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Section 1. Introduction

The Center for Watershed Protection (CWP) has been working in partnership with the
James River Association (JRA) on a James River Vulnerability Analysis and
Subwatershed Action Plan. This project is funded through the 2004 Chesapeake Bay
Small Watershed Grants Program. This Technical Memorandum summarizes the
methodologies and results from the various technical components of the project.

In essence, the intent of this project was to prioritize restoration and protection
opportunities within the James River Basin at different scales. Each section of this
memorandum contains a step in the process, as follows:

Section 2. At the James River Basin scale, the goal is to divide a very large and
complex river basin in manageable watershed units to explore and prioritize restoration
and protection at a planning scale. The 11-digit hydrologic unit code (HUC-11) was
selected as the appropriate watershed unit, and the analysis used a desktop geographic
information system (GIS) approach. One priority HUC-11 was selected for further
analysis.

Section 3. The county or jurisdictional level is still a planning scale, but is able to
distinguish the growth and environmental characteristics of individual jurisdictions. At
this scale, the project classified each jurisdiction based on available data and a desktop
GIS analysis, and identified critical watershed planning goals and tools.

Section 4. Once the priority HUC-11 was selected, the chosen watershed was divided
into appropriately sized subwatersheds. At this scale, additional data were used to
conduct a comparative subwatershed analysis, which is a method to score, rank, and
prioritize the subwatersheds based on restoration and protection criteria. The outcome
was the selection of priority subwatersheds for further investigation.

Section 5. Within the selected subwatershed, field-level techniques were used to identify
potential restoration and protection projects within the stream corridor and upland
areas that contribute runoff and pollutants to the stream.

Section 6. Finally, project evaluation and ranking was used to evaluate and prioritize
the individual restoration and protection projects as part of a subwatershed action plan
(Section 6).

In summary, the method employed begins with the entire James River Basin (10,000
square miles), prioritizes restoration and protection needs at the watershed scale
(Appomattox River Outlet HUC-11 – 82 square miles), and develops an action plan for a
priority subwatershed (Oldtown Creek -- 13 square miles). Figure 1.1 represents
graphically this “scalable” watershed approach. The numbers in Figure 1.1 correlate with
the numbered steps listed above.
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Figure 1.1. Scalable Watershed Approach for James River Vulnerability &
Subwatershed Action Plan
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Section 2. Selection of Priority Watersheds for the James
River Basin

Since the James River Basin comprises over 10,000 square miles, the project team was
interested in the prioritization of particular watersheds to focus protection and restoration
efforts. The eleven-digit hydrologic unit code (HUC-11, or watershed code) was selected
as the organizing unit since these watersheds are commonly used for federal and state
programs.

A set of scoring criteria was established in order to distinguish priority watersheds for
restoration and protection. Restoration criteria were selected primarily to address
sediment as a key pollutant of concern for the James River, with other pollutants and
sources of degradation serving as secondary considerations. Protection criteria were
selected based on the potential to protect land that is essential for water quality and
habitats. These areas include protected lands, forest cover, habitat for rare species, and
large tracts of forest. Scoring criteria are described in more detail below.

The information is contained in Tables 2.1-2.3.

2.1. Criteria for RESTORATION HUC-11s

Criteria for selection of priority restoration HUC 11’s included soil erodibility,
incremental yield of phosphorus (used as a surrogate for sediment based on data
availability), and the percentages of both agricultural and urban land. These criteria are
outlined in Table 2.1.

2.2. Criteria for PROTECTION HUC-11s

Priority protection HUC-11s were evaluated using the occurrence of rare, threatened and
endangered species and the presence of unprotected conservation areas, including
wetlands and large tracts of forest. In addition, the Chesapeake Bay Program’s
development pressure list was used to ascertain areas that are vulnerable to development
and therefore where protection should be a priority. The criteria for priority protection
HUC-11s is described in Table 2.2.

2.3. Selection of Priority HUC-11 Watersheds

Priority HUC-11s for restoration and protection were identified in a preliminary sense
using the data noted above and in Tables 2.1 and 2.2. The priority selections were then
cross-referenced with other data sources related to development pressure and impaired
streams, and, in some cases, selections were modified. Development pressure was
estimated by the Bay Program based on proximity to developed cities that serve as hubs
for jobs and estimated time of travel for potential commuters. The development pressure
ranking was cross-referenced with the restoration and protection criteria and used to help
select priority HUC-11 watersheds. The 303d list of impaired waters provides evidence
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from a larger state and federal perspective that these waters are impaired for some of their
historically designated uses. Both data sets were used to verify (or cross-reference)
priority HUC-11s for restoration and protection. Additional information about these data
is provided in Table 2.3.

Based on the criteria described above, 11 HUC-11 watersheds were identified as
priorities for restoration, 13 HUC-11 watersheds were identified as priorities for
protection, and 2 HUC-11 watersheds were identified as priorities for both restoration
and protection. The data used to select the priority watersheds in presented in Table 2.4,
and Figure 2.1 shows the locations.

After a list of priority HUC-11s was developed, JRA and CWP worked together to
review and evaluate all of the selected watersheds. Part of this process was selecting one
priority HUC-11 to feed down to the next level of analysis – the comparative
subwatershed analysis (See Section 4). This selection was based on opportunities for
both restoration and protection, the size of the HUC-11, the individual jurisdictions
included in each HUC-11, and political considerations (e.g., the potential to affect change
within the watershed). The outcome of this process was the selection of the Appomattox
River Outlet HUC-11 to continue the study.
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Table 2.1. Criteria Used to Select Priority Restoration HUC-11s

Priority HUC-11s meet one or more of the following criteria AND are on the
“Development Pressure” list from the Chesapeake Bay Program.

1. Soil Erodibility
a. HUC 11’s with greater than 75% in the high category (>0.3) plus some

overlap with other factors.
b. Data taken from STATSGO soils layer and broken into three categories

(none to slight, moderate and high) based on Chesapeake Bay Program.

2. Phosphorus Incremental Yield
a. HUC 11’s with greater than 0% in the high category (>0.507), or >10% in

the medium category (0.317-0.507) plus overlap with other factors.
b. Data from USGS SPARROW Model.
c. Classification of data based on 2004 VA DEQ Nonpoint Source

Assessment Study http://www.deq.state.va.us/wqa/ir2004.html

3. Agricultural Land
a. HUC 11’s with greater than 20% acres of agricultural land.
b. Agricultural land includes pasture/hay and croplands from the landuse/land

cover data (2000) from the Chesapeake Bay Program.

4. Developed Land
a. HUC 11’s with greater than 6% developed land.
b. Developed land includes low, medium, and high intensity developed and

transportation categories from landuse/land cover data (2000) from the
Chesapeake Bay Program.
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Table 2.4. Data Used to Select Priority HUC-11 Watershed.

HUC 11 County

303(d)
listed
rivers

(miles)
303(d) listed reservoirs

(acres) Soil Erodibility (acres)
Phosphorus Incremental Yield

(load per area)

Agricultural
Land
(acres)

Developed
Land
(acres)

Rare
Threatened
and
Endangered
(acres)

Conservation
land -
Protected
land (acres)

None to
Slight
<0.2

Moderate
0.2 - 0.3

High
>=0.3

Low
<0.3165995

Medium
0.3165996
-
0.5065591

High >
0.5065592

APPOMATTOX
RIVER -
OUTLET Chesterfield 16.53 Lake Chesdin (3196) 0.07% 92.47% 7.46% 99.75% 0.00% 0.00% 11.51% 16.62% 69.30% 43.95%

APPOMATTOX
RIVER - UPPER Powhatan 143.36 0.00% 72.07% 27.93% 100.00% 0.00% 0.00% 18.12% 1.46% 5.17% 78.00%

BUFFALO
CREEK Rockbridge 8.33 Robertson Lake (31) 0.00% 0.03% 99.97% 100.00% 0.00% 0.00% 15.79% 1.42% 33.19% 72.19%

CHICKAHOMINY
RIVER - LOWER New Kent 196.73

Diascund Reservoir
(1700) 7.62% 60.53% 31.86% 95.18% 0.45% 0.00% 11.64% 2.15% 34.17% 68.06%

CHICKAHOMINY
RIVER - UPPER Hanover

Chickahominy Lake
(1500) 13.88% 82.41% 3.71% 86.68% 13.32% 0.00% 12.70% 11.77% 26.67% 57.94%

CRAIG CREEK Craig 46.34 0.00% 18.92% 81.02% 99.90% 0.00% 0.00% 1.19% 0.94% 29.50% 80.44%
DEEP CREEK -
ON THE
APPOMATOX
RIVER Nottoway 33.30 0.00% 81.78% 18.22% 99.66% 0.00% 0.00% 20.73% 1.68% 0.24% 76.01%

ELIZABETH
RIVER AND
HAMPTON
ROADS Chesapeake 24.82 24.66% 75.25% 0.00% 4.63% 57.38% 15.62% 6.19% 25.58% 16.12% 14.78%

FLAT CREEK Amelia 9.42 0.00% 74.50% 25.50% 99.87% 0.00% 0.00% 24.15% 1.65% 3.36% 73.39%

JACKSON RUN Highland 11.21 Lake Moomaw (2005) 0.00% 16.47% 82.88% 99.97% 0.00% 0.00% 8.42% 1.24% 51.11% 34.16%

JAMES RIVER -
BOTEFOURT
COUNTY Bedford 73.13 0.00% 13.42% 86.58% 99.89% 0.00% 0.00% 15.88% 2.16% 31.55% 70.24%
JAMES RIVER -
LOWER TIDAL

Newport
News 4.04 Lee Hall (230) 30.58% 44.16% 25.25% 37.01% 31.54% 0.03% 12.22% 6.80% 15.73% 31.12%

JAMES RIVER -
LYNCHBURG
CITY Bedford 48.68

Graham Creek
Reservoir and Pedlar
Lake (165) 0.00% 25.45% 40.97% 96.61% 3.05% 0.00% 9.69% 3.91% 14.83% 54.07%

JAMES RIVER -
MIDDLE TIDAL Surry 7.80 23.62% 54.48% 21.90% 60.37% 14.87% 0.00% 12.89% 5.30% 51.01% 37.80%
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JAMES RIVER -
NEAR THE
TOWN OF
COVINGTON Alleghany 36.61 Douthat Lake (60) 0.00% 10.51% 89.49% 100.00% 0.00% 0.00% 0.00% 3.30% 61.67% 45.78%

JAMES RIVER -
NORTH OF
HOPEWELL Chesterfield 78.46

Falling Creek
Reservoir (110) 0.89% 87.55% 11.56% 80.30% 19.70% 0.00% 12.79% 17.84% 24.49% 38.62%

JAMES RIVER -
PURGATORY
TO BIG
HELLGATE
CREEKS Botetourt 11.52 0.00% 13.59% 48.31% 99.94% 0.00% 0.00% 7.05% 1.95% 65.35% 66.11%
JAMES RIVER -
RICHMOND
CITY Henrico 149.70 7.34% 80.17% 12.49% 88.19% 11.81% 0.00% 16.07% 7.29% 20.31% 56.80%

JAMES RIVER -
UPPER TIDAL Charles City 31.56 12.36% 37.79% 49.84% 97.14% 0.00% 0.00% 17.38% 3.19% 28.65% 60.50%

MAURY RIVER Rockbridge 69.86 0.00% 12.38% 87.62% 99.89% 0.08% 0.02% 29.43% 3.45% 33.54% 44.24%

NANSEMOND
RIVER Suffolk 6.97 15.60% 84.40% 0.00% 53.82% 38.53% 0.00% 23.82% 6.43% 18.22% 52.50%

NORTHFORK
RIVANNA RIVER Greene 26.85 0.00% 55.64% 44.36% 99.99% 0.01% 0.00% 18.15% 1.85% 9.82% 67.32%

RIVANNA RIVER Fluvanna 42.65
Ragged Mountain
Reservoir (54) 0.00% 25.78% 70.46% 100.00% 0.00% 0.00% 13.61% 3.34% 2.03% 67.62%

SOUTH FORK
RIVANNA RIVER Ablemarle 54.43

Lake Albemarle and
Sugar Hollow
Reservoir (87) 0.00% 37.24% 43.14% 100.00% 0.00% 0.00% 18.14% 2.08% 5.01% 57.05%

SOUTH RIVER -
ON THE JAMES
RIVER Rockbridge 5.44 0.00% 13.90% 86.10% 99.93% 0.07% 0.00% 20.63% 2.49% 29.94% 24.72%

SWIFT CREEK Chesterfield 29.68
Swift Creek Reservoir
(1800) 1.53% 97.71% 0.76% 100.00% 0.00% 0.00% 6.94% 5.35% 30.37% 70.96%

Protection HUC 11's

Restoration HUC 11's

Restoration and Protection HUC 11's
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Figure 2.1. Selected Restoration and Protection HUC 11’s in the James River Watershed.
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Section 3. Identification of Watershed Planning Goals & Tools
for James River Basin Jurisdictions

3.1. Data & Results for Classifications

To complement the prioritization of HUC-11’s on a basin-wide scale, the project team
looked at the next level – individual jurisdictions. This was important since jurisdictional
boundaries, while not always following watershed boundaries are the main determinant
of land use policies and regulations. The classification process included all major
jurisdictions with the James River Basin, including 29 counties and 16 cities. Several of
these jurisdictions have only a small land area within the James River Basin.

Several data sources -- including existing urban land, existing forest land, impervious
cover, protected conservation areas, development pressure designations from the
Chesapeake Bay Program, and population statistics from the Weldon Cooper Center --
were used to sort James River Basin localities into different categories.

General watershed planning goals and tools were identified for each category based on
CWP’s extensive experience conducting local watershed planning. As one example,
watershed planning goals for a county with high development pressure but relatively low
existing development may be to focus on watershed based planning to direct development
to appropriate or designated areas, while identifying important resource or conservation
areas. Watershed planning tools to protect streams and receiving waters in these counties
may include enacting strong buffer ordinances, improving stormwater and erosion control
programs (including enforcement), and planning code revisions to promote better site
design.

A short summary of the steps in the categorization process is provided below:
1. Identify counties with high, medium, or low development pressure based on CBP

vulnerability analysis, in addition to population data from the Weldon Cooper
Center.

2. Identify counties with conservation areas (forests, parks, open land) that are either
currently protected or unprotected.

3. Identify counties with relatively high percentages of developed land based on land
use or impervious cover data.

4. Group counties (and cities) into the following five classifications:
a. Sensitive Protected
b. Sensitive Unprotected
c. Vulnerable Impacted
d. Vulnerable Developing
e. Vulnerable Developing Rapidly

Table 3.1 outlines the criteria, goals, and appropriate watershed planning tools for each
of the categories listed above. Table 3.2 lists all the major jurisdictions within the James
River Basin by category. Figure 3.1 displays these results graphically.
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Table 3.2. James River Basin Jurisdictions By Classification

Classification Jurisdictions

Sensitive Protected
(SP)

Counties
Bath, Craig

Sensitive Unprotected
(SU)

Counties
Appomattox, Buckingham, Charles City, Cumberland,
Highland, Nelson, Nottoway, Surrey

Vulnerable Impacted
(VI)

Counties
Chesterfield, Henrico

Cities
Buena Vista, Charlottesville, Chesapeake, Colonial
Heights, Covington, Hampton, Hopewell, Lexington,
Lynchburg, Newport News, Norfolk, Petersburg,
Portsmouth, Richmond, Virginia Beach (small),
Williamsburg

Vulnerable Developing
(VD)

Counties
Albemarle, Allegheny, Amelia, Amherst, Augusta,
Botetourt, Bedford, Campbell, Dinwiddie, Greene (small),
Hanover (small), Isle of Wight, Louisa (small), New Kent,
Prince Edward (small), Roanoke (small), Rockbridge

Vulnerable Developing
Rapidly (VDR)

Counties
Fluvanna, Goochland, James City, Powhatan, Prince
George, Suffolk

(small) – references that only a small portion of the jurisdiction is located in the James River
Basin; a number of jurisdictions with very little land area in the James River Basin were not
included in the analysis; Rockingham, Orange, Clifton Forge, Giles, York, Montgomery,
Charlotte, Lunenburg (most were less than 200acres)
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Figure 3.1. Classification of Counties and Cities in the James River Watershed.
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Total Restoration Score = (IC)(6) + (CC)(5) + (FC)(3) + (IS)(3) + (VP)(1) + (PL)(1) +
(MS)(1)

Total Protection Score = (IC)(5) + (CC)(4) + (FC)(3) + (IS)(2) + (VP)(1) + (PL)(4) +
(MS)(1)

Preliminary Ranking of Subwatersheds

Table 4.2 presents the aggregate scores for restoration and protection for each of the
Appomattox Outlet subwatersheds. Figure 4.1 shows these results graphically along
with the impervious cover category for each subwatershed.

Table 4.2. Aggregate Scores for Subwatersheds
Subwatershed
ID

Total Restoration
Score (Max = 100)

Total Protection
Score (Max = 100)

A-Ashton
Creek
Headwaters 86 44
B- Ashton
Creek
Mainstem 73 57
C- Cabin Creek 82 51
D- Wallace
Creek 71 61
E- Oldtown
Creek
Headwaters 57 61
F- Oldtown
Creek
Mainstem 76 36
G- cattail run 85 56
H- urban
drainage 81 50
I- Appomattox
mainstem 93 60
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To move the project into the next phase (stream corridor and upland assessments), it was
necessary to select a priority subwatershed for further analysis. Based on a variety of
factors -- including the comparative subwatershed analysis, opportunity for improvement,
and willingness of the localities -- JRA selected Oldtown Creek Mainstem and
Headwaters as the priority subwatershed.

The Oldtown Creek subwatershed presented several attractive opportunities for
restoration and protection. The headwaters of the subwatershed are in Chesterfield
County, and are largely comprised of forested flood plains and low-density residential
development. In stark contract, the bottom half of the subwatershed is within the City of
Colonial Heights. Oldtown Creek and its tributaries traverse through single and multi-
family neighborhoods, small commercial areas, and major commercial and industrial
corridors, such as Boulevard and Conduit Road. Interstate 95 crosses the mainstem in the
City, and a major shopping mall is located near the bottom of the subwatershed. The
lower section of Oldtown Creek is tidal.

During the planning process, staff from both Chesterfield County and the City of
Colonial Heights were contacted and consulted. Staff in both localities expressed interest
in the project and willingness to support and participate in the field assessment activities.

The Oldtown Creek subwatershed was selected based on its diversity and opportunities
for both restoration and protection.
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Figure 4.1. Appomattox Outlet Subwatershed Classification.
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Reach Conditions

The USA uses stream reaches as the basic organizational tool for creating management
recommendations. Each stream reach represents a relatively uniform set of conditions
along the stream corridor and is used to characterize average bank stability, in-stream
habitat, and riparian vegetation. Within each reach, teams evaluated overall reach habitat
using a scoring system that measures habitat and physical parameters in the stream. The
habitat scores from the USA in Oldtown Creek were rated as shown in Table 5.2.

Table 5.2. Stream Assessment
Scoring Criteria

Score Rating
123 - 138 Excellent
95 - 122 Good
65 - 94 Fair
0 - 64 Poor

Reach scores for Oldtown Creek are shown in Table 5.3. The majority of stream reaches
in Oldtown Creek rated as fair or good.

Table 5.1. Components of the USA
Impact assessments are site-specific and record data on condition and “restorability” at
each problem site. Impact forms comprise an initial inventory of restoration
opportunities. The eight impact assessment forms are:

Outfalls (OT)—all storm water and other discharge pipes
Severe erosion (ER)—bank sloughing, active widening or incision
Impacted buffer (IB)—lack of natural vegetation, width
Utilities in the Stream Corridor (UT)—leaking sewer, exposed pipes susceptible to
damage
Trash and Debris in the Stream Corridor (TR)—trash and illegal dumping
Stream Crossing (SC)—culverts, dams, natural features, etc.
Channel Modification (CM)—straightening, channelization, dredging, etc.
Miscellaneous (MI)—unusual features or conditions
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Table 5.3. Old Town Creek Reach Scores
Reach ID Score Rating

RCH-TB-08 4 Poor
RCH-TB-06 30 Poor
RCH-TB-07 37 Poor
RCH-TB-05 65 Fair
RCH-OTC-4 68 Fair
RCH-OTC-2 69 Fair
RCH-BL-02 72 Fair
RCH-TB-03 78 Fair
RCH-TB-02 83 Fair
RCH-OTC-3 87 Fair
RCH-BL-01 88 Fair
RCH-WP-3 95 Good
RCH-BL-06 95 Good
RCH-BL-04 97 Good
RCH-BL-07 97 Good
RCH-OTC-1 98 Good
RCH-BB-02 107 Good
RCH-BB-01 108 Good
RCH-BL-03 109 Good
RCH-WP-1 109 Good
RCH-TB-04 109 Good
RCH-BB-05 114 Good
RCH-BB-03 118 Good
RCH-WP-2 123 Excellent
RCH-HK-02 125 Excellent
RCH-BB-04 125 Excellent
RCH-HK-01 127 Excellent
RCH-BL-05 128 Excellent
RCH-BL-08 138 Excellent

Key Findings

In addition to determining the reach condition, one of the goals of the USA is to identify
sites where improvements can be made to the stream. The types of improvement
activities identified in Oldtown Creek include: outfall investigations, trash removal, and
utility investigations. The types of impact and improvement activities identified in
Oldtown Creek are summarized in Map A-1: Unified Stream Assessment and Table
5.4. Table 5.4 lists each impact, its associated reach, recommended project and a
summary of field observations. Section 6 contains a list and description of priority
projects within the subwatershed.


