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ABSTRACT

The Northwest River watershed plays a key role in providing essential services and
quality of life in the City of Chesapeake. Despite a great deal of prior research and
recommendations and the adoption of programs by the City, threats to the
watershed remain. This report attempts to assemble and synthesize prior work and
current land use policies to identify opportunities for improvements. As part of this
report, a GIS-based build-out analysis was conducted to illustrate potential
development patterns and threats graphically. As a resulf, areas for improvement
and tools for protection have been identified and recommended to the City.
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EXECUTIVE SUMMARY

A Plan for the Northwest River Watershed is the result of a team effort between the
staffs of the Hampton Roads Planning District Commission (HRPDC), The Nature
Conservancy (TNC) and the City of Chesapeake. The Plan summarizes existing
knowledge about the watershed and provides guidance on future management
actions that will help to maintain and enhance the watershed.

The Northwest River watershed is important to the City of Chesapeake for a number
of reasons. The River is an important drinking water supply for the City, is
surrounded by an area valued for its rural and agricultural heritage, and is home to
rare and unigque wetland habitats. For these reasons, maintaining the ecological
integrity and rural character of the watershed are important goals for both the City
and TNC. This Plan draws on several previous studies and planning efforts and
attempts to identify tools that both support the achievement of the planning goals for
the watershed and respect the property rights of the land owners in the watershed.

Goals of the Report

For the entire Northwest River watershed, which extends beyond Chesapeake to
include land within the City of Virginia Beach and Currituck and Camden Counties
in North Carolina, this Plan provides an overview of locality planning and land use
trends, a scientific description of the watershed, and a synopsis of previous technical
and planning reports. For the portion of the watershed located within the City of
Chesapeake, the Plan addresses the topics applicable in the wider watershed and
augments that discussion with identification of key issues and associated
management recommendations for the City. The Plan is intended as a reference
document for a broad range oif stakeholders concerned with the future of the
Northwest River, including city staff, elected city officials, state and federal agencies,
nonprofit groups, and the citizens of the watershed.

Management Goals for the Watershed

The City of Chesapeake’s comprehensive plan, Forward Chesapeake 2026, provides
a valuable synopsis of management goals for the watershed, which were identified
through an extensive stakeholder involvement process and inform the structure of
this watershed plan. Primary goals identified in the 2026 Comprehensive Plan
include protection of water quality, protection of critical habitat, flood hazard
mitigation, provision of opportunities for limited residential and commercial
development, preservation of rural character and control of encroachment on Naval
Support Activity Northwest Annex. The 2026 Plan calls for the development and
implementation of a strategy to coordinate the City’s rural design guidelines, public
facilities manual, open space and agricultural preservation program, subdivision
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ordinance, zoning ordinance, and cluster ordinance as they apply to the rural tier of
the City.

Key Findings and Recommendations

Chesapeake’s portion of the Northwest River watershed has been studied
extensively through the cooperative Southern Watershed Area Management
Program that began in the 1990s, through various city-sponsored plans and studies,
and through the efforts of TNC. Pertinent studies include the Conservation Plan for
the Southern Watershed Area (Erdle, Weber, Myers, & Carter-Lovejoy, 2001)
developed by the Virginia Department of Conservation and Recreation, the Rural
Area Preservation Program (Siemon & Larsen, P.A., 2001) produced by Seimon and
Larsen, P.A., an analysis of Chesapeake’s development controls by Randall Arendt
(Arendt, 2001), and the City of Chesapeake Design Guidelines developed by
EDAW, Inc. (BECOM, EDAW, 2007). Many of the studies reach similar conclusions
on planning tools that should be used to achieve the long-term goals for the
watershed.

IMPORTANT THEMES IN THE NORTHWEST RIVER WATERSHED
MANAGEMENT PLAN

Identification and protection of a Conservation Corridor network as a
method of achieving multiple benefits including maintaining the viability |
of critical wetlands habitats, protecting water quality from nonpoint '
source pollution and providing a network of open space for recreation,

Utilization of a nodal development pattern in the Watershed to minimize
the footprint of new development and limit encroachment on and '
conflicts with agriculture, the Northwest Annex and the Conservation
Corridor network,

Maintenance of rural character through preservation of open space and
agricultural lands and the associated viewsheds,

Elimination of the practice of “stripping out” the road network with new
development.

A significant common message in the existing plans and studies developed for the
Northwest River watershed lies in the possibility that a variety of different land uses
and associated activities can be successfully accommodated here if the various uses
are located to minimize adverse impacts and conflicts. In particular, utilization of
clustering for residential development and nodal patterns for commercial and
mixed-use development will accommodate levels of growth equivalent to those
possible under existing land use controls. Moreover, this development pattern will
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help to minimize rural viewshed impacts, protect the viability of agriculture, and
limit adverse impacts on water quality and the natural environment. The pending
update of Chesapeake’s comprehensive plan will present an opportunity to revisit
planning for the watershed and to create a map that clearly depicts the areas that
should be designated for particular uses. Ultimately, achieving the City’s planning
goals for the watershed will require revision of development controls to require
clustering and nodal development patterns.

Protection of the Drinking Water Supply

The Northwest River has been an important source of drinking water for the City of
Chesapeake since the Northwest River Water Treatment Plant (NWRWTP) went into
service in 1980. The river has historically presented several difficulties as a drinking
water supply, including fluctuations in salinity and periodic loading with organic
material associated with storm events. A reverse osmosis facility was installed at the
NWRWTP in 1999, primarily to deal with the fluctuations in salinity levels. The
salinity fluctuations are a natural condition resulting from a combination of drought,
which limits freshwater input into the river, and wind tides that can push salt water
into the northern section of the Currituck Sound and the Northwest River. Major
storm events have resulted in high levels of organic material being flushed into the
river, leading to difficulties in the water treatment process. In 1999 Hurricanes Floyd
and Dennis flooded the Dismal Swamp, forcing huge quantities of water over U.S.
Route 17 and causing extensive flooding in the watershed. Total organic carbon
(TOC) levels, an indicator of decaying organic matter, rose from normal levels of 25-
30 milligrams per liter to 75 milligrams per liter and remained high for several years
following the storms. Both the salinity and organic material problems have been
managed successfully through the water treatment process, allowing the City to
deliver high quality drinking water from the river. Unfortunately, in the case of the
high TOC levels associated with the storm events, it is difficult to differentiate
between natural and manmade sources of organic compounds and therefore difficult
to identify management solutions.

The Virginia Department of Environmental Quality (DEQ) maintains a water quality
monitoring network throughout the state of Virginia, including eight stations in the
Northwest River. Several water quality issues have been identified in the river,
including low dissolved oxygen, bacterial contamination, and mercury in fish tissue.
Because the source of these problems is difficult to identify, management solutions
are also difficult to identify. For example, low dissolved oxygen levels may be a
natural condition of the Northwest River, but a final decision on development of a
Total Maximum Daily Load (TMDL) for dissolved oxygen has not been made by the
state. High bacteria levels are likely caused by a mix of natural and human sources,
but again DEQ has not identified specific sources. Mercury in fish tissue is a problem
in several rivers in the Southern Watersheds of Virginia. Again, the exact source of
the mercury is unknown, making management decisions difficult.
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GCiven the lack of certainty about the sources of these problems, what is the best
strategy for managing water quality? One solution is additional scientific study to
determine the sources of the various water quality problems. Until that work is done,
and funding it will be a difficult given the scope of the effort, the City should
continue to employ a best management practices (BMP) approach to dealing with
known pollution sources. Water quality management goals for the Northwest River
should be designed to meet the broad range of uses that the river supports. Beyond
its use as a drinking water supply, the river is used for fishing, swimming, and
boating and supports a broad range of rare wetlands habitats. Each of these uses
suggests slightly different water quality goals, but in all cases minimizing pollution
from manmade sources is a shared theme. Manmade sources of water pollution are
typically categorized as either point source or non-point source. Examples of point
sources include discharges from sewage {reatment facilities and industrial
processes. Non-point sources include stormwater runoff from paved surfaces,
agriculfural, and residential lands. The Northwest River watershed contains few
point sources, so managing pollution is largely a matter of dealing effectively with
non-point sources.

Non-point Source Pollution

The City has several tools and methods available to manage nonpoint source
pollution in the watershed. Management efforts can be divided into two categories:
technicques targeted at existing land uses in the watershed and planning for future
land use patterns and urban design elements that minimize increases in nonpoint

source loadings associated with new development.

Recommendations for Existing Liand Uses:

¢ Continue and expand programs to upgrade stormwater BMPs, enhance
agricultural BMPs, and inspect and pump out of septic systems.

e Restore vegetated buffers adjacent to the River and its tributaries. Buffer width
will depend on site characteristics, but a minimum buffer width of 100ft from
the river and any adjacent wetlands should be adopted.

Recommendations for Future Development:

¢ Limit development adjacent to the River and its tributaries.

¢ Expand the Conservation Corridor network to buifer all of the Northwest
River’s tributaries.

e Establish a Transfer of Development Rights program that facilitates directing
future development outside the watershed.
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o Continue efforts to protect the Conservation Corridor network from
development through purchase of development rights, establishment of a
transfer of development rights program, conservation easements, and other
appropriate measures.

¢ Minimize increases in impervious surface area by requiring nodal or cluster
development patterns and Low impact Development (LID) techniques.

Point Source Pollution

Point source water pollution is not a major problem within the Northwest River
watershed. Permitted point sources include three small sewage treatment facilities
that have Virginia Pollution Discharge Elimination System (VPDES) permits (Map 6,
page 32).

Recommendations:
o Continue to monitor existing point sources for any violations.

e Limit introduction of new point sources through the development approval
process.

Protection of Natural Resources

The City, TNC, and the state have worked together extensively to protect the natural
resources in the Northwest River Watershed. Continuation and expansion of these
efforts are needed to meet the planning goals established by the City. In particular,
continuing efforts to protect lands within the Conservation Corridor network (Map
19) will contribute to the achievement of multiple benefits that encompass protection
of natural resources, protection of water quality, and preservation of the rural
character in the watershed.

The natural resources in the Northwest River watershed have been studied
extensively as part of the many plans and studies previously conducted by the
Virginia Department of Conservation and Recreation/Division of Natural Heritage
(DCR), the City, and others. One of these documents, DCR’s Conservation Plan for
the Southern Watershed Area (Erdle, Weber, Myers, & Carter-Lovejoy, 2001),
provides an excellent guide to the protection and management of those resources.
The Conservation Corridor system for the Southern Watershed Area was initially
developed as part of the Conservation Plan. The Corridor system was designed to
include high priority Natural Heritage Resources and link them together into a
network of protected lands. Due to the fact that the majority of the Natural Heritage
Resource areas in southern Chesapeake front the Northwest River, the system also
has the potential to be an effective barrier against nonpoint source water pollution.
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In addition to its natural resource value, the Corridor system also provides
opportunities for passive recreation and frails systems. More broadly, the
Conservation Corridor system is part of a regional green infrastructure network.
Creen infrastructure is an approach to conservation planning that emphasizes
identification of the most important natural features and establishes a linked system
of protected lands to achieve multiple benefits.

Recommendations:

e Continue to protect and buffer land within the Corridor system, which is
among the most effective strategies for natural resource protection in the
Watershed.

e Expand the Conservation Corridor system to include riparian buffers along
the tributary streams to the Northwest River.

e Implement the management recommendations contained in the Conservation
Plan for the Southern Watershed Area.

Preservation of Rural Character

Among the most consistently identified planning goals for the watershed is
preservation of rural character. Rural character includes both aesthetic and
functional characteristics. Among the aesthetic characteristics are viewsheds that
include natural landscapes and agricultural areas that are largely unobstructed by
the built environment. Functional elements include economically viable agricultural
and forestal operations and healthy natural systems. The City’s 2026 Comprehensive
Plan acknowledges that the existing development controls fail to protect either the
aesthetic or functional elements of rural character by encouraging residential
development that strips out the road frontage. The resulting "piano key"
development pattern impedes visual and functional access to open space and
agricultural operations and creates visual clutter along the roadways. This
placement of houses also sets up conflicts between residential uses and agricultural
and forestal uses by placing residents directly adjacent to these operations.
Additionally, the low density development prescribed by the zoning ordinance
requires larger lot sizes, resulting in more land consumption.

The City already has a cluster ordinance in its zoning ordinance. When used
effectively, clustering can help direct growth to more compact areas and protect
larger tracts of land from development. However, in practice the City’s current
ordinance falls short on two counts. First, the ordinance is provided as an option to
the by-right development pattern and is rarely used. Effecting a significant change
in the residential development patterns in the watershed will require making the
utilization of the cluster ordinance mandatory. Second, the ordinance lacks a
requirement for the creation of a linked system of open space when land is
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subdivided. Modification of the cluster ordinance to require the dedication of open
space that contributes to protection of the Conservation Corridor system when the
land in gquestion is in or adjacent to the Corridor system would make it more
effective in protecting rural character.

In addition to medifying the cluster ordinance, the City should consider establishing
a Transfer of Development Rights (TDR) program. A TDR program involves
establishing sending and receiving areas for development rights within the City.
Land owners in the sending areas, those areas within which a reduction of
development density is desired, are allowed to sever the development rights from
their property and sell them to land owners in the receiving areas. Land owners in
the receiving areas are allowed to purchase the development rights, thereby
increasing the development density allowed on their land. Thus a TDR program,
allowed by §15.2-2316.1 of the Code of Virginia, would considerably increase the
ability of the City to control development density in various sections of the City. This
system would support preservation of rural character in the Northwest River
watershed while insuring that land owners are able to extract value from their land
equivalent to the by-right development potential.

Recommendations:

e Modify the development controls in the Watershed to require clustering of
new development.

o Require dedication of open space that contributes to the Conservation
Corridor network when land adjacent to the Corridor system is developed.

¢ Create modified development requirements in the rural tier through updates
to the zoning and cluster ordinances.

¢ Establish a TDR program for the City.

* Create specific design specifications in the Public Facility Manual (PFM) for
development that occurs in the Rural Overlay.

Limiting Encroachment around NSA Northwest Annex

The Naval Support Activity Northwest Annex (Northwest Annex) in southern
Chesapeake is home to a variety of facilities and activities that are dependent on the
rural nature of that part of the City for long-term viability. The City has entered into a
partnership agreement with the Northwest Annex to limit encroachment by
purchasing lands that buffer the facility, and the Conservation Corridor network is
being used in the mapping and prioritization of lands considered for purchase.
Continuing to pursue funding for acquisition of lands that both contribute to
protection of the Corridor system and buffer the Northwest Annex is an example of a
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strategy for achieving multiple benefits.
Recommendations:

¢ Continue to partner with the Department of Defense to purchase lands or
easements that both buffer the Northwest Annex and protect the Conservation

Corridor system.

e Utilize clustering and TDR programs to limit encroachment on the Northwest
Annex by new development.

Climate Change and Sea Level Rise

Climate change and associated sea level rise have the potential for significant
impacts on the Northwest River watershed. Hampton Roads is among the most
vulnerable communities in the United States to sea level rise due to a combination of
rising sea levels resulting from thermal expansion of sea water and polar ice melt
and from land subsidence due to geological processes and groundwater removal.
These factors combine to give Hampton Roads one of the highest relative sea level
rise rates on the east cost of the United States. Rising sea level will impact the
Northwest River in two different but related ways. In the short term, rising water
levels will gradually flood wetlands and development adjacent to the river. Over the
long term, sea level rise combined with storm surge has the potential to breach the
barrier island system that separates the Currituck Sound from the Atlantic Ocean
and convert the river to a tidal, salt water system. This change will have significant
ramifications for the river as a drinking water supply and will dramatically change
the nature of the wetlands ecosystems in the area.

Recommendations:

e Identify areas in the watershed that are most vulnerable to sea level rise and
storm surge flooding.

e Limit future development in those areas most vulnerable to sea level rise and
storm surge flooding.

e Reassess the Conservation Corridor system on a regular schedule to adjust for
impacts of sea level rise.

e Increase the width of the Conservation Corridor system as needed fo
accommodate upslope migration of weflands as sea level rises.
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Build-out Analysis

To better understand the implications of the existing development controls, a
“business as usual” build-out analysis was performed for the watershed. This
analysis assumes the application of the existing zoning and subdivision ordinances
to all of the qualifying undeveloped land. Using Geographic Information System
(CGIS) mapping and CommunityVIZ software, a map of the watershed showing the
approximate location of new residential and commercial development was
generated. The results illustrate the potential for future development to negatively
impact each of the areas of concern previously discussed. As anticipated, the
majority of the road frontage in the watershed is stripped out with residential
development, setting up a conflict with much of the agricultural land in the
watershed and disrupting the rural viewshed. Additionally, a comparison of the
stormwater impacts of the business as usual development pattern with a cluster
development scenario indicates a significant decrease in stormwater runoff and an
associated decrease in pollutant loading in the cluster scenario.
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A PLAN FOR THE NORTHWEST RIVER WATERSHED
Background and Introduction

Chesapeake’s Northwest River serves many purposes for a growing city in need of
drinking water, open natural spaces, and links with its past. The watershed occupies
the majority of the rural tier of the City, an area with a long history as an agricultural
center characterized by limited development patterns and an abundarnce of open
space. The long-term viability of the water supply is a high priority for the City.
Moreover, the City has identified preservation of its rural attributes, including its
natural resource base, as a guiding principle in planning for the southern section of
Chesapeake.

The City of Chesapeake Comprehensive Plan, Forward Chesapeake 2026, describes
the planning goals and design guidelines for the watershed and outlines a process to
improve the coordination of the various development controls that apply to it (City of
Chesapeake Planning Department, 2005). The 2026 Plan acknowledges the role of
previous planning efforts, such as the creation of the Open Space and Agriculture
Preservation Program (OSAP) and the cluster ordinance, as important steps toward
achieving the City’s goals for the watershed. The plan also acknowledges that other
conflicting regulations and policies have resulted in a gradual erosion of the rural
character of the area. Existing subdivision regulations that result in the “stripping”
of rural roadways are used as an example of development controls that do not
support the stated planning goals. The development of a comprehensive strategy to
coordinate the City’s ordinances and policies, including the OSAP program, the
rural design guidelines, the public facilities manual, and the zoning, subdivision,
and cluster ordinances is identified as the needed step beyond the completion of the
new comprehensive plan.

A Plan for the Northwest River Watershed is intended to support the City in the
development of a comprehensive strategy for the watershed. Previous studies of the
watershed and existing development controls have been analyzed to provide insight
on the needed elements of the sfrategy. In addition, a build-out analysis for the
watershed provides quantitative and spatial results based on existing development
controls.

Page 29 of the 2026 Comprehensive Plan includes design principles for the Rural
Character District, which encompasses the entire Northwest River watershed. These
include:

s Preservation of farmland, natural areas and small-scale rural communities.

+ Mitigation of conflicts between uses.
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¢ Clustering of new residential development to protect the viability of
agriculture and connected natural areas.

¢ Identification and Preservation of important natural features such as
waterways and wooded corridors whenever possible.

A number of competing interests are at work in the watershed, and some of these
conflicting forces will make it difficult to meet the City’s stated planning goals for the
watershed in the coming years. Drawing on previous planning efforts on the local
and regional level and on the scientific knowledge that has already been gathered
will help to focus on the most critical needs in the watershed and help inform
decisions regarding its future of the watershed.

Study of the resources and threats present in the Southern Watershed Area (SWA),
which includes the Northwest River, began in earnest nearly two decades ago. To
protect natural resources, sensitive lands and water supplies, the cities of
Chesapeake and Virginia Beach, in partnership with the Hampton Roads Planning
District Commission and the Virginia Coastal Zone Management Program, started
developing the Southern Watershed Area Management Program (SWAMP) in 1992.
SWAMP’s purpose is the development and implementation of collaborative
watershed management for the Southern Watershed Area, with the intent to balance
protection of critical environmental resources with economic development
opportunities (Erdle, Weber, Myers, & Carter-Lovejoy, 2001). This area
encompasses the watersheds of Back Bay, the North Landing River, and the
Northwest River.

The Southern Watershed Area Management Program (SWAMP) has progressed
through several stages. The initial phase of the project involved establishing a set of
common goals derived from the Chesapeake and Virginia Beach Comprehensive
Plans and developing a Memorandum of Agreement between the cities and the
HRPDC to facilitate achievement of the goals. The next major milestone was
designation of the project as a Special Area Management Program (SAMP) by the
Virginia Coastal Zone Management Program. The significant financial resources
made available by the SAMP designation were used primarily to hire a set of
consultants to develop technical reports on water quality status and trends in the
Southern Watershed, agricultural preservation, protection of rural character, and
natural resource protection. In addition, a comprehensive Geographic Information
System for the Southern Watershed Area was developed.

SWAMP has resulted in a number of programs that will help to protect resources and
guide development in the Southern Watershed Area in the coming years. These
programs are already influencing the character of the watershed through
cooperative public agreements and innovative private development, and will serve
as models for similar efforts in other areas within the Hampton Roads Planning
District.
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In Chesapeake, the ongoing concern for protection of the water supply and the
traditional land uses in the Southern Watershed has led to further studies and the
adoption of a number of measures designed to address those concerns. These
include the definition in Forward Chesapeake 2026 and its accompanying land use
map of distinct urban, suburban, and rural areas within the City. The Comprehensive
Plan provides that development patterns and trends should exhibit an orderly
transition from urban land uses in the north to rural land uses in the south, and the
City has adopted ordinances and design guidelines to support this policy. In
addition, the City has adopted an ordinance establishing the Northwest River
Watershed Protection District (Chapter 26, Article XII of the Chesapeake City Code)
and instifuted the Open Space and Agricultural Preservation Program, which
involves the purchase of development rights in exchange for preservation
easements. And lastly, the City has entered into a multi-year encroachment
protection agreement with the Navy to prevent encroachment in the vicinity of the
Naval Support Activity, Norfolk, Northwest Annex (NSA Northwest Annex) located on
the border of Chesapeake and North Carclina and further, to promote conservation
of ecologically and agriculturally significant lands. These efforts by the City of
Chesapeake complement the ongoing land protection work in the Northwest River
watershed, led by an array of federal and state agencies and non-profit
organizations. Over 19,000 acres of forestland, marsh and agricultural land have
been protected in the Northwest River watershed, with the bulk (83%) located in
Virginia (USGS). These lands, collectively representing nearly 14% of the entire
watershed, play an important role in preserving the highest diversity of rare plants
and animals and exemplary natural communities in Virginia east of the Blue Ridge.

A Plan for the Northwest River Watershed builds on the accomplishments of local
governments, SWAMP, and other partners involved in land protection and
management in the watershed to develop a strategy that integrates with and informs
evolving land use policies and development controls within the Rural Overlay
District in the City of Chesapeake. In addition, this will be an opportunity to
integrate the city’'s watershed plan with regional open space planming efforts to
enhance protection of the Northwest River. Given the anticipated increase in
development across the watershed and the need to protect its multiple public
benefits, there is a compelling need to develop a comprehensive plan for its future.
This plan consists of a characterization of the watershed’s natural resources, uses,
and critical issues; identification of goals to meet natural resource and land use
needs; and an assessment and prioritization of strategies to address key challenges.
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Natural Features of the Northwest River Watershed

Watershed Setting

Occupying nearly 140,000 acres in southeast Virginia and northeast North Carolina,
the Northwest River watershed is situated in a nearly flat landscape characterized by
low elevation and broad expanses of relatively poorly drained soils. It was which
historically supported a mosaic of wetland habitats and features higher elevation
sand ridges associated with scarps representing historic shorelines.

The Northwest River watershed is located in the outer coastal plain physiographic
region, in the northern end of the Mid-Atlantic embayment stretching from the
Neuse River in North Carolina to Back Bay in Virginia (Map 1). Under normal
conditions, the watershed is bounded to the east by the North Landing/Currituck
Sound watersheds, to the south by the North River and Pasquotank River drainages,
to the west by the Dismal Swamp and the Dismal Swamp Canal, and to the north by
the Elizabeth River and Chesapeake Bay watersheds. Hydrologic connections
between the Northwest River and the Dismal Swamp may occur under extreme flood
conditions. The Northwest River discharges into Currituck Sound, an embayed arm
of the Albemarle/Pamlico Sound Estuary, which is the second largest estuarine
system in the United States.

Table 1 lists the 8 subwatersheds (12-digit Hydrologic Units) comprising the
Northwest River watershed, as mapped by the United States Geologic Survey
(USGS). There are 68,367 acres in Chesapeake’s drinking water supply watershed,

TABLE 1: Northwest Watershed Acreage by Subwatershed

Subwatershed Total Acreage % of Watershed
*Twelve-foot Ditch/Northwest River 24,551 18%
*Culpepper Island/Dismal Swamp 12,692 9%

*UUS Naval Reservation/Northwest River 31,124 22%
Indian Creek/Northwest River 16,362 12%
Moyock Run 9,702 7%
Roland Creek 17,058 12%

Tull Creek 16,492 12%

Tull Bay/Northwest River 11,742 8%

Total 139,123 100%

* Indicates subwatershed located within the City of Chesapeake’s drinking water supply watershed. The total size of the
water supply watershed is 68,367 acres (49% of the entire watershed).

Source: USGS
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which extends into North Carolina. The City contains 68,764 total acres of the greater
Northwest River watershed inside its borders.

Each subwatershed is characterized by one or more tributary streams and or main
stem reaches of the Northwest River, illustrated on Map 2. Maps 3 and 4 show the
tributaries of the Northwest River watershed. Three subwatersheds (Twelve-foot
Ditch/Northwest River, Culpepper Island/Dismal Swamp and US Naval
Reservation/Northwest River) comprise the portion of the Northwest River watershed
located upstream from the City of Chesapeake’s drinking water intake point, which
is situated just below the Rt. 168 bridge. This acreage represents nearly half of the
entire watershed and will be referred to as the drinking water supply watershed.

From near its headwaters at Lake Drummond Causeway, the Northwest River flows
approximately 20 miles, over which it falls approximately 10 feet (3 meters)
equating to a very sluggish 6 inch fall per mile. Map 5 depicts elevation in the
Northwest Watershed, which ranges from sea level to approximately 30 feet.

Land Cover/Land Use

The 2005/2006 Coastal Change Analyses Program (C-CAP) Dataset indicates that
land in the Northwest River watershed is still dominated by forest (48%) and
agriculture. Forest cover is concentrated in four general areas: along the Northwest
River and its floodplains, in the northwest and southwest sections of the watershed,
and in the Tull Creek subwatershed. Forest cover for each subwatershed is provided
in Table 2. The most heavily forested area is the Culpepper Island/Dismal Swamp
subwatershed, with

TABLE 2: Forested Acreage by Subwatershed

Total Total
Subwatershed Acreage Forested % Forested
Acreage
Twelve-foot Ditch/Northwest River 24,551 11,245 46%
Culpepper Island/Dismal Swamp 12,692 9,384 74%
US Naval Reservation/Northwest River 31,124 16,004 51%
Indian Creek/Northwest River 16,362 6,824 42%
Moyock Run 9,702 1,836 19%
Roland Creek 17,058 6,435 38%
Tull Creek 16,492 9,285 56%
Tull Bay/Northwest River* 11,742 6,752 58%
Total 139,723 61,765 48%

* Bome emergent herbaceous wetlands included in total.

Source: C-CAP
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over 74% forest cover. In contrast, only about 19% of the Moyock Run subwatershed
has forest cover. The U.S. Naval Reservation/Northwest River subwatershed has the
greatest number of acres (16,004) of forest cover in the drinking water supply
watershed and contributes significantly to its total forest cover. Results of a more
recent canopy cover study conducted by the City are presented in Appendix A
(p.108).

Upland forested areas in the watershed are dominated by loblolly pine stands
managed on short (20-30 year) rotations for pulpwood and sawtimber. Wetland
areas associated with the Northwest River floodplain support predominantly
hardwood forest. Most forestland under conservation ownership in the watershed is
being managed for old-growth attributes and is unlikely to be harvested to any large
degree.

As noted above, agriculture is still a common land use in the Northwest River
watershed, with corn and soybeans being the primary crops in production.
Parcelization of farmland over the past several decades in the upper portion of the
watershed has steadily reduced the acreage of land in production. The rise of no-till
farming across the watershed has likely helped reduce soil loss and sediment
discharge into waterways.

Waterfront development along the Northwest River is highly limited, due primarily
to the expansive floodplain flanking the waterway. Uplands located near the
waterway are prone to occasional flooding, providing further limitations. The
highest elevations in the watershed are located in the City of Chesapeake’s drinking
water supply subwatersheds of the Northwest River. The largest contiguous blocks
of higher-elevation lands are located to the west of Hickory and to the east and
southeast of the U.S. Navy’s Northwest Annex facility. The lower sections of the
Northwest River watershed, particularly the Buckskin Creek and Tull Bay
subwatersheds, are dominated by lands less than 6.5 feet in elevation (Map 5).

Population density across the watershed varies considerably, with low to very low
densities in the upper and lower portions of the basin and relatively higher
population densities concentrated in between. Unlike the main stem of the river,
headwater reaches of tributary streams may be found in high-density residential
areas, creating potential challenges for maintaining water quality.

Watershed Localities

The Northwest River Watershed occupies land in four localities across two states:
the cities of Chesapeake and Virginia Beach in southeastern Virginia and the
counties of Currituck and Camden in northeastern North Carolina. Table 3 indicates
the percentage of land found in each. Chesapeake contains nearly half the entire
watershed, with the second highest percentage of watershed land area being
located in Currituck County. The river provides these communities with a number of
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services — drinking water, recreation, ecosystem services — each contributing to
local quality of life in growing communities.

City of Chesapeake

The City of Chesapeake is a primarily suburban community located in the south
central portion of Hampton Roads, with an estimated 2009 population of 225,255
people and a total area of approximately 353 square miles. Most of the population is
located in the northern half of the City, which is relatively urbanized and close to
employment centers. Conversely, the southern half of the City retains much of its
rural character and is more sparsely populated. The City is home to nearly half of the
Northwest River watershed and utilizes the river for a greater array of uses,
including as a source of drinking water, than its neighboring localities do.

Zoning in the southern portion of Chesapeake is primarily agricultural, with some
conservation, residential, and commercial areas. The City's concern for the
preservation of the ecological and cultural heritage of the area, as well as for the
protection of an important water source, has precipitated development of multiple
plans and policies designed to protect it. These are discussed in further detail in the
Critical Issues section of this plan.

City of Virginia Beach

Virginia Beach is the most populous city in the Commonwealth of Virginia, with an
estimated 2008 population of 431,451 residents and a total area of about 248 square
miles. The Northwest River Watershed occupies a small area in the City’s southern
region, below the designated Green Line. The Green Line was established in 1979 to
protect the area’s rural character, and the land below the line has remained
predominantly rural while the rest of the City has grown into a largely suburban
area. Although development in the southern part of the City has intensified in recent
years, the City plans for agriculture and low-density residential development to
remain the principal land uses.

The portions of Virginia Beach located in the Northwest River watershed are zoned
as agricultural districts. The City’s zoning ordinance states that the purpose of these
districts is “to protect and preserve agricultural lands for agricultural functions and
to protect and preserve agricultural lands and activities in the rural areas of the City
in harmony with reasonable levels of rural residential development and in keeping
with the special rural character, environmental protection needs and limited rural
infrastructure available."

Currituck County

Currituck County is a fast-growing community with an estimated 2008 population of
24,183 and a total area of approximately 262 square miles. It is located in the lower
portion of the Northwest River watershed and contains over 40% of the land draining
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to the system (Table 3). Currituck County has experienced considerable residential
growth over the past decade, but land use in the watershed is still primarily rural.

According to its 2006 Land Use Plan, Currituck County was the fourth fastest growing
county of the Coastal Area Management Act (CAMA) counties and eleventh in
overall growth of the 100 counties in North Carolina (Currituck County, 2006).
Current zoning in the Northwest River Watershed portion of Currituck County
generally falls info two categories: agricultural and residential. The former applies
primarily to the portions of the watershed north of the main stem of the river while
the latter occupies most of the land south of the river. Flooding has been a problem
in portions of the watershed due to flat topography and poorly drained soils.
However, the Moyock planning area just south of the North Carolina-Virginia border
is projected to continue to grow as a higher density area containing both residential
and commercial development.

Camden County

Camden County is a sparsely populated rural locality with an estimated 2008
population of 9,682 and a total area of around 241 square miles. It is located to the
south of the City of Chesapeake and is the southern terminus of the Dismal Swamp
Canal. The County also contains a portion of the headwater tributaries of the
Northwest River watershed, which is still dominated by forest and fields.

Zoning classifications in Camden’s portion of the Northwest River Watershed are
more varied and call for higher intensity development than in the other three
localities. Access to U.S. Route 17 is a driving force in the proposed development of
this area, which includes light industrial, highway business, and residential areas.
Increasing rates of population growth in the late 1990s and early 2000s led the
County to pass a moratorium on conventional residential subdivision development
in November 2003. The moratorium was lifted in April 2007, but the lack of a
prohibition on large lot subdivision during the time that it was in effect led to more
conventional development. Since 2006, the County has been operated under a
unified government structure that places all land use decisions under the purview of
the County Board of Commissioners.

TABLE 3: Acreage by Locality
% of Noxthwest River

Locality Acres in Watershed Watershed
City of Chesapeake 68,764 49%
City of Virginia Beach 1,861 1%
Camden County 8,757 6%
Currituck County 60,210 43%
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Biological Resources

The biological resources of the Northwest River watershed have been characterized
in a number of studies conducted primarily by Virginia DCR’s Division of Natural
Heritage and the North Carolina Natural Heritage Program (Fleming & Moorhead,
1998). These studies have identified the Northwest River (along with the North
Landing River and Back Bay) as home to the highest concentration of rare plant and
animal species in Virginia east of the Blue Ridge. The bulk of the watershed’s rare
species occurrences are associated with wetland habitats, which represent areas
least impacted by land conversion, ditching, and other anthropogenic disturbances.

Only scattered examples of mature upland forests occur in the watershed. Dominant
wetland community types found in the watershed include non-riverine swamp forest,
water tupelo/bald cypress swamp forest, estuarine fringe swamp forest, tidal shrub
swamp, pond pine woodland and various marsh habitats dominated by herbaceous
vegetation. Also found in the watershed is a marsh type known as spikerush-Olney
threesquare, which is considered most rare and at a high to very high risk of
extinction. This community type is confined to the oligohaline, or slighfly brackish,
marsh settings in the lower Chesapeake Bay and Mid-Atlantic embayed regions.
Another significantly rare habitat type is the estuarine fringe swamp forest, which is
considered vulnerable to extinction at a global scale and imperiled at the state level.
This community type is restricted to upper estuarine habitats of the mid-Atlantic
embayed region.

A total of twenty-four species of rare plants and seven species of rare animals are
found in the watershed in both Virginia and North Carolina. Table 4 lists species of
concern (SOC) found in the Virginia portion of the watershed. None of these species
are federally listed as an endangered or threatened species, although the Bald Eagle
is afforded federal protection under the Bald Eagle Protection Act. In addition to rare
species, the Virginia and North Carolina Heritage Programs document eleven rare

Table 4: Virginia Natural Heritage Resource Status

Species Name Type Federal Status State Status
Virginia Least Trillium Vascular Plant SOC

Blue Witch Grass Vascular Plant sSOC

Raven’s Seedbox Vascular Plant sS0C

Swainson’s Warbler Birds sOC
Eastern Big Eared Bat Mammals Endangered
Dismal Swamp Southeastern Shrew Mammals Threatened
Canebrake Raitlesnake Reptiles Endangered

Source: Virginia Department of Conservation and Recreation
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plant community types. Nearly all of these are associated with low elevation wetland
habitats. Out of eighty-two rare plant, animal, or natural community occurrences,
sixty-two (75%) are located in areas less than 3 feet in elevation. Nearly 70% of the
82 known rare species occurrences in the watershed are located on managed lands
under city, state, federal, or non-profit ownership. Most of these are located in sites
less than 3 ft. in elevation, putting them at potential risk to future sea level rise. The
lower section of the Northwest River watershed, comprised chiefly of the Indian
Creek/Northwest River and Tull Bay/Northwest River subwatersheds, supports the
highest density and diversity of rare elements, primarily associated with extensive
marshes found in the area. The City of Chesapeake’s drinking water supply
watershed contains twenty rare element occurrences, twelve of which are located on
managed lands.

In addition fo its resident biological divexsity, the Northwest River and its associated
floodplain are recognized as an important wildlife corridor. The floodplain of the
main stem of the Northwest River is the only remaining strip of forestland linking
Dismal Swamp National Wildlife Refuge with other protected lands to the east such
as Back Bay and Mackay Island National Wildlife Refuges, North Landing River
Preserve, and False Cape State Park. Protecting natural communities in the
watershed will benefit a wide range of species including the black bear,
amphibians, and various invertebrates.

Managed Lands

Managed lands, or properties under local, state, federal or non-profit ownership,
occupy a total of 19,430 acres in the Northwest River watershed (Table 5). State
agencies hold the most land (62%), followed by non-profits (TNC, 17%) and the U.S.
Department of Defense (15%). Most of these lands (83%) are located in Virginia.
Over 65% of the protected land (12,900 acres) is located in the City of Chesapeake’s
drinking water supply watershed. This acreage represents nearly 20% of the entire
drinking water supply watershed. Other areas of significant conserxvation ownership
are located in the Indian Creek/Northwest River and Tull Bay/Northwest River
subwatersheds. Much of this land is located at lower elevations. Close to 30% (5,400
acres) of all managed land is located below 3 feet in elevation and a total of 7,300
acres (38%) is located below 6.5 feet in elevation. Sea level rise is likely to
significantly influence the condition and amount of protected land over the next 100
years.

Managed lands in the watershed are used for multiple purposes. State Natural Area
Preserves managed by Virginia DCR as well as fracts owned by The Nature
Conservancy are protected primarily for biodiversity conservation and have limited
public access. Wildlife Management Areas run by the Virginia Department of Game
and Inland Fisheries (DGIF) and the North Carolina Wildlife Resources Commission
blend habitat protection, wildlife management, and public recreation. Over 1,500
acres of the Navy’s 2,836-acre Northwest Annex is forested; the balance contains a
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mix of open fields, training grounds, barracks, and administrative buildings. The
758-acre Northwest River Park managed by the City of Chesapeake offers a number
of public uses including camping and equestrian activities. Many of these uses are
highly compatible with watershed protection.

Table 5: Managed Lands by Owner

Ovwmner Acreage Yo
City of Chesapeake 1,331 1%
Elizabeth City State University 646 3%
NC Department of Transportation 408 2%
NC Wildlife Resources Commission 2,176 11%
Private 1,263 10%
The Nature Conservancy 3,258 17%
US Department of Defense 2,836 15%
US Fish and Wildlife Service 9 <1%
Virginia Dept. of Conservation & Recreation 2,257 12%
Virginia Dept. of Game & Inland Fisheries 4,540 23%
Total e A9880
Hydrology

The Northwest River is located in the upstream limit of the Albemarle Sound estuary.
While the effect of lunar tides on water levels is negligible, the river experiences
high and low tide events resulting from wind-driven currents. Strong winds from the
north to west drive water in Currituck Sound southward, resulting in lower water
levels for tributary branches such as the Northwest River. Conversely, sustained
winds from the south and east move Currituck Sound water northward, flooding
marshes and swamps. The frequency, duration, and amplitude of wind tide events
are variable. Flooding effects can extend far upstream if high riverine flows are
accompanied by powerful southerly wind-tide events. Similar wind tides have
caused as much as 4 foot variation in the Chowan River in North Carolina and a 3 foot
variation in Back Bay, Virginia (Daniel, 1977). The upstream currents associated with
wind-driven high-tide events can override river flows omn a short term basis,
particularly in summer when freshwater input is low and water loss due to
evapotranspiration is high. The occurrence of upstream flow for sustained periods of
time suggests that the effective boundary of the City of Chesapeake’s drinking water
supply watershed should include acreage below the water withdrawal site at the Rt.
168 bridge. Non-point source pollution discharge into the lower reaches of the river,
for example, has the potential for migrating upstream, depending on the timing of
the pollutant release and the prevailing current flows. :
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A comprehensive water budget model has yet to be developed for the Northwest
River due in part to lack of flow data, poor understanding of groundwater dynamics,
and general difficulty characterizing wind-tide systems.

The river's hydrology has been altered considerably over the past two centuries by
land clearing, wetland drainage, and canal construction. The first major ditch
project influencing the river was the creation of the Dismal Swamp Canal in 18085,
which resulted in a substantial decrease in surface water input in what is now
considered the river’'s headwaters area. Approximately 30 years after the Dismal
Swamp Canal was opened, a new canal was constructed linking the Dismal Swamp
Canal with the Northwest River channel. The canal, named the Northwest River
Canal, extended seven miles from Wallaceton, located approximately four miles
north of the state line, to what is now the Bunch Walnuts Bridge area. Constructed for
transporting timber products from the Dismal Swamp Canal to Currituck Sound and
Currituck Inlet, the canal was abandoned in 1871 due to the closure of Currituck
Inlet and the rise of railroad transportation (Trout, 2000).

Two-thirds of the former Dismal Swamp ecosystem, which likely included much of
the upper portion of the Northwest River watershed, is thought to have been drained
since European settlement in the region (Pettie, 1976). While the timeline of wetland
loss is not well established for the region, historic topographic maps from the USGS
indicate that many of the major ditches currently in place, such as Central Ditch, the
lower portion of Twelve-foot Ditch, and much of the headwaters of Shingle Landing
Creek were created before 1945. One of the largest wetland conversion projects in
the last 50 years in the Virginia portion of the Northwest River watershed occurred in
the 1980s on roughly 4,000 acres in the southwestern corner of the City of
Chesapeake, prior to the establishment of federal wetland regulations.

As mapped by the National Hydrology Dataset (NHD), a total of roughly 500 miles of
waterway exist in the Northwest River watershed. A considerable portion of this
waterway network is in the form of drainage ditches. In the Shingle Landing Creek
subwatershed, for example, approximately 80 miles of waterway are mapped by the
NHD dataset. Based on topographic information and liberal estimates on the location
of natural stream channels, over 50% of this waterway network appears to be
associated with constructed ditches. Other subwatersheds, such as the U.S. Naval
Reservation/Northwest River subwatershed, also have a relatively high density of
constructed waterways.

Waterways in the Northwest River watershed are predominantly situated in cleared
agricultural land, with minimal to no vegetated buffers surrounding the channels.
Within the City of Chesapeake’s drinking water supply watershed, approximately
70% of 100-foot buffer zones around natural and constructed waterways consist of
open land. The balance is forested land. Ditch maintenance (clearing of debris and
vegetation to remove flow barriers) generally occurs more frequently in farmlands,
as they are more easily accessible. Easements defining property drainage rights are
common across the Northwest River watershed. The City of Chesapeake controls
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drainage easements along many of the watershed’s major ditches and has
stormwater management regulations in place to guide the placement and type of
new drainage easements associated with developments.

Increases in impervious surface area driven by new residential development in the
Northwest River watershed present significant challenges for managing stormwater
runoff in the City's drainage ditch network. A 2007 stormwater management
modeling study conducted for the City by URS Corporation indicates that the
Southern Chesapeake watershed (which includes much of the northern portion of the
U.S. Naval Reservation/Northwest River subwatershed) will increase from 8.81% to
12.61% imperviousness in the future (URS, 2007). This increase in impervious cover
will produce greater volumes of stormwater runoff. The URS report recommends
ditch widening as one strategy to accommodate increased runoff. Complicating this
planning effort is the likelihood of higher surface water levels in the Northwest River
and lower tributaries due to the effects of sea-level rise. Such changes may influence
the effective elevation gradient for drainage purposes and for some ditch networks
impede discharge. Detailed flow studies incorporating predicted sea level rise
parameters are needed to assess the near and long-term impacts of this pending
shift in the river’s hydraulics.

Water Quality

The Northwest River has a history of water ¢uality problems based on monitoring
and analysis by the Virginia Department of Environmental Quality (DEQ) and the
Applied Marine Resources Laboratory at Old Dominion University. Identified
problems include bacterial contamination, mercury in fish tissue, low dissolved
oxygen and high organic loading. Unfortunately little is known about the source of
the pollution. In particular, the low dissolved oxygen and high organic loading
issues may be due to natural causes.

TABLE 6: DEQ Monitoring Stations Listed Downstream to Upstream

Station ID Waterbody Location Description
S5BNTWO007.49 Northwest River At North Caroclina Line
BBNTWO008.97 Northwest River At Confluence of Smith Creek
S5BNTWO009.48 Northwest River At Confluence of Indian Creek
5BINDO01.15 Indian Creek Indian Creek Road Bridge
SBNTW010.23 Northwest River E. of Island approx. 1.5 mi. downstream
BBNTWO011.20 Northwest River Rt. 168/170 Bridge
5BNTWO012.86 Northwest River At Fork approx. 1 mile Upstream of Bridge
5BXAMO000.60 Unnamed Tributary Near Gallbush Rd.
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DEQ operates eight water quality monitoring stations on the Northwest River and its
tributaries (Table 6). All are ambient monitors, and one includes fish tissue (Map 6).
Waters considered to be impaired in the Northwest River watershed are listed
because of low dissolved oxygen in several segments (aquatic life concern),
bacterial contamination (recreation concern), or mercury in fish tissue (one
segment).

The most recent Virginia Water Quality Assessment, published in October of 2008,
identifies three types of water quality problems in the Northwest River: low
dissolved oxygen, bacterial contamination and mercury in fish tissue. DEQ’s 2008
305(b)/303(d) Water Quality Assessment Integrated Report for Virginia shows that
all monitored segments of the Northwest River and some of its tributaries are
impaired for aquatic life and recreation due to low dissolved oxygen levels and the
presence of E. coli (Table 7) (Virginia Department of Environmental Quality, 2008).
The report further notes that the cause of the low dissolved oxygen concentrations is
suspected to be naturally occurring, although that has not been confirmed by DEQ.
Two new segments of the river are listed for not meeting water quality standards: the
Upper for recreation/E. coli bacteria and the Middle for fish consumption due to
mercury in fish tissue. Map 6 indicates the locations of impaired waters in the
Northwest watershed.

The 2008 report identifies two segments of the Northwest River as eligible for
delisting or partial delisting for bacteria. The report finds that recreation use is
supported at the mouth of the river and in the lower river segment to varying extents
based on E. coli concentrations.

The Applied Marine Research Laboratory (AMRL) at Old Dominion University was
hired in 1998 as part of the SWAMP project to analyze the available water quality
data for the Southern Watershed Area. The study area included Back Bay, the North
Landing River, the Northwest
River, Lake Drummond, and
Stumpy Lake. Analysis
included an evaluation of status
and long term trends for each
subwatershed area. In addition
to the water quality data
analysis, AMRL was asked to
critique the water quality
monitoring network and, to the
extent possible, to provide
insight into the linkage
between land use patterns and .
water quality. PRI

Water quality monitoring stations in the
Northwest River watershed
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The summary of findings for the Northwest River noted that general conditions in the
Northwest River are indicative of increased organic input into the system.
Unfortunately, AMRL was not able to determine if the degraded conditions are
natural or a result of human activities and land use patterns. Additional studies were
suggested for both the North Landing and Northwest Rivers to specifically identify
the source of the problem.

TABLE 1: Water Body Segments Not Meeting Quality Standards, 2008

Waterbody Use Not Being Met Impairment
Indian Creek Aquatic life Dissolved oxygen
Indian Creek Recreation E. coli bacteria
Northwest River - Upper Adquatic life Dissolved oxygen
Northwest River - Upper Recreation E. coli bacteria
Northwest River - Lower Adquatic life Dissolved oxygen
Northwest River - Middle Aquatic life Dissolved oxygen
Northwest River - Middle Recreation E. coli bacteria
Northwest River - Middle Fish consumption Mercury
Unnamed tributary to Northwest River Recreation E. coli bacteria
Unnamed tributary to Northwest River Agquatic life Dissolved oxygen

Concerns identified for the Northwest River included violation of the state dissolved
oxygen standard. Other findings included:

® Relative water quality was assessed at the above seven stations from 1995 to

1997 for total nitrogen, dissolved inorganic nitrogen, total phosphorus,
dissolved inorganic phosphorus, and total suspended solids.

o Relative water quality was good at all stations for total nitrogen,
dissolved inorganic nifrogen, and total suspended solids.

o Total phosphorus was good at all stations except Indian Creek where it
Was poor.

o Dissolved inorganic phosphorus was poor at the confluence of Indian
Creek and downstream at the confluence of Smith Creek. It was rated
fair at the North Carolina state line, the Route 168 bridge and the station
upstream of the bridge. Dissolved inorganic phosphorus was not
assessed at the other two stations.

® For each station, the study determined the number of water quality
observations between 1995 and 1997 that exceeded the Federal Primary
Mazimum Contaminant Levels (MCLs) for drinking water for nitrite, nitrate,
chloride, and sulfate. Three observations exceed the nitrite standard: one
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each at both Indian Creek stations, and one at the Rt. 168 bridge station.
Observations of chloride exceeded the standard 3 times at the Indian Creek
station and 4 times at the Rt. 168 bridge station. All other observations met the
standards.

® Water quality observations from 1995-1997 for pH, fecal coliform, and

dissolved oxygen at all seven stations were compared to the Virginia Watex
Quality standards to determine if the waterbodies were supporting their
designated uses.

o All stations except the Indian Creek station were found to be
supporting the recreational use based on the fecal coliform standard.

o All stations were supporting or partially supporting the aquatic life use
based on the pH standard.

o Only 3 of the 7 stations were found to be supporting the aquatic life use
based on the dissolved oxygen standard: Northwest River downstream
of the Rt. 168 bridge, Northwest River at the confluence of Smith Creek,
and Northwest River at the North Carolina state line.

® Water quality trends through 1997 were evaluated at the Rt. 168 bridge station
for conductivity, hardness, nitrate, total Kjeldahl nitrogen, volatile solids,
fixed solids, total suspended solids, fixed suspended solids, total solids, and
pH. Results of the trend analysis indicated that water quality conditions were
degrading. Increasing trends were significant for total solids, total nitrogen,
conductivity, hardness, and pH.

The SWAMP study did not assess sources of pollutants, but suggests that conditions
are indicative of increased organic input to the system. The study generalized that
there may be a natural origin for the nutrients, but underscored the importance of
identifying anthropogenic sources.

Wetland Mitigation

Since the mid 1990s, wetland mitigation has emerged as a significant driver of land
protection and wetland restoration in the Northwest River watershed. According to
the U.S. Army Corps of Engineers (Corps) and The Nature Conservancy,
approximately 2,800 acres of land are tied to mitigation projects in the watershed, all
located within in the City of Chesapeake. Wetland mitigation banks are properties
on which weflands have been restored, created, enhanced, or preserved, and then
permanently protected to compensate for future wetland impacts due to permitted
development activities. Regulations developed by the Corps and DEQ guide the
creation and operation of banks and set standards for quantifying the functions or
area restored or created in terms of credits. Credits can be sold to land owners
needing to compensate for authorized impacts to waters of the U.S. (including
wetlands) associated with development activities. Banks often offer a preferred
alternative to restoration or creation of wetlands on or near development sites.
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Both for-profit and non-profit wetlands banks are active in the watershed. Of the
2,800 total acres of mitigation land in the watershed, nearly 1,300 acres are
controlled by several private mitigation bankers. The balance (approximately 1,500
acres) is held by The Nature Conservancy through the Virginia Aquatic Resources
Trust Fund (Trust Fund), an in-lien fee mitigation program administered in
partnership by The Nature Conservancy and the Norfolk District of the Army Corps
of Engineers. The intent of the Trust Fund is to consolidate the mitigation
requir