infrastructure will be necessary to maintain an effective, functional system.
This report serves as the third and final phase of the master planning effort. The work on the
various phases culminates in this Final Water Main Line Rehabilitation Master Plan (Final Master
Plan). The Final Master Plan will serve as a final planning and budgeting outline to ensure the
District is able to continue their high level of service to the community well into the future.

Phase 1 of the Master Plan includes a review and analysis of available information that was used to
produce a planning-level long-term replacement plan. The development of a near-term rehabilitation
plan was also considered. This near-term plan would include any areas identified as having
performance or capacity constraints that need to be resolved in the next ten years; however, there
are currently no such cases in the water distribution system. The District does currently have plans
and has budgeted for the construction of a new water storage tank, but that planning effort is being
done outside the scope of this document.

Phase 1 of the Master Plan provides the following:

»  Overview of the existing distribution system

e Summary of previous related studies

» Information on anticipated population growth

*  Preliminary needs assessment

» Long-term replacement analysis including cost and scheduling information
* Financial analysis based on the replacement cost estimates

e Conclusions, recommendations, and next steps

Phase 2 of the Master Plan effort builds on the system knowledge obtained in Phase 1 to create
more detailed phasing information for the systematic replacement of the water mains.

Phase 2 of the Master Plan provides the following:
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« Discussion of appropriate replacement methodologies (e.g. lining, bursting, or direct
replacement) with associated construction cost estimates

« Determination of an appropriate yearly project cost based on the Phase 1 system requirements
and financial analysis

e Outlining a schedule for the first 50 years of main line replacement for the MCSD water
distribution system

« Afinancial analysis to forecast rates necessary to fund these replacements

Phase 3 of the master planning effort consists of direct physical assessment of portions of the
system to determine the condition of the pipe and update the schedule established under Phase 2
based on physical testing of pipe samples and a risk-based prioritization.

Phase 3 provides the following:
« Determination of pipe condition through physical testing of pipe samples

< Evaluation of the prioritization based on risk considering all of the triple bottom line categories:
social, environmental, and financial

« Discussion and comparison of performing construction work in-house or through contract with
associated construction cost estimates

« Refinement of the appropriate yearly project cost based on the updated system requirements
and updated opinion of probable costs

« Revision of the schedule for the first 50 years of main line replacement for the MCSD sewer
collection system based on the risk assessment

Risk Assessment

A Risk Framework was developed and applied to the linear assets in the MCSD sewer system. The
Risk Framework considers the Probability of Failure and Consequence of Failure and assigns
scores to each pipe. Probability of Failure considers the physical mortality failure and uses condition
information from physical testing of sample pipes to assign scores. Consequence of Failure
considers Triple Bottom Line categories (social, environmental and financial) and assigns values to
each pipe using geospatial analysis and proximity to various data layers; for example, critical
customers and sensitive habitats like rivers and waterbodies.

Rehabilitation PrioritizationProbability of Failure and Consequence of Failure scores are then used
to calculate the Core Risk and Business Risk Exposure scores. The risk scores are used to
prioritize the rehabilitation of the system. Based on the results of the physical testing of sample
pipes, it was determined that asbestos cement (AC) pipe with diameter 8-inch and smaller had less
remaining wall thickness and therefore should be addressed prior to 10-inch and larger AC pipe.
This drives the Probability of Failure score and therefore is a factor in the prioritization.
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Conclusions, Recommendations, and Next Steps

This Master Plan presents a Risk Framework for evaluating and assigning priority for the
replacement of MCSD’s sewer collection system. The District can replace the most critical portions
of the MCSD water distribution system in the next 50 years with a reasonable adjustment to user
rates by using the risk-based prioritization presented in this master plan.

Following the prioritization presented in this master plan, spending an average of $1 million (2019
dollars) per year on the system will allow Priority 1 and over half of Priority 2 pipes to be replaced
which equates to 18.6 miles of the District’s 8-inch or smaller AC pipe in 50 years. This represents
50% of the District’'s 8-inch or smaller AC pipe, or 22% of the entire system. Replacement activities
will help to ensure the continued high quality of service to their customers. Actual construction costs
may differ and will depend on pipe conditions. Confirmation of the appropriate replacement method
during the design phase of each project.

While there are currently no high-priority, near-term projects required for the distribution system, it is
critical that the District begin planning and budgeting for upgrades and replacement of system
components. The approved rates from Section 4 were made assuming that MCSD would begin
putting aside $860,000 to $960,000 for each of the next four years starting in 2019 and then
reserving the full $1 million (2019 dollars) per year after that period. With rate adjustment approved,
the project financing is securely in place and it is recommended that MCSD execute the
replacement of its water system beginning with the pipe segments identified as Priority 1 followed
by Priority 2 and then Priority 3. Within the Priority groups, it is recommended that Business Risk
Exposure (BRE) scores be used to prioritize projects. The District should begin the planning and
design process for the early proposed projects so construction can begin around 2024.

Asset condition for the risk assessment performed as part of this master plan is largely based on
the 3 AC pipes samples collected and physically tested, one segment of ductile iron (DI) pipe
CCTV-ed, and one location of DI pipe with ultrasonic thickness testing. Results of physical testing
were then extrapolated to subsets of assets based on material and diameter; however, condition
within a subset can vary. Additional physical testing could be performed to refine and update the
condition of the assets, as well as additional physical testing. As pipes are replaced, condition
scores should be updated to reflect the improvements.

This master plan focuses on the District’s capital expenditures and using the risk assessment to
prioritize capital projects. However, in addition to the capital project recommendations, the District
can use the risk assessment results to identify appropriate maintenance activities and intervals for
the water distribution system assets depending on the criticality of the pipe segment and
appurtenances. Maintenance activities should include flushing of water lines and exercising of
valves to ensure best performance and functionality.

Lastly, this master plan and the associated risk model is considered a living plan that should be
updated as additional condition information is known or as replacement projects are completed.
Condition scores and probability of failure can be updated at the asset level to obtain updated
prioritization.
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Introduction and Background

The purpose of the McKinleyville Community Services District (MCSD, District) Water Main Line
Rehabilitation Master Plan (Master Plan) is to provide a framework for planning, funding, and
implementing replacements, rehabilitation, and upgrades to the District's water distribution system
main lines and appurtenances (distribution system) for the next 50+ years. This type of master
planning helps the District provide orderly, long-term maintenance and replacement of key elements
of the distribution system, and to manage the timing of major capital projects to secure revenue
needed to achieve District goals.

1.1 Overview of Existing System

MCSD is a special service district providing parks, recreation, water, wastewater, and streetlight
services to residents of McKinleyville in Humboldt County, California (see Figure 1: Project Vicinity
and Location Map). The MCSD boundary encompasses approximately 19 square miles, ranging
from North Bank Road on the south to Patrick Creek on the north.

The original water distribution system was constructed in 1973. MCSD purchases wholesale treated
water from the Humboldt Bay Municipal Water District (HBMWD), which diverts water from its one-
million-gallon reservoir at the Turbidity Reduction Facility to MCSD’s Grant A Ramey Pump Station
(Ramey Pump Station) at the intersection of North Bank and Azalea Roads. Water is pumped into
the rest of the District’s system from the Ramey Pump Station. Water is distributed to the District’s
approximately 6,448 water services (as of November 2021) through approximately 91 miles of water
mains (excluding private laterals). The MCSD water system also includes six storage tanks that
provide a total of 5.25 million gallons (MG) of storage.

There are four pressure zones in the system. Pressure Zone 1 (approximately 13% of the system)
includes all services west of Highway 101 and is fed from Pressure Zone 2 through four pressure
reducing valve (PRV) stations. Pressure Zone 2 (approximately 84% of the system) includes two
tanks at the Norton Road tank site (1 MG and 1.5 MG) and two tanks at the Cochran Road tank site
(1 MG and 1.5 MG). There is a booster station near the Cochran Road tanks that pumps water up
to the two McCluski Hill redwood tanks (0.1 MG and 0.15 MG) which serve the McCluski Hill area
(Pressure Zone 3, approximately 3% of the system). Pressure Zone 4, along Blake Road, is a small
specialty zone that services approximately 12 customers and is fed by a hydro-pneumatic tank from
Pressure Zone 2.

An overview of the District's water system is shown in Figures 2 and 3. Figure 2 symbolizes the
water mains with respect to size, and Figure 3 symbolizes the water mains with respect to material.

1.2 Summary of Previous Studies

Elements of the MCSD distribution system have been evaluated since the system was originally
constructed. This section presents background information, findings, and recommendations from
the following recent documents and studies regarding the MCSD distribution system:
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MCSD Water Distribution System — Preliminary Assessment — Revision 3, SHN — August
2011

e« MCSD Water Model Technical Report, North Coast Mapping Solutions — July 2012
e McKinleyville Capital Improvement Plan, HSU Student Capstone Project — May 2015
» Water and Sewer Capacity Fee Study, Willdan Financial Services — September 2011

* Updated Water Rate and Financial Analysis, Willdan Financial Services — February 2014
(Note that the Rate Study was updated during previous phases of the master planning effort
in 2018 which is described in Chapter 5)

These previous studies are summarized in this report to provide additional context and highlight
conclusions that can be drawn from work that has already been done. While more in-depth
assessment of the distribution system is a part of this Master Plan effort, synthesizing information
provided in previous studies is an appropriate way to begin this effort. Recent assessment of the
water distribution system was started with a 2011 study that is summarized in the following section.

1.2.1 MCSD Water Distribution System - Preliminary Assessment - Revision 3,
SHN - August 2011

SHN Consulting Engineers & Geologists, Inc. (SHN) prepared a report titted MCSD Water
Distribution System — Preliminary Assessment (Assessment) in August 2011. The Assessment
provides an overview of the current and future MCSD water system and storage requirements to aid
in the planning of future additional storage for the system, as well as aid in the development of the
MCSD water distribution model, which is summarized in Section 1.2.2. Current water needs were
established using data from 2010 and methods outlined in Title 22 California Code of Regulations
(CCR) Section 64554(b)(3)(A-D). It was calculated that MCSD has an average daily demand (ADD)
of 1.51 million gallons per day (MGD), a max daily demand (MDD) of 3.41 MGD, and a peak hourly
demand (PHD) of 0.21 MG.

The California Department of Public Health (CDPH) and CCR 22 CA ADC 64554 require water
storage equal to four hours of PHD plus the MDD at all times, which would require MCSD to have
4.25 MG of storage. MCSD desires to achieve a more stringent storage criterion of 5 days of ADD
plus storage for fire flows, given the vulnerability of the main water supply transmission line and a
lack of redundancy in water supply. Meeting this criterion would require 7.6 MG of storage under
current system demands. Currently MCSD has 5.25 MG of available water storage, which is
sufficient to meet CDPH standards, but insufficient for meeting MCSD standards.

In addition to the current system demands, the Humboldt County General Plan (General Plan) has
proposed high-density housing that will increase the MCSD population by approximately 1,800
equivalent residential units (ERUs). With a demand of 254 gallons/ERU (calculated in the
Assessment), this would require an additional 2.3 MG of storage to meet the MCSD storage goals,
in addition to the current storage deficit of 2.3 MG. This would mean a total required storage of 9.8
MG, implying the MCSD needs to increase its current water storage by approximately 4.5 MG. The
assessment presents conceptual cost estimates for the design and installation of one 4.5-MG tank
at $5,647,460 and for two 2.25-MG tanks at $8,597,108.
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Additionally, the Assessment outlines other requirements and specifications for the MCSD water
system as follows:

* Minimum storage level is approximately 20 feet in each storage tank to account for fire flows
and/or minimum pressure requirements.

» Maximum fire hydrant spacing is 500 feet in residential areas and 300 feet in commercial
areas. A maximum of one hydrant is allowed on 6-inch mains between intersecting lines, and
a maximum of two hydrants are allowed on 8-inch mains between intersecting lines.

»  Minimum operating pressure of 40 pounds per square inch gauge (psig) available to residents
with a lowered minimum of 20 psig available during fire flow demands.

e Minimum fire flows are 1,000 gpm and 2,000 gpm over a 2-hour period for residential and
commercial areas, respectively. Note that a fire on September 16, 2002 lasted for 10 hours
and consumed nearly 1.3 MG of water.

1.2.2 MCSD Water Model Technical Report, North Coast Mapping Solutions -
July 2012

The MCSD Water Model Technical Report was prepared by North Coast Mapping Solutions with
review and stamped approval by SHN. The report summarizes the District's water system as well as
MCSD and State of California water system regulatory criteria and standards as presented in the
MCSD Water Distribution System — Preliminary Assessment (see Section 1.2.1). The report then
outlines the development of a WaterCAD V8i water model for the District’s water distribution system
piping, tanks, and booster stations. The report includes a discussion on model limitations and
components, rule-based operations used to define the model simulations, how demand was
allocated throughout the system, and model calibration. Lastly, the report presents results for
various scenarios to determine the system’s adequacy for maintaining required flows, pressure, and
storage per MCSD and State of California minimum requirements and regulations (see Section
1.2.1). The report presents model results for four scenarios:

1. Existing system
2. Addition of a 4.5-MG storage tank at the Cochran Road tank site

3. Addition of a 4.5-MG tank at the Cochran Road tank site and a 2.5-MG tank at the
northeast end of Mather Road (Dows Prairie area)

4. Water system requirements to meet the growth projections for MCSD

a. This scenario was modeled with the additional 4.5-MG tank at the Cochran Road
tank site and a 2.5-MG tank at the end of Mather Road

b. This scenario included demands based on population growth projections for years
2020 and 2030 (using a growth rate of 1.8% per year)

Each scenario analysis included the following:

» Steady state analysis testing pressures, flows, and fire flow availability
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» Extended period simulation (EPS) testing storage capacity and pressures
» Extenuating circumstances testing each scenario under “earthquake” conditions

o Under this scenario, the assumption is made that a natural disaster isolates MCSD’s
system from HBMWD’s system and causes fires within the MCSD service area. With
MCSD no longer connected to HBMWD’s system, water is provided solely by the storage
in MCSD’s tanks.

* Results for a high-density build-out scenario with demands added into the model based on
population growth projections in the General Plan

1.2.21 Steady State Analysis

The steady state analysis results showed that during peak hour demand plus a 2,000 gpm industrial
fire event on Central Avenue, the existing system is able to provide adequate pressure (20 psi or
greater) to all service connections except one junction at the end of Mather Road (Dows Prairie
area), which is at a high elevation and is known as a low pressure region. With the addition of the
4.5-MG storage tank, all service connections are able to provide adequate pressure under
maximum daily demand plus a 2,000 gpm fire event on Central Avenue.

With regard to fire flow, under maximum daily demand, the existing system failed to supply the
required residential fire flow of 1,000 gpm to 9 junctions in the high elevation portions of the system,
particularly in the Dows Prairie and McCluski Hill areas. The addition of the 4.5-MG storage tank
improves fire flows, but there are still 7 junctions that do not receive adequate fire flow under this
scenario. With the additional 2.5-MG storage tank, the system fails to provide 1,000 gpm to three
junctions, but all are above 920 gpm. Under the year 2020 and year 2030 projected maximum daily
demands, the addition of a 2.5-MG tank in the high elevation Dows Prairie area allowed for
adequate fire flow above 1,000 gpm at all junctions.

Under all steady state scenarios, flow velocities throughout the system were below 5 ft/sec, and
three junctions had pressures exceeding 100 psi. Those junctions are found at low elevations along
Patrick Creek Drive and Little River Drive, and the modeled pressures are consistent with District
field measurements.

1.2.2.2 Extended Period Simulation (EPS)

As it would be expected, the EPS showed that higher pressures are found in low elevation areas
and low pressures are found in high elevation areas, particularly the Dows Prairie area. As the
storage tank levels decreased, the number of junctions that failed to provide the minimum pressure
of 20 psi of course increased. Under existing conditions, and employing the MCSD protocol
minimum tank level of 20 feet, only two junctions failed to provide 20 psi (one in the McCluski Hill
area and one at the end of Mather Road in the Dows Prairie area).

To determine the number of days of storage available, the main transmission line from HBMWD
was set to closed, tank levels were set to full, and pumps were turned off. A 4-hour commercial fire
(2,000 gpm) was set to occur along Central Avenue, and the assumption was made that water
consumption was equal to average daily demand. There is less than two days of storage available
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in the current system under this scenario. The addition of the 4.5-MG tank increases the available
storage to four days, and the addition of the 2.5-MG tank increases the storage to five days.

1.223 Earthquake Scenario

Similar to the EPS scenarios, the addition of both the 4.5-MG and 2.5-MG storage tanks is
necessary to provide the five-day storage of ADD and fire flows under the “earthquake” scenario.

1.224 High-Density Build-out Scenario

The addition of the 4.5-MG and 2.5-MG tanks only allows for 3.5 days of storage under the
Humboldt County high-density build-out scenario. To meet the anticipated population growth
projections, a minimum of 10.5 MG and 12 MG of additional storage is required for years 2020 and
2030, respectively. The population increase would also require additional or larger pumps to keep
pace with the increase in demand.

1.2.3 McKinleyville Capital Improvement Plan, HSU Student Capstone
Project - May 2015

A group of Humboldt State University (HSU) engineering students prepared the McKinleyville
Capital Improvement Plan as part of a school project. Among other information and analyses, the
report provides recommendations for infrastructure upgrades of MCSD’s water distribution and
sewer collection systems, preliminary designs for specific projects, and a schedule and estimated
costs for systematically replacing the entire sanitary sewer collection and water distribution
systems, accounting for expansion of each system to accommodate projected population growth.
This report also analyzed how the “full buildout” scenario (developed based on potential rezoning
and projected population growth per the General Plan) would affect the capacity and performance
of each system.

The report developed design parameters for the installation of a new storage tank at the Cochran
Road site to meet the MCSD requirement of having five days of storage at average daily demand
(negating fire flow considerations). The recommended alternative was one 5-MG pre-stressed
concrete tank. The report recommended the tank have 12 in thick walls, an inner diameter of 160
feet, and a height of 35 feet in order to leave 12 inches of freeboard for seismic activity. The tank
would require 24, 48-inch structural beams with a 27-foot spacing to serve as both support and
baffling. It was also recommended to partially bury the tank 4 feet into the ground to avoid extra
pumping costs and excess pressure in the distribution system. The total cost for the storage tank
was estimated as $3,864,000.

The recommended replacement schedule for the entire distribution system was broken into two
sections, replacing 8,500 ft/year until 2060 and then 5,500 ft/year until 2096. The total present worth
cost for replacement of the water distribution system was given as $31.5 million.

Under the “full buildout” scenario, model results showed that the system was able to maintain
pressures above 20 psi, and that most of the system can generally accommodate buildout.
However, the pressure in many mains dropped below 40 psi, and the report notes that any
substantial development would require additional analysis to remedy low pressures.
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1.2.4 Water and Sewer Capacity Fee Study, Willdan Financial Services -
September 2011

Willdan Financial Services (Willdan) prepared a Water and Sewer Capacity Fee Study for MCSD in
September 2011. Capacity fees are one-time charges that are collected as a condition of
establishing a connection to the District’s systems. These fees are proportional and related to the
capital facility demands of new development. Capacity fees are collected separately from
connection fees, which are used to offset the costs associated with the physical connection to the
utility. The previous water capacity fee established in 1991 was $154 per equivalent residential unit
(ERU), which is defined as any single-family residential structure. Willdan recommended switching
from a water capacity fee based on ERUs to one based on the size of the installed water meter.
Table 1 shows the total recommended water capacity fee by water meter size. The total water
capacity fee includes storage, discharge, and joint costs per account.

Table 1: Water Capacity Fees for MCSD by Water Meter Size

Water Meter Size | Total Water Capacity Fee

5/8” $2,616
3/4" $ 3,818
17 $ 6,221

11/2" $ 12,231
2 $19, 442
3” $ 36,268
4 $ 60,305
6” $120,399
8 $ 192,511
10” $ 276,642

The study notes that recent building code regulations require single-family homes to be sized with a
1-inch meter for fire protection systems. The study recommends all new single-family residential
units with meter sizes up to 1 inch be charged the 5/8-inch meter fee to reflect their typical demand
on the system.

1.2.5 Updated Water Rate and Financial Analysis, Willdan Financial Services -
February 2014

Willdan prepared an Updated Water Rate and Financial Analysis for MCSD in February 2014 which
was reviewed as part of the Phase 1 of the Master Plan and is summarized in this section. Note that
the rate study was updated in 2018 as part of the master planning effort and is described in

Chapter 5. Another update to the rate study is scheduled for 2022. The initial rate study was
completed in 2012 to update MCSD’s water rates such that the full operation and maintenance of
the current system and future upgrades to the system were covered. At the time, the District was
running at a net loss. The initial analysis mistakenly failed to include the base cost of water
purchased from HBMWD for resale to MCSD customers, leading to a drastic decrease in MSCD'’s
reserves because customers were not paying for the water purchased for their use. To recover the
lost revenue, the analysis calls for a pass through charge of $1.22 per hundred cubic feet (HCF) of
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water used by each customer. This pass through charge is then adjusted each year based on the
wholesale water charges from HBMWD. Additionally, the analysis recommends a recovery
surcharge of $3.66 per ERU per month through the end of fiscal year 2017. The analysis also
includes new recommendations for monthly base charges (Table 2) and variable commodity rates
(Table 3) which account for water purchased from HBMWD.

Table 2: Adjusted Monthly Base Charges in 2017 and 2018 for MCSD Customers
by Meter Size

Water Meter Size Em 2017 Rate | 2018 Rate

5/8” $ 14.57 $15.39
3/4" 1.5  $19.06 $20.13
1”7 25  $28.03 $29.60
11/2" S $ 50.46 $53.29
2 8 $77.38 $81.72
3" 15 $140.18  $148.05
4’ 25  $229.93 $242.81
6" 50  $454.21 $479.70
8’ 80 $723.38 $763.98

Table 3: Adjusted Commodity Rates in 2017 and 2018 for MCSD Customers as a
Volume Charged in Dollars per HCF Consumed

0-8 $1.39 $1.47
2 801+ $346 $ 3.66

1.3 Anticipated Growth

It is important to consider future demand when planning future rehabilitation and replacement of
water main pipelines. Water demand increases as population grows, which requires more water to
be conveyed through the mains in the system. Appropriate growth considerations can be used to
determine if a pipe should be replaced in kind, or if the size should be increased to provide
additional capacity.

The 2002 McKinleyville Community Plan (a subsection of the General Plan) notes that the most
probable growth projection for McKinleyville was 1.8%, based on the growth trends at the time. The
McKinleyville Community Plan has since not been updated.

McKinleyville had a population of 13,599 in 2000 (based on the 2000 census) and 15,177 in 2010
(based on the 2010 census). Based on data from the American Community Survey (ACS) 5-year
estimate performed by the United States Census Bureau, McKinleyville had a population of 16,291
in 2015 and 16,262 in the 2020 census. Using these figures, population growth from 2000 to 2015
was approximately 1.21% per annum, growth from 2010 to 2015 was approximately 1.43% per
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annum, and growth of 0% from 2015 to 2020. The District has indicated that they would consider
using a rate of 1% per annum for growth projections when considering future development potential.

The only major subdivision development that has occurred since 2010 was the Central Estates
Subdivision. Any population increase that resulted from this subdivision likely would have been
captured in the 2015 ACS 5-year estimate, and the demands from this subdivision were also
included in the water modeling that was performed by North Coast Mapping Solutions (NCMS) in
2012. Additionally, the General Plan has not been updated since the water modeling was performed
in 2012.

NCMS ran model scenarios for the years 2020 and 2030 using a growth rate of 1.8%, which is
conservative when considering the recent population growth trends described above. The water
modeling also included demands from high-density housing proposed in the General Plan.

1.4 Overview of Master Planning Effort

This Master Plan effort includes an analysis of all of the pipelines, blow-off assemblies, and valves
(including isolation, air vacuum/release, and pressure reducing valves) in the District’s water
distribution system. While booster stations and storage tanks are mentioned in this report, they are
discussed in the context of the overall water system, and no analyses of booster stations or storage
tanks are provided as a part of this study.

The overall Master Plan is developed through multiple major phases of effort and culminates in the
development of this Final Water Main Line Rehabilitation Master Plan (Final Master Plan). The three
phases of the master planning effort are:

» Phase 1: High-level overview of water distribution main lines

» Phase 2: More detailed cost analysis and phasing of the systematic replacement of water
distribution main lines

» Phase 3: Physical assessment of some water distribution main lines, risk evaluation, and
update of the phase 2 schedule based on risk.

The Phase 1 effort included the results of the high-level assessment of the District’s distribution
system for use in initial planning for replacement, rehabilitation, and upgrades. The Phase 1 effort
helped to quantify the overall nature, scope, and magnitude of long-term main line maintenance and
replacement.

The Phase 1 study focused on the following:
e General overview of MCSD and the existing distribution system

e Summary of previous related studies and findings that pertain to rate structure, capacity,
maintenance and repair requirements, and other identified limitations of system components

» Description of the anticipated growth for the McKinleyville area
» Discussion on areas of the system that have pressure and fire flow issues

» Summary of MCSD’s existing distribution system main lines, including information pertaining to
size, age, material, and condition

GHD | MCSD Water Main Line Replacement and Rehabilitation Master Plan | Page 8



McKINLEYVILLE

WILLDAN | e 3@%
Financial Services reach HE
=i

» Discussion on considerations for replacement of the distribution system main lines

» Long-term replacement analysis with associated costs for systematically replacing the entire
distribution system

» Financial analysis to assess the rate impacts to pay for the long-term systematic replacement of
the entire system. It is important to note that we are not recommending the rate increases
presented in the financial analysis section of the Phase 1 document, but merely assessing what
it would cost to systematically replace the entire distribution system over a period of time.

» Conclusions, recommendations, and a summary of the next steps in the Master Plan process

Phase 2 of the Master Plan effort builds on the system knowledge presented in Phase 1 to develop
more detailed phasing information for the systematic replacement of the water mains.

Based on planning with District staff, Phase 2 effort focuses on the following:

« Discussion of appropriate replacement methodologies (e.g. lining, bursting, or direct
replacement) with associated construction cost estimates

« Determination of an appropriate yearly project cost based on the Phase 1 system requirements
and financial analysis

» Development of a schedule for the first 50 years of main line replacement for the MCSD water
distribution system

« Costs for these projects for the next 100 years, and a financial analysis to forecast rates
necessary to fund these replacements.

Phase 3 of the effort consists of direct physical assessment of portions of the system to determine
the condition of the pipe and revision of the schedule established under Phase 2 based on risk
assessment. Phase 3 of the Master Plan provides the following:

« Determination of pipe condition through physical testing of pipe samples

« Evaluation of prioritization based on risk considering all of the triple bottom line categories:
social, environmental, and financial

« Discussion and comparison of performing construction work in-house or through contract with
associated construction cost estimates

« Refinement of the appropriate yearly project cost based on the updated system requirements
and financial analysis

* Reuvision of the schedule for the first 50 years of main line replacement for the MCSD water
distribution system based on the risk assessment

1.5 Key Points from the Phase 1 Report

The system is generally in good condition with no identifiable near-term problems or areas of
concern. There are some minor issues with low pressure and inadequate fire flow in higher
elevation areas, and high pressure in lower elevation areas, that the District has plans to address
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outside of the scope of this Master Plan. The principal issue is that a majority of the system piping is
approaching design life expectancies, meaning pipe failures will likely become an issue in the next
10 to 30 years if the District does not begin the process of replacing system main lines.

The original water distribution system was constructed in 1973, making it 50 years old in 2023. The
original piping comprises 55% of the current total distribution system piping and is 90% asbestos
cement (AC) pipe and 10% ductile iron (DI) pipe. With an AC pipe design life of 50-70 years and a
DI pipe design life of 75-100 years, the original system piping will require replacement in the
relatively near future. The remaining 45% of the system consists of some AC pipe, but is mostly
polyvinyl chloride piping (PVC), installed since 1980, which has a design life of 50-100 years.

The total construction cost estimate for replacing the entire water distribution system is $142 million
in today’s dollars. The multi-year pro forma analysis on the MCSD water system found that MCSD
could not afford replacement of the water distribution without an increase in rates. Using a phased-
in approach of rate increases, it is projected that replacing the entire system over 50, 75, or 100
years would require annual rate increases of 6.25%, 5.00%, or 4.10%, respectively.

1.6 Key Points from the Phase 2 Report

Phase 2 of this Water Main Line Rehabilitation Master Plan (Master Plan) was prepared to provide
preliminary priorities and schedule for implementing replacements, rehabilitation, and upgrades to
the McKinleyville Community Service District's (MCSD or District) water distribution system main
lines and appurtenances (distribution system) for the next 50 years. This Master Plan effort includes
an analysis of all of the pipelines, service laterals, blow-off assemblies, and valves (including
isolation, air release, and pressure reducing valves) in the District’'s water distribution system. No
analyses of booster stations or storage tanks are provided as a part of this study.

Given the current age of the system is over 45 years, the District can anticipate increased pipeline
failures and leaks in the next five to ten years. As the system continues to age, replacement and
rehabilitation of existing infrastructure will be necessary to maintain an effective, functional system.
To ameliorate these coming failures, the District can replace all critical portions of the MCSD water
distribution system in the next 50 years with a reasonable adjustment to user rates. Spending an
average of $1 million (2019 dollars) per year on the system will allow replacement of 97% of 10-inch
or larger AC pipe, 85% of 8-inch AC pipe, and 100% of DI pipe in 50 years. Priority was based on
replacing largest diameter pipes first, so no 6-inch or smaller AC pipe was included in the schedule
for replacement during Phase 2.

Phase 1 of the Master Plan included a review and analysis of available information that was used to
produce a planning-level long-term replacement plan in Phase 2. The development of a near-term
rehabilitation plan was also considered. This near-term plan would include any areas identified as
having performance or capacity constraints that need to be resolved in the next ten years; however,
there are currently no such cases in the water distribution system. The District does currently have
plans and has budgeted for the construction of a new water storage tank, but that planning effort is
being done outside the scope of this document.

While there are currently no high-priority, near-term projects required for the distribution system, it is
critical that the District begin planning and budgeting for upgrades and replacement of system
components. The approved rates from Section 5 (completed as part of Phase 2 in 2019) were made
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assuming that MCSD would begin putting aside $860,000 to $960,000 for each of the following four
years and then reserving the full $1 million (2019 dollars) per year after that period. With rate
adjustment approved, the project financing is securely in place and MCSD can begin the planning
and design process for the early proposed projects so construction can begin in 2023 four years
after the completion of the Phase 2 report).

A major unknown following completion of Phase 2 is the condition of the DI pipe the runs from
Humboldt Bay Municipal Water District, beneath the Mad River, to the intersection of Sutter Road
and Central Avenue. This pipeline is the main source of water for MCSD. There is no cathodic
protection on that piping, it has never been inspected, and it is possible it may require replacement
sooner than anticipated. It was recommended during Phase 2 that this critical section of pipeline be
physically assessed in Phase 3 to ensure it is replaced at an appropriate time. It should be noted
that a Hazard Mitigation Grant, Notice of Interest was submitted in 2018, 2020 and 2021 for the
replacement of the river crossing. As of the writing of this Master Plan, the District has not heard
whether this project was approved for grant funding.
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Risk Assessment and Prioritization Process

During Phase 3 of the master planning effort, GHD and the District developed a Risk Framework
that was applied to all the water pipes in order to update the rehabilitation prioritization approach
from Phase 2 that was based on material and diameter. This section describes the risk assessment
methodology and prioritization of rehabilitation of the water distribution system.

2.1

Physical Testing

As part of Phase 3, soil sampling was conducted to support the assessment and development of an
Engineer’s opinion of present-day pipeline condition within the water (as well as sewer) system with
respect to the proposed schedule for the District’s future replacement. Twenty-one (21) soil samples
were obtained by GHD staff on December 2,3 and 5, 2019 and sent to an independent California
certified laboratory for analysis. MCSD provided equipment and labor related to excavation.

Based on soil sample results, a pipe sample collection plan was prepared, and three (3) pipe
samples obtained by GHD on April 14, 15 and 17, 2020 with excavation equipment and labor
provided by MCSD. The pipe samples obtained were delivered to an independent analytical
laboratory for analysis. AC pipe samples were analyzed for the following characteristics: interior and
exterior hardness; pH profile; and crush strength.

Based on the laboratory evaluation of the AC pipe samples, it was concluded that:

1.

Based on dimensional measurements obtained as a part of the laboratory testing, the AC
pipe tested is likely pressure Class 150.

Internal degradation, not external degradation, of AC pipe is the limiting factor in AC pipe
fithess for continued service

a) The exterior depth of loss of alkalinity is nominal
b) The exterior loss of hardness is nhominal

c) The interior depth of loss of alkalinity, greater than 50% of total pipeline wall thickness of
Sample AC3, is significant.

d) The interior loss of hardness of all samples tested is significant.

The crushing strength of the three samples varied significantly and relates, as expected, to
pipeline wall thickness. The measured crushing strength relationship with respect to the
design crushing strength, as itemized in Table 7, is related to pipeline wall thickness. Wall
thickness increases as pipeline diameter increases. Based on the data available, pipes with
nominal wall thickness of 0.635 inches or less, corresponding to pipeline diameters of 8-
inches or less, have experienced significant reduction in residual crushing strength; and pipes
with nominal wall thickness of 1.040 inches or more, corresponding to pipeline diameters of
12-inches or greater, have not experienced significant reduction in residual crushing strength.
Although there is presently no laboratory data for crushing strength on 10-inch diameter
(0.910 inch wall thickness pipe), 10-inch pipe is considered to have likely retained much of
the design crushing strength and is classified along with AC pipe of larger diameters.
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The establishment of, and broad delineation based on, risk categories is a result of the destructive
analysis of three (3) pipe samples. The extent of laboratory analysis was limited and the resulting
classifications are therefore limited. Additional destructive evaluation, specifically of pipeline
crushing strength, may result in a resolution of data facilitating development of additional risk
categories and/or revision to the risk categories presented herein.

In addition to the destructive sampling of AC pipe, non-destructive assessment of DI pipe was
performed at two (2) locations. Ultrasonic thickness (UT) testing was performed at one location on
the 18-inch water main near N. Bank Road and Hunts Drive by the Mad River Crossing. This
location was selected, in part, based on the corrosivity of soils identified. Pipeline wall thickness
was measured at twelve (12) circumferential locations. The UT measurement of pipeline wall
thickness identified substantial remaining wall thickness and minor loss of wall thickness. CCTV
was performed on a segment of sewer pipe, approximately 212 linear feet, at the middle crossing
on Highway 101 near Thiel Road and Hiller East Field. CCTV footage was reviewed by a qualified
engineer. Internal lining degradation of DI pipe was identified, and with respect to the extremely
limited nature of the sample size, may be indicative of mortar lining performance of similar vintage
and time in service.

For additional information on the physical testing and laboratory results, refer to the Phase 3b:
Water and Sewer Mainline Replacement and Rehabilitation Master Plans Letter Report dated July
6, 2020 which is included in Appendix A.

2.2 Probability of Failure

Probability of Failure (PoF) of an asset is the chance that the asset will fail to serve it’s intended
purpose and is directly related to its failure mode. Failure may include physical failure (i.e. break,
fracture, or collapse), hydraulic capacity failure, level of service failures such as odor issues or not
meeting regulations, or efficiency failures when operational costs exceed alternative actions. The
probability of physical breakdown and the probability of capacity reduction for a particular asset may
not be similar. Asset failure modes are explained in the following subsection.

2.21 Modes of Failure

An important component of asset management is to identify and manage the imminent and
dominant failure modes of an individual asset. From an asset management perspective, assets can
fail in one of four ways shown in Table 4.
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Table 4: Modes of Failure Description

Failure Mode | Definition Tactical Aspects Management
Strategies

Physical Consumption of asset Physical deterioration O&M optimization,
Mortality reduces performance below due to age, usage, and  renewal or
acceptable level acts of nature replacement
Capacity Demand exceeds capacity Growth, evolving usage, Redesign or
climate change replacement
Level of Functional requirements not Regulations, codes, O&M optimization,
Service met permits, safety, noise, renewal or
etc. replacement
Efficiency Operation costs exceed that Pay-back period for Replacement
of feasible alternatives alternatives

Understanding the imminent failure mode of an asset allows an organization to apply the right
strategy option in order to maximize the service benefit per cost spent. Each failure mode, where
appropriate, has a time period associated with it. For example, an asset could have 20 years
remaining before physical failure, five years before level of service failure, and 10 years before
financial failure, but two years remaining before capacity failure. In this scenario, the remaining
useful life of the asset would be two years, and the appropriate strategy might be to increase the
capacity of the asset through redesign.

The dominant failure mode for an asset is the failure mode that results in the greatest
consequence of failure. Generally, the dominant failure mode is physical mortality.

The risk framework was developed to evaluate MCSD’s water system and prioritize known pipe
deficiencies identified in earlier phases of the master planning effort and physical mortality
deficiencies based on condition assumptions from the physical testing described in Section 2.1
above.

2.2.2 PoF Scoring Criteria

Each linear asset was assigned a score of 1-5, with 1 being very good condition and 5 being very
poor condition. The score for each asset is provided in the asset register in Appendix B. The
Probability of Failure scores for each pipe were assigned as follows for consistency with scoring
across systems, i.e. the water and sewer collection systems:

1. Pipes identified as having hydraulic capacity deficiencies in previous phases of the master
planning effort were given a score of 5 (i.e. if they fell in CIP years 1-10). For the water
system, no deficiencies were identified and therefore no pipes received a score of 5 for PoF.

2. From Phase 3 physical testing:
i) AC pipes with diameter of 8-inches or less were given a score of 4
i) AC pipes with diameter greater than 8-inches were given a score of 3
i) DI pipes were given a score of 2

iv) All other pipes (predominantly PVC) were given a score of 1

GHD | MCSD Water Main Line Replacement and Rehabilitation Master Plan | Page 17



McKIHLEYVILLE
v

WILLDAN | oasnene QE
Financial Services | reach 2d
el

2.3 Consequence of Failure

The consequence of failure (CoF) for an asset is determined by first setting the context of a
potential failure that can be expressed in Triple Bottom Line (TBL) categories as shown in Table 5
below.

Table 5: Consequence of Failure Triple Bottom Line Elements
Social / Community Health & Safety, Loss of Service
Financial Cost of Failure

Environmental/Regulatory Regulatory (Permit) Compliance

2.3.1 CoF Scoring Criteria

Table 6 shows CoF scoring table developed for the MCSD water system. The table includes CoF
elements associated with each TBL category and the associated value definitions for CoF scores of
1 to 5, with 1 indicating a low consequence and 5 indicating a high consequence. When determining
thresholds for scores, it is best to begin with threshold that results in a score of 4. As an asset
moves from a score of 3 to a score of 4, the asset crosses the tolerable threshold to the intolerable.
The orange shading of scores 4 and 5 indicates intolerable thresholds.

GHD | MCSD Water Main Line Replacement and Rehabilitation Master Plan | Page 18



[]

Table 6: Consequence of Failure Scoring Table - Water Distribution System

Cost of failure

extending
your
reach

WILLDAN

Financial Services

COMMUNITY
SERVICES
DISTRICT

The direct or indirect impact on individual(s)' health & safety
(including employees) as a result of the failure. This is measured
in terms of the potential for detrimental impacts on individual(s)
health and safety.

No impact

No impact

No impact

The maximum time an asset can be out of service due to
external or internal drivers.

No impact

Financial

Asset can be

out of service

for extended
period

Asset needs
to restored
within a week

The total direct and indirect cost (including labor, equipment,
fines etc.) to restore the service as a result of the failure. This is

not the replacement cost of a failed asset.

<=$5,000

$5,001-
$20,000

$20,001-
$50,000

Definition

Regulatory permit compliance by Mandatory Minimum Penalty
(MMP)

No impact
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2.3.2 CoF Score Assignment

Proximity analysis using geospatial data is used to assign consequence of failure scores. Different
attributes that help measure the impact associated with each of the elements shown in Table 7. In
the case of buried assets (e.g., pipes), attributes shown in Table 7 can be used to estimate the
consequence of failure ratings for each of the elements shown in Table 6. Not every pipe attribute
applies to every element and the relationship (when exists) between the attributes and the elements
are shown with an “X” in Table 7. GHD reviewed data available in the GIS database for the water
distribution system, as well as data available online for the consequence of failure analysis. The
findings and data availability of key layers are summarized in Table 8. The GIS data layers used for
the proximity analysis are shown in Figure 6 at the end of this Chapter.

Table 7: Consequence of Failure Scoring Element Attribute

| awibutos | Consoquence of Faiuro Eoments

2 8 o
E =l = | a2
© > [} ®© g5
T2 COO = I F
e 5 = BE
S 2 & 8
a 4 &)

Critical Customers (hospitals, schools, fire X

stations, etc)

Proximity to other utilities (stormwater) X X X

Proximity to roads (and type of road) X X

Proximity to environmentally sensitive areas X X X

(rivers, streams, open water)

Proximity to buildings X X X

Repair costs (material, diameter, depth) X

Zoning and land use X

As part of the risk-based prioritization approach, each asset in water distribution system is scored
using geospatial proximity analysis and the scoring criteria defined in the Risk Framework. All CoF
scores for each pipe are provided in the asset register in Appendix B.
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Table 8: Consequence of Failure Element Attribute Data Sources

Attributes Data Availability

Date of installation GIS No - Water - 1973
No - Sewer - 1976
Material GIS Yes
Size/Diameter GIS Yes
Length GIS Yes
Proximity to roads GIS online Yes
Proximity to other utilities ArcGIS Online — “McKinleyville Storm Drain 180918”
Humboldt County Public
Works
Proximity to environmentally GIS online Yes
sensitive areas (e.g.,
wetlands, open water)
Critical customers (hospital, Create None exist but could be created

schools, fire stations, etc) Fire Stations -

https://humboldtgov.org/276/GIS-
Data-Download

Proximity to other buildings Remote sensing data Web layer created via remote

online sensing, many need verification

2.3.3 Dominant CoF Score

Assets are assigned scores from 1 to 5 for each of the four elements. The highest individual score
across these elements for each asset is the Dominant CoF score. Dominant CoF score range from
1to 5.

2.3.4 Triple Bottom Line CoF Score

TBL CoF score also uses the score from 1 to 5 for each of the four CoF elements, but instead of
taking the highest individual CoF score, TBL adds together the highest score in each of the three
triple bottom line categories, social/community, financial, and environmental/regulatory. TBL CoF
score ranges from 3 to 15.

2.4 Risk and Rehabilitation Prioritization

The Business Risk Exposure (BRE) framework provides a process by which risk can be
categorized, and activities to mitigate risk can be prioritized (i.e. rehabilitation and renewal) which
helps management teams focus on high-risk assets. A BRE framework provides a set of rules for
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determining the direct and indirect consequences of the failure of an asset and facilitates the
prioritization of assets for targeted renewal, rehabilitation, and inspection investment with available
capital funds. For this project, GHD performed a risk assessment that considers Probability of
Failure (PoF) and Consequence of Failure (CoF) of an asset. The probability of failure component
of the risk assessment is a function of asset condition, which incorporates physical mortality
(physical life), levels of service (service life; efficiency), and capacity (capacity life) related issues.
Any available risk mitigation is also considered.

This section describes how Core Risk and Business Risk Exposure are calculated from the
Probability of Failure and Consequence of Failure scores described in the preceding Section 3.3
and how the risk scores are used to prioritize rehabilitation of the water distribution system. All risk
scores and priority ranking are provided for each pipe in the asset register in Appendix B.

2.41 Core Risk Score

The product of the probability of failure and consequence of failure is defined as the core risk. The
core risk rating assigned to the assets can be used to drive O&M activities and decisions. The
dominant CoF score is used to calculate the dominant core risk score.

Dominant

Probability of
COF

Failure

2.4.2 BRE Score

Unlike the core risk score, the BRE score uses the TBL CoF score instead of the dominant CoF
score and the mitigation factor. The main mitigation factor considered is available, either installed or
spare, asset redundancy. Other mitigation factors of note would be actions such as the
development of emergency response plans, setting up contracts with external parties in order to
facilitate faster reaction or implementing a standard operating procedure for manual operations. For
linear assets, the mitigation factor is 1. When identifying management strategies, agencies might
consider emergency response plans or monitoring in SCADA as a strategy to reduce risk.

Core risk or unmitigated risk

e Business
Mitigation Risk

Probability of
Factor

Failure

Exposure
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2.4.3 Risk Zones

Once the non-tolerable risk is identified, a BRE chart can be plotted with the unmitigated
consequence of failure on the x-axis and the probability of failure on the y-axis. The BRE chart can
be segmented into management zones based on what a utility’s threshold is for acceptable risk.
BRE chart is then used to identify assets that fall into each management zone, including those that
are in non-tolerable zones, i.e., those assets that would results in unacceptable impact on service
delivery upon failure. Figure 4 shows the BRE chart as a result of the assessment of MCSD’s water
system and the different management strategies for each of the zones. The BRE zones are
described as follows:

Zone 5: Non-tolerable risk zone that contains assets that their failure can impose significant risk to
the organization. In general, these assets are approaching the end of their useful life and upon
failure, may cause significant social, financial, and environmental impacts. Assets in this zone need
to be addressed immediately. Appropriate management strategies must be carried out so that the
number of assets in Zone 5 are minimized.

Zone 4: Contains assets that have high consequence of failure but have not deteriorated enough to
be included in the non-tolerable risk zone (Zone 5). Increased visual and/or predictive condition
assessments (thermal scanning, oil analysis, etc.) may be justified as their condition deteriorates
and as they move vertically in the graph approaching Zone 5 over time.

Zone 3: Contains assets that would experience failure consequences that can be made tolerable
through designed redundancy and operational mitigation such as spares and condition monitoring.
Zone 3 assets can also migrate into Zone 5 over time and as such require additional focus by
management.

Zones 2 & 1: Contains assets with lower consequences of failure. Applicable management
strategies to consider for these assets may be run to fail and maintenance optimization.
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Figure 4: Business Risk Exposure Plot’

Notes:
1. Bubble size and number correspond to the length of pipe with that combination of LOF and Dominant
COF (in miles of pipe).
2.4.4 Prioritization

Risk Zone is calculated from unmitigated CoF and Core Risk scores. There are five risk zones; Risk
Zone 5 is the highest risk, Risk Zone 1 the lowest. In the plot shown in Figure 4:

Risk Zone 5: Core Risk score greater than or equal to 16
Risk Zone 4: CoF score greater than or equal to 4

Risk Zone 3: CoF score greater than or equal to 3

Risk Zone 2: CoF score great than or equal to 2

Risk Zone 1: CoF less than 2

Assets are organized into four ‘priority buckets’ based on risk zone and condition. Assets that do not
meet the requirements below are not assigned to a priority bucket. Figure 5 shows the priority
buckets on the BRE Chart.

Priority Bucket 1: Risk Zone 5
Priority Bucket 2: Risk Zone 3 or 4 AND Condition greater than or equal to 4
Priority Bucket 3: Risk Zone 2 AND Condition greater than or equal to 4

Priority Bucket 4: Risk Zone 1 AND Condition equal to 5
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Figure 5: BRE Plot with Priority Buckets

Within each priority bucket, the BRE score is used to prioritize replacement. The BRE score
considers all triple bottom line categories, effectively prioritizing pipes with higher combined score

across all categories and not the single highest, i.e. could have social, financial and environmental
consequences.
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Replacement Methods and Costs

This section describes two replacement methods that were assessed for the MCSD water system
rehabilitation plan, direct replacement and pipe bursting. Pipe lining was also considered initially,
but the process was determined to be cost prohibitive for water distribution systems.

3.1 Opinions of Probable Cost

The opinions of probable cost for each asset is included in the asset register in Appendix B and
should be considered as order-of-magnitude estimates for planning purposes only. The total project
cost consists of the construction cost, design and technical effort, construction management effort,
and a contingency fund. Land acquisition and/or District degradation fees are not included.
Construction costs are based on a Class 5 (planning-level) estimate of probable cost as defined by
the Association for the Advancement of Cost Engineering, International (AACE). AACE defines the
“Class 5” estimate as follows:

Generally prepared on very limited information, where little more than proposed plan type, its
location, and the capacity are known, and for strategic planning purposes such as but not limited to
market studies, assessment of viability, evaluation of alternate schemes, project screening, location
and evaluation of resource needs and budgeting, long-range capital planning, etc. Some examples
of estimating methods used would include cost/capacity curves and factors, scale-up factors, and
parametric and modeling techniques. Typically, very little time is expended in the development of
this estimate. The typical expected accuracy ranges for this class estimate are -20% to -50% on the
low side and +30% to +100% on the high side.

Construction costs are based on the July 2021 Engineering News Record Construction Cost Index
(ENR CCI) for San Francisco, CA (13,762.01).

3.2 Direct Replacement

Direct replacement is the most traditional pipe replacement method. It involves digging a trench
along the entire length of pipe to be replaced, installing a new parallel pipeline, connecting the new
pipeline to the existing laterals, removing or abandoning the existing piping in place, backfilling the
trench, and repaving the street. Trenching for direct replacement of piping in roadways interrupts
normal traffic flow in the project area more than trenchless methods. Cutting into or removing the
AC pipe also requires special handling and disposal due to the presence of asbestos, which also
increases costs. Additionally, the large amount of earth movement required for trenching can add
significant cost to this method as opposed to trenchless methods. Due to the higher associated
costs, direct replacement costs were estimated in Phase 1 to allow for conservative scenario
budgeting in the preliminary Master Planning financial analysis.

Values from the overall long-term replacement cost estimate from Phase 1 were used to develop
per linear foot costs to apply to individual projects for Phase 3. There are construction costs
associated with replacing MCSD main lines that would generally be represented as a percentage of
the material and installation (which includes excavation and backfill) cost. The first step was
determining an industry standard percentage of material and installation costs for these base cost
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items. Through experience working with clients across California, GHD compiled the following
assumptions for various construction activities as shown in Table 9 below.

Table 9: Assumptions for construction costs as a percent of pipe material and
install cost.

m Description Cost

General Conditions, including:
Mobilization/Demobilization
Construction Staking

o .
1 Temporary Traffic Control 20% (Construction Subtotal)
Bypass Pumping
Stormwater Pollution Prevention Plan (SWPPP)
Contingency o .
2 (10% change order, 15% estimating allowance) 25 (SR TSI GIEN SDiE )
Design / Survey / Geotechnical / Environmental .
3 Revigw / Permi)’:ting 25% (Construction)
4 Inspection / Construction Management / Engineering 20% (Construction)

Services During Construction (ESDC)

Construction subtotal percentages are applied to the material and installation unit costs for pipes
($/If) and manholes ($/manhole based on depth) to form the construction subtotal to which the
construction percentages are then applied. The material, installation, excavation, backfill and paving
costs for direct replacement are summarized in Table 10.

Table 10: Direct replacement cost per linear foot by pipe size.

Excavation/

Paving Total Cost

Pipe & Install ($/If) Backfill ($/1f) ($/1f)
$If

) 185 42 23 250
. 185 42 23 250
6 185 42 23 250
o 299 42 29 300
0 279 42 29 —
12 304 42 29 o
y 309 57 34 B
16 334 57 34 —
18 384 57 34 S5

3.3 Pipe Bursting

Pipe bursting is a trenchless pipe replacement method. The process involves digging an access pit
on both ends of the pipe to be replaced. Then, most typically, a pneumatic system with a pipe
bursting tool breaks up the existing pipe as the new pipe is pulled into place behind the pipe
bursting tool. Lastly, the access pit areas are backfilled and repaved. For this method the existing
pipe is left broken up in the ground around the new pipe. This is particularly helpful in reducing
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construction risk when replacing old AC pipe, which is a brittle material that is difficult to excavate
around. Furthermore, this method requires approximately 80% less digging than traditional direct
replacement. This significant reduction in earth movement is the reason why pipe bursting tends to
cost between 15 to 35% less than direct replacement. The large variation in savings is due to
variation in location, soil types, pipe depth, contractor schedules, etc. Pipe bursting costs (Table 11)
were obtained from recent bid comparisons for northern California construction projects and the
result is 8-31% less than the Phase 3 calculated direct replacement costs shown in Table 10.

Table 11: Pipe bursting cost per linear foot by pipe size.

m Total Cost ($/If)

21 204
4 204
6 204
8 207
10 251
12 345
14 345
16 345
18 444

t Typically replaced with 4-inch pipe in pipe
bursting operations
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Replacement Plan

This section presents the prioritized replacement plan for systematic replacement of the District’s
water distribution system. The goal of the replacement plan is to include replacement of all the
critical portions of the system. Replacement of AC pipe was prioritized given that half of the system
is AC pipe that will be 51 years old at the proposed start of the replacement schedule in 2024 and
physical testing of sample portions indicated that smaller diameter AC pipes had less wall
thickness.

Rehabilitation methods presented in this master plan are used to estimate opinion of probable
construction cost. For purposing of financial planning for the replacement of water mains, pipe
bursting is assumed to be the replacement method if the pipe segment is less than 750 linear and
not DI. For any pipe with length greater than 750 feet, or of DI material, direct replacement is
assumed, The actual rehabilitation method will depend on the condition of the pipe and site
conditions and therefore should be determined in the design phase. Rehabilitation method for AC
pipe, which the majority of the system is, will also be impacted by the District’'s preferred method of
handling asbestos containing pipe, i.e. pipe bursting and leaving in ground or direct replacement
and removal of the asbestos containing pipe.

4.1 Yearly Budget

A yearly budget for the replacement plan was determined in discussions with District staff and
approved by the MCSD Board of Directors during Phase 2. Based on the Phase 1 financial
analysis, the initial desire was to replace the system over 100 years to minimize rate adjustments to
users. The Phase 1 analysis also determined that the District does not need to replace the entire
distribution system. There are sections where it would be much more cost effective to repair the
occasional leak rather than replace the whole section of main line, particularly in less densely
populated areas with smaller pipes. An analysis of the existing system revealed the following:

*  15% of the system is PVC that is less than 20 years old, and

* 16% of the water main lines serve 10 or fewer users.

These portions of the system were deemed less critical for replacement, per District staff
recommendation the MCSD Board of Directors decided to budget for 80% system replacement over
the 100-year replacement plan to reduce the total project cost. Based on the Phase 1 cost estimate,
this replacement would require spending an average of $1 million per year (in 2019 dollars).

4.2 Replacement Schedule

Figure 7 shows the replacement plan for all priority assets, while Figures 7.1-7.5 show the
replacement plan by priority bucket, with Priority 2 further broken down into three groups based on
replacing pipes with the highest BRE scores first. The costs for replacing each group are
summarized in Table 12. Note that the specific ordering and grouping pipes into capital projects will
be done by the District with the Priority and BRE scores as guides. The costs presented below
assume each pipe segment is treated as a separate project; therefore, costs are conservative. The
Asset Register is in Appendix B prioritized by descending Priority bucket and BRE score.
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Table 12: Priority Buckets based on Priority and BRE Score

BRE Score Length (If) Cost ($)

34,677 17.4M
2 >30 63,546 32.5M
2 25-30 21,128 10.7M
2 <25 35,602 18.1M
3 All 39,586 20.4M

Total 194,539 99.1M

As no near-term projects were identified in Phase 1, the replacement schedule begins with the
general replacement based on risk and the prioritization approach outlined in Section 2. The plan
assumes that pipe-bursting is a suitable replacement method if the material is not DI and is not
greater than 750 linear feet in length. Note that no DI pipe is prioritized for replacement in this plan.
Pipe and site conditions will need to be evaluated prior to the design of each project to confirm
replacement method. The first section chosen for replacement is aligned with the required near-
term replacement of the damaged sewer line on Central Avenue to minimize road disturbance. The
only deviation from this prioritization is the replacement of the water system pipes in Grace Park,
Wavecrest Avenue and the area of Fernwood Drive and Parkside Drive. The water system in these
areas of McKinleyville are identified as areas of concern and are therefore prioritized by the District
and placed in group 2.1.

The 18-inch DI pipe from the Humboldt Bay Municipal Water District is a very critical segment of the
system. The condition of the segment of pipe was assessed via ultrasonic thickness testing as part
of Phase 3 of this master plan, it is recommended that the condition of the pipe be monitored every
5 years because of its criticality. There is no cathodic protection on that piping and no additional
engineered measures for external corrosion control is presently recommended. It should also be
noted that a Hazard Mitigation Grant, Notice of Interest was submitted in 2018, 2020 and 2021 for
the replacement of the river crossing. As of the writing of this Master Plan, the District has not heard
whether this project was approved for grant funding.

With the proposed replacement prioritization, 98% of the District’'s 8-inch or smaller AC pipe, will be
replaced.

4.3 In-House vs Contracting Construction Projects

It was suggested in Phase 2 that completing the replacement projects in-house could reduce project
construction costs by approximately 10 to 15%. The District is interested in further evaluation of the
costs and feasibility of performing the construction work in-house. This section aims to summarize
the factors that MCSD should consider when making this decision. These considerations include:
staffing and equipment, replacement project schedule and budget.

4.3.1 Staffing and Equipment

Potential crew costs per year were calculated using MCSD provided cost of $45/hour which
includes salary, retirement, and health insurance. With 260 calendar days in a year, a 6-person
crew would cost approximately $562,000/year, which is a significant portion of the annual
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replacement budget. Although the productivity of a specific crew is difficult to estimate, a motivated
and efficient 6-person contracted crew might complete roughly 400 feet of pipe per day. If $562,000
is spent on labor costs, the balance of the $1 million (2019 dollars) per year allocation could be
dedicated to material. Assuming 8-inch pipe including foundation, bedding, trench zone material,
and repair zone (asphalt) material at $170/If, the material budget would allow purchase of
approximately 2,500 feet of pipe. If the crew can install approximately 400 feet per day, the
installation might take two weeks. Allowing a couple of weeks at the start for layout and utility mark-
out and a couple of weeks at the end for services and restoration would mean a six to seven-week
project.

Excluding the percentage assumptions in Table 5 for general conditions and contingencies;
assuming the same percentage of project cost applies for design, survey, geotechnical,
environmental review and permitting (25%); and approximately half for inspection, construction
management, engineering services during construction (ESDC) (10%); the annual cost for a crew
working full time and having the materials for the work, is $1.38M. It should be noted that smaller
projects that District Staff could do and wouldn’t require bidding, would have little to no Engineering,
Survey, Geotech, CM etc. Costs associated with them and this overall cost may come in closer to
$1M per year. However, this cost does not include personnel management, training, equipment
procurement, or operational and maintenance costs. Balancing the available funding in a given year
while keeping the crew busy with materials available can be a challenge for the District. This
amount exceeds the annual budget of $1M per year for water rehabilitation. The District could
consider cross training the crew for sewer system rehabilitation work, thereby splitting the labor cost
between the sewer and water system budgets.

If only half of the crew cost was allocated to the annual water project, the $1M budget would then
also cover the design, survey, geotechnical, environmental review, permitting, materials testing, and
project management costs associated with installation of approximately 2,500 feet of pipe. Similarly,
for the sewer line installation, the crew should be able to install the annual length of pipe in less
than three months. Any potential cost savings associated with using in-house staff, is lost because
the crew is only productive for roughly half of the year.

Additionally, some projects require specialized skills and equipment which, assuming not all staff
have the same skills, could present project delays with a particular crew members absence for
training, vacation, sick leave, or other leave. Additional cost uncertainties that make construction
efforts potentially risky are equipment costs. Typical equipment would include an excavator, a
backhoe, material transport vehicles, a loader, pick-up trucks, shoring, dewatering pumps, and
various accessories and smaller tools. A failed piece of equipment or damaged material can cause
costly delays for an in-house crew while a contractor will likely have resources available for spare
equipment or materials. Relationships with local suppliers will be essential for an in-house crew.

4.3.2 Project Schedule and Budget

Flexibility can be reduced when a utility has an in-house crew performing work. Projects with special
circumstances may pose a challenge or risk to the in-house crew, or special equipment or training
may be necessary in any given future year and may require contracting out the work. Staff costs
and associated materials to maintain production are not easily reduced to accommodate special
circumstances or unique projects that require specialized skills.
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Note that the project schedule for the water system does not identify any projects with special
circumstances; however, they may arise due to site and pipe conditions. The sewer system master
plan noted a number of priority projects in the first 8 years which vary in character and require
different equipment and skills. Because of the specialized skills needed and the variability, the early
sewer replacement program is not well suited for completing with a small dedicated in-house team.
Therefore, an in-house crew would be limited to water system projects in the near term, negating
any savings from cross training crews in sewer and water projects during this period. The District
could evaluate performing the construction in-house after the first 8 years of CIP projects when the
sewer work becomes less varied. Sharing a crew with another near-by district might be a means of
reducing labor costs and avoiding either inefficient production or idle time.
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Financial Analysis

Willdan Financial Services (Willdan) was retained by the District to develop a multi-year pro forma
analysis for the water system reflecting the potential financial impact of the long-term systematic
replacement of the entire distribution system as discussed in Phase 1 of this Master Plan. The
results of that analysis and the total projected project cost were used to determine a reasonable
yearly budget of $1 million (2019 dollars) for the replacement of the MCSD water system main lines
over 100 years. For Phase 2 of this Master Plan, Willdan was retained to prepare a rate study to
see how MCSD ratepayers will be affected by the replacement of the water distribution system main
lines.

The rate study consisted of three main steps: a revenue requirement analysis, cost of service
analysis, and a rate design analysis. The first step, revenue requirement analysis, provides a five-
year plan comparing the utility revenues to expenses in order to determine the overall rate
adjustment required to maintain the system. The second step, cost of service analysis, allots the
revenue requirements established in the first step as functional components distributed to
customers based upon usage. The final step is to apply the revenue allotments to propose a new
rate structure that covers MCSD water system costs in both the near and long term.

Willdan produced a report that has been included as Appendix C. The report provides the following:
e The general approach of the analysis and the assumptions that were made

» Projected revenues and expenses

* Required rate adjustments to achieve a positive net income

» Distribution of expenditures with existing and proposed rates

* Proposed water rates

The rates proposed by Willdan were approved by the MCSD Board of Directors at their November
2018 meeting. A summary of the approved rates is provided in Table 13. With these rates MCSD
can begin building adequate reserves to support the long-term replacement of the water system
with $1 million per year (in 2019 dollars).

Table 13: Approved Water Rate Structure

Monthly Base Charge:

5/8 inch $ 16.47  § 1762 § 18.68 § 19.80 § 20.39
3/4 inch $ 2223  §$ 2449 $ 2671  $ 2911  § 30.59
1.0 inch $ 3360 $ 38.06 $ 4259 § 4752 § 50.98
1.5 inch $ 62.09 $ 7189 $ 82.01 $ 93.06 $ 101.95
2.0 inch $ 9635 $ 11259 $ 12945 § 14791 $§ 163.12
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3.0 inch $ 17952 $ 21461 $ 25143 $ 29185 $ 326.24
4.0 inch $ 20053 $ 34359 $ 399.00 $ 45976 $  509.75
6.0 inch $ 57546 $ 68207 $ 79353 $ 91575 $ 1,019.50
8.0 inch $ 91771 $ 1,08892 $ 1,268.00 $ 1,464.41 $ 1,631.20
Volumetric Per 100 Cubic Feet (CCF):
Block 1 — 0 to 8 CCF $ 157 $ 168 $ 178 $ 18 $ 1.95
g'gf;k 2-Allovers $ 393 $ 420 $ 445 $ 473 $ 488
f@%sét;')m”gh Charge $ 158 $ 164 $ 171 $ 178 $ 185

A bar graph comparing the approved rate structure to other rates in the local region for a residential
customer using 800 cubic feet per month in fiscal year 2018-2019 is provided in Figure 8. The
approved MCSD water rate structure has a residential customer paying slightly above average
compared to the local region.

$60.00 £

Assumes a residential customer recerving 800 cubic feet (=6,000 gal)

$50.00 -

$40.00 =

$30.00 1
$20.00 |

£10.00

City of Redd
City of Eureka
umboldt CSD

50.00

Average of Other Utilities === == == == =

Figure 8: Residential Customer Regional Rate Comparison (800 Cubic Feet)
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Conclusions, Recommendations, and Next Steps

This document presents a summary of all 3 phases of the MCSD Water Main Line Replacement
and Rehabilitation Master Plan, a high-level assessment of the District’'s water distribution system
for use in initial planning for rehabilitation and upgrades to the system.

Phase 3 has provided the following:
* Highlights of the Phase 1 system analysis

* Highlights of the Phase 2 information on viable replacement methods and financial analysis
based on the Phase 2 proposed spending plan

» Discussion of in-house or contracting of construction work and comparison of costs
e Summary of physical testing results
» Risk Framework for evaluating the District’s system

* Updated replacement plan using a risk-based prioritization approach

This final section presents conclusions, recommendations, and information on the next steps in the
overall process.

6.1 Conclusions

This Master Plan presents a Risk Framework for evaluating and assigning priority for the
replacement of MCSD’s water distribution system. The District can replace the most critical portions
of the MCSD water distribution system in the next 50 years with a reasonable adjustment to user
rates by using the risk-based prioritization presented in this master plan.

Following the prioritization presented in this master plan, spending an average of $1 million (2019
dollars) per year on the system will allow Priority 1 and over half of Priority 2 pipes to be replaced
which equates to 18.6 miles of the District’s 8-inch or smaller AC pipe in 50 years. This represents
50% of the District’s 8-inch or smaller AC pipe, or 22% of the entire system. Replacement activities
will help to ensure the continued high quality of service to their customers. Actual construction costs
may differ and will depend on pipe conditions. Confirmation of the appropriate replacement method
during the design phase of each project.

6.2 Recommendations and Next Steps

While there are currently no high-priority, near-term projects required for the distribution system, it is
critical that the District begin planning and budgeting for upgrades and replacement of system
components. The approved rates from Section 4 were made assuming that MCSD would begin
putting aside $860,000 to $960,000 for each of the next four years starting in 2019 and then
reserving the full $1 million (2019 dollars) per year after that period. With rate adjustment approved,
the project financing is securely in place and it is recommended that MCSD execute the
replacement of its water system beginning with the pipe segments identified as Priority 1 followed
by Priority 2 and then Priority 3. Within the Priority groups, it is recommended that BRE scores be
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used to prioritize projects. The District should begin the planning and design process for the early
proposed projects so construction can begin around 2024.

Asset condition for the risk assessment performed as part of this master plan is largely based on
the 3 AC pipes samples collected and physically tested, one segment of DI pipe CCTV-ed, and one
location of DI pipe with ultrasonic thickness testing. Results of physical testing were then
extrapolated to subsets of assets based on material and diameter; however, condition within a
subset can vary. Additional physical testing could be performed to refine and update the condition of
the assets, as well as additional physical testing. As pipes are replaced, condition scores should be
updated to reflect the improvements.

As for the feasibility of hiring more District staff and creating an in-house crew, versus a contracted
crew, it can be argued both ways. For smaller projects, that don’t require extensive equipment,
hiring 1 or 2 more employees and utilizing part of the existing staff for a few weeks per year would
be more feasible than hiring a contracted crew. It would require the District to purchase a few
pieces of equipment that can also be utilized in other areas of the day-to-day operations. You could
complete more of the smaller projects per year, as it would cut down on the Engineering, Survey,
Geotech etc. and wouldn’t require the bidding process. The 1 or 2 additional staff members would
stay employed year-round and would help catch up on the work that was postponed during the
month of construction.

A contracted crew would be more specialized and would have the equipment needed to complete
the required replacement/rehabilitation along with the personnel trained on operating the
specialized equipment. This would be ideal for bigger jobs in paved roads, with a lot of traffic that
might require any method other than the trenching and replacing method. A contracted crew can
also pull in more employees as needed, for flagging in busy streets etc. A potential cost savings for
the District would also be to develop a list of approved Contractors and as the design of each job is
completed, they could solicit costs from Contractors on the list, rather than doing a detailed bid
process.

This master plan focuses on the District’s capital expenditures and using the risk assessment to
prioritize capital projects. However, in addition to the capital project recommendations, the District
can use the risk assessment results to identify appropriate maintenance activities and intervals for
the water distribution system assets depending on the criticality of the pipe segment and
appurtenances. Maintenance activities should include flushing of water lines and exercising of
valves to ensure best performance and functionality.

Lastly, this master plan and the associated risk model is considered a living plan that should be
updated as additional condition information is known or as replacement projects are completed.
Condition scores and probability of failure can be updated at the asset level to obtain updated
prioritization.

GHD | MCSD Water Main Line Replacement and Rehabilitation Master Plan | Page 43



WILLDAN

Financial Services

McKINLEYVILL
i

COMMUNI

extending ééiifﬁ?
your E
reach

e=E

Appendices

GHD | MCSD Water Main Line Replacement and Rehabilitation Master Plan



—
WILLDAN | grerdre gﬁl
. . . l‘0’
- Financial Services reach

Appendix A - Phase 3b: Water and Sewer Mainline
Replacement and Rehabilitation Master
Plans Letter Report

GHD | MCSD Water Main Line Replacement and Rehabilitation Master Plan



=
=
July 6, 2020

Patrick Kaspari, PE Ref: 11125090
General Manager

McKinleyville Community Services District

P. O. Box 2037

1656 Sutter Rd

McKinleyville, CA 95519

Re: Phase 3b: Water & Sewer Mainline Replacement & Rehabilitation Master Plans Letter Report

Dear Mr. Kaspari,

GHD respectfully submits this summary to the McKinleyville Community Services District (MCSD) of the sub-
phase, Phase 3b, of assessment related to fitness of MCSD’s water and sewer systems. The overarching
goal of the assessments is to develop an Engineer’s opinion of present-day pipeline condition within the
water and sewer systems with respect to the proposed schedule for the District’s future replacement. Phase
3b is directly linked to the previous project sub-phase, Phase 3a, which included: 1) desktop analysis related
to pipeline performance in environmental exposures and assessment of comparable documented pipeline
performance based on environment, material, and time of exposure; 2) development of a soil sampling plan;
soil sampling; laboratory analysis; corrosivity analysis of laboratory results; and 3) provision of
recommendations related to scoping a destructive and non-destructive test plan for deployment in a
subsequent project phase.

The Phase 3b work is focused on the assessment related to developing an Engineer’s opinion of present-
day pipeline condition within the water and sewer systems. In this context, “condition” is used to represent
estimation of the risk of future failure based on the data available. The Phase 3b scope includes assessment
of the water main under the Mad River as well as the other ductile iron (DI) and asbestos cement (AC) pipe
in the water system and in the sewer collection system. Phase 3b includes: 1) the development of a
destructive and non-destructive test plan for the pipe; 2) the collection and analysis of pipe samples and the
non-destructive assessment of segments of pipe; and 3) the analysis and reporting of the destructive and
non-destructive sample results and recommendations to review, revisit and/or revise the schedule and
priorities for time-based pipeline replacement, if applicable.

Project Overview

The scope includes assessment of the Ductile Iron" water main in the vicinity of the Mad River crossing,
forcemains from the Letz, Kelly, Fischer, and B Street lift stations, as well as the other ductile iron (DI) and
asbestos cement (AC) pipe in the water and sewer systems. Attachment A and Attachment C includes a
System Site Plan that includes pipe material designations. The majority of project piping is AC with a much

" Record Drawings reference the pipe material as “Ductile Cast Iron”.
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lower percentage of DI and PVC piping presently in service. Based on available Record Drawings, sewer
system piping was installed in 1976 and water system piping was installed in 1973, and has been in service
since installation.

The findings and conclusions from the Phase 3a assessment found that the soil environment identified per
the laboratory analysis is negligibly corrosive with respect to ductile iron pipe. GHD’s experience, based on
direct assessment of ductile iron pipe in similar soil environments over similar time of exposure scenarios, is
that external corrosion-related degradation in terms of pipeline wall thickness loss, is typically nominal.
However, the soil environment identified per the laboratory analysis is generally highly aggressive with
respect to asbestos-cement pipe in various areas within the District boundary. The pH of the boring samples
tested ranged from 4.5 to 7.8. Based on AC pipeline installation in the 1970s, the time of exposure to the soil
environment is greater than 40 years. Degradation of AC pipe resulting in a reduction of pipeline strength
was identified as a possible risk and destructive laboratory evaluation of AC pipe samples was
recommended in order to quantify the AC pipe degradation-to-date. The focus of Phase 3b including
quantification of the present-day condition of selected piping. The Phase 3b tasks included:

1. Three (3) AC pipe samples were obtained and underwent destructive laboratory evaluation. The
results of the laboratory evaluation are summarized in Table 2. The laboratory evaluation included the
following parameters:

a. Cross sectional hardness assessment was performed on the interior and the exterior of each
pipeline cross section at 0.10 inch increments using a shore D durometer. The shore D
durometer test results in an empirical number from 0 to 100: the higher the number the harder
the material. The intent of this testing was to estimate the depth of the softer/weaker material on
both the interior and exterior surfaces of each AC pipe sample.

b. Cross sectional pH evaluation was conducted on the entire cross section of each AC pipe
sample at eight (8) locations per sample evenly spaced around the pipe circumference. The
intent of this testing was to identify locations and quantify depths, on both the interior and
exterior surfaces of each AC pipe sample, where the alkalinity has been reduced.

C. Crushing strength testing was conducted in accordance with ASTM C 500 — Standard Test
Methods for Asbestos-Cement Pipe. The intent of this testing was to identify the present-day
residual strength of the AC piping.

2. Ultrasonic thickness (UT) testing of ductile iron pipe was conducted at one (1) location that was
selected, in part, based on consideration of the corrosivity of soils identified as a part of Phase 3a. UT
data is summarized and presented in Table 3. Pipeline wall thickness was measured at twelve (12)
circumferential locations.

3. CCTV was deployed on one selected ductile iron pipe runs of approximately 212 linear feet. CCTV
footage was reviewed by a qualified engineer?.

2 Parastou Hooshialsadat, PE, NASSCO PACP (Pipeline Assessment Certification Program), GHD
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Introduction

Asbestos cement (AC) pipe was a popular pipe material alternative for various installations in the mid-20®"
century. It is estimated that more than 12% of water mains presently in service within the United States are
AC pipe®. Asbestos Cement (AC) is a mixture of asbestos fibers, which serves as a reinforcing element, and
cement paste, which serves as a binding agent. The conditions that lead to AC degradation may be present
in the conveyed substance (internal degradation) or the surrounding soil environment (external degradation).
AC pipe degrades primarily as a result of chemical reactions with the soil environment, thus degradation of
AC pipe is primarily a function of the aggressiveness of the environment of exposure and the time of
exposure*.

External degradation of AC is generally caused by acid or sulfate attack. Sulfate contained in the soil
environment can react with hydrated calcium aluminate creating ettringite that expands and leads to the
destruction of the cementitious portion of AC pipe. Internal degradation of AC is generally caused by
leaching of the cementitious matrix by soft water; or sulfuric acid in the case of wastewater pipelines.
Hydrogen sulfide in wastewater reacts with moisture to form sulfuric acid on the pipe wall which results in
leaching of calcium, causing softening and loss of mechanical strength®. The free lime that maintains the
strength of the cement matrix can be leached from the cement by liquids in contact with the pipe surface.
External AC degradation, internal AC degradation, or the combination of internal and external degradation
may result in a reduction in the structural integrity of the pipe cross section, which could lead to pipe failure.
For the purpose of the subject assessment, the aggressiveness of the soil environment with respect to AC
pipe is categorized primarily based on quantification on the sulfate ion content of the soil, reported in parts
per million (ppm) and the pH of the soil. When pH increases above 7.0 (the neutral value) the conditions
become increasingly more alkaline. Lower pH (more acidic) environments represent increased corrosivity
with respect to buried metallic structures.

GHD developed a pipe sampling plan with the objective of obtaining and testing three (3) representative AC
pipe samples. Two pipe samples, AC1 and AC2, were selected from locations with nearby available soil
laboratory data, from Phase 3a, identifying the soil as highly aggressive with respect to AC pipe. Pipe
sample AC3 was selected from a location where the adjacent soil data did not demonstrate highly
aggressive soil. MCSD provided equipment and labor related to excavation. The three (3) pipe samples
were obtained on April 14, 15, and 17 at the approximate locations depicted in Attachment B “Water Pipe
Sampling Plan” and Attachment D “Sewer Pipe Sampling Plan”. GHD’s Daily Logs related to pipe sampling
operations are included as Attachment E.

3 Ghirmay, Abiy Melles “Asbestos Cement Pipe Condition Assessment and Remaining Service Life Prediction”, University of Arkansas,
Fayetteville, August 2016

4 Denison, Irving A. and Romanoff, Melvin “Effect of Exposure to Soils 