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Executive Summary 
 
Timmons Group has completed an engineering study (Study) to aide in determining the feasibility of a 
regional water system to serve northwestern Guilford County.  The participating localities include Guilford 
County, the Town of Stokesdale, the Town of Oak Ridge and the Town of Summerfield.   
 
This Study included the following: 

• An investigation by Golder and Associates to determine the availability of groundwater as a 
potential source of drinking water. 

• Identification of a surface water source from neighboring localities 
• Establishing the needs of a public water system for each locality 
• Development of system-wide hydraulic model to determine the necessary infrastructure to support a 

30-year growth period. 
• Estimation of infrastructure costs. 
• Estimation of potential water rates to connected customers.  
• A high-level review of potential funding sources. 
• A high-level review of the potential legal structure for the water system’s controlling entity.   

 
A groundwater investigation by Golder and Associates (Golder) concluded that groundwater in 
northwestern Guilford County may be more prevalent than previously believed.  The estimated 
groundwater recharge rate within the study area is approximately 35 million gallons per day.  The report 
states that it may be possible to develop water supply wells to yield 100 to 200 gpm (approximately 
288,000 gallons per day).  These wells could be strategically placed to support portions of the regional 
water system.  Golder’s analysis was limited to a desktop review of geological and surface features and no 
physical testing was conducted.  Physical testing will be a necessary next step to determine if a public 
water system is feasible.   
 
Due to the potential availability of groundwater, one of the least expensive ways a regional water system 
may originate would be with individual water systems for each locality, supplied by groundwater.  Each 
locality would have an elevated storage tank and a focused network of water distribution mains located to 
maximize the number of connected customers.  As growth occurs and when it makes sense, the systems 
could become interconnected.  The NC-150 corridor has been identified as the most logical path for an 
interconnecting waterline for the regional system. Based on the hydraulic model developed for this Study, 
the main along NC-150 would likely be a 16-inch main.  
 
In discussions with the surrounding water providers, Winston-Salem/Forsyth County (WSFC) and the City 
of Reidsville (Reidsville) were the most favorable to selling water to a public water system in Guilford 
County.  At the time of writing this report, WSFC had proposed a bulk water rate of $5.65 per 1,000 gallons 
(kgal).  The bulk water from Reidsville is not confirmed, but is likely to be around $3 per kgal.  Due to the 
lower cost of water, this Study is based on purchasing water from Reidsville.  Connecting to the Reidsville 
water system would be accomplished by extending a 16-inch waterline south through Rockingham County 
along Cunningham Mill and Spearman Roads.   
 
As the number of water system customers grows, the reliance on finished water from Reidsville would also 
increase.  For this Study, it is estimated that by year 10, there would be a 50/50 split between purchased 
water from Reidsville and groundwater wells to supply the proposed water system.  It is likely that 
improvements to the Reidsville water system will be necessary to ensure adequate water availability.   
 
Over the 30-year study period, the cost of infrastructure for the regional water system is estimated to be 
around $143M with an average monthly water bill over that time period of approximately $61, accounting 
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for inflation and escalating operating costs.  Refer to Appendix D for more details regarding the break-
even costs per customer.  
 
Within the first five years, the estimated cost of infrastructure is approximately $52.4M to reach a potential 
customer base of around 8,500 ERCs (equivalent residential connections).  The first few years are 
anticipated to have the highest monthly bills as the cost of starting infrastructure is high relative to the 
smaller, but growing customer base.  The estimated monthly water bill for the first year is approximately 
$91, falling to $53 by year five. 
 
By year ten, the estimated additional capital cost of infrastructure is $41.9M and the number of customers 
is approximately 13,000 ERCs. The estimated monthly water bill at year ten is approximately $56.  By year 
thirty, the estimated monthly water bill would have stabilized around $61 as the customer base has grown 
to its largest size of around 25,000 ERCs. 
 
More detail on the estiamated water system costs is available in Section 5.0 and Appendix D. 
 
The legal structure of the water system’s governing body will most-likely be a Water Authority or Water 
District as defined by NCGS Chapter 162A.  A more detailed description of these legal structures, along 
with their respective powers is provided in Appendix F.  
 
 
Recommended Next Steps: 
 
It is highly recommended that true geophysical testing be conducted to confirm the groundwater availability 
estimated in this report.  This will be a significant factor in determining the feasibility of a regional water 
system.  

 
It is recommended to initiate discussions with the Department of Environmental Quality (NCDEQ).  One of 
the items required by NCDEQ will be a Preliminary Engineering Report (PER).  The development of the 
PER will help reduce the number of unknown variables and increase the accuracy of both the hydraulic and 
financial models presented in this report.  

 
It is recommended that all localities engage both legal and financial council/representation to further 
discussions about water system governance structure and financial feasibility.   
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1.0 Project Background 
 
In mid-2017, Timmons Group was tasked to perform an engineering study (Study) to aid in determining the 
feasibility of developing a regional water system in northwestern Guilford County (the County).  Included in 
the study are the Towns of Oak Ridge, Stokesdale, Summerfield, and certain unincorporated portions of 
Guilford County, bound by US Route 29 to the east.  This Study will be used to examine some of the 
potential steps, challenges and likely costs of forming a public water system and the potential cost of water 
to the connected customers over a 30-year period.  This Study should be used to help the participating 
localities determine a path forward that would develop a water system that provides the service required by 
each locality in a fiscally responsible manner. 
 
The goal of this report is to provide a view of what a regional water system for this part of the County might 
look like and to estimate the cost to customers.  Additionally, this report will outline the options for legal 
structure of water system’s governing body.  For this report, the term “Authority” will be used to describe 
the legal entity responsible for owning and operating the regional water system, but the exact legal 
structure will need to be determined if the participating localities choose to move forward with the 
development a regional water system. 
 
Currently, the participating localities are served by a variety of groundwater-supplied water systems that 
are privately owned.  The Town of Stokesdale has a municipal water system that serves portions of the 
Town, with water supplied by the City of Winston-Salem.  However, the long-term sustainability and quality 
of these groundwater supplies, in addition to limited service area coverage, limit economic development 
and fire protection.  A potential alternative to the existing water systems is to form a public Water Authority 
that purchases water from other sources and/or procures its own groundwater (wells) to distribute to its 
customers.   

1.1 Community Goals & Needs 
Timmons Group has endeavored to incorporate the goals and needs of each locality within the study 
area.  This was performed by meeting with each municipality to identify the short-term and long-term 
needs through confirming water main routing corridors and areas with specific water needs and 
locating those corridors on schematic mapping.  Timmons Group met with each community individually 
to discuss these items to aid in the Study. 

1.2 Guilford County  
Guilford County is interested in serving unincorporated areas adjacent to the municipalities and wishes 
to act as a facilitator for the municipalities.  Northwest Guilford County is a high growth area as 60% of 
the County’s permits occur in this area.  To that end, it is an ideal portion of the County to focus on 
bringing water service.  The County has expressed the desire to prioritize new infrastructure in the 
newer potential growth areas for the water system.  They are less interested in focusing on the Colfax 
area as it is an older, established area with less growth. 

1.3 Oak Ridge 
The Town of Oak Ridge’s overall goal is to provide water service to the entire town limits, including fire 
protection.  They would require 700 gallons per minute (gpm) of fire flow, but 1,000 gpm is preferable.  
The town recognizes the benefits of a public water system, including less susceptibility to power 
outages, aids in the maintenance of fire equipment, and promotion of growth.  However, Oak Ridge 
has several concerns that would have to be worked out through the course of the development of an 
Authority.  These concerns include questions about groundwater, potential customers, existing private 
systems, and inter-basin transfer.  They realize that a public water system would need to offer a 
compelling reason for potential customers  
to connect.   
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1.4 Stokesdale 
The Town of Stokesdale’s water system is approximately 15 years old and was developed in response 
to contamination along US Hwy 158.  The system is estimated to cover approximately 25% of the 
Town area, or approximately 22 square miles.  The majority of Stokesdale’s water mains are SDR 21 
PVC.  The system has one pressure zone with a 300,000 gallon elevated storage tank.  Stokesdale 
has acknowledged the potential benefits for an inter-connection to a second public water system.  
Stokesdale requires a fire flow of 700 gpm at 20 psi. 

1.5 Summerfield 
The Town of Summerfield addresses water needs in its Comprehensive Plan.  Its common objective 
for water supply stated: “The Town of Summerfield recognizes the singular importance of plentiful, 
safe, potable water to present and future residents and businesses. To preserve the availability of this 
resource, the Town shall make water supply, water conservation, and groundwater recharge very high 
priorities and shall encourage its citizens to do likewise.”   
 
Additionally, Summerfield developed several policies for water supply.  Some of those policies include: 
 
Policy 5.1: The Town should work regionally on a broad range of water supply options and approaches 
for the long term. 
 
Policy 5.2: To improve short and long-range water supply projections, the Town shall support voluntary 
as well as institutional efforts to monitor groundwater supplies underlying the Summerfield community. 
 
Policy 5.3: Recognizing that water and sewer services have a powerful influence on growth and 
development, the Town of Summerfield shall require that the design and location of water supply and 
sewage treatment facilities promote desirable development density and growth patterns. 
 
Policy 5.8: New developments may be required to size and design water retention facilities to serve as 
water reservoirs to enhance nearby firefighting capabilities. 
 
Summerfield has expressed the need to incorporate fire protection into the water system design.  Their 
desired fire flow is 1,000 gpm at 20 psi.   
 
Excellent schools will continue to drive growth in the Summerfield area.  There are several areas with 
approved developments and future developments within and adjacent to Summerfield.  The areas 
listed below must be taken into consideration when preparing future growth calculations.    
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2.0 Engineering Approach 
 
One of the most significant factors in determining the feasibility of a public water system is the cost per 
gallon of water for the end users – also called the “water rate.”  The rate that water is charged to 
consumers is responsible for recovering the cost of procuring the water and the cost of the distribution 
infrastructure (pipes, pumps, tank, etc.), but also needs to cover the cost of repairs, operational expenses, 
overhead expenses, future infrastructure and even the salaries of the operating staff.  In order to estimate 
the water rates for public water system in northwestern Guilford County, the following questions needed to 
be answered: 
 

• Where will the infrastructure be located? 

• What size will the infrastructure be?  

• How many customers will be connected? 

• Where will the water come from? 

• What new infrastructure will be needed as the system grows? 
 
The approach to answering these questions started with establishing the anticipated areas of priority, both 
immediate and future, for water distribution for each locality.  Once the priority areas were established, the 
number of customers and the domestic and fire flow water demands were estimated using land use data 
and locality input.  The potential system growth scenarios were determined and, finally, a computerized 
model of the distribution system was developed to aid in sizing of the infrastructure necessary to support 
the projected distribution needs.   

2.1 Priority Area Projections 
For each locality, the target water service areas were identified and prioritized according to immediate 
need and projected future need.  To do this, each locality was asked to identify their water demand 
priority areas on a map in three categories; the 0-5 year priority, the 6-10 year priority, and any 
estimated priority beyond a 10-year timeframe.  While each locality was able to identify service areas 
for the first ten years, none of the localities were comfortable providing service priorities beyond the 
10-year timeline due to the unpredictability of locality growth.  The priority areas identified by the 
localities are shown on the Locality-Determined Priority Areas Map in Appendix A.  The 0-5 year 
priority is considered the immediate need. 
 
Each of the four localities identified the 0-5 year demand priorities in areas that already have existing 
facilities in place, whether those facilities are residential, commercial, or industrial in nature.  This 
helps to ensure a reasonable customer base early in the water system development.  This customer 
base is necessary to keep the cost per customer as low as possible.   
 
In an effort to maximize customer base and reduce initial infrastructure costs, Timmons Group has 
identified a smaller sub-set of the 0-5 year priority areas that is intended to provide a higher ratio of 
customer-to-infrastructure installed.  These areas are shown in Appendix A and are labeled as the 
Strategic 0-5 Year Service Areas.  All financial analyses for this study was performed using these 
areas.  A list of all identified subdivisions in these areas is provided in Appendix B. 

2.2 Proposed Utility Corridors 
Based on the locations of the water demand priority areas, a primary “backbone” to the proposed utility 
corridor was identified.  It was determined that North Carolina Highway 150 (NC-150) would best serve 
as the primary utility corridor to most efficiently bring water to each of the locality’s priority areas.  NC-
150 generally runs Northeast/Southwest within the northwestern part of Guilford County.  This primary 
utility corridor would run northeast through the heart of Oak Ridge and Summerfield before ultimately 
terminating at the intersection with U.S. Route 29. 
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2.3 Demand Projection Methodology 
Domestic demand projections for the water system serving this portion of the County were developed 
for a 30-year period, but were broken down to match the 0-5 year, 6-10 year and 10-30 year demand 
priority areas for each locality.  The methodology for these water demands is based on several factors 
to accurately reflect projected growth, changing land use, and existing conditions.  It is anticipated that 
new customers will be connecting to the water system in first five years at a rate that will far outpace 
the subsequent years.  The New Customer Growth Trends used for this study are shown below in 
Table 2.3.1. 
    

Table 2.3.1 – Water System New Customer Growth Trends 

0-5-yr Annual 
Average 

6-10-yr Annual 
Average 

11-30-yr Annual 
Average 

15% 9% 3% 

  

0-5-yr Annual 
Average 

0-10-yr Annual 
Average 

0-30-yr Annual 
Average 

15% 12% 6% 

 
 
All land within each locality was assigned one of five land use designations: agricultural, commercial, 
industrial, residential, or a sub-system area (SSA).  Areas identified as SSA are defined as areas 
which there is existing water infrastructure that is privately owned and operated, either by a private 
utility company or a Homeowners Association.  Land use designations for Guilford County and 
Stokesdale were assigned based on the Guilford County GIS Data Download Zoning shapefiles from 
their GIS Portal.  Oak Ridge and Summerfield directly provided their own land use designations for 
use in this Study. 
 
Each zoning classification was assigned a flow factor.  A flow factors is defined as water demand 
generated for every unit area of developed land and is expressed in gallons per day per acre (gpd/ac).  
Land designated as agricultural was assigned a flow factor of zero gpd/ac.  The residential land use 
designation was assigned a flow factor of 200 gpd/ac.  This flow factor is based on the allowable 
number of dwelling units per acre times the average daily water demand per dwelling unit.  The 
dwelling unit per acre, or residential density, is based on each locality’s governing regulations.  The 
average daily water demand per dwelling is based on engineering experience.  The SSA land use 
designation was also given a flow factor of 200 gpd/ac because these systems most often serve 
residential areas.  The commercial and industrial land use designations were given flow factors of 300 
and 500 gpd/ac, respectively, because these facilities are often more intensive water users. 
 
It is assumed that 50% of each land parcel is developable based on sound engineering and land 
planning judgement.  Of this 50% developable area, unbuildable area is subtracted out to account for 
any environmental features such as lakes, streams, wetlands, buffer areas, etc. to yield a final 
developable area for each parcel.   
 
For this Study, it is assumed that the Sub-System Areas would be incorporated into the public 
distribution system as the overall service areas grow over time.  This “climbing” SSA model is 
presented, as opposed to a model in which no SSA demand is included, because it is believed there 
are three major benefits to the customer to switching to an Authority-owned water system: (1) water 
quality, (2) water quantity, and (3) reliability.  Water quality will be better on the Authority’s system than 
a private system because there is a greater level of water treatment, more operator attention, and a 
lower water quality age.  Sufficient water quantity will be available on the Authority’s system to provide 
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fire protection.  The authority’s system will be more reliable in the cases of power outages.  Water 
service will be uninterrupted when the private systems well pumps will most likely go offline.  
Additionally, the added customer base will generate more revenue for the Authority, helping to reduce 
the overall water rates.  
 
Finally, the average daily demand for a given area is calculated by adding the demands for each land 
use type.  Each area’s demand is then summed to yield a total average daily demand for the locality, 
for each projection year.  The average daily demands for each locality are shown below in Table 2.3.2. 
 

Table 2.3.2 – Projected Domestic Demands 

Locality  

5 year Total Projected 
Water Demand  

10 year Total Projected 
Water Demand  

30 year Total Projected 
Water Demand 

GPD GPM ERC GPD GPM ERC GPD GPM ERC 

Oak Ridge  616,200 428 3,081 790,000 549 3,950 1,081,429 751 5,407 

Stokesdale 176,400 123 882 290,180 202 1,451 725,123 504 3,626 

Summerfield  730,800 508 3,654 940,495 653 4,702 1,450,030 1,007 7,250 

North Guilford  189,800 132 949 570,220 396 2,851 1,773,305 1,232 8,867 

TOTAL  1,713,200 1,190 8,566 2,590,895 1,799 12,954 5,029,887 3,493 25,149 

ERC = Equivalent Residential Connection; 1 ERC = 200 gallons per day (GPD) 
GPM = gallons per minute 

2.4 Groundwater Availability 
Timmons Group has partnered with Golder & Associates (Golder) to perform preliminary groundwater 
supply identification and research.  Golder provided a technical review of a USGS Groundwater 
Recharge and Storage Study of Guilford County and a Preliminary Groundwater Resource Evaluation 
Report for Northwest Guilford County. 
 
Summarizing the USGS Groundwater Recharge and Storage Study of Guilford County, Golder states 
the article generally supports an opinion that groundwater withdrawal should not exceed groundwater 
recharge on an individual lot or subdivision basis to avoid long-term net losses in groundwater storage.  
Golder highlights an example from the article that suggests a minimum of 1.05 acres was required to 
support a typical residential housing lot with a water demand of 400 gpd.  Accounting for further 
reductions, up to 2.34 acres per lot may be required to maintain no net loss from long term 
groundwater storage from rural residential homes on well and septic. 
 
In their discussion on the article, Golder state the article’s estimates are overly conservative and 
applying more current views of groundwater infiltration and water usage, a typically single family home 
should have minimal impact on groundwater recharge.  Golder goes on to say that minimum lot sizes 
are often set by local governments based on assimilation of wastewater from on-site sewage systems 
to protect the groundwater and nearby surface water resources from elevated nitrogen loading.  
Scientific literature indicates that minimum lot size to prevent nitrogen degradation of the groundwater 
is roughly 0.5 to 1.0 acres.  Groundwater recharge is typically not used to guide or regulate minimum 
lot sizes.   
 
The total volume of water stored within Guilford County is estimated to be billions of gallons stored in 
the saprolite and bedrock.  Even if only a small portion of this groundwater recharge and storage is 
available for development and use, Guilford County would have a generous supply so restricting land 
use based on groundwater recharge does not appear to be reasonable and does not address the real 
issue of inadequate groundwater availability and impact to existing groundwater users. 
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Golder concludes by saying it may be worthwhile to evaluate the possible range of groundwater study 
requirements that Guildford County could adapt as part of their subdivision regulations to ensure that 
adequate groundwater supplies are available for new subdivisions and that these future withdrawals 
do not impact existing groundwater users or effect environmentally sensitive habitats. 
 
The Preliminary Groundwater Resource Evaluation Report for Northwest Guilford County, prepared by 
Golder, was designed to preliminarily identify areas that may be favorable for developing groundwater 
wells that can support local water supply needs in an economically sustainable manner.  Based upon 
the findings of their preliminary groundwater investigation, Golder believes that the overall potential of 
developing groundwater resources in northwestern Guilford County is moderately good.  This 
assessment is based on favorable fracture development characteristics of the granitic rocks, which 
make up the majority of the bedrock type in the study area, good water storage attributes of the thick 
unconsolidated soil and saprolite overlying the bedrock, high lineament density and the coincidence of 
many of these lineaments with expected bedrock structures, a moderately high groundwater recharge 
estimate of over 35 million gallons per day, and moderately productive wells of between 100 to 200 
gpm.  Potential groundwater development areas have been identified using a groundwater favorability 
model.  Favorable groundwater development areas correspond with areas underlain by granitic rocks; 
are proximal to lineament, lineament intersections, and cross-strike lineament orientations; are 
situated in river lowland areas; and are not near potential contamination sites or high-density 
development areas.    
 
As next steps, Golder recommends that focused non-intrusive electrical resistivity imaging geophysical 
survey should be conducted at selected groundwater exploration sites to confirm and better locate 
potential subsurface fractured bedrock aquifers and to help optimize future exploratory test well 
locations.  Following completion of the geophysical survey and selection of potentially favorable well 
sites, exploratory test wells should be drilled to determine whether the yield and quality of the 
groundwater will be suitable to meet the needs of the proposed development.  Following the 
successful completion of the wells, long-term, multiple-well aquifer stress test should be conducted to 
assess the sustainable yields from the completed wells. 

 
The USGS Groundwater Recharge and Storage Study of Guilford County and the Preliminary 
Groundwater Resource Evaluation Report for Northwest Guilford County, as delivered by Golder & 
Associates, are provided in Appendix C. 

 
2.5 Surface Water 
Meetings with the surrounding Counties, Towns, water utilities, and water authorities were performed 
to find a possible surface water source for the Northwest Guilford water system.  Summaries of those 
meetings and each organization’s interest in providing water is presented here. 

2.5.1 City of Greensboro and Rockingham County 
The City of Greensboro and Rockingham are not favorable due to both having a limited availability 
of water.  Greensboro would require that the source water be from the Piedmont Triad Regional 
Water Authority and wheeled through the City’s water system, requiring pumping upgrades and 
other costs.  Rockingham County receives water from municipalities in the County, and has limited 
hydraulic capacity to bring water to NW Guilford County (and their supply would be similarly 
limited). 

2.5.2 PTRWA 
Piedmont Triad Regional Water Authority (PTRWA) is a wholesale water supplier and only 
provides water to its constituent owners: Greensboro, High Point, Randolph County, Archdale, 
Jamestown, and Randleman.  If any of the PTRWA capacity were to be used for Northwest 
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Guilford County regional water system, it would have to be purchased from one of the current 
owners.  It has been indicated that none of the owners wishes to sell any of their current or future 
allotted capacity. 

2.5.3 Winston-Salem/Forsyth County 
The City of Winston Salem/Forsyth County (WSFC) Utilities department has been favorable 
towards selling water to a regional system in Guilford County.  The WSFC system consists of a 
water treatment capacity up to 91 million gallons per day (MGD).  The City’s current average 
usage is approximately 36 MGD, leaving an excess of approximately 55 MGD.  WSFC staff and 
their consulting engineer, Hazen-Sawyer, have indicated the two most favorable points of 
connection would be a new interconnection along NC Hwy 150 and the existing interconnection 
with Stokesdale along US Hwy 158.  At the time of writing this report, the proposed bulk sale price 
for water from WSFC is $5.65 per 1,000 gallons, or “kgal.”  

2.5.4 City of Reidsville 
The City of Reidsville (Reidsville) was initially hesitant to commit to selling water for a NW Guilford 
County water system due to their limited 1 MGD supply, however, they in the process of making 
improvements to their distribution system that will increase they system’s available yield.  
Reidsville’s water treatment plant has capacity of 9 MGD but is currently treating just under 4.5 
MGD on average.  To covey water from Reidsville to NW Guilford County, new water mains would 
be required through Rockingham County.  The preferred route for this main is along Cunningham 
Mill and Spearman Roads.  Due to Reidsville being lower in average elevation than a large 
majority of the Guilford County study area, it is likely that booster pumps would be necessary to 
pump water to higher elevations within the County.   
 
At the time of writing this report, the exact bulk water purchase rate from Reidsville is not known, 
but is estimated to be around $3 per kgal based on conversations held between Reidsville and 
Guilford County staff.  Due to this low bulk water purchase rate, this study has assumed a 
Reidsville water supply.   
 

2.6 Supply Scenarios 
For this Study, two theoretical water system growth scenarios were developed to explore the potential 
cost implications of each.  Those scenarios are:  
 
Supply Scenario 1   
Supply Scenario 1 is based around the NW Guilford water system originating by establishing smaller, 
individual water systems within each locality that would eventually grow and connect with one another.  
The water supply for each system would each start with central wells and central elevated storage 
tanks that would supply a small, centralized distribution system in each locality.  Stokesdale has 
similar infrastructure already in place.   

 
Because this approach would not require any interconnections between the localities, it would not 
require the interconnection piping along NC-150 as described in Section 2.2 and would help to 
minimize the initial capital expenditure for infrastructure.  As the individual water systems grow, either 
by developer-driven growth or “Authority-driven” growth, the interconnections along NC-150 can be 
made when appropriate.  The interconnections will strengthen the flow of water to all parts of the 
system and will greatly improve reliability to the connected customers.  
 
Eventually, the demand for water may out-pace the yield of the Authority’s wells.  If this happens, a 
connection to the Reidsville water system could be made.  This connection could be made along 
Cunningham Mill or Spearman Roads.  This connection would supplement the groundwater sources 
and would further strengthen the system’s reliability.   
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For this Study, it is assumed that by year 10, the public water system is using half groundwater and 
half purchased water form Reidsville and that all interconnections between the locality systems along 
NC-150 have been made.   
 

Supply Scenario 2  
Supply Scenario 2 is based on purchasing 100% of the drinking water supply from Reidsville.  This 
scenario is anticipated to grow in the same manner as Scenario 1, however, it will require that the 
primary NC-150 interconnection main and connection to the Reidsville water system be made 
immediately.  All elevated storage tanks would still be required.    

 
For this Study, it is assumed that after the first 10 years, the water system “Authority” will have to pay 
to upgrade some of Reidsville’s infrastructure to increase the available yield within the city’s 
distribution system.   
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3.0 Hydraulic Modeling 
 
A master plan water model (model) was developed using Bentley’s WaterGEMS V8i software.  The 
model’s primary purpose is to assist in the preliminary design of the water system.  The hydraulic 
simulations help confirm necessary water line sizes and help identify the size and location of major water 
system features such as elevated storage tanks and pressure zone boundaries.  This section documents 
the means and methods of the hydraulic modeling effort. 
 
The developed model is considered a “skeletonized” model because it is a simplified distribution model that 
includes only the primary distribution mains along major corridors.  Smaller waterlines, or waterlines 
serving individual subdivisions or business were not modeled, but their domestic water demands where 
accounted for. This eliminates an excessive amount of modeling detail and input, but still allows for an 
accurate review of primary distribution pipe sizes, storage tank performance as well as they system’s 
residual pressures.  

3.1 Model Build 
A hydraulic model was created to coincide with the demand priority areas and the two growth 
scenarios outlined in Section 2.0.  The model includes all elevated storage tanks, necessary pressure 
control valves and primary distribution mains and calculated water demands through the 30-year study 
period.   
 
Because the distribution model is theoretical, the specific material of the distribution mains has not 
been identified but will mostly likely be a combination of C900 PVC or ductile iron.  All water mains in 
the model were assigned a Hazen-Williams roughness coefficient of 120, which is a conservative 
representation of either material.   

3.1.1 Demand Allocation 
Junctions were strategically placed along the distribution mains to capture the major high and low 
elevations along the mains and so the calculated water demands could be applied in the 
appropriate locations.  Demands were not applied to individual houses or individual commercial 
properties, rather “demand centers” were formed to aggregate demands located in close proximity 
to one another.  Thus, all the demands of one neighborhood development (or commercial center) 
were represented at a single junction in the model.  The junction is located along the main road at 
the entrance to the given residential or commercial center. 
 
For this study, all demand scenarios modeled were steady-state snapshots of various demand 
intensity.  The following demand scenarios were developed within the model: 
 
• Static: No active demands in the model. 
• Average Day Demand (ADD): The average rate of daily (24-hour) water usage 
• Max Day Demand (MDD):  The rate of water usage during the day (24-hour) of maximum 

water use.  This is represented by multiplying the ADD by a factor of 1.6. 
• Peak Hour Demand (PHD): The rate of water usage during the peak hour.  This is 

represented by multiplying the ADD by a factor of 2.5. 
• Maximum Day Demand plus Fire Flow (MDD + FF): Refer to Section 3.1.2 for additional 

information on how fire flow demands were applied to the model. 
 
In order for the water system to function correctly and be considered acceptable, certain residual 
pressures must be met in the system for a given flow.  The ADD, MDD, and PHD scenarios should 
maintain a residual gauge pressure of at least 30 pounds per square inch (psig) per 15A NCAC 
18C .0901.  The MDD + FF scenario should retain a residual gauge pressure of at least 20 psig 
per 15A NCAC 18C .0901.   
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3.1.2 Fire Flows 
For the MDD + FF scenario, the distribution system was designed to meet 1,000 gallons per 
minute (gpm) at 30 psig within any part of the modeled system.  Targeting a 30 psig residual in the 
system allows for additional pressure loss through the smaller distribution mains that were not 
included in the model.  This level of available fire flow may or may not meet the actual fire flow 
requirement for a given building or development. In the case where the needed fire flows exceed 
what the distribution system can supply, special considerations may be required for on-site water 
storage and fire pumps. The appropriate fire regulations and codes should be consulted and 
applied on a case by case basis.   

3.1.3 Storage Tanks 
Elevated storage tanks act to provide adequate pressure throughout the system and deliver stored 
water during periods of high demand.  15A NCAC 18C .0805 requires elevated storage capacity 
for a municipality to be sufficient to minimize the effect of fluctuating demand and provide a reserve 
for fire protection, but not be less than 75,000 gallons in capacity.  It also requires that the 
combined elevated and ground storage capacity of the finished water for community and non-
transient, non-community water systems shall be a minimum of one-half day's supply of the 
average annual daily demand.   
 
In the model, storage tanks were placed near Oak Ridge Town Hall, Summerfield Elementary 
School, Stokesdale Elementary School, and near the intersection of NC-150 and North Church St.  
Tanks were sized to hold one-half day’s supply of the average annual daily demand, for the area it 
serves, and to provide a fire flow of 1,000 gpm for 120 minutes.  The size of the storage tanks is 
discussed in Section 3.2.1.    

3.1.4 Pressure Zones 
The average ground elevation across the study area is decreasing from west to east.  This means 
that pressures in the distribution system will naturally climb as the systems expands to the east.  
Due to this increase in pressure, it is necessary to separate the water system into two pressure 
zones – a western zone and an eastern zone.   
 
During initial model setup and test model runs, the delineation of the east and west pressure zones 
was performed.  It was determined the northern and western town limits of Summerfield would be 
the dividing line from the western pressure zone to the eastern pressure zone.  Pressure Reducing 
Valves (PRVs) were placed in the model at the Summerfield/Oak Ridge town limits on the NC-150 
backbone and the secondary waterline along Brookbank Rd.  A PRV was also added at the 
northern Summerfield town limits along US-220.  
 
Due to Reidsville being lower in average elevation than a large majority of the Guilford County 
study area, it is likely that booster pumps would be necessary to pump water into the county’s 
water system. Booster pumps would likely be located at the Rockingham/Guilford border along 
Spearman Rd.  Additionally, pumps would be necessary to pump form the eastern pressure zone 
into the western pressure zone.  These pumps would likely be located on NC-150 at the boundary 
between the pressure zones.  

3.2 Model Findings 
After building the model with all of the physical assets and water demand information, the model was 
run to determine the performance characteristics of the system.  In order to confirm the proposed 
waterlines are sized to accommodate the ultimate buildout of the water system, the modeling effort 
started with the 30-year buildout.   



 
 

15  |  www.timmons.com 

3.2.1 Thirty-year Buildout 
For the 30-year buildout, the water system layout is the same for either Supply Scenario as 
outlined in Section 2.6.  The following results apply to both Supply Scenarios. 
 
The 30-year buildout scenario represents the highest level of domestic demand that the water 
system would be required to supply.  By sizing the pipelines and storage tanks appropriately for 
this scenario, they will be able to accommodate any preceding levels of the water system’s 
buildout/growth.   
 
The 30-year buildout has an average domestic demand of just over 5,000,000 GPD.  Out of the 
demand scenarios modeled, the worst-case scenario is the Maximum Day Demand plus Fire Flow 
(MDD+FF).  In order for the model to convey the Maximum Day demand plus the 1,000 GPM fire 
flows while maintaining at 30 psig at all points in the system, it was determined the primary NC-150 
distribution main is appropriately sized as a 16-inch main.  All other secondary mains were 
modeled as 12-inch mains.   
 
Based on average demands, the Oak Ridge and Summerfield tanks were both sized for 750,000 
gallons, the existing Stokesdale tank was kept at 300,000 gallons, and the North Guilford tank was 
sized for 1,000,000 gallons.   
 
The elevation of water inside each tank will affect the pressures within the surrounding distribution 
system.  In order to prevent over-pressurizing the distribution system, the High Water Level (HWL) 
for each tank was set to target no more than 80 psig during a static, no-demand scenario.   Based 
on the model results, the proposed Oak Ridge tank was set at 1,075 feet above mean sea level 
(AMSL) to match the existing Stokesdale tank.  Moving east towards Summerfield and Rte-29, the 
average ground elevations fall.  Due to this decrease in elevation, the HWLs for the proposed 
Summerfield and Guilford County tanks were set to 1,040 ft AMSL.  A summary of tank sizes and 
modeled elevations can be found in Appendix B.  

3.2.2 Ten-year Buildout 
For the 10-year buildout, the water system layout is the same for either Supply Scenario outlined in 
Section 2.6.  The following results apply to both Supply Scenarios. 
 
For the 10-year buildout scenario, the model was run with all infrastructure and demands that fall 
outside of the 10-yr priority areas made inactive.  All pipe and tank sizes were left the same as the 
30-year buildout model.  All domestic and fire flow demand scenarios were tested with each supply 
scenario to ensure the system could still meet the desired performance criteria.  No performance 
problems were identified.   

3.2.2 Five-year Buildout 
For the 5-year buildout, the water system layouts for the Supply Scenario outlined in Section 2.6 
are different.  Because the primary source of water for Supply Scenario 1 are the local wells, only 
the water systems around the tanks are active.  For Supply Scenario 2, the water systems around 
the tanks are active, however, the full length of the NC-150 primary supply main must be active to 
connect the individual water systems to the water source (the City of Reidsville water system).     
 
For this buildout scenario, the model was run with all pipes and demands that fall outside of the 5-
year priority areas made inactive.  All pipe and tank sizes were left the same as the 30-year 
buildout model.   
For each Supply Scenario, all domestic and fire flow demand scenarios were tested with each 
supply scenario to ensure the system could still meet the desired performance criteria.  No 
performance problems were identified.   
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4.0 Infrastructure Costs 
 
Based on the priority service areas and the sizing requirement determined by the hydraulic modeling, the 
total infrastructure cost for a public water system to serve northwest Guilford County is anticipated to cost 
the water “authority” between $143M-$159M, for Supply Scenario 1 and Supply Scenario 2, respectively.  
The costs listed below include an assumed 2.5% annual inflation rate.   

4.1 Five-year Buildout 
The regional water system is anticipated to grow in vary similar ways regardless of the Supply 
Scenario, however, the most significant change in cost would occur at the start-up of the system.   
Supply Scenario 1 would allow the elevated storage tanks and limited distribution systems for each 
locality to be served by groundwater (wells) and would NOT require the 16-inch primary distribution 
main along NC-150 to connect the individual systems nor the 16” supply main from the Reidsville 
water system.  
Supply Scenario 2 would rely solely on the Reidsville water system to supply all water to the proposed 
water system within the County.  This would require the 16-inch primary distribution main along NC-
150 and 16” supply main in along Cunningham Mill and Spearman Roads to be installed immediately 
to convey water to all areas of the system.   
 
The total 5-year estimated cost of infrastructure for Supply Scenario 1 is approximately $52.4M. 
The total 5-year estimated cost of infrastructure for Supply Scenario 2 is approximately $58.3M. 

4.2 Ten-year Buildout 
It is anticipated that the cost of the 6-10 year buildout of the water system would be similar to the 
expense for the first 5 years. However, for this study, it is assumed that approximately 50% of that cost 
will be paid by developers as the currently undeveloped land in this service area is developed.   
 
For Supply Scenario 1, there are some additional costs at this time for the 16” supply main from 
Reidsville, as well as for water booster stations to pump water into the County’s two pressure zones.  
The anticipated cost for these improvements adds approximately $15.6M to Supply Scenario 1 by year 
ten.   
Due to Supply Scenario 2 relying solely on the Reidsville water system, at year ten, there is an 
assumed $12.4M cost of improvements to the Reidsville system to ensure it can continue to meet the 
growing demands within the County’s system.   

 
The total 10-year estimated cost of infrastructure for Supply Scenario 1 is $41.9M. 
The total 10-year estimated cost of infrastructure for Supply Scenario 2 is $41.5M. 

4.3 Thirty-year Buildout 
For the 30-year buildout of the water system, the infrastructure cost for Supply Scenario 2 is assumed 
to have a $10.0M increase over Supply Scenario 1.  This additional cost is for improvements to the 
Reidsville water system and booster pumps within the County.   
 
The total 30-year estimated cost of infrastructure for Supply Scenario 1 is $48.6M. 
The total 30-year estimated cost of infrastructure for Supply Scenario 2 is $58.6M. 
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5.0 Potential Water Rates 
Timmons Group has teamed with Raftelis Financial Consultants to develop a preliminary rate and fee 
structure to help determine feasibility of development of the regional water system.  All costs to customers 
given below are based on a break-even financial model.  This analysis assumes no additional grants or 
exterior funding sources to the participating localities.  If additional funding is procured, it could reduce the 
cost to the “authority” and ultimately to the end-users/customers.   
Some of the major financial assumption for this analysis are listed below: 

• Funding Assumptions: 
o The inception of the water system and the first round of funding occurs in year 2020 
o Traditional Loans or Bond Sales 

 Loan Terms – 25-year financing 
 Interest Rate – 4.5% 

o Capital Costs 
 Inflated at 2.5% annually 

5.1 Financial Considerations 
It is important to understand the cost of starting a regional water distribution system will not be limited to 
the physical infrastructure. Along with the cost of the construction of the water mains and storage tanks, 
the following costs should be expected: 

• Survey/Engineering Design  
• Property Acquisition  
• Easement Acquisition  
• Permitting  
• Legal and Administrative  

5.2 Preliminary Rate/Fee Structure 
Raftelis looked at the potential water rates for each Supply Scenario. For both scenarios, a best-case 
scenario was assumed for the number of connected customers to provide a view of what might be the 
least cost to potential customers.  The scenario assumptions include: 

• Strategic infrastructure buildout to target the higher-density areas to pick up the most 
customers. 

• 100% service connection for all currently-built homes and businesses in the 5-year priority areas 
by year 5. 

• 50% service connections for all undeveloped areas in the 5-year priority areas by year 5. 
• No additional infrastructure improvements in Stokesdale. 
• The average residential customer uses 200 gallons per day (GPD) 

o 200 GPD is considered an Equivalent Residential Connection (ERC) 
 

 
For Supply Scenario 1, the average monthly cost to customers (per equivalent residential connection, 
ERC) over the first five years is approximately $68.31.  The average monthly cost over the first five 
years per ERC for Supply Scenario 2 is approximately $88.10.  For both Supply Scenarios, the cost per 
ERC for the first year is the highest expected due to the limited customer base.  As more customers 
connect to the water system, the cost per ERC decreases.  The cost per ERC over the first five years 
for both Supply Scenarios is shown in Figure 5.2.1. 
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         Figure 5.2.1 

 
 
 
Figure 5.2.2 shows the estimated monthly costs per ERC over the 30-year study period.  Figure 5.2.3 
shows the same monthly estimates, but without annual escalation to demonstrate the potential costs in 
terms of 2020 dollars to better demonstrate the reduction in customer costs over time.  
 
 

Figure 5.2.2 
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Figure 5.2.3 

 
 
 

A sensitivity analysis was also performed for key variables.  Each additional $1 million in capital project 
costs increases the monthly water bill for residential customers by approximately $1.32 per month.  A 
10% increase/reduction in the Reidsville bulk water rate increases/decreases the monthly water bill for 
residential customers by approximately $2.15 per month.   
 
A detailed review of the financial analysis is provided in Appendix D.  
 

5.3 Funding Sources 
Timmons Group has teamed with Skip Green and Associates to perform a high-level funding 
alternatives analysis to identify potential state and federal grant/loan funding options for the water 
system development.   
Skip Green and Associates indicated that each organization that provides funding requires a certain 
need for funding to be demonstrated, whether that is public need or economic development. 
 
Skip Green and Associates provide a list of potential funding sources and details the eligibility 
requirements, assistance, loan terms, and demonstrated need requirements for each loan option.  The 
funding organizations include United States Department of Agriculture (USDA) Rural Development, 
North Carolina Department of Environmental Quality (NCDEQ), United States Environmental Protection 
Agency (USEPA), North Carolina Department of Commerce, Golden Leaf Foundation Inc., and United 
States Department of Commerce.  Refer to their report for additional information. 
 
As the proposed project is to meet a Public Need, Skip Green and Associates recommend that 
potential funding packages could include a combination of special water project funds and installment 
purchase and/or bond financing; and Rural Development, USDA Water & Waste Disposal Loan and 
Grant Program.  It would appear that the use of Rural Development financing in sections of the overall 
water system where there is less dense population could reduce the need for residents in more densely 
populated areas to subsidize construction in rural areas.  In recent discussions with Rural 
Development, USDA, the agency has funds and is looking to develop projects.  During the design 
stage, economic development grants should be sought to help finance specific components that will 
directly benefit new or expanding industries.   
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6.0 Water System Governance Summary 
Timmons Group has teamed with Tuggle Duggins to provide a high-level governance options summary for 
the municipalities to use for planning water system governance structure.  With any governance option, 
there are benefits and drawbacks.  The participating localities should weigh the alternatives carefully before 
deciding on appropriate legal structure for governing a regional water system. 
 

Section 6.1 Potential Organization Structures 
Tuggle Duggins identified the following statutory provisions that can be used to organize and operate a 
multi-jurisdictional water utility.   
 

1. Extension of Existing Municipal Service where municipalities provide water service beyond their 
political boundaries and in addition to providing the water would also operate the system. 

2. Interlocal Agreement which allows local governments to form joint agencies to operate the 

system.  The joint agency may employ its own staff, but may not own property, which can make 

financing difficult. 
3. Water Authorities and Districts which are essentially special purpose local governments, with the 

power to tax, adopt and enforce ordinances, and issue bonds. 

4. Special Legislation which allows for the enactment of a law or charter that is a “customized” form 

of district or authority. 
 

Section 6.2 Governance Considerations  
Factors to be considered in deciding which arrangement to use include:  
 

(a) degree of autonomy for the system operator;  
(b) desire of participating governments to participate directly in operation of system administratively 

and financially;  
(c) whether there are multiple sources of water supply;  
(d) desire of participating governments to use the system to guide growth; 
(e) how much governmental power the district or authority should have;  
(f) the water assets that each government will be contributing to the new entity (reservoirs, 

treatment facilities, distribution lines, equipment);  
(g) which entity will own property and equipment, manage personnel, and secure financing (bonds). 

 
As the local governments of Northwest Guilford County develop their ideas for the combined system, 
some of the organizational structures models described will emerge as better suited the participants’ 
needs than others. 
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7.0 Conclusions and Next Steps 
The goal of this report was to provide a view of what a regional water system in Northwest Guilford County 
might look like and to estimate the cost to customers.  It is important to understand that there are several 
variables that could affect the way a regional water system is initiated, operated and grown.  Each of those 
variables influences infrastructure costs and the costs to customers.  This Study has focused on only two of 
the almost infinite possible combinations of variables.  As such, the information contained in this report 
should be considered an approximation.   

Section 7.1 Recommended Next Steps  
Listed below are the recommended next steps that should be considered. 
 

• Groundwater Geophysical Investigation 
o The groundwater investigation provided by Golder & Associates for this report was a 

desktop-level analysis based on topographical features, geologic research and scientific 
experience and judgement. It is highly recommended that true geophysical testing be 
conducted to confirm the groundwater availability estimated in this report.   
 

• Preliminary Engineering Report 
o It is recommended to begin involving the Department of Environmental Quality (NCDEQ) 

in the discussions related to a future water public water system.  One of the items 
required by NCDEQ will be a Preliminary Engineering Report (PER).  The development 
of the PER will help reduce the number of unknown variables and increase the accuracy 
of both the hydraulic and financial models, further assisting in the determination of water 
system feasibility.  

 
• Engagement of Legal and Financial Council 

o It is recommended that all localities engage both legal and financial 
council/representation to further discussions about water system governance structure 
and financial feasibility.   
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Appendix 
 

Appendix A – Study Area Maps  

Appendix B – Strategic Infrastructure Summary 

Appendix C – Groundwater Reports 

Appendix D – Financial Analysis  

Appendix E – Funding Analysis 

Appendix F – Governance Outlines 

Appendix G – Public Presentation Copy 
 

 





INTERSTATE

73

INTERSTATE

73

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

68

68

68

150

150

150

68

65

65

150

150

68

150

150

150

US

220

US

158

US

158

US

220

US

158

US

158

US

29

US

220

US

29

US

158

150

US

220

G

G

INTERSTATE

73

INTERSTATE

73

INTERSTATE

73

NW REGIONAL WATER SYSTEM - JULY 17, 2018

GUILFORD COUNTY WATER SYSTEM FEASIBILITY STUDY

POTENTIAL PRIORITY AREAS MAP

0

SCALE 1"= 6,500'

13,000'6,500'

LEGEND

EXISTING INFRASTRUCTURE

RAILROAD

PROPOSED INFRASTRUCTURE

ELEVATED STORAGE TANK

POTENTIAL PRIORITY AREAS

0 - 5 YEARS

6 - 10 YEARS

SCHOOL BUILDING

GOVERNMENT BUILDINGG

ADMINISTRATIVE

S

LOCALITY-DETERMINED PRIORITY AREAS MAP



INTERSTATE

73

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

68

68

68

150

150

150

68

65

65

150

150

68

150

150

150

US

220

US

158

US

158

US

220

US

158

US

158

US

29

US

220

US

29

US

158

150

US

220

G

G

INTERSTATE

73

INTERSTATE

73

INTERSTATE

73

NW REGIONAL WATER SYSTEM - JULY 17, 2018

GUILFORD COUNTY WATER SYSTEM FEASIBILITY STUDY

STRATEGIC 0-5 YEAR SERVICE AREAS

0

SCALE 1"= 6,500'

13,000'6,500'

LEGEND

EXISTING INFRASTRUCTURE

RAILROAD

PROPOSED INFRASTRUCTURE

ELEVATED STORAGE TANK

STRATEGIC SERVICE AREAS

0 - 5 YEARS

SCHOOL BUILDING

GOVERNMENT BUILDINGG

ADMINISTRATIVE

S





Northwestern Guilford County Water System Feasibility Study                                                      
Phase 1 (0-5 Year) Priority Service Area Infrastructure Costs

ERC/sch. ERC/com ERC/ind

15 35 75

Is 

Aqua? Misc. 

(Y/-) Name # Lots

Length of 

Road (FT) Cost ($) Cost per Lot

Individual Lots 

along Project 

Segment (#)

OR-5-01 750,000 2,811,250$           2,363 339,690$        - - - - -$                       3

Oak Ridge 

Elementary 

School

3.3 7 30.6 - - - - - - - - 3,150,940$      

OR-5-02 - - 1,984 281,420$        - Dunbar 7 357 32,130$                 4,590.00$           5 - - 19 35.8 - - - - - - - - 313,550$         

- Whitaker Estates 21 1,477 169,855$               8,088.33$           

- Ashton Park 21 2,729 313,835$               14,944.52$         

Y Oak Ridge Lake 99 12,746 1,465,836$             14,806.42$         

- Stonehenge 89 7,364 662,760$               7,446.74$           

- Fox Glen 49 5,822 669,530$               13,663.88$         

- Bugle Run 18 3,511 315,990$               17,555.00$         

- Fairview Acres 47 5,847 672,405$               14,306.49$         

Y Foxbury Meadows 97 16,569 1,905,435$             19,643.66$         

Y Willard Oaks 49 4,504 517,968$               10,570.78$         

Y
Merriman Estates & 

Billet Place
38 3,916 450,386$               11,852.26$         

Y Twelve Oaks 86 9,255 1,064,325$             12,375.87$         

- Stafford Place 12 1,170 134,550$               11,212.50$         

- Oakridge Plantation 55 9,245 1,063,175$             19,330.45$         

OR-5-06 - - 2,441 349,830$        - Linville Estates 20 0 -$                       -$                   - - - 4 5.5 - - 3 41.3 83 0 - - 349,830$         

- Old Mill Homesteads 32 4,550 409,500$               12,796.88$         

-

Estates at Oak Ridge 

Lake (Phase I) and 

surrounding lots along 

Fogleman Rd

51 8,037 723,330$               14,182.94$         

Y Staffordshire 194 20,969 1,887,210$             9,727.89$           

- Northwest Valley 34 5,028 452,520$               13,309.41$         

Town Totals: 750,000 2,811,250$          31,157 4,208,570$    1,019 123,097 12,910,740$          12,670$              113 45 538 19,930,560$    
1019 113 30 1575 75 268.77 3,081

-

ERC's Summed

3.41

Oak Ridge

Project 

Segment 

Cost ($)

Length 

(FT) 

Primary Distribution 

Pipeline

-

6,273--OR-5-03 894,990$        

820,950$        5,815-

- - 1,378,680$      

00 -

40.2 80 0 -

-4 108.8 218 00 -

1,563,330$      

4,607,471$      - - -

2,666,780$      

5,899,979$      

Acres

Total 

Associated 

Cost ($)
Potential 

Number of 

Lots

Existing Industrial

# Parcels Acres

Existing School
Potential 

Commercial
Potential Residential

30
Oak Ridge 

Military 
68 10 29.1

Project 

Segment
Name Acres # Parcels Acres

# 

Lots

Tank

Cost
Capacity 

(GAL)

Existing Residential 

Neighborhoods

Existing Commercial

Acres

Length 

of Road 

(FT) 

# Parcels

OR-5-05 27  - 

- - -

764,140$        5,378 - - - -

1.4 1

-- - 3 78.5 157

OR-5-04 44 - -

-

- 1.4 - - -2 - - 2

Total Cost

-

-

3

- 12 - - - -

- -

OR-5-07 - - 3905 430,500$        

OR-10-03 327,050$        2,998

-

- -



Northwestern Guilford County Water System Feasibility Study                                                      
Phase 1 (0-5 Year) Priority Service Area Infrastructure Costs

Is 

Aqua?
Misc. 

(Yes) Name # Lots
Length of 

Road (FT) 
Cost ($) Cost per Lot

Individual Lots 

along Project 

Segment (#)

- Whispering Pines 18 1,539 138,510$               7,695.00$           

- Highfill 73 9,906 891,540$               12,212.88$         

- Elmhurst Estates 40 5,640 507,600$               12,690.00$         

- Summerwoods 18 3,717 334,530$               18,585.00$         

- Morehampton Place 29 2,000 180,000$               6,206.90$           

- Elmhurst Estates 2 154 22,333 2,009,970$             13,051.75$         

Y
The Vineyards at 

Summerfield
112 12,269 1,104,210$             9,859.02$           

- Rayle Heights 23 2,809 252,810$               10,991.74$         

- Somerset 58 3,801 342,090$               5,898.10$           

Y Henson Farms 90 13,129 1,181,610$             13,129.00$         

Y Armfield Phase 2 39 5,413 487,170$               12,491.54$         

-
Tuscany at Henson 

Meadows
15 1,750 157,500$               10,500.00$         

Y Auburndale 27 2,656 239,040$               8,853.33$           

Y Wilson Farms 151 12,039 1,083,510$             7,175.56$           

Y Henson Forest 127 14,749 1,327,437$             10,452.26$         

Y Armfield 60 8,559 770,343$               12,839.06$         

- Whitaker Farms 152 25,475 2,292,750$             15,083.88$         

- Frog's Leap 50 8,895 800,550$               16,011.00$         

- Birkhaven 66 9,682 871,380$               13,202.73$         

Town Totals: 750,000 2,811,250$          30,485 4,159,230$    1,302 166,362 14,972,550$          11,500$              200 037 004 874 21,943,030$    

1302 200 015 1,295 300 437 3,549ERC's Summed

Existing Commercial Existing Industrial

Name Acres # Parcels

Length 

of Road 

(FT) 

Potential Residential
Potential 

Commercial

Summerfield
Primary Distribution 

Pipeline

Length 

(FT) 

Project 

Segment 

Cost ($)

Cost

Total 

Associated 

Cost ($)
# 

Lots
Acres

Potential 

Number of 

Lots

Neighborhoods

Existing Residential 

# Parcels Acres

359 - - - -

5

# Parcels Acres

Existing School

Acres

SU-5-03 -

SU-5-06

SU-10-01 1,160,380$     -

5,394 593,900$        

539,700$        3,790-

8,176 10 159.6-

SU-5-02 - - 6,366 907,080$        

Tank

Project 

Segment Capacity 

(GAL)

8,545,390$      

2,238,810$      24.5 - -

- -

-

319 0 1

Total Cost

- -

2,420,180$      - -

256,759750,000 2,811,250$           5

4.00 40.0 80 0 - -- - - -

4,799,470$      SU-5-01 958,170$        - - - -10.29 107.9 216 0

3,939,180$      8.5 1 52.7 105 0 -68

Summerfield 

Elementary 

School

23.9 22 12.6 4 -

79.5

2 76.7 153 0 -48 - - 6
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Phase 1 (0-5 Year) Priority Service Area Infrastructure Costs

Is 

Aqua?
Misc. 

(Yes) Name # Lots
Length of 

Road (FT) 
Cost ($) Cost per Lot

Individual Lots 

along Project 

Segment (#)

Y Beacon Hill 56 4,880 439,200$               7,842.86$           

Y Triple Lakes 128 12,533 1,127,970$             8,812.27$           

- Moorefield Acres 8 0 -$                       -$                   

- Stonewood 18 1,491 134,190$               7,455.00$           

- Magnolia Estates 29 2,209 198,810$               6,855.52$           

- Oak Grove Forest 157 15,760 1,418,400$             9,034.39$           

- Mitchell's Landing 35 4,257 383,130$               10,946.57$         

- Willow Hills 14 5,185 107,190$               7,656.43$           

- Church Meadows 24 1,057 480,330$               20,013.75$         

- Whitestone 66 845 759,060$               11,500.91$         

Town Totals: 1,000,000 3,311,250$          17,198 2,215,270$    535 48,217 5,048,280$            9,436$                89 4 4 10 2 341 10,574,800$    

5

Acres

Total 

Associated 

Cost ($)

North Guilford

Potential Residential
Potential 

Commercial
Tank

Capacity 

(GAL)
Acres # Parcels Acres

# 

Lots

Existing Industrial

Cost

Primary Distribution 

Pipeline

Length 

(FT) 

Project 

Segment 

Cost ($)

Neighborhoods

Name Acres # Parcels

Existing School Existing CommercialExisting Residential 

NG-5-01 1,395,620$     65

Northern 

Elementary 

School

59 33.0 8,025,440$      --0,000662--20.1

Project 

Segment

-

9,8743,311,250$           1,000,000

19 -

4

Length 

of Road 

(FT) 

# ParcelsAcres

Potential 

Number of 

Lots

-

NG-5-04 - - 4,164 463,650$        

NG-5-06 - - 3,160 356,000$        - - - -

- 953,970$         3 137.3 275 0,000 --

- - - 1,595,390$      ---

- - - -

Total Cost
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EXECUTIVE SUMMARY 
Golder Associates NC, Inc. (Golder) in association with the Timmons Group have completed a preliminary 
groundwater resource evaluation to assess the overall feasibility of developing groundwater supplies to support 
the local water supply needs of the towns and unincorporated areas of northwestern Guilford County, including 
Stokesdale, Oak Ridge, Summerfield, and unincorporated portions of Guilford County east of Summerfield to 
State Route 29. Groundwater is seen as a viable interim or supplemental water supply source for the less densely 
populated areas of northwestern Guilford County.  Our study is designed to preliminarily identify areas that may 
be favorable for developing groundwater wells that can support local water supply needs in an economically 
sustainable manner.   

The feasibility of developing groundwater resources of suitable quantity and quality are controlled by numerous 
interrelated factors, including the water-producing and water quality characteristics of the underlying bedrock 
formations; the presence of geologic structures favorable to groundwater development such as folds, faults or 
fracture zones; surface topography and drainage patterns; soil thickness and character; the configuration of the 
groundwater table; the amount of available groundwater recharge; and the effects of existing land usage on 
groundwater recharge and water quality.  These factors were evaluated to assess the overall availability of 
groundwater resources and the potential of developing suitable high yielding wells within the study area. 

Based upon the findings of our preliminary groundwater investigation, Golder believes that the overall potential of 
developing groundwater resources in northwestern Guilford County is good.  This assessment is based on 
favorable fracture development characteristics of the granitic rocks, which make up the majority of the bedrock 
type in the study area, good water storage attributes of the thick unconsolidated soil and saprolite overlying the 
bedrock, high lineament density and the coincidence of many of these lineaments with expected bedrock 
structures, a moderately high groundwater recharge estimate of over 35 million gallons per day, and productive 
well yields of between 100 to 200 gpm.  

Potential groundwater development areas have been identified using a groundwater favorability model.  Favorable 
groundwater development areas correspond with areas underlain by granitic rocks; are proximal to lineament, 
lineament intersections, and cross-strike lineament orientations; are situated in river lowland areas; and are not 
near potential contamination sites or high-density development areas.   

We recommend that focused non-intrusive electrical resistivity imaging geophysical surveys be conducted at 
selected groundwater exploration sites to confirm and better locate potential subsurface fractured bedrock 
aquifers and to help optimize future exploratory test well locations.  Electrical resistivity is widely used by Golder 
with great success at numerous sites to locate fracture zones that can store and transport significant volumes of 
groundwater.  Following completion of the geophysical survey and selection of potentially favorable well sites, 
exploratory test wells should be drilled to evaluate well yield and groundwater quality.  Test wells that meet the 
needs of Guilford County should be converted into public water supply wells. 
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1.0 INTRODUCTION 
1.1 Study Objectives and Evaluation Criteria 
The following task report has been prepared by Golder Associates NC, Inc. (Golder) for Timmons Group as part 
of their engineering study to determine the feasibility of developing a regional water system in Northwestern 
Guilford County, North Carolina including the Towns of Oak Ridge, Stokesdale, Summerfield and certain 
unincorporated portions of Guilford County.  The objectives of this preliminary groundwater resource evaluation 
are to collect and analyze available scientific data on groundwater resources to assess the overall feasibility of 
developing groundwater supplies to support the local water supply needs of the towns and unincorporated areas 
of northwestern Guilford County.  Groundwater is seen as a viable interim or supplemental water supply source 
for the less densely populated areas of northwestern Guilford County.  Our study is designed to preliminarily 
identify areas that may be favorable for developing groundwater wells that can support local water supply needs 
in an economically sustainable manner.   

The principal criteria for evaluating the feasibility of developing suitable public water supplies within the study area 
relate to the yield and water quality characteristics of the geologic formations and geologic structures underlying 
the study area as determined by an evaluation of geologic and topographic maps; completion of  remote sensing 
analyses to locate potential fractured bedrock aquifers; review of area well log records; estimation of long-term 
recharge potential of the underlying aquifers; identification of potential contaminant sources; and evaluation of 
potential impacts that the proposed withdrawal may cause on existing groundwater users or environmentally 
sensitive areas.  

1.2  Scope of Work Completed  
This scope of work has been developed in part based on discussions between Timmons and Golder and our 
understanding of the hydrogeologic conditions and water supply needs of northwestern Guilford County. The 
scope of work completed for this study included:  

 

 Publications Review.  Golder obtained and reviewed published geologic maps, topographic maps, soil 
reports, hydrogeologic reports, and water supply/water use information prepared by the North Carolina 
Geological Survey (NCGS), the U.S. Geological Survey (USGS), and the North Carolina Department of 
Environment Quality (NCDEQ) Water Resources Division.     

 Development of a GIS Base Map. Golder compiled relevant data onto a geographic information system (GIS) 
base map. The GIS base map was generated from publically-available data sources such as roads, streams, 
topography, soils, and geology coverages, as well as data from publically available state and federal 
databases on well yield, groundwater quality, hazardous waste and leaking underground storage tank sites.  
The GIS base map was used to spatially analyze hydrogeologic data sets and will be used in the future to 
facillitate the transfer and analysis of GPS-located field data.  

 Lineament Analysis. Golder completed a reconnaissance-level remote sensing analysis to identify linear 
topographic features.  These features are recognized on topographic maps, shaded relief digital elevation 
models, aerial photos, and satellite imagery and often represent the surface expression of zones of high 
fracture density or other lithologic contrast in the underlying bedrock.  Because there is little primary porosity 
in most rock types, wells that intersect numerous and/or extensive fracture zones which are hydraulically 
connected to the overall fracture network in the rock are more likely to be productive compared to wells 
drilled at random. 
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 Well Inventory and Water Quality Evaluation. Golder compiled information on the yield and water quality of 
existing water supply wells in the area from the NCDEQ geodatabases.  This information was analyzed to 
evaluate well yield and water quality characteristics that may be associated with specific hydrogeologic 
factors such as underlying geology, topographic position, distance from mapped fracture zones, faults or 
geologic contacts, etc.  Potential contamination sources in the area were identified by searching available 
public environmental databases from the NCDEQ and EPA. 

 Groundwater Recharge Estimates. Golder estimated groundwater recharge potential for the study area and 
surrounding watersheds based on published runoff and evapotranspiration estimates, local stream baseflow 
calculations, soil maps, and surface water drainage maps. 

 Groundwater Availability Assessment. Golder assessed the overall availability of groundwater resources 
within the study area and provided recommendations on the feasibility of developing sufficient groundwater 
resources from locations within the study area to meet estimated water supply needs.  

 Identification of Favorable Groundwater Exploration Areas. Based on this Preliminary Groundwater 
Resource Evaluation, Golder identified areas considered favorable for further groundwater exploration and 
development.  Favorable groundwater exploration areas (GWEAs) were identified using a Groundwater 
Favorability Model (GWFM), a customized spatial analyst computer program developed specifically for this 
project, based on an analysis of the following hydrogeologic parameters: 

 Location, density and orientation of mapped fracture traces 

 Location of bedrock units considered favorable for water supply development 

 Location of geologic structures with associated fracture patterns favorable to water supply development 

 The proximity to existing public water supply wells or springs 

 The proximity to and location of known potential sources of groundwater contamination 

 Existing well yield and water quality data 
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2.0 GROUNDWATER RESOURCE EVALUATION 
The feasibility of developing groundwater resources of suitable quantity and quality are controlled by numerous 
interrelated factors, including the water-producing and water quality characteristics of the underlying bedrock 
formations; the presence of geologic structures favorable to groundwater development such as folds, faults or 
fracture zones; surface topography and drainage patterns; soil thickness and character; the configuration of the 
groundwater table; the amount of available groundwater recharge; and the effects of existing land usage on 
groundwater recharge and water quality.  These factors are relevant to assessing the overall potential of 
developing suitable groundwater resources within the study area and are summarized in this section. 

2.1 Location and Description of Study Area 
The study area includes the northwestern corner Guilford County, north of the City of Greensboro and northeast 
of the City of Winston-Salem.  The towns of Stokesdale, Oak Ridge, Summerfield, and unincorporated portions of 
Guilford County east of Summerfield to State Route 29 are included within the designated study area.  Figure 1 is 
a road travel map illustrating the extent of the study area, township boundaries and major transportation corridors.   

Land use and land cover within the study area consists of mixed use from high intensity developed areas 
associated with town centers and located along high use transportation corridors, to rural residential, woodland 
and farmland.  Land use and land cover within the study area is shown in Figure 2. 

The land is moderately hilly with broad uplands dissected by steeply-sided, incised streams.  The highest 
elevations are found in the western and northwestern portion of the study area where upland ground elevations 
reach approximately 970 to 990 feet above mean sea level (ft msl) in Stokesdale and Oak Ridge.  The land 
surface gently decreases towards the northeast to elevation lows of 670 to 700 ft msl, where the main streams 
cross into Rockingham County to the north or State Route 29 to the east.  The study area is drained 
northeastward by three main river tributaries: Haw River, Mears Fork (of the Haw River), and Reedy Creek.  
These three rivers converge into the Haw River which drains into the Cape Fear River and flows southeastward 
across the coastal plain eventually discharging into the Atlantic Ocean near Wilmington.  Figure 3 presents a 
topographic map and shaded relief map illustrating the topography and surface hydrology in the study area.  

2.2 Bedrock Geology  
The geology underlying the study area is shown in Figure 4 and is based on the 1985 geologic map of North 
Carolina (NCGS, 1985).  The geology of the study area is diverse and complex reflecting the multiple phases of 
compressional and extensional deformation experienced in this area.  There are three main geologic formations 
mapped within the study area: 1) highly metamorphosed biotite gneiss and schist (CZbg), 2) coarse-grained 
granitic rocks (PPg), and 3) Jurassic diabase dikes (Jd).  Each map unit is described further below. 

CZbg – Biotite Gneiss and Schist (520-650 my) – highly metamorphosed and foliated biotite gneiss and schist, 
dark colored, medium to coarse grained to porphyroblastic, locally contains hornblende and is chiefly composed 
of biotite, quartz, potassium feldspar, muscovite and hornblende.  Interlayered with mica schist and amphibolite.  
Locally intruded by pegmatite dikes. 

PPg Porphyritic Granite (265-325 my) – Light gray, medium to coarse-grained porphyritic granite, granodiorite and 
quartz monzonite.  Composed of microcline phenocrysts up to 13 cm in diameter in a matrix of quartz, oligoclase 
and biotite.   

Jd Diabase Dike (265-325 my) – Black to greenish dark gray, fine to medium-grained, dense rock composed of 
plagioclase, augite, and olivine. Occurs as dikes up to 200-ft wide.  Typically occurs as spheriodally weathered 
boulders with a grayish-brown weathering rind.  
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