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PREFACE

Brunswick County faces many challenges.  From 1980 to 2000 the County grew from 35,774 to

73,154 population, a 104.5% increase.  North Carolina’s population increased from 5,880,095

to 8,049,313, a 36.8% increase.  Brunswick County is now the fourth fastest growing county

in North Carolina.  

This explosion of growth is complicated by the County’s diversity.  Brunswick County has:

< a developing industrial base

< a strong tourism economy

< significant natural resources

< strong construction and retail trade economies

< rapidly developing municipalities

< an important transportation system with good regional connections

Residents from other parts of the United States are moving to North Carolina at the fifth highest

rate in the nation, and the state’s overall growth rate is the sixth highest in the nation.

Brunswick County is being directly impacted by this growth rate.

The swiftly changing demographics, demands for infrastructure, affordable housing, and public

service needs will leave Brunswick County with fiscal challenges.  The trends facing the County

include:

< Rapid population growth.

< Influx of seasonal vacationers and retirees attracted to the county’s natural

resources.

< Scattered development of vacation homes, which leads to expensive county

services delivery.

< Long-time residents may experience higher taxes, adverse environmental

impacts, decline of traditional economics, and cultural conflicts between

newcomers and long-time locals.

< Water quality, rapid development, and redevelopment after natural hazards all

present challenges.

In order to respond to the complex issues which confront Brunswick County, this plan should

comprehensively set goals and objectives for the county.  It should provide for a continuous

planning process which is timely and responsive to the needs and desires of Brunswick County.
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Finally, the plan should provide a legal basis for land use regulations and a guide for capital

improvements planning.

Once the plan is prepared, the county must realize that the plan is not the end of the process.

The County must continuously work at accomplishing plan implementation and establishing an

effective planning program.  Brunswick County must view the preparation of this document as

the first step in a continually evolving process.

This plan is organized to adhere to the 15A NCAC 7B requirements.  The matrix following the

table of contents specifies how/where compliance with 15A NCAC 7B is accomplished.  The

reader should review Section VII: Tools for Managing Development which begins on page 7-1.

This is a Core Land Use Plan.  The Core Plan is defined as follows:

Core Plan: This plan addresses all of the plan elements in Rule .0702 of Section

7B (Elements of CAMA Core and Advanced Core Land Use Plans) in a complete

and thorough manner.  These are summarized as follows: (1) Organization of the

Plan, (2) Community Concerns and Aspirations, (3) Analysis of Existing and

Emerging Conditions with the jurisdiction, and (4) Plan for the Future.  This type

of plan is the standard CAMA Land Use Plan required for all 20 coastal counties.

The reader should not attempt to understand the plan by reading only several sections of the

document.  All sections of the plan are inter-related.  However, significant sections of the plan

include the following:

• Analysis of Existing and Emerging Conditions, page 5-1.

• Analysis of Land Use and Development, page 5-80.

• Existing Land Suitability Analysis, page 5-102.

• Plan for the Future, page 6-1.

• Tools for Managing Development, page 7-1.
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What is the CAMA Permit System?

The CAMA permit system is divided into major and

minor permits, based on the size and possible impacts

of a project.  Major permits are required for activities

that require other state or federal permits, for projects

that cover more than 20 acres, or for construction

covering more than 60,000 square feet.  Applications

for major permits are reviewed by ten state and four

federal agencies before a decision is made, and this

process is coordinated by the CRC.  General permits

are an expedited form of major permit used for routine

projects that usually pose little or no threat to the

environment.  Minor permits are required for projects,

such as single-family houses, that do not require major

permits or general permits.  They are reviewed,

issued, and administered to CRC standards by the local

government under contract with the Division of Coastal

Management (Source: Association of National Estuary

Programs).

 SECTION 1.

INTRODUCTION

This Fiscal Year 2004/2005 - 2005/2006 Brunswick County Core CAMA Land Use Plan is prepared

in accordance with the requirements of the North Carolina Coastal Area Management Act (CAMA).

Specifically, this document complies with Subchapter 7B, “CAMA Land Use Planning Requirements,”

of the North Carolina Administrative Code, as

amended, August 1, 2002.  This plan was

prepared at a time when Brunswick County

was undergoing tremendous fiscal and social

change.  The policies and implementing

actions included in Section 6 of this plan will

be utilized to guide development in the

CAMA major and minor permitting process.

The 7B guidelines provide that each of the

twenty coastal counties and the

municipalities within those counties prepare

and adopt a Core CAMA Land Use Plan that

meets the planning requirements adopted by

the Coastal Resources Commission (CRC).  If

a County chooses not to prepare a plan, the

guidelines specify that the CRC will prepare

and adopt a CAMA Land Use Plan for that

County and the municipalities in the County which choose not to prepare their own plan.

Municipalities not preparing their own plan will be included in the plan for the County in which the

municipality is located.  The following municipalities participated in the development of this plan:

Belville, Boiling Spring Lakes, Carolina Shores, Northwest, and Saint James.

In general, 7B requires that a plan include analysis of existing and emerging conditions.  This plan

includes information regarding population, housing, and economy, a natural systems analysis,

existing land use, a description of community facilities, a land suitability analysis, and a review of

current plans, policies, and regulations to fulfill that requirement.  This section of the plan also

includes extensive mapping.  The plan is also required to have a plan for the future.  To meet that

requirement, this plan includes community facility demand information, a future land use plan, and

specific land use/development goals/policies.  Finally, the plan has tools for managing

development.  The management tools must specify the actions that Brunswick County will take to
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Counties covered by CAMA

What is CAMA?

CAMA is the North Carolina Coastal Area Management Act (N.C.G.S. 113A-100, et

seq.), which establishes a cooperative program of coastal area management

between local and state governments.  The Act, originally passed in 1974 and since

amended, states that local governments shall have the initiative for planning, while

the state government establishes areas of environmental concern.  With regard to

planning, the state government is directed to act primarily in a supportive,

standard-setting, and review capacity, except in situations where local governments

do not elect to exercise their initiative.

In addition, CAMA establishes the Coastal Resource Commission within the

Department of Environment and Natural Resources, whose duties include approval

of Coastal Habitat Protection Plans and designation of Areas of Environmental

Concern (AEC).  After designation of these areas, the Commission is responsible for

issuing all permits (Source: National Oceanic and Atmospheric Administration,

Coastal Services Center).

implement this plan.  Refer to Section 6.III.A on how the land use plan is used for CAMA permitting

and in local decision making, and Section 7.IV for information on how to amend the plan.

Brunswick County adopted a Citizen

Participation Plan which is intended to

ensure that all interested citizens have an

opportunity to participate in the

development of this plan through both oral

and written comments.  A copy of the

Citizen Participation Plan is included as

Appendix I.  An ad hoc committee was

appointed by Brunswick County to oversee

the development of this plan.  The

committee included representatives of the

participating municipalities, one Brunswick

County Planning Board member and three

at-large representatives from Brunswick County.

Following adoption of the plan by the Brunswick County Board of Commissioners, it was submitted

to the CRC for certification.  Certification of the plan was achieved on November 30, 2007.

LAND USE PLAN COMMITTEE MEMBERS

Ms. Elizabeth Rollinson, (Belville)

Ms. Margaret Davis (Boiling Spring Lakes)

Dr. Joseph Gore (Brunswick County)

Mr. Bobby M. Long, Chair (Brunswick County)

Mr. Michael Loyack, Vice Chair (Brunswick County)

Mr. Charles Plunkett (Brunswick County)

Ms. Linda Herncane (Carolina Shores)

Ms. Joy Carroll (Carolina Shores)

Mr. James William McKoy (Northwest)

Ms. Shelley Lesher (St. James)
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SECTION 2.

BRUNSWICK COUNTY HISTORY

Brunswick County was originally inhabited by natives we call Cape Fear Indians (we never learned

what they called themselves, but they were kin to the Waccamaw and the Choctaw Indians).  Their

name for the area was Chicora.  Chicora extended inland into present-day Columbus County and

well into South Carolina (present-day Horry County).

The first European to land on Brunswick County soil was, in fact, an Italian, in 1524.  Giovanni

Verrazano, in the service of the King of France, landed on the coast in what he described as thirty-

four degrees latitude.  If true, this would be New Hanover County; but with imprecise instruments,

he could very well have landed in Brunswick County.

In 1526, a Spaniard named Lucas Vasquez de Ayllon came to establish a colony.  In what he

described as latitude 33 degrees and 40 minutes, he entered a large river which he named the Rio

Jordan, evidence of the first discovery of the Cape Fear River.  De Ayllon did not settle along the

Cape Fear, but went further south to Winyah Bay in South Carolina, then abandoned this

settlement soon thereafter.

In 1629, King Charles I of England granted all of present-day North and South Carolina to

proprietors, and this grant was named Carolana, Latin for Charles.  The original proprietors never

settled Carolana, and the grant expired.  

In August 1662, William Hilton, of the Massachusetts Bay Colony reached the Cape Fear River, and

he explored it deep into the interior of the colony.  One of Hilton’s explorations included the

“sounding” of the “Indian River” (now Town Creek) with help from the local Indians.  Hilton

purchased a considerable tract of land along the Indian River, but never settled there. 

On March 24, 1663, King Charles II signed the charter by which he granted to eight of his favorites

all the land between 31 and 36 degrees latitude.  This was named Carolina in his honor.  Carolina

extended from the Atlantic to the Pacific.  William Hilton and John Vassal both brought settlers to

the Brunswick area (originally named Clarendon County) in 1663, and within two years it was

reported to have over 800 persons spread out for some sixty miles along the Cape Fear River.  The

center of the settlements was Charles Town, the first community of that name in Carolina.  Charles

Town was located on the west bank of the Cape Fear River at or near the mouth of what is now

called Town Creek. By 1667, however, Clarendon County was completely abandoned.  Settlers had

become disillusioned with the harshness of the wilderness, and the local Indians made life difficult

for them. 
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From 1667 to 1725, few Englishmen attempted to settle in Brunswick County.  Thomas James was

granted 1,000 acres on the west side of the Cape Fear River in 1714, but he and his family were

murdered by the local Indians.  In 1724, Jacob Johnson and his wife Ann were known to be living

illegally in the area, but they did not stay long.  There are hints of merchant activities in and

around the area from 1700 to 1725, but there are no detailed records available to substantiate this.

The earliest legal grant was to Landgrave Thomas Smith on May 8, 1713, with the Conveyance of

Smith Island (now Bald Head Island) and most of present-day Southport.  In 1725, settlement

began in earnest.  Grants were dated June 3, 1725, with lands received by Maurice Moore, Samuel

Swann, Charles Harrison, and Eleazar Allen.  Maurice Moore transferred many acres to his brother,

Roger Moore, who developed what is now called Orton Plantation.

Brunswick Town was the first County Seat of the newly formed Brunswick County.  It remained so

until 1779, well after the outbreak of the Revolutionary War.  In 1779, Lockwood Folly was

established as the County Seat, and the Court was convened at the house of John Bell until the

courthouse was built in 1786.  On November 28, 1808, the County Seat was moved to Smithville,

a town established in 1792 at mouth of the Cape Fear River.  Smithville was later named

Southport, and the County Seat remained there until 1975, when it was moved to Bolivia, the

current County Seat.

Brunswick County was divided into several districts since inception, but in 1812 these were

stabilized into six: Northwest, Town Creek, Smithville, Shallotte, Lockwood Folly, and Waccamaw -

all of which are current townships.

From the earliest settlement in Brunswick Town in 1726 to the late 1860s, towns began to spring

up around Brunswick County.  In the earliest reference, a traveler crossed the Little Charlotte River

on a ferry to a settlement near the ferry called Little Charlotte.  By 1807, a bridge spanned the

Little Charlotte River where the ferry once was.  By the 1830s, Little Charlotte was now called

Shallotte, the river was now called the Shallotte River, and a post office was established there in

1837.  Shallotte was incorporated in 1899.  Recent findings of old maps of this area indicate that

the Shallotte River was so named as early as 1747 and definitely by 1757, so the name of Shallotte

probably goes back well before the 1830s.

In the early 1800s, roads were constructed from Wilmington to Shallotte and on to Georgetown,

South Carolina, an important Naval Stores area.  These roads were mostly sand and nearly

impassable.  Therefore, river trade was the easiest way.  A trading post was established in the

1820s well up the Lockwood Folly River, near the new road between Wilmington and Shallotte.

This trading post was originally called the “Old Georgetown Way, but locals finally named it Supply

in the late 1860s.
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The Town of Bolivia was established in the 1890s and was incorporated in 1911.  In 1975, the

County Seat was moved from Southport to Bolivia because Bolivia was closer to the center of the

County and could provide better service to the population.

The US Army Corps of Engineers dredged the US Intracoastal Waterway in the 1930s.  Upon

completion of this, several “barrier islands” became attractive properties immediately after World

War II.  Development began in earnest in the 1950s, with the boom beginning in the 1960s.

Ocean Isle Beach, Holden Beach, Sunset Beach, Long Beach, Yaupon Beach, and Caswell Beach

have all been incorporated since the 1950s, and are tremendous vacations attractions today.  Bald

Head Island, incorporated in the 1980s, is also a vacation destination.

Further inland, other small towns sprang up.  Exum came into being.  Ash was home to Waccamaw

High School until all schools were consolidated in 1973.  Longwood, Grissettown, and Thomasboro

came along in the southern part of the County, along with Calabash (home of world famous

seafood) and Hickman’s Crossroads.  Boiling Springs Lakes was started in the 1960s, and is a

favorite golfing community near Southport.  On the northern end of the County, Maco, Bishop,

Belville, and Winnabow grew into towns.  In the middle of the County remains the ever-present

Green Swamp, the largest swamp in North Carolina.

Brunswick County is located on the southeastern coast of North Carolina.  It is bordered by New

Hanover, Columbus, Pender, and Horry (South Carolina) counties, and by the Atlantic Ocean.  It

is one of the larger counties with an area of 856.51 square miles.  It also boasts 47 miles of

coastline.  The County was formed from sections of New Hanover and Bladen counties.  Brunswick

County is named after the Town of Brunswick, which was located near present day Southport at

the mouth of the Cape Fear River.  Brunswick town was named in honor of King George I, Duke

of Brunswick, and was established in 1745.  It was made into a County in 1764.  It was then and

still is for the most part a mainly rural County.
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SECTION 3.

BRUNSWICK COUNTY

REGIONAL SETTING

Brunswick County is located in extreme southeastern North Carolina.  Map 1 depicts the county’s

regional location.  The County ranks 7  in land area of the state’s 100 counties and is composedth

of a collection of rural and coastal communities.  Brunswick County is situated between the rapidly

developing metropolitan areas of Wilmington, North Carolina and Myrtle Beach, South Carolina, and

is served by US Highways 17, 74/76, and 211.  The County has excellent highway access.

Interstate 74 is a planned interstate from Rockingham, North Carolina to Brunswick County.  In

addition, the County is served by the CSX Railroad.  There are two airports located within the

County.  The Brunswick County Airport is located in the southeastern portion of the County near

Southport, and the Ocean Isle Beach Airport is located just north of Ocean Isle Beach on the

mainland.  Both airports have 4,000' x 75' runways.  Commercial air carrier service is available at

both the Wilmington International Airport in Wilmington and the Myrtle Beach International Airport.

The County has excellent water access.  The Cape Fear River, located on the north side of the

County, is maintained by the US Army Corps of Engineers and has a mean low water depth of 42

feet from the Atlantic Ocean Bay to Wilmington.  The Intracoastal Waterway is maintained at 12

feet mean low water depth by the US Army Corps of Engineers.  The waterway serves barge traffic

and pleasure craft along a north/south route on the east side of the County.  The waterway is a

major support to the economy of Brunswick County.  Therefore, maintenance of a navigable depth

is crucial.

Brunswick County is known for its natural assets and attractions, including nearly 50 miles of

pristine shoreline along the county’s five barrier islands.
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MAP 1 - REGIONAL LOCATION
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SECTION 4.

BRUNSWICK COUNTY

CONCERNS AND ASPIRATIONS

I. KEY ISSUES

The following summarizes key issues confronting Brunswick County:

< Scattered and sprawling large lot subdivision activity.

< Unplanned commercial strip development.

< Sewage problems/sewage solutions.

< Concern with storm water runoff and drainage.

These issues were reviewed and supplemented at a public information meeting on December 5,

2005, attended by over 20 members of the public and Brunswick County officials.  The following

provides a listing of the key issues identified, ranked in priority order:

1. Evacuation plan – response time (potential flood)

2. Inadequate roads

3. Stormwater with drainage/flooding

4. Protection of water quality (surficial water)

5. Proper funding for infrastructure

6. Maintenance of ICW

7. (Cumulative impacts) – Define purpose of water, sewer, schools, fire in Technical

Review Committee process – Review on regional level

8. Shoreline access

9. Inadequate emergency services (funding support)

10. Imposition of impact fees

11. Clean drinking water in rural areas

12. Impact of Skyway Bridge

13. Impact of third nuclear plant in Brunswick County

14. Provide affordable housing

15. Establish vegetative line on oceanfront property

16. Transportation – senior citizens

In November, 2005, a total of 4,580  surveys were randomly mailed to absentee property owners;

this was approximately 10% of the absentee property owners.  The following summarizes the

survey distribution and responses received:
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Mailed Received % Returned

Northwest 48 7 (14.6%)

Belville 66 16 (24.2%)

Carolina Shores  354 92 (26.0%)

St. James  372 122 (32.8%)

Boiling Spring Lakes  567 124 (21.9%)

County  3,173 842 (26.5%)

TOTAL  4,580 1,203 (26.3%)

Source: Holland Consulting Planners, Inc.

The specific results of the surveys are summarized below.  The itemized breakdown is included as

Appendix II.

B R U N SW I CK  COU N TY

KEY ISSUES RANK

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10

B ELV I LLE

KEY ISSUES RANK

Brunswick County should promote quality education for present and future generations

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9

10
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B OI L I N G  SP R I N G  LA K ES

KEY ISSUES RANK

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10

CA R OLI N A  SH OR ES

KEY ISSUES RANK

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10

N OR TH W EST

KEY ISSUES RANK

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10
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ST. JA M ES

KEY ISSUES RANK

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10

There are similarities in the identification of the top ranked issues:

– Sewage problems/sewage solutions

– Managed growth

– Quality education

– Protection of natural environment

– Expended employment opportunities

II. BRUNSWICK COUNTY VISION STATEMENT

Brunswick County prepared a 1998 CAMA Land Use Plan which was certified by the North Carolina

Coastal Resources Commission on November 20, 1998.  In addition, in 2003-2004, the County

prepared the Brunswick Tomorrow plan which presents a future vision for Brunswick County.  The

following vision statement is a combination of these two efforts.
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Brunsw ick County Vision Statement

Brunsw ick County shall seek to preserve and enhance its natural and

human resources.  The County w ill plan for and accommodate future

grow th while simultaneously maintaining the quality of life for current

and future residents.  Brunsw ick County w ill pursue accomplishment of

the follow ing mission statements:

� Set high standards for responsible, well managed grow th, and

guide development patterns through comprehensive planning and

community involvement.

� Develop a high degree of cooperation among County government

and municipal governments and cit izens.

� Promote quality education and lifelong learning opportunities in

Brunsw ick County.

� Identify goals and propose strategies for the development of new

businesses and industries, agribusinesses, seafood products,

tourism, and recreational and retirement areas in all parts of the

County.

� Provide an infrastructure system that meets the present and future

needs of its cit izens, supports a vibrant economy, protects the

environment, and adds to the overall quality of life.

� Provide county-w ide services that enhance the health, safety, and

quality of life for Brunsw ick County cit izens.

� Enable Brunsw ick County residents to meet their needs for food,

clean water, clothing, housing, employment, health care, and life

enrichment activit ies.
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SECTION 5.

BRUNSWICK COUNTY

ANALYSIS OF EXISTING AND EMERGING CONDITIONS

I. POPULATION, HOUSING, AND ECONOMY

A. Population

1. North Carolina’s Fastest Growing Counties 2000-2005

Brunswick County ranked fourth in the state for total population growth (22.3%) between

2000 and 2005 and also ranked fourth in the state for net migration (21.6%) during the same

period.  Net migration can be defined as new population moving into an area from other places.

This figure is a more accurate indicator of true population growth versus the population growth

estimate, which takes into account natural increase (births minus deaths).  The location of

Brunswick County on the coast makes it a popular destination.  Table 1 provides population

information for the ten fastest growing counties in North Carolina.  Map 2 summarizes North

Carolina’s population growth from 1990 to 2000.  From 2000 to 2005, North Carolina’s population

grew at a rate of 7.9% while Brunswick County grew at a rate of 22.3%

Table 1.
Fastest Growing Counties Population Change 2000-2005 by Percentage Growth and Net Migration

County
2000

Population
2005

Estimates Growth
%

Growth Births Deaths
Natural
Growth

Net
Migration

% Net
Migration

Camden 6,885 9,008 2,123 30.8% 468 336 132 1,991 28.9%

Union 123,772 161,332 37,560 30.3% 12,492 4,692 7,800 29,760 24.0%

Currituck 18,190 22,984 4,794 26.4% 1,224 877 347 4,447 24.4%

Brunswick 73,141 89,463 16,322 22.3% 4,614 4,062 552 15,770 21.6%

Hoke 33,646 40,696 7,050 21.0% 3,639 1,324 2,315 4,735 14.1%

Wake 627,866 755,034 127,168 20.3% 58,508 18,064 40,444 86,724 13.8%

Johnston 121,900 146,312 24,412 20.0% 11,407 5,272 6,135 18,277 15.0%

Dare 29,967 34,790 4,823 16.1% 2,118 1,385 733 4,090 13.6%

Cabarrus 131,063 150,434 19,371 14.8% 11,688 6,168 5,520 13,851 10.6%

Franklin 47,260 54,106 6,846 14.5% 3,520 2,304 1,216 5,630 11.9%

North
Carolina

8,049,313 8,682,066 635,253 7.9% 625,184 378,926 246,258 388,995 4.8%

NOTE: All county figures include any municipalities that fall within their jurisdiction.
Source: 2000 US Census.
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MAP 2 - NC COUNTY POPULATION
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2. Brunswick County and Municipal Population Change 1980-2005

Table 2 provides population growth for Brunswick County and its municipalities from 1980

to 2005.  The municipalities that participated in the development of this plan are highlighted in bold

print and delineated on Map 3.   During this period, the total municipal population increased by

291.3% while the county’s unincorporated areas grew at a rate of 102.9%.  Overall the county’s

growth rate was 150.1%.  

Table 2. 
Brunswick County and Municipal Population Growth, 1980-2005

Total Population % Change

Municipality 1980 1990 2000
2005

Estimate
1980-
1990

1990-
2000

2000-
2005

Overall
1980-2005

Bald Head Island* 0 78 173 229 0.0% 121.8% 32.4% 193.6%

Belville 102 66 363 445 -35.3% 450.0% 22.6% 336.3%

Boiling Spring Lakes 998 1,650 2,972 3,767 65.3% 80.1% 26.7% 277.5%

Bolivia 252 228 148 159 -9.5% -35.1% 7.4% -36.9%

Calabash 128 179 711 1,380 39.8% 297.2% 94.1% 978.1%

Carolina Shores* 0 1,031 1,482 2,536 N/A 43.7% 71.1% 145.9%

Caswell Beach 110 175 370 461 59.1% 111.4% 24.6% 319.1%

Holden Beach 232 626 787 889 169.8% 25.7% 12.9% 283.2%

Leland* 0 1,801 1,938 5,189 0.0% 7.6% 167.8% 188.1%

Long Beach** 1,844 3,816 N/A N/A 106.9% N/A N/A N/A

Navassa 439 445 479 1,660 1.4% 7.6% 246.6% 278.1%

Northwest* 0 611 671 776 0.0% 9.8% 15.6% 27.0%

Oak Island** 0 0 6,570 7,711 0.0% 0.0% 17.4% 17.4%

Ocean Isle Beach 143 523 426 481 265.7% -18.5% 12.9% 236.4%

Sandy Creek* 0 243 246 275 0.0% 1.2% 11.8% 13.1%

Shallotte 680 1,073 1,381 1,768 57.8% 28.7% 28.0% 160.0%

Southport 2,824 2,369 2,351 2,677 -16.1% -0.8% 13.9% -5.2%

St. James*** 0 0 804 1,873 0.0% 0.0% 132.9% 132.9%

Sunset Beach 304 311 1,824 2,211 2.3% 486.5% 21.2% 627.3%

Varnamtown* 328 404 481 546 23.2% 19.1% 13.5% 66.5%

Yaupon Beach** 569 734 N/A N/A 29.0% N/A N/A N/A

Total Municipalities 8,953 16,363 24,178 35,033 82.8% 47.3% 44.9% 291.3%

Total Unincorporated
Areas 26,824 34,622 48,963 54,436 29.1% 41.6% 11.2% 102.9%

Total County 35,777 50,985 73,141 89,469 42.5% 43.5% 22.3% 150.1%

*This municipality incorporated or reactivated between the 1980 and 1990 censuses.  The overall percent change reflects
1990-2005, except for Varnamtown.
**Long Beach and Yaupon Beach merged to form the Town of Oak Island in July, 1999.  The percentage change for the
Town of Oak Island represents 2000-2005.
***This municipality incorporated between the 1990 and 2000 censuses.  The overall percent change reflects 2000-2005.
(See first paragraph on page 5-5.)

Source: US Census Bureau. 
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MAP 3 - PARTICIPATING MUNICIPALITIES
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It should be noted that the Town of Saint James paid for a special census to be completed

as a result of some annexations that occurred after the 2000 Census was taken.  The special

census, dated June 10, 2004, reflects a census count of 1,831 persons.  Municipalities may

challenge a census count within three years of when the census is taken in order to have the

population changed.  The special census taken for Saint James was completed after that time

period, and therefore the official decennial census count was not changed.  However, the state

demographer gave Saint James an updated census count of 1,814.  This figure was based on the

town’s boundaries, including the 2001 annexed areas.  (This information was obtained from the

North Carolina State Data Center.)

In 2003, the municipalities of Belville, Boiling Springs Lakes, Carolina Shores, Northwest and

Saint James had a total estimated population of 8,291 or 27.7% of the county’s municipal

population and 10.1% of the county’s overall population.  The largest municipalities in Brunswick

County include Oak Island, Leland, Boiling Spring Lakes, Southport, Sunset Beach, and Shallotte.

Since 1980 the fastest growing municipalities in the County have been Calabash and Sunset Beach,

with growth rates of 942.2% and 547.0% respectively.

3. Brunswick County Seasonal Population

Based on information provided by the Brunswick County Economic Development

Commission, the following provides estimated peak seasonal population by year for Brunswick

County:

Year Population

1990 153,000

1995 178,120

2000 190,480

Most of this peak seasonal population is attracted to the barrier island beach communities

and the county’s numerous golf course developments.  In 2000 the estimated peak seasonal

population was 2.6 times the county’s total year-round population.  Thus, the seasonal visitors in

2000 were approximately 117,339 visitors.

4. Brunswick County Day Visitors

It is difficult to estimate day visitor population for Brunswick County.  However, it should

be recognized that day visitors place a strain on law enforcement personnel and the county’s

transportation system.  As an example of day visitor impact, the City of Southport estimated that

the four-day 2004 Fourth of July Festival attracted 45,000-50,000 visitors.  However, it is

acknowledged that not all of those visitors came from outside of Brunswick County.  Other festivals

and events that are conducted throughout the year also attract day visitors from outside of the

County.
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5. Brunswick County Population Profile

Table 3 summarizes the population change by race for Brunswick County since 1980.  The

overall percentage of the white population in Brunswick County increased by almost six percent

(5.8%) between 1980 and 2000 while the non-white percentage decreased from 23.5% in 1980

to 17.7% in 2000.   There is no stated comparison of Hispanic population from 1980 to 2000.

However, in 1980, “other” population groups comprised 0.4% of the county’s total population.  This

had declined to 0.2% by 1990.  In 2000, those reporting Hispanic or Latin origin in the census

totaled 2.7 %.  As in other areas of eastern North Carolina, the Hispanic or Latino population is

rapidly increasing.

Table 3.  
Brunswick County Racial and Gender Composition, 1980-2000

Total Percentage

1980 Population
  White 27,368 76.5%

  Black 8,261 23.1%

  Other 148 0.4%

Total Population 35,777 100.0%

1990 Population
  White 41,336 81.1%

  Black 9,211 18.1%

  Asian or Pacific Islander 81 0.2%

  American Indian, Eskimo, Aleut 242 0.5%

  Other 115 0.2%

Total Population 50,985 100.0%

2000 Population
  White 60,200 82.3%

  Black 10,516 14.4%

  Asian 198 0.3%

  American Indian and Alaska Native 494 0.7%

  Native Hawaiian & Other Pacific Islander 32 0.0%

  Some Other Race 965 1.3%

  Two or More Races 738 1.0%

Total Population 73,143 100.0%

Hispanic or Latino (of any race)* 1,960 2.7%

Male 35,965 49.2%

Female 37,178 50.8%

*In the 2000 Census, Hispanic was not considered a race; it was considered an ethnic origin.  However, this is the number
of individuals who reported being of Hispanic origin.
NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: 2000 US Census.
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Historic population profile data is not available for the municipalities of Northwest, Carolina

Shores, and Saint James.  However, in 2000, Northwest’s population was 71.8% black or African

American, Carolina Shores’ population was 99.3% white, and Saint James’ population was 97.9%

white.

In 1980, Boiling Spring Lakes’ population was 2.4% black or African American and 97.6%

white.  In 2000, the black or African American population had increased to 3.3% of the town’s total

population.

In 1990, only two black or African Americans lived in Belville.  By 2000, the black population

had increased to 41 or 14.4% of the town’s total population.  This was largely due to annexations

by the Town of Belville.

The change in the age composition of Brunswick County is provided in Table 4.   Brunswick

County experienced a population increase in every age group, but the percentage of the population

under 35 decreased.  The percentage for the 35 to 54 year age group increased slightly  Brunswick

County’s 65 and over population was 17.1%.  It should be noted that Brunswick County’s

population in 2000 was slightly older than that of the state.  This is reflected in the municipalities

as well.

Table 4.
Brunswick County Age Composition, 1990 and 2000

Brunswick County North Carolina

Age Groups 1990
Total

% of Total 2000
Total

% of
Total

1990
Total

% of Total 2000
Total

% of Total

0 to 14 years 9,880 19.4% 12,474 17.1% 1,336,076 20.2% 1,653,429 20.6%

15 to 34 years 13,982 27.4% 16,359 22.4% 2,191,296 33.1% 2,330,854 28.7%

35 to 54 years 13,251 26.0% 21,227 29.0% 1,713,376 25.8% 2,372,270 29.7%

55 to 64 years 6,411 12.6% 10,746 14.7% 585,832 8.8% 723,712 9.0%

65 to 74 years 5,244 10.3% 8,187 11.2% 486,119 7.3% 533,777 6.7%

75 and over 2,217 4.3% 4,150 5.7% 315,938 4.8% 435,271 5.4%

Total population 50,985 100.0% 73,143 100.0% 6,628,637 100.0% 8,049,313 100.0%

Median Age 37.2 42.2 N/A 33.2 35.3

Population:

 School Age (5-18) 9,447 18.5% 11,891 16.3% 1,255,958 18.9% 2,069,959 25.7%

 Working Age (16-64) 32,951 64.6% 46,968 64.2% 4,401,173 66.4% 5,320,796 66.1%

 Elderly (65+) 7,461 14.6% 12,342 16.9% 802,057 12.1% 969,822 12.0%

NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: US Census.
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Table 5 provides a summary of the 2000 educational attainment information for Brunswick

County.  The County’s data summarizes the overall County educational attainment  as well as that

for the municipalities.  In 2000, Brunswick County compared favorably with the State of North

Carolina in educational achievement.  In fact, Brunswick County has 33.4% of its population with

high school degrees compared to 28.6% for the state.  In addition, 5.2% of the county’s population

had graduate/professional degrees compared to 2.5% for the state’s population.

Table 5. 
Brunswick County Summary of Educational Attainment (population 25 years and over)

Brunswick County North Carolina

Total % of Total Total % of Total

Less than 9  grade 2,813 5.4% 413,495 7.8%th

Ninth to twelfth grade, no diploma 8,098 15.5% 951,397 18.0%

High school graduate 17,482 33.4% 1,502,978 28.6%

Some college, no degree 11,821 22.6% 1,080,504 20.7%

Associate degree 3,417 6.7% 358,075 6.9%

Bachelor’s degree 5,774 11.2% 808,070 15.5%

Graduate/Professional degree 2,676 5.2% 124,849 2.5%

Total population 25 years and over 52,605 100.0% 5,282,994 100.0%

NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: 2000 US Census.

6. Population Summary

< Brunswick County ranked fourth in the state for total population growth (11.9%)

between 2000 and 2003 and also ranked fourth in the state for net migration

(11.3%) during the same period.

< In 2003, the municipalities of Belville, Boiling Springs Lakes, Carolina Shores,

Northwest and Saint James had a total estimated population of 8,291 or 27.7% of

the county’s municipal population and 10.1% of the county’s overall population.

<  The overall percentage of the white population in Brunswick County increased by

almost six percent (5.8%) between 1980 and 2000 while the non-white percentage

decreased from 23.5% in 1980 to 17.7% in 2000.

< Brunswick County experienced a population increase in every age group, but the

percentage of the population under 35 decreased.
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< 33.4% of Brunswick County’s population had high school degrees compared to

28.6% for the state.  In addition, 5.2% of the county’s population had

graduate/professional degrees compared to 2.5% for the state’s population.

B. Housing

1. Brunswick County Housing Occupancy and Tenure

Table 6 provides the Brunswick County housing occupancy and tenure from 1990 to 2000.

The total number of housing units increased from 37,114 in 1990 to 51,431 in 2000, an increase

of 38.5%.  It is surprising that the percentage of owner-occupied units in Brunswick County

increased from 81.5% in 1990 to 82.2% in 2000.  

Table 6. 
Brunswick County Housing Occupancy and Tenure, 1990-2000

Brunswick County 1990 Brunswick County 2000 North Carolina 2000

Total Units
% of Total

Total Units
% of Total

Total Units
% of Total

Total Housing Units 37,114 51,431 3,523,944

Vacant 17,045 45.9% 20,993 40.8% 391,931 11.1%

For Rent 1,842 10.8% 2,108 10.0% 93,913 24.0%

For Sale Only 765 4.5% 1,021 4.9% 52,080 13.3%

Rented or Sold, not
occupied*

N/A N/A 529 2.5% 32,792 8.4%

For Seasonal, Recreational or
Occasional use

12,737 74.7% 16,376 78.0% 147,087 37.5%

For Migrant Workers N/A N/A 34 0.2% 2,137 0.5%

Other Vacant 1,701 10.0% 925 4.4% 63,922 16.3%

Occupied 20,069 54.1% 30,438 59.2% 3,132,013 88.9%

Owner-occupied 16,358 81.5% 25,020 82.2% 2,172,270 69.4%

Renter-Occupied 3,711 18.5% 5,418 17.8% 959,743 30.6%

NOTE: These figures represent all housing units within Brunswick County, including all municipalities.
Source: 2000 U.S. Census.

The County’s seasonal and recreational housing increased from 12,737 in 1990 to 16,376

in 2000. The County’s seasonal housing comprised 78.0% of the total housing inventory in 2000.

By comparison, the state’s seasonal housing was 37.5% of the total housing inventory.  Of the

16,736 seasonal housing units within the County, 53.1% of them fall within one of the following

beach towns: Bald Head Island, Caswell Beach, Holden Beach, Oak Island, Ocean Isle Beach, and

Sunset Beach.  This still leaves the rest of the county with a seasonal housing percentage of

46.9%, which is almost 10 percentage points higher than the state’s seasonal housing percentage.
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The municipalities of Belville, Northwest, Boiling Spring Lakes, Saint James, and Carolina

Shores do not have the same seasonal housing inventory as Brunswick County.  Table 7 provides

a summary of the 2000 housing occupancy for each municipality.

Table 7. 
Brunswick County, Municipal Housing Occupancy

Total Housing
Units Occupied % Vacant %

Seasonal/
Recreation %

Belville 176 137 76.1% 39 23.9% 0   0%

Boiling Spring Lakes 1,409 1,208 85.7% 201 14.3% 99 7.0%

Carolina Shores 838 766 91.4% 72 8.6% 44 5.3%

Northwest 293 260 88.7% 33 11.3% 2 0.7%

Saint James 618 385 62.3% 233 37.7% 61 9.9%

Source: 2000 US Census.

2. Brunswick County Housing Characteristics Relative to Selected Counties

The following data was included in the 1998 Brunswick County Land Use Plan and was

updated through the 2000 U.S. Census.  Table 8 compares housing units in Brunswick County with

housing units in several counties selected from the northern, central, and southern parts of coastal

North Carolina.  As indicated, Brunswick County has a higher than average percentage of its

housing units in the form of mobile homes.

Table 8.
Housing Characteristics, 2000
Brunswick County Compared to Other Selected Counties

Total Housing
Units, 1990

 % of Total
Housing Tied to
Public Sewers

% of Total
Housing in

Substandard Units

% of Total
Housing in

Mobile Homes

Beaufort County 22,139 29% 5% 27.5%

Brunswick County 51,431 17% 2% 36.0%

Dare County 26,671 19% 1% 8.1%

New Hanover County 79,616 71% 2% 6.1%

Onslow County 55,726 56% 4% 24.4%

NOTES: (1) Brunswick County ranks 76 out of 100 North Carolina counties in terms of housing cost for homeowners with
a mortgage; (2) These figures represent all housing units within Brunswick County, including all municipalities.
Source: 2000 US Census.
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3. Brunswick County Age of Housing

Because of the rapid growth in Brunswick County, 85.3% of the housing inventory has been

constructed since 1970.  In addition, the median year of the dwelling units constructed was 1986.

By comparison, 64.6% of North Carolina’s housing inventory has been constructed since 1970.  It

is anticipated that the overall age (percent 30 years old or older) of the County’s housing inventory

will continue to decline.

Table 9.
Brunswick County and North Carolina, Year Structure Built

Brunswick County North Carolina

Year # of Structures % of Total # of Structures % of Total

1999 to March 2000 3,281 6.4% 112,902 3.5%

1995 to 1998 8,797 17.1% 391,032 12.5%

1990 to 1994 7,224 14.0% 336,741 10.8%

1980 to 1989 15,782 30.7% 610,391 19.5%

1970 to 1979 8,784 17.1% 572,335 18.3%

1960 to 1969 3,923 7.6% 400,740 12.8%

1950 to 1959 1,759 3.4% 309,887 9.9%

1940 to 1949 948 1.8% 172,723 5.5%

1939 or Earlier 933 1.8% 225,258 7.2%

Total Structures 51,431 100.0% 3,132,009 100.0%

Median Year Structure Built:   1986

NOTE: These figures represent all structures within Brunswick County, including all municipalities.
Source: 2000 US Census.

4. Brunswick County Occupancy Data

Table 10 provides a summary of the year in which householders moved into their dwelling

unit.  Based on this data, 51.1% of the Brunswick County population has moved into their dwelling

units since 1995.  This is further evidence of the rapid growth that is occurring within the County.
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Table 10.
Brunswick County, Year Householder Moved Into Unit

Year Total % of Total

Total Occupied Units 30,438 100.0%

1999 to March 2000 6,062 19.9%

1995 to 1998 9,500 31.2%

1990 to 1994 5,322 17.5%

1980 to 1989 5,435 17.9%

1970 to 1979 2,332 7.7%

Before 1970 1,787 5.9%

Median Year Householder Moved into Unit: 1995

NOTE: These figures represent all structures within Brunswick County, including all municipalities.
Source: 2000 US Census.

5. Brunswick County Housing Needs

Based on the 2000 U.S. Census, there were 51,431 housing units in Brunswick, of which

30,438 were occupied and not for seasonal, recreational, or occasional use.  Approximately 1,881

of these units were constructed prior to 1950.  Today there are an estimated 1,029 substandard

houses spread throughout the County.  Over 83% of the County’s houses do not have access to

public sewer facilities and 0.6% lack complete plumbing facilities.  The County’s housing needs

reflect the disparity of its population growth and economy.  These needs are concentrated primarily

in and surrounding several low- and moderate-income deteriorated areas: Ash, Supply, Leland,

Varnamtown, Shallotte, Bolivia, and Southport.  Concentrations of substandard septic tanks and

individual wells, combined with a high water table in most of these areas, cause serious hazards

to health and to sanitation.  In addition, all of these areas include concentrations of dilapidated

dwellings, many of which are vacant.  These dilapidated dwellings pose fire and safety hazards to

area residents, particularly considering the lack of fire protection in many of these areas.

Rapid population growth between 1990 and 2000 occurred, due to the County’s beaches

and proximity to the Wilmington, NC MSA and Myrtle Beach, South Carolina, and has resulted in

governmental and financial institution services being stressed to meet new housing needs at the

expense of low- and moderate-income homeowners.  The County’s 2002 unemployment rate was

6.7%, which was lower than the region’s unemployment rate of 7.0%.  The lack of economic

opportunity contributes to the further deterioration of housing for low income residents.

The primary housing need of the low- and moderate-income populace of Brunswick County

is that existing single-family units affordable to low- and moderate-income households are often

substandard and not effectively maintained by the owner-occupant or investor-owner.  Many of
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these families have a female head of household, and the substantial repairs required to bring these

houses up to standard living conditions are beyond the skill and financial ability of homeowners.

According to the 2000 U.S. Census, the 1999 per capita income in Brunswick County was $19,857

compared to $20,307 for the state as a whole.  Surveys of residents in past CDBG project areas

have demonstrated that over 80% of households who occupy substandard housing in the County

are low- and moderate-income.  Traditional lending institutions are directing their resources to

meet accelerated residential and resort development needs.  There is a need to provide technical

and financial assistance to low- and moderate-income residents to rehabilitate existing housing,

when feasible, purchase standard/affordable homes, and generally expand accessibility to safe,

standard, and affordable housing.  Without rehabilitation assistance, the condition of these homes

and neighborhoods will continue to deteriorate, hampering growth and the provision of safe and

sanitary living conditions.

Approximately 0.6% of housing within the County does not have complete plumbing

facilities.  High groundwater tables, soil types, and improperly operating septic systems are a

health and safety concern for homes throughout the County.  This concern is especially true for

many homes occupied by low- and moderate-income residents that occur in “clusters” often in

close proximity to wells used for potable water.  There is a need to extend water to rural

communities throughout the County to eliminate the potential use of unsafe drinking water (wells

near septic tanks) as well as improve fire protection.

6. Brunswick County Housing Summary

< Based on the 2000 U.S. Census, Brunswick County has a total of 51,431 dwelling

units, an increase of 38.5% since 1990.

< The County’s seasonal housing increased from 12,737 in 1990 to 16,376 in 2000.

< The municipalities of Belville, Boiling Spring Lakes, Carolina Shores, Northwest, and

Saint James are primarily occupied by year-round residents.

< Compared to other selected North Carolina coastal counties, Brunswick County has

a higher percentage of mobile homes in its housing inventory and a relatively lower

percentage of dwelling units connected to public sewer. 

< Brunswick County’s housing inventory is very young, with 85.3% of the housing

inventory constructed since 1970.
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C. Employment and Economy

1. Introduction/Overview of General Economic Indicators

Based on second quarter 2004 data, Brunswick County does not compare favorably with

many of North Carolina’s 100 counties in terms of workforce/education and income/housing and

poverty.  The County ranged 66 in unemployed, a decline from 63 in 2003.  The County ranked

46 in per capita personal income.  However, this was a significant improvement from 1990 when

the County ranked 62 in per capita income.  Tables 11 and 12 provide a summary of significant

economic data.

Table 11.
Workforce and Education
Brunswick County Rank

Workforce & Education
Brunswick

County
County
Rank

Employment, July 2004 36,608 30

Unemployed, July 2004 1,733 43

Percent Unemployed, July 2004 4.5 66

Percent Unemployed, 2003 6.1 63

Percent Unemployed, NC, July 2004 5.4

Percent Unemployed, NC, 2003 6.5

Percent High School Graduates, 2000 78.3 24

Percent High School Graduates, NC, 2000 78.1 

Average SAT Score, 2003 998 36

Average SAT Score, NC, 2003 1,001

Percent Bachelor’s Degree or Higher, 2003 16.1 33

Percent Bachelor’s Degree or Higher, NC, 2003 22.5

NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: US Census and NC Employment Security Commission.
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Table 12.
Income, Housing, and Poverty – Brunswick County Rank

Income, Housing, and Poverty
Brunswick

County
County
Rank

Average Weekly Wage per Employee, 4Q2003 $566 34

Median Household Income, 2000 $35,888 42

Per Capita Personal Income, 1990 $14,090 62

Per Capita Personal Income, 2002 $23,908 46

Per Capita Personal Income, NC, 2002 $27,785

Median Value of Owner-Occupied Housing Units, 2000 $95,078 25

Median Value of Owner-Occupied Housing Units, NC, 2000 $108,300

Percent in Poverty, 2000 12.6 62

Percent in Poverty, NC, 2000 12.3

NOTE: These figures represent all of Brunswick County, including all municipalities.
Source: US Census and NC Employment Security Commission.

2. Household Income

Based on the 2000 U.S. Census, Brunswick County compared favorably with the entire state

of North Carolina.  In fact, Brunswick County’s median income of $42,037 exceeded the state’s

median income of $39,184.  All income ranges are very close to those of the state.  This is a

significant improvement from the 1990 U.S. Census when Brunswick County’s median income was

$29,668, while the state’s was $33,242.  Table 13 provides a summary of the Brunswick County

and North Carolina household income.

Table 13.
Household Income
Brunswick County and North Carolina

Household Income, 1999

Brunswick County % of Total North Carolina % of Total

Less than $10,000 3,141 10.3% 328,770 10.5%

$10,000 to $14,999 2,336 7.7% 201,123 6.4%

$15,000 to $24,999 4,724 15.5% 431,701 13.8%

$25,000 to $34,999 4,644 15.2% 435,975 13.9%

$35,000 to $49,999 5,476 18.0% 553,041 17.7%

$50,000 to $74,999 5,667 18.6% 608,777 19.4%

$75,000 to $99,999 2,250 7.4% 279,020 8.9%

$100,00 to $149,999 1,406 4.6% 188,621 6.0%
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$150,000 to $199,999 365 1.2% 50,650 1.6%

$200,000 or more 455 1.5% 55,604 1.8%

Total Families 30,455 100.0% 3,133,282 100.0%

Median Income $42,037 $39,184

NOTE: These figures represent all of Brunswick County, including all municipalities.
Source: 2000 US Census.

3. Employment by Industry

Table 14 provides a summary of employment by industry.  The largest employment sector

is construction at 16.6% of the employed workforce.  This reflects the tremendous growth that is

occurring in Brunswick County.  The second largest employment category is retail trade, which is

the result of the County’s large tourism industry.

Table 14.
Employment by Industry
Brunswick County

Industry # Employed % Employed

Agriculture, Forestry, Fishing and Hunting, and Mining 422 1.3%

Construction 5,375 16.6%

Manufacturing 2,660 8.2%

Wholesale Trade 799 2.5%

Retail Trade 4,301 13.3%

Transportation, Warehousing, and Utilities 2,027 6.3%

Information 451 1.4%

Finance, Insurance, Real Estate, and Rental/Leasing 1,930 6.0%

NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: 2000 US Census.

A further analysis is provided in Table 15.  The top six employment categories in Brunswick

County include elementary and secondary schools, electric services, public golf courses, synthetic

organic fibers, eating places, and grocery stores.  The employment totals are summarized in

Table 15.  Golf course employment and eating place employment are significant indicators of

Brunswick County’s attraction as a recreation/tourism area.
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Table 15.
Employment Categories – Brunswick County

Category # Employed

Elementary and Secondary Schools 2,258

Electric Services 1,237

Public Golf Courses 1,041

Synthetic Organic Fibers 900

Eating Places 963

Grocery Stores 670

NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: NC Manufacturers Directory.

It should be noted that the agriculture, forestry, fishing, and mining employment data that

has been provided is somewhat misleading because the figures reflect insured employment and

do not include many seasonal migratory workers.  Although the exact number of individuals

employed in these industries in unknown, this sector of industry only employs a small number of

individuals within Brunswick County.  Beyond these figures, there is no quantitative method to

track seasonal employment.  Although farming is not a large employer within the County, it is a

significant contributor to the County’s economy.  Table 16 provides a summary of agricultural

revenue data for Brunswick County.

Table 16.
Agricultural Revenue Data, 1998
Brunswick County and North Carolina

Cash Receipts from Agriculture, 1998

Category County 
Per Capita

State 
Per Capita

% of County
Total

% of State
Total

Crops, Total $193 $430 55.0% 44.5%

    Tobacco $74 $132 21.0% 13.7%

    Other Crops $119 $298 34.0% 30.9%

Livestock, Dairy, Poultry $155 $519 44.0% 53.7%

Government Payments $3 $17 1.0% 1.8%

Total Farm Income $351 $966 100.0% 100.0%

NOTE: These figures represent all of Brunswick County, including all municipalities.
Source: NC Department of Commerce, 2000 County Scan.
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4. Earnings by Industry

Based on second quarter 2004 data, the largest producers of income in Brunswick County

were retail trade, construction, and accommodation/food services.  These three accounted for

35.9% of the County’s employment and approximately $3,261,052 in average weekly wages.

However, finance and insurance produced the highest average weekly wage of $840.  The

Brunswick County and North Carolina earnings by sector data are summarized in Table 17.  

Table 17.
Employment and Wages by Sector (4Q2003)
Brunswick County and North Carolina

Sector
Average

Employment
%

Total
Average

Weekly Wage
Average

Employment
%

Total
Average

Weekly Wage

Total All Industries 22,899 100.0% $566 3,761,541 100.0% $679

Total Government 4,285 18.7% $709 649,907 17.3% $753

Total Private Industry 18,614 81.3% $547 3,111,634 82.7% $677

Agriculture, Forestry, Fishing, and
Hunting

156 0.7% $412 30,446 0.8% $496

Mining N/A N/A N/A 3,956 0.1% $1,031

Utilities N/A N/A N/A 14,892 0.4% $1,136

Construction 2,430 10.6% $558 214,248 5.7% $693

Manufacturing 1,450 6.3% $697 586,985 15.6% $801

Wholesale Trade 379 1.7% $633 163,875 4.4% $960

Retail Trade 3,428 15.0% $413 450,021 12.0% $439

Transportation and Warehousing 765 3.3% $755 133,589 3.6% $732

Information 289 1.3% $796 76,176 2.0% $928

Finance and Insurance 446 1.9% $840 139,874 3.7% $1,049

Real Estate and Rental & Leasing 990 4.3% $650 47,173 1.3% $638

Professional and Technical Services 835 3.6% $709 148,766 4.0% $1,095

Management of Companies and
Enterprises

21 0.1% $561 60,925 1.6% $1,332

Administrative and Waste Services 747 3.3% $426 216,759 5.8% $460

Educational Services 2,220 9.7% $616 348,638 9.3% $655

Health Care and Social Assistance 2,111 9.2% $594 459,599 12.2% $716

Arts, Entertainment and Recreation 1,175 5.1% $296 48,301 1.3% $558

Accommodation and Food Services 2,364 10.3% $207 296,012 7.9% $241

Other Services excl. Public Admin. 377 1.6% $377 97,123 2.6% $453

Public Administration 1,617 7.1% $699 216,304 5.8% $692

Unclassified 103 0.4% $539 7,859 0.2% $635

NOTE: These figures represent all of Brunswick County, including all municipalities.
Source: US Census and NC Employment Security Commission.
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5. Employment Commuting Patterns

The 2000 mean travel time to work for Brunswick County residents was 24.6 minutes.

Forty-five percent (45.4%) of the total population traveled less than 20 minutes to their place of

employment.  Many eastern North Carolina counties have mean travel times in excess of 30

minutes.  The limited travel time for Brunswick County is the result of in-County employment

opportunities and the Wilmington Metropolitan area.  Table 18 provides a summary of travel time

to work.

Table 18.
Travel Time to Work – Brunswick County

Travel Time to Work
Total

Employed
% of
Total

Total Workers 16 Years and Over 31,962

Did Not Work At Home 30,870

Travel Time:

Less than 5 Minutes 1,023 3.3%

5 to 9 Minutes 3,136 10.2%

10 to 14 Minutes 4,693 15.2%

15 to 19 Minutes 5,156 16.7%

20 to 24 Minutes 4,867 15.8%

25 to 29 Minutes 1,803 5.8%

30 to 34 Minutes 4,714 15.3%

35 to 39 Minutes 617 2.0%

40 to 44 Minutes 836 2.7%

45 to 59 Minutes 2,245 7.3%

60 to 89 Minutes 1,095 3.5%

90 Minutes or More 685 2.2%

Mean Travel Time to Work 24.6 Minutes

Worked at Home 1,092

NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: 2000 US Census.
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6. Tourism

Travel and tourism are major contributors to Brunswick County’s economy.  In 1999, the

County was in the top 10 state counties for travel spending, travel wages, travel employment, and

seasonal dwelling units.  Table 19 provides a summary of the impact of the travel industry on

Brunswick County.

Table 19.
Travel and Tourism, 1999 – Brunswick County

Indicator Year Total Per Capita County Score*

Travel Spending 1999 $238,010,000 $3,421 91

Travel Wages 1999 $55,130,000 $792 91

Travel Employment 1999 4,100 58.9 (per thousand people) 92

Seasonal Dwelling Units 1990 12,737 249.8 (per thousand people) 99

*County Score: compares per capita spending, wages, and per thousand employment and dwellings among counties from
1 (lowest) to 100 (highest).
NOTE: These figures represent all people living within Brunswick County, including all municipalities.
Source: NC Department of Commerce 2000 County and Regional Scans.

7. Employment and Economic Summary

< While the County trails many other North Carolina counties in economic conditions,

the economic indicators greatly improved from 1990 to 2000.

< In 2000, the County’s median income exceeded that of the state by $2,853.

< The construction industry is the largest employer in Brunswick County.

< Based on second quarter 2004 data, the largest producers of income in Brunswick

County were retail trade, construction, and accommodation/food services.

< Agriculture continues to be a significant contributor to the Brunswick County

economy.

< Because of in-County employment opportunities, Brunswick County residents have

a low mean travel time to work.

< Tourism is a major contributor to the Brunswick County economy.

< Brunswick County has a rapidly expanding industrial base.
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8. Population Projections

a. Permanent Population

The population projections through 2025 for the entire County and the participating

municipalities are provided in Table 20.  The reader is cautioned that because of potential

municipal (be it from a participating or non-participating municipality) annexation actions, it is

extremely difficult to forecast municipal population growth.  The County has stationary

geographic/political boundaries.  Because of annexations, this is not true for the municipalities.

Table 20.
Brunswick County Population Projections, 2000-2025

Location 2005 2010 2015 2020 2025 Overall % Change

Belville 445 556 723 940 1,222  +175.0%

Boiling Spring Lakes 3,767 4,332 4,982 5,729 6,588  +74.8%

Carolina Shores 2,536 2,916 3,353 3,856 4,434  +74.8%

Northwest 776 854 939 1,033 1,136  +46.0%

St. James 1,873 2,341 2,926 3,658 4,573  +144.0%

Brunswick County 89,469 102,799 115,517 127,265 139,212  +55.6%

Source: NC Office of State Planning and Holland Consulting Planners, Inc.

b. Seasonal Population

It is assumed that the County’s peak seasonal population will continue to increase

at the same rate of growth as it has during the decade of the 1990s.  This was an average annual

increase of 2.44%.  Based on that rate of growth, the following provides peak seasonal population

forecasts through 2020:

Table 21.
Seasonal Population Forecasts – Brunswick County

Year Population

2005
2010
2015
2020
2025

218,639
248,734
276,774
302,618
328,341

NOTE: These figures include the total seasonal population within the County, including all municipalities.
Source: Holland Consulting Planners, Inc.

It is expected that the county’s peak seasonal population will significantly increase

by 2025.
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II. NATURAL SYSTEMS ANALYSIS

A. Mapping and Analysis of Natural Features

1. Climate

Brunswick County is hot and humid in summer, but the coast is frequently cooled by sea

breezes.  Winter is cool with occasional brief cold spells.  Rain falls throughout the year and is fairly

heavy.  Annual precipitation is adequate for all crops.  Every few years a hurricane crosses the

area.

In winter, the average temperature is 47 degrees F, and the average daily minimum

temperature is 37 degrees.  The lowest temperature on record, which occurred at Southport on

January 18, 1977, is 9 degrees.  In summer, the average temperature is 78 degrees F, and the

average daily maximum temperature is 86 degrees.  The highest recorded temperature, which

occurred on June 26, 1952, is 103 degrees.

Of the total annual precipitation, 32 inches, or 60%, usually falls in April through

September.  The growing season for most crops falls within this period.  In two years out of 10,

the rainfall in April through September is less than 25 inches.  The heaviest one-day rainfall during

the period of record was 9.24 inches at Southport on September 29, 1957.  Thunderstorms occur

on about 45 days each year, and most occur in summer.  

Snowfall is rare.  The average seasonal snowfall is less than one inch.  However, snow in

excess of one inch that lasts more than a day does occasionally occur.  The greatest snow depth

at any time during the period of record was 9 inches.

The average relative humidity in midafternoon is about 60%.  Humidity is higher at night,

and the average at dawn is about 85%.  The sun shines 65% of the time possible in summer and

60% in winter.  The prevailing wind is from the south-southwest.  Average wind speed is highest,

11 miles per hour, late in winter and early in spring.

2. Physiography, Relief, and Drainage

Brunswick County is in the lower Coastal Plain and ranges in elevation from 75 feet to sea

level.  All of the soils in the County are formed by coastal plain sediment or by sediment deposited

by streams flowing through the County.  Most of the County is nearly level with short slopes along

the main drainageways.  The main streams are wide and shallow, and those near the ocean are

affected by tides.  A short distance inland, the streams become narrow with broad interstream

areas.
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The County has three geomorphic surfaces: the Wicomico, Talbot, and Pamlico surfaces.

The Wicomico surface covers about one-third of the County.  It ranges from 75 to 45 feet above

sea level.  The Talbot surface covers more than one-half of the County.  It ranges from 45 to 25

feet in elevation.  The Pamlico surface covers a narrow strip of mainland near the ocean and Cape

Fear River and also covers the floodplain of the Waccamaw River.  It ranges from 25 feet to sea

level.

The Green Swamp is a roughly circular area of about 175,000 acres in the north central part

of the County.  The east side is drained by the Cape Fear River, the west side by the Waccamaw

River, and the south side drains to the Atlantic Ocean.  It has the widest undissected interstream

area in the County and the largest area of muck soils.  This very poorly drained interstream area

has an accumulated organic surface layer of variable thickness.  The accumulations are thickest

where they have filled in the Carolina bays and in drainageways.  The accumulated organic matter

blankets the landscape and has obliterated the landscape features outlining Carolina bays and the

upper part of many drainageways.

The Cape Fear River is on the east side of the County.  Within this drainage area are

numerous irregularly-shaped ponds and lakes created by the dissolution and removal of underlying

limestone.  These lakes and ponds are particularly common near Boiling Spring Lakes.  Much of the

southeastern part of this area is undulating sand, and the rest is smooth or has convex slopes near

drainageways.

The Waccamaw River drainage area is on the west and northwest sides of the County.  It

is dissected by shallow tributary streams and has broad interstream areas of poorly drained to

moderately well drained soils.  Coastal creeks drain the south side of the County.  Numerous

Carolina bays and low parallel sand ridges are in this area.  A few of the bays have a thick organic

surface layer.

A sinkhole is a naturally occurring, roughly circular depression in the land surface, formed

most commonly in areas of limestone bedrock.  Limestone is a type of rock composed entirely of

the highly reactive mineral calcite (CaCO3), which readily dissolves in the presence of slightly acidic

groundwater.  In areas of humid climate, rain water percolates downward through the soil cover

into openings in the limestone bedrock, gradually dissolving the rock matrix.  Void spaces in the

subsurface will eventually form, ranging from microscopic to cavern size.

In most areas of Brunswick County, the limestone bedrock is not directly exposed at the

surface, but is covered by a variable thickness of sand, silt, and clay.  This overburden may bridge

subsurface cavities for long periods of time.  Eventually a catastrophic collapse of the overburden

into the subsurface cavity may occur, and a sinkhole is formed.  This type of sinkhole is known as

a cover collapse sinkhole.  There are a substantial number of sinkholes located within Brunswick
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County.  A majority of these are located in the southeastern portion of the County east of Boiling

Spring Lakes.

3. Water Supply

Groundwater from the surficial deposits is of good quality but may have a high iron content.

The surficial deposits are a valuable aquifer and furnish water for many rural residences.

Generally, this aquifer is 10 to 30 feet thick, and 40 feet thick in some places south of U.S. Highway

17.

Below the surficial deposits is a limestone aquifer.  It consists of phosphatic limestone with

layers of sand, silt, and sandy marl.  The limestone aquifer is an important source of water.  It is

underlain by sedimentary deposits that contain brackish water.

4. Flood Hazard Areas

Based on the Flood Insurance Rate Maps (FIRMs) for Brunswick county, approximately 42%

of the County in located in a flood hazard area.  The State of North Carolina, as part of the state’s

flood  mapping program, completed updated Flood Insurance Rate Maps for the Cape Fear and

Lumber River Basins.  The locations of flood zone areas within the County are shown on Map 4.

Forty-two and one half percent (42.5%) of the County’s flood hazard area falls within an A flood

zone, approximately 39% of the flood hazard area falls within an AE zone, 2.4% falls within the

AEFW zone, 13.1% falls within the VE zone, and 3% falls within the Shaded X zone.  The floodplain

designations listed above are defined as follows:

Zone A: Zone A is the flood insurance rate zone that corresponds to the 1-percent

annual chance floodplains that are determined in the Flood Insurance Study by

approximate methods of analysis.  Because detailed hydraulic analyses are not

performed for such areas, no Base Flood Elevations or depths are shown within this

zone.  Mandatory flood insurance purchase requirements apply.

Zone AE: Zone AE is the flood insurance rate zone that corresponds to the

1-percent annual chance floodplains that are determined in the Flood Insurance

Study by detailed methods of analysis.  In most instances, Base Flood Elevations

derived from the detailed hydraulic analyses are shown at selected intervals within

this zone.  Mandatory flood insurance purchase requirements apply.
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Zone AEFW - Floodway: The floodway is the channel of a stream, plus any

adjacent floodplain areas, that must be kept free from encroachment so that the

1% annual chance flood can be carried without substantial increases in flood

heights.  Minimum Federal standards limit such increases to 1.0 foot; however,

communities can develop more stringent standards.  Regulatory floodways are

depicted on a Flood Insurance Rate Map and are presented to communities as a

minimum standard that must be adopted.  

Zone VE: Zone VE is the flood insurance rate zone that corresponds to areas within

the 1-percent annual chance coastal floodplain that have additional hazards

associated with storm waves.  Base flood elevations derived from the detailed

hydraulic analyses are shown at selected intervals within the zone.  Mandatory flood

insurance purchase requirements apply.

Zone Shaded X: Zone Shaded X is the flood insurance zone that corresponds to

areas outside the 1-percent annual chance floodplain, areas of 1-percent annual

chance sheet flow flooding where average depths are less than 1 foot, areas of 1-

percent annual chance stream flooding where the contributing drainage area is less

than 1 square mile, or areas protected from the 1-percent annual chance flood by

levees.  No Base Flood Elevations or depths are shown within this zone.  Insurance

purchase is not required in this zone.

Acreage figures for portions of Brunswick County that fall within a FEMA-designated flood

zone are provided in the following table.

Table 22.
Brunswick County Flood Hazard Areas

Brunswick County
(Total Acres 231,622)

Lumber River Basin*
(Total Acres 140,981)

Cape Fear River Basin*
(Total Acres 90,640)

Acres % of total Acres % of total Acres % of total

A 98,347 42.5% 71,126 50.5% 27,221 30.0%

AE 90,288 39.0% 52,347 37.1% 37,941 41.9%

AEFW 5,538 2.4% 3,852 2.7% 1,686 1.9%

VE 30,414 13.1% 10,611 7.5% 19,803 21.8%

Shaded X 7,035 3.0% 3,045 2.2% 3,989 4.4%

Total 231,622 100.0% 140,981 100.0% 90,640 100.0%

*These figures only refer to the portions of Brunswick County that fall within each of these river basins.
Note: These figures include all unincorporated and incorporated areas within the County boundaries.
Source: FEMA and Holland Consulting Planners, Inc. (April, 2007)



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 5, Page 27

MAP 4 - FLOOD HAZARD AREAS
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The greatest storm surge impact will occur from hurricanes.  Map 5 shows the general areas

of Brunswick County that may be affected by hurricane-generated storm surge.

While a considerable amount of Brunswick County lies within the floodplain, the greatest

threat is flooding resulting from storm surge and local ponding of water.  Approximately nine

percent (9%) of the County would be inundated during a Category One and Category Two

hurricane.  Twelve percent (12%) of the County would be inundated during a Category Three

hurricane and eighteen percent (18.4%) inundated during a Category Four and Category Five

hurricane.  The storm surge acreage/coverage data is summarized in Table 23.

Table 23.
Brunswick County Storm Surge Hurricane Inundation

Acres % of Total

Category 1 & 2 51,947.18 9.06%

Category 3 68,290.97 11.90%

Category 4 & 5 105,546.50 18.40%

NOTE: These figures include all unincorporated and incorporated areas of the County.
Source: US Army Corps of Engineers.

The Saffir-Simpson Hurricane Scale is a rating system based on hurricane intensity.  Within

each category is a description of wind speed, storm surge, and estimated damages.  Examples of

each category are noted.

Category One Hurricane: Winds 74-95 mph.  Storm surge generally 4-5 feet above normal.

No significant damage to permanent structures.  Damage limited to unanchored mobile homes,

shrubbery, and trees.  Some damage to poorly constructed areas.  Limited coastal road flooding

and minor pier damage may occur.  Hurricanes Allison and Noel of 1995 were Category One

hurricanes at peak intensity.

Category Two Hurricane: Winds 96-110 mph.  Storm surge generally 6-8 feet above normal.

Some roofing material, door, and window damage to buildings.  Considerable damage to shrubbery

and trees.  Some trees blown down.  Considerable damage to mobile homes, poorly constructed

signs, and piers.  Coastal and low-lying escape routes flood 2-4 hours before the arrival of the

hurricane center.  Small craft in unprotected anchorages break moorings.  Hurricane Bertha of 1996

was a Category Two hurricane when it hit the North Carolina coast.
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MAP 5 - STORM SURGE
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Category Three Hurricane: Winds 111-130 mph.  Storm surge generally 9-12 feet above

normal.  Some structural damage to small residences and utility buildings with a minor amount of

curtainwall failures.  Foliage blown off trees.  Large trees blown down.  Mobile homes and poorly

constructed signs are destroyed.  Flooding near the coast destroys smaller structures with larger

structures damaged by floating debris.  Terrain lower than five feet above mean sea level may be

flooded eight miles inland.  Evacuation of low-lying residences within several block of the shoreline

may be required.  Hurricane Fran of 1996 was a Category Three hurricane.

Category Four Hurricane: Winds 131-155 mph.  Storm surge generally 13-18 feet above

normal.  More extensive curtainwall failures with some complete roof structure failures on small

residences.  Shrubs, trees, and all signs are blown down.  Complete destruction of mobile homes.

Extensive damage to doors and windows.  Low-lying escape routes may be covered by rising water

3-5 hours before the arrival of the hurricane center.  Major damage to the lower floors of structures

near the shore.  Terrain lower than ten feet above sea level may be flooded, requiring the massive

evacuation of residential areas as far inland as six miles.  Hurricanes Opal and Hugo were Category

Four hurricanes at peak intensity when they struck the Florida and South Carolina coasts,

respectively.  Both storms eventually passed over the western part of North Carolina.  At this time,

wind speeds had dropped to tropical storm force winds.

Category Five Hurricane: Winds greater than 155 mph.  Storm surge generally greater than

18 feet.  Complete roof failure on many residences and industrial buildings.  Some complete

building failures with small utility buildings blown down.  All shrubs, trees, and signs blown down.

Complete destruction of mobile homes.  Severe and extensive window and door damage.  Low-

lying escape routes are cut by rising water 3-5 hours before the arrival of the hurricane center.

Major damage to lower floors of all structures located less than 15 feet above sea level and within

500 yards of the shoreline.  Massive evacuation of residential areas on low ground within 5-10

miles of the shoreline may be required.  Hurricane Gilbert of 1988 was a Category Five hurricane

at peak intensity and is the strongest Atlantic tropical cyclone of record.  Gilbert passed over

Jamaica, the Yucatan Peninsula, and Northern Mexico.

The County adopted a Multi-Jurisdictional Hazard Mitigation Plan on October 4, 2004.  The

plan is designed to enable the County and participating jurisdictions to be more prepared for

natural disasters by establishing goals, objectives, and mitigation actions, which have been

attached as Appendix III.  If either the Land Use Plan or the Hazard Mitigation Plan are revised,

a review of each plan for consistency is necessary.

5. Man-made Hazards/Restrictions

There are some significant manmade hazards within Brunswick County.  The greatest

concentrations of hazardous materials are the storage of gasoline and fuel oil.  In addition to fuel
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storage, chemicals and pesticides are stored at a limited number of areas.  The EPA requires that

facilities report certain chemical substances located on site.  Specifically, under this regulatory

requirement, facilities with chemicals on the EPA’s list of Extremely Hazardous Substances present

in a quantity equal to or in excess of their established Threshold Planning Quantity or a 500 pound

threshold (whichever number is less), as well as any  hazardous chemical present on site in a

quantity equal to or greater than 10,000 pounds must be included on an annual report called the

Tier II.  This report must be submitted by March 1  of each year to the North Carolina Emergencyst

Response Commission, the Local Emergency Planning Committee, and the local fire department

with jurisdiction over the reporting facility.  Table 24 provides a list of facilities in Brunswick County

that submitted Tier II reports in 2004.

Table 24.
Tier II Reporters, 2004 -- Brunswick County

Facility Address Facility Address

American Distillation 1690 NE Rouster Road
Leland, NC 28451

Jenkin’s Gas and Oil
Company

8147 River Road
Southport, NC 28460

Archer Daniels Midland
Company

1730 E Moore Street
Southport, NC 28461

K&B Systems, Inc. DBA
Ina Oil

8147 River Road
Southport, NC 28461

AT&T - Shallotte 6605 Funston Road
Winnabow, NC 28470

Malmo Asphalt Plant 1516 Malmo Loop Road
Leland, NC 28425

AT&T - Winnabow 6605 Funston Road
Winnabow, NC 28470

Minuteman #12 116 Holden Beach Road
Shallotte, NC 28459

Bald Head Island Marina PO Box 3069
Bald Head Island, NC 28461

Minuteman #14 7300 Beach Drive
Sunset Beach, NC 28468

Bellsouth - Bald Head
Island

Edward Teach & Muscadine
Bald Head Island, NC 28461

Minuteman #28 121 Causeway Drive
Ocean Isle Beach, NC 28469

Bellsouth - Leland 106 Village Road
Leland, NC 28451

NC Department of
Transportation

Shallotte, NC 28459
Leland, NC 28451

Bellsouth - Leland #2 Railroad Road
Leland, NC 28451

NC National Guard
Armory

5050 Main Street
Shallotte, NC 28459

Bellsouth - Oak Island 104 46  Streetth

Oak Island, NC 28461
Ocean Drive Gas and
Appliance

827 Highway 17S
N. Myrtle Beach, SC 29582

Bellsouth - Southport 254 E 11  Streetth

Southport, NC 28461
Pelican Pointe Marina,
Inc.

2000 Somersett Road
Ocean Isle Beach, NC 28469

Bellsouth - Town Creek Hwy 133 Potter Property
Town Creek, NC 28451

Pressure Chemical
Company

2271 Andrew Jackson Hwy
Leland, NC 28451

Brunswick Community
College

50 College Road
Bolivia, NC 28422

Progress Energy -
Brunswick Steam Electric
Plant

Hwy 87 2.5 mi. N of
Southport, NC 28461

Coatings and Adhesives 1901 Popular Street
Leland, NC 28451

Rampage Yachts 100 Quality Drive
Navassa, NC 28451

Cogentrix of NC, Inc. 1281 Cogentrix Drive
Southport, NC 28461

RD White & Sons - Ash
Location

1123 Whiteville Road
Ash, NC 28428
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County Line Quick Mart 5201 Andrew Jackson Hwy
Riegelwood, NC 28456

RD White & Sons -
Shallotte Location

4737 Main Street
Shallotte, NC 28459

Diversified Energy -
Longwood

2125 Freedom Star Road
Longwood, NC 28452

St. James Marina 2760 Long Bay Drive
Southport, NC 28461

Diversified Energy -
Shallotte

2468 Ocean Highway
Shallotte, NC 28459

Sunny Point Military
Ocean Terminal

Highway 133
Southport, NC 28461

Diversified Energy -
Southport

4282 Long Beach Road
Southport, NC 28461

Superior Carriers, Inc. 215 Sampson Road
Wilmington, NC 28401

Dixie Southport LP Gas
Company

511 N Howe Street
Southport, NC 28461

Technical Coating
International, Inc.

150 Backhoe Road
Leland, NC 28451

General Wood Preserving
Company, Inc.

1901 Wood Treatment Road
Leland, NC 28451

Town of Oak Island SE 48  Streetth

Oak Island, NC 28465

Gogas #5 - Leland 114 Village Road
Leland, NC 28451

Town of Ocean Isle Beach
Waste Water Plant

6049 Yarbrough Street SW
Ocean Isle Beach, NC 28469

Gogas #8 - Southport 1603 Howe Street
Southport, NC 28461

Vitalue Company of
America

2010 Enterprise Drive
Leland, NC 28451

Gogas #9 - Shallotte 5058 Main Street
Shallotte, NC 28470

Walex Products Company,
Inc.

1949 Popular Street
Leland, NC 28451

High Rise Service
Company, Inc.

1690 NE Royster Road
Leland, NC 28451

WalMart - Shallotte 4540 Main Street
Shallotte, NC 28459

Home Depot #3648, The 150-1 Shallotte Crossing Pkwy
Shallotte, NC 28459

WalMart - Southport 1675 N Howe Street
Southport, NC 28461

Hydrochem Industrial
Services

2304 Mercantile Drive
Leland, NC 28451

Waste Industries 2809 Galloway Road
Bolivia, NC 28422

NOTE: These table represents all unincorporated and incorporated areas of the County.
Source: Brunswick County Emergency Management.

The second potential hazard would be the possibility of contamination of the Cape Fear

River from the Port of Wilmington in the event of a large oil or chemical spill or from damage to

a tanker traveling by Southport to the Port of Wilmington.  Also, explosives are occasionally

shipped on the Cape Fear River along the Southport shoreline to the Sunny Point Military Ocean

Terminal.  There is also a “blast zone” along the railroad line servicing the terminal.  This rail line

extends south through Brunswick County between NC 87 and NC 133.  In any case, damage to

marine life and the estuarine shoreline as well as Brunswick County could be extensive.

Although not presently a concern, there is the potential for the establishment of off-shore

drilling operations that could present a hazard to Brunswick County beaches.  Even though oil

tankers which pass through Brunswick County to the Port of Wilmington probably present a greater

threat to the County than that of an off-shore drilling operation, the presence of such would still

be a concern to Brunswick County if one were constructed.
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6. Soils

A detailed soils survey was issued for Brunswick County in November 1986.  That report,

Soil Survey of Brunswick County, North Carolina, identifies 38 soils series located in the County.

The soils series are located on Map 6, and their characteristics are summarized in Table 25.

Thirty-three of the 38 soil series have severe limitations for septic tank usage.  The  Blanton

(BnB) and Norfolk (NoB) soil types have moderate limitations for septic tank usage but can

accommodate conventional septic tank systems.  However, these two soils series occupy only small

areas, 5.2% of the County’s total area.

The soils with moderate limitations for septic tank usage are primarily scattered along the

U.S. 17 corridor.

It is significant that 15 of the soil series in Brunswick County are hydric soils.  Those 15

include: Bohicket silty clay loam, Carteret loamy fine sand, Croatan muck, Dorovan muck, Duckston

fine sand, Grifton fine sandy loam, Lafitte muck, Leon fine sand, Lumbee fine sandy loam,

Muckalee loam, Murville mucky fine sand, Pantego mucky loam, Rains fine sandy loam, Torhunta

mucky fine sandy loam, and Woodington fine sandy loam.  A total of 54.5% of the County’s soils

are hydric.  A hydric soil is a soil which is saturated, flooded, or ponded long enough during the

growing season to develop anaerobic conditions in the upper part (anaerobic is defined as a

situation in which molecular oxygen is absent from the environment).  These soils may meet the

definition of 404 wetland areas if found in combination with certain hydrophytic vegetation and

require permitting by the U.S. Army Corps of Engineers' Wilmington Office prior to any disturbance.
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MAP 6 - SOIL TYPES
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Table 25.

Brunswick County

Soil Series Characteristics

Map

Symbol

Soil 

Series Slope

Depth to

Seasonal High

2H O Table (ft)

Flooding

Frequency

(Surface)

Dwellings without

Basements Streets & Roads Septic Tanks

Total

Acreage

% of Each

Soil

BaB Baymeade fine sand 1-6% 4.0 - 5.0 None Slight Slight Severe: poor filter 55,973 10.2%

BDC Baymeade and

6-12%

4.0 - 5.0 None Moderate:

wetness, slope

Moderate: slope Severe: poor filter

7,762 1.4%
Marvyn soils <6.0 None Moderate: slope Moderate: slope Moderate: percs

slowly, slope

BnB Blanton fine sand 0-5% 5.0 - 6.0 None Slight Slight Moderate:

wetness

16,127 2.9%

BO* Bohicket silty clay

loam

 +3 - 0 Frequent Severe: flooding,

ponding, shrink-

swell

Severe: low

strength,

ponding, flooding

Severe: flooding,

ponding, percs

slowly

13,427 2.5%

BrB Bragg fine sandy

loam

2-6% >6.0 None Slight Moderate: slope Severe: percs

slowly

2,165 0.4%

CA* Carteret loamy fine

sand

 + 3 - 1.0 Frequent Severe: flooding,

ponding

Severe: ponding,

flooding

Severe: flooding,

ponding, poor

filter

1,085 0.2%

CH Chowan silt loam 0 - 0.5 Frequent Severe: flooding,

wetness, low

strength

Severe: low

strength,

wetness, flooding

Severe: flooding,

wetness, percs

slowly

5,033 0.9%

Co Corolla fine sand 1.5 - 3.0 Rare Severe: flooding Moderate:

flooding, wetness

Severe: wetness,

poor filter

989 0.2%

CT* Croatan muck 0 - 1.0 Rare Severe: flooding,

wetness, low

strength

Severe: wetness,

low strength

Severe: wetness,

percs slowly

29,703 5.4%

DO* Dorovan muck  +1 - 0.5 Frequent Severe: flooding,

ponding, low

strength

Severe: ponding,

flooding, low

strength

Severe: flooding,

ponding, poor

filter

16,717 3.0%

Du* Duckston fine sand 1.0 - 2.0 Occasional Severe: flooding,

wetness

Severe: flooding Severe: flooding,

wetness, poor

filter

311 0.1%

Fo Foreston loamy fine

sand

2.5 - 3.5 None Slight Slight Severe: wetness 26,692 4.9%
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GoA Goldsboro fine sandy

loam

0-2% 2.0 - 3.0 None Moderate:

wetness

Moderate:

wetness

Severe: wetness 29,830 5.4%

Gt* Grifton fine sandy

loam

0.5 - 1.0 None Severe: wetness Severe: wetness Severe: wetness 3,533 0.6%

Jo Johns fine sandy

loam

1.5 - 3.0 None Moderate:

wetness

Moderate:

wetness

Severe: wetness 3,116 0.6%

KrB Kureb fine sand 1-8% >6.0 None Slight Slight Severe: poor filter 16,573 3.0%

LA* Lafitte muck 0 - 0.5 Frequent Severe: flooding,

low strength

Severe: flooding,

low strength

Severe: flooding 1,415 0.3%

Lo* Leon fine sand 0-2% 0 - 1.0 None Severe: wetness Severe: wetness Severe: wetness,

poor filter

45,611 8.3%

Lu* Lumbee fine sandy

loam

0 - 1.5 Rare Severe: flooding,

wetness

Severe: wetness Severe: wetness 4,127 0.7%

Ly Lynchburg fine sandy

loam

0.5 - 1.5 None Severe: wetness Severe: wetness Severe: wetness 22,023 4.0%

Ma Mandarin fine sand 1.5 - 3.5 None Moderate:

wetness

Moderate:

wetness

Severe: wetness 15,415 2.8%

Mk* Muckalee loam 0.5 - 1.5 Frequent Severe: flooding,

wetness

Severe: wetness,

flooding

Severe: flooding,

wetness

28,444 5.2%

Mu* Murville mucky fine

sand

0 - 1.0 None Severe: ponding Severe: ponding Severe: ponding,

poor filter

39,490 7.2%

NeE Newhan fine sand 2-30% >6.0 None Severe: slope Severe: slope Severe: poor

filter, slope

4,415 0.8%

NhE Newhan fine sand,

dredged

2-30% >6.0 None Severe: slope Severe: slope Severe: poor

filter, slope

3,510 0.6%

NoB Norfolk loamy fine

sand

2-6% 4.0 - 6.0 None Slight Slight Moderate:

wetness

12,521 2.3%

On Onslow fine sandy

loam

1.5 - 3.0 None Moderate:

wetness

Moderate:

wetness

Severe: wetness 3,439 0.6%

PaA Pactolus fine sand 0-2% 1.5 - 3.0 None Moderate:

wetness

Moderate:

wetness

Severe: wetness,

poor filter

3,994 0.7%
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Pn* Pantego mucky loam 0 - 1.5 None Severe: wetness Severe: wetness Severe: wetness 12,176 2.2%

Pt Pits 818 0.1%

Ra* Rains fine sandy

loam

0 - 1.0 None Severe: wetness Severe: wetness Severe: wetness 19,991 3.6%

Tm Tomahawk loamy

fine sand

1.5 - 3.0 None Moderate:

wetness

Moderate:

wetness

Severe: wetness 4,975 0.9%

To* Torhunta mucky fine

sandy loam

0.5 - 1.5 None Severe: wetness Severe: wetness Severe: wetness,

poor filter

47,771 8.7%

Ur Urban land 740 0.1%

WaB Wando fine sand 0-6% 4.0 - 6.0 None Slight Slight Severe: poor filter 8,305 1.5%

WdB Wando-Urban Land

Complex

0-6% 4.0 - 6.0 None Slight Slight Severe: poor filter 634 0.1%

Wo* Woodington fine

sandy loam

0.5 - 1.0 None Severe: wetness Severe: wetness Severe: wetness 35,619 6.5%

YaB Yaupon silty clay

loam

0-3% 2.0 - 4.0 None Severe: wetness Severe: low

strength, shrink-

swell

Severe: percs

slowly, wetness

3,012 0.5%

*Hydric soils.

NOTE: These figures include all unincorporated and incorporated areas of the County.
Source:  Soil Survey of Brunswick County, North Carolina.
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7. Prime Farmlands

Prime farmland is one of several kinds of important farmland defined by the US Department

of Agriculture.  It is of major importance in providing the nation’s short- and long-range needs for

food and fiber.  The acreage of high-quality farmland is limited, and the US Department of

Agriculture recognizes that government at local, state, and federal levels, as well as individuals,

must encourage and facilitate the wise use of our nation’s prime farmland.

Prime farmland soils, as defined by the US Department of Agriculture, are soils that are best

suited to producing food, feed, forage, fiber, and oilseed crops.  Such soils have properties that

are favorable for the economic production of sustained high yields of crops.  The soils need only

to be treated and managed using acceptable farming methods.  The moisture supply, of course,

must be adequate, and the growing season has to be sufficiently long.  Prime farmland soils

produce the highest yields with minimal inputs of energy and economic resources, and farming

these soils results in the least damage to the environment.

Prime farmland soils may presently be in use as cropland, pasture, or woodland, or they

may be in other uses.  They either are used for producing food or fiber or are available for these

uses.  Urban or built-up land and water areas cannot be considered prime farmland.  Urban or

built-up land is any contiguous unit of land 10 acres of more in size that is used for such purposes

as housing, industrial, and commercial sites, sites for institutions or public buildings, small parks,

golf courses, cemeteries, railroad yards, airports, sanitary landfills, sewage treatment plants, and

water control structures.  Public land is land not available for farming in national forests, national

parks, military reservations, and state parks.

Prime farmland soils usually get an adequate and dependable supply of moisture from

precipitation or irrigation.  The temperature and growing season are favorable.  The acidity or

alkalinity level of the soils is acceptable.  The soils have few or no rocks and are permeable to

water and air.  They are not excessively erodible or saturated with water for long periods and are

not flooded during the growing season.  The slope ranges mainly from 0 to 6 percent.

About 75,598 acres, or about 14 percent of Brunswick County, meets the soil requirements

for prime farmland.  This farmland is mainly in the south-central, western, and north-eastern parts

of the County.  The main crops are corn, soybean, and tobacco.

The soils that make up prime farmland in Brunswick County are listed in this section.  This

list does not constitute a recommendation for a particular land use.  The soils identified as prime

farmland are:  

< Fo Foreston loamy fine sand
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< GoA Goldsboro fine sandy loam, 0 to 2 percent slopes

< Jo Johns fine sandy loam

< NoB Norfolk loamy fine sand, 2 to 6 percent slopes

< On Onslow fine sandy loam

8. Water

Water is by far the most abundant natural resource in Brunswick County.  Approximately

five percent of Brunswick County’s total acreage is comprised of surface water.  The principal

sources of water for Brunswick County are the surficial aquifer for domestic use and the Castle

Hayne aquifer for municipal and County supplies.  The County does however, operate water

treatment plants that utilize both surface waters as well as groundwater.  

The Castle Hayne aquifer, underlying the eastern half of the coastal plain, is the most

productive aquifer in the state and the primary water source for the county’s water system.  It is

primarily limestone and sand. The Castle Hayne aquifer is noted for its thickness (more than 300

feet in places) and the ease of water movement within it, both of which contribute to high well

yields.  It lies fairly close to the surface toward the south and west, deepening rapidly toward the

east.  Water in the Castle Hayne aquifer ranges from hard to very hard because of its limestone

composition.  Iron concentrations tend to be high near recharge areas but decrease as the water

moves further through the limestone.

Throughout the low lying and coastal areas of Brunswick County, the Castle Hayne aquifer

is subject to salt water intrusion.  Because of the potential for salt water intrusion, approximately

2,500 square miles of the Castle Hayne aquifer, including portions underlying Brunswick County,

have been designated as a capacity use area by the NC Groundwater Section.  A capacity use area

is defined as an area where the use of water resources threatens to exceed the replenishment

ability to the extent that regulation may be required.  Therefore, wells are not permitted to pump

more than 2.018 million gallons per day as permitted under the Central Coastal Plain Capacity Use

Area (CCPCUA).

The county’s water systems will be discussed in detail in the community facilities section

of this plan.
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9. Fragile Areas

In coastal North Carolina, fragile areas are considered to include coastal wetlands, ocean

beaches and shorelines, estuarine waters and shorelines, public trust waters, natural resource

fragile areas, areas sustaining remnant species, unique geological formations, registered natural

landmarks, swamps, prime wildlife habitats, areas of excessive slope, areas of excessive erosion,

scenic points, archaeological sites, and historical sites.  While not identified as fragile areas in the

15A NCAC 7H use standards, maritime forests and outstanding resource waters (ORWs) should also

be considered fragile areas.  The Brunswick County 15A NCAC 7H Areas of Environmental Concern

(AECs) include estuarine waters and estuarine shorelines, public trust areas, coastal wetlands,

ocean beaches and shorelines, areas of excessive slope, areas of excessive erosion, and natural

resource fragile areas (including significant natural heritage areas and protected lands).  It should

be noted that the ocean beaches and shorelines are located in incorporated beach communities.

a. Estuarine Waters and Shorelines

The estuarine system consists of deep water subtidal habitats and adjacent tidal

wetlands that are usually semi-enclosed by land but have open, partly obstructed, or sporadic

access to the open ocean, and in which ocean water is at least occasionally diluted by freshwater

runoff from the land.  The salinity may be periodically increased above that of the open ocean by

evaporation.  Along some low-energy coastlines there is appreciable dilution of sea water, which

is the situation at the mouth of the Cape Fear River.  These sheltered waters support an abundance

and diversity of plant and animal life, including marine mammals, shore birds, fish, crabs, clams

and other shellfish, and reptiles.  A number of marine organisms, including many of the

commercially valuable fish species, depend on the estuaries for spawning, nursing, or feeding.

In addition to serving as an important habitat for wildlife, estuaries also serve as a

water filtration system by removing sediments, nutrients, and pollutants before they reach the

ocean.  The filtration process creates cleaner water, which is of benefit to both marine life and

people who inhabit the surrounding areas.

Estuarine shorelines are shorelines immediately adjacent to or bordering estuarine

waters.  The areas are immediately connected to the estuary and are very vulnerable to heavy

erosion caused by wind and water.  In shoreline areas not contiguous to waters classified as ORW

by the Division of Water Quality, all lands 75 feet leeward from the normal water level are

considered to be estuarine shorelines.  It should be noted that there are no outstanding resource

waters located in Brunswick County.  However, the high quality waters located in the County are

identified in Appendix IV.  Development along estuarine shorelines can exacerbate water quality

problems within estuarine waters, and expedite the threats of shorefront erosion and flooding.
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b. Public Trust Areas

The public trust areas are comprised of submerged lands waterward of the mean

high water line in tidal, coastal, or navigable waters adjacent to Brunswick County.  On the ground,

the public trust area extends from the water up to a prominent debris line or high water mark.  In

general, if an area is regularly wet by the tides, it is safe to assume that it is in the public trust

area.  The public trust area is also sometimes referred to as tidelands, and can be generally defined

as "public beach.”  In almost every case, private property ends and public trust property begins

at the mean high water line.

Public trust areas are significant because the public has rights in these areas,

including navigation and recreation.  These areas also support valuable commercial and sports

fisheries, have aesthetic value, and are important resources for economic development. 

This doctrine applies to all shorelines except privately-owned lakes to which the

public has no right of access.  In determining whether the public has acquired rights in artificially

created bodies of water, the following factors shall be considered:

(1) the use of the body of water by the public;

(2) the length of time the public has used the area;

(3) the value of public resources in the body of water;

(4) whether the public resources in the body of water are mobile to the extent

that they can move into natural bodies of water;

(5) whether the creation of the artificial body of water required permission from

the state; and

(6) the value of the body of water to the public for navigation from one public

area to another public area.

The public trust areas must be determined through in-field analysis and definition.

c. Wetlands

Wetlands is a generic term for all the different kinds of wet habitats where the land

is wet for some period of time each year but not necessarily permanently wet.  Many wetlands

occur in areas where surface water collects or where underground water discharges to the surface,

making the area wet for extended periods of time.  Other wetlands occur along our coasts, such

as salt marshes, and are created by the tide.  The Federal Clean Water Act defines wetlands as

"areas that are inundated or saturated by surface or ground water at a frequency and duration

sufficient to support, and that under normal circumstances do support, a prevalence of vegetation

typically adapted for life in saturated soil conditions.  Wetlands generally include swamps, marshes,
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bogs, and similar areas."  Wetlands have both upland and aquatic characteristics, and thus they

often have a richer flora and fauna than other environments.  In practice, wetlands are hard to

define, precisely because they are transition zones.  It is important to recognize that an area does

not have to be wet all year long to be considered a wetland - as few as two or three consecutive

weeks of wetness a year is all it takes for this determination to be made.

Within Brunswick County, there are approximately 282,728 acres of wetlands.

These wetlands vary in their characteristics.  The location of the wetland areas within the county’s

jurisdiction is shown on Map 7, and a summary of wetland acres for the County as a whole is

provided in Table 26.  Tables 27, 28 and 29 provide wetland area summaries for each river

subbasin.  The map of wetland locations is intended to be used for general location purposes only.

On-site analysis must be performed in order to determine the exact location of all wetlands.

Section 404 of the Clean Water Act establishes a program to regulate the discharge

of dredged and fill material into waters of the United States, including wetlands.  Activities in

waters of the United States that are regulated under this program include fill for development,

water resource projects (such as dams and levees), infrastructure development (such as highways

and airports), and conversion of wetlands to uplands for farming and forestry.  The basic premise

of the program is that no discharge of dredged or fill material can be permitted if a practicable

alternative exists that is less damaging to the aquatic environment or if the nation's waters would

be significantly degraded.

Table 26.
Brunswick County Wetlands

Wetland Type Acres
% of Total

County Acres

Bottomland Hardwood 5,531.19 0.96%

Cleared Bottomland Hardwood 106.95 0.03%

Cleared Depressional Swamp Forest 152.74 0.03%

Cleared Estuarine Shrub/Scrub 55.20 0.01%

Cleared Hardwood Flat 62.83 0.01%

Cleared Headwater Swamp 13.59 0.00%

Cleared Pine Flat 314.37 0.05%

Cleared Pocosin 117.97 0.02%

Cutover Bottomland Hardwood 409.47 0.07%

Cutover Depressional Swamp Forest 485.88 0.08%

Cutover Estuarine Forest 2.41 0.00%

Cutover Estuarine Scrub/Scrub 40.18 0.01%

Cutover Hardwood Flat 240.52 0.04%

Cutover Headwater Swamp 48.84 0.01%
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Cutover Pine Flat 1,091.62 0.19%

Cutover Pocosin 513.65 0.09%

Cutover Riverine Swamp Forest 1.23 0.00%

Depressional Swamp Forest 5,204.82 0.91%

Drained Bottomland Hardwood 452.33 0.08%

Drained Depressional Swamp Forest 452.80 0.08%

Drained Hardwood Flat 582.41 0.10%

Drained Headwater Swamp 2.51 0.00%

Drained Pine Flat 22,315.10 3.89%

Drained Pocosin 7,654.63 1.33%

Drained Riverine Swamp Forest 695.94 0.12%

Estuarine Forest 78.64 0.01%

Estuarine Shrub/Scrub 729.22 0.13%

Freshwater Marsh 6,472.43 1.13%

Hardwood Flat 2,490.00 0.43%

Headwater Swamp 1,813.90 0.32%

Human Impacted 1,614.20 0.28%

Managed Pineland 101,576.75 17.71%

Pine Flat 26,740.47 4.66%

Pocosin 33,430.97 5.83%

Riverine Swamp Forest 45,960.27 8.01%

Salt/Brackish Marsh 15,272.77 2.66%

TOTAL 282,728.78 49.29%

NOTE: These figures include all unincorporated and incorporated areas of the County.
Source: North Carolina GIA and National Wetlands Inventory.
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Table 27.
Brunswick County Wetlands – Subbasin 03-06-17* 

Wetland Type Acres % of Total County Acres

Bottomland Hardwood 3,041.83 0.53%

Cleared Bottomland Hardwood 32.48 0.01%

Cleared Depressional Swamp Forest 33.61 0.01%

Cleared Estuarine Shrub/Scrub 12.69 0.00%

Cleared Hardwood Flat 19.46 0.00%

Cleared Headwater Swamp 11.19 0.00%

Cleared Pine Flat 89.67 0.02%

Cleared Pocosin 20.98 0.00%

Cutover Bottomland Hardwood 178.07 0.03%

Cutover Depressional Swamp Forest 147.24 0.03%

Cutover Estuarine Scrub/Scrub 11.00 0.00%

Cutover Hardwood Flat 95.22 0.02%

Cutover Headwater Swamp 25.67 0.00%

Cutover Pine Flat 371.32 0.06%

Cutover Pocosin 150.60 0.03%

Depressional Swamp Forest 2,215.93 0.39%

Drained Bottomland Hardwood 432.08 0.08%

Drained Depressional Swamp Forest 19.87 0.00%

Drained Hardwood Flat 114.44 0.02%

Drained Headwater Swamp 0.77 0.00%

Drained Pine Flat 9,810.87 1.71%

Drained Pocosin 3,670.29 0.64%

Drained Riverine Swamp Forest 89.08 0.02%

Estuarine Forest 18.22 0.00%

Estuarine Shrub/Scrub 319.42 0.06%

Freshwater Marsh 6,039.20 1.05%

Hardwood Flat 1,065.94 0.19%

Headwater Swamp 804.98 0.14%

Human Impacted 1,153.21 0.20%

Managed Pineland 34,114.23 5.95%

Pine Flat 9,737.02 1.70%

Pocosin 13,465.97 2.35%

Riverine Swamp Forest 17,872.41 3.12%

Salt/Brackish Marsh 8,664.73 1.51%

TOTAL 113,849.70 19.87%

*Refer to Map 12 for locations of subbasins.
NOTE: These figures include all unincorporated and incorporated areas of the County within Subbasin 03-06-17.
Source: North Carolina GIA and National Wetlands Inventory.
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Table 28.
Brunswick County Wetlands – Subbasin 03-07-59*

Wetland Type Acres
% of Total

County Acres

Bottomland Hardwood 1,116.46 0.20%

Cleared Bottomland Hardwood 61.12 0.01%

Cleared Depressional Swamp Forest 57.11 0.01%

Cleared Estuarine Shrub/Scrub 42.51 0.00%

Cleared Hardwood Flat 18.05 0.00%

Cleared Headwater Swamp 2.12 0.00%

Cleared Pine Flat 168.63 0.03%

Cleared Pocosin 78.22 0.01%

Cutover Bottomland Hardwood 140.65 0.03%

Cutover Depressional Swamp Forest 129.56 0.02%

Cutover Estuarine Forest 2.41 0.00%

Cutover Estuarine Scrub/Scrub 29.18 0.01%

Cutover Hardwood Flat 64.79 0.01%

Cutover Headwater Swamp 17.74 0.00%

Cutover Pine Flat 523.25 0.09%

Cutover Pocosin 283.04 0.05%

Cutover Riverine Swamp Forest 1.23 0.00%

Depressional Swamp Forest 1,834.39 0.32%

Drained Bottomland Hardwood 6.72 0.00%

Drained Depressional Swamp Forest 17.62 0.00%

Drained Hardwood Flat 44.24 0.01%

Drained Pine Flat 822.03 0.14%

Drained Pocosin 411.57 0.07%

Drained Riverine Swamp Forest 14.90 0.00%

Estuarine Forest 60.41 0.01%

Estuarine Shrub/Scrub 409.81 0.07%

Freshwater Marsh 291.57 0.05%

Hardwood Flat 529.62 0.09%

Headwater Swamp 600.65 0.11%

Human Impacted 181.68 0.03%

Managed Pineland 26,987.42 4.71%

Pine Flat 8,617.46 1.50%

Pocosin 9,997.04 1.74%

Riverine Swamp Forest 7,455.78 1.30%

Salt/Brackish Marsh 6,608.04 1.15%

TOTAL 67,627.02 11.80%

*Refer to Map 12 for locations of subbasins.
NOTE: These figures include all unincorporated and incorporated areas of the County within Subbasin 03-07-59.
Source: North Carolina GIA and National Wetlands Inventory.
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Table 29.
Brunswick County Wetlands – Subbasin 03-07-57*

Wetland Type Acres
% of Total

County Acres

Bottomland Hardwood 1,372.90 0.24%

Cleared Bottomland Hardwood 13.35 0.00%

Cleared Depressional Swamp Forest 62.02 0.01%

Cleared Hardwood Flat 25.32 0.00%

Cleared Headwater Swamp 0.28 0.00%

Cleared Pine Flat 56.08 0.01%

Cleared Pocosin 18.77 0.00%

Cutover Bottomland Hardwood 90.75 0.02%

Cutover Depressional Swamp Forest 209.08 0.04%

Cutover Hardwood Flat 80.51 0.01%

Cutover Headwater Swamp 5.43 0.00%

Cutover Pine Flat 197.05 0.03%

Cutover Pocosin 80.01 0.01%

Depressional Swamp Forest 1,154.49 0.20%

Drained Bottomland Hardwood 13.52 0.00%

Drained Depressional Swamp Forest 415.31 0.07%

Drained Hardwood Flat 423.72 0.07%

Drained Headwater Swamp 1.74 0.00%

Drained Pine Flat 11,682.20 2.04%

Drained Pocosin 3,572.77 0.62%

Drained Riverine Swamp Forest 591.96 0.10%

Freshwater Marsh 141.65 0.02%

Hardwood Flat 894.44 0.16%

Headwater Swamp 408.26 0.07%

Human Impacted 279.31 0.05%

Managed Pineland 40,475.10 7.06%

Pine Flat 8,385.99 1.46%

Pocosin 9,967.97 1.74%

Riverine Swamp Forest 20,662.86 3.60%

TOTAL 101,282.90 17.70%

*Refer to Map 12 for locations of subbasins.
NOTE: These figures include all unincorporated and incorporated areas of the County within Subbasin 03-07-57.
Source: North Carolina GIA and National Wetlands Inventory.
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MAP 7 - WETLANDS AREAS
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d. Ocean Beaches and Shorelines

Ocean beaches and shorelines are lands consisting of unconsolidated soil materials

that extend from the mean low water line landward to a point where either (1) the growth of

vegetation occurs, or (2) a distinct change in slope or elevation alters the configuration of the land

form, whichever is farther landward.  Brunswick County contains approximately 47 miles of ocean

erodible areas and high hazard flood areas, but no unvegetated beach area.  There are six inlet

hazard areas within Brunswick County.  All of these areas are within or adjacent to municipalities,

except the Baptist Assembly grounds located east of Caswell Beach.

e. Areas of Excessive Slope

Areas of excessive slope are considered to be areas with slopes in excess of 12%.

The general lay of the land within Brunswick County is fairly flat; however, there are dune lines

where slopes may exceed 30%.  The grade and slope of these areas is constantly shifting, and this

factor has very little impact on land use and/or development within the County.  Most of the slope

lines are located within incorporated areas.

f. Areas of Excessive Erosion

The ocean shoreline in Brunswick County is vulnerable to erosion associated with

coastal storm events.  However, the erodible areas are located within the incorporated beach

communities.  The only ocean erodible area under County jurisdiction is the area of the Baptist

Assembly grounds.  This area has experienced accretion rather than erosion of oceanfront lands.

It should be noted that there is a sea wall at this location.

g. Heritage Areas and Protected Lands

Natural resource fragile areas are generally recognized to be of educational,

scientific, or cultural value because of the natural features of the particular site.  Features in these

areas serve to distinguish them from the vast majority of the landscape.  These areas include

complex natural areas, areas that sustain remnant species, pocosins, wooded swamps, prime

wildlife habitats, or registered natural landmarks.

The North Carolina Natural Heritage Program of the Division of Parks and Recreation

works to identify and facilitate protection of the most ecologically significant natural areas

remaining in the state.  Natural areas may be identified because they provide important habitat for

rare species or because they contain outstanding examples of the rich natural diversity of this

state.
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There are numerous significant protected lands and natural heritage areas in

Brunswick County.  The County is an environmentally rich area.  Major areas include the Green

Swamp, Town Creek marshes and swamp, Juniper Creek area, Boiling Spring Lakes wetlands

complex, Blue Pond area, and Eagle Island.  All of the significant natural heritage areas and

protected lands are identified in Tables 30 and 31 and delineated on Maps 8 and 9.

Table 30.
Brunswick County Significant Natural Heritage Areas
(Refer to Map 8)

Map Ref.# Significant Natural Area Site Site Number Acres % of Total

1 Alligator Branch Sandhill and Flatwoods S.USNCHP*1617 920.69 0.160%

2 Bald Head Island S.USNCHP*806 11.25 0.002%

3 Battery Island S.USSERO1*205 113.33 0.020%

4 Battle Royal Bay S.USNCHP*1080 877.00 0.153%

5 Big Cypress Bay and Ponds S.USNCHP*84 135.04 0.024%

6 Big Neck Road at Millpond Bay S.USNCHP*1574 10.57 0.002%

7 Bird Island S.USNCHP*88 108.25 0.019%

8 Blue Pond S.USNCHP*96 29.78 0.005%

9 Bluff Island and East Beach S.USNCHP*999 4,308.01 0.751%

10 Boiling Spring Lakes Limesink Complex S.USNCHP*105 2,050.09 0.357%

11 Boiling Spring Lakes Wetlands Complex S.USNCHP*104 25,045.10 4.366%

12 Boone Neck Maritime Forest S.USNCHP*872 308.34 0.054%

13 Brantley Island S.USNCHP*854 0.48 0.0001%

14 Brunswick River/Cape Fear River Marshes S.USNCHP*119 1,583.90 0.276%

15 Bryant Mill (Greenbank) Bluff S.USNCHP*1045 486.90 0.085%

16 Camp Branch Savanna Remnant S.USNCHP*141 43.50 0.008%

17 Colkins Neck Remnant S.USNCHP*1303 7.87 0.001%

18 Cumbee Pond and Sandhills S.USNCHP*1076 84.08 0.015%

19 Fall Swamp/Middle River Limesink Complex S.USNCHP*1030 387.86 0.068%

20 Fort Caswell Dunes and Marshes S.USNCHP*1866 198.13 0.035%

21 Funston Bays S.USNCHP*1928 1,774.58 0.309%

22 Goose Pond Limesinks S.USNCHP*1949 65.58 0.011%

23 Green Swamp S.USNCHP*314 17,847.53 3.111%

24 Henrytown Savanna S.USNCHP*334 329.98 0.058%

25 Hog Branch Ponds S.USNCHP*1427 185.41 0.032%

26 Juniper Bay Savanna S.USNCHP*1903 194.96 0.034%

27 Juniper Creek Floodplain S.USNCHP*373 11,949.31 2.083%

28 Juniper Creek/Driving Creek Aquatic Habitat S.USNCHP*2048 78.24 0.014%

29 Little Blue Pond/Black Pond S.USNCHP*801 44.09 0.008%

30 Lockwood Folly River Tidal Wetlands S.USNCHP*1576 2,755.24 0.480%

31 Long Bays Savanna and Carolina Bays S.USNCHP*416 1,135.93 0.198%

32 Lower Black River Swamp S.USNCHP*1857 128.28 0.022%

33 Lower Cape Fear River Aquatic Habitat S.USNCHP*421 13,512.90 2.356% 
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34 Lower Cape Fear River Bird Nesting Islands S.USNCHP*422 321.77 0.056%

35 Middle Island S.USNCHP*807 16.26 0.003%

36 Motsu Brunswick Forest Natural Area S.USNCHP*1900 21.98 0.004%

37 Motsu Northwest Natural Area S.USNCHP*453 1,778.09 0.310%

38 Myrtle Head Savanna S.USSERO1*161 72.48 0.013%

39 Neils Eddy Landing S.USNCHP*1619 0.30 0.0001%

40 Orton Pond S.USSERO1*297 14,281.83 2.490%

41 Orton Powerline Loosestrife Site S.USNCHP*1290 3.06 0.001%

42 Pleasant Oaks/Goose Landing Plantations S.USNCHP*569 3,038.06 0.530%

43 Pretty Pond Limesink Complex S.USNCHP*833 312.38 0.054%

44 Prospect Ridge White Cedar Forest S.USNCHP*2073 81.29 0.014%

45 Rabontown Limesinks S.USNCHP*2072 362.49 0.063%

46 Rattlesnake Branch Sandhills S.USNCHP*1945 276.37 0.048%

47 Regan Ridge and Swale Boggy Openings S.USNCHP*1573 134.78 0.023%

48 Sandy Branch Sand Ridge and Bay Complex S.USNCHP*1115 1,109.20 0.193%

49 Scippio Swamp Ridge and Swale Boggy
Openings

S.USNCHP*1578 360.95 0.063%

50 Secession Maritime Forest S.USNCHP*645 104.55 0.018%

51 Shallotte Creek Sandhills S.USNCHP*1620 483.58 0.084%

52 Spring Creek Ponds S.USNCHP*680 603.64 0.105%

53 Sunset Beach Wood Stork Ponds S.USNCHP*696 61.21 0.011%

54 Town Creek Aquatic Habitat S.USNCHP*1813 287.60 0.050%

55 Town Creek Marshes and Swamp S.USNCHP*1516 3,184.28 0.555%

56 Turkey Branch Sandhill S.USNCHP*2074 4.22 0.001%

57 Waccamaw Island Savanna S.USNCHP*757 117.43 0.020%

58 Waccamaw River Aquatic Habitat S.USNCHP*845 177.12 0.031%

59 Waccamaw River Beech Island Swamps S.USNCHP*1864 37.28 0.006%

60 Waccamaw River Cross Swamp Bottomlands S.USNCHP*1854 103.89 0.018%

61 Waccamaw River Oxbow Site S.USNCHP*758 288.64 0.050%

62 Waccamaw River Reeves and Gore Lake
Bottomlands

S.USNCHP*1855 429.68 0.075%

63 Waccamaw River Ridge and Swale Boggy
Openings

S.USNCHP*802 74.39 0.013%

64 Wards Lake S.USNCHP*765 48.26 0.008%

65 White Spring Ponds Complex S.USNCHP*1456 1,120.16 0.195%

66 Winnabow Savanna and Sandhill S.USNCHP*1066 539.58 0.094%

67 Zeke’s Island Estuarine Sanctuary S.USNCHP*797 1,633.37 0.285%

TOTAL 118,182.41 20.602%

NOTE: These figures include all unincorporated and incorporated areas of the County.
Source: North Carolina GIA, North Carolina Parks & Recreation, Holland Consulting Planners, Inc.
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Table 31.
Brunswick County Protected Lands
(Refer to Map 9)

Map Ref.# Protected Site Acres % of Total

1 Beaver Dam Creek 142.32 0.146%

2 Adm. NC-SC Boundary (Bird Island) 27.59 0.005%

3 Cul Res Historic Brunswick Town 78.90 0.014%

4 Cul Res NC Battleship Site 2.16 0.0004%

5 Eagle Island 1,522.76 0.265%

6 EHNR Zeke Island Estuarine Sanctuary 1,060.71 0.185%

7 ENR Marine Fisheries Submerged Lands Section 0.04 0.00001%

8 ENR Estuarine Preserve 7.13 0.001%

9 ENR Roan Island 0.11 0.00002%

10 Green Swamp Preserve 13,552.20 2.362%

11 Lockwood Folly Township Park 14.14 0.002%

12 Northwest Township District Park 35.84 0.006%

13 Pleasant Oaks Plantation 2,229.90 0.389%

14 Prks Bald Head Island Natural Area 4,825.81 0.841%

15 Shallotte Township District Park 20.12 0.004%

16 Smithville Township District Park 25.48 0.004%

17 Town Creek 1,528.74 0.266%

18 UNCW Ecological Botanical Gardens 105.80 0.018%

19 Wells Tract 109.92 0.019%

20 WRC 904 Bridge/Pipeway Access Area 1.93 0.0003%

21 WRC South Pelican Island 39-37 (NHA) 18.32 0.003%

22 WRC Sunset Harbor Access-Lockwood Folly 0.44 0.0001%

23 WRC Town Creek Access Area 0.78 0.0001%

24 WRC Unnamed Island Snows March #1 39-33 52.59 0.009%

WRC Unnamed Island Sunny Point 39-28 23.08 0.004%

TOTAL 25,386.82 4.426%

NOTE: These figures include all unincorporated and incorporated areas of the County.
Source: North Carolina GIA, North Carolina Parks & Recreation, Holland Consulting Planners, Inc.
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MAP 8 – NATURAL HERITAGE AREAS
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MAP 9 – PROTECTED LANDS
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h. Areas of Resource Potential

(i) Regionally Significant Public Parks

While Brunswick County has important historic sites and many sensitive

natural and environmentally important areas, the County does not contain any

regionally significant parks.  There are locally significant parks, which are discussed

in the Community Facilities section of this plan.

(ii) Marinas and Mooring Fields

Marinas are defined as any publicly- or privately-owned dock, basin, or wet

boat storage facility constructed to accommodate more than ten boats and

providing any of the following services:  permanent or transient docking spaces, dry

storage, fueling facilities, haulout facilities, and repair service.  Excluded from this

definition are boat ramp facilities allowing access only, temporary docking and none

of the preceding services.  Brunswick County allows the construction of marinas and

any associated drystack storage facilities that are in compliance with the County

zoning ordinance. 

A “freestanding mooring” is any means to attach a ship, boat, vessel,

floating structure, or other water craft to a stationary underwater device, mooring

buoy, buoyed anchor, or piling (as long as the piling is not associated with an

existing or proposed pier, dock, or boathouse).  When more than one freestanding

mooring is used in the same general vicinity it is commonly referred to as a mooring

field. Brunswick County has not regulated the establishment of mooring fields within

its planning jurisdiction and mooring fields have not been a problem.  However, the

County recognizes that the establishment of mooring fields could lead to the

degradation of water quality.  In addition, the County recognizes that mooring fields

could impede the use of and navigation within public trust surface waters.

(iii) Floating Homes

A floating home or structure is any structure, not a boat, supported by

means of flotation, designed to be used without a permanent foundation, which is

used or intended for human habitation or commerce.  A structure will be considered

a floating structure when it is inhabited or used for commercial purposes for more

than thirty days in any one location.  A boat may be deemed a floating structure

when its means of propulsion has been removed or rendered inoperative and it

contains at least 200 square feet of living space area.  There are currently no
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floating homes within Brunswick County.  Brunswick County prohibits floating home

development anywhere in its waterways, public trust waters, and along the

shorelines of the County to prevent consumption of the county’s limited estuarine

surface waters.

(iv) Aquaculture

As defined under N.C. General Statute 106-758, aquaculture is the

propagation and rearing of aquatic species in controlled or selected environments,

including, but not limited to, ocean ranching.  Aquaculture has not been an issue

within Brunswick County’s planning jurisdiction; however, the County does support

Brunswick Community College’s aquaculture program. 

(v) Channel Maintenance and Interstate Waterways

The Intracoastal Waterway extends through Brunswick  County’s southern

boundary.  The waterway, along with the inlets which provide access to the ocean,

provides an indispensable route for fishermen, commercial barge traffic, and

recreational boat traffic, all instrumental to the county’s economic well-being.  The

waterway and the ocean inlets are maintained by the US Corps of Engineers.

Brunswick County supports dredging and general maintenance of the Intracoastal

Waterway.

Proper maintenance of channels is very important to Brunswick County

because of the substantial economic impact of commercial fisheries.  If silt or other

deposits fill in the channels, safe and efficient movement of commercial fishing and

transport vessels could be impeded.  The Intracoastal Waterway is also an

important tourism/economic benefit to the County.

(vi) Marine Resources (Water Quality)

The North Carolina Division of Water Quality assigns water quality

classifications to all named waters of the State of North Carolina.  The classifications

are based upon the existing or contemplated best usage of the various streams and

segments of streams within a basin, as determined through studies, evaluations,

and comments received at public hearings.  The state water classification system

is broken down as follows:
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Table 32.
NC Division of Water Quality Water Body Classifications

PRIMARY FRESHWATER AND SALTWATER CLASSIFICATIONS*

Class Best Uses

C and SC Aquatic life propagation/protection and secondary recreation

B and SB Primary recreation and Class C uses

SA Waters classified for commercial shellfish harvesting

WS
(Water Supply
Watershed)

There are five WS classes ranging from WS-I through WS-V.  WS classifications are
assigned to watersheds based on land use characteristics of the area.  Each water supply
classification has a set of management strategies to protect the surface water supply.  WS-
I provides the highest level of protection and WS-V provides the least protection.  A Critical
Area (CA) designation is also listed for watershed areas within a half-mile and draining to
the water supply intake or reservoir where an intake is located.

SUPPLEMENTAL CLASSIFICATIONS

Class Best Uses

Sw
(Swamp Waters)

Recognizes waters that will naturally be more acidic (have lower pH values) and have
lower levels of dissolved oxygen.

Tr
(Trout Waters)

Provides protection to fresh waters for natural trout propagation and survival of stocked
trout.

HQW
(High Quality Waters)

Waters possessing special qualities including excellent water quality, Native or Special
Native Trout Waters, Critical habitat areas, or WS-I and WS-II water supplies.

ORW
(Outstanding Resource
Waters)

Unique and special surface waters that are unimpacted by pollution and have some
outstanding resource values.

NSW
(Nutrient Sensitive
Waters)

Areas with water quality problems associated with excessive plant growth resulting from
nutrient enrichment.

* Primary classifications beginning with an “S” are assigned to salt waters.

Source: NC Department of Environment and Natural Resources.

Water classifications vary widely throughout Brunswick County.  Appendix IV

provides a listing of all water bodies within the County that are classified by the NC

Division of Water Quality, including their subbasins and assigned classification.

There are high quality waters within Brunswick County but no outstanding resource

waters.
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MAP 10 - WATER QUALITY
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B. Environmental Composite Map

Under the updated CAMA Planning Guidelines, there is a requirement for the preparation

of an Environmental Composite Map.  This map is intended to work in conjunction with the Land

Suitability Map discussed later in this plan (Section 5.III.D) and should be utilized for future land

use map impact analysis (see Future Land Use Map, page 6-75).  The Environmental Composite

Map (Map 11) breaks down land masses within the County into three categories based on natural

features and environmental conditions.  The categories utilized are as follows:

Class I – Land that contains only minimal hazards and limitations that can be

addressed by commonly accepted land planning and development practices.  Class

I land will generally support the more intensive types of land uses and

development.

Class II – Land that has hazards and limitations for development that can be

addressed by restrictions on land uses, special site planning, or the provision of

public services such as water and sewer.  Land in this class will generally support

only the less intensive uses, such as low density residential, without significant

investment in services.

Class III – Land that has serious hazards and limitations.  Land in this class will

generally support very low intensity uses, such as conservation and open space. 

The Environmental Composite Model was prepared in a similar fashion to the Land

Suitability Map.  An overlay analysis was performed, breaking the County into one acre cells

utilizing only map layers determined to be environmental factors.  The layers used and their

assigned classes are outlined in Table 33.

Table 33.
Brunswick County Environmental Composite Map Layers

Layer Class I Class II Class III

Coastal Wetlands T

Exceptional or Substantial Non-Coastal Wetlands T

Beneficial Non-Coastal Wetlands T

Estuarine Waters T

Soils with Slight or Moderate Septic Limitations T

Soils with Severe Septic Limitations T

Flood Zones T

Storm Surge Areas T
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HQW Watersheds T

Water Supply Watersheds T

Significant Natural Heritage Areas T

Protected Lands T

Source: North Carolina GIA and Coastal Area Management Act.

For a given cell, the computed value of the cell will be determined by the highest class

theme that contains the cell.  For example, if a cell is in a coastal wetland (Class III) and in a storm

surge area (Class II) and intersects a soil with a slight or moderate septic limitation (Class I), the

cell value will be Class III.  In other words, if a cell does not meet the criteria for Class III, but

qualifies as Class II, it has Class II for a value.  If a cell does not qualify for either Class III or Class

II, then it is Class I by default.  This order enables the modeler to leave out themes that are not

associated with Classes II or III to simplify the model (yielding the same results).  The class

acreages are summarized in Table 34.

Table 34.  
Brunswick County Environmental Composite Class Acreages Summary

Acres % of Total

Class I 215,995.38 39.4%

Class II 55,161.65 10.1%

Class III 277,056.50 50.5%

TOTAL 548,213.53 100.0%

NOTE: These figures include all unincorporated and incorporated areas of the County.
Sources: Holland Consulting Planners, Inc., and NC Center for Geographic Analysis.

The resulting Environmental Composite Map is similar to the Land Suitability Map in that

Class III areas are consistent with the least suitable category and the Class I areas are related to

the most suitable areas.  The primary difference is the absence of infrastructure in the

Environmental Composite Map that heightens the emphasis on environmental sensitivity and

relative land conservation value.  The Future Land Use Map reflects the Class I, II, and III criteria.
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MAP 11 - ENVIRONMENTAL COMPOSITE
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C. Environmental Conditions (Water Quality, Natural Hazards, and

Natural Resources)

Brunswick County includes portions of the Cape Fear River Basin and the Lumber River

Basin.  These plans were approved by the North Carolina Division of Water Quality (DWQ) in

October 2005 and December 2003, respectively.  The following are the goals of DWQ’s basinwide

program:

• Identify water quality problems and restore full use to impaired waters.

• Identify and protect high value resource waters.

• Protect unimpaired waters, yet allow for reasonable economic growth.

These goals are accomplished through the following objectives:

• Collaborate with other agencies to develop appropriate management strategies.

• Assure equitable distribution of waste assimilative capacity.

• Better evaluate cumulative effects of pollution.

• Improve public awareness and involvement.

This section will serve to take a closer look at land use in Brunswick County and how it

relates to water quality.  This section has been compiled with information provided by the North

Carolina Division of Water Quality (DWQ).  Under the Basinwide Management Program, the DWQ

completes Basinwide Assessment Reports every five years to be utilized as a basis for the

Basinwide Management Plans.

Basinwide water quality planning is a non-regulatory, watershed-based approach to

restoring and protecting the quality of North Carolina's surface waters.  Preparation of a basinwide

water quality plan is a five-year process.  While these plans are prepared by the DWQ based on

data provided through the Basinwide Assessment Reports, their implementation and the protection

of water quality entails the coordinated efforts of many agencies, local governments, and

stakeholder groups in the state.  The first cycle of plans was completed in 1994 for the Lumber

River Basin and 1996 for the Cape Fear River Basin.  Each assessment report and plan is updated

at five-year intervals.

It should be noted that the results of the monitoring efforts are not intended to provide

precise conclusions about pollutant budgets for specific watersheds.  Since the assessment

methodology is geared toward general conclusions, it is important not to manipulate the data to

support policy decisions beyond the accuracy of the data.
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Two primary methods of water quality testing were performed in Brunswick County.  The

details of this methodology are described below so that the information on the results of this

testing can be better understood.  The methods utilized were Benthic Macroinvertebrate Monitoring

and the Ambient Monitoring System.  DWQ also observes water bodies for the existence of algal

blooms, which are an indication of poor water quality.

Benthic macroinvertebrates are organisms, primarily aquatic insect larvae, which live in and

on the bottoms of rivers and streams.  The use of macroinvertebrate data has proven to be a

reliable water quality monitoring tool because most macroinvertebrates are immobile and sensitive

to subtle changes in water quality.  Benthic communities also respond to, and show the effects of,

a wide array of potential pollutant mixtures.

The Ambient Monitoring System (AMS) is a network of stream, lake, and estuarine

(saltwater) water quality monitoring stations (about 420 statewide) strategically located for the

collection of physical and chemical water quality data (or parameters).  Water quality parameters

are arranged by freshwater or saltwater water body classification and corresponding water quality

standards.  Under this arrangement, Class C waters (refer to page 5-56 for a description of water

quality classifications and specific water quality ratings) are assigned minimum monthly

parameters, with additional parameters assigned to waters with classifications such as trout waters

and water supplies.

Prolific growths of phytoplankton, often due to high concentrations of nutrients, sometimes

result in “blooms” in which one or more species of alga may discolor the water or form visible mats

on the water's surface.  Blooms may be unsightly and deleterious to water quality causing fish kills,

anoxia, and taste and odor problems.

As existing and future land use is considered in Brunswick County, these goals and

objectives should be kept in mind.

It should be noted that DWQ concluded that its current coastal stormwater rules have not

been adequately effective towards addressing water quality impacts to public trust waters.  DWQ’s

review of scientific studies resulted in a determination that local governments’ simply deferring to

state and federal rules to address water quality issues still results in impaired local water quality

based on the following conclusions:

• Areas with impervious surfaces of 10% or greater can be linked to local stream

degradation.

• Biological diversity has been shown to drop when impervious surfaces increase

beyond 10-15%.
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• Stream stability is affected when impervious surfaces approach 10% in an area.

• Estuaries generally degrade with impervious surfaces of greater than 10%.

• Sensitive fish species loss increased after about 12% impervious surface.

The following information is provided by subbasins that geographically include some areas

located outside of Brunswick County.  Brunswick County includes portions of the following

subbasins: 03-07-57, 03-07-59 (Lumber River Basin), and 03-06-17 (Cape Fear River Basin).

Map 12 delineates the subbasins, and the following provides a summary of existing conditions in

the three subbasins.

1. Subbasin 03-07-57 (Lumber River Basin)

Most of the land use in this subbasin is

either forest or agriculture.  All tributary streams

tend to be intermittent, with little or no flow

during dry summer months.  For this reason, most

of the DWQ sampling in this subbasin focused on

the Waccamaw River.  Many of the Carolina Bays

in this subbasin were drained for agricultural land

use.

There are four (4) NPDES wastewater

discharge permits with a total permitted flow of

1.6 MGD.  The largest discharger is Tabor City

WWTP (1.1 MGD).  There are 15 registered swine

operations in this subbasin.

During the Water Quality plan

development, there were four (4) benthic macroinvertebrate community sites sampled, two special

study sites, and data collected from three (3) ambient monitoring stations.  The results of those

monitoring efforts are included in the Table 35, immediately following Map 12.

Subbasin 03-07-57

Land and Water Area (sq.mi.)

Total area: 555

Land Area: 552

Water area: 3

Population

1990 Est. Population: 37,457

Population Density: 37 persons/sq.mi.

1996 Land Cover (%)

Forest/Wetland: 74%

Agriculture: 25%

Urban: <1%

Water: 1%

Municipalities: Carolina Shores, Calabash,

Tabor City, and Shallotte
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MAP 12 - SUBBASINS
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Table 35.
Summary of Use Support Ratings by Use Support Category in Subbasin 03-07-57

Use Support Rating Basis Aquatic Life Recreation Fish Consumption

Supporting Monitored 41.2 mi 32.3 mi 0

All Waters 41.2 mi 32.3 mi 0

Impaired Monitored 0 0 0

All Waters 0 0 358.7 mi

Not Rated Monitored 33.1 mi 0 0

No Data N/A 284.3 mi 326.3 mi 0

Total Monitored 74.4 mi 32.3 mi 0

All Waters 358.7 mi 358.7 mi 358.7 mi

Percent Monitored 20.7% 9.0% 0.0%

NOTE: All waters include monitored, evaluated and waters that were not assessed.
Source: 2003 Lumber River Basinwide Water Quality Plan.

a. Recommendations

The 1994 Lumber River Basinwide Plan identified several stream segments as

impaired.  These include the Waccamaw River, Muddy Branch, Bear Branch, Gore Creek (Gore

Lake), Toms Fork, Monie Swamp, and Caw Caw Swamp.  The planned management strategy for

these waters was to investigate sources of impairment, to continue existing nonpoint source control

programs, and to conduct fish tissue monitoring and investigate sources of mercury in the

Waccamaw River.  DWQ also recognized the need to more accurately determine natural versus

impacted swamp conditions.

In addition, management strategies to maintain adequate levels of oxygen in stream were

recommended.  These strategies were aimed at new dischargers into the Waccamaw River

watershed.

2. Subbasin 03-07-59 (Lumber River Basin)

This subbasin is entirely located in Brunswick County and is the only subbasin in the entire

Lumber River basin where all waters drain to the Atlantic Ocean.  Population growth in the

subbasin is primarily concentrated in the coastal communities, but also around the towns of

Shallotte and Calabash.
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There are three National Pollutant Discharge

Elimination Systems (NPDES) wastewater discharge

permits in this subbasin with a total permitted flow of

0.02 MGD.  There is also one individual NPDES

stormwater permit in the subbasin.  Brunswick County

and South Brunswick Water and Sewer Authority are

required to develop a stormwater program under

Phase II. 

During the Water Quality plan development,

there were three benthic macroinvertebrate

community sites sampled.  There was one fish

community site sampled, and data was also collected

from 13 ambient stations.  The results of those

monitoring efforts are found in the following tables.

Table 36.
Summary of Use Support Ratings by Use Support Category in Subbasin 03-07-59

Use Support Rating Basis Aquatic Life
Fish

Consumption Recreation
Shellfish

Harvesting

Supporting Monitored 22.2 mi
2,170.0 Est. ac

0 22.2 mi
2,039.2 Est. ac

25.6 coast

673.9 Est. ac

All Waters 22.2 mi
2,170.0 Est. ac

0 22.2 mi
2,039.2 Est. ac

25.6 coast

673.9 Est. ac

Impaired Monitored 0 25.6 coast 0 3,607.0 Est. ac

All Waters 0 146.5 mi
4,305.6 Est. ac

0 3,607.0 Est. ac

Not Rated Monitored 5.9 mi 0 0 0

No Data N/A 118.4 mi
2,135.5 Est. ac

0 123.7 mi
2,267.3 Est. ac

0

Total Monitored 28.1 mi
2,170.0 Est. ac

25.6 coast 22.2 mi
2,039.2 Est. ac

25.6 coast

4,280.8 Est. ac

All Waters 146.5 mi
4,305.6 Est. ac

25.6 coast

146.5 mi
4,305.6 Est. ac

25.6 coast

146.5 mi
4,305.6 Est. ac

25.6 coast

4,280.8 Est. ac

Percent Monitored 19.2% mi
50.4% Est. ac

100.0% coast 15.2% mi
47.4% Est. ac
100% coast

100%

NOTE: All waters include monitored, evaluated and waters that were not assessed.
Source: 2003 Lumber River Basinwide Water Quality Plan.

Subbasin 03-07-59

Land and Water Area (sq.mi.)

Total area: 267

Land Area: 260

Water area: 7

Population Statistics

2000 Est. Population: 21,177 people

Land Cover (%)

Forest/Wetland: 75%

Surface Water: 3%

Urban: 4%

Agriculture: 18%

Municipalities:   Boiling Spring Lakes,

Bolivia, Carolina Shores, Holden Beach, Oak

Island, Ocean Isle Beach, Shallotte, Sunset

Beach, and Varnamtown



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 5, Page 68

Table 37.
Previously Impaired Shellfish Harvesting (SA) Waters in Subbasin 03-07-59

Name 1999 Status Acres

Calabash (DEH Area A-1) Partially Supporting 1,138

Shallotte River (DEH Area A-2) Partially Supporting 571

Lockwoods Folly River (DEH Area A-3) Partially Supporting 913

Total 1999 Impaired Acres 2,622

Source: 2003 Lumber River Basinwide Water Quality Plan.

Table 38.
Currently Impaired Shellfish Harvesting (SA) Waters in Subbasin 03-07-59

Name Assessment Unit Number DEH Classification Status* Acres

Portions of Intracoastal Waterway 15-25 CAO, PRO, CAC 2,118.0

Portions of Lockwoods Folly River 15-25-1-(16) CAO, PRO, CAC 606.2

Portions of Shallotte River 15-25-1-(10) CAO, PRO, CAC 647.3

Mullet Creek 15-25-1-19 PRO 5.7

Sams Branch 15-25-2-12-(2) PRO 1.0

Spring Creek 15-25-1-21 PRO 2.4

Jinnys Branch 15-25-2-16-1-(2) PRO 1.0

Kilbart Slough 15-25-4 PRO 0.7

Mill Creek 15-25-1-18-(2) PRO 2.0

The Mill Pond 15-25-2-11-(2) PRO 3.0

The Swash 15-25-2-14 CAO 3.9

Shallotte Creek 15-25-2-15-(3) CAO 135.6

Saucepan Creek 15-25-2-16 PRO 62.6

Goose Creek 15-25-2-16-4-(2) PRO 4.2

Calabash River 15-25-5 PRO 3.4

Hangman Branch 15-25-5-1 PRO 10.2

Total 2003 Impaired Acres 3,606.9

*Division of Environmental Health Classifications: PRO = Prohibited; COA = Conditionally Approved-Open; and CAC =
Conditionally Approved Closed.
Source: 2003 Lumber River Basinwide Water Quality Plan.
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a. Status and Recommendations of Previously Impaired Waters

(i) Impaired Class SA Waters

Portions of Lockwood Folly and Shallotte Rivers, the Intracoastal Waterway,

and all of Calabash Creek were partially supporting in the 1999 basin plan because

they were classified as prohibited and conditionally approved-closed to shellfish

harvesting by DEH-SS.  It was recommended that management strategies be

developed for shellfish harvesting waters.  These strategies included, but were not

limited to, reducing nonpoint source (NPS) runoff, resolving septic system impacts,

and working more closely with other state and local agencies to address all pollution

impacts to SA waters.  The differences in acreage estimates between years are not

necessarily related to changes in water quality, but to different methods of

estimating acreage and changes in use support methodology. 

b. Status and Recommendations of Waters Newly Impaired 

(portions of the Intracoastal Waterway, Lockwood Folly River, Shallotte River, Mullet

Creek, Sams Branch, Spring Creek, Jinnys Branch, Kilbart Slough, Mill Creek, The Mill

Pond, The Swash, Shallotte Creek, Saucepan Creek, Goose Creek, Calabash River,

Hangman Branch)

(i) Status

Portions of all of these waters are currently impaired.  These areas are

prohibited, conditionally approved-closed, or conditionally approved-open to

shellfish harvesting because of bacteria levels that do not meet approved area

criteria.  All waters in the subbasin are considered impaired on an evaluated basis

because of fish consumption advice.

(ii) Recommendations

DWQ, DEH-SS, and the NC Coastal Nonpoint Source Program are developing

the database and expertise necessary to assess shellfish harvesting use support

using a frequency of closure based approach.  This database will allow DWQ to

better assess the extent and duration of closures in Class SA waters.  These tools

are not available for use support determinations in Class SA waters for the 2003

Lumber River basin assessment. DWQ believed it important to identify frequency

of closures in these waters, resulting in an interim methodology to be used based

on existing databases and GIS shapefiles.  This will likely bring changes in reported

acreages in future assessments using the permanent methods and tools that define

areas and closure frequency.
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For the 2003 Lumber River basin assessment, DWQ used an interim

frequency of closures based method to assign use support ratings to Class SA

waters.  DWQ worked with DEH-SS to determine the number of days and acreages

that identified conditionally approved-open Class SA waters which were closed to

shellfish harvesting in the Lumber River basin during the assessment period

(September 1, 1996 to August 31, 2001).  For the one growing area with

conditionally approved-open Class SA waters, DEH-SS and DWQ staff defined

subareas (within the larger conditionally approved-open area) that were opened and

closed at the same time.  The number of days these conditionally approved-open

waters were closed was determined using proclamation summary sheets and the

original proclamations.  The number of days that approved areas in the growing

area were closed due to preemptive closures because of named storms was not

counted.  DEH-SS will continue to monitor bacteriological water quality in these

waters.  DWQ, DEH, DCM and DMF are currently developing tools to better track

water quality changes, make use support decisions, and support research in

shellfishing harvesting waters of North Carolina.

The Division of Marine Fisheries (DMF) is in the process of developing

Coastal Habitat Protection Plans (CHPP) with DWQ and DCM.  These plans will

identify existing and potential threats to habitats important to coastal fisheries and

recommend actions to restore and protect them.  The plans will also provide a

framework for adoption of rules to protect habitats vital to coastal fisheries.  The

plans will help to assure consistent actions among the Coastal Resources

Commission (CRC), Environmental Management Commission (EMC), and the Marine

Fisheries Commission (MFC).

It should be noted that Brunswick County is currently working on a project in conjunction

with the N.C. Coastal Federation to identify growth management practices that are compatible with

maintaining water quality in the river.  The project was funded through the Environmental

Protection Agency, and has been modeled after successful programs implemented in the upper

Chesapeake Bay.

c. Atlantic Ocean – Status and 2002 Recommendations

The Atlantic Ocean (25.6 coastline miles) is currently impaired in the fish

consumption category because there is a statewide consumption advice for mercury in fish tissue

that is applied to waters east and south of I-85, including the Atlantic Ocean where king mackerel

fish tissue was analyzed in 1999.
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d. Status and Recommendations for Waters with Noted Impacts

The surface waters discussed in this section are supporting designated uses based

on DWQ’s use support assessment and are not considered to be impaired unless otherwise noted.

However, notable water quality problems and concerns have been documented for some waters

based on this assessment.  Attention and resources should be focused on these waters to prevent

additional degradation or facilitate water quality improvement.

(i) Calabash River

Status and 2003 Recommendations

The Calabash River is currently impaired for shellfish harvesting.  However,

it is observed from the DWQ ambient monitoring station, I9916000, that the

pH values (Site A-13) were lower than 6.8 in 18.4% of the samples.  The

10  percentile illustrates the value of the lower 10% of the measurement.th

The 10  percentile of pH was 6.7.  The state’s standard for saltwater is ath

range of 6.8 to 8.5.  Possible adjacent swamp waters could be influencing

this watershed.  It was also observed at this ambient site that the fecal

coliform values exceeded the geometric mean of 14/100 ml in more than

10% of the samples for Class SA waters.

Water Quality Initiatives

The Calabash River watershed comprises one of 20 watersheds in the

Lumber River basin that has been identified by the NC Wetlands Restoration

Program (NCWRP) as an area with the greatest need and opportunity for

stream and wetland restoration efforts.  This watershed will be given higher

priority than nontargeted watersheds for the implementation of NCWRP

restoration projects.  

South Brunswick Water & Sewer Authority received $3,000,000 in state

Revolving Grant funds for a new collection system.

(ii) Shallotte River

Status and 2003 Recommendations

Site B-2 near US 17 was reduced from a good-fair bioclassification in 1996

to a fair bioclassification during the 2001 assessment.  The decrease in
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bioclassification was possibly due to drought conditions and subsequent

effects of brackish intrusion during the low flow period.  DWQ resampled

this site in September 2003 to assess potential drought impacts.  The site

assessment in 2003 received a good-fair bioclassification.  However, this

assessment found the highest number of species out of its historical

sampling regime including the freshwater/brackish shrimp, macrobrachium

olfersii.  This crayfish-like species inhabits the transitional zones between

fresh and brackish water and is rarely seen.  This is only the second location

found in North Carlina.  The Shallotte River is currently rated supporting for

the aquatic life category.

Water Quality Initiatives

The Shallotte River watershed comprises one of 20 watersheds in the

Lumber River basin that has been identified by the NCWRP as an area with

the greatest need and opportunity for stream and wetland restoration

efforts.  This watershed will be given higher priority than nontargeted

watersheds for the implementation of NCWRP restoration projects.  

(iii) Lockwood Folly River

Status and 2003 Recommendations

Lockwood Folly River from north of Varnum to the mouth is impaired for the

shellfish harvesting category.  The data from ambient monitoring sites

I9440000 and I9450000 showed the fecal coliform values exceeded the

geometric mean of 14/100 ml in more than 10% of the samples for Class SA

waters.  DWQ will continue to monitor these stations.

Water Quality Initiatives

The NC Coastal Land Trust received a $652,000 grant from the Clean Water

Management Trust Fund (CWMTF) to acquire 263 acres along Lockwood

Folly River and Sandy Branch.

The Lockwood Folly River watershed comprises one of 20 watersheds in the

Lumber River basin that has been identified by the NCWRP as an area with

the greatest need and opportunity for stream and wetland restoration

efforts.  This watershed will be given higher priority than nontargeted

watersheds for the implementation of NCWRP restoration projects.  
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The Army Corps of Engineers has a $1,440,000 aquatic habitat restoration

project on the lower Lockwood Folly River.

Brunswick County will continue to monitor water quality in the Lockwood

Folly River pending the results of the Lockwood Folly Water Quality Study.

(iv) Doe Creek

Status and 2003 Recommendations

A private developer was assessed a civil penalty for land clearing activities

where earth and fill were deliberately placed into wetlands.  These activities

caused extreme turbid water in an unnamed tributary to Doe Creek.  DWQ

has required the developer to implement a restoration plan.

(v) Mill Creek

Status and 2003 Recommendations

A private owner was assessed a civil penalty for excavating 19,000 linear

feet of ditches in wetlands.  An unnamed tributary of Mill Creek was

impacted by this activity.  DWQ has required the owner to implement a

restoration plan.

(vi) Jinnys Branch and Saucepan Creek

Status and Water Quality Initiatives

Jinnys Branch and Saucepan Creek are currently impaired for the shellfish

harvesting category.  The Jinnys Branch/Saucepan Creek watershed

comprises one of 20 watersheds in the Lumber River basin that has been

identified by the NCWRP as an area with the greatest need and opportunity

for stream and wetland restoration efforts.  This watershed will be given

higher priority than nontargeted watersheds for the implementation of

NCWRP restoration projects.  



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 5, Page 74

(vii) Davis Creek

Water Quality Initiatives

The Town of Oak Island received a $456,000 grant from the CWMTF to

acquire 30 acres along Davis Creek.

(vii) Bird Island

Water Quality Initiatives

The NC Division of Coastal Management received a $2,750,000 grant from

the CWMTF to purchase Bird Island.  Bird Island now falls under the

jurisdiction of the NC Division of Coastal Management, who established a

management plan for the 1,300 acres of coastal reserve located along Bird

Island.

(ix) Montgomery Slough

Status

Montgomery Slough is currently supporting for the aquatic life category.

However, it is currently impaired for the shellfish harvesting category.

Water Quality Initiative

The Town of Oak Island received a total of $2,200,155 from the State

Revolving Grants program for new collection lines and treatment

modifications.
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e. Additional Water Quality Issues within Subbasin 03-07-59

This section discusses issues that may threaten water quality in the subbasin that

are not specific to particular streams, lakes or reservoirs.  The issues discussed may be related to

waters near certain land use activities or within proximity to different pollution sources.

(i) Water Quality Threats to Streams in Urbanizing Watersheds

Streams in this subbasin are already impacted from urban stormwater runoff

in shellfish harvesting waters and continue to be threatened by development

pressure.  In order to prevent aquatic habitat degradation and impaired biological

communities, protection measures must be put in place immediately.  The County

is a named community under Phase II of the National Pollutant Discharge

Elimination System Program.  As a named community, the County has been

required to establish a comprehensive stormwater management program.  The

permitting process, as well as the County’s program, is discussed in detail in the

Stormwater Management Section of this plan.

(ii) Impacts of Post-Hurricane Desnagging on Instream Habitats

Many streams in the subbasin have noted impacts from the recent

hurricanes.  The biological community in the streams can recover rapidly if instream

habitat is maintained.  Desnagging operations should carefully remove debris from

stream channels to restore natural flow and leave enough instream habitats so the

biological community can recover.

(ii) Golf Courses

The number of golf courses in Brunswick County has grown vastly through

the last five years, making many of the small towns centers of golf activity.  Utilizing

best management practices during and after construction of the courses can greatly

reduce nonpoint source pollution to adjacent streams.  It is critical to implement

and maintain these management practices throughout the life of the golf course.

It should be noted that since the basinwide water quality plan was published, the

trend toward golf course development in Brunswick County has slowed.



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 5, Page 76

Subbasin 03-06-17

(2005 Basinwide Plan)

Land and Water

Total area: 547 mi2

Land area: 498 mi2

Water area: 49 mi2

Population Statistics

2000 Est. pop.: 78,348 people

Pop. density: 143 persons/mi2

Land Cover

Forest/Wetland:  74.7%

Surface Water:   9.3%

Urban:   4.1%

Cultivated Crop:   7.6%

Pasture/Managed Herbaceous: 4.3%

Municipalities: Bald Head Island,

Belville, Boiling Spring Lakes, Bolton,

Caswell Beach, Leland, Navassa,

Northwest, Oak Island, Wilmington,

Sandy Creek, Southport, and St. James

3. Subbasin 03-06-17 (Cape Fear River Basin)

Subbasin 03-06-17 is located in the outer Coastal

Plain and in estuarine regions of the basin.  Most

tributaries in this subbasin are slow moving tannin

stained streams or tidal creeks.  There are 41 individual

NPDES wastewater discharge permits in subbasin 03-06-

17.  The permitted flow is 99.9 MGD.  The largest

dischargers are International Paper (50 MGD), Progress

Energy (3.5 MGD), New Hanover County WWTP (4

MGD), Wilmington Northside WWTP (16 MGD), and

Wilmington Southside WWTP (12 MGD).

During development of the 2005 Basinwide Plan,

there were eight (8) benthic community samples

collected, data was collected from 17 ambient monitoring

stations, and two (2) reservoirs were monitored.  Use

support ratings were assigned for waters in the subbasin

for aquatic life, recreation, fish consumption, and water

supply categories.  All waters are Impaired on an

evaluated basis in the fish consumption category because

of fish consumption advice that applies to the entire

basin.  In the water supply category, all WS classified waters (1.6 miles) are Supporting on an

evaluated basis based on reports from DEH regional water treatment plant consultants.  The

following table summarizes the resulting water quality monitoring efforts.

Table 39.
Water Quality Monitoring Subbasin 03-06-17

Aquatic Life Rating Summary Recreation Rating Summary Fish Consumption Rating Summary

S 14,125.4 S acres S 21,092.3 S acres I 35.9 FW miles

NR 2.0 S acres I 96.6 S acres I 23,443.5 S acres

I 6,457.0 S acres S 44.1 FW miles I 277.3 FW miles

S 75.4 FW miles NR* 5.6 Coast mile I 1,251.5 FW acres

NR 22.3 FW miles I 4.7 Coast mile I 22.8 Coast mile

NR 406.9 FW acres ND 2,254.6 S acres

ND 2,859.2 S acres ND 269.1 FW miles

ND 215.4 FW miles ND 1,251.5 FW acres

ND 844.5 FW acres ND 12.5 Coast mile

ND 22.8 Coast mile

S = Supporting; S acres = Salt water acres; NR = Not rated; I = Impaired; FW = Freshwater; ND = No data; NR* = Not
rated for recreation.  Source: 2005 Cape Fear River Basinwide Water Quality Plan.
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The following recommendations were provided in the 2005 Water Quality Plan:

Bald Head Creek.  Bald Head Creek from source to the Cape Fear River (79.9 acres) is

Impaired for shellfish harvesting because this segment is classified by DEH SS as prohibited in

growing area B-2.  Bald Head Creek will be added to the 303(d) list of Impaired waters.

Beaverdam Creek.  Beaverdam Creek from source to Polly Gully Creek (1 mile) is Not Rated

for aquatic life because bethnic community ratings could not be assigned at sites BB17, BB39, and

BB204 in 1999.  The watershed was studied in 1999 to evaluate the effects of ditching associated

with the St. James Plantation development.  Large amounts of silt in the creek promoted a shift

toward silt tolerant species.  The Brunswick WTP discharge provided permanent flow and increased

the pH of the stream above what would be natural for streams in this area.  A surprisingly pollution

intolerant bethnic community was present in some areas of the watershed.  Beaverdam Creek from

Polly Gully Creek to ICWW (11.3 acres) is Impaired for shellfish harvesting because this segment

is classified by DEH SS as prohibited in growing area B-1.  DWQ will continue to monitor

Beaverdam Creek.  It is recommended that further development in this area avoid ditching and use

BMPs to prevent further siltatiation of streams in this watershed.  Segment 18-88-9-1-(1.5) will be

added to the 303(d) list of Impaired waters.

Cape Fear River Estuary, Brunswick River, Cape Fear River.  The Brunswick River from

source to the Cape Fear River (743.7 acres) is Impaired for aquatic life because the dissolved

oxygen standard was violated in 14.3 percent of samples at site BA707.  The dissolved oxygen

standard for SC classified waters is 5 mg/l.  The pH standard was also below standard in 19.6

percent of samples.  The low pH may be associated with swamp drainage from the Black and

Northeast Cape Fear Rivers.  Clairmont Shopping Center had significant violations of ammonia

permit limits during the last two years of the assessment period as well.  The Cape Fear River from

International Paper intake to Bryant Mill Creek (3.8 miles) is Impaired on a monitored basis in the

fish consumption category.

The Cape Fear River from Bryant Mill Creek to Toomers Creek (18.5 miles) is Not Rated

because dissolved oxygen was below 4 mg/l in 11 and 13.8 of samples collect at sites BA640 and

BA639.  This segment is classified as C Sw, which acknowledges natural characteristics of swamps

such as low pH.  Also, BASF had significant violations of biological oxygen demand permit limits,

and Leland Industrial Park WWTP had significant violations of total suspended solids permit limits

during the last two years of the assessment period.  BASF is under a special order of consent that

expires in August 2005.

The Cape Fear River from Toomers Creek to Snows Cut (5,616.7 acres) is Impaired for

aquatic life because the dissolved oxygen standard was violated in 42.9, 37.1, 16.4, 29.5, 23.2 and

10.4 percent of samples collected at sites BA642, BA644, BA708, BA709, BA713 and BA716.  The
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dissolved oxygen standard for SC waters is 5 mg/l.  The pH standard was also below the standard

in 38.5, 37.1, 10.4, 20.5, and 19.6 percent of samples at the same sites.  The low pH may be

associated with swamp drainage from the Black and Northeast Cape Fear Rivers.  The segment of

the Cape Fear River upstream of this area has a supplemental classification of Sw that

acknowledges that swamp streams may have lower dissolved oxygen and pH.

The Cape Fear River from Snows Cut to Federal Marsh (7,856.7 acres) is Supporting aquatic

life because no criteria were exceeded at site BA722, although Kure Beach WWTP had significant

violations of total suspended solids permit limits during the last two years of the assessment

period.

The Cape Fear River from Polly Gully Creek to ICWW (11.3 acres) is Impaired for shellfish

harvesting because these segments are classified by DEH SS as prohibited in growing areas B-1

and B-4.  Segments 18-(87.5)a is Supporting aquatic life and recreation because no criteria were

exceeded at sites BA722 and S-43.  Segment 18-(87.5)b is Supporting shellfish harvesting and

aquatic life because this area is approved and no criteria were exceeded at site BA734.

DWQ is developing a TMDL to address the low dissolved oxygen in these segments.  TMDL

targets and allocations will be addressed as part of the process.  Modeling efforts will include a

watershed model of the Northeast Cape Fear River and hydrodynamic and water quality modeling

of the estuary.  The TMDL was scheduled to be submitted to EPA in late 2005.  Until the TMDL is

approved by EPA, new and expanding discharges will be carefully considered on a case-by-case

basis.  The NPDES compliance process will be used to address the significant permit violations

noted above.  Segment 18-(71)a and 18-77 will remain on the 303(d) list of Impaired waters

replacing the Cape Fear (DEH Area) B10 listing.  Segments 18-(63)a and 18-(87.5)a, c and d will

be added to the list.  In 2005, a NOAA grant was used to implement BMPs at the Carolina Beach

State Park Marina.  The BMPs included two rain gardens to treat runoff from parking lots and two

inlet slip filters to filter sediment, oils, and grease from runoff.

Coward Creek.  Coward Creek from source to the Cape Fear River (5.9 acres) is Impaired

for shellfish harvesting because this segment is classified by DEH SS as prohibited in growing area

B-1.  Coward Creek will be added to the 303(d) list of Impaired waters.

Dennis Creek.  Dennis Creek and Piney Point Creek south of the ICWW (45.7 acres) are

Impaired for shellfish harvesting because these segments are classified by DEH SS as prohibited

in growing area B-1.  These creeks will be added to the 303(d) list of Impaired waters.
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Dutchman Creek, Dutchman Creek Outlet Channel, and Dutchman Creek Shellfish Area.

Dutchman Creek, the Outlet Channel, and Shellfish Area north of the ICWW (192 acres) are

Impaired for shellfish harvesting because these segments are classified by DEH SS as prohibited

in growing area B-1.  These creeks will be added to the 303(d) list of Impaired waters.

Elizabeth River, Elizabeth River Shellfishing Area, and Molasses Creek Shellfish Area.

Elizabeth River, Shellfish Area, and Molasses Creek south of the ICWW (290.1 acres) are Impaired

for shellfish harvesting because these segments are classified by DEH SS as prohibited in growing

area B-1.  These creeks will be added to the 303(d) list of Impaired waters.

Fishing Creek.  Fishing Creek from source to Bald Head Creek (7.9 acres) is Impaired for

shellfish harvesting because this segment is classified by DEH SS as prohibited in growing area B-1.

Fishing Creek will be added to the 303(d) list of Impaired waters.

Intracoastal Waterway (ICWW).  The Intracoastal Waterway from channel marker F1 to

Dutchmans Creek Outlet Channel (226.6 acres) is Impaired for shellfish harvesting because this

segment is classified by DEH SS as prohibited in growing area B-1.  This segment is Supporting

recreation because no criteria were exceeded at site S-41.  The Intracoastal Waterway from

Dutchmans Creek Outlet Channel to Cottage Creek (96.6 acres) is Impaired for aquatic life because

the dissolved oxygen standard was violated in 11 percent of samples at site BA740.  The dissolved

oxygen standard for SC classified waters is 5 mg/l.  This segment is also Impaired for shellfish

harvesting and recreation because this segment is classified by DEH SS as prohibited in growing

area B-1 and because of permanent swimming advisories at site S-42.  DWQ and DEH will continue

to monitor the ICWW and work with local governments to identify sources of bacteria and oxygen-

consuming materials.  This segment of the ICWW will be added to the 303(d) list of Impaired

waters.  TMDLs will be developed for identified stressors within 8-13 years of listing.

Town Creek.  Town Creek from source to the Cape Fear River (32.1 miles) is Supporting

aquatic life because of a natural benthic community rating at site BB13.  A sample in November

1999, after three hurricanes, indicated the benthic community was not severely impacted by the

storms.  Town Creek is Impaired on a monitored basis in the fish consumption category and will

be added to the 303(d) list of Impaired waters.  In 2000, the NC Coastal Land Trust received a

$305,000 CWMTF grant to acquire 260 acres conservation easements along Town Creek, with an

additional 320 acres of donated conservation easements included in the project.  In 2001, the NC

Coastal Land Trust received a $277,000 CWMTF grant to acquire 115 acres conservation easements

along Town and Russell Creeks, with an additional 135 acres of donated conservation easements

included in the project.  In 2002, the NC Coastal Land Trust received a $2,095,000 CWMTF grant

to acquire 638 acres along Town Creek.
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Southport Restricted Area.  The Southport Restricted Area, on the west bank of the Cape

Fear River from Price Creek to Southport (715.3 acres), is Not Rated for aquatic life on an

evaluated basis because the ADM Southport Plant had significant violations of total settable solids

permit limits during the last two years of the assessment period that could have negatively

impacted aquatic life.  The NPDES compliance process will be used to address the significant permit

violations noted above.

4. Shellfishing

The following table provides updated information regarding shellfishing areas throughout

Brunswick County.  This information is current and should clarify any discrepancies present in the

basinwide plans.  At this time, acreages for conditionally opened and closed areas are not available.

The plan will be updated to reflect this information when it becomes available.  See Appendix V for

specific areas prohibited for shellfishing.

Table 40.
Status of Shellfishing Areas in Brunswick County

Acres

Area Open Closed

Calabash Creek 602 1,198

Shallotte River 794 556

Lockwood Folly River 718 932

Southport Area -0- 1,325

Buzzard Bay 2,733 117

The Basin Area 75 -0-

Source: NCDENR Recreation and Shellfish Division.

III. ANALYSIS OF LAND USE AND DEVELOPMENT

A. Introduction

The Division of Coastal Management Land Use Plan Guidelines (15A NCAC 7B.0207) require

that existing land uses and water uses be mapped.  The land and water use maps should be

utilized as working documents and serve as a basis for the development of the future land use

map(s).  Specifically, this plan should address the following:

• Significant land use compatibility problems;
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• Significant water use compatibility problems including those identified in any water

supply plan appendix and those identified in the applicable Division of

Environmental Management basinwide plan;

• Significant problems that have resulted from unplanned development and that have

implications for future land use, water use, or water quality;

• An identification of areas experiencing or likely to experience changes in

predominant land uses, including agricultural and forestry land being converted to

other uses and previously undeveloped shoreline areas where development is now

occurring;

• Significant water quality conditions and the connection between land use and water

quality.

B. Land Use in Relation to Water Quality

Water quality monitoring is conducted and reported at the subbasin level.  Brunswick

County falls within two major river basins, and within these two basins three separate subbasins.

The subbasins that fall within Brunswick County are the Cape Fear River Basin (03-06-17) and the

Lumber River Basin (03-07-59 and 03-07-57).  The following provides a summary of water quality

issues within each of the subbasins, as well as how land use in these areas impact the overall water

quality ratings.  Map 13 provides an overview of land use in relation to water quality.

1. Cape Fear River Basin (Subbasin 03-06-17)

This subbasin falls primarily along the southern reaches of the Cape Fear River Basin.  The

area encompassed by the subbasin takes in a small portion of Wilmington, located in New Hanover

County, but is predominantly located within the eastern portion of Brunswick County including the

towns of Leland, Belville, Navassa, Boiling Spring Lakes, and Southport.  Development within this

subbasin has been extremely rapid over the last ten years, and this pace is expected to continue.

Within this subbasin there are several large water-dependent significant natural heritage areas.

These areas have been mapped and are shown on page 5-52.  There are currently 41 NPDES

permitted dischargers in the subbasin.  One of the largest recorded dischargers is located within

Brunswick County (Progress Energy).

The following table provides a summary of all biological assessment sampling sites located

within Brunswick County.  The table provides the 1998 and 2003 bioclassification of each site.

Hood Creek is classified as occurring in the Swamp P region.  Hood Creek can have very low

summer flows, so this stream was sampled for benthic macroinvertebrates in March 1998 and
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February 2003.  Summer flows in 2003 were actually well below normal.  Hood Creek at US74/76

was rated Natural in 1998, but declined to Moderate in 2003.  There was no change in the

dominant species between years; most of the change was due to the loss of rare taxa.  Some of

this decline may have been related to the high flows recorded throughout most of late 2002 and

early 2003.  Lewis Swamp drains a largely forested area, although some residential land use also

occurs in this area.  The stream had a distinct channel downstream of the bridge, but in 2003 there

was a beaver pond in the upstream area.  Below the beaver dam, the swamp had a more braided

channel.  There was an area of relatively swift flow immediately upstream of the bridge.  The

benthic fauna was sampled in the winter and classified with Region P swam stream criteria.

Although there were many between-year changes in the composition of the community, summary

parameters were fairly stable between 1998 and 2003.

Detailed information regarding all three subbasins is provided in the environmental

conditions/water quality section of the plan.  This section begins on page 5-62.  Discussions within

this section include recommendations for improving water quality within the subbasin.

Table 41.
Waterbodies Monitored in Subbasin 03-06-17 in the Cape Fear River Basin, Brunswick County, 1998 and
2003 (Benthic Macroinvertebrate Community Monitoring Sites)

Site # Stream Location 1998 2003

B-2 Hood Creek US 74/76 Natural Moderate

B-4 Lewis Swamp SR 1410 Natural Natural

Source: 2004 Cape Fear River Basinwide Assessment Report.

2. Lumber River Basin (Subbasin 03-07-57)

This subbasin covers the western third of Brunswick County.  The largest town within this

subbasin is Tabor City, which is located in Columbus County.  A portion of Carolina Shores is also

located within this subbasin.  Land use within this subbasin is predominantly forested with higher

concentrations of development within Tabor City, as well as the extraterritorial jurisdiction of

Carolina Shore along US Highway 17.  Development within this subbasin has not been as rapid as

in the eastern and south/central portions of the County, however, the pace of development is

beginning to increase.  There are currently four permitted NPDES dischargers in the subbasin,

however the only municipal discharge is currently Tabor City.  There was one benthic

macroinvertebrate community monitoring site within Brunswick County but it was not rated.
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MAP 13 - LAND USE IN RELATION TO WATER QUALITY
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3. Lumber River Basin (Subbasin 03-07-59)

This subbasin covers the entire central portion of Brunswick County.  The entire subbasin

is located within Brunswick County, and all waters within the subbasin flow to the Atlantic Ocean.

The largest municipality within the subbasin is Shallotte, as well as the beach communities located

to the south.  Growth within the southern portion of this subbasin has been significant, and this

trend is expected to continue as more high to moderate density subdivisions are platted and

developed south of the US Highway 17 corridor.  There are currently three NPDES wastewater

discharge permits within the subbasin.  Please refer to the environmental conditions/water quality

discussion of the plan for a detailed discussion of impaired waters and recommendations for

improving water quality with in this subbasin.  The following provides a summary of the waterbody

monitoring sites for Subbasin 03-07-59.

Table 42.
Waterbodies Monitored in Subbasin 03-07-59 in the Lumber River Basin, Brunswick County, 1996 and
2001 (Benthic Macroinvertebrate Community Monitoring Sites)

Site # Stream Location 1996 2001

B-1 Royal Oak Swamp NC 211 Good-Fair Not Rated

B-2 Shallotte River Near US 17 Good-Fair Fair

Source: 2002 Lumber River Basinwide Assessment Report.

Royal Oak Swamp drains a watershed that is mostly forested with no municipalities and no

NPDES facilities.  At NC 211, the site is seven meters wide with a substrate composed largely of

muck and woody debris.  The riparian area is completely forested and excellent instream habitat

included abundant snags and logs and emergency macrophytes.  The swamp has periods of flow

interruption during summer months, therefore, this stream was evaluated using swamp methods

during the winter.  This site is intermediate between a Coastal A (permanent) stream and a swamp

stream.  During a relatively wet summer, this stream will have good flow, but a lack of flow has

been observed during summer droughts.

The Shallotte River is located in an area where the stream is braided and shallow with good

flow.  A large city park, located just upstream has eliminated most of the riparian area on that side.

Substrate was mostly sand with a layer of detritus.  Woody debris was abundant, while root mats

and macrophytes were absent.  The water was turbid and there was evidence of a recent high-flow

event.
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4. Total Maximum Daily Load (TMDL)

The Environmental Protection Agency (EPA) requires, as a result of the Clean Water Act,

states to develop a list of all waters not meeting uses or where standards are violated (Section

303(d) list) and to develop TMDLs or management plans that can guide the restoration of those

water bodies.  The Modeling/TMDL unit within the North Carolina Division of Water Quality (DWQ)

develops the 303(d) list and the TMDLs for North Carolina.  

The DWQ reports that a TMDL is a calculation of the maximum amount of a pollutant, point

and nonpoint sources, that a waterbody can receive and still meet water quality standards, and an

allocation of that amount to the pollutant’s sources.  Water quality standards are set by the state

that identify the uses for each waterbody.  In 2002 the Modeling/TMDL Unit set a goal to develop

TMDLs for all impaired waterbodies within 10 years of their first placement on the state’s 303(d)

list.  

Implementation plans are the basis for initiating local, regional, and state actions that

reduce pollutant loads to levels established in TMDLs.  Implementation may affect land use in areas

with waterbodies on the state’s 303(d) list.  This could include establishing more stringent storm

water requirements, revising building setback lines, and/or increasing buffer requirements.

C. Brunsw ick County Land Use

The existing land use in Brunswick County was mapped by aerial photographs, windshield

surveys, and Geographical Information System (GIS) data provided by Brunswick County.  The

existing land use is depicted on Map 14, and land use for participating municipalities is shown on

Maps 15 through 19.

Tables 43, 44, 45, and 46 provide approximate land use acreage summaries for the entire

County and individually for subbasins 03-06-17 (Cape Fear River Basin) and 03-07-57 and 03-07-59

(Lumber River Basin).  Brunswick County has a land coverage of 484,449 acres or 756.9 square

miles.  The majority of the County is located in subbasin 03-07-59 of the Lumber River Basin, which

is located entirely within the County.  Within the entire County the majority of the land, 80.2%, is

utilized as vacant.  The second largest land use in Brunswick County is residential/agricultural,

which in the County as a whole includes 73,815.05 acres, or 15.4% of the County.  However, it

should be noted that this includes the Green Swamp area.



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 5, Page 86

MAP 14 - BRUNSWICK COUNTY EX. LAND USE
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MAP 15 - MUNICIPALITY
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MAP 16 - MUNICIPALITY
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MAP 17 - MUNICIPALITY
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MAP 18 - MUNICIPALITY
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MAP 19 - MUNICIPALITY
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Table 43.
Brunswick County Total Acreage, 2005
(Includes unincorporated areas of the County and all municipalities participating in the plan)

Land Use Parcels Acres % of Total

Commercial 221 752.90 0.16%

Industrial 140 1,682.12 0.35%

Multi-Family Residential* 208 156.95 0.03%

Mobile Home 33 165.60 0.03%

Office & Institutional 190 2,569.94 0.53%

Residential/Agricultural** 3,596 98,201.57 20.27%

Recreation 29 1,368.89 0.28%

Single-Family Residential*** 16,174 9,626.78 1.99%

Vacant 51,219 369,288.62 76.23%

Water 46 635.93 0.13%

Total 71,856 484,449.32 100.00%

*There is no assumption of density.  This category includes parcels where there are more than one dwelling unit per
parcel.
**Low density residential includes areas where residential density is primarily 1.5 acres per dwelling unit or greater.
***Residential includes areas where residential density is primarily less than 1.5 acres per dwelling unit. 

Source: Holland Consulting Planners, Inc and Brunswick County GIS.

Table 44.
Brunswick County Acreage – Subbasin 03-06-17

Land Use Parcels Acres % of Total

Commercial 96 445.99 0.22%

Industrial 75 742.35 0.36%

Multi-Family Residential* 38 35.73 0.02%

Mobile Home 8 80.54 0.04%

Office & Institutional 83 1,117.10 0.54%

Residential/Agricultural** 1,406 46,021.51 22.40%

Recreation 21 872.24 0.42%

Single-Family Residential*** 5,297 3,280.27 1.60%

Vacant 16,711 152,194.57 74.09%

Water 46 635.93 0.31%

Total 23,781 205,426.22 100.00%

*There is no assumption of density.  This category includes parcels where there are more than one dwelling unit per
parcel.
**Low density residential includes areas where residential density is primarily 1.5 acres per dwelling unit or greater.
***Residential includes areas where residential density is primarily less than 1.5 acres per dwelling unit.
NOTE: Figures include unincorporated areas of the County and the participating municipalities.
Source: Holland Consulting Planners, Inc and Brunswick County GIS.
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Table 45.
Brunswick County Acreage – Subbasin 03-07-57

Land Use Parcels Acres % of Total

Commercial 15 136.59 0.09%

Industrial 18 87.02 0.06%

Multi-Family Residential* 61 71.26 0.05%

Mobile Home 4 13.13 0.01%

Office & Institutional 20 352.26 0.24%

Residential/Agricultural** 817 36,568.50 24.57%

Recreation 7 335.69 0.23%

Single-Family Residential*** 2,995 2,406.07 1.62%

Vacant 5,512 108,860.50 73.14%

Total 9,449 148,831.02 100.0%

*There is no assumption of density.  This category includes parcels where there are more than one dwelling unit per
parcel.
**Low density residential includes areas where residential density is primarily 1.5 acres per dwelling unit or greater.
***Residential includes areas where residential density is primarily less than 1.5 acres per dwelling unit. 
NOTE: Figures include unincorporated areas of the County and the participating municipalities.
Source: Holland Consulting Planners, Inc and Brunswick County GIS.

Table 46.
Brunswick County Acreage – Subbasin 03-07-59

Land Use Parcels Acres % of Total

Commercial 111 170.32 0.13%

Industrial 47 852.76 0.66%

Multi-Family Residential* 109 49.96 0.04%

Mobile Home 21 71.93 0.06%

Office & Institutional 91 3,340.19 2.60%

Residential/Agricultural** 1,381 14,959.51 11.64%

Recreation 5 160.96 0.13%

Single-Family Residential*** 7,936 3,939.87 3.06%

Vacant 29,157 105,023.63 81.69%

Total 38,858 128,569.13 100.00%

*There is no assumption of density.  This category includes parcels where there are more than one dwelling unit per
parcel.
**Low density residential includes areas where residential density is primarily 1.5 acres per dwelling unit or greater.
***Residential includes areas where residential density is primarily less than 1.5 acres per dwelling unit. 
NOTE: Figures include unincorporated areas of the County and the participating municipalities.
Source: Holland Consulting Planners, Inc and Brunswick County GIS.
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1. Summary of Land Use Conditions

The following summarizes the existing land use conditions in Brunswick County:

• The County is predominantly vacant.

• While the County is predominantly vacant, it is one of the fastest growing counties

in the state.

• Growth is occurring along the corridors of better suited lands which are located

along the US 17, NC 87, NC 133, and NC 211 corridors.  The US 17 corridor is

developing as a major commercial corridor.

• Commercial and industrial development currently occupy very small percentages of

total developed land in Brunswick County.

• All of the participating municipalities in this plan are predominantly residential.

• Agricultural land use continues to be a significant land use in Brunswick County.

2. Land Use Compatibility Issues

There are several land use compatibility problems within Brunswick County.  This is

primarily due to the abundance of environmentally sensitive areas that exist throughout the

County. The following provides a summary of the problems that exist:

• Platting and development of subdivisions on unsuitable soils and construction in

floodplain areas.

• Portions of the County that are highly suitable for development, such as land

immediately adjacent to US Highway 17, are bordered by large portions of land

unsuitable for development.  This may constrain development in these areas,

especially along major corridors.

• There is a heavy reliance on private septic tanks for wastewater treatment

throughout the County.  Soils throughout the County are considered poor for use

with these systems, but at this time the county’s central sewer system only serves

approximately 17% of all residential units in the County.
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• As discussed on page 5-38 of the plan, approximately 14% of Brunswick County’s

total land area is comprised of soils classified as prime farmland.  According to the

NC Department of Agriculture, 55% of the county’s agricultural production is made

up of crop production.  With development continuing at a rapid pace throughout the

County, residential subdivisions have begun to infringe on land traditionally utilized

for farming activities.  This issue will be addressed further in the Future Land Use

and Policy Statements sections of the plan.

• Strip commercial development is beginning to take place along major corridors,

including US Highway 17, NC 211, and NC 87.  This development appears to be

taking place at key intersections, and may begin to infringe on residential areas if

not controlled.  This problem has been addressed through the adoption of a

highway overlay zone in the County’s zoning ordinance.

• The proximity of Sunny Point, Progress Energy, and the proposed International Port

to urbanized areas is a significant land use conflict.  The county’s emergency

response personnel should monitor this closely and maintain up to date evacuation

routes and procedures. 

• There is a threat within Brunswick County that future growth will infringe upon

Significant Natural Heritage Areas, or other environmentally sensitive portions of the

County.  These areas are widespread in Brunswick County, and have been discussed

in the natural systems analysis of the plan.  Protection of these areas in a time of

such substantial development pressure is imperative.

The most significant constraint to development throughout Brunswick County is the lack of

a County-wide central sewer system.  Brunswick County is one of the fastest growing counties in

the nation, but until sewer service is more extensive growth will remain constrained to portions of

the County that either will support private septic tank systems, or that currently are served by the

county’s existing system.  The County sewer system is discussed in more detail in the Community

Facilities section of the plan.

There are several portions of the County that are expected to experience substantial land

use changes over the next ten to fifteen years.  Development is expected to increase along the US

Highway 17 corridor.  Residential development between the Brunswick County line and Carolina

Shores is expected to continue.  Land prices are more affordable in this area, compared with the

coastal areas of the County.  This will allow for the construction of more moderately priced housing

developments.  As these subdivisions are constructed, infill commercial development will take place

to support the growing population in these rural areas.  Development along this corridor should

be monitored to ensure that proper land use patterns develop and that the increased growth does

not result in significant land use conflicts.
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The most rapidly developing portion of the County is located south of US Highway 17

between the municipalities of Carolina Shores and Bolivia.  There are several large golf course

communities and planned residential developments located in this portion of the County.

Development of this type is especially rapid between Shallotte and the South Carolina state line

where the County has experienced development pressure stemming from the Myrtle Beach/Grand

Strand Area.  Large development companies have already targeted this region south of Highway

17 for the development of additional large scale mixed use subdivisions.  These developers are

awaiting the point when the county’s infrastructure development catches up with the current rate

of growth.

The third area within the County that has experienced significant growth is the area

surrounding the towns of Southport, Oak Island, and Boiling Spring Lakes.  Residential and

commercial development surrounding these towns continues to increase.  Existing municipal and

County infrastructure serves portions of this area, which makes development much more feasible

at this time.  This portion of the County has a variety of commercial establishments, as well as

medical services, making it a more desirable location for retirees and the elderly population.

There are a couple of projects in the planning stages that could have a significant impact

on land use within Brunswick County.  The Cape Fear Skyway is a new 9.5 mile roadway that

provides access to the County from US Highway 421 in New Hanover County to US Highway 17

Bypass in Brunswick County.  The  project includes a bridge over the ocean-shipping channel in the

estuarial channel of the Cape Fear River.  The estimated cost of the project is between $425 million

and $905 million.  The road will be constructed and operated by the North Carolina Turnpike

Authority and as such will be a toll road.  The Cape Fear Skyway project timeline is outlined below.

Table 47.
Cape Fear Skyway Project Timeline

• Financial Feasability Study Winter 2007
• Draft Environmental Report Summer 2008
• Final Environmental Report Spring 2009
• Award Construction Contract Fall 2009
• Project Open To Traffic 2015

Source: NC Turnpike Authority.

Another project that, if developed, could have a significant impact on Brunswick County

land use is the International Port that could be located just north of Southport on the Cape Fear

River.  According to a March 15, 2007, report in the Star News, the $1 billion new port would be

funded by the North Carolina Ports Authority with contributions from state, federal, and private

sources and have the first phase open by 2016.  
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It is expected that the new port will attract new businesses and industries to the area and,

as a result, create new jobs.  Land use in that area is likely to transition from vacant to developed.

Development could include new businesses and industries as well as residential developments to

accommodate a population increase resulting from the new jobs.  The development in the area will

take a toll on the current transportation system.  Therefore, studies will need to be completed to

determine the traffic generated by the proposed port and how to plan for the increased traffic in

the area.  

The North Carolina Division of Waste Management’s Superfund Section investigates

uncontrolled and unregulated hazardous waste sites by identifying risks, prioritizing them for clean

up, and directing cleanup.  The Section urges developers to examine site maps to locate the

proximity of CERCLIS (Comprehensive Environmental Response, Compensation, and Liability

Information System) or hazardous waste sites identified in the County.  There are 18 hazardous

waste site in Brunswick County.  Eleven sites have been removed from the CERCLIS list, but could

still be listed on the NC Inactive Hazardous Sites Branch Inventory.  Those sites include:  

• Carolina Power and Light Brunswick Steam Electric Plant Site (NCD 091 570 960)

• Pfizer Inc. Site (NCD 075 578 385)

• Archer Daniels Midland PCB Spill Site (NCD 986 215 671)

• Brunswick County Landfill Site (NCD 980 502 835)

• Dupont E.I. De Nemours & Company Site (NCD 047 369 046)

• General Wood Preserving Company Site (NCD 093 137 636) - NC Brownfields Program*

• National Starch & Chemical Company Site (NCD 091 572 073)

• Holding Pond For Waste Site (NCD 045 920 279)

• Chemical Cartage Company Site (NCD 000 183 103)

• NC DOT Maintenance Yard PCB Site (NCD 982 119 612)

• Royster Fertilizer Site (NCD 000 407 775)

The seven (7) sites that are still included on the CERCLIS list are:

• Carolina Creosoting Corporation Site (NCD 003 184 710) - NC Brownfields Program*

• Estech General Chemical Corp. Site (NCD 051 827 905)

• US DOD Military Ocean Terminal Site (NCD 210 020 541)

• Kerr-McGee Chemical Corporation Site (NCD 980 557 805)

• Potter’s Septic Tank Service Pits Site (NCD 981 023 260)

• Mulberry Road Site NCS FN0 406 896)

• Wilmington Branch Site (NCD 001 704 980)

*The North Carolina Brownfields Program is a reuse program for contaminated sites.  Under this

program, developers negotiate an agreement that defines activities for the reuse of a contaminated

site, but is not treated the same as the party responsible for contaminating the site.  The party

responsible contamination is still responsible for cleanup.  The General Wood Preserving Company

Site was completed.  The Carolina Creosoting Corporation Site is an active project.
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Additionally, the NC Division of Waste Management’s Underground Storage Tank (UST)

Section has the following recommendations for new developments:

• Remove any abandoned or out-of-use USTs.  The UST Section should be notified

of any USTs to be permanently closed or installed.  

• Any UST installed within 500' of a public water supply well or within 500' of any

surface water classified as HQW, ORW, WS-I, WS-II, or SA must be secondarily

contained.

• Any releases from USTs must be reported to the local UST section.

• Any soils excavated during demolition or construction that show evidence of

chemical or petroleum contamination, such as stained soil, odors, or free product

must be reported immediately to the local Fire Marshall to determine whether

explosion or inhalation hazards exist.  Contaminated soils must be properly disposed

and the final disposition of soils must be reported to the local UST section.

• Any above ground fuel tanks must be installed and maintained in accordance with

applicable local, state, and federal regulations.  

• Any chemical or petroleum spills to the land surface or “waters of the state” must

be contained and the area of impact properly restored.  Spills of significant quantity

must be reported to the NC Division of Water Quality.
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3. Historic and Archeological Sites

The North Carolina Department of Cultural Resources, Division of Archives and History, has

indicated that there are 5 known sites listed on the National Register of Historic Places  within the

Brunswick County planning area. The old Brunswick County Courthouse is located within the City

of Southport, which is a non-participating jurisdiction.  Information on all archaeological locations

is restricted and may not be included in any public document or made available to any individual

without the permission of the state archaeologist.  Any development projects should be

implemented under appropriate historic preservation legislation and in coordination with the

Division of Archives and History to avoid damage to valuable archaeological resources.   Below is

a list of those sites and their general location:

Site Location

Brunswick County Courthouse Southport, NC

Brunswick Town Historic District Located off NC 133

Orton Plantation On the Cape Fear River (juncture of SR 1530 and SR 1529)

St. Philips Church Ruins South of Orton off SR 1533

T.B. McClintic Tripps Marina, Shallotte Point

Also of historic significance are Fort Johnston, Fort Caswell, and the Bald Head Island

Lighthouse.

4. Existing Land Use in Participating Municipalities

Table 48 provides a summary of land uses within each of the five municipalities participating

in Brunswick County’s planning process: Carolina Shores, Belville, Boiling Spring Lakes, St James,

and Northwest.  Developed land use within each of the municipalities is predominantly single-family

residential.  Non-residential land uses within each of these towns is comprised almost entirely of

small retail commercial establishments, schools, and office and institutional uses.  

The two most rapidly developing areas are Carolina Shores and St. James.  St. James,

although a gated community, is one of the fastest growing planned residential developments in the

nation.  Carolina Shores is the only municipality that currently has an extraterritorial planning

jurisdiction.  The ETJ of Carolina Shores extends north of town to encompass properties located

north of US Highway 17.  Maps 15 through 19 provide a detailed view of land uses within each of

the participating municipalities.
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++Definitions of land use for Table 48:

(COM) Commercial – includes all retail uses except those relating to farm operations or other

agricultural areas.

(IND) Industrial – includes all manufacturing, construction, contracting, transportation, utilities

wholesaling, mining, and warehousing operations.

(MFR) Multi-Family Residential – includes all tax parcels where there is a presence of three or

more dwelling units on a single lot.  Under this land use category, there is no assumption

of density.

(MH) Mobile Home – includes parcels on which mobile homes are located.

(O&I) Office & Institutional – includes all private, federal, state, County, and local government

offices.  This land use category also includes churches, cemeteries, hospitals, charitable

organizations, and other civic or religious facilities.

(REC) Recreational – includes lands for which the primary purpose is for outdoor recreation or

natural area conservation.  This may include public or private-owned parks, outdoor

sporting clubs, golf courses, marinas, campgrounds, or areas for which the primary purpose

is preservation and conservation of undeveloped natural areas.

(RA) Residential Agricultural – this category was developed to address large parcels of land that

have both residential and agricultural uses.  There are a substantial number of homes in

the County located on large parcels that accommodate both farming activities and a

primary residence.  Development in these areas is considered to be low density and

includes areas where the development density is 1.5 acres per dwelling unit or greater.

(SFR) Single-Family Residential – includes all lots that have less than 1.5 acres per dwelling unit,

and support single-family residential structures.

Vacant – includes parcels where no development has taken place.  These are parcels that are

undisturbed and do not have development constraints or conservation easements tied to them.

Water – This category accounts for interior portions of the County that are covered by permanent

waterbodies.

(ROW) Right-of-Way – includes all street and roadways that have been included in the land use

survey.
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D. EXISTING LAND SUITABILITY ANALYSIS

A thorough analysis of all impediments to development, as well as existing community

facilities, has been completed in the preceding sections.  All of these variables factor into suitability

for development for a specific piece of property.  In order to assess what effect the various man-

made and environmental constraints will have on development throughout Brunswick County, an

overlay analysis was performed.  This overlay analysis is a GIS-based process geared toward

evaluating the suitability of land for development.  The procedure is very similar to the practice

developed by Ian McHarg, in which geospatial data layers are referenced to each other in an effort

to determine what portions of a land mass appear to be the most favorable sites for a specific land

use.

The overall process utilized Arcview GIS software with the Spatial Analyst extension along

with data layers provided by the North Carolina Center for Geographic Information and Analysis

(NCGIA).  The analysis takes into consideration a number of factors, including natural systems

constraints, compatibility with existing land uses and development patterns, existing land use

policies, and the availability of community facilities.  The end product of this analysis is a land

suitability map that shows underutilized land that is suited or not suited for development (see Map

20).  This map can be used as a foundation for the discussion and formation of county-wide land

use policy and should be compared to the future land use map (Map 26, page 6-75). 

Land suitability analysis involves the application of criteria to the landscape to assess where

land is most and least suitable for development of structures and infrastructure.  A computer

application is not essential for this analysis, but greatly simplifies the process.  There are eight key

steps to completing the overlay analysis:

(1) Define criteria for the analysis

(2) Define data needed

(3) Determine what GIS analysis operations should be performed

(4) Prepare the data

(5) Create a model

(6) Run the model

(7) Analyze results

(8) Refine model as needed

All of these steps have been completed and, as noted above, the end product is displayed

on Map 20.  There were no additions or adjustments to the default layer sets and weighting factors

provided by the Division of Coastal Management to the County for the existing land suitability

analysis map.  
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MAP 20 -LAND SUITABILITY
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Prior to producing the map, data was compiled and each data layer in conjunction with

criteria was assigned a weight.  The County was then divided into one-acre squares.  Each of these

one-acre squares of land was given a score based on how that respective piece of property related

to each data layer.  The score for each data layer was multiplied against that given layer’s weight.

The scores for each layer were added together to determine a suitability rating for that one-acre

square of property.  The suitability rating falls into four primary categories: least suitable, low

suitability, medium suitability, and high suitability.

The following table summarizes all data layers used, including the criteria and weight

assigned to each layer.

Table 49.
Land Suitability Analysis Criteria 

Criteria and Rating

Layer Name
Least

Suitable
Low

Suitability
Medium

Suitability
High

Suitability
Assigned
Weight

0 -2 1 +2

Coastal Wetlands Exclusion* Inside -- Outside --

Exceptional & Substantial Non-
Coastal Wetlands

Exclusion* Inside -- Outside --

Estuarine Waters Exclusion* Inside -- Outside --

Protected Lands Exclusion* Inside -- Outside --

Storm Surge Areas Weighted -- Inside -- Outside 2

Soils (Septic Limitations) Weighted -- Severe Moderate Slight 2

Flood Zones Weighted -- Inside -- Outside 2

HQW/ORW Watersheds Weighted -- Inside -- Outside 1

Natural Heritage Areas Weighted -- <500' -- >500' 1

Hazardous Substance Disposal
Sites

Weighted -- <500' -- >500' 1

NPDES Sites Weighted -- <500' -- >500' 1

Wastewater Treatment Plants Weighted -- <500' -- >500' 1

Discharge Points Weighted -- <500' -- >500' 1

Land Application Sites Weighted -- <500' -- >500' 1

Developed Land Weighted -- >1 mi .5 - 1 mi <.5 mi 1

Roads Weighted -- >1 mi .5 - 1 mi <.5 mi 2

Water Pipes Weighted -- >.5 mi .25 - .5 mi <.25 mi 3

Sewer Pipes Weighted -- >.5 mi .25 - .5 mi <.25 mi 3

*Data layers that are slated as exclusion have a suitability of 0 or 1, meaning that if a specific one-acre piece of property
falls within one of these areas, it is automatically considered least suitable for development.

Source: NCGIA and CAMA.
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Overall, land in Brunswick County is predominantly unsuitable for development.  Table 50

provides a summary of land suitability acreage based on the results of the overlay analysis.  The

majority of the land within the County determined to have a high suitability rating is located along

the US Highway 17 corridor.  A large percentage of the land cover within Brunswick County is

comprised of wetlands, a large portion of which is within the Green Swamp.  Thus, large portions

of the County are automatically considered unsuitable for development regardless of how these

areas relate to the rest of the factors in consideration.  Existing developed areas have not been

excluded.

Table 50.
Brunswick County Acreage

Suitability Acreage % of Total

Least Suitable 284,907 54.6%

Low Suitability 131,959 25.3%

Medium Suitability 74,497 14.3%

High Suitability 30,354 5.8%

Total 521,717 100.0%

NOTE: Figures include unincorporated areas of the County and the participating municipalities.
Source: CAMA and Holland Consulting Planners, Inc.

IV. ANALYSIS OF EXISTING COMMUNITY FACILITIES/SERVICES

Map 21 provides the location of the following Brunswick County community facilities:  health

care facilities, emergency medical service stations, the Brunswick County government complex, fire

departments, public schools, and park locations.

A. Transportation

US Highways 17 and 74/76 and NC Highways 87, 130, 133, 179, 211, and 904  are the

major routes in Brunswick County.  US Highways 17 and 74/76 enter Brunswick County on the east

side at the New Hanover County border.  US Highway 17 is four lanes to facilitate volumes of traffic

heading southwest towards the North Carolina/South Carolina state line.  US Highway 74/76 is also

four lanes and runs west to the Columbus County boundary.  NC Highways 87 and 211 enter the

County from Columbus County and head south towards Southport.  NC Highway 133 runs south

from US Highway 17/74/76 to Southport.  NC Highways 130 and 904 run south from Columbus

County on the western side of the County.  NC 179 runs west from Shallotte to the North

Carolina/South Carolina state line.  These highway corridors coincide with the areas of high

suitability for development as depicted on the Brunswick County Land Suitability Map.  
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MAP 21 - COMMUNITY FACILITIES
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According to the North Carolina Department of Transportation (NCDOT), there are

approximately 3,077 miles of roadway located within Brunswick County.  NCDOT (2003) data

reports that the highest annual average daily traffic counts (AADT) occur along US Highways 74/76

and 17 and on NC Highway 211 near Southport.  The AADT counts have increased as much as

18.8% in some of these areas since 2002.    

According to the NCDOT Division 3 2006-2012 Transportation Improvement Program (TIP),

there are eight (8) road projects scheduled for development.  The TIP also lists nine (9) bridge

replacements in the County.  These bridge replacements include improvements to the Oak Island

Bridge and connector road.  These improvements will be discussed in detail in the Future Demands

section of this plan.  Map 22 depicts the NCDOT 2003 AADT counts along the highways with the

highest traffic volumes in Brunswick County, as well as the road projects and bridge replacements

identified on the TIP.

As mentioned previously, between 2000 and 2005, Brunswick County was the fourth fastest

growing county in North Carolina.  The significant population growth translates into significant land

development.  The County is concerned about inadequate roads to accommodate this growth.  It

is critical that the County work with the state to plan for road improvements, the proper size and

location of future roads, and funding options.

B. Health Care

Brunswick Community Hospital, located in the heart of the County, has been providing

medical care to residents since 1977 and is accredited by the Joint Commission on Accreditation

of Healthcare Organizations.  The hospital is staffed with over 96 physicians and specialists.  The

hospital offers a variety of medical and surgical services from general surgery to cardiology.

Following are some of the services provided at the facility.  This is not a comprehensive list of

services at the hospital.  

Birthing

Cardiac Rehab

Diagnostic Imaging

Endoscopy/Special Procedures

Immunology

Inpatient Surgery

Intensive Care

Laboratory Services

Mammography

MRI

Neurosurgery

Nuclear Medicine

Obstetrics/Gynecology

Ophthalmology

Orthopedics

Outpatient Diagnostic Services

Outpatient Surgery

Pediatrics

Physical Therapy

Plastic/Reconstructive

Radiology

Respiratory Therapy Services

Speech Therapy
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MAP 22 - DOT MAP
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J. Arthur Dosher Memorial Hospital, founded in 1930, provides comprehensive medical care

to residents of Southport and the Smithville Township.  The hospital is owned by the Smithville

Township taxpayers and is managed by an elected seven member Board of Trustees.  Dosher

Memorial Hospital and the Skilled Nursing Center are both accredited by the Joint Commission on

Accreditation of Healthcare Organizations.  The laboratory and Cardiopulmonary Service are

accredited by the College of American Pathologists.  The Diagnostic Imaging Department is

accredited by the American College of Radiology in Mammography and the hospital has been

certified in Mammography by the Food and Drug Administration.  The hospital is licensed for 36

acute care beds and 64 nursing center beds and has a staff of 300.  Following are services provided

at the facility:

• Acute Nursing Care

• Cardiopulmonary and Respiratory Therapy

• Diagnostic Imaging

• Emergency Services

• Lab Services

• Nutritional Counseling

• Skilled Nursing Center

• Social Services

• Therapy Services (Speech, Physical, and Occupational)

• OR Procedures and Surgeries (General, Gynecology, Ophthalmology, Orthopedic,

Otolaryngology, and Urology)  

• Cardiac Rehabilitation - Coming 2005

Brunswick County also has emergency medical care facilities, assisted living facilities, and

home health care facilities throughout the County.  Following is a list of those facilities.

Emergency Care
• Shallotte Medical Center

• Seaside Medical Center

• Holden Beach Medical Center

• Bolivia Medical Center

• Leland Medical Center

• Brunswick Adult Medical Clinic (for the uninsured) – Supply

• New Hope Clinic (for the uninsured) – Southport

• Shallotte Urgent Care

• Coastal Immediate and Primary Care – Southport

Assisted Living
• Autumn Care – Shallotte

• Brunswick Cove – Winnabow

• Ocean Trail Convalescent Center – Southport

• Shallotte Assisted Living – Shallotte

Home Health Care
• Liberty Care and Hospice – Shallotte

• Lower Cape Fear Hospice and Life Care Center – Supply
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C. Emergency Medical Services

Emergency Medical Services (EMS) are provided throughout the County from various

locations.  For emergency calls, the County has a response time goal of reaching 90% of calls in

less than 12 minutes.  Currently they reach 60% of calls in less than 12 minutes.  The average

response time is 11 minutes 44 seconds.  For non-emergency calls, the county’s response time goal

is 90% reached in less than 20 minutes.  Currently the County reaches 80% in less than 20

minutes.  The average response time for non-emergency calls is 14 minutes 57 seconds.  Following

is a list of stations and addresses for each EMS Station and Rescue Squad within the County.

Table 51.
Brunswick County EMS Stations and Rescue Squads

Department Name Location

Bolivia 3325 Old Ocean Hwy, SE – Bolivia

Base 1/Medic 11 - Holden Beach 1044 Sabbath Home Road – Holden Beach

Base 2/Medic 12 - Leland 8605 Trade Street, NE – Leland

Base 3/Medic 13 - South Brunswick 7061 Old Georgetown Road, SW – South
Brunswick

Base 4/Medic 14 - Southport/St. James 4280 Committee Drive, SE – Southport

Base 5/Medic 15 - Boiling Spring Lake 3053 George II Highway – Boiling Spring
Lakes

Base 6/Medic 16 - Waccamaw/Calabash #5 School Road, NW – Calabash

Base 7/Medic 17 - Oak Island 101 Oak Island Drive – Oak Island

Bald Head Island Fire/Rescue 251 Edward Teach Wynd – Bald Head Island

Calabash Volunteer EMS 9031 Beach Drive, SW – Calabash

Coastline Volunteer Rescue Squad 3027 Holden Beach Road – Supply

Leland Volunteer Fire/Rescue 1004 Village Road – Leland

Oak Island EMS 4601 East Drive – Oak Island

Shallotte Rescue Squad 131 Smith Avenue – Shallotte

Southport Rescue Squad 107 East Nash Street – Southport

Towncreek Rescue Squad PO Box 144 – Winnabow

Waccamaw Volunteer Rescue Squad 4045 Whiteville Road – Ash

Sunny Point Fire/Rescue 597  US Army Transportation Groupth

Sunny Point MOT – Southport

Source: Brunswick County Emergency Medical Services Department.
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D. Law  Enforcement

Law enforcement is provided to the County by the Brunswick County Sheriff’s Department.

The department is located in Building J at the Brunswick County Government Complex.  There are

91 full-time deputies, 15 part-time/auxiliary deputies, 25 employees at the Detention Center, and

seven office employees.  The department operates 13 units: Uniform Patrol, Criminal

Investigations, Narcotic Investigations, School Resource Officers, D.A.R.E., Crime Prevention, K-9,

Swat, Water Search and Rescue, Major Crimes, Investigations, Transportation, and Community

Policing.  The Brunswick County jail is located at the Government Center in Bolivia and holds 198

beds.  The Brunswick County 911 Call Center receives and dispatches emergency personnel for the

entire County.   

E. Fire Services

Brunswick County residents receive fire protection from 23 fire departments.  Some

departments have more than one station, but they are considered to be under one department.

Each fire department is under contract with the County for automatic mutual aide and mutual aide.

Automatic mutual aide sends multiple departments to a fire call.  Mutual aide occurs when the fire

departments that respond to a call ask for additional assistance by other departments.  Table 52

provides a list of those departments (and substation(s), if applicable), their location, and their ISO

ratings.  

The Insurance Services Office (ISO) of North Carolina has a grading schedule for rural and

municipal fire protection.  Individual communities are surveyed every nine to ten years, and the

grading process used considers the following: water supply 39%, fire department 39%, fire

communications 9%, and fire safety control 13%.  A rating of 1 is the best possible, with the

lowest rating of 10 being assigned to areas with essentially no protection.  The ratings have a

financial impact on property owners because fire insurance premiums depend on the grade or class

assigned by the ISO.  The first number (and in some cases, the only number) in the sequence

represents the rating if a structure is within 1,000 feet of a fire hydrant.  The second number in

the sequence represents the rating if a structure is beyond 1,000 feet of a fire hydrant.  A 9S

sequence is a five-mile rating, which means that the department can carry 1,500 gallons of water

on wheels, has 20 personnel, and meets certain minimum equipment requirements.
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Table 52.
Brunswick County Fire Departments

Department Name - Station No.
(Stations) Location ISO Rating

Bald Head Island - 32
(1 main, 1 substation)

251 Edward Teach Wynd
Bald Head Island

6

Boiling Spring Lakes - 4
(1 main, 2 substations)

3059 SE George II Highway
Boiling Spring Lakes

4/9S

Bolivia - 7
(1 main)

119 Green Lewis Road SE
Bolivia

8/9S

Calabash - 12
(1 main, 1 substation)

892 Persimmon Road SW
Calabash

5/9S

Civietown
(1 main)

2227 Civietown Road 
Shallotte

8/9S

Grissettown/Longwood - 31
(1 main)

758 Longwood Road
Ocean Isle Beach

5/9S

Leland - 5
(1 main, in process of developing 2 substations

1004 Village Road
Leland 

7/9S

Navassa - 19
(1 main)

336 N. Main Street
Navassa

9S

Northwest - 33
(1 main)

5029 Blue Banks Loop Road
Leland

9S

Oak Island - 1 *
(1 main, 1 substation)

4601 E. Oak Island Drive
Long Beach

5

Ocean Isle Beach - 14
(1 main)

105 Causeway Drive
Ocean Isle Beach

4/9S

Shallotte - 15
(1 main, 1 substation under construction)

113 Wall Street
Shallotte

6/9S

Shallotte Point - 17
(1 main)

4126 Pigott Road SW
Shallotte

6/9S

St. James - 37
(1 main)

3628 St. James Drive SE
Southport

5/9S

Southport - 3
(1 main, 1 substation)

107 E. Nash Street
Southport

4/9S

Sunset Harbor/Zion Hill
(1 main)

2706 Sunset Harbor Road SE
Bolivia

5/9S

Sunset Beach - 11
(1 main under construction)

102 Shoreline Drive W
Sunset Beach

5/9S

Supply - 13
(1 main)

47 Southport-Supply Road
Supply

9S

Tri-Beach - 8
(1 main, 1 substation in design)

854 Sabbath Home Road
Supply

5/9S

Waccamaw - 28
(1 main)

4045 Whiteville Road
Ash

9S

Winnabow - 6
(1 main)

161 Governors Road SE
Winnabow

9S

Yaupon Beach - 2 *
(1 main, 1 substation)

518 Yaupon Drive
Oak Island

5/9S

Sunny Point 
(1 main, 1 substation)

Sunny Point Military Ocean
Terminal

Federal 
(no ISO rating)

*The ISO ratings for Oak Island and Yaupon Beach are based on the facilities combined.
Source: Brunswick County Emergency Management/Fire Marshal Division.
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F. Administration

The Brunswick County Administration Office is located at the Brunswick County Government

Complex at 45 Courthouse Drive NE, Bolivia.  The County operates under a Board of

Commissioners-Manager form of government and has 699 budgeted positions.  The following table

provides a summary of the  governmental departments and the number of employees in each.

Table 53.
Brunswick County Administration

Department # of employees Department # of employees

Governing Body 2 Detention Center 34

Administration 7 Emergency Management 3

Finance 9 Emergency Medical Services 51

Tax Administration 18 Building Inspections 9

Revenue 11 Emergency Communications 21

GIS 8 Solid Waste 8

County Attorney 2 Engineering/Stormwater 1

Cape Fear Sentencing 1 Planning and Community Development 10

Board of Elections 4 Cooperative Extension 12

Register of Deeds 18 Soil and Water 3

MIS 7 Veteran Services 2

Service Center/Transportation 11 Library 20

Engineering 3 Parks & Recreation 20

Operation Services 49 Cafeteria 5

Teen Court 1 Health 93

Sheriff 69 Social Services and Chore 103

Sheriff-High School 10 Wireless 2

Sheriff-Criminal Justice Partnership 1 Revaluation 3

Public Utilities General & Sewer 69

Source: Brunswick County Human Resources

G. Water System

Brunswick County provides potable water service to over 20,000 residential, commercial,

and industrial customers.  The County also provides treated water to 10 cities, towns, and villages,

and to the North Brunswick Sanitary District.  Brunswick County Public Utilities employees operate

two water treatment plants – one 24 mgd surface water treatment plant located near Leland, and

one 6 mgd groundwater lime softening plant located near Southport.  The County owns and

operates a water transmission system that includes seven elevated water storage tanks, a 4-million
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gallon ground storage tank, and 14 booster pump stations.  Brunswick County Public Utilities

employees also operate the Kings Bluff raw water pumping station for the Lower Cape Fear Water

and Sewer Authority.  Map 23 illustrates the locations of the county’s water lines.  Refer to Section

6.I.I and 6.V.E for information regarding future demand and Section 6.V.F.2 for future carrying

capacity information.

North Carolina General Statute [GS 143-355(L)] requires all units of local government that

provide or plan to provide public water supply service to prepare a Local Water Supply Plan and

to update that plan at least every five years.  A local water supply plan is an assessment of a water

system’s current and future water needs and its ability to meet those needs.  Brunswick County’s

Local Water Supply Plan has been undated and is currently under review by the Division of Water

Resources.  The following tables provide summaries of the water use information.  

Table 54.
Brunswick County Water System Average Daily Water Use by Month (MGD)

Month
Average

Daily Usage Month
Average

Daily Usage Month
Average

Daily Usage

January 6.975 May 9.841 September 10.061

February 7.129 June 13.367 October 9.463

March 8.018 July 12.979 November 7.615

April 9.661 August 12.475 December 7.322

Source: Brunswick County Water Supply Plan.

Table 55.
Brunswick County Water System Average Annual Daily Water Use by Type

Type of Use
Average Use

(MGD)

Residential 2.485

Commercial 0

Industrial 3.477

Institutional 0

Sales to Other Systems 3.626

System Process Water 0.096

Subtotal 9.684

Average Annual Daily Water Use 10.091

Unaccounted for Water 0.407

Source: Brunswick County Water Supply Plan.
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H. Sewer System

Brunswick County utilizes pressure sewer and gravity sewer for wastewater treatment and

serves 5,000 customers.  The county-wide collection system currently consists of 53 County owned

sewage pump stations, approximately 39.5 miles of gravity mains and 105 miles of force mains.

There are approximately 41 miles of sewer force mains and 16 miles of wastewater effluent reuse

piping under construction as part of the West Brunswick Water Reclamation Project.  The systems

pipe sizes range from 2" to 24" and are made of Polyvinyl Chloride (PVC), Ductile Iron (DIP), and

Polyethylene (PE).  The following table provides information regarding the county’s nine

Wastewater Treatment Plants.  Map 23 illustrates the location of sewer lines in within the County.

Refer to Section 6.I.J and 6.V.E for information regarding future demand and Section 6.V.F.1 for

future carrying capacity information.

Table 56.
Brunswick County Wastewater Treatment Plants

Facility Description

Northeast Brunswick Regional Water
Reclamation Facility

1.650 MGD
Extended Aeration/Tertiary/BNR
Solids Handling Operation (ATAD)
Conjunctive Use Permit - NPDES (Discharge) 
   and Non-Discharge (golf course- re-use)

West Brunswick Regional Water Reclamation
Facility

3.0 MGD
Extended Aeration/Tertiary/BNR
Solids Handling Operation (ATAD)
Non-Discharge Permit (golf courses and dedicated drip irrigation
facility)

*Brunswick Government Center Wastewater
Treatment Plant

0.024 MGD
Facultative Lagoon/Spray Application
(Non Discharge)

Town Creek Township Park Wastewater
Treatment Plant

0.001 MGD
Sand Filter Package System
NPDES Discharge

*St James Wastewater Treatment Plant 0.600 MGD
Extended Aeration/Tertiary
Spray Irrigation - Non Discharge

*Winding River Wastewater Treatment Plant 0.100 MGD (Permitted for 0.500 MGD)
Extended Aeration/Tertiary
Spray Irrigation - Non Discharge

*Brunswick Community College Wastewater
Treatment Plant

0.030 MGD
Extended Aeration/Tertiary
Spray Irrigation - Non Discharge

Sea Trail Wastewater Treatment Plant 0.200 MGD (Permitted for 0.500 MGD)
Extended Aeration/Tertiary
Spray Irrigation - Non Discharge

Carolina Shores Wastewater Treatment Plant 0.530 MGD (Permitted for 0.830 MGD-reuse only
Extended Aeration/Tertiary
NPDES Discharge

*These plants will gradually be turned into pump stations that will tie into the West Brunswick Regional Water Reclamation
Facility.  After the new facility is on-line, these WWTPs will be dismantled within six months.
Source: Brunswick County Utilities Department.
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MAP 23 – WATER & SEWER LINES
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I . Schools

The Brunswick County School System oversees all public schools providing service to

Brunswick County citizens.  During the 2004-2005 school year, total enrollment in the county’s

public schools was 11,167.  The following table provides a summary of the schools that serve the

county’s school age children.  The school system is currently researching areas for land acquisition

to accommodate the construction of the equivalent of two elementary schools and one middle

school.

Table 57.
Brunswick County Public Schools

School Enrollment  Staff Capacity Recreational Facilities

Belville Elementary Grades PK-5 722 80 624 Gym, 3 play areas, soccer field

Bolivia Elementary Grades PK-5 664 107 781 Gym, outdoor playground equipment,
small outdoor basketball area

*Brunswick Learning Center Grades
6-12

96 39 420 Outdoor recreation area (open field)

Jessie Mae Monroe Elementary
Grades PK-5

442 79 543 Gym, outdoor playground equipment PK-5

Leland Middle Grades 6-8 631 97 789 Gym, tennis courts, outdoor basketball
court

Lincoln Elementary Grades PK-5 664 110 717 Gym, outdoor playground equipment

North Brunswick High Grades 9-12 779 104 717 Gym, track/football field, tennis courts,
softball field, baseball field

Shallotte Middle Grades 6-8 926 113 924 Gym, soccer field, football field, softball
field, softball field, baseball field, and 2
bocci courts

South Brunswick High Grades 9-12 1,050 126 1,075 Gym, auxiliary gym, track, football field,
baseball/softball fields, tennis courts

South Brunswick Middle Grades 6-8 907 102 789 Gym, soccer field, baseball/softball field,
fitness walk

Southport Elementary Grades K-5 594 109 725 Playground, gym

Supply Elementary Grades K-5 638 117 632 Multi-purpose room (gymnatorium), a
field, and 4 playgrounds

Union Elementary Grades K-5 653 108 726 Gym and playground

**Virginia Williamson Elementary
Grades K-5

572 99 590 Basic playgrounds

Waccamaw Elementary Grades K-8 546 88 662 Gym, outdoor basketball & sports court,
multipurpose field (this school is located
adjacent to a County recreation facility)

West Brunswick High School
Grades 9-12

1,283 150 1,270 Gymnasium, football field, practice field,
baseball field, softball field, and track

*Brunswick County Academy will eventually replace Brunswick Learning Center.  Groundbreaking is scheduled for July
2005, and the Academy is scheduled to open August 2006.  The Academy will be located on Old Ocean Highway in Bolivia,
adjacent to Brunswick Community College.  The facility plans call for a multi-purpose room, and baseball and soccer fields.
**This school plans to expand to include additional 3  grade classrooms by August 2006.rd

Source: Information regarding enrollment and recreational facilities for Belville Elementary, Shallotte Middle, South
Brunswick High, South Brunswick Middle, Southport Elementary, Supply Elementary, Union Elementary, Virginia
Williamson Elementary, and West Brunswick High came directly from each school.  The remaining information was
provided by the Brunswick County Director of Facilities and Capital Improvements.
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The Brunswick County School System is participating in The Brunswick Destiny Partnership.

This partnership includes the school system, Brunswick Community College, and UNC-Chapel Hill,

with the goals being to improve science education in the county’s high schools and offer a

biotechnology associate degree at Brunswick Community College.  The partnership expands an

existing program called Destiny.  Destiny is a program offered by UNC-Chapel Hill that utilizes a

bus to provide advanced scientific classes and experiments to high schools.  One of the programs

offered on the bus teaches crime solving using science.

Of special interest is the South Brunswick High School’s Aquaculture Program.  The program

began in 1987 by Instructor Byron Bey and consisted of a ditch on school property.  The

instructor’s dedication, the support of the school system and the community, the enthusiasm of

the students, and a NC Fisheries Resource Grant brought the program to its current level of

excellence.  Today the program has eighteen (18) display aquariums ranging in size from 55 to 200

gallons, six (6) 500-gallon rearing tanks, and four (4) hatching troughs.  The program received the

Best in Show award from 1991 through 2003 and received the 2000 Governor’s Program of

Excellence in Education Award.  

The Aquaculture program provides students the opportunity to experience practical

application as well as textbook training.  While in the third year of the program, students spend

three days a week at the high school doing hands-on tasks and two days a week at Brunswick

Community College studying college level aquaculture.  Students can continue their aquaculture

education at Brunswick Community College, UNC-Wilmington, and NC State University.  The

curriculum at Brunswick Community College prepares individuals for careers in aquaculture and

management of aquatic ecosystems with a practical experience in fish, shellfish, and aquatic plant

production and management.   

Higher education is offered at Brunswick Community College (BCC).  The college is located

at 50 College Road in Supply, and also offers classes at the Leland Center in the Leland Industrial

Park.  The college is a public institution supported by tax dollars.  Originally established as

Brunswick Technical Institute in July 1979, the name was changed later that year to Brunswick

Technical College, and to Brunswick Community College in 1988.

The 2005-2006 Brunswick Community College catalog identifies the mission, goals, and

vision of the college.  Those statements are listed below:

Mission

The mission of Brunswick Community College, a public two-year educational

institution, chartered in 1979 and centrally located in Brunswick County, North

Carolina, is to provide accessible and affordable programs and services that meet

the educational and cultural needs of the community and to provide opportunities

for individuals to be successful.
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The College will:

• Emphasize multicultural experiences

• Encourage lifelong learning

• Enhance economic development locally

• Ensure academic excellence

• Establish positive learning environments

• Foster an awareness of global, economic and cultural trends

Goals

• Procure and allocate essential fiscal and human resources for the College

• Enhance and validate quality and flexible educational programs, learning

environments, and College services

• Encourage productive partnerships and collaboration locally, regionally, and

globally

• Expand and enrich educational services to enhance and validate individual

successes

• Create and nurture a work environment that ensures maximum development

and utilization of the skills and abilities of all employees

Adopted by the Board of Trustees, October 2002

Vision Statement

Brunswick Community College is proud of its past and its ability to remain a close-

knit community that is reflective of the larger community of Brunswick County.  Our

future will be one in which this family environment will be preserved and valued.

Challenged by change and innovation, we will move forward to create a future

responsive to the diverse needs of our students, our employees, and all those we

serve.

The community college operates classes on a semester schedule and offers a variety of

programs that lead to degrees, diplomas, or certificates.  Following is a list of those programs.

Air Conditioning, Heating, and Refrigeration Technology

Aquaculture Technology

Associate Degree Nursing (pending approval of the NC Board of Nursing)

Associate in Arts

Associate in Science

Basic Law Enforcement Training

Business Administration

Business Administration/Electronic Commerce
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+Business Administration/Small Business Entrepreneur

Computer Programming

Cosmetology

Cosmetology Instructor

Early Childhood Education

Early Childhood Education/Administration

+Early Childhood Education/Infant and Toddler

Early Childhood Education/School-Age

Early Childhood Education/Special Education

Early Childhood Education/Teacher Associate

Electronics Engineering Technology

Esthetics Instructor

Esthetics Technology

General Occupational Technology

Health Information Technology

Horticulture Technology

+Horticulture Technology/Landscape Specialty

+Horticulture Technology/Nursery Specialty

Industrial Systems Technology

Information Systems

Information Systems/Network Administration and Support

Internet Technologies

+Manicuring Instructor

+Manicuring/Nail Technology

Nursing Assistant

Office Systems Technology

+Phlebotomy

Practical Nursing

Turfgrass Management and Technology

Welding Technology

+Ineligible for Title IV Federal Financial Aid Programs.

BCC also offers college transfer programs with associate degrees in arts and science,

consortium and collaborative programs in allied health, and developmental education programs.

Distance learning is offered at BCC.  Distance learning typically occurs when instruction is

provided with the instructor and student in different locations.  The college offers several types of

distance learning with different requirements for successful completion, including on-line courses,

interactive video classes, telecourses, hybrid courses, and web-supplemental courses.

The University of North Carolina at Wilmington (UNCW) is also within commuting distance

to County residents.  UNCW is a major four-year university, and is part of the University of North

Carolina system. 
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J. Recreation

The Brunswick County Parks and Recreation Department offers a variety of programs and

facilities for County residents to enjoy.  The department maintains six community buildings and

offers classes in Aerobics, Dancing, Pilates, Water Babies, Water Aerobics, and Swim Lessons.

Athletic programs are offered during all seasons.  Winter Athletic Programs include Youth boxing,

Youth Basketball, and Mens over 30 Basketball.  Spring Programs include Dixie Boys Baseball, Dixie

Majors Baseball, Dixie Belles Girl’s Softball, and Dixie Debs Girl’s Softball.  Summer Programs

include Hook-A-Kid-On-Golf, Adult Coed Softball, Tennis Lessons, and Summer Day Camps.  Fall

Programs include Youth Football, Mens Softball, and Women’s Softball.  There are 10 parks

throughout the County.  The following table provides a summary of the facilities.

Table 58.
Brunswick County Park Locations and Amenities

Park Amenities

Brunswick River Park 22 acres
580 River Road, Leland

Continued development
Fishing
Boat dock
3 picnic shelters
1 playground
Restrooms

Dutchman Creek Park 30 acres
4750 Fish Factory Road, Southport

Continued development
Fishing
Restrooms

Leland Community Park 11 Acres
1490 Village Road NE, Leland

2 baseball fields - 180 feet & 200 feet
Practice area/batting cage
Recycle bin
1 concession stand with restrooms
1 storage building
3 picnic shelters
1 playground
1 community building - 2,500 square feet

Lockwood Folly District Park 20 acres
430 Green Swamp Road, Supply

3 baseball/softball fields - 2 @ 200 feet and 1 @ 300 feet
1 football/soccer field
1 concession stand with restrooms
1 office/storage building
1 restrooms building
1 basketball court
2 tennis courts
3 picnic shelters
1 playground

Navassa Park 5 acres
800 Park Avenue, Navassa

1 baseball field - 300 ft.
1 basketball court
1 tennis court
1 picnic shelter
1 concession stand with restrooms
1 playground
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Northwest District Park 35 acres
1937 Andrew Jackson Highway NE, Leland

3 baseball/softball fields - 2 @ 300 feet, and  1 @ 250 feet
1 football/soccer field
1 concession stand with restrooms
2 basketball courts
4 tennis courts
4 picnic shelters
1 playground
8 acres of practice area

Shallotte District Park 64 acres
5550 Main Street, Shallotte

4 baseball/softball fields - 2 @ 200 feet and 2 @ 300 feet
soccer fields
1 concession stand with restrooms
1 office/storage building
1 basketball court
2 tennis courts
3 picnic shelters
1 playground

Smithville District Park 23 acres
8340 River Road SE, Southport

2 baseball/softball fields - 300 feet each
1 football/soccer field - 300 feet
1 soccer field - mini
1 concession stand with restrooms
1 storage building
1 basketball court
2 tennis courts
2 picnic shelters
1 playground

Town Creek District Park 35 acres
6420 Ocean Highway East, Winnabow

2 baseball/softball fields - 1 @ 200 feet and 2 @ 300 feet
1 concession stand with restrooms
1 basketball court
2 tennis courts
shuffleboard and horseshoes
2 picnic shelters
1 playground
1 community building - 2,000 square feet

Waccamaw Park 30 acres 
(20 undeveloped)

5855 Waccamaw School Road NW, Ash

2 baseball/softball fields 1 @ 200 feet and 1  @ 300 feet
1 football/soccer field
1 concession stand with restrooms
1 basketball court
2 tennis courts
1 beach-style volleyball court
2 picnic shelters
1 playground
1 community building - 7,500 square feet

Source: Brunswick County Parks and Recreation Department.

The Parks and Recreation Department also offers special programs for seniors.  Those

programs include seniorcise classes that feature muscle strengthening exercises, stretching, and

aerobics; social day and overnight trips; and a golf tournament program open to those 55 and

older.
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While the County does not own any golf courses, there are 36 courses located within the

County.  According to the Brunswick County Chamber of Commerce, there was an explosion of golf

courses in the last few years.  This trend has slowed.  Golf can be played year-round because of

the pleasant climate.  Many of the golf courses were designed by golfing masters including Arnold

Palmer and Fred Couples.  Also, the County has hosted professional and amateur golf tournaments

that include the PGA Tour qualifying, LPGA Futures Tour, Cool Max Amateur, and the Sunbelt

Senior PGA Tour.

The County has 42 public shoreline access sites.  See Section 6.I.F for more information.

K. Electric Service

Brunswick Electric Membership Corporation and Progress Energy provide power to

Brunswick County residents.

L. Stormwater Management

1. Introduction

Precipitation that occurs as a result of a rainfall or snow melt event that does not

permeate into the soil, is not consumed by plants, or is evaporated into the air becomes

stormwater.  Pollutants such as oil and grease, sediment, bacteria, and other toxic substances are

added to this water as it runs across impervious surfaces and thereby polluting our surface waters.

In addition, as the volume of stormwater increases, more flooding and erosion may occur.  

2. Existing Drainage Problems

As discussed in the Natural Systems section of this plan, there are three basic

drainage areas.  The Green Swamp, approximately 175,000 acres in the north-central part of the

County, is drained on the east side by the Cape Fear River, the west side by the Waccamaw River,

and the south side by the Atlantic Ocean.  This area has the county’s largest area of muck soil and

is very poorly drained.  The Cape Fear River drainage area has numerous irregularly-shaped ponds

and lakes created by the dissolution and removal of underlying limestone.  The Waccamaw River

drainage area has poorly drained to moderately drained soils.  Due to the size of the County, it is

difficult to pinpoint specific problem drainage areas.  Drainage problems tend to occur in low lying

areas with poorly drained soil.  In addition, flooding is a potential problem in approximately 67%

of the County, according to current flood hazard data.
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3. Water Quality

Three subbasins are in Brunswick County: 03-07-57 and  03-07-59 in the Lumber

River Basin and 03-06-17 in the Cape Fear River Basin.  There are no waters classified as impaired

in subbasin 03-07-57.  However, all waters are considered impaired for fish consumption.  There

are four NPDES wastewater discharge facilities.  One facility is considered a major discharger and

three facilities are considered minor dischargers.  There are no waters impaired for aquatic life or

recreation in subbasin 03-07-59.  However, all waters are impaired for fish consumption and 84%

of estimated acres are impaired for Shellfish Harvesting.  There are three NPDES wastewater

dischargers in this subbasin, all of which are minor dischargers.  There were 6,457 saltwater acres

impaired for aquatic life, 196.6 saltwater acres and 4.7 coast miles impaired for recreation, and all

waters were impaired for fish consumption.  There are 41 permitted dischargers in the subbasin,

13 of which are major dischargers.  The following table summarizes impaired water within

Brunswick County. 

Table 59.
Brunswick County Impaired Water

River Basin Subbasin Fish Consumption Aquatic Life Recreation

Lumber River Basin 03-07-57
03-07-59

All
All

None
None

None
None

Cape Fear River Basin 03-06-17 All 6,457 S acres 96.6 S acres
4.7 coast miles

Source: 2003 Lumber River Basinwide Water Quality Plan; 2005 Cape Fear River Basinwide Water Quality Plan.

4. EPA Regulations

The Environmental Protection Agency (EPA) has begun implementation of Phase II

of the Stormwater Management Plan.  These policies apply to municipalities with populations

greater than 10,000 and with densities of 1,000 per square mile.  For municipalities that meet

these parameters, submittal of a stormwater management plan is required.  Phase II regulations

also apply to entities designated under the 1990 census as a Small MS4 (Small Municipal Separate

Storm Sewer System).  MS4s are defined as a publicly-owned conveyance or system of

conveyances designed or used for collecting and conveying stormwater.  MS4's are not combined

with sewer and are not part of a publicly-owned treatment facility.  Municipally-owned MS4's can

include counties, town, airports, federal properties, hospitals, schools, etc.  Small community MS4's

are regulated if they discharge into impaired or sensitive US waters.  Based on the 1990 Census,

Brunswick County is required to meet the EPA Phase II Stormwater Management Program

regulations.
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Effective management of stormwater runoff offers a multitude of possible benefits

that include: protection of wetlands and aquatic eco-systems, improved quality of receding water

bodies, conservation of water resources, protection of public health through flood control, and

improved operation and hydraulic characteristics of streams receiving run-off; all of which can

cause higher peak flow rates that increase frequency and duration of bank full and sub-bank full

flows.  Increased occurrences in downstream flooding can also be reduced by lowering base flood

levels, such as with traditional flood control methods that rely on the detention of the peak flows.

They are generally not targeted to the reduction of flooding and in many cases have exacerbated

the problems associated with changes in hydrology and hydraulics.  The EPA recommends an

approach that integrates control of stormwater peak flows and the protection of natural channels

to sustain physical and chemical properties of aquatic life.

The EPA has developed guidelines for implementing the Phase II Stormwater

Management Program.  The guidelines outline six (6) steps for development of Best Management

Practices for a stormwater management plan.  Those six steps are as follows:

(i) Public Education and Outreach on Stormwater Impacts

(ii) Public Involvement and Participation

(iii) Elicit Discharge Detection and Elimination

(iv) Construction Site and Stormwater Runoff Control

(v) Post-Construction Stormwater Management and New Development or

Redevelopment

(vi) Pollution Prevention and Good Housekeeping for Municipal Operations

Brunswick County is currently in the application phase of the NPDES program.  The

County has submitted a permit application to the North Carolina Department of Environment and

Natural Resources, and is currently modifying the application based on directives from the state.

Once approved, the County will begin implementation of their comprehensive stormwater

management program.  This program will address each of the six minimum control measures

outlined above.  The County’s stormwater management program will be discussed in detail in the

Future Demands section of the plan.

  

5. Construction Activities

Stormwater runoff from construction activities can have a significant impact on

water quality, contributing sediment and other pollutants exposed at construction sites.  The

NPDES Stormwater Program requires operators of both large and small construction sites to obtain

authorization to discharge stormwater under a NPDES construction stormwater permit.  In 1990,

the Phase I Stormwater Management Program regulations addressed large construction operations

that disturbed five (5) or more acres of land.  The NPDES program also addresses small
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MAP 24 - ZONING
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B. Airport Height Control Ordinance

This ordinance was originally adopted in the early 1980s.  The County adopted a revised

ordinance in 1998 in an effort to regulate height control and development immediately surrounding

the two general aviation airports located within the county: Brunswick County Airport and the

Ocean Isle Beach Airport.  This ordinance is intended to ensure public safety through establishing

land use controls within and immediately adjacent to the airport properties.  The ordinance is

implemented through a joint effort of the two airports’ management authority and the county’s

building inspections department.

C. Manufactured Home Park Ordinance

The county’s Manufactured Home Park Ordinance was adopted in 1995, in an effort to

control the development of mobile home parks throughout the county.  The purpose of this

Ordinance is to regulate and guide the establishment of manufactured home parks in order to

promote the public health, safety, and general welfare of the citizens of Brunswick County, North

Carolina. This Ordinance is designed to accomplish the following specific objectives: (a) to further

the orderly layout of manufactured home parks; (b) to secure safety from fire, panic, and other

dangers; (c) to provide adequate light and air; and (d) to ensure that facilities for transportation,

parking, water, sewage, and recreation are provided for manufactured home park residents.

D. Brunswick County Campground Ordinance

This ordinance was adopted in 1995 in conjunction with the Manufactured Home Park

Ordinance.  The purpose of this Ordinance is to regulate and guide the establishment of

campgrounds in order to promote the public health, safety, and general welfare of the citizens of

Brunswick County. The Ordinance is designed to accomplish the following specific objectives: (a)

to further the orderly layout of campgrounds; (b) to secure safety from fire, panic, and other

dangers; (c) to provide adequate light and air; and (d) to ensure that facilities for transportation,

parking, water, sewage, and recreation are provided for campground visitors.

E. Hazard Mitigation Plan

Brunswick County recently adopted an updated Hazard Mitigation Plan, which includes the

county as well as several participating municipalities.   This plan was developed and adopted in

response to new federal and state legislation.  This legislation, the Disaster Management Act 2000

(Federal) and NC Senate Bill 300 (State), makes it mandatory that each jurisdiction must adopt a

current Hazard Mitigation Plan in accordance with new guidelines in order to receive Public

Assistance and HMGP funding in the event of a disaster.
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F. NC State Building Code

Brunswick County has adopted the NC State Building Code as the county’s regulatory tool

for overseeing construction.  The county has adopted in their entirety the North Carolina State

Building Code, North Carolina Heating Code, North Carolina Electrical Code, and the North Carolina

Uniform Residential Building Code.

The county’s building codes establishes regulations for the following:

(1) The location, design, materials, equipment, construction, reconstruction, alteration,

repair, maintenance, moving, demolition, removal, use and occupancy of every

building or structure or any appurtenances connected or attached to such building

or structure;

(2) The installation, erection, alteration, repair, use and maintenance of plumbing

systems consisting of house sewers, building drains, waste and vent systems, hot

and cold water supply systems, and all fixtures and appurtenances thereof;

(3) The installation, erection, alteration, repair, use and maintenance of mechanical

systems consisting of heating, ventilating, air conditioning and refrigeration

systems, fuel burning equipment, and appurtenances thereof; and

(4) The installation, erection, alteration, repair, use and maintenance of electrical

systems and appurtenances thereof.

G. National Flood Insurance Program

Brunswick County is a participant in the Regular Phase of the National Flood Insurance

Program.  Enrollment in the Regular Phase of the National Flood Insurance Program is initiated by

a voluntary agreement between the local jurisdiction and the federal government. It is agreed that

if a community implements and enforces measures to reduce the risk from flooding in special flood

hazard areas, the federal government will make flood insurance available within the community to

mitigate future flood losses.  As required by the NFIP, the county has adopted a flood damage

prevention ordinance.  This ordinance assures that the ground floor of all structures located in

FEMA-designated 100-year flood zones have a base floor higher than the defined 100-year flood

elevation.

H. Current CAMA Land Use Plan

The current CAMA land use plan was certified by the CRC on November 20, 1998.

Appendix VI provides an analysis of the County’s success in implementing the plan.  The plan is

consistent with the state’s standards for AECs.  In addition, Appendix VI summarizes

implementation measures by Brunswick County and the actions taken by the County to protect

natural systems.
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SECTION 6.

PLAN FOR THE FUTURE

I. FUTURE DEMANDS

A. Introduction

The NCAC 7B administrative guidelines specify requirements for future land needs.  These

include the following:

• To establish the need for land for residential structures, commercial uses and

related services, the population predictions shall be examined in relation to present

and future types of land development.  Policies shall consider both past

development densities and patterns and the desired future density and type of

development.

• Consideration shall be given to new and expanded facilities which will be required

by the estimated population growth and the densities at which the land is to be

developed.  Features such as landfills, road widenings, bridges, water and sewer,

police and fire protection, solid waste, and schools should be considered in order

to meet the intent of this item.

It is important that the County’s infrastructure development is managed to save demands

imposed by population and economic growth.  Both of these are placing demands on Brunswick

County for services.

The future population growth is forecast on page 5-22.  A growth rate for the County and

the municipalities of 8.9% was forecast through the year 2025.  This is expected to accelerate.

Development in Brunswick County will continue to place excessive demands on the County’s

transportation system, water/sewer system, school facilities, recreational facilities, police

departments, and public shoreline access needs.

At the time of the preparation of this land use plan, Brunswick County was preparing a

Unified Development Ordinance.  The final ordinance will have a controlling influence over future

growth and development.

In June 2007, the Brunswick County Board of Commissioners adopted the Capital

Improvements Plan (Fiscal Years 2008-2012) which is included as Appendix VII.  The CIP supports

the needs addressed in this section.
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B. Housing Trends

From 1990 to 2000, Brunswick County averaged an additional 1,431 dwelling units per year.

The average household size in 2000 was 2.40.  If this household size continues, the 2020 demand

for occupied households will be 48,088.  This would be a 57.9% increase from the 2000 occupied

households total of 30,438.

The housing density in the County will increase in the developed areas along the US 17, NC

87, and NC 211 corridors.  Land suitability deterrents will encourage residential development in

these three highway corridor areas.

If it is assumed that the average lot size for future non-agricultural residential land use will

be 0.6 acre (the average lot size in 2005), the demand for additional non-agricultural residential

acreage by 2020 will be 10,590 acres.  There are currently 34,387 parcels available for residential

development that are 0.5 acre in size or less, or a total of approximately 9,180 acres.  An additional

1,410 acres of residential property will be needed to satisfy demand.  However, this does not

recognize competition in the real estate market.  The number of subdivisions submitted for

approval is expected to exceed 1,410 acres.

C. Commercial Land Use

Commercial land use in Brunswick County is expected to continue to be concentrated along

the US 17, NC 87, and NC 211 corridors.  All of the municipalities participating in this plan are

expected to continue to be primarily residential communities.  The one exception may be the Town

of Belville, because of its location adjacent to US 17 and proximity to the Wilmington metropolitan

area.

Land use compatibility issues are summarized on page 5-94.  A key issue will continue to

be the regulation of strip commercialization.  The County should be attentive to encouraging

commercial nodes and requiring service road connections between adjacent commercial

developments.

The proposed Cape Fear Skyway will intersect with NC 133, which currently has limited

commercial development (refer to transportation discussion on page 5-105).  It is anticipated that

a significant commercial node will develop at the intersection of the Skyway and NC 133.

Because of the large volume of year-round tourism, it is expected that the County’s

commercial development will continue to exceed what would normally be supported by the year-
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round permanent population.  In addition, the County’s 36 golf courses generate year-round

support for commercial development.

A recent study by UNC-W economists has indicated a 2005 economic growth rate of 9% for

Brunswick, New Hanover, and Pender counties.  The booming economy and associated commercial

development will place increasing demands on the County’s infrastructure system.  In addition, it

is noted in the County’s 1993 CAMA land use plan that highway beautification must improve to

support visitor traffic in Brunswick County.

D. Industrial Land Use

Less than 10% of the County’s total existing land use acreage is considered to be industrial.

Three of the participating municipalities have no industrial development within their corporate limits

(St. James, Boiling Spring Lakes, and Carolina Shores).  It is anticipated that future industrial

development will be primarily concentrated in the northern one-third of the County along the US

17 corridor, but may extend south with the development of an International Port.  Caution should

be taken to prohibit/limit conflicts with adjacent growth.  Most industrial growth should be located

in existing or future industrial parks.  No significant industrial development is anticipated in any of

the participating municipalities.

Requests for County approval of rezonings and subdivision/site plans should be carefully

reviewed to ensure sufficient water, sewer, and other infrastructure capacity.  The road

improvements associated with the Cape Fear Skyway will be an impetus for further industrial

development in the northern section of the County (see page 5-108 for a map of the proposed

transportation improvements) and the International Port development in the southern portion of

the County.  The major industrial development should occur west of Leland and south-southwest

of Belville.

E. Transportation

The following lists the North Carolina Department of Transportation future projects that are

identified in the 2006-2012 Transportation Improvement Program.

Bridge Projects

ID No. (Location) Description Schedule (Fiscal Year)

B-4437 (US 17-74/76)  Alligator Creek.  Replace deck on

Bridge No. 107 and Bridge No. 108

Construction FFY 10

B-4030 (NC 130)  Bear Branch.  Replace Bridge No. 9 Right-of-way FFY 06

Construction FFY 07
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B-4031 (NC 179)  Sauce Pan Creek.  Replace Bridge No. 72 Right-of-way FFY 06

Construction FFY 07

B-4438 (NC 211)  Branch of Juniper Creek.  Replace Bridge No.

47

Right-of-way FFY 09

Construction FFY 10

B-0682 (SR 1172)  Inland Waterway to Sunset Beach.  Replace

Bridge No. 198

Right-of-way-In

Acquisition

Construction FFY 07

B-4439 (SR 1342)  Branch of Juniper Creek.  Replace Bridge

No. 100

Right-of-way FFY 09

Construction FFY 10

B-4440 (SR 1349)  Mulberry Swamp.  Replace Bridge No. 163 Right-of-way FFY 07

Construction FFY 08

B-2514 (SR 1435)  Sturgeon Creek.  Replace Bridge No. 1 Under Construction

Road Projects

ID No. (Location) Description Schedule (Fiscal Year)

R-2633 (US 17)   Wilmington Bypass, US 17 south of NC 87

in Brunswick County to I-40 in New Hanover County.

Four-lane divided freeway on new location.

Planning/design-In Progress

Mitigation SFY 08

Right-of-way SFY 07-08

Construction SFY 09

Construction post years

R-3432 (SR 1163)   Georgetown Road Extension, SR 1184

(Ocean Isle Beach Road) to NC 179.  Two lanes on

new location

Planning/design-In Progress

Right-of-way SFY 09

Construction SFY 11

R-4002 (SR 1472 Village Drive)   West of SR 1437 (Old

Fayetteville Road)-SR 1435 (Navassa Road) to east

of US 17 interchange ramps with dual left turn lanes

on north ramp to US 17.  Widen to multi-lanes

Right-of-way-in Acquisition

Construction FFY 08 

R-4063 (SR 1472 Village Drive)   SR 1435 (South Navassa

Road) to SR 1438 (Lanvale Road).  Widen to multi-

lanes

Right-of-way FFY 12

Construction post years

R-3434 (SR 1500 Midway Rd and SR 1401 Galloway Rd)

NC 211 to US 17 bypass.  Upgrade roadway to 24',

construct paved shoulders, and improve intersections

at SR 1500, SR 1401, and US 17 business.

Right-of-way FFY 09

Construction FFY 11

R-3324 (New Route)   NC 211 to NC 87 at SR 1525.  Two-

lane connector on new location

Planning/design-In Progress

Right-of-way FFY 10

Construction FFY 11

U-3462 (Shallotte)   SR 1357 (Smith Avenue)-NC 130.

Realign intersection to eliminate offset, new location

Mitigation FFY 06

Right-of-way FFY 06

Construction FFY 08
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R-2245 (New Route) SR 1104 to NC 211.  Widen SR 1105

(Middleton Avenue), SR 1104 to SR 1190.  Replace

Bridge #206 over Davis Creek and construct multi-

lanes, SR 1190 (Oak Island Drive) to NC 211 on new

location.

Planning/Design-In Progress

Right-of-way in acquisition

Mitigation  FFY 06

Construction  FFY06

Source: NCDOT.

All of these projects will improve transportation safety and access in Brunswick County.

Long-range, the construction of the proposed Cape Fear Skyway (CFS) will significantly improve

access to Brunswick County (see Map 25).  The CFS will span about 9.5 miles across the Cape Fear

River, connecting the US 17 Bypass to US 421, serving the Port of Wilmington, and generally

improving connectivity along the US 17 route parallel with the coast.  A construction schedule has

not been set.  The CFS will be a major bridge over the ocean-shipping channel in the estuarial

channel of the Cape Fear River.  It will have an overhead clearance of 225 feet to accommodate

the largest container and cruise ships, plus extensive bridging over adjacent wetlands.  With a 95-

foot deck, it will accommodate 2x3 lanes, but probably open with 2x2 lanes striped.  It will improve

access to the Port located on the eastern side of the river and provide a new gateway to the city

from the west, as well as facilitating troop deployments from Fort Bragg (82  Airborne) innd

Fayetteville, and Camp Lejeune (2  Marine Division) in Jacksonville.  Traffic is projected at 58,000nd

to 80,000 vehicles/day.  The CFS will be constructed and operated by the North Carolina Turnpike

Authority.

With the amount of growth occurring in Brunswick County, adequate roads becomes a

major issue.  In particular, future development along NC 211 is a concern.  The County will monitor

development closely in an effort to coordinate road improvements and construction, and financing

of them.

F. Public Land Use/ Shoreline Access

Brunswick County updated their Shoreline Access Plan in 2003.  The County’s shoreline

access program technically began in 1975 in the form of a citizen survey, and was officially

established in the context of an addendum to the County’s 1981 CAMA land use plan.  This plan

will serve as an update to the County’s 1990 shoreline access plan.

The County currently maintains 42 public access sites.  The 2003 plan reviewed these

existing sites, and offered suggestions for improvements at several sites and identified potential

sites for acquisition in various locations.  The plan listed locations suitable for the establishment

of additional public access sites.  Those sites are listed in Table 61.  Acquisition and development

of these sites will depend on the facilities needed at each site.  The Shoreline Access Plan identifies

12 sites as “High” cost to improve, one as “Medium/High,” and two as “Low.”  The plan also

provides an extensive list of funding sources.
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MAP 25 - CAPE FEAR SKYWAY
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In July of 2006, Brunswick County was awarded two grants totaling $517,280 (grant and

local match) to construct two canoe/kayak launch ramps for the Brunswick Natural Park and the

Whitlock Landing Access Site.  Both projects are conveniently located on Town Creek off major

growth corridors - US 17 & NC 133.  The grants were awarded through the NC Public Beach and

Waterfront Access Program.  During the Brunswick County Greenway/Blueway Master Plan planning

process, the Brunswick Nature Park was chosen out of the six proposed demonstration sites as the

most favorable site to concentrate efforts for park development and expansion.  The plan will also

designate Town Creek as a vital location that will provide connectivity to Brunswick County’s

proposed greenway/blueway network.  These grants will enable the establishment of Brunswick

County’s first blueway.

Table 61.
Brunswick County - List of Potential Public Access Sites

Location Existing Facilities* Cost to Improve** Priority

Sunset Beach Good High Low

Sunset Harbor Very Good Low Medium

Oak Island (Fish Factory Road) Yes Low Low

Rice Creek Fair High Medium

Bonaparte’s Landing None High High

Belville/NC Hwy 133 Very Good Low N/A

Seaside Rd./AICW None High High

Brick Landing Fair Medium/High High

Oak Island None High Low

Middle Dam Road None High High

Lockwood Folly Fair High Medium

Town Creek (Hwy 17) None High High

SR 1427 None High High

Town Creek (911 acres) None High High

*The rankings for existing facilities are as follows:
Very Good – existing facilities are adequate for public use and are in good condition.
Good – facilities are adequate but may need additional facilities or improvements.
Fair – Facilities exist but are not fully developed or maintained.

**Cost rankings are broken down as follows:
Low – sites have facilities that require some improvements.
Medium – sites have some facilities but need additional improvements.
High – site needs to be fully developed.

Source: 2003 Brunswick County Shoreline Access Plan.

G. Education

As discussed earlier in this plan, the Brunswick County School System oversees nine

elementary schools, three middle schools, three high schools, and the Brunswick Learning Center
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which accommodates students in grades 6-12.  The County school system had a combined

2004/2005 enrollment of 11,167.

According to recent forecasts, Brunswick County’s population is expected to increase by

approximately 42,271, to 114,512 persons, by 2020.  Historically, approximately 17% of the

County’s population has been school-aged persons.  Therefore, Brunswick County schools may

need to accommodate approximately 7,186 additional students by 2020.  Six of the 16 schools are

operating over capacity: two elementary schools, two middle schools, and two high schools.  Two

schools are operating very close to capacity: one elementary and one high school.  The expected

population increase, coupled with the number of schools operating close to or over capacity, could

have a significant impact on the school system as a whole.  The Brunswick County School System

is currently researching areas for land acquisition that will accommodate the construction of the

equivalent of two elementary schools and one middle school.

H. Recreation

The Recreation, Parks, and Open Space Standards and Guidelines, 2001 were published by

the National Recreation and Parks Association to provide national guidelines which could serve as

an expression of reasonableness and adequacy with respect to quality service delivery.  Table 62

provides a summary of the national standards for selected recreational facilities and the County’s

existing and future demand for new facilities.

Table 62.
National Recreation Standards and Demand for Facilities in Brunswick County

Districts Standard Existing
Facilities

Existing Facility
Demand*

Year 2020 Additional
Facility Demand**

Baseball 1 per 10,000 persons 19*** +30****** +78******

League Softball 1 per 4,000 persons 19*** +30****** +78******

Practice Fields 1 per 3,000 persons 1**** +23**** +37****

Youth Baseball Fields 1 per 3,000 persons 19*** +30****** +78******

Tennis Courts 1 per 1,000 persons 15 58 100

Basketball Goals 1 per 500 persons 16 130 215

Football/Soccer 1 per 6,000 persons 6***** 6 13

Swimming 900 SF per 1,000 persons None +65,827 SF      +103,871 SF

*This column represents the number of additional facilities the County currently needs to serve its existing population.
**This column represents the number of additional facilities the County will need to serve a population of approximately
115,412 in 2020.
***There are 19 baseball/softball fields within the County.
****This includes a batting cage.  The County also has 8 acres of practice area at the Northwest District Park.
*****There are 4 football/soccer fields and one mini-soccer field.  Shallotte District Park has one full-size soccer field;
however, the field can be broken into 3-5 fields for smaller children.
******30 total fields are needed based on the standards.
Source: National Recreation and Parks Association, 2001.



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 6, Page 9

As indicated in the preceding table, according to National Recreation Standards, the

County’s future demands include an increase in baseball fields, softball fields, practice fields, youth

baseball fields, tennis courts, basketball goals, football/soccer fields, and swimming facilities.

However, it should be noted that these guidelines reflect professional judgement rather than an

assessment of community needs, and no two communities are the same.  Furthermore, many

communities have found the national guidelines difficult to meet.  Therefore, the pursuit of

achieving national recreation standards should not take the place of common sense and recognizing

the needs of the community.  It should also be noted that many communities have taken out

basketball courts, or are not constructing additional courts, because they are often a breeding

ground for illegal activity.  Additionally, the County is located in an area that is rich in natural

outdoor recreational opportunities; therefore, the National Recreation Guidelines may not be

considered the absolute standard.

The County completed a Parks and Recreation Master Plan that was adopted on January 15,

2002.  The defined implementation period for the master plan is 2002-2007.  The plan identified

several significant deficiencies with regards to parks and recreation facilities and services

throughout the County.  The most significant issues defined in the plan are the need for additional

land acquisition, facility development, program development, policy considerations, and personnel

considerations.  The plan defines an implementation strategy for addressing each of these issues.

The most significant objectives outlined in the plan are for the development of two large parks

facilities and the addition of 13 new employees.  The estimated cost of these parks is $13 million

each.  One of the proposed parks is to be located in the vicinity of Carolina Shores and Calabash.

The closest County park facility to this area is 14 miles.  There is a substantial need for a public

recreation area in this portion of the County.

I . Water System

As discussed in the Analysis of Existing Community Facilities section of this plan, Brunswick

County provides potable water service to more than 20,000 residential, commercial, and industrial

customers.  The county supplies regular use water to the following water systems: Bald Head

Utilities, Carolina Blythe, Caswell Beach, Holden Beach, North Brunswick Sanitary District,

Northwest, Oak Island, Ocean Isle Beach, Shallotte, Southport, and Sunset Beach.  According to

the water supply plan, sales contracts are classified as unlimited for each of these systems.  The

County does not have problems meeting sales contracts to these water systems.  However, in an

effort to conserve water resources, the County is currently helping to develop a regional water

conservation program with neighboring cities and counties.  The County expects peak day demands

to exceed water treatment plant capacity by 2010.  In order to offset this expectation, the County

plans to upgrade or design and expand the surface water treatment plant to accommodate the

need for additional water treatment capacity.  The estimated cost of the upgrade/expansion is $20

million.
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J. Sewer System

Brunswick County operates nine wastewater treatment plants: Northeast Brunswick regional

water reclamation facility, West Brunswick regional water reclamation facility (under construction),

Brunswick Government Center wastewater treatment plant (WWTP), Town Creek Township WWTP,

St. James WWTP, Winding River WWTP, Brunswick Community College WWTP, Sea Trail WWTP,

and Carolina Shores WWTP.  Once the West Brunswick regional water reclamation facility is

complete, the Brunswick Government center, St. James, Winding River, and Brunswick Community

College WWTPs will be gradually turned into pump stations and tie into the regional water

reclamation facility.  Based on recent growth trends, the County expects that the Northeast

Brunswick regional water reclamation facility may require an expansion.  The expansion will provide

an additional 3 MGD and is estimated to cost $28,617,307.

K. Solid Waste

There are no significant changes to discuss regarding solid waste removal services within

Brunswick County during the planning period.  The County will continue to contract out collection

of solid waste to Waste Industries.  The County will continue to operate the landfill site located off

Galloway Road on NC Highway 17.  This landfill facility has the excess capacity to support the

County and potential growth throughout the planning period.

One significant issue facing the County, however, is the construction of a potential $20

million Hugh Neu automotive and appliance recycling center outside of the Town of Navassa.  The

new facility will create approximately 50 new jobs and provide a large boom to the economy in and

around Navassa.  The recycling facility has come under a lot of scrutiny due to the potential

environmental impacts it may have.  Additionally, when full, the site will stand at 350 feet in

elevation.  At this time, Brunswick County has stated that it opposes the development of the site,

and passed a resolution in May, 2005, opposing the facility.

L. Law  Enforcement

The Brunswick County Sheriff’s Department is in the process of implementing several facility

and administrative changes.  The Brunswick County jail facility is about to undergo a substantial

expansion.  The following summarizes the proposed improvements and  preliminary cost estimates.

Expansion consisting of approximately 40,868 SF will include: 4 additional male dayrooms, 72 new

male cells, 1 male dorm, 2 female dayrooms, 36 new female cells, additional laundry, make and

female control rooms, 4 holding cells, inmate storage, booking area, and vitiation room.
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Specifically, in implementing this plan, the Brunswick County Planning Board, Board of

Commissioners, and the participating municipalities will continually do the following:

• Consult the Land Use Plan during the deliberation of all re-zoning requests.

• Consider the following in deliberation of all zoning petitions:

» Consider the policies and implementing actions of this plan and all applicable

CAMA regulations in their decisions regarding land use and development

(including 15A NCAC 7H).

» All uses that are allowed in a zoning district must be considered.  A decision

to re-zone or not to re-zone a parcel or parcels of property cannot be based

on consideration of only one use or a partial list of the uses allowed within

a zoning district.

» Zoning decisions will not be based on aesthetic considerations.

» Requests for zoning changes will not be approved if the requested change

will result in spot zoning.  Spot zoning is a form of discriminatory zoning

whose sole purpose is to serve the private interests of one or more

landowners instead of furthering the welfare of the entire community as part

of an overall zoning plan.  Spot zoning is based on the arbitrary and

inappropriate nature of a re-zoning change rather than, as is commonly

believed, on the size of the area being re-zoned.

» Zoning which will result in strip development should be discouraged.  Strip

development is a melange of development, usually commercial, extending

along both sides of a major street.  Strip development is often a mixture of

auto-oriented enterprises (e.g., gas stations, motels, and food stands), and

truck-dependent wholesale and light industrial enterprises along with the

once-rural homes and farms that await conversion to commercial use.  Strip

development may severely reduce traffic-carrying capacity of abutting

streets by allowing for excessive and conflicting curb cuts.

» The concept of uniformity should be supported in all zoning deliberations.

Uniformity is a basic premise of zoning which holds that all land in similar

circumstances should be zoned alike; any different circumstances should be

carefully balanced with a demonstrated need for such different treatment.
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» Zoning regulations should be made in accordance with the Brunswick

County Land Use Plan and designed to lessen congestion in the streets; to

secure safety from fire, panic, and other dangers; to promote health and the

general welfare; to provide adequate light and air; to prevent the

overcrowding of land; to avoid undue concentration of population; and to

facilitate the adequate provision of transportation, water, sewerage, schools,

parks, and other public requirements.  The regulations shall be made with

reasonable consideration, among other things, as to the character of the

district and its peculiar suitability for particular uses, and with a view to

conserving the value of buildings and encouraging the most appropriate use

of land throughout Brunswick County’s planning jurisdiction.

» Specifically, the Planning Board and Board of Commissioners should ask the

following questions:

1. Do Brunswick County and the participating municipalities need more

land in the zone class requested?

2. Is there other property in the County/participating municipalities that

might be more appropriate for this use?

3. Is the request in accordance with the Brunswick County land use

plan?  It should be noted that no CAMA permits (major or minor)

shall be issued for any proposal that is inconsistent with any of the

policies noted within the Land Use Plan.

4. Will the request have a serious impact on traffic circulation, parking

space, sewer and water services, and other utilities?

5. Will the request have an impact on other County municipal services,

including police protection, fire protection, or the school system?

6. Is there a good possibility that the request, as proposed, will result

in lessening the enjoyment or use of adjacent properties?

7. Will the request, as proposed, cause serious noise, odors, light,

activity, or unusual disturbances?

8. Does the request raise serious legal questions such as spot zoning,

hardship, violation of precedents, or need for this type of use?
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9. Does the request adversely impact any CAMA AEC’s or other

environmentally sensitive areas including water quality?

10. Does the request adversely impact water quality?

It is intended that this plan will serve as the basic tool to guide development/growth in

Brunswick County subject to the following:

• The Brunswick County Land Development Ordinances should be revised from time

to time to be consistent, as reasonably possible, with the recommendations of this

plan and the evolving nature of the County’s growth and development policy.

(Note: Brunswick County’s UDO was revised in 2006-07.)

• Land development regulations should be designed: to lessen congestion in the

streets; to secure safety from fire, panic, and other dangers; to promote health and

the general welfare; to provide adequate light and air; to prevent the overcrowding

of land; to avoid undue concentration of population; and to facilitate the adequate

provision of transportation, water, sewerage, schools, parks, and other public

requirements.

• Brunswick County and the participating municipalities will coordinate all

development proposals with appropriate State and/or Federal agencies.

B. Smart Growth

The need for smart growth is a critical issue in Brunswick County.  The “boom” which is

occurring in Brunswick County growth and development is a major concern.  The issues, which

include traffic, housing, infrastructure, schools, and other community facilities needs, are discussed

throughout this plan.  Coordinated development that will minimize conflicts in land uses, support

compatible land uses, and reduce the impact on infrastructure must be achieved.  The policies that

are included in this plan are intended to support the smart growth concept.

Smart growth is development that serves the economy, community, and the environment.

It provides a framework for communities to make informed decisions about how and where they

grow.  Smart growth makes it possible for communities to grow in ways that support economic

development and jobs; create strong neighborhoods with a range of housing, commercial, and

transportation options; and achieve healthy communities that provide families with a clean

environment.
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In doing so, smart growth can provide solutions to the concerns facing Brunswick County

about the impacts of development patterns characteristic in recent years.  Though supportive of

growth, Brunswick County should question the economic costs of extending infrastructure beyond

developed areas.  The County should also question the necessity of spending increasing time in

cars locked in traffic and traveling miles to the nearest store.

The smart growth concept will support Brunswick County’s objective of preserving its

natural resources by encouraging the development of neighborhoods and communities that may

be “self sustaining.”

Smart growth is based on the following ten principles:

1. Mix land uses

2. Take advantage of compact building design

3. Create a range of housing opportunities and choices

4. Create walkable neighborhoods

5. Foster distinctive, attractive communities with a strong sense of place

6. Preserve open space, farmland, natural beauty, and critical environmental areas

7. Strengthen and direct development towards existing communities

8. Provide a variety of transportation choices

9. Make development decisions predictable, fair, and cost effective

10. Encourage community and stakeholder collaboration in development decisions

Perhaps most critical to successfully achieving smart growth is realizing that no one policy

or approach will transform a community.  The policies described here should be used in

combination with each other to better achieve healthy, vibrant communities.  A first step in the

process of evaluating and determining how Brunswick County wants to grow is for the County and

its participating municipalities to recognize the importance and value of modifying the way they

grow.  This can be achieved through Brunswick County examining the development challenges

facing the County and evaluating the benefits and downsides of both current and alternative

growth strategies in the development of its goals, objectives, and land use plan requirements.

Policies and implementing actions contained in this plan support smart growth actions

within the County.



  Randall Arendt is vice president, conservation planning, with the Natural Lands Trust at Hildacy
1

Farm in Media, PA.  Previously director of planning and research at the Center for Rural Massachusetts in the

Department of Landscape Architecture and Regional Planning in Amherst, he is an elected member of the

Royal Town Planning Institute.  A member of Phi Beta Kappa, he holds a B.A. degree, magna cum laude, from

Wesleyan University and a M.Phil. Degree in Urban Design and Regional Planning from the University of

Edinburgh, Scotland, where he was a St. Andrew’s Scholar.  He has lectured in thirty-three states and five

Canadian provinces, and has designed open space subdivisions in ten states.
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The following examples of some of the development concepts associated with smart growth

are provided by Randall Arendt :1

• Preserve Brunswick County’s open space and agricultural areas, historically

significant structures, landmarks, and other features which reflect its heritage.

Figure 1: Simple site planning techniques for protecting the scenic character of rural roads include

maintaining (or establishing) a wooded no-cut buffer along the front lot line and angling driveways

so that lawns, houses, and garages are not directly visible from the road.  Combined with deep front

setbacks for construction, such approaches could become design requirements in a scenic roads

overlay zone.  Where such principles remain guidelines rather than enforceable standards,

conventional clearing and siting patterns can be expected to continue, as illustrated in the bottom

half of this sketch.
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• Discourage strip commercial development on major collector roads that allow each

lot to have direct vehicular access to the highway.

Figure 2: Connecting rear parking lots allows customers to drive to many other shops in the corridor

without re-entering the highway and interrupting traffic flow.  Such arrangements can be required

for new development, expansion of existing buildings, and redevelopment.

Figure 3: Two alternatives for arranging commercial development along a rural highway: strip

versus nodes.  Within the node, stores are located toward the front of their lots, with interconnected

rear parking provision.
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• Encourage and preserve agricultural and forestland to protect the future of farming

in Brunswick County.

Figure 4: Two of the nation’s first county-wide zoning regulations requiring developers to employ

“open space design” techniques were adopted by Isle of Wight County, Virginia.  These sketches

illustrate two options under the new ordinance, where development density is limited to one dwelling

per ten acres: preserving 50 percent of a 100-acre farm with 10 five-acre lots, or preserving 70

percent open space with 20 lots of 1.5 acres each.  Source: Redman-Johnston Associates, Easton,

Maryland.

Figure 5: On unwooded sites, such as open fields or pastures, it is even more important to

encourage (or require) clustering of new development.  Even on relatively shallow sites, where there

is little opportunity to locate homes far from

the road, such as against a distant treeline,

clustering principles can help reduce

roadside clutter and preserve some open

vistas.  These three sketches, from

Managing Change: A Pilot Study in Rural

Design and Planning (Doble, et al., 1992)

show techniques being advocated by the

Tug Hill Commission in upstate New York,

where the cost of constructing paved

subdivision streets operates as a strong

disincentive for rural landowners to

subdivide their property in any way other

than through “strip lots” along existing

public roads.  This example shows several

gravel-surfaced shared driveways, built to

standards appropriate for the amount of

traffic they must accommodate.
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Undesirable

Desirable

• Reduce traffic congestion and safety problems.

Figure 6: Conventional development with poor connectivity: travel requires use of the collector

streets, causing congestion and discouraging pedestrians and cyclist (top).  Smart growth with

interconnected street system, allowing a variety of transportation options and shorter trips (bottom).



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 6, Page 21

• Preserve large wetland areas (> one acre) in a natural state to protect their

environmental value.

Figure 7: Conventional two-acre lot subdivision with homes located on sensitive but buildable land,

compared with improved layouts protecting those resource areas, as encouraged by new regulations

adopted by the Maine Department of Environmental Protection.

Figure 8: Reducing lot size can sometimes help subdivision designers locate all homes on the better

soils contained within a development site.  On the left, some of the thirteen 2.5-acre lots would have

septic systems on marginal soils, barely meeting minimum legal requirements, because these lots

contain nothing better.  By decreasing lots to one acre in size, all thirteen can be laid out to contain

deeper, drier soils (with all wetlands in the open space preservation area, a treed island at the end

of the street, and a future street and/or trail connection to adjoining properties).  Sometimes such

arrangements require a few “flag lots” with a relatively narrow strip of land providing driveway

access, a very useful design approach that should generally be allowed, subject to certain safeguards

to prevent abuses (such as the infamous “rat-tail” subdivisions with numerous lots having long,

snake-like appendages connecting the lots to a distant public road–all to avoid the cost of providing

internal streets).
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(2) Cultivate relationships with the NC Employment Security Commission,

Brunswick Community College, and other institutions to underwrite job

training programs.

(3) Seek industry/business support for apprenticeship programs.

(4) Provide transportation for job training for those who need it.

(5) Support existing apprenticeship and job sharing programs in Brunswick

County schools.

(6) Develop work training programs to better train work force.

  Schedule: Continuing Activity.

I.22 Brunswick County will rely on its UDO to target industrial growth in existing or

future industrial parks.  Schedule: Continuing Activity.

I.23 Brunswick County and its participating municipalities allow industrial development

within fragile areas and areas with low land suitability acceptable, only if the

following conditions are met:

(1) CAMA minor or major permits can be obtained (compliance with 15A NCAC

7H).

(2) Applicable zoning ordinance provisions are met.

(3) No industrial use will be permitted within coastal wetlands, estuarine waters,

and public trust waters, unless such use is water-related and fully complies

with 15A NCAC 7H.

This policy applies to both new industrial development and to expansion of existing

industrial facilities.  Schedule: Continuing Activity.

I.24 Brunswick County opposes the establishment of private solid waste/landfill sites in

the County that are not licensed by the County.  Schedule: Continuing Activity.

I.25 The natural heritage areas and protected lands, which are depicted on Maps 8 and

9, should be protected from negative impacts resulting from industrial development

and/or expansion through implementation of the UDO.  Schedule: Continuing

Activity.

I.26 In order to expand employment opportunities, Brunswick County will undertake the

following:

(1) Formulate and expand local incentives to attract industry.

• Inventory unused business facilities.
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historic sites, 100-year floodplain areas, and public gamelands.  Schedule:

Continuing activity in the subdivision review  process.

I.29 Brunswick County will coordinate all housing code enforcement/redevelopment/

public works projects with the NC Division of Archives and History to ensure

preservation and identification of significant historic structures and archaeological

sites.  Significant heritage sites are identified on page 5-99 of this plan.  Schedule:

Continuing Activity.

I.30 Brunswick County will designate a staff person to be responsible for assembling and

organizing a “Conservation Council” which will be advisory to the County’s planning

board and board of commissioners.  The council will include representation of

conservation groups, forest industry, farming/agriculture, environmental educators,

land developers, real estate professionals, senior citizens, fishing/aquaculture, NC

Wildlife Resource Commission/hunting groups, Brunswick County planning and

parks & recreation departments, and municipal representatives.  When established,

specific powers and responsibilities will be determined.  Schedule: FY2008-2009

and continuing.

I.31 Brunswick County will adopt a tree preservation ordinance that will address the

following:

• Increase buffering along areas of deforestation or clear cutting.

• Provide vegetative medians as a best management plan as highways are

expanded or improved when feasible.

• Educate the public of the benefits of controlled burns on “natural areas” by

certified professional foresters.

Schedule: FY2008-2009.

I.32 Brunswick County will work with economic development to promote reuse of

abandoned commercial and industrial sites, and to explore funding opportunities for

brownfield site cleanup and redevelopment.  Schedule:  Continuing Activity.

I.33 In order to protect wetlands, Brunswick County will implement the following

programs:

(1) Develop a “Nature’s Classroom Program” in our public school system for

wetlands education.

(2) Coordinate the wetlands education program with Brunswick County

Community College, UNC-W, and other universities.
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(3) Develop a volunteer-supported educational program as part of the NC

Cooperative Extension Service, to include agriculture, aquaculture,

horticulture, and zoology.

(4) Create trails and access into natural areas and wetlands.

(5) Expand the program that cooperates with schools from the mountains and

Piedmont to plan for weekend “Eco-camps” for students to visit Brunswick

County.

(6) Work with the NC Cooperative Extension 4-H to create state-wide high

school program for “eco-education projects.”

Schedule: Starting in FY2008-2010 and Continuing.

I.34 Brunswick County and its participating municipalities will preserve open space

through implementation of its UDO.  Schedule:  Continuing Activity.

I.35 In order to assist in protecting wetlands, Brunswick County will accomplish the

following:

Educational

(1) Expand public awareness of the importance of wetlands and swamps.

• Prepare newsletter for public distribution.

• Use NCDENR to present program to schools and civic organizations.

• Promote youth interest in environment and marine ecology with local

activities (e.g., beach cleanup, turtle watches, boat rides, etc.)

(2) Prepare quick facts for consumers and developers with list of action items

that help protect these environments.

(3) Expand Brunswick County web site with links to local groups focusing on

environmental issues.

(4) Host international meetings with environmental groups to better coordinate

ecotourism and other conservation efforts.

UDO

(1) Prepare policy on wetlands and swamp protection.

(2) Create bike paths and/or horse trails adjacent to prime areas to foster

greater awareness.  Trails may go through sensitive areas if they are

managed and impact is minimal.

Schedule: The educational actions w ill be continuing activit ies.  The UDO

items w ill be accomplished in FY2008-2009.
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I.36 Brunswick County will undertake the following educational actions:

(1) Advise property owners on backyard conservation activities that protect

streams and rivers.

(2) Expand the Brunswick County wet site with links to local groups that focus

on river water quality and marine ecology programs.

(3) Collaborate with universities to provide areas for sampling and access for

water quality studies.

Schedule: Continuing Activit ies.

I.37 Expand the Brunswick County web site with links to local groups that focus on

beach quality and marine ecology programs.  Schedule: FY2007-2008.

I.38 Establish a regional ecotourism board and link with Brunswick County resources to

unify interests of different groups across the Cape Fear region. 

Schedule: FY2009-2010.

I.39 Continue volunteer efforts through the NC Cooperative Extension Services to plant

beach grass after beach replenishment.  Schedule:  Continuing Activity.

I.40 Establish a contingency/emergency response for an oil spill or other beach-related

catastrophe.  Schedule:  FY2008-2009.

I.41 Collaborate with universities to provide areas for sampling and access for water

quality studies.  Schedule:  Continuing Activity.

I.42 Development of  Brunswick County’s sound and estuarine system islands, while not

encouraged, is permitted, provided that impacts on the natural environment are

properly mitigated.  When such islands are deemed to have greater than

local significance, the County encourages the state or federal government

to purchase these environmentally-sensitive areas for the benefit of all

residents of the state.  If such islands must be developed, low intensity uses

such as open space, recreation, and very low density residential development shall

be the preferred uses.  Schedule: Enforcement of UDO, Continuing Activity.

I.43 Through the development review process, the diversity of wildlife in Brunswick

County shall be preserved and enhanced through protection of the unique coastal

ecosystems, including marshes, woodlands, open fields, and other areas upon which

they depend.  Schedule: Continuing Activity.
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P.46 Coordination among the County, its municipalities, sewer districts, and major

industries shall be encouraged in planning and providing for capital facilities and

services.

P.47 Brunswick County and its participating municipalities shall plan ahead for the timely

and cost effective provision of major capital improvements and services on the basis

of anticipated growth and demand.

P.48 Brunswick County and its participating municipalities support providing sufficient

water and sewer service to promote economic development and to alleviate public

health problems created by the absence of public water and sewer services in the

County and its municipalities.

P.49 Brunswick County and its participating municipalities support directing more

intensive land uses to areas that have existing or planned infrastructure.

P.50 Brunswick County and its participating municipalities support the installation and

use of properly permitted septic tank systems and the enforcement of district Health

Department regulations and local development regulations regarding lot sizes and

waste disposal system placement.

P.51 Brunswick County and its participating municipalities will encourage re-use of

effluent for irrigation.  Where feasible, package treatment plants should use treated

effluent for irrigation.

P.52 Brunswick County and its participating municipalities will also encourage the NC

Department of Environment and Natural Resources to investigate the feasibility of

using alternative waste processing systems such as flushless toilets, incineration,

and artificial wetlands in areas with severe soil limitations.

P.53 Brunswick County and its participating municipalities support providing water and

sewer services to identified industrial areas when County resources are sufficient in

order to encourage industrial development.

P.54 Brunswick County and its participating municipalities support the extension of water

services from existing systems and encourage the use of central systems for new

developments whether residential, commercial or industrial in nature, which support

the principles and smart growth (see page 6-15).
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I.59 Brunswick County will pass an ordinance to prohibit disposal of septage and

biosolids in the County that originated outside of Brunswick County, and will

implement a County permitting process for biosolids and septage land application

sites.    Schedule: FY2008-2009.

I.60 Brunswick County will maintain a major thrust toward a County-wide wastewater

system, to include:

• Continue monitoring rates and update them as needed.

• Continue charging capital recovery fees for new development.

  Schedule: FY2008 and Continuing.

I.61 Brunswick County will amend the future land use map, when needed, to reflect the

County’s water and sewer extension projects as they are planned.  Schedule:

Continuing Activity.

I.62 When considering new public facilities and private developments, Brunswick County

will review new proposals against the Future Land Use Map to ensure consistency.

If the proposal is inconsistent, the proposal will be revised or the County will review

the Land Use Plan to see if revision is needed there.  Schedule:  Continuing

Activity.

I.63 Brunswick County will consider revising water and sewer extension policies to

ensure that public/private cooperation in the provision of infrastructure to serve

new development is encouraged.  Schedule: FY2007-2008.

I.64 Brunswick County will include in its subdivision ordinance (UDO adoption) provisions

to allow for the dedication of public park property, public access sites, and/or open

space.  This may include a provision for payment in lieu of dedication if approved

by the County.   Schedule:  FY2008-2009.

I.65 Brunswick County will consider establishing a land banking fund into which the

County may annually contribute funds for the purchase of recreation, public access

sites, and open space lands.  Schedule: FY2009-2010.

I.66 Brunswick County will coordinate the development of recreational facilities with the

school system.  Schedule:  Continuing Activity.

I.67 Brunswick County will appoint a public safety study review team composed of

County and municipal citizens and fire, rescue, emergency medical services

personnel and volunteers to evaluate the recently completed public safety study.
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(1) Determine what recommendations in the public safety study will work best

for Brunswick County and its participating municipalities.

(2) Develop an action plan to implement recommendations of the review team.

(3) Keep the Brunswick County and its participating municipalities’ public

informed of the activities and progress of the review team.

(4) Foster cooperation and coordination between the County and its

participating municipalities’ and volunteer units, and volunteer units with

each other.

Schedule: FY2009-2010 and Continuing.

I.68 Brunswick County will consider the construction of a multi-purpose complex for

local, regional, and state athletic events, trade shows, and cultural/heritage

exhibitions, and will:

(1) Partner with educational, business, and local governments to construct a

centrally located multi-purpose complex.

(2) Consider including space for a potential County fairground and other

outdoor spectator events.

Schedule: FY2008-2009.

I.69 The County will continue research and develop initiatives for the construction of the

equivalent of two elementary schools and one high school.  The County will

continue to monitor the capacity versus growing enrollments in all Brunswick County

schools.  Schedule: FY2008-2010.

I.70 Brunswick County will support the Capital Improvements Plan (Fiscal Years 2008-

2012) which was adopted by the Board of Commissioners on June 18, 2007 (see

Appendix VII).  Schedule: Continuing Activity.

E. Transportation

a. Management Goal: Brunswick County and its participating municipalities will develop

transportation systems to accommodate future growth.

b. Planning Objective: Brunswick County and its participating municipalities will

coordinate transportation improvements with planning, infrastructure

improvements, economic development, and conservation of natural resources.

c. Land Use Plan Requirements:  The following are Brunswick County’s and its

participating municipalities’ policies for transportation.
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Policies – Transportation

P.56 Brunswick County and its participating municipalities shall be active participants in

plans and actions related to transportation improvements to and within the County.

P.57 Brunswick County and its participating municipalities support regional

intergovernmental planning and cooperation for transportation improvements to and

within southeastern North Carolina and northeastern South Carolina.

P.58 Brunswick County and its participating municipalities’ continued use and planned

development of the Cape Fear River, Atlantic Intracoastal Waterway, and the

Brunswick County Airport shall be encouraged.

P.59 Brunswick County and its participating municipalities support cost effective public

transportation.

P.60 Brunswick County and its participating municipalities support the provision of safe

evacuation routes.

P.61 Brunswick County and its participating municipalities support the provision of a

system of safe, coordinated bike and pedestrian trails throughout the County.

P.62 Brunswick County and its participating municipalities support implementation of the

2006-2012 North Carolina Transportation Improvement Program.

P.63 Brunswick County and its participating municipalities support interconnected street

systems for residential and non-residential development.

P.64 Brunswick County and its participating municipalities support limited access from

development along all roads and highways to provide safe ingress and egress.

P.65 Brunswick County and its participating municipalities support subdivision

development that utilizes the NC Department of Transportation Traditional

Neighborhood Development (TND) Street Design Guidelines.  A TND is a human

scale, walkable community with moderate to high residential densities and a mixed

use core.

P.66 (1) Brunswick County and its participating municipalities support maintaining an

effective signage and addressing system for all streets, roads, and

highways.
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I.74 Brunswick County will undertake the following activities to support the Brunswick

Transit System:

• Generate awareness of current capabilities of Brunswick Transit System.

• Prepare a comprehensive public transportation plan.

• Develop a slogan and marketing plan for easier identification.

• Explore innovative means to increase funding available for the Brunswick

Transit System.

Schedule: Continuing Activity.

I.75 Brunswick County will include in its UDO the requirement for construction of bike

and pedestrian paths in major subdivisions.    Schedule:  Continuing Activity.

I.76 Brunswick County will continue to support bikeways,  pedestrian paths, and

blueways by implementing the following:

• Encourage appropriate thoroughfares (state-maintained roads) to include

bike lanes as they are designed and expanded.

• Coordinate efforts for construction of bike and pedestrian paths with the

East Coast Greenway and County and municipal park systems.

• Include bike and pedestrian trails at all County parks.

• Secure access to and provide for bike and pedestrian trails along rivers and

streams for sites denoted in the Brunswick County Shoreline Access Plan.

Schedule: Continuing Activity.

I.77 Brunswick County will undertake the following actions to support maintenance of

safe hurricane evacuation routes:

• Identify and support improvements to roads that serve as hurricane

evacuation routes.  

• Perform routine bridge and culvert maintenance, and raise bridges over

streams that have documented flooding during significant rain events.

• Support the planning and implementation of regional roadways.

• Support the construction of a second Oak Island bridge, and new bridge for

Sunset Beach and the Southern Bridge for the Cape Fear River.

  Schedule:  Continuing Activity.

I.78 Brunswick County and its participating municipalities will require, where reasonably

possible, the utilization of frontage roads in non-residential developments along

federal and state major highways.  Schedule: FY2008-2009.
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Policies – Natural Hazard Areas

P.69 Brunswick County will support development within areas susceptible to sea level

rise, shoreline erosion, and/or wetland loss which takes into consideration such

conditions upon initial development.  In the event such development is later

threatened by shoreline loss, the County shall support the AEC use standards

governing shoreline protection and management.

P.70 Minimize flooding and resulting damage to life and property during normal and

significant rainfall events in order to restore and preserve water quality so residents

and visitors can enjoy water-related activities.

P.71 Brunswick County will continue and expand the “Hickman” mosquito control

program.

P.72 Brunswick County supports the enforcement of local controls and the efforts of state

and federal agencies with regulatory authority to restrict development within areas

up to five (5) feet above mean high water susceptible to sea level rise and wetland

loss.  

 P.73 Brunswick County supports the installation of properly engineered and permitted

bulkheads to protect against erosion and sea level rise.

P.74 Brunswick County supports the US Army Corps of Engineers’ regulations, the

applicable guidelines of the Coastal Area Management Act, and the use of local land

use ordinances to regulate development of fresh water swamps, marshes, and 404

wetlands.

P.75 Brunswick County supports relocation of structures endangered by erosion, if the

relocated structure will be in compliance with all applicable policies and regulations.

P.76 Brunswick County supports cooperation with local, state, and federal efforts to

inform the public of the anticipated effects of sea level rise.

P.77 Brunswick County supports hazard mitigation planning.  The Land Use Plan and the

Hazard Mitigation Plan should be consistent with one another.  When either are

revised, the other should be reviewed for consistency.  Should there ever be

conflicting policies, the Land Use Plan shall take precedence.  The Hazard Mitigation

Plan goals, objectives, and mitigating actions are included as Appendix III, and are

formally included as part of the policy of the County’s Land Use Plan. 
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I.87 Brunswick County will utilize the future land use maps as a development

management tool.  These maps are coordinated with the land suitability map and

proposed infrastructure map.  Schedule: Continuing Activity.

I.88 Brunswick County will regulate floating homes through preparation of a local

ordinance.  FY2008-2009 and Continuing.

I.89 Brunswick County will revise and maintain local ordinances to oppose mooring

fields.  Schedule: Continuing Activity.

I.90 Brunswick County will implement the following activities to accomplish effective

mosquito control.

• Identify and train qualified personnel to continue the “Hickman” mosquito

control program.

• Begin an education program on individual mosquito control and protection.

– Coordinate an educational program in the public school system with

the current recycling program.

– Initiate a public service program on mosquito personal protection

and elimination of breeding places around the home.

• Maintain funding for mosquito control research and an appropriate capital

reserve fund.

• Continue a regional approach to a mosquito control program.

• Expand the County snagging and ditching program.

• Develop standards for building/maintaining stormwater management

systems that reduce mosquito habitats.

Schedule: Continuing Activit ies.

I.91 Brunswick County will consider mineral production and mining activities on a case

by case review of economic benefits and environmental and land use impacts.

Schedule: Continuing Activity.

G. Water Quality

a. Management Goal:  Brunswick County will maintain, protect, and enhance surface

and subsurface water quality throughout the County, including all coastal wetlands,

rivers, streams, and estuaries.  This will include addressing the complex problem of

planning for rapidly increasing development and economic growth.
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b. Planning Objective: Brunswick County will adopt policies for coastal and subsurface

waters within its jurisdiction to help ensure that water quality is maintained if not

impaired, and improved if impaired.

c. Land Use Plan Requirements:  The following provides  Brunswick County’s policies/

implementing actions for surface and subsurface water quality.

Policies – Water Quality

P.82 Brunswick County will protect the quality of its water resources.

P.83  Brunswick County strongly supports the efforts of state and federal agencies to

properly designate and preserve coastal wetlands because wetlands play a critical

role in protecting the quality of estuarine waters and in providing habitat for fish

and wildlife.

P.84 Brunswick County supports the designation of public water supply AECs when such

designation meets state prerequisites and when such action is deemed necessary

to ensure the long-term viability of the County’s public water supplies.

P.85 Brunswick County will continue to support the efforts of the CAMA program and the

US Army Corps of Engineers’ 404 permitting program to preserve and protect

sensitive fresh water swamp and marsh areas.

P.86 Brunswick County supports state and local efforts to restore the water quality of the

Lockwood Folly River, as well as other estuarine waters in the County, to a water

quality level deserving of ORW designation.  This policy includes implementing the

Lockwood Folly River Water Quality Study (see Appendix XII for the implementation

strategies, which are supported by this plan).

P.87 Brunswick County supports and encourages the activities of the state’s Shellfish

Management Program.  The County shall continue to promote estuarine water

quality through its stormwater management planning and stormwater runoff

policies.

P.88 Brunswick County’s groundwater resources, including but not limited to the Castle

Hayne Aquifer, shall be recognized as an invaluable source of public and private

potable water and shall receive the highest level of protection when considering

County policies, standards, and actions.
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P.89 Brunswick County supports a reduction of dependence on septic tanks within the

County and its participating municipalities in order to improve water quality.

P.90 Brunswick County supports federal, state, and local efforts to protect the quantity

and quality of water in the Cape Fear River, whether such protection involves

controls over point source discharges, surface runoff, interbasin water transfers, or

other appropriate means, including upstream activities.

P.91 Brunswick County supports a program of vegetated buffers adjacent to all streams,

rivers, marshes, and estuarine waters in the County, with the intent of reducing the

flow of nutrients and other contaminants into area surface waters.

P.92 Brunswick County shall encourage and support state and federal standards which

seek to prevent or minimize adverse water quality impacts.

P.93 Brunswick County supports the guidelines of the Coastal Area Management Act and

the efforts and programs of the NC Department of Environment and Natural

Resources, Division of Coastal Management, and the Coastal Resources Commission

to protect the coastal wetlands, estuarine waters, estuarine shorelines, and public

trust waters of Brunswick County.

P.94 Brunswick County supports the use of best management practices recommendations

of the US Soil Conservation Service for both agricultural and forestry areas.

P.95 Brunswick County supports conservation of its surficial groundwater resources.

P.96 Brunswick County supports commercial and recreational fishing in its waters, and

will cooperate with other local governments and state and federal agencies to

control pollution of these waters to improve conditions so that commercial and

recreational fishing will increase.

P.97 Brunswick County opposes the disposal of any toxic wastes, as defined by the US

Environmental Protection Agency’s Listing of Hazardous Substances and Priority

Pollutants (developed pursuant to the Clean Water Act of 1977) within its planning

jurisdiction.

P.98 Brunswick County supports implementation of the Cape Fear and Lumber River

Basin water quality management plans.  Recommendations from those plans are

included in Section 5.II.C.
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I.95 Brunswick County will rely on the technical requirements and state program

approval for underground storage tanks (40CFR, Parts 280 and 281), and any

subsequent state regulations concerning underground storage tanks adopted during

the planning period.   Schedule: Continuing Activit ies.

I.96 Brunswick County will continuously enforce, through the development and zoning

permit process, all current regulations of the NC State Building Code and NC

Division of Health Services relating to building construction and septic tank

installation/replacement in areas with soils restrictions.  Schedule: Continuing

Activity.

I.97 Brunswick County will comply with CAMA and NC Division of Water Quality

stormwater runoff regulations, and by coordinating local development activities

involving chemical storage or underground storage tank installation/abandonment

with the Brunswick County Emergency Management personnel and the groundwater

section of the NC Division of Water Quality.  Schedule: Continuing Activit ies.

I.98 Brunswick County will review the UDO with regard to underground chemical and

gasoline storage regulations to ensure a minimum of risk to local groundwater

resources.   Schedule: FY2008-2009.

I.99 The County recognizes the negative impact that non-point source pollutants have

on shellfish harvesting waters and will strictly enforce riparian buffer requirements.

Schedule: Ongoing.

I.100 As a result of comments made to the CRC by Tom Reeder at the NC Division of

Water Quality regarding current stormwater rules being inadequate in addressing

water quality impacts to public trust waters, the County will consider revising

current impervious surface requirements.  Schedule: FY2009-2010.

I.101 The County will encourage Site Design Best Management Practices to decrease NPS

pollutants from entering SA waters.  Those practices include Low Impact

Development Strategies such as:

• Disconnecting impervious surfaces;

• Maintaining green space; and

• Utilizing cluster and traditional neighborhoods.

Schedule: Ongoing.
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• Encourage private sector to develop adventure sports.

– Promote adventure sport competitions.

• Explore opportunities to make commercial fishing more profitable.

Schedule: Continuing Activit ies.

I.108 Brunswick County will implement the following activities to support economic

development:

• Formulate and expand local incentives to attract industry.

– Support the continued inventory of unused business facilities.

– Support County water and sewer systems and other infrastructure.

– Support and enhance incubator program for startup businesses.

– Identify and recruit industries that are compatible with and

complement Brunswick County’s geography, culture, and climate.

– Create awareness of incentives for the employment of the elderly.

• Encourage clean industry to locate in Brunswick County to promote a

healthy environment.

– Support businesses involved with computer software business,

medical technology, and telecommunications.

– Promote awareness of service industry catering to tourists’

opportunities.

• Establish a regional ecotourism board and link with Brunswick County

resources to unify interests of different groups across the Cape Fear region.

• Expand opportunities (both public and private) for employment and

procurement by using local vendors.

Schedule: Continuing Activit ies.

I.109 Brunswick County will implement economic and community development initiatives

that capitalize upon and enhance a distinct “town and country” character.

Schedule: Continuing Activity.

I.110 Brunswick County will continue to support the activities of the North Carolina

Division of Travel and Tourism; specifically, the monitoring of tourism-related

industry, efforts to promote tourism-related commercial activity, and efforts to

enhance and provide shoreline resources.  Schedule: Continuing Activity.

I.111 The County will support projects that will increase public access to shoreline areas.

 Schedule: Continuing Activity.

I.112 Brunswick County will support North Carolina Department of Transportation projects

to improve access to and within the County.  Schedule: Continuing Activity.
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I.113 Brunswick County will continue to support agriculture and tourism as valuable

economic resources.   Schedule: Continuing Activity.

I.114 Brunswick County supports the following implementing actions for the Town of

Belville:

• Incorporate the recommended Town of Belville Master Plan prepared by the

Lawrence Group, to be approved in 2007 by the Belville Board of

Commissioners.  Schedule: FY2007-2008.

• Implement approved Belville Master Plan to the greatest extent that it is

economically feasible for the citizens of the Town of Belville.  Schedule:

Continuing Activity.

• Re-codify the current zoning and subdivision ordinances, using the approved

Town of Belville Master Plan as a guidance tool.  Schedule: Continuing

Activity.

• Incorporate smart growth and new urbanism land use principles as

appropriate during the codification of the zoning and subdivision ordinances.

Schedule: Continuing Activity.

Policies – General Health and Human Service Needs

P.115 Brunswick County’s local requirements for solid waste disposal facilities shall

continue to be anticipated through advanced planning; facilities shall be located and

designed so as not to adversely impact significant natural or manmade resources.

P.116 Research and development of recycling and resource recovery programs, whether

public or private, shall be encouraged and supported.

P.117 In an effort to improve health conditions, Brunswick County supports the following

water and sewer policies:

• Brunswick County supports the extension of central water service into all

areas of the County shown on the future land suitability analysis map as

suitable for development, including the construction of lines to and through

conservation areas to serve development which meets all applicable state

and federal regulations. 
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• Brunswick County recognizes the importance of protecting potable water

supplies, and therefore supports the enforcement of NCAC Subchapters 2L

and 2C regulations to regulate land uses near groundwater sources. 

• Brunswick County will continue to support all efforts to secure available

state and federal funding for the construction and/or expansion of public

and private water/sewer systems. 

• Brunswick County will continue to support the construction of water systems

with adequate line sizes to ensure adequate water pressure and fire

protection. 

P.118 Brunswick County will provide accessible and affordable resources and programs

that focus on  prevention of injury/illness, chronic disease management, and

provide information links to other support services and groups.

P.119 Brunswick County will continue to provide for the well being of our senior citizens

by increasing their participation in current programs while developing adequate

facilities and support for an independent life style.

P.120 Brunswick County will encourage continued senior citizen involvement in the

community, providing them with opportunities to share their skills and work

experience for community benefit.

P.121 Brunswick County will continue to place emphasis on the need to work directly with

underprivileged youth.

P.122 Brunswick County will provide information that is readily accessible about County

services.

P.123 Brunswick County, in collaboration with Southeastern Center, will facilitate the

provision of accessible mental health services, youth programs, and pre-natal care.

P.124 Brunswick County will provide its citizens with cost effective and task efficient

regional fire and rescue protection and emergency medical services that meet

national standards.

P.125 Brunswick County will continue to recruit and train a corps of volunteers for youth

services.
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Implementing Actions - Funding Options

I.125 Brunswick County will continue to support state and federal programs that are

deemed necessary, cost-effective, and within the administrative and fiscal

capabilities of Brunswick County.  Schedule: Continuing Activity.  These include:

– Community Development Block Grant Program

– Area Agency on Aging

– Emergency Medical Services

– JTPA Work Program

– Farmer’s Home House Preservation Program

– Coastal Area Management Act, including shoreline access funds

– Small Business Association

– Economic Development Administration Funds

– Farmer’s Home Administration – Federal Grant Program

– Federal Emergency Management Program

– Aid to Families with Dependent Children

– MEDICAID

– Day Care

– Crisis Intervention

I.126 Brunswick County will selectively support state and federal programs related to

Brunswick County.  The County, through its boards, commissions, and committees,

will monitor state and federal programs and regulations.  It will use opportunities

as they are presented to voice support for or to disagree with programs and

regulations that are proposed by state and federal agencies.  Schedule:

Continuing Activity.

I.127 Brunswick County officials will continue to work with the Army Corps of Engineers

and any other state and federal agencies to ensure continued dredging and

maintenance of channels and rivers as needed to keep these facilities open to

navigation.  These efforts shall comply with applicable state and federal regulations.

Providing borrow or spoil areas and provision of easements for work will be

determined on case-by-case basis.  The County will encourage spoil material being

placed on those areas where easements for such use already exist.  Channel

maintenance has major economic significance and is worthy of state and federal

funding.  Schedule: Continuing Activity.
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V. FUTURE LAND USE PLAN

A. INTRODUCTION

Everything in this introduction is crucial to Brunswick County.  There are issues that must

be addressed to deal with exploding development.  The growth issues along the US 17, NC 211,

NC 87, and NC 133 highway corridors are critical.

The future land use plan or “map” is an essential tool for implementing land use planning.

The map is intended to serve as a guide for the Planning Board and Board of Commissioners when

they review private development proposals and make decisions on the location of public facilities.

The land use plan also provides the framework upon which zoning and subdivision

regulations and the capital improvements program should be based.  In fact, the preparation of

a land use plan and map is mandated by legislation as a prerequisite for zoning.  North Carolina

General Statute 153A-341 states the following about the purpose for land use plans:

“Zoning regulations shall be made in accordance with a comprehensive plan.  Prior to

adopting or rejecting any zoning amendment, the governing board shall adopt a statement

describing whether its action is consistent with an adopted comprehensive plan and

explaining why the board considers the action taken to be reasonable and in the public

interest.  That statement is not subject to judicial review.

The Planning Board shall advise and comment on whether the proposed amendment is

consistent with any comprehensive plan that has been adopted and any other officially

adopted plan that is applicable.  The Planning Board shall provide a written recommendation

to the Board of County Commissioners that addresses plan consistency and other matters

as deemed appropriate by the Planning Board, but a comment by the Planning Board that

a proposed amendment is inconsistent with the comprehensive plan shall not preclude

consideration or approval of the proposed amendment by the governing board.

Zoning regulations shall be designed to promote the public health, safety, and general

welfare.  To that end, the regulations may address, among other things, the following public

purposes: to provide adequate light and air; to prevent the overcrowding of land; to avoid

undue concentration of population; to lessen congestion in the streets; to secure safety from

fire, panic, and dangers; and to facilitate the efficient and adequate provision of

transportation, water, sewerage, schools, parks, and other public requirements.  The

regulations shall be made with reasonable consideration as to, among other things, the

character of the district and its peculiar suitability for particular uses, and with a view of

conserving the value of buildings and encouraging the most appropriate use of land

throughout the County.  In addition, the regulations shall be made with reasonable

consideration to expansion and development of any cities within the County, so as to provide

for their orderly growth and development.
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Further, according to § 113A-111, Effect of Land Use Plan, no permit shall be issued under

Part 4 of this Article for development which is inconsistent with the approved land use plan

for the county in which it is proposed.  No local ordinance or other local regulation shall be

adopted which, within an area of environmental concern, is inconsistent with the land use

plan of the county or city in which it is effective; any existing local ordinances and

regulations within areas of environmental concern shall be reviewed in light of the applicable

local land use plan and modified as may be necessary to make them consistent therewith.

All local ordinances and other local regulations affecting a county within the coastal area, but

not affecting an area of environmental concern, shall be reviewed by the Commission for

consistency with the applicable county and city land use plans and, if the Commission finds

any such ordinance or regulation to be inconsistent with the applicable land use plan, it shall

transmit recommendations for modification to the adopting local government.  Similarly like

private entities and private projects, state agencies and projects requiring state permits must

obtain a CAMA permit before conducting development in AECs. GS 113A-118.  Failure to

meet development standards results in permit denial.  Development without a permit or in

violation of a permit can be enjoined and/or result in assessment of civil penalties. GS 113A-

126.”

A land use plan is intended to accomplish three primary objectives.  These objectives are

as follows:

< To promote economic efficiency by coordinating the size and location of publicly

provided future community facilities with the location and intensity of future private

residential, commercial, and industrial activity. 

< To optimize resources by allocating land for its most suitable use.  For example, a

county may want to encourage industrial development on sites accessible to

existing water and sewer lines and in areas with suitable soil conditions.  Or, a

county may choose to arrange land uses in such a way as to protect

environmentally sensitive areas.

< To provide a land use form that reflects the vision of the county’s residents, is

unified, avoids conflicting land uses, optimizes resources, preserves the county’s

character and is pleasing: providing open space, vistas and distinguishable districts.

There may be areas on the Future Land Use Plan that are considered least suitable for

development (resulting from the Environmental Composite - Map 11 and the Land Suitability

Analysis - Map 20) which have been assigned a Future Land Use category other than Conservation

or Low Density Residential.  In most of those cases, they are considered least suitable because of

their location in a floodplain or wetland area, or a significant natural heritage area.  For those

undeveloped parcels with wetlands coverage, the County will make every effort to ensure that any

development that occurs will be located outside of the wetland areas or that the negative impact

to the environment is minimal, if any.  For those undeveloped parcels with all or portions located
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within a floodplain, the County will encourage the location of development on the portions outside

of the floodplain.

B. SMART DEVELOPMENT

It is important that Brunswick County understands that merely completing the land use

plan, illustrating the county’s vision for the future, does not ensure that its objectives will be met.

Brunswick County must continuously work at accomplishing plan implementation and maintaining

an effective planning program.  Significant changes to Brunswick County’s management of growth

should occur.  In contemporary planning, the most discussed concept is “smart development.”  In

reality, this concept is not a new idea.  It is simply the blending of many existing ideas.  Where

feasible, such as within Planned Unit Developments, the County will aim to incorporate smart

growth principles.  Additionally, the County has incorporated some of these concepts into their

recently adopted Unified Development Ordinance.  Smart development adheres to six basic

principals which are described as follows:

Principle 1: Efficient Use of Land Resources

Smart development supports the preservation of land and natural resources.  These

benefits result from compact building forms, in-fill development, and moderation in street

and parking standards.  Compact building patterns preserve land for town and

neighborhood parks as well as local woods and wetlands.  Furthermore, compact

development shortens trips, lessening dependence on the automobile, and therefore

reducing levels of energy consumption and air pollution.  Finally, a compact development

pattern supports more cost-effective infrastructure than does low-density fringe

development.

Principle 2: Full Use of Urban Services

The same frugality of land development supports efficient use of public and private

infrastructure.  Smart development means creating neighborhoods where more people will

use existing services like water lines and sewers, roads, emergency services, and schools.

Inefficient land use, whether within or outside urban areas, places a financial strain on

communities trying to provide for the construction and maintenance of infrastructure needs.

Building compactly does not mean that all areas must be densely developed.  Rather, the

goal is an average density for the area, at a level that makes full use of urban services.

Averaging allows for areas to have a mix of low-, medium-, and high-density development.

Mixing densities to encourage efficient use of services also means requiring a high level of

building and siting compatibility, encouraging neighborhoods to have both character and

privacy.
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Careful street sizing and the accommodation of some parking on streets reduces impervious

surfaces and efficiently uses urban services by saving on land acquisition, construction, and

maintenance costs.  In short, streets should be sized for their use: lower density areas that

have little through traffic are best served by slower, narrower streets, while transportation

corridors that move district-wide traffic need wider travelways.

Principle 3: Mix of Uses

Locating stores, offices, residences, schools, and recreation spaces within walking distance

of each other in compact neighborhoods with pedestrian-oriented streets promotes:

< independence of movement, especially for the young and the elderly who can

conveniently walk, cycle, or ride transit;

< safety in commercial areas, through around-the-clock presence of people;

< reduction in auto use, especially for shorter trips;

< support for those who work at home, through nearby services and parks; and

< a variety of housing choices, so that the young and old, singles and families, and

those of varying economic ability may find places to live.

Mixed-use examples include a corner store in a residential area, an apartment near or over

a shop, and a lunch counter in an industrial zone.  Most codes prohibit the co-location of

any residential and commercial buildings.  This prohibition is based on the functional and

architectural incompatibility of the buildings.  Using design standards, in tandem with

mixed-use zoning, overcomes incompatibility.  Additionally, limitations on commercial

functions, such as hours of operation and delivery truck access, may be necessary.  More

fundamentally, to gain the full benefits of a mix of uses, buildings must be conveniently

connected by streets and paths.  Otherwise, people will still be inclined or required to use

cars, even for the shortest trips.

Principle 4: Transportation Options

Transportation must be safe, convenient, and interesting.  These performance factors affect

sidewalk and street design, placement of parking, and location of building fronts, doors,

and windows.  Well-designed bike lanes and sidewalks protect people from vehicle

accidents.  Orienting windows and doorways to the sidewalk increases awareness of street

activity and the safety of the streetscape.

Convenience begins with a connected network of streets that provides alternative routes

with reasonable walking distances between destinations.  A properly designed network also

promotes neighborhood safety by routing the heaviest traffic around neighborhoods,

without sacrificing street connectivity.
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Providing compact, mixed-use development connected by safe, convenient, and interesting

networks of streets and paths promotes:

< walking, cycling, and transit as viable, attractive alternatives to driving;

< less traffic congestion and air pollution;

< the convenience, density, and variety of uses necessary to support transit;

< a variety of alternative routes, thereby dispersing traffic congestion; and

< lower traffic speeds, making neighborhoods safer.

Principle 5: Detailed, Human-Scale Design

Community acceptance of compact, mixed-use development requires compatibility between

buildings to ensure privacy, safety, and visual coherency.  Similar massing of buildings,

orientation of buildings to the street, the presence of windows, doors, porches, and other

architectural elements, and effective use of landscaping all contribute to successful

compatibility between diverse building types.

Human-scale design is also critical to the success of streets and paths as preferred routes

for pedestrians, cyclists, and motorists alike.  In general, smart street design considers the

role of pedestrians along with that of vehicular traffic, emphasizing the quality of the

walking environment.  For instance, parallel parking may be considered a hindrance to

vehicle flow, but, for pedestrians and shop owners, on-street parking is a benefit because

it reduces speeding traffic and protects the sidewalks.

Designing streets that are balanced for pedestrians, cyclists, and motorists promotes the

development of community through the informal meeting of neighbors.  Neighborhood

safety is improved, since neighbors can more easily come to know one another and watch

over each other’s homes.

Principle 6: Development Review

Brunswick County’s ability to adopt smart development principles will, of necessity, require

an examination of its development review process.  Primarily, the review should focus on

ways that the review process can be streamlined so that developers are encouraged to

apply the principles.  Frustrating, costly, and time-consuming delays due, in part, to

inflexible standards,  regulations, and processes will discourage innovative approaches to

development and design.  Providing for flexibility and certainty in the application of

standards, including provision for performance standards and administrative approval of

“minor” variances, can help promote creative development that complies with the

principles.  Effective use of Planned Unit Developments (PUD’s) can also relieve some of

the regulatory barriers for developers and lighten the administrative load for planners, as

can adopting a flexible process for applying design review standards.
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While the smart growth concept may not be suited to every community, it will support

Brunswick County’s objective of preserving its rural atmosphere and aid in preserving its

natural resources by encouraging the development of neighborhoods and communities that

may be “self sustaining”.

The following table summarizes smart growth implementation strategies:

Table 63.  

Principles, Strategies, Obstacles, and Solutions

Strategy Obstacle Solution

1.  Efficient Use of Land Resources

1.1 Small-lot infill development Excessive lot-area dimensions Revise setback requirements;

minimum lot sizes

1.2 Infill development on large lots Inflexible subdivision and lot-area

requirements

Average lot size for whole

development, allow flexibility to

preserve natural features

1.3 Coordinated development Coord inated development  not

addressed

Specific development plans; master

plans

1.4 Better use of deep lots Excessive frontage and multiple

access requirements

Midblock lanes; interior block cluster

development; flat lots

1.5 Less land for streets Excessive street design standards Adopt “skinny” street standards

1.6 More efficient use of parking

areas

Excessive parking requirements Reduce minimum parking ratios; set

park ing ra t io  max imums;

acknowledge on-street parking;

encourage shared parking

2.  Full Use of Urban Services

2.1 Achieving planned densities Underbuilding; no support for density

goals

Minimum density standards

2.2 Attached units Lot sizes not in proportion to unit

sizes

Reduce lot-size requirements; allow

single-family attached in all

residential zones

2.3 Attached units Lot-area dimension requirements

(excessive side setbacks)

Revise setback requirements

2.4 Accessory units Excessive minimum unit size; density

maximums too low

Allow accessory units

3.  Mixed Use

3.1 Mixed-use buildings Single-use zoning; separation of uses A l low home occupat ions and

live/work units; density bonus for

mixed-use commercial/residential

buildings
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3.2 Mixed-use neighborhoods Single-use zoning; separating of uses Limited commercial in residential

zones; allow multifamily residential

in commercial zones; limited retail in

industrial zones

3.3 Healthy commercial districts Separation of uses; proximity Community shopping centers with

street connectivity; main street

districts

4.  Transportation Options

4.1 Multimodal streets Street design standards

overemphasize autos

Revise street standards; promote

“skinny” streets

4.2 Transit, bike, and pedestrian

connectivity

Physical barriers or out-of-direction

travel

Cul-de-sac and block-length

maximums; internal connectivity

standards; sidewalk requirements

4.3 Transit-supportive development Transit-supportive development not

addressed

Mandate transit-oriented

development along transit corridor

5.  Detailed, Human-Scale Design

5.1 Compatibly designed buildings Too abrupt transitions between

zones

Density transitioning; midblock

zoning district lines; building

height limits

5.2 Compatibly designed buildings No design guidelines for new

buildings

Incorporate compatibility

guidelines for new infill

construction

5.3 Pedestrian-friendly streetscapes

(commercial)

Street standards emphasize cars;

design discourages walking

Building orientation; parking lot

placement; allow shared access;

50%/80% frontage rule, etc.

5.4 Pedestrian-friendly streetscapes

(residential)

Street standards emphasize cars;

design discourages walking

Require sidewalks; limit setbacks;

garage placement; lighting; utility

placement, etc.

5.5 Quality architectural design No incentive to provide amenities Density bonuses for amenities

6.  Implementation

6.1 Examining the development

review process

Onerous procedures for variances,

conditional uses

Allow administrative approval for

minor adjustments

6.2 Examining the Planned Unit

Development (PUD) process

Onerous PUD requirements Improved PUD regulations

6.3 Flexibility in the design review

process

Discretionary design review

process; vague standards

Dual-track design review process





Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 6, Page 73

Table 65.
Town of Belville Future Land Use Acreages

Acres % of Total

Commercial 154.11 13.3%

Conservation 57.35 4.9%

High-Density Residential 22.98 2.0%

Industrial 204.70 17.6%

Low-Density Residential 567.41 48.8%

Office & Institutional 15.62 1.3%

Planned Unit Development 119.21 10.3%

Vacant 20.39 1.8%

TOTAL 1,161.77 100.0%

*The acreages in this table assume total build-out of the attached future land use map.
Source: Holland Consulting Planners, Inc.

Table 66.
City of Boiling Spring Lakes Future Land Use Acreages

Acres % of Total

Commercial 602.09 4.2%

Conservation 9,131.77 64.1%

Office & Institutional 60.17 0.4%

Recreational 219.89 1.5%

Low-Density Residential 3,782.12 26.5%

Water 454.49 3.2%

TOTAL 14,250.53 100.0%

*The acreages in this table assume total build-out of the attached future land use map.
Source: Holland Consulting Planners, Inc.
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MAP 26 – FUTURE LAND USE MAP 
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Map 27 Belville FLU
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Map 28 - BSL FLU
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Map 29 - Carolina Shores FLU
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Map 30 - St. James FLU
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Map 31 - Northwest FLU



D.  LOCATIONAL ASPECTS OF LAND USE 
 
 

The purpose of this section is to describe the reasoning behind the location of land uses as 
shown on the land use maps.  It should be noted that the land use plan depicts a desired or 
optimum pattern of land uses.  For land areas that are already developed, the desired land use 
may not be consistent with the existing land use.  In cases where the planning process resulted 
in a desired land use that deviated from the existing land use, preferred land use is indicated. The 
following provides an example of a case in which an existing land use would not be indicated on 
the map: An industry might locate in an area that was considered “rural” ten years ago.  As the 
years go by, development occurs, urban areas of the county expand, and eventually the industry 
finds itself in an urbanized setting surrounded by residential development.  This situation has 
resulted in a conflicting land use.  In this case the existing land use of the industrial property is 
industrial but might be shown on the land use map as Office/Institutional/Multi-Family, a more 
suitable and compatible use for a residential area. 

 

 
Generally, the land use map was drafted with consideration given to key land use issues; 

preservation of the county’s existing land use form which is comprised of districts, paths, urban 
nodes, landmarks, and edges; existing plans for the development of public facilities; development 
constraints and existing zoning patterns. It should be stressed that although the future land use 
map indicates a desired pattern for future land use, it is not being suggested that the land uses 
portrayed cannot be deviated from. However, it is recommended that as the need for changes in 
the land use map become apparent that the map be revised and approved by the Board of 
Commissioners.  A general description of land use by type follows.  NOTE: Appropriate uses are 
uses which are normally allowed within a zoning district; inappropriate uses are uses that are not 
normally allowed within the corresponding zoning district. 

 

 
1. Brunswick County                     REVISED: 10/30/09 

 
 

a. Commercial/Community Commercial/Services 
 
 

The majority of commercial land uses in Brunswick County’s planning jurisdiction 
are currently scattered along US Highway 17 and other major transportation routes within the 
County such as the intersection of NC Highways 211 and 133 just north of Southport and Oak 
Island and along NC Highway 130 north of Holden Beach.  Future commercial development will 
continue to occur along major roads and at the intersections of major thoroughfares. Future office 
and  institutional  land  uses  are  located  as  a  buffer  between  commercial  and  residential 
development. 

 
 

Corresponding zoning district: C-LD, Commercial-Low Density; N-C, Neighborhood- 
Commercial; C-I, Commercial-Intensive 
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Appropriate uses:  Campgrounds, Funeral Homes, Indoor and Outdoor Recreation
Facilities, Overnight Accommodations, Commercial Parking, Restaurants, Retail Sales
and Service, Self Service Storage, Vehicle Sales and Service, Water Oriented
Commercial Uses, and Offices.  Please note that not every use listed in one district
is permitted in another district.
Inappropriate uses:  Most industrial uses.
Allowable densities:  C-LD-3 to 5 units/acre; N-C-3 units/acre; C-I-2 to 4 units/acre.
Maximum height:  40 feet.
Minimum lot size: C-LD - 15,000 s.f. (without water/wastewater)

7,500 s.f. (with water/wastewater)
N-C - 15,000 s.f.
C-I - 20,000 s.f. (without water/wastewater)

10,000 s.f (with water/wastewater)

b. Conservation/Protected Lands

The Conservation designation is located as a buffer in areas where there is a

potential for flooding and in areas where there is a potential land use conflict.  The designation is

intended to be used for the permanent protection and preservation of environmentally sensitive

lands, and areas with historical, cultural, and archeological significance.  This includes the Green

Swamp Protected Lands.

Corresponding zoning district:  CP.
Appropriate uses:  Recreation areas, single-family detached homes, certain
agricultural uses, hunting clubs, retreat centers, places of worship, and civic
centers.
Inappropriate uses:  Commercial and industrial development.
Allowable density:  1/5 units per acre.
Maximum height:  40 feet.
Minimum lot size:  5 acres.

c. Industrial

Existing industrial areas are located in scattered locations somewhat adjacent to US

Highways 17 and 74/76.  Future industrial development will be primarily located along railroad

routes in the northern (outside of the Leland area)  and southern portions (north of Southport) of

the County.  Industrial land uses that are adjacent to residential land uses have been buffered with

conservation land uses.  Buffering has been provided to help prevent land use conflicts between

industrial development and neighboring land uses.  The width of the buffer should be based on the

type of industry and its potential to create compatibility problems.  It is not the County’s intention

to acquire land to be utilized as buffer areas, but rather to encourage industries to incorporate

adequate buffers into their development plans.
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Corresponding zoning districts: I-RU, Industrial-Rural; I-G, Industrial-General 
Appropriate uses:  Heavy industrial uses such as manufacturing and processing 
facilities and heavy equipment sales; light industrial uses that are associated with 
manufacturing,  assembly, and repair; research and development companies; 
resource extraction facilities; warehouse and freight movement companies; waste 
related facilities; and wholesale trade. Please note that not every use listed in one 
district is permitted in the other districts. 
Inappropriate  uses: Residential development and most commercial development. 
Allowable  density: 1 or fewer units/acre. 
Maximum  height: 40 feet. 
Minimum  lot  size: I-RU - 100 acres; I-G - 1 acre 

 
d. Mixed Use 

 
 

The Mixed Use land use designation is primarily located at existing and proposed 
major intersections such as the intersections of US 17 and NC 211 and the intersection of NC 133 
and the proposed Cape Fear Skyway. The Mixed Use designation is most closely in line with the 
requirements of a Planned Unit Development, meant for innovative residential and/or commercial 
projects. 

 
Corresponding  zoning  districts: C-LD, N-C, RR, R-7500, R-6000, and SBR-6000 
Appropriate  uses: A variety of residential and commercial uses. May include a mix 
of uses that are not usually permitted together. 
Inappropriate  uses: Industrial operations. 
Allowable  densities: 2.8 
Maximum  height: 40 feet. 
Minimum  lot  size: 10 acres. 

 
e. Residential 

 
 

Residential land uses have been divided into three separate land use categories 
based on associated variable residential densities. These categories include high, medium, and low 
density  residential. The location of residential land uses by density was based on existing 
residential development patterns and constraints to development (i.e. floodplains and wetlands). 

 
High  Density  Residential – Multifamily Residential 
Corresponding  zoning  districts: MR-3200, Multifamily Residential. 
Appropriate  uses: Multifamily, cottage developments, parks, places of worship, and 
government buildings. 
Inappropriate  uses: Commercial and industrial uses. 
Allowable  densities:  MR-3200 – 6.2 units/acre (without water/wastewater) 

13.6 units/acre (with water/wastewater) 
Maximum  height:  50 feet. 
Minimum  lot    size:  MR-3200 – 7,000 s.f. per duplex (without water/wastewater) 

6,400 s.f. per duplex (with water/wastewater) 
3,200 s.f. per dwelling unit for all other 
multifamily structures (with water/wastewater) 
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High  Density  Residential  –  Single  Family  Residential 
Corresponding  zoning  districts: R-6000, High Density Residential 

SBR-6000, High Density Site Built Residential 
Appropriate  uses: High intensity single-family, multifamily, cottage developments, 
parks,  places of worship, government buildings, and in R-6000, high density 
residential, single-wide and double-wide manufactured homes. 
Inappropriate  uses: Commercial and industrial uses. 
Allowable  densities:  R-6000 – 4.4 units/acre (without water/wastewater) 

7.3 units/acre (with water/wastewater) 
SBR-6000 – 4.4 units/acre (without water/wastewater) 

7.3 units/acre (with water/wastewater) 
Maximum  height:  40 feet. 
Minimum  lot  size:  R-6000 – 10,000 s.f. (without water/wastewater) 

6,000 s.f. (with water/wastewater) 
SBR-6000 – 10,000 s.f. (without water/wastewater) 

6,000 s.f. (with water/wastewater) 
 

Medium Density  Residential 
Corresponding  zoning  districts: R-7500, Medium Density Residential 
Appropriate uses: Emergency shelters, places of worship, parks, single-family 
residences, multifamily residences in some instances, and double-wide 
manufactured homes. 
Inappropriate  uses: Commercial uses and industrial operations. 
Allowable  densities:  2.9 units/acre (without water/wastewater) 

5.8 units/acre (with water/wastewater) 
Maximum  height:  40 feet. 
Minimum  lot  size:  15,000 s.f. (without water/wastewater) 

7,500 s.f. (with water/wastewater) 
 

Low Density  Residential 
Corresponding  zoning  district: RR, Rural Low Density Residential 
Appropriate  uses: Agricultural uses, single family residences, multifamily residences 
in certain cases, single-wide and double-wide manufactured homes, emergency 
shelters, parks, and places of worship. 
Inappropriate  uses: Commercial uses and industrial operations. 
Allowable  densities:  2.2 units/acre (without water/wastewater) 

2.9 units/acre (with water/wastewater) 
Maximum  height:  40 feet. 
Minimum  lot  size:  20,000 s.f. (without water/wastewater) 

15,000 s.f (with water/wastewater) 
22,500 s.f. (duplex with water/wastewater) 
 

          
f. Military 

 
 

The intent of this designation is to recognize military installations within Brunswick 
County.   As federal property, these areas are not subject to local development requirements. 
However, upon certification of the Land Use Plan and acceptance by OCRM, local policy becomes 
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state policy that can influence federal licensing and other federally funded activities including those 
associated  with the military. Such activities are usually required to go through the federal 
consistency process which includes state review that would include consulting the local Land Use 
Plan. 

 

 
In addition to the zoning classifications identified above, the County utilizes six overlay 

districts.  An explanation of the use of those districts is provided below. 
 

 
ED Economic Development: This district is intended to provide locations for a wide 

range of agricultural industry, light and heavy manufacturing, office, institutional and research 
uses with no adverse impacts beyond the space occupied by the use. The Economic 
Development Overlay District shall only be applied to lands in close association with those Major 
Thoroughfares identified in the Major Thoroughfare Plan, and over lands in the RR-Rural Low 
Density Residential Zoning District.  This district is designed to support specific public policy 
objectives stated in the Coastal Area Management Act Land Use Plan. 

 

 
PUD Planned Unit Development: The PUD Overlay District is intended to encourage 

the development of desirable and innovative projects for both residential and nonresidential uses. 
This may include a mixture of uses not ordinarily permitted in a traditional development.  
Certain development  privileges,  through  diversified  land  development  standards  in  
exchange  for preplanning and innovative design considerations, provide flexibility in utilizing 
new development concepts that are intended to: (1) Encourage creative development that 
preserves natural and scenic features; (2) Provide for abundant and accessible open and 
recreational space; and (3) Promote the efficient use of land resulting in infrastructure networks 
that maximize the allocation of fiscal and natural resources. 

 

 
TO Transitional Office: The TO Overlay is established to allow an orderly transition of land 

use from residential use to relatively small-scale office use of lots and parcels fronting major 
roadways, while maintaining a predominantly residential property appearance and building scale. 
A Transitional Office Overlay may only be established in any residential base district, and may be 
established over more than one residential base district. 

 

 
CDS-1 and CDS-2 Corridor Development Standards 1 and 2: The Corridor Development 

Standards (CDS-1 and CDS-2) are intended to ensure that lands adjacent to major transportation 
corridors be developed in a manner that encourages appropriate land usage, maintains the scenic 
natural beauty of the area, and promotes the health and general welfare of the public. Moreover, 
application of the CDS overlay serves to facilitate the provision of transportation by promoting the 
safe and efficient movement of traffic by encouraging development which reduces or eliminates 
commercial strip development, excessive  driveway cuts, visual clutter and poor site layout. 
Corridor Development Standards are superimposed along designated highways which extend across 
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Brunswick County’s planning and zoning jurisdiction.  As an overlay zone, it does not control the 
permitting of uses therein, but provides additional development requirements and standards which 
are applied within the coverage area for commercial and industrial uses only.  Standards are 
provided to ensure that thoroughfares in these overlay districts develop with improved traffic 
efficiency and safety by reducing visual clutter and avoiding inappropriate site design. 

 

 
WQP Water Quality Protection: It is the intent of Brunswick County to bolster those 

regulations of state and federal government as to the unique quality of the water of the Lockwood 
Folly River associated with naturally occurring shellfish beds. The quality of these defined waters 
has been affected by such activities as forestry, farming, construction of roads, growth of towns, 
and rural and suburban residential development, as well as industrial processes associated with the 
fishing industry. Numerous types of water pollutants have been identified by state studies. No one 
or even several types or causes of degradation have been determined as having more impact than 
any other.  The intent of this Water Quality Protection District is to apply a set of regulations for 
water quality protection, to specifically described areas of land abutting a specifically described 
water area; which is encompassed by a line drawn to extend across the Lockwood Folly River from 
Genoe’s Point to Mullet Creek; southly to and across the Atlantic Intracoastal Waterway. 

                
 

 

 
2. Town  of  Belville      REVISED: 6/25/09 

 
 

a. Commercial/O&I 
 
 

Commercial and O&I land uses in Belville are located at the intersection of US 
Highway 17/74/76 and NC Highway 133 and along NC Highway 133. Future commercial 
development will continue to occur at the intersection with future office and institutional land uses 
occurring along NC Highway 133. 

 

 
Corresponding  zoning  district:  BR, Business Residential; BH, Business Highway; 
CBD, Central Business District 
Appropriate  uses: General retail uses; institutional, recreational, and services uses; 
residential mixed-use, and hote. Please note that not every use listed in one 
district is permitted in another district.  
Inappropriate  uses:  Industrial and manufacturing uses. 
Allowable  densities: No density requirement. 
Maximum  height: No height requirement. 
Minimum  lot  size: No lot size requirement. 

 
b. Conservation 

 
 

The Conservation designation is located as a buffer along the Brunswick River where 
there is a potential for flooding. Medium and high density development is not allowed in this area. 
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Allowable  densities: MF 2.9 units/acre (two family) 
  5.4 units/acre (multi-family) 
 MH 5.8 units/acre 
Maximum height: 35 feet. 
Minimum  lot  size: MF 15,000 s.f. per dwelling unit (two family) 
 MH 8,000 s.f per dwelling unit for the first two dwelling 
  units and 5,000 s.f. for each additional dwelling unit. 
 

Corresponding  zoning  district: R-15, Residential District 
Appropriate  uses: Marinas, Boardwalks, parks, and water oriented uses such as 
boat launch facilities, docks, and piers. 
Inappropriate  uses: Commercial and industrial development. 
Allowable  density: 2.9 units / acre. 
Maximum  height: 35 feet. 
Minimum  lot  size: 15,000 s.f. 

 
c. Industrial 

 
 

Existing industrial areas are located on US Highway 17/74/76.  Future industrial 
development will be located along US Highway 17/74/76, the area adjacent to US Highway 17, and 
along the northwest portion of NC Highway 133. 

 

 
Corresponding  zoning  districts: I, Industrial. 
Appropriate uses:  Agricultural  uses,  communications  facilities,  contractors/ 
construction facilities (with or without outside storage), certain retail and service 
uses, manufacturing operations, and wholesale facilities. 
Inappropriate  uses: Residential development and most commercial development. 
Allowable  density: No density requirement. 
Maximum  height: No height requirement. 
Minimum  lot  size: No lot size requirement. 

 
d. Residential 

 
 

Residential land uses are currently scattered around town primarily in platted 
neighborhoods within the satellite annexations.  Future residential development should occur in 
these areas. Residential land uses have been divided into two separate land use categories based 
on associated  variable residential densities. These categories include high and low density 
residential.  The locations of residential land uses by density was based on existing residential 
development patterns and constraints to development (i.e. floodplains and wetlands). 

 

 
High Density  Residential 
Corresponding  zoning  districts: MF, Multi-family District; MH, Manufactured Homes 
Appropriate  uses: Mobile/modular home on site sales, boat launching ramps, child 
care facilities, golf courses, parks, and single- and multi-family residences. 
Inappropriate  uses: Commercial and industrial uses. 
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Low Density  Residential 
Corresponding  zoning  districts: R-10, Residential District; R-15, Residential District 
Appropriate  uses:  Boat launching ramps, child care facilities, golf courses, parks, 
single-family residences, and modular homes. Please note that not every use listed 
above is permitted in both districts. 
Inappropriate  uses: Commercial uses and industrial operations. 
Allowable  densities: R-10 4.3 units/acre 
 R-15 2.9 units/acre 
Maximum  height: 35 feet. 
Minimum  lot  size: R-10 10,000 s.f. 
 R-15 15,000 s.f. 

 
3. City of   Boiling   Spring  Lakes 

 
 

a. Commercial / O&I 
 
 

Commercial and O&I land uses in Boiling Spring Lakes are primarily located along 
NC Highway 87. Future commercial development and O&I development will continue to occur in 
this area. 

 
Corresponding  zoning  district: C-1, C-2, C-R, C-M, and C-S. 
Appropriate uses: General retail uses, institutional, recreational, services, golf 
courses, clubhouse, and government uses. Please note that not every use listed in 
one district is permitted in another district. 
Inappropriate  uses: Residential and manufacturing uses. 
Allowable  densities: No density requirement. 
Maximum  height: No height requirement. 
Minimum  lot  size: No lot size requirement. 

 
b. Conservation / Recreation 

 
 

The Conservation designation is located as a buffer where there is a potential for 
flooding.  Medium and High density development is discouraged in this area. 

 
Corresponding  zoning  district: Parks and Recreation Zones L-1, L-2, P-1, P-2, P-3 
Appropriate  uses: Outdoor recreational activities, playgrounds, and swimming pools. 
Inappropriate  uses: Residential, commercial, and industrial development. 
Allowable  density: No density requirement. 
Maximum height: No height requirement. 
Minimum  lot  size: No lot size requirement. 

 
c. Residential 

 
 

Residential land uses are currently scattered around town in platted neighborhoods. 
Future residential development should occur in these areas. 
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Corresponding  zoning  districts: R-1, R-1A, R-2, R-3, R-3A, R-4, R-5, and R-6 
Appropriate  uses: Single-family residences, modular homes, manufactured homes, 
and parks. 
Inappropriate  uses: Commercial and industrial uses. 
Allowable  densities: 2.8 units / acre. 
Maximum  height:  One story structures - 28' (R-1, R-2, R-3, R-4, R-5, and R-6); 
20' (R-1A and R-3A)/Two story structures - 42' (R-1, R-1, R-3, R-4, R-5, and R-6); 
35' (R-1A and R-3A) 
Minimum  lot  size: 15,300 s.f. 

 

 
4. Town  of  Carolina  Shores 

 
 

a. Commercial / O&I 
 
 

Commercial development is located on Ocean Highway and O&I land uses are 
scattered around town. Future commercial development will continue to be located along Ocean 
Highway and Thomasboro Road SW. O&I development will buffer commercial development from 
adjacent residential development in that area. 

 

 
Corresponding  zoning  district: CB and HC. 
Appropriate  uses: Retail uses, business and professional offices, hotels and motels, 
restaurants, and public facilities. 
Inappropriate  uses: Residential and manufacturing uses. 
Allowable  densities: 4 units / acre. 
Maximum height: 35 feet. 
Minimum  lot  size: 10,000 s.f. 

 
b. Recreation / Conservation 

 
 

Recreation is located in the northeast portion of town and the southeast portion of 
the town.  Recreation will continue to occur in the southeast portion of the town. 

 

 
Corresponding  zoning district: CD. 
Appropriate  uses: Outdoor recreational activities, parks, and swimming pools. 
Inappropriate  uses: Residential, commercial, and industrial development. 
Allowable density: 1/5 units / acre. 
Maximum  height: 35 feet. 
Minimum  lot  size: 5 acres. 

 

 
c. Residential 

 
 

The majority of residential land use is located within platted neighborhoods. Future 
residential development will be the predominant land use within town and occur all over the town. 
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Corresponding zoning district:  OAR, Open Area/Recreation District; AF, Agriculture/
Forestry District
Appropriate uses:  Parks, playgrounds, fish farms, agriculture uses, single-family
site built homes, greenhouses, and schools.  Please note that not every use
permitted in one district is permitted in the other district.
Inappropriate uses:  Commercial and industrial development.
Allowable density:  2 units / acre.
Maximum height:  35 feet.
Minimum lot size:  20,000 s.f.

c. Residential

The majority of residential land use is located immediately adjacent to the City’s

major roads.  Future residential development will continue on these roads with large tracts set

aside off of these road for residential subdivisions.

Corresponding zoning districts:  R-20, R-15, R-15 SD, R-10, PUD, MHO (Mobile
Home Overlay District), and MHP (Manufactured Home Park).
Appropriate uses:  Single- and two-family residences, manufactured homes (Class
A & B), manufactured homes,  parks, playgrounds, greenhouses, vegetative and
livestock agriculture, and home occupations.  Please note that not every use
permitted in one district is permitted in another.
Inappropriate uses:  Commercial and industrial uses.
Maximum height:  35 feet.

High Density Residential
Allowable densities: PUD 20 units / acre for residential areas

MHO Density of underlying zoning district
MHP 10.9 units / acre

Minimum lot size: PUD 10 acres
MHO Minimum lot size of underlying zoning district
MHP 4 acres

Low Density Residential
Allowable densities: R-20 2 units / acre

R-15, R-10 4 units / acre
R-15 SD 2.9 units / acre

Minimum lot size: R-20 20,000 s.f.
R-15, R-10 10,000 s.f.
R-15 SD 15,000 s.f.

d. Industrial

There is one industrial operation within Northwest.  Future industrial development

will continue to be located in that area.
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Corresponding zoning districts:  HI and LI.
Appropriate uses:  Industries that have no nuisance or pollution factors such as
automobile repair operations, bakeries, plants, carpenters, storage yard for
contractors, wholesale business, and apparel & drapery manufacturers.
Inappropriate uses:  Residential and commercial development.
Allowable density:  4 units / acre.
Maximum height:  3 stories.
Minimum lot size:  10,000 s.f.

7. Land Use Compatibility Matrix

Each land use category is supported by zoning districts contained in the respective

communities’ land development ordinance.  Tables 70 through 74 provide a comparison of the land

use categories and the respective communities’ existing zoning districts.  The reader is cautioned

that this is an “overview” and detailed analysis must be based on careful review of each land

development ordinance.











Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 6, Page 98

E. Land Demand Forecast

The land demand forecast section is intended to provide a snapshot of future demand for

each future land use designation as outlined starting on page 6-81 of the plan.  The result of this

analysis is an anticipated growth rate and pattern for the county based on geographic regions

defined in the County’s wastewater master plan.  The existing land use survey outlined on page

5-85 of the plan serves as the basis for these forecasts.  Existing land use acreages have been

forecasted out through 2025 based on the population projections defined on page 5-22 of the plan

in conjunction with development rates discussed throughout the context of this document.  The

result of this analysis provides an anticipated demand for buildable land that may be utilized in

concert with the County’s recently adopted water and sewer master plans and Unified Development

Ordinance.  Coordination of these four documents will enable County officials to promote calculated

and coordinated development that falls in line with the County’s plan for infrastructure expansion.

The following key should be utilized to compare land demand forecast to the existing land use

(page 5-92) and future land use (page 6-72) acreage tables.

Land Demand Forecast Designation Existing Land Use Designation Future Land Use Designation

Commercial/Mixed Use Commercial, Office & Institutional Commercial, Community
Commercial, Mixed Use

Industrial Industrial Industrial, Military

High Density Residential Multi-Family Residential, Mobile
Home, Mixed Use

HDR

Medium Density Residential Single-Family Residential MDR

Low Density Residential Residential/Agricultural LDR

Recreation Recreation Recreation

Vacant Vacant, Water Conservation, Protected Lands

The land demand forecast for the County overall has been broken down into four separate

categories that reflect the sewer service areas outlined on the Future Land Use Map (Northeast

Regional Service Area, Southeast Regional Service Area, West Regional Service Area, and the

Southwest Regional Service Area).  These sewer service areas reflect the boundaries of those

regions defined in the County’s wastewater master plan.  Additionally, they outline the boundaries

of regions within the County where phased infrastructure improvements are planned (see

infrastructure carrying capacity).  The land demand forecasts have been compiled in this manner

to provide some form of linkage between the documents.

Due to the fact that all participating municipalities are tied into the County’s regional utility

system, land demand forecast have been calculated for the County overall.  The numbers outlined

in the tables below include all unincorporated portions of the County, as well as the ETJ and

corporate limits of all participating municipalities.  This approach was taken based on the County’s

regional approach to infrastructure expansion.  It should be noted that the land demand forecast

acreages does not include non-participating jurisdictions, hydrology, or state and municipally

maintained highways or local access streets.
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F. Carrying Capacity Discussion

It has been documented throughout the context of this plan that the one of the most

substantial impediments to development within Brunswick County is the lack of infrastructure, most

importantly the lack of central sewer service.  The county is well aware of this problem, and has

recently adopted comprehensive reports on the County’s overall water and sewer infrastructure to

assess what the demand will be for these services through the year 2020/2015, respectively.  The

Comprehensive Wastewater Master Plan for Brunswick County was completed by HDR Engineering,

Inc., of the Carolinas in February of 2006.  A comparable report detailing the water system needs

was completed by Hazen and Sawyer in late 2006.  Updates to the water and sewer studies will

be required to extend forecasts to 2025.

The two reports attempt to address both the seasonal and year round wastewater needs

for Brunswick County residents, businesses, and industries.  The wastewater treatment plan breaks

the County into four separate regions (Northeast, Southeast, West, and Southwest), and identifies

the current and future wastewater treatment needs for each of these regions.  These regions

served as the basis for the land demand forecast outlined in the previous section.  The water

system report addresses the County’s needs comprehensively and does not adhere to the regions

outlined in the wastewater system plan.

Both the water system and wastewater reports address both the infrastructure needs, and

cost associated with these improvements.  Both the forecast and proposed infrastructure

improvements detailed in the two reports are based on both past development trends, and

projected growth rates.  The data presented within these reports can be cross referenced with the

land demand forecast outlined in the previous section in an effort to ensure that the reports

account for the development projected within the context of this document.

The following sections provide an overview of the proposed improvements required to meet

development demands through the planning period.  The improvements and cost estimates have

been broken down by the service areas depicted on Map 32.  Future land use acreages for each

subarea, have been included in Table 79 below.
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Map 32 - Regional Service Areas
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Northeast Regional Service Area

Table 80.  Brunswick County
Northeast Wastewater Treatment Existing System and Anticipated Needs (MGD)

System Component
Currently
Provided

Proposed
Improvements Estimated Cost

Regional Collection System
      Regional Pump Stations
      Regional Sewers

None
None (1)

1
10.7 miles

$600,000
$2,150,000

Regional Treatment Systems
      Minor Additional Capacity Needed None 0.35 mgd $1,750,000

Regional Disposal/Utilization System
      Additional Capacity Needed N/A* None $0

Additional Land Needs N/A* 0 Acres $0

System Capacity (2)
      Wastewater Treatment Capacity
      Wastewater Disposal/Utilization Capacity

1.65 mgd
1.65 mgd

2.0 mgd
2.0 mgd

N/A
N/A

Subtotal $4,500,000

Engineering (15%) $675,000

Contingency (20%) $900,000

Total Cost $6,075,000

(1) The current collection system is designed to accommodate wastewater flows from the Northeast Sanitary District, the
Navassa area, the Town of Leland, and the Brunswick County Industrial Park.  It is possible that some segments closer
to the treatment facility may have capacity to serve the 2025 needs, but that analysis would need to be conducted in a
future Preliminary Engineering Report or design stage.
(2) System capacity increases will be dictated by NCDENR permitting; therefore, cost for permits have not been included.
*N/A - this indicates that a given service component or improvement does not currently apply and/or exist.
Source: Brunswick County Comprehensive Wastewater Master Plan.

Recommendations:  This section provides recommendations for wastewater treatment

facilities specific to the Northeast Service area depicted on Map 32 and detailed in Table 80 above.

Please refer to Page ES-8 of the Brunswick County Comprehensive Wastewater Master Plan for a

summary of recommendations relating to the entire County.  The Northeast Service Area

recommendations are as follows:

< Due to potential growth and development along the Highway 74/76 corridor, it is

recommended that a regional pumping station be constructed in the vicinity of the Towns

of Northwest and Sandy Creek.  The force main along the Highway 74/76 corridor should

aid with economic development opportunities in this section of the County due to its close

proximity to Wilmington, major highways (current and future), the State Port, and

commercial, industrial and residential development.  Sizing of the regional pumping station

and force main should be such that the 2020 demands are satisfied.
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< The actual time frame for construction of these facilities is base on the priorities of the

County.  Minor improvements would be necessary to the Northwest Wastewater Treatment

Plan to accommodate the 2020 projected demands.

Southeast Regional Service Area

Table 81.  Brunswick County
Southeast Service Area Wastewater Treatment Existing System and Anticipated Needs (MGD)

System Component
Currently
Provided

Proposed
Improvements Estimated Cost

Regional Collection System
      Regional Pump Stations
      Regional Sewers

None
None

1
27.4 miles

$700,000
$10,300,000

Regional Treatment Systems
      Water Reclamation System Needed N/A 5.0 mgd $32,500,000

Regional Disposal/Utilization System
      On-Site Land Application System None 2,400 acres $15,300,000

Additional Land Needs N/A 1,400 Acres $7,000,000

System Capacity (1)
      Wastewater Treatment Capacity
      Wastewater Disposal/Utilization Capacity

0.40 mgd (2)
0.40 mgd (2)

5.0 mgd
5.0 mgd

N/A
N/A

Subtotal $65,800,000

Engineering (15%) $8,820,000

Contingency (20%) $11,760,000

Total Cost $86,380,000

(1) System capacity increases will be dictated by NCDENR permitting; therefore, cost for permits have not been included.
(2) Oak Island owns a non-discharge type wastewater treatment facility that is permitted and rated for 0.40 mgd.  The
facility was owned by the former Town of Yaupon Beach and tertiary quality effluent is utilized via spray irrigation and
a rapid infiltration pond.
Source: Brunswick County Comprehensive Wastewater Master Plan.

Recommendations:  This section provides recommendations for wastewater treatment

facilities specific to the Southeast Service area depicted on Map 32 and detailed in Table 81 above.

Please refer to Page ES-8 of the Brunswick County Comprehensive Wastewater Master Plan for a

summary of recommendations relating to the entire County.  The Southeast Service Area

recommendations are as follows:

< Due to the substantial investment necessary to implement a regional wastewater system

in the Southeast Regional Service Area, the first step is to determine the extent of the

wastewater management system needed based on the firm commitments of communities

in the area.
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< The County should engage the area municipal representatives to once again determine

which communities may be interested in a cooperative approach to regional wastewater

management.  These discussions may require participation up to the point of developing

specific objectives of the regional system so costs can be prepared.  Once these objectives

are determined, a Preliminary Engineering Report or work approaching this level of analysis

will be required.

< Timeframes are important since the planning, property acquisition, agreements,

environmental documentation, design, and construction of such systems can take five years

or longer to bring to fruition.

West Regional Service Area

Table 82.  Brunswick County
West Service Area Wastewater Treatment Existing System and Anticipated Needs (MGD)

System Component
Currently
Provided

Proposed
Improvements Estimated Cost

Regional Collection System
      Regional Pump Stations
      Regional Sewers

3
35.4 miles

3
41.0 miles

$0
$600,000

Regional Treatment Systems
      6.0 mgd Expansion N/A 1 $39,000,000

Regional Disposal/Utilization System
      On-Site Land Application System N/A 2,280 acres $19,100,000

Additional Land Needs N/A 2,280 Acres $11,400,000

System Capacity (1)
      Wastewater Treatment Capacity
      Wastewater Disposal/Utilization Capacity

3.0 mgd
3.0 mgd

9.0 mgd (2)
9.0 mgd (3)

N/A
N/A

Subtotal $70,100,000

Engineering (15%) $8,805,000

Contingency (20%) $11,740,000

Total Cost $90,645,000

(1) System capacity increases will be dictated by NCDENR permitting; therefore, cost for permits have not been included.
(2) The West Brunswick Regional Water Reclamation System is currently under construction and should be operational
by early 2006.  The first phase under construction is rated at 3.0 mgd.  The current site plan accommodates the layout
for a 6.0-mgd facility.
(3) The West Brunswick Reclaimed Water Utilization System is rated for 3.0 mgd.  This includes 1.1 mgd of reuse
associated with two golf course communities, Winding River and St. James Plantations, and a County-owned silvicultural
system that can accommodate 1.9 mgd.
Source: Brunswick County Comprehensive Wastewater Master Plan.
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Recommendations: This section provides recommendations for wastewater treatment

facilities specific to the West Service area depicted on Map 32 and detailed in Table 82 above.

Please refer to Page ES-8 of the Brunswick County Comprehensive Wastewater Master Plan for a

summary of recommendations relating to the entire County.  The West Service Area

recommendations are as follows:

< Shallotte’s potential participation and interim wastewater service for both Oak Island and

Sunset Beach would deplete the current wastewater management capacity associated with

the West Brunswick Water Reclamation Facility.  This is not necessarily a concern, but it

definitely puts pressure and constraints on the intermediate and long-term plans for both

the Southeast and Southwest Regional Service Areas.  Discussions and negotiations should

continue with all three of these prospective partners and appropriate Plan of Actions and/or

Preliminary Engineering Reports prepared to address these interim needs.

< 2020 needs of the West Regional Service Area are primarily related to treatment plant

expansion needs and associated reclaimed water utilization sites.  The only regional

collection system need is associated with the line that would extend to the Shallotte area.

< Implementing local collection systems will continue to be a challenge unless a West

Brunswick Regional Collection System Plan is developed to identify the specific local area

needs.  Although the County can rely on the development community to provide this “infill”

network of sewer systems, there are going to be a number of gaps and possibly some areas

completely unserved.

< Special attention needs to be paid to the development of future reclaimed water utilization

sites in the West Brunswick Service Area.  The first phase essentially exhausted the golf

course irrigation opportunities and, unless other reuse opportunities such as residential

lawn irrigation are nurtured, the County may find itself buying more and more land to meet

this need.  This is a double negative because of the significant expense to acquire and

develop land application sites and the County loses the opportunity to generate revenue

from the sale of reclaimed water in the future.
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Southwest Regional Service Area

Table 83.  Brunswick County
Southwest Service Area Wastewater Treatment Existing System and Anticipated Needs (MGD)

System Component
Currently
Provided

Proposed
Improvements Estimated Cost

Regional Collection System
      Regional Pump Stations
      Regional Sewers

None
None

3
27.3 miles (1)

$2,400,000
$8,500,000

Regional Treatment Systems
      4.8 mgd Upgrade/Expansion N/A 1 $24,000,000

Regional Disposal/Utilization System
      Reclaimed Pumping Stations
      Reclaimed Distribution System
      Golf Course Irrigation System

N/A
N/A
N/A

1
26.3 miles

20

$1,600,000
$9,900,000
$3,000,000

Additional Land Needs N/A None $0

System Capacity (2)
      Wastewater Treatment Capacity
      Wastewater Disposal/Utilization Capacity

1.5 mgd
5.2 mgd

7.0 mgd (3)
7.0 mgd (4)

N/A
N/A

Subtotal $49,400,000

Engineering (15%) $7,410,000

Contingency (20%) $9,880,000

Total Cost $66,690,000

(1) Most, if not all, existing sewers in the region are not suitable to meet the 2020 demands.
(2) System capacity increases will be dictated by NCDENR permitting; therefore, cost for permits have not been included.
(3) Includes the Ocean Isle Beach land application system and estimated utilization rates for courses already designed
and/or permitted for reuse.
(4) The Ocean Isle Beach facility is the only facility in the region that would be suitable for long-term (2025 and beyond)
wastewater management needs.
Source: Brunswick County Comprehensive Wastewater Master Plan.

Recommendations: This section provides recommendations for wastewater treatment

facilities specific to the Southwest Service area depicted on Map 32 and detailed in Table 83 above.

Please refer to Page ES-8 of the Brunswick County Comprehensive Wastewater Master Plan for a

summary of recommendations relating to the entire County.  The Southwest Service Area

recommendations are as follows:

< The Preliminary Engineering Report under development for the Southwest Regional Service

Area will address the immediate needs (2005 – 2010) of the two wastewater treatment

facilities (Sea Trail and Carolina Shores) and the service needs of the Town of Sunset

Beach.

< Similar to the Southeast Regional Service Area, firm commitments need to obtained from

prospective participants so that specific regional goals and objectives can be identified and

implemented in the most cost-effective approach possible.  The overall regional system



Brunswick County 

CAMA Core Land Use Plan 11/30/07 Section 6, Page 109

costs are expensive, but the potential customer base makes the provision of regional

wastewater management possible.

< Although a “Greenfield” wastewater treatment facility may sound attractive, it potentially

can be a much more expensive approach to meeting the service demand needs of the

Southwest Regional Service Area.  There are two municipal systems (Shallotte and Ocean

Isle Beach) that offer sufficient sites for regional plants, and incorporation of advance

technologies such as Membrane Bio-Reactors (MBRs) may make the existing Sea Trail and

Carolina Shores treatment system sites viable as components of a decentralized or

distributive treatment system approach.  The closer the placement of water reclamation

facilities to the end use of reclaimed water will result in the most cost-effective regional

wastewater management solution.  This will save costs associated with pumping

wastewater to facilities and pumping reclaimed water back to the points of use.

< Although there is an abundance of golf courses in the West Brunswick Regional Service

Area where reclaimed water could be utilized, a number of them have exhibited some

reservation about a simple agreement to use reclaimed water for irrigation.  Although the

County has an ordinance requiring such, it is apparent that some additional energy and

efforts will be needed to meet the objectives and desires of both parties.  The County

should continue to work closely with the golf course managers and superintendents to

ensure that reasonable agreements can be developed and implemented within the next 12

to 18 months.

2. Water Treatment System

As noted above infrastructure needs through FY 2015 have been established based on the

needs of the entire county.  The details for improvements outlined within the context of the water

system master plan are as follows: Phase I consists of immediate need requirements which should

be constructed in the next two years.  Phase II requirements consist of those requirements

recommended to be constructed prior to 2015 in order to meet projected 2015 maximum day

demands.  Phase II has been further divided into Phase IIA to address pipeline needs and Phase

IIB to address pumping stations needs.  In addition, Phase III summarizes the requirement to

increase the hydraulic and treatment capacity of the Northwest Water Treatment Plant to meet the

year 2015 needs projected.

The lengths of the proposed new mains were scaled from the electronic water distribution

map and are therefore approximate.  Pipe sizes should not be reduced or enlarged.  On certain

proposed routes, smaller diameters will affect the ability of the system to provide fire protection.

The routes presented for the proposed pipes need not be followed exactly.  Field conditions may

dictate that alternate parallel routes be used.  The specification of the AWWA should apply to all

new construction.  Refer to Table 84 below for a summary of proposed improvements and costs.
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Table 84
Program of Construction

Map Ref.
No. Location

Size
Inch

Length
Feet

Estimated
Cost Totals

Phase I - Immediate Needs

I-1 Bethel Road Loop pipeline 12 10,000 $475,000

I-2 Beach Road parallel line in Calabash 12 8,300 $395,000

I-3 Shallotte interconnection 16 6,600 $495,000

I-4 Dutchman’s Acre Tie-in 12 100 $5,000

I-5 River Road/Southport Connection 24 425 $61,000

I-6 Sandpiper Bay Loop Tie-in 12 1,300 $62,000

I-7 Caswell Meter/Piping Modifications $25,000

Phase I - Subtotal $1,518,000

Phase IIA - Pipeline Improvements Needed by 2015

IIA-1 Hwy 211/17 area to Stone Chimney Line 16 2,500 $188,000

IIA-2 Bell Swamp BPS parallel line to Hwy 211/17
intersection following Highway 17 Bypass

30 70,000 $17,875,000

IIA-3 Loop Pipeline from Leland Tank to Highway 17
along Route 74, Malmo Loop, Colinmintz Road
and NC 87

36 45,700 $13,500,000

IIA-4 Leland Tank loop pipeline to tie-in with 36-inch
pipeline following NC 74 and NC 87

12 31,400 $1,500,000

IIA-5 Parallel 30-inch line from NC 17 and 87/17
intersection to Bell Swamp Pumping Station

30 20,000 $4,250,000

IIA-6 Parallel line from Boiling Springs Tank to
Boiling Springs meter vaults

24 12,100 $1,750,000

Phase IIA - Subtotal $39,063,000

Phase IIB - Pumping Station/Storage Improvements Needed by 2015

IIB-1 Additional NW WTP finished water pumps 2 $150,000

IIB-2 Replace BPS10 pumps with higher capacity
and higher head pumps

2 $150,000

IIB-3 Additional Bell Swamp Southwest Booster
Pumps

2 $150,000

IIB-4 Replace 2 pumps with higher capacity and
higher head pumps at BPS6

2 $150,000

IIB-5 New 1MG elevated storage tank 1 $1,750,000

Phase IIB - Subtotal $2,350,000

Phase III - WTP Improvements Needed by 2008

III-1 Upgrade existing Northwest WTP by adding 8
MGD to firm capacity of 24 MGD including
conversion to Superpulsators, additional
dewatering building, filters and clearwell
storage, yard piping, electrical, I/C, chemical,
and contingency

1 $20,000,000

Grand Total $62,931,000

Source: Brunswick County Water System Master Plan.
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3. Public School System

As noted earlier in the plan, Brunswick County currently operates sixteen public schools

including: nine elementary schools, three middle schools, and three high schools.  Additionally, the

county operates the Brunswick Learning Center which accommodates grades 6-12.  The 2004/2005

combined county school enrollment was 11,167.  Based on population forecasts, the county is

expected to have a total population of 142,906 by the year 2025.  According to historical trends,

this will result in an increased school age population of 24,294 students.

This increase is a very pressing issue for the County, and must be addressed in conjunction

with existing overcrowding concerns at several existing school sites.  Currently six of the County’s

sixteen schools are operating over capacity, and this problem is worsening each new school year.

In order to address the school system’s future needs, the Brunswick County Board of

Education is currently drafting an updated Long Range Facility Plan.  It is anticipated that this plan

will be completed in FY2007.  This plan will identify all projected needs in relation to school

capacity, and will acknowledge the growth trends and policies outlined in this land use plan.  At

this time, the County Board of Education has plans for the construction of three new schools

through FY2014.  Two of these proposed school sites are reflected on the Future Land Use Map

(Map 26).  The proposed schools are as follows:

Proposed Construction Regional Location Grade Range Proposed Capacity

Fiscal Year 2008 Holden Beach K-8    800

Fiscal Year 2009 Northwest K-8    800

Fiscal Year 2014 Central Brunswick County 9-12 (High School) 1000

4. Transportation

As development continues to move forward throughout Brunswick County, transportation

planning and road improvements are essential to deal with the volume of travelers and commuters.

The County’s existing transportation network and proposed improvements have been discussed at

length within the context of this plan.  The County’s existing transportation system is discussed on

page 5-105, and proposed transportation improvements are discussed on page 6-3.  All future road

projects that are included in the current NCDOT Transportation Improvement Plan are shown on

the Future Land Use Map (Map 26, page 6-75).  The County will continue to monitor the traffic

situation throughout the County and work with NCDOT to ensure that as development moves

forward citizens are provided with a safe and efficient transportation network.
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One program that the County is utilizing to improve its transportation system is the

Strategic Highway Corridor (SHC) initiative.  The SHC initiative represents a timely effort to

preserve and maximize the mobility and connectivity on a core set of highway corridors, while

promoting environmental stewardship through maximizing the use of existing facilities to the extent

possible, and fostering economic prosperity through the quick and efficient movement of people

and goods.  The initiative offers NCDOT and its stakeholders an opportunity to consider a long-

term vision when making land use decisions and design and operational decisions on the highway

system.  Currently within Brunswick County US Highway 17 is already designated as an SHC, and

NC Highway 87 is under consideration for designation.
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SECTION 7.

TOOLS FOR MANAGING DEVELOPMENT

I. GUIDE FOR LAND USE DECISION MAKING

It is intended that this document be an integral part of the Brunswick County decision making

process concerning future land use.  Development of this plan has been closely coordinated with

the development of the Brunswick County Unified Development Ordinance, the Brunswick County

Comprehensive Wastewater Master Plan, February 2006, and the Brunswick County Water Master

Plan (to be completed prior to CRC certification of this document).  The UDO and water and sewer

plans are essential tools for the management of development.  This document should be consulted

prior to any decision being made by the Brunswick County staff, Planning Board, and/or Board of

Commissioners concerning land use and development.  For further explanation on how to use and

implement this document, refer to Section 6.III (page 6-12).

II. EXISTING DEVELOPMENT PROGRAM

The existing management program includes the following ordinances: Brunswick County Zoning

Ordinance, Brunswick County Subdivision Ordinance, Brunswick County Airport Height Control

Ordinance, Brunswick County Manufactured Home Park Ordinance, North Carolina State Building

Code, and the National Flood Insurance Program.  Preparation of the this Land Use Plan has been

coordinated with the land use related codes.

III. ADDITIONAL TOOLS

Brunswick County will utilize the following additional tools to implement this plan:

< Conduct annual training sessions for the Brunswick County Planning Board and Board of

Adjustment.

< The Planning Department staff, in concert with the Planning Board, shall prepare an annual

report assessing the effectiveness of plan implementation.  This report shall be presented

to the Board of Commissioners.

< At a minimum, update the Land Use Plan and implementation process every six to seven

years.

< Through implementation of the UDO, improve the public’s review of proposals for

development.
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< Prepare a capital improvements plan/program to address the following county facilities:

water, sewer, stormwater, and transportation.  This will be coordinated with the County’s

municipalities.

IV. LAND USE PLAN AMENDMENTS

At which time the Brunswick County CAMA Core Land Use Plan needs to be amended, the County

will apply the guidelines for Land Use Plan Amendments under Subchapter 7B, Section 0.400 of the

North Carolina Administrative Code.  A brief summary of the County’s amendment process is

provided below:

< The Land Use Plan may be amended as a whole by a single resolution or in parts by

successive resolutions.  The successive resolution may address geographical sections,

county divisions, or functional units of subject matter.  Participating municipalities may

make amendments to the land use plan as it affects their jurisdictions.  Some amendments

may require additional background analysis to take place.

< The County/participating municipality must hold a public hearing of which the public has

been properly notified.  NOTE: Special state public notice and advertising requirements

exist for LUP amendments.

< Copies of the proposed amendment(s) must be available for review at the County’s

Planning Department or participating municipalities’ primary governmental office during

designated hours.

< The executive secretary or a designated agent of the Coastal Resources Commission shall

be given notice of the public hearing, a copy of the proposed amendment(s), and a reason

for the amendment(s).

< Amendments must be consistent with the Coastal Resources Commission’s Land Use

Planning Guidelines (15A NCAC 7B) and, if possible, with the Land Use Plans of adjacent

jurisdictions.

< If possible, the County/participating municipality will adopt the plan amendments

expeditiously following the close of the public hearing.

< The County/participating municipality will provide the executive secretary of the Coastal

Resources Commission with a copy of the amended text or maps, and certification of

adoption within seven days of adoption.
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< Any changes to this plan affecting areas within the jurisdiction of a participating

municipality will not be considered/approved without prior review, support, and

recommendation by the governing body of the affected municipality.

< The advertising cost of amendments to this plan which are not initiated by the Brunswick

County Board of Commissioners will be paid for by the individual, organization, or other

entity requesting the amendment.

V. ACTION PLAN/SCHEDULE

A. Citizen Participation

For the preparation of this plan, Brunswick County and all participating municipalities

adopted a citizen participation plan.  A copy of that plan is included as Appendix I.  Following

adoption of this plan, Brunswick County and all participating municipalities will implement the

following to ensure adequate citizen participation:

< The county will encourage public participation in all land use decisions and

procedure development processes and encourage citizen input via its boards and

commissions.

< Brunswick County will advertise all meetings of the county’s Planning Board and

Board of Adjustment through newspaper advertisements and public service

announcements.

< Brunswick County will utilize advisory committees to assess and advise the county

on special planning issues/needs.

< The county will, at least annually, conduct a joint meeting of the Brunswick County

Board of Commissioners and the County’s Planning Board to identify planning

issues/needs.  Involvement of the participating municipalities will be invited.

< All Planning Department activities will be outlined on the county’s web-site.  The site

will include this plan.

< All public hearings for changes to land use related ordinances that affect AECs shall

include in the notice a specific description of the impact of the proposed change on

the AECs.

< Ensure that the membership of all planning related and ad hoc advisory committees

has a broad cross section of the County’s citizenry.
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B. Action P lan/ Schedule

The following describes the priority actions that will be taken by Brunswick County and its

participating municipalities to implement this CAMA Core Land Use Plan and the fiscal year(s) in

which each action is anticipated to begin and end.  This action plan will be used to prepare the

implementation status report for the CAMA Land Use Plan.

Schedule

Policy References Implementing Actions Begin End

P.1-P.5

P.6-P.15

P.44-P.55

P.56-P.68

P.82-P.101

Brunswick County will review and revise, if necessary, its UDO and

the participating municipalities will review and revise, if necessary,

their UDO, zoning, and subdivision ordinances to address the

policies contained in this Land Use Plan.

FY2008 FY2009

P.16-P.20 A specific development/commercialization plan will be prepared

for the area surrounding NC 133 and its intersection with the

connection to the Cape Fear Skyway.

FY2009 FY2010

P.25-P.40 Brunswick County will designate a staff person to be responsible

for assembling and organizing a “Conservation Council” which will

be advisory to the County’s Planning Board and Board of

Commissioners.

FY2008 FY2009

P.25-P.40 Brunswick County will adopt a tree preservation ordinance. FY2009 FY2010

P.25-P.40 Brunswick County will implement the following programs:

(1) Develop a “Nature’s Classroom Program” in our public school

system for wetlands education.

(2) Coordinate the wetlands education program with Brunswick

County Community College, UNC-W, and other universities.

(3) Develop a volunteer-supported educational program as part of

the NC Cooperative Extension Service.

(4) Create trails and access into natural areas and wetlands.

(5) Expand the program that cooperates with schools from the

mountains and Piedmont to plan for weekend “Eco-camps” for

students to visit Brunswick County.

(6) Work with the NC Cooperative Extension 4-H to create state-

wide high school program for “eco-education projects.”

FY2008 FY2010

P.25-P.40 In order to assist in protecting wetlands, Brunswick County will

accomplish the following:

(1) Prepare policy on wetlands and swamp protection

(2) Create bike paths and/or horse trails adjacent to prime areas

to foster greater awareness.

FY2008 FY2009

P.25-P.40 Expand the Brunswick County website with links to local groups

that focus on beach quality and marine ecology programs.

FY2007 FY2008

P.25-P.40 Establish a regional ecotourism board and link with Brunswick

County resources to unify interests of different groups across the

Cape Fear region.

FY2009 FY2010
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P.25-P.40 Establish a contingency/emergency response for an oil spill or

other beach-related catastrophe.

FY2008 FY2009

P.41-P.43 Brunswick County will ensure the UDO supports the following:

(1) A program of vegetated buffers adjacent to all streams, rivers,

marshes, and estuarine waters in the County.

(2) Accomplish stormwater runoff management in which there is

no more than a 5% runoff increase from pre-development to

post-development conditions.

FY2008 FY2009

P.41-P.43 Brunswick County will consider adopting and enforcing a soil

erosion and sediment control ordinance.

FY2009 FY2010

P.44-P.55 Brunswick County will prepare a detailed community facilities plan

to address solid waste disposal, law enforcement, emergency

management, recreation, and educational services needs.

FY2008 FY2009

P.44-P.55 Brunswick County and its participating municipalities will develop a

County/municipal association to initiate discussion for cooperation

and coordination between local governments for service delivery.

FY2008 FY2009

P.44-P.55 Brunswick County and its participating municipalities will establish

a County-wide public utilities board to govern County-wide water

and sewer systems.

FY2008 FY2009

P.44-P.55 Brunswick County will continue to update its comprehensive,

County-wide water master plan and timeline for development.

FY2008 FY2010

P.44-P.55 Brunswick County will pass an ordinance to prohibit disposal of

septage and biosolids in the County that originated outside of

Brunswick County, and will implement a County permitting

process for biosolids and septage land application sites.

FY2008 FY2009

P.44-P.55 Brunswick County will maintain a major thrust toward a County-

wide wastewater system.

FY2006 FY2012

P.44-P.55 Brunswick County will consider revising water and sewer

extension policies to ensure that public/private cooperation in the

provision of infrastructure to serve new development is

encouraged.

FY2007 FY2008

P.44-P.55 Brunswick County will consider establishing a land banking fund

into which the County may annually contribute funds for the

purchase of recreation, public access sites, and open space lands.

FY2009 FY2010

P.44-P.55

P.115-P.125

Brunswick County will appoint a public safety study review team

composed of County and municipal citizens and fire, rescue,

emergency medical services personnel and volunteers to evaluate

the recently completed public safety study.

FY2009 FY2010

P.44-P.55 Brunswick County will consider the construction of a multi-

purpose complex for local, regional, and state athletic events,

trade shows, and cultural/heritage exhibitions.

FY2008 FY2009
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P.44-P.55 The County will continue to research and develop initiatives for

the construction of the equivalent of two elementary schools and

one middle school.

FY2008 FY2010

P.56-P.68 Brunswick County will develop a County Transportation

Improvement Plan to identify transportation needs to meet future

growth.  This action will be closely coordinated with the County’s

municipalities

FY2009 FY2011

P.56-P.68 Brunswick County and its participating municipalities will require,

where reasonably possible, the utilization of frontage roads in

non-residential developments along federal and state major

highways.

FY2008 FY2009

P.69-P.81 Brunswick County will monitor development proposals for

compliance with Section 404 of the Clean Water Act and will

continue to enforce local land use ordinances to regulate

development of freshwater swamps, marshes, and 404 wetlands.

FY2007 FY2008

P.69-P.81 Brunswick County will regulate floating homes through

preparation of a local ordinance.

FY2008 FY2009

P.82-P.101 As a result of comments made to the CRC by Tom Reeder at the

NC Division of Water Quality regarding current stormwater rules

being inadequate in addressing water quality impacts to public

trust waters, the County will consider revising current impervious

surface requirements.

FY2009 FY2010

P.102-P.105 To support historic preservation, Brunswick County will create a

Brunswick County historical placard.

FY2009 FY2010

P.106-P.114 Brunswick County supports the following implementing action for

the Town of Belville: Incorporate the recommended Town of

Belville Master Plan prepared by the Lawrence Group, to be

approved in 2007 by the Belville Board of Commissioners. 

FY2007 FY2008

P.115-P.125 The County will develop a specific capital improvements plan with

emphasis placed on services and facilities which affect growth and

development

FY2009 FY2010

P.126-P.129 Brunswick County will adopt a minimum housing code. FY2008 FY2009

C. Policy Analysis Matrix

The policy analysis matrix outlined in Table 85 specifies how each policy within this plan

relates to the Land Use Plan Management topics defined by NCAC 7B.  This matrix was compiled

by reviewing each policy, and making a determination on how each policy impacts the six

management topics.  This table was established based on input throughout the planning process.

Additionally, the results of this analysis has been reviewed and approved by the Land Use Plan

Committee.
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Table 85.  Brunswick County Policy Analysis Matrix - Land Use Plan Management Topics

Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County

Public Access:

P.1 B B N N N B

P.2 B N N N N B

P.3 B B N N N B

P.4 B N N N N B

P.5 B B N N N B

Land Use Compatibility:

P.6 N B N N N B

P.7 N B N N N B

P.8 B B B B N B

P.9 B B B N N B

P.10 N B N N B B

P.11 N B B B B B

P.12 B B B N N B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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P.13 N B B N N B

P.14 N B B B B N

P.15 N B B B N B

P.16 N B B N N B

P.17 N B B N N B

P.18 N B B N N B

P.19 N B B N N B

P.20 N B B N B B

P.21 N B B N N B

P.22 N B B N N B

P.23 N B B N B B

P.24 N B B N B B

P.25 N B B N B B

P.26 N B B N B B

P.27 N B B N B B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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P.28 N B N N B B

P.29 N B N N B B

P.30 N B B N B B

P.31 N B N N B B

P.32 N B B N B B

P.33 N B N N B B

P.34 N B B N B B

P.35 N B B N B B

P.36 N B N N B B

P.37 N B N N B B

P.38 N B B N B B

P.39 N B N N B B

P.40 N B N N B B

P.41 N B B B B B

P.42 N B B B B B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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P.43 N B B B B B

Infrastructure Carrying

Capacity:

P.44 N B B B N B

P.45 N N B N B B

P.46 N N B N B B

P.47 N B B N N B

P.48 N N B N N B

P.49 N B B N N B

P.50 N B B N B N

P.51 N N B N N N

P.52 B N B N B N

P.53 N N B N N B

P.54 N N B N N B

P.55 N N B N N B

P.56 N B B N N B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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P.57 N B B N N B

P.58 N B B N B B

P.59 N B B N N B

P.60 N N B B N B

P.61 B B B N N B

P.62 N N B N N B

P.63 N B B N N B

P.64 N N B N N B

P.65 N N B N N B

P.66 N N B N N B

P.67 N B B N N B

P.68 N N B B N B

Natural Hazards:

P.69 N B B B N B

P.70 N B B B N B

P.71 N N N B N B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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P.72 N B B B N B

P.73 N B N B N B

P.74 N B N B B B

P.75 N B N B N B

P.76 N B B B N B

P.77 N B B B N B

P.78 N B B B N B

P.79 N B B B B B

P.80 N B B B B B

P.81 N B B B B B

Water Quality:

P.82 N N N N B B

P.83 N N N N B B

P.84 N N N N B B

P.85 N N N N B B

P.86 N N N N B B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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P.87 N N N N B B

P.88 N N B N B B

P.89 N N B B B B

P.90 N B N N B B

P.91 N B N N B B

P.92 N B B N B B

P.93 N B N N B B

P.94 N N N N B B

P.95 N N B N B B

P.96 N N N N B B

P.97 N N N B B B

P.98 N B N N B B

P.99 N N N N B B

P.100 N N B N B B

P.101 N N N N B B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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CAMA Core Land Use Plan 11/30/07 Section 7, Page 14

Local Concerns:

P.102 N B N N B B

P.103 N B N N B B

P.104 B N N N B B

P.105 B N N N B B

P.106 N B B N N B

P.107 N B B N N B

P.108 B N N N N B

P.109 B N N N B B

P.110 B N N N B B

P.111 N N N N N B

P.112 N B B N N B

P.113 N B N N N B

P.114 N B B N N B

P.115 N N B N N B

P.116 N N B N N B



Management Topics

Policy Benchmarks – Indicate whether the policy is beneficial (B), neutral (N), or detrimental (D)

Public Access Land Use Compatibility

Infrastructure Carrying

Capacity Natural Hazards Water Quality Local Concerns

Land Use and

Development Policies

• more planned access

    locations

• upgrades to existing

    access locations

• increase pedestrian

    access

• comply with state access

    standards to enhance

    opportunities for state

    funding

• reduction in habitat

   loss and fragmentation

   related to impacts of

   land use and

   development

• reduction of water

   resource and water

   quality degradation

• balance growth demands

    with protection of the

    environment

• water, sewer, and other key

    community facilities and

    services being available in

    required locations at adequate

    capacities to support planned

    community growth and

    development patterns

• during construction of

    infrastructure systems,

   AECs and other fragile

   areas should be protected

• transportation improvements

   should support the efficiency

   of traffic flow and pedestrian

   safety

• land uses and

   development patterns

   that reduce vulnerability

   to natural hazards

• land uses and

   development patterns

   that take into account

   the existing and planned

   capacity of evacuation

   infrastructure

• minimize development in

   floodplains, AECs,

   wetlands, and other

   fragile areas

• land use and

   development criteria

   and measures that

   abate impacts that

   degrade water quality

• coordinate water

   quality efforts with

   Brunswick County

• preservation of

   cultural, historic, and

   scenic areas

• support of economic

   development

• development of

   human resources

• preservation of the

   County’s rural

   character

• decrease residential

   density within County
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P.117 N N B B B B

P.118 N N N B N B

P.119 N N N B N B

P.120 N N N B N B

P.121 N N N B N B

P.122 N N N B N B

P.123 N N N B N B

P.124 N N N B N B

P.125 N N N B N B

P.126 N B N B N B

P.127 N B B B N B

P.128 N B N B N B

P.129 N B B B N B
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Notes to Policy Analysis Matrix :

1. Public Access

P.1 - P.5:  These policies address public access within Brunswick County.  The policies are intended

to improve or expand public shoreline access facilities.  All NC CAMA standards 15 NCAC 7M Section

.0300 for shoreline access will be satisfied.

2. Land Use Compatibility

P.6, P.7, P.11, and P.13:  Brunswick County supports the provision of a diversified and affordable

standard housing supply.  These policies are considered to support that objective.

P.8 - P.10, P.14 - P.19, and P.31:  Brunswick County supports the concept of “smart growth”

(Section 6.III.B., page 6-15).  Both this land use plan and the Brunswick County Unified

Development Ordinance support the “smart growth” concept.  These policies reflect that support.

P.12:  Brunswick County desires to increase/improve the tools which it has at its access to regulate

and respond to increasing development.  The ability to impose impact fees is believed to be an

essential tool for the county.

P.20:  This policy is potentially detrimental if appropriate mitigative actions are not undertaken to

offset any negative environmental impacts.

P.21, P.23, and P.24:  Brunswick County is supportive of industrial development which will mitigate,

and eliminate or reduce negative environmental impacts.

P.22:  Improvements in county educational efforts are crucial to the development of a stable

industrial base. 

P.25 - P.40:  All of these policies are intended to protect Brunswick County’s sensitive coastal and

inland environment.  These policies also support the “smart growth” concept (see Section 6.III. B.,

page 6-15).  It is intended that the conservation policies reflect Brunswick County’s strong

commitment to environmental protection.

P.41 - P.43:  These policies are intended to support the protection and improvement of water

quality within Brunswick County.  Please refer to Section 5.II. C., page 5-62, and Section 5.III. B.,

page 5-81.
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3. Infrastructure Carrying Capacity (includes Transportation)

P.44 - P.55:  All of the infrastructure carrying capacity policies are indicated to be beneficial.

However, it is acknowledged that the provision of infrastructure will require construction in some

environmentally sensitive areas.  Mitigative actions will be required.  Please refer to Section 6.V.E.

and Section 6.V.F., Land Demand and Carrying Capacity Discussions.

P.56 - P.68:  All of the transportation policies are identified as beneficial.  The provision of

adequate transportation systems is crucial to Brunswick County’s future.  The provision of

transportation systems adequate to accommodate future growth will require construction in some

environmentally sensitive areas.  Mitigative actions will be required.  Please refer to Section 6. I.E.,

page 6-3, and 6.V. E. and F., Land Demand and Carrying Capacity Discussions.

4. Natural Hazards

P.69 - P.78:  Brunswick County has extensive natural hazard areas.  This plan endeavors to

recognize those areas.  Please refer to 5.II., Natural Systems Analysis.

P.79 - P.81:  These policies which respond to natural hazard concerns are also intended to protect

water quality and environmentally sensitive areas.

5. Water Quality

P.82 - P.101:  Protection/improvement of water quality in Brunswick County is a significant

concern.  Please refer to Section 5.II.C., page 5-62, and Section 5.III.B., page 5-81.

Implementation of infrastructure carrying capacity policies, page 6-38, will support improved water

quality.  In addition, implementation of P.86 will aid in the restoration of water quality of the

Lockwood Folly River, as well as other estuarine waters in the County.

6. Areas of Local Concern

P.102 - P.105:  These policies will preserve Brunswick County’s important historic and cultural

resources.  In addition, implementation of P.104 will aid in protecting the environmentally sensitive

Green Swamp.

P.106 - P.110, P.112, P.113, and P.114:  These policies reflect Brunswick County’s desire to have

a strong and diversified economy.
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P.111:  This policy could be detrimental if mitigative action is not taken to offset possible expansion

of employment opportunities in “all areas of the county.”  The location of employment

opportunities must be considered.

P.115 and P.116:  Implementation of these policies will provide needed public services and address

sensitive environmental issues.

P.117:  Policy 117 is potentially detrimental because the construction of central water and sewer

facilities may extend through environmentally sensitive areas.  Appropriate mitigative actions must

be taken by the county.

P.118 - P.125:  These policies support education and support general services which are essential

to address general health and human service needs.

P.126:  This policy supports preservation of the county’s cultural and historic resources.

P.127,  P.129:  These policies are required to ensure a diverse and affordable housing supply.

P.128:  This policy supports the natural hazards policies.  Please refer to the natural hazard

policies, page 6-46.
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SECTION 8.

HAZARD MITIGATION PLAN

Brunswick County prepared its own Hazard Mitigation Plan which was adopted by the county on

October 4,2004, and subsequently approved by the Federal Emergency Management Agency. The

municipalities participating in this plan support the County’s hazard mitigation plan.  The Hazard

Mitigation goals, objectives, and mitigation actions are included as Appendix III.  The plan in its

entirety is available for public review at the Brunswick County Planning Department, and is

incorporated herein by reference.



APPENDIX I
BRUNSWICK COUNTY

CITIZEN PARTICIPATION PLAN

PREPARATION OF A MULTI-JURISDICTION CORE LAND USE PLAN
PHASE I     

Brunswick County has received a Coastal Area Management Act grant for preparation of a Multi
Jurisdictional Core Land Use Plan.  Adequate citizen participation in the development of the plan is
essential to the preparation of a document responsive to the needs of the citizens of Brunswick County.
To ensure such input, the following citizen participation program will be utilized by the county.

The Brunswick County Board of Commissioners will appoint a Brunswick County Land Use Plan
Committee (LUPC) to work with the county's planning consultant to ensure that the final product will
be a plan suitable for adoption by the county, as well as the participating municipalities.  The committee
will include representatives from the County Board of Commissioners and one person representing each
of the municipalities that will participate in the county planning process.

 Specifically, the planning consultant and the LUPC will be responsible for ensuring accomplishment
of the following:

• Conduct initial orientation session with project team; develop and adopt the Citizen
Participation Plan; conduct public information meeting; and conduct a county-wide
meeting to identify community aspirations, issues, and needs.  In addition, prepare
analysis of existing and emerging conditions; prepare existing land use map and existing
facilities & infrastructure map; review analysis of existing and emerging conditions and
existing environmental conditions and hazards; complete analysis of community
facilities.

• Finalize forecast of future land use needs; prepare composite environmental conditions
map; prepare/review land suitability analysis and map; review existing CAMA plan,
local regulations, and other plan documents.

• Prepare and complete preliminary plan including all participating municipalities,
transportation corridor areas (US 17 and US 74/76), a stormwater management plan, and
a resource conservation management action plan for the non-municipal or corridor areas.

The following schedule will be utilized for Phase I:

1. November, 2004
– Conduct public information meeting.
– Board of Commissioners adopt the Citizen Participation Plan.
– Conduct initial meeting with LUPC and review Citizen Participation Plan and

process for preparing the land use plan.
– Conduct county-wide issues identification meeting.



2. December, 2004- June, 2005 – Prepare preliminary draft land use plan which will
include analysis of existing conditions, land suitability analysis, and study area and
highway corridor plans.  Conduct monthly meetings with the LUPC.

3. July, 2005 – Present draft plan to the Planning Board and Board of Commissioners.

4. August, 2005 – Conduct open house; present plan to the Board of Commissioners.

All meetings of the LUPC and Board of Commissioners at which the Plan will be discussed will be
advertised in a local newspaper.  The public information meeting, county-wide meeting, and public
hearing will also be advertised in local newspapers.  In addition, public service announcements will
be mailed to local radio stations and posted in the county complex and other public buildings as
directed by the LUPC and Board of Commissioners.  All meetings will be open to the public.  The
county will encourage and consider all economic, social, ethnic and cultural viewpoints.  No major
non-English speaking groups are known to exist in Brunswick County.

10/18/04



BRUNSWICK COUNTY
CITIZEN PARTICIPATION PLAN

PREPARATION OF A MULTI-JURISDICTIONAL CORE LAND USE PLAN
PHASE II

Brunswick County has received a Coastal Area Management Act grant for preparation of a
Core Land Use Plan, Phase II.  Adequate citizen participation in the development of the plan
is essential to the preparation of a document responsive to the needs of the citizens of
Brunswick County.  To ensure such input, the following citizen participation program will be
utilized by the County.

The Brunswick County Board of Commissioners has appointed a Brunswick County Land Use
Plan Committee (LUPC) to work with the County's planning consultant to ensure that the final
product will be a plan suitable for adoption by the County.

Specifically, in Phase II the planning consultant and the LUPC will be responsible for ensuring
accomplishment of the following:

• Adopt and implement Citizen Participation Plan for Phase II.
• Revise preliminary plan based on public review.
• Complete plan for the future (including future land use map and tools for

managing development).
• Present the draft plan to the Board of Commissioners.
• Submit plan to state/DCM for review; provide plan to adjacent jurisdictions for

review; conduct public information hearings.
• Review plan based on state and local review; conduct public hearing; request

the Board of Commissioners to adopt the plan; submit for CRC certification.

The following schedule will be utilized for Phase II:

1. August - September, 2005
– Update Citizen Participation Plan
– Begin preparation of Phase II portion of LUP

2. October, 2005 - January, 2006
– Hold monthly or bi-monthly meetings with LUPC
– Revise preliminary plan based on public review

3. February, 2006 – Provide plan to adjacent jurisdictions to review

4. March, 2006 – Submit plan (with any revisions) to the Brunswick County Board
of Commissioners for review and preliminary approval

5. April, 2006 – Submit draft plan to state for DCM review



6. May, 2006
– Revise plan based on state and local review
– Conduct public hearing for Board of Commissioners to adopt plan
– Submit to CRC for certification

All meetings of the Brunswick County LUPC, Planning Board, and Board of Commissioners at
which the Plan will be discussed will be advertised in a local newspaper.  The public hearing
will also be advertised in local newspapers.  In addition, public service announcements will
be posted in the County complex and other public buildings as directed by the LUPC and
Board of Commissioners.  All meetings will be open to the public.  The County will encourage
and consider all economic, social, ethnic and cultural viewpoints.  No major non-English
speaking groups are known to exist in Brunswick County.

7/14/05
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APPENDIX II

BRUNSWICK COUNTY

2004-2006 CAMA CORE LAND USE PLAN UPDATE

ABSENTEE PROPERTY OWNER SURVEY RESULTS

1. Brunswick County needs to expand public access and recreational facilities and programs to its

citizens/property owners.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

608 141 91 11 4 1

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

81 26 8 53 22 15

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

4 3 0 61 45 16

Combined Total

Agree No Opinion Disagree

818 241 131

2. Brunswick County should increase its economic development efforts and provide incentives, where

feasible, in an effort to attract more jobs and businesses to the county.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

561 138 141 10 4 2

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

87 18 10 60 10 20

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

6 1 0 74 24 24

Combined Total

Agree No Opinion Disagree

798 195 197

3. In light of the recent increased restrictions regarding stormwater runoff control currently being

implemented in a majority of counties and municipalities across the state, Brunswick County should

continue its pro active approach to stormwater control.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

676 128 36 13 1 2

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

86 25 4 72 11 7

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

5 2 0 108 10 4

Combined Total

Agree No Opinion Disagree

960 177 53
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4. Brunswick County should limit scattered/sprawling subdivision activity.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

567 156 117 6 5 5

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

65 30 20 63 16 11

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

3 4 0 95 17 10

Combined Total

Agree No Opinion Disagree

799 228 163

5. Brunswick County should protect residential districts from encroaching commercial and industrial

development.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

684 86 70 10 3 3

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

97 9 9 73 13 4

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

5 1 1 104 12 6

Combined Total

Agree No Opinion Disagree

973 124 93

6. Brunswick County should increase its efforts to improve surface water quality (i.e., creeks, marshes,

estuarine areas).

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

731 80 29 10 4 2

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

94 16 5 65 17 8

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

5 2 0 102 15 5

Combined Total

Agree No Opinion Disagree

1007 134 49
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7. Brunswick County is taking the proper steps to preserve the historic character of the county and existing

commercial areas.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

331 426 83 6 6 4

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

37 70 8 29 54 7

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

2 5 0 54 61 7

Combined Total

Agree No Opinion Disagree

459 622 109

8. Brunswick County is taking adequate steps to protect its Areas of Environmental Concern.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

342 368 130 4 10 2

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

35 65 15 31 44 15

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

3 4 0 37 78 7

Combined Total

Agree No Opinion Disagree

452 569 169

9. Brunswick County should work to provide affordable owner-occupied housing in an effort to expand the

percentage of owner-occupied housing units.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

390 232 215 3 9 4

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

61 35 19 43 23 24

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

4 3 0 40 37 45

Combined Total

Agree No Opinion Disagree

541 339 307
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10. Brunswick County should regulate commercial strip development.

Brunswick County Belville

Agree No Opinion Disagree Agree No Opinion Disagree

686 93 58 7 5 4

Boiling Spring Lakes Carolina Shores

Agree No Opinion Disagree Agree No Opinion Disagree

93 14 8 82 3 5

Northwest St. James

Agree No Opinion Disagree Agree No Opinion Disagree

4 2 1 107 9 6

Combined Total

Agree No Opinion Disagree

979 126 82

11. The following issues were identified during the development of the county’s 2004 Brunswick Tomorrow

Vision Statement.  Absentee property owners as identified by Brunswick County tax records were asked

to rank each issue identified from 1 to 10, with 1 being the most important need and 10 being the least

important need.  Following are the results of the ranking by absentee property owners for each

participating municipality and the county.

B R U N SW I CK  COU N TY

SCORE KEY ISSUE RANK

2994 Sewage problems/sewage solutions 1

3446 Brunswick County should protect its natural environment 2

3478 Responsible managed growth 3

3555 Brunswick County should promote quality education for present and

future generations

4

3730 Preserve and protect wetlands from development pressure 5

4128 Concern with stormwater runoff and drainage 6

4174 Unplanned commercial strip development 7

4432 Scattered and sprawling subdivision activity 8

4719 Expand employment opportunities 9

6016 Improve the availability of affordable housing 10

B ELV I LLE

SCORE KEY ISSUE RANK

41 Brunswick County should promote quality education for present and

future generations

1

49 Sewage problems/sewage solutions 2

53 Responsible managed growth 3

53 Concern with stormwater runoff and drainage 4

58 Expand employment opportunities 5

61 Scattered and sprawling subdivision activity 6

61 Brunswick County should protect its natural environment 7

62 Unplanned commercial strip development 8

65 Preserve and protect wetlands from development pressure 9

102 Improve the availability of affordable housing 10
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B OI L I N G  SP R I N G  LA K ES

SCORE KEY ISSUE RANK

323 Sewage problems/sewage solutions 1

410 Responsible managed growth 2

411 Brunswick County should promote quality education for present and

future generations

3

498 Brunswick County should protect its natural environment 4

508 Unplanned commercial strip development 5

544 Scattered and sprawling subdivision activity 6

550 Concern with stormwater runoff and drainage 7

576 Expand employment opportunities 8

577 Preserve and protect wetlands from development pressure 9

712 Improve the availability of affordable housing 10

CA R OLI N A  SH OR ES

SCORE KEY ISSUE RANK

341 Responsible managed growth 1

361 Brunswick County should promote quality education for present and

future generations

2

362 Sewage problems/sewage solutions 3

421 Brunswick County should protect its natural environment 4

444 Unplanned commercial strip development 5

452 Preserve and protect wetlands from development pressure 6

477 Concern with stormwater runoff and drainage 7

478 Scattered and sprawling subdivision activity 8

511 Expand employment opportunities 9

663 Improve the availability of affordable housing 10

N OR TH W EST

SCORE KEY ISSUE RANK

16 Sewage problems/sewage solutions 1

18 Brunswick County should promote quality education for present and

future generations

2

24 Expand employment opportunities 3

33 Responsible managed growth 4

34 Concern with stormwater runoff and drainage 5

35 Brunswick County should protect its natural environment 6

36 Improve the availability of affordable housing 7

37 Unplanned commercial strip development 8

48 Preserve and protect wetlands from development pressure 9

49 Scattered and sprawling subdivision activity 10



Page 6 of 6

ST. JA M ES

SCORE KEY ISSUE RANK

411 Responsible managed growth 1

515 Sewage problems/sewage solutions 2

522 Unplanned commercial strip development 3

530 Concern with stormwater runoff and drainage 4

534 Brunswick County should protect its natural environment 5

586 Brunswick County should promote quality education for present and

future generations

6

593 Preserve and protect wetlands from development pressure 7

613 Scattered and sprawling subdivision activity 8

831 Expand employment opportunities 9

1007 Improve the availability of affordable housing 10



Note: Appendix III through VII are not available in digital
format.



Appendix VIII
Policy/Implementing Action

Definitions of Common Terms

1. Should: An officially adopted course or method of action intended to be followed to

implement the community goals.  Though not mandatory as “shall,” it is still an obligatory

course of action unless clear reasons can be identified that an exception is warranted.

County staff and Planning Board involved at all levels from planning to implementation.

2. Continue: Follow past and present procedures to maintain desired goal, usually with County

staff involved at all levels from planning to implementation.

3. Encourage: Foster the desired goal through County policies.  Could involve County financial

assistance.

4. Enhance: Improve current goal to a desired state through the use of policies and County

staff at all levels of planning.  This could include financial support.

5. Identify: Catalog and confirm resource or desired item(s) through the use of County staff

and actions.

6. Implement: Actions to guide the accomplishment of the Plan recommendations.

7. Maintain: Keep in good condition the desired state of affairs through the use of County

policies and staff.  Financial assistance should be provided if needed.

8. Prevent: Stop described event through the use of appropriate County policies, staff actions,

Planning Board actions, and County finances, if needed.

9. Promote: Advance the desired state through the use of County policies and Planning Boards

and staff activity at all levels of planning.  This may include financial support.

10. Protect: Guard against a deterioration of the desired state through the use of County

policies, staff, and, if needed, financial assistance.

11. Provide: Take the lead role in supplying the needed financial and staff support to achieve

the desired goal.  The County is typically involved in all aspects from planning to

implementation to maintenance.

12. Strengthen: Improve and reinforce the desired goal through the use of County policies,

staff, and, if necessary, financial assistance.

13. Support: Supply the needed staff support, policies, and financial assistance at all levels to

achieve the desired goal.

14. Work: Cooperate and act in a manner through the use of County staff, actions, and policies

to create the desired goal.



Appendix IX

2003 Shoreline Access Plan Update
Summary of Policy Section

Following is a summary of the policy section of the Shoreline Access Plan:

Waters covered — 

In addition to ocean and estuarine waters, access should also be provided to fresh water

rivers and lakes.

Jurisdictional coverage — 

The plan addresses all unincorporated areas of the County plus the Town of Sunset Beach,

which agreed to be included in the plan’s provisions in addition to creating their own access

plan.

Government involvement in providing shoreline access — 

The plan acknowledges that the private development sector oftentimes provides the

greatest measure of shoreline access.  The plan suggests that the County’s “bigger” needs,

not met by the private sector, should be addressed by the state and federal government.

The County’s involvement, at least from a financial standpoint, will be considered on a case

by case basis.

No exercise of Eminent Domain — 

Powers of eminent domain shall not be used to acquire any interest in land necessary for

shoreline access.

User fees — 

The County supports the employment of user fees to recover the cost of shoreline access

facilities and for their operation and maintenance.

Forms of shoreline access — 

The plan listed the following forms of shoreline access for which no need was identified, at

least within the County’s unincorporated jurisdiction: oceanfront, swimming, pedestrian,

sailing, and bicycle access.

Forms of shoreline access for which the County felt the private sector should be responsible

included: boat berthing and dock/pier access.

Shoreline access facilities for which a need was identified and for which the County should

actively support financially or otherwise, included: fishing reefs, visual access (especially

to rivers), and boat ramps, including specific recreational amenities such as picnic benches

and tables, shelters, and playground equipment.



The plan further stated that while each of the first mentioned specific access facilities were

ruled out for County support, the County did feel that such amenities might be developed

in conjunction with boat ramp sites as an incidental recreational use.

No publicly owned shorelines to be sold or leased — 

All current publicly owned shoreline lands should be retained for some form of public use

and enjoyment, rather than being sold off for private development.

Maintenance/policing of shoreline access facilities — 

The plan calls upon various involved state agencies to do a better job of maintaining their

existing boat ramp facilities in the County.

Better utilization of existing access grounds — 

The plan calls for the expansion of existing boat ramp facilities within existing sites where

adequate space is available.

Shoreline plan as an element of the County’s comprehensive plan — 

The 1990 Brunswick County Shoreline Access Plan is one element of Brunswick County’s

“Comprehensive Plan,” of which the CAMA land use plan is also a part.

Need for flexibility — 

The plan emphasizes the need for flexibility with regard to specific sites or future access

opportunities not yet identified.

Relationship to major thoroughfare plan — 

The plan suggests that access opportunities be sought as all elements of the major

thoroughfare plan are executed.



Appendix X
Agricultural Best Management Practices

I. Crop and Pasture Lands

A. BMPs for Sediment Control

Conservation Tillage System
Critical Area Planting
Diversion
Field Border
Filter Strip
Grade Stabilization Structure
Grassed Waterway
Rock-Lined Waterways or Outlets
Sediment Control Structure
Sod-Based Rotation
Stripcropping
Terrace
Water Control Structure
Pastureland Conversion

B. BMPs for Nutrient Control

Legumes in Rotation
Soil Testing
Liming
Setting Realistic Crop Yield Goals (determines fertilization rates)
Fertilizer Waste Application (method, rate, and timing)
Sediment Control BMPs

C. BMPs for Pesticide Control

Alternative Pesticides
Optimize Pesticide Formulation, Amount, Placement, Timing, Frequency
Crop Rotation
Resistant Crop Varieties
Other Cultural or Biological Controls
Optimize Crop Planting Time
Plant Pest Quarantines
Proper Disposal of Obsolete Pesticides and Containers
Certification of Applicators
Sediment Control BMPs
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II. Animal Production (esp. Confined Animal Operations)

BMPs for Bacteria and Nutrient Control

Grade Stabilization and Nutrient Control
Heavy Use Area Protection
Livestock Exclusion
Spring Development
Stock Trails and Walkways
Trough and Tank
Waste Management System
Waste Storage Pond
Waste Storage Structure
Waste Treatment Lagoon
Land Application of Waste
Water Control Structure

Source: North Carolina Department of Agriculture and Consumer Services.



APPENDIX XI
Forestry Best Management Practices

1. Properly design and place access roads, skid trails, and loading areas on forestland.

a. Avoid streambanks and channels except when crossing streams.

b. Install water management structures and techniques.

c. Stabilize bare soil areas.

d. Prevent steep slopes on roads and trails.

2. Designate streamside management zones (SMZ) which are undisturbed strips of vegetation
parallel and adjacent to the stream channels.

3. Avoid placing debris in stream channels (Stream Obstruction Law).

4. Use practices which minimize soil exposure when reforesting.

5. Use environmentally safe procedures when applying chemicals in forested areas.

6. Train forestry related personnel in nonpoint source pollution control methods.

Source: NC Division of Forest Resources.



APPENDIX XII

The following is excerpted from Lockwood Folly River Water Quality Study:

(1) (a) Assess water quality risk according to natural systems in the watershed and develop
future land use policies and ordinances that fit land use density and landscape design
to the level of water quality risk.

(b) Sewer extension policies that: 1) give priority services to communities with
malfunctioning septic tanks; and 2) ensure that land use and development policies in
wastewater service areas are consistent with risks to water quality.

These strategies would look at hydrologic features and assign water quality risk factors and
use them to determine the appropriate type and density of development.  Possible
implementation options include using cluster housing neighborhood design for a given
amount of development and limiting built-upon surfaces in the most vulnerable areas.

(2) Incorporate low impact development (LID) technology into county site design and
development policies.  The strategy will include methods to integrate this tool into the
county’s existing development management program as an option for developers.  LID is a
comprehensive land planning and engineering design approach that seeks to maintain and
improve the pre-development hydrology of a developing watershed.  LID uses the natural
capacity of land to soak up rainfall and prevent contaminated stormwater runoff from
entering water bodies.  These techniques were the basis for a national conference held in
Wilmington in March, which featured Brunswick County’s work on the Lockwood Folly as
a case study.  For more information about LID, visit www.lowimpactdevelopment.org.

(3) Coordinate state, local and federal regulatory programs with Brunswick County taking the
lead enforcement role an fostering inter-local cooperation.  This strategy suggests policy
changes and a financial plan to implement it.

(4) Create an action plan to acquire strategic sites and properties to protect and restore water
quality.  Sites would be targeted according to a comprehensive selection method, and would
be acquired from willing property owners by partnerships with the nonprofit community and
state and federal agencies.

(5) (A) Develop a public education, information and outreach program.  Involve the public so
that protecting and restoring water quality in the Lockwood Folly River becomes an
important local priority.

(B) Recognize the environmental and cultural significance of the Lockwood Folly River
through federal Wild and Scenic River designation.  This non-regulatory designation will
underscore the special nature of the river as development in the area continues to increase.

(6) Protect stream edges in the watershed by implementing a “living shorelines” program.  A
living shoreline is an innovative alternative to bulkheads for shoreline stabilization, erosion
control and stormwater buffer, and wildlife habitat restoration.  This strategy involves

http://www.lowimpactdevelopment.org.


possibly creating a cost-share program for living shoreline restoration projects and
incorporating language supporting living shorelines into the county’s CAMA land use plan.

(7) Identify sites for water quality “retrofit” to reduce or eliminate unwanted runoff.  The county
should work with state agencies such as the NC Ecosystem Enhancement Program and non-
profit organizations to secure funding to address targeted sites for retrofit identified by the
Roundtable.

(8) Develop a financial incentive program that encourages developers to take alternative
approaches that support water quality objectives.  Development practices, such as LID,
conservation easements and preservation of wetlands, which are protective of water quality,
would be rewarded with mechanisms such as a streamlined review process, favorable ad
valorem tax treatment, and tax-advantaged donations.

(9) Develop a working waterfront program that assists in the preservation of traditional
waterfront businesses, such as fish houses and commercial marinas, and pubic access sites,
such as boat ramps and fishing piers.

The full report on the Roundtable’s findings and strategy implementation options and the first tabloid
are available on the county’s website a www.brunsco.net.  Check the website for notice of the work
sessions that the county will hold to plan to how to put the strategies into action.

http://www.brunsco.net.
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A. Introduction 

Brunswick County (County) has been experiencing tremendous growth both in seasonal visitors 
and in year-round, permanent population. The County has much to offer a growing tourist 
industry: mild climate, nearly 50 miles of clean beaches, abundant natural beauty, salt-water 
fishing, water sports, and an abundance of top-flight golf courses.  The amenities and relaxed 
pace of life have made the area an attractive destination for tourists and senior citizens.  Because 
Brunswick County has so many attractive features, continued growth is inevitable. 

The purpose of this Comprehensive Wastewater Master Plan (Master Plan) is to provide 
Brunswick County with a coordinated County-wide plan to adequately serve the present and 
projected wastewater needs of its residents, businesses, and industry.  This report also discusses 
permanent and seasonal population projections, permanent and seasonal wastewater flow 
projections, and the regional facilities necessary to meet these demands.  The goal of this Master 
Plan is to evaluate existing facilities and outline the infrastructure needed to meet the County’s 
2020 wastewater demands. 

B. Population Projections 

Several sources of population data have been used to serve as a “check and balance” against the 
approach utilized in this Master Plan.  Sources include the North Carolina Office of State Budget 
and Management, the U.S. Census, and a number of previous planning documents prepared for 
Brunswick County.  The key approach in determining the population projections was to use the 
land use planning areas (areas with common growth potential) and the service areas (areas where 
wastewater service is anticipated) to graphically intersect the service areas to define the 
contributing land use per service area.  A set of unit population and wastewater flow generation 
factors (respective factors for each land use category) was used to convert the service areas’ 
contributing land use to both population and wastewater flow projections. 

The Land Use Plan utilized population and zoning information and projections from each of the 
municipalities within the County as well as from the County Planning office.  The Land Use Plan 
incorporated the existing zoning and development for Brunswick County and other entities that 
have expressed interest in a regional wastewater management approach, and summarized these 
by planning area.  These growth rates were used to prepare independent land use growth 
projections for each land use zone within the planning areas.  These projections were made for 
discrete intervals (i.e., 2005, 2010, 2015, and 2020). 
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C. Regional Service Areas 

In order to properly manage the financial burden of implementing regional wastewater 
management systems, the land area of the County must be divided into manageable service areas.  
A number of previous reports and actual implementation of regional wastewater systems were 
evaluated for service area boundaries.  The proposed service area boundaries should be dynamic, 
as conditions such as development, intermunicipal cooperation, and similar factors change over 
time.  Also, it is possible that interim or temporary connections (or permanent interconnections) 
may be warranted to best utilize system capacities during early years of system start-up and to 
provide greater numbers of customers and, thus, more cost-effective service. 

Recognizing that several areas of the County recently had wastewater systems evaluated, the 
primary objective of establishing regional service areas was to make use of these established 
boundaries.  The County has been divided into four main regional service areas: the Northeast, 
Southeast, West, and Southwest.  In each of these regional service areas, consideration has been 
given to the anticipated demand for regional wastewater management services. As such, 
individual planning areas have been assigned a phase identifier (I, II, III, IV, or open) that will 
allow the County to prioritize service based upon ultimately providing the most cost-effective 
solution for each specific region or individual area in a rapidly growing County.  It should be 
noted that these boundaries are dynamic and subject to refinement as detailed assessments or 
evaluations are conducted. 

For the purposes of this Master Plan, no specific timeframe for implementation has been 
assigned to the respective phases.  Each regional service area and its individual planning areas 
will develop in accordance with its own drivers and influences.  This Master Plan has identified 
the most probable progression of service provision as Phase I to Phase IV.  Phase I and Phase II 
areas are those identified as probable service areas needing wastewater infrastructure within the 
2020 planning horizon.  Phases III and IV areas do not currently show population or service 
densities that would support wastewater service within the 2020 planning horizon. 

D. Wastewater Flow Projections 

As discussed in the population projection section, the same approach was used to develop 
wastewater generation rates in Brunswick County for the years 2005, 2010, 2015, and 2020.  As 
with population, wastewater flows vary by both season and geographic location.  During the peak 
tourist season, the projected flow for residential dwelling units (i.e., flow per dwelling unit) is 
expected to be higher than during the winter months.  Primarily, this is due to the average 
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population per dwelling unit being lower during the winter months.  However, the more inland 
towns and areas are less affected by seasonal population changes.  To compensate for these 
population density changes, multiple sets of unit flow factors were used for generating flow 
projections.  A separate set of unit flow factors was used for inland and coastal areas.  
Wastewater flow projections were made based on the land use for each of the individual planning 
areas in the four main regional service areas. 

The maximum monthly flow is significant because NPDES discharge permits and Non-
Discharge permits are based on monthly values, and therefore permitted wastewater treatment 
plant capacity applies to monthly flows.  Maximum monthly flow must be less than the permitted 
capacity to avoid violating the discharge permit.  Before the peak seasonal flow exceeds 80 
percent of capacity, the permittee must submit an engineering evaluation of future wastewater 
treatment needs.  Before the peak seasonal flow exceeds 90 percent of the permitted capacity, the 
facility must submit approvable plans and specifications, together with a construction schedule, 
for expansion of the wastewater treatment system. (Failure to meet these requirements may result 
in a moratorium on extension of sewer lines.) 

In addition to the land-use based flows, wastewater flows from other municipal sources, such as 
Sunset Beach, Holden Beach, and Oak Island, were assigned directly to the individual planning 
areas.  The assigned point flows are based on wastewater flow projections associated with current 
or recent wastewater studies or evaluations. 

E. Wastewater Infrastructure 

All four of the main regional service areas (Northeast, Southeast, West, and Southwest) are in 
different stages of providing regional wastewater service.  The Southeast area is the only area 
where the County does not currently own or operate any wastewater collection, treatment, or 
disposal systems. This Master Plan discusses in detail the current wastewater management 
practices and the needed infrastructure to meet the current and future demands of the respective 
regional service areas.  Wastewater collection systems will be evaluated on a 20-year (2005 – 
2025) anticipated service need, and wastewater treatment and disposal/utilization will be based 
upon the 2020 anticipated service need.  Facilities will be evaluated to accommodate peak flows 
for the respective timeframe.  The following facility summaries and cost estimates are provided 
for each regional service area: 
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Northeast Regional Service Area 

To provide the anticipated 2020 collection, treatment, and disposal/reuse needs associated with 
the Northeast Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
2.0-mgd wastewater treatment capacity 1.65 mgd 
2.0-mgd wastewater disposal/utilization capacity 1.65 mgd(1) 
10.7 miles of regional sewers None(2) 
1 regional pumping station None 

Notes: (1) Wastewater treatment facility is permitted (NPDES) and rated for 1.65 
mgd.  A Non-Discharge Permit has been issued for a reclaimed water 
project to provide 0.325 mgd to Magnolia Greens Golf Course.  To date, 
the reuse system has not been implemented. 

(2) Current collection system is designed to accommodate wastewater flows 
from the Northeast Sanitary District, the Navassa area, the Town of 
Leland, and the Brunswick County Industrial Park.  It is possible that some 
segments closer to the treatment facility may have capacity to serve the 
2025 needs, but that analysis would need to be conducted in a future PER 
or design stage. 

The system components to accommodate the 2020 wastewater demands are identified below. 

Northeast Wastewater Infrastructure Needs  

Component Description Quantity 

Regional Collection System:   

 Regional Pump Stations 1 

 Regional Sewers 10.7 miles 

Regional Treatment System:   

 Minor Additional Capacity Needed 0.35 mgd 

Regional Disposal / Utilization System:   

 No Additional Capacity Needed NA 

Additional Land Needs: 0 acres 
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Southeast Regional Service Area 

To provide the anticipated 2020 collection, treatment, and disposal/reuse needs associated with 
the Southeast Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
5.0-mgd wastewater treatment capacity 0.40 mgd(1) 
5.0-mgd wastewater disposal/utilization capacity 0.40 mgd(1) 
27.4 miles of regional sewers None 
1 regional pumping station None 

Notes: (1) Oak Island owns a non-discharge type wastewater treatment facility that is 
permitted and rated for 0.40 mgd.  The facility was owned by the former 
Town of Yaupon Beach and tertiary quality effluent is disposed via rapid 
infiltration basins. 

The system components to accommodate the 2020 wastewater demands are identified below: 

Southeast Wastewater Infrastructure Needs  
Component Description Quantity 

Regional Collection System:   

 Regional Pump Stations 1 

 Regional Sewers 27.4 miles 

Regional Treatment System:   

 5.0-mgd Water Reclamation System 1 

Regional Disposal / Utilization System:   

 On-Site Land Application System 2,400 acres 

Additional Land Needs:  1,400 acres 
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West Regional Service Area 

To provide the anticipated 2020 collection, treatment and disposal/reuse needs associated with 
the West Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
9.0-mgd wastewater treatment capacity 3.0 mgd(1) 
9.0-mgd wastewater disposal/utilization capacity 3.0 mgd(2) 
41.0 miles of regional sewers 35.4 miles 
3 regional pumping stations 3 

Notes: (1) The West Brunswick Regional Water Reclamation System is currently under 
construction and should be operational by early 2006.  The first phase under 
construction is rated at 3.0 mgd.  The current site plan accommodates the 
layout for a 6.0-mgd facility. 

  (2) The West Brunswick Reclaimed Water Utilization System is rated for 3.0 
mgd.  This includes 1.1 mgd of reuse associated with two golf course 
communities, Winding River and St. James Plantations, and a County-
owned silvicultural system that can accommodate 1.9 mgd. 

The system components to accommodate the 2020 wastewater demands are identified below: 

West Wastewater Infrastructure Needs  

Component Description Quantity 

Regional Collection System:   

 Regional Pump Stations 0 

 Regional Sewers 5.6 miles 

Regional Treatment System:   

 5.0-mgd Expansion 1 

Regional Disposal / Utilization System:  NA 

Additional Land Needs:     

 On-Site Land Application System   2,280 acres 
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Southwest Regional Service Area 

To provide the anticipated 2020 collection, treatment, and disposal/reuse needs associated with 
the Southwest Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
7.0-mgd wastewater treatment capacity 1.5 mgd(1) 
7.0-mgd wastewater disposal/utilization capacity 5.2 mgd(2) 
27.3 miles of regional sewers None(3) 
3 regional pumping stations None 

Notes: (1) The Ocean Isle Beach facility is the only facility in the region that would be 
suitable for long-term (2025 and beyond) wastewater management needs. 

  (2) Includes the Ocean Isle Beach land application system and estimated 
utilization rates for courses already designed and/or permitted for reuse 
(Brunswick Plantation, Crow Creek, Ocean Ridge Plantation, Sandpiper, 
Sea Trail Plantation, and The Thistle Golf Courses). 

  (3) Most, if not all, existing sewers in the region are not suitable to meet the 
2020 demands. 

The system components to accommodate the 2020 wastewater demands are identified below: 

Southwest Wastewater Infrastructure Needs  

Component Description Quantity 

Regional Collection System:   

 Regional Pump Stations 3 

 Regional Sewers 27.3 miles 

Regional Treatment System:   

 4.8-mgd Plant Upgrade/Expansion 1 

Regional Disposal / Utilization System:   

 Reclaimed Pumping Stations 1 

 Reclaimed Distribution System 26.3 miles 

 Golf Course Irrigation System Retrofits 20 

Additional Land Needs:  0 acres 
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F. Recommendations 

To further the County’s goal of providing environmentally responsible, timely, equitable, and 
cost-effective wastewater service to its citizens, the County needs to develop a plan of action to 
ensure these objectives are met. 

The following recommendations are offered: 

� The County should continue to establish priorities and a wastewater management action 
plan for each regional service area. 

� The County should prepare Preliminary Engineering Reports (PERs) for each specific 
regional service area to aid in specific technical, environmental, and financial aspects 
associated with implementation or expansion of regional wastewater management 
facilities. 

� The County should meet with appropriate regulatory representatives to discuss the 
various regional implementation strategies so that appropriate environmental 
documentation, such as Environmental Assessments (EAs) or 201 Facilities Plans, can be 
prepared. 

� A Financial Plan should be developed to address wastewater management funding 
strategies and to develop guidance relative to specific County financial goals and 
objectives. 

� The Wastewater Master Plan should be updated and revised on a periodic basis. 

� The Water Master Plan should be updated and revised on a periodic basis as well to 
ensure consistency between the two plans. 

� A Biosolids/Residuals Management Plan should be prepared to address solids 
management from all water and wastewater management facilities owned or operated by 
the County. 

� Due to the high dependence on reclaimed water utilization for wastewater management, 
several objectives and strategies need to be considered: 

� The County should either designate an existing staff member to be a Reuse 
Coordinator or create such a position. 
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� Focus on community-related reuse as opposed to reuse on County-owned and 
managed properties. 

� Explore, cultivate, and nurture opportunities for reuse that integrate well with current 
situations or future development trends. 

� A Reclaimed Water Master Plan should be prepared to address reclaimed water 
utilization from all wastewater management facilities owned or operated by the County. 

� Consideration should be given to use of “decentralized” or “distributive” approaches due 
to the unique seasonal flow variations of the coastal communities. 

� Consideration should be given to the use of advanced treatment and control technologies 
to meet wastewater management goals and objectives. 

� Public Education and Outreach activities should be continued to emphasize to the citizens 
of the County the importance of water/wastewater/reclaimed water services. 

� The County should continue to work with the municipalities to explore opportunities to 
implement regional wastewater management systems together. 

Specific Regional Service Area Recommendations 

In addition to the above-mentioned general recommendations, specific recommendations for each 
regional service area have been developed. 

Northeast Regional Service Area 

� Due to potential growth and development along the Highway 74/76 corridor, it is 
recommended that a regional pumping station be constructed in the vicinity of the Towns 
of Northwest and Sandy Creek. 

� The actual timeframe for construction of these facilities is based on the priorities of the 
County.  Minor improvements would be necessary to the Northeast Wastewater 
Treatment Plant to accommodate the 2020 projected demands. 

Southeast Regional Service Area 

� Due to the substantial investment necessary to implement a regional wastewater system in 
the Southeast Regional Service Area, the first step is to determine the extent of the 
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wastewater management system needed based on the firm commitments of communities 
in the area. 

� The County should engage the area municipal representatives to once again determine 
which communities may be interested in a cooperative approach to regional wastewater 
management.  These discussions may require participation up to the point of developing 
specific objectives of the regional system so costs can be prepared.  Once these objectives 
are determined, a Preliminary Engineering Report or work approaching this level of 
analysis will be required. 

� Timeframes are important since the planning, property acquisition, agreements, 
environmental documentation, design, and construction of such systems can take five 
years or longer to bring to fruition. 

West Regional Service Area 

� Shallotte’s potential participation and interim wastewater service for both Oak Island and 
Sunset Beach would deplete the current wastewater management capacity associated with 
the West Brunswick Water Reclamation Facility.  This is not necessarily a concern, but it 
definitely puts pressure and constraints on the intermediate and long-term plans for both 
the Southeast and Southwest Regional Service Areas. Discussions and negotiations 
should continue with all three of these prospective partners and appropriate Plan of 
Actions and/or Preliminary Engineering Reports prepared to address these interim needs. 

� 2020 needs of the West Regional Service Area are primarily related to treatment plant 
expansion needs and associated reclaimed water utilization sites.  The only regional 
collection system need is associated with the line that would extend to the Shallotte area. 

� Implementing local collection systems will continue to be a challenge unless a West 
Brunswick Regional Collection System Plan is developed to identify the specific local 
area needs.  Although the County can rely on the development community to provide this 
“infill” network of sewer systems, there are going to be a number of gaps and possibly 
some areas completely unserved. 

� Special attention needs to be paid to the development of future reclaimed water utilization 
sites in the West Brunswick Service Area.  The first phase essentially exhausted the golf 
course irrigation opportunities and, unless other reuse opportunities such as residential 
lawn irrigation are nurtured, the County may find itself buying more and more land to 
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meet this need.  This is a double negative because of the significant expense to acquire 
and develop land application sites and the County loses the opportunity to generate 
revenue from the sale of reclaimed water in the future. 

Southwest Regional Service Area 

� The Preliminary Engineering Report under development for the Southwest Regional 
Service Area will address the immediate needs (2005 – 2010) of the two wastewater 
treatment facilities (Sea Trail and Carolina Shores) and the service needs of the Town of 
Sunset Beach. 

� Similar to the Southeast Regional Service Area, firm commitments need to obtained from 
prospective participants so that specific regional goals and objectives can be identified 
and implemented in the most cost-effective approach possible.  The overall regional 
system costs are expensive, but the potential customer base makes the provision of 
regional wastewater management possible. 

� Although a “Greenfield” wastewater treatment facility may sound attractive, it potentially 
can be a much more expensive approach to meeting the service demand needs of the 
Southwest Regional Service Area.  There are two municipal systems (Shallotte and Ocean 
Isle Beach) that offer sufficient sites for regional plants, and incorporation of advance 
technologies such as Membrane Bio-Reactors (MBRs) may make the existing Sea Trail 
and Carolina Shores treatment system sites viable as components of a decentralized or 
distributive treatment system approach.  The closer the placement of water reclamation 
facilities to the end use of reclaimed water will result in the most cost-effective regional 
wastewater management solution. This will save costs associated with pumping 
wastewater to facilities and pumping reclaimed water back to the points of use. 

� Although there is an abundance of golf courses in the West Brunswick Regional Service 
Area where reclaimed water could be utilized, a number of them have exhibited some 
reservation about a simple agreement to use reclaimed water for irrigation.  Although the 
County has an ordinance requiring such, it is apparent that some additional energy and 
efforts will be needed to meet the objectives and desires of both parties.  The County 
should continue to work closely with the golf course managers and superintendents to 
ensure that reasonable agreements can be developed and implemented within the next 12 
to 18 months. 
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1.1 General 

Brunswick County was established in 1764 and is located in the lower Coastal Plain at the 
southern-most coast of North Carolina.  The land ranges in elevations from 75 feet to sea level, 
and its 550,713 acres are primarily woodland with the remaining areas occupied by cropland, 
beaches, marsh, and small urban and industrial areas.  Industry in Brunswick County includes a 
large nuclear power plant and chemical plants producing synthetic fibers, fertilizer, and citric 
acid.  Harvesting of wood for paper mills is an important trade for the County as is fishing, which 
remains a vital part of the economy of Brunswick County.  However, in recent years, tourism has 
represented one of the most important factors in the economy of the County. 

The climate is very favorable for tourism. The summers are generally hot and humid, but the 

coast is frequently cooled by sea breezes. The average summer temperature is 78°F with an 

average daily maximum of 86°F.  Winters are seldom cold and boast an average temperature of 
47°F. 

Brunswick County has been experiencing tremendous growth both in seasonal visitors and in 
year-round, permanent population.  The County has much to offer a growing tourist industry: 
mild climate, nearly 50 miles of clean beaches, abundant natural beauty, salt-water fishing, water 
sports, and an abundance of top flight golf courses.  The amenities and relaxed pace of life have 
made the area an attractive destination for senior citizens.  Because Brunswick County has so 
many attractive features, continued growth is inevitable. 

One result of growth is increased wastewater generation. Another is increased population density.  
In the face of such changes, existing wastewater facilities can become overloaded, and treatment 
and disposal practices (e.g., septic tank/nitrification field treatment and disposal) that were 
suitable at low density no longer provide adequate protection for public health or the 
environment at higher densities. 

1.2 Objectives of Wastewater Master Plan Update 

The purpose of this Master Plan is to provide Brunswick County with a coordinated County-wide 
plan to adequately serve the present and projected wastewater needs of its residents, businesses, 
and industry. This Master Plan discusses population trends, wastewater demands, wastewater 
infrastructure, and the cost anticipated to serve the County’s growing population.  The goal of 
this wastewater planning report is to outline the projected short- and long-term improvements 
required to meet current and future wastewater demands through the year 2020.  This information 
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will assist the County in its pursuit to make sound wastewater management decisions for the 
County. 

1.3 Wastewater Master Plan Approach 

A number of water and wastewater reports have been prepared for the County over the past 
decade.  Included in these reports are water and wastewater master plans and system specific 
plans such as the Northeast 201 Facilities Plan and the West Brunswick 201 Facilities Plan.  
Emphasis has been placed on utilizing this information as a basis for the assessment of current 
and future wastewater infrastructure needs.  Specific references utilized include: 

� Water and Sewer Study, May 1996, HDR Engineering, Inc. 
� Land Use Plan for Water System Planning, Technical Memorandum 1.1, February 1998, 

HDR Engineering, Inc. 
� Northeast Brunswick Regional Wastewater Facility, 201 Facilities Plan, August 1998, 

W.K. Dickson. 
� Wastewater Master Plan, Phase I, October 1998, HDR Engineering, Inc. 
� Wastewater Master Plan, Phase II, June 1999, HDR Engineering, Inc. 
� Brunswick County 201 Facilities Plan, East Brunswick and West Brunswick Regional 

Wastewater Treatment Facilities, July 2001, HDR Engineering, Inc. 
� Brunswick County 201 Facilities Plan, West Brunswick Regional Wastewater Treatment 

Facilities, October 2002, HDR Engineering, Inc. 
� Southwest Brunswick Service Area, Conceptual Wastewater Plan, July 2004, HDR 

Engineering, Inc. 
� Preliminary Engineering Reports for Service Districts Nos. 1 – 5, February 2004, HDR 

Engineering, Inc. 

A number of other sources were utilized including the U.S. Census Bureau, NC State Data 
Center, and municipalities and their planning consultants. 

Much of this information was used as a starting point for the current evaluation and as a “check 
and balance” to ensure that population and/or wastewater flow projections generally coincided or 
paralleled previous estimates.  Some of the technical aspects where previous plans have been 
implemented have also been used to establish boundaries or system attributes.  Examples include  
201 Service Areas for the Northeast Brunswick and West Brunswick Regional Systems and their  
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associated infrastructure.  Current information that affects future planning aspects but may have 
been handled differently in the past has also been incorporated into the Master Plan.  Examples 
include service area boundaries for the Southeast, West, and Southwest portions of the County. 
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2.1 Historical Basis 

Population projections attempt to predict future growth and where it will occur for planning 
purposes.  It is difficult to predict major factors such as natural catastrophes, changes in ways of 
life, medical innovations, large developments, industrial expansions, or other unpredictable 
events; but, in order to provide a basis for planning, a projection as to the future population is 
essential.  Anticipated future populations are most confidently determined by intensive studies of 
past and present trends and then correlating this data with knowledge of the areas being analyzed. 

Population information was obtained from the U.S. Census Bureau, the Office of State Budget 
and Management, and interviews with County personnel.  In 1990, the total population of 
Brunswick County was 50,985.  Continuing development is responsible for the total population 
increase to 73,143 by 2000, representing an increase of 43% (3.7% Annual Rate).  U.S. Census 
data for Brunswick County and its municipalities can be found in Appendix A. 

Population growth in all areas of Brunswick County is expected to continue due to the County’s 
mild climate, recreational opportunities, and attractive beaches.  Brunswick County continues to 
be a favored area for retirees, and the County’s location on the eastern seaboard makes it an 
attractive alternative to northerners and many others who may have historically retired to the 
Florida area. 

2.2 Population Projections 

The North Carolina Office of State Budget and Management develops population projections for 
each county in the state.  These projections serve as reference points for planning, development, 
and implementation by various state agencies.  For the purpose of this planning report, these 
figures will be used along with historical information and projections published in a number of 
previous planning reports prepared for the County.  According to the Office of State Budget and 
Management, Brunswick County will experience an overall population increase of 54% between 
the years of 2000 – 2020.  Thus, population is expected to increase from 73,143 to 112,992. 

Several of the communities in the County have developed plans to construct new wastewater 
management facilities or increase capacities of existing facilities.  While the future plans of each 
municipality will be considered through planning and implementation, all of the land use within 
the regional districts was considered to estimate the total wastewater generation potential.  This 
is to ensure that the proposed wastewater management system addresses the needs of all County 
residents.  Should a municipality desire not to be included in the County plan, the plan will be 
modified during the Preliminary Engineering stage.  Letters were sent to municipalities in the 
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County requesting their input relative to cooperation with the County on future wastewater 
management needs.  Copies of these letters and responses can be found in Appendices B and C, 
respectively. 

The County’s population, as it relates to wastewater flow, is also greatly impacted by the large 
tourist contingent that vacations in its coastal areas.  There is no organized method for tracking 
the actual number of people who come to the County as tourists, making it somewhat difficult to 
determine either seasonal populations or the wastewater flow generated by this visiting 
population.  In 1998, HDR developed a Land Use Plan for Water System Planning in an attempt 
to quantify water use in the County. The County’s Planning and GIS Departments have 
incorporated updates to keep the changes in land use current.  This 2004 Land Use layer provided 
by the County was compared to the earlier Water System Land Use Plan to determine if there 
were major differences or trends in the changes of land use versus projected land use.  Recent 
development related information provided by the County was also used to update projections for 
various sections of the County where growth may be stronger and more rapid than anticipated in 
the earlier plans.  This information was also used as the basis for population and wastewater 
projections. Due to the rapid nature of the growth in Brunswick County, as well as the significant 
seasonal population, these population and flow projections were determined to be more accurate 
than the NC Office of State Budget and Management. Although the current population 
projections do not directly match other sources, these numbers are considered accurate based 
upon the above assessment.  The projections were based upon the best available information 
regarding current known and future projected development in the County.  A copy of Brunswick 
County rezoning requests and approvals for significant projects can be found in Appendix D. 

The key approach in determining the population projections was to use the land use planning 
areas (areas with common growth potential) and the service areas (areas where wastewater 
service is anticipated) to graphically intersect the service areas to define the contributing land use 
per service area.  The land use is defined as dwelling units for residential land use and gross area 
units for commercial and industrial areas.  A set of unit population generation factors and 
wastewater flow generation factors (respective factors for each land use category) was used to 
convert the service areas’ contributing land use to both population and wastewater flow 
projections. 

The anticipated population in Brunswick County varies both by season and geographic location.  
During the peak tourist season, the projected population for residential dwelling units is expected 
to be higher than during the winter months.  However, the more inland towns and areas are less 
affected by seasonal population changes.  To compensate for these population density changes, 
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multiple sets of unit flow factors were used for generating population projections.  A separate set 
of population projection factors was used for inland areas and coastal areas.  The unit population 
factors used for these population projections are shown in Table 2-1. 

The Land Use Plan utilized population and zoning information and projections from each of the 
municipalities within the County as well as from the County Planning office.  The Land Use Plan 
incorporates the existing zoning and development for Brunswick County and other entities that 
have expressed interest in a regional wastewater management approach, and summarized these 
by planning area.  A planning area represents an area with common growth potential.  Using the 
anticipated growth rates and development information obtained from the entities and the County, 
each planning area was assigned an anticipated land use growth rate.  These growth rates were 
used to do independent land use growth projections for each land use zone within the planning 
areas.  These projections were made for discrete intervals (i.e., 2005, 2010, 2015, and 2020).  
Population projections for the individual planning areas can be found in Appendix E. 

Table 2-2 summarizes the projected permanent population for each municipality and Brunswick 
County for the years 2005, 2010, 2015, and 2020.  Table 2-3 summarizes the projected seasonal 
population for each municipality and Brunswick County for the same time periods. 

It should be noted that population forecasts represent only estimates of future growth. It is 
emphasized that each area’s growth rate will be dependent on many interrelated factors:  housing, 
supply, cost of labor, and transportation facilities. More importantly, in many cases the 
availability of public utilities will determine the growth potential of the area. 
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Table 2-1.  Population Projection Factors 

Population Density Land Use 
Category 

Description Land Use Density 
Permanent Seasonal 

AF Agricultural/Forestry 1.00 ac/acre                  -                   -  

CB Central Business District 2.80 du/acre                  -                   -  

CG General Commercial 1.40 du/acre   1.27 pop/du    2.37 pop/du  

CHB Highway Business District 2.80 du/acre                  -                   -  

CM Commercial - Manufacturing 1.40 du/acre                  -                   -  

CN Neighborhood Commercial 4.40 du/acre   1.30 pop/du    2.37 pop/du  

CON Conservation 1.00 ac/acre                  -                   -  

FP Floodplains 1.00 ac/acre                  -                   -  

IH Heavy Industrial 0.70 du/acre                  -                   -  

IL Light Industrial 1.40 du/acre                  -                   -  

INS Institutional 1.40 du/acre                  -                   -  

MF1-C Multi-Family Residential 13.60 du/acre   0.48 pop/du    5.45 pop/du  

MF1-I Multi-Family Residential 13.60 du/acre   2.69 pop/du    2.69 pop/du  

MH-C Mobile Home Residential 6.00 du/acre   0.85 pop/du    4.62 pop/du  

MH-I Mobile Home Residential 6.00 du/acre   2.70 pop/du    2.70 pop/du  

MS Municipal Services 1.00 ac/acre                  -                   -  

OS Open Space 1.00 ac/acre                  -                   -  

PUD-C Planned Unit Development 7.25 du/acre   1.60 pop/du    5.05 pop/du  

PUD-I Planned Unit Development 7.25 du/acre   1.60 pop/du    4.00 pop/du  

REC Parks and Recreation 1.00 ac/acre                  -                   -  

RG-C Golf Course Community 5.80 du/acre   2.09 pop/du    4.58 pop/du  

RG-I Golf Course Community 5.80 du/acre   2.09 pop/du    3.37 pop/du  

RU-C Rural Residential 2.90 du/acre   2.71 pop/du    4.12 pop/du  

RU-I Rural Residential 2.90 du/acre   2.71 pop/du    3.49 pop/du  

SF1-C Low Density Residential 5.80 du/acre   2.71 pop/du    5.03 pop/du  

SF1-I Low Density Residential 5.80 du/acre   2.71 pop/du    2.71 pop/du  

SF2-C Medium Density Residential 7.25 du/acre   2.09 pop/du    4.17 pop/du  

SF2-I Medium Density Residential 7.25 du/acre   2.09 pop/du    3.65 pop/du  

SF3-C High Density Residential 13.60 du/acre   2.33 pop/du    4.17 pop/du  

SF3-I High Density Residential 13.60 du/acre   2.33 pop/du    3.53 pop/du  

WL Wetlands 1.00 ac/acre                  -                   -  

NOTES:           

1)  Land use categories with a "-C" suffix (e.g., "RU-C") apply to coastal areas. 
2)  Land use categories with an "-I" suffix (e.g., "RU-I") apply to inland areas. 
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Table 2-2.  Permanent Population Projections - Municipalities and Brunswick County 

  Permanent Population Projections 
  2005 2010 2015 2020 
Bald Head Island 1,053 1,148 1,254 1,370 
Belville 428 484 547 619 
Boiling Springs Lakes 3,565 3,937 4,346 4,798 
Bolivia 190 225 250 275 
Calabash 1,471 1,877 2,396 3,058 
Carolina Shores 2,249 2,607 3,023 3,504 
Caswell Beach 475 600 650 700 
Holden Beach 925 1,192 1,536 1,930 
Leland 5,019 5,903 6,944 8,167 
Navassa 1,640 1,828 2,039 2,273 
Northwest 768 882 1,013 1,163 
Oak Island 7,793 9,225 10,739 11,103 
Ocean Isle Beach 465 509 558 612 
St. James 1,741 2,119 2,578 3,136 
Sandy Creek 285 325 375 425 
Shallotte 1,815 2,262 2,819 3,513 
Southport 2,710 3,132 3,619 4,182 
Sunset Beach 2,087 2,419 2,805 3,251 
Varnamtown 537 603 677 759 
Municipal Totals 35,216 41,277 47,165 55,838 
Unincorporated County 53,410 57,977 65,905 70,852 

Grand Totals 88,626 99,254 113,070 126,690 
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Table 2-3.  Seasonal Population Projections - Municipalities and Brunswick County 

    Seasonal Population Projections 
    2005 2010 2015 2020 
Bald Head Island 7,052 7,718 8,447 9,245 
Belville 470 530 600 680 
Boiling Springs Lakes 3,922 4,331 4,781 5,168 
Bolivia 200 236 263 289 
Calabash 12,400 13,600 14,800 16,000 
Carolina Shores 1,556 2,361 2,737 3,174 
Caswell Beach 3,425 3,783 3,903 3,911 
Holden Beach 15,412 16,493 16,493 16,493 
Leland 5,521 6,493 7,638 8,984 
Navassa 1,804 2,011 2,243 2,500 
Northwest 806 926 1,064 1,221 
Oak Island 32,729 38,744 45,105 46,634 
Ocean Isle Beach 11,306 11,898 12,538 13,230 
St. James 2,259 2,740 3,323 4,031 
Sandy Creek 299 341 394 446 
Shallotte 1,997 2,488 3,101 3,864 
Southport 7,115 7,785 8,522 9,322 
Sunset Beach 12,874 14,258 17,500 20,000 
Varnamtown 681 748 822 903 
Municipal Totals 121,828 137,484 154,274 166,095 
Unincorporated County 96,811 111,250 122,500 136,523 

Grand Totals 218,639 248,734 276,774 302,618 
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3.1 General 

The area comprising Brunswick County offers a challenge to provide cost-effective wastewater 
service, due to its very large land area (855 square miles). Several other factors complicate 
regional wastewater service as well.  Many rural areas are sparsely populated, and provision of a 
regional wastewater collection system would not be cost-effective due to its high unit cost on a 
customer service basis. Other areas along the coast easily support the expense of sewer collection 
systems based upon density (units per acre), but often the wastewater demand is focused in the 
summer months as opposed to a year-round demand.  The County has to ensure that the financial 
burden to provide wastewater service to its growing communities is fairly distributed and that all 
areas of the County be afforded the same opportunities for economic growth in conformance with 
the established zoning. 

3.2 Service Areas 

In order to properly manage the financial burden of implementing regional wastewater 
management systems, the land area of the County must be divided into manageable service areas.  
A number of previous reports and actual implementation of regional wastewater systems were 
evaluated for service area boundaries. The proposed service area boundaries should be 
considered dynamic, as conditions such as development, intermunicipal cooperation, and similar 
factors change over time. Also, it is possible that interim or temporary connections (or permanent 
interconnections) may be warranted to best utilize system capacities during early years of system 
start-up and to provide greater numbers of customers and thus more cost-effective service. 

Recognizing that several areas of the County have recently had wastewater systems evaluated, 
the primary objective of establishing regional service areas was to make use of these established 
boundaries.  As mentioned before, these boundaries are dynamic and subject to refinement as 
detailed assessments or evaluations are conducted.  Figure 3-1 shows the proposed regional 
service areas. 

Within each of these larger regional service areas, the area is further delineated to provide 
smaller service areas (individual planning areas) from which population (permanent and 
seasonal) and wastewater flows (permanent and seasonal) can be further refined.  Figure 3-2 
represents the further refinement of these smaller service areas. 
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4.1 General 

Wastewater systems do not receive wastewater at a constant rate.  Actual hourly and daily 
demand rates can vary considerably over a year with respect to geographic locale and type of 
community.  The characteristics of the community being served largely influence infrastructure 
requirements based on the type and extent of residential, commercial, and industrial 
development. Seasonal flow influence in Brunswick County is very important because 
significantly higher wastewater flowrates occur in the summer as opposed to the winter.  
Collection and treatment facilities need to incorporate these factors into their design to ensure 
that cost-effective systems are implemented. 

4.2 Wastewater Flow Projections 

As explained in Section 3.0, Population Projections, the 2004 Land Use GIS coverage was used 
as the basis for estimating the projected population and land use in Brunswick County.  This 
approach was used to project population for each municipality and Brunswick County for the 
years 2005, 2010, 2015, and 2020. The same approach was used to develop wastewater 
generation rates in the County. The unit flow factors used for these wastewater flow projections 
are shown in Table 4-1. 

The maximum monthly flow is significant because NPDES discharge permits and Non-
Discharge permits are based on monthly values, and therefore permitted wastewater treatment 
plant capacity applies to monthly flows.  Maximum monthly flow must be less than the permitted 
capacity to avoid violating the discharge permit. Before the peak seasonal flow exceeds 80 
percent of capacity, the permittee must submit an engineering evaluation of future wastewater 
treatment needs.  Before the peak seasonal flow exceeds 90 percent of the permitted capacity, the 
facility must submit approvable plans and specifications, together with a construction schedule, 
for expansion of the wastewater treatment system.  (Failure to meet these requirements may 
result in a moratorium on extension of sewer lines.) 

In addition to the land-use based flows, wastewater flows from other municipal sources, such as 

Sunset Beach, Holden Beach, and Oak Island, were assigned directly to the individual service 

areas.  The assigned point flows are based on wastewater flow projections associated with current 

or recent wastewater studies or evaluations. 
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Table 4-1.  Wastewater Flow Projection Factors 

Unit Flows Land Use 
Category 

Description Land Use Density 
 Permanent  Seasonal  

AF Agricultural/Forestry 1.00 ac/acre                  -                     -  

CB Central Business District 2.80 du/acre    429 gpd/du      429 gpd/du  

CG General Commercial 1.40 du/acre    127 gpd/du      237 gpd/du  

CHB Highway Business District 2.80 du/acre    571 gpd/du      571 gpd/du  

CM Commercial - Manufacturing 1.40 du/acre  1,143 gpd/du   1,143 gpd/du  

CN Neighborhood Commercial 2.80 du/acre    130 gpd/du      237 gpd/du  

CON Conservation 1.00 ac/acre                  -                     -  

FP Floodplains 1.00 ac/acre                  -                     -  

IH Heavy Industrial 0.70 du/acre  2,286 gpd/du   2,286 gpd/du  

IL Light Industrial 1.40 du/acre  1,143 gpd/du   1,143 gpd/du  

INS Institutional 1.40 du/acre    893 gpd/du      893 gpd/du  

MF1-C Multi-Family Residential 10.00 du/acre      28 gpd/du      545 gpd/du  

MF1-I Multi-Family Residential 10.00 du/acre    269 gpd/du      269 gpd/du  

MH-C Mobile Home Residential 6.00 du/acre      69 gpd/du      462 gpd/du  

MH-I Mobile Home Residential 6.00 du/acre    270 gpd/du      270 gpd/du  

MS Municipal Services 1.00 ac/acre  1,250 gpd/ac   1,250 gpd/ac  

OS Open Space 1.00 ac/acre                  -                     -  

PUD-C Planned Unit Development 4.00 du/acre      48 gpd/du      505 gpd/du  

PUD-I Planned Unit Development 4.00 du/acre    160 gpd/du      400 gpd/du  

REC Parks and Recreation 1.00 ac/acre                  -                     -  

RG-C Golf Course Community 1.50 du/acre    103 gpd/du      458 gpd/du  

RG-I Golf Course Community 1.50 du/acre    209 gpd/du      337 gpd/du  

RU-C Rural Residential 0.50 du/acre    161 gpd/du      283 gpd/du  

RU-I Rural Residential 0.05 du/acre    199 gpd/du      349 gpd/du  

SF1-C Low Density Residential 1.50 du/acre      49 gpd/du      503 gpd/du  

SF1-I Low Density Residential 1.50 du/acre    271 gpd/du      271 gpd/du  

SF2-C Medium Density Residential 3.00 du/acre      91 gpd/du      417 gpd/du  

SF2-I Medium Density Residential 3.00 du/acre    186 gpd/du      365 gpd/du  

SF3-C High Density Residential 4.50 du/acre      92 gpd/du      417 gpd/du  

SF3-I High Density Residential 4.50 du/acre    196 gpd/du      353 gpd/du  

WL Wetlands 1.00 ac/acre                  -                     -  

NOTES:           

1)  Land use categories with a "-C" suffix (e.g., "RU-C") apply to coastal areas. 
2)  Land use categories with an "-I" suffix (e.g., "RU-I") apply to inland areas. 
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4.3 Individual Regional Service Area Flow Projections 

As described previously, the County has been divided into four main regional service areas.  The 
main regional service areas have been further refined into individual planning areas.  In each of 
these regional service areas, consideration has been given to the anticipated demand for regional 
wastewater management services. As such, each individual planning area has been assigned a 
phase identifier (I, II, III, IV, or open).  These phases allow the County to prioritize service based 
upon ultimately providing the most cost-effective solution for each specific region or individual 
area in a rapidly growing County. 

For the purposes of this Master Plan, no specific timeframe for implementation has been 
assigned to the respective phases.  Each regional service area and its individual planning areas 
will develop in accordance with their own drivers and influences. This Master Plan has identified 
the most probable progression of service provision as Phase I to Phase IV.  Phase I and Phase II 
areas are those identified as probable service areas needing wastewater infrastructure within the 
2020 planning horizon.  Phases III and IV areas do not currently show population or service 
densities that would support wastewater service within the 2020 planning horizon.  Individual 
planning area wastewater flow projections can be found in Appendix F. 

4.4 Northeast Regional Service Area 

The Northeast Regional Service Area incorporates the existing Northeast Sanitary District and 
the other incorporated and unincorporated areas of the northeastern portion of the County.  The 
area is bounded by the Cape Fear River and New Hanover County to the north and east; Highway 
17 and roughly Town Creek Road to the south; and Bladen and Columbus Counties to the north 
and west.  Municipal entities in this service area include Belville, Leland, Navassa, Sandy Creek, 
and Northwest.  Figure 4-1 provides the anticipated phasing for the individual planning areas. 

The wastewater flow projections for the Northeast Brunswick Regional Service Area are 
summarized in Table 4-2. 
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Figure 4-1.  Northeast Regional Service Area – Phasing of Individual Planning Areas 
 

 

Table 4-2.  Northeast Regional Service Area Wastewater Flow Projections (Average Daily Flow, mgd) 

2005 2010 2015 2020 Cumulative 
Phase Flow Permanent Seasonal Permanent Seasonal Permanent Seasonal Permanent Seasonal 

Phase I 0.74 0.88 0.85 1.01 0.95 1.15 1.07 1.30 

Phase II 0.92 1.10 1.06 1.28 1.21 1.47 1.37 1.68 

Phase III 1.30 1.62 1.49 1.85 1.67 2.10 2.17 2.72 

Phase IV 1.46 1.84 1.66 2.10 1.87 2.37 2.45 3.09 
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From the data summarized above, the 2020 treatment capacity demand for the regional treatment 
facility is determined to be approximately 1.7 mgd.  This is based upon providing service for 
both the Phase I and Phase II service areas of the regional system.  To account for monthly 
maximum flows, a ratio of 1.2 (maximum monthly flow to seasonal average daily flow) is 
applied and the treatment capacity will be approximately 2.0 mgd. 

4.5 Southeast Regional Service Area 

The Southeast Regional Service Area incorporates the eastern portion of the County.  The area is 
bounded by the Cape Fear River and New Hanover County to the east; the Atlantic Ocean to the 
south, and the West Regional Service Area to the west.  Municipal entities in this service area 
include Bald Head Island, Boiling Springs Lakes, Southport, Oak Island, and Caswell Beach.  It 
should be noted that Bald Head Island was not considered part of the anticipated service area of 
the Southeast Regional System because of its physical separation from the mainland area.  
Southport was not considered part of the service area either since the Town has indicated in a 
number of forums that it is not currently interested in participating with the County on regional 
wastewater management strategies. Figure 4-2 provides the anticipated phasing for the individual 
planning areas. 

The wastewater flow projections for the Southeast Brunswick Regional Service Area are 
summarized in Table 4-3. 

Table 4-3.  Southeast Regional Service Area Wastewater Flow Projections (Average Daily Flow, mgd) 

2005 2010 2015 2020 Cumulative 
Phase Flow Permanent Seasonal Permanent Seasonal Permanent Seasonal Permanent Seasonal 
Phase I 0.83 2.36 0.96 2.88 1.10 3.27 1.14 3.39 

Phase II 1.08 2.70 1.21 3.25 1.38 3.68 1.44 3.84 
Phase III 1.11 2.75 1.25 3.30 1.42 3.73 1.49 3.90 
Phase IV 1.26 2.92 1.42 3.52 1.61 3.98 1.71 4.18 

 

From the data summarized above, the 2020 treatment capacity demand for the regional treatment 
facility is determined to be approximately 3.8 mgd.  This is based upon providing service for 
both the Phase I and Phase II service areas of the regional system.  To account for monthly 
maximum flows, a ratio of 1.2 (maximum monthly flow to seasonal average daily flow) is 
applied and the treatment capacity will be approximately 4.6 mgd. 
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Figure 4-2.  Southeast Regional Service Area – Phasing of Individual Planning Areas 
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4.6 West Regional Service Area 

The West Regional Service Area incorporates the central portion of the County.  The area is 
bounded by the Southeast Service Area to the east; the Atlantic Ocean to the south, Columbus 
County to the north, and the Southwest Regional Service Area to the west.  Municipal entities in 
this service area include St. James, Bolivia, Holden Beach, and Varnamtown.  Figure 4-3 
provides the anticipated phasing for the individual planning areas. 

The wastewater flow projections for the West Brunswick Regional Service Area are summarized 
in Table 4-4. 

Table 4-4.  West Regional Service Area Wastewater Flow Projections (Average Daily Flow, mgd) 
2005 2010 2015 2020 Cumulative 

Phase Flow Permanent Seasonal Permanent Seasonal Permanent Seasonal Permanent Seasonal 

Phase I 0.78 1.94 1.23 2.80 1.45 3.43 1.73 3.98 

Phase II 1.59 3.64 2.35 4.94 2.94 6.12 3.60 7.28 

Phase III 1.77 3.87 2.54 5.21 3.17 6.24 3.85 7.61 

Phase IV 1.92 4.08 2.71 5.44 3.35 6.67 4.05 7.89 
 

From the data summarized above, the 2020 treatment capacity demand for the regional treatment 
facility is determined to be approximately 7.3 mgd.  This is based upon providing service for 
Phase I and Phase II service areas of the regional system.  To account for monthly maximum 
flows, a ratio of 1.2 (maximum monthly flow to seasonal average daily flow) is applied and the 
treatment capacity will be approximately 8.8 mgd. 

4.7 Southwest Regional Service Area 

The Southwest Regional Service Area incorporates the westernmost portion of the County 
adjacent to the state of South Carolina.  The area is bounded by the West Service Area to the 
east; the Atlantic Ocean to the south, Columbus County to the north, and Horry County, South 
Carolina, to the west.  Municipal entities in this service area include Shallotte, Ocean Isle Beach, 
Sunset Beach, Calabash, and Carolina Shores.  Figure 4-4 provides the anticipated phasing for 
the individual planning areas. 

The wastewater flow projections for the Southwest Brunswick Regional Service Area are 
summarized in Table 4-5.
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                Figure 4-4.  Southwest Regional Service Area – Phasing of Individual Planning Area 
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Table 4-5.  Southwest Regional Service Area Wastewater Flow Projections (Average Daily Flow, mgd) 

2005 2010 2015 2020 Cumulative 
Phase Flow Permanent Seasonal Permanent Seasonal Permanent Seasonal Permanent Seasonal 
Phase I 1.02 3.18 1.14 3.53 1.26 3.85 1.40 4.19 

Phase II 1.47 4.31 1.67 4.80 1.91 5.31 2.16 5.84 
Phase III 1.62 4.54 1.84 5.05 2.09 5.58 2.36 6.12 
Phase IV 1.84 4.83 2.08 5.37 2.36 5.94 2.65 6.52 

 

From the data summarized above, the 2020 treatment capacity demand for the regional treatment 
facility is determined to be approximately 5.8 mgd.  This is based upon providing service for the 
Phase I and Phase II service areas of the regional system.  To account for monthly maximum 
flows, a ratio of 1.2 (maximum monthly flow to seasonal average daily flow) is applied and the 
treatment capacity will be approximately 7.0 mgd. 
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5.1 General 

All four of the main regional service areas are in different stages of providing regional 
wastewater service.  The Southeast area is the only area where the County does not currently own 
or operate any wastewater collection, treatment, or disposal systems.  This section discusses the 
current wastewater management practices and the needed infrastructure to meet the current and 
future demands of the respective regional service areas.  Wastewater collection systems will be 
evaluated on a 20-year (2005–2025) anticipated service need, and wastewater treatment and 
disposal/utilization will be based upon the 2020 anticipated service need.  Facilities will be 
evaluated to accommodate maximum monthly flows for the respective timeframe. 

5.2 Northeast Regional Service Area 

The Northeast Sanitary District currently serves a portion of the larger Northeast Regional 
Service Area. The Sanitary District currently serves the communities of Belville, Leland, and 
Navassa.  Facilities include a sewer collection system and a wastewater treatment facility that has 
an NPDES permit allowing for a discharge of 1.65 mgd into the Cape Fear River.  The system 
was constructed and placed into operation in late 2004. Flows at the facility are currently 
averaging approximately 0.5 mgd.  The system also includes a planned reclaimed distribution 
and utilization system to serve Magnolia Greens Golf Course.  The reuse system is permitted to 
accommodate 0.325 mgd. 

As discussed in Section 4.4, the wastewater demand to serve the 2005 – 2015 timeframe includes 
regional collection, treatment, and disposal/utilization facilities to serve the Phase I and Phase II 
areas.  The envisioned infrastructure is shown in Figure 5-1. 

5.2.1 Wastewater Treatment 

The wastewater treatment capacity needed to serve the Phase I and Phase II needs in the 
2005 – 2020 timeframe was identified in Section 4.4 as 2.0 mgd.  The existing facility has 
the capacity to serve 1.65 mgd.  This size facility would be adequate to serve the area 
through 2015 as long as the rate and character of growth continue in accordance with the 
current land use and associated Land Use Plan for this area of the County. 2020 treatment 
needs for Phase I and Phase II could be met by some plant modification (re-rating or 
physical improvements), but the method of effluent disposal would be expected to occur 
through reuse for flows greater than 1.65 mgd.  Development of areas into Phase III or 
Phase IV areas would necessitate a more significant expansion of the wastewater 
treatment facility as well. 
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Figure 5-1.  Northeast Regional Service Area – Wastewater Infrastructure 

 

5.2.2 Sewer Collection 

Phase I regional sewer collection system needs are already provided via the Northeast 
Sanitary District. Additional regional sewer collection system improvements will be 
required to serve the Phase II needs of the Northeast Regional Service Area.  This 
infrastructure is limited to approximately 8.6 miles of regional collection line and one 
wastewater pump station.  The Phase II service area would provide sewer service to the 
Towns of Northwest and Sandy Creek and the Highway 74/76 corridor. 
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5.2.3 Effluent Disposal or Reuse 

The current Northeast Sanitary District has capacity to accommodate 1.65 mgd of treated 
wastewater.  The current practice is to discharge the treated effluent to the Cape Fear 
River. This particular NPDES permit was probably one of the last NPDES permits 
granted in the lower Cape Fear River Basin due to limited assimilative capacity and water 
quality concerns.  It is likely that any requests to increase the discharge capacity into the 
lower Cape Fear River will meet significant opposition with the NC Department of 
Environment and Natural Resources (DENR). Any future expansion needs should 
strongly consider reuse as the means of ultimate wastewater management.  Maintaining 
the option to discharge via the NPDES permit is very important because it will allow the 
ability to have a conjunctive system whereby discharges can occur during wet weather 
conditions so no large wet weather storage would be required. 

5.2.4 Residuals Management 

As described in Section 5.2.1, the current Northeast Sanitary District has capacity to 
accommodate 1.65 mgd of treated wastewater.  Screened materials from the headworks 
(coarse solids and grit) are currently separated and disposed at the County landfill.  
Biosolids (digested solids) from the biological treatment process are managed by a 
contract firm and are land applied at agronomic rates to sites in the surrounding areas as 
allowed by the contractor’s non-discharge permit.  Since there are no significant sources 
of residuals anticipated to be generated in the Northeast Service Area, no increased 
residual management will be needed. 

5.3 Southeast Regional Service Area 

The Southeast Regional Service Area is currently unserved by any County owned or operated 
wastewater systems.  Most of the unincorporated areas of the service area are served by on-site 
septic systems.  With respect to municipal systems, the Towns of Oak Island, Southport, and St. 
James are served by community-based wastewater treatment systems.  The Town of Oak Island 
has a 0.4-mgd reuse system that was owned by the former Town of Yaupon Beach.  This system 
is a package style tertiary plant that utilizes both spray irrigation and a rapid infiltration pond for 
utilization of the effluent. The Town of Oak Island is currently investigating wastewater 
management options to either meet its needs alone or join with the County in a cooperative 
approach.  The Southeast Sanitary District currently serves a portion of the Town of St. James via 
a wastewater treatment and reclaimed distribution system.  Reclaimed water produced by the 
Sanitary District is used for golf course irrigation at one of the St. James Plantation courses 
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(Players Club) and includes additional reclaimed water use for streetscape and common area 
irrigation. The Town of Southport currently treats and disposes its wastewater through an 
NPDES permitted discharge to the Atlantic Intracoastal Waterway.  Although Southport will be 
faced with a regulatory challenge to increase pollutant or hydraulic loadings to this discharge 
point, they have not expressed any interest in joining the County in a regional wastewater system 
approach. 

As discussed in Section 4.5, the wastewater demand to serve the 2005 – 2020 timeframe includes 
regional collection, treatment, and disposal/utilization facilities to serve the Phase I and Phase II 
areas.  The envisioned infrastructure is shown in Figure 5-2. 

5.3.1 Wastewater Treatment 

The wastewater treatment capacity needed to serve the Phase I and Phase II needs in the 
year 2020 was identified in Section 4.5 as approximately 5.0 mgd.  There are currently no 
wastewater facilities of significant size that could serve as a regional facility.  The County 
purchased a 600-acre site in 2001 near the Sunny Point Military Terminal for the express 
purpose of a regional wastewater system to serve this same geographic region of the 
County.  Due to the large amount of wetlands on this site and the presence of a “blast 
zone” associated with the Sunny Point Munitions Terminal, it is most likely that only the 
water reclamation treatment facilities would be located on the site.  Wet weather storage 
and reclaimed water utilization would have to be managed off-site.  The Town of Oak 
Island owns an undeveloped site, approximately 100 acres, that could serve as a regional 
facility (or some component thereof) or a land application site, although its location does 
not conform to current County criteria for the selection of regional sites. 

The Town of Oak Island also owns a small non-discharge type wastewater treatment 
facility that serves the former Town of Yaupon Beach area and a small part of the 
Caswell Beach area.  This plant would continue to operate and service these two areas for 
the useful life of this system.  Any flows in excess of its current design capacity (0.40 
mgd) would have to be diverted to the Southeast Regional Wastewater System. 
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Figure 5-2.  Southeast Regional Service Area – Wastewater Infrastructure 
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5.3.2 Sewer Collection 

No components of the Phase I or Phase II regional sewer collection system needs are 
currently provided.  There is one segment of the proposed Southeast regional collection 
system that extends outside of the current Southeast Regional Service Area into the West 
Regional Service Area.  The reason for this is that it is thought that a second crossing to 
Oak Island should be planned for the western side of the island, and this crossing would 
follow the route of the proposed second bridge and road corridor planned for Middleton 
Avenue.  This line would either parallel the existing West Brunswick 16-inch wastewater 
line or actually connect to it to provide an interconnection between the two wastewater 
systems (interim or long-term). Assuming that new sewer infrastructure would be 
required to serve the area’s 10-year wastewater demands, approximately 27.4 miles of 
new sewer lines would be required.  Additionally, one regional wastewater pumping 
station in the vicinity of the north side of the Town of Boiling Springs Lakes would be 
required to service the area. 

5.3.3 Effluent Disposal or Reuse 

Similar to wastewater treatment capacity for the Southeast Regional Service Area, little 
reclaimed water utilization or disposal systems exist. To accommodate the 10-year 
demand of 5.0 mgd will either be by surface water discharge or reuse.  Relative to a 
surface water discharge, it is believed that NCDENR would be adamantly opposed to any 
new discharge of this magnitude. The vast majority of surface waters along the 
Brunswick County coast are designated Shellfish waters (classified “SA” Waters) and, as 
such, do not allow domestic wastewater discharges no matter how highly they may be 
treated.   

With respect to surface water discharges, there are only a few exceptions in Brunswick 
County and two of those lie in the Southeast Regional Service Area.  The Town of 
Southport initiated its discharge to the Atlantic Intracoastal Waterway decades ago before 
the adoption of the Federal Clean Water Act and the associated NPDES permitting 
program.  When this program was established, many communities were discharging raw 
or inadequately treated wastewaters into the nation’s surface waters.  It was a challenge 
for the program to get all the discharges accounted for and under a permit that allowed for 
protection or enhancement of the receiving streams. Although the objective of this 
program is to eliminate all surface water discharges, this is probably not currently a 
reasonable or achievable goal. The state’s water quality program acquiesced to 
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Southport’s discharge years ago by reclassifying the surface waters around its discharge 
to “SC” waters, which allow domestic or municipal quality wastewater discharges.  
Southport will most likely be required to demonstrate that it has no reasonable 
economical alternative to its discharge every five years (NPDES Permit Renewal Cycle) 
but, as long as it can manage its wastewater within the constraints of its NPDES permit, it 
will most likely be allowed to continue the discharge indefinitely. 

The other surface water discharge exception is the Progress Energy Brunswick Nuclear 
Power Station.  The nuclear power generation facility uses intake water from the Atlantic 
Intracoastal Waterway for “once through” cooling water.  This “once through” process 
uses an extreme amount of water, approximately 1.4 billion gallons per day, and 
discharges it through a canal and into a relatively short ocean outfall, approximately 1 
mile, into the Atlantic Ocean.  Included in this discharge is a minute amount of domestic 
wastewater that is generated from Progress Energy’s operations. There have been 
conversations between Progress Energy, NCDENR, and other interested municipal parties 
over the years about allowing a town (or regional) discharge, but, to date, no firm 
commitments or even conceptual approvals have been obtained for such a scenario.  It is 
thought that these and any other similar discharge alternatives will meet a severe and 
rigorous regulatory process that would involve significant time and resources to obtain 
approval. 

The most expedient and cost-effective approach is the development of a regional 
reclaimed water distribution and utilization program.  Although this approach can be land 
intensive, it is recognized that a comprehensive reuse program that encourages the use of 
reclaimed water instead of potable and other sources of non-potable water (surface and 
groundwaters) can accommodate the area’s reclaimed water production.  Irrigation can 
serve as the principal means of reclaimed water utilization, but other options such as 
commercial (example - car washes) or industrial (example - cooling water) uses need to 
be nurtured and developed.  Two irrigation opportunities that need to be emphasized are 
residential reuse (lawn and common area irrigation) and agricultural (non-food chain crop 
irrigation – including silviculture).  Residential reuse is a strong viable option due to the 
significant residential growth in the area, and many of the communities are upscale in that 
they are using irrigation for their lawns and common areas.  Traditional sources such as 
golf courses are still good viable options, but growth of new course construction has 
dramatically slowed down due to supply and demand aspects. 

5.3.4 Residuals Management 
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As described in Section 5.3.1, the planned wastewater treatment system will require a 
capacity of approximately 5.0 mgd.  Screened materials from the headworks (coarse 
solids and grit) will be separated and disposed at the County landfill.  Biosolids (digested 
solids) from the biological treatment process in addition to the other facilities either 
currently in operation or under construction will continue to utilize outside resources for 
these activities until the County determines that it can manage these efforts more cost 
effectively with its own staff and equipment. 

5.4 West Regional Service Area 

Portions of the West Regional Service Area are currently served by County owned and/or 
operated wastewater systems.  Currently, the County operates the St. James Plantation and 
Winding River Plantation wastewater collection, treatment, and disposal/utilization systems.  
Treated effluent (reclaimed water) produced by these two facilities is irrigated on golf courses 
associated with the two respective developments.  The County also owns wastewater treatment 
systems serving the Brunswick County Government Complex and the Brunswick County 
Community College. A 3.0-mgd regional wastewater collection, treatment, and disposal/ 
utilization system is under construction and should become operational at the beginning of 2006.  
All of the current wastewater systems mentioned above will be tied into the West Regional Water 
Reclamation Facility shortly after it is placed into operation. Most of the remaining 
unincorporated areas of the service area are served by on-site septic systems.  With respect to 
municipalities located in the West Brunswick Service Area, the Towns of Bolivia, Holden Beach, 
and Varnamtown are served by on-site septic tank systems.  Holden Beach is a partner in the 
current West Brunswick Regional System and will be tied into the system after the facility’s 
start-up as well. The Town of Shallotte owns and operates a 0.5-mgd secondary treatment 
(facultative lagoons) and land application system to serve its customers.  The Town of Shallotte 
is currently investigating wastewater management options to either meet its needs alone or join 
with the County in a cooperative regional approach. 

As discussed in Section 4.6, the wastewater demand to serve the 2005 – 2020 timeframe includes 
regional collection, treatment, and disposal/utilization facilities to serve the Phase I and Phase II 
areas.  The envisioned 2020 infrastructure is shown in Figure 5-3. 
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5.4.1 Wastewater Treatment 

The wastewater treatment capacity required to serve the Phase I and Phase II needs in the 
year 2020 was identified in Section 4.6 as 9.0 mgd.  This value varies from the design 
numbers associated with the West Brunswick 201 Facilities Plan (October 2002) for two 
principal reasons. The first is that two mainland planning service areas previously 
associated with Oak Island are now included with this approach.  The second reason is 
that there has been some more aggressive development and rezoning requests in this area 
as a result of the West Brunswick System being constructed.  It is thought that some 
“pent-up” demand is being realized as a result of installation of the regional system and 
this increase in activity will level off in the next year or two.   

The West Brunswick Regional Water Reclamation Facility under construction to serve 
Phase I of the service area is 3.0 mgd.  The current design drawings’ site plan reflects a 
future expansion of the facilities to replicate the 3.0-mgd facility to a 6.0-mgd facility.  
The 275-acre site has adequate land to support a much greater sized facility in the future 
when necessary. 2020 Phase I and Phase II needs of 9.0 mgd can easily be met by a future 
expansion.  Other wastewater facilities of significant size in the area that could serve as a 
potential location for a regional facility include the Town of Shallotte’s facility.  This 
particular site could become either part of the West Brunswick Regional System, or the 
Southwest Brunswick Regional System assuming that Shallotte becomes a regional 
partner in the future.  The Shallotte system consists of a 0.5-mgd secondary treatment 
(facultative lagoons) and land application system on an approximate 800-acre site.  The 
West Brunswick facility is an attractive alternative for short-term needs encountered by 
both the Southwest and Southeast Service Areas due to its central location.  From a long-
term perspective, the West Brunswick Facility would not be as economical due to 
substantial pumping costs for conveying wastewater to the plant and conveying reclaimed 
water back to distant reuse sites. 

5.4.2 Sewer Collection 

A significant component of the Phase I and Phase II regional sewer collection system 
needs is currently provided and under construction as a result of the West Brunswick 
Regional System.  There is one 5.6-mile segment that would need to be constructed to 
serve the unincorporated areas of the Shallotte area.  If the Town of Shallotte joins the 
County in a regional approach, this line would need to be larger than just the needs of the 
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unincorporated areas. This same line could also serve as a component of a West-
Southwest interim connection.  It is not anticipated that any additional regional pumping 
stations would be necessary to handle this sewer system extension.  Line work to provide 
an interim connection between the West-Southeast service areas has been discussed in 
Section 5.3.2.  Line work to provide an interim connection between the West-Southwest 
service areas will be discussed in Section 5.5. 

5.4.3 Effluent Disposal or Reuse 

Future reclaimed water utilization in the West Brunswick Service Area will be a 
challenge unless appropriate incentives or controls are enacted. The current West 
Brunswick Regional Water Reclamation System has 3.0 mgd of reclaimed water 
utilization capacity, but more than half (1.9 mgd) is being accomplished via a County 
owned silvicultural operation.  The remaining (1.1 mgd) portion is being managed via 
golf course irrigation at both Winding River and St. James Plantation golf courses.  A 
potential exists for additional golf course irrigation at these two communities, but it will 
not meet 2020 needs (9.0 mgd).  The 2015 demand (4.0 mgd) will be relatively easy to 
meet, but the future needs will be increasingly difficult. 

It is still believed that the most expedient and cost-effective approach for the West 
Brunswick Service Area is the nurturing and development of a proactive reclaimed water 
utilization program.  Details of this approach were explained in Section 5.3.3. 

5.4.4 Residuals Management 

As described in Section 5.4.1, the planned wastewater treatment system will require a 
capacity of approximately 9.0 mgd.  Screened materials from the headworks (coarse 
solids and grit) will be separated and disposed at the County landfill.  Biosolids (digested 
solids) from the biological treatment process, in addition to the other facilities either 
currently in operation or under construction, will continue to utilize outside resources for 
these activities until the County determines that it can manage these efforts more cost 
effectively with its own staff and equipment.  Any interim connections from either the 
Southeast or Southwest Regional Systems will require appropriate analysis or 
consideration to ensure that the residuals handling facilities are properly sized to manage 
these additional sources. 
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5.5 Southwest Regional Service Area 

Portions of the Southwest Regional Service Area are currently served by County owned and/or 
operated wastewater systems.  The County owns and operates the Carolina Shores (formerly 
Carolina Blythe Utilities) and Sea Trail (formerly South Brunswick Water and Sewer Authority) 
wastewater collection, treatment, and disposal/utilization systems.  The former Carolina Blythe 
facility has an NPDES permit for 0.53 mgd into an unnamed tributary to Persimmon Swamp, 
which is ultimately tributary to the Waccamaw River.  The Sea Trail facility is rated for 0.2 mgd, 
but the system has been designed and permitted for 0.5 mgd. The three golf courses at Sea Trail 
utilize the reclaimed water for irrigation purposes. 

Most of the remaining unincorporated areas of the service area are served by on-site septic 
systems or privately owned and managed wastewater treatment systems.  Ocean Ridge Plantation 
currently operates a 0.4-mgd system that currently utilizes its three golf courses for reclaimed 
water utilization.  A fourth course is under construction and is being designed and constructed to 
incorporate reuse for irrigation as well.  The expanded system has been permitted for 0.6 mgd.  
Bricklanding and Oyster Bay developments are community systems utilizing package style 
wastewater treatment systems with on-site disposal of the treated effluent. With respect to 
municipalities located in the Southwest Brunswick Service Area, portions of the Town of Sunset 
Beach, the island, and some mainland areas are served by on-site septic tank systems.  The Sea 
Trail development, some other areas of Sunset Beach, and the downtown area of Calabash are 
provided wastewater management services by the Sea Trail facility.  The Town of Carolina 
Shores is provided wastewater management services by the former Carolina Blythe facility.  The 
Town of Ocean Isle Beach owns and operates its own 1.5-mgd facility (2.0-mgd capacity if solids 
handling facilities are improved).  Ocean Isle’s facility was upgraded in 2003 to reclaimed water 
standards and utilizes its 645-acre property for reclaimed water irrigation. 

As discussed in Section 4.7, the wastewater demand to serve the 2005–2020 timeframe includes 
regional collection, treatment, and utilization facilities to serve the Phase I and Phase II areas.  
The envisioned 2020 infrastructure is shown in Figure 5-4. 



S e c t i o n  5 . 0  – S e r v i c e  A r e a  W a s t e w a t e r  I n f r a s t r u c t u r e   
  

 
 

 
 
Comprehensive Wastewater Master Plan 35 February 2006 

Figure 5-4.  Southwest Regional Service Area – Wastewater Infrastructure 
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5.5.1 Wastewater Treatment 

The wastewater treatment capacity needed to serve the Phase I and Phase II needs in the 
year 2020 was identified in Section 4.7 as 7.0 mgd.  Based upon rezoning requests and 
project approval submittals, the Southwest area is under substantial growth pressure due 
to the large number of golf course communities in the area and its proximity to the Myrtle 
Beach area. 

A Conceptual Wastewater Plan was developed for this area in July 2004.  The Conceptual 
Plan evaluated three different alternatives for long-term wastewater management.  The 
alternatives included: 

� Expansion of the West Brunswick Water Reclamation Facility. 

� Decentralized Water Reclamation Facilities without participation of the Town of 
Ocean Isle Beach. 

� Decentralized Water Reclamation Facilities with participation of the Town of 
Ocean Isle Beach. 

Capital costs for each of the alternatives were relatively high ($55.5 – $92.2 million) but, 
based upon the anticipated number of customers, the monthly regional sewer system fee 
ranged from approximately $30 – $55 (5,000 gallons per month basis). The least cost 
alternative was the use of a decentralized approach with the participation of Ocean Isle 
Beach.  A principal advantage of Ocean Isle Beach’s participation is the number of sewer 
customers (2,150) that the Town’s participation would add. 

Since the development of the Conceptual Plan, County staff representatives of the 
Brunswick County Board of Commissioners have met with representatives of the Town 
of Ocean Isle Beach regarding the Town’s participation.  The Town’s current perspective 
on wastewater management is that its recent investments to upgrade its system should 
provide them capacity for the foreseeable future, but it would remain flexible about a 
long-term possibility of participation with the County.  For purposes of this Master Plan 
evaluation, it is assumed that the Town of Ocean Isle Beach and the County will work 
together to meet the long-term (2020 and beyond) wastewater needs of the area. 

A Preliminary Engineering Report (PER) is currently under development to identify the 
immediate wastewater management needs (2005 – 2010) for portions of the Southwest 
Regional Service Area. This PER is focused on the operational and facility improvements 
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to the Sea Trail and the former Carolina Blythe wastewater treatment facilities to achieve 
the following objectives: 

� Evaluate the short-term wastewater demand associated with providing sewer 
service to the Town of Sunset Beach (island and other municipal boundaries not 
currently served). 

� Optimize and maximize the wastewater treatment capabilities of the Sea Trail and 
Carolina Shores wastewater treatment facilities. 

� Evaluate cost-effective upgrades or expansions of the Sea Trail and Carolina 
Shores facilities to accommodate the area’s immediate sewer needs. 

� Evaluate the cost of providing an interim connection to the West Brunswick 
Regional Water Reclamation Facility for the management of wastewater in excess 
of what can be managed by the Sea Trail and Carolina Shores facilities. 

All of these objectives include a focus on maintaining compliance with all applicable 
environmental regulatory requirements. 

As explained in Section 5.4.1, the capacity of the West Brunswick Regional Water 
Reclamation Facility under construction to serve Phase I is 3.0 mgd.  The current design 
drawings’ site plan reflects a future expansion of the facilities to replicate the 3.0-mgd 
facility to become a 6.0-mgd facility.  The 275-acre site has adequate land to support a 
much greater sized facility in the future, if necessary.  2020 Phase I and Phase II needs of 
7.0 mgd can easily be met by a future expansion of the West Brunswick facility, but long-
term costs associated with long distance pumping, both to and from, make this option 
more costly from a long-term perspective.  Other wastewater facilities of significant size 
in the area that could serve as a regional facility include the Town of Shallotte and the 
Town of Ocean Isle Beach.  Neither the Town of Shallotte nor the Town of Ocean Isle 
Beach has fully committed to the County to be a regional participant, but either could be 
cost-effective alternatives.  A principal driver in this determination is the proximity of the 
wastewater treatment facility to the reclaimed water utilization sites. This will be 
discussed in further detail in Section 5.5.3. 

The Shallotte system consists of a 0.5-mgd secondary treatment (facultative lagoons) and 
land application system on an approximate 800-acre site.  The Ocean Isle Beach system 
consists of a 1.5-mgd tertiary treatment (reclaimed water) and land application system on 
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an approximate 645-acre site.  The West Brunswick facility is an attractive alternative for 
short-term needs encountered by both the Southwest and Southeast Service Areas due to 
its central location.  From a long-term perspective, the West Brunswick Facility would 
not be as economical due to substantial pumping costs for conveying wastewater to the 
plant and conveying reclaimed water back to distant reuse sites. 

5.5.2 Sewer Collection 

Sewer system infrastructure currently exists in the Southwest Regional Service Area, but 
it is primarily isolated to smaller municipal components or private developments.  These 
smaller components are referred to as “local” collection system components as opposed 
to “regional” sewer components.  In order to provide the regional sewer components to 
serve the Phase I and Phase II components of the Southwest Regional Service Area, 
approximately 26.8 miles of regional lines would be needed.  It is anticipated that three 
regional pumping stations would be necessary to handle the Phase I and Phase II 
wastewater needs.   

5.5.3 Effluent Disposal or Reuse 

Reclaimed water utilization in the Southwest Brunswick Service Area appears to be very 
viable given that there are more than 25 equivalent 18-hole golf courses in the service 
area.  Although this traditional opportunity for reclaimed water usage exists, there still is 
a lot of energy and effort necessary to get so many different entities (owners, managers, 
golf course superintendents, etc.) to commit to participation.  Fortunately, many of the 
golf course communities in the County have already implemented reclaimed water 
systems and many others recognize the importance of reuse in the successful 
implementation of a regional sewer system.  The County should continue to work with 
area golf course owners and large property tract owners to obtain appropriate reuse 
agreements. 

Additionally, as with other areas of the County, it is believed that the most expedient and 
cost-effective approach for wastewater management is the nurturing and development of 
a robust reclaimed water utilization program.  Details of this approach were explained in 
Section 5.3.3. 
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5.5.4 Residuals Management 

As described in Section 5.5.1, the planned wastewater treatment system will require a 
capacity of approximately 7.0 mgd.  Screened materials from the headworks (coarse 
solids and grit) will be separated and disposed at the County landfill.  Biosolids (digested 
solids) from the biological treatment process, in addition to the other facilities either 
currently in operation or under construction, will continue to utilize outside resources for 
these activities until the County determines that it can manage these efforts more cost 
effectively with its own staff and equipment.  It is believed that the residuals management 
needs of the Southwest Regional Service Area would be best served by a centralized 
facility located in the same regional area.  This is true whether or not the County pursues 
a decentralized or centralized regional approach. 

SewerCAD models were developed for each of the regional service areas to determine the most 
appropriate pumping station and line sizes.  The SewerCAD Model outputs can be found in 
Appendix G.  A Countywide map of the 20-year sewer collection system infrastructure can be 
found in Appendix H. 
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6.1 General Discharge Evaluation Criteria 

The discharge of treated wastewater to surface waters is a common practice across the State of 
North Carolina and the nation as well.  Discharges to the nation’s surface waters are governed by 
the Federal Clean Water Act.  The United States Environmental Protection Agency (US EPA) is 
responsible for the management of these systems and regulates surface water discharges via the 
National Pollutant Discharge Elimination System (NPDES) permitting program.  The State of 
North Carolina has received primacy for the management of this program from the US EPA and, 
as such, is responsible for evaluating surface water discharges to ensure the water quality 
standards and uses of the receiving stream are protected. 

North Carolina manages this program within the Department of Environment and Natural 
Resources (DENR) and, specifically, the Division of Water Quality (DWQ).  DWQ has 
established water quality standards (numerical, such as dissolved oxygen and heavy metals, and 
narrative, such as odor, taste, aesthetic quality or deleterious effects) and uses (recreation, water 
supply, aquatic life propagation, etc.).  Existing surface water discharges operating under NPDES 
Permits are evaluated periodically to ensure that they are protecting both surface water standards 
and designated uses of the receiving streams.  Expansion of existing discharges or proposed new 
discharges are evaluated on the merits of protecting the water quality standards and receiving 
stream uses as well.  If new or expanding discharges cannot protect these standards or uses, a 
permit request is denied. 

Several regulatory aspects make new or expanding discharges in the Brunswick County area a 
challenge.  One major issue is the ability of a receiving stream to demonstrate a positive 30Q2 
flow. This figure applies to the lowest average flow, expressed in cubic feet per second (cfs), 
over a two-year period in a 30-day, continuous interval.  This is an important figure because, if 
the flow is stagnant or non-flowing, the number is zero.  If it is tidally influenced, it can be 
negative.  These low-flow conditions can exist in a number of streams in Brunswick County, but 
this criterion does not take into account the true assimilative capacity of such streams.  7Q10 and 
30Q2 conditions of zero may be suitable for surface water discharge evaluations in the mountains 
or Piedmont areas of the state, but may be inappropriate criteria for the coastal or estuarine areas. 

Many smaller streams or even wetland areas exist in the region that might serve as receiving 
bodies for tertiary quality effluent. These options have generally been discouraged by the DWQ 
due to past problems with facilities consistently producing a high quality effluent that ensured 
surface water protection.  Wastewater technology (treatment and controls) and consistency in 
producing high quality effluents have made great strides over the past decade and, as such, may 
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provide some basis for new or expanding surface water discharges.  Since many of the County’s 
wastewater management systems are reuse systems, the potential for use of high quality 
reclaimed water for wetland restoration or enhancement is a viable alternative as well. 

6.2 Northeast Surface Water Discharge Options 

The Cape Fear River adjoins the northeast and east borders of the Northeast Region.  The 
Northeast Sanitary District has an NPDES Permit that allows the discharge of up to 1.65 mgd of 
tertiary treated effluent into the Cape Fear River.  It is likely that any requests to increase the 
discharge capacity into the lower Cape Fear River will meet opposition with NC DENR due to 
concerns about limited assimilative capacity in the lower Cape Fear River.  Any requests to 
expand this discharge or any new discharges into the Cape Fear River will likely require an 
Environmental Assessment (EA) or Environmental Impact Statement (EIS) and a water quality 
model to demonstrate that the surface water standards are protected. 

6.3 Southeast Surface Water Discharge Options 

The Cape Fear River adjoins the eastern border of the Southeast Region. The Atlantic 
Intracoastal Waterway (AIWWA) and the Atlantic Ocean adjoin the southern border.  The Town 
of Southport has an NPDES Permit that allows the discharge of up to 0.8 mgd of secondary 
treated effluent into the AIWWA.  It is likely that any requests to increase the discharge capacity 
into the lower Cape Fear River, the AIWWA, and/or the Atlantic Ocean will meet opposition 
with NC DENR due to concerns about limited assimilative capacity or potential for surface water 
impacts.  Any requests to expand any of the existing discharges or any new discharges into the 
Cape Fear River are expected to require an EA or EIS and a water quality model to demonstrate 
that the surface water standards are protected.  One factor that would be a major challenge to 
overcome is that a significant portion of the surface waters along the Brunswick County coast are 
designated Shellfish waters (classified “SA” Waters) and, as such, do not allow domestic 
wastewater discharges regardless of the degree of treatment. 

6.4 West Surface Water Discharge Options 

The AIWWA and the Atlantic Ocean adjoin the southern border of the West Region.  There are 
no current NPDES discharges to the AIWWA and/or the Atlantic Ocean.  It is anticipated that 
any such requests will meet opposition with NC DENR due to concerns about limited 
assimilative capacity or potential for surface water impacts.  Any requests for a new domestic or 
municipal discharge into either the AIWWA or the Atlantic Ocean will likely require an EA or 
EIS and a water quality model to demonstrate that the surface water standards are protected.  One 
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factor that would be a major challenge to overcome is that a significant portion of the surface 
waters along the Brunswick County coast are designated Shellfish waters (classified “SA” 
Waters) and, as such, do not allow domestic wastewater discharges regardless of the degree of 
treatment. 

6.5 Southwest Surface Water Discharge Options 

The AIWWA and the Atlantic Ocean adjoin the southern border of the Southwest Region.  The 
County has acquired the Carolina Shores wastewater treatment facility, which is permitted for a 
0.53-mgd discharge.  There are no current NPDES discharges to the AIWWA and/or the Atlantic 
Ocean.  It is anticipated that any requests for a new surface water discharge to the AIWWA or 
Atlantic Ocean will meet opposition with NC DENR due to concerns about limited assimilative 
capacity or potential for surface water impacts.  Any requests for a new domestic or municipal 
discharge into either the AIWWA or the Atlantic Ocean is expected to require an EA or EIS and 
a water quality model to demonstrate that the surface water standards are protected.  One factor 
that would be a major challenge to overcome is that a significant portion of the surface waters 
along the Brunswick County coast are designated Shellfish waters (classified “SA” Waters) and, 
as such, do not allow domestic wastewater discharges regardless of the degree of treatment. 
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7.1 General 

The previous sections have outlined the current status of wastewater management in Brunswick 
County along with a strategy to develop four main regional service areas.  This section will 
provide more detailed evaluations of the long-term (2020) wastewater management options for 
these regional service areas.  These evaluations will include preliminary sizing and cost estimates 
of facilities for each regional service area.  Wastewater and disposal/reclaimed water utilization 
systems are based upon the design consideration associated with the 2020 needs identified in 
Section 5.0, Service Area Wastewater Infrastructure.  The sewer collection system sizing is based 
upon the anticipated 2025 (20-year) demands. 

7.2 Northeast Regional Service Area 

To provide the anticipated 2020 collection, treatment, and disposal/reuse needs associated with 
the Northeast Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
2.0-mgd wastewater treatment capacity 1.65 mgd 
2.0-mgd wastewater disposal/utilization capacity 1.65 mgd(1) 
10.7 miles of regional sewers None(2) 
1 regional pumping station None 

Notes: (1) Wastewater treatment facility is permitted (NPDES) and rated for 1.65 mgd.  
A Non-Discharge Permit has been issued for a reclaimed water project to 
provide 0.325 mgd to Magnolia Greens Golf Course.  To date, the reuse 
system has not been implemented. 

  (2) Current collection system is only designed to accommodate wastewater 
flows from the Northeast Sanitary District, the Navassa area, the Town of 
Leland, and the Brunswick County Industrial Park.  It is possible that some 
segments closer to the treatment facility may have capacity to serve the 2025 
needs, but that analysis would need to be conducted in a future PER or 
design stage. 

The system components and associated preliminary cost estimates to accommodate the 2020 
wastewater demands are identified in Table 7.1. 
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Table 7-1.  Northeast Wastewater Infrastructure Needs and Preliminary Cost Estimates 

Component Description Quantity Costs 

Regional Collection System:    

 Regional Pump Stations 1 $600,000  

 Regional Sewers 10.7 miles  $2,150,000  

Regional Treatment System:    

 Minor Additional Capacity Needed 0.35 mgd $1,750,000 

Regional Disposal / Utilization System:     

 No Additional Capacity Needed NA $0 

 Subtotal $4,500,000 

 Engineering (15%) $675,000 

 Contingency (20%) $900,000 

Additional Land Needs: 0 acres $0 

 Total Cost $6,075,000 

 

7.3 Southeast Regional Service Area 

To provide the anticipated 2020 collection, treatment, and disposal/reuse needs associated with 
the Southeast Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
5.0-mgd wastewater treatment capacity 0.40 mgd(1) 
5.0-mgd wastewater disposal/utilization capacity 0.40 mgd(1) 
27.4 miles of regional sewers None 
1 regional pumping station None 

Notes: (1) Oak Island owns a non-discharge type wastewater treatment facility that is 
permitted and rated for 0.40 mgd.  The facility was owned by the former 
Town of Yaupon Beach and tertiary quality effluent is utilized via spray 
irrigation and a rapid infiltration pond. 

The system components and associated preliminary cost estimates to accommodate the 2020 
wastewater demands are identified in Table 7.2. 
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Table 7-2.  Southeast Wastewater Infrastructure Needs and Preliminary Cost Estimates 

Component Description Quantity Costs 

Regional Collection System:    

 Regional Pump Stations 1 $700,000  

 Regional Sewers 27.4 miles  $10,300,000  

Regional Treatment System:    

 5.0-mgd Water Reclamation System 1 $32,500,000 

Regional Disposal / Utilization System:     

 On-Site Land Application System 2,400 acres $15,300,000 

 Subtotal $58,800,000 

 Engineering (15%) $8,820,000 

 Contingency (20%) $11,760,000 

Additional Land Needs:    

 On-Site Land Application System 1,400 acres $7,000,000 

 Total Cost $86,380,000 

7.4 West Regional Service Area 

To provide the anticipated 2020 collection, treatment, and disposal/reuse needs associated with 
the West Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
9.0-mgd wastewater treatment capacity 3.0 mgd(1) 
9.0-mgd wastewater disposal/utilization capacity 3.0 mgd(2) 
41.0 miles of regional sewers 35.4 miles 
3 regional pumping stations 3 

Notes: (1) The West Brunswick Regional Water Reclamation System is currently 
under construction and should be operational by early 2006.  The first 
phase under construction is rated at 3.0 mgd.  The current site plan 
accommodates the layout for a 6.0-mgd facility.  

  (2) The West Brunswick Reclaimed Water Utilization System is rated for 3.0 
mgd. This includes 1.1 mgd of reuse associated with two golf course 
communities, Winding River and St. James Plantations, and a County-
owned silvicultural system that can accommodate 1.9 mgd. 
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The system components and associated preliminary cost estimates to accommodate the 2020 
wastewater demands are identified in Table 7.3. 

Table 7-3.  West Wastewater Infrastructure Needs and Preliminary Cost Estimates 

Component Description Quantity Costs 

Regional Collection System:    

 Regional Pump Stations 0 $0  

 Regional Sewers 5.6 miles  $600,000  

Regional Treatment System:    

 6.0 mgd Expansion 1 $39,000,000 

Regional Disposal / Utilization System:     

 On-site Land Application System 2,280 acres $19,100,000 

 Subtotal $58,700,000 

 Engineering (15%) $8,805,000 

 Contingency (20%) $11,740,000 

Additional Land Needs:    

 On-site Land Application System 2,280 acres $11,400,000 

 Total Cost $90,645,000 

7.5 Southwest Regional Service Area 

To provide the anticipated 2020 collection, treatment, and disposal/reuse needs associated with 
the Southwest Regional Service Area, the following system components will be needed: 

Needed  Currently Provided 
7.0-mgd wastewater treatment capacity 1.5 mgd(1) 
7.0-mgd wastewater disposal/utilization capacity 5.2 mgd(2) 
27.3 miles of regional sewers None(3) 
3 regional pumping stations None 

Notes: (1) The Ocean Isle Beach facility is the only facility in the region that would be 
suitable for long-term (2025 and beyond) wastewater management needs. 

  (2) Includes the Ocean Isle Beach land application system and estimated 
utilization rates for courses already designed and/or permitted for reuse 
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(Brunswick Plantation, Crow Creek, Ocean Ridge Plantation, Sandpiper, 
Sea Trail Plantation, and The Thistle Golf Courses). 

  (3) Most, if not all, existing sewers in the region are not suitable to meet the 
2020 demands. 

The system components and associated preliminary cost estimates to accommodate the 2020 
wastewater demands are identified in Table 7.4. 

Table 7-4.  Southwest Wastewater Infrastructure Needs and Preliminary Cost Estimates 

Component Description Quantity Costs 

Regional Collection System:    

 Regional Pump Stations 3 $2,400,000  

 Regional Sewers 27.3 miles  $8,500,000  

Regional Treatment System:    

 4.8 mgd Plant Upgrade/Expansion 1 $24,000,000 

Regional Disposal / Utilization System:     

 Reclaimed Pumping Stations 1 $1,600,000 

 Reclaimed Distribution System 26.3 miles $9,900,000 

 Golf Course Irrigation System Retrofits 20 $3,000,000 

 Subtotal $49,400,000 

 Engineering (15%) $7,410,000 

 Contingency (20%) $9,880,000 

Additional Land Needs:  0 acres $0 

 Total Cost $66,690,000 
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8.1 General 

The previous sections have identified the current and anticipated wastewater demands for all of 
Brunswick County.  The County probably does not have the financial resources to meet all the 
infrastructure demands at once.  The various regions of the County will need priorities 
established so that the infrastructure demands can be met in a fair and equitable manner.  A 
strong driver for implementation of these improvements will be the ability of each project to be 
fiscally viable.  Although there has been no general criteria developed to aid in these “go / no go” 
decisions, the County’s desire to maintain reasonable wastewater rates dictates a strong customer 
base for debt retirement.  The County’s vast land area (855 square miles) makes provision of 
regional sewer systems a challenge, but the County has already demonstrated that it can 
implement regional sewer systems in a fiscally responsible manner. 

8.2 2020 Needs for Wastewater Infrastructure 

Section 6.0 identified the 2020 Wastewater Infrastructure Needs.  Table 8.1 summarizes the 
regional system needs and associated costs. 

Table 8-1.  Regional Service Area Wastewater Infrastructure Needs 

Region Description Costs 

Northeast Regional Service Area:   

 Wastewater Collection System $2,750,000  

 Wastewater Treatment Facilities  $1,750,000  

 Disposal / Utilization / Land Needs $0 

 Engineering / Contingency $1,575,000 

 Northeast Total Cost $6,075,000 

Southeast Regional Service Area:   

 Wastewater Collection System $11,000,000  

 Wastewater Treatment Facilities  $32,500,000  

 Disposal / Utilization / Land Needs $22,300,000 

 Engineering / Contingency $20,580,000 

 Southeast Total Cost $86,380,000 
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Table 8-1.  Regional Service Area Wastewater Infrastructure Needs (Cont.) 

Region Description Costs 

West Regional Service Area:   

 Wastewater Collection System $600,000  

 Wastewater Treatment Facilities  $39,000,000  

 Disposal / Utilization / Land Needs $30,500,000 

 Engineering / Contingency $20,545,000 

 West Total Cost $90,645,000 

Southwest Regional Service Area:   

 Wastewater Collection System $10,900,000  

 Wastewater Treatment Facilities  $24,000,000  

 Disposal / Utilization / Land Needs $14,500,000 

 Engineering / Contingency $17,290,000 

 Southwest Total Cost $66,690,000 

8.3 General Recommendations 

To further the County’s goal of providing environmentally responsible, timely, equitable, and 
cost-effective wastewater service to its citizens, it needs to develop a plan of action to ensure 
these objectives are met. This strategy must address both short- and long-term goals and 
objectives and should be reviewed on an annual basis.  The strategy should be updated and 
adjusted as needed, since the growth and direction of the County is very dynamic. 

The following recommendations are offered: 

� The County should continue to establish priorities and a wastewater management action 
plan for each regional service area.  These priorities should include: 

� Necessary environmental assessments or evaluations to ensure that implementation of 
a regional wastewater system or expansion of an existing regional wastewater system 
is done in an environmentally responsible manner. 

� Conduct any special studies or evaluations that are necessary to address specific 
concerns or issues related to the implementation of a given wastewater management 
objective. 
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� Identification of specific service areas and service prioritization based upon meeting 
demonstrated need (such as existing public health or environmental impacts) and/or 
where provision of service is deemed to be cost effective. 

� The County should prepare Preliminary Engineering Reports (PERs) for each specific 
regional service area to aid in specific technical, environmental, and financial aspects 
associated with implementation or expansion of regional wastewater management 
facilities. 

� The County should meet with appropriate regulatory representatives to discuss the 
various regional implementation strategies so that appropriate environmental 
documentation, such as Environmental Assessments (EAs) or 201 Facilities Plans, can be 
prepared. 

� A Financial Plan should be developed to address wastewater management funding 
strategies and to develop guidance relative to specific County financial goals and 
objectives.  The Plan should evaluate water, wastewater, and reclaimed rate structures and 
provide an integrated and equitable structure to aid in meeting the County’s financial 
goals and objectives. 

� The Wastewater Master Plan should be updated and revised on a periodic basis.  Due to 
the rapid growth of the County and the significance of seasonal population influences, 
these updates should be conducted at least every five years. 

� The Water Master Plan should be updated and revised on a periodic basis as well.  Due to 
the rapid growth of the County and the significance of seasonal population influences, 
and the need to ensure consistency between the Wastewater and Water Master Plans, 
these updates should be conducted every five years. 

� A Biosolids/Residuals Management Plan should be prepared to address solids 
management from all water and wastewater management facilities owned or operated by 
the County.  The implementation of regional wastewater systems producing high quality 
effluent will generate significant volumes of solids and appropriate solids management 
practices will need to be followed.  Similar to water treatment and wastewater treatment 
facilities, the day-to-day management and operation of these activities may be more cost 
effective if County staff and equipment resources are utilized. 
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� Due to the high dependence upon reclaimed water utilization for wastewater 
management, several objectives and strategies need to be considered: 

� The County should either designate an existing staff member to be a Reuse 
Coordinator or create such a position.  A reuse coordinator is needed to focus on 
creating new or enhancing existing opportunities for reuse.  There are a number of 
opportunities where reuse can benefit both the water and wastewater management 
systems. 

� Focus on community-related reuse as opposed to reuse on County-owned and 
managed properties.  Finding end-users who are willing to use reclaimed water will 
be much more cost effective than the County purchasing and developing such 
reclaimed water utilization sites. 

� Explore, cultivate, and nurture opportunities for reuse that integrates well with current 
situations or future development trends.  Examples include agricultural reuse in many 
areas of the County where development pressures have not forced farmers out of non-
food chain crop production activities, common area (residential or commercial) 
irrigation, and residential lawn irrigation in new developments in high growth areas. 

� A Reclaimed Water Master Plan should be prepared to address reclaimed water 
utilization from all wastewater management facilities owned or operated by the County.  
The Master Plan should address reuse program goals and objectives and associated 
implementation strategies.  Specifics include integration of reuse into the Planning 
Department review process, public education and outreach, streamlining reuse service 
implementation, regional reuse service area emphasis, reuse agreements, enforcement of 
current reuse ordinances, and benefits of reuse. 

� Regional systems do not necessarily need to be isolated from each other.  Opportunities 
for interconnections of both wastewater collection systems and reclaimed distribution 
system may provide several advantages.  For example, interconnected collection systems 
may allow excess wastewater flows during peak events (seasonal influences) to be routed 
to other facilities that have capacity to treat such high flows; off-season low-flow 
situations may allow wastewater flows to be diverted to one facility to maximize/optimize 
its operation and possibly save operation costs by placing one or more other facilities off-
line; and similar opportunities may exist for interconnected reclaimed distribution 
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systems. Consideration should be given to these “decentralized” or “distributive” 
approaches due to the unique seasonal flow variations of the coastal communities. 

� Advanced wastewater treatment and control technologies allow high quality water to be 
produced and may allow quicker implementation of wastewater management needs.  
Membrane Bio-Reactors (MBRs) can be utilized in both satellite and decentralized 
configuration close to the reclaimed water point-of-use, thus mitigating the cost of 
pumping to and from distant facilities. Consideration should be given to the use of 
advanced treatment and control technologies to meet wastewater management goals and 
objectives. 

� Public Education and Outreach activities should be continued to emphasize to the citizens 
of the County the importance of water/wastewater/reclaimed water services. Special 
efforts should be given to inform the public of the true value of water and the importance 
of an integrated water resource management approach. 

� The County should continue to work with the municipalities to explore opportunities to 
implement regional wastewater management systems together. Non-biased evaluations 
should be prepared to provide preliminary cost estimates for joint projects.  The County 
should consider practical incentives to encourage regional cooperation. Where 
communities have expressed concerns about regional cooperation, the County should 
listen to these concerns and see if there are any opportunities for reasonable compromise. 

8.4 Specific Regional Service Area Recommendations 

In addition to the above mentioned general recommendations, specific recommendations for each 
regional service area have been developed. 

8.4.1 Northeast Regional Service Area 

� Due to potential growth and development along the Highway 74/76 corridor, it is 
recommended that a regional pumping station be constructed in the vicinity of the 
Towns of Northwest and Sandy Creek.  The force main along the Highway 74/76 
corridor should aid with economic development opportunities in this section of the 
County due to its close proximity to Wilmington, major highways (current and 
future), the State Port, and commercial, industrial and residential development.  
Sizing of the regional pumping station and force main should be such that the 2020 
demands are satisfied. 
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� The actual timeframe for construction of these facilities is based upon the priorities of 
the County.  Minor improvements would be necessary to the Northeast Wastewater 
Treatment Plant to accommodate the 2020 projected demands. 

8.4.2 Southeast Regional Service Area 

� Due to the substantial investment necessary to implement a regional wastewater 
system in the Southeast Regional Service Area, the first step is to determine the extent 
of the wastewater management system needed based upon the firm commitments of 
communities in the area.  If few are prepared to initiate the regional approach, an 
interim approach to use the West Brunswick Regional Water Reclamation Facility for 
the first five years or so is the least capital cost intensive method until enough 
participants (and customers) commit to the larger regional plan. 

� The County should engage the area municipal representatives to once again determine 
which communities may be interested in a cooperative approach to regional 
wastewater management.  These discussions may require participation up to the point 
of developing specific objectives of the regional system so costs can be prepared.  
Once these objectives are determined, a Preliminary Engineering Report or work 
approaching this level of analysis will be required. 

� Timeframes are important since the planning, property acquisition, agreements, 
environmental documentation, design, and construction of such systems can take five 
years or longer to bring to fruition. 

8.4.3 West Regional Service Area 

� Shallotte’s potential participation and potential interim wastewater service for both 
Oak Island and Sunset Beach would deplete the current wastewater management 
capacity associated with the West Brunswick Water Reclamation Facility.  This is not 
necessarily a concern, but it definitely puts pressure and constraints on the 
intermediate and long-term plans for both the Southeast and Southwest Regional 
Service Areas.  Discussions and negotiations should continue with all three of these 
prospective partners and appropriate Plan of Actions and/or Preliminary Engineering 
Reports should be prepared to address these interim needs. 

� 2020 needs of the West Regional Service Area are primarily related to treatment plant 
expansion needs and associated reclaimed water utilization sites.  The only regional 
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collection system need is associated with the line that would extend to the Shallotte 
area. 

� Implementing local collection systems will continue to be a challenge unless a West 
Brunswick Regional Collection System Plan is developed to identify the specific local 
area needs.  Although the County can rely on the development community to provide 
this “infill” network of sewer systems, there are going to be a number of gaps and 
possibly some areas completely unserved. 

� Special attention needs to be paid to development of future reclaimed water 
utilization sites in the West Brunswick Service Area.  The first phase essentially 
exhausted the golf course irrigation opportunities and, unless other reuse 
opportunities such as residential lawn irrigation are nurtured, the County may find 
itself buying more and more land to meet this need.  This is a double negative because 
of the significant expense to acquire and develop land application sites and the 
County loses the opportunity to generate revenue from the sale of reclaimed water in 
the future. 

8.4.4 Southwest Regional Service Area 

� The Preliminary Engineering Report under development for the Southwest Regional 
Service Area will address the immediate needs (2005 – 2010) of the two wastewater 
treatment facilities (Sea Trail and Carolina Shores) and the service needs of the Town 
of Sunset Beach. 

� Similar to the Southeast Regional Service Area, firm commitments need to be 
obtained from prospective participants so that specific regional goals and objectives 
can be identified and implemented in the most cost-effective approach possible.  The 
overall regional system costs are expensive, but the potential customer base makes the 
provision of regional wastewater management possible. 

� Although a “Greenfield” wastewater treatment facility may sound attractive, it 
potentially can be a much more expensive approach to meeting the service demands 
needs of the Southwest Regional Service Area.  There are two municipal systems 
(Shallotte and Ocean Isle Beach) that offer sufficient sites for regional plants, and 
incorporation of advance technologies such as Membrane Bio-Reactors (MBRs) may 
make the existing Sea Trail and Carolina Shores treatment system sites viable as 
components of a decentralized or distributive treatment system approach.  The closer 
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the placement of water reclamation facilities to the end use of reclaimed water will 
result in the most cost-effective regional wastewater management solution.  This will 
save costs associated with pumping wastewater to facilities and pumping reclaimed 
water back to the points of use. 

� Although there is an abundance of golf courses in the West Brunswick Regional 
Service Area where reclaimed water could be utilized, a number of them have 
exhibited some reservations about a simple agreement to use reclaimed water for 
irrigation.  Although the County has an ordinance requiring such, it is apparent that 
some additional energy and efforts will be needed to meet the objectives and desires 
of both parties.  The County should continue to work closely with the golf course 
managers and superintendents to ensure that reasonable agreements can be developed 
and implemented within the next 12 to 18 months. 
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Population Projections 2000-2030
County    ...………....……....…..........……..…..........Population…....….......…....…....…..........…................
(State)    April 2000     July 2005    April 2010     July 2015    April 2020     July 2025    April 2030

ALAMANCE 130,800 143,343 154,914 167,587 181,031 194,703 208,799
ALEXANDER 33,603 36,624 39,786 42,748 45,754 48,714 51,679
ALLEGHANY 10,677 11,203 11,735 12,190 12,625 13,003 13,365
ANSON 25,275 26,018 26,843 27,561 28,221 28,823 29,335
ASHE 24,384 25,484 26,297 27,025 27,757 28,322 28,908
AVERY 17,167 18,254 18,906 19,648 20,250 20,778 21,164
BEAUFORT 44,958 46,244 47,316 48,160 49,033 49,537 50,088
BERTIE 19,773 19,441 18,946 18,515 18,047 17,512 16,952
BLADEN 32,278 34,028 35,942 37,573 39,170 40,626 42,089
BRUNSWICK 73,143 84,610 93,776 103,731 112,992 122,160 130,688
Growth from Previous 5 year 15.7% 10.8% 10.6% 8.9% 8.1% 7.0%
Growth from 2005 22.6% 33.5% 44.4% 54.5%

BUNCOMBE 206,330 222,398 238,793 255,265 271,754 287,925 303,762
BURKE 89,148 94,858 101,781 108,025 114,870 121,351 128,233
CABARRUS 131,063 150,296 166,897 185,714 205,495 225,813 246,640
CALDWELL 77,415 80,094 83,035 85,462 87,948 90,183 92,336
CAMDEN 6,885 7,455 7,905 8,414 8,991 9,488 10,037
CARTERET 59,383 61,825 64,467 66,557 68,320 69,630 70,592
CASWELL 23,501 24,902 26,307 27,639 29,019 30,218 31,445
CATAWBA 141,685 154,395 165,424 177,372 189,630 201,958 214,315
CHATHAM 49,329 54,999 59,806 65,186 70,524 76,073 81,507
CHEROKEE 24,298 26,216 28,012 29,637 31,106 32,432 33,635

CHOWAN 14,526 14,929 15,448 15,919 16,369 16,709 17,047
CLAY 8,775 9,489 10,043 10,556 11,040 11,415 11,764
CLEVELAND 96,287 101,254 106,530 111,687 117,092 122,358 127,603
COLUMBUS 54,749 57,082 59,745 61,980 64,302 66,337 68,466
CRAVEN 91,436 94,504 97,513 100,212 102,080 103,950 105,070
CUMBERLAND 302,963 316,153 334,040 351,212 366,204 382,577 396,665
CURRITUCK 18,190 20,591 22,644 24,917 27,126 29,288 31,347
DARE 29,967 33,697 36,681 39,868 42,940 45,690 48,315
DAVIDSON 147,246 157,205 166,833 176,493 186,335 196,069 205,603
DAVIE 34,835 38,837 41,932 45,363 48,979 52,506 56,157

DUPLIN 49,063 54,029 59,294 64,677 70,251 76,140 82,205
DURHAM 223,314 241,472 257,367 275,576 292,639 311,374 328,573
EDGECOMBE 55,606 54,381 53,987 53,039 52,079 50,854 49,614
FORSYTH 306,067 327,170 347,165 368,164 390,124 411,887 434,096
FRANKLIN 47,260 53,345 58,726 64,747 70,660 76,820 82,702
GASTON 190,365 197,075 204,156 210,707 216,822 222,810 228,066
GATES 10,516 10,960 11,516 11,991 12,533 12,951 13,411
GRAHAM 7,993 8,329 8,679 8,944 9,212 9,409 9,614
GRANVILLE 48,498 53,539 58,132 62,960 67,790 72,496 77,075
GREENE 18,974 20,749 22,817 24,734 26,718 28,685 30,704

GUILFORD 421,048 457,555 497,365 536,973 577,081 618,012 658,264
HALIFAX 57,370 57,554 58,072 58,373 58,544 58,492 58,291
HARNETT 91,025 104,138 116,559 130,388 144,266 158,925 173,339
HAYWOOD 54,033 57,178 60,247 63,115 65,994 68,605 71,140
HENDERSON 89,173 99,081 108,029 117,295 126,523 135,809 144,944
HERTFORD 22,601 22,395 22,649 22,559 22,522 22,258 22,053
HOKE 33,646 40,031 46,193 52,949 59,949 67,463 75,179
HYDE 5,826 5,922 6,141 6,267 6,396 6,444 6,500
IREDELL 122,660 139,777 153,883 169,988 186,890 203,950 221,371
JACKSON 33,121 35,796 38,332 40,762 43,000 45,127 47,063

State Budget and Management -1 May 2002



Population Projections 2000-2030

   ...………....……....…..........……..…..........Population…....….......…....…....…..........…................
   April 2000     July 2005    April 2010     July 2015    April 2020     July 2025    April 2030

JOHNSTON 121,965 145,821 167,240 191,248 215,863 242,001 268,249
JONES 10,381 10,627 11,010 11,316 11,574 11,809 11,980
LEE 49,040 53,020 57,492 61,720 66,327 70,787 75,665
LENOIR 59,648 60,151 61,142 61,530 62,016 62,190 62,378
LINCOLN 63,780 70,972 77,592 84,282 91,525 98,239 105,351
MCDOWELL 42,151 45,499 48,664 51,792 54,957 58,028 61,077
MACON 29,811 32,926 35,909 38,834 41,849 44,648 47,529
MADISON 19,635 20,853 22,129 23,281 24,479 25,561 26,657
MARTIN 25,593 25,556 25,808 25,806 25,872 25,771 25,722
MECKLENBURG 695,454 796,285 894,288 998,022 1,102,003 1,210,638 1,317,738

MITCHELL 15,687 16,185 16,557 16,912 17,268 17,501 17,734
MONTGOMERY 26,822 28,509 30,347 32,065 33,937 35,730 37,681
MOORE 74,769 82,379 89,533 96,641 104,051 111,150 118,468
NASH 87,420 92,535 97,505 102,489 107,585 112,432 117,230
NEW HANOVER 160,307 178,754 196,508 214,393 231,402 248,320 264,231
NORTHAMPTON 22,086 22,398 22,851 23,194 23,560 23,801 24,061
ONSLOW 150,355 152,804 157,963 163,902 166,376 171,364 172,890
ORANGE 118,227 129,791 140,287 150,962 161,605 171,486 181,122
PAMLICO 12,934 13,440 14,143 14,665 15,108 15,467 15,755
PASQUOTANK 34,897 36,325 37,864 39,373 40,628 41,823 42,757

PENDER 41,082 47,046 52,976 59,021 64,845 70,699 76,254
PERQUIMANS 11,368 11,811 12,127 12,482 12,830 13,095 13,360
PERSON 35,623 38,254 40,777 43,333 45,898 48,316 50,678
PITT 133,798 144,044 154,787 165,278 175,749 186,086 196,218
POLK 18,324 20,252 21,939 23,749 25,599 27,423 29,227
RANDOLPH 130,454 142,860 155,600 168,323 181,727 195,119 208,822
RICHMOND 46,564 47,140 47,816 48,288 48,889 49,279 49,735
ROBESON 123,339 131,812 140,932 149,689 158,459 167,123 175,694
ROCKINGHAM 91,928 94,164 96,969 99,114 101,475 103,393 105,379
ROWAN 130,340 140,521 150,967 161,924 173,269 184,727 196,194

RUTHERFORD 62,899 65,628 68,277 70,743 73,404 75,740 78,146
SAMPSON 60,161 67,037 74,290 81,641 89,194 97,050 104,980
SCOTLAND 35,998 36,765 37,991 38,836 39,671 40,317 40,949
STANLY 58,100 61,300 64,281 67,337 70,662 73,587 76,649
STOKES 44,711 48,261 51,798 55,127 58,560 61,784 64,992
SURRY 71,219 75,479 80,329 84,605 89,424 93,970 98,896
SWAIN 12,968 13,858 14,640 15,502 16,336 17,165 17,960
TRANSYLVANIA 29,334 30,752 32,419 33,733 34,908 35,910 36,780
TYRRELL 4,149 4,291 4,460 4,576 4,706 4,786 4,872
UNION 123,677 147,972 166,838 189,355 212,811 237,414 262,441

VANCE 42,954 45,275 47,140 49,123 51,370 53,362 55,575
WAKE 627,846 746,842 851,771 969,438 1,088,545 1,211,810 1,334,100
WARREN 19,972 21,098 22,431 23,643 24,824 25,887 26,902
WASHINGTON 13,723 13,457 13,285 13,039 12,741 12,425 12,077
WATAUGA 42,695 44,574 46,810 48,571 50,311 51,697 53,062
WAYNE 113,329 117,163 121,901 126,121 130,553 134,493 138,638
WILKES 65,632 68,563 71,488 74,007 76,673 79,040 81,472
WILSON 73,814 77,607 81,430 84,940 88,836 92,305 96,082
YADKIN 36,348 39,356 42,646 45,750 49,249 52,570 56,173
YANCEY 17,774 18,836 19,819 20,758 21,639 22,463 23,205

NORTH CAROLINA 8,049,313 8,783,752 9,491,372 10,226,897 10,966,139 11,712,440 12,447,597

State Budget and Management -2 May 2002
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APPENDIX D 
 

Rezoning Requests and Approvals for Significant Projects 
 

Received from Brunswick County Planning Department 
 



BRUNSWICK COUNTY, NC
 DEVELOPMENTS

PLANNING DEPARTMENT

Below are the approved Major Subdivisions, Planned Unit Developments and Mobile Home Parks in Brunswick County along with their total acreage,
density and locations dating back to July 1999.

ID # File # Development Acreage Density Location Open Space # Units type Approved
1 SE-55 The Lakes at Lockwood 81.31 1.54 du/ac Stone Chimney Rd SW adjacent to Stanbury 18.73 ac. 125 s/f 19-Mar-97

Planned Unit Development Heights Subdivision

2 SS-149 Blue Banks Ridge 353 1.33 du/ac Blue Banks Loop Rd NE 0 471 s/f 18-Aug-99
Major Subdivision

3 SE-40 Seascape 501.6 1.25 du/ac On Stone Chimney Rd at the Intracoastal 123.2 ac. 626 s/f 18-Aug-99
Planned Unit Development Waterway

4 SE-43 Strand River 706 1.57 du/ac East of Shallotte River, south of NC Hwy 130 on 374 ac. 1,107 819 s/f 6-Dec-99
Planned Unit Development either side of Gray Bridge Rd 288 m/f

5 SE-45 S & K Mobile Home Park 5.6 1.25 du/ac 482 McMilly Rd SW .60 ac. 7 s/f 15-Dec-99
Mobile Home Park

6 SS-158 Battle Royal Estates 11.96 .75 du/ac Between 1939 and 1959 Colon Mintz Rd n/a 9 s/f 8-Jan-00
Major Subdivision

7 SE-42 St. James Plantation 1006 .14 du/ac NC Hwy 211 adjacent to Arbor Creek 186.2 ac. 1,436 1,122 s/f 19-Jan-00
(Consolidation) 314 m/f
Planned Unit Development

8 SS-152 Marsh Bay 48.45 1.44 du/ac West side of Sunset Harbor Rd across from 0 71 s/f 19-Apr-00
Major Subdivision Retreat St.

9 SE-48 Leach Mobile Home Park 6.42 1.87 du/ac 7820 Ocean Hwy West .50 ac. 12 s/f 19-Apr-00
Mobile Home Park

10 SE-50 Sandpiper Bay 545.61 2.71 du/ac Off of Old Georgetown Rd at Sandpiper Bay 246.28 ac. 1,531 581 s/f 20-Sep-95
Planned Unit Development Golf Course 950 m/f 20-May-98

Updated November 28, 2005



BRUNSWICK COUNTY, NC
 DEVELOPMENTS

PLANNING DEPARTMENT

Below are the approved Major Subdivisions, Planned Unit Developments and Mobile Home Parks in Brunswick County along with their total acreage,
density and locations dating back to July 1999.

ID # File # Development Acreage Density Location Open Space # Units type Approved
11 SS-154 Raintree Plantation 54.49 1.30 du/ac Hwy 87 approximately 1 mile north of Old Mill Creek 1.64 ac. 71 s/f 17-May-00

Major Subdivision Rd

12 SS-153 Dutchman Village 48.3 .20 du/ac Hwy 211 approximately 6000 ft. west of Dosher n/a 10 s/f 21-Jun-00
Commercial Subdivision Cut-off
(Southport)

13 SS-156 Airedale Subdivision 9.6 1.5 du/ac West side of Goose Neck Rd, 550 ft. south of n/a 15 s/f 9-Oct-00
Major Subdivision Foxwood Drive

14 SS-155 Cedar Greens 8.46 1.76 du/ac On Stone Chimney Rd, approximately 700 ft. north n/a 15 s/f 9-Oct-00
Major Subdivision of Cedar Grove Rd

15 SE-53 St. James Plantation 300.62 .91 du/ac NC Hwy 211 adjacent to Arbor Creek 64.64 ac. 273 s/f 13-Nov-00
(Player's Club)
Planned Unit Development

16 SE-54 Carolina Bay 488.9 1.00 du/ac Southeast of the intersection of Sunset Harbor 53.73 ac. 488 s/f 11-Dec-00
Planned Unit Development Rd and Southport-Supply Rd

17 SE-57 Brunswick Forest 5,546 1.79 du/ac Between US 17, NC 133 and NC 87 bordered on the 554.78 ac. 9,915 8,035 s/f 13-Aug-01
Planned Unit Development south by Town Creek 1,880 m/f

18 SE-58 Ocean Ridge Farms 688.48 1.79 du/ac Northwest quadrant of the intersection of US 17 119.47 ac. 1,625 617 s/f 10-Sep-01
Planned Unit Development and NC 904 1,008 m/f

19 SS-161 The Farms of Snowfield 63.1 .24 du/ac East of US 17 at SR 1522 intersection 1.62 ac. 15 s/f 8-Oct-01
Major Subdivision

20 SS-162 Hoods Creek Village Section 6 88.37 .54 du/ac End of Black Chestnut Drive off of Mt. Misery 3.90 ac. 48 s/f 13-Nov-01
Major Subdivision Rd 

Updated November 28, 2005



BRUNSWICK COUNTY, NC
 DEVELOPMENTS

PLANNING DEPARTMENT

Below are the approved Major Subdivisions, Planned Unit Developments and Mobile Home Parks in Brunswick County along with their total acreage,
density and locations dating back to July 1999.

ID # File # Development Acreage Density Location Open Space # Units type Approved
21 SE-59 Magnolia Mobile Home Estates 5.92 2.53 du/ac 8911 King Road Leland .30 ac. 15 s/f 13-Nov-01

Mobile Home Park

22 SE-64 St. James Plantation 669.66 .76 du/ac NC Hwy 211 adjacent to Arbor Creek 112.41 ac. 512 s/f 10-Dec-01
(Paladin Club)
Planned Unit Development

23 SE-62 The Lakes at Lockwood II 95.97 1.09 du/ac Located on the east side of Stone Chimney Road 32.22 ac. 105 s/f 10-Dec-01
Planned Unit Development between Maple Creek Road SW and Stanbury Road

24 SE-63 Ocean Ridge Plantation 1,948.60 1.26 du/ac Located at the southeast quadrant of the intersection 889.10 ac. 2,471 1,259 s/f 10-Dec-01
Planned Unit Development of US 17 and NC 904 1,212 m/f

25 SE-65 St. James Plantation 2,277.17 .98 du/ac NC Hwy 211 247.80 ac. 2,202 1,082 s/f 10-Dec-01
(The Reserve) 1,120 m/f
Planned Unit Development

26 SS-165 Skylee Place 101.74 1.25 du/ac Located off of Shell Point Road (SR 1132) between 3.80 ac. 127 s/f 14-Jan-02
Major Subdivision Jack & Johnny Road and Eagle Lake Drive SW

27 SE-66 Brantley Island 32 1.07 du/ac 4404 Devane Rd, Ocean Isle Beach 1.00 ac. 30 s/f 11-Mar-02
Planned Unit Development

28 SS-166 West Wing 16.8 1.07 du/ac Northwest Township two miles off Mt. Misery 0 18 s/f 8-Apr-02

29 SE-71 Wilmington West 211.74 2.13 du/ac Located off of River Road (NC 133) west of 50.36 ac. 452 372 s/f 8-Jul-02
Planned Unit Development Brunswick Cove Subdivision 80 m/f
(now Mallory Creek - Leland)

Updated November 28, 2005



BRUNSWICK COUNTY, NC
 DEVELOPMENTS

PLANNING DEPARTMENT

Below are the approved Major Subdivisions, Planned Unit Developments and Mobile Home Parks in Brunswick County along with their total acreage,
density and locations dating back to July 1999.

ID # File # Development Acreage Density Location Open Space # Units type Approved
30 SE-75 Westport (Leland) 82.8 2.50 du/ac Located off of River Road (NC 133) south of 13.44 ac. 207 133 s/f 9-Dec-02

Planned Unit Development Atkinson Trail 74 m/f

31 SE-76 The Pearl 881.82 4.75 du/ac Located off of Old Georgetown Road (NC 179) 409.07 ac. 4,186 m/f 10-Feb-03
Planned Unit Development

32 SS-167 Cedar Crossing 37.95 1.13 du/ac Located at the intersection of Stanley Road (SR 1119) 1.74 ac. 43 s/f 10-Mar-03
Major Subdivision and Cedar Grove Road (SR 1125)

33 SS-168 Marsh Bay (Phase 5 & 6) 29.27 1.38 du/ac Located in the Smithville Township off of Sunset 6.90 ac. 41 s/f 10-Mar-03
Major Subdivision Harbor Road (SR 1112)

34 SE-70 Mercer Mill  622.76 1.50 du/ac Located along Sunset Harbor Road (SR 1112) 34.0 ac. 932 621 s/f 10-Mar-03
SE-72 masterplan Planned Unit Development adjacent to Mercer Mill Creek 311 m/f

(SeaWatch at Sunset Harbor)

35 SE-49 Oyster Harbor 360.3 1.10 du/ac Located at Boones Neck Rd at Windy Point Rd 36.5 ac. 393 s/f 15-Mar-00
Planned Unit Development 12-May-03

36 SE-77 Oyster Harbor (Phase 5) 41.9 1.98 du/ac Located at the end of Boones Neck Road (SR 1137) 45.90 ac. 476 s/f 12-May-03
Planned Unit Development  and intersection at Windy Point Road (SR 1138)

37 SS-169 Rivergate Estates (Phase II) 10.49 1.81 du/ac Located off of Rivergate Drive in Ash, NC 3.09 ac. 19 s/f 9-Jun-03
Major Subdivision

38 SS-170 Sweet Bay Village 45.33 2.96 du/ac Located off of Long Beach Road (NC 133) and Sweet n/a 134 s/f 11-Aug-03
Major Subdivision Bay Drive SE adjacent to Sea Pines Subdivision
(Vested Rights)

39 SE-78 Arbor Creek (Phase 7 & 8) 134.19 2.05 du/ac Located off of NC 211 adjacent to St. James Plant. 33.15 ac. 92 s/f 8-Sep-03
Planned Unit Development

Updated November 28, 2005



BRUNSWICK COUNTY, NC
 DEVELOPMENTS

PLANNING DEPARTMENT

Below are the approved Major Subdivisions, Planned Unit Developments and Mobile Home Parks in Brunswick County along with their total acreage,
density and locations dating back to July 1999.

ID # File # Development Acreage Density Location Open Space # Units type Approved
40 SE-68 Lockwood Plantation 460.5 1.44 du/ac Located off of NC 211 towards Supply 63.5 ac. 595 463 s/f 13-Oct-03

Planned Unit Development 132 m/f
(now RiverSea Plantation)

41 SS-172 Trotters Ridge 28 1.68 du/ac Located off of Sunset Harbor Rd (SR 1112) extending 1.00 ac. 47 s/f 13-Oct-03
Major Subdivision off of Harbor Ridge Dr SE in the Marsh Bay Subdivision

42 SS-173 Hunters Run 53.25 .54 du/ac Located off of Sunset Harbor Rd (SR 1112) extending 4.42 ac. 29 s/f 13-Oct-03
Major Subdivision off of Harbor Ridge Dr SE in the Marsh Bay Subdivision

43 SE-80 Lockwood Plantation (Revised) 460.5 1.29 du/ac Located off of NC 211 towards Supply 63.5 ac. 595 463 s/f 13-Oct-03
Planned Unit Development 132 m/f
(Renamed RiverSea Plantation)

44 SE-82 Carolina Place (Expansion) 56.71 3.21 du/ac Located off of North Hampton Drive SE via Long Beach 8.08 ac. 182 122 s/f 8-Dec-03
Planned Unit Development Road (NC 133) 60 m/f

45 SE-81 Brunswick Plantation (Phase 5) 333.66 3.40 du/ac Located to the north of No. 5 School Road NW 123.19 ac. 3,922 1,706 s/f 15-Jan-97
Planned Unit Development (SR 1305) 2,216 m/f 9-Feb-04

46 SS-175 Hidden Shores 11.07 1.26 du/ac Located off of Sussex Drive SW via Shell Point Road 0 14 s/f 9-Feb-04
Major Subdivision (SR 1132) in the Lockwood Folly Township

47 SE-83 Wyndfall Ph. 3 Sandpiper Bay 51.17 2.93 du/ac Located off of Old Georgetown Road (NC 179) adjacent 16.42 ac. 150 s/f 9-Feb-04
Planned Unit Development to Wyndfall Phase 1

48 SS-176 Eastbrook Estates 34.3 3.18 du/ac Located off of Lincoln Road NE (SR 1455) 3.10 ac. 109 s/f 9-Feb-04
Major Subdivision

49 SS-177 Old Ferry Estates 12.08 3.89 du/ac Located off of Old Ferry Road (SR 1115) just north of .62 ac. 47 s/f 9-Mar-04
Major Subdivision Alvin Street SW in Lockwood Folly Township

Updated November 28, 2005



BRUNSWICK COUNTY, NC
 DEVELOPMENTS

PLANNING DEPARTMENT

Below are the approved Major Subdivisions, Planned Unit Developments and Mobile Home Parks in Brunswick County along with their total acreage,
density and locations dating back to July 1999.

ID # File # Development Acreage Density Location Open Space # Units type Approved
50 SE-86 Ibis Bay 560.8 2.0 du/ac Located off of Shell Point Road SW (SR 1132) just 56.08 ac. 1,120 689 s/f 10-May-04

Planned Unit Development north of the Shallotte River 431 m/f

51 SE-87 Seawatch at Sunset Harbor 555.8 2.0 du/ac Located east of Sunset Harbor Road SE (SR 1112) 56 ac. 1,111 586 s/f 10-May-04
(PUD Expansion of existing and south of Southport-Supply Road (NC 211) 525 m/f
Seawatch at Sunset Harbor) adjacent to the existing Seawatch at Sunset Harbor

52 SE-88 Brunswick Plantation Revised 333.66 5.69 du/ac Located to the north of No. 5 School Road NW 100.52 ac. 1,900 500 s/f 14-Jun-04
(North Tract/Smithfield/Lakes) (SR 1305) 1,400 m/f

53 SS-179 Ashton Place (formerly - 22.62 4.47 du/ac Located between King Road and Old Fayetteville Road .72 ac. 101 s/f 14-Jun-04
Old Fayetteville Estates) (SR 1437) and is adjacent to Azalea MHP

54 SS-180 Brunswick Medical Park 21.53 7-lots Located directly off of US Hwy 17 south across from 0 7 CLD 14-Jun-04
(Commercial Subdivision) Quilt Road SW (SR 1203)

55 SE-89 Seawatch at Sunset Harbor 88.2 3 du/ac Located west of Sunset Harbor Road SE (SR 1112) 23.1 ac. 264 142 s/f 12-Jul-04
(PUD West Tract) and south of Mercer Mill Creek 122 mf/

56 SE-90 Seawatch at Sunset Harbor 475.6 1.3 du/ac Located east of Sunset Harbor Road SE (SR 1112) 36.4 ac. 620 335 s/f 12-Jul-04
(PUD Yellow Banks North Tract) and north of the Town of Oak Island ETJ 285 m/f

57 SE-91 The Reserve at St. James 2,169.20 1.7 du/ac Located south of NC 211 and west of St. James main 237.1 ac. 3,753 1,105 s/f 9-Aug-04
(PUD Expansion 2,169 acres) entrance and east of Midway Road (SR 1500) 11 Legacy

1,795 m/f
58 SE-92 The Reserve at St. James 711.68 .78 du/ac Located at St. James Plantation off NC 211 on the 196.34 554 526 s/f 9-Aug-04

(PUD formerly The Paladin Club) western side of St. James Drive 28 m/f

59 SS-181 Christina Subdivision 3.13 3.5 du/ac Located at the end of Oak Court SW accessed via 0 11 9-Aug-04
Major Subdivision Ocean View Ave SW from Sabbath Home Road (SR 1120)

Updated November 28, 2005
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60 SE-93 Ibis Bay (Revised) 612.4 2.0 du/ac Located off Shell Point Road SW (SR 1132) just 67.0 ac. 1221 757 s/f 13-Sep-04

Planned Unit Development north of the Shallotte River 464 m/f

61 SE-94 Meadowlands 18.48 2.49 du/ac SE of Hickman Road NW (SR 1303) & Calabash Rd 19.18 ac 50 s/f 11-Oct-04
Planned Unit Development NW (SR 1300) & West of Shingletree Rd NW (SR 1302)

62 SE-95 Brunswick Plantation 341.15 5.57 du/ac Along OHW (US 17) & No. 5 School Rd (SR 1305) 50.25 1901 167 s/f 11-Oct-04
PUD - Revised 334 patio

1400 m/f
63 SS-182 Cobblestone (Formally Seaside) 33.16 3.83 du/ac Located off of Seaside Road SW (NC 904) 1.79 127 s/f 8-Nov-04

Major Subdivision

64 SS-184 Pamlico Creek 32 .84 du/ac 0.87 27 s/f 8-Nov-04
Major Subdivision

65 SS-187 Lancaster Woods 9 2.2 du/ac 0.27 20 s/f 8-Nov-04
Major Subdivision

66 SE-97 Juniper Creek 140.51 1.99 du/ac 16 280 100 s/f 13-Dec-04
Planned Unit Development 180 m/f

67 SS-186 Rutledge 90.84 2.37 du/ac 2.96 215 s/f 13-Dec-04
Major Subdivision

68 SE-96 Caison's Creek 31.56 3.7 du/ac 3.51 118 38 s/f 13-Dec-04
Planned Unit Development 80 m/f

69 SS-188 Sunset Ridge 148.5 3.14 du/ac 6.82 467 s/f 10-Jan-05
Major Subdivision

Located on Stone Chimney Rd (SR 1115) just north of 
Cedar Grove Rd (SR 1125)

Located on Stone Chimney Rd (SR 1115) between Taft 
Rd and Field View Lane SW

Located between Old Fayetteville Road (SR 1437) and 
Andrew Jackson Highway (US 74/76).

Located off of Gray Bridge Road (SR 1134) off on Tar 
Landing Road (SR 1135).

Located on NC 130 (Holden Beach Road) just east of 
Seashore Rd SW (SR 1139) 

Fronting Seaside Road (NC 904) between Beach Drive 
(NC 904) and Old Georgetown Road (SR 1163)

Updated November 28, 2005
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70 SS-189 Expansion of Colt's Neck Farmettes 181.94 .26 du/ac 7.6 48 s/f 14-Mar-05

Major Subdivision

71 SS-190 Green Hill Estates 109 .25 du/ac 4.3 27 s/f 14-Mar-05
Major Subdivision

72 SS-191 Meadow Ridge 31.25 7 Lots n/a 7 s/f 14-Mar-05
Major Subdivision

73 SS-193 Fletcher Grove 7.05 2.98 du/ac 0.5 21 s/f 27-Jun-05
Major Subdivision

74 SS-194 Lewis Ridge 8.71 1.49 du/ac n/a 13 s/f 27-Jun-05
Major Subdivision

75 SS-195 Southbend 5.21 4.22 du/ac 0.5 22 s/f 27-Jun-05
Major Subdivision

76 SS-196 Live Oakes 9.49 4.64du/ac 1.13 44 s/f 27-Jun-05
Major Subdivision

77 SS-197 Doe Creek Plantation 38.1 2.39 1.67 91 s/f 28-Jul-05
Major Subdivision

78 SS-198 Lanvale Forest 94.36 2.46 3.77 232 s/f 28-Jul-05
Major Subdivision

79 SE-102 Crow Creek Expansion 11.89 2.43 194.14 total 20 s/f 28-Jul-05
Planned Unit Development

Located on Stone Chimney Rd (SR 1115)

Located on Hickman Rd (SR 1303) and HWY 17

Located on Old Forest Rd and Glasgow Dr.

Located off of Fletcher Road (SR 1472) on Liz Lane

Located off of Mt. Misery Road (SR 1426)

Located off of Lanvale Road (SR 1438)

Located off of Old Ferry Road (SR 1121)

Located on Seaside Rd (NC 904), just before Old 
Georgetown Rd 

Located off of Gilbert Rd (SR 1501) on Clemmons Rd 
(SR1505)

Located off of Andrew Jackson Hwy (US 17) on Green Hill 
Road

Updated November 28, 2005
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80 SE-103 Holden Beach Isle 99.26 6.9 42.9 686 m/f 28-Jul-05

Planned Unit Development

81 SE-104 St. James Expansion 19.2 1.41 182.7 total 21 s/f 28-Jul-05
Planned Unit Development

82 SE-101 Palmetto Creek of the Carolinas 214 2.28 56.72 487 393 s/f 8-Aug-05
Planned Unit Development 94 m/f

83 SE-105 Pocosin Ridge 113.5 3.06 23 225 141 s/f 8-Aug-05
Planned Unit Development 84 m/f

84 SS-199 Brookstone 38.31 2.3 1.17 88 s/f 12-Sep-05
Major Subdivision

85 SE-107 Riversea Expansion A & B A     39.3 0.83 70.37 A     67 s/f 12-Sep-05
Planned Unit Development B        40 new total new total B     50

86 SE-109 Southgate 238.55 1.27 22.05 303 s/f 12-Sep-05
Planned Unit Development
(changed to Waterbrook Woods)

87 SE-106 Stanbury Creek 87.76 2.64 20.12 232
147 s/f       
85 m/f 10-Oct-05

Planned Unit Development

88 SS-200 Goose Marsh 400 1.99 34.18 794 794 s/f 10-Oct-05
Major Subdivision

89 SS-201 Oak Creek at Maritime Shores 25.68 1.95 2 50 s/f 14-Nov-05
Major Subdivision

Located on Old Town Creek Rd. (SR 1412)

Located on Old Georgetown Rd (SR 1163)

Located on Stone Chimney Road (SR 1119), across from 
Stanbury Road (SR 1124)

Located on Gilbert Road (SR 1501)

Located on Sunset Harbor Rd (SR1112)

Located on 211

Located on Old Georgetown Rd. SR 1163

Located on and between Old Lennon Rd. (SR 1504) and 
Southport-Supply Rd (NC 211)

Located at St. James Plantation off NC 211, on 
Harborside Way

Located on Holden Beach Rd (NC 130)

Updated November 28, 2005
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90 SE-111 Avalon 226.25 1.94 22.63 440 344 s/f 14-Nov-05

Planned Unit Development 96 m/f

91 SE-112 Spring Lake at Maritime Shores 20.55 1.8 2.05 37 s/f 14-Nov-05
Planned Unit Development

92 SS-202 Ruffins River Landing 62.94 1.46 1.89 92 s/f 28-Nov-05
Major Subdivision

93 SE-110 Hawkeswater at the River 166.24 2.7 33.25 455 317 s/f 28-Nov-05
Planned Unit Development 138 m/f

94 SE-114 Midway Landing 13.1 n/a n/a n/a n/a 28-Nov-05
Commercial Center

95 SE-115 Midway Station 98.14 n/a n/a n/a n/a 28-Nov-05
Commercial Center

Located at the SW quadrant of the intersection of 
Southport Supply Road (NC 211) and Midway Road (SR 
1500)

Located on Eden Road, off of Stone Chimney Road (SR 
1115)

Located on River Road (NC 133)

Located at the NE quadrant of the intersection of 
Southport-Supply Road (NC 211) and Midway Road (SR 
1500)

Located on and between Old Lennon Rd (SR 1504) and 
Southport-Supply Rd (Hwy 211)

Located on Wolfridge Rd (SR 1146)

Updated November 28, 2005
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Comprehensive Wastewater Master Plan E-1 February 2006 

 
Individual Planning Area Population Projections 

Northeast Brunswick Service Area 
Phase 1 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
104 1,609 1,640 1,828 2,039 2,273 
105 1,599 1,804 2,011 2,234 2,500 
106 408 71 80 90 101 
107 4,591 1,340 1,480 1,631 1,835 
108 2,554 974 1,083 1,204 1,338 

  10,762 5,829 6,481 7,197 8,047 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
104 1,609 705 752 800 849 
105 1,599 2,164 2,413 2,680 3,125 
106 408 104 117 132 148 
107 4,591 2,086 2,303 2,540 2,857 
108 2,554 1,573 1,747 1,940 2,156 

  10,762 6,632 7,332 8,092 9,135 
 

Northeast Brunswick Service Area 
Phase 2 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 714 785 862 947 
79 4,947 333 700 1,000 1,300 
100 588 285 325 375 425 
101 4,155 768 882 1,013 1,163 
104 1,609 1,640 1,828 2,039 2,273 
105 1,599 1,804 2,011 2,234 2,500 
106 408 71 80 90 101 
107 4,591 1,340 1,480 1,631 1,835 
108 2,554 974 1,083 1,204 1,338 

  24,230 7,929 9,173 10,447 11,882 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 1,201 1,320 1,450 1,594 
79 4,947 554 1,000 1,500 2,000 
100 588 299 341 394 446 
101 4,155 806 926 1,064 1,221 
104 1,609 705 752 800 849 
105 1,599 2,164 2,413 2,680 3,125 
106 408 104 117 132 148 
107 4,591 2,086 2,303 2,540 2,857 
108 2,554 1,573 1,747 1,940 2,156 

  24,230 9,493 10,919 12,500 14,396 
 



 
Comprehensive Wastewater Master Plan E-2 February 2006 

 
Individual Planning Area Population Projections 

 
 

Northeast Brunswick Service Area  
Phase 3 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 714 785 862 947 
79 4,947 333 700 1,000 1,300 
100 588 285 325 375 425 
101 4,155 768 882 1,013 1,163 
102 7,505 416 457 503 624 
103 21,886 2,678 2,942 3,232 3,653 
104 1,609 1,640 1,828 2,039 2,273 
105 1,599 1,804 2,011 2,234 2,500 
106 408 71 80 90 101 
107 4,591 1,340 1,480 1,631 1,835 
108 2,554 974 1,083 1,204 1,338 

  53,622 11,023 12,572 14,182 16,159 
   
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 1,201 1,320 1,450 1,594 
79 4,947 554 1,000 1,500 2,000 
100 588 299 341 394 446 
101 4,155 806 926 1,064 1,221 
102 7,505 687 755 829 1,019 
103 21,886 4,259 4,679 5,141 5,803 
104 1,609 705 752 800 849 
105 1,599 2,164 2,413 2,680 3,125 
106 408 104 117 132 148 
107 4,591 2,086 2,303 2,540 2,857 
108 2,554 1,573 1,747 1,940 2,156 

  53,622 14,439 16,353 18,470 21,218 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
Comprehensive Wastewater Master Plan E-3 February 2006 

 
Individual Planning Area Population Projections 

 
 
 

Northeast Brunswick Service Area  
Phase 4 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 714 785 862 947 
79 4,947 333 700 1,000 1,300 
98 17,680 1,100 1,209 1,328 1,461 
99 21,519 824 906 995 1,093 
100 588 285 325 375 425 
101 4,155 768 882 1,013 1,163 
102 7,505 416 457 503 624 
103 21,886 2,678 2,942 3,232 3,653 
104 1,609 1,640 1,828 2,039 2,273 
105 1,599 1,804 2,011 2,234 2,500 
106 408 71 80 90 101 
107 4,591 1,340 1,480 1,631 1,835 
108 2,554 974 1,083 1,204 1,338 

  92,821 12,948 14,687 16,505 18,714 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 1,201 1,320 1,450 1,594 
79 4,947 554 1,000 1,500 2,000 
98 17,680 1,804 1,981 2,177 2,395 
99 21,519 1,373 1,509 1,658 1,821 
100 588 299 341 394 446 
101 4,155 806 926 1,064 1,221 
102 7,505 687 755 829 1,019 
103 21,886 4,259 4,679 5,141 5,803 
104 1,609 705 752 800 849 
105 1,599 2,164 2,413 2,680 3,125 
106 408 104 117 132 148 
107 4,591 2,086 2,303 2,540 2,857 
108 2,554 1,573 1,747 1,940 2,156 

  92,821 17,615 19,843 22,305 25,434 



 
Comprehensive Wastewater Master Plan E-4 February 2006 

 
Individual Planning Area Population Projections 

Southeast Brunswick Service Area 
Phase 1 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 3,565 3,937 4,346 4,698 

58 2,326 4,675 5,535 6,443 6,662 
74 1,045 1,948 2,306 2,685 2,776 
75 585 1,170 1,384 1,611 1,665 
82 2,985 475 600 650 700 

  22,293 11,833 13,762 15,735 16,501 
      

    Seasonal Population Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

6 15,351 3,922 4,331 4,781 5,168 
58 2,326 19,637 23,246 27,063 27,980 
74 1,045 8,183 9,686 11,276 11,658 
75 585 4,909 5,812 6,766 6,996 

82 2,985 3,425 3,783 3,903 3,911 
  22,293 40,075 46,857 53,788 55,712 

 
Southeast Brunswick Service Area  

Phase 2 
 

  Permanent Population Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

6 15,351 3,565 3,937 4,346 4,698 
49 4,726 280 307 337 371 
50 1,415 464 510 560 616 
58 2,326 4,675 5,535 6,443 6,662 
63 2,210 97 107 117 128 
74 1,045 1,948 2,306 2,685 2,776 
75 585 1,170 1,384 1,611 1,665 
80 2,789 236 259 285 313 
81 6,869 381 600 800 1,000 
82 2,985 475 600 650 700 

 40,301 13,291 15,545 17,835 18,929 
      

  Seasonal Population Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

6 15,351 3,922 4,331 4,781 5,168 
49 4,726 483 531 583 641 
50 1,415 769 844 928 1,019 
58 2,326 19,637 23,246 27,063 27,980 
63 2,210 167 184 202 221 
74 1,045 8,183 9,686 11,276 11,658 
75 585 4,909 5,812 6,766 6,996 
80 2,789 400 440 483 531 
81 6,869 637 1,000 1,200 1,500 
82 2,985 3,425 3,783 3,903 3,911 
  40,301 42,531 49,856 57,184 59,624 



 
Comprehensive Wastewater Master Plan E-5 February 2006 

 
Individual Planning Area Population Projections 

Southeast Brunswick Service Area 
Phase 3 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 3,565 3,937 4,346 4,698 
49 4,726 280 307 337 371 
50 1,415 464 510 560 616 
52 3,280 168 184 202 222 
58 2,326 4,675 5,535 6,443 6,662 
63 2,210 97 107 117 128 
65 5,330 342 376 413 454 
74 1,045 1,948 2,306 2,685 2,776 
75 585 1,170 1,384 1,611 1,665 
80 2,789 236 259 285 313 
81 6,869 381 600 800 1,000 
82 2,985 475 600 650 700 
  48,911 13,801 16,105 18,450 19,604 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 3,922 4,331 4,781 5,168 
49 4,726 483 531 583 641 
50 1,415 769 844 928 1,019 
52 3,280 280 307 338 371 
58 2,326 19,637 23,246 27,063 27,980 
63 2,210 167 184 202 221 
65 5,330 572 629 691 759 
74 1,045 8,183 9,686 11,276 11,658 
75 585 4,909 5,812 6,766 6,996 
80 2,789 400 440 483 531 
81 6,869 637 1,000 1,200 1,500 
82 2,985 3,425 3,783 3,903 3,911 
  48,911 43,383 50,792 58,212 60,753 

 



 
Comprehensive Wastewater Master Plan E-6 February 2006 

 
Individual Planning Area Population Projections 

Southeast Brunswick Service Area 
Phase 4 

 
  Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 3,565 3,937 4,346 4,698 
15 9,152 504 553 608 668 
49 4,726 280 307 337 371 
50 1,415 464 510 560 616 
52 3,280 168 184 202 222 
58 2,326 4,675 5,535 6,443 6,662 
63 2,210 97 107 117 128 
65 5,330 342 376 413 454 
74 1,045 1,948 2,306 2,685 2,776 
75 585 1,170 1,384 1,611 1,665 
76 914 47 300 500 750 
78 14,413 979 1,075 1,181 1,298 
80 2,789 236 259 285 313 
81 6,869 381 600 800 1,000 
82 2,985 475 600 650 700 
 73,391 15,330 18,034 20,739 22,320 
      
  Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 3,922 4,331 4,781 5,168 
15 9,152 841 924 1,015 1,115 
49 4,726 483 531 583 641 
50 1,415 769 844 928 1,019 
52 3,280 280 307 338 371 
58 2,326 19,637 23,246 27,063 27,980 
63 2,210 167 184 202 221 
65 5,330 572 629 691 759 
74 1,045 8,183 9,686 11,276 11,658 
75 585 4,909 5,812 6,766 6,996 
76 914 77 400 600 900 
78 14,413 1,608 1,767 1,942 2,133 
80 2,789 400 440 483 531 
81 6,869 637 1,000 1,200 1,500 
82 2,985 3,425 3,783 3,903 3,911 
 73,391 45,910 53,883 61,769 64,902 

 



 
Comprehensive Wastewater Master Plan E-7 February 2006 

 
Individual Planning Area Population Projections 

West Brunswick Service Area 
Phase 1 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
7 2,200 925 1,192 1,536 1,930 
10 1,193 300 500 700 800 
11 424 18 19 21 23 
17 677 33 200 250 300 
18 930 59 64 71 78 
19 2,193 2,986 1,700 1,800 1,900 
30 1,049 1,617 1,776 1,952 2,144 
31 1,252 2,057 2,260 2,483 2,728 
32 306 548 603 662 727 
33 197 302 400 600 800 
38 1,696 270 297 326 357 
39 283 37 41 45 49 
41 618 190 225 250 275 
42 2,922 237 260 286 314 
45 1,179 121 133 146 161 
57 312 39 42 47 51 
70 852 53 58 63 70 
71 2,003 11,795 11,780 13,252 14,727 
  20,289 21,584 21,550 24,489 27,434 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
7 2,200 15,412 16,493 16,493 16,493 
10 1,193 400 600 900 1,200 
11 424 30 33 36 40 
17 677 56 250 300 350 
18 930 99 108 119 131 
19 2,193 5,394 7,000 7,800 8,800 
30 1,049 2,896 3,182 3,496 3,841 
31 1,252 3,700 4,065 4,466 4,907 
32 306 984 1,082 1,188 1,305 
33 197 541 750 1,000 1,500 
38 1,696 470 516 567 622 
39 283 66 72 79 87 
41 618 200 236 263 289 
42 2,922 401 440 484 531 
45 1,179 228 250 275 302 
57 312 67 73 81 88 
70 852 115 126 139 153 
71 2,003 2,144 2,614 3,184 3,878 
  20,289 33,201 37,892 40,870 44,517 

 



 
Comprehensive Wastewater Master Plan E-8 February 2006 

 
Individual Planning Area Population Projections 

West Brunswick Service Area 
Phase 2 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
7 2,200 925 1,192 1,536 1,930 

10 1,193 300 500 700 800 
11 424 18 19 21 23 
12 556 24 600 700 800 
13 1,060 1,681 1,847 2,029 2,229 
14 1,038 74 81 89 98 
17 677 33 200 250 300 
18 930 59 64 71 78 
19 2,193 2,986 1,700 1,800 1,900 
25 913 312 400 500 600 
26 3,168 3,341 2,200 2,400 2,600 
27 1,208 629 691 759 834 
28 395 184 202 222 244 
29 1,027 1,825 2,005 2,202 2,420 
30 1,049 1,617 1,776 1,952 2,144 
31 1,252 2,057 2,260 2,483 2,728 
32 306 548 603 662 727 
33 197 302 400 600 800 
37 2,392 328 360 395 434 
38 1,696 270 297 326 357 
39 283 37 41 45 49 
40 3,702 357 464 657 871 
41 618 190 225 250 275 
42 2,922 237 260 286 314 
43 6,175 438 481 529 581 
44 4,617 289 317 348 383 
45 1,179 121 133 146 161 
46 826 358 393 432 475 
47 1,097 322 500 600 700 
48 3,940 183 600 800 1,000 
51 6,352 358 393 432 475 
53 691 40 44 49 53 
54 1,042 31 36 42 51 
55 452 66 73 81 92 
56 961 106 107 108 110 
57 312 39 42 47 51 
59 1,129 680 747 821 902 
60 2,176 240 264 290 318 
61 2,254 304 400 600 800 
62 2,117 112 123 135 149 
64 3,569 145 160 175 193 
66 3,461 300 600 1,000 1,350 
67 2,492 191 210 231 253 
68 1,115 52 57 63 69 
69 1,547 143 250 429 571 
70 852 53 58 63 70 
71 2,003 1,715 2,091 2,547 3,102 
72 599 264 291 319 351 
73 1,766 1,226 1,347 1,480 1,626 
  84,124 26,107 28,104 32,702 37,440 

 
 



 
Comprehensive Wastewater Master Plan E-9 February 2006 

 
Individual Planning Area Population Projections 

 
West Brunswick Service Area   

Phase 2 
 

    Seasonal Population Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 15,412 16,493 16,493 16,493 
10 1,193 400 600 900 1,200 
11 424 30 33 36 40 
12 556 41 650 800 900 
13 1,060 3,011 3,308 3,634 3,992 
14 1,038 124 136 150 164 
17 677 56 250 300 350 
18 930 99 108 119 131 
19 2,193 5,394 7,000 7,800 8,800 
25 913 502 650 800 1,000 
26 3,168 6,048 7,500 8,000 9,000 
27 1,208 995 1,093 1,201 1,319 
28 395 330 363 398 438 
29 1,027 3,281 3,605 3,961 4,352 
30 1,049 2,896 3,182 3,496 3,841 
31 1,252 3,700 4,065 4,466 4,907 
32 306 984 1,082 1,188 1,305 
33 197 541 750 1,000 1,500 
37 2,392 538 591 650 714 
38 1,696 470 516 567 622 
39 283 66 72 79 87 
40 3,702 500 650 920 1,220 
41 618 200 236 263 289 
42 2,922 401 440 484 531 
43 6,175 737 810 890 977 
44 4,617 484 532 584 642 
45 1,179 228 250 275 302 
46 826 714 785 862 947 
47 1,097 643 800 900 1,000 
48 3,940 344 450 1,200 1,750 
51 6,352 599 658 723 794 
53 691 68 74 82 90 
54 1,042 54 63 75 90 
55 452 114 126 142 162 
56 961 178 179 181 184 
57 312 67 73 81 88 
59 1,129 1,211 1,331 1,462 1,606 
60 2,176 409 450 494 543 
61 2,254 526 750 1,000 1,500 
62 2,117 188 206 226 249 
64 3,569 243 267 294 322 
66 3,461 425 900 1,400 1,900 
67 2,492 322 354 388 427 
68 1,115 88 97 106 117 
69 1,547 200 350 600 800 
70 852 115 126 139 153 
71 2,003 2,144 2,614 3,184 3,878 
72 599 468 514 565 620 
73 1,766 2,166 2,380 2,615 2,873 
  84,124 58,753 68,513 76,172 85,208 



 
Comprehensive Wastewater Master Plan E-10 February 2006 

 
Individual Planning Area Population Projections 

West Brunswick Service Area Phase 3 
 

    Permanent Population Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 925 1,192 1,536 1,930 
10 1,193 300 500 700 800 
11 424 18 19 21 23 
12 556 24 600 700 800 
13 1,060 1,681 1,847 2,029 2,229 
14 1,038 74 81 89 98 
17 677 33 200 250 300 
18 930 59 64 71 78 
19 2,193 2,986 1,700 1,800 1,900 
25 913 312 400 500 600 
26 3,168 3,341 2,200 2,400 2,600 
27 1,208 629 691 759 834 
28 395 184 202 222 244 
29 1,027 1,825 2,005 2,202 2,420 
30 1,049 1,617 1,776 1,952 2,144 
31 1,252 2,057 2,260 2,483 2,728 
32 306 548 603 662 727 
33 197 302 400 600 800 
37 2,392 328 360 395 434 
38 1,696 270 297 326 357 
39 283 37 41 45 49 
40 3,702 357 464 657 871 
41 618 190 225 250 275 
42 2,922 237 260 286 314 
43 6,175 438 481 529 581 
44 4,617 289 317 348 383 
45 1,179 121 133 146 161 
46 826 358 393 432 475 
47 1,097 322 500 600 700 
48 3,940 183 600 800 1,000 
51 6,352 358 393 432 475 
53 691 40 44 49 53 
54 1,042 31 36 42 51 
55 452 66 73 81 92 
56 961 106 107 108 110 
57 312 39 42 47 51 
59 1,129 680 747 821 902 
60 2,176 240 264 290 318 
61 2,254 304 400 600 800 
62 2,117 112 123 135 149 
64 3,569 145 160 175 193 
66 3,461 300 600 1,000 1,350 
67 2,492 191 210 231 253 
68 1,115 52 57 63 69 
69 1,547 143 250 429 571 
70 852 53 58 63 70 
71 2,003 1,715 2,091 2,547 3,102 
72 599 264 291 319 351 
73 1,766 1,226 1,347 1,480 1,626 
92 11,886 827 924 1,034 1,160 
94 7,186 462 508 558 613 
96 8,578 483 531 583 641 
  111,775 27,880 30,067 34,878 39,853 



 
Comprehensive Wastewater Master Plan E-11 February 2006 

 
Individual Planning Area Population Projections 

West Brunswick Service Area Phase 3 
 

    Seasonal Population Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 15,412 16,493 16,493 16,493 
10 1,193 400 600 900 1,200 
11 424 30 33 36 40 
12 556 41 650 800 900 
13 1,060 3,011 3,308 3,634 3,992 
14 1,038 124 136 150 164 
17 677 56 250 300 350 
18 930 99 108 119 131 
19 2,193 5,394 7,000 7,800 8,800 
25 913 502 650 800 1,000 
26 3,168 6,048 7,500 8,000 9,000 
27 1,208 995 1,093 1,201 1,319 
28 395 330 363 398 438 
29 1,027 3,281 3,605 3,961 4,352 
30 1,049 2,896 3,182 3,496 3,841 
31 1,252 3,700 4,065 4,466 4,907 
32 306 984 1,082 1,188 1,305 
33 197 541 750 1,000 1,500 
37 2,392 538 591 650 714 
38 1,696 470 516 567 622 
39 283 66 72 79 87 
40 3,702 500 650 920 1,220 
41 618 200 236 263 289 
42 2,922 401 440 484 531 
43 6,175 737 810 890 977 
44 4,617 484 532 584 642 
45 1,179 228 250 275 302 
46 826 714 785 862 947 
47 1,097 643 800 900 1,000 
48 3,940 344 450 1,200 1,750 
51 6,352 599 658 723 794 
53 691 68 74 82 90 
54 1,042 54 63 75 90 
55 452 114 126 142 162 
56 961 178 179 181 184 
57 312 67 73 81 88 
59 1,129 1,211 1,331 1,462 1,606 
60 2,176 409 450 494 543 
61 2,254 526 750 1,000 1,500 
62 2,117 188 206 226 249 
64 3,569 243 267 294 322 
66 3,461 425 900 1,400 1,900 
67 2,492 322 354 388 427 
68 1,115 88 97 106 117 
69 1,547 200 350 600 800 
70 852 115 126 139 153 
71 2,003 2,144 2,614 3,184 3,878 
72 599 468 514 565 620 
73 1,766 2,166 2,380 2,615 2,873 
92 11,886 1,308 1,454 1,617 1,802 
94 7,186 776 853 937 1,030 
96 8,578 809 888 976 1,072 
  111,775 61,646 71,708 79,703 89,112 



 
Comprehensive Wastewater Master Plan E-12 February 2006 

 
Individual Planning Area Population Projections 

West Brunswick Service Area Phase 4 
 

    Permanent Population Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 925 1,192 1,536 1,930 
10 1,193 300 500 700 800 
11 424 18 19 21 23 
12 556 24 600 700 800 
13 1,060 1,681 1,847 2,029 2,229 
14 1,038 74 81 89 98 
17 677 33 200 250 300 
18 930 59 64 71 78 
19 2,193 2,986 1,700 1,800 1,900 
25 913 312 400 500 600 
26 3,168 3,341 2,200 2,400 2,600 
27 1,208 629 691 759 834 
28 395 184 202 222 244 
29 1,027 1,825 2,005 2,202 2,420 
30 1,049 1,617 1,776 1,952 2,144 
31 1,252 2,057 2,260 2,483 2,728 
32 306 548 603 662 727 
33 197 302 400 600 800 
37 2,392 328 360 395 434 
38 1,696 270 297 326 357 
39 283 37 41 45 49 
40 3,702 357 464 657 871 
41 618 190 225 250 275 
42 2,922 237 260 286 314 
43 6,175 438 481 529 581 
44 4,617 289 317 348 383 
45 1,179 121 133 146 161 
46 826 358 393 432 475 
47 1,097 322 500 600 700 
48 3,940 183 600 800 1,000 
51 6,352 358 393 432 475 
53 691 40 44 49 53 
54 1,042 31 36 42 51 
55 452 66 73 81 92 
56 961 106 107 108 110 
57 312 39 42 47 51 
59 1,129 680 747 821 902 
60 2,176 240 264 290 318 
61 2,254 304 400 600 800 
62 2,117 112 123 135 149 
64 3,569 145 160 175 193 
66 3,461 300 600 1,000 1,350 
67 2,492 191 210 231 253 
68 1,115 52 57 63 69 
69 1,547 143 250 429 571 
70 852 53 58 63 70 
71 2,003 1,715 2,091 2,547 3,102 
72 599 264 291 319 351 
73 1,766 1,226 1,347 1,480 1,626 
92 11,886 827 924 1,034 1,160 
94 7,186 462 508 558 613 
95 65,336 1,388 1,525 1,675 1,840 
96 8,578 483 531 583 641 
97 14,935 947 1,040 1,143 1,255 
  192,047 30,215 32,632 37,696 42,949 

 



 
Comprehensive Wastewater Master Plan E-13 February 2006 

 
Individual Planning Area Population Projections 

 
West Brunswick Service Area Phase 4 

      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
7 2,200 15,412 16,493 16,493 16,493 

10 1,193 400 600 900 1,200 
11 424 30 33 36 40 
12 556 41 650 800 900 
13 1,060 3,011 3,308 3,634 3,992 
14 1,038 124 136 150 164 
17 677 56 250 300 350 
18 930 99 108 119 131 
19 2,193 5,394 7,000 7,800 8,800 
25 913 502 650 800 1,000 
26 3,168 6,048 7,500 8,000 9,000 
27 1,208 995 1,093 1,201 1,319 
28 395 330 363 398 438 
29 1,027 3,281 3,605 3,961 4,352 
30 1,049 2,896 3,182 3,496 3,841 
31 1,252 3,700 4,065 4,466 4,907 
32 306 984 1,082 1,188 1,305 
33 197 541 750 1,000 1,500 
37 2,392 538 591 650 714 
38 1,696 470 516 567 622 
39 283 66 72 79 87 
40 3,702 500 650 920 1,220 
41 618 200 236 263 289 
42 2,922 401 440 484 531 
43 6,175 737 810 890 977 
44 4,617 484 532 584 642 
45 1,179 228 250 275 302 
46 826 714 785 862 947 
47 1,097 643 800 900 1,000 
48 3,940 344 450 1,200 1,750 
51 6,352 599 658 723 794 
53 691 68 74 82 90 
54 1,042 54 63 75 90 
55 452 114 126 142 162 
56 961 178 179 181 184 
57 312 67 73 81 88 
59 1,129 1,211 1,331 1,462 1,606 
60 2,176 409 450 494 543 
61 2,254 526 750 1,000 1,500 
62 2,117 188 206 226 249 
64 3,569 243 267 294 322 
66 3,461 425 900 1,400 1,900 
67 2,492 322 354 388 427 
68 1,115 88 97 106 117 
69 1,547 200 350 600 800 
70 852 115 126 139 153 
71 2,003 2,144 2,614 3,184 3,878 
72 599 468 514 565 620 
73 1,766 2,166 2,380 2,615 2,873 
92 11,886 1,308 1,454 1,617 1,802 
94 7,186 776 853 937 1,030 
95 65,336 2,318 2,547 2,798 3,073 
96 8,578 809 888 976 1,072 
97 14,935 1,582 1,738 1,909 2,098 
  192,047 65,546 75,993 84,410 94,282 



 
Comprehensive Wastewater Master Plan E-14 February 2006 

 
Individual Planning Area Population Projections 

 Southwest Brunswick Service Area  
Phase 1 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
2 3,321 365 425 500 575 
3 9,887 4,651 5,079 5,547 6,060 
4 9,368 4,100 4,500 4,700 5,000 
5 16,894 3,500 3,800 4,100 4,400 
21 422 420 462 507 557 
22 1,301 1,076 1,182 1,298 1,427 
24 428 65 80 98 120 
85 2,248 1,815 2,262 2,819 3,513 
  43,870 15,991 17,789 19,570 21,651 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
2 3,321 9,048 10,414 10,687 11,031 
3 9,887 8,557 9,341 10,197 11,134 
4 9,368 19,000 20,000 21,000 22,000 
5 16,894 12,000 14,000 16,000 18,000 
21 422 760 835 917 1,007 
22 1,301 1,949 2,141 2,352 2,584 
24 428 66 81 100 123 
85 2,248 1,997 2,488 3,101 3,864 
  43,870 53,377 59,300 64,354 69,744 
      

 



 
Comprehensive Wastewater Master Plan E-15 February 2006 

 
Individual Planning Area Population Projections 

Southwest Brunswick Service Area  
Phase 2 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 465 509 558 612 
2 3,321 365 425 500 575 
3 9,887 4,651 5,079 5,547 6,060 
4 9,368 4,100 4,500 4,700 5,000 
5 16,894 3,500 3,800 4,100 4,400 
20 1,490 280 321 367 415 
21 422 420 462 507 557 
22 1,301 1,076 1,182 1,298 1,427 
23 3,432 1,164 1,348 1,546 1,740 
24 428 65 80 98 120 
83 3,479 1,003 1,429 2,143 2,714 
84 2,400 469 564 679 819 
85 2,248 1,815 2,262 2,819 3,513 
  57,228 19,372 21,959 24,862 27,951 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 11,306 11,898 12,538 13,230 
2 3,321 9,048 10,414 10,687 11,031 
3 9,887 8,557 9,341 10,197 11,134 
4 9,368 19,000 20,000 21,000 22,000 
5 16,894 12,000 14,000 16,000 18,000 
20 1,490 448 507 573 644 
21 422 760 835 917 1,007 
22 1,301 1,949 2,141 2,352 2,584 
23 3,432 1,910 2,195 2,510 2,839 
24 428 66 81 100 123 
83 3,479 1,404 2,000 3,000 3,800 
84 2,400 559 664 792 946 
85 2,248 1,997 2,488 3,101 3,864 
  57,228 69,002 76,564 83,767 91,204 



 
Comprehensive Wastewater Master Plan E-16 February 2006 

 
Individual Planning Area Population Projections 

Southwest Brunswick Service Area 
Phase 3 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 465 509 558 612 
2 3,321 365 425 500 575 
3 9,887 4,651 5,079 5,547 6,060 
4 9,368 4,100 4,500 4,700 5,000 
5 16,894 3,500 3,800 4,100 4,400 
20 1,490 280 321 367 415 
21 422 420 462 507 557 
22 1,301 1,076 1,182 1,298 1,427 
23 3,432 1,164 1,348 1,546 1,740 
24 428 65 80 98 120 
83 3,479 1,003 1,429 2,143 2,714 
84 2,400 469 564 679 819 
85 2,248 1,815 2,262 2,819 3,513 
86 10,857 210 231 253 278 
87 11,951 1,335 1,460 1,598 1,749 
88 7,694 354 388 427 468 
  87,729 21,270 24,038 27,140 30,446 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 11,306 11,898 12,538 13,230 
2 3,321 9,048 10,414 10,687 11,031 
3 9,887 8,557 9,341 10,197 11,134 
4 9,368 19,000 20,000 21,000 22,000 
5 16,894 12,000 14,000 16,000 18,000 
20 1,490 448 507 573 644 
21 422 760 835 917 1,007 
22 1,301 1,949 2,141 2,352 2,584 
23 3,432 1,910 2,195 2,510 2,839 
24 428 66 81 100 123 
83 3,479 1,404 2,000 3,000 3,800 
84 2,400 559 664 792 946 
85 2,248 1,997 2,488 3,101 3,864 
86 10,857 349 383 421 462 
87 11,951 2,198 2,402 2,627 2,874 
88 7,694 591 649 713 782 
  87,729 72,140 79,999 87,528 95,322 

 



 
Comprehensive Wastewater Master Plan E-17 February 2006 

 
Individual Planning Area Population Projections 

Southwest Brunswick Service Area 
Phase 4 

 
    Permanent Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 465 509 558 612 
2 3,321 365 425 500 575 
3 9,887 4,651 5,079 5,547 6,060 
4 9,368 4,100 4,500 4,700 5,000 
5 16,894 3,500 3,800 4,100 4,400 
20 1,490 280 321 367 415 
21 422 420 462 507 557 
22 1,301 1,076 1,182 1,298 1,427 
23 3,432 1,164 1,348 1,546 1,740 
24 428 65 80 98 120 
83 3,479 1,003 1,429 2,143 2,714 
84 2,400 469 564 679 819 
85 2,248 1,815 2,262 2,819 3,513 
86 10,857 210 231 253 278 
87 11,951 1,335 1,460 1,598 1,749 
88 7,694 354 388 427 468 
89 9,577 456 501 550 605 
90 18,819 643 707 776 853 
91 13,244 452 497 546 600 
93 31,461 862 967 1,088 1,227 
  160,830 23,683 26,710 30,101 33,730 
      
    Seasonal Population Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 11,306 11,898 12,538 13,230 
2 3,321 9,048 10,414 10,687 11,031 
3 9,887 8,557 9,341 10,197 11,134 
4 9,368 19,000 20,000 21,000 22,000 
5 16,894 12,000 14,000 16,000 18,000 

20 1,490 448 507 573 644 
21 422 760 835 917 1,007 
22 1,301 1,949 2,141 2,352 2,584 
23 3,432 1,910 2,195 2,510 2,839 
24 428 66 81 100 123 
83 3,479 1,404 2,000 3,000 3,800 
84 2,400 559 664 792 946 
85 2,248 1,997 2,488 3,101 3,864 
86 10,857 349 383 421 462 
87 11,951 2,198 2,402 2,627 2,874 
88 7,694 591 649 713 782 
89 9,577 770 846 930 1,021 
90 18,819 1,082 1,188 1,306 1,435 
91 13,244 758 832 914 1,005 
93 31,461 1,339 1,493 1,667 1,864 
  160,830 76,088 84,358 92,345 100,647 

 



 
Comprehensive Wastewater Master Plan February 2006 

 
Individual Planning Area Wastewater Flow Projections 
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Individual Planning Area Wastewater Flow Projections 
 



 
Comprehensive Wastewater Master Plan F- February 2006 

 
Individual Planning Area Wastewater Flow Projections 

1 

Northeast Brunswick Service Area 
Phase 1 

 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
104 1,609 0.10 0.11 0.11 0.12 
105 1,599 0.33 0.40 0.46 0.51 
106 408 0.02 0.02 0.02 0.03 
107 4,591 0.15 0.16 0.18 0.22 
108 2,554 0.14 0.16 0.17 0.19 

  10,762 0.74 0.85 0.95 1.07 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
104 1,609 0.11 0.11 0.12 0.13 
105 1,599 0.37 0.45 0.53 0.59 
106 408 0.02 0.03 0.03 0.03 
107 4,591 0.20 0.22 0.24 0.30 
108 2,554 0.19 0.21 0.23 0.25 

  10,762 0.88 1.01 1.15 1.30 

Northeast Brunswick Service Area 
Phase 2 

    Permanent Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

77 3,779 0.05 0.05 0.05 0.06 
79 4,947 0.02 0.04 0.06 0.08 

100 588 0.02 0.02 0.02 0.03 
101 4,155 0.09 0.10 0.12 0.13 
104 1,609 0.10 0.11 0.11 0.12 
105 1,599 0.33 0.40 0.46 0.51 
106 408 0.02 0.02 0.02 0.03 
107 4,591 0.15 0.16 0.18 0.22 

108 2,554 0.14 0.16 0.17 0.19 
  24,230 0.92 1.06 1.21 1.37 

      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 0.07 0.08 0.09 0.10 
79 4,947 0.03 0.06 0.09 0.12 

100 588 0.03 0.03 0.03 0.04 
101 4,155 0.09 0.10 0.11 0.13 
104 1,609 0.11 0.11 0.12 0.13 
105 1,599 0.37 0.45 0.53 0.59 
106 408 0.02 0.03 0.03 0.03 
107 4,591 0.20 0.22 0.24 0.30 

108 2,554 0.19 0.21 0.23 0.25 
  24,230 1.10 1.28 1.47 1.68 



 
Comprehensive Wastewater Master Plan F- February 2006 

 
Individual Planning Area Wastewater Flow Projections 

2 

Northeast Brunswick Service Area 
Phase 3 

 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 0.05 0.05 0.05 0.06 
79 4,947 0.02 0.04 0.06 0.08 
100 588 0.02 0.02 0.02 0.03 
101 4,155 0.09 0.10 0.12 0.13 
102 7,505 0.03 0.03 0.03 0.04 
103 21,886 0.36 0.39 0.43 0.77 
104 1,609 0.10 0.11 0.11 0.12 
105 1,599 0.33 0.40 0.46 0.51 
106 408 0.02 0.02 0.02 0.03 
107 4,591 0.15 0.16 0.18 0.22 
108 2,554 0.14 0.16 0.17 0.19 

  53,622 1.30 1.49 1.67 2.17 
   
  Seasonal Flow Projections 

SA_ID SA_AREA 2005  2010 
    

2015 2020 
77 3,779 0.07 0.08 0.09 0.10 
79 4,947 0.03 0.06 0.09 0.12 
100 588 0.03 0.03 0.03 0.04 
101 4,155 0.09 0.10 0.11 0.13 
102 7,505 0.04 0.04 0.04 0.05 
103 21,886 0.48 0.53 0.59 0.99 
104 1,609 0.11 0.11 0.12 0.13 
105 1,599 0.37 0.45 0.53 0.59 
106 408 0.02 0.03 0.03 0.03 
107 4,591 0.20 0.22 0.24 0.30 
108 2,554 0.19 0.21 0.23 0.25 

  53,622 1.62 1.85 2.10 2.72 
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Northeast Brunswick Service Area 
Phase 4 

 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 0.05 0.05 0.05 0.06 
79 4,947 0.02 0.04 0.06 0.08 
98 17,680 0.11 0.12 0.13 0.21 
99 21,519 0.05 0.06 0.06 0.07 
100 588 0.02 0.02 0.02 0.03 
101 4,155 0.09 0.10 0.12 0.13 
102 7,505 0.03 0.03 0.03 0.04 
103 21,886 0.36 0.39 0.43 0.77 
104 1,609 0.10 0.11 0.11 0.12 
105 1,599 0.33 0.40 0.46 0.51 
106 408 0.02 0.02 0.02 0.03 
107 4,591 0.15 0.16 0.18 0.22 
108 2,554 0.14 0.16 0.17 0.19 

  92,821 1.46 1.66 1.87 2.45 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
77 3,779 0.07 0.08 0.09 0.10 
79 4,947 0.03 0.06 0.09 0.12 
98 17,680 0.15 0.16 0.18 0.27 
99 21,519 0.07 0.08 0.09 0.10 
100 588 0.03 0.03 0.03 0.04 
101 4,155 0.09 0.10 0.11 0.13 
102 7,505 0.04 0.04 0.04 0.05 
103 21,886 0.48 0.53 0.59 0.99 
104 1,609 0.11 0.11 0.12 0.13 
105 1,599 0.37 0.45 0.53 0.59 
106 408 0.02 0.03 0.03 0.03 
107 4,591 0.20 0.22 0.24 0.30 
108 2,554 0.19 0.21 0.23 0.25 

  92,821 1.84 2.10 2.37 3.09 
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Southeast Brunswick Service Area 
Phase 1 

    Permanent Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

6 15,351 0.13 0.13 0.14 0.15 
58 2,326 0.40 0.47 0.55 0.56 
74 1,045 0.17 0.20 0.23 0.24 
75 585 0.10 0.11 0.13 0.14 

82 2,985 0.04 0.04 0.04 0.04 
  22,293 0.83 0.96 1.10 1.14 
      

    Seasonal Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

6 15,351 0.39 0.41 0.43 0.46 
58 2,326 1.07 1.36 1.58 1.63 
74 1,045 0.45 0.57 0.66 0.68 
75 585 0.27 0.34 0.39 0.41 

82 2,985 0.18 0.20 0.21 0.21 
  22,293 2.36 2.88 3.27 3.39 

Southeast Brunswick Service Area 
Phase 2 

    Permanent Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

6 15,351 0.13 0.13 0.14 0.15 
49 4,726 0.09 0.10 0.10 0.11 
50 1,415 0.08 0.09 0.10 0.10 
58 2,326 0.40 0.47 0.55 0.56 
63 2,210 0.02 0.02 0.02 0.02 
74 1,045 0.17 0.20 0.23 0.24 
75 585 0.10 0.11 0.13 0.14 
80 2,789 0.03 0.02 0.02 0.02 
81 6,869 0.03 0.04 0.05 0.06 

82 2,985 0.04 0.04 0.04 0.04 
  40,301 1.08 1.21 1.38 1.44 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 0.39 0.41 0.43 0.46 

49 4,726 0.12 0.13 0.14 0.15 
50 1,415 0.11 0.12 0.14 0.15 
58 2,326 1.07 1.36 1.58 1.63 
63 2,210 0.02 0.03 0.03 0.03 
74 1,045 0.45 0.57 0.66 0.68 
75 585 0.27 0.34 0.39 0.41 
80 2,789 0.04 0.03 0.03 0.03 
81 6,869 0.04 0.06 0.07 0.09 

82 2,985 0.18 0.20 0.21 0.21 
  40,301 2.70 3.25 3.68 3.84 
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Southeast Brunswick Service Area 
Phase 3 

 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 0.13 0.13 0.14 0.15 
49 4,726 0.09 0.10 0.10 0.11 
50 1,415 0.08 0.09 0.10 0.10 
52 3,280 0.01 0.01 0.01 0.01 
58 2,326 0.40 0.47 0.55 0.56 
63 2,210 0.02 0.02 0.02 0.02 
65 5,330 0.02 0.03 0.03 0.03 
74 1,045 0.17 0.20 0.23 0.24 
75 585 0.10 0.11 0.13 0.14 
80 2,789 0.03 0.02 0.02 0.02 
81 6,869 0.03 0.04 0.05 0.06 
82 2,985 0.04 0.04 0.04 0.04 
  48,911 1.11 1.25 1.42 1.49 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 0.39 0.41 0.43 0.46 
49 4,726 0.12 0.13 0.14 0.15 
50 1,415 0.11 0.12 0.14 0.15 
52 3,280 0.01 0.02 0.02 0.02 
58 2,326 1.07 1.36 1.58 1.63 
63 2,210 0.02 0.03 0.03 0.03 
65 5,330 0.03 0.04 0.04 0.04 
74 1,045 0.45 0.57 0.66 0.68 
75 585 0.27 0.34 0.39 0.41 
80 2,789 0.04 0.03 0.03 0.03 
81 6,869 0.04 0.06 0.07 0.09 
82 2,985 0.18 0.20 0.21 0.21 
  48,911 2.75 3.30 3.73 3.90 
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Southeast Brunswick Service Area 
Phase 4 

 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 0.13 0.13 0.14 0.15 
15 9,152 0.09 0.09 0.10 0.10 
49 4,726 0.09 0.10 0.10 0.11 
50 1,415 0.08 0.09 0.10 0.10 
52 3,280 0.01 0.01 0.01 0.01 
58 2,326 0.40 0.47 0.55 0.56 
63 2,210 0.02 0.02 0.02 0.02 
65 5,330 0.02 0.03 0.03 0.03 
74 1,045 0.17 0.20 0.23 0.24 
75 585 0.10 0.11 0.13 0.14 
76 914 0.00 0.02 0.03 0.05 
78 14,413 0.06 0.06 0.07 0.08 
80 2,789 0.03 0.02 0.02 0.02 
81 6,869 0.03 0.04 0.05 0.06 
82 2,985 0.04 0.04 0.04 0.04 
  73,391 1.26 1.42 1.61 1.71 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
6 15,351 0.39 0.41 0.43 0.46 
15 9,152 0.09 0.09 0.10 0.10 
49 4,726 0.12 0.13 0.14 0.15 
50 1,415 0.11 0.12 0.14 0.15 
52 3,280 0.01 0.02 0.02 0.02 
58 2,326 1.07 1.36 1.58 1.63 
63 2,210 0.02 0.03 0.03 0.03 
65 5,330 0.03 0.04 0.04 0.04 
74 1,045 0.45 0.57 0.66 0.68 
75 585 0.27 0.34 0.39 0.41 
76 914 0.00 0.02 0.04 0.05 
78 14,413 0.09 0.11 0.12 0.13 
80 2,789 0.04 0.03 0.03 0.03 
81 6,869 0.04 0.06 0.07 0.09 
82 2,985 0.18 0.20 0.21 0.21 
  73,391 2.92 3.52 3.98 4.18 
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West Brunswick Service Area 

Phase 1 
 

   Permanent Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 0.14 0.14 0.14 0.14 
10 1,193 0.05 0.08 0.10 0.20 
11 424 0.00 0.00 0.00 0.00 
17 677 0.01 0.01 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.08 0.10 0.11 0.11 
30 1,049 0.08 0.08 0.09 0.10 
31 1,252 0.09 0.09 0.10 0.11 
32 306 0.04 0.04 0.05 0.05 
33 197 0.02 0.02 0.04 0.05 
38 1,696 0.05 0.06 0.07 0.07 
39 283 0.01 0.01 0.01 0.01 
41 618 0.09 0.11 0.14 0.16 
42 2,922 0.03 0.03 0.04 0.04 
45 1,179 0.02 0.02 0.03 0.03 
57 312 0.01 0.01 0.01 0.01 
70 852 0.03 0.20 0.25 0.30 

71 2,003 0.03 0.20 0.25 0.30 
  20,289 0.78 1.23 1.45 1.73 

      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
7 2,200 0.60 0.80 1.00 1.20 

10 1,193 0.08 0.10 0.15 0.25 
11 424 0.00 0.00 0.00 0.00 
17 677 0.01 0.02 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.29 0.42 0.47 0.53 
30 1,049 0.20 0.22 0.24 0.26 
31 1,252 0.24 0.26 0.29 0.31 
32 306 0.08 0.09 0.10 0.11 
33 197 0.04 0.05 0.06 0.09 
38 1,696 0.08 0.08 0.09 0.10 
39 283 0.02 0.02 0.02 0.02 
41 618 0.11 0.14 0.18 0.21 
42 2,922 0.04 0.05 0.05 0.06 
45 1,179 0.03 0.04 0.04 0.04 
57 312 0.01 0.01 0.01 0.01 
70 852 0.05 0.25 0.35 0.38 

71 2,003 0.05 0.25 0.35 0.38 
  20,289 1.94 2.80 3.43 3.98 
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West Brunswick Service Area Phase 2 

    Permanent Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 0.14 0.14 0.14 0.14 
10 1,193 0.05 0.08 0.10 0.20 
11 424 0.00 0.00 0.00 0.00 
12 556 0.00 0.04 0.04 0.05 
13 1,060 0.06 0.07 0.08 0.08 
14 1,038 0.01 0.01 0.01 0.01 
17 677 0.01 0.01 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.08 0.10 0.11 0.11 
25 913 0.02 0.02 0.03 0.04 
26 3,168 0.10 0.13 0.14 0.16 
27 1,208 0.06 0.07 0.07 0.08 
28 395 0.01 0.01 0.01 0.01 
29 1,027 0.08 0.09 0.10 0.10 
30 1,049 0.08 0.08 0.09 0.10 
31 1,252 0.09 0.09 0.10 0.11 
32 306 0.04 0.04 0.05 0.05 
33 197 0.02 0.02 0.04 0.05 
37 2,392 0.04 0.04 0.05 0.05 
38 1,696 0.05 0.06 0.07 0.07 
39 283 0.01 0.01 0.01 0.01 
40 3,702 0.04 0.05 0.07 0.09 
41 618 0.09 0.11 0.14 0.16 
42 2,922 0.03 0.03 0.04 0.04 
43 6,175 0.04 0.05 0.05 0.06 
44 4,617 0.02 0.03 0.03 0.03 
45 1,179 0.02 0.02 0.03 0.03 
46 826 0.01 0.01 0.01 0.01 
47 1,097 0.01 0.03 0.04 0.04 
48 3,940 0.02 0.08 0.25 0.40 
51 6,352 0.03 0.03 0.03 0.03 
53 691 0.00 0.00 0.01 0.01 
54 1,042 0.01 0.01 0.01 0.01 
55 452 0.01 0.01 0.02 0.02 
56 961 0.01 0.01 0.01 0.01 
57 312 0.01 0.01 0.01 0.01 
59 1,129 0.03 0.04 0.04 0.04 
60 2,176 0.01 0.02 0.02 0.02 
61 2,254 0.02 0.02 0.04 0.05 
62 2,117 0.01 0.01 0.01 0.01 
64 3,569 0.01 0.01 0.01 0.01 
66 3,461 0.04 0.09 0.17 0.24 
67 2,492 0.02 0.02 0.02 0.02 
68 1,115 0.01 0.02 0.02 0.02 
69 1,547 0.01 0.03 0.04 0.06 
70 852 0.03 0.20 0.25 0.30 
71 2,003 0.03 0.20 0.25 0.30 
72 599 0.02 0.02 0.02 0.03 
73 1,766 0.06 0.06 0.07 0.08 
  84,124 1.59 2.35 2.94 3.60 
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West Brunswick Service Area Phase 2 

    Seasonal Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 0.60 0.80 1.00 1.20 
10 1,193 0.08 0.10 0.15 0.25 
11 424 0.00 0.00 0.00 0.00 
12 556 0.00 0.04 0.05 0.05 
13 1,060 0.18 0.20 0.22 0.24 
14 1,038 0.01 0.01 0.01 0.01 
17 677 0.01 0.02 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.29 0.42 0.47 0.53 
25 913 0.03 0.04 0.05 0.06 
26 3,168 0.34 0.45 0.48 0.54 
27 1,208 0.09 0.10 0.11 0.12 
28 395 0.02 0.02 0.03 0.03 
29 1,027 0.21 0.23 0.26 0.28 
30 1,049 0.20 0.22 0.24 0.26 
31 1,252 0.24 0.26 0.29 0.31 
32 306 0.08 0.09 0.10 0.11 
33 197 0.04 0.05 0.06 0.09 
37 2,392 0.06 0.06 0.07 0.08 
38 1,696 0.08 0.08 0.09 0.10 
39 283 0.02 0.02 0.02 0.02 
40 3,702 0.05 0.07 0.09 0.12 
41 618 0.11 0.14 0.18 0.21 
42 2,922 0.04 0.05 0.05 0.06 
43 6,175 0.06 0.06 0.07 0.08 
44 4,617 0.03 0.04 0.04 0.04 
45 1,179 0.03 0.04 0.04 0.04 
46 826 0.04 0.04 0.05 0.05 
47 1,097 0.03 0.05 0.05 0.06 
48 3,940 0.03 0.10 0.30 0.50 
51 6,352 0.04 0.04 0.04 0.05 
53 691 0.01 0.01 0.01 0.01 
54 1,042 0.01 0.01 0.01 0.02 
55 452 0.02 0.02 0.03 0.03 
56 961 0.01 0.01 0.01 0.01 
57 312 0.01 0.01 0.01 0.01 
59 1,129 0.08 0.09 0.10 0.11 
60 2,176 0.02 0.03 0.03 0.03 
61 2,254 0.03 0.05 0.06 0.09 
62 2,117 0.01 0.01 0.01 0.02 
64 3,569 0.01 0.02 0.02 0.02 
66 3,461 0.05 0.10 0.20 0.30 
67 2,492 0.02 0.02 0.03 0.03 
68 1,115 0.02 0.02 0.02 0.02 
69 1,547 0.02 0.04 0.06 0.08 
70 852 0.05 0.25 0.35 0.38 
71 2,003 0.05 0.25 0.35 0.38 
72 599 0.03 0.04 0.04 0.05 
73 1,766 0.13 0.14 0.16 0.17 
  84,124 3.64 4.94 6.12 7.28 
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West Brunswick Service Area - Phase 3 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
7 2,200 0.14 0.14 0.14 0.14 

10 1,193 0.05 0.08 0.10 0.20 
11 424 0.00 0.00 0.00 0.00 
12 556 0.00 0.04 0.04 0.05 
13 1,060 0.06 0.07 0.08 0.08 
14 1,038 0.01 0.01 0.01 0.01 
17 677 0.01 0.01 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.08 0.10 0.11 0.11 
25 913 0.02 0.02 0.03 0.04 
26 3,168 0.10 0.13 0.14 0.16 
27 1,208 0.06 0.07 0.07 0.08 
28 395 0.01 0.01 0.01 0.01 
29 1,027 0.08 0.09 0.10 0.10 
30 1,049 0.08 0.08 0.09 0.10 
31 1,252 0.09 0.09 0.10 0.11 
32 306 0.04 0.04 0.05 0.05 
33 197 0.02 0.02 0.04 0.05 
37 2,392 0.04 0.04 0.05 0.05 
38 1,696 0.05 0.06 0.07 0.07 
39 283 0.01 0.01 0.01 0.01 
40 3,702 0.04 0.05 0.07 0.09 
41 618 0.09 0.11 0.14 0.16 
42 2,922 0.03 0.03 0.04 0.04 
43 6,175 0.04 0.05 0.05 0.06 
44 4,617 0.02 0.03 0.03 0.03 
45 1,179 0.02 0.02 0.03 0.03 
46 826 0.01 0.01 0.01 0.01 
47 1,097 0.01 0.03 0.04 0.04 
48 3,940 0.02 0.08 0.25 0.40 
51 6,352 0.03 0.03 0.03 0.03 
53 691 0.00 0.00 0.01 0.01 
54 1,042 0.01 0.01 0.01 0.01 
55 452 0.01 0.01 0.02 0.02 
56 961 0.01 0.01 0.01 0.01 
57 312 0.01 0.01 0.01 0.01 
59 1,129 0.03 0.04 0.04 0.04 
60 2,176 0.01 0.02 0.02 0.02 
61 2,254 0.02 0.02 0.04 0.05 
62 2,117 0.01 0.01 0.01 0.01 
64 3,569 0.01 0.01 0.01 0.01 
66 3,461 0.04 0.09 0.17 0.24 
67 2,492 0.02 0.02 0.02 0.02 
68 1,115 0.01 0.02 0.02 0.02 
69 1,547 0.01 0.03 0.04 0.06 
70 852 0.03 0.20 0.25 0.30 
71 2,003 0.03 0.20 0.25 0.30 
72 599 0.02 0.02 0.02 0.03 
73 1,766 0.06 0.06 0.07 0.08 
92 11,886 0.10 0.12 0.13 0.15 
94 7,186 0.04 0.04 0.04 0.05 
96 8,578 0.04 0.04 0.04 0.05 
  111,775 1.77 2.54 3.17 3.85 
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West Brunswick Service Area - Phase 3 

    Seasonal Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 0.60 0.80 1.00 1.20 
10 1,193 0.08 0.10 0.15 0.25 
11 424 0.00 0.00 0.00 0.00 
12 556 0.00 0.04 0.05 0.05 
13 1,060 0.18 0.20 0.22 0.24 
14 1,038 0.01 0.01 0.01 0.01 
17 677 0.01 0.02 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.29 0.42 0.47 0.53 
25 913 0.03 0.04 0.05 0.06 
26 3,168 0.34 0.45 0.48 0.54 
27 1,208 0.09 0.10 0.11 0.12 
28 395 0.02 0.02 0.03 0.03 
29 1,027 0.21 0.23 0.26 0.28 
30 1,049 0.20 0.22 0.24 0.26 
31 1,252 0.24 0.26 0.29 0.31 
32 306 0.08 0.09 0.10 0.11 
33 197 0.04 0.05 0.06 0.09 
37 2,392 0.06 0.06 0.07 0.08 
38 1,696 0.08 0.08 0.09 0.10 
39 283 0.02 0.02 0.02 0.02 
40 3,702 0.05 0.07 0.09 0.12 
41 618 0.11 0.14 0.18 0.21 
42 2,922 0.04 0.05 0.05 0.06 
43 6,175 0.06 0.06 0.07 0.08 
44 4,617 0.03 0.04 0.04 0.04 
45 1,179 0.03 0.04 0.04 0.04 
46 826 0.04 0.04 0.05 0.05 
47 1,097 0.03 0.05 0.05 0.06 
48 3,940 0.03 0.10 0.30 0.50 
51 6,352 0.04 0.04 0.04 0.05 
53 691 0.01 0.01 0.01 0.01 
54 1,042 0.01 0.01 0.01 0.02 
55 452 0.02 0.02 0.03 0.03 
56 961 0.01 0.01 0.01 0.01 
57 312 0.01 0.01 0.01 0.01 
59 1,129 0.08 0.09 0.10 0.11 
60 2,176 0.02 0.03 0.03 0.03 
61 2,254 0.03 0.05 0.06 0.09 
62 2,117 0.01 0.01 0.01 0.02 
64 3,569 0.01 0.02 0.02 0.02 
66 3,461 0.05 0.10 0.20 0.30 
67 2,492 0.02 0.02 0.03 0.03 
68 1,115 0.02 0.02 0.02 0.02 
69 1,547 0.02 0.04 0.06 0.08 
70 852 0.05 0.25 0.35 0.38 
71 2,003 0.05 0.25 0.35 0.38 
72 599 0.03 0.04 0.04 0.05 
73 1,766 0.13 0.14 0.16 0.17 
92 11,886 0.13 0.15 0.17 0.20 
94 7,186 0.05 0.06 0.06 0.07 
96 8,578 0.05 0.06 0.06 0.07 
  111,775 3.87 5.21 6.42 7.61 
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West Brunswick Service Area Phase 4 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
7 2,200 0.14 0.14 0.14 0.14 

10 1,193 0.05 0.08 0.10 0.20 
11 424 0.00 0.00 0.00 0.00 
12 556 0.00 0.04 0.04 0.05 
13 1,060 0.06 0.07 0.08 0.08 
14 1,038 0.01 0.01 0.01 0.01 
17 677 0.01 0.01 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.08 0.10 0.11 0.11 
25 913 0.02 0.02 0.03 0.04 
26 3,168 0.10 0.13 0.14 0.16 
27 1,208 0.06 0.07 0.07 0.08 
28 395 0.01 0.01 0.01 0.01 
29 1,027 0.08 0.09 0.10 0.10 
30 1,049 0.08 0.08 0.09 0.10 
31 1,252 0.09 0.09 0.10 0.11 
32 306 0.04 0.04 0.05 0.05 
33 197 0.02 0.02 0.04 0.05 
37 2,392 0.04 0.04 0.05 0.05 
38 1,696 0.05 0.06 0.07 0.07 
39 283 0.01 0.01 0.01 0.01 
40 3,702 0.04 0.05 0.07 0.09 
41 618 0.09 0.11 0.14 0.16 
42 2,922 0.03 0.03 0.04 0.04 
43 6,175 0.04 0.05 0.05 0.06 
44 4,617 0.02 0.03 0.03 0.03 
45 1,179 0.02 0.02 0.03 0.03 
46 826 0.01 0.01 0.01 0.01 
47 1,097 0.01 0.03 0.04 0.04 
48 3,940 0.02 0.08 0.25 0.40 
51 6,352 0.03 0.03 0.03 0.03 
53 691 0.00 0.00 0.01 0.01 
54 1,042 0.01 0.01 0.01 0.01 
55 452 0.01 0.01 0.02 0.02 
56 961 0.01 0.01 0.01 0.01 
57 312 0.01 0.01 0.01 0.01 
59 1,129 0.03 0.04 0.04 0.04 
60 2,176 0.01 0.02 0.02 0.02 
61 2,254 0.02 0.02 0.04 0.05 
62 2,117 0.01 0.01 0.01 0.01 
64 3,569 0.01 0.01 0.01 0.01 
66 3,461 0.04 0.09 0.17 0.24 
67 2,492 0.02 0.02 0.02 0.02 
68 1,115 0.01 0.02 0.02 0.02 
69 1,547 0.01 0.03 0.04 0.06 
70 852 0.03 0.20 0.25 0.30 
71 2,003 0.03 0.20 0.25 0.30 
72 599 0.02 0.02 0.02 0.03 
73 1,766 0.06 0.06 0.07 0.08 
92 11,886 0.10 0.12 0.13 0.15 
94 7,186 0.04 0.04 0.04 0.05 
95 65,336 0.09 0.10 0.11 0.12 
96 8,578 0.04 0.04 0.04 0.05 
97 14,935 0.06 0.07 0.08 0.08 
  192,047 1.92 2.71 3.35 4.05 



 
Comprehensive Wastewater Master Plan F- February 2006 

 
Individual Planning Area Wastewater Flow Projections 

1 

West Brunswick Service Area Phase 4 

    Seasonal Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

7 2,200 0.60 0.80 1.00 1.20 
10 1,193 0.08 0.10 0.15 0.25 
11 424 0.00 0.00 0.00 0.00 
12 556 0.00 0.04 0.05 0.05 
13 1,060 0.18 0.20 0.22 0.24 
14 1,038 0.01 0.01 0.01 0.01 
17 677 0.01 0.02 0.02 0.02 
18 930 0.01 0.01 0.01 0.01 
19 2,193 0.29 0.42 0.47 0.53 
25 913 0.03 0.04 0.05 0.06 
26 3,168 0.34 0.45 0.48 0.54 
27 1,208 0.09 0.10 0.11 0.12 
28 395 0.02 0.02 0.03 0.03 
29 1,027 0.21 0.23 0.26 0.28 
30 1,049 0.20 0.22 0.24 0.26 
31 1,252 0.24 0.26 0.29 0.31 
32 306 0.08 0.09 0.10 0.11 
33 197 0.04 0.05 0.06 0.09 
37 2,392 0.06 0.06 0.07 0.08 
38 1,696 0.08 0.08 0.09 0.10 
39 283 0.02 0.02 0.02 0.02 
40 3,702 0.05 0.07 0.09 0.12 
41 618 0.11 0.14 0.18 0.21 
42 2,922 0.04 0.05 0.05 0.06 
43 6,175 0.06 0.06 0.07 0.08 
44 4,617 0.03 0.04 0.04 0.04 
45 1,179 0.03 0.04 0.04 0.04 
46 826 0.04 0.04 0.05 0.05 
47 1,097 0.03 0.05 0.05 0.06 
48 3,940 0.03 0.10 0.30 0.50 
51 6,352 0.04 0.04 0.04 0.05 
54 1,042 0.01 0.01 0.01 0.02 
55 452 0.02 0.02 0.03 0.03 
56 961 0.01 0.01 0.01 0.01 
57 312 0.01 0.01 0.01 0.01 
59 1,129 0.08 0.09 0.10 0.11 
60 2,176 0.02 0.03 0.03 0.03 
61 2,254 0.03 0.05 0.06 0.09 
62 2,117 0.01 0.01 0.01 0.02 
64 3,569 0.01 0.02 0.02 0.02 
66 3,461 0.05 0.10 0.20 0.30 
67 2,492 0.02 0.02 0.03 0.03 
68 1,115 0.02 0.02 0.02 0.02 
69 1,547 0.02 0.04 0.06 0.08 
70 852 0.05 0.25 0.35 0.38 
71 2,003 0.05 0.25 0.35 0.38 
72 599 0.03 0.04 0.04 0.05 
73 1,766 0.13 0.14 0.16 0.17 
92 11,886 0.13 0.15 0.17 0.20 
94 7,186 0.05 0.06 0.06 0.07 
95 65,336 0.12 0.14 0.15 0.16 
96 8,578 0.05 0.06 0.06 0.07 
97 14,935 0.09 0.10 0.11 0.12 
  192,047 4.08 5.44 6.67 7.89 



 
Comprehensive Wastewater Master Plan F- February 2006 

 
Individual Planning Area Wastewater Flow Projections 

2 

 
Southwest Brunswick Service Area 

Phase 1 
 

    Permanent Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

2 3,321 0.04 0.04 0.05 0.06 
3 9,887 0.29 0.31 0.34 0.36 
4 9,368 0.25 0.27 0.28 0.30 
5 16,894 0.21 0.23 0.25 0.26 
21 422 0.01 0.01 0.01 0.02 
22 1,301 0.04 0.04 0.04 0.05 
24 428 0.02 0.02 0.03 0.03 
85 2,248 0.17 0.21 0.26 0.32 
  43,870 1.02 1.14 1.26 1.40 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
2 3,321 0.41 0.47 0.48 0.50 
3 9,887 0.61 0.66 0.72 0.78 
4 9,368 1.14 1.20 1.26 1.32 
5 16,894 0.72 0.84 0.96 1.08 
21 422 0.04 0.05 0.05 0.05 
22 1,301 0.04 0.04 0.04 0.05 
24 428 0.02 0.02 0.03 0.03 
85 2,248 0.20 0.25 0.30 0.37 
  43,870 3.18 3.53 3.85 4.19 
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Individual Planning Area Wastewater Flow Projections 

3 

Southwest Brunswick Service Area 
Phase 2 

    Permanent Flow Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

1 2,557 0.14 0.15 0.16 0.17 
2 3,321 0.04 0.04 0.05 0.06 
3 9,887 0.29 0.31 0.34 0.36 
4 9,368 0.25 0.27 0.28 0.30 
5 16,894 0.21 0.23 0.25 0.26 
20 1,490 0.02 0.02 0.02 0.03 
21 422 0.01 0.01 0.01 0.02 
22 1,301 0.04 0.04 0.04 0.05 
23 3,432 0.10 0.11 0.13 0.14 
24 428 0.02 0.02 0.03 0.03 
83 3,479 0.10 0.14 0.21 0.27 
84 2,400 0.09 0.10 0.12 0.15 
85 2,248 0.17 0.21 0.26 0.32 
  57,228 1.47 1.67 1.91 2.16 
 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 0.63 0.66 0.69 0.73 
2 3,321 0.41 0.47 0.48 0.50 
3 9,887 0.61 0.66 0.72 0.78 
4 9,368 1.14 1.20 1.26 1.32 
5 16,894 0.72 0.84 0.96 1.08 
20 1,490 0.03 0.04 0.04 0.04 
21 422 0.04 0.05 0.05 0.05 
22 1,301 0.11 0.13 0.14 0.15 
23 3,432 0.15 0.18 0.20 0.22 
24 428 0.02 0.03 0.03 0.04 
83 3,479 0.14 0.20 0.30 0.38 
84 2,400 0.10 0.12 0.14 0.17 
85 2,248 0.20 0.25 0.30 0.37 
  57,228 4.31 4.80 5.31 5.84 
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Individual Planning Area Wastewater Flow Projections 

4 

Southwest Brunswick Service Area 
Phase 3 

 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 0.14 0.15 0.16 0.17 
2 3,321 0.04 0.04 0.05 0.06 
3 9,887 0.29 0.31 0.34 0.36 
4 9,368 0.25 0.27 0.28 0.30 
5 16,894 0.21 0.23 0.25 0.26 
20 1,490 0.02 0.02 0.02 0.03 
21 422 0.01 0.01 0.01 0.02 
22 1,301 0.04 0.04 0.04 0.05 
23 3,432 0.10 0.11 0.13 0.14 
24 428 0.02 0.02 0.03 0.03 
83 3,479 0.10 0.14 0.21 0.27 
84 2,400 0.09 0.10 0.12 0.15 
85 2,248 0.17 0.21 0.26 0.32 
86 10,857 0.01 0.01 0.02 0.02 
87 11,951 0.12 0.13 0.14 0.15 
88 7,694 0.03 0.03 0.03 0.03 
  87,729 1.62 1.84 2.09 2.36 
      
    Seasonal Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 0.63 0.66 0.69 0.73 
2 3,321 0.41 0.47 0.48 0.50 
3 9,887 0.61 0.66 0.72 0.78 
4 9,368 1.14 1.20 1.26 1.32 
5 16,894 0.72 0.84 0.96 1.08 
20 1,490 0.03 0.04 0.04 0.04 
21 422 0.04 0.05 0.05 0.05 
22 1,301 0.11 0.13 0.14 0.15 
23 3,432 0.15 0.18 0.20 0.22 
24 428 0.02 0.03 0.03 0.04 
83 3,479 0.14 0.20 0.30 0.38 
84 2,400 0.10 0.12 0.14 0.17 
85 2,248 0.20 0.25 0.30 0.37 
86 10,857 0.02 0.02 0.02 0.02 
87 11,951 0.17 0.18 0.20 0.21 
88 7,694 0.04 0.04 0.05 0.05 
  87,729 4.54 5.05 5.58 6.12 
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Individual Planning Area Wastewater Flow Projections 

5 

Southwest Brunswick Service Area 
Phase 4 

 
    Permanent Flow Projections 

SA_ID SA_AREA 2005 2010 2015 2020 
1 2,557 0.14 0.15 0.16 0.17 
2 3,321 0.04 0.04 0.05 0.06 
3 9,887 0.29 0.31 0.34 0.36 
4 9,368 0.25 0.27 0.28 0.30 
5 16,894 0.21 0.23 0.25 0.26 

20 1,490 0.02 0.02 0.02 0.03 
21 422 0.01 0.01 0.01 0.02 
22 1,301 0.04 0.04 0.04 0.05 
23 3,432 0.10 0.11 0.13 0.14 
24 428 0.02 0.02 0.03 0.03 
83 3,479 0.10 0.14 0.21 0.27 
84 2,400 0.09 0.10 0.12 0.15 
85 2,248 0.17 0.21 0.26 0.32 
86 10,857 0.01 0.01 0.02 0.02 
87 11,951 0.12 0.13 0.14 0.15 
88 7,694 0.03 0.03 0.03 0.03 
89 9,577 0.05 0.05 0.06 0.06 
90 18,819 0.06 0.06 0.07 0.08 
91 13,244 0.03 0.04 0.04 0.04 
93 31,461 0.07 0.08 0.10 0.11 
  160,830 1.84 2.08 2.36 2.65 
  
 
    

   Seasonal  Flow  Projections 
SA_ID SA_AREA 2005 2010 2015 2020 

1 2,557 0.63 0.66 0.69 0.73 
2 3,321 0.41 0.47 0.48 0.50 
3 9,887 0.61 0.66 0.72 0.78 
4 9,368 1.14 1.20 1.26 1.32 
5 16,894 0.72 0.84 0.96 1.08 

20 1,490 0.03 0.04 0.04 0.04 
21 422 0.04 0.05 0.05 0.05 
22 1,301 0.11 0.13 0.14 0.15 
23 3,432 0.15 0.18 0.20 0.22 
24 428 0.02 0.03 0.03 0.04 
83 3,479 0.14 0.20 0.30 0.38 
84 2,400 0.10 0.12 0.14 0.17 
85 2,248 0.20 0.25 0.30 0.37 
86 10,857 0.02 0.02 0.02 0.02 
87 11,951 0.17 0.18 0.20 0.21 
88 7,694 0.04 0.04 0.05 0.05 
89 9,577 0.07 0.07 0.08 0.09 
90 18,819 0.08 0.09 0.10 0.11 
91 13,244 0.05 0.05 0.06 0.06 
93 31,461 0.09 0.11 0.12 0.14 
  160,830 4.83 5.37 5.94 6.52 
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APPENDIX G 
 

Regional Service Area Sewer System Models and Respective 
Pumping Station and Line Sizes 
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Northeast Regional Planning Area Model 
 

Pumping Station and Line Sizes 
 

 



Scenario: All Stations On

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
06/15/05  07:36:10 AM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]
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Scenario: All Stations On

NE Pump Report

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
06/15/05  07:38:30 AM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]

Page 1 of 1

Label Design
Head
(ft)

Design
Discharge

(gpm)

NE-Seg 1 290 363
NE-Seg 2 210 239
NE-Seg 3 90 25



Scenario: All Stations On

NE Pressure Pipe Report

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
06/15/05  07:39:52 AM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]

Page 1 of 1

Label Length
(ft)

Diameter
(in)

Current
Time Step
Flow Rate

(gpm)

Current
Time Step
Velocity

(ft/s)

Hazen-
Williams

C

NE-Seg 1-1 30,200 8.0 360 2.30 130.0
NE-Seg 2-1 17,050 8.0 597 3.81 130.0
NE-Seg 3-1 9,150 8.0 623 3.98 130.0
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Southeast Regional Planning Area Model 
 

Pumping Station and Line Sizes 
 

 
 



Scenario: All Stations On

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
07/19/05  12:43:15 PM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]
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Scenario: All Stations On

SE Pump Report

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
06/14/05  02:59:42 PM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]

Page 1 of 1

Label Design
Head
(ft)

Design
Discharge

(gpm)

SE-Seg 1 165 694
SE-Seg 2 95 833
SE-Seg 3 140 4,063
SE-Seg 4 50 608



Scenario: All Stations On

SE Pressure Pipe Report

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
07/19/05  12:44:46 PM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]

Page 1 of 1

Label Length
(ft)

Diameter
(in)

Current
Time Step
Flow Rate

(gpm)

Current
Time Step
Velocity

(ft/s)

Hazen-
Williams

C

SE-Seg-3-3 15,000 24.0 4,157 2.95 130.0
SE-Seg 1-1 26,200 12.0 714 2.03 130.0
SE-Seg 1-2 24,300 12.0 714 2.03 130.0
SE-Seg 2-1 24,300 16.0 1,549 2.47 130.0
SE-Seg 3-1 20,000 24.0 4,157 2.95 130.0
SE-Seg 3-2 29,600 24.0 4,157 2.95 130.0
SE-Seg 4-1 5,000 24.0 6,348 4.50 130.0
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West Regional Planning Area Model 
 

Pumping Station and Line Sizes 
 

 
 



Scenario: All Stations On

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
07/19/05  12:41:31 PM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]

Page 1 of 1

�������

����	


�����

����	

������

����	

��

�
����

�	


��
���

���
�	



��
�
�
�

�
�
��
	

�
�
��
�
�
�

�
�
��
	

��
��
��
�

��
��
	

�������

�
��	

������
�
��	

������
����	

�
�

�
�
�

�
�
��
	

�������

�
��	

�
��
�
�
�



��
	

�������

����	

���
������
�	


�����
����	 �������

����	 
��
��
���

��	

��
��
����

��
	


����
�


��	

������

����	

�
��
�
�
�

�
�
��
	

���
�
��

���	

�������������

�
�����

�������

��������������

�������

������� �!"�������

��������#��$�������

%�&���'�(��������

)���������*��+

,!����-��.(�/�������


�����

0��$����#���&�������

0��'�001�

)����(�/�#��$�������

+2���'�-�&3�&

+'��4�����5�����
�

���������


������

,�$�,!����-(/�������

�
����
��
����

�������

������

�
�����

6'�������.�������



����

���������


�
����

7��&��������'�&

08+�����'�


���������

�������

�������

���������
-��$������!.�����
�

������

+2���/�����
�
+'����/�#$�������


�
����
+'��4�����55



Scenario: All Stations On

W Pump Report

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
07/19/05  12:39:11 PM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]

Page 1 of 1

Label Design
Head
(ft)

Design
Discharge

(gpm)

W-PMP-006-1 182 1,167
W-PMP-007-1 213 230
W-PMP-008-1 223 1,206
W-PMP-008-2 223 1,206
W-PMP-009-1 151 483
W-PMP-010-1 87 198
W-PMP-011-1 62 55
W-PMP-014-1 150 160
W-PMP-015-1 71 68
W-PMP-016-1 185 419
W-PMP-017-1 67 129
W-PMP-018-1 275 1,302
W-PMP-032-1 187 868
W-PMP-033-1 145 60
W-PMP-CC-1 100 80
W-PMP-GOV-1 170 186
W-PMP-LC-1 90 20
W-PMP-Seg 8 240 231
W-PMP-SH-1 167 500
W-PMP-SJII 280 868



Scenario: All Stations On

W Pressure Pipe Report

Title: Brunswick County Regional Wastewater Collection System
...\master plan (6-10-05)\master plan model.swr
07/19/05  12:33:45 PM

HDR Engineering, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: HDR Engineering
SewerCAD v5.5 [5.5008]

Page 1 of 1

Label Length
(ft)

Diameter
(in)

Current
Time Step
Flow Rate

(gpm)

Current
Time Step
Velocity

(ft/s)

Hazen-
Williams

C

W-FM-6-1 19,600 16.0 1,156 1.85 130.0
W-FM-7-1 6,500 6.0 -232 2.63 130.0
W-FM-008-1 4,600 18.0 2,447 3.09 130.0
W-FM-8-2 17,400 18.0 2,680 3.38 130.0
W-FM-8-3 13,700 20.0 4,320 4.41 130.0
W-FM-8-4 8,100 20.0 4,523 4.62 130.0
W-FM-8-5 8,400 24.0 4,814 3.41 130.0
W-FM-8-6 7,200 24.0 4,814 3.41 130.0
W-FM-8-7 50 24.0 9,491 6.73 130.0
W-FM-9-1 100 10.0 484 1.98 130.0
W-FM-10-1 100 6.0 203 2.30 130.0
W-FM-11-1 100 3.0 56 2.54 130.0
W-FM-014-1 100 4.0 163 4.17 130.0
W-FM-015-1 100 3.0 68 3.09 130.0
W-FM-16-1 5,200 8.0 423 2.70 130.0
W-FM-16-2 2,600 10.0 423 1.73 130.0
W-FM-16-3 8,600 10.0 614 2.51 130.0
W-FM-16-4 13,600 10.0 675 2.76 130.0
W-FM-16-5 600 10.0 756 3.09 130.0
W-FM-16-6 5,100 10.0 776 3.17 130.0
W-FM-16-7 6,300 10.0 906 3.70 130.0
W-FM-16-8 4,000 24.0 4,677 3.32 130.0
W-FM-017-1 100 4.0 130 3.31 130.0
W-FM-18-1 9,600 12.0 1,305 3.70 130.0
W-FM-18-2 5,000 16.0 1,305 2.08 130.0
W-FM-18-3 26,900 16.0 2,172 3.47 130.0
W-FM-18-4 2,600 16.0 2,674 4.27 130.0
W-FM-18-5 12,000 16.0 2,837 4.53 130.0
W-FM-18-6 13,000 18.0 3,703 4.67 130.0
W-FM-18-7 4,500 20.0 -3,771 3.85 130.0
W-FM-032-1 6,000 8.0 866 5.53 130.0
W-FM-033-1 100 3.0 61 2.77 130.0
W-FM-CC-1 800 4.0 81 2.07 130.0
W-FM-GC-1 2,000 6.0 191 2.17 130.0
W-FM-LC-1 700 2.0 20 2.03 130.0
W-FM-Seg 8-1 29,800 6.0 235 2.66 130.0
W-FM-SH-1 100 12.0 502 1.42 130.0
W-FM-SJII-1 1,000 8.0 867 5.54 130.0
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Label Design
Head
(ft)

Design
Discharge

(gpm)

PMP-SW-Seg-1 205 1,780
PMP-SW-Seg-2 215 1,040
PMP-SW-Seg-3 185 1,040
PMP-SW-Seg-4 0 0
PMP-SW-Seg-5 130 3,285
PMP-SW-Seg-6 220 995
PMP-SW-Seg-7 145 370
PMP-SW-Seg-8 60 1,100
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Label Length
(ft)

Diameter
(in)

Current
Time Step
Flow Rate

(gpm)

Current
Time Step
Velocity

(ft/s)

Hazen-
Williams

C

SW-Seg 1-1 14,000 16.0 1,781 2.84 130.0
SW-Seg 1-2 13,000 16.0 1,781 2.84 130.0
SW-Seg 1-3 13,000 16.0 1,781 2.84 130.0
SW-Seg 1-4 5,850 20.0 3,877 3.96 130.0
SW-Seg 2-1 15,300 12.0 1,041 2.95 130.0
SW-Seg 3-1 20,000 16.0 2,096 3.34 130.0
SW-Seg 4-1 5,850 20.0 3,877 3.96 130.0
SW-Seg 4-2 6,750 24.0 8,514 6.04 130.0
SW-Seg 5-1 5,200 20.0 3,262 3.33 130.0
SW-Seg 5-2 5,200 20.0 3,262 3.33 130.0
SW-Seg 6-1 11,800 12.0 1,005 2.85 130.0
SW-Seg 6-2 10,650 12.0 1,005 2.85 130.0
SW-Seg 7-1 5,325 12.0 1,375 3.90 130.0
SW-Seg 7-2 5,325 12.0 1,375 3.90 130.0
SW-Seg 8-1 6,750 24.0 9,654 6.85 130.0
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EXECUTIVE SUMMARY 
 
Brunswick County Public Utilities contracted Hazen & Sawyer, P.C., to prepare a Water 
System Master Plan in December 2005. The regional water service provider serves 
numerous wholesale and industrial users in a rapidly growing coastal area of eastern 
North Carolina.  
 
This Water System Master Plan study used a hydraulic model to evaluate the Brunswick 
County system, which includes two water treatment plants, transmission mains and 
distribution pipelines, booster pumping stations and elevated storage tanks. The master 
plan estimated current and future demands for the service area, examined the existing 
infrastructure’s ability to meet growing demands, and identified and ranked required 
system improvements through 2015.  
 
The following demand projections were used for this study: domestic, wholesale and 
industrial. Domestic demand consists of 2005 retail users demands from Brunswick 
County’s billing records projected forward. These include homes, commercial businesses 
and small industrial businesses. Wholesale demand consists of large users who purchase 
water through a large meter and are responsible for their own distribution system.  
Wholesale user demands were obtained from billing records for 2005 and projections 
were obtained from user surveys. Industrial demand consists of demand from the four 
largest industrial users in the county.  
 
The treatment plants currently have a combined rated capacity of 30 million gallons per 
day (mgd), with about 8 mgd of excess capacity on the Maximum Day. According to 
demand projections, that excess capacity will quickly diminish. The system’s plants are 
expected to reach 80 percent capacity in less than two years, and by 2011, the system will 
be at 100 percent capacity. In 2015, the projected Maximum Day demand corresponds to 
a production shortfall of 8 mgd.  
 
These projected demands were calculated using surveys sent to wholesale users, who 
responded with projected levels of development through 2015 and their own projected 
demands for 2015. Industrial demand is projected to increase by 50 percent because of 
the new port planned near Southport. New retail demand was projected to 2015 by using 
the meter installation trend from the past several years. 
 
While existing storage capacity meets current N.C. Department of Environment and 
Natural Resources requirements, storage locations will not be strategically located to 
meet future needs. Several elevated storage tanks have levels too low to “float,” or turn 
over. As a result, water loses its residual disinfectant. This, in turn, can result in water-
quality complaints. 
 
Brunswick County provides water to several wholesale users including Calabash, Sunset 
Beach, Shallotte, Holden Beach, Caswell Beach, Bald Head Island, Boiling Spring Lakes, 
Northwest, Southport and the North Brunswick Sanitary District. These independent 
wholesale users are responsible for having adequate distribution mains and elevated 
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storage to meet Peak Hour demands. For the most part, these systems were not modeled 
in detail for this study. However, the study did note one problem: Oak Island’s primary 
distribution line is severely undersized for future demands.  
 
The county’s infrastructure and facilities were evaluated using a computerized hydraulic 
model (H20MAP) to analyze capacity of the water mains, pumping stations and storage 
facilities. Existing GIS information and the existing EPANET hydraulic model developed 
by Brunswick County were added to the model, along with geo-coded billing data for 
2005 retail and industrial customers. Existing wholesale demands obtained from billing 
records were input into the model in locations closest to the meter vaults. Existing 
demands were increased by the Maximum Day and Peak Hour factors, based on plant 
production records.  
 
With the existing distribution system and future demands input into the hydraulic model, 
pipelines and pumping stations were analyzed for pressures and head loss. Pipeline 
alternatives (parallel lines) were input and analyzed using trial-and-error processes. 
Anticipated construction costs of these alternatives were also analyzed.  
 
As part of the hydraulic modeling process, several areas of concern were identified: 
 

• Several areas within the system have inadequate fire flows, especially in 
neighborhoods served by dead-end distribution lines. 

 
• A bottleneck diminishes capacity of the transmission mains that carry water from 

the Northwest Water Plant to the Bell Swamp Pump Station.  
 

• The transmission mains supplying the southwest part of the system are not 
adequate for future demands. Consequently, excessive discharge pressures were 
predicted at the Bell Swamp Pump Station, and pressures fell below acceptable 
levels in the Calabash area during Peak Hour conditions. (Peak Hour is the hour 
with the highest demand on the maximum demand day of the year.) Also 
contributing to these problems is the large demand required by Sunset Beach, 
which is located at the extremity of the water system. 

 
• Along River Road (N.C. 87), a section of transmission main changes from 24 

inches in diameter to 12 inches in diameter at the canal crossing. This results in 
reduced pressures in the vicinity, especially during periods of high demand. 

 
• Poor pressures occur at the end of Caswell Beach and on Bald Head Island 

because of undersized pipes and flow meters. 
 
To address the problems listed above, the following Program of Construction table 
summarizes the recommended modifications to the existing pipeline system and water 
treatment plants to meet immediate needs and year 2015 water requirements. Items are 
ranked in order of importance, with pumping station and water treatment upgrades 
separated out for clarity. 
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Jeffrey R. Cruickshank, P.E. 
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Map
Ref.
No. Location

Size(in) 
or No. 
Items

Length
feet

Estimated
Cost

Totals Reason for Improvement

I-1 Bethel Road Loop pipeline 12 10,000 $475,000 Poor Fire Flow

I-2 Beach Road parallel line in Calabash 12 8,300 $395,000 Poor Fire Flow

I-3 Shallotte Interconnection 16 6,600 $495,000 Poor Fire Flow

I-4 Dutchman's Acre Tie-In 12 100 $5,000 Poor Fire Flow

I-5 River Road/Southport Connection 24 425 $61,000 12-inch bottleneck

I-6 Sandpiper Bay Loop Tie-In 12 1,300 $62,000 Poor Fire Flow

I-7 Caswell Meter/Piping Modifications $25,000 High head loss through 
pipe/meters

$1,518,000

IIA-1 Northwest Loop Pipeline from Leland Tank to Highway 17 
along US 74/76, Malmo Loop, Colin-Mintz Rd and Maco 
Road (NC 87)

36 45,700 $13,500,000 Low Pressures in 2015

IIA-2 Northwest Loop Pipeline to tie-in with 36-inch pipeline 
following NC 74/76 and Maco Road (NC 87)

12 31,400 $1,500,000 Low Pressures in 2015

IIA-3 Parallel 30-inch line from NC 17 and NC 87/17 Intersection 
to Bell Swamp Pumping Station

30 20,000 $4,250,000 Low Pressures in 2015

IIA-4 Hwy 211/17 area to Stone Chimney Line 16 2,500 $188,000

IIA-5 Bell Swamp BPS parallel line to Hwy 211/17 Intersection 
following Highway 17 Bypass

30 70,000 $17,875,000 Low Pressures in 2015

IIA-6 Parallel Line from Boiling Spring Lakes Tank to Boiling 
Spring Lakes meter vaults

24 12,100 $1,750,000 Low Pressures in 2015

$39,063,000

IIB-1 Additional NW WTP Finished Water Pumps 2 $150,000 Need increased capacity 2015

IIB-2 Replace BPS10 pumps with higher capacity and higher 
head pumps

2
$150,000 Need increased capacity 2015

IIB-3 Additional Bell Swamp Southwest Booster Pumps 2 $150,000 Need increased capacity 2015

IIB-4 Replace 2 pumps with higher capacity and higher head 
pumps at BPS6

2
$150,000 Need increased capacity 2015

IIB-5 New 1MG Elevated Storage Tank southwest of BPS6 1 $1,750,000 Need increased capacity 2015

$2,350,000

III-1 Upgrade Existing Northwest WTP by adding 8 MGD to firm 
capacity of 24 MGD including conversion to Superpulsators, 
additional dewatering building, filters and clearwell storage, 
yard piping, electrical, I/C, chemical, and contingency

1

$20,000,000 Need increased capacity 2015
1

III-2 Upgrade Existing 211 WTP $6,000,000 Regulatory/Upgrades

$26,000,000

$68,931,000

Phase 3 - Subtotal

Grand Total (2006 US Dollars)

Phase 3 - WTP Improvements Needed by 2008

Phase 1 - Immediate Needs

Phase 2A - Pipeline Improvements Needed By 2015

Phase 2B - Pumping Station/Storage Improvements Needed By 2015

Phase 1 - Subtotal

Phase 2A - Subtotal

Phase 2B - Subtotal

Program of Construction
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I. INTRODUCTION 
 
A. Purpose of Report 
 
The purpose of this Water System Master Plan is to recommend improvements to 
Brunswick County’s water treatment and distribution system to supply the service area 
through 2015. 
 
To accomplish this purpose, the project included an estimation of future demands in the 
service area and Brunswick County’s wholesale and industrial customers; completion of 
a hydraulic model of the existing system, including plants and booster pump stations; 
recommendations on new water main extensions to serve areas presently without water 
service; and recommendations to correct existing low flow and circulation problem areas.  
 
This Master Plan and hydraulic modeling did not evaluate the individual wholesale 
customers’ distribution systems or future needs. These independent users, including 
Calabash, Sunset Beach, Shallotte, Holden Beach, Caswell Beach, Bald Head Island, 
Boiling Spring Lakes, Northwest, Southport and the North Brunswick Sanitary District, 
are responsible for having adequate distribution mains and elevated storage to meet Peak 
Hour demands. 
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B. Abbreviations 
 
The following abbreviations appear in this report: 
 
AWWA American Water Works Association 
EPA   Environmental Protection Agency 
fps  feet per second 
GIS   Geographic Information System 
gpd   gallons per day 
gpm  gallons per minute 
HGL  hydraulic grade line, the sum of elevation and pressure in feet of water 
Ln  natural logarithm 
mg  million gallons 
mgd  million gallons per day 
MSL  mean sea level 
PCR  Pitometer computer recorder 
ppm  parts per million 
psi  pounds per square inch 
SCADA supervisory control and data acquisition 
TDH  total dynamic head 
WTP  water treatment plant 
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C. Background Information 
 
C.1 General Information 
Brunswick County is located in the eastern part of North Carolina along the coast 
between North Myrtle Beach, S.C., and Wilmington, N.C. Highway 17 runs the length of 
the county from the southwest corner to the northeast corner just west of Wilmington. 
The county consists of primarily residential neighborhoods with supporting commercial 
development in some areas and several large industries. The topography of Brunswick 
County is very flat and extends from Mean Sea Level (MSL) to an elevation of 82.0 feet,  
with an average elevation of 38.0 feet across the county. 
 
Brunswick County sells water to retail customers (individual homes and businesses) 
throughout the county, as well as to larger industries and wholesale users, such as 
Southport. Brunswick County does not sell water outside the county limits. 
 
The average daily demand from December 2004 through November 2005 was 12.28 
mgd. The record maximum daily demand was 20.80 mgd in July 2005, which 
corresponded to a peaking factor of 1.69. From December 2004 through November 2005, 
about 37 percent of production was sold to wholesale customers and 20 percent was 
attributed to large industrial customers. Like most areas in North Carolina, some 
industrial customers have closed since the year 2000, reducing industrial demand 
significantly. 
 
C.2 Sources of Supply 
Brunswick County obtains its water from the Cape Fear River at the Northwest Water 
Treatment Plant (Northwest WTP) and groundwater wells at the 211 Water Treatment 
Plant ( 211 WTP). Water supplied to the Northwest WTP is purchased from the Lower 
Cape Fear Water Authority, which pumps surface water from the King’s Bluff Reservoir, 
located above Lock and Dam No. 1 on the Northeast Cape Fear River. The 211 WTP 
obtains raw groundwater from 15 wells that are tapped into the Castle Hayne Aquifer.  
 
C.3 Service Levels 
The system can be divided into three regions based on the existing trunk mains, tanks, 
and booster pump stations. The northeast region consists of the Northwest WTP, KCS 
Rampage and Leland elevated storage tanks, wholesale users of North Brunswick 
Sanitary District (NBSD) and Northwest and extends south to the Bell Swamp Booster 
Pump Station (BPS). Because the Northwest WTP pumps operate off the level in the 
Leland Elevated Storage Tank, the nominal hydraulic grade line (HGL) for this region, as 
determined by the overflow of this tank, is 213.0 feet. The HGL in the region from the 
Leland Tank southward varies widely based on the operation of the Bell Swamp BPS. 
 
The southeast region extends from the Bell Swamp BPS south to Boiling Spring Lakes, 
Town of St. James, Southport, Oak Island, Caswell Beach and Bald Head Island. Also 
included in the southeast region are the large industrial users Cogentrix and Archer 
Daniels Midland (ADM). The southeast region is primarily supplied jointly from the 211 
WTP, which has finished water pumps set to maintain 65 psi, and the Bell Swamp BPS 
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pumps. The 211 WTP supplies water to the southeast system downstream of the check 
valve at BPS 10 (Sunny Point), including the Town of St. James. The Bell Swamp BPS 
pumps supply water to the region along the Highway 87 corridor from the N.C. 17-87 
intersection to BPS 10 (Sunny Point) and supplement the demand required by the 
remainder of the southeast region. The nominal HGL of the southeast system is based on 
the overflow elevation of the ADM Tank near Southport, 182.5 feet. 

 
The southwest region includes the remainder of the system from Bell Swamp BPS 
southwest along Highway 17 to the Town of Shallotte, extending to the county limits in 
Calabash. This region includes the remainder of the beach communities. The nominal 
HGL of this region is 175 feet, the overflow elevation of the Shallotte Tank. The Bell 
Swamp BPS pumps are designed to operate at a total dynamic head (TDH) of 246 feet, 
resulting in a discharge HGL of 272 feet. When BPS No. 6, downstream of the Town of 
Shallotte, is in operation, the downstream HGL can vary from 111.0 feet to 211.0 feet. 
The elevated storage tank at the extremity of the system is the Calabash Tank, which has 
an overflow elevation of 168.0 feet. Therefore, pressures throughout the southeast system 
can vary widely based on which of the booster pumping stations are in operation and the 
individual tank levels. The following tables indicate the existing tank and pump 
characteristics. 

 

Tank Location Capacity, MG Type
Overflow 

Elevation, FT
Diameter, FT

Bowl Height, 
FT

Tank Number
Full Pressure 

at Tank 
Transmitter

Leland Industrial Park 1.000 Elevated 213.00 77 28 T9 65.2
Bell Swamp BPS 4.000 Ground 60.00 148 31 T15 13.8
Boiling Spring Lakes 0.300 Elevated 197.75 42 28.75 T49 57.3
ADM 1.000 Elevated 182.50 75 30 T36 64.2
Shallotte 0.300 Elevated 175.00 49 28 T62 53.3
Shallotte Point 0.300 Elevated 168.00 43 28 T60 56.6
Calabash 0.300 Elevated 168.00 43 28 T122 48.7
KCS-Rampage 0.400 Elevated 170.00 50 30.33 66.7
Oak Island, East 0.300 Elevated 168.00 43 28 T84
Oak Island, West 0.300 Elevated 168.00 43 28 T87
Holden Beach 0.300 Elevated 168.00 43 28 T95 63.1
Ocean Isle Beach 0.200 Elevated 127.10 35 28 T103 51.7  51.5
Sunset Beach 0.200 Elevated 168 35 28 T116 62.2
Southport 0.150 Elevated 147.5 75 30
Bald Head Island 0.300 Elevated 155 43 28

TABLE 1

WATER STORAGE TANK SUMMARY
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Name Control Tank Unit No. Flow Flow TDH HP
mgd gpm Feet

Finished Water Pumps Leland 1 2.0 1400 200 125
Northwest WTP 2 4.0 2800 200 200

3 6.1 4200 210 350
4 6.1 4200 210 350
5 6.1 4200 210 350
6 6.1 4200 210 350

Finished Water Pumps 65psi 1 2.9 2000 218 300

Hwy 211 WTP 2 2.9 2000 218 300
3 2.9 2000 218 300

Pumping Station No. 1 Verbal call from Oak 1 3.0 2100 175 125
Oak Island BPS Island staff 2 2.0 1400 74 40

3 2.0 1400 74 40

Pumping Station No. 2 Bald Head Tank 1 0.7 500 155 15
Bald Head Island 2 0.7 500 155 15

Pumping Station No. 3 Holden Beach Tank 1 1.0 700 120 40
Holden Beach 2 0.7 500 65 15

3 0.7 500 65 15

Pumping Station No. 4 Ocean Isle Tank 1 1.0 700 148 40
Ocean Isle 2 2.0 1400 152 100
(not in use) 3 0.5 350 42 10

Pumping Station No. 5 Calabash Tank 1 0.4 300 112 10
Calabash 2 0.4 250 60 8
(not in use) 3 1.0 700 148 50

Pumping Station No. 6 Calabash Tank 1 4 2776 160
Shallotte BPS 2 3.4 2360 100

3 3.2 2221 200
4 2.7 1874 120

Pumping Station No. 7 Calabash Tank 1 2.2 1500 242 150
Shallotte 2 0.7 500 65 15
(not in use)

Pumping Station No. 8A Boiling Springs Tank 1 8.9 6200 164 350
Bell Swamp East 2 6.1 4200 164 250

3 6.1 4200 164 250

Pumping Station No. 8B Shallotte Tank 1 4.6 3200 246 250
Bell Swamp South 2 4.6 3200 246 250

3 4.6 3200 246 250

Pumping Station No. 9 None - boosts pressure 1 8.9 6200 68 150
Community college when needed 2 8.9 6200 68 150

20-inch bypass

Pumping Station No. 10 None - used during 1 6.1 4200 99 150
Sunny Point BPS summer months 2 6.1 4200 99 150

or if Cogentrix or
ADM demand increases

Table 2
PUMPING STATIONS SUMMARY
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II. WATER DEMANDS 
 
One of the goals of this study was to plan distribution system improvements to supply 
future demand. To a large extent, water demand depends on the population supplied, so 
this section analyzes past and present trends and compares them with population 
projections from various sources. Records of past and present water use are summarized, 
leading to demand projections and future water requirements. 
 
Water requirements are benchmark conditions such as Average Day, Maximum Day, 
Maximum Hour and Maximum Day plus fire. Projections must include these 
requirements because different demand conditions affect different components of the 
system. 
 
Average Day is defined as the total amount of water supplied to the system in a year 
divided by 365. Average Day is usually a stable growth indicator that is useful for 
analyzing past trends and projecting future demand. 
 
Maximum Day is the highest daily demand in a year. Weather and lawn irrigation 
strongly affect this requirement. Maximum Day is the critical requirement for pumping 
and production capacity. 
 
Maximum Hour, also called Peak Hour, is the highest hourly rate of demand on the 
Maximum Day. Maximum Hour is the largest and most critical requirement for large 
distribution systems. 
 
Maximum Day plus fire is usually the largest requirement for small distribution systems. 
Accepted practice is to add fire flows to Maximum Day demand rather than Maximum 
Hour demand because of the low probability of a fire occurring during the Peak Hour of 
the year. 
 
A. Project Planning Area 
 
The existing service area is defined in yellow in Figure 1. As indicated, not all of 
Brunswick County is served by the Brunswick County transmission and distribution 
system. However, growth is anticipated in some areas not yet served by the Brunswick 
County water system. The areas hatched in red are those that are designated by 
Brunswick County’s Department of Public Utilities as the primary growth areas in the 
next 10 years. Projections for the individual wholesale users were provided through 
mailed surveys, which are included in the Appendix. 
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Figure 1 
Brunswick County Existing Service Area & Projected Growth Areas 
 

 
 
 
B. Population Projections 
 
Brunswick County has experienced exponential population growth since the 1960s. This 
trend is evident from the U.S. Census data in Table 3, which is depicted graphically in 
Figure 2. Of the total estimated population of 76,143, about 50,000 people are currently 
served by Brunswick County (66 percent). 
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Year Population % Increase

1940 17,125
1950 19,238 12.3%
1960 20,278 5.4%
1970 24,223 19.5%
1980 35,777 47.7%
1990 50,985 42.5%
2000 76,143 49.3%

Historical Census Data
Brunswick County

Table 3

 
 

Figure 2
Brunswick County Population
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Figure 3 shows the estimated population projections for Brunswick County, including 
projections developed by the N.C. Office of State Budgeting and Management, the U.S. 
Census, the 2004-2005 growth rate as reported by the U.S. Census, the Brunswick 
County Planning and Economic Department, and the Wilmington Area Technical 
Advisory Committee. 
 
The 2015 population projection supplied by the water system is based on growth in the 
number of new water meters installed in the past five years.  
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Figure 3
Projected Population Growth
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Analysis of the number of meters in service from 2001 through 2006 indicated an 
exponential growth trend, as shown in Table 4 and Figure 4. Projected meters for 2006 
were estimated at four times the 600 meters installed in the first quarter of 2006. 
 

Table 4

Year Added Total

2001 660 16,840
2002 905 17,500
2003 995 18,405
2004 1,615 19,400
2005 2,150 21,015
2006 2,400* 23,415

Meters in Service
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Figure 4
Total Installed Meters
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C. Current Water Usage 
 
To project future water usage as it relates to the growth in the county, an analysis of 
current water usage, including water production and demand categories, is necessary.  
Water usage projections considered three components: retail demand, wholesale use and 
industrial use. A fourth component consists of unmetered water, which was evenly 
distributed amongst the retail customers.  The method by which future demands are 
projected vary by the type of component. 
 
C.1 Water Production Records 
Average Day and Maximum Day production records are listed in Table 5. Water 
produced is indicated in Figure 5. 
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Avg Day Max Day PF Avg Day Max Day PF Avg Day Max Day PF
1992 2.59 5.00 193% 7.55 10.00 132% 10.14 15.00 148%
1993 2.34 3.70 158% 7.99 12.00 150% 10.33 15.70 152%
1994 3.68 6.00 163% 9.26 13.00 140% 12.93 19.00 147%
1995 3.46 5.00 145% 10.01 16.00 160% 13.47 21.00 156%
1996 1.87 3.30 176% 12.55 17.00 135% 14.43 20.30 141%
1997 2.10 3.00 143% 13.88 19.00 137% 15.98 22.00 138%
1998 3.37 5.10 151% 8.91 16.00 180% 12.28 21.10 172%
1999 2.57 4.80 187% 6.83 11.90 174% 9.40 16.70 178%
2000 3.18 5.00 157% 6.70 12.90 193% 9.88 17.90 181%
2001 3.30 5.10 154% 8.32 15.30 184% 11.62 20.40 176%
2002 3.07 4.70 153% 7.61 13.00 171% 10.68 17.70 166%
2003 3.24 4.90 151% 6.99 11.90 170% 10.23 16.80 164%
2004 3.66 5.30 145% 7.82 14.26 182% 11.48 19.56 170%
2005 3.52 4.80 136% 8.76 16.00 183% 12.28 20.80 169%

Average: 165%
STDEV 5.84%

2 STDEV 11.68%
95% Confidence Level 176.67%

NW WTP Combined WTPs211 WTP

Summary of 211 & NW WTPs Past Production
Table 5

 
 
 
 

Figure 5
Combined WTP Production
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Based on discussions with Brunswick County’s Department of Public Utilities, we 
determined that for the purpose of demand projections, a sufficiently conservative 
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Maximum Day factor was 1.78 (178 percent), which was exceeded only once in the past 
14 years.  
 
C.2 Wholesale Customers 
Table 6 indicates the wholesale customers and their average daily demand from 
December 2004 through November 2005. Several wholesale customers use multiple 
meters. 
 

Bald Head 21,211 0.087 30279
Caswell Beach 61,432 0.126 337
Holden Beach 44,056 0.090 340
Holden Beach 153,656 0.315 345
NBSD 281,203 0.576 1893
NBSD 299,944 0.615 16400
Northwest 28,792 0.059 30298
Oak Island 496,777 1.018 339
Ocean Isle 90,723 0.186 733
Ocean Isle 129,510 0.265 5111
Shallotte 31,995 0.066 768
Shallotte 4,084 0.008 30501
Shallotte 111,418 0.228 32714
Southport 37,306 0.114 341
Southport 43,611 0.089 16397
Sunset Beach 101,398 0.208 734
Sunset Beach 66,485 0.136 16401
Sunset Beach 109,495 0.224 16565
Boiling Spring Lakes 1,651 0.007 38371
Boiling Spring Lakes 21,171 0.074 383780
Total 2,135,918 4.49

Table 6

Meter ID

Wholesale Demand
December 2004 to November 2005 

WHOLESALE
Cumulative

CCF
Average Day

MGD

 
 
C.3 Summary of Large Industrial Users 
Brunswick County serves several large industrial wholesale customers. The majority of 
these customers are located in the southeastern portion of Brunswick County, though 
DuPont is in the northeast. Total daily demand for these four customers averages 2.43 
mgd. This information is shown in Table 7. As of this publication, the listed industries 
were still operating and had no plans to close. 
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ADM 785,976 1.611 347
Cogentrix 202,986 0.416 1,527
DuPont 189,373 0.388 10,097
Sunny Point 19,372 0.040 5,179
Total 1,197,707 2.45

Table 7
 Large Industrial Demand

INDUSTRIAL
Cumulative

CCF
Average Day

MGD
Meter ID

December 2004 to November 2005 

 
 
C.4 Summary of Individual Retail Water 
In addition to the large wholesale and industrial users, Brunswick County also serves 
individual residential, commercial, and small industrial users throughout the service area.  
These users make up the remainder of the water sold.  Billing records from Brunswick 
County for the period December 2004 through November 2005 were used to attribute and 
project retail demand in the hydraulic model. 
 
C.5 Summary of Water Sold 
Over the past few years, demand from industrial customers has decreased, while retail 
and small users have increased significantly. The distribution among these components of 
existing demand is indicated in Table 8 and Figure 6. Industrial demand decreased 
significantly, from 32 percent in 2002-2003 to 20 percent in 2004-2005. It also decreased 
average daily demand about 26 percent, from 3.30 mgd to 2.45 mgd. Small user demand 
increased from 31 percent in 2002-2003 to 43 percent in 2004-2005, primarily as a result 
of the large population growth in undeveloped portions of the county. This represents a 
65 percent increase, from 2.21 mgd to 3.66 mgd. Wholesale demand decreased slightly 
from 38 percent in 2002-2003 to 37 percent in 2004-2005, although the average daily 
demand increased 14 percent, from 3.93 mgd to 4.49 mgd.  

 
Using water billing data and water treatment plant records of water produced, the 
quantity of unmetered water is 1.68 mgd, or about 14 percent of daily production. This 
quantity if not unreasonable compared with other systems of comparable size and shows 
that leakage and meter under-registration are not major problems. Using the average of 
2.38 persons per household, as indicated by the U.S. Census, and the known quantity of 
small retail users, the average daily consumption per person is 73 gpd. Including a 14 
percent allowance for unmetered water, the per capita consumption used for demand 
projections was 83 gpd. 
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Demand Percent
mgd

Wholesale 4.49 36.6%
Industrial 2.45 20.0%
Small Retail Users 3.66 29.8%
Unsold 1.68 13.7%
Total Produced 12.28 100.0%
Consumption by small customers 3.66 mgd
Small user meters 21,047
Est. Population Supplied (2.38 x meters): 50,092
Average per capita demand 73 gpd
Consumption small + 13.7% unsold 4.16 mgd
small user meters 21,047
Est. Population Supplied (2.38 x meters): 50,092
Average per capita demand 83 gpd

Demand Summary for 2005
Table 8

 
 

Figure 6
Demand Summary for Calendar Year 2005
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C.6 Existing Water Demand by Region 
Brunswick County serves individual retail customers (homes and businesses), industrial 
users, and wholesale users who operate and maintain water distribution systems in all 
three regions of the county. Figure 7 depicts the breakdown of water usage by region. 
The Northeast region, which ends at Bell Swamp Booster Pump Station, includes the 
cities of Northwest, Leland and the large industrial user DuPont. The Southeast region 
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encompasses users from Bell Swamp Booster Pump Station south to Boiling Spring 
Lakes, Southport, Oak Island, Caswell Beach, Bald Head Island and the industrial 
customers ADM, Cogentrix and the Sunny Point Military Ocean Terminal. The Southeast 
region includes Shallotte, Sunset Beach, Calabash, Ocean Isle, Holden Beach and smaller 
communities within. 
 
 

Figure 7
Distribution By Region
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D. Water Usage Projections 
 
By combining the population projections and trends with the existing water usage from 
the billing records, water demand projections for each component of the service area can 
be analyzed and projected forward to the year 2015. 
 
 
D.1 Projections for Wholesale Users 
To assess future wholesale user demand, Brunswick County sent out questionnaires to 
wholesale users requesting the anticipated Average Day demand for the year 2010 and 
2015, as well as anticipated types of development. Table 9 shows the results of this 
survey. This study assumed that Brunswick County’s water system will supply 100 
percent of the projected demand in 2015. The demands indicated in Table 9 were 
supplied by the individual towns and do not represent the actual demands measured and 
recorded in Brunswick County’s billing records discussed elsewhere in this report. 
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Anticipated Total Current Year 2010 Year 2015
Wholesale Development Avg Day Avg Day Avg Day
User Housing Units Demand Demand Demand

(mgd) (mgd) (mgd)

Bald Head Island 50/year 0.190 0.215 0.240
Boiling Spring Lakes 5-8%/year 0.144 0.359 0.500
Caswell Beach 60 units 0.148 0.164 0.187
Holden Beach 50/year 0.117 0.130 0.145
North Brunswick SD 1000/year 1.203 2.903 3.103
Northwest City Sandy Cr + 330 homes 0.058 0.090 0.180
Oak Island 4% growth/year 0.990 1.188 1.387
Ocean Isle Beach 400 homes next 5 yrs 0.567 0.579 0.592
Shallotte some growth anticipated 0.269 0.295 0.310
Southport 8 subdivisions 226K gpd 0.443 0.556 0.670
Sunset Beach 605 units 0.565 0.900 1.400

Totals 4.692 7.379 8.714

Table 9
Summary of New Wholesale User Demand

 
 
D.2 Projections for Industrial Customers 
Steady decline of large industries as a result of corporate relocations and foreign 
competition has resulted in decreased demand and flat or declining industrial growth in 
several areas in Brunswick County’s water system. The loss of a large industrial customer 
between 1997 and 1999 reduced water demand by 6 mgd. Brunswick County’s largest 
industrial customers are currently DuPont in the Leland area, and Sunny Point Military 
Ocean Terminal, ADM and Cogentrix in the Southport area. 
 
Brunswick County’s Department of Public Utilities has indicated that aside from a new 
port planned in the Southport area, little or no growth in large industrial demand is 
expected. This port is expected to generate additional commercial and residential 
demand. At this stage, quantifying the water needed for this project is difficult. 
Therefore, for the purposes of this study, a conservative projection is that the port will 
increase industrial demand by 50 percent in the next 10 years. Because industrial users 
consist of only 20 percent of Brunswick County’s total water demand, this estimate 
seems reasonable.  
 
D.3 Projections for Individual Retail Customers 
Retail customers consisting of individual residential units and commercial customers not 
served by wholesale distribution systems make up 30 percent of the total existing water 
demand in Brunswick County. Water demand projections for retail customers were based 
on population projections. From the growth trends indicated in Figure 3, the best 
evidence of the growth rate in Brunswick County’s water system has been the quantity of 
meters installed. This trend indicates an increasing yearly growth rate. About 600 new 
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water meters were installed in the first quarter of 2006, a relatively slow time of the year 
for meter requests historically. The meter trend directly correlates to the large population 
increases Brunswick County has experienced in the past year. According to U.S. Census 
data, the county is one of the top 25 fastest-growing counties in the United States. 
  
 
D.4 Diurnal Demand Pattern 
For the purposes of this study, SCADA information and hourly water treatment plant  
pump records were used to determine the hourly demand pattern. 
 
The data used for this calculation represented the Maximum Day, July 25, 2005. This 
represents the most extreme case of water usage on an hourly basis during a typical year. 
Using hourly finished water pumping rates and changes in elevated storage tank levels, it 
is possible to determine the hourly demand in a 24-hour period. A graphical and tabulated 
representation of this information is shown in Figure 8. 
 
 
 

12 M 74.0%
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2 85.8%
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Based on the diurnal curve calculated using the information obtained from SCADA for 
the Maximum Day (occurring in July 2005), a peaking factor of 151.6 percent determined 
the Maximum Hour requirements. Because wholesale customers operate and maintain 
their own water systems and elevated storage, it is expected that these customers provide 
their own equalizing storage. Therefore, the Maximum Hour peaking factor was not 
applied to their Maximum Day demand projections. 
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D.5 Summary of Demand Projections and Water Requirements 
Table 10 shows water requirements for the entire system. The table also highlights the 
critical demand requirements for 2005, 2010 and 2015. This table makes the following 
assumptions: 83gpd for new population supplied, a 50 percent increase in industrial use 
(attributed to the new port), new wholesale use as determined from the questionnaires 
sent to each wholesale customer, a Maximum Day peaking factor of 178 percent, a 
Maximum Hour peaking factor of 152 percent, wholesale customers excluded from Peak 
Hour factor, and maximum fire flow of 2,500 gpm. 
 

Service Level Total

Year 2006
Retail Population Supplied 50,092
Small Retail Customer Use 5.20
Large Industrial Customer Use 2.84
Wholesale Customer Use 4.24
Average Day - mgd 12.28
Maximum Day - mgd 21.86
Max Day Plus Fire - mgd 27.46
Maximum Hour - mgd 33.14

Year 2010
Retail Population Supplied 69,791
Small Retail Customers 6.84
Large Industrial Customers 3.45
Wholesale Customers 5.74
Average Day - mgd 16.03
Maximum Day - mgd 28.53
Max Day Plus Fire - mgd 32.13
Maximum Hour - mgd 38.02

Year 2015
Retail Population Supplied 96,256
Small Retail Customers 9.03
Large Industrial Customers 4.07
Wholesale Customers 8.26
Average Day - mgd 21.36
Maximum Day - mgd 38.01
Max Day Plus Fire - mgd 41.61
Maximum Hour - mgd 49.82

Table 10
Demand Projections
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III.   WATER TREATMENT CAPACITY EVALUATION 
 
A. General Information 
 
Brunswick County supplies its residents with treated drinking water from two different 
sources: groundwater from the Castle Hayne Aquifer and surface water from the 
Northeast Cape Fear River.  Each source of raw water has an associated water treatment 
facility to purify and disinfect the raw water before final distribution to the residents of 
Brunswick County.  The two water treatment plants are the Northwest Water Treatment 
Plant (WTP), located near Northwest, NC, and the 211 WTP located near St. James, NC.   
 
The Northwest WTP treats surface water from the Northeast Cape Fear River and has a 
rated capacity of 24 million gallons per day (MGD).  The Northwest WTP is a 
conventional surface water treatment facility incorporating disinfection, flash mixing, 
Pulsator® clarification, Greenleaf filtration®, finished water storage and finished water 
pumping to the distribution system.  The Northwest WTP also has facilities for the 
associated chemical feed systems, solids handling processes, sampling and water analysis 
system, plant process monitoring (SCADA) and back-up (emergency) power supply. 
 
The 211 WTP treats groundwater from 15 different wells that are tapped into the Castle 
Hayne Aquifer, which is approximately 175 feet below the ground's surface.  The 211 
WTP has a permitted capacity of 6 MGD and is a lime softening plant incorporating 
ClariCone™ upflow clarification, filtration, finished water storage and finished water 
pumping to the distribution system.  The 211 WTP also has facilities for the associated 
chemical feed systems, solids handling processes, sampling and water analysis system, 
plant process monitoring (SCADA) and back-up (emergency) power supply. 
 
B. Water Treatment Systems 
 
B.1 Northwest WTP 
Brunswick County purchases raw water from the Lower Cape Fear Water Authority, 
which pumps surface water from the King’s Bluff Reservoir located above Lock and 
Dam No. 1 on the Northeast Cape Fear River to the Northwest WTP.  Prior to entering 
the Northwest WTP, the raw water flowrate is metered and chlorine dioxide, caustic and 
polyaluminum chloride are added into the raw water for pre-disinfection, pH adjustment 
and coagulant aid, respectively.  The water then flows through the “wagon wheel” flash 
mixer to rapidly mix the coagulant chemical into the raw water.   
 
The mixed water then flows to one of the four Pulsator® clarifiers.  Pulsator® 
clarification is a proprietary process which utilizes a pulsating sludge blanket to remove 
the coagulated solids.  Mixed water first enters a vacuum chamber where the water is 
lifted in the chamber and released through orifices into the bottom of the clarifier basin.   
The water then pulses upward through the sludge blanket with each release of the vacuum 
chamber.  Solids are trapped and therefore removed as the water flows through the sludge 
blanket.  The clarified water is then collected through orifices at the top of the basin.   
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The clarified water then flows through one of two sets of Greenleaf® Filters.  Each set of 
Greenleaf® Filters contains four individual filter cells for a total of eight filters.  The 
Greenleaf® filters serve to remove nonsettleable floc and other particles remaining after 
chemical coagulation and clarification processes, thereby producing a filtrate with high 
clarity.  The Greenleaf® Filter is a rapid deep bed gravity filter incorporating multiple 
cells to form a leaf like arrangement around a central control core.   
 
Fluoride and a phosphate based corrosion control chemical are added to the filtered water 
flow stream prior to entering the 4 MG clearwell.   Downstream of the 4 MG clearwell, 
the high service pumps pump the treated water to the distribution system and chlorine 
dioxide and ammonia are added to the pumped flow stream prior to final distribution. 
 
B.2 211 WTP 
The 211 WTP treats groundwater from 15 different wells that are tapped into the Castle 
Hayne Aquifer.   Although the 211 WTP was originally designed for 7 MGD of 
treatment, currently the plant is permitted to treat 6.0 MGD.  The 211 WTP is a lime 
softening plant.  The pumped well water enters the 211 WTP and is injected with a 
polymer to enhance coagulation.  The flow stream then enters one of two ClariCones™ 
where lime is introduced to the flow stream at the bottom of the basin.  ClariCones™ are 
a specific type of upflow clarifier utilizing a sludge blanket to remove the coagulated 
solids.  The flow then enters a surge tank where fluoride is added to the flow stream.   
 
The clarified water then enters one of five sand filters to further remove nonsettleable 
floc and other particles remaining after the clarification processes, thereby producing a 
filtrate with high clarity.  Downstream of the filters, sulfuric acid is injected into the flow 
stream for pH adjustment.  The filtered water then flows through a 250,000 gallon 
clearwell and a 1.0 MG clearwell operated in series prior to the high service pumps.  
Downstream of the high service pumps chlorine gas, polyphosphate and ammonia gas are 
injected into the flow for disinfection and corrosion control. 
 
C. Current Treatment Capacity And Water Usage 
 
Brunswick County’s combined water treatment capacity is 30 MGD, 24 MGD from the 
Northwest WTP and 6 MGD from the 211 WTP.  Water treatment plants and high service 
pumping facilities are designed to satisfy the maximum day demands associated with 
these capacities.  Storage facilities are used to supplement the treatment capacities during 
peak hour and fire flow conditions.    
 
The County has taken a proactive role in planning to future water demands to meet the 
rapidly growing population.  In an effort to properly plan for the future, the following 
figure  has been created to depict the projected water demands through the year 2015.   
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Figure 9 

Water Treatment Demand Projection 
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D. Water Treatment Plant Expansion 
 
Typically, municipalities will begin a water treatment plant expansion process when the 
maximum day demand reaches 80% of the plant capacity.  As shown in Figure 9, the 
projected maximum day demand will reach 80% of the water treatment capacity between 
the years 2006 and 2007.   Once the maximum day demand reaches 90% of the treatment 
capacity it is critical that the expansion process be nearing the end of construction.   
 
The 211 Water Treatment plant has a maximum permitted capacity of 6 mgd and there 
are no future plans to expand the capacity this plant.  There are, however, several 
upgrades needed to the facility in order to maintain the current level of treatment over the 
next 10 years and to meet the pending EPA Ground Water Rule.  It is anticipated that the 
EPA will publish the final Ground Water Rule in August 2006.   

 
Table 11 depicts a preliminary cost estimate for a upgrading the 211 WTP.    The items 
listed in the cost table were a cumulative effort between plant personnel and Hazen and 
Sawyer.  It is highly recommended that the County conduct a Water Treatment Plant 
Preliminary Engineering Report as soon as possible for a more detailed inspection of the 
WTP.  
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Table 11 

Preliminary Cost Estimate 
211 WTP 

 
Item Cost 
Replace SCADA and all electronics at well #7 $50,000 
Install new 6" transmission line under creek for well #7 $50,000 
Install Well #7 - 740 gpm capacity $800,000 
Repair/Replace well buildings and install fencing $700,000 
Repair metal bottoms on 2 filters $150,000 
Repair minor leaks on 1 filter $20,000 
Solids Handling Upgrades*  
      Dried sludge storage facility $300,000 
      2 sand drying beds $225,000 
New laboratory and administration building* $300,000 
Demolition of existing spiractor building and equipment $200,000 
Paint Filters, clearwell, claricones, surge tank $175,000 
Back-up lime silo and feed system - 20 Ton capacity $150,000 
Polymer system upgrades $35,000 
3,000 gallon fluoride storage tank $17,000 
Security upgrades to chlorine system* $2,500 
Improvements to meet the new GW Rule $200,000 
Misc. Improvements $250,000 
Engineering $543,675 
Subtotal Total $4,168,175 
Contingency (30%) $1,250,453 
TOTAL $6,000,000 

* Inflation added to costs as provided by HDR Preliminary Engineering Report, June 
2004 
 
As an alternative treatment to lime softening, the County could install a new membrane 
water treatment facility at the existing 211 WTP site.  The cost of a new membrane plant 
to take the place of the existing lime softening plant for the treatment of hardness and 
color would cost approximately $14,000,000 for a 6 mgd plant.  However, the County 
would need to conduct a Water Treatment Plant Preliminary Engineering Report as soon 
as possible for further investigations. 

 
The Northwest WTP however has great expansion potential.  There is plenty of land 
available at the current site for future facilities.  In addition, some of the treatment 
processes have the potential to be rated to a higher treatment capacity or easily expanded 
by making minor modifications.  For example, the Pulsator® clarifiers could be modified 
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to SuperPulsator® clarifiers with the addition of plate settlers.  The filters could possibly 
be modified to run at 5.5 gpm/sf instead of the current rating of 4.0 gpm/sf, potentially 
increasing their capacity.   The raw water and finished water pipes would need to have 
parallel pipes installed to carry the increased flow rate and the plant hydraulics would be 
thoroughly reviewed to avoid bottleneck areas.   In addition more on-site finished water 
storage is recommended.   
 
Table 12 depicts a preliminary cost estimate for a 12 MGD expansion of the Northwest 
WTP.  However, it is recommended that the County conduct a Water Treatment Plant 
Preliminary Engineering Report as soon as possible to determine the exact capacity to 
expand the Northwest WTP, the feasibility of expansion, treatment options and firm 
costs. 
 

Table 12 
Preliminary Cost Estimate 

Northwest WTP 
 
Item Cost 
Raw Water Transmission $1,200,000 
Plate Settlers to Convert Pulsators to Superpulsators $2,000,000 
Additional Filters  $1,500,000 
4 MG clearwell    $1,800,000 
Finished Waterline       $750,000 
Chemical system     $750,000 
Fluoride system     $55,000 
Dewatering building and BFP   $3,500,000 
Electrical, I/C  $2,000,000 
Engineering $1,600,000 
Subtotal $15,200,000 
Contingency 30%  $4,000,000 
TOTAL $20,000,000 
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IV. DISTRIBUTION SYSTEM EVALUATION AND CONCLUSIONS 
 
A. Overview 
 
The distribution system was evaluated by developing a calibrated hydraulic model. 
Hydraulic models predict flows and pressures from data describing pipes and nodes. The 
model was calibrated by adjusting the data until predicted flows and pressures matched 
measurements in the existing system.  
 
B. Field Tests 
 
B.1 Background 
Distribution system tests showed the general condition of the existing system. These tests 
serve three primary purposes. Some of the tests produced input data needed for the 
computer model, eliminating guesswork. Other field measurements obtained information 
for calibrating or verifying the model. The tests also checked for unusual conditions such 
as closed valves or map errors. 
 
B.2 Fire Flow Tests 
Fire flow tests compare available flows with the flows needed to meet insurance 
requirements. The tests show the strengths and weaknesses of the system at particular 
locations. Fire flow tests are also used to calibrate models. 
 
A fire flow test consists of measuring the static pressure with hydrants closed, then 
opening a nearby hydrant and measuring the residual pressure and the flow rate. From 
this information, the flow available at 20 psi can be calculated. Reducing pressure below 
20 psi is not recommended by the AWWA. 
 
Table 13 summarizes the fire flow test results, with deficiencies marked by an asterisk. 
Deficiencies shown by the fire flow tests were considered in the design of improvements, 
as discussed in a subsequent section of this report. 
 
For the purposes of this report, the minimum fire flow needed was assumed to be 750 
gpm. This is the AWWA recommendation for residential areas where houses are 31 feet 
to 100 feet apart.  
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Test 20-psi Needed
Service Flow Closed Open Flow Flow

Location Level gpm psi psi gpm gpm

1 Hooper Road 790      62 44 1,300  750       
2 Edgewood 920      59 45 1,600  750       
3 Piney Grove 1,030   80 69 2,600  750       
4 Sell Point 730      66 29 800     750       
5 Windy Point 850      81 43 1,100  750       
6 Lockwood Folly 690      71 39 900     750      
7 Sea Watch at Sunset Harbor 750      62 31 900     750       
8 Dutchman's Acre 390      75 25 400     750      *
9 Walden Pond 420      80 15 400     750      *

10 Wal-Mart Southport 990      72 48 1,500  750       
11 Fort Caswell (Baptist Assembly) 510      83 36 600     750      *
12 St. James (Glenscape Ln.SE/Pinecrest Dr.) 1,040   85 45 1,300  750       
13 Industrial off of HWY 130 730      52 33 1,000  2,500   *
14 Sandpiper 560      49 40 1,000  750       
15 Carolina Cove (Greenfield Ave SW) 870      58 38 1,200  750       
16 Calabash (Heritage Dr. SW) 600      62 24 600     750      *
17 Ocean Isle Estate (Waterway Dr SW) 800      72 35 1,000  750       
18 Copas/Lakeshore 700      76 26 700     750      *
19 Jessie Mae Monroe Elementary 970      69 50 1,600  1,500    
20 N. Middleton Rd. NW (Ash) 840      88 32 900     750       
21 Calabash (Crow Creek) 1,010   88 45 1,300  750       
22 South Shallotte (HWY130/HWY17B) 1,780   73 53 3,000  750       
23 Stanley/Holly Rd. 610      64 10 500     750      *
24 East Shallotte (Hwy 17/Sherron Est. St.) 790      65 32 900     750       

Pressure

Fire Flow Tests - Brunswick County, NC-
Table 13

 
 
B.3 Hydraulic Gradient Tests 
Hydraulic gradient tests obtain information for calibrating models. The hydraulic gradient 
is the change in hydraulic grade line (HGL) with respect to distance. The HGL is the 
elevation plus pressure expressed in feet of water. Hydraulic gradient tests consisted of 
simultaneous flow and pressure measurements along the trunk mains between the plants, 
tanks, and pump stations. The results show how HGLs decrease with distance because of 
friction.  
 
Flow was measured using a pitometer pitot tube, which consists of a pair of calibrated 
orifices that produce a differential head related to the velocity of the water flowing in a 
pipe. Pressure measurements were collected using digital pressure loggers. These loggers 
can record every 15 seconds and are synchronized with the flow measurements.  
 
The measurements are compared with results from the computer model elsewhere in this 
report. The Appendix includes gauging point locations and elevations. 
 
Test No. 1 began at Bell Swamp South Pump Station and followed the 30-inch line to 
Shallotte. This test showed two sections with greater than average head than the other 
sections: one at Bolivia/Supply and the other at Shallotte. However, the results did not 
indicate any unusual conditions such as closed valves or obstructions along the mains. 



 33 

The measured flow at the Bell Swamp Pump Station discharge point was 6.1 mgd. The 
results are shown in Table 14 and Figure 10.  
 
Test No. 2 began at Bell Swamp East Pump Station and followed the 24-inch line to 
Boiling Spring Lakes Tank. This test showed a fairly flat gradient along the main to the 
tank. The results did not indicate any unusual conditions such as closed valves or 
obstructions along the mains. A flow of 5.9 mgd was measured during the field test. 
Table 15 and Figure 11 illustrate the test results.  
 
Test No. 3 began at the 211 WTP and followed the 24-inch trunk main to the ADM Tank. 
The 211 WTP is a lime softening plant, and the lime may be coating the pipes. At the 
flow measurement point in the vault just outside the plant, a thick buildup was noted on 
the inside wall of the pipe. The slope at the right side of Figure 12 shows westward flow 
from the ADM Tank. A flow of 3.8 mgd was measured coming from the 211 WTP.  
Table 16 tabulates these results. 
 
Test No. 4 began at the Northwest WTP and followed the trunk mains to the Bell Swamp 
Tank. This test showed a fairly uniform loss of head. Results of the HGL tests are shown 
in Table 17 and Figure 13. A flow of 7.1 mgd was measured in the line near Leland Tank. 
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Table 14 
Hydraulic Gradient Test

Bell Swamp South 
Pump Station to Shallotte

HGL Date Flow Elevation Head HGL Distance
No. Time Location mgd feet feet feet feet

1 3/24/2006 Hwy 17 after Bell Swamp 6.1 20 207.7 228 -          
Old 17 @Gov. CTR 36 186.6 223 32,200    

15:15 Hwy 17 @ Mt Olive Church 36 185.1 221 55,800    
to Hwy 17 after Hwy 211 38 163.1 201 72,800    

15:30 Ocean Hwy near Wal-Mart 34 160.6 195 103,300  
Shallotte Tank 52 126.1 178 109,900  

 
 

 
Figure 10 

HGL from Bell Swamp South 
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Table 15 

Hydraulic Gradient Test
Bell Swamp East 

Pump Station to Boiling Springs Tank

HGL Date Flow Elevation Head HGL Distance
No. Time Location mgd feet feet feet feet

1 3/27/2006 Hwy 87 before Van Galloway 5.9 22 200.0 222 -          
Hwy 87 after Lewis Dairy 22 192.0 214 3,210      

13:00 Hwy 87 @ Mill Creek 34 173.0 207 9,545      
to Hwy 87 @ Danford 36 167.0 203 18,100    

13:25 Hwy 87 North of Tank 58 143.0 201 28,175    
Bell Swamp Tank 60 130.1 190 37,175    

 
 

Figure 11 
HGL from Bell Swamp East Pump 

Station to Boiling Spring Lakes Tank 
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Table 16 
Hydraulic Gradient Test
211 WTP to ADM Tank

HGL Date Flow Elevation Head HGL Distance
No. Time Location mgd feet feet feet feet

1 3/29/2006 Vault @ 211WTP 3.3 41 163.0 204 -          
Hwy 211 @ Sentry Self Storage 36 163.0 199 8,610      

13:00 Jabertown Rd West 22 170.0 192 20,760    
to Jabertown Rd East 10 182.0 192 23,275    

13:25 Carillon off of E. Leonard Rd 14 179.0 193 25,705    
ADM Tank 27 166.0 193 29,565    

 
 

Figure 12 
HGL from 211 WTP 
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Table 17 
Hydraulic Gradient Test

Northwest WTP to Bell Swamp Pump Station

HGL Date Flow Elevation Head HGL Distance
No. Time Location mgd feet feet feet feet

200
1 04/11/06 Hwy 74 @ Estes Express Trucking 7.1 64.0 131.0 195 -        

RR @ Buckeye Rd 42.0 150.0 192 20,700  
15:30 Hwy 17 before Stone Creek rd 26.0 161.0 187 29,000  

to Hwy 17 after Kelly Rd 22.0 162.0 184 44,700  
16:00 Ocean Hwy before Bell Swamp PS 22.0 160.0 182 51,700  

Bell Swamp Pump Station Tank 24 36.0 60 53,200  
 

 
Figure 13 

HGL from Northwest WTP 
To Bell Swamp Pump Station 

150

160

170

180

190

200

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

Distance - feet

H
G

L 
- f

ee
t

 
 
 

 
B.4 Hydraulic Model 
A hydraulic model calculates flow rates and pressures from data describing pipes and 
nodes. A node is a pipe intersection, diameter change or any other location of interest. 
 
The purpose of a model is to predict performance for changing conditions and future 
water requirements. Calibrating the model for existing conditions establishes confidence 
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in its predictions. Calibration compares predicted flows and pressures with 
measurements, showing where the model needs adjustments. Calibrating a model also 
can discover unusual conditions such as closed valves. 

 
B.5 Data Sources 
Data for the trunk mains and pumping stations were obtained from the county’s EPANET 
model, which was developed in 1998. One of the goals of the Master Plan was to develop 
a new model that includes every pipe in the system. 
 
The new hydraulic model data is based on the county’s Geographic Information Systems 
(GIS) maps of the water system, pump and tank data obtained from SCADA, topographic 
maps, customer billing database, digital street centerline map and detailed plans of 
facilities. The data is based on North Carolina NAD83 State Plane Coordinate System. 
 
GIS layers were imported into the hydraulic modeling software and resolved into pipe 
segments connected to nodes. Discontinuities and intersections were resolved 
individually to generate a complete piping network. Nodes were assigned to the 
intersections and at various points. Intersecting pipes were manually connected in the 
model by adding nodes and breaking the lines where they intersected. A Hazen-Williams 
coefficient (C-factor) of 130 was used for the majority of the system, while newer ductile 
iron and PVC pipes were assigned a C-factor of 140. Revisions to the pipelines were 
made based on updated information received from Brunswick County’s Public Utilities 
Department to make the model as accurate as possible. The pipeline model was also 
checked against the existing EPANET model. 
 
Since the nodes did not contain elevations, digital 2-foot contour mapping provided by 
Brunswick County’s GIS personnel was used to assign elevations to the nodes in the 
model. Additional information on tanks, pump curves and meter vaults was input 
manually into the model. 
  
B.6 Demand Data 
Distributing the demand based on billing records required calculating the average daily 
water use for each customer and determining the node in the model nearest to each 
customer. The city provided the customer billing records for December 2004 through 
November 2005.  
 
The database had approximately 21,000 water billing records. Each record had a premise 
ID, address, water used, starting and ending dates of the billing period. The types 
identified large/wholesale accounts and retail accounts. Many records with the same 
premise ID had the same customer name and address.  
 
The number of days covered by each record was calculated from the starting and ending 
dates, and this information was added to the database. Records with the same premise ID 
were combined into a single record with the same total consumption. This process 
reduced the number of records to approximately 20,500 unique premise IDs. The average 
daily water use was added to the consolidated database.  
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Of the 20,500 consolidated records, about half were located using the city’s street 
centerline map with some normalizing corrections. The main causes of rejected records 
were errant street names in the billing data and streets most likely in small developments 
that did not show up in the street centerline map. 
 
The other half of the records were geo-coded using digital street maps from the 2000 U.S. 
Census and ESRI, the vendor of the city’s GIS software. This process located all but 
about 700 records. The geo-coding process located 97 percent of the total water sold. The 
remaining small users and their small demands were spread evenly throughout the 
system. 
 
The geo-coded billing database was overlaid on the hydraulic model. Each premise ID 
was assigned to the nearest node of the nearest pipe. At this point, each customer’s 
average demand was assigned to a node in the model. 
 
The demand in the billing database was less than the amount of water delivered by the 
plants in the same period. The difference was uniformly distributed to all the nodes to 
account for unmetered water. 
 
The total base demand in the model was 12.28 mgd. Wholesale users accounted for 4.49 
mgd, 2.45 mgd for industries and 3.66 mgd for retail users. Unmetered water equaled 
1.68 mgd. 
 
B.7 Calibration 
Calibrating a model ensures that it accurately represents existing conditions before using 
it to simulate future conditions. Hydraulic gradient tests, selected fire flow tests and 
Maximum Day operating records were used to calibrate the model.  

B.8 Hydraulic Gradient Test Calibration 
Calibrating the model with hydraulic gradient tests compared flows and pressures from 
the model with measurements along the important trunk mains connecting the plants, 
pump stations and tanks. Both flows and pressures were checked to eliminate the 
possibility of compensating errors. 
 
Calibration involved modeling conditions that existed during the field measurements. The 
demand was adjusted by a factor representing the ratio of the total production on the 
measurement date to the model’s base demand of 12.28 mgd. Diurnal curves further 
adjusted the model’s demand based on the time each measurement was conducted. The 
model used the same pumps as those operating during each test and the same tank levels 
as those recorded during the tests. 
 
The following figures compare measured and modeled flows. The figures indicate that 
actual and modeled HGLs were within 5 feet at all locations.  
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Figure 14 
Model Calibration 
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Figure 15 

Model Calibration 
HGL from Bell Swamp East  

Pump Station to Boiling Spring Lakes Tank 
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Figure 16 

Model Calibration 
HGL from 211 WTP to 

ADM Tank 
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Figure 17 
Model Calibration 

HGL from Northwest WTP 
To Bell Swamp Pump Station 
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V. RECOMMENDATIONS FOR RESOLVING EXISTING  
   FLOW DISTRIBUTION ISSUES 
 
Proposed water mains were separated into two groups: those required to meet immediate 
needs (to be constructed in the next two years) and those required to meet requirements in 
2015.  This section discusses those areas with immediate needs. 
 
A. Bethel Road 
Fire flow tests indicated inadequate fire flows and poor pressures along Bethel Road in a 
development between Sunny Point Military Ocean Terminal and Southport. This is 
primarily a result of the 6-inch distribution line that dead-ends in the development. This 
deficiency can be corrected by installing approximately 10,000 LF of 12-inch line from 
the River Road/George II Road intersection, along Sunny Point Road and south along the 
railroad line toward the development. Figure 18 depicts this line, indicated as I-1 in the 
Program of Construction. 
 
 
Figure 18 
Modification I-1 
Bethel Road Loop Pipeline 
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B. Calabash 
A fire flow test and hydraulic modeling confirmed inadequate fire flows and low 
pressures in the southeastern extremity of the system in Calabash. This is partially a 
result of  the distance the water has to travel to reach this region, the undersized lines 
along Beach Road and the large demand of Sunset Beach. To boost pressure in this area, 
it is recommended that the existing 8-inch pipeline along Beach Road be paralleled with a 
12-inch line from the Clariday Road/Old Georgetown Road intersection to the Sunset 
Beach wholesale meter vault on Shoreline Road.  A section across the waterway would 
not be necessary.  This amounts to approximately 8,300 LF of 12-inch pipeline and is 
designated as Modification I-2. This recommended improvement is indicated in Figure 
19. 
 
Figure 19 
Modification I-2 
Beach Road Parallel Line in Calabash 
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C. Shallotte Interconnection 
To alleviate poor fire flows in the Copas Road area, an interconnection is recommended 
from a point downstream of BPS No. 6 to tie-in to the existing pipeline on Hale Swamp 
Road near its intersection with Bricklanding Road. This connection will boost pressures 
in the area south of Shallotte. It is recommended that 6,600 LF of 16-inch pipeline be 
installed as described. Since no public roadway follows this route, a cross-country 
easement may be required. This modification is depicted in Figure 20 and is labeled 
Modification I-3. 
 
Figure 20 
Modification I-3 
Shallotte Interconnection 
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D. Dutchman’s Acre Tie-In 
Dutchman’s Acre Road is located in the southeast portion of the county off Highway 211 
just downstream of the Hwy 211 WTP. The proximity to the 211 WTP should provide 
more than adequate pressures under fire flow conditions. However, the existing 
distribution line is only 8 inches in diameter and the newest connection to the parallel 24-
inch pipe is more than one half-mile from the development. By making a tie-in 
approximately 100 linear feet long at the Hwy 211/Oakview Road intersection between 
the existing 8-inch and 24-inch lines, the system will provide higher pressures in the 
development. This modification is designated as Modification I-4 and depicted in Figure 
21. 
 
 
Figure 21 
Modification I-4 
Dutchman’s Acre Tie-In 
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E. River Road/Southport Connection 
During the course of developing the hydraulic model, it was determined that a section of 
transmission main reduces from 24-inch to 12-inch diameter pipe for about 425 LF along 
River Road north of Southport. Both the GIS layers and old hydraulic model provided by 
Brunswick County confirmed this restriction. While this restriction is not having a 
significant impact on present water distribution, it will adversely affect Brunswick 
County’s ability to supply additional water to the southeast region from the Bell Swamp 
Booster Pump Station. It is recommended that the existing 425 LF of 12-inch line across 
the watercourse be paralleled with a 24-inch line. This recommendation is designated as 
Modification I-5 and is depicted in Figure 22. 
 
 
Figure 22 
Modification I-5 
River Road/Southport Connection 
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F. Sandpiper Bay Loop Tie-In 
Sandpiper Bay is one of several residential developments supplied from a single 8-inch 
pipe, which causes poor fire flows. The recommended improvement is approximately 
1,300 LF of 12-inch pipeline to complete the loop in this area. This recommendation is 
designated as Modification I-6 and is depicted in Figure 23. 
 
Figure 23 
Modification I-6 
Sandpiper Bay Loop Tie-In 
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G. Caswell Meter/Piping Modifications 
Bald Head Island has indicated several times to Brunswick County that they experience 
inadequate pressures, especially during higher demand days in the summer. Brunswick 
County Public Utilities has identified several meter and piping restrictions that are 
causing this condition. Fire flow tests at the Caswell Baptist Assembly confirmed this 
condition. Therefore, it is recommended that Brunswick County install newer turbine 
flow meters with lower head loss at the vault downstream of BPS No. 1 and at the vault 
with the wholesale meter for Bald Head Island and correct the 90-degree piping bends in 
the vicinity. The recommendation is designated as Modification I-7 and depicted in 
Figure 24. 
 
Figure 24 
Modification I-7 
Caswell Vault/Piping Modifications 
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VI. RECOMMENDATIONS OF NEW MAINS AND PUMP  
   STATION MODIFICATIONS 
 
A. Design Criteria 
Design criteria are standards used to judge performance predicted by the hydraulic 
model. These standards were based on past experience, policies of Brunswick County and 
the recommendations of the American Water Works Association. 
 
The design criterion for supply sources was the ability to supply Maximum Day demand 
from production, without using storage. Production must supply long-term demand 
because the net flow from storage must be zero. 
 
For storage, the design criterion was sufficient capacity to supply Peak Hour demand and 
fires with a reserve for emergencies. Equalizing storage to supply peak demands with 
constant production rates was determined from the diurnal curves. The required volume 
for fire storage was calculated by multiplying maximum fire flows by the duration 
recommended by AWWA. Emergency storage requirements were half the average daily 
use, in keeping with the guidelines of the N.C. Department of Environment and Natural 
Resources. 
 
The design criterion for pump stations was the ability to supply Maximum Day demand 
with the largest pump out of service. 
 
Pressure design criteria were 30 psi for the minimum desirable pressure for peak demand, 
and 20 psi was the lower limit during fires. The desirable maximum pressure criterion 
was 100 psi. The upper limit was 150 psi unless pipes and fittings were specifically 
designed for higher pressures. 
 
For velocities, 5 fps was the desirable maximum to avoid excessive head loss, and 10 fps 
was the upper limit to prevent water hammer. 
 
The design criteria for fire flows were based on AWWA recommendations. Fire flow 
criteria were 750 gpm for all areas. The maximum fire flow for commercial and industrial 
areas was 3,500 gpm, as indicated Table 12.  
 
B. Pipeline Improvements Needed by 2015 
 
The hydraulic model was used to determine if the existing pipelines and pumping stations 
can handle the year 2015 Maximum Day demands. Various piping and pumping 
alternatives were tried in the model until reasonable minimum and maximum pressures 
and flows were achieved. Following is a discussion of the recommended piping 
modifications required to ensure Brunswick County can distribute enough water to its 
customers in the year 2015 under Maximum Day conditions. 
 
 
 



 52 

B.1 Northeast Region Discussion  
 
B.1.1 Northwest Loop Pipeline 
Analysis of the HGL for year 2015 conditions in the northeast region indicated high head 
loss along the route and negative pressures just upstream of the Bell Swamp Pump 
Station. This is indicated in Figure 25. 
 
Figure 25 
HGL from Northwest WTP to Bell Swamp 
Year 2015 Maximum Day Conditions 
Existing Pipelines 
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This condition is unsatisfactory and indicates overloaded pipes, especially the 30-inch 
pipe section. The model showed that a new pipe parallel to the existing 30-inch pipe 
improved, but did not eliminate, the problem. Therefore, new pipes must parallel both the 
36-inch and 30-inch sections. The first parallel pipeline is recommended to start in the 
vicinity of Leland Tank and continue along Highway 74, Malmo Loop, and Colinmintz 
Drive, where it will connect to the existing 30-inch pipeline on Highway 17.  
 
This route will provide redundancy should the existing 36-inch line fail. In addition, to 
provide service farther west on Highway 74, a 12-inch pipeline could be installed west 
along Highway 74 and south Highway 87, connecting to the proposed 36-inch line at the 
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Hwy 87/Colinmintz Drive intersection. Analysis of alternate routes with a larger loop 
proved to be more costly. The recommended 36-inch pipeline is designated as 
Modification IIA-1 and the recommended 12-inch loop pipeline is designated as 
Modification IIA-2. Both are indicated in Figure 26. 
 
 
Figure 26 
Modification IIA-1 & IIA-2 
Leland 36/12-inch Loop Pipelines 
 

 
 
 
B.1.2 Parallel 30-inch Pipeline Along Highway 17 to Bell Swamp Pump Station 
A new 30-inch pipe is proposed to run along Highway 17 from the Highway 
17/Goodman Rd intersection to Bell Swamp Pump Station. Because no other public 
roadways provide an alternate route, this line should follow Highway 17. Installation of 
this line will provide redundancy. The recommendation is designated as Modification 
IIA-3 and is indicated on Figure 27. Modifications IIA-1 and IIA-3 combined will 
provide adequate pressures upstream of Bell Swamp Pump Station during year 2015 
Maximum Day demands, as shown in Figure 28. 
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Figure 27 
Modification IIA-3 
Parallel 30-in Pipeline Along Highway 17 
To Bell Swamp Pump Station 
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Figure 28 
HGL from Northwest WTP to Bell Swamp 
Year 2015 Maximum Day Conditions 
Proposed Pipelines 
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B.2 Western Region Discussion 
 
B.2.1 Highway 211/17 Pipeline to Stone Chimney Road 
As previously discussed, several areas exhibited poor pressures during field fire flow 
tests. One area, south of Supply, was determined to be partially caused by a restriction in 
the line that feeds Stone Chimney Road and Highway 211 from the Supply area. The 
hydraulic model indicated that this restriction becomes even more significant in the year 
2015 during a Maximum Day. It is therefore recommended that the restriction be 
alleviated with a 16-inch line from Highway 17 to the existing line in Stone Chimney 
Road. This recommendation is labeled as Modification IIA-4 and is depicted in Figure 
29. 
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Figure 29 
Modification IIA-4 
Highway 211/17 Pipeline to Stone Chimney Road 
 

 
 
 
B.2.2 Bell Swamp Pump Station Parallel Line to Highway 211/17 Intersection 
During simulations, year 2015 Maximum Day demands, the model showed that the 
limited capacity of the existing pipes supplying the western part of the system produced 
pressures greater than 200 psi at the Bell Swamp Pump Station. This condition is 
depicted in Figure 30. 
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Figure 30 
HGL from Bell Swamp to Calabash Tank 
Year 2015 Maximum Day Conditions 
Existing Pipelines 
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These discharge pressures are unacceptable. Two alternatives were investigated to 
alleviate this problem. The first alternative was a parallel pipeline from Bell Swamp 
Pump Station to the Highway 211/17 intersection. By installing a portion of the line 
along the Highway 17 Bypass, redundancy can be achieved and additional customers in 
this area can be served. This parallel line as indicated in Figure 31 and labeled as 
Modification IIA-5. 
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Figure 31 
Modification IIA-5 
Bell Swamp Pump Station to Highway 211/17 Intersection 
 

 
 
 
The second alternative used BPS No. 9 instead of parallel pipelines. Using BPS No. 9 
was effective in decreasing the HGL at the discharge of Bell Swamp Pump Station but 
not enough to allow the existing pumps to be utilized in 2015. Motor and pump upgrades 
would be required. In addition, using BPS No. 9 provides no redundancy in transmission 
mains and no alternatives should the main 30-inch line fail. While utilizing BPS No. 9 
during year 2015 Maximum Day would save capital costs, the disadvantages outweigh 
the advantages.  
 
The parallel pipe is the recommended alternative. Once this parallel pipeline is installed, 
the discharge pressures at Bell Swamp Pump Station will be within the limits of the 
existing pumps. The modified HGL is shown in Figure 32. 
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Figure 32 
HGL from Bell Swamp to Calabash Tank 
Year 2015 Maximum Day Conditions 
With Proposed Pipelines 
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B.3 Southeastern Region Discussion 
 
B.3.1 Parallel Line from Boiling Spring Lakes Tank to Boiling Spring Lakes Meter 
Vault 
Even with the Highway 211 WTP in operation, additional demand in the southeast region 
will require a supplemental supply from the Northwest WTP via the Bell Swamp Pump 
Station. An existing 24-inch line runs south along George II Road from Bell Swamp 
Pump Station to just north of Southport. In the Maximum Day simulation for the year 
2015, supplying additional water through this line resulted in high discharge pressures at 
Bell Swamp Pump Station and inadequate pressures just upstream of BPS No. 10 on 
River Road. Hydraulic modeling determined that a parallel portion of 24-inch line from 
Boiling Spring Lakes Tank to the Boiling Spring Lakes wholesale meter vaults would 
alleviate the pressure problems. It is therefore recommended that the parallel 24-inch 
pipeline be installed as depicted in Figure 33. This recommendation is designated as 
Modification IIA-6. 
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Figure 33 
Modification IIA-6 
Parallel Line from Boiling Spring Lakes Tank 
To Boiling Spring Lakes Meter Vaults 
 

 
 
 
C. Pump Station Improvements  
 
In addition to the pipeline requirements, Brunswick County must make significant 
modifications to several of its pumping stations to provide an adequate supply of water in 
the year 2015. Following is a discussion of the recommended pumping station and 
storage requirements. Figure 34 depicts the booster pumping stations and elevated storage 
related to this subject. 
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Figure 34 
Pump Station/Storage Upgrades 
 

 
 
C.1  Northwest WTP Finished Water Pumps 
Maximum Day simulations of year 2015 conditions assumed upgrades at the Northwest 
WTP while leaving the 211 WTP production at 6 mgd. To meet the 38 mgd year 2015 
Maximum Day demand, the 24 mgd Northwest WTP will need to treat an additional 8 
mgd and, therefore, additional finished water pumps will be needed. The recommended 
program of construction includes two additional 4 mgd finished water pumps with TDH 
characteristics similar to the existing 6 mgd pumps. This modification is designated as 
Modification IIB-1. 
 
C.2 BPS No. 10 Modifications 
The existing pumps at BPS No. 10 are designed to provide 68 feet of TDH. To meet 
Maximum Day the requirements in the year 2015, these pumps need to supply 13.3 mgd 
at 114 feet of TDH. It is therefore recommended that these pumps be upgraded to meet 
this requirement. This recommendation is labeled as Modification IIB-2. 
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C.3 Bell Swamp Southwest Booster Pumps 
The existing Bell Swamp Southwest booster pumps have a firm capacity of 13.8 mgd at 
246 feet of TDH. To meet year 2015 Maximum Day demands, additional pumps with 
similar design heads will be required to supply 16.1 mgd to the southwest region. Adding 
additional pumps is designated as Modification IIB-3. 
 
C.4 BPS No. 6 Booster Pumps 
BPS No. 6 boosts water from the Bell Swamp Booster Pump Station to the extremities of 
the system in the southwest. The existing pumping station currently has four pumps with 
varying capacities and TDHs. Replacing two of the existing pumps with new ones 
designed for 160 feet TDH is recommended to eliminate the lower head pumps that 
would run back on their curves. This is designated as Modification No. IIB-4. 
 
 
C.5 Existing Pump Stations 
Several existing pumping stations are no longer used and hydraulic modeling indicated 
that they will serve no purpose in 2015. The existing booster pumping station in Calabash 
could be reversed to provide additional pressure to the extremity of the system, but this 
would cause unacceptable pressure upstream. Similar results were observed with the 
remainder of the unused pumping stations in the system. It is therefore recommended that 
these unused pumping stations be abandoned. 
 
D. Storage Evaluation 
 
Storage is required to serve three purposes in a water system: equalizing demand, 
supplementing production during fires, and providing an emergency supply source. 
 
Equalizing storage allows production and pumping to be optimized at a constant rate 
equal to the average 24-hour demand. Storage depletes when demand is above average 
and fills when demand is below average. The required volume depends on the amount of 
variation from hour to hour. Requirements can be calculated from diurnal curves and 
expressed as percentages of the average 24-hour demand. The calculated requirement was 
9.1 percent for the measured diurnal curve in the overall system. Multiplying this 
percentage by the projected Maximum Day demand calculates the amount of storage 
required for equalizing. Before applying this percentage, wholesale demands were 
excluded because the wholesale customers were assumed to provide their own equalizing 
storage. The equalizing requirement for the entire county system was 2.68 mg for 2015. 
  
Fire storage provides fire flows while production supplies Maximum Day demand. Each 
service level has at least one location that would require the 2,500 gpm design fire flow. 
For fire flows of this magnitude, AWWA recommends a design duration of two hours. 
This corresponded to a volume of 0.30 mg in each of the subsystems.  
 
Emergency storage supplies water during interruptions at the normal supply source. 
These interruptions include power outages and main breaks. The amount of storage 
needed depends on the reliability of the sources, the availability of alternate sources and 
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the acceptable level of risk. However, “combined elevated and ground storage … shall be 
a minimum of one-half day's supply of the average annual daily demand,” according to 
the “Rules Governing Public Water Systems,” published by the Public Water Supply 
Section of the N.C. Department of Environment and Natural Resources. Half of the 2015 
Average Day demand is 10.68 mg. Thus, the emergency storage requirement is the 
additional storage needed to meet this rule. 
 
Table 17 summarizes equalizing, fire and emergency storage requirements for each 
service level. Equalizing and fire storage requirements were added together and 
compared with existing elevated storage capacities. Emergency storage requirements 
were compared with existing storage, including both WTP clearwells. 
 
The table excludes the ground storage at Bell Swamp Pump Station from the evaluation 
of equalizing and fire storage recommendations. While this tank conceivably could be 
used for equalizing and fires, its use is dependant upon Bell Swamp Pump Station. By 
meeting storage requirements with a recommended 1.0 mg elevated storage tank and the 
4.0 mg Bell Swamp Ground Storage Tank, Brunswick County would increase system 
reliability. 
 
Additional elevated storage is recommended in the southwest region of the service area. 
The present lack of storage in this area places greater dependency on the Bell Swamp 
Pump Station to supply the demand required during Peak Hours. A 1 mg elevated storage 
tank is recommended adjacent to the trunk main downstream of BPS No. 6. The addition 
of this storage will ensure Brunswick County’s ability to supply Peak Hour demand. This 
tank will buffer Brunswick County’s system against any lack of adequate storage 
provided by the wholesale users.  
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Data

Equalizing Storage
% of Production Needed 9.1 9.1
Maximum Day Demand-mg 21.86 38.00
Wholesale 4.49 8.51
Storage Needed-mg 1.58 2.68

Fire Storage
Maximum Fire Flow-gpm 2,500 2,500
Fire Flow Duration-hours 2 2
Storage Needed in each subsystem-mg 0.30 0.30
Total Fire Storage-mg 0.90 0.90

Emergency Storage
Average Day Demand-mg 12.28 21.36
Storage Needed at 50%-mg 6.14 10.68

Storage Needed for Equalizing and Fire-mg 2.48 3.58

Existing Elevated Storage-mg
Leland 1.00 1.00
KCS Rampage 0.40 0.40
Shallotte 0.30 0.30
Ash 0.30
Shallotte Point 0.30 0.30
ADM 1.00 1.00
Southport New 1.00
Calabash 0.30 0.30
New Tank in Soutwest Region 1.00

Total Existing Elevated Storage-mg 3.30 5.60

Elevated Storage Deficit (Surplus)-mg (0.82) (2.02)

Existing Ground Storage-mg
Bell Swamp Ground Storage 4.00 4.00
Northwest WTP 4.00 4.00
211 WTP 1.25 1.25

Total Existing Storage-mg 12.55 14.85

Total Storage Summary
Recommended Capacity-mg 6.14 10.68
Existing Capacity-mg 12.55 14.85

Total Storage Deficit (Surplus)-mg (6.41) (4.17)

Storage Requirements
Table 17

20152005
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VII. RECOMMENDED IMPROVEMENTS AND COSTS 
 
The recommended improvements are divided into several phases. Phase I consists of 
immediate needs, which should be constructed in the next two years. Phase II consists of 
those requirements recommended before 2015 to meet projected demands. Phase II has 
been further divided into Phase IIA to address pipeline needs and Phase IIB to address 
pumping station needs. In addition, Phase III summarizes the requirement to increase the 
treatment capacity of the Northwest WTP to meet the projected year 2015 needs. 
 
The lengths of the proposed new mains were scaled from the electronic water distribution 
map and are therefore approximate. Pipe sizes should not be reduced because smaller 
diameters will decrease the system’s ability to provide fire protection. 
 
The routes presented for the proposed pipes need not be followed exactly. Field 
conditions may dictate that alternate parallel routes be used. 
 
The specifications of the AWWA should apply to all new construction. 
Each improvement is indicated on the Program of Construction Map and labeled 
according to the Modification Numbers designated in this report. 
 
It is recommended that all the alternatives in Phase 1 be completed by the end of 2007, or 
as soon as possible thereafter, because these recommendations are important to address 
immediate fire flow pressure needs.  All items in Phase 1 have equal value relative to the 
problems they address in the system. 
 
Phase 2 recommended modifications have been prioritized based on hydraulic model runs 
for the year 2011.  Table 18 summarizes the recommended modifications based on the 
projected demands for 2011 and 2015.  The estimated costs are represented by 2006 
construction dollars for the year each Item is recommended to be in operation. 
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Table 18 

Phase 2 Prioritized Recommendations 
 

Cost Item/Description Size 
(in) 

Length 
(LF) Year 2011 Year 2015 

IIA-1  Northwest Loop Pipeline 36 45,700  $13,500,000 
IIA-2  Northwest Loop Pipeline 12 31,400  $1,500,000 
IIA-3  Parallel line US17/NC87 Int. to 
Bell Swamp BPS 

30 20,000 $4,250,000  

IIA-4 Hwy211/US17 to Stone Chimney 
Rd 

16 2,500 $188,000  

IIA-5 Parallel Line Bell Swamp BPS 
along US17 Bypass 

30 70,000  $17,875,000 

IIA-6 Parallel Line Boiling Spring Lakes 
Tank to meter vaults 

24 12,100  $1,750,000 

IIB-1 Northwest WTP Pumps    $150,000 
IIB-2 BPS10 pump replacement   $150,000  
IIB-3 Additional Bell Swamp SW Pumps    $150,000 
IIB-4 BPS6 Pump Replacement     $150,000 
IIB-5 New 1MG Elevated Storage Tank   $1,750,000  
     
Totals by Year   $6,338,000 $35,075,000 
 
It should be noted that all the modifications are strongly recommended based on the 
hydraulic modeling to ensure that Brunswick County’s pumping and distribution system 
functions properly if the population and demand projections in this report develop as 
anticipated.  While Brunswick County presently meets the N.C. Department of 
Environment and Natural Resources public water supply requirements for storage, it is 
recommended that the additional 1 MG elevated storage tank be added to the system in 
the next five years for reasons discussed previously in this report.   
 
Phase 3 recommendations consist of water treatment plant upgrades.  As previously 
discussed, the Northwest WTP is expected to reach 100 percent capacity for maximum 
day demands by 2011.  It is critical that the Northwest WTP be expanded prior to this 
date to meet the Maximum Day demands.  Recommendations for the Highway 211 WTP 
are predicated based on the ability of the water treatment plant to meet the anticipated 
groundwater rules and provide reliable water within the current and future permit limits.  
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Map
Ref.
No. Location

Size(in) 
or No. 
Items

Length
feet

Estimated
Cost

Totals Reason for Improvement

I-1 Bethel Road Loop pipeline 12 10,000 $475,000 Poor Fire Flow

I-2 Beach Road parallel line in Calabash 12 8,300 $395,000 Poor Fire Flow

I-3 Shallotte Interconnection 16 6,600 $495,000 Poor Fire Flow

I-4 Dutchman's Acre Tie-In 12 100 $5,000 Poor Fire Flow

I-5 River Road/Southport Connection 24 425 $61,000 12-inch bottleneck

I-6 Sandpiper Bay Loop Tie-In 12 1,300 $62,000 Poor Fire Flow

I-7 Caswell Meter/Piping Modifications $25,000 High head loss through 
pipe/meters

$1,518,000

IIA-1 Northwest Loop Pipeline from Leland Tank to Highway 17 
along US 74/76, Malmo Loop, Colin-Mintz Rd and Maco 
Road (NC 87)

36 45,700 $13,500,000 Low Pressures in 2015

IIA-2 Northwest Loop Pipeline to tie-in with 36-inch pipeline 
following NC 74/76 and Maco Road (NC 87)

12 31,400 $1,500,000 Low Pressures in 2015

IIA-3 Parallel 30-inch line from NC 17 and NC 87/17 Intersection 
to Bell Swamp Pumping Station

30 20,000 $4,250,000 Low Pressures in 2015

IIA-4 Hwy 211/17 area to Stone Chimney Line 16 2,500 $188,000

IIA-5 Bell Swamp BPS parallel line to Hwy 211/17 Intersection 
following Highway 17 Bypass

30 70,000 $17,875,000 Low Pressures in 2015

IIA-6 Parallel Line from Boiling Spring Lakes Tank to Boiling 
Spring Lakes meter vaults

24 12,100 $1,750,000 Low Pressures in 2015

$39,063,000

IIB-1 Additional NW WTP Finished Water Pumps 2 $150,000 Need increased capacity 2015

IIB-2 Replace BPS10 pumps with higher capacity and higher 
head pumps

2
$150,000 Need increased capacity 2015

IIB-3 Additional Bell Swamp Southwest Booster Pumps 2 $150,000 Need increased capacity 2015

IIB-4 Replace 2 pumps with higher capacity and higher head 
pumps at BPS6

2
$150,000 Need increased capacity 2015

IIB-5 New 1MG Elevated Storage Tank southwest of BPS6 1 $1,750,000 Need increased capacity 2015

$2,350,000

III-1 Upgrade Existing Northwest WTP by adding 8 MGD to firm 
capacity of 24 MGD including conversion to Superpulsators, 
additional dewatering building, filters and clearwell storage, 
yard piping, electrical, I/C, chemical, and contingency

1

$20,000,000 Need increased capacity 2015
1

III-2 Upgrade Existing 211 WTP $6,000,000 Regulatory/Upgrades

$26,000,000

$68,931,000

Phase 3 - Subtotal

Grand Total (2006 US Dollars)

Phase 3 - WTP Improvements Needed by 2008

Phase 1 - Immediate Needs

Phase 2A - Pipeline Improvements Needed By 2015

Phase 2B - Pumping Station/Storage Improvements Needed By 2015

Phase 1 - Subtotal

Phase 2A - Subtotal

Phase 2B - Subtotal

Program of Construction
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DISCLAIMER 
 
 
 
 

The information in this document has been funded wholly or in part by 
the U.S. Environmental Protection Agency (EPA). It has been subjected to 
the Agency’s peer and administrative review, and has been approved for 
publication as an EPA document. Mention of trade names or commercial 
products does not constitute endorsement or recommendation for use. 

 
Although a reasonable effort has been made to assure that the results 

obtained are correct, the computer programs described in this manual are 
experimental. Therefore the author and the U.S. Environmental Protection 
Agency are not responsible and assume no liability whatsoever for any 
results or any use made of the results obtained from these programs, nor for 
any damages or litigation that result from the use of these programs for any 
purpose. 
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FOREWORD 

 
The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s 
land, air, and water resources. Under a mandate of national environmental laws, the Agency 
strives to formulate and implement actions leading to a compatible balance between human 
activities and the ability of natural systems to support and nurture life. To meet this mandate, 
EPA’s research program is providing data and technical support for solving environmental 
problems today and building a science knowledge base necessary to manage our ecological 
resources wisely, understand how pollutants affect our health, and prevent or reduce 
environmental risks in the future.  

 
The National Risk Management Research Laboratory is the Agency’s center for investigation of 
technological and management approaches for reducing risks from threats to human health and 
the environment. The focus of the Laboratory’s research program is on methods for the 
prevention and control of pollution to the air, land, water, and subsurface resources; protection of 
water quality in public water systems; remediation of contaminated sites and ground water; and 
prevention and control of indoor air pollution. The goal of this research effort is to catalyze 
development and implementation of innovative, cost-effective environmental technologies; 
develop scientific and engineering information needed by EPA to support regulatory and policy 
decisions; and provide technical support and information transfer to ensure effective 
implementation of environmental regulations and strategies. 

 
In order to meet regulatory requirements and customer expectations, water utilities are feeling a 
growing need to understand better the movement and transformations undergone by treated water 
introduced into their distribution systems. EPANET is a computerized simulation model that 
helps meet this goal. It predicts the dynamic hydraulic and water quality behavior within a 
drinking water distribution system operating over an extended period of time. This manual 
describes the operation of a newly revised version of the program that has incorporated many 
modeling enhancements made over the past several years. 
 

E. Timothy Oppelt, Director 
National Risk Management Research Laboratory 
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C H A P T E R  1  -  I N T R O D U C T I O N 

 
 

1.1 What is EPANET 
 
EPANET is a computer program that performs extended period simulation of 
hydraulic and water quality behavior within pressurized pipe networks. A network 
consists of pipes, nodes (pipe junctions), pumps, valves and storage tanks or 
reservoirs.  EPANET tracks the flow of water in each pipe, the pressure at each node, 
the height of water in each tank, and the concentration of a chemical species 
throughout the network during a simulation period comprised of multiple time steps.  
In addition to chemical species, water age and source tracing can also be simulated. 
 
EPANET is designed to be a research tool for improving our understanding of the 
movement and fate of drinking water constituents within distribution systems. It can 
be used for many different kinds of applications in distribution systems analysis. 
Sampling program design, hydraulic model calibration, chlorine residual analysis, 
and consumer exposure assessment are some examples. EPANET can help assess 
alternative management strategies for improving water quality throughout a system. 
These can include: 

• altering source utilization within multiple source systems, 

• altering pumping and tank filling/emptying schedules, 

• use of satellite treatment, such as re-chlorination at storage tanks, 

• targeted pipe cleaning and replacement. 

 
Running under Windows, EPANET provides an integrated environment for editing 
network input data, running hydraulic and water quality simulations, and viewing the 
results in a variety of formats. These include color-coded network maps, data tables, 
time series graphs, and contour plots. 
 
 

1.2 Hydraulic Modeling Capabilities 
 
Full-featured and accurate hydraulic modeling is a prerequisite for doing effective 
water quality modeling. EPANET contains a state-of-the-art hydraulic analysis 
engine that includes the following capabilities: 

• places no limit on the size of the network that can be analyzed 

• computes friction headloss using the Hazen-Williams, Darcy-
Weisbach, or Chezy-Manning formulas 

• includes minor head losses for bends, fittings, etc.  

• models constant or variable speed pumps 

• computes pumping energy and cost 
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• models various types of valves including shutoff, check, pressure 
regulating, and flow control valves 

• allows storage tanks to have any shape (i.e., diameter can vary with 
height) 

• considers multiple demand categories at nodes, each with its own 
pattern of time variation 

• models pressure-dependent flow issuing from emitters (sprinkler 
heads) 

• can base system operation on both simple tank level or timer controls 
and on complex rule-based controls. 

 
 

1.3 Water Quality Modeling Capabilities 
 
In addition to hydraulic modeling, EPANET provides the following water quality 
modeling capabilities: 

• models the movement of a non-reactive tracer material through the 
network over time 

• models the movement and fate of a reactive material as it grows 
(e.g., a disinfection by-product) or decays (e.g., chlorine residual) 
with time 

• models the age of water throughout a network 

• tracks the percent of flow from a given node reaching all other nodes 
over time 

• models reactions both in the bulk flow and at the pipe wall 

• uses n-th order kinetics to model reactions in the bulk flow 

• uses zero or first order kinetics to model reactions at the pipe wall 

• accounts for mass transfer limitations when modeling pipe wall 
reactions 

• allows growth or decay reactions to proceed up to a limiting 
concentration 

• employs global reaction rate coefficients that can be modified on a 
pipe-by-pipe basis 

• allows wall reaction rate coefficients to be correlated to pipe 
roughness 

• allows for time-varying concentration or mass inputs at any location 
in the network 

• models storage tanks as being either complete mix, plug flow, or 
two-compartment reactors. 
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By employing these features, EPANET can study such water quality phenomena as: 

• blending water from different sources 

• age of water throughout a system 

• loss of chlorine residuals 

• growth of disinfection by-products 

• tracking contaminant propagation events. 
 
 

1.4 Steps in Using EPANET 
 
One typically carries out the following steps when using EPANET to model a water 
distribution system: 

1. Draw a network representation of your distribution system (see 
Section 6.1) or import a basic description of the network placed in a 
text file (see Section 11.4). 

2. Edit the properties of the objects that make up the system (see 
Section 6.4) 

3. Describe how the system is operated (see Section 6.5) 

4. Select a set of analysis options (see Section 8.1) 

5. Run a hydraulic/water quality analysis (see Section 8.2) 

6. View the results of the analysis (see Chapter 9). 
 

1.5 About This Manual 
 
Chapter 2 of this manual describes how to install EPANET and offers up a quick 
tutorial on its use. Readers unfamiliar with the basics of modeling distribution 
systems might wish to review Chapter 3 first before working through the tutorial. 
 
Chapter 3 provides background material on how EPANET models a water 
distribution system. It discusses the behavior of the physical components that 
comprise a distribution system as well as how additional modeling information, such 
as time variations and operational control, are handled. It also provides an overview 
of how the numerical simulation of system hydraulics and water quality performance 
is carried out. 
 
Chapter 4 shows how the EPANET workspace is organized. It describes the functions 
of the various menu options and toolbar buttons, and how the three main windows – 
the Network Map, the Browser, and the Property Editor—are used.  
 
Chapter 5 discusses the project files that store all of the information contained in an 
EPANET model of a distribution system. It shows how to create, open, and save 
these files as well as how to set default project options. It also discusses how to 
register calibration data that are used to compare simulation results against actual 
measurements. 
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Chapter 6 describes how one goes about building a network model of a distribution 
system with EPANET. It shows how to create the various physical objects (pipes, 
pumps, valves, junctions, tanks, etc.) that make up a system, how to edit the 
properties of these objects, and how to describe the way that system demands and 
operation change over time. 
 
Chapter 7 explains how to use the network map that provides a graphical view of the 
system being modeled. It shows how to view different design and computed 
parameters in color-coded fashion on the map, how to re-scale, zoom, and pan the 
map, how to locate objects on the map, and what options are available to customize 
the appearance of the map. 
 
Chapter 8 shows how to run a hydraulic/water quality analysis of a network model. It  
describes the various options that control how the analysis is made and offers some 
troubleshooting tips to use when examining simulation results. 
 
Chapter 9 discusses the various ways in which the results of an analysis can be 
viewed. These include different views of the network map, various kinds of graphs 
and tables, and several different types of special reports.  
 
Chapter 10 explains how to print and copy the views discussed in Chapter 9.  
 
Chapter 11 describes how EPANET can import and export project scenarios. A 
scenario is a subset of the data that characterizes the current conditions under which a 
pipe network is being analyzed (e.g., consumer demands, operating rules, water 
quality reaction coefficients, etc.). It also discusses how to save a project’s entire 
database to a readable text file and how to export the network map to a variety of 
formats. 
 
Chapter 12 answers questions about how EPANET can be used to model special 
kinds of situations, such as modeling pneumatic tanks, finding the maximum flow 
available at a specific pressure, and modeling the growth of disinfection by-products. 
 
The manual also contains several appendixes. Appendix A provides a table of units 
of expression for all design and computed parameters. Appendix B is a list of error 
message codes and their meanings that the program can generate. Appendix C 
describes how EPANET can be run from a command line prompt within a DOS 
window, and discusses the format of the files that are used with this mode of 
operation. Appendix D provides details of the procedures and formulas used by 
EPANET in its hydraulic and water quality analysis algorithms. 
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C H A P T E R  2  -  Q U I C K  S T A R T  T U T O R I A L 

 
This chapter provides a tutorial on how to use EPANET. If you are not familiar with 
the components that comprise a water distribution system and how these are 
represented in pipe network models you might want to review the first two sections of 
Chapter 3 first. 
 
 

2.1 Installing EPANET 
 
EPANET Version 2 is designed to run under the Windows 95/98/NT operating 
system of an IBM/Intel-compatible personal computer. It is distributed as a single 
file, en2setup.exe, which contains a self-extracting setup program. To install 
EPANET: 

1. Select Run from the Windows Start menu. 

2. Enter the full path and name of the en2setup.exe file or click the 
Browse button to locate it on your computer. 

3. Click the OK button type to begin the setup process. 
 
The setup program will ask you to choose a folder (directory) where the EPANET 
files will be placed. The default folder is c:\Program Files\EPANET2. After the 
files are installed your Start Menu will have a new item named EPANET 2.0. To 
launch EPANET simply select this item off of the Start Menu, then select EPANET 
2.0 from the submenu that appears. (The name of the executable file that runs 
EPANET under Windows is epanet2w.exe.) 
 
Should you wish to remove EPANET from your computer, you can use the following 
procedure: 

1. Select Settings from the Windows Start menu. 

2. Select Control Panel from the Settings menu. 

3. Double-click on the Add/Remove Programs item. 

4. Select EPANET 2.0 from the list of programs that appears. 

5. Click the Add/Remove button. 
 
 

2.2 Example Network 
 
In this tutorial we will analyze the simple distribution network shown in Figure 2.1 
below. It consists of a source reservoir (e.g., a treatment plant clearwell) from which 
water is pumped into a two-loop pipe network. There is also a pipe leading to a 
storage tank that floats on the system. The ID labels for the various components are 
shown in the figure. The nodes in the network have the characteristics shown in 
Table 2.1. Pipe properties are listed in Table 2.2. In addition, the pump (Link 9) can 
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deliver 150 ft of head at a flow of 600 gpm, and the tank (Node 8) has a 60-ft 
diameter, a 3.5-ft water level, and a maximum level of 20 feet. 
 
 

 
 

Figure 2.1  Example Pipe Network 
 
 
 
 

Table 2.1  Example Network Node Properties 
Node Elevation (ft) Demand (gpm) 

1 700 0 
2 700 0 
3 710 150 
4 700 150 
5 650 200 
6 700 150 
7 700 0 
8 830 0 

 
 
 

 
 

Table 2.2   Example Network Pipe Properties 
Pipe Length (ft) Diameter (inches) C-Factor 

1 3000 14 100 
2 5000 12 100 
3 5000 8 100 
4 5000 8 100 
5 5000 8 100 
6 7000 10 100 
7 5000 6 100 
8 7000 6 100 
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2.3 Project Setup 
 
Our first task is to create a new project in EPANET and make sure that certain 
default options are selected. To begin, launch EPANET, or if it is already running 
select File >> New (from the menu bar) to create a new project. Then select Project 
>> Defaults to open the dialog form shown in Figure 2.2. We will use this dialog to 
have EPANET automatically label new objects with consecutive numbers starting 
from 1 as they are added to the network. On the ID Labels page of the dialog, clear 
all of the ID Prefix fields and set the ID Increment to 1. Then select the Hydraulics 
page of the dialog and set the choice of Flow Units to GPM (gallons per minute). 
This implies that US Customary units will be used for all other quantities as well 
(length in feet, pipe diameter in inches, pressure in psi, etc.). Also select Hazen-
Williams (H-W) as the headloss formula. If you wanted to save these choices for all 
future new projects you could check the Save box at the bottom of the form before 
accepting it by clicking the OK button. 

 
 

 
 

Figure 2.2  Project Defaults Dialog 
 
 

Next we will select some map display options so that as we add objects to the map, 
we will see their ID labels and symbols displayed. Select View  >> Options to bring 
up the Map Options dialog form. Select the Notation page on this form and check the 
settings shown in Figure 2.3 below. Then switch to the Symbols page and check all 
of the boxes. Click the OK button to accept these choices and close the dialog. 
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Finally, before drawing our network we should insure that our map scale settings are 
acceptable. Select View >> Dimensions to bring up the Map Dimensions dialog. 
Note the default dimensions assigned for a new project. These settings will suffice 
for this example, so click the OK button. 
 

 

 
 

Figure 2.3  Map Options Dialog 
 
 

2.4 Drawing the Network 
 
We are now ready to begin drawing our network by making use of our mouse and the 
buttons contained on the Map Toolbar shown below. (If the toolbar is not visible then 
select View >> Toolbars >> Map). 
 

 
 

First we will add the reservoir. Click the Reservoir button . Then click the mouse 
on the map at the location of the reservoir (somewhere to the left of the map). 
 

Next we will add the junction nodes. Click the Junction button  and then click on 
the map at the locations of nodes 2 through 7. 
 

Finally add the tank by clicking the Tank button  and clicking the map where the 
tank is located. At this point the Network Map should look something like the 
drawing in Figure 2.4. 
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Figure 2.4  Network Map after Adding Nodes 
 
 
Next we will add the pipes. Let’s begin with pipe 1 connecting node 2 to node 3. First 

click the Pipe button  on the Toolbar. Then click the mouse on node 2 on the map 
and then on node 3. Note how an outline of the pipe is drawn as you move the mouse 
from node 2 to 3. Repeat this procedure for pipes 2 through 7. 
 
Pipe 8 is curved. To draw it, click the mouse first on Node 5. Then as you move the 
mouse towards Node 6, click at those points where a change of direction is needed to 
maintain the desired shape. Complete the process by clicking on Node 6. 
 

Finally we will add the pump. Click the Pump button , click on node 1 and then 
on node 2. 
 

Next we will label the reservoir, pump and tank. Select the Text button  on the 
Map Toolbar and click somewhere close to the reservoir (Node 1). An edit box will 
appear. Type in the word SOURCE and then hit the Enter key. Click next to the 
pump and enter its label, then do the same for the tank. Then click the Selection 

button  on the Toolbar to put the map into Object Selection mode rather than 
Text Insertion mode. 
 
At this point we have completed drawing the example network. Your Network Map 
should look like the map in Figure 2.1. If the nodes are out of position you can move 
them around by clicking the node to select it, and then dragging it with the left mouse 
button held down to its new position. Note how pipes connected to the node are 
moved along with the node. The labels can be repositioned in similar fashion. To re-
shape the curved Pipe 8: 

1. First click on Pipe 8 to select it and then click the  button on the 
Map Toolbar to put the map into Vertex Selection mode. 
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2. Select a vertex point on the pipe by clicking on it and then drag it to 
a new position with the left mouse button held down. 

3. If required, vertices can be added or deleted from the pipe by right-
clicking the mouse and selecting the appropriate option from the 
popup menu that appears. 

4. When finished, click  to return to Object Selection mode. 
 
 

2.5 Setting Object Properties 
 
As objects are added to a project they are assigned a default set of properties. To 
change the value of a specific property for an object one must select the object into 
the Property Editor  (Figure 2.5). There are several different ways to do this. If the 
Editor is already visible then you can simply click on the object or select it from the 
Data page of the Browser. If the Editor is not visible then you can make it appear by 
one of the following actions: 

• Double-click the object on the map. 

• Right-click on the object and select Properties from the pop-up 
menu that appears. 

• Select the object from the Data page of the Browser window and 

then click the Browser’s Edit button . 

Whenever the Property Editor has the focus you can press the F1 key to obtain fuller 
descriptions of the properties listed 

 

 
 

Figure 2.5  Property Editor 
 



 19 

Let us begin editing by selecting Node 2 into the Property Editor as shown above. 
We would now enter the elevation and demand for this node in the appropriate fields. 
You can use the Up and Down arrows on the keyboard or the mouse to move 
between fields. We need only click on another object (node or link) to have its 
properties appear next in the Property Editor. (We could also press the Page Down or 
Page Up key to move to the next or previous object of the same type in the database.) 
Thus we can simply move from object to object and fill in elevation and demand for 
nodes, and length, diameter, and roughness (C-factor) for links. 
 
For the reservoir you would enter its elevation (700) in the Total Head field. For the 
tank, enter 830 for its elevation, 4 for its initial level, 20 for its maximum level, and 
60 for its diameter. For the pump, we need to assign it a pump curve (head versus 
flow relationship). Enter the ID label 1 in the Pump Curve field. 
 
Next we will create Pump Curve 1. From the Data page of the Browser window, 

select Curves from the dropdown list box and then click the Add button . A new 
Curve 1 will be added to the database and the Curve Editor dialog form will appear 
(see Figure 2.6). Enter the pump’s design flow (600) and head (150) into this form. 
EPANET automatically creates a complete pump curve from this single point. The 
curve’s equation is shown along with its shape. Click OK to close the Editor. 

 
 

 
 

Figure 2.6  Curve Editor 
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2.6 Saving and Opening Projects 
 
Having completed the initial design of our network it is a good idea to save our work 
to a file at this point. 

1. From the File menu select the Save As option. 

2. In the Save As dialog that appears, select a folder and file name 
under which to save this project. We suggest naming the file 
tutorial.net. (An extension of .net will be added to the file name if 
one is not supplied.) 

3. Click OK to save the project to file. 
 
The project data is saved to the file in a special binary format. If you wanted to save 
the network data to file as readable text, use the File >> Export >> Network 
command instead. 
 
To open our project at some later time, we would select the Open command from the 
File menu. 
 
 

2.7 Running a Single Period Analysis 
 
We now have enough information to run a single period (or snapshot) hydraulic 
analysis on our example network. To run the analysis select Project >> Run 

Analysis or click the Run button  on the Standard Toolbar. (If the toolbar is not 
visible select View >> Toolbars >> Standard from the menu bar).  
 
If the run was unsuccessful then a Status Report window will appear indicating what 
the problem was. If it ran successfully you can view the computed results in a variety 
of ways. Try some of the following: 

• Select Node Pressure from the Browser’s Map page and observe how 
pressure values at the nodes become color-coded. To view the legend 
for the color-coding, select View >> Legends >> Node (or right-
click on an empty portion of the map and select Node Legend from 
the popup menu). To change the legend intervals and colors, right-
click on the legend to make the Legend Editor appear. 

• Bring up the Property Editor (double-click on any node or link) and 
note how the computed results are displayed at the end of the 
property list.  

• Create a tabular listing of results by selecting Report >> Table (or 

by clicking the Table button  on the Standard Toolbar). Figure 
2.7 displays such a table for the link results of this run. Note that 
flows with negative signs means that the flow is in the opposite 
direction to the direction in which the pipe was drawn initially. 
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Figure 2.7  Example Table of Link Results 
 
 

2.8 Running an Extended Period Analysis 
 
To make our network more realistic for analyzing an extended period of operation we 
will create a Time Pattern that makes demands at the nodes vary in a periodic way 
over the course of a day. For this simple example we will use a pattern time step of 6 
hours thus making demands change at four different times of the day. (A 1-hour 
pattern time step is a more typical number and is the default assigned to new 
projects.) We set the pattern time step by selecting Options-Times from the Data 
Browser, clicking the Browser’s Edit button to make the Property Editor appear (if its 
not already visible), and entering 6 for the value of the Pattern Time Step (as shown 
in Figure 2.8 below). While we have the Time Options available we can also set the 
duration for which we want the extended period to run. Let’s use a 3-day period of 
time (enter 72 hours for the Duration property).  
 
 

 
 

Figure 2.8  Times Options 
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To create the pattern, select the Patterns category in the Browser and then click the 

Add button . A new Pattern 1 will be created and the Pattern Editor dialog should 
appear (see Figure 2.9). Enter the multiplier values 0.5, 1.3, 1.0, 1.2 for the time 
periods 1 to 4 that will give our pattern a duration of 24 hours. The multipliers are 
used to modify the demand from its base level in each time period. Since we are 
making a run of 72 hours, the pattern will wrap around to the start after each 24-hour 
interval of time. 
 
 

 
 

Figure 2.9  Pattern Editor 
 
 
We now need to assign Pattern 1 to the Demand Pattern property of all of the 
junctions in our network. We can utilize one of EPANET’s Hydraulic Options to 
avoid having to edit each junction individually. If you bring up the Hydraulic Options 
in the Property Editor you will see that there is an item called Default Pattern. Setting 
its value equal to 1 will make the Demand Pattern at each junction equal Pattern 1, as 
long as no other pattern is assigned to the junction. 

Next run the analysis (select Project >> Run Analysis or click the  button on the 
Standard Toolbar). For extended period analysis you have several more ways in 
which to view results: 

• The scrollbar in the Browser’s Time controls is used to display the 
network map at different points in time. Try doing this with Pressure 
selected as the node parameter and Flow as the link parameter. 
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• The VCR-style buttons in the Browser can animate the map through 

time. Click the Forward button  to start the animation and the Stop 
button  to stop it. 

• Add flow direction arrows to the map (select View >> Options, 
select the Flow Arrows page from the Map Options dialog, and 
check a style of arrow that you wish to use). Then begin the 
animation again and note the change in flow direction through the 
pipe connected to the tank as the tank fills and empties over time. 

• Create a time series plot for any node or link. For example, to see 
how the water elevation in the tank changes with time:  

1. Click on the tank. 

2. Select Report >> Graph (or click the Graph button  on the 
Standard Toolbar) which will display a Graph Selection dialog 
box. 

3. Select the Time Series button on the dialog. 

4. Select Head as the parameter to plot. 

5. Click OK to accept your choice of graph. 
 
Note the periodic behavior of the water elevation in the tank over time (Figure 2.10). 

 
 

 
 

Figure 2.10  Example Time Series Plot 
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2.9 Running a Water Quality Analysis 
 
Next we show how to extend the analysis of our example network to include water 
quality. The simplest case would be tracking the growth in water age throughout the 
network over time. To make this analysis we only have to select Age for the 
Parameter property in the Quality Options (select Options-Quality from the Data 
page of the Browser, then click the Browser's Edit button to make the Property Editor 
appear). Run the analysis and select Age as the parameter to view on the map. Create 
a time series plot for Age in the tank. Note that unlike water level, 72 hours is not 
enough time for the tank to reach periodic behavior for water age. (The default initial 
condition is to start all nodes with an age of 0.) Try repeating the simulation using a 
240-hour duration or assigning an initial age of 60 hours to the tank (enter 60 as the 
value of Initial Quality in the Property Editor for the tank). 
 
Finally we show how to simulate the transport and decay of chlorine through the 
network. Make the following changes to the database: 

1. Select Options-Quality to edit from the Data Browser. In the 
Property Editor’s Parameter field type in the word Chlorine. 

2. Switch to Options-Reactions in the Browser. For Global Bulk 
Coefficient enter a value of -1.0. This reflects the rate at which 
chlorine will decay due to reactions in the bulk flow over time. This 
rate will apply to all pipes in the network. You could edit this value 
for individual pipes if you needed to. 

3. Click on the reservoir node and set its Initial Quality to 1.0. This will 
be the concentration of chlorine that continuously enters the network. 
(Reset the initial quality in the Tank to 0 if you had changed it.) 

 
Now run the example. Use the Time controls on the Map Browser to see how 
chlorine levels change by location and time throughout the simulation. Note how for 
this simple network, only junctions 5, 6, and 7 see depressed chlorine levels because 
of being fed by low chlorine water from the tank. Create a reaction report for this run 
by selecting Report >> Reaction from the main menu. The report should look like 
Figure 2.11. It shows on average how much chlorine loss occurs in the pipes as 
opposed to the tank. The term “bulk” refers to reactions occurring in the bulk fluid 
while “wall” refers to reactions with material on the pipe wall. The latter reaction is 
zero because we did not specify any wall reaction coefficient in this example. 
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Figure 2.11  Example Reaction Report 
 
 
We have only touched the surface of the various capabilities offered by EPANET. 
Some additional features of the program that you should experiment with are: 

• Editing a property for a group of objects that lie within a user-
defined area. 

• Using Control statements to base pump operation on time of day or 
tank water levels. 

• Exploring different Map Options, such as making node size be 
related to value. 

• Attaching a backdrop map (such as a street map) to the network map. 

• Creating different types of graphs, such as profile plots and contour 
plots. 

• Adding calibration data to a project and viewing a calibration report. 

• Copying the map, a graph, or a report to the clipboard or to a file. 

• Saving and retrieving a design scenario (i.e., current nodal demands, 
pipe roughness values, etc.). 
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C H A P T E R  3  -  T H E  N E T W O R K   M O D E L 

 
This chapter discusses how EPANET models the physical objects that constitute a 
distribution system as well as its operational parameters. Details about how this 
information is entered into the program are presented in later chapters. An overview 
is also given on the computational methods that EPANET uses to simulate hydraulic 
and water quality transport behavior. 
 
  

3.1 Physical Components 
 
EPANET models a water distribution system as a collection of links connected to 
nodes. The links represent pipes, pumps, and control valves. The nodes represent 
junctions, tanks, and reservoirs. The figure below illustrates how these objects can be 
connected to one another to form a network. 
 
 

 
Figure 3.1  Physical Components in a Water Distribution System 

 
 

Junctions 
 
Junctions are points in the network where links join together and where water enters 
or leaves the network. The basic input data required for junctions are: 

• elevation above some reference (usually mean sea level) 

• water demand (rate of withdrawal from the network) 

• initial water quality. 
  

The output results computed for junctions at all time periods of a simulation are: 

• hydraulic head (internal energy per unit weight of fluid) 

• pressure 

• water quality. 
 



 28 

Junctions can also: 

• have their demand vary with time  

• have multiple categories of demands assigned to them 

• have negative demands indicating that water is entering the network 

• be water quality sources where constituents enter the network 

• contain emitters (or sprinklers) which make the outflow rate depend 
on the pressure. 

 

Reservoirs 
 

Reservoirs are nodes that represent an infinite external source or sink of water to the 
network. They are used to model such things as lakes, rivers, groundwater aquifers, 
and tie-ins to other systems. Reservoirs can also serve as water quality source points. 
 
The primary input properties for a reservoir are its hydraulic head (equal to the water 
surface elevation if the reservoir is not under pressure) and its initial quality for water 
quality analysis. 
 
Because a reservoir is a boundary point to a network, its head and water quality 
cannot be affected by what happens within the network. Therefore it has no 
computed output properties. However its head can be made to vary with time by 
assigning a time pattern to it (see Time Patterns below). 
 

Tanks 
 
Tanks are nodes with storage capacity, where the volume of stored water can vary 
with time during a simulation.  The primary input properties for tanks are: 

• bottom elevation (where water level is zero) 

• diameter (or shape if non-cylindrical ) 

• initial, minimum and maximum water levels 

• initial water quality. 
 

The principal outputs computed over time are: 

• hydraulic head (water surface elevation) 

• water quality. 
  

Tanks are required to operate within their minimum and maximum levels. EPANET 
stops outflow if a tank is at its minimum level and stops inflow if it is at its maximum 
level. Tanks can also serve as water quality source points. 
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Emitters 
 
Emitters are devices associated with junctions that model the flow through a nozzle 
or orifice that discharges to the atmosphere. The flow rate through the emitter varies 
as a function of the pressure available at the node: 
 

γpCq =  

 
where q = flow rate, p = pressure, C = discharge coefficient, and γ = pressure 
exponent. For nozzles and sprinkler heads γ equals 0.5 and the manufacturer usually 
provides the value of the discharge coefficient in units of gpm/psi0.5 (stated as the 
flow through the device at a 1 psi pressure drop). 
 
Emitters are used to model flow through sprinkler systems and irrigation networks. 
They can also be used to simulate leakage in a pipe connected to the junction (if a 
discharge coefficient and pressure exponent for the leaking crack or joint can be 
estimated) or compute a fire flow at the junction (the flow available at some 
minimum residual pressure). In the latter case one would use a very high value of the 
discharge coefficient (e.g., 100 times the maximum flow expected) and modify the 
junction's elevation to include the equivalent head of the pressure target. EPANET 
treats emitters as a property of a junction and not as a separate network component. 
 

Pipes 
 
Pipes are links that convey water from one point in the network to another. EPANET 
assumes that all pipes are full at all times. Flow direction is from the end at higher 
hydraulic head (internal energy per weight of water) to that at lower head. The 
principal hydraulic input parameters for pipes are: 

• start and end nodes 

• diameter 

• length 

• roughness coefficient (for determining headloss) 

• status (open, closed, or contains a check valve). 
 
The status parameter allows pipes to implicitly contain shutoff (gate) valves and 
check (non-return) valves (which allow flow in only one direction). 
  
The water quality inputs for pipes consist of: 

• bulk reaction coefficient 

• wall reaction coefficient. 
 
These coefficients are explained more thoroughly in Section 3.4 below. 
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Computed outputs for pipes include: 

• flow rate 

• velocity 

• headloss 

• Darcy-Weisbach friction factor 

• average reaction rate (over the pipe length) 

• average water quality (over the pipe length). 
 

The hydraulic head lost by water flowing in a pipe due to friction with the pipe walls 
can be computed using one of three different formulas: 

• Hazen-Williams formula 

• Darcy-Weisbach formula 

• Chezy-Manning formula 
 
The Hazen-Williams formula is the most commonly used headloss formula in the US. 
It cannot be used for liquids other than water and was originally developed for 
turbulent flow only. The Darcy-Weisbach formula is the most theoretically correct. It 
applies over all flow regimes and to all liquids. The Chezy-Manning formula is more 
commonly used for open channel flow. 
 
Each formula uses the following equation to compute headloss between the start and 
end node of the pipe: 
 

B
L Aqh =  

 
where hL = headloss (Length), q = flow rate (Volume/Time), A = resistance 
coefficient, and B = flow exponent. Table 3.1 lists expressions for the resistance 
coefficient and values for the flow exponent for each of the formulas. Each formula 
uses a different pipe roughness coefficient that must be determined empirically. 
Table 3.2 lists general ranges of these coefficients for different types of new pipe 
materials. Be aware that a pipe’s roughness coefficient can change considerably with 
age. 

  
With the Darcy-Weisbach formula EPANET uses different methods to compute the 
friction factor f depending on the flow regime: 

• The Hagen–Poiseuille formula is used for laminar flow (Re < 2,000). 

• The Swamee and Jain approximation to the Colebrook-White 
equation is used for fully turbulent flow (Re > 4,000). 

• A cubic interpolation from the Moody Diagram is used for 
transitional flow (2,000 < Re < 4,000) . 

 
Consult Appendix D for the actual equations used. 

 
 



 31 

Table 3.1  Pipe Headloss Formulas for Full Flow 
 (for headloss in feet and flow rate in cfs) 

 

Formula 

Resistance Coefficient 

(A) 

Flow Exponent 

(B) 

Hazen-Williams 4.727 C-1.852 d-4.871 L 1.852 

Darcy-Weisbach 0.0252 f(ε,d,q)d-5L 2 

Chezy-Manning 4.66 n2 d-5.33 L 2 

Notes:  C = Hazen-Williams roughness coefficient 

             ε = Darcy-Weisbach roughness coefficient (ft) 

             f = friction factor (dependent on ε, d, and q) 

             n = Manning roughness coefficient 

             d = pipe diameter (ft) 

             L = pipe length (ft) 

             q = flow rate (cfs) 

 
 

Table 3.2   Roughness Coefficients for New Pipe 

Material Hazen-Williams C 
(unitless) 

Darcy-Weisbach ε 
(feet x 10-3) 

Manning's n 
(unitless) 

Cast Iron 130 – 140 0.85 0.012 - 0.015 

Concrete or 

Concrete Lined 

120 – 140 1.0 - 10 0.012 - 0.017 

Galvanized Iron 120 0.5 0.015 - 0.017 

Plastic 140 – 150 0.005 0.011 - 0.015 

Steel 140 – 150 0.15 0.015 - 0.017 

Vitrified Clay 110  0.013 - 0.015 

 
 
Pipes can be set open or closed at preset times or when specific conditions exist, such 
as when tank levels fall below or above certain set points, or when nodal pressures 
fall below or above certain values. See the discussion of Controls in Section 3.2. 
 

Minor Losses 
 
Minor head losses (also called local losses) are caused by the added turbulence that 
occurs at bends and fittings. The importance of including such losses depends on the 
layout of the network and the degree of accuracy required. They can be accounted for 
by assigning the pipe a minor loss coefficient. The minor headloss becomes the 
product of this coefficient and the velocity head of the pipe, i.e., 







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g

v
KhL 2
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where K = minor loss coefficient, v = flow velocity (Length/Time), and g = 
acceleration of gravity (Length/Time2). Table 3.3 provides minor loss coefficients for 
several types of fittings. 
 
 

Table 3.3  Minor Loss Coefficients for Selected Fittings 

FITTING LOSS COEFFICIENT 

Globe valve, fully open 10.0 

Angle valve, fully open 5.0 

Swing check valve, fully open 2.5 

Gate valve, fully open 0.2 

Short-radius elbow 0.9 

Medium-radius elbow 0.8 

Long-radius elbow 0.6 

45 degree elbow 0.4 

Closed return bend 2.2 

Standard tee - flow through run 0.6 

Standard tee - flow through branch 1.8 

Square entrance 0.5 

Exit 1.0 

 
 

Pumps 
 
Pumps are links that impart energy to a fluid thereby raising its hydraulic head. The 
principal input parameters for a pump are its start and end nodes and its pump curve 
(the combination of heads and flows that the pump can produce). In lieu of a pump 
curve, the pump could be represented as a constant energy device, one that supplies a 
constant amount of energy (horsepower or kilowatts) to the fluid for all combinations 
of flow and head. 
 
The principal output parameters are flow and head gain. Flow through a pump is 
unidirectional and EPANET will not allow a pump to operate outside the range of its 
pump curve. 
 
Variable speed pumps can also be considered by specifying that their speed setting be 
changed under these same types of conditions.  By definition, the original pump 
curve supplied to the program has a relative speed setting of 1. If the pump speed 
doubles, then the relative setting would be 2; if run at half speed, the relative setting 
is 0.5 and so on. Changing the pump speed shifts the position and shape of the pump 
curve (see the section on Pump Curves below). 
 
As with pipes, pumps can be turned on and off at preset times or when certain 
conditions exist in the network. A pump’s operation can also be described by 
assigning it a time pattern of relative speed settings. EPANET can also compute the 
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energy consumption and cost of a pump. Each pump can be assigned an efficiency 
curve and schedule of energy prices. If these are not supplied then a set of global 
energy options will be used.  
 
Flow through a pump is unidirectional. If system conditions require more head than 
the pump can produce, EPANET shuts the pump off. If more than the maximum flow 
is required, EPANET extrapolates the pump curve to the required flow, even if this 
produces a negative head. In both cases a warning message will be issued. 
 

Valves 
 
Valves are links that limit the pressure or flow at a specific point in the network. 
Their principal input parameters include: 

• start and end nodes 

• diameter 

• setting 

• status. 
 
The computed outputs for a valve are flow rate and headloss. 
 
The different types of valves included in EPANET are: 

• Pressure Reducing Valve (PRV) 

• Pressure Sustaining Valve (PSV) 

• Pressure Breaker Valve (PBV) 

• Flow Control Valve (FCV) 

• Throttle Control Valve (TCV) 

• General Purpose Valve (GPV). 
 

PRVs limit the pressure at a point in the pipe network. EPANET computes in which 
of three different states a PRV can be in: 

• partially opened (i.e., active) to achieve its pressure setting on its 
downstream side when the upstream pressure is above the setting 

• fully open if the upstream pressure is below the setting 

• closed if the pressure on the downstream side exceeds that on the 
upstream side (i.e., reverse flow is not allowed). 

 
PSVs maintain a set pressure at a specific point in the pipe network. EPANET 
computes in which of three different states a PSV can be in: 

• partially opened (i.e., active) to maintain its pressure setting on its 
upstream side when the downstream pressure is below this value 

• fully open if the downstream pressure is above the setting 
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• closed if the pressure on the downstream side exceeds that on the 
upstream side (i.e., reverse flow is not allowed). 

 
PBVs force a specified pressure loss to occur across the valve. Flow through the 
valve can be in either direction. PBV's are not true physical devices but can be used 
to model situations where a particular pressure drop is known to exist.  
 
FCVs limit the flow to a specified amount. The program produces a warning message 
if this flow cannot be maintained without having to add additional head at the valve 
(i.e., the flow cannot be maintained even with the valve fully open). 
 
TCVs simulate a partially closed valve by adjusting the minor head loss coefficient of 
the valve.  A relationship between the degree to which a valve is closed and the 
resulting head loss coefficient is usually available from the valve manufacturer. 
 
GPVs are used to represent a link where the user supplies a special flow - head loss 
relationship instead of following one of the standard hydraulic formulas. They can be 
used to model turbines, well draw-down or reduced-flow backflow prevention valves. 
 
Shutoff (gate) valves and check (non-return) valves, which completely open or close 
pipes, are not considered as separate valve links but are instead included as a property 
of the pipe in which they are placed. 
 
Each type of valve has a different type of setting parameter that describes its 
operating point (pressure for PRVs, PSVs, and PBVs; flow for FCVs; loss coefficient 
for TCVs, and head loss curve for GPVs). 
 
Valves can have their control status overridden by specifying they be either 
completely open or completely closed. A valve's status and its setting can be changed 
during the simulation by using control statements. 
 
Because of the ways in which valves are modeled the following rules apply when 
adding valves to a network: 

• a PRV, PSV or FCV cannot be directly connected to a reservoir or 
tank (use a length of pipe to separate the two) 

• PRVs cannot share the same downstream node or be linked in series 

• two PSVs cannot share the same upstream node or be linked in series 

• a PSV cannot be connected to the downstream node of a PRV. 
 
 

3.2 Non-Physical Components 
 
In addition to physical components, EPANET employs three types of informational 
objects – curves, patterns, and controls - that describe the behavior and operational 
aspects of a distribution system. 
 
 
 



 35 

Curves 
 
Curves are objects that contain data pairs representing a relationship between two 
quantities. Two or more objects can share the same curve. An EPANET model can 
utilize the following types of curves: 

• Pump Curve 

• Efficiency Curve 

• Volume Curve 

• Head Loss Curve 
 
Pump Curve 
 
A Pump Curve represents the relationship between the head and flow rate that a 
pump can deliver at its nominal speed setting. Head is the head gain imparted to the 
water by the pump and is plotted on the vertical (Y) axis of the curve in feet (meters). 
Flow rate is plotted on the horizontal (X) axis in flow units. A valid pump curve must 
have decreasing head with increasing flow. 
 
EPANET will use a different shape of pump curve depending on the number of 
points supplied (see Figure 3.2): 
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Figure 3.2  Example Pump Curves 
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Single-Point Curve - A single-point pump curve is defined by a single head-flow 
combination that represents a pump's desired operating point. EPANET adds two 
more points to the curve by assuming a shutoff head at zero flow equal to 133% of 
the design head and a maximum flow at zero head equal to twice the design flow. It 
then treats the curve as a three-point curve. 
 
Three-Point Curve - A three-point pump curve is defined by three operating points: a 
Low Flow point (flow and head at low or zero flow condition), a Design Flow point 
(flow and head at desired operating point), and a Maximum Flow point (flow and 
head at maximum flow). EPANET tries to fit a continuous function of the form 
 

C
G BqAh −=  

 
through the three points to define the entire pump curve. In this function, hg = head 
gain, q = flow rate, and A, B, and C are constants. 
 
Multi-Point Curve – A multi-point pump curve is defined by providing either a pair 
of head-flow points or four or more such points. EPANET creates a complete curve 
by connecting the points with straight-line segments. 
 
For variable speed pumps, the pump curve shifts as the speed changes. The 
relationships between flow (Q) and head (H) at speeds N1 and N2 are 
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Efficiency Curve 
 
An Efficiency Curve determines pump efficiency (Y in percent) as a function of 
pump flow rate (X in flow units). An example efficiency curve is shown in Figure 
3.3. Efficiency should represent wire-to-water efficiency that takes into account 
mechanical losses in the pump itself as well as electrical losses in the pump's motor. 
The curve is used only for energy calculations. If not supplied for a specific pump 
then a fixed global pump efficiency will be used. 
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Figure 3.3  Pump Efficiency Curve 

 
 

Volume Curve 
 
A Volume Curve determines how storage tank volume (Y in cubic feet or cubic 
meters) varies as a function of water level (X in feet or meters). It is used when it is 
necessary to accurately represent tanks whose cross-sectional area varies with height. 
The lower and upper water levels supplied for the curve must contain the lower and 
upper levels between which the tank operates. An example of a tank volume curve is 
given below. 
 
 

 
 

Figure 3.4  Tank Volume Curve 
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Headloss Curve 
 
A Headloss Curve is used to described the headloss (Y in feet or meters) through a 
General Purpose Valve (GPV) as a function of flow rate (X in flow units). It provides 
the capability to model devices and situations with unique headloss-flow 
relationships, such as reduced flow - backflow prevention valves, turbines, and well 
draw-down behavior. 
 

Time Patterns 
 
A Time Pattern is a collection of multipliers that can be applied to a quantity to allow 
it to vary over time. Nodal demands, reservoir heads, pump schedules, and water 
quality source inputs can all have time patterns associated with them. The time 
interval used in all patterns is a fixed value, set with the project's Time Options (see 
Section 8.1). Within this interval a quantity remains at a constant level, equal to the 
product of its nominal value and the pattern's multiplier for that time period. 
Although all time patterns must utilize the same time interval, each can have a 
different number of periods. When the simulation clock exceeds the number of 
periods in a pattern, the pattern wraps around to its first period again. 
 
As an example of how time patterns work consider a junction node with an average 
demand of 10 GPM. Assume that the time pattern interval has been set to 4 hours and 
a pattern with the following multipliers has been specified for demand at this node: 
 

Period 1 2 3 4 5 6 
Multiplier 0.5 0.8 1.0 1.2 0.9 0.7 

 
Then during the simulation the actual demand exerted at this node will be as follows: 
 
Hours 0-4 4-8 8-12 12-16 16-20 20-24 24-28 
Demand 5 8 10 12 9 7 5 

 

Controls 
 
Controls are statements that determine how the network is operated over time. They 
specify the status of selected links as a function of time, tank water levels, and 
pressures at select points within the network. There are two categories of controls 
that can be used: 

• Simple Controls 

• Rule-Based Controls 
 

Simple Controls 
 
Simple controls change the status or setting of a link based on: 

• the water level in a tank, 

• the pressure at a junction, 

• the time into the simulation, 
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• the time of day. 
 
They are statements expressed in one of the following three formats: 
 

LINK x status IF NODE y ABOVE/BELOW z 
LINK x status AT TIME t 
LINK x status AT CLOCKTIME c AM/PM 

 
where: 
 
x = a link ID label, 
status = OPEN or CLOSED, a pump speed setting, or a control valve 

setting, 
y = a node ID label, 
z = a pressure for a junction or a water level for a tank, 
t = a time since the start of the simulation in decimal hours or in 

hours:minutes notation, 
c = a 24-hour clock time. 

 
Some examples of simple controls are: 

 
Control Statement Meaning 

LINK 12 CLOSED IF NODE 23 ABOVE 20 (Close Link 12 when the 
level in Tank 23 exceeds 20 
ft.) 

LINK 12 OPEN IF NODE 130 BELOW 30 (Open Link 12 if the 
pressure at Node 130 drops 
below 30 psi) 

LINK 12 1.5 AT TIME 16 (Set the relative speed of 
pump 12 to 1.5 at 16 hours 
into the simulation) 

LINK 12 CLOSED AT CLOCKTIME 10 AM 

LINK 12 OPEN AT CLOCKTIME 8 PM 

(Link 12 is repeatedly closed 
at 10 AM and opened at 8 
PM throughout the 
simulation) 

 
There is no limit on the number of simple control statements that can be used. 
 
Note:  Level controls are stated in terms of the height of water above the tank 

bottom, not the elevation (total head) of the water surface. 
 

Note:  Using a pair of pressure controls to open and close a link can cause the 
system to become unstable if the pressure settings are too close to one 
another. In this case using a pair of Rule-Based controls might provide more 
stability. 
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Rule-Based Controls 
 
Rule-Based Controls allow link status and settings to be based on a combination of 
conditions that might exist in the network after an initial hydraulic state of the system 
is computed. Here are several examples of Rule-Based Controls: 
 
Example 1: 
This set of rules shuts down a pump and opens a by-pass pipe when the level in a 
tank exceeds a certain value and does the opposite when the level is below another 
value. 
 

RULE 1 
IF   TANK   1 LEVEL ABOVE 19.1 
THEN PUMP 335 STATUS IS CLOSED 
AND  PIPE 330 STATUS IS OPEN 
 
RULE 2 
IF   TANK   1 LEVEL BELOW 17.1 
THEN PUMP 335 STATUS IS OPEN 
AND  PIPE 330 STATUS IS CLOSED 

 
Example 2: 
These rules change the tank level at which a pump turns on depending on the time of 
day. 
 

RULE 3 
IF   SYSTEM CLOCKTIME >= 8 AM 
AND  SYSTEM CLOCKTIME < 6 PM 
AND  TANK 1 LEVEL BELOW 12 
THEN PUMP 335 STATUS IS OPEN 
 
RULE 4 
IF   SYSTEM CLOCKTIME >= 6 PM 
OR   SYSTEM CLOCKTIME < 8 AM 
AND  TANK 1 LEVEL BELOW 14 
THEN PUMP 335 STATUS IS OPEN 

 
A description of the formats used with Rule-Based controls can be found in 
Appendix C, under the [RULES] heading (page 150). 
 
 

3.3 Hydraulic Simulation Model 
 
EPANET’s hydraulic simulation model computes junction heads and link flows for a 
fixed set of reservoir levels, tank levels, and water demands over a succession of 
points in time. From one time step to the next reservoir levels and junction demands 
are updated according to their prescribed time patterns while tank levels are updated 
using the current flow solution. The solution for heads and flows at a particular point 
in time involves solving simultaneously the conservation of flow equation for each 
junction and the headloss relationship across each link in the network. This process, 
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known as “hydraulically balancing” the network, requires using an iterative technique 
to solve the nonlinear equations involved. EPANET employs the “Gradient 
Algorithm” for this purpose. Consult Appendix D for details. 

 
The hydraulic time step used for extended period simulation (EPS) can be set by the 
user. A typical value is 1 hour. Shorter time steps than normal will occur 
automatically whenever one of the following events occurs: 

• the next output reporting time period occurs 

• the next time pattern period occurs 

• a tank becomes empty or full 

• a simple control or rule-based control is activated. 
 
 

3.4 Water Quality Simulation Model 
 

Basic Transport 
 
EPANET’s water quality simulator uses a Lagrangian time-based approach to track 
the fate of discrete parcels of water as they move along pipes and mix together at 
junctions between fixed-length time steps. These water quality time steps are 
typically much shorter than the hydraulic time step (e.g., minutes rather than hours) 
to accommodate the short times of travel that can occur within pipes.  
 
The method tracks the concentration and size of a series of non-overlapping segments 
of water that fills each link of the network. As time progresses, the size of the most 
upstream segment in a link increases as water enters the link while an equal loss in 
size of the most downstream segment occurs as water leaves the link. The size of the 
segments in between these remains unchanged. 
 
For each water quality time step, the contents of each segment are subjected to 
reaction, a cumulative account is kept of the total mass and flow volume entering 
each node, and the positions of the segments are updated. New node concentrations 
are then calculated, which include the contributions from any external sources. 
Storage tank concentrations are updated depending on the type of mixing model that 
is used (see below). Finally, a new segment will be created at the end of each link 
that receives inflow from a node if the new node quality differs by a user-specified 
tolerance from that of the link’s last segment.  
 
Initially each pipe in the network consists of a single segment whose quality equals 
the initial quality assigned to the upstream node. Whenever there is a flow reversal in 
a pipe, the pipe’s parcels are re-ordered from front to back. 
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Mixing in Storage Tanks 
 
EPANET can use four different types of models to characterize mixing within 
storage tanks as illustrated in Figure 3.5: 

• Complete Mixing 

• Two-Compartment Mixing 

• FIFO Plug Flow 

• LIFO Plug Flow 

Different models can be used with different tanks within a network. 
 

 
(A) Complete Mixing 

 
(B) Two-Compartment Mixing 

 
(C) Plug Flow - FIFO 

 
(D) Plug Flow - LIFO 

 
Figure 3.5  Tank Mixing Models 

 
The Complete Mixing model (Figure 3.5(a)) assumes that all water that enters a tank 
is instantaneously and completely mixed with the water already in the tank. It is the 
simplest form of mixing behavior to assume, requires no extra parameters to describe 
it, and seems to apply quite well to a large number of facilities that operate in fill-
and-draw fashion. 
 
The Two-Compartment Mixing model (Figure 3.5(b)) divides the available storage 
volume in a tank into two compartments, both of which are assumed completely 
mixed. The inlet/outlet pipes of the tank are assumed to be located in the first 
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compartment. New water that enters the tank mixes with the water in the first 
compartment. If this compartment is full, then it sends its overflow to the second 
compartment where it completely mixes with the water already stored there. When 
water leaves the tank, it exits from the first compartment, which if full, receives an 
equivalent amount of water from the second compartment to make up the difference. 
The first compartment is capable of simulating short-circuiting between inflow and 
outflow while the second compartment can represent dead zones. The user must 
supply a single parameter, which is the fraction of the total tank volume devoted to 
the first compartment. 
 
The FIFO Plug Flow model (Figure 3.5(c)) assumes that there is no mixing of water 
at all during its residence time in a tank. Water parcels move through the tank in a 
segregated fashion where the first parcel to enter is also the first to leave. Physically 
speaking, this model is most appropriate for baffled tanks that operate with 
simultaneous inflow and outflow. There are no additional parameters needed to 
describe this mixing model. 
 
The LIFO Plug Flow model (Figure 3.5(d)) also assumes that there is no mixing 
between parcels of water that enter a tank. However in contrast to FIFO Plug Flow, 
the water parcels stack up one on top of another, where water enters and leaves the 
tank on the bottom. This type of model might apply to a tall, narrow standpipe with 
an inlet/outlet pipe at the bottom and a low momentum inflow. It requires no 
additional parameters be provided. 

 

Water Quality Reactions 
 
EPANET can track the growth or decay of a substance by reaction as it travels 
through a distribution system. In order to do this it needs to know the rate at which 
the substance reacts and how this rate might depend on substance concentration. 
Reactions can occur both within the bulk flow and with material along the pipe wall. 
This is illustrated in Figure 3.6. In this example free chlorine (HOCl) is shown 
reacting with natural organic matter (NOM) in the bulk phase and is also transported 
through a boundary layer at the pipe wall to oxidize iron (Fe) released from pipe wall 
corrosion. Bulk fluid reactions can also occur within tanks. EPANET allows a 
modeler to treat these two reaction zones separately. 
 

Bulk Fluid

Boundary Layer

HOCl NOM DBP

Fe+2 Fe+3

Kb

Kw

 
Figure 3.6  Reaction Zones Within a Pipe 
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Bulk Reactions 
 
EPANET models reactions occurring in the bulk flow with n-th order kinetics, where 
the instantaneous rate of reaction (R in mass/volume/time) is assumed to be 
concentration-dependent according to 
 

n
bCKR =   

 
Here Kb = a bulk reaction rate coefficient, C = reactant concentration (mass/volume), 
and n = a reaction order. Kb has units of concentration raised to the (1-n) power 
divided by time. It is positive for growth reactions and negative for decay reactions. 
 
EPANET can also consider reactions where a limiting concentration exists on the 
ultimate growth or loss of the substance. In this case the rate expression becomes 
 

 )1()( −−= n
Lb CCCKR   for n > 0, Kb > 0 

 )1()( −−= n
Lb CCCKR   for n > 0, Kb < 0 

 
where CL = the limiting concentration. Thus there are three parameters (Kb, CL, and n) 
that are used to characterize bulk reaction rates. Some special cases of well-known 
kinetic models include the following (See Appendix D for more examples): 
 
Model Parameters Examples 
First-Order Decay CL = 0, Kb < 0, n = 1 Chlorine 
First-Order Saturation Growth CL > 0, Kb > 0, n = 1 Trihalomethanes 
Zero-Order Kinetics CL = 0, Kb <> 0, n = 0 Water Age 
No Reaction CL = 0, Kb = 0 Fluoride Tracer 

 
The Kb for first-order reactions can be estimated by placing a sample of water in a 
series of non-reacting glass bottles and analyzing the contents of each bottle at 
different points in time. If the reaction is first-order, then plotting the natural log 
(Ct/Co) against time should result in a straight line, where Ct is concentration at time t 
and Co is concentration at time zero. Kb would then be estimated as the slope of this 
line. 
 
Bulk reaction coefficients usually increase with increasing temperature. Running 
multiple bottle tests at different temperatures will provide more accurate assessment 
of how the rate coefficient varies with temperature 
 
Wall Reactions 
 
The rate of water quality reactions occurring at or near the pipe wall can be 
considered to be dependent on the concentration in the bulk flow by using an 
expression of the form 
 

n
wCKVAR )/(=  
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where Kw = a wall reaction rate coefficient and (A/V) = the surface area per unit 
volume within a pipe (equal to 4 divided by the pipe diameter). The latter term 
converts the mass reacting per unit of wall area to a per unit volume basis. EPANET 
limits the choice of wall reaction order to either 0 or 1, so that the units of Kw are 
either mass/area/time or length/time, respectively. As with Kb, Kw must be supplied to 
the program by the modeler. First-order Kw values can range anywhere from 0 to as 
much as 5 ft/day. 
 
Kw should be adjusted to account for any mass transfer limitations in moving 
reactants and products between the bulk flow and the wall. EPANET does this 
automatically, basing the adjustment on the molecular diffusivity of the substance 
being modeled and on the flow's Reynolds number. See Appendix D for details.  
(Setting the molecular diffusivity to zero will cause mass transfer effects to be 
ignored.)  
 
The wall reaction coefficient can depend on temperature and can also be correlated to 
pipe age and material. It is well known that as metal pipes age their roughness tends 
to increase due to encrustation and tuburculation of corrosion products on the pipe 
walls. This increase in roughness produces a lower Hazen-Williams C-factor or a 
higher Darcy-Weisbach roughness coefficient, resulting in greater frictional head loss 
in flow through the pipe. 
 
There is some evidence to suggest that the same processes that increase a pipe's 
roughness with age also tend to increase the reactivity of its wall with some chemical 
species, particularly chlorine and other disinfectants. EPANET can make each pipe's 
Kw be a function of the coefficient used to describe its roughness. A different function 
applies depending on the formula used to compute headloss through the pipe: 
 

Headloss Formula Wall Reaction Formula 

Hazen-Williams Kw = F / C 

Darcy-Weisbach Kw = -F / log(e/d) 

Chezy-Manning Kw = F n 
 

where C = Hazen-Williams C-factor, e = Darcy-Weisbach roughness, d = pipe 
diameter, n = Manning roughness coefficient, and F = wall reaction - pipe roughness 
coefficient The coefficient F must be developed from site-specific field 
measurements and will have a different meaning depending on which head loss 
equation is used. The advantage of using this approach is that it requires only a single 
parameter, F, to allow wall reaction coefficients to vary throughout the network in a 
physically meaningful way. 
 

Water Age and Source Tracing 
 
In addition to chemical transport, EPANET can also model the changes in the age of 
water throughout a distribution system. Water age is the time spent by a parcel of 
water in the network. New water entering the network from reservoirs or source 
nodes enters with age of zero. Water age provides a simple, non-specific measure of 
the overall quality of delivered drinking water. Internally, EPANET treats age as a 
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reactive constituent whose growth follows zero-order kinetics with a rate constant 
equal to 1 (i.e., each second the water becomes a second older). 
 
EPANET can also perform source tracing. Source tracing tracks over time what 
percent of water reaching any node in the network had its origin at a particular node. 
The source node can be any node in the network, including tanks or reservoirs. 
Internally, EPANET treats this node as a constant source of a non-reacting 
constituent that enters the network with a concentration of 100. Source tracing is a 
useful tool for analyzing distribution systems drawing water from two or more 
different raw water supplies.  It can show to what degree water from a given source 
blends with that from other sources, and how the spatial pattern of this blending 
changes over time.  
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C H A P T E R   4  -  E P A N E T’ S   W O R K S P A C E 

 
This chapter discusses the essential features of EPANET’s workspace. It describes 
the main menu bar, the tool and status bars, and the three windows used most often – 
the Network Map, the Browser, and the Property Editor. It also shows how to set 
program preferences. 
 
 

4.1 Overview 
 
The basic EPANET workspace is pictured below. It consists of the following user 
interface elements: a Menu Bar, two Toolbars, a Status Bar, the Network Map 
window, a Browser window, and a Property Editor window. A description of each of 
these elements is provided in the sections that follow.  
 
 

           Menu Bar                             Network Map                           Toolbars 

 
                             Status Bar                                                  Property Editor              Browser 
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4.2 Menu Bar 
 
The Menu Bar located across the top of the EPANET workspace contains a collection 
of menus used to control the program. These include: 

• File Menu 

• Edit Menu 

• View Menu 

• Project Menu 

• Report Menu 

• Window Menu 

• Help Menu 
 

File Menu 
 
The File Menu contains commands for opening and saving data files and for printing: 

 

Command Description 

New Creates a new EPANET project 

Open Opens an existing project 

Save Saves the current project 

Save As Saves the current project under a different name 

Import Imports network data or map from a file 

Export Exports network data or map to a file 

Page Setup Sets page margins, headers, and footers for printing 

Print Preview Previews a printout of the current view 

Print Prints the current view 

Preferences Sets program preferences 

Exit Exits EPANET 
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Edit Menu 
 
The Edit Menu contains commands for editing and copying. 
 

Command Description 

Copy To Copies the currently active view (map, report, graph or table) 
to the clipboard or to file 

Select Object Allows selection of an object on the map 

Select Vertex Allows selection of link vertices on the map  

Select Region Allows selection of an outlined region on the map 

Select All Makes the outlined region the entire viewable map area 

Group Edit Edits a property for the group of objects that fall within the 
outlined region of the map 

 

View Menu 
 
The View Menu controls how the network map is viewed. 
 

Command Description 

Dimensions Dimensions the map  

Backdrop Allows a backdrop map to be viewed 

Pan Pans across the map 

Zoom In Zooms in on the map 

Zoom Out Zooms out on the map 

Full Extent Redraws the map at full extent 

Find Locates a specific item on the map 

Query Searches for items on the map that meet specific criteria 

Overview Map Toggles the Overview Map on/off 

Legends Controls the display of map legends 

Toolbars Toggles the toolbars on/off 

Options Sets map appearance options 
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Project Menu 
 
The Project menu includes commands related to the current project being analyzed. 
 

Command Description 

Summary Provides a summary description of the project's 
characteristics 

Defaults Edits a project's default properties 

Calibration Data Registers files containing calibration data with the project 

Analysis Options Edits analysis options 

Run Analysis Runs a simulation 

 

Report Menu 
 
The Report menu has commands used to report analysis results in different formats. 
 

Command Description 

Status Reports changes in the status of  links over time 

Energy Reports the energy consumed by each pump 

Calibration Reports differences between simulated and measured values  

Reaction Reports average reaction rates throughout the network 

Full Creates a full report of computed results for all nodes and 
links in all time periods which is saved to a plain text file 

Graph Creates time series, profile, frequency, and contour plots of 
selected parameters 

Table Creates a tabular display of selected node and link quantities 

Options Controls the display style of a report, graph, or table 

 
 

Window Menu 
 
The Window Menu contains the following commands: 
 

Command Description 

Arrange Rearranges all child windows to fit within the main 
window 

Close All Closes all open windows (except the Map and Browser) 

Window List Lists all open windows; selected window currently has 
focus 
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Help Menu 
 
The Help Menu contains commands for getting help in using EPANET: 
 

Command Description 

Help Topics Displays the Help system's Help Topics dialog box 

Units Lists the units of measurement for all EPANET 
parameters 

Tutorial Presents a short tutorial introducing the user to EPANET 

About Lists information about the version of EPANET being 
used 

 
Context-sensitive Help is also available by pressing the F1 key. 

 
 

4.3 Toolbars 
 
Toolbars provide shortcuts to commonly used operations. There are two such 
toolbars: 

• Standard Toolbar 

• Map Toolbar 
 

The toolbars can be docked underneath the Main Menu bar or dragged to any 
location on the EPANET workspace. When undocked, they can also be re-sized. The 
toolbars can be made visible or invisible by selecting View >> Toolbars. 
 

Standard Toolbar 
 
The Standard Toolbar contains speed buttons for commonly used commands. 

 

 
Opens a new project (File >> New) 

 
Opens an existing project (File >> Open) 

 
Saves the current project (File >> Save) 

 
Prints the currently active window (File >> Print) 

 Copies selection to the clipboard or to a file (Edit >> Copy To) 

 
Deletes the currently selected item 

 
Finds a specific item on the map (View >> Find) 

 
Runs a simulation (Project >> Run Analysis) 

 
Runs a visual query on the map (View >> Query) 
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Creates a new graph view of results (Report >> Graph) 

 
Creates a new table view of results (Report >> Table) 

 
Modifies options for the currently active view (View >> Options or Report 
>> Options) 

 

Map Toolbar 
 
The Map Toolbar contains buttons for working with the Network Map. 

 

 Selects an object on the map (Edit >> Select Object) 

 
Selects link vertex points (Edit >> Select Vertex) 

 Selects a region on the map (Edit >> Select Region) 

 Pans across the map (View >> Pan) 

 Zooms in on the map (View >> Zoom In) 

 Zooms out on the map (View >> Zoom Out) 

 
Draws map at full extent (View >> Full Extent) 

 Adds a junction to the map 

 
Adds a reservoir to the map 

 Adds a tank to the map 

 Adds a pipe to the map 

 Adds a pump to the map 

 Adds a valve to the map 

 Adds a label to the map 
 

 

4.4 Status Bar 
 
The Status Bar appears at the bottom of the EPANET workspace and is divided into 
four sections which display the following information: 

• Auto-Length – indicates whether automatic computation of pipe 
lengths is turned on or off 

• Flow Units - displays the current flow units that are in effect 

• Zoom Level - displays the current zoom in level for the map (100% 
is full scale) 

• Run Status - a faucet icon shows: 

- no running water if no analysis results are available, 
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- running water when valid analysis results are available, 

- a broken faucet when analysis results are available but may be 
invalid because the network data have been modified.  

• XY Location - displays the map coordinates of the current position 
of the mouse pointer. 

 
 

4.5 Network Map 
 
The Network Map provides a planar schematic diagram of the objects comprising a 
water distribution network. The location of objects and the distances between them 
do not necessarily have to conform to their actual physical scale. Selected properties 
of these objects, such as water quality at nodes or flow velocity in links, can be 
displayed by using different colors. The color-coding is described in a Legend, which 
can be edited. New objects can be directly added to the map and existing objects can 
be clicked on for editing, deleting, and repositioning. A backdrop drawing (such as a 
street or topographic map) can be placed behind the network map for reference. The 
map can be zoomed to any scale and panned from one position to another. Nodes and 
links can be drawn at different sizes, flow direction arrows added, and object 
symbols, ID labels and numerical property values displayed. The map can be printed, 
copied onto the Windows clipboard, or exported as a DXF file or Windows metafile. 
 
 

4.6 Data Browser 
 
The Data Browser (shown below) is accessed from the Data tab on the Browser 
window. It gives access to the various objects, by category (Junctions, Pipes, etc.) 
that are contained in the network being analyzed. The buttons at the bottom are used 
to add, delete, and edit these objects. 

 
 
 
 

Selects an object category 
 
 
 
 
 
Lists items in the selected category 
 
 
 

Add, Delete, and Edit buttons 
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4.7 Map Browser 
 
The Map Browser (shown below) is accessed from the Map tab of the Browser 
Window. It selects the parameters and time period that are viewed in color-coded 
fashion on the Network Map. It also contains controls for animating the map through 
time.  

 
 
 
 

Selects a node variable for viewing 
 

Selects a link variable for viewing 
 
 

Selects a time period for viewing 

Animates the map display over time 
 
Sets animation speed 
 

 
 
 
The animation control pushbuttons on the Map Browser work as follows: 

 
   Rewind (return to initial time) 
   Animate back through time 

   Stop the animation 
   Animate forward in time 

 
 

4.8 Property Editor 
 

 

The Property Editor (shown at the left) is used to edit 
the properties of network nodes, links, labels, and 
analysis options. It is invoked when one of these 
objects is selected (either on the Network Map or in 
the Data Browser) and double-clicked or the 
Browser's Edit button is clicked. The following points 
help explain how to use the Editor. 
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• The Editor is a grid with two columns - one for the property's name 
and the other for its value. 

• The columns can be re-sized by re-sizing the header at the top of the 
Editor with the mouse. 

• The Editor window can be moved and re-sized via the normal 
Windows procedures. 

• An asterisk next to a property name means that it is a required 
property -- its value cannot be left blank. 

• Depending on the property, the value field can be one of the 
following: 

§ a text box where you type in a value 

§ a dropdown list box where you select from a list of choices 

§ an ellipsis button which you click to bring up a specialized editor 

§ a read-only label used to display computed results 

• The property in the Editor that currently has focus will be 
highlighted with a white background. 

• You can use both the mouse and the Up and Down arrow keys on the 
keyboard to move between properties. 

• To begin editing the property with the focus, either begin typing a 
value or hit the Enter key. 

• To have EPANET accept what you have entered, press the Enter key 
or move to another property; to cancel, press the Esc key. 

• Clicking the Close button in the upper right corner of its title bar will 
hide the Editor. 

 
 

4.9 Program Preferences 
 
Program preferences allow you to customize certain program features. To set 
program preferences select Preferences from the File menu. A Preferences dialog 
form will appear containing two tabbed pages – one for General Preferences and one 
for Format Preferences. 
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General Preferences 
 
The following preferences can be set on the General page of the Preferences dialog: 

 

Preference Description 

Bold Fonts Check to use bold fonts in all newly created windows 

Blinking Map Hiliter Check to make the selected node, link, or label on the 
map blink on and off 

Flyover Map Labeling Check to display the ID label and current parameter 
value in a hint-style box whenever the mouse is placed 
over a node or link on the network map 

Confirm Deletions Check to display a confirmation dialog box before 
deleting any object 

Automatic Backup File Check to save a backup copy of a newly opened 
project to disk named with a .bak extension 

Temporary Directory Name of the directory (folder) where EPANET writes 
its temporary files 

 
NNoottee:   The Temporary Directory must be a file directory (folder) where the user has 

write privileges and must have sufficient space to store files which can easily 
grow to several tens of megabytes for larger networks and simulation runs. 
The original default is the Windows TEMP directory (usually 
c:\Windows\Temp). 
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Formatting Preferences 
 
The Formats page of the Preferences dialog box controls how many decimal places 
are displayed when results for computed parameters are reported. Use the dropdown 
list boxes to select a specific Node or Link parameter. Use the spin edit boxes to 
select the number of decimal places to use when displaying computed results for the 
parameter. The number of decimal places displayed for any particular input design 
parameter, such as pipe diameter, length, etc. is whatever the user enters. 
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C H A P T E R  5  -  W O R K I N G   W I T H   P R O J E C T S 

 
This chapter discusses how EPANET uses project files to store a piping network’s 
data. It explains how to set certain default options for the project and how to register 
calibration data (observed measurements) with the project to use for model 
evaluation. 
 
 

5.1 Opening and Saving Project Files 
 
Project files contain all of the information used to model a network. They are usually 
named with a .NET extension. 
 
To create a new project: 

1. Select File >> New from the Menu Bar or click  on the Standard 
Toolbar. 

2. You will be prompted to save the existing project (if changes were 
made to it) before the new project is created. 

3. A new, unnamed project is created with all options set to their 
default values. 

 
A new project is automatically created whenever EPANET first begins. 

 
To open an existing project stored on disk: 

1. Either select File >> Open from the Menu Bar or click  on the 
Standard Toolbar. 

2. You will be prompted to save the current project (if changes were 
made to it). 

3. Select the file to open from the Open File dialog form that will 
appear. You can choose to open a file type saved previously as an 
EPANET project (typically with a .NET extension) or exported as a 
text file (typically with a .INP extension). EPANET recognizes file 
types by their content, not their names. 

4. Click OK to close the dialog and open the selected file. 
  
To save a project under its current name: 

• Either select File >> Save from the Menu Bar or click  on the 
Standard Toolbar. 
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To save a project using a different name: 

1. Select File >> Save As from the Menu Bar. 

2. A standard File Save dialog form will appear from which you can 
select the folder and name that the project should be saved under. 

  
NNoottee:: Projects are always saved as binary .NET files. To save a project's data as 

readable ASCII text, use the Export >> Network command from the File 
menu. 

 
 

5.2 Project Defaults 
 
Each project has a set of default values that are used unless overridden by the 
EPANET user. These values fall into three categories: 

• Default ID labels (labels used to identify nodes and links when they 
are first created) 

• Default node/link properties (e.g., node elevation, pipe length, 
diameter, and roughness) 

• Default hydraulic analysis options (e.g., system of units, headloss 
equation, etc.) 

 
To set default values for a project: 

1. Select Project >> Defaults from the Menu Bar. 

2. A Defaults dialog form will appear with three pages, one for each 
category listed above. 

3. Check the box in the lower right of the dialog form if you want to 
save your choices for use in all new future projects as well. 

4. Click OK to accept your choice of defaults. 
 
The specific items for each category of defaults will be discussed next. 
 

Default ID Labels 
 
The ID Labels page of the Defaults dialog form is shown in Figure 5.1 below. It is 
used to determine how EPANET will assign default ID labels to network components 
when they are first created. For each type of object one can enter a label prefix or 
leave the field blank if the default ID will simply be a number. Then one supplies an 
increment to be used when adding a numerical suffix to the default label. As an 
example, if J were used as a prefix for Junctions along with an increment of 5, then as 
junctions are created they receive default labels of J5, J10, J15 and so on. After an 
object has been created, the Property Editor can be used to modify its ID label if need 
be. 
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Figure 5.1  ID Labels Page of Project Defaults Dialog 
 
 

Default Node/Link Properties 
 
The Properties page of the Defaults dialog form is shown in Figure 5.2. It sets default 
property values for newly created nodes and links. These properties include: 

• Elevation for nodes 

• Diameter for tanks 

• Maximum water level for tanks 

• Length for pipes 

• Auto-Length (automatic calculation of length) for pipes 

• Diameter for pipes 

• Roughness for pipes 
 
When the Auto-Length property is turned on, pipe lengths will automatically be 
computed as pipes are added or repositioned on the network map. A node or link 
created with these default properties can always be modified later on using the 
Property Editor. 
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Figure 5.2  Properties Page of the Project Defaults Dialog 
 
 

Default Hydraulic Options 
 
The third page of the Defaults dialog form is used to assign default hydraulic analysis 
options. It contains the same set of hydraulic options as the project's Hydraulic 
Options accessed from the Browser (see Section 8.1). They are repeated on the 
Project Defaults dialog so that they can be saved for use with future projects as well 
as with the current one. The most important Hydraulic Options to check when setting 
up a new project are Flow Units, Headloss Formula, and Default Pattern. The choice 
of Flow Units determines whether all other network quantities are expressed in 
Customary US units or in SI metric units. The choice of Headloss Formula defines 
the type of the roughness coefficient to be supplied for each pipe in the network. The 
Default Pattern automatically becomes the time pattern used to vary demands in an 
extended period simulation for all junctions not assigned any pattern. 
 
 

5.3 Calibration Data 
 
EPANET allows you to compare results of a simulation against measured field data. 
This can be done via Time Series plots for selected locations in the network or by 
special Calibration Reports that consider multiple locations. Before EPANET can use 
such calibration data it has to be entered into a file and registered with the project. 
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Calibration Files 
 
A Calibration File is a text file containing measured data for a particular quantity 
taken over a particular period of time within a distribution system. The file provides 
observed data that can be compared to the results of a network simulation. Separate 
files should be created for different parameters (e.g., pressure, fluoride, chlorine, 
flow, etc.) and different sampling studies. Each line of the file contains the following 
items: 

• Location ID - ID label (as used in the network model) of the location 
where the measurement was made 

• Time - Time (in hours) when the measurement was made 

• Value - Result of the measurement 
 
The measurement time is with respect to time zero of the simulation to which the 
Calibration File will be applied. It can be entered as either a decimal number (e.g., 
27.5) or in hours:minutes format (e.g., 27:30). For data to be used in a single period 
analysis all time values can be 0. Comments can be added to the file by placing a 
semicolon (;) before them. For a series of measurements made at the same location 
the Location ID does not have to be repeated. An excerpt from a Calibration File is 
shown below. 
 

;Fluoride Tracer Measurements 
;Location    Time    Value 
;-------------------------- 
   N1         0       0.5 
              6.4     1.2 
             12.7     0.9 
   N2         0.5     0.72 

5.6 0.77 
 
 

Registering Calibration Data 
 
To register calibration data residing in a Calibration File: 

1. Select Project >> Calibration Data from the Menu Bar. 

2. In the Calibration Data dialog form shown in Figure 5.3, click in the 
box next to the parameter you wish to register data for. 

3. Either type in the name of a Calibration File for this parameter or 
click the Browse button to search for it. 

4. Click the Edit button if you want to open the Calibration File in 
Windows NotePad for editing. 

5. Repeat steps 2 - 4 for any other parameters that have calibration data. 

6. Click OK to accept your selections. 
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Figure 5.3 Calibration Data Dialog 
 
 

5.4 Project Summary 
 
To view a summary description of the current project select Project >> Summary 
from the Menu Bar. The Project Summary dialog form will appear in which you can 
edit a descriptive title for the project as well as add notes that further describe the 
project. When you go to open a previously saved file, the Open File dialog box will 
display both of these items as different file names are selected. This makes them very 
useful for locating specific network analyses. The form also displays certain network 
statistics, such as the number of junctions, pipes, pumps, etc. 
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C H A P T E R  6  -  W O R K I N G   W I T H   O B J E C T S 

 
EPANET uses various types of objects to model a distribution system. These objects 
can be accessed either directly on the network map or from the Data page of the 
Browser window. This chapter describes what these objects are and how they can be 
created, selected, edited, deleted, and repositioned. 
 
 

6.1 Types of Objects 
 
EPANET contains both physical objects that can appear on the network map, and 
non-physical objects that encompass design and operational information. These 
objects can be classified as followed: 

(1) Nodes 
(a) Junctions 

(b) Reservoirs 

(c) Tanks 

(2) Links 
(a) Pipes 

(b) Pumps 

(c) Valves 

(3) Map Labels 

(4) Time Patterns 

(5) Curves 

(6) Controls 

(a) Simple 

(b) Rule-Based 
 
 

6.2 Adding Objects 
 

Adding a Node 
 
To add a Node using the Map Toolbar: 

1. Click the button for the type of node (junction , reservoir , or 

tank ) to add from the Map Toolbar if it is not already depressed. 

2. Move the mouse to the desired location on the map and click. 
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To add a Node using the Browser: 

1. Select the type of node (junction, reservoir, or tank) from the Object 
list of the Data Browser. 

2. Click the Add button . 

3. Enter map coordinates with the Property Editor (optional). 
 
 

Adding a Link 
 
To add a straight or curved-line Link using the Map Toolbar:  

1. Click the button for the type of link to add (pipe , pump , or 

valve   ) from the Map Toolbar if it is not already depressed. 

2. On the map, click the mouse over the link's start node. 

3. Move the mouse in the direction of the link’s end node, clicking it at 
those intermediate points where it is necessary to change the link’s 
direction. 

4. Click the mouse a final time over the link's end node. 

Pressing the right mouse button or the Escape key while drawing a link will cancel 
the operation. 
 
To add a straight line Link using the Browser: 

1. Select the type of link to add  (pipe, pump, or valve) from the Object 
list of the Data Browser. 

2. Click the Add button. 

3. Enter the From and To nodes of the link in the Property Editor. 
 
 

Adding a Map Label 
 
To add a label to the map: 

1. Click the Text button  on the Map Toolbar. 

2. Click the mouse on the map where label should appear. 

3. Enter the text for the label. 

4. Press the Enter key. 
 
 

Adding a Curve 
 
To add a curve to the network database: 
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1. Select Curve from the object category list of the Data Browser. 

2. Click the Add button. 

3. Edit the curve using the Curve Editor (see below). 
 

Adding a Time Pattern 
 
To add a time pattern to the network: 

1. Select Patterns from the object category list of the Data Browser. 

2. Click the Add button. 

3. Edit the pattern using the Pattern Editor (see below). 
 
 

Using a Text File 
 
In addition to adding individual objects interactively, you can import a text file 
containing a list of node ID's with their coordinates as well as a list of link ID's and 
their connecting nodes (see Section 11.4 - Importing a Partial Network). 
 
 

6.3 Selecting Objects 
 
To select an object on the map: 

1. Make sure that the map is in Selection mode (the mouse cursor has 
the shape of an arrow pointing up to the left). To switch to this mode, 

either click the Select Object button  on the Map Toolbar or 
choose Select Object from the Edit menu. 

2. Click the mouse over the desired object on the map. 
 
To select an object using the Browser: 

1. Select the category of object from the dropdown list of the Data 
Browser. 

2. Select the desired object from the list below the category heading. 
 
 

6.4 Editing Visual Objects 
 
The Property Editor (see Section 4.8) is used to edit the properties of objects that can 
appear on the Network Map (Junctions, Reservoirs, Tanks, Pipes, Pumps, Valves, or 
Labels). To edit one of these objects, select the object on the map or from the Data 

Browser, then click the Edit button  on the Data Browser (or simply double-click 
the object on the map). The properties associated with each of these types of objects 
are described in Tables 6.1 to 6.7. 
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Note:  The unit system in which object properties are expressed depends on the 
choice of units for flow rate. Using a flow rate expressed in cubic feet, 
gallons or acre-feet means that US units will be used for all quantities. Using 
a flow rate expressed in liters or cubic meters means that SI metric units will 
be used. Flow units are selected from the project’s Hydraulic Options which 
can be accessed from the Project >> Defaults menu. The units used for all 
properties are summarized in Appendix A. 

 
 

Table 6.1  Junction Properties 
PROPERTY DESCRIPTION 

Junction ID A unique label used to identify the junction. It can consist of a combination 
of up to 15 numerals or characters. It cannot be the same as the ID for any 
other node. This is a required property. 

X-Coordinate The horizontal location of the junction on the map, measured in the 
map's distance units. If left blank the junction will not appear on the 
network map. 

Y-Coordinate The vertical location of the junction on the map, measured in the map's 
distance units. If left blank the junction will not appear on the network map. 

Description An optional text string that describes other significant information about the 
junction. 

Tag An optional text string (with no spaces) used to assign the junction to a 
category, such as a pressure zone. 

Elevation The elevation in feet (meters) above some common reference of the 
junction. This is a required property. Elevation is used only to compute 
pressure at the junction. It does not affect any other computed quantity. 

Base Demand The average or nominal demand for water by the main category of consumer 
at the junction, as measured in the current flow units. A negative value is 
used to indicate an external source of flow into the junction. If left blank 
then demand is assumed to be zero.  

Demand Pattern The ID label of the time pattern used to characterize time variation in 
demand for the main category of consumer at the junction. The pattern 
provides multipliers that are applied to the Base Demand to determine actual 
demand in a given time period. If left blank then the Default Time Pattern 
assigned in the Hydraulic Options (see Section 8.1) will be used. 

Demand 
Categories 

Number of different categories of water users defined for the junction. Click 
the ellipsis button (or hit the Enter key) to bring up a special Demands 
Editor which will let you assign base demands and time patterns to multiple 
categories of users at the junction. Ignore if only a single demand category 
will suffice. 

Emitter 
Coefficient 

Discharge coefficient for emitter (sprinkler or nozzle) placed at junction. 
The coefficient represents the flow (in current flow units) that occurs at a 
pressure drop of 1 psi (or meter).   Leave blank if no emitter is present. See 
the Emitters topic in Section 3.1 for more details. 

Initial Quality Water quality level at the junction at the start of the simulation period. Can 
be left blank if no water quality analysis is being made or if the level is zero. 

Source Quality Quality of any water entering the network at this location. Click the ellipsis 
button (or hit the Enter key) to bring up the Source Quality Editor (see 
Section 6.5 below). 
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Table 6.2  Reservoir Properties 

PROPERTY DESCRIPTION 

Reservoir ID A unique label used to identify the reservoir. It can consist of a combination of 
up to 15 numerals or characters. It cannot be the same as the ID for any other 
node. This is a required property. 

X-Coordinate The horizontal location of the reservoir on the map, measured in the map's 
distance units. If left blank the reservoir will not appear on the network map. 

Y-Coordinate The vertical location of the reservoir on the map, measured in the map's distance 
units. If left blank the reservoir will not appear on the network map. 

Description An optional text string that describes other significant information about the 
reservoir. 

Tag An optional text string (with no spaces) used to assign the reservoir to a 
category, such as a pressure zone 

Total Head The hydraulic head (elevation + pressure head) of water in the reservoir in feet 
(meters). This is a required property. 

Head Pattern The ID label of a time pattern used to model time variation in the reservoir's 
head. Leave blank if none applies. This property is useful if the reservoir 
represents a tie-in to another system whose pressure varies with time. 

Initial Quality Water quality level at the reservoir. Can be left blank if no water quality analysis 
is being made or if the level is zero. 

Source 
Quality 

Quality of any water entering the network at this location. Click the ellipsis 
button (or hit the Enter key) to bring up the Source Quality Editor (see Section 
6.5 below). 

 
 
 
 

Table 6.3  Tank Properties 
PROPERTY DESCRIPTION 

Tank ID A unique label used to identify the tank. It can consist of a combination of 
up to 15 numerals or characters. It cannot be the same as the ID for any 
other node. This is a required property. 

X-Coordinate The horizontal location of the tank on the map, measured in the map's 
scaling units. If left blank the tank will not appear on the network map. 

Y-Coordinate The vertical location of the tank on the map, measured in the map's scaling 
units. If left blank the tank will not appear on the network map. 

Description Optional text string that describes other significant information about the 
tank. 

Tag Optional text string (with no spaces) used to assign the tank to a category, 
such as a pressure zone 

Elevation Elevation above a common datum in feet (meters) of the bottom shell of 
the tank. This is a required property. 

Initial Level Height in feet (meters) of the water surface above the bottom elevation of 
the tank at the start of the simulation. This is a required property. 

Minimum Level Minimum height in feet (meters) of the water surface above the bottom 
elevation that will be maintained. The tank will not be allowed to drop 
below this level. This is a required property. 
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Maximum Level Maximum height in feet (meters) of the water surface above the bottom 
elevation that will be maintained. The tank will not be allowed to rise 
above this level. This is a required property. 

Diameter The diameter of the tank in feet (meters). For cylindrical tanks this is the 
actual diameter. For square or rectangular tanks it can be an equivalent 
diameter equal to 1.128 times the square root of the cross-sectional area. 
For tanks whose geometry will be described by a curve (see below) it can 
be set to any value. This is a required property. 

Minimum Volume The volume of water in the tank when it is at its minimum level, in cubic 
feet (cubic meters). This is an optional property, useful mainly for 
describing the bottom geometry of non-cylindrical tanks where a full 
volume versus depth curve will not be supplied (see below). 

Volume Curve The ID label of a curve used to describe the relation between tank volume 
and water level. If no value is supplied then the tank is assumed to be 
cylindrical. 

Mixing Model The type of water quality mixing that occurs within the tank. The choices 
include 

• MIXED (fully mixed), 

• 2COMP (two-compartment mixing), 

• FIFO (first-in-first-out plug flow), 

• LIFO (last-in-first-out plug flow). 

See the Mixing Models topic in Section 3.4 for more information. 

Mixing Fraction The fraction of the tank's total volume that comprises the inlet-outlet 
compartment of the two-compartment (2COMP) mixing model. Can be left 
blank if another type of mixing model is employed. 

Reaction 
Coefficient 

The bulk reaction coefficient for chemical reactions in the tank. Time units 
are 1/days. Use a positive value for growth reactions and a negative value 
for decay. Leave blank if the Global Bulk reaction coefficient specified in 
the project’s Reactions Options will apply. See Water Quality Reactions in 
Section 3.4 for more information. 

Initial Quality Water quality level in the tank at the start of the simulation. Can be left 
blank if no water quality analysis is being made or if the level is zero. 

Source Quality Quality of any water entering the network at this location. Click the ellipsis 
button (or hit the Enter key) to bring up the Source Quality Editor (see 
Section 6.5 below). 
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Table 6.4  Pipe Properties 
PROPERTY DESCRIPTION 

Pipe ID A unique label used to identify the pipe. It can consist of a combination of up 
to 15 numerals or characters. It cannot be the same as the ID for any other link. 
This is a required property. 

Start Node The ID of the node where the pipe begins. This is a required property. 

End Node The ID of the node where the pipe ends. This is a required property. 

Description An optional text string that describes other significant information about the 
pipe. 

Tag An optional text string (with no spaces) used to assign the pipe to a category, 
perhaps one based on age or material 

Length The actual length of the pipe in feet (meters). This is a required property. 

Diameter The pipe diameter in inches (mm). This is a required property. 

Roughness The roughness coefficient of the pipe. It is unitless for Hazen-Williams or 
Chezy-Manning roughness and has units of millifeet (mm) for Darcy-Weisbach 
roughness. This is a required property. 

Loss 
Coefficient 

Unitless minor loss coefficient associated with bends, fittings, etc. Assumed 0 
if left blank. 

Initial Status Determines whether the pipe is initially open, closed, or contains a check 
valve. If a check valve is specified then the flow direction in the pipe will 
always be from the Start node to the End node. 

Bulk 
Coefficient 

The bulk reaction coefficient for the pipe. Time units are 1/days. Use a positive 
value for growth and a negative value for decay. Leave blank if the Global 
Bulk reaction coefficient from the project’s Reaction Options will apply. See 
Water Quality Reactions in Section 3.4 for more information. 

Wall 
Coefficient 

The wall reaction coefficient for the pipe. Time units are 1/days. Use a positive 
value for growth and a negative value for decay. Leave blank if the Global 
Wall reaction coefficient from the project’s Reactions Options will apply. See 
Water Quality Reactions in Section 3.4 for more information. 

 
Note: Pipe lengths can be automatically computed as pipes are added or repositioned on 

the network map if the Auto-Length setting is turned on. To toggle this setting 
On/Off either: 

♦ Select Project >> Defaults and edit the Auto-Length field on the 
Properties page of the Defaults dialog form. 

♦ Right-click over the Auto-Length section of the Status Bar and then 
click on the popup menu item that appears. 

Be sure to provide meaningful dimensions for the network map before 
using the Auto-Length feature (see Section 7.2). 
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Table 6.5  Pump Properties 

PROPERTY DESCRIPTION 

Pump ID A unique label used to identify the pump. It can consist of a combination of up 
to 15 numerals or characters. It cannot be the same as the ID for any other link. 
This is a required property. 

Start Node The ID of the node on the suction side of the pump. This is a required property 

End Node The ID of the node on the discharge side of the pump. This is a required 
property 

Description An optional text string that describes other significant information about the 
pump. 

Tag An optional text string (with no spaces) used to assign the pump to a category, 
perhaps based on age, size or location 

Pump Curve The ID label of the pump curve used to describe the relationship between the 
head delivered by the pump and the flow through the pump. Leave blank if the 
pump will be a constant energy pump (see below). 

Power The power supplied by the pump in horsepower (kw). Assumes that the pump 
supplies the same amount of energy no matter what the flow is. Leave blank if 
a pump curve will be used instead. Use when pump curve information is not 
available.  

Speed The relative speed setting of the pump (unitless). For example, a speed setting 
of 1.2 implies that the rotational speed of the pump is 20% higher than the 
normal setting.  

Pattern The ID label of a time pattern used to control the pump's operation. The 
multipliers of the pattern are equivalent to speed settings. A multiplier of zero 
implies that the pump will be shut off during the corresponding time period. 
Leave blank if not applicable. 

Initial Status State of the pump (open or closed) at the start of the simulation period. 

Efficiency 
Curve 

The ID label of the curve that represents the pump's wire-to-water efficiency 
(in percent) as a function of flow rate. This information is used only to 
compute energy usage. Leave blank if not applicable or if the global pump 
efficiency supplied with the project's Energy Options (see Section 8.1) will be 
used. 

Energy Price The average or nominal price of energy in monetary units per kw-hr. Used 
only for computing the cost of energy usage. Leave blank if not applicable or if 
the global value supplied with the project's Energy Options (Section 8.1) will 
be used. 

Price Pattern The ID label of the time pattern used to describe the variation in energy price 
throughout the day. Each multiplier in the pattern is applied to the pump's 
Energy Price to determine a time-of-day pricing for the corresponding period. 
Leave blank if not applicable or if the global pricing pattern specified in the 
project's Energy Options (Section 8.1) will be used. 
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Table 6.6  Valve Properties 

PROPERTY DESCRIPTION 

ID Label A unique label used to identify the valve. It can consist of a combination of up 
to 15 numerals or characters. It cannot be the same as the ID for any other link. 
This is a required property. 

Start Node The ID of the node on the nominal upstream or inflow side of the valve. (PRVs 
and PSVs maintain flow in only a single direction.)  This is a required property. 

End Node The ID of the node on the nominal downstream or discharge side of the valve. 
This is a required property. 

Description An optional text string that describes other significant information about the 
valve. 

Tag An optional text string (with no spaces) used to assign the valve to a category, 
perhaps based on type or location. 

Diameter The valve diameter in inches (mm). This is a required property. 

Type The valve type (PRV, PSV, PBV, FCV, TCV, or GPV). See Valves in Section 
6.1for descriptions of the various types of valves. This is a required property. 

Setting A required parameter that describes the valve's operational setting. 

Valve Type Setting Parameter 

PRV  Pressure (psi or m) 

PSV  Pressure (psi or m) 

PBV  Pressure (psi or m) 

FCV  Flow (flow units) 

TCV  Loss Coefficient (unitless) 

GPV  ID of head loss curve 

Loss 
Coefficient 

Unitless minor loss coefficient that applies when the valve is completely 
opened. Assumed 0 if left blank. 

Fixed Status Valve status at the start of the simulation. If set to OPEN or CLOSED then the 
control setting of the valve is ignored and the valve behaves as an open or 
closed link, respectively. If set to NONE, then the valve will behave as 
intended. A valve's fixed status and its setting can be made to vary throughout a 
simulation by the use of control statements. If a valve's status was fixed to 
OPEN/CLOSED, then it can be made active again using a control that assigns a 
new numerical setting to it. 
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Table 6.7  Map Label Properties 
PROPERTY DESCRIPTION 

Text The label's text. 

X-Coordinate The horizontal location of the upper left corner of the label on the map, measured 
in the map's scaling units. This is a required property. 

Y-Coordinate The vertical location of the upper left corner of the label on the map, measured in 
the map's scaling units. This is a required property. 

Anchor Node ID of node that serves as the label's anchor point (see Note 1 below). Leave blank 
if label will not be anchored. 

Meter Type Type of object being metered by the label (see Note 2 below). Choices are None, 
Node, or Link.  

Meter ID ID of the object (Node or Link) being metered. 

Font Launches a Font dialog that allows selection of the label's font, size, and style. 

 
Notes: 
   

1. A label's anchor node property is used to anchor the label relative to a 
given location on the map. When the map is zoomed in, the label will 
appear the same distance from its anchor node as it did under the full 
extent view. This feature prevents labels from wandering too far away 
from the objects they were meant to describe when a map is zoomed. 

 
2. The Meter Type and ID properties determine if the label will act as a 

meter. Meter labels display the value of the current viewing parameter 
(chosen from the Map Browser) underneath the label text. The Meter 
Type and ID must refer to an existing node or link in the network. 
Otherwise, only the label text appears. 

 
 
 

6.5 Editing Non-Visual Objects 
 
Curves, Time Patterns, and Controls have special editors that are used to define their 
properties. To edit one of these objects, select the object from the Data Browser and 

then click the Edit button . In addition, the Property Editor for Junctions contains 
an ellipsis button in the field for Demand Categories that brings up a special Demand 
Editor when clicked. Similarly, the Source Quality field in the Property Editor for 
Junctions, Reservoirs, and Tanks has a button that launches a special Source Quality 
editor. Each of these specialized editors is described next. 
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Curve Editor 
 
The Curve Editor is a dialog form as shown in Figure 6.1. To use the Curve Editor, 
enter values for the following items: 

 

Item Description 

Curve ID ID label of the curve (maximum of 15 numerals or characters) 

Description Optional description of what the curve represents 

Curve Type Type of curve 

X-Y Data X-Y data points for the curve 

 
As you move between cells in the X-Y data table (or press the Enter key) the curve is 
redrawn in the preview window. For single- and three-point pump curves, the 
equation generated for the curve will be displayed in the Equation box. Click the OK 
button to accept the curve or the Cancel button to cancel your entries. You can also 
click the Load button to load in curve data that was previously saved to file or click 
the Save button to save the current curve's data to a file. 

 
 

 
 

Figure 6.1  Curve Editor 
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Pattern Editor 
 
The Pattern Editor, displayed in Figure 6.2, edits the properties of a time pattern 
object. To use the Pattern Editor enter values for the following items: 
 

Item Description 

Pattern ID ID label of the pattern (maximum of 15 numerals or 
characters) 

Description Optional description of what the pattern represents 

Multipliers Multiplier value for each time period of the pattern.  

 
As multipliers are entered, the preview chart is redrawn to provide a visual depiction 
of the pattern. If you reach the end of the available Time Periods when entering 
multipliers, simply hit the Enter key to add on another period. When finished 
editing, click the OK button to accept the pattern or the Cancel button to cancel your 
entries. You can also click the Load button to load in pattern data that was previously 
saved to file or click the Save button to save the current pattern's data to a file. 

 
 

 
 

Figure 6.2  Pattern Editor 
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Controls Editor 
 
The Controls Editor, shown in Figure 6.3, is a text editor window used to edit both 
simple and rule-based controls. It has a standard text-editing menu that is activated 
by right-clicking anywhere in the Editor. The menu contains commands for Undo, 
Cut, Copy, Paste, Delete, and Select All. 
 
 

 
 

Figure 6.3  Controls Editor 
 

Demand Editor 
 
The Demand Editor is pictured in Figure 6.4. It is used to assign base demands and 
time patterns when there is more than one category of water user at a junction. The 
editor is invoked from the Property Editor by clicking the ellipsis button (or hitting 
the Enter key) when the Demand Categories field has the focus. 
 
The editor is a table containing three columns. Each category of demand is entered as 
a new row in the table. The columns contain the following information: 
 

• Base Demand: baseline or average demand for the category 
(required) 

• Time Pattern: ID label of time pattern used to allow demand to vary 
with time (optional) 

• Category: text label used to identify the demand category (optional) 
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Figure 6.4  Demand Editor 
 
 
The table initially is sized for 10 rows. If additional rows are needed select any cell in 
the last row and hit the Enter key. 

 
NNoottee:   By convention, the demand placed in the first row of the editor will be 

considered the main category for the junction and will appear in the Base 
Demand field of the Property Editor. 

 

Source Quality Editor 
 
The Source Quality Editor is a pop-up dialog used to describe the quality of source 
flow entering the network at a specific node. This source might represent the main 
treatment works, a well head or satellite treatment facility, or an unwanted 
contaminant intrusion. The dialog form, shown in Figure 6.5, contains the following 
fields: 

 

 
 

Figure 6.5  Source Quality Editor 
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Field Description 

Source Type Select either: 

- Concentration 

- Mass Booster 

- Flow Paced Booster 

- Setpoint Booster 

Source Quality Baseline or average concentration (or mass flow rate per 
minute) of source – leave blank to remove the source 

Quality Pattern ID label of time pattern used to make source quality vary 
with time – leave blank if not applicable 

 
A water quality source can be designated as a concentration or booster source. 

• A concentration source fixes the concentration of any external 
inflow entering the network, such as flow from a reservoir or from a 
negative demand placed at a junction. 

• A mass booster source adds a fixed mass flow to that entering the 
node from other points in the network. 

• A flow paced booster source adds a fixed concentration to that 
resulting from the mixing of all inflow to the node from other points 
in the network. 

• A setpoint booster source fixes the concentration of any flow 
leaving the node (as long as the concentration resulting from all 
inflow to the node is below the setpoint). 

 
The concentration-type source is best used for nodes that represent source water 
supplies or treatment works (e.g., reservoirs or nodes assigned a negative demand). 
The booster-type source is best used to model direct injection of a tracer or additional 
disinfectant into the network or to model a contaminant intrusion. 
 
 

6.6 Copying and Pasting Objects 
 
The properties of an object displayed on the Network Map can be copied and pasted 
into another object from the same category. To copy the properties of an object to 
EPANET's internal clipboard: 

1. Right-click the object on the map. 

2. Select Copy from the pop-up menu that appears. 
 
To paste copied properties into an object: 

1. Right-click the object on the map. 

2. Select Paste from the pop-up menu that appears. 
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6.7 Shaping and Reversing Links 
 
Links can be drawn as polylines containing any number of straight-line segments that 
add change of direction and curvature to the link. Once a link has been drawn on the 
map, interior points that define these line segments can be added, deleted, and moved 
(see Figure 6.6). To edit the interior points of a link: 

1. Select the link to edit on the Network Map and click  on the Map 
Toolbar (or select Edit >> Select Vertex from the Menu Bar, or 
right-click on the link and select Vertices from the popup menu). 

2. The mouse pointer will change shape to an arrow tip, and any 
existing vertex points on the link will be displayed with small 
handles around them. To select a particular vertex, click the mouse 
over it. 

3. To add a new vertex to the link, right-click the mouse and select Add 
Vertex from the popup menu (or simply press the Insert key on the 
keyboard). 

4. To delete the currently selected vertex, right-click the mouse and 
select Delete Vertex from the popup menu (or simply press the 
Delete key on the keyboard). 

5. To move a vertex to another location, drag it with the left mouse 
button held down to its new position. 

6. While in Vertex Selection mode you can begin editing the vertices 
for another link by clicking on the link. To leave Vertex Selection 
mode, right-click on the map and select Quit Editing from the 
popup menu, or select any other button on the Map Toolbar. 

 
 

 
  

Figure 6.6  Reshaping a Link 
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A link can also have its direction reversed (i.e., its end nodes switched) by right-
clicking on it and selecting Reverse from the pop-up menu that appears. This is 
useful for re-orienting pumps and valves that originally were added in the wrong 
direction.  
 

6.8 Deleting an Object 
 
To delete an object: 

1. Select the object on the map or from the Data Browser. 

2. Either: 

• click  on the Standard Toolbar, 

• click the same button on the Data Browser, 

• press the Delete key on the keyboard. 

  NNoottee:  You can require that all deletions be confirmed before they take effect. See 
the General Preferences page of the Program Preferences dialog box 
described in Section 4.9. 

 
 

6.9 Moving an Object 
 
To move a node or label to another location on the map: 

1. Select the node or label. 

2. With the left mouse button held down over the object, drag it to its 
new location. 

3. Release the left button. 
 
Alternatively, new X and Y coordinates for the object can be typed in manually in the 
Property Editor. Whenever a node is moved all links connected to it are moved as 
well. 
 
 

6.10 Selecting a Group of Objects 
 
To select a group of objects that lie within an irregular region of the network map: 

1. Select Edit >> Select Region or click  on the Map Toolbar. 

2. Draw a polygon fence line around the region of interest on the map 
by clicking the left mouse button at each successive vertex of the 
polygon. 

3. Close the polygon by clicking the right button or by pressing the 
Enter key; Cancel the selection by pressing the Escape key. 
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To select all objects currently in view on the map select Edit >> Select All. (Objects 
outside the current viewing extent of the map are not selected.)  
 
Once a group of objects has been selected, you can edit a common property (see the 
following section) or delete the selected objects from the network. To do the latter, 

click  or press the Delete key. 
 
 

6.11 Editing a Group of Objects 
 
To edit a property for a group of objects: 

1. Select the region of the map that will contain the group of objects to 
be edited using the method described in previous section. 

2. Select Edit >> Group Edit from the Menu Bar. 

3. Define what to edit in the Group Edit dialog form that appears. 
 
The Group Edit dialog form, shown in Figure 6.6, is used to modify a property for a 
selected group of objects. To use the dialog form: 

1. Select a category of object (Junctions or Pipes) to edit. 

2. Check the "with" box if you want to add a filter that will limit the 
objects selected for editing. Select a property, relation and value that 
define the filter. An example might be "with Diameter below 12". 

3. Select the type of change to make - Replace, Multiply, or Add To. 

4. Select the property to change. 

5. Enter the value that should replace, multiply, or be added to the 
existing value. 

6. Click OK to execute the group edit. 
 
 

 
 

Figure 6.7  Group Edit Dialog 
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C H A P T E R  7  -  W O R K I N G   W I T H   T H E   M A P 

 
EPANET displays a map of the pipe network being modeled. This chapter describes 
how you can manipulate this map to enhance your visualization of the system being 
modeled. 
 
 

7.1 Selecting a Map View 
 
One uses the Map Page of the Browser (Section 4.7) to select a node and link 
parameter to view on the map. Parameters are viewed on the map by using colors, as 
specified in the Map Legends (see below), to display different ranges of values. 

 
Node parameters available for viewing include: 

• Elevation 

• Base Demand (nominal or average demand) 

• Initial Quality (water quality at time zero) 

• *Actual Demand (total demand at current time) 

• *Hydraulic Head (elevation plus pressure head) 

• *Pressure 

• *Water Quality 
 
Link parameters available for viewing include: 

• Length 

• Diameter 

• Roughness Coefficient 

• Bulk Reaction Coefficient 

• Wall Reaction Coefficient 

• *Flow Rate 

• *Velocity 

• *Headloss (per 1000 feet (or meters) of pipe) 

• *Friction Factor (as used in the Darcy-Weisbach headloss formula) 

• *Reaction Rate (average over length of pipe) 

• *Water Quality (average over length of pipe) 
 
The items marked with asterisks are computed quantities whose values will only be 
available if a successful analysis has been run on the network (see Chapter 8 – 
Analyzing a Network). 
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7.2 Setting the Map’s Dimensions 
 
The physical dimensions of the map must be defined so that map coordinates can be 
properly scaled to the computer’s video display. To set the map's dimensions: 

1. Select View >> Dimensions. 

2. Enter new dimension information into the Map Dimensions dialog 
that appears (see Figure 7.1) or click the Auto-Size button to have 
EPANET compute dimensions based on the coordinates of objects 
currently included in the network. 

3. Click the OK button to re-size the map. 
 
 

 
 

Figure 7.1  Map Dimensions Dialog 
 
 
The information provided in the Map Dimensions dialog consists of the following: 
 

Item Description 

Lower Left Coordinates The X and Y coordinates of the lower left point on the 
map. 

Upper Right Coordinates The X and Y coordinates of the upper right point on 
the map. 

Map Units Units used to measure distances on the map. Choices 
are Feet, Meters, Degrees, and None (i.e., arbitrary 
units). 

 
Note:  If you are going to use a backdrop map with automatic pipe length 

calculation, then it is recommended that you set the map dimensions 
immediately after creating a new project. Map distance units can be different 
from pipe length units. The latter (feet or meters) depend on whether flow 
rates are expressed in US or metric units. EPANET will automatically 
convert units if necessary. 
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7.3 Utilizing a Backdrop Map 
 

EPANET can display a backdrop map behind the pipe network map. The backdrop 
map might be a street map, utility map, topographic map, site development plan, or 
any other picture or drawing that might be useful. For example, using a street map 
would simplify the process of adding pipes to the network since one could essentially 
digitize the network’s nodes and links directly on top of it. 
 

 
 
The backdrop map must be a Windows enhanced metafile or bitmap created outside 
of EPANET. Once imported, its features cannot be edited, although its scale and 
extent will change as the map window is zoomed and panned. For this reason 
metafiles work better than bitmaps since they will not loose resolution when re-
scaled. Most CAD and GIS programs have the ability to save their drawings and 
maps as metafiles. 
 
Selecting View >> Backdrop from the Menu Bar will display a sub-menu with the 
following commands: 

• Load (loads a backdrop map file into the project) 

• Unload (unloads the backdrop map from the project) 

• Align (aligns the pipe network with the backdrop) 

• Show/Hide (toggles the display of the backdrop on and off) 
 
When first loaded, the backdrop image is placed with its upper left corner coinciding 
with that of the network’s bounding rectangle. The backdrop can be re-positioned 
relative to the network map by selecting View >> Backdrop >> Align. This allows 
an outline of the pipe network to be moved across the backdrop (by moving the 
mouse with the left button held down) until one decides that it lines up properly with 
the backdrop. The name of the backdrop file and its current alignment are saved 
along with the rest of a project’s data whenever the project is saved to file. 
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For best results in using a backdrop map: 

• Use a metafile, not a bitmap. 

• Dimension the network map so that its bounding rectangle has the 
same aspect ratio (width-to-height ratio) as the backdrop. 

 
 

7.4 Zooming the Map 
 
To Zoom In on the map: 

1. Select View >> Zoom In or click  on the Map Toolbar. 

2. To zoom in 100%, move the mouse to the center of the zoom area 
and click the left button. 

3. To perform a custom zoom, move the mouse to the upper left corner 
of the zoom area and with the left button pressed down, draw a 
rectangular outline around the zoom area. Then release the left 
button. 

 
To Zoom Out on the map: 

1. Select View >> Zoom Out or click  on the Map Toolbar. 

2. Move the mouse to the center of the new zoom area and click the left 
button. 

3. The map will be returned to its previous zoom level. 
 
 

7.5 Panning the Map 
 
To pan the map across the Map window: 

1. Select View >> Pan or click  on the Map Toolbar. 

2. With the left button held down over any point on the map, drag the 
mouse in the direction you wish to pan in. 

3. Release the mouse button to complete the pan. 
 
To pan using the Overview Map (which is described in Section 7.7 below): 

1. If not already visible, bring up the Overview Map by selecting View 
>> Overview Map. 

2. Position the mouse within the zoom window displayed on the 
Overview Map. 

3. With the left button held down, drag the zoom window to a new 
position. 

4. Release the mouse button and the main map will be panned to an 
area corresponding to that of the Overview Map's zoom window. 
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7.6 Finding an Object 
 
To find a node or link on the map whose ID label is known: 

1. Select View >> Find or click  on the Standard Toolbar. 

2. In the Map Finder dialog box that appears, select Node or Link and 
enter an ID label. 

3. Click Find. 
 
If the node/link exists it will be highlighted on the map and in the Browser. If the 
map is currently zoomed in and the node/link falls outside the current map 
boundaries, the map will be panned so that the node/link comes into view. The Map 
Finder dialog will also list the ID labels of the links that connect to a found node or 
the nodes attached to a found link. 
 
To find a listing of all nodes that serve as water quality sources: 

1. Select View >> Find or click  on the Standard Toolbar. 

2. In the Map Finder dialog box that appears, select Sources. 

3. Click Find. 
 
The ID labels of all water quality source nodes will be listed in the Map Finder. 
Clicking on any ID label will highlight that node on the map. 
 
 

7.7 Map Legends 
 

 

There are three types of map legends that can be displayed. The 
Node and Link Legends associate a color with a range of values 
for the current parameter being viewed on the map. The Time 
Legend displays the clock time of the simulation time period 
being viewed. To display or hide any of these legends check or 
uncheck the legend from the View >> Legends menu or right-
click over the map and do the same from the popup menu that 
appears. Double-clicking the mouse over it can also hide a visible 
legend. 

 
To move a legend to another location: 

1. Press the left mouse button over the legend. 

2. With the button held down, drag the legend to its new location and 
release the button. 
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To edit the Node Legend: 

1. Either select View >> Legends >> Modify >> Node or right-click 
on the legend if it is visible. 

2. Use the Legend Editor dialog form that appears (see Figure 7.2) to 
modify the legend's colors and intervals. 

 
A similar method is used to edit the Link Legend. 
 
The Legend Editor (Figure 7.2) is used to set numerical ranges to which different 
colors are assigned for viewing a particular parameter on the network map. It works 
as follows: 

• Numerical values, in increasing order, are entered in the edit boxes to 
define the ranges. Not all four boxes need to have values. 

• To change a color, click on its color band in the Editor and then 
select a new color from the Color Dialog box that will appear. 

• Click the Equal Intervals button to assign ranges based on dividing 
the range of the parameter at the current time period into equal 
intervals. 

• Click the Equal Quantiles button to assign ranges so that there are 
equal numbers of objects within each range, based on values that 
exist at the current time period. 

• The Color Ramp button is used to select from a list of built-in color 
schemes. 

• The Reverse Colors button reverses the ordering of the current set of 
colors (the color in the lowest range becomes that of the highest 
range and so on). 

• Check Framed if you want a frame drawn around the legend. 
 
 

 
 

Figure 7.2  Legend Editor Dialog 
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7.8 Overview Map 
 

 

The Overview Map allows you to see where in 
terms of the overall system the main network map 
is currently focused. This zoom area is depicted by 
the rectangular boundary displayed on the 
Overview Map. As you drag this rectangle to 
another position the view within the main map will 
follow suit. The Overview Map can be toggled on 
and off by selecting View >> Overview Map. 
Clicking the mouse on its title bar will update its 
map image to match that of the main network map. 
 

 

7.9 Map Display Options 
 
There are several ways to bring up the Map Options dialog form (Figure 7.3) used to 
change the appearance of the Network Map: 

• select View >> Options, 

• click the Options button  on the Standard Toolbar when the Map 
window has the focus, 

• right-click on any empty portion of the map and select Options from 
the popup menu that appears. 

 
 

 
 

Figure 7.3  Map Options Dialog 
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The dialog contains a separate page, selected from the panel on the left side of the 
form, for each of the following display option categories: 

• Nodes (controls size of nodes and making size be proportional to 
value) 

• Links (controls thickness of links and making thickness be 
proportional to value) 

• Labels (turns display of map labels on/off) 

• Notation (displays or hides node/link ID labels and parameter values) 

• Symbols (turns display of tank, pump, valve symbols on/off) 

• Flow Arrows (selects visibility and style of flow direction arrows) 

• Background (changes color of map's background) 

 

Node Options 
 
The Nodes page of the Map Options dialog controls how nodes are displayed on the 
Network Map. 

 
Option Description 

Node Size Selects node diameter 

Proportional to 
Value 

Select if node size should increase as the viewed parameter 
increases in value 

Display Border Select if a border should be drawn around each node 
(recommended for light-colored backgrounds) 

Display Junctions Displays junction nodes (all junctions will be hidden unless 
this option is checked). 

 
 

Link Options 
 
The Links page of the Map Options dialog controls how links are displayed on the 
map.  

 
Option Description 

Link Size Sets thickness of links displayed on map 

Proportional to 
Value 

Select if link thickness should increase as the viewed 
parameter increases in value 
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Label Options 
 
The Labels page of the Map Options dialog controls how labels are displayed on the 
map.  

 
Option Description 

Display Labels Displays map labels (labels will be hidden unless this 
option is checked) 

Use Transparent 
Text 

Displays label with a transparent background (otherwise an 
opaque background is used) 

At Zoom Of Selects minimum zoom at which labels should be 
displayed; labels will be hidden at zooms smaller than this 
unless they are meter labels 

 
 

Notation Options 
 
The Notation page of the Map Options dialog form determines what kind of 
annotation is provided alongside of the nodes and links of the map.  
 
Option Description 

Display Node IDs Displays node ID labels 

Display Node Values Displays value of current node parameter being viewed 

Display Link IDs Displays link ID labels 

Display Link Values Displays values of current link parameter being viewed 

Use Transparent Text Displays text with a transparent background (otherwise 
an opaque background is used) 

At Zoom Of Selects minimum zoom at which notation should be 
displayed; all notation will be hidden at zooms smaller 
than this 

 
Note: Values of the current viewing parameter at only specific nodes and links can 

be displayed by creating Map Labels with meters for those objects. See 
Sections 6.2 and 6.4 as well as Table 6.7. 
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Symbol Options 
 
The Symbols page of the Map Options dialog determines which types of objects are 
represented with special symbols on the map.  

 
Option Description 

Display Tanks Displays tank symbols 

Display Pumps Displays pump symbols 

Display Valves Displays valve symbols 

Display Emitters Displays emitter symbols 

Display Sources Displays + symbol for water quality sources 

At Zoom Of Selects minimum zoom at which symbols should be 
displayed; symbols will be hidden at zooms smaller than 
this 

 
 

Flow Arrow Options 
 
The Flow Arrows page of the Map Options dialog controls how flow-direction 
arrows are displayed on the network map. 

 
Option Description 

Arrow Style Selects style (shape) of arrow to display (select None to hide 
arrows) 

Arrow Size Sets arrow size 

At Zoom Of Selects minimum zoom at which arrows should be 
displayed; arrows will be hidden at zooms smaller than this 

  
NNoottee:  Flow direction arrows will only be displayed after a network has been 

successfully analyzed (see Section  8.2 Running an Analysis). 
  
  

Background Options 
 

The Background page of the Map Options dialog offers a selection of colors used to 
paint the map’s background with. 
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C H A P T E R  8  -  A N A L Y Z I N G   A   N E T W O R K 

 
After a network has been suitably described, its hydraulic and water quality behavior 
can be analyzed. This chapter describes how to specify options to use in the analysis, 
how to run the analysis and how to troubleshoot problems that might have occurred 
with the analysis. 
 
 

8.1 Setting Analysis Options 
 
There are five categories of options that control how EPANET analyzes a network: 
Hydraulics, Quality, Reactions, Times, and Energy. To set any of these options: 

1. Select the Options category from the Data Browser or select Project  
>> Analysis Options from the menu bar. 

2. Select Hydraulics, Quality, Reactions, Times, or Energy from the 
Browser. 

3. If the Property Editor is not already visible, click the Browser’s Edit 

button  (or hit the Enter key). 

4. Edit your option choices in the Property Editor. 
 
As you are editing a category of options in the Property Editor you can move to the 
next or previous category by simply hitting the Page Down or Page Up keys, 
respectively. 
 

Hydraulic Options 
 
Hydraulic options control how the hydraulic computations are carried out. They 
consist of the following items: 
 

Option Description 

Flow Units 
Units in which nodal demands and link flow rates are expressed. 
Choosing units in gallons, cubic feet, or acre-feet implies that the 
units for all other network quantities are Customary US. 
Selecting liters or cubic meters causes all other units to be SI 
metric. Use caution when changing flow units as it might affect 
all other data supplied to the project. (See Appendix A, Units of 
Measurement.) 

Headloss Formula Formula used to compute headloss as a function of flow rate in a 
pipe. Choices are: 

• Hazen-Williams 
• Darcy-Weisbach 
• Chezy-Manning 

Because each formula measures pipe roughness differently, 
switching formulas might require that all pipe roughness 
coefficients be updated. 
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Specific Gravity Ratio of the density of the fluid being modeled to that of water at 
4 deg. C (unitless). 

Relative Viscosity Ratio of the kinematic viscosity of the fluid to that of water at 20 
deg. C (1.0 centistokes or 0.94 sq ft/day) (unitless). 

Maximum Trials Maximum number of trials used to solve the nonlinear equations 
that govern network hydraulics at a given point in time. 
Suggested value is 40. 

Accuracy Convergence criterion used to signal that a solution has been 
found to the nonlinear equations that govern network hydraulics. 
Trials end when the sum of all flow changes divided by the sum 
of all link flows is less than this number. Suggested value is 
0.001. 

If Unbalanced Action to take if a hydraulic solution is not found within the 
maximum number of trials. Choices are STOP to stop the 
simulation at this point or CONTINUE to use another 10 trials, 
with no link status changes allowed, in an attempt to achieve 
convergence. 

Default Pattern ID label of a time pattern to be applied to demands at those 
junctions where no time pattern is specified. If no such pattern 
exists then demands will not vary at these locations. 

Demand Multiplier Global multiplier applied to all demands to make total system 
consumption vary up or down by a fixed amount. E.g., 2.0 
doubles all demands, 0.5 halves them, and 1.0 leaves them as is. 

Emitter Exponent Power to which pressure is raised when computing the flow 
through an emitter device. The textbook value for nozzles and 
sprinklers is ½. This may not apply to pipe leakage. Consult the 
discussion of Emitters in Section 3.1 for more details. 

Status Report Amount of status information to report after an analysis is made. 
Choices are: 

• NONE (no status reporting) 
• YES (normal status reporting – lists all changes in link 

status throughout the simulation )  
• FULL (full reporting – normal reporting plus the 

convergence error from each trial of the hydraulic 
analysis made in each time period) 

Full status reporting is only useful for debugging purposes. 

 
Note:  Choices for Hydraulic Options can also be set from the Project >> Defaults 

menu and saved for use with all future projects (see Section 5.2). 
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Water Quality Options 
 
Water Quality Options control how the water quality analysis is carried out. They 
consist of the following: 

 

Option Description 

Parameter Type of water quality parameter being modeled. Choices include: 
• NONE (no quality analysis), 
• CHEMICAL (compute chemical concentration), 
• AGE (compute water age), 
• TRACE (trace the percent of flow originating from a specific 

node). 

In lieu of CHEMICAL, you can enter the actual name of the 
chemical being modeled (e.g., Chlorine). 

Mass Units Mass units used to express concentration. Choices are mg/L or µg/L. 
Units for Age and Trace analyses are fixed at hours and percent, 
respectively. 

Relative 
Diffusivity 

Ratio of the molecular diffusivity of the chemical being modeled to 
that of chlorine at 20 deg. C (0.00112 sq ft/day). Use 2 if the 
chemical diffuses twice as fast as chlorine, 0.5 if half as fast, etc. 
Applies only when modeling mass transfer for pipe wall reactions. 
Set to zero to ignore mass transfer effects. 

Trace Node ID label of the node whose flow is being traced. Applies only to flow 
tracing analyses. 

Quality Tolerance Smallest change in quality that will cause a new parcel of water to be 
created in a pipe. A typical setting might be 0.01 for chemicals 
measured in mg/L as well as water age and source tracing.  

 
NNoottee:   The Quality Tolerance determines when the quality of one parcel of water is 

essentially the same as another parcel. For chemical analysis this might be 
the detection limit of the procedure used to measure the chemical, adjusted 
by a suitable factor of safety. Using too large a value for this tolerance might 
affect simulation accuracy. Using too small a value will affect computational 
efficiency. Some experimentation with this setting might be called for. 
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Reaction Options 
 
Reaction Options set the types of reactions that apply to a water quality analysis. 
They include the following: 

 

Option Description 

Bulk Reaction 
Order 

Power to which concentration is raised when computing a bulk flow 
reaction rate. Use 1 for first-order reactions, 2 for second-order 
reactions, etc. Use any negative number for Michaelis-Menton 
kinetics. If no global or pipe-specific bulk reaction coefficients are 
assigned then this option is ignored. 

Wall Reaction 
Order 

Power to which concentration is raised when computing a bulk flow 
reaction rate. Choices are FIRST (1) for first-order reactions or 
ZERO (0) for constant rate reactions. If no global or pipe-specific 
wall reaction coefficients are assigned then this option is ignored. 

Global Bulk 
Coefficient 

Default bulk reaction rate coefficient (Kb) assigned to all pipes. This 
global coefficient can be overridden by editing this property for 
specific pipes. Use a positive number for growth, a negative number 
for decay, or 0 if no bulk reaction occurs. Units are concentration 
raised to the (1-n) power divided by days, where n is the bulk 
reaction order. 

Global Wall 
Coefficient 

Wall reaction rate coefficient (Kw) assigned to all pipes. Can be 
overridden by editing this property for specific pipes. Use a positive 
number for growth, a negative number for decay, or 0 if no wall 
reaction occurs. Units are ft/day (US) or m/day (SI) for first-order 
reactions and mass/sq ft/day (US) or mass/sq m/day (SI) for zero-
order reactions. 

Limiting 
Concentration 

Maximum concentration that a substance can grow to or minimum 
value it can decay to. Bulk reaction rates will be proportional to the 
difference between the current concentration and this value. See 
discussion of Bulk Reactions in Section 3.4 for more details. Set to 
zero if not applicable. 

Wall Coefficient 
Correlation 

 

Factor correlating wall reaction coefficient to pipe roughness. See 
discussion of Wall Reactions in Section 3.4 for more details. Set to 
zero if not applicable. 
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Times Options 
 
Times options set values for the various time steps used in an extended period 
simulation. These are listed below (times can be entered as decimal hours or in 
hours:minutes notation): 

 

Option Description 

Total Duration Total length of a simulation in hours. Use 0 to run a single 
period (snapshot) hydraulic analysis. 

Hydraulic Time Step Time interval between re-computation of system hydraulics. 
Normal default is 1 hour. 

Quality Time Step Time interval between routing of water quality constituent. 
Normal default is 5 minutes (0:05 hours). 

Pattern Time Step Time interval used with all time patterns. Normal default is 1 
hour. 

Pattern Start Time Hours into all time patterns at which the simulation begins 
(e.g., a value of 2 means that the simulation begins with all 
time patterns starting at their second hour). Normal default is 0. 

Reporting Time Step Time interval between times at which computed results are 
reported. Normal default is 1 hour. 

Report Start Time Hours into simulation at which computed results begin to be 
reported. Normal default is 0. 

Starting Time of Day Clock time  (e.g., 7:30 am, 10:00 pm) at which simulation 
begins. Default is 12:00 am (midnight). 

Statistic Type of statistical processing used to summarize the results of 
an extended period simulation. Choices are: 

• NONE (results reported at each reporting time step) 

• AVERAGE (time-averaged results reported) 

• MINIMUM (minimum value results reported) 

• MAXIMUM (maximum value results reported) 

• RANGE (difference between maximum and minimum 
results reported) 

Statistical processing is applied to all node and link results 
obtained between the Report Start Time and the Total 
Duration.  

 
NNoottee::      To run a single-period hydraulic analyses (also called a snapshot analysis) 

enter 0 for Total Duration. In this case entries for all of the other time 
options, with the exception of Starting Time of Day, are not used. Water 
quality analyses always require that a non-zero Total Duration be specified. 
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Energy Options 
 
Energy Analysis Options provide default values used to compute pumping energy 
and cost when no specific energy parameters are assigned to a given pump. They 
consist of the following: 

 

Option Description 

Pump Efficiency (%) Default pump efficiency. 

Energy Price per Kwh Price of energy per kilowatt-hour. Monetary units are not 
explicitly represented. 

Price Pattern ID label of a time pattern used to represent variations in 
energy price with time. Leave blank if not applicable. 

Demand Charge Additional energy charge per maximum kilowatt usage. 

 
 

8.2 Running an Analysis 
 
To run a hydraulic/water quality analysis: 

1. Select Project >> Run Analysis or click  on the Standard 
Toolbar. 

2. The progress of the analysis will be displayed in a Run Status 
window. 

3. Click OK when the analysis ends. 

If the analysis runs successfully the  icon will appear in the Run Status section 
of the Status Bar at the bottom of the EPANET workspace. Any error or warning 
messages will appear in a Status Report window. If you edit the properties of the 
network after a successful run has been made, the faucet icon changes to a broken 
faucet indicating that the current computed results no longer apply to the modified 
network. 
 
 

8.3 Troubleshooting Results 
 
EPANET will issue specific Error and Warning messages when problems are 
encountered in running a hydraulic/water quality analysis (see Appendix B for a 
complete listing). The most common problems are discussed below. 
 

Pumps Cannot Deliver Flow or Head 
 
EPANET will issue a warning message when a pump is asked to operate outside the 
range of its pump curve. If the pump is required to deliver more head than its shutoff 
head, EPANET will close the pump down. This might lead to portions of the network 
becoming disconnected from any source of water. 
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Network is Disconnected 
 
EPANET classifies a network as being disconnected if there is no way to provide 
water to all nodes that have demands. This can occur if there is no path of open links 
between a junction with demand and either a reservoir, a tank, or a junction with a 
negative demand. If the problem is caused by a closed link EPANET will still 
compute a hydraulic solution (probably with extremely large negative pressures) and 
attempt to identify the problem link in its Status Report. If no connecting link(s) exist 
EPANET will be unable to solve the hydraulic equations for flows and pressures and 
will return an Error 110 message when an analysis is made. Under an extended 
period simulation it is possible for nodes to become disconnected as links change 
status over time. 
 

Negative Pressures Exist 
 
EPANET will issue a warning message when it encounters negative pressures at 
junctions that have positive demands. This usually indicates that there is some 
problem with the way the network has been designed or operated. Negative pressures 
can occur when portions of the network can only receive water through links that 
have been closed off. In such cases an additional warning message about the network 
being disconnected is also issued. 
 

System Unbalanced 
 
A System Unbalanced condition can occur when EPANET cannot converge to a 
hydraulic solution in some time period within its allowed maximum number of trials. 
This situation can occur when valves, pumps, or pipelines keep switching their status 
from one trial to the next as the search for a hydraulic solution proceeds. For 
example, the pressure limits that control the status of a pump may be set too close 
together. Or a pump's head curve might be too flat causing it to keep shutting on and 
off. 

 
To eliminate the unbalanced condition one can try to increase the allowed maximum 
number of trials or loosen the convergence accuracy requirement. Both of these 
parameters are set with the project’s Hydraulic Options. If the unbalanced condition 
persists, then another hydraulic option, labeled “If Unbalanced”, offers two ways to 
handle it. One is to terminate the entire analysis once the condition is encountered. 
The other is to continue seeking a hydraulic solution for another 10 trials with the 
status of all links frozen to their current values. If convergence is achieved then a 
warning message is issued about the system possibly being unstable. If convergence 
is not achieved then a “System Unbalanced” warning message is issued. In either 
case, the analysis will proceed to the next time period. 

 
If an analysis in a given time period ends with the system unbalanced then the user 
should recognize that the hydraulic results produced for this time period are 
inaccurate. Depending on circumstances, such as errors in flows into or out of storage 
tanks, this might affect the accuracy of results in all future periods as well. 
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Hydraulic Equations Unsolvable 
 
Error 110 is issued if at some point in an analysis the set of equations that model flow 
and energy balance in the network cannot be solved. This can occur when some 
portion of a system demands water but has no links physically connecting it to any 
source of water. In such a case EPANET will also issue warning messages about 
nodes being disconnected. The equations might also be unsolvable if unrealistic 
numbers were used for certain network properties. 
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C H A P T E R  9  -  V I E W I N G   R E S U L T S 

 
This chapter describes the different ways in which the results of an analysis as well 
as the basic network input data can be viewed. These include different map views, 
graphs, tables, and special reports. 
 
 

9.1 Viewing Results on the Map 
 
There are several ways in which database values and results of a simulation can be 
viewed directly on the Network Map: 

• For the current settings on the Map Browser (see Section 4.6), the 
nodes and links of the map will be colored according to the color-
coding used in the Map Legends (see Section 7.6). The map's 
coloring will be updated as a new time period is selected in the 
Browser. 

• When the Flyover Map Labeling program preference is selected (see 
Section 4.9), moving the mouse over any node or link will display its 
ID label and the value of the current viewing parameter for that node 
or link in a hint-style box. 

• ID labels and viewing parameter values can be displayed next to all 
nodes and/or links by selecting the appropriate options on the 
Notation page of the Map Options dialog form (see Section 7.8). 

• Nodes or links meeting a specific criterion can be identified by 
submitting a Map Query (see below). 

• You can animate the display of results on the network map either 
forward or backward in time by using the Animation buttons on the 
Map Browser. Animation is only available when a node or link 
viewing parameter is a computed value (e.g., link flow rate can be 
animated but diameter cannot). 

• The map can be printed, copied to the Windows clipboard, or saved 
as a DXF file or Windows metafile. 

 

Submitting a Map Query 
 
A Map Query identifies nodes or links on the network map that meet a specific 
criterion (e.g., nodes with pressure less than 20 psi, links with velocity above 2 ft/sec, 
etc.). See Figure 9.1 for an example. To submit a map query: 
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Figure 9.1  Results of a Map Query  
 
 

1. Select a time period in which to query the map from the Map 
Browser. 

2. Select View >> Query or click  on the Map Toolbar. 

3. Fill in the following information in the Query dialog form that 
appears: 

• Select whether to search for Nodes or Links 

• Select a parameter to compare against 

• Select Above, Below, or Equals 

• Enter a value to compare against 

4. Click the Submit button. The objects that meet the criterion will be 
highlighted on the map. 

5. As a new time period is selected in the Browser, the query results are 
automatically updated. 

6. You can submit another query using the dialog box or close it by 
clicking the button in the upper right corner. 

 
After the Query box is closed the map will revert back to its original display. 
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9.2 Viewing Results with a Graph 
 
Analysis results, as well as some design parameters, can be viewed using several 
different types of graphs. Graphs can be printed, copied to the Windows clipboard, or 
saved as a data file or Windows metafile. The following types of graphs can be used 
to view values for a selected parameter (see Figure 9.2 for examples of each): 
 

Type of Plot Description Applies To 

Time Series Plot Plots value versus time Specific nodes or links 
over all time periods 

Profile Plot Plots value versus distance A list of nodes at a 
specific time 

Contour Plot Shows regions of the map 
where values fall within 
specific intervals 

All nodes at a specific 
time 

Frequency Plot Plots value versus fraction of 
objects at or below the value 

All nodes or links at a 
specific time 

System Flow Plots total system production 
and consumption versus time 

Water demand for all 
nodes over all time periods 

 
NNoottee:   When only a single node or link is graphed in a Time Series Plot the graph 

will also display any measured data residing in a Calibration File that has 
been registered with the project (see Section 5.3). 

 
To create a graph: 

1. Select Report >> Graph or click  on the Standard Toolbar. 

2. Fill in the choices on the Graph Selection dialog box that appears. 

3. Click OK to create the graph. 
 
The Graph Selection dialog, as pictured in Figure 9.3, is used to select a type of graph 
and its contents to display. The choices available in the dialog consist of the 
following: 

 

Item Description 

Graph Type Selects a graph type 

Parameter Selects a parameter to graph 

Time Period Selects a time period to graph (does not apply to Time 
Series plots) 

Object Type Selects either Nodes or Links (only Nodes can be graphed 
on Profile and Contour plots)  

Items to Graph Selects items to graph (applies only to Time Series and 
Profile plots) 
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Figure 9.2  Examples of Different Types of Graphs 
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Figure 9.2  Continued From Previous Page 
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Figure 9.3  Graph Selection Dialog 
 
 
Time Series plots and Profile plots require one or more objects be selected for 
plotting. To select items into the Graph Selection dialog for plotting: 

1. Select the object (node or link) either on the Network Map or on the 
Data Browser. (The Graph Selection dialog will remain visible 
during this process). 

2. Click the Add button on the Graph Selection dialog to add the 
selected item to the list. 

 
In place of Step 2, you can also drag the object’s label from the Data Browser onto 
the Form’s title bar or onto the Items to Graph list box. 
 
The other buttons on the Graph Selection dialog form are used as follows:  

 

Button Purpose 

Load (Profile Plot Only) Loads a previously saved list of nodes 

Save (Profile Plot Only) Saves current list of nodes to file 

Delete Deletes selected item from list 

Move Up Moves selected item on list up one position 

Move Down Moves selected item on list down one position 
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To customize the appearance of a graph: 

1. Make the graph the active window (click on its title bar). 

2. Select Report >> Options, or click  on the Standard Toolbar, or 
right-click on the graph. 

3. For a Time Series, Profile, Frequency or System Flow plot, use the 
resulting Graph Options dialog (Figure 9.4) to customize the graph's 
appearance. 

4. For a Contour plot use the resulting Contour Options dialog to 
customize the plot. 

  
NNoottee:   A Time Series, Profile, or Frequency plot can be zoomed by holding down 

the Ctrl key while drawing a zoom rectangle with the mouse's left button 
held down. Drawing the rectangle from left to right zooms in, drawing from 
right to left zooms out. The plot can also be panned in any direction by 
holding down the Ctrl key and moving the mouse across the plot with the 
right button held down. 

 
The Graph Options dialog form (Figure 9.4) is used to customize the appearance of 
an X-Y graph. To use the dialog box: 

1. Select from among the five tabbed pages that cover the following 
categories of options: 

• General 

• Horizontal Axis 

• Vertical Axis 

• Legend 

• Series 

2. Check the Default box if you wish to use the current settings as 
defaults for all new graphs as well. 

3. Select OK to accept your selections. 
 
The items contained on each page of the Graph Options dialog are as follows:  
 

General Page 
 

Option Description 

Panel Color Color of the panel which surrounds the graph’s plotting area 

Background Color Color of graph's plotting area 

View in 3D Check if graph should be drawn in 3D 

3D Effect Percent Degree to which 3D effect is drawn 

Main Title Text of graph's main title 

Font Changes the font used for the main title 
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Figure 9.4  Graph Options Dialog 
 
 

Horizontal and Vertical Axis Pages 
 

Option Description 

Minimum Sets minimum axis value (minimum data value is shown in 
parentheses). Can be left blank. 

Maximum Sets maximum axis value (maximum data value is shown in 
parentheses). Can be left blank. 

Increment Sets increment between axis labels. Can be left blank. 

Auto Scale If checked then Minimum, Maximum, and Increment 
settings are ignored. 

Gridlines Selects type of gridline to draw. 

Axis Title Text of axis title 

Font Click to select a font for the axis title. 
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Legend Page 
 

Option Description 

Position Selects where to place the legend. 

Color Selects color to use for legend background. 

Symbol Width Selects width to use (in pixels) to draw symbol portion of 
the legend. 

Framed Places a frame around the legend. 

Visible Makes the legend visible. 

 

Series Page 
 
The Series page (see Figure 9.4) of the Graph Options dialog controls how individual 
data series (or curves) are displayed on a graph. To use this page: 

• Select a data series to work with from the Series combo box. 

• Edit the title used to identify this series in the legend. 

• Click the Font button to change the font used for the legend. (Other 
legend properties are selected on the Legend page of the dialog.) 

• Select a property of the data series you would like to modify. The 
choices are: 

§ Lines 

§ Markers 

§ Patterns 

§ Labels 

(Not all properties are available for some types of graphs.) 
 
The data series properties that can be modified include the following: 
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Category Option Description 

Lines Style Selects line style. 

 Color Selects line color. 

 Size Selects line thickness (only for solid line style). 

 Visible Determines if line is visible. 

 

Markers Style Selects marker style. 

 Color Selects marker color. 

 Size Selects marker size. 

 Visible Determines if marker is visible. 

 

Patterns Style Selects pattern style. 

 Color Selects pattern color. 

 Stacking Not used with EPANET. 

 

Labels Style Selects what type of information is displayed in 
the label. 

 Color Selects the color of the label's background. 

 Transparent Determines if graph shows through label or not. 

 Show Arrows Determines if arrows are displayed on pie charts. 

 Visible Determines if labels are visible or not. 

 
 
The Contour Options dialog form (Figure 9.5) is used to customize the appearance of 
a contour graph. A description of each option is provided below: 
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Figure 9.5  Contour Plot Options Dialog 
 
 
 

Category Option Description 

Legend Display Legend Toggles display of legend on/off 

 Modify Legend Changes colors and contour intervals 

Network 
Backdrop 

 

Foreground 

 

Color of network image displayed on plot 

 Background Background color used for line contour plot 

 Link Size Thickness of lines used to display network 

 

Style Filled Contours Plot uses colored area-filled contours 

 Line Contours Plot uses colored line contours 

 

Contour Lines Thickness Thickness of lines used for contour intervals 

 Lines per Level Number of sub-contours per major contour 
level 

 

Default  Saves choices as defaults for next contour 
plot 
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9.3 Viewing Results with a Table 
 
EPANET allows you to view selected project data and analysis results in a tabular 
format: 

• A Network Table lists properties and results for all nodes or links at 
a specific period of time. 

• A Time Series Table lists properties and results for a specific node or 
link in all time periods. 

 
Tables can be printed, copied to the Windows clipboard, or saved to file. An example 
table is shown in Figure 9.6.  

 
To create a table: 

1. Select View >> Table or click  on the Standard Toolbar. 

2. Use the Table Options dialog box that appears to select: 

• the type of table  

• the quantities to display in each column 

• any filters to apply to the data 
 
 
 

 
 

Figure 9.6  Example Network Nodes Table 
 
 
 
The Table Options dialog form has three tabbed pages as shown in Figure 9.7. All 
three pages are available when a table is first created. After the table is created, only 
the Columns and Filters tabs will appear. The options available on each page are as 
follows: 
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Figure 9.7  Table Selection Dialog 
 
 

Type Page 
 
The Type page of the Table Options dialog is used to select the type of table to 
create. The choices are: 

• All network nodes at a specific time period 

• All network links at a specific time period 

• All time periods for a specific node 

• All time periods for a specific link 
 
Data fields are available for selecting the time period or node/link to which the table 
applies. 
 

Columns Page 
 
The Columns page of the Table Options dialog form (Figure 9.8) selects the 
parameters that are displayed in the table’s columns. 

• Click the checkbox next to the name of each parameter you wish to 
include in the table, or if the item is already selected, click in the box 
to deselect it. (The keyboard's Up and Down Arrow keys can be used 
to move between the parameter names, and the spacebar can be used 
to select/deselect choices). 
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• To sort a Network-type table with respect to the values of a 
particular parameter, select the parameter from the list and check off 
the Sorted By box at the bottom of the form. (The sorted parameter 
does not have to be selected as one of the columns in the table.) Time 
Series tables cannot be sorted. 

 
 

 
 

Figure 9.8  Columns Page of the Table Selection Dialog 
 
 

Filters Page 
 
The Filters page of the Table Options dialog form (Figure 9.9) is used to define 
conditions for selecting items to appear in a table. To filter the contents of a table: 

• Use the controls at the top of the page to create a condition (e.g., 
Pressure Below 20). 

• Click the Add button to add the condition to the list. 

• Use the Delete button to remove a selected condition from the list. 
 
Multiple conditions used to filter the table are connected by AND's. If a table has 
been filtered, a re-sizeable panel will appear at the bottom indicating how many items 
have satisfied the filter conditions. 
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Figure 9.9  Filters Page of the Table Selection Dialog 
 
 
Once a table has been created you can add/delete columns or sort or filter its data: 

• Select Report >> Options or click  on the Standard Toolbar or 
right-click on the table. 

• Use the Columns and Filters pages of the Table Selection dialog 
form to modify your table. 

 
 

9.4 Viewing Special Reports 
 
In addition to graphs and tables, EPANET can generate several other specialized 
reports. These include: 

• Status Report 

• Energy Report 

• Calibration Report 

• Reaction Report 

• Full Report 
 
All of these reports can be printed, copied to a file, or copied to the Windows 
clipboard (the Full Report can only be saved to file.) 
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Status Report 
 
EPANET writes all error and warning messages generated during an analysis to a 
Status Report (see Figure 9.10). Additional information on when network objects 
change status is also written to this report if the Status Report option in the project's 
Hydraulics Options was set to Yes or Full. To view a status report on the most 
recently completed analysis select Report >> Status from the main menu.  
 
 

 
 

Figure 9.10  Excerpt from a Status Report 
 
 

Energy Report 
 
EPANET can generate an Energy Report that displays statistics about the energy 
consumed by each pump and the cost of this energy usage over the duration of a 
simulation (see Figure 9.11). To generate an Energy Report select Report >> Energy 
from the main menu. The report has two tabbed pages. One displays energy usage by 
pump in a tabular format. The second compares a selected energy statistic between 
pumps using a bar chart. 
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Figure 9.11  Example Energy Report 
 
 

Calibration Report 
 
A Calibration Report can show how well EPANET's simulated results match 
measurements taken from the system being modeled. To create a Calibration Report: 

1. First make sure that Calibration Data for the quantity being 
calibrated has been registered with the project (see Section 5.3). 

2. Select Report >> Calibration from the main menu. 

3. In the Calibration Report Options form that appears (see Figure 
9.12): 

• select a parameter to calibrate against 

• select the measurement locations to use in the report 

4. Click OK to create the report. 
 
After the report is created the Calibration Report Options form can be recalled to 

change report options by selecting Report >> Options or by clicking  on the 
Standard Toolbar when the report is the current active window in EPANET’s 
workspace. 
 
A sample Calibration Report is shown in Figure 9.13. It contains three tabbed pages: 
Statistics, Correlation Plot, and Mean Comparisons. 
 
Statistics Page 
 
The Statistics page of a Calibration Report lists various error statistics between 
simulated and observed values at each measurement location and for the network as a 
whole. If a measured value at a location was taken at a time in-between the 
simulation's reporting time intervals then a simulated value for that time is found by 
interpolating between the simulated values at either end of the interval. 
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Figure 9.12  Calibration Report Options Dialog 
 
 
 

 
 

Figure 9.13  Example Calibration Report 
 
 
 
The statistics listed for each measurement location are: 

• Number of observations 

• Mean of the observed values 

• Mean of the simulated values 

• Mean absolute error between each observed and simulated value 

• Root mean square error (square root of the mean of the squared 
errors between the observed and simulated values). 
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These statistics are also provided for the network as a whole (i.e., all measurements 
and model errors pooled together). Also listed is the correlation between means 
(correlation coefficient between the mean observed value and mean simulated value 
at each location). 
 
Correlation Plot Page 
 
The Correlation Plot page of a Calibration Report displays a scatter plot of the 
observed and simulated values for each measurement made at each location. Each 
location is assigned a different color in the plot. The closer that the points come to the 
45-degree angle line on the plot the closer is the match between observed and 
simulated values. 
 
Mean Comparisons Page 
 
The Mean Comparisons page of a Calibration Report presents a bar chart that 
compares the mean observed and mean simulated value for a calibration parameter at 
each location where measurements were taken. 
 

Reaction Report 
 
A Reaction Report, available when modeling the fate of a reactive water quality 
constituent, graphically depicts the overall average reaction rates occurring 
throughout the network in the following locations: 

• the bulk flow 

• the pipe wall 

• within storage tanks. 
 
A pie chart shows what percent of the overall reaction rate is occurring in each 
location. The chart legend displays the average rates in mass units per hour. A 
footnote on the chart shows the inflow rate of the reactant into the system. 
 
The information in the Reaction Report can show at a glance what mechanism is 
responsible for the majority of growth or decay of a substance in the network. For 
example, if one observes that most of the chlorine decay in a system is occurring in 
the storage tanks and not at the walls of the pipes then one might infer that a 
corrective strategy of pipe cleaning and replacement will have little effect in 
improving chlorine residuals. 
 
A Graph Options dialog box can be called up to modify the appearance of the pie 

chart by selecting Report >> Options or by clicking  on the Standard Toolbar, or 
by right-clicking anywhere on the chart. 
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Full Report 
 

When the  icon appears in the Run Status section of the Status Bar, a report of 
computed results for all nodes, links and time periods can be saved to file by 
selecting Full from the Report menu. This report, which can be viewed or printed 
outside of EPANET using any text editor or word processor, contains the following 
information: 

• project title and notes 

• a table listing the end nodes, length, and diameter of each link 

• a table listing energy usage statistics for each pump 

• a pair of tables for each time period listing computed values for each 
node (demand, head, pressure, and quality) and for each link (flow, 
velocity, headloss, and status). 

 
This feature is useful mainly for documenting the final results of a network analysis 
on small to moderately sized networks (full report files for large networks analyzed 
over many time periods can easily consume dozens of megabytes of disk space). The 
other reporting tools described in this chapter are available for viewing computed 
results on a more selective basis. 
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C H A P T E R  10  -  P R I N T I N G   A N D   C O P Y I N G 

 
This chapter describes how to print, copy to the Windows clipboard, or copy to file 
the contents of the currently active window in the EPANET workspace. This can 
include the network map, a graph, a table, a report, or the properties of an object 
selected from the Browser. 
 
 

10.1 Selecting a Printer 
 
To select a printer from among your installed Windows printers and set its properties: 

1. Select File >> Page Setup from the main menu. 

2. Click the Printer button on the Page Setup dialog that appears (see 
Figure 10.1). 

3. Select a printer from the choices available in the combo box in the 
next dialog that appears. 

4. Click the Properties button to select the printer's properties (which 
vary with choice of printer). 

5. Click OK on each dialog box to accept your selections. 
 
 

10.2 Setting the Page Format 
 
To format the printed page: 

1. Select File >> Page Setup from the main menu. 

2. Use the Margins page of the Page Setup dialog form that appears 
(Figure 10.1) to: 

• Select a printer 

• Select the paper orientation (Portrait or Landscape) 

•  Set left, right, top, and bottom margins 

3. Use the Headers/Footers page of the dialog box to: 

• Supply the text for a header that will appear on each page 

• Indicate whether the header should be printed or not 

• Supply the text for a footer that will appear on each page 

• Indicate whether the footer should be printed or not 

• Indicate whether or not pages should be numbered 

4. Click OK to accept your choices. 
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Figure 10.1  Page Setup Dialog 
 
 

10.3 Print Preview 
 
To preview a printout, select File >> Print Preview from the main menu. A Preview 
form will appear which shows how each page of the object being printed will appear 
when printed. 
 
 

10.4 Printing the Current View 
 
To print the contents of the current window being viewed in the EPANET workspace 

select File >> Print from the main menu or click  on the Standard Toolbar. The 
following views can be printed: 

• Data Browser (properties of the currently selected object) 

• Network Map (at the current zoom level) 

• Graphs (Time Series, Profile, Contour, Frequency and System Flow 
plots) 

• Tables (Network and Time Series tables) 

• Status, Energy, Calibration, and Reaction Reports. 
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10.5 Copying to the Clipboard or to a File 
 
EPANET can copy the text and graphics of the current window being viewed to both 
the Windows clipboard and to a file. Views that can be copied in this fashion include 
the Network Map, graphs, tables, and reports. To copy the current view to the 
clipboard or to file: 

1. Select Edit >> Copy To from the main menu or click . 

2. Select choices from the Copy dialog that appears (see Figure 10.2) 
and click its OK button. 

3. If you selected to copy-to-file, enter the name of the file in the Save 
As dialog box that appears and click OK. 

 
Use the Copy dialog as follows to define how you want your data copied and to 
where: 

1. Select a destination for the material being copied (Clipboard or File) 

2. Select  a format to copy in: 

• Bitmap (graphics only) 

• Metafile (graphics only) 

• Data (text, selected cells in a table, or data used to construct a 
graph) 

3. Click OK to accept your selections or Cancel to cancel the copy 
request. 

 
 

 
 

Figure 10.2  Copy Dialog 
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C H A P T E R  1 1  -  I M P O R T I N G   A N D   E X P O R T I N  G 

 
This chapter introduces the concept of Project Scenarios and describes how EPANET 
can import and export these and other data, such as the network map and the entire 
project database. 
 
 

11.1 Project Scenarios 
 
A Project Scenario consists of a subset of the data that characterizes the current 
conditions under which a pipe network is being analyzed. A scenario can consist of 
one or more of the following data categories: 

• Demands (baseline demand plus time patterns for all categories) at 
all nodes 

• Initial water quality at all nodes 

• Diameters for all pipes 

• Roughness coefficients for all pipes 

• Reaction coefficients (bulk and wall) for all pipes 

• Simple and rule-based controls 
 
EPANET can compile a scenario based on some or all of the data categories listed 
above, save the scenario to file, and read the scenario back in at a later time. 
  
Scenarios can provide more efficient and systematic analysis of design and operating 
alternatives. They can be used to examine the impacts of different loading conditions, 
search for optimal parameter estimates, and evaluate changes in operating policies. 
The scenario files are saved as ASCII text and can be created or modified outside of 
EPANET using a text editor or spreadsheet program. 
 
 

11.2 Exporting a Scenario 
 
To export a project scenario to a text file: 

1. Select File >> Export >> Scenario from the main menu. 

2. In the Export Data dialog form that appears (see Figure 11.1) select 
the types of data that you wish to save. 

3. Enter an optional description of the scenario you are saving in the 
Notes memo field.  

4. Select the OK button to accept your choices. 

5. In the Save dialog box that next appears select a folder and name for 
the scenario file. Scenario files use the default extension .SCN. 

6. Click OK to complete the export. 
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Figure 11.1  Export Data Dialog 
 
 
The exported scenario can be imported back into the project at a later time as 
described in the next section. 
 
 

11.3 Importing a Scenario 
 
To import a project scenario from a file: 

1. Select File >> Import >> Scenario from the main menu. 

2. Use the Open File dialog box that appears to select a scenario file to 
import. The dialog's Contents panel will display the first several lines 
of files as they are selected, to help locate the desired file. 

3. Click the OK button to accept your selection. 
 
The data contained in the scenario file will replace any existing of the same kind in 
the current project. 
 
 

11.4 Importing a Partial Network 
 
EPANET has the ability to import a geometric description of a pipe network in a 
simple text format. This description simply contains the ID labels and map 
coordinates of the nodes and the ID labels and end nodes of the links. This simplifies 
the process of using other programs, such as CAD and GIS packages, to digitize 
network geometric data and then transfer these data to EPANET. 
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The format of a partial network text file looks as follows, where the text between 
brackets (< >) describes what type of information appears in that line of the file: 
 
[TITLE] 
<optional description of the file> 
 
[JUNCTIONS] 
<ID label of each junction> 
 
[PIPES] 
<ID label of each pipe followed by the ID labels of its end junctions> 
 
[COORDINATES] 
<Junction ID and its X and Y coordinates> 
 
[VERTICES] 
<Pipe ID and the X and Y coordinates of an intermediate vertex point> 
 
Note that only junctions and pipes are represented. Other network elements, such as 
reservoirs and pumps, can either be imported as junctions or pipes and converted 
later on or simply be added in later on. The user is responsible for transferring any 
data generated from a CAD or GIS package into a text file with the format shown 
above. 
 
In addition to this partial representation, a complete specification of the network can 
be placed in a file using the format described in Appendix C. This is the same format 
EPANET uses when a project is exported to a text file (see Section 11.7 below). In 
this case the file would also contain information on node and link properties, such as 
elevations, demands, diameters, roughness, etc. 
 
 

11.5 Importing a Network Map 
 
To import the coordinates for a network map stored in a text file: 

1. Select File >> Import >> Map from the main menu. 

2. Select the file containing the map information from the Open File 
dialog that appears. 

3. Click OK to replace the current network map with the one described 
in the file. 

 
 

11.6 Exporting the Network Map 
 
The current view of the network map can be saved to file using either Autodesk's 
DXF (Drawing Exchange Format) format, the Windows enhanced metafile (EMF) 
format, or EPANET's own ASCII text (map) format. The DXF format is readable by 
many Computer Aided Design (CAD) programs. Metafiles can be inserted into word 
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processing documents and loaded into drawing programs for re-scaling and editing. 
Both formats are vector-based and will not loose resolution when they are displayed 
at different scales. 
 
To export the network map at full extent to a DXF, metafile, or text file: 

1. Select File >> Export >> Map from the main menu. 

2. In the Map Export dialog form that appears (see Figure 11.2) select 
the format that you want the map saved in. 

3. If you select DXF format, you have a choice of how junctions will be 
represented in the DXF file. They can be drawn as open circles, as 
filled circles, or as filled squares. Not all DXF readers can recognize 
the commands used in the DXF file to draw a filled circle. 

4. After choosing a format, click OK and enter a name for the file in the 
Save As dialog form that appears. 

 
 

 
 

Figure 11.2  Map Export Dialog 
 
 

11.7 Exporting to a Text File 
 
To export a project's data to a text file: 

1. Select File >> Export >> Network from the main menu. 

2. In the Save dialog form that appears enter a name for the file to save 
to (the default extension is .INP). 

3. Click OK to complete the export. 
 
The resulting file will be written in ASCII text format, with the various data 
categories and property labels clearly identified. It can be read back into EPANET 
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for analysis at another time by using either the File >> Open or File >> Import >> 
Network commands. Complete network descriptions using this input format can also 
be created outside of EPANET using any text editor or spreadsheet program. A 
complete specification of the .INP file format is given in Appendix C. 

 
It is a good idea to save an archive version of your database in this format so you 
have access to a human readable version of your data. However, for day-to-day use 
of EPANET it is more efficient to save your data using EPANET's special project file 
format (that creates a .NET file) by using the File >> Save or File >> Save As 
commands. This format contains additional project information, such as the colors 
and ranges chosen for the map legends, the set of map display options in effect, the 
names of registered calibration data files, and any printing options that were selected. 
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C H A P T E R  1 2  -  F R E Q U E N T L Y   A S K E D   Q U E S T I O N S 

 

How can I import a pipe network created with a CAD or GIS program? 
 
See Section 11.4. 
 

How do I model a groundwater pumping well? 
 
Represent the well as a reservoir whose head equals the piezometric head of the 
groundwater aquifer. Then connect your pump from the reservoir to the rest of the 
network. You can add piping ahead of the pump to represent local losses around the 
pump. 
 
If you know the rate at which the well is pumping then an alternate approach is to 
replace the well – pump combination with a junction assigned a negative demand 
equal to the pumping rate. A time pattern can also be assigned to the demand if the 
pumping rate varies over time.  
 

How do I size a pump to meet a specific flow? 
 
Set the status of the pump to CLOSED. At the suction (inlet) node of the pump add a 
demand equal to the required pump flow and place a negative demand of the same 
magnitude at the discharge node. After analyzing the network, the difference in heads 
between the two nodes is what the pump needs to deliver. 
 

How do I size a pump to meet a specific head? 
 
Replace the pump with a Pressure Breaker Valve oriented in the opposite direction. 
Convert the design head to an equivalent pressure and use this as the setting for the 
valve. After running the analysis the flow through the valve becomes the pump’s 
design flow. 
 

How can I enforce a specific schedule of source flows into the network from my 
reservoirs? 

 
Replace the reservoirs with junctions that have negative demands equal to the 
schedule of source flows. (Make sure there is at least one tank or remaining reservoir 
in the network, otherwise EPANET will issue an error message.) 
 

How can I analyze fire flow conditions for a particular junction node?  
 
To determine the maximum pressure available at a node when the flow demanded 
must be increased to suppress a fire, add the fire flow to the node’s normal demand, 
run the analysis, and note the resulting pressure at the node. 
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To determine the maximum flow available at a particular pressure, set the emitter 
coefficient at the node to a large value (e.g., 100 times the maximum expected flow) 
and add the required pressure head (2.3 times the pressure in psi) to the node's 
elevation.  After running the analysis, the available fire flow equals the actual 
demand reported for the node minus any consumer demand that was assigned to it. 
 

How do I model a reduced pressure backflow prevention valve? 
 
Use a General Purpose Valve with a headloss curve that shows increasing head loss 
with decreasing flow. Information from the valve manufacturer should provide help 
in constructing the curve. Place a check valve (i.e., a short length of pipe whose 
status is set to CV) in series with the valve to restrict the direction of flow. 
 

How do I model a pressurized pneumatic tank? 
 
If the pressure variation in the tank is negligible, use a very short, very wide 
cylindrical tank whose elevation is set close to the pressure head rating of the tank. 
Select the tank dimensions so that changes in volume produce only very small 
changes in water surface elevation. 
 
If the pressure head developed in the tank ranges between H1 and H2, with 
corresponding volumes V1 and V2, then use a cylindrical tank whose cross-sectional 
area equals (V2-V1)/(H2-H1). 
 

How do I model a tank inlet that discharges above the water surface? 
 
Use the configuration shown below: 

 
The tank's inlet consists of a Pressure Sustaining Valve followed by a short length of 
large diameter pipe. The pressure setting of the PSV should be 0, and the elevation of 
its end nodes should equal the elevation at which the true pipe connects to the tank. 
Use a Check Valve on the tank's outlet line to prevent reverse flow through it. 
 

How do I determine initial conditions for a water quality analysis? 
 
If simulating existing conditions monitored as part of a calibration study, assign 
measured values to the nodes where measurements were made and interpolate (by 
eye) to assign values to other locations. It is highly recommended that storage tanks 
and source locations be included in the set of locations where measurements are 
made. 
 
To simulate future conditions start with arbitrary initial values (except at the tanks) 
and run the analysis for a number of repeating demand pattern cycles so that the 
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water quality results begin to repeat in a periodic fashion as well. The number of such 
cycles can be reduced if good initial estimates are made for the water quality in the 
tanks. For example, if modeling water age the initial value could be set to the tank's 
average residence time, which is approximately equal to the fraction of its volume it 
exchanges each day. 
 

How do I estimate values of the bulk and wall reaction coefficients? 
 
Bulk reaction coefficients can be estimated by performing a bottle test in the 
laboratory (see Bulk Reactions in Section 3.4). Wall reaction rates cannot be 
measured directly. They must be back-fitted against calibration data collected from 
field studies (e.g., using trial and error to determine coefficient values that produce 
simulation results that best match field observations). Plastic pipe and relatively new 
lined iron pipe are not expected to exert any significant wall demand for disinfectants 
such as chlorine and chloramines. 
 

How can I model a chlorine booster station? 
 
Place the booster station at a junction node with zero or positive demand or at a tank. 
Select the node into the Property Editor and click the ellipsis button in the Source 
Quality field to launch the Source Quality Editor. In the editor, set Source Type to 
SETPOINT BOOSTER and set Source Quality to the chlorine concentration that 
water leaving the node will be boosted to. Alternatively, if the booster station will use 
flow-paced addition of chlorine then set Source Type to FLOW PACED BOOSTER 
and Source Quality to the concentration that will be added to the concentration 
leaving the node. Specify a time pattern ID in the Time Pattern field if you wish to 
vary the boosting level with time. 
 

How would I model THM growth in a network? 
 
THM growth can be modeled using first-order saturation kinetics. Select Options – 
Reactions from the Data Browser. Set the bulk reaction order to 1 and the limiting 
concentration to the maximum THM level that the water can produce, given a long 
enough holding time. Set the bulk reaction coefficient to a positive number reflective 
of the rate of THM production (e.g., 0.7 divided by the THM doubling time). 
Estimates of the reaction coefficient and the limiting concentration can be obtained 
from laboratory testing. The reaction coefficient will increase with increasing water 
temperature. Initial concentrations at all network nodes should at least equal the 
THM concentration entering the network from its source node. 
 

Can I use a text editor to edit network properties while running EPANET? 
 
Save the network to file as ASCII text (select File >> Export >> Network). With 
EPANET still running, start up your text editor program. Load the saved network file 
into the editor. When you are done editing the file, save it to disk. Switch to 
EPANET and read in the file (select File >> Open). You can keep switching back 
and forth between the editor program and EPANET, as more changes are needed. 
Just remember to save the file after modifying it in the editor, and re-open it again 
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after switching to EPANET. If you use a word processor (such as WordPad) or a 
spreadsheet as your editor, remember to save the file as plain ASCII text. 

 

Can I run multiple EPANET sessions at the same time? 
 
Yes. This could prove useful in making side-by-side comparisons of two or more 
different design or operating scenarios. 
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A P P E N D I X  A  -  U N I T S   O F   M E A S U R E M E N T 

 
 

PARAMETER US CUSTOMARY SI METRIC 

Concentration mg/L or µg/L mg/L or µg/L 

Demand (see Flow units)  (see Flow units) 

Diameter (Pipes) inches millimeters 

Diameter (Tanks) feet meters 

Efficiency percent percent 

Elevation feet meters 

Emitter Coefficient flow units / (psi)1/2 flow units / (meters)1/2 

Energy kilowatt - hours kilowatt - hours 

Flow CFS (cubic feet / sec) 

GPM (gallons / min) 

MGD (million gal / day) 

IMGD (Imperial MGD) 

AFD (acre-feet / day) 

LPS (liters / sec) 

LPM (liters / min) 

MLD (megaliters / day) 

CMH (cubic meters / hr) 

CMD (cubic meters / day) 

Friction Factor unitless unitless 

Hydraulic Head feet meters 

Length feet meters 

Minor Loss Coeff. unitless unitless 

Power horsepower kilowatts 

Pressure pounds per square inch meters 

Reaction Coeff. (Bulk) 1/day (1st-order) 1/day (1st-order) 

Reaction Coeff. (Wall) mass / L / day (0-order) 

ft / day (1st-order) 

mass / L / day (0-order) 

meters / day (1st-order) 

Roughness Coefficient 10-3 feet (Darcy-Weisbach), 
unitless otherwise 

millimeters (Darcy-Weisbach), 
unitless otherwise 

Source Mass Injection  mass / minute mass / minute 

Velocity feet / second meters / second 

Volume cubic feet cubic meters 

Water Age hours hours 

 
NNoottee: US Customary units apply when CFS, GPM, AFD, or MGD is chosen as flow 

units. SI Metric units apply when flow units are expressed using either liters or 
cubic meters. 
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A P P E N D I X  B  -  E R R O R   M E S S A G E S 

 
 

ID Explanation 

101 An analysis was terminated due to insufficient memory available. 

110 An analysis was terminated because the network hydraulic equations could 
not be solved. Check for portions of the network not having any physical 
links back to a tank or reservoir or for unreasonable values for network input 
data. 

200 One or more errors were detected in the input data. The nature of the error 
will be described by the 200-series error messages listed below. 

201 There is a syntax error in a line of the input file created from your network 
data. This is most likely to have occurred in .INP text created by a user 
outside of EPANET. 

202 An illegal numeric value was assigned to a property. 

203 An object refers to undefined node.  

204 An object refers to an undefined link. 

205 An object refers to an undefined time pattern. 

206 An object refers to an undefined curve. 

207 An attempt is made to control a check valve. Once a pipe is assigned a Check 
Valve status with the Property Editor, its status cannot be changed by either 
simple or rule-based controls.  

208 Reference was made to an undefined node. This could occur in a control 
statement for example. 

209 An illegal value was assigned to a node property. 

210 Reference was made to an undefined link. This could occur in a control 
statement for example. 

211 An illegal value was assigned to a link property. 

212 A source tracing analysis refers to an undefined trace node. 

213 An analysis option has an illegal value (an example would be a negative time 
step value). 

214 There are too many characters in a line read from an input file. The lines in 
the .INP file are limited to 255 characters. 

215 Two or more nodes or links share the same ID label. 

216 Energy data were supplied for an undefined pump. 

217 Invalid energy data were supplied for a pump.  

219 A valve is illegally connected to a reservoir or tank. A PRV, PSV or FCV 
cannot be directly connected to a reservoir or tank. Use a length of pipe to 
separate the two. 
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220 A valve is illegally connected to another valve. PRVs cannot share the same 
downstream node or be linked in series, PSVs cannot share the same 
upstream node or be linked in series, and a PSV cannot be directly connected 
to the downstream node of a PRV. 

221 A rule-based control contains a misplaced clause. 

223 There are not enough nodes in the network to analyze. A valid network must 
contain at least one tank/reservoir and one junction node. 

224 There is not at least one tank or reservoir in the network. 

225 Invalid lower/upper levels were specified for a tank (e.g., the lower lever is 
higher than the upper level). 

226 No pump curve or power rating was supplied for a pump. A pump must either 
be assigned a curve ID in its Pump Curve property or a power rating in its 
Power property. If both properties are assigned then the Pump Curve is used. 

227 A pump has an invalid pump curve. A valid pump curve must have 
decreasing head with increasing flow. 

230 A curve has non-increasing X-values. 

233 A node is not connected to any links. 

302 The system cannot open the temporary input file. Make sure that the 
EPANET Temporary Folder selected has write privileges assigned to it (see 
Section 4.9). 

303 The system cannot open the status report file. See Error 302. 

304 The system cannot open the binary output file. See Error 302. 

308 Could not save results to file. This can occur if the disk becomes full. 

309 Could not write results to report file. This can occur if the disk becomes full. 
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 A P P E N D I X  C  -  C O M M A N D   L I N E   E P A N E T 

 
 

C.1 General Instructions 
 
EPANET can also be run as a console application from the command line within a 
DOS window. In this case network input data are placed into a text file and results 
are written to a text file. The command line for running EPANET in this fashion is: 
 
epanet2d  inpfile  rptfile  outfile 
 
Here inpfile is the name of the input file, rptfile is the name of the output 
report file, and outfile is the name of an optional binary output file that stores 
results in a special binary format. If the latter file is not needed then just the input and 
report file names should be supplied. As written, the above command assumes that 
you are working in the directory in which EPANET was installed or that this 
directory has been added to the PATH statement in your AUTOEXEC.BAT file. 
Otherwise full pathnames for the executable epanet2d.exe and the files on the 
command line must be used. The error messages for command line EPANET are the 
same as those for Windows EPANET and are listed in Appendix B. 
 
 

C.2 Input File Format 
 
The input file for command line EPANET has the same format as the text file that 
Windows EPANET generates from its File >> Export >> Network command. It is 
organized in sections, where each section begins with a keyword enclosed in 
brackets. The various keywords are listed below.  

 
Network 
Components 

System 
Operation 

Water 
Quality 

Options and 
Reporting 

Network 
Map/Tags 

[TITLE] 
[JUNCTIONS] 
[RESERVOIRS] 
[TANKS] 
[PIPES] 
[PUMPS] 
[VALVES] 
[EMITTERS] 

[CURVES] 
[PATTERNS] 
[ENERGY] 
[STATUS] 
[CONTROLS] 
[RULES] 
[DEMANDS] 

[QUALITY] 
[REACTIONS] 
[SOURCES] 
[MIXING] 

[OPTIONS] 
[TIMES] 
[REPORT] 

[COORDINATES] 
[VERTICES] 
[LABELS] 
[BACKDROP] 
[TAGS] 

 
The order of sections is not important. However, whenever a node or link is referred 
to in a section it must have already been defined in the [JUNCTIONS], 
[RESERVOIRS], [TANKS], [PIPES], [PUMPS], or [VALVES] sections. Thus it is 
recommended that these sections be placed first, right after the [TITLE] section. The 
network map and tags sections are not used by command line EPANET and can be 
eliminated from the file. 
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Each section can contain one or more lines of data. Blank lines can appear anywhere 
in the file and the semicolon (;) can be used to indicate that what follows on the line 
is a comment, not data. A maximum of 255 characters can appear on a line. The ID 
labels used to identify nodes, links, curves and patterns can be any combination of up 
to 15 characters and numbers. 

 
Figure C.1 displays the input file that represents the tutorial network discussed in 
Chapter 2.  

 
[TITLE] 
EPANET TUTORIAL 
 
[JUNCTIONS] 
;ID Elev   Demand 
;------------------ 
2     0  0 
3     710  650 
4     700  150 
5     695  200 
6     700  150 
 
[RESERVOIRS] 
;ID Head 
;--------- 
1     700 
 
[TANKS] 
;ID  Elev  InitLvl  MinLvl  MaxLvl  Diam  Volume 
;----------------------------------------------- 
7    850   5        0       15      70    0 
 
[PIPES] 
;ID  Node1  Node2  Length  Diam  Roughness 
;----------------------------------------- 
1    2      3      3000    12    100 
2    3      6      5000    12    100 
3    3      4      5000    8     100 
4    4      5      5000    8     100 
5    5      6      5000    8     100 
6    6      7      7000    10    100 
 
[PUMPS] 
;ID  Node1  Node2  Parameters 
;--------------------------------- 
7    1      2      HEAD 1 
 

 
Figure C.1  Example EPANET Input File (continued on next page) 
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[PATTERNS] 
;ID Multipliers 
;----------------------- 
1       0.5  1.3  1  1.2 
[CURVES] 
;ID  X-Value  Y-Value 
;-------------------- 
1    1000     200 
 
[QUALITY] 
;Node InitQual 
;------------- 
1     1 
 
[REACTIONS] 
Global Bulk  -1 
Global Wall  0 
 
[TIMES] 
Duration           24:00 
Hydraulic Timestep 1:00  
Quality Timestep   0:05 
Pattern Timestep   6:00 
 
[REPORT] 
Page      55 
Energy    Yes 
Nodes     All 
Links     All 
 
[OPTIONS] 
Units             GPM 
Headloss          H-W 
Pattern           1 
Quality           Chlorine mg/L 
Tolerance         0.01 
 
[END] 

 
Figure C.1  Example EPANET Input File (continued from previous page) 

 
 
On the pages that follow the contents and formats of each keyword section are 
described in alphabetical order. 
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[BACKDROP] 

Purpose: 

Identifies a backdrop image and dimensions for the network map. 

 

Formats: 

DIMENSIONS     LLx  LLy  URx  URy 

UNITS          FEET/METERS/DEGREES/NONE 

FILE           filename 

OFFSET         X   Y 

 

Definitions: 

DIMENSIONS provides the X and Y coordinates of the lower-left and upper-right corners of the map’s 
bounding rectangle. Defaults are the extents of the nodal coordinates supplied in the 
[COORDINATES] section. 

UNITS specifies the units that the map’s dimensions are given in. Default is NONE. 

FILE is the name of the file that contains the backdrop image. 

OFFSET lists the X and Y distance that the upper-left corner of the backdrop image is offset from the 
upper-left corner of the map’s bounding rectangle. Default is zero offset. 

 

Remarks: 

a. The [BACKDROP] section is optional and is not used at all when EPANET is run as a console 
application. 

b. Only Windows Enhanced Metafiles and bitmap files can be used as backdrops. 
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[CONTROLS] 

Purpose: 

Defines simple controls that modify links based on a single condition. 

 

Format: 

One line for each control which can be of the form: 

LINK linkID status IF NODE nodeID ABOVE/BELOW value 

LINK linkID status AT TIME time 

LINK linkID status AT CLOCKTIME clocktime AM/PM 

where: 
linkID = a link ID label 

status = OPEN or CLOSED, a pump speed setting, or a control 
valve setting 

nodeID = a node ID label 

value = a pressure for a junction or a water level for a tank 

time = a time since the start of the simulation in decimal 
hours or in hours:minutes format 

clocktime = a 24-hour clock time (hours:minutes) 

 

Remarks: 

a. Simple controls are used to change link status or settings based on tank water level, junction pressure, 
time into the simulation or time of day. 

b. See the notes for the [STATUS] section for conventions used in specifying link status and setting, 
particularly for control valves. 

 

Examples: 

 
 [CONTROLS] 
 ;Close Link 12 if the level in Tank 23 exceeds 20 ft. 
 LINK 12 CLOSED IF NODE 23 ABOVE 20 
 
 ;Open Link 12 if pressure at Node 130 is under 30 psi 
 LINK 12 OPEN IF NODE 130 BELOW 30 
 
 ;Pump PUMP02's speed is set to 1.5 at 16 hours into 
 ;the simulation 
 LINK PUMP02 1.5 AT TIME 16 
 
 ;Link 12 is closed at 10 am and opened at 8 pm 
 ;throughout the simulation 
 LINK 12 CLOSED AT CLOCKTIME 10 AM 
 LINK 12 OPEN AT CLOCKTIME 8 PM 
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[COORDINATES] 

Purpose: 

Assigns map coordinates to network nodes. 

 

Format: 

One line for each node containing: 

• Node ID label 

• X-coordinate 

• Y-coordinate 

 

Remarks: 

a. Include one line for each node displayed on the map. 

b. The coordinates represent the distance from the node to an arbitrary origin at the lower left of the map. 
Any convenient units of measure for this distance can be used. 

c. There is no requirement that all nodes be included in the map, and their locations need not be to actual 
scale. 

d. A [COORDINATES] section is optional and is not used at all when EPANET is run as a console 
application. 

 

Example: 

[COORDINATES] 
;Node  X-Coord. Y-Coord 
;------------------------------- 
  1  10023  128 
  2  10056  95
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[CURVES] 

Purpose: 

Defines data curves and their X,Y points. 

 

Format: 

One line for each X,Y point on each curve containing: 

• Curve ID label 

• X value 

• Y value 

 

Remarks: 

a. Curves can be used to represent the following relations: 
• Head v. Flow for pumps 
• Efficiency v. Flow for pumps 
• Volume v. Depth for tanks 
• Headloss v. Flow for General Purpose Valves 

b. The points of a curve must be entered in order of increasing X-values (lower to higher). 

c. If the input file will be used with the Windows version of EPANET, then adding a comment which 
contains the curve type and description, separated by a colon, directly above the first entry for a curve 
will ensure that these items appear correctly in EPANET’s Curve Editor. Curve types include PUMP, 
EFFICIENCY, VOLUME, and HEADLOSS. See the examples below. 

 

Example: 

 [CURVES] 
 ;ID   Flow    Head 
 ;PUMP: Curve for Pump 1 
 C1    0       200 
 C1    1000    100 
 C1    3000    0 
 
 ;ID   Flow    Effic. 
 ;EFFICIENCY:  
 E1    200     50 
 E1    1000    85 
 E1    2000    75 
 E1    3000    65 
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[DEMANDS] 

Purpose: 

Supplement to [JUNCTIONS] section for defining multiple water demands at junction nodes. 

 

Format: 

One line for each category of demand at a junction containing: 

• Junction ID label 

• Base demand (flow units) 

• Demand pattern ID (optional) 

• Name of demand category preceded by a semicolon (optional) 

 

Remarks: 

a. Only use for junctions whose demands need to be changed or supplemented from entries in 
[JUNCTIONS] section. 

b. Data in this section replaces any demand entered in [JUNCTIONS] section for the same junction. 

c. Unlimited number of demand categories can be entered per junction. 

a. If no demand pattern is supplied then the junction demand follows the Default Demand Pattern 
specified in the [OPTIONS] section or Pattern 1 if no default pattern is specified. If the default pattern 
(or Pattern 1) does not exist, then the demand remains constant. 

 

Example: 

 
 [DEMANDS] 
 ;ID    Demand   Pattern    Category 
 ;--------------------------------- 
 J1     100       101     ;Domestic 
 J1     25        102     ;School 
 J256   50        101     ;Domestic 
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[EMITTERS] 

Purpose: 

Defines junctions modeled as emitters (sprinklers or orifices). 

 

Format: 

One line for each emitter containing: 

• Junction ID label 

• Flow coefficient, flow units at 1 psi (1 meter) pressure drop 

 

Remarks: 

a. Emitters are used to model flow through sprinkler heads or pipe leaks. 

b. Flow out of the emitter equals the product of the flow coefficient and the junction pressure raised to a 
power. 

c. The power can be specified using the EMITTER EXPONENT option in the [OPTIONS] section. The 
default power is 0.5, which normally applies to sprinklers and nozzles. 

d. Actual demand reported in the program's results includes both the normal demand at the junction plus 
flow through the emitter. 

e. An [EMITTERS] section is optional. 
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[ENERGY] 

Purpose: 

Defines parameters used to compute pumping energy and cost. 

 

Formats: 

GLOBAL         PRICE/PATTERN/EFFIC  value 

PUMP   PumpID  PRICE/PATTERN/EFFIC  value   

DEMAND CHARGE  value 

 

Remarks: 

c. Lines beginning with the keyword GLOBAL are used to set global default values of energy price, price 
pattern, and pumping efficiency for all pumps. 

d. Lines beginning with the keyword PUMP are used to override global defaults for specific pumps. 

e. Parameters are defined as follows: 

• PRICE = average cost per kW-hour, 

• PATTERN = ID label of time pattern describing how energy price varies with time, 

• EFFIC = either a single percent efficiency for global setting or the ID label of an efficiency curve 
for a specific pump, 

• DEMAND CHARGE = added cost per maximum kW usage during the simulation period. 

f. The default global pump efficiency is 75% and the default global energy price is 0. 

g. All entries in this section are optional. Items offset by slashes (/) indicate allowable choices. 

 

Example: 

 
 [ENERGY] 
 GLOBAL PRICE      0.05   ;Sets global energy price 
 GLOBAL PATTERN    PAT1   ;and time-of-day pattern 
 PUMP   23  PRICE  0.10   ;Overrides price for Pump 23 
 PUMP   23  EFFIC  E23    ;Assigns effic. curve to Pump 23 
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[JUNCTIONS] 

Purpose: 

Defines junction nodes contained in the network. 

 

Format: 

One line for each junction containing: 

• ID label 

• Elevation, ft (m) 

• Base demand flow (flow units) (optional) 

• Demand pattern ID (optional) 

 

Remarks: 

b. A [JUNCTIONS] section with at least one junction is required. 

c. If no demand pattern is supplied then the junction demand follows the Default Demand Pattern 
specified in the [OPTIONS] section or Pattern 1 if no default pattern is specified. If the default pattern 
(or Pattern 1) does not exist, then the demand remains constant. 

d. Demands can also be entered in the [DEMANDS] section and include multiple demand categories per 
junction. 

 

Example: 

 
 [JUNCTIONS] 
 ;ID    Elev.   Demand   Pattern 
 ;------------------------------ 
 J1    100      50       Pat1   
 J2    120      10              ;Uses default demand pattern 
 J3    115                      ;No demand at this junction 
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[LABELS] 

Purpose: 

Assigns coordinates to map labels. 

 

Format: 

One line for each label containing: 

• X-coordinate 

• Y-coordinate 

• Text of label in double quotes 

• ID label of an anchor node (optional) 

 

Remarks: 

a. Include one line for each label on the map. 

b. The coordinates refer to the upper left corner of the label and are with respect to an arbitrary origin at 
the lower left of the map. 

c. The optional anchor node anchors the label to the node when the map is re-scaled during zoom-in 
operations. 

d. The [LABELS] section is optional and is not used at all when EPANET is run as a console application. 

 

Example: 

[LABELS] 
;X-Coord. Y-Coord. Label   Anchor 
;----------------------------------------------- 
  1230 3459  “Pump 1” 
  34.57 12.75  “North Tank” T22 
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[MIXING] 

Purpose: 

Identifies the model that governs mixing within storage tanks. 

 

Format: 

One line per tank containing: 

• Tank ID label 

• Mixing model (MIXED, 2COMP, FIFO, or LIFO) 

• Compartment volume (fraction) 

 

Remarks: 

a. Mixing models include: 
• Completely Mixed (MIXED) 
• Two-Compartment Mixing (2COMP) 
• Plug Flow (FIFO) 
• Stacked Plug Flow (LIFO) 

b. The compartment volume parameter only applies to the two-compartment model and represents the 
fraction of the total tank volume devoted to the inlet/outlet compartment. 

c. The [MIXING] section is optional. Tanks not described in this section are assumed to be completely 
mixed. 

 

Example: 

 
 [MIXING] 
 ;Tank      Model 
 ;----------------------- 
 T12        LIFO 
 T23        2COMP     0.2 
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[OPTIONS] 

Purpose: 

Defines various simulation options. 

 

Formats: 

 UNITS   CFS/GPM/MGD/IMGD/AFD/ 

                LPS/LPM/MLD/CMH/CMD 

HEADLOSS   H-W/D-W/C-M 

HYDRAULICS      USE/SAVE   filename 

QUALITY   NONE/CHEMICAL/AGE/TRACE id 

VISCOSITY  value 

DIFFUSIVITY  value 

SPECIFIC GRAVITY value 

TRIALS   value 

ACCURACY   value 

UNBALANCED  STOP/CONTINUE/CONTINUE n 

PATTERN   id 

DEMAND MULTIPLIER    value 

EMITTER EXPONENT     value 

TOLERANCE  value 

MAP   filename 

 

Definitions:  

UNITS sets the units in which flow rates are expressed where: 

CFS = cubic feet per second 

GPM = gallons per minute 

MGD = million gallons per day 

IMGD = Imperial MGD 

AFD = acre-feet per day 

LPS = liters per second 

LPM = liters per minute 

MLD = million liters per day 

CMH = cubic meters per hour 

CMD = cubic meters per day 

For CFS, GPM, MGD, IMGD, and AFD other input quantities are expressed in US Customary Units. 
If flow units are in liters or cubic meters then Metric Units must be used for all other input quantities as 
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well. (See Appendix A. Units of Measurement). The default flow units are GPM. 

HEADLOSS selects a formula to use for computing head loss for flow through a pipe. The choices are 
the Hazen-Williams (H-W), Darcy-Weisbach (D-W), or Chezy-Manning (C-M) formulas. The default is 
H-W. 

The HYDRAULICS option allows you to either SAVE the current hydraulics solution to a file or USE a 
previously saved hydraulics solution. This is useful when studying factors that only affect water 
quality behavior.  

QUALITY selects the type of water quality analysis to perform. The choices are NONE, CHEMICAL, 
AGE, and TRACE. In place of CHEMICAL the actual name of the chemical can be used followed by its 
concentration units (e.g., CHLORINE mg/L). If TRACE is selected it must be followed by the ID label 
of the node being traced. The default selection is NONE (no water quality analysis). 

VISCOSITY is the kinematic viscosity of the fluid being modeled relative to that of water at 20 deg. C 
(1.0 centistoke). The default value is 1.0. 

DIFFUSIVITY is the molecular diffusivity of the chemical being analyzed relative to that of chlorine 
in water. The default value is 1.0. Diffusivity is only used when mass transfer limitations are 
considered in pipe wall reactions. A value of 0 will cause EPANET to ignore mass transfer limitations. 

SPECIFIC GRAVITY is the ratio of the density of the fluid being modeled to that of water at 4 deg. 
C (unitless). 

TRIALS are the maximum number of trials used to solve network hydraulics at each hydraulic time 
step of a simulation. The default is 40. 

ACCURACY prescribes the convergence criterion that determines when a hydraulic solution has been 
reached. The trials end when the sum of all flow changes from the previous solution divided by the 
total flow in all links is less than this number. The default is 0.001. 

UNBALANCED determines what happens if a hydraulic solution cannot be reached within the 
prescribed number of TRIALS at some hydraulic time step into the simulation. "STOP" will halt the 
entire analysis at that point. "CONTINUE" will continue the analysis with a warning message issued. 
"CONTINUE n" will continue the search for a solution for another "n" trials with the status of all 
links held fixed at their current settings. The simulation will be continued at this point with a message 
issued about whether convergence was achieved or not. The default choice is "STOP". 

PATTERN provides the ID label of a default demand pattern to be applied to all junctions where no 
demand pattern was specified. If no such pattern exists in the [PATTERNS] section then by default the 
pattern consists of a single multiplier equal to 1.0. If this option is not used, then the global default 
demand pattern has a label of "1". 

The DEMAND MULTIPLIER is used to adjust the values of baseline demands for all junctions and all 
demand categories. For example, a value of 2 doubles all baseline demands, while a value of 0.5 would 
halve them. The default value is 1.0. 

EMITTER EXPONENT specifies the power to which the pressure at a junction is raised when 
computing the flow issuing from an emitter. The default is 0.5. 

MAP is used to supply the name of a file containing coordinates of the network's nodes so that a map of 
the network can be drawn. It is not used for any hydraulic or water quality computations. 
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TOLERANCE is the difference in water quality level below which one can say that one parcel of water 
is essentially the same as another. The default is 0.01 for all types of quality analyses (chemical, age 
(measured in hours), or source tracing (measured in percent)). 

 

Remarks: 

a. All options assume their default values if not explicitly specified in this section. 

b. Items offset by slashes (/) indicate allowable choices. 

 

Example: 

 
 [OPTIONS] 
 UNITS       CFS 
 HEADLOSS    D-W 
 QUALITY     TRACE  Tank23 
 UNBALANCED  CONTINUE  10 
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[PATTERNS] 

Purpose: 

Defines time patterns. 

 

Format: 

One or more lines for each pattern containing: 

• Pattern ID label 

• One or more multipliers  

 

Remarks: 

a. Multipliers define how some base quantity (e.g., demand) is adjusted for each time period. 

a. All patterns share the same time period interval as defined in the [TIMES] section. 

b. Each pattern can have a different number of time periods. 

c. When the simulation time exceeds the pattern length the pattern wraps around to its first period. 

d. Use as many lines as it takes to include all multipliers for each pattern. 

 

Example: 

 
 [PATTERNS] 
 ;Pattern P1 
 P1    1.1   1.4   0.9   0.7 
 P1    0.6   0.5   0.8   1.0 
 ;Pattern P2 
 P2    1     1     1     1 
 P2    0     0     1 
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[PIPES] 

Purpose: 

Defines all pipe links contained in the network. 

 

Format: 

One line for each pipe containing: 

• ID label of pipe 

• ID of start node 

• ID of end node 

• Length, ft (m) 

• Diameter, inches (mm) 

• Roughness coefficient 

• Minor loss coefficient 

• Status (OPEN, CLOSED, or CV) 

 

Remarks: 

a. Roughness coefficient is unitless for the Hazen-Williams and Chezy-Manning head loss formulas and 
has units of millifeet (mm) for the Darcy-Weisbach formula. Choice of head loss formula is supplied in 
the [OPTIONS] section. 

b. Setting status to CV means that the pipe contains a check valve restricting flow to one 
direction. 

c. If minor loss coefficient is 0 and pipe is OPEN then these two items can be dropped form the 
input line. 

 

Example: 

 
 [PIPES] 
 ;ID   Node1  Node2   Length   Diam.  Roughness  Mloss    Status 
 ;------------------------------------------------------------- 
  P1    J1     J2     1200      12      120       0.2    OPEN 
  P2    J3     J2      600       6      110       0      CV 
  P3    J1     J10    1000      12      120 
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[PUMPS] 

Purpose: 

Defines all pump links contained in the network. 

 

Format: 

One line for each pump containing: 

• ID label of pump 

• ID of start node 

• ID of end node 

• Keyword and Value (can be repeated) 

 

Remarks: 

a. Keywords consists of: 
• POWER – power value for constant energy pump, hp (kW) 
• HEAD - ID of curve that describes head versus flow for the pump 
• SPEED - relative speed setting (normal speed is 1.0, 0 means pump is off) 
• PATTERN - ID of time pattern that describes how speed setting varies with time 

b. Either POWER or HEAD must be supplied for each pump. The other keywords are optional. 

 

Example: 

 
 [PUMPS] 
 ;ID    Node1    Node2   Properties 
 ;--------------------------------------------- 
 Pump1   N12     N32     HEAD Curve1 
 Pump2   N121    N55     HEAD Curve1  SPEED 1.2 
 Pump3   N22     N23     POWER 100 
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[QUALITY] 

Purpose: 

Defines initial water quality at nodes. 

 

Format: 

One line per node containing: 

• Node ID label 

• Initial quality 

 

Remarks: 

a. Quality is assumed to be zero for nodes not listed. 

b. Quality represents concentration for chemicals, hours for water age, or percent for source tracing. 

c. The [QUALITY] section is optional. 
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[REACTIONS] 

Purpose: 

Defines parameters related to chemical reactions occurring in the network. 

 

Formats: 

ORDER BULK/WALL/TANK  value 

GLOBAL BULK/WALL      value 

BULK/WALL/TANK        pipeID  value 

LIMITING POTENTIAL    value 

ROUGHNESS CORRELATION value 

 

Definitions: 

ORDER is used to set the order of reactions occurring in the bulk fluid, at the pipe wall, or in tanks, 
respectively. Values for wall reactions must be either 0 or 1. If not supplied the default reaction order 
is 1.0. 

GLOBAL is used to set a global value for all bulk reaction coefficients (pipes and tanks) or for all pipe 
wall coefficients. The default value is zero. 

BULK, WALL, and TANK are used to override the global reaction coefficients for specific pipes and 
tanks. 

LIMITING POTENTIAL specifies that reaction rates are proportional to the difference between the 
current concentration and some limiting potential value.  

ROUGHNESS CORRELATION will make all default pipe wall reaction coefficients be related to pipe 
roughness in the following manner: 

Head Loss Equation Roughness Correlation 

Hazen-Williams F / C 

Darcy-Weisbach F / log(e/D) 

Chezy-Manning F*n 

where F = roughness correlation, C = Hazen-Williams C-factor, e = Darcy-Weisbach roughness, D = 
pipe diameter, and n = Chezy-Manning roughness coefficient. The default value computed this way 
can be overridden for any pipe by using the WALL format to supply a specific value for the pipe. 

 

Remarks: 

a.  Remember to use positive numbers for growth reaction coefficients and negative numbers for decay 
coefficients. 

b. The time units for all reaction coefficients are 1/days. 

c. All entries in this section are optional. Items offset by slashes (/) indicate allowable choices. 
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Example: 

 
 [REACTIONS] 
 ORDER WALL    0    ;Wall reactions are zero-order 
 GLOBAL BULK  -0.5  ;Global bulk decay coeff. 
 GLOBAL WALL  -1.0  ;Global wall decay coeff. 
 WALL   P220  -0.5  ;Pipe-specific wall coeffs. 
 WALL   P244  -0.7 
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[REPORT] 

Purpose: 

Describes the contents of the output report produced from a simulation. 

 

Formats: 

PAGESIZE  value 

FILE  filename 

STATUS  YES/NO/FULL 

SUMMARY  YES/NO 

ENERGY  YES/NO 

NODES  NONE/ALL/node1 node2 ... 

LINKS  NONE/ALL/link1 link2 ... 

parameter YES/NO 

parameter BELOW/ABOVE/PRECISION value 

                      

Definitions: 

PAGESIZE sets the number of lines written per page of the output report. The default is 0, meaning 
that no line limit per page is in effect. 

FILE supplies the name of a file to which the output report will be written (ignored by the Windows 
version of EPANET). 

STATUS determines whether a hydraulic status report should be generated. If YES is selected the 
report will identify all network components that change status during each time step of the simulation. 
If FULL is selected, then the status report will also include information from each trial of each 
hydraulic analysis. This level of detail is only useful for de-bugging networks that become 
hydraulically unbalanced. The default is NO. 

SUMMARY determines whether a summary table of number of network components and key analysis 
options is generated. The default is YES. 

ENERGY determines if a table reporting average energy usage and cost for each pump is provided. The 
default is NO. 

NODES identifies which nodes will be reported on. You can either list individual node ID labels or use 
the keywords NONE or ALL. Additional NODES lines can be used to continue the list. The default is 
NONE. 

LINKS identifies which links will be reported on. You can either list individual link ID labels or use 
the keywords NONE or ALL. Additional LINKS lines can be used to continue the list. The default is 
NONE. 

The “parameter” reporting option is used to identify which quantities are reported on, how many 
decimal places are displayed, and what kind of filtering should be used to limit output reporting. Node 
parameters that can be reported on include: 
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• Elevation 

• Demand 

• Head 

• Pressure 

• Quality. 

Link parameters include: 

• Length 

• Diameter 

• Flow 

• Velocity 

• Headloss 

• Position  (same as status – open, active, closed) 

• Setting (Roughness for pipes, speed for pumps, pressure/flow setting for valves) 

• Reaction (reaction rate) 

• F-Factor (friction factor). 

The default quantities reported are Demand, Head, Pressure, and Quality for nodes and 
Flow, Velocity, and Headloss for links. The default precision is two decimal places. 

 

Remarks: 

a. All options assume their default values if not explicitly specified in this section. 

b. Items offset by slashes (/) indicate allowable choices. 

c. The default is to not report on any nodes or links, so a NODES or LINKS option must be supplied if 
you wish to report results for these items. 

d. For the Windows version of EPANET, the only [REPORT] option recognized is STATUS. All others 
are ignored. 

 

Example: 

The following example reports on nodes N1, N2, N3, and N17 and all links with velocity above 3.0. The 
standard node parameters (Demand, Head, Pressure, and Quality) are reported on while only Flow, 
Velocity, and F-Factor (friction factor) are displayed for links. 

 
 [REPORT] 
 NODES N1 N2 N3 N17 
 LINKS ALL 
 FLOW YES 
 VELOCITY PRECISION 4 
 F-FACTOR PRECISION 4 
 VELOCITY ABOVE 3.0 
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[RESERVOIRS] 

Purpose: 

Defines all reservoir nodes contained in the network. 

 

Format: 

One line for each reservoir containing: 

• ID label 

• Head, ft (m) 

• Head pattern ID (optional) 

 

Remarks: 

a. Head is the hydraulic head (elevation + pressure head) of water in the reservoir. 

b. A head pattern can be used to make the reservoir head vary with time. 

c. At least one reservoir or tank must be contained in the network. 

 

Example: 

 
 [RESERVOIRS] 
 ;ID    Head    Pattern 
 ;--------------------- 
  R1    512              ;Head stays constant 
  R2    120     Pat1     ;Head varies with time 
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[RULES] 

Purpose: 

Defines rule-based controls that modify links based on a combination of conditions. 

 

Format: 

Each rule is a series of statements of the form: 

RULE ruleID 

IF  condition_1 

AND condition_2 

OR  condition_3 

AND condition_4 

etc. 

THEN action_1 

AND  action_2 

etc. 

ELSE action_3 

AND  action_4 

etc. 

PRIORITY value 

 

where: 
ruleID = an ID label assigned to the rule 
conditon_n = a condition clause 
action_n = an action clause 
Priority = a priority value (e.g., a number from 1 to 5) 

 

Condition Clause Format: 

 
A condition clause in a Rule-Based Control takes the form of: 

 
object id attribute relation value 

 
where 

object = a category of network object 
id = the object's ID label 
attribute = an attribute or property of the object 
relation = a relational operator 
value = an attribute value 

 
Some example conditional clauses are: 
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JUNCTION 23 PRESSURE > 20 

TANK T200 FILLTIME BELOW 3.5 

LINK 44 STATUS IS OPEN 

SYSTEM DEMAND >= 1500 

SYSTEM CLOCKTIME = 7:30 AM 
 
The Object keyword can be any of the following: 

NODE  LINK  SYSTEM 

JUNCTION PIPE 

RESERVOIR PUMP 

TANK  VALVE 
 

When SYSTEM is used in a condition no ID is supplied. 
 

The following attributes can be used with Node-type objects: 

DEMAND 

HEAD 

PRESSURE 
 
The following attributes can be used with Tanks: 

LEVEL 

FILLTIME (hours needed to fill a tank) 

DRAINTIME (hours needed to empty a tank) 
 

These attributes can be used with Link-Type objects: 

FLOW 

STATUS (OPEN, CLOSED, or ACTIVE) 

SETTING (pump speed or valve setting) 
 

The SYSTEM object can use the following attributes: 

DEMAND (total system demand) 

TIME (hours from the start of the simulation expressed either as a decimal number or in 
hours:minutes format) 

CLOCKTIME (24-hour clock time with AM or PM appended) 

 

 

 

 



 166 

 

Relation operators consist of the following: 

= IS 

<> NOT 

< BELOW 

> ABOVE 

<= >= 
 

Action Clause Format: 
 
An action clause in a Rule-Based Control takes the form of: 
 

object id STATUS/SETTING IS value 
 
where 

object = LINK, PIPE, PUMP, or VALVE keyword 

id = the object's ID label 

value = a status condition (OPEN or CLOSED), pump speed setting, or valve 
setting 

 
Some example action clauses are: 

LINK 23 STATUS IS CLOSED 

PUMP P100 SETTING IS 1.5  

VALVE 123 SETTING IS 90 
 

Remarks: 

a. Only the RULE, IF and THEN portions of a rule are required; the other portions are optional. 

b. When mixing AND and OR clauses, the OR operator has higher precedence than AND, i.e., 

IF A or B and C 

is equivalent to 

IF (A or B) and C. 

If the interpretation was meant to be 

IF A or (B and C) 

then this can be expressed using two rules as in 

IF A THEN ... 

IF B and C THEN ... 

c. The PRIORITY value is used to determine which rule applies when two or more rules require that 
conflicting actions be taken on a link. A rule without a priority value always has a lower priority than 
one with a value. For two rules with the same priority value, the rule that appears first is given the 
higher priority. 
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Example: 

 
 [RULES] 
 RULE 1 
 IF   TANK   1 LEVEL ABOVE 19.1 
 THEN PUMP 335 STATUS IS CLOSED 
 AND  PIPE 330 STATUS IS OPEN 
 
 RULE 2 
 IF   SYSTEM CLOCKTIME >= 8 AM 
 AND  SYSTEM CLOCKTIME < 6 PM 
 AND  TANK 1 LEVEL BELOW 12 
 THEN PUMP 335 STATUS IS OPEN 
 
 RULE 3 
 IF   SYSTEM CLOCKTIME >= 6 PM 
 OR   SYSTEM CLOCKTIME < 8 AM 
 AND  TANK 1 LEVEL BELOW 14 
 THEN PUMP 335 STATUS IS OPEN 
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[SOURCES] 

Purpose: 

Defines locations of water quality sources. 

 

Format: 

One line for each water quality source containing: 

• Node ID label 

• Source type (CONCEN, MASS, FLOWPACED, or SETPOINT) 

• Baseline source strength 

• Time pattern ID (optional) 

 

Remarks: 

a. For MASS type sources, strength is measured in mass flow per minute. All other types measure source 
strength in concentration units. 

b. Source strength can be made to vary over time by specifying a time pattern. 

c. A CONCEN source: 

• represents the concentration of any external source inflow to the node 

• applies only when the node has a net negative demand (water enters the network at the node) 

• if the node is a junction, reported concentration is the result of mixing the source flow and inflow 
from the rest of the network 

• if the node is a reservoir, the reported concentration is the source concentration 

• if the node is a tank, the reported concentration is the internal concentration of the tank  

• is best used for nodes that represent source water supplies or treatment works (e.g., reservoirs or 
nodes assigned a negative demand) 

• should not be used at storage tanks with simultaneous inflow/outflow. 

d. A  MASS, FLOWPACED,  or SETPOINT source: 

• represents a booster source, where the substance is injected directly into the network irregardless 
of what the demand at the node is 

• affects water leaving the node to the rest of the network in the following way: 

- a MASS booster adds a fixed mass flow to that resulting from inflow to the node 

- a FLOWPACED booster adds a fixed concentration to the resultant inflow concentration at the 
node 

- a SETPOINT booster fixes the concentration of any flow leaving the node (as long as the 
concentration resulting from the inflows is below the setpoint) 

• the reported concentration at a junction or reservoir booster source is the concentration that results 
after the boosting is applied; the reported concentration for a tank with a booster source is the 
internal concentration of the tank 

 



 169 

• is best used to model direct injection of a tracer or disinfectant into the network or to model a 
contaminant intrusion. 

e. A [SOURCES] section is not needed for simulating water age or source tracing. 

 

Example: 

 
 [SOURCES] 
 ;Node  Type    Strength  Pattern 
 ;-------------------------------- 
   N1   CONCEN    1.2      Pat1    ;Concentration varies with time 
   N44  MASS      12               ;Constant mass injection 
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[STATUS] 

Purpose: 

Defines initial status of selected links at the start of a simulation. 

 

Format: 

One line per link being controlled containing: 

• Link ID label 

• Status or setting 

 

Remarks: 

a. Links not listed in this section have a default status of OPEN (for pipes and pumps) or ACTIVE (for 
valves). 

b. The status value can be OPEN or CLOSED. For control valves (e.g., PRVs, FCVs, etc.) this means that 
the valve is either fully opened or closed, not active at its control setting. 

c. The setting value can be a speed setting for pumps or valve setting for valves. 

d. The initial status of pipes can also be set in the [PIPES] section. 

e. Check valves cannot have their status be preset. 

f. Use [CONTROLS] or [RULES] to change status or setting at some future point in the simulation. 

g. If a CLOSED or OPEN control valve is to become ACTIVE again, then its pressure or flow setting must 
be specified in the control or rule that re-activates it. 

 

Example: 
[STATUS] 
; Link   Status/Setting 
;---------------------- 
   L22    CLOSED       ;Link L22 is closed 
   P14    1.5          ;Speed for pump P14 
   PRV1   OPEN         ;PRV1 forced open 
                       ;(overrides normal operation) 
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[TAGS] 

Purpose: 

Associates category labels (tags) with specific nodes and links. 

 

Format: 

One line for each node and link with a tag containing 

• the keyword NODE or LINK 

• the node or link ID label 

• the text of the tag label (with no spaces) 

 

Remarks: 

a. Tags can be useful for assigning nodes to different pressure zones or for classifying pipes by material 
or age. 

b. If a node or link’s tag is not identified in this section then it is assumed to be blank. 

c. The [TAGS] section is optional and has no effect on the hydraulic or water quality calculations. 

 

Example: 

 
 [TAGS] 
 ;Object  ID       Tag 
 ;------------------------------ 
  NODE    1001     Zone_A 
  NODE    1002     Zone_A 
  NODE      45     Zone_B 
  LINK     201     UNCI-1960 
  LINK     202     PVC-1985 
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[TANKS] 

Purpose: 

Defines all tank nodes contained in the network. 

 

Format: 

One line for each tank containing: 

• ID label 

• Bottom elevation, ft (m) 

• Initial water level, ft (m) 

• Minimum water level, ft (m) 

• Maximum water level, ft (m) 

• Nominal diameter, ft (m) 

• Minimum volume, cubic ft (cubic meters) 

• Volume curve ID (optional) 

 

Remarks: 

a. Water surface elevation equals bottom elevation plus water level. 

b. Non-cylindrical tanks can be modeled by specifying a curve of volume versus water depth in the 
[CURVES] section. 

c. If a volume curve is supplied the diameter value can be any non-zero number  

d. Minimum volume (tank volume at minimum water level) can be zero for a cylindrical tank or if a 
volume curve is supplied. 

e. A network must contain at least one tank or reservoir. 

 

Example: 

 
 [TANKS] 
 ;ID   Elev.  InitLvl  MinLvl  MaxLvl  Diam  MinVol  VolCurve 
 ;----------------------------------------------------------- 
 ;Cylindrical tank 
 T1    100     15       5       25     120   0 
 ;Non-cylindrical tank with arbitrary diameter 
 T2   100     15       5       25     1     0        VC1 
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[TIMES] 

Purpose: 

Defines various time step parameters used in the simulation. 

 

Formats: 

DURATION 

HYDRAULIC TIMESTEP 

QUALITY TIMESTEP 

RULE TIMESTEP 

PATTERN TIMESTEP 

PATTERN START 

REPORT TIMESTEP 

REPORT START 

START CLOCKTIME 

STATISTIC 

Value (units) 

Value (units) 

Value (units) 

Value (units) 

Value (units) 

Value (units) 

Value (units) 

Value (units) 

Value (AM/PM) 

NONE/AVERAGED/ 
MINIMUM/MAXIMUM 
RANGE 

Definitions: 

DURATION is the duration of the simulation. Use 0 to run a single period snapshot analysis. The 
default is 0. 

HYDRAULIC TIMESTEP determines how often a new hydraulic state of the network is computed. If 
greater than either the PATTERN or REPORT time step it will be automatically reduced. The default is 
1 hour. 

QUALITY TIMESTEP is the time step used to track changes in water quality throughout the network. 
The default is 1/10 of the hydraulic time step. 

RULE TIMESTEP is the time step used to check for changes in system status due to activation of 
rule-based controls between hydraulic time steps. The default is 1/10 of the hydraulic time step. 

PATTERN TIMESTEP is the interval between time periods in all time patterns. The default is 1 hour. 

PATTERN START is the time offset at which all patterns will start. For example, a value of 6 hours 
would start the simulation with each pattern in the time period that corresponds to hour 6. The default 
is 0. 

REPORT TIMESTEP sets the time interval between which output results are reported. The default is 1 
hour. 

REPORT START is the length of time into the simulation at which output results begin to be reported. 
The default is 0. 

START CLOCKTIME is the time of day (e.g., 3:00 PM) at which the simulation begins. The default is 
12:00 AM midnight. 
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STATISTIC determines what kind of statistical post-processing should be done on the time series of 
simulation results generated. AVERAGED reports a set of time-averaged results, MINIMUM reports only 
the minimum values, MAXIMUM the maximum values, and RANGE reports the difference between the 
minimum and maximum values. NONE reports the full time series for all quantities for all nodes and 
links and is the default.  

 

Remarks: 

a. Units can be SECONDS (SEC), MINUTES (MIN), HOURS, or DAYS. The default is hours. 

b. If units are not supplied, then time values can be entered as decimal hours or in hours:minutes notation. 

c. All entries in the [TIMES] section are optional. Items offset by slashes (/) indicate allowable choices. 

 

Example: 

 
 [TIMES]  
 DURATION 240 HOURS 
 QUALITY TIMESTEP 3 MIN 
 REPORT START 120 
 STATISTIC AVERAGED 
 START CLOCKTIME 6:00 AM 
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[TITLE] 

Purpose: 

Attaches a descriptive title to the network being analyzed. 

 

Format: 

Any number of lines of text. 

 

Remarks: 

The [TITLE] section is optional. 
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[VALVES] 

Purpose: 

Defines all control valve links contained in the network. 

 

Format: 

One line for each valve containing: 

• ID label of valve 

• ID of start node 

• ID of end node 

• Diameter, inches (mm) 

• Valve type 

• Valve setting 

• Minor loss coefficient 

 

Remarks: 

a. Valve types and settings include: 

Valve Type Setting 

PRV (pressure reducing valve) Pressure, psi (m) 

PSV (pressure sustaining valve) Pressure, psi (m) 

PBV (pressure breaker valve) Pressure, psi (m) 

FCV (flow control valve) Flow (flow units) 

TCV (throttle control valve) Loss Coefficient 

GPV (general purpose valve) ID of head loss curve 

 
b. Shutoff valves and check valves are considered to be part of a pipe, not a separate control valve 

component (see [PIPES]) 
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[VERTICES] 

Purpose: 

Assigns interior vertex points to network links. 

 

Format: 

One line for each point in each link containing such points that includes: 

• Link ID label 

• X-coordinate 

• Y-coordinate 

 

Remarks: 

a. Vertex points allow links to be drawn as polylines instead of simple straight-lines between their end 
nodes. 

b. The coordinates refer to the same coordinate system used for node and label coordinates. 

c. A [VERTICES] section is optional and is not used at all when EPANET is run as a console 
application. 

 

Example: 

[COORDINATES] 
;Node  X-Coord. Y-Coord 
;------------------------------- 
  1  10023  128 
  2  10056  95 
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C.3 Report File Format 
 
Statements supplied to the [REPORT] section of the input file control the contents of 
the report file generated from a command-line run of EPANET. A portion of the 
report generated from the input file of Figure C.1 is shown in Figure C.2. In general a 
report can contain the following sections: 

• Status Section 

• Energy Section 

• Nodes Section 

• Links Section 
 

Status Section 
 
The Status Section of the output report lists the initial status of all reservoirs, tanks, 
pumps, valves, and closed pipes as well as any changes in the status of these 
components as they occur over time in an extended period simulation. The status of 
reservoirs and tanks indicates whether they are filling or emptying. The status of 
links indicates whether they are open or closed and includes the relative speed setting 
for pumps and the pressure/flow setting for control valves. To include a Status 
Section in the report use the command STATUS YES in the [REPORT] section of 
the input file. 
 
Using STATUS FULL will also produce a full listing of the convergence results for 
all iterations of each hydraulic analysis made during a simulation. This listing will 
also show which components are changing status during the iterations. This level of 
detail is only useful when one is trying to debug a run that fails to converge because a 
component’s status is cycling. 
 

Energy Section 
 
The Energy Section of the output report lists overall energy consumption and cost for 
each pump in the network. The items listed for each pump include: 

• Percent Utilization (percent of the time that the pump is on-line) 

• Average Efficiency 

• Kilowatt-hours consumed per million gallons (or cubic meters) 
pumped 

• Average Kilowatts consumed 

• Peak Kilowatts used 

• Average cost per day 
 
Also listed is the total cost per day for pumping and the total demand charge (cost 
based on the peak energy usage) incurred. To include an Energy Section in the report 
the command ENERGY YES must appear in the [REPORT] section of the input file. 
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  ****************************************************************** 
  *                           E P A N E T                          * 
  *                   Hydraulic and Water Quality                  * 
  *                   Analysis for Pipe Networks                   * 
  *                           Version 2.0                          * 
  ****************************************************************** 
   
  EPANET TUTORIAL  
    
      Input Data File ................... tutorial.inp 
      Number of Junctions................ 5 
      Number of Reservoirs............... 1 
      Number of Tanks ................... 1 
      Number of Pipes ................... 6 
      Number of Pumps ................... 1 
      Number of Valves .................. 0 
      Headloss Formula .................. Hazen-Williams 
      Hydraulic Timestep ................ 1.00 hrs 
      Hydraulic Accuracy ................ 0.001000 
      Maximum Trials .................... 40 
      Quality Analysis .................. Chlorine 
      Water Quality Time Step ........... 5.00 min 
      Water Quality Tolerance ........... 0.01 mg/L 
      Specific Gravity .................. 1.00 
      Relative Kinematic Viscosity ...... 1.00 
      Relative Chemical Diffusivity ..... 1.00 
      Demand Multiplier ................. 1.00 
      Total Duration .................... 24.00 hrs 
      Reporting Criteria: 
         All Nodes 
         All Links 
    
  Energy Usage: 
  ---------------------------------------------------------------- 
             Usage   Avg.     Kw-hr      Avg.      Peak      Cost 
  Pump      Factor Effic.     /Mgal        Kw        Kw      /day 
  ---------------------------------------------------------------- 
  7         100.00  75.00    746.34     51.34     51.59      0.00 
  ---------------------------------------------------------------- 
                                         Demand Charge:      0.00 
                                         Total Cost:         0.00 

 
Figure C.2  Excerpt from a Report File (continued on next page) 
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  Node Results at 0:00 hrs: 
  -------------------------------------------------------- 
                     Demand      Head  Pressure  Chlorine 
  Node                  gpm        ft       psi      mg/L 
  -------------------------------------------------------- 
  2                    0.00    893.37    387.10      0.00 
  3                  325.00    879.78     73.56      0.00 
  4                   75.00    874.43     75.58      0.00 
  5                  100.00    872.69     76.99      0.00 
  6                   75.00    872.71     74.84      0.00 
  1                -1048.52    700.00      0.00      1.00  Reservoir 
  7                  473.52    855.00      2.17      0.00  Tank 
    
  Link Results at 0:00 hrs: 
  ---------------------------------------------- 
                       Flow  Velocity  Headloss 
  Link                  gpm       fps   /1000ft 
  ---------------------------------------------- 
  1                 1048.52      2.97      4.53 
  2                  558.33      1.58      1.41 
  3                  165.19      1.05      1.07 
  4                   90.19      0.58      0.35 
  5                   -9.81      0.06      0.01 
  6                  473.52      1.93      2.53 
  7                 1048.52      0.00   -193.37  Pump 
    
  Node Results at 1:00 hrs: 
  -------------------------------------------------------- 
                     Demand      Head  Pressure  Chlorine 
  Node                  gpm        ft       psi      mg/L 
  -------------------------------------------------------- 
  2                    0.00    893.92    387.34      1.00 
  3                  325.00    880.42     73.84      0.99 
  4                   75.00    875.12     75.88      0.00 
  5                  100.00    873.40     77.30      0.00 
  6                   75.00    873.43     75.15      0.00 
  1                -1044.60    700.00      0.00      1.00  Reservoir 
  7                  469.60    855.99      2.59      0.00  Tank 
    
  Link Results at 1:00 hrs: 
  ---------------------------------------------- 
                       Flow  Velocity  Headloss 
  Link                  gpm       fps   /1000ft 
  ---------------------------------------------- 
  1                 1044.60      2.96      4.50 
  2                  555.14      1.57      1.40 
  3                  164.45      1.05      1.06 
  4                   89.45      0.57      0.34 
  5                  -10.55      0.07      0.01 
  6                  469.60      1.92      2.49 
  7                 1044.60      0.00   -193.92  Pump 
 

 
Figure C.2  Excerpt from a Report File (continued from previous page) 
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Nodes Section 
 
The Nodes Section of the output report lists simulation results for those nodes and 
parameters identified in the [REPORT] section of the input file. Results are listed for 
each reporting time step of an extended period simulation. The reporting time step is 
specified in the [TIMES] section of the input file. Results at intermediate times when 
certain hydraulic events occur, such as pumps turning on or off or tanks closing 
because they become empty or full, are not reported. 
 
To have nodal results reported the [REPORT] section of the input file must contain 
the keyword NODES followed by a listing of the ID labels of the nodes to be 
included in the report. There can be several such NODES lines in the file. To report 
results for all nodes use the command NODES ALL. 
 
The default set of reported quantities for nodes includes Demand, Head, Pressure, 
and Water Quality. You can specify how many decimal places to use when listing 
results for a parameter by using commands such as PRESSURE PRECISION 3 in 
the input file (i.e., use 3 decimal places when reporting results for pressure). The 
default precision is 2 decimal places for all quantities. You can filter the report to list 
only the occurrences of values below or above a certain value by adding statements 
of the form PRESSURE BELOW 20 to the input file. 
 

Links Section 
 
The Links Section of the output report lists simulation results for those links and 
parameters identified in the [REPORT] section of the input file. The reporting times 
follow the same convention as was described for nodes in the previous section. 
 
As with nodes, to have any results for links reported you must include the keyword 
LINKS followed by a list of link ID labels in the [REPORT] section of the input file. 
Use the command LINKS ALL to report results for all links. 
 
The default parameters reported on for links includes Flow, Velocity, and Headloss. 
Diameter, Length, Water Quality, Status, Setting, Reaction Rate, and Friction Factor 
can be added to these by using commands such as DIAMETER YES or 
DIAMETER PRECISION 0. The same conventions used with node parameters for 
specifying reporting precision and filters also applies to links.  
 
 

C.4 Binary Output File Format 
 
If a third file name is supplied to the command line that runs EPANET then the 
results for all parameters for all nodes and links for all reporting time periods will be 
saved to this file in a special binary format. This file can be used for special post-
processing purposes. Data written to the file are 4-byte integers, 4-byte floats, or 
fixed-size strings whose size is a multiple of 4 bytes. This allows the file to be 
divided conveniently into 4-byte records. The file consists of four sections of the 
following sizes in bytes: 
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Section Size in bytes 
Prolog 852 + 20*Nnodes + 36*Nlinks + 8*Ntanks 
Energy Use 28*Npumps + 4 
Extended Period (16*Nnodes + 32*Nlinks)*Nperiods 
Epilog 28 

 
where 
 
Nnodes = number of nodes (junctions + reservoirs + tanks) 
Nlinks = number of links (pipes + pumps + valves) 
Ntanks = number of tanks and reservoirs 
Npumps = number of pumps 
Nperiods = number of reporting periods 
 
and all of these counts are themselves written to the file's Prolog or Epilog sections.  
 

Prolog Section 
 
The prolog section of the binary Output File contains the following data: 
 
Item Type Number of Bytes 
Magic Number ( = 516114521) Integer 4 
Version (= 200) Integer 4 
Number of Nodes 
(Junctions + Reservoirs + Tanks) 

Integer 4 

Number of Reservoirs & Tanks Integer 4 
Number of Links 
(Pipes + Pumps + Valves) 

Integer 4 

Number of Pumps Integer 4 
Number of Valves Integer 4 
Water Quality Option 
   0 = none 
   1 = chemical 
   2 = age 
   3 = source trace 

Integer 4 

Index of Node for Source Tracing Integer 4 
Flow Units Option 
   0 = cfs 
   1 = gpm 
   2 = mgd 
   3 = Imperial mgd 
   4 = acre-ft/day 
   5 = liters/second  
   6 = liters/minute 
   7 = megaliters/day 
   8 = cubic meters/hour 
   9 = cubic meters/day 

Integer 4 
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Pressure Units Option 
   0 = psi 
   1 = meters 
   2 = kPa 

Integer 4 

Statistics Flag 
   0 = no statistical processing 
   1 = results are time-averaged 
   2 = only minimum values reported 
   3 = only maximum values reported 
   4 = only ranges reported 

Integer 4 

Reporting Start Time (seconds) Integer 4 
Reporting Time Step (seconds) Integer 4 
Simulation Duration (seconds) Integer 4 
Problem Title (1st line) Char 80 
Problem Title (2nd line) Char 80 
Problem Title (3rd line) Char 80 
Name of Input File Char 260 
Name of Report File Char 260 
Name of Chemical Char 16 
Chemical Concentration Units Char 16 
ID Label of Each Node Char 16 
ID Label of Each Link Char 16 
Index of Start Node of Each Link Integer 4*Nlinks 
Index of End Node of Each Link Integer 4*Nlinks 
Type Code of Each Link 
   0 = Pipe with CV 
   1 = Pipe 
   2 = Pump 
   3 = PRV 
   4 = PSV 
   5 = PBV 
   6 = FCV 
   7 = TCV 
   8 = GPV 

Integer 4*Nlinks 

Node Index of Each Tank Integer 4*Ntanks 
Cross-Sectional Area of Each Tank Float 4*Ntanks 
Elevation of Each Node Float 4*Nnodes 
Length of Each Link Float 4*Nlinks 
Diameter of Each Link Float 4*Nlinks 

 
There is a one-to-one correspondence between the order in which the ID labels for 
nodes and links are written to the file and the index numbers of these components. 
Also, reservoirs are distinguished from tanks by having their cross-sectional area set 
to zero. 
 

Energy Use Section 
 
The Energy Use section of the binary output file immediately follows the Prolog 
section. It contains the following data: 



 184 

 
Item Type Number of Bytes 
Repeated for each pump: 
§ Pump Index in List of Links 
§ Pump Utilization (%) 
§ Average Efficiency (%) 
§ Average Kwatts/Million Gallons (/Meter3) 
§ Average Kwatts 
§ Peak Kwatts 
§ Average Cost Per Day 

 
Float 
Float 
Float 
Float 
Float 
Float 
Float 

 
4 
4 
4 
4 
4 
4 
4 

Overall Peak Energy Usage  Float 4 
  
The statistics reported in this section refer to the period of time between the start of 
the output reporting period and the end of the simulation. 
 

Extended Period Section 
 
The Extended Period section of the binary Output File contains simulation results for 
each reporting period of an analysis (the reporting start time and time step are written 
to the Output File's Prolog section and the number of steps is written to the Epilog 
section). For each reporting period the following values are written to the file: 
 
Item Type Size in Bytes 
Demand at Each Node Float 4*Nnodes 
Hydraulic Head at Each Node Float 4*Nnodes 
Pressure at Each Node Float 4*Nnodes 
Water Quality at Each Node Float 4*Nnodes 
Flow in Each Link 
(negative for reverse flow) 

Float 4*Nlinks 

Velocity in Each Link Float 4*Nlinks 
Headloss per 1000 Units of Length for Each Link 
(Negative of  head gain for pumps and total head 
loss for valves) 

Float 4*Nlinks 

Average Water Quality in Each Link Float 4*Nlinks 
Status Code for Each Link 
   0 = closed (max. head exceeded) 
   1 = temporarily closed 
   2 = closed 
   3 = open 
   4 = active (partially open) 
   5 = open (max. flow exceeded) 
   6 = open (flow setting not met) 
   7 = open (pressure setting not met) 

Float 4*Nlinks 

Setting for Each Link: 
   Roughness Coefficient for Pipes 
   Speed for Pumps 
   Setting for Valves 

Float 4*Nlinks 

Reaction Rate for Each Link (mass/L/day) Float 4*Nlinks 
Friction Factor for Each Link Float 4*Nlinks 
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Epilog Section 
 
The Epilog section of the binary output file contains the following data: 
 
Item Type Number of Bytes 
Average bulk reaction rate (mass/hr) Float 4 
Average wall reaction rate (mass/hr) Float 4 
Average tank reaction rate (mass/hr) Float 4 
Average source inflow rate (mass/hr) Float 4 
Number of Reporting Periods Integer 4 
Warning Flag: 
   0 = no warnings 
   1 = warnings were generated 

Integer 4 

Magic Number ( = 516114521) Integer 4 
 
The mass units of the reaction rates both here and in the Extended Period output 
depend on the concentration units assigned to the chemical being modeled. The 
reaction rates listed in this section refer to the average of the rates seen in all pipes (or 
all tanks) over the entire reporting period of the simulation. 
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A P P E N D I X  D  -  A N A L Y S I S   A L G O R I T H M S 

 
 

D.1 Hydraulics 
 

The method used in EPANET to solve the flow continuity and headloss equations 
that characterize the hydraulic state of the pipe network at a given point in time can 
be termed a hybrid node-loop approach.  Todini and Pilati (1987) and later Salgado et 
al. (1988) chose to call it the "Gradient Method".  Similar approaches have been 
described by Hamam and Brameller (1971) (the "Hybrid Method) and by Osiadacz 
(1987) (the "Newton Loop-Node Method"). The only difference between these 
methods is the way in which link flows are updated after a new trial solution for 
nodal heads has been found.  Because Todini's approach is simpler, it was chosen for 
use in EPANET. 

 
Assume we have a pipe network with N junction nodes and NF fixed grade nodes 
(tanks and reservoirs). Let the flow-headloss relation in a pipe between nodes i and j 
be given as: 

 
2
ij

n
ijijji mQrQhHH +==−              D.1 

    
where H = nodal head, h = headloss, r = resistance coefficient, Q = flow rate, n = 
flow exponent, and m = minor loss coefficient. The value of the resistance coefficient 
will depend on which friction headloss formula is being used (see below). For pumps, 
the headloss (negative of the head gain) can be represented by a power law of the 
form 
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where h0 is the shutoff head for the pump, ω is a relative speed setting, and r and n 
are the pump curve coefficients. The second set of equations that must be satisfied is 
flow continuity around all nodes: 

 

0=−∑ i
j

ij DQ  for i = 1,... N.            D.2 

 
where Di is the flow demand at node i and by convention, flow into a node is 
positive.  For a set of known heads at the fixed grade nodes, we seek a solution for all 
heads Hi and flows Qij that satisfy Eqs. (D.1) and (D.2). 

 
The Gradient solution method begins with an initial estimate of flows in each pipe 
that may not necessarily satisfy flow continuity.  At each iteration of the method, new 
nodal heads are found by solving the matrix equation: 

 
FAH =                D.3 
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where A = an (NxN) Jacobian matrix, H = an (Nx1) vector of unknown nodal heads, 
and F = an (Nx1) vector of right hand side terms 

 
The diagonal elements of the Jacobian matrix are: 

 

∑=
j

ijii pA  

while the non-zero, off-diagonal terms are: 
 

ijij pA −=  

 
where pij is the inverse derivative of the headloss in the link between nodes i and j 
with respect to flow. For pipes, 
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while for pumps 
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Each right hand side term consists of the net flow imbalance at a node plus a flow 
correction factor: 
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where the last term applies to any links connecting node i to a fixed grade node f and 
the flow correction factor yij is: 
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for pipes and 

 

( )n
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2 ωω −−=  

 
for pumps, where sgn(x) is 1 if x > 0 and -1 otherwise. (Qij is always positive for 
pumps.) 

 
After new heads are computed by solving Eq. (D.3), new flows are found from: 

 
( )( )jiijijijij HHpyQQ −−−=            D.4 
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If the sum of absolute flow changes relative to the total flow in all links is larger than 
some tolerance (e.g., 0.001), then Eqs. (D.3) and (D.4) are solved once again.  The 
flow update formula (D.4) always results in flow continuity around each node after 
the first iteration. 

 
EPANET implements this method using the following steps: 

1. The linear system of equations D.3 is solved using a sparse matrix 
method based on node re-ordering (George and Liu, 1981). After re-
ordering the nodes to minimize the amount of fill-in for matrix A, a 
symbolic factorization is carried out so that only the non-zero 
elements of A need be stored and operated on in memory. For 
extended period simulation this re-ordering and factorization is only 
carried out once at the start of the analysis. 

2. For the very first iteration, the flow in a pipe is chosen equal to the 
flow corresponding to a velocity of 1 ft/sec, while the flow through a 
pump equals the design flow specified for the pump. (All 
computations are made with head in feet and flow in cfs). 

3. The resistance coefficient for a pipe (r) is computed as described in 
Table 3.1. For the Darcy-Weisbach headloss equation, the friction 
factor f is computed by different equations depending on the flow’s 
Reynolds Number (Re): 
 
Hagen – Poiseuille formula for Re < 2,000 (Bhave, 1991): 
 

Re

64
=f     

 
Swamee and Jain approximation to the Colebrook - White equation for Re > 
4,000 (Bhave, 1991): 
 

2

9.0Re
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7.3

25.0














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Cubic Interpolation From Moody Diagram for 2,000 < Re < 4,000 (Dunlop, 
1991): 
 

   )))43(2(1( XXRXRXf +++=   

   
2000

Re
=R  

   FBFAX −= 71  
   FBFAX 5.217128.02 +−=  
   FBFAX 213128.03 −+−=  
   ( )FBFARX 5.03032.04 +−=  

   ( ) 23 −= YFA  
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where ε = pipe roughness and d = pipe diameter. 

 

4. The minor loss coefficient based on velocity head (K) is converted to 
one based on flow (m) with the following relation: 

 

  
4

02517.0

d

K
m =  

5. Emitters at junctions are modeled as a fictitious pipe between the 
junction and a fictitious reservoir. The pipe’s headloss parameters 
are n = (1/γ), r = (1/C)n, and m = 0 where C is the emitter’s discharge 
coefficient and γ is its pressure exponent. The head at the fictitious 
reservoir is the elevation of the junction. The computed flow through 
the fictitious pipe becomes the flow associated with the emitter. 

6. Open valves are assigned an r-value by assuming the open valve acts 
as a smooth pipe (f = 0.02) whose length is twice the valve diameter. 
Closed links are assumed to obey a linear headloss relation with a 
large resistance factor, i.e., h = 108Q, so that p = 10-8 and y = Q. For 
links where (r+m)Q < 10-7, p = 107 and y = Q/n. 

7. Status checks on pumps, check valves (CVs), flow control valves, 
and pipes connected to full/empty tanks are made after every other 
iteration, up until the 10th iteration. After this, status checks are 
made only after convergence is achieved. Status checks on pressure 
control valves (PRVs and PSVs) are made after each iteration. 

8. During status checks, pumps are closed if the head gain is greater 
than the shutoff head (to prevent reverse flow). Similarly, check 
valves are closed if the headloss through them is negative (see 
below). When these conditions are not present, the link is re-opened. 
A similar status check is made for links connected to empty/full 
tanks. Such links are closed if the difference in head across the link 
would cause an empty tank to drain or a full tank to fill.  They are re-
opened at the next status check if such conditions no longer hold. 

9. Simply checking if h < 0 to determine if a check valve should be 
closed or open was found to cause cycling between these two states 
in some networks due to limits on numerical precision. The 
following procedure was devised to provide a more robust test of the 
status of a check valve (CV): 
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if |h| > Htol then 
if h < -Htol then  status = CLOSED 
if Q < -Qtol then status = CLOSED 
else    status = OPEN 

else 
if Q < -Qtol then  status = CLOSED 

else     status = unchanged 
 

where Htol = 0.0005 ft and Qtol = 0.001 cfs. 
  

10. If the status check closes an open pump, pipe, or CV, its flow is set 
to 10-6 cfs.  If a pump is re-opened, its flow is computed by applying 
the current head gain to its characteristic curve.  If a pipe or CV is re-
opened, its flow is determined by solving Eq. (D.1) for Q under the 
current headloss h, ignoring any minor losses. 

11. Matrix coefficients for pressure breaker valves (PBVs) are set to the 
following: p = 108 and y = 108Hset, where Hset is the pressure drop 
setting for the valve (in feet).  Throttle control valves (TCVs) are 
treated as pipes with r as described in item 6 above and m taken as 
the converted value of the valve setting (see item 4 above).  

12. Matrix coefficients for pressure reducing, pressure sustaining, and 
flow control valves (PRVs, PSVs, and FCVs) are computed after all 
other links have been analyzed.  Status checks on PRVs and PSVs 
are made as described in item 7 above. These valves can either be 
completely open, completely closed, or active at their pressure or 
flow setting. 

13. The logic used to test the status of a PRV is as follows: 
 
If current status = ACTIVE then 

if  Q < -Qtol  then new status = CLOSED 
if  Hi < Hset + Hml – Htol then new status = OPEN 

else new status = ACTIVE 
 
If curent status = OPEN then 

if  Q < -Qtol  then new status = CLOSED 
if  Hi > Hset + Hml + Htol then new status = ACTIVE 
     else  new status = OPEN 

 
If current status = CLOSED then 

if  Hi > Hj + Htol 
and Hi < Hset – Htol then new status = OPEN 
if Hi > Hj + Htol 
and  Hj < Hset - Htol then new status = ACTIVE 

else  new status = CLOSED 
 

where Q is the current flow through the valve, Hi is its upstream 
head, Hj is its downstream head, Hset is its pressure setting 
converted to head, Hml is the minor loss when the valve is open (= 
mQ2), and Htol and Qtol are the same values used for check valves in 
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item 9 above.  A similar set of tests is used for PSVs, except that 
when testing against Hset, the i and j subscripts are switched as are 
the > and < operators. 

14. Flow through an active PRV is maintained to force continuity at its 
downstream node while flow through a PSV does the same at its 
upstream node. For an active PRV from node i to j: 

   
pij = 0 

  Fj = Fj + 108Hset 
  Ajj = Ajj + 108 

 
This forces the head at the downstream node to be at the valve setting Hset. 
An equivalent assignment of coefficients is made for an active PSV except 
the subscript for F and A is the upstream node i. Coefficients for open/closed 
PRVs and PSVs are handled in the same way as for pipes.  

15. For an active FCV from node i to j with flow setting Qset, Qset is 
added to the flow leaving node i and entering node j, and is 
subtracted from Fi and added to Fj.  If the head at node i is less than 
that at node j, then the valve cannot deliver the flow and it is treated 
as an open pipe.  

16. After initial convergence is achieved (flow convergence plus no 
change in status for PRVs and PSVs), another status check on 
pumps, CVs, FCVs, and links to tanks is made.  Also, the status of 
links controlled by pressure switches (e.g., a pump controlled by the 
pressure at a junction node) is checked.  If any status change occurs, 
the iterations must continue for at least two more iterations (i.e., a 
convergence check is skipped on the very next iteration).  Otherwise, 
a final solution has been obtained. 

17. For extended period simulation (EPS), the following procedure is 
implemented: 

a. After a solution is found for the current time period, the time 
step for the next solution is the minimum of: 

• the time until a new demand period begins, 

• the shortest time for a tank to fill or drain, 

• the shortest time until a tank level reaches a point that 
triggers a change in status for some link (e.g., opens or 
closes a pump) as stipulated in a simple control, 

• the next time until a simple timer control on a link kicks in, 

• the next time at which a rule-based control causes a status 
change somewhere in the network. 

 
In computing the times based on tank levels, the latter are 
assumed to change in a linear fashion based on the current flow 
solution. The activation time of rule-based controls is computed 
as follows: 
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• Starting at the current time, rules are evaluated at a rule time 
step. Its default value is 1/10 of the normal hydraulic time 
step (e.g., if hydraulics are updated every hour, then rules are 
evaluated every 6 minutes). 

• Over this rule time step, clock time is updated, as are the 
water levels in storage tanks (based on the last set of pipe 
flows computed).  

• If a rule's conditions are satisfied, then its actions are added 
to a list. If an action conflicts with one for the same link 
already on the list then the action from the rule with the 
higher priority stays on the list and the other is removed. If 
the priorities are the same then the original action stays on 
the list. 

• After all rules are evaluated, if the list is not empty then the 
new actions are taken. If this causes the status of one or more 
links to change then a new hydraulic solution is computed 
and the process begins anew. 

• If no status changes were called for, the action list is cleared 
and the next rule time step is taken unless the normal 
hydraulic time step has elapsed. 

b. Time is advanced by the computed time step, new demands are 
found, tank levels are adjusted based on the current flow 
solution, and link control rules are checked to determine which 
links change status. 

c. A new set of iterations with Eqs. (D.3) and (D.4) are begun at the 
current set of flows. 

 
 

D.2 Water Quality 
 
The governing equations for EPANET’s water quality solver are based on the 
principles of conservation of mass coupled with reaction kinetics. The following 
phenomena are represented (Rossman et al., 1993; Rossman and Boulos, 1996): 
 

Advective Transport in Pipes 
 
A dissolved substance will travel down the length of a pipe with the same average 
velocity as the carrier fluid while at the same time reacting (either growing or 
decaying) at some given rate. Longitudinal dispersion is usually not an important 
transport mechanism under most operating conditions. This means there is no 
intermixing of mass between adjacent parcels of water traveling down a pipe. 
Advective transport within a pipe is represented with the following equation: 
 

 
∂
∂

∂
∂
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i
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C
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 +  r( C )               D.5 
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where Ci = concentration (mass/volume) in pipe i as a function of distance x and time 
t, ui = flow velocity (length/time) in pipe i, and r = rate of reaction 
(mass/volume/time) as a function of concentration. 
 

Mixing at Pipe Junctions 
 
At junctions receiving inflow from two or more pipes, the mixing of fluid is taken to 
be complete and instantaneous. Thus the concentration of a substance in water 
leaving the junction is simply the flow-weighted sum of the concentrations from the 
inflowing pipes. For a specific node k one can write: 
 

 i x
j I j j x L k ext k ext

j I j k ext

C  =  
Q C  +  Q C

Q  +  Q
k j

k

|

| , ,

,

=
=∑

∑
0

ε

ε

            D.6 

 
where i = link with flow leaving node k, Ik = set of links with flow into k, Lj = length 
of link j, Qj = flow (volume/time) in link j, Qk,ext = external source flow entering the 
network at node k, and  Ck,ext = concentration of the external flow entering at node k. 
The notation Ci|x=0 represents the concentration at the start of link i, while Ci|x=L is the 
concentration at the end of the link. 
 

Mixing in Storage Facilities 
 
It is convenient to assume that the contents of storage facilities (tanks and reservoirs) 
are completely mixed. This is a reasonable assumption for many tanks operating 
under fill-and-draw conditions providing that sufficient momentum flux is imparted 
to the inflow (Rossman and Grayman, 1999). Under completely mixed conditions the 
concentration throughout the tank is a blend of the current contents and that of any 
entering water. At the same time, the internal concentration could be changing due to 
reactions. The following equation expresses these phenomena: 
 

 
∂

∂
∑ ∑=

(V C )

t
 =  Q C  -  Q C  +  r Cs s

i I i i x L j O j s ss i sε ε| ( )            D.7 

 
where Vs = volume in storage at time t, Cs = concentration within the storage facility, 
Is = set of links providing flow into the facility, and Os = set of links withdrawing 
flow from the facility. 
 

Bulk Flow Reactions 
 
While a substance moves down a pipe or resides in storage it can undergo reaction 
with constituents in the water column. The rate of reaction can generally be described 
as a power function of concentration: 
 

 r kCn=  
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where k = a reaction constant and n = the reaction order. When a limiting 
concentration exists on the ultimate growth or loss of a substance then the rate 
expression becomes 
 

 )1()( −−= n
Lb CCCKR   for n > 0, Kb > 0 

 )1()( −−= n
Lb CCCKR   for n > 0, Kb < 0 

 
where CL = the limiting concentration. 
 
Some examples of different reaction rate expressions are: 

• Simple First-Order Decay (CL = 0, Kb < 0, n = 1)  

 CKR b=  

The decay of many substances, such as chlorine, can be modeled 
adequately as a simple first-order reaction.  

 

• First-Order Saturation Growth (CL > 0, Kb > 0, n = 1): 

)( CCKR Lb −=   

This model can be applied to the growth of disinfection by-products, 
such as trihalomethanes, where the ultimate formation of by-product 
(CL) is limited by the amount of reactive precursor present.  

 

• Two-Component, Second Order Decay (CL ≠ 0, Kb < 0, n = 2):  

 )( Lb CCCKR −=  

This model assumes that substance A reacts with substance B in 
some unknown ratio to produce a product P. The rate of 
disappearance of A is proportional to the product of A and B 
remaining. CL can be either positive or negative, depending on 
whether either component A or B is in excess, respectively. Clark 
(1998) has had success in applying this model to chlorine decay data 
that did not conform to the simple first-order model.  

 

• Michaelis-Menton Decay Kinetics (CL > 0, Kb < 0, n < 0):  

CC

CK
R

L

b

−
=  

As a special case, when a negative reaction order n is specified, 
EPANET will utilize the Michaelis-Menton rate equation, shown 
above for a decay reaction. (For growth reactions the denominator 
becomes CL + C.) This rate equation is often used to describe 
enzyme-catalyzed reactions and microbial growth. It produces first-
order behavior at low concentrations and zero-order behavior at 
higher concentrations. Note that for decay reactions, CL must be set 
higher than the initial concentration present. 
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Koechling (1998) has applied Michaelis-Menton kinetics to model 
chlorine decay in a number of different waters and found that both Kb 
and CL could be related to the water’s organic content and its 
ultraviolet absorbance as follows: 

 

DOC

UVA
UVAKb

)100(
32.0 365.1−=  

   
DOCUVACL 91.198.4 −=  

 
where UVA = ultraviolet absorbance at 254 nm (1/cm) and DOC = 
dissolved organic carbon concentration (mg/L). 
 
Note: These expressions apply only for values of Kb and CL used 
with Michaelis-Menton kinetics. 

 

• Zero-Order growth (CL = 0, Kb = 1, n = 0) 

R = 1.0 

This special case can be used to model water age, where with each 
unit of time the “concentration” (i.e., age) increases by one unit. 

 
The relationship between the bulk rate constant seen at one temperature (T1) to that 
at another temperature (T2) is often expressed using a van’t Hoff - Arrehnius 
equation of the form: 
 

12
12

TT
bb KK −= θ  

 
where θ is a constant. In one investigation for chlorine, θ was estimated to 
be 1.1 when T1 was 20 deg. C (Koechling, 1998). 
 

Pipe Wall Reactions 
 
While flowing through pipes, dissolved substances can be transported to the pipe wall 
and react with material such as corrosion products or biofilm that are on or close to 
the wall. The amount of wall area available for reaction and the rate of mass transfer 
between the bulk fluid and the wall will also influence the overall rate of this 
reaction. The surface area per unit volume, which for a pipe equals 2 divided by the 
radius, determines the former factor. The latter factor can be represented by a mass 
transfer coefficient whose value depends on the molecular diffusivity of the reactive 
species and on the Reynolds number of the flow (Rossman et. al, 1994). For first-
order kinetics, the rate of a pipe wall reaction can be expressed as: 
 

 r
k k C

R k k
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where kw = wall reaction rate constant (length/time), kf = mass transfer coefficient 
(length/time), and R = pipe radius. For zero-order kinetics the reaction rate cannot be 
any higher than the rate of mass transfer, so 
 

)/2)(,( RCkkMINr fw=  

 
where kw now has units of mass/area/time. 
 
Mass transfer coefficients are usually expressed in terms of a dimensionless 
Sherwood number (Sh): 
 

d

D
Shk f =  

 
in which D = the molecular diffusivity of the species being transported (length2/time) 
and d = pipe diameter. In fully developed laminar flow, the average Sherwood 
number along the length of a pipe can be expressed as 
 

 
[ ] 3/2Re)/(04.01

Re)/(0668.0
65.3

ScLd

ScLd
Sh

+
+=  

 
in which Re = Reynolds number and Sc = Schmidt number (kinematic viscosity of 
water divided by the diffusivity of the chemical) (Edwards et.al, 1976). For turbulent 
flow the empirical correlation of Notter and Sleicher (1971) can be used: 
 

3/188.0Re0149.0 ScSh =  
 

System of Equations 
 
When applied to a network as a whole, Equations D.5-D.7 represent a coupled set of 
differential/algebraic equations with time-varying coefficients that must be solved for 
Ci in each pipe i and Cs in each storage facility s. This solution is subject to the 
following set of externally imposed conditions: 

• initial conditions that specify Ci for all x in each pipe i and Cs in each 
storage facility s at time 0, 

• boundary conditions that specify values for Ck,ext and Qk,ext for all 
time t at each node k which has external mass inputs 

• hydraulic conditions which specify the volume Vs in each storage 
facility s and the flow Qi in each link i at all times t. 
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Lagrangian Transport Algorithm 
 
EPANET’s water quality simulator uses a Lagrangian time-based approach to track 
the fate of discrete parcels of water as they move along pipes and mix together at 
junctions between fixed-length time steps (Liou and Kroon, 1987). These water 
quality time steps are typically much shorter than the hydraulic time step (e.g., 
minutes rather than hours) to accommodate the short times of travel that can occur 
within pipes. As time progresses, the size of the most upstream segment in a pipe 
increases as water enters the pipe while an equal loss in size of the most downstream 
segment occurs as water leaves the link. The size of the segments in between these 
remains unchanged. (See Figure D.1). 
 
The following steps occur at the end of each such time step: 

1. The water quality in each segment is updated to reflect any reaction 
that may have occurred over the time step. 

2. The water from the leading segments of pipes with flow into each 
junction is blended together to compute a new water quality value at 
the junction. The volume contributed from each segment equals the 
product of its pipe’s flow rate and the time step. If this volume 
exceeds that of the segment then the segment is destroyed and the 
next one in line behind it begins to contribute its volume. 

3. Contributions from outside sources are added to the quality values at 
the junctions. The quality in storage tanks is updated depending on 
the method used to model mixing in the tank (see below). 

4. New segments are created in pipes with flow out of each junction, 
reservoir, and tank. The segment volume equals the product of the 
pipe flow and the time step. The segment’s water quality equals the 
new quality value computed for the node. 

 
To cut down on the number of segments, Step 4 is only carried out if the new node 
quality differs by a user-specified tolerance from that of the last segment in the 
outflow pipe. If the difference in quality is below the tolerance then the size of the 
current last segment in the outflow pipe is simply increased by the volume flowing 
into the pipe over the time step.  

 
This process is then repeated for the next water-quality time step. At the start of the 
next hydraulic time step the order of segments in any links that experience a flow 
reversal is switched.  Initially each pipe in the network consists of a single segment 
whose quality equals the initial quality assigned to the upstream node. 
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Figure D.1  Behavior of Segments in the Lagrangian Solution Method 
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EXECUTIVE SUMMARY

1. PREFACE

Brunswick County faces many challenges.  From 1980 to 2000 the County grew from 35,774 to

73,154 population, a 104.5% increase.  North Carolina’s population increased from 5,880,095

to 8,049,313, a 36.8% increase.  Brunswick County is now the fourth fastest growing county

in North Carolina.  

This explosion of growth is complicated by the County’s diversity.  Brunswick County has:

< a developing industrial base

< a strong tourism economy

< significant natural resources

< strong construction and retail trade economies

< rapidly developing municipalities

< an important transportation system with good regional connections

Residents from other parts of the United States are moving to North Carolina at the fifth highest

rate in the nation, and the state’s overall growth rate is the sixth highest in the nation.

Brunswick County is being directly impacted by this growth rate.

The swiftly changing demographics, demands for infrastructure, affordable housing, and public

service needs will leave Brunswick County with fiscal challenges.  The trends facing the County

include:

< Rapid population growth.

< Influx of seasonal vacationers and retirees attracted to the county’s natural

resources.

< Scattered development of vacation homes, which leads to expensive county

services delivery.

< Long-time residents may experience higher taxes, adverse environmental

impacts, decline of traditional economics, and cultural conflicts between

newcomers and long-time locals.

< Water quality, rapid development, and redevelopment after natural hazards all

present challenges.

In order to respond to the complex issues which confront Brunswick County, this plan should

comprehensively set goals and objectives for the county.  It should provide for a continuous
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planning process which is timely and responsive to the needs and desires of Brunswick County.

Finally, the plan should provide a legal basis for land use regulations and a guide for capital

improvements planning.

Once the plan is prepared, the county must realize that the plan is not the end of the process.

The County must continuously work at accomplishing plan implementation and establishing an

effective planning program.  Brunswick County must view the preparation of this document as

the first step in a continually evolving process.

This plan is organized to adhere to the 15A NCAC 7B requirements.  This is a Core Land Use

Plan.  The Core Plan is defined as follows:

Core Plan: This plan addresses all of the plan elements in Rule .0702 of Section

7B (Elements of CAMA Core and Advanced Core Land Use Plans) in a complete

and thorough manner.  These are summarized as follows: (1) Organization of the

Plan, (2) Community Concerns and Aspirations, (3) Analysis of Existing and

Emerging Conditions with the jurisdiction, and (4) Plan for the Future.  This type

of plan is the standard CAMA Land Use Plan required for all 20 coastal counties.

The reader should not attempt to understand the plan by reading only several sections of the

document.  All sections of the plan are inter-related.

2. INTRODUCTION

This Fiscal Year 2004/2005 - 2005/2006 Brunswick County Core CAMA Land Use Plan is

prepared in accordance with the requirements of the North Carolina Coastal Area Management

Act (CAMA).  Specifically, this document complies with Subchapter 7B, “CAMA Land Use Planning

Requirements,” of the North Carolina Administrative Code, as amended, August 1, 2002.  This

plan was prepared at a time when Brunswick County was undergoing tremendous fiscal and

social change.

The 7B guidelines provide that each of the twenty coastal counties and the municipalities within

those counties prepare and adopt a Core CAMA Land Use Plan that meets the planning

requirements adopted by the Coastal Resources Commission (CRC).  If a County chooses not

to prepare a plan, the guidelines specify that the CRC will prepare and adopt a CAMA Land Use

Plan for that County and the municipalities in the County which choose not to prepare their own

plan.  Municipalities not preparing their own plan will be included in the plan for the County in

which the municipality is located.  The following municipalities participated in the development

of this plan: Belville, Boiling Spring Lakes, Carolina Shores, Northwest, and Saint James.
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In general, 7B requires that a plan include analysis of existing and emerging conditions.  This

plan includes information regarding population, housing, and economy, a natural systems

analysis, existing land use, a description of community facilities, a land suitability analysis, and

a review of current plans, policies, and regulations to fulfill that requirement.  This section of

the plan also includes extensive mapping.  The plan is also required to have a plan for the

future.  To meet that requirement, this plan includes community facility demand information,

a future land use plan, and specific land use/development goals/policies.  Finally, the plan has

tools for managing development.  The management tools must specify the actions that

Brunswick County will take to implement this plan.

Brunswick County adopted a Citizen Participation Plan which is intended to ensure that all

interested citizens have an opportunity to participate in the development of this plan through

both oral and written comments.  An ad hoc committee was appointed by Brunswick County to

oversee the development of this plan.  The committee included representatives of the

participating municipalities, one Brunswick County Planning Board member and three at-large

representatives from Brunswick County.

Following adoption of the plan by the Brunswick County Board of Commissioners, it was

submitted to the CRC for certification.  Certification of the plan was achieved on November 30,

2007.

3. BRUNSWICK COUNTY VISION STATEMENT

Brunswick County prepared a 1998 CAMA Land Use Plan which was certified by the North

Carolina Coastal Resources Commission on November 20, 1998.  In addition, in 2003-2004, the

County prepared the Brunswick Tomorrow plan which presents a future vision for Brunswick

County.  The following vision statement is a combination of these two efforts.

Brunsw ick County shall seek to preserve and enhance its natural and

human resources.  The County w ill plan for and accommodate future

grow th while simultaneously maintaining the quality of life for current

and future residents.  Brunsw ick County w ill pursue accomplishment

of the follow ing mission statements:

� Set high standards for responsible, well managed grow th, and

guide development patterns through comprehensive planning

and community involvement.



Brunswick County

CAMA Core Land Use Plan Executive Summary, Page 4

� Develop a high degree of cooperation among County

government and municipal governments and cit izens.

� Promote quality education and lifelong learning opportunities

in Brunsw ick County.

� Identify goals and propose strategies for the development of

new  businesses and industries, agribusinesses, seafood

products, tourism, and recreational and retirement areas in all

parts of the County.

� Provide an infrastructure system that meets the present and

future needs of its citizens, supports a vibrant economy,

protects the environment, and adds to the overall quality of life.

� Provide county-w ide services that enhance the health, safety,

and quality of life for Brunsw ick County cit izens.

� Enable Brunsw ick County residents to meet their needs for food,

clean water, clothing, housing, employment, health care, and

life enrichment activit ies.

� Preserve and protect our natural and man-made environment

for present and future generations.

4. KEY ISSUES

The following summarizes key issues confronting Brunswick County:

< Scattered and sprawling large lot subdivision activity.

< Unplanned commercial strip development.

< Sewage problems/sewage solutions.

< Concern with storm water runoff and drainage.

These issues were reviewed and supplemented at a public information meeting on December

5, 2005, attended by over 20 members of the public and Brunswick County officials.  The

following provides a listing of the key issues identified, ranked in priority order:
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1. Evacuation plan – response time (potential flood)

2. Inadequate roads

3. Stormwater with drainage/flooding

4. Protection of water quality (surficial water)

5. Proper funding for infrastructure

6. Maintenance of ICW

7. (Cumulative impacts) – Define purpose of water, sewer, schools, fire in Technical

Review Committee process – Review on regional level

8. Shoreline access

9. Inadequate emergency services (funding support)

10. Imposition of impact fees

11. Clean drinking water in rural areas

12. Impact of Skyway Bridge

13. Impact of third nuclear plant in Brunswick County

14. Provide affordable housing

15. Establish vegetative line on oceanfront property

16. Transportation – senior citizens

In November, 2005, a total of 4,580  surveys were randomly mailed to absentee property

owners; this was approximately 10% of the absentee property owners.  The following

summarizes the survey distribution and responses received:

Mailed Received % Returned

Northwest 48 7 (14.6%)

Belville 66 16 (24.2%)

Carolina Shores  354 92 (26.0%)

St. James  372 122 (32.8%)

Boiling Spring Lakes  567 124 (21.9%)

County  3,173 842 (26.5%)

TOTAL  4,580 1,203 (26.3%)

Source: Holland Consulting Planners, Inc.
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The specific results of the surveys are summarized below.

B R U N SW I CK  COU N TY

KEY ISSUES RANK

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10

B ELV I LLE

KEY ISSUES RANK

Brunswick County should promote quality education for present and future generations

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9

10

B OI L I N G  SP R I N G  LAK ES

KEY ISSUES RANK

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10
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CA R OLI N A  SH OR ES

KEY ISSUES RANK

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10

N OR TH W EST

KEY ISSUES RANK

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10

ST. JA M ES

KEY ISSUES RANK

Responsible managed growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sewage problems/sewage solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unplanned commercial strip development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concern with stormwater runoff and drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should protect its natural environment . . . . . . . . . . . . . . . . . . . . . .

Brunswick County should promote quality education for present and future generations

Preserve and protect wetlands from development pressure . . . . . . . . . . . . . . . . . . . . .

Scattered and sprawling subdivision activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Expand employment opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Improve the availability of affordable housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

2

3

4

5

6

7

8

9

10
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There are similarities in the identification of the top ranked issues:

– Sewage problems/sewage solutions

– Managed growth

– Quality education

– Protection of natural environment

– Expended employment opportunities

5. POPULATION SUMMARY

Historical population growth and forecast of population growth are summarized in the following

tables.

Table 1. 
Brunswick County Population Growth, 1980-2005

Total Population % Change

Municipality 1980 1990 2000
2005

Estimate
1980-
1990

1990-
2000

2000-
2005

Overall
1980-2005

Belville 102 66 363 445 -35.3% 450.0% 22.6% 336.3%

Boiling Spring Lakes 998 1,650 2,972 3,767 65.3% 80.1% 26.7% 277.5%

Carolina Shores* 0 1,031 1,482 2,536 N/A 43.7% 71.1% 145.9%

Northwest* 0 611 671 776 0.0% 9.8% 15.6% 27.0%

St. James** 0 0 804 1,873 0.0% 0.0% 132.9% 132.9%

Brunswick County 35,777 50,985 73,141 89,469 42.5% 43.5% 22.3% 150.1%

*This municipality incorporated or reactivated between the 1980 and 1990 censuses.  The overall percent change reflects 1990-
2005.
**This municipality incorporated between the 1990 and 2000 censuses.  The overall percent change reflects 2000-2005.  It should
be noted that the Town of Saint James paid for a special census to be completed as a result of some annexations that occurred after
the 2000 Census was taken.  The special census, dated June 10, 2004, reflects a census count of 1,831 persons.  Municipalities may
challenge a census count within three years of when the census is taken in order to have the population changed.  The special
census taken for Saint James was completed after that time period, and therefore the official decennial census count was not
changed.  However, the state demographer gave Saint James an updated census count of 1,814.  This figure was based on the
town’s boundaries, including the 2001 annexed areas.  (This information was obtained from the North Carolina State Data Center.)

Source: US Census Bureau.

Table 2.
Brunswick County Population Projections, 2000-2025

Location 2005 2010 2015 2020 2025 Overall % Change

Belville 445 556 723 940 1,222  +175.0%

Boiling Spring Lakes 3,767 4,332 4,982 5,729 6,588  +74.8%

Carolina Shores 2,536 2,916 3,353 3,856 4,434  +74.8%

Northwest 776 854 939 1,033 1,136  +46.0%

St. James 1,873 2,341 2,926 3,658 4,573  +144.0%

Brunswick County 89,469 102,799 115,517 127,265 139,212  +55.6%

Source: NC Office of State Planning and Holland Consulting Planners, Inc.
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The following provides a summary of the significant demographic factors:

< Brunswick County ranked fourth in the state for total population growth (11.9%)

between 2000 and 2003 and also ranked fourth in the state for net migration

(11.3%) during the same period.

< In 2003, the municipalities of Belville, Boiling Springs Lakes, Carolina Shores,

Northwest and Saint James had a total estimated population of 8,291 or 27.7%

of the county’s municipal population and 10.1% of the county’s overall

population.

<  The overall percentage of the white population in Brunswick County increased

by almost six percent (5.8%) between 1980 and 2000 while the non-white

percentage decreased from 23.5% in 1980 to 17.7% in 2000.

< Brunswick County experienced a population increase in every age group, but the

percentage of the population under 35 decreased.

< 33.4% of Brunswick County’s population had high school degrees compared to

28.6% for the state.  In addition, 5.2% of the county’s population had

graduate/professional degrees compared to 2.5% for the state’s population.

6. HOUSING SUMMARY

< Based on the 2000 U.S. Census, Brunswick County has a total of 51,431 dwelling

units, an increase of 38.5% since 1990.

< The County’s seasonal housing increased from 12,737 in 1990 to 16,376 in 2000.

< The municipalities of Belville, Boiling Spring Lakes, Carolina Shores, Northwest,

and Saint James are primarily occupied by year-round residents.

< Compared to other selected North Carolina coastal counties, Brunswick County

has a higher percentage of mobile homes in its housing inventory and a relatively

lower percentage of dwelling units connected to public sewer. 

< Brunswick County’s housing inventory is very young, with 85.3% of the housing

inventory constructed since 1970.
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7. EMPLOYMENT AND ECONOMY SUMMARY

< While the County trails many other North Carolina counties in economic

conditions, the economic indicators greatly improved from 1990 to 2000.

< In 2000, the County’s median income exceeded that of the state by $2,853.

< The construction industry is the largest employer in Brunswick County.

< Based on second quarter 2004 data, the largest producers of income in

Brunswick County were retail trade, construction, and accommodation/food

services.

< Agriculture continues to be a significant contributor to the Brunswick County

economy.

< Because of in-County employment opportunities, Brunswick County residents

have a low mean travel time to work.

< Tourism is a major contributor to the Brunswick County economy.

< Brunswick County has a rapidly expanding industrial base.

8. ENVIRONMENTAL CONDITIONS

Brunswick County includes portions of the Cape Fear River Basin and the Lumber River Basin.

These plans were approved by the North Carolina Division of Water Quality (DWQ) in October

2005 and December 2003, respectively.  The following are the goals of DWQ’s basinwide

program:

< Identify water quality problems and restore full use to impaired waters.

< Identify and protect high value resource waters.

< Protect unimpaired waters, yet allow for reasonable economic growth.

These goals are accomplished through the following objectives:

< Collaborate with other agencies to develop appropriate management strategies.

< Assure equitable distribution of waste assimilative capacity.

< Better evaluate cumulative effects of pollution.

< Improve public awareness and involvement.
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This section will serve to take a closer look at land use in Brunswick County and how it relates

to water quality.  This section has been compiled with information provided by the North

Carolina Division of Water Quality (DWQ).  Under the Basinwide Management Program, the

DWQ completes Basinwide Assessment Reports every five years to be utilized as a basis for the

Basinwide Management Plans.

Basinwide water quality planning is a non-regulatory, watershed-based approach to restoring

and protecting the quality of North Carolina's surface waters.  Preparation of a basinwide water

quality plan is a five-year process.  While these plans are prepared by the DWQ based on data

provided through the Basinwide Assessment Reports, their implementation and the protection

of water quality entails the coordinated efforts of many agencies, local governments, and

stakeholder groups in the state.  The first cycle of plans was completed in 1994 for the Lumber

River Basin and 1996 for the Cape Fear River Basin.  Each assessment report and plan is

updated at five-year intervals.

It should be noted that the results of the monitoring efforts are not intended to provide precise

conclusions about pollutant budgets for specific watersheds.  Since the assessment methodology

is geared toward general conclusions, it is important not to manipulate the data to support

policy decisions beyond the accuracy of the data.

Two primary methods of water quality testing were performed in Brunswick County.  The details

of this methodology are described below so that the information on the results of this testing

can be better understood.  The methods utilized were Benthic Macroinvertebrate Monitoring and

the Ambient Monitoring System.  DWQ also observes water bodies for the existence of algal

blooms, which are an indication of poor water quality.

Benthic macroinvertebrates are organisms, primarily aquatic insect larvae, which live in and on

the bottoms of rivers and streams.  The use of macroinvertebrate data has proven to be a

reliable water quality monitoring tool because most macroinvertebrates are immobile and

sensitive to subtle changes in water quality.  Benthic communities also respond to, and show

the effects of, a wide array of potential pollutant mixtures.

The Ambient Monitoring System (AMS) is a network of stream, lake, and estuarine (saltwater)

water quality monitoring stations (about 420 statewide) strategically located for the collection

of physical and chemical water quality data (or parameters).  Water quality parameters are

arranged by freshwater or saltwater water body classification and corresponding water quality

standards.  Under this arrangement, Class C waters are assigned minimum monthly parameters,

with additional parameters assigned to waters with classifications such as trout waters and

water supplies.



Brunswick County

CAMA Core Land Use Plan Executive Summary, Page 12

Prolific growths of phytoplankton, often due to high concentrations of nutrients, sometimes

result in “blooms” in which one or more species of alga may discolor the water or form visible

mats on the water's surface.  Blooms may be unsightly and deleterious to water quality causing

fish kills, anoxia, and taste and odor problems.

As existing and future land use is considered in Brunswick County, these goals and objectives

should be kept in mind.

It should be noted that DWQ concluded that its current coastal stormwater rules have not been

adequately effective towards addressing water quality impacts to public trust waters.  DWQ’s

review of scientific studies resulted in a determination that local governments’ simply deferring

to state and federal rules to address water quality issues still results in impaired local water

quality based on the following conclusions:

< Areas with impervious surfaces of 10% or greater can be linked to local stream

degradation.

< Biological diversity has been shown to drop when impervious surfaces increase

beyond 10-15%.

< Stream stability is affected when impervious surfaces approach 10% in an area.

< Estuaries generally degrade with impervious surfaces of greater than 10%.

< Sensitive fish species loss increased after about 12% impervious surface.

The following information is provided by subbasins that geographically include some areas

located outside of Brunswick County.  Brunswick County includes portions of the following

subbasins: 03-07-57, 03-07-59 (Lumber River Basin), and 03-06-17 (Cape Fear River Basin).

The following provides a summary of existing conditions in the three subbasins.

A. Subbasin 03-07-57 (Lumber River Basin)

Most of the land use in this subbasin is either forest or agriculture.  All tributary streams

tend to be intermittent, with little or no flow during dry summer months.  For this reason, most

of the DWQ sampling in this subbasin focused on the Waccamaw River.  Many of the Carolina

Bays in this subbasin were drained for agricultural land use.
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There are four (4) NPDES wastewater

discharge permits with a total permitted flow of

1.6 MGD.  The largest discharger is Tabor City

WWTP (1.1 MGD).  There are 15 registered

swine operations in this subbasin.

During the Water Quality plan

development, there were four (4) benthic

macroinvertebrate community sites sampled,

two special study sites, and data collected from

three (3) ambient monitoring stations.  The

results of those monitoring efforts are included

in the Table 3.

Table 3.
Summary of Use Support Ratings by Use Support Category in Subbasin 03-07-57

Use Support Rating Basis Aquatic Life Recreation Fish Consumption

Supporting Monitored 41.2 mi 32.3 mi 0

All Waters 41.2 mi 32.3 mi 0

Impaired Monitored 0 0 0

All Waters 0 0 358.7 mi

Not Rated Monitored 33.1 mi 0 0

No Data N/A 284.3 mi 326.3 mi 0

Total Monitored 74.4 mi 32.3 mi 0

All Waters 358.7 mi 358.7 mi 358.7 mi

Percent Monitored 20.7% 9.0% 0.0%

NOTE: All waters include monitored, evaluated and waters that were not assessed.
Source: 2003 Lumber River Basinwide Water Quality Plan.

Recommendations:  The 1994 Lumber River Basinwide Plan identified several stream

segments as impaired.  These include the Waccamaw River, Muddy Branch, Bear Branch, Gore

Creek (Gore Lake), Toms Fork, Monie Swamp, and Caw Caw Swamp.  The planned management

strategy for these waters was to investigate sources of impairment, to continue existing

nonpoint source control programs, and to conduct fish tissue monitoring and investigate sources

of mercury in the Waccamaw River.  DWQ also recognized the need to more accurately

determine natural versus impacted swamp conditions.

Subbasin 03-07-57

Land and Water Area (sq.mi.)

Total area: 555

Land Area: 552

Water area: 3

Population

1990 Est. Population: 37,457

Population Density: 37 persons/sq.mi.

1996 Land Cover (%)

Forest/Wetland: 74%

Agriculture: 25%

Urban: <1%

Water: 1%

Municipalities: Carolina Shores, Calabash,

Tabor City, and Shallotte
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In addition, management strategies to maintain adequate levels of oxygen in stream

were recommended.  These strategies were aimed at new dischargers into the Waccamaw River

watershed.

B. Subbasin 03-07-59 (Lumber River Basin)

This subbasin is entirely located in Brunswick County and is the only subbasin in the

entire Lumber River basin where all waters drain to the Atlantic Ocean.  Population growth in

the subbasin is primarily concentrated in the coastal communities, but also around the towns

of Shallotte and Calabash.

There are three National Pollutant

Discharge Elimination Systems (NPDES)

wastewater discharge permits in this subbasin with

a total permitted flow of 0.02 MGD.  There is also

one individual NPDES stormwater permit in the

subbasin.  Brunswick County and South Brunswick

Water and Sewer Authority are required to develop

a stormwater program under Phase II. 

During the Water Quality plan

development, there were three benthic

macroinvertebrate community sites sampled.

There was one fish community site sampled, and

data was also collected from 13 ambient stations.

The results of those monitoring efforts are found

in the following tables.

Table 4.
Summary of Use Support Ratings by Use Support Category in Subbasin 03-07-59

Use Support Rating Basis Aquatic Life
Fish

Consumption Recreation
Shellfish

Harvesting

Supporting Monitored 22.2 mi
2,170.0 Est. ac

0 22.2 mi
2,039.2 Est. ac

25.6 coast

673.9 Est. ac

All Waters 22.2 mi
2,170.0 Est. ac

0 22.2 mi
2,039.2 Est. ac

25.6 coast

673.9 Est. ac

Impaired Monitored 0 25.6 coast 0 3,607.0 Est. ac

All Waters 0 146.5 mi
4,305.6 Est. ac

0 3,607.0 Est. ac

Subbasin 03-07-59

Land and Water Area (sq.mi.)

Total area: 267

Land Area: 260

Water area: 7

Population Statistics

2000 Est. Population: 21,177 people

Land Cover (%)

Forest/Wetland: 75%

Surface Water: 3%

Urban: 4%

Agriculture: 18%

Municipalities:   Boiling Spring Lakes,

Bolivia, Carolina Shores, Holden Beach, Oak

Island, Ocean Isle Beach, Shallotte, Sunset

Beach, and Varnamtown
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Consumption Recreation
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Harvesting
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Not Rated Monitored 5.9 mi 0 0 0

No Data N/A 118.4 mi
2,135.5 Est. ac

0 123.7 mi
2,267.3 Est. ac

0

Total Monitored 28.1 mi
2,170.0 Est. ac

25.6 coast 22.2 mi
2,039.2 Est. ac

25.6 coast

4,280.8 Est. ac

All Waters 146.5 mi
4,305.6 Est. ac

25.6 coast

146.5 mi
4,305.6 Est. ac

25.6 coast

146.5 mi
4,305.6 Est. ac

25.6 coast

4,280.8 Est. ac

Percent Monitored 19.2% mi
50.4% Est. ac

100.0% coast 15.2% mi
47.4% Est. ac
100% coast

100%

NOTE: All waters include monitored, evaluated and waters that were not assessed.
Source: 2003 Lumber River Basinwide Water Quality Plan.

Table 5.
Previously Impaired Shellfish Harvesting (SA) Waters in Subbasin 03-07-59

Name 1999 Status Acres

Calabash (DEH Area A-1) Partially Supporting 1,138

Shallotte River (DEH Area A-2) Partially Supporting 571

Lockwoods Folly River (DEH Area A-3) Partially Supporting 913

Total 1999 Impaired Acres 2,622

Source: 2003 Lumber River Basinwide Water Quality Plan.

Table 6.
Currently Impaired Shellfish Harvesting (SA) Waters in Subbasin 03-07-59

Name Assessment Unit
Number

DEH Classification Status* Acres

Portions of Intracoastal Waterway 15-25 CAO, PRO, CAC 2,118.0

Portions of Lockwoods Folly River 15-25-1-(16) CAO, PRO, CAC 606.2

Portions of Shallotte River 15-25-1-(10) CAO, PRO, CAC 647.3

Mullet Creek 15-25-1-19 PRO 5.7

Sams Branch 15-25-2-12-(2) PRO 1.0

Spring Creek 15-25-1-21 PRO 2.4

Jinnys Branch 15-25-2-16-1-(2) PRO 1.0

Kilbart Slough 15-25-4 PRO 0.7

Mill Creek 15-25-1-18-(2) PRO 2.0
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Number

DEH Classification Status* Acres
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The Mill Pond 15-25-2-11-(2) PRO 3.0

The Swash 15-25-2-14 CAO 3.9

Shallotte Creek 15-25-2-15-(3) CAO 135.6

Saucepan Creek 15-25-2-16 PRO 62.6

Goose Creek 15-25-2-16-4-(2) PRO 4.2

Calabash River 15-25-5 PRO 3.4

Hangman Branch 15-25-5-1 PRO 10.2

Total 2003 Impaired Acres 3,606.9

*Division of Environmental Health Classifications: PRO = Prohibited; COA = Conditionally Approved-Open; and CAC
= Conditionally Approved Closed.
Source: 2003 Lumber River Basinwide Water Quality Plan.

1. Status and Recommendations of Previously Impaired Waters

Impaired Class SA Waters:  Portions of Lockwood Folly and Shallotte Rivers, the

Intracoastal Waterway, and all of Calabash Creek were partially supporting in the 1999 basin

plan because they were classified as prohibited and conditionally approved-closed to shellfish

harvesting by DEH-SS.  It was recommended that management strategies be developed for

shellfish harvesting waters.  These strategies included, but were not limited to, reducing

nonpoint source (NPS) runoff, resolving septic system impacts, and working more closely with

other state and local agencies to address all pollution impacts to SA waters.  The differences in

acreage estimates between years are not necessarily related to changes in water quality, but

to different methods of estimating acreage and changes in use support methodology. 

2. Status and Recommendations of Waters Newly Impaired (portions of the

Intracoastal Waterway, Lockwood Folly River, Shallotte River, Mullet Creek, Sams Branch,

Spring Creek, Jinnys Branch, Kilbart Slough, Mill Creek, The Mill Pond, The Swash,

Shallotte Creek, Saucepan Creek, Goose Creek, Calabash River, Hangman Branch)

Status:  Portions of all of these waters are currently impaired.  These areas are

prohibited, conditionally approved-closed, or conditionally approved-open to shellfish harvesting

because of bacteria levels that do not meet approved area criteria.  All waters in the subbasin

are considered impaired on an evaluated basis because of fish consumption advice.

Recommendations: DWQ, DEH-SS, and the NC Coastal Nonpoint Source Program are

developing the database and expertise necessary to assess shellfish harvesting use support
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using a frequency of closure based approach.  This database will allow DWQ to better assess

the extent and duration of closures in Class SA waters.  These tools are not available for use

support determinations in Class SA waters for the 2003 Lumber River basin assessment. DWQ

believed it important to identify frequency of closures in these waters, resulting in an interim

methodology to be used based on existing databases and GIS shapefiles.  This will likely bring

changes in reported acreages in future assessments using the permanent methods and tools

that define areas and closure frequency.

For the 2003 Lumber River basin assessment, DWQ used an interim frequency of

closures based method to assign use support ratings to Class SA waters.  DWQ worked with

DEH-SS to determine the number of days and acreages that identified conditionally approved-

open Class SA waters which were closed to shellfish harvesting in the Lumber River basin during

the assessment period (September 1, 1996 to August 31, 2001).  For the one growing area with

conditionally approved-open Class SA waters, DEH-SS and DWQ staff defined subareas (within

the larger conditionally approved-open area) that were opened and closed at the same time.

The number of days these conditionally approved-open waters were closed was determined

using proclamation summary sheets and the original proclamations.  The number of days that

approved areas in the growing area were closed due to preemptive closures because of named

storms was not counted.  DEH-SS will continue to monitor bacteriological water quality in these

waters.  DWQ, DEH, DCM and DMF are currently developing tools to better track water quality

changes, make use support decisions, and support research in shellfishing harvesting waters of

North Carolina.

The Division of Marine Fisheries (DMF) is in the process of developing Coastal Habitat

Protection Plans (CHPP) with DWQ and DCM.  These plans will identify existing and potential

threats to habitats important to coastal fisheries and recommend actions to restore and protect

them.  The plans will also provide a framework for adoption of rules to protect habitats vital to

coastal fisheries.  The plans will help to assure consistent actions among the Coastal Resources

Commission (CRC), Environmental Management Commission (EMC), and the Marine Fisheries

Commission (MFC).

It should be noted that Brunswick County is currently working on a project in conjunction

with the N.C. Coastal Federation to identify growth management practices that are compatible

with maintaining water quality in the river.  The project was funded through the Environmental

Protection Agency, and has been modeled after successful programs implemented in the upper

Chesapeake Bay.
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3. Atlantic Ocean – Status and 2002 Recommendations

The Atlantic Ocean (25.6 coastline miles) is currently impaired in the fish consumption

category because there is a statewide consumption advice for mercury in fish tissue that is

applied to waters east and south of I-85, including the Atlantic Ocean where king mackerel fish

tissue was analyzed in 1999.

4. Status and Recommendations for Waters with Noted Impacts

The surface waters discussed in this section are supporting designated uses based on

DWQ’s use support assessment and are not considered to be impaired unless otherwise noted.

However, notable water quality problems and concerns have been documented for some waters

based on this assessment.  Attention and resources should be focused on these waters to

prevent additional degradation or facilitate water quality improvement.

Calabash River:  Status and 2003 Recommendations - The Calabash River is currently

impaired for shellfish harvesting.  However, it is observed from the DWQ ambient monitoring

station, I9916000, that the pH values (Site A-13) were lower than 6.8 in 18.4% of the samples.

The 10  percentile illustrates the value of the lower 10% of the measurement.  The 10th th

percentile of pH was 6.7.  The state’s standard for saltwater is a range of 6.8 to 8.5.  Possible

adjacent swamp waters could be influencing this watershed.  It was also observed at this

ambient site that the fecal coliform values exceeded the geometric mean of 14/100 ml in more

than 10% of the samples for Class SA waters.

Water Quality Initiatives - The Calabash River watershed comprises one of 20

watersheds in the Lumber River basin that has been identified by the NC Wetlands Restoration

Program (NCWRP) as an area with the greatest need and opportunity for stream and wetland

restoration efforts.  This watershed will be given higher priority than nontargeted watersheds

for the implementation of NCWRP restoration projects.  

South Brunswick Water & Sewer Authority received $3,000,000 in state Revolving Grant

funds for a new collection system.

Shallotte River:  Status and 2003 Recommendations - Site B-2 near US 17 was reduced

from a good-fair bioclassification in 1996 to a fair bioclassification during the 2001 assessment.

The decrease in bioclassification was possibly due to drought conditions and subsequent effects

of brackish intrusion during the low flow period.  DWQ resampled this site in September 2003

to assess potential drought impacts.  The site assessment in 2003 received a good-fair

bioclassification.  However, this assessment found the highest number of species out of its
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historical sampling regime including the freshwater/brackish shrimp, macrobrachium olfersii.

This crayfish-like species inhabits the transitional zones between fresh and brackish water and

is rarely seen.  This is only the second location found in North Carlina.  The Shallotte River is

currently rated supporting for the aquatic life category.

Water Quality Initiatives - The Shallotte River watershed comprises one of 20 watersheds

in the Lumber River basin that has been identified by the NCWRP as an area with the greatest

need and opportunity for stream and wetland restoration efforts.  This watershed will be given

higher priority than nontargeted watersheds for the implementation of NCWRP restoration

projects.  

Lockwood Folly River:  Status and 2003 Recommendations - Lockwood Folly River from

north of Varnum to the mouth is impaired for the shellfish harvesting category.  The data from

ambient monitoring sites I9440000 and I9450000 showed the fecal coliform values exceeded

the geometric mean of 14/100 ml in more than 10% of the samples for Class SA waters.  DWQ

will continue to monitor these stations.

Water Quality Initiatives - The NC Coastal Land Trust received a $652,000 grant from

the Clean Water Management Trust Fund (CWMTF) to acquire 263 acres along Lockwood Folly

River and Sandy Branch.

The Lockwood Folly River watershed comprises one of 20 watersheds in the Lumber

River basin that has been identified by the NCWRP as an area with the greatest need and

opportunity for stream and wetland restoration efforts.  This watershed will be given higher

priority than nontargeted watersheds for the implementation of NCWRP restoration projects. 

The Army Corps of Engineers has a $1,440,000 aquatic habitat restoration project on

the lower Lockwood Folly River.

Brunswick County will continue to monitor water quality in the Lockwood Folly River

pending the results of the Lockwood Folly Water Quality Study.

Doe Creek:  Status and 2003 Recommendations - A private developer was assessed a

civil penalty for land clearing activities where earth and fill were deliberately placed into

wetlands.  These activities caused extreme turbid water in an unnamed tributary to Doe Creek.

DWQ has required the developer to implement a restoration plan.

Mill Creek:  Status and 2003 Recommendations - A private owner was assessed a civil

penalty for excavating 19,000 linear feet of ditches in wetlands.  An unnamed tributary of Mill
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Creek was impacted by this activity.  DWQ has required the owner to implement a restoration

plan.

Jinnys Branch and Saucepan Creek:  Status and Water Quality Initiatives - Jinnys Branch

and Saucepan Creek are currently impaired for the shellfish harvesting category.  The Jinnys

Branch/Saucepan Creek watershed comprises one of 20 watersheds in the Lumber River basin

that has been identified by the NCWRP as an area with the greatest need and opportunity for

stream and wetland restoration efforts.  This watershed will be given higher priority than

nontargeted watersheds for the implementation of NCWRP restoration projects.  

Davis Creek:  Water Quality Initiatives - The Town of Oak Island received a $456,000

grant from the CWMTF to acquire 30 acres along Davis Creek.

Bird Island:  Water Quality Initiatives - The NC Division of Coastal Management received

a $2,750,000 grant from the CWMTF to purchase Bird Island.  Bird Island now falls under the

jurisdiction of the NC Division of Coastal Management, who established a management plan for

the 1,300 acres of coastal reserve located along Bird Island.

Montgomery Slough:  Status - Montgomery Slough is currently supporting for the aquatic

life category.  However, it is currently impaired for the shellfish harvesting category.

Water Quality Initiative - The Town of Oak Island received a total of $2,200,155 from

the State Revolving Grants program for new collection lines and treatment modifications.

5. Additional Water Quality Issues within Subbasin 03-07-59

This section discusses issues that may threaten water quality in the subbasin that are

not specific to particular streams, lakes or reservoirs.  The issues discussed may be related to

waters near certain land use activities or within proximity to different pollution sources.

Water Quality Threats to Streams in Urbanizing Watersheds:  Streams in this subbasin

are already impacted from urban stormwater runoff in shellfish harvesting waters and continue

to be threatened by development pressure.  In order to prevent aquatic habitat degradation and

impaired biological communities, protection measures must be put in place immediately.  The

County is a named community under Phase II of the National Pollutant Discharge Elimination

System Program.  As a named community, the County has been required to establish a

comprehensive stormwater management program.  The permitting process, as well as the

County’s program, is discussed in detail in the Stormwater Management Section of this plan.
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Subbasin 03-06-17

(2005 Basinwide Plan)

Land and Water

Total area: 547 mi2

Land area: 498 mi2

Water area: 49 mi2

Population Statistics

2000 Est. pop.: 78,348 people

Pop. density: 143 persons/mi2

Land Cover

Forest/Wetland:  74.7%

Surface Water:   9.3%

Urban:   4.1%

Cultivated Crop:   7.6%

Pasture/Managed Herbaceous: 4.3%

Municipalities: Bald Head Island,

Belville, Boiling Spring Lakes, Bolton,

Caswell Beach, Leland, Navassa,

Northwest, Oak Island, Wilmington,

Sandy Creek, Southport, and St. James

Impacts of Post-Hurricane Desnagging on Instream Habitats:  Many streams in the

subbasin have noted impacts from the recent hurricanes.  The biological community in the

streams can recover rapidly if instream habitat is maintained.  Desnagging operations should

carefully remove debris from stream channels to restore natural flow and leave enough instream

habitats so the biological community can recover.

Golf Courses: The number of golf courses in Brunswick County has grown vastly through

the last five years, making many of the small towns centers of golf activity.  Utilizing best

management practices during and after construction of the courses can greatly reduce nonpoint

source pollution to adjacent streams.  It is critical to implement and maintain these

management practices throughout the life of the golf course.  It should be noted that since the

basinwide water quality plan was published, the trend toward golf course development in

Brunswick County has slowed.

C. Subbasin 03-06-17 (Cape Fear River Basin)

Subbasin 03-06-17 is located in the outer Coastal

Plain and in estuarine regions of the basin.  Most

tributaries in this subbasin are slow moving tannin

stained streams or tidal creeks.  There are 41 individual

NPDES wastewater discharge permits in subbasin 03-06-

17.  The permitted flow is 99.9 MGD.  The largest

dischargers are International Paper (50 MGD), Progress

Energy (3.5 MGD), New Hanover County WWTP (4 MGD),

Wilmington Northside WWTP (16 MGD), and Wilmington

Southside WWTP (12 MGD).

During development of the 2005 Basinwide Plan,

there were eight (8) benthic community samples

collected, data was collected from 17 ambient monitoring

stations, and two (2) reservoirs were monitored.  Use

support ratings were assigned for waters in the subbasin

for aquatic life, recreation, fish consumption, and water

supply categories.  All waters are Impaired on an

evaluated basis in the fish consumption category because

of fish consumption advice that applies to the entire

basin.  In the water supply category, all WS classified waters (1.6 miles) are Supporting on an

evaluated basis based on reports from DEH regional water treatment plant consultants.  The

following table summarizes the resulting water quality monitoring efforts.
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Table 7.
Water Quality Monitoring Subbasin 03-06-17

Aquatic Life Rating
Summary

Recreation Rating Summary Fish Consumption Rating
Summary

S 14,125.4 S acres S 21,092.3 S acres I 35.9 FW miles

NR 2.0 S acres I 96.6 S acres I 23,443.5 S acres

I 6,457.0 S acres S 44.1 FW miles I 277.3 FW miles

S 75.4 FW miles NR* 5.6 Coast mile I 1,251.5 FW acres

NR 22.3 FW miles I 4.7 Coast mile I 22.8 Coast mile

NR 406.9 FW acres ND 2,254.6 S acres

ND 2,859.2 S acres ND 269.1 FW miles

ND 215.4 FW miles ND 1,251.5 FW acres

ND 844.5 FW acres ND 12.5 Coast mile

ND 22.8 Coast mile

S = Supporting; S acres = Salt water acres; NR = Not rated; I = Impaired; FW = Freshwater; ND = No data; NR*
= Not rated for recreation.  Source: 2005 Cape Fear River Basinwide Water Quality Plan.

The following recommendations were provided in the 2005 Water Quality Plan:

Bald Head Creek.  Bald Head Creek from source to the Cape Fear River (79.9 acres) is

Impaired for shellfish harvesting because this segment is classified by DEH SS as prohibited in

growing area B-2.  Bald Head Creek will be added to the 303(d) list of Impaired waters.

Beaverdam Creek.  Beaverdam Creek from source to Polly Gully Creek (1 mile) is Not

Rated for aquatic life because bethnic community ratings could not be assigned at sites BB17,

BB39, and BB204 in 1999.  The watershed was studied in 1999 to evaluate the effects of

ditching associated with the St. James Plantation development.  Large amounts of silt in the

creek promoted a shift toward silt tolerant species.  The Brunswick WTP discharge provided

permanent flow and increased the pH of the stream above what would be natural for streams

in this area.  A surprisingly pollution intolerant bethnic community was present in some areas

of the watershed.  Beaverdam Creek from Polly Gully Creek to ICWW (11.3 acres) is Impaired

for shellfish harvesting because this segment is classified by DEH SS as prohibited in growing

area B-1.  DWQ will continue to monitor Beaverdam Creek.  It is recommended that further

development in this area avoid ditching and use BMPs to prevent further siltatiation of streams

in this watershed.  Segment 18-88-9-1-(1.5) will be added to the 303(d) list of Impaired waters.

Cape Fear River Estuary, Brunswick River, Cape Fear River.  The Brunswick River from

source to the Cape Fear River (743.7 acres) is Impaired for aquatic life because the dissolved

oxygen standard was violated in 14.3 percent of samples at site BA707.  The dissolved oxygen

standard for SC classified waters is 5 mg/l.  The pH standard was also below standard in 19.6

percent of samples.  The low pH may be associated with swamp drainage from the Black and

Northeast Cape Fear Rivers.  Clairmont Shopping Center had significant violations of ammonia
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permit limits during the last two years of the assessment period as well.  The Cape Fear River

from International Paper intake to Bryant Mill Creek (3.8 miles) is Impaired on a monitored basis

in the fish consumption category.

The Cape Fear River from Bryant Mill Creek to Toomers Creek (18.5 miles) is Not Rated

because dissolved oxygen was below 4 mg/l in 11 and 13.8 of samples collect at sites BA640

and BA639.  This segment is classified as C Sw, which acknowledges natural characteristics of

swamps such as low pH.  Also, BASF had significant violations of biological oxygen demand

permit limits, and Leland Industrial Park WWTP had significant violations of total suspended

solids permit limits during the last two years of the assessment period.  BASF is under a special

order of consent that expires in August 2005.

The Cape Fear River from Toomers Creek to Snows Cut (5,616.7 acres) is Impaired for

aquatic life because the dissolved oxygen standard was violated in 42.9, 37.1, 16.4, 29.5, 23.2

and 10.4 percent of samples collected at sites BA642, BA644, BA708, BA709, BA713 and BA716.

The dissolved oxygen standard for SC waters is 5 mg/l.  The pH standard was also below the

standard in 38.5, 37.1, 10.4, 20.5, and 19.6 percent of samples at the same sites.  The low pH

may be associated with swamp drainage from the Black and Northeast Cape Fear Rivers.  The

segment of the Cape Fear River upstream of this area has a supplemental classification of Sw

that acknowledges that swamp streams may have lower dissolved oxygen and pH.

The Cape Fear River from Snows Cut to Federal Marsh (7,856.7 acres) is Supporting

aquatic life because no criteria were exceeded at site BA722, although Kure Beach WWTP had

significant violations of total suspended solids permit limits during the last two years of the

assessment period.

The Cape Fear River from Polly Gully Creek to ICWW (11.3 acres) is Impaired for

shellfish harvesting because these segments are classified by DEH SS as prohibited in growing

areas B-1 and B-4.  Segments 18-(87.5)a is Supporting aquatic life and recreation because no

criteria were exceeded at sites BA722 and S-43.  Segment 18-(87.5)b is Supporting shellfish

harvesting and aquatic life because this area is approved and no criteria were exceeded at site

BA734.

DWQ is developing a TMDL to address the low dissolved oxygen in these segments.

TMDL targets and allocations will be addressed as part of the process.  Modeling efforts will

include a watershed model of the Northeast Cape Fear River and hydrodynamic and water

quality modeling of the estuary.  The TMDL was scheduled to be submitted to EPA in late 2005.

Until the TMDL is approved by EPA, new and expanding discharges will be carefully considered

on a case-by-case basis.  The NPDES compliance process will be used to address the significant

permit violations noted above.  Segment 18-(71)a and 18-77 will remain on the 303(d) list of
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Impaired waters replacing the Cape Fear (DEH Area) B10 listing.  Segments 18-(63)a and 18-

(87.5)a, c and d will be added to the list.  In 2005, a NOAA grant was used to implement BMPs

at the Carolina Beach State Park Marina.  The BMPs included two rain gardens to treat runoff

from parking lots and two inlet slip filters to filter sediment, oils, and grease from runoff.

Coward Creek.  Coward Creek from source to the Cape Fear River (5.9 acres) is Impaired

for shellfish harvesting because this segment is classified by DEH SS as prohibited in growing

area B-1.  Coward Creek will be added to the 303(d) list of Impaired waters.

Dennis Creek.  Dennis Creek and Piney Point Creek south of the ICWW (45.7 acres) are

Impaired for shellfish harvesting because these segments are classified by DEH SS as prohibited

in growing area B-1.  These creeks will be added to the 303(d) list of Impaired waters.

Dutchman Creek, Dutchman Creek Outlet Channel, and Dutchman Creek Shellfish Area.

Dutchman Creek, the Outlet Channel, and Shellfish Area north of the ICWW (192 acres) are

Impaired for shellfish harvesting because these segments are classified by DEH SS as prohibited

in growing area B-1.  These creeks will be added to the 303(d) list of Impaired waters.

Elizabeth River, Elizabeth River Shellfishing Area, and Molasses Creek Shellfish Area.

Elizabeth River, Shellfish Area, and Molasses Creek south of the ICWW (290.1 acres) are

Impaired for shellfish harvesting because these segments are classified by DEH SS as prohibited

in growing area B-1.  These creeks will be added to the 303(d) list of Impaired waters.

Fishing Creek.  Fishing Creek from source to Bald Head Creek (7.9 acres) is Impaired for

shellfish harvesting because this segment is classified by DEH SS as prohibited in growing area

B-1.  Fishing Creek will be added to the 303(d) list of Impaired waters.

Intracoastal Waterway (ICWW).  The Intracoastal Waterway from channel marker F1 to

Dutchmans Creek Outlet Channel (226.6 acres) is Impaired for shellfish harvesting because this

segment is classified by DEH SS as prohibited in growing area B-1.  This segment is Supporting

recreation because no criteria were exceeded at site S-41.  The Intracoastal Waterway from

Dutchmans Creek Outlet Channel to Cottage Creek (96.6 acres) is Impaired for aquatic life

because the dissolved oxygen standard was violated in 11 percent of samples at site BA740.

The dissolved oxygen standard for SC classified waters is 5 mg/l.  This segment is also Impaired

for shellfish harvesting and recreation because this segment is classified by DEH SS as

prohibited in growing area B-1 and because of permanent swimming advisories at site S-42.

DWQ and DEH will continue to monitor the ICWW and work with local governments to identify

sources of bacteria and oxygen-consuming materials.  This segment of the ICWW will be added

to the 303(d) list of Impaired waters.  TMDLs will be developed for identified stressors within

8-13 years of listing.
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Town Creek.  Town Creek from source to the Cape Fear River (32.1 miles) is Supporting

aquatic life because of a natural benthic community rating at site BB13.  A sample in November

1999, after three hurricanes, indicated the benthic community was not severely impacted by the

storms.  Town Creek is Impaired on a monitored basis in the fish consumption category and will

be added to the 303(d) list of Impaired waters.  In 2000, the NC Coastal Land Trust received

a $305,000 CWMTF grant to acquire 260 acres conservation easements along Town Creek, with

an additional 320 acres of donated conservation easements included in the project.  In 2001,

the NC Coastal Land Trust received a $277,000 CWMTF grant to acquire 115 acres conservation

easements along Town and Russell Creeks, with an additional 135 acres of donated

conservation easements included in the project.  In 2002, the NC Coastal Land Trust received

a $2,095,000 CWMTF grant to acquire 638 acres along Town Creek.

Southport Restricted Area.  The Southport Restricted Area, on the west bank of the Cape

Fear River from Price Creek to Southport (715.3 acres), is Not Rated for aquatic life on an

evaluated basis because the ADM Southport Plant had significant violations of total settable

solids permit limits during the last two years of the assessment period that could have

negatively impacted aquatic life.  The NPDES compliance process will be used to address the

significant permit violations noted above.

D. Shellfishing

The following table provides updated information regarding shellfishing areas throughout

Brunswick County.  This information is current and should clarify any discrepancies present in

the basinwide plans.  At this time, acreages for conditionally opened and closed areas are not

available.  The plan will be updated to reflect this information when it becomes available.

Table 8.
Status of Shellfishing Areas in Brunswick County

Acres

Area Open Closed

Calabash Creek 602 1,198

Shallotte River 794 556

Lockwood Folly River 718 932

Southport Area -0- 1,325

Buzzard Bay 2,733 117

The Basin Area 75 -0-

Source: NCDENR Recreation and Shellfish Division.
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9. ANALYSIS OF LAND USE AND DEVELOPMENT

A. Introduction

The Division of Coastal Management Land Use Plan Guidelines (15A NCAC 7B.0207)

require that existing land uses and water uses be mapped.  The land and water use maps

should be utilized as working documents and serve as a basis for the development of the future

land use map(s).  Specifically, this plan should address the following:

< Significant land use compatibility problems;

< Significant water use compatibility problems including those identified in any

water supply plan appendix and those identified in the applicable Division of

Environmental Management basinwide plan;

< Significant problems that have resulted from unplanned development and that

have implications for future land use, water use, or water quality;

< An identification of areas experiencing or likely to experience changes in

predominant land uses, including agricultural and forestry land being converted

to other uses and previously undeveloped shoreline areas where development

is now occurring;

< Significant water quality conditions and the connection between land use and

water quality.

B. Land Use in Relation to Water Quality

Water quality monitoring is conducted and reported at the subbasin level.  Brunswick

County falls within two major river basins, and within these two basins three separate

subbasins.  The subbasins that fall within Brunswick County are the Cape Fear River Basin (03-

06-17) and the Lumber River Basin (03-07-59 and 03-07-57).  The following provides a

summary of water quality issues within each of the subbasins, as well as how land use in these

areas impact the overall water quality ratings.

1. Cape Fear River Basin (Subbasin 03-06-17)

This subbasin falls primarily along the southern reaches of the Cape Fear River Basin.

The area encompassed by the subbasin takes in a small portion of Wilmington, located in New
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Hanover County, but is predominantly located within the eastern portion of Brunswick County

including the towns of Leland, Belville, Navassa, Boiling Spring Lakes, and Southport.

Development within this subbasin has been extremely rapid over the last ten years, and this

pace is expected to continue.  Within this subbasin there are several large water-dependent

significant natural heritage areas.  There are currently 41 NPDES permitted dischargers in the

subbasin.  One of the largest recorded dischargers is located within Brunswick County (Progress

Energy).

The following table provides a summary of all biological assessment sampling sites

located within Brunswick County.  The table provides the 1998 and 2003 bioclassification of

each site.  Hood Creek is classified as occurring in the Swamp P region.  Hood Creek can have

very low summer flows, so this stream was sampled for benthic macroinvertebrates in March

1998 and February 2003.  Summer flows in 2003 were actually well below normal.  Hood Creek

at US74/76 was rated Natural in 1998, but declined to Moderate in 2003.  There was no change

in the dominant species between years; most of the change was due to the loss of rare taxa.

Some of this decline may have been related to the high flows recorded throughout most of late

2002 and early 2003.  Lewis Swamp drains a largely forested area, although some residential

land use also occurs in this area.  The stream had a distinct channel downstream of the bridge,

but in 2003 there was a beaver pond in the upstream area.  Below the beaver dam, the swamp

had a more braided channel.  There was an area of relatively swift flow immediately upstream

of the bridge.  The benthic fauna was sampled in the winter and classified with Region P swam

stream criteria.  Although there were many between-year changes in the composition of the

community, summary parameters were fairly stable between 1998 and 2003.

Detailed information regarding all three subbasins is provided in the environmental

conditions/water quality section of the plan.  This section begins on page 10.  Discussions within

this section include recommendations for improving water quality within the subbasin.

Table 9.
Waterbodies Monitored in Subbasin 03-06-17 in the Cape Fear River Basin, Brunswick County, 1998
and 2003 (Benthic Macroinvertebrate Community Monitoring Sites)

Site # Stream Location 1998 2003

B-2 Hood Creek US 74/76 Natural Moderate

B-4 Lewis Swamp SR 1410 Natural Natural

Source: 2004 Cape Fear River Basinwide Assessment Report.
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2. Lumber River Basin (Subbasin 03-07-57)

This subbasin covers the western third of Brunswick County.  The largest town within

this subbasin is Tabor City, which is located in Columbus County.  A portion of Carolina Shores

is also located within this subbasin.  Land use within this subbasin is predominantly forested

with higher concentrations of development within Tabor City, as well as the extraterritorial

jurisdiction of Carolina Shore along US Highway 17.  Development within this subbasin has not

been as rapid as in the eastern and south/central portions of the County, however, the pace of

development is beginning to increase.  There are currently four permitted NPDES dischargers

in the subbasin, however the only municipal discharge is currently Tabor City.  There was one

benthic macroinvertebrate community monitoring site within Brunswick County but it was not

rated.

3. Lumber River Basin (Subbasin 03-07-59)

This subbasin covers the entire central portion of Brunswick County.  The entire subbasin

is located within Brunswick County, and all waters within the subbasin flow to the Atlantic

Ocean.  The largest municipality within the subbasin is Shallotte, as well as the beach

communities located to the south.  Growth within the southern portion of this subbasin has been

significant, and this trend is expected to continue as more high to moderate density subdivisions

are platted and developed south of the US Highway 17 corridor.  There are currently three

NPDES wastewater discharge permits within the subbasin.  Please refer to the environmental

conditions/water quality discussion of the plan for a detailed discussion of impaired waters and

recommendations for improving water quality with in this subbasin.  The following provides a

summary of the waterbody monitoring sites for Subbasin 03-07-59.

Table 10.
Waterbodies Monitored in Subbasin 03-07-59 in the Lumber River Basin, Brunswick County, 1996 and
2001 (Benthic Macroinvertebrate Community Monitoring Sites)

Site # Stream Location 1996 2001

B-1 Royal Oak Swamp NC 211 Good-Fair Not Rated

B-2 Shallotte River Near US 17 Good-Fair Fair

Source: 2002 Lumber River Basinwide Assessment Report.

Royal Oak Swamp drains a watershed that is mostly forested with no municipalities and

no NPDES facilities.  At NC 211, the site is seven meters wide with a substrate composed largely

of muck and woody debris.  The riparian area is completely forested and excellent instream

habitat included abundant snags and logs and emergency macrophytes.  The swamp has
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periods of flow interruption during summer months, therefore, this stream was evaluated using

swamp methods during the winter.  This site is intermediate between a Coastal A (permanent)

stream and a swamp stream.  During a relatively wet summer, this stream will have good flow,

but a lack of flow has been observed during summer droughts.

The Shallotte River is located in an area where the stream is braided and shallow with

good flow.  A large city park, located just upstream has eliminated most of the riparian area on

that side.  Substrate was mostly sand with a layer of detritus.  Woody debris was abundant,

while root mats and macrophytes were absent.  The water was turbid and there was evidence

of a recent high-flow event.

4. Total Maximum Daily Load (TMDL)

The Environmental Protection Agency (EPA) requires, as a result of the Clean Water Act,

states to develop a list of all waters not meeting uses or where standards are violated (Section

303(d) list) and to develop TMDLs or management plans that can guide the restoration of those

water bodies.  The Modeling/TMDL unit within the North Carolina Division of Water Quality

(DWQ) develops the 303(d) list and the TMDLs for North Carolina.  

The DWQ reports that a TMDL is a calculation of the maximum amount of a pollutant,

point and nonpoint sources, that a waterbody can receive and still meet water quality standards,

and an allocation of that amount to the pollutant’s sources.  Water quality standards are set by

the state that identify the uses for each waterbody.  In 2002 the Modeling/TMDL Unit set a goal

to develop TMDLs for all impaired waterbodies within 10 years of their first placement on the

state’s 303(d) list.  

Implementation plans are the basis for initiating local, regional, and state actions that

reduce pollutant loads to levels established in TMDLs.  Implementation may affect land use in

areas with waterbodies on the state’s 303(d) list.  This could include establishing more stringent

storm water requirements, revising building setback lines, and/or increasing buffer

requirements.

C. Brunswick County Land Use

The following table provides approximate land use acreage summaries for the Brunswick

County planning jurisdiction, including unincorporated areas and all municipalities participating

in this plan.  Brunswick County has a land coverage of 484,449 acres or 756.9 square miles. 
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Table 11.
Brunswick County Total Acreage, 2005

Land Use Parcels Acres % of Total

Commercial 221 752.90 0.16%

Industrial 140 1,682.12 0.35%

Multi-Family Residential* 208 156.95 0.03%

Mobile Home 33 165.60 0.03%

Office & Institutional 190 2,569.94 0.53%

Residential/Agricultural** 3,596 98,201.57 20.27%

Recreation 29 1,368.89 0.28%

Single-Family Residential*** 16,174 9,626.78 1.99%

Vacant 51,219 369,288.62 76.23%

Water 46 635.93 0.13%

Total 71,856 484,449.32 100.00%

*There is no assumption of density.  This category includes parcels where there are more than one dwelling unit per
parcel.
**Low density residential includes areas where residential density is primarily 1.5 acres per dwelling unit or greater.
***Residential includes areas where residential density is primarily less than 1.5 acres per dwelling unit. 

Source: Holland Consulting Planners, Inc and Brunswick County GIS.

10. LAND USE/DEVELOPMENT GOALS AND IMPLEMENTING ACTIONS

A. Introduction

The purposes of the Coastal Resources Commission (CRC) management topics are to

ensure that CAMA Land Use Plans support the goals of CAMA, to define the CRC’s expectations

for the land use planning process, and to give the CRC a substantive basis for review and

certification of CAMA Land Use Plans.  Each of the following management topics (Public Access,

Land Use Compatibility, Infrastructure Carrying Capacity, Transportation, Natural Hazard Areas,

Water Quality, and Local Areas of Concern) include three components: a management goal, a

statement of the CRC’s planning objective, and requirements for the CAMA Land Use Plan.

These policies apply to the entire county and the participating municipalities.  Most of the

policies and implementing actions are continuing activities.  In most situations, specific timelines

are not applicable.  The policies and implementing actions frequently utilize the following words:

should, continue, encourage, enhance, identify, implement, maintain, prevent, promote, protect,

provide, strengthen, support, work.  Please note: Policies and Implementing Actions are number

consecutively throughout this document with the letter “P” denoting a policy and the letter “I”

denoting an implementing action.
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The development of this land use plan has relied heavily on the CAMA-prescribed

existing suitability analysis.  It is intended that this document is supportive of the CAMA

regulations for protection of AEC’s (15A NCAC 7H).

This plan is intended to support Brunswick County’s vision statement (page 3 and 4)

which was developed based on the key issues identified on pages 4 through 8 of this document,

the CAMA AEC regulations 15 NCAC 7H, and the Brunswick Tomorrow, 2003 (Brunswick County

Vision Statement).  No negative impacts are anticipated by the implementation of the goals,

objectives, and policies which are included in this plan.

Note: It is intended that all policies are consistent with applicable State and

Federal requirements when State and Federal requirements apply.  If a policy exceeds

State or Federal requirements, that fact will be noted.

B. Public Access

1. Management Goal: Brunswick County/and its participating municipalities will

maximize public access to their shorelines and public trust waters.  Specifically

their goal includes developing facilities for additional public beach and coastal

waterfront access, particularly access to the creeks, rivers, and sounds of the

County for both pedestrian and boating traffic.  Strong consideration should be

given to developing access facilities that allow for progressive and continual

ingress and egress of users along the fresh and estuarine waters of Brunswick

County.

2. Planning Objective: Brunswick County and the participating municipalities will

develop comprehensive policies that provide public trust water access

opportunities for the public along the shorelines within their planning

jurisdictions.

3. Land Use Plan Requirements:  The following are Brunswick County’s

policies/implementing actions for waterfront access.  All policies are continuing

activities. 

Policies – Public Access:

P.1 Brunswick County and its participating municipalities support the frequency of

shoreline access as defined by 15A NCAC 7M, Section .0300, Shorefront Access

Policies, and supports the protection of water quality during any development.
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The County and its participating municipalities also support the preservation and

maintenance of areas that have historically and traditionally been used for public

access or working waterfronts.

P.2 Brunswick County and the participating municipalities support providing shoreline

access for persons with disabilities.

P.3 Emphasis will be placed on increasing parking for beach access sites in both the

County and its participating municipalities.  The jurisdiction will actively seek

shoreline access funds from the Division of Coastal Management.

P.4 Additional public beach and coastal waterfront access facilities are desirable,

especially those accommodating small, motorized boats, canoes, kayaks, and

other recreational vehicles and uses.  These public beach and coastal waterfront

access sites should include boat ramps, fishing piers and observation decks, and

provide limited parking and restroom facilities.

P.5 The County supports its 2003 Shoreline Access Plan Update.  A summary of that

plan’s policy section is included as Appendix IX.

Implementing Actions – Public Access:

I.1 Brunswick County and the participating municipalities will explore revising the

Unified Development Ordinance to include the provisions of NCGS 153A-331

which allows for requiring the developer of a subdivision to be charged

recreation fees as follows:  “The subdivision ordinance may provide that a

developer may provide funds to the County whereby the County and its

participating municipalities may acquire recreational land or areas to serve the

development or subdivision, including the purchase of land which may be used

to serve more than one subdivision or development within the immediate area.”

These funds may be utilized to provide increased shoreline access.  Schedule:

FY2008-2009 and Continuing.

I.2 Brunswick County, having revised its Shoreline Access Plan in 2003, will request

Division of Coastal Management funding for additional shoreline access.  The

existing 2003 Shoreline Access Plan policies, which are specified in Appendix IX,

are supported by Brunswick County and its participating municipalities that have

shoreline areas.  Schedule: Continuing Activity.
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I.3 Brunswick County and its participating municipalities will pursue private sources

of funding for the development of shoreline access facilities, including donation

of land.  Schedule: Continuing Activity.

I.4 The County and its participating municipalities will cooperate with state and

federal agencies to secure estuarine access areas to ensure adequate shoreline

access within all areas of the County.  Schedule: Continuing Activity.

I.5 The County and its participating municipalities support implementation of the

2003 Brunswick County Shoreline Access Plan which specifies improvements that

have not been accomplished.  Schedule: Continuing Activity as specified

in the Shoreline Access Plan.

NOTE: Except for the Baptist Center adjacent to Caswell Beach, there are no shoreline

areas in Brunswick County or its participating municipalities targeted for shoreline/beach

nourishment.

C. Land Use Compatibility

1. Management Goal:  Brunswick County and its participating municipalities will

ensure that development and use of resources or preservation of land minimize

direct and secondary environmental impacts; avoid risks to public health, safety,

and welfare; and are consistent with the capability of the land based on the land

suitability analysis map. 

2. Planning Objectives:

i. The land use policies’ objectives and requirements will support the

concept of smart growth.  Brunswick County and its participating

municipalities will strive to manage the “boom” in growth and

development.

ii. Brunswick County and its participating municipalities’ policies will provide

clear direction to assist local decision making and consistency findings for

zoning, divisions of land, and public and private projects.
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3. Land Use Plan Requirements:  The following are Brunswick County’s and its

participating municipalities’ policies/implementing actions for land use

compatibility for residential, commercial/industrial, conservation, stormwater

control, highway corridor areas, and local concerns.

Policies – Residential:

P.6 Brunswick County and its participating municipalities support provision of

diversity in housing including price, style, and type (i.e., single-family/multi-

family). 

P.7 Brunswick County and its participating municipalities will emphasize the provision

of workforce/affordable housing.

P.8 Brunswick County and its participating municipalities support smart growth land

use concepts for residential development.

P.9 Brunswick County and its participating municipalities will support mixed use

development of residential and supporting non-residential land uses.

P.10 Brunswick County and its participating municipalities will place emphasis on

locating residential developments with emphasis on convenience to town or

village-based services to reduce transportation, infrastructure, and service

delivery costs.

P.11 Brunswick County and its participating municipalities will support redevelopment/

revitalization in areas that have substandard housing conditions.

P.12 Brunswick County and its participating municipalities support revisions to the

North Carolina General Statutes which would allow the local imposition of special

legislation or impact fees that would be levied against land developers to

establish a revenue source to support the additional demand for services

generated by the people occupying the proposed developments such as roads,

schools, water and sewer infrastructure, and recreational facilities.

P.13 Brunswick County and its participating municipalities support repair and

reconstruction of privately-owned dwelling units through private funds and/or

grants.  It supports the enforcement of existing regulations of the local Health

Department regarding sanitary conditions.
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P.14 Brunswick County and its participating municipalities support utilization of

office/institutional/multi-family development as a buffer between light industrial

and commercial development and adjacent residential land uses.

P.15 Brunswick County and its participating municipalities support greater residential

densities in areas that are accessible to water and/or sewer service(s).

Agricultural and low-density residential land uses should be located in areas that

do not have central water or sewer service.

Implementation – Residential

I.6 Brunswick County will enforce/support its Unified Development Ordinance (UDO)

that was prepared in 2005/2006 and adopted April 2, 2007 (effective May 1,

2007).  Schedule: Continuing Activity.  

I.7 Brunswick County will explore different approaches to creating an ample

workforce/ affordable housing stock within the County.  Schedule: Continuing

Activity.

I.8 Brunswick County and its participating municipalities will follow the implementing

actions specified on pages 6-13 to 6-15 of the CAMA Land Use Plan.  Schedule:

Continuing Activity.

I.9 Brunswick County and its participating municipalities will permit residential

development to occur in response to market needs provided that the following

criteria are met:

(1) Due respect is offered to all aspects of the environment.

(2) If deficient community facilities and services are identified, the County

should attempt to improve such to the point of adequately meeting

demands.

(3) Additional residential development should concurrently involve planning

for improvements to community facilities and services if excess capacity

does not exist within those facilities and services.

(4) Residential development is consistent with other County policies and the

land use map contained in this plan update.
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This implementing action will be enforced through the Brunswick County UDO

and its participating municipalities’ zoning and subdivision ordinances.

Schedule: Continuing Activity.

I.10 Brunswick County will review its UDO and its participating municipalities will

review their UDO and zoning and subdivision ordinances and will consider

establishing floor area ratio requirements to ensure that development is

consistent with the density and intensity requirements of this plan.  Schedule:

Fiscal Year 2008-2009.

Comment.  Floor area ratio (FAR) is determined by dividing the gross floor area

of all buildings on a lot by the area of that lot.  The floor area ratio (FAR) was

developed as a more refined and adaptable measure of intensity than building

coverage.  It expresses in one measure, instead of several, the mathematical

relation between volume of building and unit of land.  However, FAR cannot

replace more traditional bulk controls entirely.  Often, it is not a sufficient height

control nor does it regulate the placement of the building on the site.

I.11 Brunswick County will regulate the development of conflicting land uses along

the US 17, NC 133, and NC 211 highway corridors through its zoning and

subdivision ordinances.  The County will also adopt a minimum housing code.

Schedule: Continuing Activity.



Brunswick County

CAMA Core Land Use Plan Executive Summary, Page 37

I.12 Brunswick County will enforce its minimum housing code to require the

improvement of removal of substandard housing.  Schedule: Continuing

Activity.

I.13 Brunswick County will continue to pursue Community Development, NC Housing

Finance Agency, and US Department of Agriculture funds from state and federal

sources for rehabilitation or redevelopment of substandard housing.  Schedule:

Continuing Activity.

Policies – Commercial

P.16 Brunswick County and its participating municipalities strongly support commercial

nodes, including town or village centers, and the prohibition of strip

commercialization.

P.17 Brunswick County encourages/supports commercial development (nodes) at the

intersections of major roads consistent with the County’s future land use map.

P.18 Brunswick County and its participating municipalities will support highway

beautification and landscaping of commercial areas.

P.19 Brunswick County and its participating municipalities support utilization of office

and institutional zoning/transitional overlay as a buffer between residential and

commercial development.

P.20 Brunswick County supports commercial development in areas of environmental

concern that is consistent/supports 15A NCAC 7H.

Implementing Actions – Commercial

I.14 Brunswick County will enforce/support its UDO which was prepared in 2005/2006

and adopted April 2, 2007 (effective May 1, 2007).  Schedule: Continuing

Activity.

I.15 Implementation of the UDO will focus on control/limitation of strip

commercialization.  Schedule: Continuing Activity.
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I.16 A specific development/commercialization plan will be prepared for the area

surrounding NC 133 and its intersection with the connection to the Cape Fear

Skyway.  Schedule: FY2009-2010.

I.17 The County’s UDO will be utilized to regulate development in areas of

environmental concern (AECs).  Schedule: Continuing Activity.  

I.18 Commercial fishing and marina operations will be regulated through the County’s

UDO, consistent with 15A NCAC 7H.  Schedule: Continuing Activity.

I.19 Through implementation of the County’s UDO, commercial development should

not be permitted to infringe on the County’s natural heritage and protected land

areas.  Schedule: Continuing Activity.

I.20 Brunswick County will support commercial forestry activities, provided significant

adverse impacts on natural resource systems are fully mitigated.  Such activities

should be considered in accordance with the standards and recommendations

of the US Forest Service.  The County also advocates the voluntary participation

of commercial forestry interests in the State of North Carolina’s best

management practice program for forestry management.  Schedule:

Continuing Activity.

Policies – Industrial

P.21 Brunswick County will encourage/support the development of clean industries in

locations where services can be provided, environmental impacts can be

mitigated,  surrounding land uses are compatible, and transportation systems

can support the development.

P.22 Brunswick County will support education and training of its work force to attract

diverse industries.

P.23 Brunswick County will support properly permitted mining activities within its

borders.

P.24 Industrial development should not adversely affect AECs (15A NCAC 7H).

Brunswick County supports the proper planning for and location of the new

International Port and the proposed Cape Fear Skyway.
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Implementing Actions – Industrial

I.21 Brunswick County will undertake the following actions to educate and train its

work force to support diverse industries:

(1) Increase and enhance apprentice programs to target improve the link

between educational and vocational opportunities.

(2) Cultivate relationships with the NC Employment Security Commission,

Brunswick Community College, and other institutions to underwrite job

training programs.

(3) Seek industry/business support for apprenticeship programs.

(4) Provide transportation for job training for those who need it.

(5) Support existing apprenticeship and job sharing programs in Brunswick

County schools.

(6) Develop work training programs to better train work force.

  Schedule: Continuing Activity.

I.22 Brunswick County will rely on its UDO to target industrial growth in existing or

future industrial parks.  Schedule: Continuing Activity.

I.23 Brunswick County and its participating municipalities allow industrial

development within fragile areas and areas with low land suitability acceptable,

only if the following conditions are met:

(1) CAMA minor or major permits can be obtained (compliance with 15A

NCAC 7H).

(2) Applicable zoning ordinance provisions are met.

(3) No industrial use will be permitted within coastal wetlands, estuarine

waters, and public trust waters, unless such use is water-related and fully

complies with 15A NCAC 7H.

This policy applies to both new industrial development and to expansion of

existing industrial facilities.  Schedule: Continuing Activity.

I.24 Brunswick County opposes the establishment of private solid waste/landfill sites

in the County that are not licensed by the County.  Schedule: Continuing

Activity.
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I.25 The County’s natural heritage areas and protected lands should be protected

from negative impacts resulting from industrial development and/or expansion

through implementation of the UDO.  Schedule: Continuing Activity.

I.26 In order to expand employment opportunities, Brunswick County will undertake

the following:

(1) Formulate and expand local incentives to attract industry.

• Inventory unused business facilities.

• Support County water and sewer systems and other

infrastructure.

• Support and enhance incubator program for startup businesses.

• Identify and recruit industries that are compatible with and

complement Brunswick County’s geography, culture, and climate.

• Create awareness of incentives for the employment of the elderly.

(2) Encourage clean industry to locate in Brunswick County to promote a

healthy environment.

• Support businesses involved with computer software business,

medical technology, and telecommunications.

• Promote awareness of service industries catering to tourists’

opportunities.

  Schedule: Continuing Activity.

I.27 The County will review the plans and consider impacts once additional

information is available regarding the proposed International Port and the Cape

Fear Skyway.  Schedule: When information becomes available.

Policies – Conservation

P.25 Brunswick County will preserve/protect wetlands and swamps from development

pressures.

P.26 Brunswick County will protect the water quality of its streams and rivers.

P.27 Brunswick County will support beach municipalities in maintenance/protection of

beaches as a valuable natural resource as well as protecting shorelines under

County jurisdiction.
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P.28 Brunswick County will support educational programs on the importance of

preserving wetland areas.

P.29 Brunswick County supports increasing usable open space in major subdivisions.

P.30 Brunswick County supports forestation to maintain key wildlife areas.

P.31 Brunswick County supports reuse of existing/abandoned commercial and

industrial sites to maintain valuable open space.

P.32 Brunswick County is one of the most biologically diverse areas in the State of

North Carolina.  The County shall take no action nor approve of any action which

would seriously or irreparably harm the long-term biodiversity and productivity

of the area.

P.33 Commercial forestry activities shall be supported in Brunswick County, provided

significant adverse impacts on natural resource systems are fully mitigated.

P.34 Mining activities that would jeopardize the short- or long-term viability of

valuable natural resources or create hazardous conditions in the County shall not

be permitted.

P.35 Brunswick County supports efforts to maintain and enhance the fisheries

resource of its waters, including water quality protection measures, nursery and

habitat preservation, proper fisheries management and enforcement, aquaculture

development, and artificial reef activities.

P.36 Brunswick County discourages the use of off-road vehicles in all fragile areas

because of potential adverse environmental impacts.

P.37 Brunswick County supports state and federal regulations prohibiting off-road

vehicles on lands that they control.

P.38 Brunswick County does not support new development and redevelopment

activities which would significantly degrade the quality of natural and scenic

resources in Brunswick County, prematurely diminish the predominantly rural

character of the area, or create incompatibilities of scale, design or land use,

shall not be permitted.
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P.39 Brunswick County supports efforts to maintain and enhance public and private

gamelands, including habitat protection and management, and the proper

management of hunting clubs and hunting activities.

P.40 Brunswick County and its participating municipalities support protection/

preservation of all AECs (15A NCAC 7H).

Implementing Actions – Conservation

I.28 Brunswick County will require the following to be delineated on all preliminary

subdivision plats for lands within and adjacent to the proposed subdivision:

AECs, prime farmlands, 404 wetlands, significant natural heritage areas,

protected areas, historic sites, 100-year floodplain areas, and public gamelands.

Schedule: Continuing activity in the subdivision review  process.

I.29 Brunswick County will coordinate all housing code enforcement/redevelopment/

public works projects with the NC Division of Archives and History to ensure

preservation and identification of significant historic structures and archaeological

sites.  Schedule:  Continuing Activity.

I.30 Brunswick County will designate a staff person to be responsible for assembling

and organizing a “Conservation Council” which will be advisory to the County’s

planning board and board of commissioners.  The council will include

representation of conservation groups, forest industry, farming/agriculture,

environmental educators, land developers, real estate professionals, senior

citizens, fishing/aquaculture, NC Wildlife Resource Commission/hunting groups,

Brunswick County planning and parks & recreation departments, and municipal

representatives.  When established, specific powers and responsibilities will be

determined.  Schedule: FY2008-2009 and continuing.

I.31 Brunswick County will adopt a tree preservation ordinance that will address the

following:

• Increase buffering along areas of deforestation or clear cutting.

• Provide vegetative medians as a best management plan as highways are

expanded or improved when feasible.

• Educate the public of the benefits of controlled burns on “natural areas”

by certified professional foresters.

Schedule: FY2008-2009.
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I.32 Brunswick County will work with economic development to promote reuse of

abandoned commercial and industrial sites, and to explore funding opportunities

for brownfield site cleanup and redevelopment.  Schedule:  Continuing

Activity.

I.33 In order to protect wetlands, Brunswick County will implement the following

programs:

(1) Develop a “Nature’s Classroom Program” in our public school system for

wetlands education.

(2) Coordinate the wetlands education program with Brunswick County

Community College, UNC-W, and other universities.

(3) Develop a volunteer-supported educational program as part of the NC

Cooperative Extension Service, to include agriculture, aquaculture,

horticulture, and zoology.

(4) Create trails and access into natural areas and wetlands.

(5) Expand the program that cooperates with schools from the mountains

and Piedmont to plan for weekend “Eco-camps” for students to visit

Brunswick County.

(6) Work with the NC Cooperative Extension 4-H to create state-wide high

school program for “eco-education projects.”

Schedule: Starting in FY2008-2010 and Continuing.

I.34 Brunswick County and its participating municipalities will preserve open space

through implementation of its UDO.  Schedule:  Continuing Activity.

I.35 In order to assist in protecting wetlands, Brunswick County will accomplish the

following:

Educational

(1) Expand public awareness of the importance of wetlands and swamps.

• Prepare newsletter for public distribution.

• Use NCDENR to present program to schools and civic

organizations.

• Promote youth interest in environment and marine ecology with

local activities (e.g., beach cleanup, turtle watches, boat rides,

etc.)

(2) Prepare quick facts for consumers and developers with list of action items

that help protect these environments.
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(3) Expand Brunswick County web site with links to local groups focusing on

environmental issues.

(4) Host international meetings with environmental groups to better

coordinate ecotourism and other conservation efforts.

UDO

(1) Prepare policy on wetlands and swamp protection.

(2) Create bike paths and/or horse trails adjacent to prime areas to foster

greater awareness.  Trails may go through sensitive areas if they are

managed and impact is minimal.

Schedule: The educational actions w ill be continuing activit ies.  The

UDO items w ill be accomplished in FY2008-2009.

I.36 Brunswick County will undertake the following educational actions:

(1) Advise property owners on backyard conservation activities that protect

streams and rivers.

(2) Expand the Brunswick County wet site with links to local groups that

focus on river water quality and marine ecology programs.

(3) Collaborate with universities to provide areas for sampling and access for

water quality studies.

Schedule: Continuing Activit ies.

I.37 Expand the Brunswick County web site with links to local groups that focus on

beach quality and marine ecology programs.  Schedule: FY2007-2008.

I.38 Establish a regional ecotourism board and link with Brunswick County resources

to unify interests of different groups across the Cape Fear region. 

Schedule: FY2009-2010.

I.39 Continue volunteer efforts through the NC Cooperative Extension Services to

plant beach grass after beach replenishment.  Schedule:  Continuing

Activity.

I.40 Establish a contingency/emergency response for an oil spill or other beach-

related catastrophe.  Schedule:  FY2008-2009.

I.41 Collaborate with universities to provide areas for sampling and access for water

quality studies.  Schedule:  Continuing Activity.
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I.42 Development of  Brunswick County’s sound and estuarine system islands, while

not encouraged, is permitted, provided that impacts on the natural environment

are properly mitigated.  When such islands are deemed to have greater

than local significance, the County encourages the state or federal

government to purchase these environmentally-sensit ive areas for the

benefit of all residents of the state.  If such islands must be developed, low

intensity uses such as open space, recreation, and very low density residential

development shall be the preferred uses.  Schedule: Enforcement of UDO,

Continuing Activity.

I.43 Through the development review process, the diversity of wildlife in Brunswick

County shall be preserved and enhanced through protection of the unique

coastal ecosystems, including marshes, woodlands, open fields, and other areas

upon which they depend.  Schedule: Continuing Activity.

I.44 Brunswick County will continue to support the actions taken by Boiling Spring

Lakes to respond to the Red Cockaded Woodpecker concern(s) and amend this

plan as necessary in coordination with Boiling Spring Lakes to reflect actions to

be taken by the Town to respond to the Red Cockaded Woodpecker infestation.

Schedule: Continuing Activity.

Policies – Stormwater Control

P.41 Brunswick County and its participating municipalities will continue to support a

proactive role in the development of stormwater management and design

standards intended to protect the quality of the County’s streams, rivers,

marshes, and estuarine systems.

P.42 Brunswick County and its participating municipalities will support reducing soil

erosion, runoff, and sedimentation to minimize the adverse effects on surface

and subsurface water quality.

P.43 Brunswick County and its participating municipalities support the enforcement

of all controls and regulations, specifically design standards, tie-down

requirements, construction and installation standards, elevation requirements,

floodproofing, CAMA regulations, and FEMA regulations deemed necessary by

the Board of Commissioners to mitigate the risks of lives and property caused by

severe storms and hurricanes.
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Implementing Actions – Stormwater

I.45 Brunswick County will ensure that its UDO supports the following:

(1) A program of vegetated buffers adjacent to all streams, rivers, marshes,

and estuarine waters in the County, with the intent of reducing the flow

of nutrients and other contaminants into area surface waters.

(2) Accomplish stormwater runoff management in which there is no more

than a 5% runoff increase from pre-development to post-development

conditions.  Schedule: FY2008-2009.

I.46 Brunswick County will consider adopting and enforcing a soil erosion and

sediment control ordinance.  Schedule: FY2009-2010.

I.47 Brunswick County and its participating municipalities will support control of

agricultural runoff through implementation of Natural Resources Conservation

Service “Agricultural Best Management Practices” program (see Appendix X).

Schedule:  Continuing Activity.

I.48 Brunswick County and its participating municipalities will support control of

forestry runoff through implementation of “Forestry Best Management Practices”

as provided by the NC Division of Forest Resources (see Appendix XI).

Schedule:  Continuing Activity.

I.49 Brunswick County will formulate an educational program to inform the public of

its need for adequate stormwater management.  Schedule:  Continuing

Activity.

I.50 Brunswick County will continue to enforce its stormwater control ordinance that

includes regulations for water detention and/or retention facilities in new

developments and provide regulations to control the amount of impervious

surface in a development.  Schedule: Continuing Activity.

D. Infrastructure Carrying Capacity

1. Management Goal: Brunswick County will provide an infrastructure system which

meets its citizens’ present and future needs, supports a vibrant economy,

protects the environment, provides for continuous growth of the wastewater

collection and treatment systems, and adds to the overall quality of life.
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2. Planning Objective: Brunswick County and its participating municipalities will

reflect/incorporate the future needs as identified in this document in all future

infrastructure planning.

3. Land Use Plan Requirements: The following are Brunswick County’s and its

participating municipalities’ needs for infrastructure carrying capacity.

Policies – Infrastructure

P.44 Brunswick County and its participating municipalities will seek regional

cooperation by all local governments to maximize service delivery while

minimizing duplication of infrastructure, parks, community facilities, and other

services.

P.45 Brunswick County and its participating municipalities support wastewater

treatment in areas of need that is responsive to the conservation policies and

implementing actions identified in this plan.

P.46 Coordination among the County, its municipalities, sewer districts, and major

industries shall be encouraged in planning and providing for capital facilities and

services.

P.47 Brunswick County and its participating municipalities shall plan ahead for the

timely and cost effective provision of major capital improvements and services

on the basis of anticipated growth and demand.

P.48 Brunswick County and its participating municipalities support providing sufficient

water and sewer service to promote economic development and to alleviate

public health problems created by the absence of public water and sewer

services in the County and its municipalities.

P.49 Brunswick County and its participating municipalities support directing more

intensive land uses to areas that have existing or planned infrastructure.

P.50 Brunswick County and its participating municipalities support the installation and

use of properly permitted septic tank systems and the enforcement of district

Health Department regulations and local development regulations regarding lot

sizes and waste disposal system placement.
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P.51 Brunswick County and its participating municipalities will encourage re-use of

effluent for irrigation.  Where feasible, package treatment plants should use

treated effluent for irrigation.

P.52 Brunswick County and its participating municipalities will also encourage the NC

Department of Environment and Natural Resources to investigate the feasibility

of using alternative waste processing systems such as flushless toilets,

incineration, and artificial wetlands in areas with severe soil limitations.

P.53 Brunswick County and its participating municipalities support providing water and

sewer services to identified industrial areas when County resources are sufficient

in order to encourage industrial development.

P.54 Brunswick County and its participating municipalities support the extension of

water services from existing systems and encourage the use of central systems

for new developments whether residential, commercial or industrial in nature,

which support the principles and smart growth.

P.55 Brunswick County and its participating municipalities support the continued

public provision of solid waste disposal, law enforcement, recreation, emergency

management, and educational services to all citizens of the County.

Implementing Actions – Infrastructure

I.51 Brunswick County will prepare a detailed community facilities plan to address

solid waste disposal, law enforcement, emergency management, recreation, and

educational services needs.  Schedule: FY2008-2009.

I.52 Brunswick County and its participating municipalities will develop a

County/municipal association to initiate discussion for cooperation and

coordination between local governments for service delivery.  Schedule:

FY2008-2009.

I.53 Brunswick County and its participating municipalities will establish a County-wide

public utilities board to govern county-wide water and sewer systems.

Schedule: FY2008-2009.
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I.54 Brunswick County and its participating municipalities will vigorously pursue

grants to expand the water system for small and traditional communities.

Schedule:  Continuing Activity.

I.55 Brunswick County and its participating municipalities will encourage the Lower

Cape Fear Water & Sewer Authority (LCFWSA) to implement state of the art

vigorous control and monitoring for possible contamination of primary water

source.  Schedule:  Continuing Activity.

I.56 Brunswick County and its participating municipalities will enhance the fire

protection system as the water distribution system is expanded (i.e., fire

hydrants, elevated storage, and other needs).  Schedule:  Continuing

Activity.

I.57 Brunswick County will continue to update its comprehensive, County-wide

wastewater collection and treatment plan and timeline for development.

Schedule: Continuing Activity.

I.58 Brunswick County will continue to update its comprehensive, County-wide water

master plan and timeline for development.  Schedule: FY2009-2010.

I.59 Brunswick County will pass an ordinance to prohibit disposal of septage and

biosolids in the County that originated outside of Brunswick County, and will

implement a County permitting process for biosolids and septage land application

sites.    Schedule: FY2008-2009.

I.60 Brunswick County will maintain a major thrust toward a County-wide wastewater

system, to include:

• Continue monitoring rates and update them as needed.

• Continue charging capital recovery fees for new development.

  Schedule: FY2008 and Continuing.

I.61 Brunswick County will amend the future land use map, when needed, to reflect

the County’s water and sewer extension projects as they are planned.

Schedule:  Continuing Activity.

I.62 When considering new public facilities and private developments, Brunswick

County will review new proposals against the Future Land Use Map to ensure

consistency.  If the proposal is inconsistent, the proposal will be revised or the
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County will review the Land Use Plan to see if revision is needed there.

Schedule:  Continuing Activity.

I.63 Brunswick County will consider revising water and sewer extension policies to

ensure that public/private cooperation in the provision of infrastructure to serve

new development is encouraged.  Schedule: FY2007-2008.

I.64 Brunswick County will include in its subdivision ordinance (UDO adoption)

provisions to allow for the dedication of public park property, public access sites,

and/or open space.  This may include a provision for payment in lieu of

dedication if approved by the County.   Schedule:  FY2008-2009.

I.65 Brunswick County will consider establishing a land banking fund into which the

County may annually contribute funds for the purchase of recreation, public

access sites, and open space lands.  Schedule: FY2009-2010.

I.66 Brunswick County will coordinate the development of recreational facilities with

the school system.  Schedule:  Continuing Activity.

I.67 Brunswick County will appoint a public safety study review team composed of

County and municipal citizens and fire, rescue, emergency medical services

personnel and volunteers to evaluate the recently completed public safety study.

(1) Determine what recommendations in the public safety study will work

best for Brunswick County and its participating municipalities.

(2) Develop an action plan to implement recommendations of the review

team.

(3) Keep the Brunswick County and its participating municipalities’ public

informed of the activities and progress of the review team.

(4) Foster cooperation and coordination between the County and its

participating municipalities’ and volunteer units, and volunteer units with

each other.

Schedule: FY2009-2010 and Continuing.

I.68 Brunswick County will consider the construction of a multi-purpose complex for

local, regional, and state athletic events, trade shows, and cultural/heritage

exhibitions, and will:

(1) Partner with educational, business, and local governments to construct

a centrally located multi-purpose complex.
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(2) Consider including space for a potential County fairground and other

outdoor spectator events.

Schedule: FY2008-2009.

I.69 The County will continue research and develop initiatives for the construction of

the equivalent of two elementary schools and one high school.  The County will

continue to monitor the capacity versus growing enrollments in all Brunswick

County schools.  Schedule: FY2008-2010.

I.70 Brunswick County will support the Capital Improvements Plan (Fiscal Years 2008-

2012) which was adopted by the Board of Commissioners on June 18, 2007.

Schedule: Continuing Activity.

E. Transportation

1. Management Goal: Brunswick County and its participating municipalities will

develop transportation systems to accommodate future growth.

2. Planning Objective: Brunswick County and its participating municipalities will

coordinate transportation improvements with planning, infrastructure

improvements, economic development, and conservation of natural resources.

3. Land Use Plan Requirements:  The following are Brunswick County’s and its

participating municipalities’ policies for transportation.

Policies – Transportation

P.56 Brunswick County and its participating municipalities shall be active participants

in plans and actions related to transportation improvements to and within the

County.

P.57 Brunswick County and its participating municipalities support regional

intergovernmental planning and cooperation for transportation improvements to

and within southeastern North Carolina and northeastern South Carolina.

P.58 Brunswick County and its participating municipalities’ continued use and planned

development of the Cape Fear River, Atlantic Intracoastal Waterway, and the

Brunswick County Airport shall be encouraged.
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P.59 Brunswick County and its participating municipalities support cost effective public

transportation.

P.60 Brunswick County and its participating municipalities support the provision of

safe evacuation routes.

P.61 Brunswick County and its participating municipalities support the provision of a

system of safe, coordinated bike and pedestrian trails throughout the County.

P.62 Brunswick County and its participating municipalities support implementation of

the 2006-2012 North Carolina Transportation Improvement Program.

P.63 Brunswick County and its participating municipalities support interconnected

street systems for residential and non-residential development.

P.64 Brunswick County and its participating municipalities support limited access from

development along all roads and highways to provide safe ingress and egress.

P.65 Brunswick County and its participating municipalities support subdivision

development that utilizes the NC Department of Transportation Traditional

Neighborhood Development (TND) Street Design Guidelines.  A TND is a human

scale, walkable community with moderate to high residential densities and a

mixed use core.

P.66 (1) Brunswick County and its participating municipalities support maintaining

an effective signage and addressing system for all streets, roads, and

highways.

(2) Brunswick County and its participating municipalities support state and

federal funding for maintenance/dredging of the Intracoastal Waterway.

P.67 Brunswick County will provide leadership to lobby NCDOT to incorporate and

fund the County’s local Transportation Improvement Program (TIP) through the

statewide NCDOT TIP.

P.68 The County supports the provision, enhancement, and/or prevention of loss of

existing access for public fishing when bridges are replaced or improved.
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Implementing Actions – Transportation

I.71 Brunswick County will develop a County Transportation Improvement Plan

(supplementary to NCDOT TIP) to identify transportation needs to meet future

growth.  This action will be closely coordinated with the County’s municipalities.

Schedule: FY2009-2011.

I.72 Brunswick County will include multi-tier development standards (overlay) in its

UDO for major transportation corridors and high-speed transportation routes:

• US Highway 17

• NC 211

• Proposed I-74 Corridor

• Proposed I-140 Bypass

• Proposed 2  Bridge to Oak Islandnd

• Connections to the 2  Oak Island Bridgend

• Proposed Cape Fear Skyway

• NC 87

• NC 183

• NC 130

• NC 904

• NC 179 (Old Georgetown Road)

Schedule: FY2008-2009.

I.73 Brunswick County will endorse and implement the NC Department of

Transportation US Highway 17 corridor access management study.  Schedule:

Continuing Activity.

I.74 Brunswick County will undertake the following activities to support the Brunswick

Transit System:

• Generate awareness of current capabilities of Brunswick Transit System.

• Prepare a comprehensive public transportation plan.

• Develop a slogan and marketing plan for easier identification.

• Explore innovative means to increase funding available for the Brunswick

Transit System.

Schedule: Continuing Activity.
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I.75 Brunswick County will include in its UDO the requirement for construction of bike

and pedestrian paths in major subdivisions.    Schedule:  Continuing Activity.

I.76 Brunswick County will continue to support bikeways,  pedestrian paths, and

blueways by implementing the following:

• Encourage appropriate thoroughfares (state-maintained roads) to include

bike lanes as they are designed and expanded.

• Coordinate efforts for construction of bike and pedestrian paths with the

East Coast Greenway and County and municipal park systems.

• Include bike and pedestrian trails at all County parks.

• Secure access to and provide for bike and pedestrian trails along rivers

and streams for sites denoted in the Brunswick County Shoreline Access

Plan.

Schedule: Continuing Activity.

I.77 Brunswick County will undertake the following actions to support maintenance

of safe hurricane evacuation routes:

• Identify and support improvements to roads that serve as hurricane

evacuation routes.  

• Perform routine bridge and culvert maintenance, and raise bridges over

streams that have documented flooding during significant rain events.

• Support the planning and implementation of regional roadways.

• Support the construction of a second Oak Island bridge, and new bridge

for Sunset Beach and the Southern Bridge for the Cape Fear River.

  Schedule:  Continuing Activity.

I.78 Brunswick County and its participating municipalities will require, where

reasonably possible, the utilization of frontage roads in non-residential

developments along federal and state major highways.  Schedule: FY2008-

2009.

I.79 Brunswick County and its participating municipalities will establish a requirement

for reverse frontage lots within subdivisions to orient lots towards internal

subdivision streets, not secondary roads and highways.  This will be

accomplished through the County’s UDO and municipal subdivision ordinances.

Schedule: FY2008-2009.
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I.80 Brunswick County and its participating municipalities will require the construction

of acceleration/deceleration lanes for the entrances to major commercial and

residential developments.  This should be accomplished through revisions to the

County’s UDO and municipal ordinances.  Schedule: FY2008-2009.

I.81 Brunswick County and its participating municipalities will consider revising its

UDO/applicable zoning and subdivision ordinances to encourage the

development of joint or shared driveways in newly approved subdivisions.

Schedule: FY2008-2009.

I.82 Brunswick County will continuously monitor the construction of a state port

facility in Brunswick County and support state, local, and federal actions to

mitigate adverse impacts on the County’s transportation system, in particular NC

133, NC 211, and NC 87.  Schedule: Continuing Activity.

I.83 Brunswick County will support the designation of US 17, US 74/76, NC 87, NC

211, and NC 133 as growth corridors.  Schedule: Continuing Activity.

F. Natural Hazard Areas

1. Management Goal:  Brunswick County is sensitive to preservation of its natural

resources and will protect/maintain its floodplains, shorelines, and other coastal

features for their natural storm protection functions and their natural resources

to protect the public health, safety, and welfare.

2. Planning Objective: Brunswick County will support policies that minimize threats

to life, property, and natural resources resulting from development located in or

adjacent to hazard areas, including those subject to erosion, high winds, storm

surge, flooding or sea level rise.

3. Land Use Plan Requirements:  The following are Brunswick County’s policies/

implementing actions for natural hazard areas.  All policies are continuing

activities.

Policies – Natural Hazard Areas

P.69 Brunswick County will support development within areas susceptible to sea level

rise, shoreline erosion, and/or wetland loss which takes into consideration such

conditions upon initial development.  In the event such development is later

threatened by shoreline loss, the County shall support the AEC use standards

governing shoreline protection and management.



Brunswick County

CAMA Core Land Use Plan Executive Summary, Page 56

P.70 Minimize flooding and resulting damage to life and property during normal and

significant rainfall events in order to restore and preserve water quality so

residents and visitors can enjoy water-related activities.

P.71 Brunswick County will continue and expand the “Hickman” mosquito control

program.

P.72 Brunswick County supports the enforcement of local controls and the efforts of

state and federal agencies with regulatory authority to restrict development

within areas up to five (5) feet above mean high water susceptible to sea level

rise and wetland loss.  

 P.73 Brunswick County supports the installation of properly engineered and permitted

bulkheads to protect against erosion and sea level rise.

P.74 Brunswick County supports the US Army Corps of Engineers’ regulations, the

applicable guidelines of the Coastal Area Management Act, and the use of local

land use ordinances to regulate development of fresh water swamps, marshes,

and 404 wetlands.

P.75 Brunswick County supports relocation of structures endangered by erosion, if the

relocated structure will be in compliance with all applicable policies and

regulations.

P.76 Brunswick County supports cooperation with local, state, and federal efforts to

inform the public of the anticipated effects of sea level rise.

P.77 Brunswick County supports hazard mitigation planning.  The Land Use Plan and

the Hazard Mitigation Plan should be consistent with one another.  When either

are revised, the other should be reviewed for consistency.  Should there ever be

conflicting policies, the Land Use Plan shall take precedence.  The Hazard

Mitigation Plan goals, objectives, and mitigating actions are formally included as

part of the policy of the County’s Land Use Plan. 

P.78 Brunswick County supports the future land use densities that are specified in

Section 6.V.D of the CAMA Land Use Plan.  Through enforcement of the zoning

ordinance, these densities will minimize damage from natural hazards and

support the hazard mitigation plan.



  NOTE: A floating home or structure is any structure, not a boat, supported by means of
1

flotation and designed to be used without a permanent foundation for human habitation or commerce.

A structure is considered a floating home or structure if it is inhabited or used for commercial purposes

for more than 30 days in any one location.  A boat may be deemed a floating structure if its means of

propulsion have been removed or rendered inoperative and it contains at least 200 square feet of living

area.
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P.79 Brunswick County opposes the location of floating structures within its planning

jurisdiction.1

P.80 Because of shallow water depth, mooring fields are opposed within Brunswick

County.

P.81 Brunswick County is supportive of resource protection, in particular preservation

of conservation areas as defined by this plan.  All 15A NCAC 7H minimum use

standards will be supported by the policies contained in this plan.

Implementing Actions – Natural Hazard Areas

I.84 Brunswick County will monitor development proposals for compliance with

Section 404 of the Clean Water Act and will continue to enforce local land use

ordinances to regulate development of fresh water swamps, marshes, and 404

wetlands.  Schedule: FY2007-2008 and Continuing.

I.85 Brunswick County will continue to enforce its floodplain ordinance and participate

in the National Flood Insurance Program.  Subdivision regulations will be

enforced – requiring elevation monuments to be set so that floodplain elevations

can be more easily determined.  Schedule: Continuing Activity. 

I.86 Brunswick County will continue to permit the redevelopment of previously

developed areas provided all applicable policies, regulations, and ordinances are

complied with.  Redevelopment, including infrastructure, should be designed to

withstand natural hazards.   Schedule: Continuing Activity.

I.87 Brunswick County will utilize the future land use maps as a development

management tool.  These maps are coordinated with the land suitability map and

proposed infrastructure map.  Schedule: Continuing Activity.
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I.88 Brunswick County will regulate floating homes through preparation of a local

ordinance.  FY2008-2009 and Continuing.

I.89 Brunswick County will revise and maintain local ordinances to oppose mooring

fields.  Schedule: Continuing Activity.

I.90 Brunswick County will implement the following activities to accomplish effective

mosquito control.

< Identify and train qualified personnel to continue the “Hickman” mosquito

control program.

< Begin an education program on individual mosquito control and

protection.

– Coordinate an educational program in the public school system

with the current recycling program.

– Initiate a public service program on mosquito personal protection

and elimination of breeding places around the home.

< Maintain funding for mosquito control research and an appropriate capital

reserve fund.

< Continue a regional approach to a mosquito control program.

< Expand the County snagging and ditching program.

< Develop standards for building/maintaining stormwater management

systems that reduce mosquito habitats.

Schedule: Continuing Activit ies.

I.91 Brunswick County will consider mineral production and mining activities on a

case by case review of economic benefits and environmental and land use

impacts.  Schedule: Continuing Activity.

G. Water Quality

1. Management Goal:  Brunswick County will maintain, protect, and enhance

surface and subsurface water quality throughout the County, including all coastal

wetlands, rivers, streams, and estuaries.  This will include addressing the

complex problem of planning for rapidly increasing development and economic

growth.
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2. Planning Objective: Brunswick County will adopt policies for coastal and

subsurface waters within its jurisdiction to help ensure that water quality is

maintained if not impaired, and improved if impaired.

3. Land Use Plan Requirements:  The following provides  Brunswick County’s

policies/ implementing actions for surface and subsurface water quality.

Policies – Water Quality

P.82 Brunswick County will protect the quality of its water resources.

P.83  Brunswick County strongly supports the efforts of state and federal agencies to

properly designate and preserve coastal wetlands because wetlands play a

critical role in protecting the quality of estuarine waters and in providing habitat

for fish and wildlife.

P.84 Brunswick County supports the designation of public water supply AECs when

such designation meets state prerequisites and when such action is deemed

necessary to ensure the long-term viability of the County’s public water supplies.

P.85 Brunswick County will continue to support the efforts of the CAMA program and

the US Army Corps of Engineers’ 404 permitting program to preserve and protect

sensitive fresh water swamp and marsh areas.

P.86 Brunswick County supports state and local efforts to restore the water quality of

the Lockwood Folly River, as well as other estuarine waters in the County, to a

water quality level deserving of ORW designation.  This policy includes

implementing the Lockwood Folly River Water Quality Study (see Appendix XII

for the implementation strategies, which are supported by this plan).

P.87 Brunswick County supports and encourages the activities of the state’s Shellfish

Management Program.  The County shall continue to promote estuarine water

quality through its stormwater management planning and stormwater runoff

policies.

P.88 Brunswick County’s groundwater resources, including but not limited to the

Castle Hayne Aquifer, shall be recognized as an invaluable source of public and

private potable water and shall receive the highest level of protection when

considering County policies, standards, and actions.
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P.89 Brunswick County supports a reduction of dependence on septic tanks within the

County and its participating municipalities in order to improve water quality.

P.90 Brunswick County supports federal, state, and local efforts to protect the

quantity and quality of water in the Cape Fear River, whether such protection

involves controls over point source discharges, surface runoff, interbasin water

transfers, or other appropriate means, including upstream activities.

P.91 Brunswick County supports a program of vegetated buffers adjacent to all

streams, rivers, marshes, and estuarine waters in the County, with the intent of

reducing the flow of nutrients and other contaminants into area surface waters.

P.92 Brunswick County shall encourage and support state and federal standards which

seek to prevent or minimize adverse water quality impacts.

P.93 Brunswick County supports the guidelines of the Coastal Area Management Act

and the efforts and programs of the NC Department of Environment and Natural

Resources, Division of Coastal Management, and the Coastal Resources

Commission to protect the coastal wetlands, estuarine waters, estuarine

shorelines, and public trust waters of Brunswick County.

P.94 Brunswick County supports the use of best management practices

recommendations of the US Soil Conservation Service for both agricultural and

forestry areas.

P.95 Brunswick County supports conservation of its surficial groundwater resources.

P.96 Brunswick County supports commercial and recreational fishing in its waters, and

will cooperate with other local governments and state and federal agencies to

control pollution of these waters to improve conditions so that commercial and

recreational fishing will increase.

P.97 Brunswick County opposes the disposal of any toxic wastes, as defined by the

US Environmental Protection Agency’s Listing of Hazardous Substances and

Priority Pollutants (developed pursuant to the Clean Water Act of 1977) within

its planning jurisdiction.
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P.98 Brunswick County supports implementation of the Cape Fear and Lumber River

Basin water quality management plans.  Recommendations from those plans are

included in Section 5.II.C of the CAMA Land Use Plan.

P.99 Brunswick County supports protection of those waters known to be of the

highest quality or supporting biological communities of special importance.

P.100 Brunswick County supports the policy that all State of North Carolina projects

should be designed to limit, to the extent possible, stormwater runoff into

coastal waters.

P.101 Brunswick County supports all aquaculture activities that meet applicable federal,

state, and local policies and permit requirements.  However, the County reserves

the right to comment on all aquaculture activities that require Division of Water

Quality permitting.

Implementing Actions – Water Quality

I.92 In support of water quality and Brunswick County’s Stormwater Management

Discharge Program, Brunswick County will accomplish the following:

< Identify point and non-point pollution sources on rivers and streams.

– Make recommendations to reduce and eliminate pollution

sources.

– Determine the feasibility of implementing a sentinel device or

tracking system that will trigger an alarm and subsequent

investigation.

< Advise property owners on backyard conservation activities that protect

streams and rivers.

< Continuously expand the Brunswick County web site with links to local

groups that focus on river water quality and marine ecology programs.

< Collaborate with universities to provide areas for sampling and access for

water quality studies.

Schedule: Continuing Activit ies.

I.93 The County shall work proactively with the state on measures to reduce

stormwater runoff rates, soil erosion and sedimentation, and point source

discharges into area waters.  Schedule: Continuing Activit ies.
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I.94 Brunswick County will enforce its zoning and subdivision regulations to aid in

protecting sensitive shoreline areas.  It will rely on state and federal agencies to

promote and protect the Green Swamp, as well as nursery and habitat areas. 

Schedule: Continuing Activit ies.

I.95 Brunswick County will rely on the technical requirements and state program

approval for underground storage tanks (40CFR, Parts 280 and 281), and any

subsequent state regulations concerning underground storage tanks adopted

during the planning period.   Schedule: Continuing Activit ies.

I.96 Brunswick County will continuously enforce, through the development and zoning

permit process, all current regulations of the NC State Building Code and NC

Division of Health Services relating to building construction and septic tank

installation/replacement in areas with soils restrictions.  Schedule: Continuing

Activity.

I.97 Brunswick County will comply with CAMA and NC Division of Water Quality

stormwater runoff regulations, and by coordinating local development activities

involving chemical storage or underground storage tank

installation/abandonment with the Brunswick County Emergency Management

personnel and the groundwater section of the NC Division of Water Quality.

Schedule: Continuing Activit ies.

I.98 Brunswick County will review the UDO with regard to underground chemical and

gasoline storage regulations to ensure a minimum of risk to local groundwater

resources.   Schedule: FY2008-2009.

I.99 The County recognizes the negative impact that non-point source pollutants have

on shellfish harvesting waters and will strictly enforce riparian buffer

requirements.  Schedule: Ongoing.

I.100 As a result of comments made to the CRC by Tom Reeder at the NC Division of

Water Quality regarding current stormwater rules being inadequate in addressing

water quality impacts to public trust waters, the County will consider revising

current impervious surface requirements.  Schedule: FY2009-2010.

I.101 The County will encourage Site Design Best Management Practices to decrease

NPS pollutants from entering SA waters.  Those practices include Low Impact

Development Strategies such as:
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< Disconnecting impervious surfaces;

< Maintaining green space; and

< Utilizing cluster and traditional neighborhoods.

Schedule: Ongoing.

H. Areas of Local Concern

1. Management Goal:  Brunswick County will integrate local concerns with the

overall goals of CAMA in the context of land use planning.

2. Planning Objective: Brunswick County will identify and address local concerns

and issues, such as cultural and historic areas, scenic areas, economic

development, or general health and human services needs.

3. Land Use Plan Requirements:  The following provides  Brunswick County’s

policies/ implementing actions on areas of local concern.  All policies are

continuing activities.

Policies – Cultural, Historic, and Scenic Areas

P.102 Brunswick County supports preservation of historic sites, buildings, written

records, and oral history.

P.103 Brunswick County encourages efforts to protect cultural and historic resources

to preserve their cultural, educational, and aesthetic values and qualities.

P.104 Brunswick County supports protection and preservation of the Green Swamp,

which has both historic and environmental significance.

P.105 The County supports local, state, and federal efforts to protect historic properties

within its borders and to perpetuate its cultural heritage.

Implementing Actions – Cultural, Historic, and Scenic Areas

I.102 Brunswick County will guide development so as to protect historic and potentially

historic properties in the County and to perpetuate the County’s cultural heritage.

Schedule: Continuing Activity.
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I.103 To support historic preservation, Brunswick County will:

< Create a Brunswick County historical placard.  Schedule: FY2009-

2010.

< Place paintings/renderings of local artists depicting historical and cultural

elements of Brunswick County in the Brunswick County Courthouse.

< Promote the maritime history with focus on local stories and films of

elders.

< Create and sustain a “County Corner” at public library(ies) where

information is available to citizens.

< Incorporate the private sector in promoting the history of Brunswick

County.  Schedule: Continuing Activit ies.

I.104 Brunswick County will encourage a County-wide survey of historical sites by local

volunteers or state and federal agencies and will seek grant monies within the

next two years for the complete inventory of historically significant structures

and sites.  Schedule: Continuing Activity.

I.105 Brunswick County shall coordinate all housing code enforcement/redevelopment

projects with the NC Division of Archives and History, to ensure that any

significant architectural details or buildings are identified and preserved.

Schedule: Continuing Activity.

I.106 Brunswick County will coordinate all County public works projects with the NC

Division of Archives and History, to ensure the identification and preservation of

significant archaeological sites.  Schedule: Continuing Activity.

Policies - Economic Development:

P.106 Brunswick County will continue to maintain a diversified local economy, while at

the same time protecting the natural and manmade environment and improving

the area as a more attractive community in which to work, live, and play.

P.107 Brunswick County encourages the development of clean industry in locations

where appropriate services can be provided, where transportation facilities are

adequate, where environmental impacts can be fully mitigated, and where

surrounding land uses are compatible in nature.



Brunswick County

CAMA Core Land Use Plan Executive Summary, Page 65

P.108 Brunswick County supports applicable state and federal programs regarding

economic and community development, especially those programs related to

better jobs, water quality, fisheries, and water and land transportation system

improvements.

P.109 Brunswick County will continue to encourage the development of a high quality

tourism trade as a primary element of the County’s economic future.

P.110 Brunswick County supports development of economic and employment

opportunities that provide meaningful and fruitful employment.

P.111 Brunswick County will expand employment opportunities in all areas of the

County.

P.112 Brunswick County will encourage industrial and commercial development in areas

with existing infrastructure that does not infringe on existing medium density

residential areas.

P.113 Brunswick County will support a tourism development strategy that capitalizes

upon the area’s unique natural and scenic resources, specifically avoiding the

congestion and garish visual blight often associated with more urban or

entertainment-oriented tourist destinations.

P.114 Brunswick County supports the Town of Belville’s dedicated efforts to redevelop

the Central Business District, as well as to codify its current zoning and

subdivision ordinances and efforts to enhance the overall quality of life as it

relates to land use planing for the citizens of Belville.

Implementing Actions - Economic Development:

I.107 Brunswick County will continue to implement the following activities to support

ecotourism:

< Promote ecotourism to enhance traditional tourism.

– Develop brochures to publicize existing ecotourism/tourism

attractions.

– Publicize through multimedia to make ecotourism data available

to the general public.
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– Form a relationship with local tourist development agencies to

utilize their contacts and advertising media.

– Identify and publicize ecotourism/agri-tourism attractions that

could be successful in Brunswick County.

– Work with NC Cooperative Extension to set up a task force to

support the training of individuals in eco/agri-tourism.

< Promote new farm crops to develop alternate farming methods and make

effective use of farmlands.

– Encourage local restaurants to utilize local crops for their

businesses.

– Support a Farmers’ Market and Heritage Tourism.

– Support NC Cooperative Extension’s efforts in development and

implementation of alternative crops.

< Explore the potential of a County agricultural fair at multipurpose

complex (a joint venture of Brunswick County and Brunswick Community

College).

< Encourage private sector to develop adventure sports.

– Promote adventure sport competitions.

< Explore opportunities to make commercial fishing more profitable.

Schedule: Continuing Activit ies.

I.108 Brunswick County will implement the following activities to support economic

development:

< Formulate and expand local incentives to attract industry.

– Support the continued inventory of unused business facilities.

– Support County water and sewer systems and other

infrastructure.

– Support and enhance incubator program for startup businesses.

– Identify and recruit industries that are compatible with and

complement Brunswick County’s geography, culture, and climate.

– Create awareness of incentives for the employment of the elderly.

< Encourage clean industry to locate in Brunswick County to promote a

healthy environment.

– Support businesses involved with computer software business,

medical technology, and telecommunications.

– Promote awareness of service industry catering to tourists’

opportunities.
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< Establish a regional ecotourism board and link with Brunswick County

resources to unify interests of different groups across the Cape Fear

region.

< Expand opportunities (both public and private) for employment and

procurement by using local vendors.

Schedule: Continuing Activit ies.

I.109 Brunswick County will implement economic and community development

initiatives that capitalize upon and enhance a distinct “town and country”

character.  Schedule: Continuing Activity.

I.110 Brunswick County will continue to support the activities of the North Carolina

Division of Travel and Tourism; specifically, the monitoring of tourism-related

industry, efforts to promote tourism-related commercial activity, and efforts to

enhance and provide shoreline resources.  Schedule: Continuing Activity.

I.111 The County will support projects that will increase public access to shoreline

areas.   Schedule: Continuing Activity.

I.112 Brunswick County will support North Carolina Department of Transportation

projects to improve access to and within the County.  Schedule: Continuing

Activity.

I.113 Brunswick County will continue to support agriculture and tourism as valuable

economic resources.   Schedule: Continuing Activity.

I.114 Brunswick County supports the following implementing actions for the Town of

Belville:

< Incorporate the recommended Town of Belville Master Plan prepared by

the Lawrence Group, to be approved in 2007 by the Belville Board of

Commissioners.  Schedule: FY2007-2008.

< Implement approved Belville Master Plan to the greatest extent that it is

economically feasible for the citizens of the Town of Belville.  Schedule:

Continuing Activity.

< Re-codify the current zoning and subdivision ordinances, using the

approved Town of Belville Master Plan as a guidance tool.  Schedule:

Continuing Activity.
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< Incorporate smart growth and new urbanism land use principles as

appropriate during the codification of the zoning and subdivision

ordinances.  Schedule: Continuing Activity.

Policies – General Health and Human Service Needs

P.115 Brunswick County’s local requirements for solid waste disposal facilities shall

continue to be anticipated through advanced planning; facilities shall be located

and designed so as not to adversely impact significant natural or manmade

resources.

P.116 Research and development of recycling and resource recovery programs,

whether public or private, shall be encouraged and supported.

P.117 In an effort to improve health conditions, Brunswick County supports the

following water and sewer policies:

< Brunswick County supports the extension of central water service into all

areas of the County shown on the future land suitability analysis map as

suitable for development, including the construction of lines to and

through conservation areas to serve development which meets all

applicable state and federal regulations. 

< Brunswick County recognizes the importance of protecting potable water

supplies, and therefore supports the enforcement of NCAC Subchapters

2L and 2C regulations to regulate land uses near groundwater sources.

< Brunswick County will continue to support all efforts to secure available

state and federal funding for the construction and/or expansion of public

and private water/sewer systems. 

< Brunswick County will continue to support the construction of water

systems with adequate line sizes to ensure adequate water pressure and

fire protection. 

P.118 Brunswick County will provide accessible and affordable resources and programs

that focus on  prevention of injury/illness, chronic disease management, and

provide information links to other support services and groups.
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P.119 Brunswick County will continue to provide for the well being of our senior citizens

by increasing their participation in current programs while developing adequate

facilities and support for an independent life style.

P.120 Brunswick County will encourage continued senior citizen involvement in the

community, providing them with opportunities to share their skills and work

experience for community benefit.

P.121 Brunswick County will continue to place emphasis on the need to work directly

with underprivileged youth.

P.122 Brunswick County will provide information that is readily accessible about County

services.

P.123 Brunswick County, in collaboration with Southeastern Center, will facilitate the

provision of accessible mental health services, youth programs, and pre-natal

care.

P.124 Brunswick County will provide its citizens with cost effective and task efficient

regional fire and rescue protection and emergency medical services that meet

national standards.

P.125 Brunswick County will continue to recruit and train a corps of volunteers for

youth services.

Implementing Actions – General Health and Human Service Needs

I.115 Brunswick County will implement the following activities to support health care:

< Prevention/intervention.

– Expand the Brunswick County web site with links to federal,

state, and local organizations that focus on wellness and/or

provide health care resources.

– Increase the use of mobile health unit and inform public through

the media of locations, times, and routes.

– Hold more public health fairs.

– Support wellness initiatives via bike rallies, marathons, fishing

tournaments, etc., that provide the County a link with regional

and private resources.
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– Work with state and federal legislators to obtain grant money for

initiatives to reduce health care costs.

< Crisis management – individual and area-wide.

– Create a “super number” and web site that residents can access

to aid in finding resources.

– Work with local religious groups to provide emergency support

systems for large scale or traumatic events.

– Continue County-wide test drills of our emergency preparedness

system.

< Chronic disease management (e.g., diabetes, cancer, pulmonary disease)

– Create a task force of volunteers to help with specific suggestions

and/or grant writing to fund a group that will network with

federal, state, local, and private resources in this area.

– Develop support for youth health programs.

Schedule: Continuing Activit ies.

I.116 To support its senior citizens, Brunswick County will:

< Establish/expand and ensure full accreditation at nutrition sites and

senior centers.

< Offer a wider variety of activities and programs at senior centers.

< Collaborate with other entities to provide a wider range of health and

wellness programs.

< Support a comprehensive information and referral program to support

independent living.

< Develop a comprehensive fund-raising plan to support senior centers and

activities.

< Continue to support the efforts of the Brunswick Transit System (BTS).

< Seek federal funding for a retired senior volunteer program in Brunswick

County.

< Develop a County-wide approach to the recruitment and deployment of

Title V subsidized workers for community service.

< Advocate a greater utilization of senior citizen experience on area

nonprofit boards, governmental advisory boards, etc.

< Work with the local chapters of AARP and others to involve seniors in

community service.

Schedule: Continuing Activit ies.



Brunswick County

CAMA Core Land Use Plan Executive Summary, Page 71

I.117 To support its youth, Brunswick County will:

< Establish a youth in need initiative.

< Sustain a higher level of parent or guardian involvement in the youth in

need initiative.

< Encourage wellness education.

< Encourage our youth to stay in school.

< Maintain and expand support for Brunswick County’s parks and

recreation facilities and programs.

< Continue to communicate the programs, athletics, classes, etc., available

for the youth of the County.

< Improve transportation as a barrier for youth participation in activities.

Schedule: Continuing Activit ies.

I.118 Brunswick County will improve the distribution of information on County

programs through the following actions:

< Support a community relations office with staff.

< Identify existing outlets that are accessible to all citizens to distribute

information about County-wide services.

– County government

– Municipal governments

– Nonprofit and other civic organizations

< Create new outlets to distribute information on County-wide services.

– Information center at the County government complex.

– “How to/Where to” guide for County residents.

– Create new outlets to distribute information on County-wide

services.

– Towns and County help each other in distribution of printed

information and brochures.

– Create a “County Corner” at public libraries where information is

available to citizens.

Schedule: Continuing Activit ies.

I.119 To support volunteer youth programs, Brunswick County will:

< Make the public aware of the challenges and opportunities of

volunteering for youth services.

< Encourage industry participation in volunteer work.
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< Partner with civic clubs, churches, 4-H, junior achievement, and

mentoring organizations for funds and services to support youth

programs.

< Recruit more senior volunteers through Brunswick Senior Resources, Inc.

(BSRI).

Schedule: Continuing Activit ies.

I.120 In support of fire and emergency services, Brunswick County will:

< Appoint a Public Safety Study Review Team composed of local citizens

and fire, rescue, emergency medical services personnel, and volunteers

to evaluate the recently completed public safety study.

– Determine what recommendations in the public safety study will

work best for Brunswick County.

– Develop an action plan to implement recommendations of the

review team.

– Keep the Brunswick County public informed of the activities and

progress of the review team.

Schedule: FY2009-2010.

< Continue to foster cooperation and coordination between the County and

volunteer units, and volunteer units with each other.

< Brunswick County will coordinate redevelopment efforts with the

Brunswick County Building Inspections Department .

Schedule: Continuing Activit ies.

I.121 To effectively manage Brunswick County’s investment in existing and proposed

community facilities and services, the County will:

< Develop a specific capital improvements plan (CIP) with emphasis placed

on services and facilities which affect growth and development.

Schedule: FY2009-2010.

< Provide the Brunswick County Board of Education with locational

information on all residential development.  Schedule: Continuing

Activity.
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Policies – Redevelopment

P.126 Brunswick County supports and encourages the restoration and/or appropriate

adaptive reuse of significant and architecturally important historic and cultural

structures and sites.

P.127 Redevelopment and/or rehabilitation of substandard structures within the County

shall be supported through public and private sector initiatives for the economic

betterment of area residents.

P.128 Recognizing that most erodible areas are within the planning jurisdictions of the

County’s municipalities, the County nonetheless supports a policy of relocation

and retreat, rather than shoreline hardening, when structures are threatened by

shoreline erosion.

P.129 Brunswick County supports repair and reconstruction of privately owned dwelling

units through private funds and/or grants.

Implementing Actions – Redevelopment

I.122 Brunswick County will seek state and federal financial aid and technical

assistance for community improvements.  The County will apply for Community

Development Block Grants and NC Housing Finance Agency grants for the

rehabilitation of areas of substandard housing after identifying same.

Schedule: Continuing Activity.

I.123 Brunswick County will adopt a minimum housing code.  Schedule: FY2008-

2009.

I.124 Brunswick County will allow the reconstruction of any structures demolished by

natural disaster which will comply with all applicable local and state regulations.

Schedule: Continuing Activity.
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Implementing Actions - Funding Options

I.125 Brunswick County will continue to support state and federal programs that are

deemed necessary, cost-effective, and within the administrative and fiscal

capabilities of Brunswick County.  Schedule: Continuing Activity.  These

include:

– Community Development Block Grant Program

– Area Agency on Aging

– Emergency Medical Services

– JTPA Work Program

– Farmer’s Home House Preservation Program

– Coastal Area Management Act, including shoreline access funds

– Small Business Association

– Economic Development Administration Funds

– Farmer’s Home Administration – Federal Grant Program

– Federal Emergency Management Program

– Aid to Families with Dependent Children

– MEDICAID

– Day Care

– Crisis Intervention

I.126 Brunswick County will selectively support state and federal programs related to

Brunswick County.  The County, through its boards, commissions, and

committees, will monitor state and federal programs and regulations.  It will use

opportunities as they are presented to voice support for or to disagree with

programs and regulations that are proposed by state and federal agencies.

Schedule: Continuing Activity.

I.127 Brunswick County officials will continue to work with the Army Corps of

Engineers and any other state and federal agencies to ensure continued

dredging and maintenance of channels and rivers as needed to keep these

facilities open to navigation.  These efforts shall comply with applicable state and

federal regulations.  Providing borrow or spoil areas and provision of easements

for work will be determined on case-by-case basis.  The County will encourage

spoil material being placed on those areas where easements for such use already

exist.  Channel maintenance has major economic significance and is worthy of

state and federal funding.  Schedule: Continuing Activity.
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