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EXECUTEVE SUMMARY

Thes Aswer Management Plan 15 developed for the Helden Beach Water System and provides. the
overdl invertory of the assets i the system, dhe conduion of mitrastructure of the systenr, a look
at future development through a Capital Improvements Plan (CIP). and a detaifed description of
the Operation and Mantenance of the existing intrastructure. The goel is 1o have a well-maintzined
and reliable water system for all custormers now and in the future.

The plan has the following breakouts and direction:

e Increase the knowledge and overall understanding of the system by the Town and its users,
including field staff who matintain the system daily.

e Provide overall asset listing for major items within the water system.

¢ Communicate and show how the assets were rated and the current condttions of the assets.

¢ Proactively plan for replacement and upgrades to equipment before the end of
infrastructure life cycles.

e Provide a management roadmap and direction for the Town's employees and Council to
plan for needed financial investment and rates for the service.

May 2024 'CCI l

W:\HOLDEN\23001\Office\Asset Management Plan AMP Eng[neeﬂng



Asset Management Plan
Holden Beach Water and Sewer System
2024



1. INTRODUCTION



Asset Management Pian Page 2

T T e e e e g o a2 S A St ) ol e ]
HOIDEN BEACH WATER SYSTERA

i. INIRODUCTION

This Asset Manzgement Plam s devefoped tor the Floldem Beach Water Swstem snd providies.
the overall imventory of the systerm, the condition of the system, & loak at future developanent
through a Capitall Improvements Plan ¢CIiP}, and a detailed descnption of the Operatton and
Maintenance of the existing infrastrucre.

The plan has the following breakouts:

¢ Uity Overview: Increase the knowledge and overall understanding of the system by the
Town and tts users.

o Utility Assessment: Communtcate and justify funding requirements for current and future
projects and purchases.

e Capital Improvement Plan {CIP}: Provide a management roadmap and direction for the
Town's employees and Council.

e Operation and Maintenance (O&M) Strategy and Plan: Demonstrate responsible
management of the Town's infrastructure, equipment, and components.

The purposes listed above are o help the Town develop, maintain, and continue to build a
better water system in the most cost-effective way. This helps to keep the maintenance costs
low, which will also keep the utility rates low for the customiers and all stakeholders and reduce
disruptions of service.

1.1. Holden Beach “About Us”™ Statement

NATIONALLY RECOGNIZED AS ONE OF THE PREMIER "FAMILY
BEACHES" IN THE UNITED STATES. HOLDEN BEACH IS PROUD OF WHAT
WE DO NOT HAVE. WE ARE PRIMARILY A RESIDENTIAL COMMUNITY,
WITH A SMALL COMMERCIAL AREA. HOLDEN BEACH IS A GREAT PLACE
TO RELAX, ENJOY THE BEACH AND THE NATURAL WILDLIFE THAT
SURROUNDS US. CLEAN WATER, BLUE SKIES AND LOTS OF FAMILY
FUN. COME EXPERIENCE IT FOR YOURSELF!

Safe, Clean, Reliable water and wastewater service is critical to
families relaxing and having fun.

May 2024 Call
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2. UTILETY OVERVIEW

Holden Beach s m southeastern North Caroline. The Town consists of 3.4 square mitles 0.7
square miles of this water) with @ population (per the 2020 US Census) of 921, but the papulation
swells to 6,579 in the summer months. The Town provides both water and sewer service to their
customers. Water s distrtbuted through 2232 miles of piping ranging from 1-12 inch. There are
3 21y water services. The Town has | elevated storage tank holding & maximum of 300,000 gallons
and has 2-02-mnch major Gansmission supply lines at Seagull Dnve Inland Waterway Crossing
and at NC 130 (near the bridge}. Water treatment ts provided by Brunswick County. The contract
is for 2 maximum of [.8 MGD and expires in 2061. The Average daily water use was 0.473 MGD
and bad a maximum daily demand of 1.03 MGD in 2022. See Table 3-1

2.1 UTILITY OVERVIEW APPENDIX MAPS AND SPREADSHEETS

A Complete Survey grade GIS file was sent to the Town of Holden Beach for all of their existing
assets. On November 3, 2023, ali the Unhty staftf were trained using Leica Zeno FLX100 Plus
antenna, Leica Zeno Mobtle Application on the Tablet. utilizing the database created by Green
engineering from ArcMap. With this simple system they can locate exactly any of their assets
within their system. This is particularly important during storm events when horizontal assets may
be covered with sand dunng over wash of the island.

GIS maps were also provided as a back-up are in a bound ring binder entitled “Asset Inventory
Maps Holden Beach Public Works™. It shows all the assets in the system including all water
valves, all sewer valves, all fire hydrants, all ss valve pits (vacuum sewer system), Water Meters,
Blow-offs, Drop Inlets, 1-12-inch water mains by material (AC, PVC, Ductile), 6-10 inch Force
Mains between pump stations and from the island to Brunswick County, all 4-10 inch vacuum
sewer, and all combo vacuum / sewer pumping stations.

May 2024 ‘cen
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22 UTILITY FACILITIES

Halden Beack has thew mam muatntenanee Beility for their Unlity Operations. off the istand on the
mrzinfand at theur Entergency Operations Center focated an 1044 Sabbath Home Road, Supply. NC.

This s where they store almost all necessary repair parts and piping. They have a well-stocked
mventary of all materials necessary for almost any repair for their horizontal and vertical assets
including vacuum pumps and transfer FM pumps. The remainder of thetr operations are out of
their Town Hall located at £12 Rothschild Street Holden Beach, NC. This is a modern well-
equipped facthity. They use the elevated tank site and the wastewater vacuum and pumping stations
as storage sites for some equipment, but they are very limited for space.

May 2024 L
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3 WATERSYSTEM

Tabte 3-1 Holden Beach Witer Systenn Overview

—_———— e ———————

Category i Deseription

Operativns Warehouse 104 Sabbath Home Road. Supply, NC.

Billinp Office 112 Rothschiid Street Holden Beach, NC
Distribution Svstem

Residentin) Connections 3,266 (survey) £ 3,173 WSP 2022

Commercial Connections None Identifted as such

Main Transmission Connections 28 v87i06 1

Elevated Wader Tunk Capacity  RRAXIIOTEE G

Ground Storage Tanks 0

istribution Mains AN 22.32 miles (GIS) of vanous sizes from 1™ to

Appurtenances 127 mains, 291 valves and 162 fire hydrants.

WIS S RO AT ER SRS 1.8 MGD (Max Day 58% 1.05 MGD in 2022)

Booster Pamp Stations 0

Blew-ofls 15

Control Sysiems Radio Telemetry System with power back-up
Provided by Custom Controls only EST tevel
and Sewer PS 1&4 at this time

Water Supply Wells 0
Emplovees/Seaffl 3.25 FTEs total: 4.25 System, | Business
Oftice and Customer Service
Miscellancous Equipment 2019 Vac-Con, 2014 CAT Backhoe, 2016
Mini Excavators, Dump Truck from PS
(shared), 2 Godwin CD150 Water Pumps, 5 F-
150 Crew Trucks

Radto Telemetry

May 2024 CCl
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3.1 Distribution Mains and Appurtenasnces

The extstimg distrebuiron system ts compased of approximately 22,32 miles of water lines ranging
i size from E-inch to 12-inch wamas. As part of the AlA process the town row has every asset
geotocated m a GIS datubase for the system. A farze portion of the system was constructed in
1977. The larger matns mstalled at that time were Asbestos Cement tor kines 4 inches and above
in diameter. Crosshines on DOT roads were to be DI and 2 inch, and [-inch lines were canstructed
of PVC. 2-mnch [incs were encased in steel under DOT roads. Service lines from the main to the
meter base are polyethylene. Holden Beach does not have a GIS Depariment: updates are being
recorded and kept for future updates by their Engineer of Choice or by Brunswick County. The
12-inch HDPE transmission hines from Brunswick County at NCI30 near the bridge, and the 8-
inch HDPE crossing te 12 inch PVC main on Sea Gull Drive are the only sources of water for the
Town.

There are 126 valves for shutting oft water service, ranging from §-inch through 12-inch, with 15
dead-end blow offs. and 162 fire hydrants. Valve sizes were not collected for survey, but valves
on any size line should be the same as the pipe unless they are for a hvdrant leg or a lateral feed.
The overal! pipe length totals in miles and percent of the entire system are condensed into Table
3-1.1, and Hydrants, Valves, Blow-Offs and Meters are in Table 3-1.2.

Table 3-1.1 Overview of Pipes (Horizontal Assets) in Holden Beach Water System

_ Percent of Svstem

— e e e —
b Sl g - Holdea Beach Totals W
IPipe Size! T S(Miles) o (OGS RTC W Ll ER NN LR L S ST |

0.07 0.3%
3.42 15.3%

0.29 1.3%
9.48 42.5%

1 0.29 1.3%

| 0 0%

8.77 39.3%

Totat 22:32 100%

May 2024 e
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Table 3-1.2 Overview of offter Water {Horizontal Asvets) im loldea Beach Water System

Hy drants, Fotal Number “ Per 1000 feet of Svsten
Valves, Blow-
Offs, Melers
Hydrants / 1.37 Avg every 730 ft)
Valves 291 247 (w/ hydrant valves)
Blow-Offs i3 0.13

Meters 3.260 21.7

Table 3.1.3 Holden Beach Meter Count by Size

'I'C.|_'f_wv“f-! T*Ii'-_l-'ﬁ,"!‘:"‘ .!

'METER Type

3/4Inch
i r - ;

3.2 Elevated Storage Tank and Water Supply

The Holden Beach Water System has one elevated water storage tank with a capacity of 300,000
gallons. Table 3-2 shows the tank location, overflow elevation, and range.

Table 3-2. Water Storage Tank Information Built in 1978

Facility  Address Capacity  Fouting Height  to Gverflow Tank

Elevation  Overflon Elevation  Range
(salluns}  (ft) (ft) {t) {te)
Brunswick Ave W. 300,000 13.0 155.0 168.0 280
Holden Beach, NC
Tank 2
IA{11d% | Possible Future

Tank |

May 2024 CCn
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Current Water Demand and Storage:

Based upon the average daily water demand for 2022 of approximately 0.473 million gallons per
day (LWSP), the system has just over a 15-hour supply if the tank was completely full and both
transmission lines failed. There would only be a 6.9-hour supply on a maximum demand day. This
amount of storage 1s adequate as the minimum state standards under 15SA NCAC 18C 0805(c) for
all water systems is one half day’s supply on an average day, but does not meet the standard if the
Town wishes to meet the requirement on a peak demand day. Holden Beach ts also unique when
compared to other communities as the maximum daily water demand in the summer versus the
minimum monthly average water demand in the winter is 6 times greater. (1.05 MGD versus
0.1733 MGD} And the monthly maximum is 4.8 times the monthly minimum (0.834 MGD versus
0.1733 MGD). Small towns of this size typically have a ratio of less than 2 times greater maximum
month to minimum monthly average. The very large swing in water demand which occurs
seasonally must be considered when planning for infrastructure size, including water storage.

May 2024 CCI'l
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Growth and Population Projections:

Based en current property maps for the Town of Holden Beach, approsimately 22% of the tskand
ts open for development. In additvon, many of the properties which are being redeveloped are much
larger than the eniginal houses on the property, and irnigation is more prevalent than even 20 years
ago, placing additional demands on the water system. State DWR growth projections for Holden
Beach currently show an 8% mncrease in water demand by 2030, a [9% growth in water demand
by 2040, and a 30% increase in water demand by 20350. Based on these numbers, by 2056 the
current elevated tank will only supply 3.3 hours of water on 2 peak demand day and { 1.7 hours on
an average day assumiteg both water lines failed from Brunswick County. This will not meet the
state recommended 12 hours of storage for an average demand day in 2046. See Chart 3.2.
On a maximum demand day, the town will only have a 6.9-hour storage capacity currently which
drops to 4.8 hours by 2060. See Chart 3.2.1. Similar results are seen for the maximum demand
monthly average. Adding a second 300,000-gallon tank increases the storage capacity to more than
12 hours through 2068 when the town should be near build-out. See Chart 3.2.2 Another important
issue is water system turnover. 72 hours is 2 desired tank turnover to maintain water quality. The
town’s mintmum monthly water demands are 3 days by 2037 even with a second tank. See Chart
3.23.

Properties for Future Development Shown in Blue for Example

May 2024 ‘CCI
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HOLDEN BEACH WATER SYSTEM

Chart 3.2 Growth in Average Annual Demand Exceeds State Standards in 2046

Holden Beach Average Day Growth
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Chart 3.2.1 Current Storage 6.9 Hours Decreases to 4.8 Hours Storage
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Chart 3.2.2 Current Storage 8.7 Hours Decreases te 5.7 Hours by 2070
Add Second 330,800 Galten Tank Starage Increases to £7.3 Hoars Current to 113 in 2070

Average Maximum Month Growth

14

I7
13 .
8.2

rE

MGD

2022 30 2050 yoy 2050 2060 X070

Chart 3.2.3 Current Turnover 1.7 days Decreases to 1.1 Days by 2070

Add Second 300,000 Gallon Tank Current 3.47 Days, 3 Days in 2036*
*3 Days or Less Desired

Average Minimum Month Growth
028 0.265
026
0.24
0.22

o 0.2
(U}
2 018
0.16
0.14
012
0.1
2022 2030 2040 2050 2060 2070
Year
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HOILDEN BEACH WATER SYSTELT

Patential for Luss of Service from Brunswick County

if any of the following occurred or 2 senes of events accumred Holdem Beach would be reliant on
the elevated tank(s) alone. 1) Both supply lines (£2 nch at the bndge at NC 130 and the 8-inch to
12 inch on Seagull Drive from Brunswick County failed. Upstream there 1s a network of 12 inch
and smaller pipelines, but they all cnginate from one large 30-inch transmission main on US 17
which feeds from a pumping station at Bell Swamp at the 4 MG ground water storage tank 2)
Brunswick County’s pump station from the on-ground tanks at Bell Swamp failed. 3) The two
treatment plants or their pump stations failed (they both have generator back-up). There is limited
elevated storage capacity in this area of the Brunswick County Water System of 1.1 MGD total to
serve from Bell Swamp to Calabash. There 15 more than adequate ground storage at Bell Swamp
near the US 17 and NC 87 intersection near Winnabow, but the tank is 20 miles from the Shalotte
elevated tank and another 9.5 miles to Holden Beach. (See Table 3-2.2) 4) A major leak in the
Brunswick County system near the two water line feeds to Holden Beach could cause very low
pressure in the supply lines.

All 4 scenarios above are unfikely to occur, but they are possible.

Red 30-inch US 17 South from Pump Statlon, Pmk 16 in, Blue 12 in, Holden Bottom Left

May 2024 = CCI]
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The Town should also be aware that a water mam break on the [2-inch AC main on Ocean
Boutevard west of where the 1 2-unch line from Seagull enters the system would result in losing
system pressure for all customers west of this location until the line was repaired or replaced. This
s more than 330 customers, or more than 10% of the system. Any break on Ocean Boulevand
beyond Brunswick Avenue and before Seagull. and the west end of the island can only be fed by
the Seagull Drive linc. See Figure 3-3 on page 14.

Table 3-2.2 Brunswick County Water Storage and Pump Stations Holden Beach Area

{‘_}I[;i{ city  Overflow Distance to Elevated Tank
Elevation

_(gallons) (i)

Facility  Name

ST Bell Swamp 20 miles to Shallotte Elevated Storage
Storage Tank (EST), 29.5 miles to Holden Beach
LISETIE Shallotte 03 MG i75 Supplies Shallotte area 9.5 mmles to
Storage Holden Beach

& Shallotte Point 0.3 MG 168 Supplies Ocean Isle Beach 5.0 miles to
Shallotte EST
Sunset 0.2 MG Supplies Sunset Beach 12.5 miles

Shallotte EST
Calabash 03 MG 168 Supplies Calabash 14.25 miles to
Shallotte EST
NI Bell Swamp N/A Pumps into 30 inch on US 17 South
Station
May 2024 'CCIN
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HOLDERN BEACH WATER SVYSTERT

Figure 3-2. Transmission Lines from Brusswick County Shown. Ocean Boutevard 12-inch
Fransmission Line is a single pipeline bevond Brunswick Drive. Potential tank (shown with
red arrow) located on higher ground away from erosion zone for the istand could supply
300+ Homes if the 12 Inch AC Pipeline on Ocean Boulevard failed west of Seagull Prive.

' Possibie Second 300,000 Gallen Tank

End Brunp w:ck
I (" n-q! 5_—_.__..
il ine

Photo: Francisbausch/Creative Commons

May 2024 ‘CCI
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3.3 Alternatives to Mitigate Risks if the Town Desires

£ Holden Beach focts that the msks menroned mm section 3-2 above are too great or they want to
store addittomal water for tugh demand pentods dunng the summer, or they want to prepare for
future growtk, then there are alternatives that would mitigate some of the nisks for the community.

Alternative I) There are benefits of having a second elevated water tank or water feed from the
western end of the island because of Holden Beech’s unique long and parmow distnbution system.
A second tank would of course help if the supply from Brunswick County were lost, as it would
help sustain pressures and flow until the supply was restored. A second tank would help maintain
pressure when the ore existing tank is out of service for any reason including painting and
maintenance. Dunng a large fire event it would help to stabilize pressure as the tank would be on
the istand. However, Brunswick County’s eastern water tanks also operate at the 168-175-foot
overflow elevation (See Table 3-2.2) and should support Holden Beach pressure under most
circumstances with only munor pressure losses. Green Engineering has completed a hydraulic
model of the Holden Beach water system, and the results of the study are available in a separate

report.

A second elevated tank will be needed before 2046 based on NCDWR projected growth rates for
an average day’s dernand to meet the recommended requirements under 15A NCAC 18C 0805(c).
Another benefit of having a second tank on the westem portion of the island 1s to maintain water
supply in that portion of Holden Beach in the event the 12-inch asbestos cement line along Ocean
Boulevard West (SR 16) failed anywhere west of Sea Gull Drive. (west of where the second feed
from Brunswick County crosses the inland waterway) This AC pipeline which is already more
than 40 years old 1s more hikely to fail due to age and due to the fragile nature of AC pipe. However,
town authorized testing of the pipeline at three locations by a company specializing in AC pipeline
analysis showed the pipeline to be in good condition a few years ago. This was an excellent
predictive tool for this aging pipeline, and the Town is to be commended for taking this proactive
step. When the line does fail in the future, an elevated tank would keep the west end of the island
supplied with water if the line could not be quickly or easily repaired. This would ensure more
than 330 homes west of Seagull Drive (10% of the entire system) (some with as many as 16
bedrooms) would have water service during the repair or extended outage. [f two tanks were in
place, water would be fed from both the east and the far west sides of the island minimizing outages
to isolated areas between valves during a main break anywhere on the island, improving reliability.

May 2024 cCIl
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An additronal tank of 300,000 gallons or more would increase the back-up water supply to almost
14 hours on the current maximum demand day when it 1s most needed and to almost 31 hours
dunng an average day. This would then exceed the state recommended storage of a half day
minimum storage durning the whele yvear. including the heavy demand penod of May through
September. The 1tems to be considered before adding a second tank are the cost for the tank and
land (cost estimate $2.473 M) See Table 3-3 not incleding land costs). cost to maintarn annually,
and finding a stable and safe site near the western end of the island that would be available. It is
also understood that the Town may prefer to site the second tank on land that is already
owned by the town, as land at the western end of the island is not available. The second tank
is currently shown to be funded in the FY32 and FY33 budgets in the CIP before the town
fails to meet the state requirements for water storage, and in case water use growth exceeds
current projections.

A concemn that has been expressed 1s that the water will not be turned over often enough during
the Winter with a second tank. Based on low water flow averages in January and February of
0.2104 MGD and 0.1733 MGD, water would be tumed over with the tanks completely full every
2 85 days to 3.46 days based on having two 300,000-gallon tanks, very close to the recommended
3 days for a water system. Therefore, water age should not be a great concemn if the town decides
to add a second 300,000-gallon tank. The town could consider performing some fire flow testing
or performing unidirectional flushing duning this period to increase water turnover if desired,
which would improve turnover. The downside is that this water must be purchased from Brunswick
County without a retumn in revenue from customers, so this needs to be minimized when possible.

See Table 3-3 for Cost Breakdown for Tank

May 2024 (&S 8]
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Camstruetiom Costs
300,000 Elevated Tenk &
Abtitade valve $1.980.000.00
$1.9%0 003 GO
Contingency (1054 of
- . - $193.000.03
Coastruction Sabtocal: $2,178,000.00
Engineering Casts
Engincening Design 130,000
Permitting 1300
Land Surveying Costs 2700
Other:
Engineering Subtatal: 5154,200.00
Administration Costs
Planning (pre-construction
costs)
Easement Preparation 1,500
l[;Ingmcel_'mg Report 8.500
reparation
Environmental Documentation
Preparation (if applicable)
Legal Costs 1,500
Project administration 35,000
Field Observation 90,000
Bid and Award 4,500
Administration Subtotal: $i41,000.00
TOTAL PROJECT COST: $2,473,200.00
May 2024




Asset Management Plan Page 18
Erimes s e e e il 3

HOLDEN BEACH WATER SYSTERR

Alternative 2) An aliernative ther could be considered 1s 2 seoond 12-ipch or B-1nch nxaum which

could be fed west down oean Bodlevart fircon Seagull Dnive to Skimmer Court 0.36 mules Tihas
would be ued mto the | 2-inch AC mamn 2t two or three places along the hee to provide hack-up
dunng supply for about 2/3 of the 330 homes at the west end of the island bevond Seagull if the
tine along Ocean Boulevard fuled . This s a very crowded area and digging would be very
impactful to both customers and staff as every water, sewer, electnc, telephone, and cable line wall
have to be worked around. Ocean Boulevard would be impacted more than dunng the recent bike
widening project. Because of the difficulty of construction, the cost per foot to install the pipe s
much greater than an average project. Total cost estimates for the project are $600,000 1o $900,000.
No other benefits of an elevated tank are provided by this project and it should be constdered 2
temporary solution as the Town will require additional storage at least in 2046. See Chart 3-2

Alternative 3) Third feed from mainland from the end of Windy Point under the infand waterway
to west of Skimmer Court. Windy Point is only a 6-inch water main at the end of the street but
could provide enough water for the again 2/3 of the 330+ homes. This altemnative is probably not
practical due to permitting and other issues to obtain a third supply to the island, and would cost
more than the aliernative 2 above, making it less practical. Another feed with slightly more benefit
but even higher costs would be to run an 8 inch from Calvin Point near Ocean Isle Beach under
the Intercoastal Waterway to the end of Ocean Boulevard. This would be very disruptive, but with
the shight additional benefit of covening 100% of the west end of the island in the event of a major
water line failure on Ocean Boulevard. Permits would be difficult to obtain, and cost may be
prohibitive, without major additional benefit. This alternative is not practical or cost effective
either and does not add the benefits of increased water storage which will be needed in the future.

Alternative 4) Install a second tank on an adjacent site now or later of 300,000 gallons capacity.
The storage benefit would be the same for emergencies, but it would not protect the west end of
the island from a pipe failure. There is also a limited amount of space in this area and the tank
would need to be located to not block the signals from the existing mobile phone tenants. Because
this is a significant source of income for the town this should be rejected. A similar option is to
eventually replace the existing tank with a larger 500,000-gallon tank on the same or an adjacent
site when the current tank reaches the end of its life cycle. The current elevated tank at the bridge
is still in excellent condition but the Town could eventually replace the existing tank with a larger
500,000-gallon tank on the same or an adjacent site when the current tank reaches the end of its
life cycle. This is rejected as a very long solution, as with proper maintenance tanks can last 100
years or more.

May 2024 'CClI

W:\HOLDEN\23001\Office\Asset Management Plan AMP Eng]neerlng



Asset Management Flan : : ; __ Page 19
HOLDEN BEACH WATER SYSTEM

Alternative 5) Leave the system as 15 cunrently desigmed. The Towm has 2-12-mch supply fimes
from Brunswick County (Brdze and Seagull Dave). Either supply line 1s Large enough to supply
the town by itself, so you already have radundancy of supply. Brunswick County has zn adequate
supply of both raw water and treated water and Holden Beach recently updated the supply contract
with the County to 1.8 MGD until 2061_The max day demand was only 1.05 MGD or 58% of this
volume and should be more than adequate through the contract pernod. See Chart 3-2.1 Brunswick
County 1s a large and well-run water system with two large water treatment facilities and a large
network of tanks and booster pump stations. While the 300,000-gallon tank is 47 years old, it has
been well maintained throughout its life. You currently have a Service Contract for the elevated
storage tank which handles maintenance and painting. The tank is also a source of revenue for the
Town as there are currently 5 cell phone companies paying a lease for the property to place their
equipment on the tank. Even though the tank only holds a little over 7 hours of water during the
highest demand day, it is normally kept almost full by the Brunswick supply lines under normatl
circumstances. Even with the mited volume of 300,000 gallons, the tank does meet the current
NCDEQ recommended 12 hours of capacity on an average day, with 15 hours storage. While it is
possible for the 12-inch AC pipeline on Ocean Boulevard to fail placing customers out of water,
the Public Works Department keeps a well-stocked supply of matenals to fix the pipeline.
hopefully limiting the time without water. The pipeline was also tested by a nationally recognized
tesung fim for AC pipelines, and they stated that the line had 40 more years of life expectancy
just a few years ago. However, it is recommended that the town prepare to begin replacing at least
portions of the line in the next few years as this 12-inch AC pipeline down Ocean Boulevard is the
critical “backbone” of your water system. Staying with the current design of the system will of
course cost $0, saving the funds for other needed water and wastewater projects, or not spending
for the tank now will of course keep rates lower at least for now.

No matter the final decision by the Town, Alternatives one or two could be completed later 1f
desired. Option 5 to not add a second tank would save money for other needed projects and keep
rates as low as possible. Although not mentioned above because the 300,000-gallon elevated tank
at the bridge 1s still in excellent condition could be to eventually replace the existing tank with a
larger 500,000-gallon tank on an adjacent site when it reaches the end of its life cycle or as a second
tank on the same site

May 2024 CCh
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Mamtemances of the existing clevated sworzge rank s cumently provided by Utnlity Serwvice
Campany.

Tank location, main sizes, and pumping capacitics wall be evaluated as part of 2 hydraulic model
which was created utifizing very accurate siurvey grade data for the water and sewer system.

Latitude and Longitude are available for all assets in the water system including valves,
hydrants, and meters provided a part of the AIA. All can be Geo-located afier 2 major storm
event even if they are covered with sand or debris since Holden Beach has been provided and
trained with survey GIS and Leica Zeno Maobile Devices.

3.4 Water Booster Pump Stations

There are no Booster Pump Stations controlled by the Town of Holden Beach as
water is fed from Brunswick County and the system is a one pressure zone system.

3.5 Check Valve Vaults

There are no check valves as the system is in one pressure zone with one elevated
tank.

3.6 Control Systems

Radio telemetry

The Holden Beach Water System water tank level is monitored by a radio telemetry
system.

3.7 Water Supply Well(s) Or Treatment Plant(s)
All water is supplied by Brunswick County. The town contracts with Brunswick
County for their water supply. 04-10-045. 1.8 MGD Maximum. Contract Expiration
2061, Contract is recurring.

May 2024 ‘CCI
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HOLDEN BEACH WATER SYSTEM

4  WASTEWATER FACILITIES

The entire Holden Beach sewer collectron system operates on the vicuum sewer principle and s
divided into four (4) service areas by pump station, cerresponding to Pump Statiens 1 through 4.
Pump Stations 2, 3, and 4 have their service areas segregated into a2n A zone and B zones. The A
and B zones generally run one zone east and one zone west along the island. Pemp Station | service
area contains 4 zones. Zones are divided as east and west running lines, and oceanfront, versus the
inland waterway side. Each zone enters the collection tank through a separate inlet pipe and
isolation valve. There are a total of 21.06 miles of Vacuum Sewer Collection lines ranging in size
from 4 inch to 10 inches in diameter. From the vacuum collection system, the wastewater first
enters the pump stations carbon steel collection tanks. (PS1 4300 Gallons and PS2-4 3000 Gallons
each) The sewage transport components at the Holden Beach pump stations are segregated into
two types of systems. The first type - included at all four (4) pump stanons - are sewage transfer
pumps, which are connected to the collection tank. They transport the sewage from the tank to a
wet well contaimng transfer pumps. The submersible transfer pumps are located in a wet well
adjacent to the subsurface structure at Pump Stations | and 4. 5.25 miles of 8-inch and 10-inch
PVC and HDPE force mains transport the wastewater off the island from pump stations | and 4 to
the mainland for treatment and disposal by Brunswick County. The entire collection system and
vacuum and pumping stations were put into service around 2005. The contract for treatment with
Brunswick County is for | MGD per day and the average discharge in 2022 was 0,2752 MGD and
the max flow was 0.5628 MGD. The Collection System Permit WQCS00340 is currently permitted
for 2.0 MGD.

Table 4-1 on the next page is an overview of the utility and the customers it serves:

May 2024 'CCI
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Table 4-1. Hﬂ!d!m Bmll mexmr Va:cum:m and Pn'mpmw Cu[!edmm Systttm meew

(.th,ur\ W - Description
Wastewater Facilitics

TR R (e JOFLe T TIS T B (044 Sabbath Home Road, Supply, NC

Town Hall Billing Office 1 I2 Rothschild Street Holden Beach, NC
Collection 3ystem
Connections 2984
88 Valve Pits 1,492 SS Valve Pits (Vacuum Valves)
Vacuum Piping Size 4-10 inch
AN THN OO TSRS TR AT 111,197 Feet (21.06 Miles)
Sewer System Valves 126
GOIPIAMRYE DR T I T TER PST 4-455 CFM Vacuum Pumps (Collects
Pump Station Capacities from Service Area | and PS2)
PS2 2-455 CFM Vacuum Pumps
PS3 2-455 CFM Vacuum Pumps
PS4 2455 CFM Vacuum Pumps (Collects
from Service Area 4 and from PS3
TR R T TN ST O @1 TN PS T 4,500 Gallons all others 3,000 Gallons No
Steel Redundancy
Transfer Pump Capacities PS1 1165 GPM
PS2 450 GMP
PS3 349 GPM
PS4 364 GPM
Force Main Piping Size 6 inch and 8 inch- 2 connections to mainland
Fowrce NMain SS Piping Feet 27,720 (5.25 miles)
WF RN EEAT R TR ST T 1.0 MGD (Max Avg Month 56% 0.563 MGD
in 2022)
Control Systems Radio Telemetry System / Custom Controls
Water Supply Wells None
Employees/Staff 5.25 FTEs total: 4.25 System, 1 Business
Office and Customer Service
Miscellaneous Equipment 2019 Vac-Con, 2014 CAT Backhoe, 2016

Mini Excavators, Dump Truck from PS
(shared), 2 Godwin CD150 Water Pumps, 5 F-
150 Crew Trucks

May 2024 CChn

W:\HOLDEN\23001\Office\Asset Management Plan AMP Engineering



Asset Managernent Pian Page 23
T e R P - e e g T e e e o Sl T

HOULDEN BEACH WATER SYSTERT

Table -I—Il l lmkdowm of RPipes ﬂﬂumuumll x\.ﬁltib) in the Holdem Beach W:lsltl:wzter System

cy ‘Holden Beach Totals Percent of ‘i\ stem
Pipe Size (Miles)
'8” Force Main
10 Force Main
Total '

47 Vacuum SS
6 Vacuum SS
8” Vacuum SS
10 Vacuum S8
Total

Table 4-1.2 Breakdown of Other Horizontal Assets in the Holden Beach Wastewater System

‘Sewer Valves. Twotal Number Per 1060 feet of G\stem
SS Valvepits

SS Valves 0.88
SS Valvepils 1492 13.4(serves 2 houses)

May 2024 "CeCl
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5. EMPLOYEES/SSTAEF AND EQUIPMENT

There are 4.25 Full Time Equivalents (FTEs) total m the Holden Beach Water and Wastewater
System at the current time. These employees operate and repare all the water distribution system,
hydrants, valves, services, mretess and radios, and clevated tank on a day-to-day basis. The same
employees operate and repair the vacuum sewer system including the 4 major vacuum and
pumping staiions, all the vacuum lines, all the force main limes and valve boxes. One full-time
employee operates the business office functions and customer service functions for the water
system. The following is the breakout of the employees, their education, and their maining |
Certifications.

Table 5.1 Employee Information Breakount

Position Education Certifications

Director of Public Works High Sckool/GED A-Dist.;Cross
Connection,Coliections
Il

Water and Sewer Supervisor High School/GED B-Dist.: Collections II

Public Services Crew Leader High School/GED C-Dist; Collections 1,
CDL

Senior Public Services Technician High School/GED C-Dist; Cotlections [

Senior Public Scervices Technician High School/GED Collections I; CDL

Public Services Technician High School/GED CDL

Public Services Technician High School/GED

Utility Billing Specialist Some College Billing Soft Training

The experience and education of the employees are critical for the proper operation of the water
system.

May 2024 CcChn
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5.1 MISCELLANEOUS EQUERMENT

The Holden Bezch Water System has muscellaneas oguipment that ws meadod for the work and
repairs on the system. The oquipment listod in Table 3-6 does not emcompass all the equipment,
but only those that 2re constdered fixed assets worth $3.000 im il cost.

Table 5-1.1. Miscellanecus Equipment Listing

_Quantity _ Descriptions

Categary
Vehicles

Service Truchs 5 F-150 4X4 Crew Trucks
Mini Excavators | 2016 KX0O-40 Excavator
Vacuum Truck i 2019 Vac-Con Vac Truck on Freightliner Chassis
Generator Sets 4 Cummins 150 KW Gen Sets with Trailers
Water Pumps 2 CD 150 150S Dn Pnme 6-inch Godwin Pumps
Backhaes 1 2014 Cat Model 420F

May 2024 "CCIN

W:\HOLDEN\23001\0Office\Asset Management Plan AMP Engineering



Asset Management PFlan Page 26

T e T ot e Sl T i i T T T e

HOLDEN BEACH WATER SYSTERT

May 2024 eelj

W:\HOLDEN\23001\0Office\Asset Management Plan AMP c Englneerlng



May 2024 ‘CCn

W:\HOLDEN\23001\Office\Asset Management Plan AMP Engineering



6. UTILITY ASSESSMENT



fAsset Management Plan Page 28

o R T G e T e i i Y e R T Tl = AN JLESs - L O 2 i M o P T i il

HOLDEN BEACH WATER SYSTEM

6.0 UTILETY ASSESSMENT

Green Engincenng. PLLC, m cooperatran with Holdem Beach. preparad & Water and Systemn
Operzton and Swstem Evaluanion Study and Capital fmprovements Plin (CEP).  The asset
mventory and assessments were prepared with guwidanee provided by the LS Envirenmrental
Protection Agency's (EPA} Checkup Program for Small Systems (CUPSS) to identify and
prrontize cntical assets. Thes process included reviewing all assets and recording their conditions,
cetticality to the utility (consequence of faiture) and redundancy (the number of back-up assets to
help support each asset). The mformation collected i the 2024 report was used to assign a risk to
each asset. This witl ensure that the utility defivers the level of service needed to meet the mission
statement and user expectations.
Version release 1.3.8 from October 2014

6.1 The following sections define the metrics used to assess the assets:

6.1.1

6.1.2

Condition

The condition of each of the critical asseis was ranked according to the following scale:

Excellent — New equipment with >90% of anticipated equipment lite remaining

Good - Equipment with <90% of anticipated equtpment life remaining and in above average
condition

Fair - Average condition and suitable for operation

Poor — Not suitable for long-term use due to multiple recorded line failures, significant corrosion,
end of typical life cycle, reduced capacity, unrcliability, or other mechanical or electrical
deficiencies.

Very Poor — Not operable

The condition of the utility assets is further described in Appendix B. Assets rated as poor or very
poor are addressed through the CIP.

Consequence of Failure

As defined in the CUPSS guidance, consequence of failure “estimates the degree of impact on
utility service should the asset fail”. The consequence of failure of each asset was ranked
according to the following scale:

May 2024 "CCl1
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Insegrifrcant - Mummal shores-tean inpacs on water produetaon and distirhution operations.
Minor - Minimal sort-tenm o lomg- tenm: snpact on waker production and dustrlation opersions.
*  Moderure - Operations will be desrupted bur nuas not ratpact complrance.
e DMajor — Water production and distribution operations will be severely
drsrupted. service to customers mav be discupted, and noacompiiance s
probable.
e (Catastrophic — The water wells may shut down, service to customers may
be halted for a significant period, or there may be a water gualuty
emergency.

Redundancy

The redundancy of each asset was recorded as one of the following categories:

(0% Backup

50% Backup

100% Backup

200% Secondary Backup

Risk Category

As defined in the CUPSS guidance, the nisk category identifies the “potential for realization of
unwanted adverse consequences or events’ associated with the condition of performance of a
specific asset. Risks were categorized as:

High — Provide immediate attention to monitor asset condition and develop plans for assct repair.
Rehabilitation, or replacement

Medium — Provide aggressive monitoring.

Low - Perform routine maintenance for asset to extend remaining useful life.

The risk category was assigned based on the probability of failure and the consequence of failure.
The probability of failure was estimated based on the remaining useful life of the equipment and
the redundancy provided for the equipment. The steps below summarize the method for assigning
a risk category to ecach asset:

Assign a numerical factor to the condition, redundancy, and consequence of failure (COF) rankings
according to the tables below:

May 2024 CCn
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Table 6-1. Mumerical Faciors: for Condition. Redundancy and Consequeace of Failure
i =]
126% (1] z
i} 1 EDY: 03 V £
E (Ave ) RIGE ] 5 09 Moder &
Poor 93%u econdary IR - Major 8
Very Poor | BT | Backu: | Catastrop 10

Calculate Estimated Remaining Useful Life (ERUL):
ERUL = Estimated Useful Life - (Current Year - Installation Year)

Calculate Remamning Useful Life (RUL):

RUL = ERUL x Condition Factor

Calculate Replacement Year:
Replacement Year = Current Year - RUL

5. Calculate Probability of Failure (POF):

[f RUL <0, then POF = 10
Else POF = [[EUL-RUL)/EUL] x [1-Redundancy Factor] x 10]

6. Assign Risk Factor Category:

(o

6.1.5

If COF>5 and POF>35, then Risk Factor = “High — Immediate Attention™

Else, if either COF<5 and POF>5 or COF>5 and POF<3, then Risk Factor = “Medium -
Aggressive Monitoring™

Else, Risk Factor = “Low — Routine Maintenance™

Estimated Useful Life

Part of the asset calculations above includes estimating the useful life of each component of the
water system, such as tanks, water lines, booster pumps, etc. The following estimated useful life
was determined from a compilation of charts:

May 2024 "CCI
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Table 6-1.1. Estimated Useful Life Table

h
Asset

T Cxpeled Uselul LifeGnyears)
Storage AT A s 30-60 :

Pumps F3-E3

Buildings 30-60

Elecirical Sysiems 7-16

Transmission Mains W and WW 30-75

Distribution Pipes 50-75

Vacuum Collection System Piping  EURIH

Vacuum Pumps 10-13
Vacuum Collection Steel Tanks 3040
Valves 3540
.Bl()\\;(jﬂ VYalves 3540
iBackflow Prevention 35-40
Meters 10-15
Service Lines ©30-50
Hydrants | 40-60
Lab/Monitoring Equipment | 5.7

“Trans _o'rtétio__i_l";]_?ihg_u‘il.v_n__l‘e_l}__t__ B 10

6.2 Assessment of Existing Inventory

The Holden Beach Water and Wastewater System asset management team has completed the
inventory assessment. The assessment was based on operator knowledge, the system evaluation
study, and observed equipment performance. Table 6-2 lists the assets that are critical to maintain
the performance of the water system. Table 6-2-1 lists the assets that are critical to maintain the
performance of the wastewater system. A more detailed listing for each asset is provided in
Appendix 2 (whole section)

May 2024 CCll
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HOLOEN BMCH WATER SYS'HEIW

6.3 Value of Assets and Replacement Costs

The assets listed in the above sectiom have detuled the coaditions of cach major asset owned and
operated by the Holden Beach Warter System. The actual worth and replacement cost for those
assets need to be defined and estimated based on curvent worth and estimates for future
replacement based on current dollars. The current worth for several of the items i5 the cost of the
ttems during the time of imstallation, such as water mains, tanks, and booster pumps minus
depreciation Asset Assessment Checklist for each major item. Fuiure costs will increase based on
the increase in the utifity construction and maternal costs.

6.4 Operator Knowledge and Training

There are 5.25 full ume swff that operate the Holden Beach Water System. The Town's
distribution system is currently classified as a Ciass “B™ System, requiring the Town to have at
least one Water Distribution Manager (WDM) (ORC) classified at a level equal to or higher (A 15
the highest classification m NC} than the water system'’s distribution system classification. The
Director currently holds an "A™ distribution and a Sewer Collection [l License.

The Town’s water system is also required to have a Cross-connection Control Specialist (CCS)
responsible for the cross-connection coentrol program and a have on staff or utilize a certified
backflow assembly tester (BAT) for inspecting, testing and monitoring backflow prevention
assemblies. Table 4-4 shows the current education and certifications for the staff.

Table 6-4. Operator Knowledge and Training Requirements

Training/Certification Certification " "Required Trained
Water Distribution Ménagel: (WDM)! B - Distribution 1 2
Water Treatment Plant Operator (WTPO)' RN 0 0
Operator in Responsible Charge {ORC) B — Distribution 1 2

Backup ORC B-Dist 1 i

Cross Connection Control Specialist (CCS) JRES{IEI 0T

Connection Control
‘Backflow Assembly Tester (BAT) Provided by Contractor’

Notes

1. WDM and WTPO may be the same person.

3. Current testing is provided by a contractor who is hired by private businesses or homeowners.

(o]
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7. CAPITAL IMPROVEMENT PLAN
(CIP)
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7.0 CAPYEAL IMPROVEMENTS PLAN(CIR)

The 10-year CHP 15 proweded in Appendiv 4. The CIP is the deseryparon of future capital project
needs for the nexy (@ years and wnchudes a descrption: of recommended improvements, budget
costs for recommended improvements. and @ deseription of orgomy recuwming cquipment needs.
Some systems also have a 20 vear CIP for assets that require major pfanning, have & long regulatory
or environmental approval process, are controverswil, or are very cestly and require major
expenditures and potential [arge borrowing of capital. This would apply to the Main E2-inch AC
water fine along Ocean Boulevard and to the transmission lines (water and wastewater) across the
infand waterway. This could also apply to Pump Stations | and 4.

Capital improvement projects generally create a new asset that previousty did not exist, or they
upgrade and improve an existing asset's capacity. The projects can result from growth or
environmental needs, such as the following:

s Expenditure that purchases or creates a new asset OfF in any way improves an asset bevond its
onginal design eapacity.

o Upgrades that increase the capacity of the asset

e Construction designed to produce an improvement in the standard operation of the asset beyond
its present capacity.

In addinon to capital improvement projects, the CIP identifies recurring needs for vehicles and
misceflaneous equipment, and renewal/rehabilitation. Renewal expendtture 1s anything that does
not increase the asset’s design capacity but restores an existing assct to its original capacity. Any
improvement projects that require more than simply restoning an asset to its oniginal capacity are
deemed to be a renewal project, such as the following:

e Activities that do not increase the capacity of the asseis (i.¢, upgrade and enhance the assets
restoring them to their original size, condition, and capacity)

e Rehabilitation involves improvements and realignment or restores the assets to a new or fresh
condition.
In making renewal decisions, the utility considered several categones other than the normally
recognized physical, failure or breakage. Such renewal decisions include the following:

e Structural

¢ Capacity

e Level of service failures

¢ Outdated functionality

* Cost or economic impact
Because the expected needs of the utility will change each year, the CIP will be updated to reflect
those changes.

LRYEY
May 2024 ( ( ']
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8. OPERATION & MAINTENANCE PLAN



Asset Management Plan Page 39

T S e T e T i —y o e e

HOLDEN BEACH WATER SYSTEM

|

.0 OPERATION AND MAINTENANCE (O&M) STRATEGY AND PLAN

Operation and mamtenance (O eonsist of preventative and emergency: reaCtive masntenmes.
Holden Beach Water System staffl bas m place Q&M plans to ensure that the unlity ts achieving
the level of service expected. The maimtenance strategy focuses on the three areas listed below
and will be revisited every year. TFhe updated O&M plans are provided tn Appendix 5.

8.1 Routine Operations and Preventive Maintenance

Routine operations and preventative maintenance is the day-to-day work necessary to keep assets
operating properly, which includes the fotlowing:

1. Regular and ongoing datly. weckly, monthly and annual tasks necessary to Keep the assets at therr
requested service level. (Commonly referred to as PM program)

2. Day-to-day and general upkeep and housekeeping are designed to keep the assets operating at the
required levels of service.

3. Tasks that provide for the normal care and attention of the asset including repatrs and munor
replacements.
Preventative maintenance is carmed out because of a planned maintenance program (such as
regularly scheduled asset repairs) and historically problematic operations (such as blockages and
root infestation). Equipment must be maintained according to the manufacturer’s
recommendations to achieve maximum return on investment. By simply following the
manufacturer’s suggested preventative maintenance, the useful life of equipment can be increased
2 to 3 times when compared to rum till failure operations. Communities that have eliminated
preventative maintenance practices from their operating budget can achieve positive retumns from
a relatively small additional investment.

8.2 Emergency/Reactive Maintenance
Reactive maintenance is often carried out because of customer requests or sudden asset failures.
The required service and maintenance to fix the customer’s issue(s) is identified by staff
inspection.

8.3 Deferred Maintenance
Deferred maintenance is any maintenance, repair, restoration or replacement work that should have

been accomplished before now, and that has not been performed. The utility plans to reduce
overall deferred maintenance over the following 10 years by implementing the CIP.

LATHY
May 2024 ( ( l l
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HORIZONTAL ASSETS
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Holden Beach Totals  Pereent of System

(Mites)

Total

Hydrants, Total Number Fer 1000 Jeet of System

Valves,  Blow-
Ofts, Mcters

Hydrants 1.37 Avg every 730 ft)

Valves 291 2.47 (w/ hydrant valves)
Blow-0O 11y 15 0.13

Meters 3,260 27.7

Table 3.1.3 Holden Beach Meter Count by Size




Address

Facility

Capacity  Footing

Elevatian
{valionsy  (10)

IR Brunswick Ave W. 300,000 130

Helden Beach, NC

Tank 2

|NESN Possibie Future

Heiehit 1o Overfline
Overtlow

{ft) ()

Elevation

1530 163.0

Tank
Range
(1)

230

Holden Beach Tatgals
Pipe Size {Miles)

87 Force Main

107 Force Main

Percent of Syvstem

Total

47 Vacuwn SS

67 Vacoum S8

87 Vacuum S8

H Vacuum 88

Total

Sewer Valves. Total Number

S8 Valvepits
5S Valves

S8 Valvepits 1492

0.88

13.4(serves 2 houses)

Per 1000 feet of Svstem
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CHECKLIST



Asset Management Plan
Holden Beach Water System
2024

Appendix 2

Asset Assessment Checklist



ahistimalot tat Tgumal Beltten Sench Water amd isstewnten Systom: |
s T e T

um.nq'i.....—- ("]
”m Tlmmalt Hearn ismm —Tmnen
oY . - n.m-.:u..- Dy sombas :
T S S [T
- I = imamimeiua
Lo
v Sl e . — E_!1"“' 1y r= &
|
e e - ——
= = £ AL T (L Temilmg| 1
e Lammgprey 1 N T e [ e g R it |

e TR O Tt T T T T

M Tl b = HD Lt Iyt S HiEminen = i
AU A e - ¥ s o 1[.- e Sesurineretatibilinite = ENLT AT
3 A [ 1)

E:_rgmnni!.

=

= R BT WS LT T
%,
"’f.«,} |
T Ry Gy £
1 "—_‘l
SRR s ——
. R, S A i e A L
- (3 L
e )
- - - - F— -‘4 — — J
= T : = 3
wad - PP —— % +
L o = (A TR L [ ——
% ¥
] I
Li S — _I
* e !
e« 5
— : X ———
L] i
L]
L]
% -
".

PR P P Y P Y Y

aamialnfa|a

8 i wplac erae 1 ek VT a2k e Pryada S Gl Ty BT

e e e i st o e L - .

A



mah.\nh--hlnnﬂnnl Tawen ol Aiden dine ok Syacmm
g —— e —
(./(/l 1 o el Avsor Vst Qhnckiisn |
) L C e T EFr—n
Enghreesing et ] S

L E Sl Qemsastt % Imtersiret
T *umb:-i‘h__ “TrraTnTe = Shuinge- l-l:hmhrnulrv Bl

pE—— - )
»-L'\-vel wr a- Il-'l -Suimred! dl _mll“‘"lre'll v «m:mh.nnur
[C i sszerine Lt S - The tis  CWn

e =
Ty o R R e T

e R hnn_nrml
i

<
E RN PR 2|
L3 d
[ N ;
+
E
L3 J
* I
. = =
__‘ — - ——
L} — — ——
1 *
......... 4 T 1
it )
E L FAD R 5 ¥
. -
B S — : 'l
s d - i
I 0 3
. — e -
— - g
® L - )
u
1 i1 — i
- ]
B, DI ELS Sl 1L O ]
£y
ST S, - — —§
e S i, NCR B, T i e e e et e ——
. i
. -

e 7 W P B )

L1

———

T WEDIUN AGGESSNENONTORNG T

luwmd‘&wsmrwf x Yot % e — 4

Mpdumcency e e T o e

Coes the 34s4€ have 4 backug syiTem w O enLrety; 0% Baclawp (3efect zre| —_— S
¢

2 T I A T
ammdlu!mﬂ\erﬂmﬂuﬂdmﬁnmhlxmm’

pnalition Factor .
Oviginst Cort . oy "Ez:_ﬁ:&l.-_ﬂ T uned Rl st T R e T

§ v onty 4 medeans Sezred mnd dhe SHIFUY Lot
L AP ARttt mith PV 18 ok e bpdeais s By aad

Pl T TS - T n L LAY, L AT, E— —




Bt v it R " Bench Water and!\astewater Sysiamm
-e(\l”l mmm: -m-c-mm-:a_ntd_?miiim : E
o B sartrmea:

T SN g Prvers b bscbwn FHoE: fhh ooy, MUERS
Shme LTI

. rl

Temaio ok dhdbrsoet!

Py e o
f .,mnml..r . "-.i'f',:_m."I Bl 1
— L i
T Or 1 D ar Bmimas
[ fthe wEar e oA WAL
oyl Impaet potionnl]|
Auas: ol e =

-~ *
1 i :
£ ]
i B S |
S o : ' 1
- L} |
«
¥ - 71
e
L3 - =
e L e T ]
L. I T L A = _— o .I
- - - - - I.'
[ " e |
: +
—_— ey
G, . 0 (1 e —g,
- - S Pl L S L1 —_— +
—_— —F
|
il

i . - i
— ! L]
.
(i1
b=t NN PSS VRerT By AN sl ba LI SN =
1 L3
——— T —t— - - = ——— -+
e
. 5 ___1
: = = y
4
[
[
Ia

Ryciace § >80 Vears Suum Oloest iger 4 37 yoart dod & F gt # Iovakt
BEUCE =1 & ACT e s Pyrmets are Sk tvd OF Tperes
A wale Pt S PO A O e St G 3

B Y T T —_— Cm—




— - — - ——

— s, ::,‘:;: Towmaf Holdism Foach Wtarer ano| Whistzwnter Sysmm.
O ineo um-n: = AvetAsusmuntdhailhs i
L PN e Lol Bl
m e Tirwrol Vrostiss dimem et T4 —_— ]

R 2282 AR Fitmematiy vt

s TSRS N S S T T
:p-»utmml S Twresunld SUALGECH E g-lu niiny

e

Sl T ¥ e T T = |_ T A T il =0
EETT LY T 'rumnmr ‘I!un'!; 1’|}mu-|_-nmn -':li'm-rr
b R . L — LRt - - el T e e =]
RO ALnntumnet. = Mathim ke B Lip rant. kel =, -
L.-r'tmmmermlmmdf {un-gm,\\uu’:uv nnaul:hmtw.l? i = |
‘.‘Jr.a-r%mm mnnnnnll -.m-m ] w:mnm- " B 5. N, T i
!! = X 7 w G B s g - ]
| - |
% %ﬂ-
{ £ "c,”r
[ ’ﬁ 1,@;:%%-% _ |
o L3
gl *
T — X MRS e 1
" |
' T e — .
B - : =
» I
- - — L) i
i ¢ i
) i
R T R :
' |
' b
i | - - L] - e 3
v * £
—_— - - . - LA - H
1 E _—— L “ . -
o - . L] ' D —d y
= o R - TR RS- ———
s ) ]
[
= T — ._|"
: dEecil i . -+
. - - {
< I R h S B ]
—_ - - - - - — - — -— _ -— l
- - - = LI - —— 'S
- - - - - = - — — e — .'
ir FLLLL |
o] & a L] -
] i —
BT I .
= - 4
B
— ... et
e B 1
s - - - - —-‘-__
AP =
: - - Ll - -
= e o 2 S TS
- AT
I L
- —
£
—— i ) | :
v e T B LY, M

L Jeato:

T - L
. -
w -4
TN TR AR
a ——

Rrvace T oM Tears 4w, FO6\E DO £ 47 vwirt 0 0r 1 owgh # eats
Mmoo 1 o ot TP B R T O 0t A 5%




[otrimteeien S Tawmafi Halten Beach Water andi Waitewater System
1661 l Wi m“*‘; Al menTCiaeic:
Ergineerng t e - t
. 02 ol [T E—, AT T | |
L P ] e |
b L Tty X ¢ ani C S Sabl
Wemaus wanmy.

O — e~ T

e T e Sy T

Bl o Dremapkentt
C C 1 = Meagman g
e e
eamue oW AT el _Mhari e tbadk 1m F
lEavttne wseromgmint? ke - we 201 s St AR LT
Bamet Menticaet] unnainsl; Frnw ascer i schenmn I
e, 7o - SRS BN e e e e g o 1)

% Bt |
% - % %‘hﬁ i
s @%%%"}}2 b '

= ——— i
T
L
» i I
® }
T % : 1
. i - i 7
— L x X,
[
= L | L]
1 .
— - — — _.'_...\.._
al (8 B T £ 7F i IE .
S B S— — -
- ~ -\..a * -
. -
. N -
L o
L] —
L] o
L} o I § . 1
B R —4
L - - el
L D i, | —— —
]
"
] . i
) G, 4
¥ — 4
= 7 — 1
.l-
3
1 E T sy At B il

FC e Trve TEC T ey

©F 4 crortieg o orpinal fham, Suf 35 00 SACIVETST 2 298 Tromct




off Holbkn:Braah w:;mrranw Wadtewatern System
AnetiiismumontChecliio

- M_..._.__._ H
SV i e

o Inwinrsrast! ELETH (li-?! rrHlps 31
Y 5 L s e g i L '_: e E
& Ihdmimihan har

e = Sl T e |
_=anurer ivasimsic ToRET uier L

S e s 5 * Ay M
ﬂ{nﬂ:ﬂ%‘uk IE erumrnm.th‘nlrrmr" 1 Ly WD
e S . el f, -L & Py = et -
%«a,. ﬁ*’% i
| %ﬁb ﬁ%ﬁsp ;
L G g B A
neg Fanong . o__
ey = i Te -
Sgpige T
It R S i I P N 2 R :
{Tomis ewtenor f S T T = :
| Tt intarice ! ! D i
: euterror = R S T i N s A ]
Bl Ivtwriar L _l_ o A » 1]
b e [ L -
Emﬂlﬂﬂﬂn 1 L3 R II.
(FoorDbeibge b o o P b ) e =
Ly . L S B T S 2
Ewmnon 1 b IR = I T ] I
oo S - —————— 2
Ut = ] B il
ity ot = W g 3 e I
Somctuie 3 R S T S ¥
Lty e e - — — dn.' S— - —g
e s vomivdr T TR A R T S e
Ml Conorad Pane! i '
D 3 BT e R PPl Pl U
_an. L] N |
o — L L]
k]
Teermetry s T T T %tl S S i
Iriarm »
Craricad

|

i
g
[}
— T
....... i
a2 a - v - —_
: mmr= s
— - AL
- 'I . ——
- Ll — .
L = . %
- N oy — - --
2 . -
3 - ~LEe T |
- —
- I - —
L e
Ve —
A — —
L S LE 4
s —— 1
_l- =T N [
:

Rapiace ¢ 30 vean A1e Oeez 3oe 1 17 pemrs o or T i botnt




el Towmafi Bl dim Beack Waten arnd! \Whs tawater Sistem

Loty -
Ahara KT AV UL ekt
Tt o Tt i i
wh oz ATk Ittt Heok I ) |
i IEZ:TBETANT] 204, |
___ TE A = z i) T
Whntinis, Vs |
e T R =] T i :ﬂ' =
Mtk
3 D — - S —— : - ]
i s Tl B
12 wml U T e et
.. . i = L - y = - —— e SR e e - ==
e SFOEE _ SUSERCAL L STotmar __ ghaieg  SMncaun gumer ;
Sy Rt M T 1 |
AcTvg -l P T I Rt muesoren )Chuarkuni £ Ciis 4
ll'_:r'ms.mv.rmwniumﬂ H e . "o T2 Ui Yol e sbesi?? e ST . if
o Hippnoets fmntorall) Show: B ¥ LR —%n |
Eﬂ! i ¥ e Tit = - L0 . E
e% %ﬁ%@
RS
L — B 5 i N S
Sty Fansiay " L iy
Ve “wd 3
e L. o
oo _ 2 i I N I i 3
. - o B —_—u
JEMLEE . — e - r e o= o= = S PP
Tankimngriar . s o e S F
Bl aemrie: ‘e I
Bty mcerior a
_.H.| S .- - ¥
Fona comdiion L (% W :
E._"ﬂ - — UCE . A -
5 L /] =
Entwritr = 1 o Ts i L
invarvor R S— |
i L L. W P VR SO |
([ . I L2 -
I ¥ 3 = T
e— e !
ity . Ll e -—t
(Ml it e 1 ] PR, N -
o S L o sa )
Moz N B P T -
a3 = moe : .

i
|
|

r

Irratrosion dbemrs. = A A Sy —

rarnical Yorage .
Crarrweal Ty 3, —
’ *
Chamat tnsbere 7 E = G
. - i e . X

- - ] H - -

L -

- = - -

i R |

— I

—_— -

e b

¥

1

¥ e T T T T
& =

avas b szﬂww—"ﬁ!.

Ny £ 530 ) Lot ol nom Gl b £ 17 g Bl 7 4 g 5 v
P e
. s e s e 4 ot o e ¢ wrtan
Tl iy e 1t Tt ot dhnnd g e B g e R et O _




| L bl A

ey Powniafioldem Beagts \Water and: Vitastowanyt Tysoen
Uk W TR e ——— : 1
i 3
Turpess o 1 et tary emeer o M, =,
P
—h i - bnmedr sy l
Wi,
PP 1__. L - * , -
el e i S B R,
£ O Tt Ry i |

[Tt Sr SFaiat i E

IGEILE (DG wlem | S i

el O
SMOTHTLSE
Luniths wsat tn npmonk®

- RS B W e R T

- 3 A

ST e e Tk A
L4 thle Tt hop fanatd Ly

L Fanre Imvmsmenr
hor

HE

s W |

Shmw EE_EI[" 2

A i

[ TR

b L - S Al ] )

|
[P

4

i-}-

i
I

yo b b 1-4

IERERE PR RE B AN I P P

4
1
Tobew e Rd

b
1
i

F

[rar .
Chesh Vators
JERen Semel ¥
Adhude Valee

Volana e oo wa bon a4

BTN « repded

Tha ourt thawd Do & T Sianniry Sraoei 11 riterk Brone constructor




R i TamﬂnaftHniuam Baanth\Water and! Wastewaten Sysmm
‘( 1( )| l Wi, L 2T Amrlmmrmud-nr |
E e — — —
m are 25T AT LA TR L . LT —
A Fyas BT DM
T,
Coreafied o
% e EE..
L |
= I 3 — - - g — i P e
[ kb Clvararat o sintuargan H(UUD § TVieuatin Lhrircth- AL s s I}
. - stk
- E B R O I T I RS b e T
BTy - iy el = thnnrrant s Sml_w s T L - ¥
W—M E ———— - e —
| . m 0 - e B = i . =EA |
Tl utiar g -uar‘mlmqu- T ZallEo L L¥Minr i
undnrma—ur‘ﬂmrmlr LR T T Il‘irrlmy_'ur.rmnm:mhhmn” &;’_vn' e
5 ¥ Sraw adut, . actemnatte? Vi o . 1
_— T T e
“a,
gty r&.‘%
o T T i
*_.._.. ]
Bl B e, VTl i
]
3 Aok Sl S s i — ll-
i it s : — 4
. LT S el NI 3 AT S SR - !
4 L -——
I . T R |
A e i S| L7 | L - 3
== W O = 1 ]
3 = 4 BN — K|
. I =L : s E]
X . i 4
1 ' T =
i3 ] L e B = | ==t
T L]
B e U8 P oo, P! V1L, I8 —
T i B P R .
T I S R .
L& ——— -
X -
B - L} 1
2 W 5. 0TI Y 20 T x
. = o owm SR
s S— S = 4
i [ e 1
R !
1 — 1 L) AL -
L Lo i - — i
- - ‘s —
- = e a % ]
- . P }
[
I £ D il
L} -
b1 L3
— TS 5
L o T S -
N L
1. T
Lt —_ _— -
1 1 TS 1
i n 2
A b — i e ———
m B T T ]
o ki !
KPS b —_— .
H L] |
T I W —
= = R .
—— ' i F
i f ] i BT T
1 L TR, 1 il gl i
- -II. —
§ R S LT
2 .
[




i

%Y — f . -Chiroiist: .
cen - B e
Engineerings . oo P

Towaw alsaition Arkacts
s riwmath.  Wmelwiss

— T ——
hiaiasl ;g Tawmafi Boitin Qoch \Waten and\Wastewater System. |

Jitl

N i R ettt L g i P :

Bz Ll T s
=" —~ T =]
it r e T
II e - . ——

o R ™ R T 1T |

. inderssed]

[feseve o tuminl Santones Sann i Fadkup. | Fae e
(Dan “ths. vwar Jeorymimet _BHE Wi i gar b atumilicaeed ™ Nt
e mamamel i 4803480 At s =
S Typee | 1 L o :
i,
.;-%.‘quﬁ-
e LT s P R e B |
e R POL A |
B |
——— L !
*
i, =0 I e S L I S o
| LI -
-l :
I -
& o Sl S -+
WA, P
d .
. amaa -
)
T i == ?
. i
ES B &
== - :
E s e ——— = 4
- - B -
3 » e
e vl —
- R e — -
* - - —r
L4 -
b _-T ] ..-_ _-_ +
—— __' —— 1
-— _._ ———
5
1
0 B T
. [T
Tw & La 3
L} _—
L] =
hJ T— —
L] -
ILx ey ]
Aol — =g
[l EE—
3L I
e - . —
L - .
E .

o of e e = oD o e T R o
m:@dmm:ﬂmmdumumln_n: shut agwn 7




,;,;;;'}; Fwer afitoitim Beact Whtenr andl Biastiwaten System:
At 0 T | msorAviessmr Gucist:

pre—— [T
W AR i " JE— R
o l'um:-mnmm Homtt = B —
B T TE T ettt j
- Wurrougs
e R ——

[ RSN T
[t SUbwrazmt

- Tttt -Buq_.!! i

Hstwe —Hor r i T Wntm-m-u.. - Ealtae
= FLa oty Buste-tanimnati'  kwm
Sirmunn'-natmnml- Wi
HE L LR "S-‘ i SR : e |
'ﬁi;;;?
l'
S "%ﬁm«,
Swcurty Fearcury: 3 L] I - i X
Wil = = F ¥ ;
‘e = z ; » 5 ]
‘Do . TR B ik — 1]
Harduar T, T T ]
= i
= L] - F
: )
* =
- : 5 -
. . —
B 1 "
1 - il -
=—Tie I 7
L — v
- L} -
. |
* -
R
- S— — -‘.\. —
e - - .-.-_-. _n." = 1
o ' ot 1
<
: e =Y
ETErTa R |
R 0 P T l
— ——— - - p—— .-“._ - ey 'y
S PR 5T o s T T ¥
] » |2
T — E—— m]
————— ¥ =4
E T T ! T
- SiL ]
R e ol A
IR Wt it o 8 et . .o gt
1 »
i B W AL ] et et gt T b e |
e
L]
L3 1
{ P o 5 el |
LY
A R s i
T T — 1
e g = T
«
[ e e [
5 1
[ - e e R ¥ S S
UL T -
-. - —
.-.'.-. . - —
LR i
T S U = I
LE] SR o =1
L]

j.fﬂ;'l ;,uif,.lfiﬂ““' GEESS




ppse——lee T o aff B e Beacth Wter and: msmmmns\nmm

200 28 - o -4
AN SHI TS AsverSvsessamant sl
. SO o |
v ammanrassh Thywirafsiln Guach = e
teme SRLIALINY -vmr

T e e, s
WSl ozt ~Eveyranrets Chlnegragad

-G  ctweueg et - e Daminman G

(S Lo s e B e T S L L,
_ltc:npa- = s atfanabirhmgd e Jsas dek U [- quvrlmn!mmr_____ A Zistimbuin
A X WD <anthiz sy dn-eHnmil -

e e T BRI e - W
SCORIE PO T g 1 =7

“an R,

-‘,+43!

3| e | T
-
"

pllIl‘oQ‘.qu'.dcl*'p‘o_.

\

|

A Eoma oA E|

S
- I FACTO

P ol
- -
110% i - - . 7
zn manJtaraers fecoreendabomY L -] i

.




““"""""‘:;‘;‘: T Hial etern Szt Wiirte and: Wikastewatan System I
_) 165631 1 s sezrmal P rsmisment Ciceslle - —‘ 9

1 e L~ ! = Ee—
s o e TR - — L T fetattin SR
I-‘!I.mL_.ﬂ P T
vemrs. =3 Isgoresn reniom B ety = o S T P |
T — I T et =
. WSilaben  lbersinett o lindespsdt

Lt - ——— -
1 = Sturge PPN o |-rv_ Nreurmem: x5 ®

|'H._- - E = e

Iy AUkl | St mestment
_l:dr_:g_nga__p._x_«_r.megm!ﬂl_ﬂ‘ [ 1oan thy sty phenilnm? At o
St Resapimd! zming | '1,'m- B W fies

St T T T ] = % T =
& @m%

R i
—re - .. 3
- i W 1 ‘_
[l e N e r|
TR s T ot AR E
e — {
. . =
IR L SR S—1 TS —
— - — — -.‘. — —— 1
T T T
S e e T F Ty e el
a o 1
L |
g b o ok d i
E t
— - —_———
d pE oo I
L] - *
.l At Tl i
. T i
Y aemim -
- - o Tm = |
e e e —}
- L} — —_—
®
19 1 o8 KW
- = 2 —_ —
.

R e e o ST R .
LR e et .
s m m ———— H

A
B, L]

i
il

il ': : -_- o S Aatste. ety Wt Hymp s T N300 wf WIBAAL T o ek :’
N i Py Skt S & ety of Raplecort Meti ant Sy, By
! T 4 Wtur cat-aff e repmhent iy (Fard Wawer e wadly o B3
—— L S s S R
S L r 5 s < ] ‘
- G 5 A = -
e 2 :
et ——— o
Sem -
S S BT = ;
— . -~
[ - SN I
T T T
LA =
2 iy
- =%
L
L . — - -
. T =
i .
8 et =5 1

D The m:luu_* bl qﬂnmnl_w
3 T T T T T

What i the efiect on the pen should the Mfﬂﬂ ot domen?
[Conduton Factor







