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Executive Summary

E.1 Introduction

The Dare County Water Department has been providing potable water to the Town of
Manteo and some unincorporated areas in the central section of Roanoke Island since
1980. The remaining unincorporated areas of Roanoke Island and Wanchese rely on
private wells for potable water.

The 2003 Dare County Land Use Plan indicates that the area outside Manteo consists
primarily of year-round population, with the oldest and most traditional setting for
year-round residency in Dare County. Wanchese also consists of year-round
population. A large portion of Wanchese has been incorporated into the Wanchese
Seafood Industrial Park as well as commercial fishing and boating industries.

It is a goal of the Dare County Water Department to work in a professional manner
with engineers, private contractors, and State agencies to expand the distribution
system and meet the water needs of areas within Dare County. Local fire
departments have expressed an interest to the County in continued expansion of
public water service to unserved areas of Roanoke Island and Wanchese to improve
fire protection.

This study evaluates system improvements necessary to extend water service
throughout Roanoke Island and Wanchese based on 2025 projected water demands.
The evaluation was conducted using a computer model of the water distribution
system.

E.2 Water Demands

Water demand projections for the 2025 planning period were developed based on a
review of water billing data, available population projections, parcel data, and land
use data. A summary of the recommended water demand projections is presented in
Table E-1.

Table E-1: 2025 Projected Water Demands for Existing and New Customers

Customer Average Day | Maximum Day

Demand (gpd) | Demand (gpd)
Existing 2005 Roanoke Island/Manteo Customers 448,000 1,120,000
New Roanoke Island Customers 359,000 898,000
Wanchese Customers 326,000 815,000
Total 1,133,000 2,833,000

Note: Maximum Day Demand = 2.5 x Average Day Demand; gpd = gallons per day (rounded to nearest thousand)

E.3 Existing Water System

Water is supplied to unincorporated areas of central Roanoke Island and Manteo by
the Skyco Water Treatment Plant (WTP), which is located at the US 64/NC 345

E-1
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intersection. A 200,000-gallon elevated storage tank located at the WTP site also
supplies water to the area. Skyco finished water pumps no. 5 and 6 alternately feed
the service area and are controlled by the water levels of the elevated storage tank.
Water is transported to Manteo through a 12-inch diameter main along US 64/NC 264
that feeds into the Town of Manteo’s bulk meter located east of the Fernando
Street/Simon Street intersection. The Town of Manteo also has a second tie-in to the
Dare County water system at Manteo High School.

E.4 Hydraulic Model Development

To conduct the hydraulic evaluation, a model of the existing water distribution
system of Dare County on Roanoke Island and the Town of Manteo was developed
using WaterGEMST™, a software developed by Haestad Methods that directly
interfaces with ArcGIS™, WaterGEMS™ was previously selected by Dare County for
the hydraulic model of the northern beaches due to its direct integration with the GIS
database of their water system.

The pipe network of the existing system was developed using GIS files provided by
the County. Nodes were assigned to pipe endpoints and at intersections. Water
demands were allocated by assigning the billing data of each account to the nearest
node. The Skyco ground storage tank and elevated storage tank were modeled based
on their diameter, capacity, operating range, and high water level elevation. Skyco
finished water pumps no. 5 and 6 were modeled using their pump curves.

The scope of work of this project included model validation based on available
SCADA data. Hourly SCADA data for the existing Roanoke Island/Manteo water
distribution system is limited to hourly water levels of the Skyco ground storage tank
and elevated storage tank. Model calibration based on hydrant flow tests was not
included in the scope of work due to funding limitations. In the future, the County
may want to consider conducting field tests and calibrating the model to enhance
model accuracy.

E.5 Evaluation Approach and Criteria

To evaluate the ability of the water system to meet the projected 2025 water demands,
the Roanoke Island/Manteo WaterGEMS™ model was extended to potential service
areas in northern Roanoke Island and Wanchese. It was assumed that the water main
extensions required would be located along major roads within existing rights-of-
way. Water mains were added to the model using GIS road centerline data provided
by the County. Junctions were provided at road intersections and at the end of the
pipes. Each parcel was assigned to the closest model junction. Water demands were
distributed in the model based on the developable acreage of each parcel. Ground
elevations were based on topographical information provided by the North Carolina
Department of Transportation.

Hypothetical conditions were simulated on the computer model and their effects on
the system observed. Hypothetical conditions included average day, maximum day,
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maximum day plus fire flow, and peak hour demand conditions. Computer
simulations were also conducted to determine if the system is capable of filling
existing and proposed storage facilities during minimum nighttime demand
conditions on the maximum day.

The evaluation was based on the following criteria:

®=  Maintaining the County’s desirable minimum system pressure of 60 pounds
per square inch (psi) during average day, maximum day, and peak hour
demand conditions and 20 psi during maximum day plus fire flow demand
conditions. A minimum system pressure of 30 psi is required by the North
Carolina Department of Environment and Natural Resources (NCDENR)
during peak demand conditions.

m Limiting velocity to 10 feet per second (fps), with velocities less than 5 fps as
the desirable range

m Limiting headloss to 5 feet/1,000 feet.

m Providing a minimum fire flow of 750 gallons per minute (gpm) based on the
Insurance Services Office (ISO) fire flow requirement for one- and two-family
dwellings not exceeding two stories in height, spaced 31 to 100 feet apart.

For the purposes of this evaluation, it was assumed that adequate water supply
would be available at the Skyco WTP to meet the projected demands of Roanoke
Island, Manteo, and Wanchese. The projected 2025 maximum day demand of the
Roanoke Island/Manteo/ Wanchese service area constitutes approximately 65 percent
of the Skyco WTP capacity of 4.3 million gallons per day (mgd). Hence, the available
supply to the northern beach areas is projected to be approximately 1.5 mgd.
Implementation of water supply alternatives identified in the Dare Countywide
Hydrogeological Study and Groundwater Resource Evaluation Update Final Report,
prepared by CDM, dated April 2006, including expansion of the North Reverse
Osmosis (NRO) WTP and application of aquifer storage recovery (ASR) technology, is
recommended to meet the projected demands of the Dare County northern beaches.

E.6 Evaluation Results

Evaluation results indicate that additional pumping capacity is required at the Skyco
WTP to meet projected demands of the area. The capacity of the 8-inch diameter
pump suction and discharge lines is also inadequate for the projected demands.
Parallel installation of 16-inch diameter pump suction and discharge piping or dual
12-inch diameter mains is recommended. A discussion of improvements specific to
the Roanoke Island/Manteo service area and the Wanchese service area follows.

E.6.1 Roanoke Island/Manteo

The capacity of the 12-inch diameter main from the Skyco elevated storage tank to
Manteo is inadequate to meet the projected demands. Parallel installation of a 16-inch

E-3
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diameter main on US 64/NC 264 from the Skyco elevated storage tank northward to
Viccars Lane is recommended. At Viccars Lane, the 16-inch diameter main feeds
north into an existing 12-inch diameter main and west into a proposed 12-inch
diameter main of the Town of Manteo. Installation of a 12-inch diameter main on US
64/ NC 264 from the 12-inch diameter main on Ananias Dare Street and the 12-inch
diameter main on Devon Street, north to Swain Drive, and on Swain Drive to Wingina
Avenue is recommended.

The capacity of the 200,000-gallon Skyco elevated storage tank is inadequate for the
projected demands. Additional storage is required in the northern Roanoke Island
area. Two potential storage tank sites were considered:

m Site A - Former Highway Rest Area
s Site B - Manteo High School

It should be noted that both sites are hypothetical and that the County would need to
secure property prior to design. Both sites are also located in close proximity to the
Dare County Regional Airport. The Federal Aviation Administration (FAA) requires
approval for construction of facilities located within 5 miles of an airport or extending
200 feet or greater above ground. Any structure which exceeds a height from a
nearest airport runway at a slope of 100-foot horizontal for each 1-foot vertical to a
distance of 20,000 feet requires approval from FAA. Hence, construction of an
elevated storage tank on either site requires approval from FAA. FAA permitting is
not included in the scope of work of this project. The County indicated that one of the
runways at the airport has been abandoned and that the sites may not be in the flight
path.

The County indicated that the Skyco elevated storage tank is in good condition and
that they would like to continue its operation. Implementation of a 300,000-gallon
elevated storage tank on either Site A or Site B with associated transmission
improvements is recommended to provide additional storage. Tank Site A requires
installation of a 16-inch diameter main on US 64/NC 264 from the Wingina
Avenue/Swain Drive intersection to the tank site. With Tank Site B, the 16-inch
diameter main reduces to a 12-inch diameter main. It is recommended that the Skyco
WTP finished water pumps serving the Roanoke Island/Manteo/ Wanchese area be
controlled by the water elevation of the proposed remote elevated storage tank. Itis
also recommended that an altitude valve be installed at the Skyco elevated storage
tank to prevent overflow since it will fill quicker than the remote tank.

In general, fire protection governed the sizing of water distribution main extensions.
Fire protection is limited in cul-de-sacs and dead end mains. Wetlands appear to be a
limiting factor in looping dead-end mains to improve flow and circulation. For cul-
de-sacs and dead-end mains, a fire flow requirement of 500 gpm (ISO’s minimum
residential fire flow requirement) was considered, particularly if the cul-de-sac was
within 500 feet of a junction where at least 750 gpm was available, assuming a fire
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hydrant is located at the intersection. Potential water quality problems may occur on
long dead-end mains with low demands due to low velocities if the pipes are
increased in size to improve fire protection. Specific fire flow requirements should be
re-evaluated based on the proposed development.

E.6.2 Wanchese

Prior to extension of service to Wanchese, it is assumed that additional storage is
provided in Roanoke Island/Manteo to supplement the Skyco elevated storage tank.
To serve Wanchese, installation of a 16-inch diameter main on NC 345 from the Skyco
WTP to the Old Wharf Road/Mill Landing Road intersection is recommended.
Installation of 12-inch diameter mains on Old Wharf Road from NC 345 to Old
Schoolhouse Road and on Mill Landing Road from NC 345 to Harbor Road is
recommended. Fire protection governed the sizing of the distribution main
extensions in Wanchese.

The Wanchese Seafood Industrial Park is located off of Harbor Road. The County
indicated that the Wanchese Seafood Industrial Park is equipped with a 250,000-
gallon elevated storage tank. The hydraulic design of the tank is unknown. If the
Wanchese Seafood Industrial Park becomes a Dare County water customer, it is
recommended that the feasibility of using the existing elevated storage tank for the
Wanchese service area be investigated. The hydraulic effectiveness of the tank must
be considered in relation to its operation in conjunction with the Skyco and proposed
Roanoke Island/Manteo elevated storage tank. As an alternative, continued use of
the Wanchese Seafood Industrial Park elevated storage tank for onsite fire protection
may be considered.

E.7 Cost Estimates

Preliminary planning-level cost estimates were developed for the recommended
system improvements. The intended use of this type of estimate is long-range
planning. The final cost of any project will depend on the project complexity, actual
labor and material costs, competitive market conditions, actual site conditions, final
scope of work, implementation schedule, continuity of personnel, and engineering.

Preliminary planning level cost estimates for Roanoke Island/Manteo and Wanchese
are presented in Tables E-2 and E-3, respectively. A cost estimate summary is
presented in Table E-4. The preliminary planning level cost estimates do not include
costs for property acquisition.
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Table E-2: Roanoke Island/Manteo Water Distribution System Improvements

Planning-Level Cost Estimates!

Potential Elevated Storage | Potential Elevated Storage
Tank Site A Tank Site B
Cost : Cost
Length (feet) Estimate Length (feet) Estimate
()] $)

0.3 MG Elevated Tank - 1,100,000 - 1,100,000
16” PVC 25,800 1,680,000 9,800 640,000
12” PVC 4,100 230,000 18,400 1,010,000
8" PVC 26,500 1,190,000 26,500 1,190,000
6” PVC 117,700 4,120,000 119,400 4,180,000
Subtotal 174,100 8,320,000 174,100 8,120,000
25% Construction Contingencies 2,080,000 2,030,000
15% Design, Legal, and Financial 1,250,000 1,220,000
Total 11,650,000 11,370,000
Annualized Cost? 980,000 950,000

Notes:

1.  Costs are presented in 2006 dollars with an ENR construction cost index of 7695.10 (April 2006). Costs do
not include property acquisition. Assumes additional finished water pumps are included in a separate
water supply and treatment project.

2. Based on capital cost recovery factor of 0.0837 (20 years @ 5.5%).

Table E-3: Wanchese Water Distribution System Improvements

Planning-Level Cost Estimates!

Length Cost

(feet) Estimate ($)
16” PVC 12,200 790,000
12" PVC 6,300 350,000
8” PVC 12,600 570,000
6" PVC 57,600 2,020,000
Subtotal 3,730,000
25% Construction Contingencies 930,000
15% Design, Legal, and Financial 560,000
Total 5,220,000
Annualized Cost? 440,000

Notes:
1.  Costs are presented in 2006 dollars with an ENR construction cost index of 7695.10 (April 2006).
Costs do not include property acquisition. Assumes additional storage is provided in northern
Roanoke Island (refer to Table E-2). Costs assume additional Skyco WTP finished water pumps
are included in a separate water supply and treatment project.
2. Based on capital cost recovery factor of 0.0837 (20 years @ 5.5%).
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Table E-4: Roanoke Island/Manteo/Wanchese Water Distribution System
Improvements Planning-Level Cost Estimate Summary

Potential Elevated Storage Potential Elevated Storage
Tank Site A Tank Site B
Roanoke Island / Manteo! $11,650,000 $11,370,000
Wanchese? $ 5,220,000 $ 5,220,000
Total $16,870,000 $16,590,000

Notes:
1. Refer to Table E-2.
2. Refer to Table E-3.

E.8 Summary and Recommendations

This study was intended to identify system improvements necessary to extend water
service to unserved areas of Roanoke Island and Wanchese. The analysis was based

on projected 2025 water demands. Prior to implementing the recommended system
improvements, CDM recommends that the County proceed with the following tasks:

»  Conduct hydrant flow tests and calibrate the model of the existing system
based on the field test results.

m  Contact FAA to determine if Sites A and/or B are feasible for an elevated
storage tank.

Re-evaluate the recommended improvements presented in this report using
the calibrated model and based on near-term (2010) and long-term (2025)
projected demands.

In addition, the following general recommendations are recommended to
improve/enhance system operation:

m Provide additional finished water ground storage at the Skyco WTP and
replace transmission and finished water pumps including associated motor
controls to meet the demands of the northern beaches and Roanoke
Island/Manteo service area, particularly during the summer months.

m  Monitor flow of Skyco finished water pumps no. 5 and 6 to improve
accountability of water usage.

m  Retain SCADA data for longer than 65 days, preferably several years, to
maximize use of historical data in conducting system evaluations.

m  To reduce water main installation costs, create an in-house water line
construction division and install 6-inch diameter water mains and service
connections.

CDM E-7




Executive Summary
Roanoke Island/Manteo/Wanchese Water System Study

Transmission and storage improvements directly affect water quality in distribution
systems. Pipes sized to meet projected demands of the system may be oversized for
the current demands of the system and, as a result, experience problems in
maintaining a disinfectant residual. Prior to implementing the system improvements,
potential water quality impacts should be evaluated, particularly with near-term
demands (e.g., 2010). Alternative sources for fire protection in low density areas, such
as the reliance on pumper trucks, should be evaluated if the demand in the area is
insufficient to promote turnover in a pipe sized to provide fire protection. If fire
protection is not required, a smaller diameter main could be installed in the near-term
with a parallel main installed in the future when demands in the area increase.




Section 1
Introduction

The Dare County Water Department is the primary water purveyor for the Outer
Banks of North Carolina. The existing service area is shown on Figure 1-1. Public
water supply availability to the Outer Banks began in 1964 with the operation of the
Fresh Pond Water Treatment Plant (WTP). The Fresh Pond WTP draws surface water
from Fresh Pond and is owned by the Town of Nags Head. The Fresh Pond WTP is
currently only in operation to supplement peak summer demands.

In 1979, the Skyco WTP was constructed on the southern end of Roanoke Island as a
second public water supply. The Skyco WTP draws water from wells that tap into the
upper Yorktown and Principal aquifers.

In response to increasing demands, the North Reverse Osmosis (NRO) WTP was
constructed in Kill Devil Hills in 1989 as a third public water supply. The NRO WTP
treats water from wells that tap into the Yorktown aquifer.

The Skyco WTP began supplying water to the Town of Manteo in 1980. The Skyco
WTP also provides water to customers in the unincorporated areas of Roanoke Island
and outer Manteo between the WTP and the Town of Manteo. The extent of the
existing Roanoke Island/Manteo service area is shown on Figure 1-2. The remaining
unincorporated areas of Roanoke Island and Wanchese rely on private wells for
potable water.

It is a goal of the Dare County Water Department to work in a professional manner
with engineers, private contractors, and State agencies to expand the distribution
system and meet the water needs of areas within Dare County. Local fire
departments have expressed an interest to the County in continued expansion of
public water service to unserved areas of Roanoke Island and Wanchese to improve
fire protection.

The Dare County Water Department contracted Camp Dresser and McKee (CDM) to
conduct a water system study to evaluate improvements necessary to extend water
service to unserved areas of Roanoke Island and Wanchese. This report presents the
results of the evaluation which included the following tasks:

» Development of 2025 water demand projections

m Development of a computer model of the existing and proposed water
distribution system using WaterGems™

s Model validation based on available data
m Hydraulic evaluation

= Planning-level cost estimates for recommended system improvements
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