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1. INTRODUCTION
Cacapon Institute (CI) engaged Downstream Strategies (DS) to conduct an analysis of North American
Aquatic Connectivity Collaborative (NAACC) field data collected by CI to identify potential, future, fish
passage projects and recommend best management practices (BMP) for implementation. DS developed
recommendations to reduce sediment and benefit aquatic habitat in the two study watersheds.

1.1

Study Location

Two study watersheds in the western half of the Opequon Creek drainage, Tuscarora Creek and Mill Creek,
were selected by the Chesapeake Bay Program Goal Implementation Team (GIT) for this project. CI then
completed assessments of culverts and other stream crossing structures using NAACC protocols in the two
watersheds. CI field staff assessed all public road crossings and private crossings where permission to
access the sites could be attained. In total, 109 crossings were assessed and added to the NAACC
database. The data was reviewed and approved by the West Virginia NAACC coordinator. The locations of
all assessed crossings along with known dams in the study watersheds are shown in Figure 1.

1.2

Prioritization Goals

Initial focus for the study as defined by GIT was to identify stream crossings (culverts, box culverts, and
bridges) that had the most negative impact on brook trout habitat in the study watersheds. In reviewing
population information and determining that available modeled habitat for brook trout was very limited, DS
and CI agreed that including locally important migratory fish would provide more ecological value to the
project to simply focusing on brook trout.
Prioritization was based on the severity of the impediment as defined by NAACC criteria posed by the
existing structure and distance to sizable springs that could maintain more even water temperatures and
flow. Those structures contributing to instability and streambank erosion were then ranked highest from the
narrowed pool of structures.
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2. HIGH PRIORITY PASSAGE BARRIERS
Opequon Creek is a direct tributary of the Potomac River and drains most of Berkley County and roughly
half of Jefferson County in the Eastern Panhandle of West Virginia. Community watershed groups, local
leaders, and landowners have been working with agency partners to address nutrient and sediment sources
in the watershed for more than 10 years. Projects implemented in the watershed include riparian buffers,
agricultural nutrient removal plans, streambank stabilization and restoration, dam removals, and repair and
replacement of inadequate wastewater infrastructure.
The GIT is interested in promoting fish habitat improvement projects by identifying passage barriers in the
watershed and providing BMP recommendations for how to provide uninhibited access for trout and other
aquatic organisms. DS based our prioritization on the above goals.

2.1

Discussing Dams

Prioritization Criteria

Initial focus for the assessment in the Opequon Creek Watershed was
on likely brook trout habitat. However, local observations combined with
modeled results indicated limited suitable brook trout habitat in the
Opequon.
DS first reviewed the barrier locations against a brook trout stress and
habitat likelihood model for brook trout developed for the Chesapeake
Bay by DS, West Virginia University, and the U.S. Fish and Wildlife
Service. This model, formerly accessible via FishHabitatTool.org,
utilized a variety of data to predict existing suitable brook trout habitat,
reported as a likelihood of occurrence (ie, for a particular stream
segment, the model reports “there is a 74% chance that brook trout
reside here.”) The model also predicts changes to predicted likelihood if
existing stressors are addressed. Our review of these data found that
these subwatersheds are very unlikely to contain populations of brook
trout. Only one subwatershed currently has a greater than 50% chance
of having adequate brook trout habitat. Even when stressors are
removed from the model, only this one subwatershed scores over 50%.

Dams should be included in
future discussions for
improving fish passage in
the Opequon Creek
watershed. These blockages
not only create a passage
issue but increase water
temperature and create
thermal impacts to waters
immediately at and below the
impoundments. Two dams
on Tuscarora and six on Mill
Creek have been identified
by Canaan Valley Institute,
WVDEP, and DS but were not
included in this report.
Figure 1 includes the
location of known dams.

Additionally, a local fisheries biologist noted that hatchery raised trout
are released to create a stocked trout fishery in parts of the watershed
but there is little to no evidence of native brook trout reproduction
anywhere in the Opequon (Raines, personal communication). He notes
that although extensive springs provide good flow, the water hardness appears to limit trout reproduction.
Raines did note that American eel and white sucker are two historically important migratory fish species
likely to be found in the study watersheds.

Based on local knowledge and model predictions, DS discussed adjusting the prioritization criteria with CI.
Together the project team decided to look more broadly at existing fish passage barriers to identify those
that would have the greatest potential to improve habitat connective for multiple native fish species,
including migratory species like American eel and white suckers. To identify which barriers to remove to
have the greatest impact, we weighed the severity of the barrier, flow during low-water periods, and
cumulative forest cover upstream. As a result of this analysis, six high priority barriers were identified. An
additional site with significant erosion issues is also included as a replacement in case implementation stalls
at the other high priority sites.

2.2

Barrier Removal Recommendations

DS identified six high priority sites to improve fish passage in the study watersheds, two in the Tuscarora
Creek watershed and four in the Mill Creek watershed Figure 1 shows the locations of these sites along with
one site selected due to evident erosion issues (labeled replacement implementation site below). These
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sites have been selected based on information from the NAACC assessment. DS staff have not visited
these sites and much more assessment and outreach work will need to be done to confirm these are
feasible sites and to verify recommended BMPs.
Figure 1. Location of all assessed crossings including high priority recommendations and dam locations
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2.2.1

Tuscarora Creek
Site 1: Old Mill Dam, Old Mill Road,
Martinsburg
Survey Id: 73789
NAACC Aquatic Passability Score: 0.06
GPS: Lat: 39.46982, Long: -77.98595
This barrier is on private property and is
part of a historic mill just west of downtown
Martinsburg on Mill Creek. Based on the
NAACC report a 1.7-foot drop at the outlet
of the mill dam creates a perched culvert
and will provide for a passage barrier for
most aquatic species. The study site
scores as severe based on a range of
parameters collected using scoring criteria
from NAACC Non-tidal Aquatic
Connectivity Data.

Because the site is part of a historic
structure and the current landowners hope
to preserve the property, one option for
Figure 2. Outfall at Old Mill dam
improving fish passage would be to install
steps constructed of rock and/or wood step
pools at the outlet to reduce the drop. Field assessment personnel were not able to look at this structure
closely and it is possible that the stream passes through some additional structures before reaching the
outfall. If landowners are willing and property boundaries allow, it may be necessary to relocate Tuscarora
Creek around the mill. This would require significant permitting discussions and negotiations with current
landowners and their neighbors.

CBP GIT NAACC Survey 2019
Cacapon Institute (May 12, 2020)

4

Attachment 5. Downstream Strategies’ Report

Site 2: Poorhouse Road Spring House
Survey Id: 73781
NAACC Aquatic Passability Score: 0.33
GPS: Lat: 39.46989 , Long: -78.03247
This barrier is a hanging culvert located in the upper
part of the Tuscarora Creek watershed, blocking
passage on an unnamed, spring-fed tributary of
Tuscarora Creek. Based on the NAACC report a
0.7-foot drop at the outlet creates a perched culvert
and will provide for a passage barrier for some
aquatic species. The study site scores as severe
based on a range of parameters collected using
scoring criteria from NAACC Non-tidal Aquatic
Connectivity Data.
Steps constructed of rock and wood could be
installed to reduce the drop at the outlet or the end
of the scour pool could be armored and elevated to
allow for a reduction in the drop height at the
downstream end of the culvert. The culvert appears
to be recently installed, but it would provide a good
case study for improved installation according to
established BMPs if the culvert could be removed
and replaced with a bottomless box/arch culvert or
small bridge.

Figure 3. Outfall drop and scour pool at Site 2

This site was selected based on the NAACC report
rating of severe and the observed flow conditions
showing typical low flow with some standing pools. Standing pools will provide holding water during the
driest times of the year and will increase habitat potential for desired aquatic and terrestrial species. It
should be noted that this site is just downstream from the Poorhouse Farm spring and will open up only
limited habitat above the culvert, less than 200 feet. However, this is a substantial spring and could provide
refugia to fish during periods of low flow.
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2.2.2

Mill Creek
Site 3: Private Ford off Route 28
Survey Id: 73407
NAACC Aquatic Passability Score: 0.00
GPS: Lat: 39.33228, Long: -78.04275
This barrier is a low-water ford
composed of concrete on the mainstem
of Mill Creek. The ford is on a private
road east of I-81 near Inwood. Based on
the NAACC report a 5.0-foot drop from
the top of the ford to the water surface
creates a passage barrier for most
aquatic species. The study site scores
as severe based on a range of
parameters collected using scoring
criteria from NAACC Non-tidal Aquatic
Connectivity Data.
Ford could be removed and replaced
with a hardened crossing, bankfull width
bridge, or bottomless box/arch culvert.
The banks and channel will require
stabilization because of the outlet drop
of 5.0 feet. Being proactive in stabilizing

Figure 4. Barrier created by low-water ford at Site 3

these banks at this site will reduce any further channel degradation
This site was selected based on the NAACC report rating of severe and the observed flow conditions
showing typical low flow with flowing water and standing pools. Standing pools will provide holding water
during the driest times of the year and will increase habitat potential for native fish species.
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Site 4: Private Ford near BCPSD
Survey Id: 74050
NAACC Aquatic Passability Score: 0.22
GPS: Lat: 39.33442, Long: -78.05566
This barrier is another low-water ford on
a private drive on the mainstem of Mill
Creek. This ford presents less of a drop,
but a 0.9-foot drop from the top of the
ford to the water surface creates a
passage barrier for some aquatic
species. The study site scores as
significant based on a range of
parameters collected using scoring
criteria from NAACC Non-tidal Aquatic
Connectivity Data.
Recently placed riprap indicates that this
site is susceptible to erosion and the
crossing appears to have caused the
Figure 5. Low-water ford showing evidence of erosion at
stream to widen. This ford could be
Site 4
removed and replaced with a hardened
crossing, bankfull width bridge, or
bottomless box/arch culvert. It is likely that the banks and channel will require stabilization to reduce any
further channel degradation and create a more stable stream with proper stream geometry.
This site was selected based on the NAACC report rating of significant and the observed flow conditions
showing typical low flow with flowing water and standing pools. Standing pools along with permanent stream
flow will provide holding water during the driest times of the year and will increase habitat potential for
desired aquatic and terrestrial species.

Site 5: Guthrie Drive Double Culvert
Survey Id: 73126
NAACC Aquatic Passability Score: 0.41
GPS: Lat: 39.34372, Long: -78.12229
This barrier is a hanging double culvert on
Mill Creek on Guthrie Drive upstream of
Gerrardstown. Based on the NAACC
report a 0.6-foot drop from the outlet to
the water surface creates a passage
barrier for some aquatic species; the
study site scores as a moderate barrier.
The double culvert crossing is likely
causing the stream to widen and inducing
erosion upstream and downstream of the
crossing during high water events. The
double culverts also make the
construction of steps to mitigate the drop
more difficult. The end of the scour pool
Figure 6. Outfall drop at Site 5
could be armored and raised to an
elevation allowing for a reduction in the
drop height at the downstream end of the culvert, but a bottomless culvert or bankfull-width bridge would
likely be the best BMPs for this site.
7
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Site 6: Morgan Cabin Culvert
Survey Id: 73392
NAACC Aquatic Passability Score: 0.50
GPS: Lat: 39.33194, Long: -78.10501
This barrier is a hanging culvert on an
unnamed tributary of Mill Creek on
Runneymeade Road near historic
Morgan Cabin. Based on the NAACC
report a 0.5-foot drop from the outlet to
the water surface creates a passage
barrier for some aquatic species. The
study site scores as moderate based on
a range of parameters collected using
scoring criteria from NAACC Non-tidal
Aquatic Connectivity Data.
Steps constructed of rock and wood
could be installed to reduce the drop at
the outlet or the end of the scour pool
could be armored and raised to an
elevation allowing for a reduction in the
Figure 7. Outfall drop at Site 6
drop height at the downstream end of
the culvert. The culvert is a small
diameter and is likely undersized, so replacing the culvert with a bottomless box/arch culvert or small bridge
would be a good option.
This site was selected based on the NAACC report rating of moderate and the observed flow conditions
showing typical low flow with some standing pools. Standing pools will provide holding water during the
driest times of the year and will increase habitat potential for desired aquatic and terrestrial species. In
addition, this site is located in a part of the Mill Creek watershed with high cumulative forest cover.

2.2.3

Replacement Implementation Site

Site 6: Komo Lane
Survey Id: 73129
NAACC Aquatic Passability Score: 0.88
GPS: Lat: 39.34128, Long: -78.12777
In addition to the above high priority sites,
there is one additional crossing to include in
the discussion due to its apparent contribution
to erosion and sedimentation. This site does
not currently pose a significant passage barrier
as it is a multiple culvert crossing with
sediment built up inside the existing culverts.
However, the crossing shows evidence of
recent debris jams and the wide crossing is
likely causing erosion and increasing the width
of the stream above and below the crossing.
Given the likelihood that this culvert is a
Figure 8. Evidence of debris jam at inlet of replacement
maintenance issue and there is an opportunity
implementation site
to address erosion issues at the site, the
project team is including this site as a possible
replacement implementation site if implementation proves difficult at the high priority sites. Details on this
CBP GIT NAACC Survey 2019
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crossing are included below along with a photo. A bottomless culvert or bankfull-width bridge would likely be
the best BMPs for this site.

3. CONCLUSIONS AND RECOMMENDATIONS
A variety of structures are impeding fish passage in the two study watersheds. In order to provide the
greatest benefit for fish habitat across the study watersheds, we prioritized barriers on the mainstem and
barriers on smaller streams with fewer upstream stressors. This combination of sites will provide benefits to
a variety of species and allow for the demonstration of a variety of best management practices. These BMPs
include the creation of steps to improve access at the outfall of existing barriers. An example of this kind of
BMP is included as Figure 9. This BMP is recommended for addressing the barrier at Site 1 unless the
landowners are willing to discuss a more permanent solution.

Figure 9. Steps and pools created to improve fish passage on Oats Run in Pocahontas County, WV

Bankfull width bridges are another BMP that allows for natural stream function, aquatic organism passage,
and reduced nuisance flooding from debris jams. An example of this kind of structure is included as Figure
10. This BMP is recommended for Sites 3 and 4 to replace the low-water crossings. This would also likely be
the best option for addressing the replacement site.
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Figure 10. Bankfull width bridge on Cherry Glade Run in Garrett County, MD
We have also recommended bottomless culverts as a BMP for some of the study’s watershed project sites.
These structures also allow for natural stream function and free movement of aquatic organisms. Bottomless
culverts are generally used on smaller streams rather than bankfull width bridges and are the best solution
for the Sites 2, 5, and 6. An example is included at Figure 11.

Figure 11. Bottomless culvert on Long Run in Pocahontas County, WV
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