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3 Subwatershed Condition and Plan Action

3.1 Introduction

The following sections provide individual descriptions of the 18 Difficult Run
subwatersheds, the problems within each of the subwatersheds, the candidate sites that
were selected for further investigation and the watershed action, or projects, that are
proposed. Topics described for each subwatershed include the following:

Subwatershed characteristics
Existing and future land use
Existing stormwater management
Outfalls

Stream crossings

Soils

Geomorphology

Stream habitat and water quality
Hydrology and water quality modeling
Hydraulic modeling

Candidate sites for improvements
Subwatershed plan actions and
recommendations

Mainstem of Difficult Run

The sections below provide background for
the content and sources of information that is provided for each subwatershed.

3.1.1 Naming Conventions

Within the County’s development of watershed plans, various spatial scales are used for
evaluation. Watersheds are divided into subwatersheds, and subwatersheds have been
further subdivided into catchments. Most analysis has been completed at the subwatershed
and catchment levels. Each subwatershed is given a code that identifies its watershed and
subwatershed. For example in the Difficult Run watershed (DF), the Captain Hickory Run
(CH) subwatershed is coded DFCH. Catchments within the subwatershed are numbered
sequentially with a four-digit number. Catchments within Captain Hickory Run are coded
DFCHO0001, DFCHO0002 etc. Additionally, the three subwatersheds along the mainstem have
been further subdivided into Difficult Run Lower, Middle and Upper, designated by the
addition of L, M or U following the four digit code. Codes for each of the 18 subwatersheds
are shown below in Table 3.1.

3.2 Subwatershed Characteristics

The location of each subwatershed and general characteristics are described. Stream
lengths and a general stream description are included. Stream lengths are taken from the
geographic information system (GIS) layers produced as part of the Stream Physical
Assessment.
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Table 3.1: Subwatershed Codes

Subwatershed Code Subwatershed Code
Angelico Branch DFAB gg:ir?;‘ér:;‘sgﬁe DFOR
Captain Hickory Run DFCH Piney Branch DFPB
Colvin Run DFCR Piney Run DFPR
Difficult Run, Lower DFDFL Rocky Branch DFRB
Difficult Run, Middle DFDFM Rocky Run DFRR
Difficult Run, Upper DFDFU Sharpers Run DFSP
Dog Run DFDG Snakeden Branch DFSB
The Glade DFGL South Fork Run DFSF
Little Difficult Run DFLD Wolftrap Creek DFWC

3.2.1 Existing and Future Land Use

Analysis of both the existing and future land use is critical to the success of any watershed
plan as the land use can have a great impact on the stream system. The type and density of
land use in a given area can affect the downstream water quality and stream condition.
Each land use type introduces issues to the natural stream system. For example,
agricultural land may contribute to higher nutrient runoff, while an urban area may
contribute greater quantities of stormwater runoff. More intense land use types, such as
high-density residential, commercial and industrial, can have high levels of impervious
surface and contribute runoff and pollutants to the stream system. Less intense types such
as open space and estate residential are generally less impervious, have more natural
vegetation and therefore have less impact on stream quality.

Changes in the land use that result in overall higher intensity uses in the future can result in
stream degradation. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition through an increase in impervious surfaces. The
land use plays an important role in the hydrology and water quality modeling.

The land use data presented in this section is based on the updated GIS land use layer
provided by Fairfax County. The 2002 County aerial photography was overlayed with the
1997 land use coded parcel layer. The parcel layer was then updated to match the 2002
photo conditions. In most cases changes we made by recoding the parcel layer. In some
instances the actual parcel boundaries were adjusted to match the 2002 data. Future land
use was determined through analysis of the Fairfax County future land use GIS data, the
County’s Comprehensive Plan and Mapping, and the Reston Master Plan. The full land use
mapping and imperviousness procedure can be found in Appendix B.
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3.2.2 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. Stormwater
management facilities can serve multiple purposes depending on their design. Most
facilities constructed prior to 1994 are designed for quantity control only, indicating that they
are intended to prevent excessive flows from eroding channels downstream of the facility.
Most facilities built after 1994 are designed not only to retain large amounts of stormflow, but
also to filter out pollutants that are found in runoff from smaller rainfall events, thereby
decreasing the amount of pollutants leaving the facility in an attempt to maintain good water
guality downstream of the facility.

Private and public stormwater management facilities are taken from information in Fairfax
County’s GIS. Information is presented for the percent of area within each subwatershed
that receives no stormwater control, that which receives quantity control, and finally, that,
which receives both quantity and quality control. Both regional ponds and smaller site-
specific ponds are included. Stormwater management facilities are listed in Appendix D.
Additionally, the current Master Plan Drainage Projects can be found in Appendix C.

Outfalls

Outfalls, pipes and ditches are the connection between stormwater systems and natural
streams and thus are vitally important to the effectiveness of stormwater management and
the health of the receiving waters. Field crews collected outfall information as part of the
Infrastructure Inventory portion of the Stream Physical Assessment, which was conducted in
the fall of 2002 in support of the County’s watershed management plans. Outfalls were
assessed for erosion and water quality if flowing. In-depth descriptions of the type of data
collected by field crews can be found in the Fairfax County Stream Physical Assessment
Protocols manual, which includes operating procedures and all field forms. Both qualitative
and quantitative descriptions of the data are provided in this report where possible. A brief
description of the methods used is provided in the Infrastructure Inventory discussion in
Section 3.2.5.

Stream Crossings

Stream crossings are very common in urban and suburban stream systems such as Difficult
Run. Crossings are assessed because they are potential locations of erosion, sediment and
flooding issues and can present impediments to movement and migration of fish and other
aguatic organismes. Field crews collected outfall information as part of the Infrastructure
Inventory portion of the Stream Physical Assessment, which was conducted in the fall of
2002 in support of the County’s watershed management plans. Crossings were assessed
for bed and bank erosion, sedimentation and structural stability. In-depth descriptions of the
type of data collected by field crews can be found in the Fairfax County Stream Physical
Assessment Protocols manual, which includes operating procedures and all field forms.
Both qualitative and quantitative descriptions of the data are provided in this report where
possible. A brief description of the methods used is provided in the Infrastructure Inventory
discussion in Section 3.2.5.

3.2.3 Soils

Soil erosion and sedimentation play a major role in overall stream health. Erosion is the
movement of soil due to wind, rain and related natural forces that carries surface soil toward
streams. Although this is a natural process, human activities, such as construction and
agriculture, can greatly increase the rate of erosion.
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Sedimentation occurs when water carrying the eroded soil particles slows enough to allow
the particles to settle out and cover the substrate. Sedimentation can reduce storage volume
in reservoirs and stormwater ponds and clog streams. Sediment can affect the physical,
chemical and biological water quality and overall ecology of the receiving stream. Smaller
particles, such as clays, can stay suspended in the water for very long periods contributing
to water turbidity or reduced clarity. Chronic suspended solids can also inhibit
photosynthetic plant growth. Sedimentation can destroy fish spawning beds, smother
benthic invertebrates and submerged aquatic vegetation, destroying essential foods and
habitat for fish species. Additionally, sediment can carry organic matter such as animal
wastes, nutrients, chemicals and pesticides that may be toxic to aquatic plants and animals.

Soil information is provided for each subwatershed within the Difficult Run watershed. Soll
information was obtained from the Soil Survey of Fairfax County (NRCS, 1963). Updates to
the 1963 survey were added by the Fairfax County Soil Science Office between 1966 and
1990. Those additions were included in the GIS soils data used for the study.

Because there are well over 100 mapped soil types in Fairfax County the number of soils
found in each subwatershed is also very high. Therefore, for each subwatershed, the
percent coverage of each soil is included only for soils that cover at least 20 acres. Soils are
divided for each subwatershed based on their erodibility and drainage properties. Soil
erodibility is an estimate of the ability of soils to resist erosion, based on the physical
characteristics of each soil type. Generally, soils with higher infiltration rates are less
susceptible to erosion. Sand, sandy loam and loam textured soils tend to be less erodible
than silt, very fine sand, and certain clay textured soils. Soils on higher slopes (hillside
slopes and sloping uplands, for example) are also more susceptible to erosion.

Depth from the soil surface to groundwater is also very important. The closer the water is to
the surface, the less chance there is for a pollutant to be filtered and broken down in the soil
prior to reaching groundwater and eventually an open stream channel. Information is
provided for soils with shallow water tables or shallow depth to bedrock. Information is
provided for the hydrologic soil groups.

Soils are classified by the Natural Resource Conservation Service into four Hydrologic Soll
Groups based on the soil's runoff potential. The four Hydrologic Soils Groups are A, B, C
and D. Where A soils generally have the smallest runoff potential (high infiltration) and Ds
the greatest runoff potential (low infiltration).

Group A is sand, loamy sand or sandy loam types of soils. It has low runoff potential and
high infiltration rates even when thoroughly wetted. They consist chiefly of deep, well to
excessively drained sands or gravels and have a high rate of water transmission.

Group B is silt loam or loam. It has a moderate infiltration rate when thoroughly wetted and
consists chiefly or moderately deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures.

Group C soils are sandy clay loam. They have low infiltration rates when thoroughly wetted
and consist chiefly of soils with a layer that impedes downward movement of water and soils
with moderately fine to fine structure.

Group D soails are clay loam, silty clay loam, sandy clay, silty clay or clay. This group has
the highest runoff potential. They have very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling potential, soils with a permanent high water
table, soils with a claypan or clay layer at or near the surface and shallow soils over nearly
impervious material. Information on the soil types found within each subwatershed can be
found in Appendix A.
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3.2.4 Geomorphology

The assessment of the stream channel geomorphology in the Difficult Run watershed is
based on the Channel Evolution Model (CEM) by Schumm et al. (1984). The CEM
assessment was conducted in the fall of 2002 as part of the Stream Physical Assessment.
The model is based on a stream channel’s response to anthropogenic activity. Channel
types are categorized based on morphological characteristics that are believed to represent
an evolutionary stage in a stream channel’s response to disturbance. Each assessed stream
segment within the Difficult Run watershed was assigned to a category based on visual
observation of the channel cross section and other morphological observations. Additionally,
cross-section measurements were taken at representative points along the channel. There
are five CEM channel types. They are presented in Figure 3.1.

Types Il and Il are considered the stages that are the most unstable. In Type IlI, the channel
begins adjusting to the higher volumes of flow, higher rates of flow, and more frequent high
flows that typically result from changes in land use and increases in impervious surface. The
channel first reacts to the higher flows by downcutting in an attempt to increase the channel
size. The process continues in Type lll channels as the steep banks, that are a result of the
downcutting from Stage Il, erode and the channel widens.

The downcutting and overwidening of streams is remedied by first controlling the flows
through stormwater management technigues and then stabilizing the stream through stream
restoration.

Figure 3.1 CEM Types

Type | -- This represents pre-disturbance condition, with
well-vegetated streambanks

Type Il — This is the first stage after disturbances to the
watershed. The dominant physical process in this stage is
bed degradation, with the beginning stages of stream
incision (downcutting).

Type Il — At this stage bed degradation has led to overly
steep banks and bank failure is common. This stage is the
most unstable of all CEM stages. Channel widening is the
dominant physical process in a Type Ill channel.

Type IV — In Stage IV the dominant physical process is
sediment aggradation. This stage is considered the
beginning phase of stream stabilization after disturbance.

Type V — Stage V channels are similar to the stream’s Stage
| channel in dimension and capacity. The new channel is
lower than the original channel and the original flood limit is
now a terrace.
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3.2.5 Stream Habitat and Water Quality

Stream condition information is provided by the Stream Physical Assessment, which
included habitat assessments and an inventory of physical habitat problems and

infrastructure features.

Habitat Assessment

The Georgia Department of Natural Resources (GADNR) Barbour and Stribling habitat
assessment protocol was adopted for the Countywide program with minor modifications.
This protocol uses 10 habitat assessment parameters with scores ranging from O (worst
condition) to 20 (optimal condition). All streams within the Difficult Run watershed are
classified as riffle/run streams, characterized by high gradient and primarily course
sediment substrates. The riffle/run habitat assessment was used. The parameters are
presented in Table 3.2 with a brief description. Habitat assessments were conducted
throughout the Difficult Run watershed to develop a complete picture of the instream and
riparian conditions. The scores from each parameter are combined to produce an overall
gualitative narrative rating of very poor, poor, fair, good or excellent.

Table 3.2: Habitat Assessment Parameters

Habitat Parameter

Description of Parameter

Instream Habitat

a measure of the streams suitability for aquatic organisms

Epifaunal Substrate

a measure of the availability of benthic habitat for aquatic
macroinvertebrates

Embeddedness

a measure of the amount of fine sediment surrounding substrate
rocks

Channel/Bank Alteration

a measure of anthropogenic disturbance

Sediment Deposition

a measure of sediment accumulation and resultant substrate
modification

Riffle Frequency

an estimate of the frequency of riffles which are considered a high-
quality habitat

Channel Flow Status

a measure of the degree to which the channel bed is covered by
water. A decrease in water and subsequent decrease in wetted
area reduces the available habitat for aquatic organisms

Bank Vegetative Protection

a measure of the banks ability to resist erosion and uptake
nutrients

Bank Stability

a measure of the stream’s erosion potential

Vegetative Buffer Zone Width

a measure of the width and condition of the vegetation alongside
and within the flood limit of the stream
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Infrastructure Inventory

The infrastructure inventory conducted by field crews during the 2002 Stream Physical
Assessment includes all structures that may be potential sources of contamination or areas
that have the potential for improvement. Information was collected for pipes, ditches, stream
obstructions, dump sites, head cuts, utilities, erosion problem areas, stream crossings, and
areas of deficient riparian buffer. With the exception of utilities, which are rated on a scale of
20, all infrastructure points are rated on a scale of 0 to 10 based on their perceived impact
on stream integrity. The 0 to 10 scale corresponds to None (0) to Severe (10) impact. A brief
description of the type of data collected as part of the infrastructure inventory and impact
descriptions are included below (descriptions are from the Fairfax County Stream Physical
Assessment Protocols, February 2004 Revision).

Deficient Buffer Areas (scale of O — 10): These are areas within 100 feet of the
streambank that are not forested. Scores are assigned and recorded separately for
each bank and are an indication of the impact the deficient buffer has on the stream
channel.

e Extreme (10)- Impervious/commercial area is in close proximity to the stream.
Stream banks may be modified or engineered. Stream character (bank/bed stability;
sediment deposition, and/or light penetration) is obviously degraded by adjacent use.

e Severe (7) — Some impervious and/or turf only up to bank and water. There is very
little vegetation aside from turf within the 25-foot zone. There may be a home site
very close to stream. The stream character is probably degraded by adjacent use.

e Moderate (5) — Buffer encroachment is mostly from residential uses and lawn. There
is some vegetation within the 25-foot zone, but very little aside from turf within the
remainder of the 100-foot zone. The stream character may be changed slightly by
adjacent use.

e Minor (2) — The vegetated buffer primarily consists of native meadow. (Not Grazed)

Good Condition Poor Condition

Areas of Erosion (scale of 0 — 10): These are areas of active erosion that are at
least 2 — 3 feet high. The height and length, in feet, of erosion and impact scores are
recorded separately for each bank separately.
e Extreme (10) — Impending threat to structures or infrastructure
e Severe (7) — Large area of erosion that is damaging property and causing obvious
instream degradation. Eroding bank is generally five feet or greater in height.
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e Moderate (5) — Moderate area of erosion that may be damaging property and is
creating some instream degradation. Eroding bank is generally two feet or greater in
height.

Good Condition Poor Condition

Obstructions (scale of 0 — 10): Obstructions that are causing erosion problems or
are causing flooding of manmade structures are recorded. Beaver dams are included
as obstructions but are scored as zero impact unless significant bank damage is
evident. Notation is also made concerning the obstructions impact on fish passage.

e Severe (10) — Blockage is causing significant erosion problem and/or creating
potential for flooding that can cause damage to infrastructure. The stream is usually
almost totally blocked (greater than 75 percent blocked).

e Moderate (5) — Blockage is causing moderate erosion and could cause flooding.
Stream is only partially blocked, but the obstruction should probably be removed
because the problem could worsen.

e Minor (3) — Blockage is causing some erosion problems and has the potential to
worsen and probably should be looked at and/or monitored.

Poor Condition

3-8



Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action

Dump Sites (scale of 0 — 10): Dump sites include all areas where inappropriate
materials have been disposed. Yard waste and other organic debris is included if it is
directly in the stream.

e Severe (10) — Active and/or threatening sites. Dumpsite material may be considered
toxic or threatening to the environment (concrete, petroleum, empty 55 gallon drums,
etc.) or the site is large (greater than 2,500 square feet and appears active.

e Moderate (5) — Dumpsite is less than 2,500 square feet and is non-toxic material. The
dump site does not appear to be used often, however clean-up would definitely be a
benefit.

e Minor (1) — Dumpsite appears small (less than 1,000 square feet) and materials are
stable (will not likely be transported downstream by high water). These sites are not
considered a high priority.

Poor Condition

Head Cuts (scale of 0 — 10): A head cut is an erosional feature in which a sudden
change in stream bed elevation occurs resulting in a small waterfall feature. Flow
over the headcut results in a lowering of the stream bed elevation on the
downstream side. The headcut will migrate upstream creating a deeper channel as it
porgresses. Only active head cuts were recorded.

e Head Cut height greater than two feet (10)
Head Cut height is equal to two feet (5)
Head Cut height is equal to one foot (3)
Head Cut height is less than one-half-foot or is inactive (1) (not recorded)

Poor Condition
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Pipes and Drainage Ditches (scale of 0 — 10): All drainage pipes and ditches were
recorded. Information on each includes size and distance from channel, material,
discharge (if present), and source of discharge (if known). The impact score
assigned refers to the impact that the pipe or ditch has on the stream channel.

e Severe (10) — Storm flows through ditch or pipe is causing a significant erosion
problem to stream bank or stream and/or the discharge that is coming from pipe
appears not to be stormwater.

e Moderate (5) — Storm flows through ditch or pipe is causing a moderate erosion
problem and should be fixed. The problem may get worse if left unattended. OR
Discharge may be coming from pipe, probably stormwater but cannot be sure without
further investigation.

e Minor (0) — Storm flows through ditch or pipe is not causing erosion problem and no
discharge is occurring.

Poor Condition

Public Utility Lines (scale of 0 — 20): This includes all exposed utility lines and
manholes. Information on utility type was also collected if known.
e (20) — Utility line is leaking.
e (10) — Exposed utility line is causing a significant erosion problem and/or obstruction
(blockage) OR if sanitary line, potential to burst or leak appears high.
e (7) — Half exposed utility line is causing moderate erosion problem.
o (5) — Utility line is patrtially visible but mostly buried in stream bed. There is little if any
erosion associated with the utility line.
e (3) — Utility line is exposed but is stabilized with concrete lining and stable anchoring
into the bank.
Poor Condition
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Road and Other Crossings (scale of 0 — 10): All stream crossings, including foot
bridges and man made fords were included. Information on upstream and
downstream structural integrity and blockages was also included.

e Extreme (10) — Condition of debris, sediment, or erosion poses immediate threat to
structural stability of road or other structure. Major repair will be needed if problem is
not addressed.

e Severe (7) — Condition probably poses threat to road or other structure. Problem
should be addressed to avoid bigger problem in the future.

e Moderate (5) — Condition does not appear to pose threat to road or other structure,
but should be addressed to enhance stream integrity and future stability of structure.

e Minor (2) — Condition is noticeable, but may not warrant repair.

Poor Condition

3.2.6 Hydrology and Water Quality Modeling

Computer modeling of watershed processes is one of the key methods used to determine
where there are problems and how effective a particular solution might be in correcting a
problem. Hydrology modeling simulates how rainfall either infiltrates into the ground or runs
off the land to enter the stream system. It provides a way to estimate the amount of runoff
and the peak streamflow or discharge that results from changes in land use or stormwater
management.

Water quality modeling is used to provide estimates of pollutant loading that can be used
for planning. Three significant pollutants modeled for the Difficult Run Watershed Plan are
total nitrogen (TN), total phosphorus (TP) and total suspended solids (TSS).

Hydrology and water quality were modeled for each subwatershed and catchment in the
Difficult Run watershed. The models used in the plan incorporate data on the amount,
character and location of the land use, impervious cover, topography, vegetation, streams,
and stormwater management to generate estimates of water quality and streamflow.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of what the land would look like if the lots were all developed to the highest density allowed
by their zoning classification. The difference between the existing and future model results

identifies areas that will need additional management measures.
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Modeling of hydrology and water quality was conducted throughout the Difficult Run
watershed using the PCSWMM model for both existing and future conditions. The results
will identify problem areas and areas in need of improvements. The modeling discussed for
each subwatershed includes the following.

Runoff volume: reported in inches per year

Peak discharge: reported in cubic feet per second

Total Nitrogen: reported in pounds per acre per year
for both runoff and septic sources

Total Phosphorus: reported in pounds per acre per year
for both runoff and septic sources

Total Suspended solids: reported in pounds per acre per year

for both runoff and septic sources

A more complete description of the modeling procedures can be found in Appendix E.

3.2.7 Hydraulic Modeling

Modeling of stream flow or hydraulics was conducted throughout the Difficult Run
watershed using the HEC-RAS model. The model combines topography with information
concerning the stream system, the stream crossings and culverts to estimate the depth and
speed of flow within the stream for various storm events.

Storm events are classified by the amount of rain that falls in 24 hours. The storms are then
named by the probability of that storm event occurring within one year. The more rainfall in a
storm, or the larger the storm event, the less likely it is to occur in any given year. Hence, a
1-year storm (likely to occur once every year) is smaller with less rainfall than a 10-year
storm (likely to occur once every ten years).

Flooding occurs at road crossings when the crossings are not large enough to pass the
streamflow during a storm. For larger roads that carry through traffic, called primary roads,
the crossing must be large enough to permit the 25-year storm event to flow completely
through it without flowing over, or overtopping, the road. For smaller roads used for access
to residences or other local areas, identified as local roads, the crossing must permit the 10-
year storm event to pass completely through.

The model results indicate where flooding of culverts and other structures may occur. The
flow at these sites exceeds the capacity of the culvert. These sites can present a hazard and
are considered candidate sites for improvement, further study and possibly a project to
replace or retrofit the culvert.

3.3 Candidate Sites for Improvements

Candidate sites are those sites, stream reaches, or catchments that were identified to have
a degraded condition and are potential areas for restoration. Additionally, areas that are
currently in good condition but are vulnerable in the future due to changes in land use were
selected as candidate sites for preservation. The full procedure used in the prioritization and
selection process is located in Appendix G.

Candidate sites were selected from a combination of existing data sources, stream
assessment data, model results and GIS data. The procedure consisted of using
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guantifiable indicators that describe the condition of the watershed with limited overlap,
weighting them by importance, and then calculating a weighted average score for each
area. This score is then used to rank them in priority order for restoration or preservation.
Problems or overall condition were ranked and three different scales; sites, stream reaches
and catchments.

A total of 253 candidate sites were selected for further field review and analysis based on
the prioritization of problems in the catchments and at stream sites. Candidate sites were
placed in several categories. The categories are listed below with its identifying code letter.

Stream Restoration sites (S),
Catchment sites (C),

Regional pond alternatives sites (D),
Flooding sites for roads (F) and
Preservation sites (P).

Stream Restoration

A total of 88 Stream Restoration Sites were selected. Data from the Stream Physical
Assessment were used to determine which sites were in the poorest conditions. Sites were
typically selected if they showed two or more impairments in either habitat rating, channel
morphology, stream erosion, bank stability, or riparian buffer. Notes on restoration potential
recorded during the assessment were also taken into account.

Catchments

The 201 catchments in the Difficult Run watershed were ranked based on existing
conditions using modeled peak discharge, runoff volume, nitrogen, phosphorus, suspended
solids, and GIS calculations of the percent of the catchment in wetlands and forests. Each of
the parameters was normalized according to the specific needs of the indicator and
compiled into a single database. The value for each parameter was ranked within the range
of values in the dataset. Scores from 1-10 were then applied to the ranked values.

The score for each catchment was then multiplied by the indicator weight to develop the
weighted score. The weighted scores for all of indicators were then summed and placed on
a 0-100 scale. Each catchment’s scaled score was then ranked within the 201 catchments.
The lowest score indicates the lowest relative quality and the highest priority in the
watershed. A total of 46 catchment sites received the lowest scores and were subsequently
selected for restoration.

Regional Pond Alternatives

There are 52 known sites where Regional Ponds were planned but have not yet been built
in Difficult Run. During the modeling task, the drainage area to each of these sites was
delineated as one or more separate catchments, so it was possible to rank the unbuilt
regional pond sites using the same prioritization scheme as the other areas of Difficult Run.
Ranking results have been included with the catchments.

Flooding Sites for Road Crossings

Hydraulic modeling identified the culverts that were overtopped by any of the modeled storm
years (1,2,5,10,25,50,100). The overtopping was then compared to the level of service for
that road and the associated required flow that the road must pass. If the culvert did not
pass the required flow it was selected as a candidate site. There were 89 culverts that
overtopped for one or more storm flow, 34 were selected as candidate sites.
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Preservation

A comparison between existing and future conditions model results was made to generate a
ranking of vulnerability. The catchments that showed low pollutant loading for existing
conditions and a large percent change between existing and future conditions were
considered the most vulnerable to degradation and thus good candidates for preservation.

The threshold values for TSS, TN, and TP were used to determine good conditions. These
were based on comparisons with values for the whole watershed, and with estimates of
loadings from “irreducible concentrations” from stormwater runoff (Schueler, 2000). Values
used to set the thresholds are shown in Table 3.3, in Ib/ac/yr.

Table 3.3: Threshold Values for Preservation Candidate Sites

TSS TN TP
Low 17.8 0.9 0.18
Average 63.1 2.8 0.41
High 197.9 7.9 0.92
Irreducible 20 to 40 1.9 0.20
Threshold 30.0 2.0 0.20

The percent change between existing and future loads was calculated. If one or more of the
paramenters doubled (increase of 200% or more), then the catchment was flagged as a
preservation candidate.

Similar to the existing conditions catchment ranking, the score for each catchment was
multiplied by the indicator weight to develop the weighted score. The weighted scores for all
of indicators were then summed and placed on a 0-100 scale. Each catchment’s scaled
score was then ranked within the 201 catchments. The lowest score indicates the highest
vulnerability and the highest priority in the watershed for preservation. A total of 34
catchment sites were selected.

3.3.1 Approach to Project Selection

The first step in developing stormwater management or other restoration alternatives was to
determine the objective for each candidate site. This was usually clear from the type of
impairment, and included such things as reducing peak flows, pollutant loads, erosive
streamflows, or the amount of runoff.

Following this step, field surveys were made to determine if there were any site constraints
which would prevent certain types of improvements from being implemented, or
opportunities that would make others more likely to be successful.

While in the field, project staff made recommendations for improvements using the following
basic approach. The approach works upstream to downstream, and should provide
reduction in erosive streamflows so that when any stream restoration projects downstream
are designed, they should be less complex and more likely to be successful.

« Locate projects in the headwaters of the stream to reduce runoff quantity and provide
guality control if possible. These types of controls could include:
o retrofits of existing stormwater management facilities for extended drawdown
and channel protection
0 new stormwater management facilities or culvert retrofits
o LID retrofit practice such as infiltration or porous pavers
. Identify locations for water quality controls, such as the following:
0 Retrofits of existing facilities for water quality control
o0 Installation of LID controls in older watershed areas
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o0 LID retrofits practices such as bioretention or filtration
« Identify stream restoration projects

o0 Stream restoration

o Buffer restoration

There were a number of occasions where no projects resulted even after a catchment or
stream reach was identified as a candidate site. For catchment sites, this generally occurred
because there were no retrofit measures which appeared feasible, because of topography,
lack of available land, land ownership, or the type of development in the catchment. For
stream restoration sites, typically the constraints such as forest clearing outweighed the
potential benefits or the stream conditions had changed in the time between the Stream
Physical Assessment and the field investigation for this plan.

3.4 Subwatershed Actions

The proposed actions are based on the recommendations of the project team with guidance
from the community. They are organized by subwatershed and type of project, as follows:

Table 3.4: Recommended Project Types

Regional Pond  Projects to retrofit areas without stormwater management, such as

Alternatives conversion of existing quantity controls to water quality BMPs; new
structures such as ponds, wetlands, culvert retrofits, outfall treatments,
and onsite systems designed to reduce stormwater impact at the lot level

Catchment Projects to retrofit areas to reduce stormwater impacts, including the
Improvements same types of projects recommended for unbuilt regional pond sites
Stream In-stream projects, such as channel stabilization or riparian buffer
Restoration restoration

Road Crossing  Projects designed to reduce the frequency of flooding of culverts and
Improvements bridges

Non-structural Pollution prevention and programs to reduce pollutants from non-
Measures stormwater discharges

Preservation Areas of high quality habitat or land cover that should be preserved as
the area is developed in the future. Specific programs are described in
Chapter 4.

A brief summary of each candidate site and the resulting projects are provided for each
subwatershed. The projects are listed with the Impairment, Improvement Goals, the Site
Investigation results and the Projects and Actions that are generated.

The following sections provide a short description of each type of project that is proposed.
Table 3.5 at the end of the descriptions provides more detail on the benefits that can be
anticipated from the project types.
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Stormwater Pond Retrofits

Description

Practices

Stormwater ponds are designed to improve water quality by increasing
pollutant removal. The amount of water treated (water quantity) can be
improved by increasing the time the stormwater stays in the pond, making the
pond bigger, and/or adding to the land area that drains to the pond. The
addition of wetlands adds habitat, in addition to improving water quality.

Retrofitting existing stormwater management ponds to increase pollutant
removal includes:

Adding small pools within the larger pond

Creating multiple pond cells within a single pond

Creating wetland areas within the pond

Creating a forebay to capture sediment before it enters the pond
Reconfiguring the pond and the landscape to capture more stormwater

Figure 3.2 Wet Pond
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Figure 3.3 Pond/Wetland System

Source: Maryland Stormwater Design Manual, Volumes | & Il. Performance Criteria for
Urban BMP Design. Maryland Department of the Environment, 2000.
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Description

Practices
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New ponds are designed to help reduce the impacts of stormwater runoff by
either permanently or temporarily storing the water. This reduces both the
amount of runoff delivered to receiving streams and the timing of that
delivery. This helps to protect streams from land use changes in their
watersheds. New ponds also improve water quality by allowing pollutants to
settle.

Wet ponds provide the most pollutant removal followed by extended
detention and dry ponds. Extended detention ponds store runoff temporarily
after a rainfall event. Extended detention ponds may have a permanent pool,
be dry, or contain a wetland marsh. Dry ponds release stormwater runoff
slowly after a storm event and provide temporary storage.

Figure 3.4 Micropool Extended Detention Pond

Source: Maryland Stormwater Design Manual, Volumes | & Il. Performance Criteria for
Urban BMP Design. Maryland Department of the Environment, 2000.
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Stream Restoration

Description Stream restoration takes a holistic view of the stream system in the context of
its watershed and addresses improvements to the stream bed, streambanks,
and the low flow or aquatic channel. The goal of stream restoration is to return
the stream to a stable state in which it neither significantly erodes or fills with
sediment and has improved habitat conditions.

Practices  Five treatment options are proposed in the plan, based on the type of
impairment and constraints such as availability of adjacent land. The treatment
options for each stream restoration project are specified in the concept plans
included in Volume 2 of the watershed plan. For all of these projects,
structures based on natural stream bed forms are created if necessary.
Bioengineering techniques, and in some cases more traditional treatments, are
used to provide for non-erosive stream banks. Wood and stone structures can
be used to concentrate stream flow to the center of the channel to provide a
good flow depth for aquatic life between storm events.

Treatment Options for Incised Streams (CEM Type II)

1. Option 1 creates a new meandering channel on a new alignment at its original floodplain
elevation. The abandoned incised channel is either filled or converted into
wetland ponds. This option is the most effective at restoring historical floodplain
functions.

2. Option 2 creates a new, meandering channel with a new floodplain built at an elevation
lower than the original floodplain elevation. This option does not reconnect to
the original floodplain lost due to incision, but creates a new floodplain at a
lower elevation. The new channel typically follows the general alignment of the
incised channel, but with a stable planform.

Treatment Options for Incised Streams (CEM Type II) or Widening Streams (CEM Type 1)

3. Option 3 stabilizes the channel by converting to a more stable stream type. Typically,
these projects include, adjusting cross-section, reducing bank slope, and
creating a new floodplain bench. This alternative includes different treatments
for Type Il and Type Il streams. For incised channels with no room to increase
meander width, Treatment 3A includes using grade controls to stop incision,
flatten the slope of the stream and dissipate stream energy. For either incised
or widening streams, Treatment 3B involves grading the banks and creating a
nested channel with a new floodplain similar to a CEM Type V within the
incised or widened streambed.

4. Option 4 stabilizes channels at the existing bed elevation and along the existing
alignment. These projects are proposed where options 1-3 are not feasible.
This approach is the traditional armor in-place approach to address incised
channels and bank erosion. Treatment 4A involves grading and earthwork to
lay back oversteepened banks and create a more stable cross-section.
Treatment 4B is the traditional armor-in-place approach, with imbricated rip rap
or bioengineering materials.

5. Option 5 projects consist of excavating the existing channel and reconstructing a new
low-flow channel as part of a SWM facility providing storage volume to provide
channel protection and water quality improvements downstream.
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Stream Buffer Restoration

Description  The vegetated land area on either side of a stream is referred to as the
stream or riparian buffer. Buffers can be comprised of grasses, shrubs, trees,
or a combination of the three. Forested buffers provide streambank stability,
food for aquatic life, and shading of the stream. Stream buffers also provide
important wildlife habitat. In many urban areas, stream buffers have been
impacted. Restoring vegetation to these areas can improve the quality of the
stream. Buffer restoration projects can be incorporated into streambanks
stabilization and stream restoration projects to encourage multiple water
guality and habitat benefits.

Practices The three types of buffer restorations are water pollution hazard setbacks,
vegetated buffers, and engineered buffers. Water pollution hazard setbacks
are areas that may create a potential pollution hazard to the waterway. By
providing setbacks from these areas in the form of a buffer, potential pollution
can be avoided. Vegetated buffers are any number of natural areas that exist
to divide land uses or provide landscape relief. Engineered buffers are areas
specifically designed to treat stormwater before it enters into a stream, shore
or wetland.

Figure 3.5 Stream Buffer Zones

Source: Stormwater Manager’'s Resource Center www.stormwatercenter.net/
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Road Crossing Improvements

Description  Culverts and bridges that can be flooded during a storm event may need
improvements to reduce the frequency of flooding. Road crossings that were
identified as having flooding problems based on hydraulic modeling have
been compiled in Appendix F for further coordination with the Fairfax County
Department of Transportation and the Virginia Department of Transportation.

Practices These improvements can include raising the roadbed above the flood level,
rebuilding culverts so they can pass more water, replacing worn or damaged
culverts that impede water with newer ones that allow water to flow more
quickly, or rebuilding bridges with a wider span to allow more space for
floodwaters to pass.

Culvert Retrofits

Description  This retrofit option is installed upstream from existing road culverts by
constructing a control structure and excavating a micro-pool. These projects
are usually designed for intermittent streams. The control structure will detain
and reduce stormwater flow; the micropool is a small pool that will infiltrate
the first 0.1 — 0.2 inches of stormwater runoff, improving water quality.

Practices If the upstream area is an open floodplain, it may be possible to construct a
wet pond or stormwater wetland to improve water quality treatment. Since
roadways are not always constructed as pond embankments, special
measures may be necessary, such as a redundant embankment built
upstream of the culvert. Secondary impacts need to be considered as well,
including impacts to the 100-year floodplain, fish passage barriers, or impacts
to wetlands and forest.

Figure 3.6 Culvert Retrofit

Source: Stormwater Manager’'s Resource Center www.stormwatercenter.net/
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Drainage Retrofits

Description

Practices

Drainage retrofits are designed to protect the natural stream channels in the

watershed from fast draining water. These retrofits reduce the energy of the

water flowing into and through streams, than can cause unstable streambeds
and banks and erosion.

Two basic types of retrofits are proposed. The first is to improve outfall
structures to provide more energy dissipation and reduce scour and erosion.
Methods include placement of rip rap, design of a plunge pool to break the
flow of water, or provision of a designed energy dissipation structure which
adds turbulence to reduce the velocity of the outfall discharge.

The second type is removal and replacement of concrete channels as
roadside stormwater conveyances. Retrofit with grass channels, wet swales,
or dry swales would increase stormwater detention time and reduce peak
flows at the outfall.

Figure 3.7 Dry Swale
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Low Impact Development (LID) Retrofits

Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action

Description  LID systems are designed to provide stormwater management on the site
where runoff is generated, usually providing some reduction in stormwater,
detention to reduce peak flows, and water quality treatment. The main
objective is to mimic the pre-development runoff characteristics of the site.

Practices LID systems that could be retrofit in the Difficult Run watershed include
bioretention, infiltration, filter strips, sand filters, dry swales, wet swales,

porous pavers, or proprietary filtration and bioretention systems.

Figure 3.8 Infiltration Trench

PARKING LOT SHEET FLOW

®x

Al

s

‘&U‘H‘V’ TG
P = .
OUTLET p *
D — 5 i
OVERFLOW IX-7]

SOZ

T PR

BT PR -

"CATCH BASIN"

BERM

Figure 3.9 Bioretention

PARKING LOT

BYPASS
(TO DETENTION FACILITY)

- UNDERDRAIN COLLECTION SYSTEM

CONCRETE

:.-";,l“\‘l"o

“\ AN

o

INFILTRATION

NG

TRENCH

WITH PEA GRAVEL
FILTER LAYER
OVER WASHED
BANK RUN GRAVEL
AGGREGATE

3-22

OVERFLOW

STONE DIAPHRAGM

GRASS FILTER
STRIP

OPTIONAL
SAND LAYER

GRAVEL CURTAIN
DRAIN OVERFLOW

GRASS
CHANNEL
(LESS THAN 1%
SLOPE)

Y Y Y Y




Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action

Figure 3.10: Sand Filter
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Table 3.5: Benefits of Project Types

s| 2 =
EERERS
o T 3% =%
2l g <T|565
Category  [Type BMP L = =
||New Ponds |Ponds Micropool ED Pond 2 1
and Retrofits Wet Pond, Wet ED Pond 1 2
Wetlands Wetland / Shallow Marsh 2 1 3
Pond/Wetland System 2 1 3
ED Wetland 1 2
Streams Stream Restoration [New Alignment 3 2 1
and Buffers Re-align Existing Channel 3 2 1
Stable Stream Type 3 2 1
Bank Stabilization 3 2 1
Buffer Restoration |Buffer Restoration 3 1 2
Watershed-Wide |Dumpsites 2 1
Obstructions 1 2
Fish Passage Restoration 1 2
Utility Crossings 1 2
Culverts Road Crossings Road Crossing 2 1
Culvert Retrofit Culvert Retrofit 1
Drainage Swales Grass Channel / Dry Swale 1
Retrofits Wet Swale 1
Outfall Retrofit Outfall Stabilization 2 1
LID Filtration Sand Filters 1
Retrofits Organic Filter 1
Bioretention / Rain Gardens 2 1
Infiltration Infiltration Basin 1 2
Infiltration Trench 1 2
Disconnection Porous Pavement 1 2
Rain Barrel / Cistern 1 2
Green Roof 1 2
Other WQ BMPs  |WQ Inlets 1
\Watershed- Dumpsites 2 1
Wide Obstructions 1 2
Projects Fish Passage Restoration 1 2
Utility Crossings 1 2
Benefits 1 Primary benefit
2 Secondary benefit
3 Supplemental benefit
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3.5 Captain Hickory Run — Subwatershed Condition
3.5.1 Subwatershed Characteristics

The Captain Hickory Run subwatershed has an area of approximately 1,695 acres (2.65
mi®). It is located in northern Fairfax County with its northeast boundary running along
Georgetown Pike (Virginia 193) to Walker Road (Virginia 681) where it extends just north of
Georgetown Pike to Springvale Road (Virginia 674). Cavalcade and Harriman Streets form
the approximate southern boundary.

The Captain Hickory Run subwatershed includes 7.2 miles of streams. The streams flow
generally in a southeast direction through low-density residential areas. The Captain
HickoryRun subwatershed flows into the mainstem of Difficult Run at the Difficult Run
Stream Valley Park. Stream width varies from an average of 10 feet upstream to 25 feet
downstream of Walker Road. Streambank height varies from three to five feet with higher
banks in the downstream reaches. Historical reports indicate high erodibility in the lower
reaches of the subwatershed and severe deposition of sand and gravel at the confluence
with Difficult Run (PB 1976). The most recent field survey agrees with these reports,
indicating that the most downstream portions of the Captain Hickory Run stream channel
have eroding banks and a substrate that is 90 percent sand.

Refer to DFCH_1 for a map of the Captain Hickory Run subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.5.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The Captain Hickory Run subwatershed is characterized by estate and low-density
residential development with a combined 69 percent of the area developed as low-density or
estate residential. Another 19 percent is preserved for open space or parks. A summary of
land use within the subwatershed can be found in Table 3.6. Great Fall Grange and the
Turner Farm are two large parks found almost entirely within the Captain Hickory Run
subwatershed. Three historical sites are located within the subwatershed.

There are 112 acres, 7 percent of the subwatershed, in transportation use, such as roads
and highways. Less than 5 percent of the subwatershed is developed for commercial or
industrial use. The majority of this commercial area is clustered along the northeastern edge
of the subwatershed and contains Village Centre Shopping Center at the junction of Walker
Road and Georgetown Pike.

Total impervious area for the subwatershed, which includes all roads, parking lots,
residential driveways, sidewalks and building rooftops is approximately 188 acres, or 11
percent of the total subwatershed area.
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problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

When comparing existing land use to future land use, the largest shifts are projected in the
open space, estate residential and low-density residential categories. Nine percent of the
open space has a future use zoning code that is higher intensity than the existing use. This
open space area can be used for development/redevelopment in the future if and when the
need presents itself. The low-density residential land use category is projected to gain 105
acres from existing to future, which represents a 6 percent increase to 636 acres. Likewise,
the estate residential future land use category is projected to gain 53 acres, an increase of 3

percent.

Table 3.6 Existing and Future Land Use

Existing Future Change
Land Use Type

Acres Percent Acres  Percent Acres  Percent
Open space, parks, and 319 19% 161 9%  -158 -9%
recreational areas
Golf Course 0 0% 0 0% 0 0%
Estate residential 637 38% 690 41% 53 3%
Low-density residential 531 31% 636 38% 105 6%
Medium-density residential 25 1% 25 1% 0 0%
High-density residential 0 0% 0 0% 0 0%
Low-intensity commercial 16 1% 16 1% 0 0%
High-intensity commercial 27 2% 28 2% 0 0%
Industrial 1 0% 1 0% 0 0%
Institutional 23 1% 23 1% 0 0%
Transportation 112 7% 112 7% 0 0%
Water 3 0% 3 0% 0 0%
Total 1,695 100% 1,695 100% 0%
According to Figure 3.2, 116 acres are Figure 3.2 Changed Land Use
projected to shift from open space to estate OS-LDR
residential, 63 acres are projected to shift 42 acres ESR-LDR

from estate residential to low-density
residential, and 42 acres of open space are

projected to shift to low-density residential.
These larger shifts illustrate a demand for

more housing and the overall conversion of
a lower-density use to a higher-density use

in the Captain Hickory Run subwatershed.

OS-ESR
116 acres
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3.5.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are six stormwater management facilities within the Captain
Hickory Run subwatershed, of which three are privately owned and three are public. Five of
the facilities are dry ponds and one is a wet pond, which is located on Walker Road.
Approximately 87 percent of the Captain Hickory Run subwatershed is not served by any
stormwater management facility. Eleven percent of the total area has quantity control only
and the remaining 2 percent receives both quantity and quality control.

The difference between the amount of total developed area in the subwatershed (81
percent) and the area served by stormwater management (13 percent) indicates a possible
need for additional management efforts, specifically in the low-intensity commercial and low-
density residential areas. A list of stormwater management facilities in the Captain Hickory
Run subwatershed is found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 15 outfall pipes discharging into the Captain Hickory Run subwatershed.
High stormflow from two pipes is causing erosion problems that should be repaired. The
outfall in Photo 3.1 is located at the candidate site CO6 and the erosion in Photo 3.2 is
located upstream of candidate site S76.

Photo 3.1 Erosion at the end of stormwater Photo 3.2 Erosion below stormwater pipe
pipe located off of Collin Farm Land located at the end of Milburn Street
(DFCHO021.P003). (DFCHO021.P001).

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. Results from the Stream
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Physical Assessment show a total of 32 crossings in the Captain Hickory Run
subwatershed. Fourteen of the crossings in the subwatershed are wooden footbridges, one
is a 15-foot concrete bridge, and the remaining eight are box and pipe culverts. Stream flow
was causing some moderate erosion downstream of one footbridge but was not significant
enough to warrant further study. All other crossings were having only minor or no impact on
stream integrity.

3.5.4 Soils

Soils found in the Captain Hickory Run subwatershed belong primarily to the Glenelg —
Elioak — Manor association. This association consists of rolling and hilly landscapes which
can result in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly
shallow with numerous natural springs. The subwatershed contains 77 percent of the B
hydrologic soil group with Glenelg silt loam being the dominant soil type (55 percent). Zones
with Glenelg, Manor and Elioak soils may be compatible with infiltration practices and may
provide potential stormwater management sites. The characteristics of soils that cover at
least 20 acres within the subwatershed can be found in Appendix A.

3.5.5 Geomorphology

A total of just over 6 miles (34,003 feet) of stream were assessed and assigned a Channel
Evolution Model classification as part of the Stream Physical Assessment. The
classification indicates the stream channel’s physical condition and stability as a response to
disturbances such as upstream land use changes. Six stream reaches (4,218 feet) were not
assessed because they were not natural channels. This includes 1,560 feet of piped
channel and 2,307 feet of pond/wetland area.

The majority of assessed reaches in Captain Hickory Run were characterized as CEM Type
I, which is indicative of a generally unstable channel that is actively widening in response to
changes in stream flow. The substrate in the subwatershed is a combination of gravel and
sand.

Sixty-three percent of the stream length is moderately unstable, indicating that there is high
erosion potential during high flow events. There are five specific erosion locations that are
impacting the stream integrity. The points are characterized by raw, actively eroding banks
that are degrading the instream habitat and may be damaging property. Four of the five
points are considered severe and should be addressed. All of these erosion points have
high restoration potential. Photos of two of the more serious erosion areas are located
below. Photo 3.3 is located at candidate site S54 and Photo 3.4 was taken at candidate site
S76.
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Photo 3.3 Erosion on the right bank of Captain
Hickory Run near the end of Constellation Drive
(DFCH010.E001)

Photo 3.5 Earthen berm located in the upper
reaches of Captain Hickory Run near Thunderhill
Court (DFCH009.T001)

3.5.6 Stream Habitat and Water Quality
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Photo 3.3 Erosion on Captain Hickory Run
along Milburn Street (DFCH012.E002).

There are two obstruction locations within the
subwatershed both of which are restricting
fish passage between habitats and possibly
during migration. One obstruction is an
earthen berm (used to block or redirect
surface water flow) with an impact score of
moderate to severe, indicating that it may be
causing damage to stream (see Photo 3.5).
This berm is located on a tributary just east of
Walker Road near Thunderhill Court and is at
candidate site S77.

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that

assessment in the fall of 2002.

o Of the assessed reaches, 76 percent is assessed as poor habitat, 20 percent is fair
habitat and 4 percent is good habitat. The length of stream downstream of Roos Tralil
to the confluence with the Difficult Run mainstem comprises the entire length of good

habitat.

e There is 25,270 feet (left and right banks combined), of riparian buffer
encroachment within the Captain Hickory Run subwatershed. Of the 25,270 feet,
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22,270 feet (88 percent) is lawn, 2,800 feet (11 percent) is pasture and 200 feet (<1
percent) is lawn/pasture mix. All areas of encroachment have moderate to low
restoration potential. 7,400 feet of the identified reaches have buffer deficiencies that
are degrading the stream quality.

e Sixty-seven percent of the total length has at least 50 percent vegetative cover, such
as trees and shrubs, on both stream banks.

3.5.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Captain Hickory Run incorporate data on the amount, character and location of the
land use, impervious cover, topography, vegetation, streams, and stormwater management
to generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

In the Captain Hickory Run subwatershed, approximately 11 percent of the land is covered
by impervious surface. More than three-quarters of the subwatershed is of lower density
residential land use. The area of commercial development at the corner of Georgetown Pike
and Walker Road is a likely contributor of the increased levels of pollutants seen in the
results for catchment DFCH9801. See DFCH_4 for the catchment locations.

The nitrogen loading rate is highest in catchment DFCH9801, which is in the upstream
north-central portion of the subwatershed, in the areas of the Village and the Great Falls
Shopping Centers at Georgetown Pike and Walker Road. Here, the modeled loads are 3.2
pounds per acre per year. It is ranked low overall because it has high loading rates of
nitrogen and phosphorus, and the highest volume of runoff. The phosphorus and nitrogen
levels appear to be following similar trends such that in areas where phosphorus levels are
high, the nitrogen levels are also high. See Table 3.7 below for the modeling results.

Table 3.7 Existing and Future Modeling

z a
Captain Hickory Run = o 5 ; s l:; s
Catchments eEg ® O 0 9 29 29
>35S © 2 N 3 >3 >3
s < ae s x= x=
DFCH0002 E 1.77 0.08 18.7 1.0 0.2
F 2.1 0.09 22.9 1.2 0.2
C 19% 13% 22% 23% 26%
DFCHO0003 E 2.49 0.1 25.7 1.4 0.3
F 2.73 0.11 28.3 1.5 0.3
C 10% 10% 10% 11% 11%
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z o
Captain Hickory Run ) S :; ':; :; ':; g
Catchments °eEg T n g e 8 28
S &8 P53 s &=
DFCHO0004 E 2.3 0.1 21.2 1.2 0.2
F 2.54 0.11 24.4 14 0.3
C 10% 10% 15% 15% 17%
DFCHO0005 E 1.07 0.05 7.4 0.4 0.1
F 1.16 0.06 7.7 0.4 0.1
C 8% 20% 4% 2% 13%
DFCHO0006 E 1.04 0.15 6.9 0.4 0.1
F 1.24 0.15 7.7 0.4 0.1
C 19% 0% 12% 11% 13%
DFCH9701 E 1.62 0.15 11.5 0.6 0.1
F 1.64 0.15 11.5 0.6 0.1
C 1% 0% 0% 0% 8%
DFCH9801 E 3.77 0.1 63.6 2.7 0.4
F 3.82 0.1 63.6 2.7 0.4
C 1% 0% 0% 0% 0%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

Modeling results for future conditions show significant increases in flows and runoff pollutant
loads from every catchment in the subwatershed. DFCHO0002 has the largest percentage
increase in every parameter except peak flows, due to change in land use from open space
to low-density residential in the upper portion of the catchment and from open space and
estate residential to low-density residential along the stream channel.

3.5.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Two culverts in the subwatershed were overtopped with existing flows, as shown in Table
3.8. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.8 Culvert Hydraulic Modeling

Culvert Crossing Flood Year
100 50 25 10 5 2 1
65 Fringe Tree Rd E X X X X X X X
69 Sunnybrook Rd E X X

E — Existing conditions results, x — indicates overtopping
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Culvert # 65 (Photo 3.6) overtopped for all events. From the photos, it appears that culvert
#65 has recently been reconstructed and functions as a stream ford. This crossing is also a
residential access road with a functional classification of "local". It should not be overtopped
by storms more frequent than the10-year event.

Culvert #69 (Photo 3.7) overtopped for the 50- and 100-year events. This is a residential
access road with a classification of "local,” requiring the culvert to pass the 10-year event.

Photo 3.6 Captain Hickory Mainstem at End Photo 3.7 Unnamed Tributary at Sunnybrook
of Fringe Tree Road Drive.

3.5.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Captain Hickory Run subwatershed are listed below. Refer to DFCH_4
for site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S54  The Stream Physical Assessment survey indicated that bank stability was low, the
channel was incised, and habitat was poor to very poor. (Photo 3.3)

S73  During the Stream Physical Assessment assessment, field crews noted wetlands
being filled with soil piles on a reach near Polo Place where new construction was
taking place (field assessment was completed in 2002). Widening and poor habitat
were noted along this reach.

S74  The Stream Physical Assessment survey indicated that streambank erosion was
severe or extreme, channel was widening, and habitat was poor to very poor.

S75 The Stream Physical Assessment survey indicated that streambank erosion was
severe or extreme, channel was widening, and habitat was poor to very poor.

S76  This site at the end of Milburn Street is severely eroded, as shown in Photo 3.2 and
Photo 3.4.

S77  This site has a significant amount of buffer encroachment, along with an area of
erosion. Additionally, there is an earthen berm, which is blocking the stream and may
be a fish blockage (Photo 3.5).
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Hydrology and Water Quality

C06 (Catchment DFCHO0003) This area has the second highest loads of total nitrogen and
total suspended solids of all the catchments, and is tied for highest runoff volume.
(Photo 3.1)

D05 (Catchment DFCHO0002) The Modeling and stream assessment data did not show
significant hydrologic or water quality problems within the drainage area. Streams,
however, show signs of erosion and instability both within the drainage area and
downstream. This is the site of unbuilt regional pond D05.

D06 (Catchment DFCH9701) Modeled water quality and hydrologic impacts from this
catchment were in the mid-range for the subwatershed. This is the site of unbuilt
regional pond DO6.

D07 (Catchment DFCH9801) This catchment is the most highly impervious and has the
highest modeled runoff loads of total suspended solids, total nitrogen and total
phosphorus. This is the site of unbuilt regional pond DO7.

Flooding

F65  This culvert overtops with existing conditions for all rainfall events from 1- to 100-
year

Preservation

No sites were identified. Several catchments are in good condition, but model results show
that future development does not make them significantly worse. This means that they are
essentially preserved under the current development plans and regulations.
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3.6 Captain Hickory Run - Subwatershed Plan Action

In the subwatershed condition section, information from stream assessments, monitoring
studies, and watershed modeling was presented to identify the location and severity of
watershed impairments. For the subwatershed action plan, the candidate sites for
improvement are discussed in terms of the specific impairment, a description of the project,
and the goal of the project. Table 3.9 below is a list of all projects proposed in this
subwatershed.

Table 3.9 Recommendations for Captain Hickory Run

. . Candidate
Project # Project Type Site
DF9005B Culvert Retrofit D-05
DF9006B Drainage Retrofit D-06
DF9007A Drainage Retrofits D-07
DF9007C Culvert Retrofit D-07
DF9007D LID Retrofit D-07
DF9106A Pond Retrofit CO6A
DF9106B Pond Retrofit C06B
DF9274 Stream Restoration S74
DF9706 Drainage Retrofits C06
DF9806 LID Retrofits C06

3.6.1 Regional Pond Alternative Projects
D05 (DFCHO0002)

Site Investigation and Projects: The site investigation identified two projects, which would
help meet the improvement goals and provide a replacement for the proposed regional
pond.

DF9005B (Culvert Retrofit) This project consists of modifying the culvert crossing at
Polo Place to provide detention storage. Retrofits would be designed to reduce
stream velocity through storage and detention. Water quality improvements are not
as high a priority as storage due to the established wetland within the project area.

D06 (DFCH9701)

Site Investigation and Projects: The site investigation identified an additional improvement
goal in this catchment. Fringe Tree Road is undergoing erosion and damage from flows of
Captain Hickory Branch and the tributary draining the catchment. Protection of the gravel
roadway is needed for public safety purposes.

D9006B (Drainage Retrofit) Site investigation showed erosion and scour from the
existing farm pond down to the main floodplain valley. This erosion appears to be
related to the steep channel slope and the influences of the series of driveway
culverts and the one culvert under Hickory Run. This project would consist of
providing riprap outlet protection on the downstream side of each of these culverts.
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D07 (DFCH9801)

Site Investigation and Projects: The site investigation identified opportunities for retrofit of
older stormwater management facilities, LID retrofits, and a culvert retrofit that should
provide benefits equivalent to the proposed regional pond.

DF9007A (Drainage Retrofits) These distributed projects are designed to correct
impairments from poor outlet protection at eight locations where the storm drain
network discharges into the floodplain. Improvements would consist of energy
dissipation through riprap, plunge pools, or structures. The primary benefit would be
reduction of sediment from localized scour or erosion.

DF9007C (Culvert Retrofit) This project consists of a culvert retrofit to the upstream
side of the crossing of Sunnybrook Drive. A redundant embankment would be
designed to store runoff on the upstream side of the roadway. This facility would use
floodplain storage to settle out sediment provide vegetative uptake of nutrients.

DF9007D (LID Retrofit) LID or Filterra systems would be retrofit at storm drain inlets
and parking islands in the commercial area west of Walker Road. The project would
be designed to reduce runoff pollutant loads in the area. Storage volume for channel
protection would not be provided.

3.6.2 Catchment Improvement Projects
C06 (DFCHO0003)

Site Investigation and Projects: The site investigation identified opportunities for retrofit of
older stormwater management facilities, LID retrofits, and drainage retrofits to mitigate the
impairments.

DF9806 (LID Retrofits) This project consists of the replacement of a rigid boundary
channel with a LID facility that is expected to include a bioswale, biofiltration
retention/detention facility and natural channel improvement. This facility may
provide some peak discharge reduction, but should primarily be designed as a water
guality facility, as discharge impacts were not observed in this area.

DF9106A (Pond Retrofit) This project is a retrofit of an existing stormwater
management facility upstream of the crossing of the main catchment tributary at
Georgetown Parkway. The facility is showing signs of conversion into a wetland.
Creation of additional storage for 1-year extended detention and water quality
volume, modifying the control structure, and regarding the accumulated sediment
would provide both channel protection and water quality improvements to a
significant portion of the catchment.

DF9106B (Pond Retrofit) This project is a retrofit of an existing pond in the swale
downstream of Columbine Street. Retrofits should include creation of additional
storage for 1-year extended detention with a multi-stage riser and inclusion of water
guality features and vegetation.

DF9706 (Drainage Retrofits) These distributed projects are designed to provide
adequate energy dissipation at outfalls where the piped storm drain system
discharges to a natural channel. Improvements would consist of energy dissipation
through riprap, plunge pools, or structures.
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3.6.3 Stream Restoration Projects
S54

Site Investigation and Projects: The site investigation showed that erosion at this site is not
currently active and that the stream is relatively stable. It is anticipated that if natural
hydrology can be restored through stormwater management retrofits upstream then a
stream restoration project would not be necessary.

S73

Site Investigation and Projects: The site investigation did not find the area of wetlands,
which may have been filled. Stream conditions appeared stable and no restoration projects
were identified.

S74

Site Investigation and Projects: The site investigation showed that the stream through this
reach was moderately to severely incised with raw, eroding, nearly vertical banks. The bed
has eroded to weathered rock and riffle pool bed forms are largely absent. One stream
restoration project was identified.

DF9274 (Stream Restoration) The proposed restoration would involve excavating a
new floodplain and re-meandering the stream to provide a pattern, dimension, and
profile more consistent with a natural stream. This would prevent further mass
erosion associated with channel widening and bank failure, would improve instream
habitat, and provide access to a functional floodplain. The new floodplain would be
planted with native woody vegetation and grasses.

S75

Site Investigation and Projects: The site investigation found evidence of erosion at channel
bends throughout the stream reach. However, because access and construction feasibility
restraints outweigh potential project benefits, no projects were identified. There is evidence
that the stream is forming a floodplain within the widened channel and beginning to stabilize.
It is anticipated that if natural hydrology can be restored through stormwater management
retrofits upstream then a stream restoration project would not be necessary.

S76

Site Investigation and Projects: The site investigation found evidence of erosion and deeply
incised streambanks. However, because access and construction feasibility restraints
outweigh potential project benefits, no projects were identified. It is anticipated that if natural
hydrology can be restored through stormwater management retrofits upstream then a
stream restoration project would not be necessary.

S77

Site Investigation and Projects: The site investigation found evidence of erosion and incision
throughout this reach. However, due to issues of access and construction feasibility, no
projects were identified. It is anticipated that if natural hydrology can be restored through
stormwater management retrofits upstream (particularly the facility identified with project
DF9007B) then a stream restoration project would not be necessary.

3.6.4 Preservation

No preservation candidate sites were identified for this subwatershed.
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3.7 Dog Run — Subwatershed Condition
3.7.1 Subwatershed Characteristics

The Dog Run subwatershed is located in northeastern Fairfax County. This 515-acre (0.8
mi?) subwatershed is the third-smallest subwatershed in the Difficult Run watershed. It is
bound by Utterback Store Road (Virginia 717) to the east and Seneca Road (Virginia 602) to
the west. Leesburg Pike traverses the southwest corner of the subwatershed.

There are 2.5 miles of stream within the subwatershed that flow south and join Piney Run
north of Woodbrook Lane. The majority of the length of the stream flows through open
space and estate residential areas. There is a short segment of the stream that is adjacent
to a high-intensity commercial area just to the east of Northfalls Court.

Refer to DFDG_1 for a map of the Dog Run subwatershed highlighting the Subwatershed
Characteristics including existing land use, flood limit, wetlands, resource protection
areas and stormwater management.

3.7.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The Dog Run subwatershed development is not very densely developed. Fifty-three percent
of the Dog Run subwatershed is developed as low-density or estate residential. Another 22
percent of the land in the Dog Run subwatershed is open space or parks, although there are
no major park facilities located within the subwatershed. Six percent of the subwatershed is
developed for commercial uses. The majority of this commercial area is clustered along the
west-central edge of the subwatershed at the junction of Leesburg Pike (Virginia 7) and
Georgetown Pike (Virginia 193). There are no industrial areas.

There are 71 acres, 14 percent of the subwatershed, used for transportation such as roads
and highways. Total impervious area for the subwatershed, which includes all roads,
parking lots, sidewalks, residential driveways and buildings, is approximately 81 acres, or 16
percent of the total subwatershed area. A summary of land use within the subwatershed can
be found in Table 3.10.

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.
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Table 3.10 Existing and Future Land Use
Existing Future Change
Land Use Type Acres Percent Acres  Percent Acres  Percent
Open space, parks, and 111 22% 40 8% 72 -14%
recreational areas
Golf Course 0 0% 0 0% 0 0%
Estate residential 73 14% 79 15% 6 1%
Low-density residential 199 39% 264 51% 66 13%
Medium-density residential 30 6% 30 6% 0 0%
High-density residential 0 0% 0 0% 0 0%
Low-intensity commercial 9 2% 8 2% -1 0%
High-intensity commercial 9 2% 10 2% 1 0%
Industrial 0 0% 0 0% 0 0%
Institutional 8 2% 8 2% 0 0%
Transportation 71 14% 71 14% 0 0%
Water 5 1% 5 1% 0 0%
Total 515 100% 515 100% 0%

When comparing existing land use to future land use, major acreage shifts are projected in
the open space and low-density residential categories. There is a projected 14 percent loss
in the open space category. Gains in acreage are projected in the low-density residential
(+13 percent) and estate residential (+1 percent) land uses.

According to Figure 3.3, 59 acres are

projected to shift from open space to low- Figure 3.3. Changed Land Use
density residential. Twelve acres shift from

open space to estate residential and 6 acres ESR-LDR

shift from estate residential to low-density 6acres LIC-HIC

1 acre

OS-ESR
12 acres

residential.

There are approximately 32 acres of land
along the Leesburg Pike in the western
portion of the subwatershed that is currently
designated as open space, but the future
planned use is low-density residential. There
is another larger swath of open space (~20
ac.) in the eastern portion of the OS-LDR
subwatershed that is planned for a low-
density residential use. There is no guarantee
that these areas will be developed; yet, both pieces have adjacent low-density uses
currently and will be well integrated into the existing land use pattern if and when the need
arises to develop more residential uses. These shifts illustrate the demand for more housing
within the Dog Run subwatershed and the potential for increases in impervious surfaces,
which can contribute additional runoff and pollutants to the stream system.

59 acres
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3.7.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are seven stormwater management facilities within the Dog
Run subwatershed, of which three are private and four are public. Eighty-six percent of the
Dog Run subwatershed is not served by any stormwater management facility. Fourteen
percent of the total area has quantity control only. There is no area within the subwatershed
that receives both quantity and quality control.

The difference between the amount of total developed area in the subwatershed (79
percent) and the area served by stormwater management (14 percent) indicates a possible
need for additional management efforts, specifically in the low and medium-density
residential and commercial areas. A list of all stormwater management facilities in the Dog
Run subwatershed is found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located four outfall pipes discharging into the Dog Run subwatershed. None of
the outfalls were having a significant impact on the stream system.

Stream Crossings

Stream crossings, such as bridges and
culverts are often locations of erosion and
flooding. The combination of aging structures
and frequently high stormwater levels can
cause downstream stream stability problems
and habitat impairment. Most of the stream
crossings in Dog Run were having only very
minor impact on the stream condition. One of
the crossings is a stream ford, which has
deficiencies that should be addressed to
enhance stream integrity and future stability
of the structure. The impairment is likely due
to high levels of upstream debris. The ford,
which is a shallow part of a stream that can

be crossed by foot or by land vehicle, is Photo 3.8 Ford located upstream east of
shown in Photo 3.8 and is located just Kimberly Place.

upstream of a stream restoration candidate

site S78.

3.7.4 Soils

Soils found in the Dog Run subwatershed belong primarily to the Glenelg — Elioak — Manor
association. This association consists of rolling and hilly landscapes, which can generate
rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow
with numerous natural springs. The subwatershed contains 72 percent of the B hydrologic
soil group with Glenelg silt loam being the dominant soil type (51 percent). B soils and the
Glenelg soil type are compatible with infiltration practices and may provide potential
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stormwater management sites. There are 16.9 acres of land with unclassified soils in the
Dog Run subwatershed. Soils that cover at least 20 acres within the subwatershed can be
found in Appendix A.

3.7.5 Geomorphology

There are approximately 2.5 miles of stream in the Dog Run subwatershed that were
assessed and assigned a Channel Evolution Model classification as part of the Stream
Physical Assessment. The classification indicates the stream channel’s physical condition
and stability as a response to disturbances such as upstream land use changes.

The eastern reach of Dog Run (7,333 ft.) is a Type Il stream, where the streambed is
degrading and incision is beginning, and is primarily sand and gravel substrate. There is
major restoration potential for this reach. The west reach (3,976 ft.) is Type Ill, which is
indicative of a generally unstable channel that is actively widening in response to changes in
flow, and is primarily sand substrate.

The entire stream length of Dog Run is characterized by moderately unstable banks with
high erosion potential during floods as in Type Il and Il channels. Two specific erosion
locations where located that are impacting the stream system. The first is located south of
Georgetown Pike and east of Kimberly Place, and is 1,800 linear feet on the outer bends
(see Photo 3.9). The eroding area is causing instream degradation, may be damaging
property and is a stream restoration candidate site S78. The second erosion location (Photo
3.10) is on the most downstream reach near the confluence with Piney Run. It is 50 linear
feet in length, has instream degradation, and is also a stream restoration candidate site S02.

Photo 3.10 Erosion located near confluence of

Photo 3.9 Erosion located south of Georgetown Dog Run with Piney Run (DFDG001.E001).

Pike, East of Kimberly Place (DFDG001.E002).

3.7.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the winter of 2002.
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¢ The entire length of stream in the Dog Run subwatershed has poor habitat for
aguatic insects and fish.

e Thereis 11,575 linear feet of the stream, or approximately 43 percent of the total,
which does not have sufficient riparian buffer (the total is for both banks). Of this
total, 9,360 feet of the impact is from
lawns.

o The western tributary has less than 50
percent of the stream bank surface
covered with vegetation such as trees
and shrubs.

e Many of the missing riparian buffer
areas have good potential for
restoration. There is approximately
2,000 feet of deficient buffer located
within the Estates at Wyndham Hills
between Fieldview Drive and Stones
Throw Drive. This area has the

potential for stream and buffer _ Photo 3.11 Deficient buffer located in the
restoration, candidate site S79, andis  Estates at Wyndham Hills. (DFDG002.B001).
shown in Photo 3.11.

3.7.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Dog Run incorporate data on the amount, character and location of the land use,
impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

The Dog Run subwatershed contains 16 percent impervious surface. Except for a few
commercial areas around the intersection of Georgetown Pike and Leesburg Pike, the
subwatershed is mostly low-density and estate residential land use.

The catchment with the highest modeled nitrogen and phosphorus overall is DFDG9901,
which contains a long stretch of Leesburg Pike and also some medium density residential
parcels off of Reston Parkway and Round Pebble Lane. Refer to DFDG_4 for the catchment
locations. This catchment also has the highest amount of runoff volume, most likely
because it has the most paved area, with 4.9 inches per year. The results of the modeling
can be seenin Table 3.11.
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Table 3.11 Existing and Future Modeling

= £ E o

Dog Run Catchments “é % < x g " §‘ “é §‘ “é §‘
i3z 83 Bs &2 i

DFDGO0002 E 2.28 0.11 23.2 1.2 0.2
F 2.53 0.11 27.5 1.4 0.3

C 11% 0% 19% 17% 50%

DFDGO0003 E 2.78 0.16 29.0 1.6 0.3
F 3.31 0.17 37.9 2.0 0.4

C 19% 6% 31% 25% 33%

DFDG9901 E 3.9 0.14 54.5 2.6 0.4
F 4.43 0.15 64.7 3.1 0.5

C 14% 7% 19% 19% 25%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

The catchment that is predicted to have the biggest percent change in the future is
DFDGO0003, as much of the open space located along the stream on both sides of Leesburg
Pike will be changing to low-density residential.

3.7.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Of the two crossings in the subwatershed, neither overtopped with existing flows for any
storm event.

3.7.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Dog Run subwatershed are listed below. Refer to DFDG_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S02  This reach has active widening, unstable banks, and erosion. It is located in the
downstream portion of Dog Run near the confluence with Piney Run (Photo 3.10)

S78 This eastern reach is in an area with missing buffer and erosion problems combined.
This stream has poor habitat (Photo 3.8 and 3.9).

S79  This reach has missing buffer on both the left and right banks along with poor
habitat. Channel disturbance in the form of channelization is also an issue on this
reach (Photo 3.11).
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Hydrology and Water Quality

D01 (Catchment DFDGO0002) This catchment has low runoff loads for the subwatershed.
Site S78, with unstable banks and erosion problems, is within the catchment.

C01 (Catchment DFDGO0003) This catchment has moderate runoff and pollutants. The
streams in this catchment are eroding and have unstable banks.

C135 (Catchment DFDG9901) This catchment has the highest modeled pollutant nitrogen
and phosphorus load. It also has one of the highest runoff volumes and peak flows.
Site S79 is directly downstream of this catchment.

Preservation

No sites were identified. DFDG0002 is in good condition, but model results show that future
development does not make it significantly worse. This means that it is essentially preserved
under the current development plans and regulations
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3.8 Dog Run - Subwatershed Plan Action
In the previous subwatershed condition section, information from stream assessments,

monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.12 below is a list of all projects
proposed in this subwatershed.

Table 3.12 Recommendations for Dog Run

. . Candidate

Project # Project Type Site
DF9001A Drainage Retrofit D-01
DF9001B Culvert Retrofit D-01
DF91135 Pond Retrofit C135
DF9202 Stream Restoration S02
DF9278 Stream Restoration S78
DF9279 Buffer Restoration S79
DF9501B Culvert Retrofit Cco1
DF9501C Culvert Retrofit co1
DF9701 Drainage Retrofit Cco1

3.8.1 Regional Pond Alternative Projects
D01 (DFDG0002)
Site Investigation and Projects:

DF9001A (Drainage Retrofit) Where the piped drainage system flows into natural
channels, scour and erosion have become evident. This project will provide
improvements to the drainage infrastructure by improving outlet protection at the
storm sewer outfalls.

DF9001B (Pond Retrofit) The existing pond at this site treats a large area of this

catchment. This project would look to change the detention characteristics to reduce
downstream impacts, and reconstruct the pond for improved water quality treatment.
This would also help address the issue of road overtopping, discussed in DF9001C.

3.8.2 Catchment Improvement Projects
CO1 (DFDG0003)
Site Investigation and Projects:

DF9501B (Culvert Retrofit) This project would be a retrofit to the two culverts
crossing Stones Throw Drive. The goal would be dry detention storage in existing
open space. This would provide peak attenuation as well as quality improvements.

DF9501C (Culvert Retrofit) This large, shallow area of unmanaged land would be
used to store and treat streamflow. While this area is not able to store as much as
the previous projects, the existing vegetation would help to improve water quality

along with reducing the peak flows.
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DF9701 (Drainage Retrofit) The developed area of this catchment is served by
storm drains with outfalls that are experiencing erosion and scour. This project would
consist of energy dissipation at those outfalls to reduce scour and erosion in the
stream.

C135 (DFDG9901)
Site Investigation and Projects:

DF91135 (Pond Retrofit) This project would consist of retrofitting the existing pond
located between Water Pointe Lane and the Reston Parkway by modifying the
control structure to improve outflow for channel protection. An aquatic bench would
be constructed for water quality treatment.

3.8.3 Stream Restoration Projects
S02 (DFDG0003)

Site Investigation and Projects: This site is located on what appears to be either
homeowners association or County property.

DF9202 (Stream Restoration) A more natural stream would be established with
meanders, dimension, and a profile. The stream would be reconnected with the
floodplain, the banks would be stabilized, and a stream buffer would be
reestablished.

S78

Site Investigation and Projects: This site is on the downstream side of Georgetown Pike,
east of Kimberly Place.

DF9278 (Stream Restoration) A pattern, dimension and profile more consistent with
a natural stream will be recreated. The stream would be re-connected to the
floodplain. A riparian buffer would be established and bed features would be created.

S79
Site Investigation and Projects:

DF9279 (Buffer Restoration) The buffer at this site has been degraded by
development and the clearing of trees up to the streams edge. The riparian zone
would be replanted with native trees and shrubs in the non-forested areas.

3.8.4 Preservation
No preservation candidate sites were identified for this subwatershed.
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3.9 Piney Run- Subwatershed Condition
3.9.1 Subwatershed Characteristics

The Piney Run subwatershed has an area of approximately 2,100 acres (3.28 mi®). It is
located in northern Fairfax County with Leesburg Pike (Virginia 7) running through the
center. The Dog Run subwatershed is in the headwaters of the Piney Run subwatershed.
The northern border of the Piney Run subwatershed runs parallel with Georgetown Pike
(Virginia 193) while the western boundary follows both the Reston Parkway (Virginia 602)
and Reston Avenue. The intersection of Walker Road (Virginia 681) and Manning Street is
located at the confluence of Piney Run and Captain Hickory Run. The Piney Run
subwatershed is located in the northern portion of the Difficult Run watershed. The stream is
approximately 7.5 miles in length and flows east from the Dog Run subwatershed until it
joins Captain Hickory Run and then the mainstem of Difficult Run.

Refer to DFPR_1 for a map of the Piney Run subwatershed highlighting the Subwatershed
Characteristics including existing land use, flood limit, wetlands, resource protection
areas and stormwater management.

3.9.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

Piney Run subwatershed is moderately dense. Fifty-two percent of the Piney Run
subwatershed is developed as low-density or estate residential. Another 21 percent is open
space or parks. Major parks found either wholly or partially within the subwatershed
boundary include Great Falls Nike Park, Baron Cameron Park, Lockmeade Park, Hickory
Run Stream Valley Park, and the Turner Farm. Two historical sites lie within the
subwatershed. Seven percent of the subwatershed is developed for commercial or industrial
use. The majority of this area is clustered along the southwestern edge of the subwatershed
within the planned community of Reston.

There are 219 acres, 10 percent of the subwatershed, used for transportation rights-of-way.
Total impervious area for the subwatershed, which includes all roads, parking lots,
residential driveways, sidewalks and buildings, is approximately 343 acres, or 16 percent of
the total subwatershed area. A summary of land use within the subwatershed can be found
in Table 3.13.
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Table 3.13 Existing and Future Land Use
Existing Future Change
Land Use Type Acres  Percent Acres  Percent Acres  Percent
Open space, parks, and 431 21% 335 16% -96 -5%
recreational areas
Golf Course 0 0% 0 0% 0 0%
Estate residential 353 17% 206 10% -146 -7%
Low-density residential 728 35% 970 46% 242 12%
Medium-density residential 114 5% 114 5% 0 0%
High-density residential 163 8% 163 8% 0 0%
Low-intensity commercial 16 1% 15 1% 0 0%
High-intensity commercial 15 1% 19 1% 4 0%
Industrial 18 1% 14 1% -4 0%
Institutional 38 2% 38 2% 0 0%
Transportation 219 10% 219 10% 0 0%
Water 5 0% 5 0% 0 0%
Total 2100  100% 2,100  100% 0%

Changes in the land use that result in higher intensity uses in the future can present

problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

When comparing existing land use to future land
use, significant shifts are projected in the open

space, estate residential, and low-density
residential land use categories. There is a projected
12 percent gain in the low-density residential

category, in which compensating losses are

projected in the estate residential (-7 percent)
category and the open space (-5 percent) category.

According to Figure 3.4, 158 acres shift from estate
residential in the existing land use to low-density
residential in the future land use. Ninety-six acres
shift from open space to either estate residential
(12 acres) or low-density residential (84 acres).
This does not guarantee that the open space will
become developed; it suggests that these areas of open space can be used for
development/redevelopment in the future.
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3.9.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are 15 stormwater management facilities within the Piney Run
subwatershed, one of which is an underground facility. Sixty-eight percent of the Piney Run
subwatershed is not served by any stormwater management facility. Nineteen percent of the
total area has quantity control only and the remaining 13 percent receives both quantity
and quality control.

The difference between the amount of total developed area in the subwatershed (82
percent) and the area served by stormwater management (14 percent) indicates a need for
additional management efforts, specifically in the low-density residential areas in the
northern and eastern portions of the subwatershed and the high-density residential and low-
intensity commercial areas in the western half of the subwatershed. Additional information
on the location of the stormwater management facilities in the Piney Run subwatershed is
found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 11 outfall pipes in the Piney Run subwatershed. None of the outfalls are
having a significant impact on stream condition or causing any type of erosion.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. The Stream Physical
Assessment located 32 total stream crossings in the Piney Run subwatershed. None of the
crossing are having a significant impact on stream condition or causing any type of erosion.

3.9.4 Soils

Soils found in the Piney Run subwatershed belong primarily to the Glenelg — Elioak — Manor
association. The groundwater is fairly shallow with numerous natural springs. The
subwatershed contains 64 percent of the B hydrologic soil group with Glenelg silt loam being
the dominant soil type (51 percent). B soils and the Glenelg soil type are compatible with
infiltration practices and may provide potential stormwater management sites. There are
60.1 acres of land with unclassified soils in the subwatershed. Soils that cover at least 20
acres within the subwatershed can be found in Appendix A.
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3.9.5 Geomorphology

There are approximately 6.59 miles (34,795 feet) of stream in the Piney Run subwatershed
that were assessed and assigned a Channel Evolution Model classification as part of the
Stream Physical Assessment. The classification indicates the stream channel’s physical
condition and stability as a response to disturbances such as upstream land use changes.
Five stream reaches (3,821 linear feet) were not assessed because they were not natural
channels. This includes a large pond/wetland at the most downstream reach, an open
wetland, and a riprap channel.

Seventy-six percent of the assessed channels are Type lll, which indicates a generally
unstable stream channel that is actively eroding in response to changes in flow. Smaller
lengths were classified as Type IV (5 percent) and Type Il (7 percent). Type Il channels are
beginning to undergo of bed degradation. Type IV channels are accumulating sediment and
streambed is beginning to stabilize after disturbance.

Fifty-seven percent of the assessed stream length had at least one bank that was
considered moderately unstable, with high erosion potential during floods. There is one
specific erosion location comprising 2,800 linear feet that is damaging property and causing
instream habitat degradation. It is located on the mainstem of Piney Run in the downstream
end of the subwatershed. A portion of the erosion is shown in Photo 3.12. The site has high
restoration potential and is a candidate stream restoration site S05.

Photo 3.12 Erosion just south of Eisenhower Photo 3.13 Obstruction located near the
Lane (DFPR005.E001). intersection of Walker Road with Manning
Street (DFPR001.T001).

There are 11 obstruction locations within the Piney Run subwatershed, all of which are
restricting fish passage. Many of the obstructions were beaver dams and are located in the
central portion of the subwatershed on tributaries and on the mainstem. One obstruction is
located at the very downstream end of the mainstem and is blocking fish passage. The site
is shown in Photo 3.13 and is a candidate stream restoration site S83.
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3.9.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002.

e Of the total stream length (including unassessed reaches), 26 percent is assessed
as fair habitat for aquatic insects and fish, 58 percent assessed as poor habitat, and
7 percent is assessed as very poor habitat for aquatic insects and fish.

e There are just over 6 miles (32,445 feet) of the entire stream length in the Piney Run
subwatershed missing sufficient buffer (both banks combined). Of the 6 miles without
a buffer, 92 percent is lawn, and the remaining 8 percent is lawn/pavement mix.

Photo 3.14 Example of deficient buffer Photo 3.15 Dump site located just north
located south of Good Spring Avenue of Springvale Court (DFPR005.M001).
(DFPR009.B003).

e A specific buffer encroachment area is located along a tributary between Riva Ridge
Drive and Springvale Road and extends for approximately 350 feet. An example area
is shown in Photo 3.14. The reach is a candidate stream restoration site S81.

e This is one dumpsite in the Piney Run subwatershed. It is located just north of
Springvale Court. It contains non-toxic material, and does not appear to be used
often. However, clean up would definitely be beneficial. The site is a candidate
stream restoration site S82 and is shown in Photo 3.15.

3.9.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Piney Run incorporate data on the amount, character and location of the land use,
impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS).
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Because changes in land use effect the amount of runoff, streamflow, the quantity modeling
estimates the amount of runoff generated by the land during rainfall and the peak
streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

Over 16 percent of the Piney Run subwatershed is covered by impervious surface. Most of
the subwatershed is low density residential and estate residential land uses, but the
headwaters, near the intersection of Reston Parkway and Wiehle Avenue, are almost
entirely high-density residential and commercial areas. This is where the highest runoff
amount is found, in catchment DFPR0O001. Refer to DFPR_4 for the catchment locations.

The catchment with the highest modeled pollutant loading is DFPR0001, which is south of
the intersection of Reston Parkway and Wiehle Avenue. Other areas of high runoff and
pollutants include DFPR9801 (near Aldrin Elementary School) and DFPR9701 (north and
east of Great Falls Nike Park). Results can be seen in Table 3.14.

Table 3.14 Existing and Future Modeling

s 8
Piney Run = 2 3 Z o
Catchments = Nt 2 s 3 )
2§ 3 55 5S
x> o F x s xS
DFPRO001 E 7.54 0.19 177.8 6.4 0.8
F 7.51 0.19 177.6 6.4 0.8
C 0% 0% 0% 0% 0%
DFPRO0O002 E 3.54 0.14 45.0 2.0 0.3
F 3.68 0.14 47.7 2.2 0.4
C 4% 0% 6% 10% 33%
DFPRO003 E 3.8 0.12 64.4 2.9 0.4
F 4.3 0.12 89.4 3.9 0.4
C 13% 0% 39% 34% 0%
DFPRO0O004 E 2.89 0.16 20.7 1.1 0.2
F 3.37 0.17 29.4 1.5 0.3
C 17% 6% 42% 36% 50%
DFPRO005 E 3.7 0.15 39.9 1.9 0.3
F 3.94 0.16 44.2 2.0 0.3
C 6% 7% 11% 5% 0%
DFPRO006 E 2.12 0.08 21.2 1.1 0.2
F 2.78 0.09 37.2 1.8 0.3
C 31% 13% 75% 64% 50%
DFPRO007 E 1.76 0.13 131 0.7 0.1
F 1.94 0.13 14.8 0.8 0.2
C 10% 0% 13% 14% 100%
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Catchments £ 2 i’/ g £ 2 £ 2
53 S ® 535 53
o> ol = = =
DFPR9501 E 2.21 0.14 22.5 1.2 0.3
F 2.42 0.14 25.9 1.4 0.3
C 10% 0% 15% 17% 0%
DFPR9602 E 2.63 0.12 37.2 1.8 0.3
F 2.95 0.13 43.3 2.1 0.3
C 12% 8% 16% 17% 0%
DFPR9701 E 1.7 0.09 27.1 1.3 0.2
F 2.02 0.09 32.6 1.6 0.3
C 19% 0% 20% 23% 50%
DFPR9801 E 4.6 0.15 91.9 4.1 0.6
F 484 0.16 97.1 4.4 0.7
C 5% 7% 6% 7% 17%
DFPR9901 E 5.32 0.17 98.1 3.7 0.5
F 5.33 0.17 99.0 3.8 0.5
C 0% 0% 1% 3% 0%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

The catchment projected to have the greatest overall percent change is DFPR0006, which
has several estate areas changing to low-density residential as well as one large area of
open space changing to commercial. Catchment DFPR0004 will also have a large percent
change, but mostly in the pollutants. This is because several areas along the stream are set
to change from estate residential to low-density residential, increasing the pollutant loads
from the catchment.

3.9.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Six stream crossings in the subwatershed were overtopped with existing flows, as shown in
Table 3.15. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.
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Table 3.15 Culvert Hydraulic Modeling
) Flood Year
Culvert Crossing

100 50 25 10 5 2 1
64 Riva Ridge Drive E X X
67-A Foo_tbndge upstream of E X X

Springvale Road

67-B Springvale Road E X X X
68-A Leesburg Pike E X X
77 Walker Road E X X X X
78-B Driveway pad next to E X X X X X X X

Manning Street

E — Existing conditions results, x — indicates overtopping

Culvert #64 (Photo 3.16) overtopped for the 50- and 100-year events. Riva Ridge Drive can
be classified as a local road, so it must pass the 10-year event, which it does. This is not
considered a candidate site

Culvert #67-A (Photo 3.17) overtopped for the 50- and 100-year events. A footbridge is not a
public road and has no requirements for overtopping. This is not considered a candidate
site.

Photo 3.16 Piney Run Tributary at Riva Photo 3.17 Piney Run Mainstem at the
Ridge Drive. footbridge by Springvale Road.

Culvert #67-B (Photo 3.18) overtopped for events less frequent than the 2-year event.
Springvale Road carries through traffic and so is considered a primary road, which must
pass the 25-year event.

Culvert #68-A (Photo 3.19) overtopped for the 50 and 100-year events. Primary roads like
Leesburg Pike are required to pass the 25-year event. This is not considered a candidate
site.
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Photo 3.18 Piney Run Mainstem at Photo 3.19 Piney Run Mainstem at Leesburg
Springvale Road Pike

Culvert #77 (Photo 3.20) overtopped for events less frequent than the five-year event.
Walker Road is also considered a primary road that is required to pass the 25-year event.

Culvert #78-B (Photo 3.21) overtopped for all events. The driveway pad next to Manning
Street is not a public road and is therefore not subject to overtopping requirements. This is
not considered a candidate site.

Photo 3.20 Piney Run Mainstem at Walker Photo 3.21 Piney Run Mainstem at the
Road driveway pad by Manning Street

3.9.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Piney Run subwatershed are listed below. Refer to DFPR_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).
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Streams

S05 The Stream Physical Assessment survey found this site was found to have poor
habitat and erosion resulting in unstable banks (Photo 3.12).

S80 The Stream Physical Assessment found that there are long reaches with limited
buffer due to lawn encroachment on both sides of the channel (3200 feet along one
reach).

S81  Also located at a confluence, the reported that this site had active widening on the
mainstem and a severely deficient buffer with moderate restoration potential on the
tributary (Photo 3.14).

S82  The Stream Physical Assessment survey noted significant trash and debris at the
dumpsite located north of Springvale Court (Photo 3.15).

S83  The Stream Physical Assessment survey found an obstruction located at the very

downstream end of Piney Run (Photo 3.13).

Hydrology and Water Quality

D02 (Catchment DFPR9701) The catchment has above average runoff volumes and
pollutant loadings. The stream is categorized as having poor habitat.

D03 (Catchment DFPR9801) The catchment has one of the highest pollutant loads in the
subwatershed. The habitat assessment on the reach through this catchment reveals
poor habitat.

D64 (Catchment DFPR9501) The catchment has some of the highest pollutant loads and
runoff volumes in the subwatershed. The stream is categorized as having poor
habitat.

C03 (Catchment DFPR9901) This catchment also has above average runoff volume and
peak flow and below average pollutants.

C04 (Catchment DFPR0001) The runoff volume and runoff pollutants in this catchment
are the highest of the subwatershed.

Flooding

F67A The footbridge upstream of Springvale Road overtops for the 50- and 100-year
events (Photo 3.17).

F67B The bridge on Springvale Road overtopped for all events except the one- and two-
year. This is a primary road, so it is required to pass the 25-year event (Photo 3.18).

F77  The bridge at Walker Road overtops for events less frequent than the 5-year event.
This is a primary road, so it must pass the 25-year event (Photo 3.20).

F78B The driveway pad next to Manning Street overtops for all events (Photo 3.21).

Preservation

P29 (Catchment DFPR0004) This catchment has land use changing along the stream
from estate residential to low-density residential. The pollutant loads are expected to
nearly triple due to this change in land use.

P30 (Catchment DFPR0O005) This catchment also has several areas along the stream

changing from estate residential to low-density residential. There are also areas of

3-56



P31

P32

Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action
Piney Run

open space shifting to low-density residential and one industrial area changing to
high-intensity commercial.

(Catchment DFPR0O006) Percent increases between the existing and future
conditions are projected to be the highest for most parameters in this catchment due
to losses of open space to low-intensity commercial areas, as well as some estate
residential shifting to low-density residential.

(Catchment DFPR9602) This catchment has one of the highest increases in nitrogen
and phosphorus runoff due to changes from estate residential and open space to
low-density residential.
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3.10 Piney Run — Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,

Monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.16 below is a list of all projects
proposed in this subwatershed.

Table 3.16 Recommendations for Piney Run

Project # Project Type Cans(?;gate
DF9002A Culvert Retrofit D-02
DF9002B Drainage Retrofit D-02
DF9003AA Pond Retrofit D-03
DF9003AB Pond Retrofit D-03
DF9003B Drainage Retrofit D-03
DF9064A Pond Retrofit D-64
DF9064B Culvert Retrofit D-64
DF9064C Pond Retrofit D-64
DF9064D Drainage Retrofit D-64
DF9103 Pond Retrofit Cco3
DF9205 Stream Restoration S05
DF9280 Buffer Relocation. S80
DF9503 Culvert Retrofit Cco3
DF9504A Culvert Retrofit Cco4
DF9504B Culvert Retrofit co4

3.10.1 Regional Pond Alternative Projects
D02 (DFPR9701)

Site Investigation and Projects:

DF9002A (Culvert Retrofit) The project would consist of a culvert retrofit to create a
storage area at the crossing of Riva Ridge Drive, which would help reduce erosive
discharge rates and velocities downstream as well as increase storage.

DF9002B (Drainage Retrofit) The project would include outlet protection
improvements to reduce scour velocities at outfalls around the catchment.

D03 (DFPR9801)

Site Investigation and Projects:

DF9003AA (Pond Retrofit) This project would retrofit an existing dry facility to provide
more detention and channel protection downstream. Water quality improvements,
including a forebay, wetland cell, or micro-pools, would help to allow nutrient settling
and/or uptake.

DF9003AB (Pond Retrofit) This instream facility would be retrofit for channel
protection by excavating within the existing pond footprint and modifying the riser
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structure. Creating wetlands within the pond and replacing the concrete pilot channel
with meandering flow paths can enhance water quality treatment.

DF9003B (Drainage Retrofit) The project would include improvements to reduce
scour velocities at outlets around the catchment, which would reduce sediment loads
from stream erosion.

D64 (DFPR9501)
Site Investigation and Projects:

DF9064A (Pond Retrofit) This project would increase the detention volume of the
existing pond, thus reducing the peak discharges in the catchment by simply
installing a multi-stage riser. Water quality benefits are also included in this project,
such as an aquatic bench, a reduction of depth, and a forebay.

DF9064B (Culvert Retrofit) The project would create a large amount of storage area
at the crossing of Brevity Road. The project would help reduce erosive discharge
rates and velocities downstream. Vegetation and micro-pools will increase the water
guality benefits at the site.

DF9064C (Pond Retrofit) The location of this project is upstream of the crossing at
Artemel Court. The project is a retrofit to provide channel protection volume with a
multi-stage riser. Water quality will take place with the existing vegetation and
meandering channel.

DF9064D (Drainage Retrofit) The project would include improvements to reduce
scour velocities at outfalls to natural channels.

3.10.2 Catchment Improvement Projects
C03 (DFPR9901)
Site Investigation and Projects:

DF9503 (Culvert Retrofit) This project would consist of a retrofit to the culvert on the
northwest corner of the intersection of Hawthorne Court and Reston Parkway. The
area upstream of the culvert is a low-lying broad wet weather floodplain that is
heavily overgrown with shrubs and other vegetation. This project would detain
stormwater on the floodplain to provide sedimentation and allow vegetative uptake of
nutrients.

DF9103 (Pond Retrofit) This project would be the retrofit of the existing pond near
the outlet of this catchment. The primary opportunity at this facility is modify the
control structure to create channel protection. The water quality volume can be
stored within the facility with several existing water quality components around the
pond perimeter to improve performance.

C04 (DFPR0001)
Site Investigation and Projects:

DF9504A (Culvert Retrofit) This project would consist of a culvert retrofit on the
upstream side of Tiverton Circle near North Village Road. This retrofit would increase
detention time and reduce the peak flows leaving the area.

DF9504B (Culvert Retrofit) This project is a culvert retrofit at the culvert under Wiehle
Road at the downstream outlet to the catchment. It is designed for channel
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protection to help reduce peak flows downstream. There is area to excavate and
increase the footprint of the pond without significant forest impacts.

3.10.3 Stream Restoration Projects
S05

Site Investigation and Projects: The site investigation showed three distinct segments. The
upper section was recovering, the middle section has eroded outer meanders, and the lower
section has erosive banks on both sides. The lower section is slightly incised with decent
riffle pool morphology and some bed scour. Some portions of the riparian area were not
forested. One project was identified

DF9205 (Streambank Stabilization/Buffer Restoration) The streambanks would be
reshaped and a floodplain bench excavated in the lower section. The riparian area
would be planted with native trees and shrubs.

S80

Site Investigation and Projects: The site investigation found two areas of non-forested
buffer. One project was identified.

DF9280 (Buffer Restoration) The riparian zone would be replanted with native trees
and shrubs in the non-forested areas.

S81

Site Investigation and Projects: The site investigation showed an area of non-forested buffer
located in a gas easement. No project was identified because the easement must remain
open and cannot be reforested.

S82

Site Investigation and Projects: The site investigation found a significant dumpsite. The
dumpsite should be cleaned up but is not a stream restoration project. This site is included
in the watershed-wide projects.

S83

Site Investigation and Projects: The site investigation did not find an obstruction to be
cleared as a stream restoration project. This site is included in the watershed-wide projects.

3.10.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the areas described earlier include reducing runoff volume, peak
flows, and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects

No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for the areas listed earlier are described in Chapter 4.
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3.11 Lower Difficult Run — Subwatershed Condition

3.11.1 Subwatershed Characteristics

The Lower Difficult Run subwatershed has an area of approximately 2,451 acres (3.8 mi®). The
Lower Difficult Run subwatershed is located in the northeast part of the Difficult Run watershed
with portions in Great Falls National Park, The stream, which is approximately 9.3 miles long,
flows in an easterly direction from the confluence with Wolftrap Creek to the outlet of the
watershed where Difficult Run flows into the Potomac River in Great Falls National Park.The
approximate northern boundary is near the intersection of Georgetown Pike (Virginia 193) and
Leigh Mill Road (Virginia 683). Towlston Road (Virginia 676) lies along the eastern boundary
while the southern border runs parallel to Leesburg Pike (Virginia 7).

Refer to DFDFL_1 for a map of the Lower Difficult Run subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.11.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream system,
more intense land use types, such as high-density residential, commercial and industrial, can
have high levels of impervious surface and contribute runoff and pollutants to the stream
system. Less intense types such as open space and estate residential are generally less
impervious, have more natural vegetation and therefore have less impact on stream quality.

The Lower Difficult Run subwatershed is the least developed subwatershed in the Difficult Run
Watershed. Fifty-eight percent of the Lower Difficult Run subwatershed is developed as low-
density or estate residential. Another 30 percent is open space or parks. Major parks that fall
either partially or wholly within the subwatershed include Difficult Run Stream Valley Park,
Colvin Run Mill Park, and Great Falls National Park. Ten historical sites lie within the
subwatershed. Two percent of the subwatershed is developed for commercial use. The majority
of the commercial development is in the southernmost portion of the subwatershed, and
radiates northward from Leesburg Pike (Virginia 7). There are 166 acres, or 7 percent of the
subwatershed, in transportation use such as roads and highways.

Total impervious area for the subwatershed, which includes all roads, parking lots, residential
driveways and buildings, is approximately 227 acres, or 9 percent of the total subwatershed
area. A summary of subwatershed land use can be found in Table 3.17.
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Table 3.17 Existing and Future Land Use

Existing Future Change

Land Use Type Acres  Percent Acres  Percent Acres  Percent
gfe”afig?‘;?’af:;’;s' and 740.04 30% 568 23% -172 “T%
Golf Course 0 0% 0 0% 0 0%
Estate residential 801.9 33% 891 36% 89 1%
Low-density residential 604.6 25% 687 28% 83 3%
Medium-density residential 69.988 3% 70 3% 0 0%
High-density residential 3.2763 0% 3 0% 0 0%
Low-intensity commercial 12.81 1% 11 0% -2 0%
High-intensity commercial 1.5704 0% 4 0% 2 0%
Industrial 8.2443 0% 8 0% 0 0%
Institutional 34.169 1% 34 1% 0 0%
Transportation 166.25 7% 166 7% 0 0%
Water 7.6927 0% 8 0% 0 0%
Total 2,451 100% 2,451 100% 0%

Changes in the land use that result in higher intensity uses in the future can present problems
for streams. For example, if the land use shifts from open space to high-intensity commercial
use, additional buildings, roadways and parking lots may replace the forest and open fields and
impact stream condition.

Changes between existing land use and future land use are projected in the open space, estate
and low-density residential categories. There is a projected 7 percent loss in the open space
category, with increases in the estate residential and low-density residential categories (4
percent and 3 percent respectively).

According to Figure 3.5, 120 acres are projected to
shift from open space in the existing land use to
estate residential in the future land use. Fifty-two
acres are projected to shift from open space to low-
density residential. These cumulative 172 acres of
open space that are projected to shift to higher
intensity use are not guaranteed to become
developed - it suggests that these areas of open
space can be used for development/
redevelopment in the future. Thirty acres in the
Lower Difficult Run subwatershed are projected to
shift from estate residential in the existing land use
to low-density residential in the future land use.

Figure 3.5 Changed Land Use

ESR-LDR
30 acres

LIC-HIC
"\ 2 acres

OS-LDR
52 acres

This illustrates a small demand for more housing in
the Lower Difficult Run subwatershed.
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3.11.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County records
indicate that there are 15 stormwater management facilities within the Lower Difficult Run
subwatershed. Eighty-five percent of the Lower Difficult Run subwatershed is not served by any
stormwater management facility. Ten percent of the total area has quantity control only and the
remaining 5 percent receives both quantity and quality control, meaning both the amount of
water and the pollutants in the water are controlled.

Lower Difficult Run is the least developed subwatershed in Difficult Run, however there is a gap
between the amount of developed land (70 percent) and the amount of land containing
stormwater management (15 percent). A list of all stormwater management facilities in the
Lower Difficult Run subwatershed is found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream system.
Stormwater outfalls are located where the stormwater system ends and the natural channel
begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause
erosion at the outfall and downstream. Field crews located 15 outfall pipes discharging into the
Lower Difficult Run subwatershed during the Stream Physical Assessment. All were within 200
feet of the channel, and ranged in size from 12 to 18 inches. Stormwater from all of the pipes
was causing at least minor to moderate erosion. Two pipes were identified with erosion

downstream and some undermining of the structures. They are shown below in Photos 3.22 and
3.23.

Photo 3.22 Erosion at outfall pipe located Photo 3.23 Erosion at outfall pipe located off
near Mill Creek Landing (DFDF003.P001). of Hidden Creek Drive (DFDF020.P004).

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The
combination of aging structures and frequently high stormwater levels can cause downstream
stream stability problems and habitat impairment. During the Stream Physical Assessment, field
crews located 30 stream crossings in the Lower Difficult Run subwatershed. Five of the
crossings were having a moderate impact on stream condition. These crossings do not pose an
immediate threat to the roadway or other structures, but should be inspected periodically. All
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other stream crossings were having a minimal impact on the stream condition. Two crossing
with erosion are shown below in Photos 3.24 and 3.25.

Photo 3.24 Located near Leigh Mill Road has Photo 3.25 Upstream and downstream bank
downstream and upstream bank erosion and erosion at Leesburg Pike (DFCR001.C001).
minor bed erosion (DFDF019.C001).

Soils

Soils found in the Lower Difficult Run subwatershed belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes, which can generate
rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with
numerous natural springs. The subwatershed contains 69 percent of the B hydrologic soil group
with Glenelg silt loam being the dominant soil type (31 percent). B soils and the Glenelg soll
type are compatible with infiltration practices and may provide potential stormwater
management sites. There are 27 acres of land with unclassified soils in the subwatershed. Soils
that cover at least 20 acres within the subwatershed can be found in Appendix A.

3.11.4 Geomorphology

There are approximately 9.3 miles (49,185 feet) of stream in the Lower Difficult Run
subwatershed. Most of this total were assessed and assigned a Channel Evolution Model
classification as part of the Stream Physical Assessment. The classification indicates the stream
channel’s physical condition and stability as a response to disturbances such as upstream land
use changes. Six reaches (3.8 miles) were not assessed due to unsafe conditions, or because
the stream system was comprised of wetlands and ponds.

The mainstem channel is Type Il where the beginning stages of incision and degradation are
present. The tributaries are a combination of Type Il, Ill and IV. Type Ill channels are generally
unstable and actively widening while Type IV channels are in the recovery stages and are
stabilizing. Thirty-six percent of the total stream length is Type Il, 23 percent is Type Ill, and 9
percent is Type IV. The channel substrate is generally a mixture of silt, sand and gravel. Boulder
and bedrock are the dominant substrate on the mainstem downstream of Georgetown Pike.

Fifty-three percent of the stream length is moderately unstable with high erosion potential
during flood events. Forty percent of the stream length was moderately stable with only
slight potential for erosion at flood stages. There was a total of 8,375 feet of erosion
identified in the subwatershed at 20 specific erosion locations. Fifty-five percent of the
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erosion sites (nine points) were having a severe impact on the stream channel, instream
habitat or infrastructure. Several of the erosion areas have a high restoration potential. Two
of the areas with the highest restoration potential are shown in Photos 3.26 and 3.27, which
are candidates for stream restoration S85 and S84 respectively.

Photo 3.26 Severe erosion that could pose a Photo 3.27 Erosion located between Old
threat to road safety along Route 7 to the Dominion Drive and Georgetown Pike
east of Carpers Farm Way (DFCR001.E001). (DFDF011.E001).

There are 10 obstruction sites located within the Lower Difficult Run subwatershed, most of
which are trees and debris. Six of the obstruction sites are thought to be impacting fish
movement within the stream. Of these six, one of the sites is on a downstream reach of the
mainstem of Difficult Run (Photo 3.28) and has the potential for impacting a large majority of
the entire Difficult Run watershed, as this is the only way for fish to get upstream to the rest
of the watershed. This site is candidate site S86.

A second site impacting fish passage is located at the downstream end of one of the longer
tributaries to mainstem Difficult Run (Photo 3.29). This site is candidate site S86.

Photo 3.28 Stream blockage located near Old Photo 3.29 Stream blockage near Ramey Lane
Dominion Drive (DFDF002.T002). cul-de-sac (DFDF019.T001).
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There were three ditches found in the subwatershed, two of which were discharging
stormwater. Significant erosion was occurring in the ditch. There were two sanitary utility
lines that were crossing the stream and partially buried. They were creating little, if any,
impact on the stream. However, there was also a fiber optic utility line within the stream
banks that was causing moderate erosion by impeding flow.

3.11.5 Stream Habitat and Water Quality

Field crews conducted an assessment of the streams within the Lower Difficult Run
subwatershed in the fall of 2002. All assessed stream reaches are of moderate to high slope
and are generally characterized as having a predominance of riffle and run stream type.
The stream reaches have the following stream habitat and water quality characteristics as
taken from the Stream Physical Assessment, which provides a one time visual inspection.

o Of the assessed reaches, 57 percent has poor and very poor habitat for aquatic
insects and fish, and 43 percent has good or fair habitat for aquatic insects and fish.

e There is 23,450 feet, or 24 percent of the total stream, of riparian buffer
encroachment (this length includes left and right banks combined). Of this total,
18,350 feet (78 percent) is a combination of pervious surfaces, 3,700 feet (16
percent) is a combination of impervious surfaces, and the remaining 1,400 feet (6
percent) is some combination of
impervious and pervious surfaces.

e Forty-six percent of the buffer
encroachment length has no or low
restoration potential due to the type of
land use adjacent to the stream. Fifty-
five percent of the length has
moderate to high restoration potential.
Much of the buffer encroachment is
having an impact on stream character.
Twenty-five percent of the areas with
buffer encroachment are having a
significant impact. An example of the
impact by deficient buffer is shown
below in Photo 3.30, which is located between Hidden Creek Drive and Forestville

Drive. T.hls area is a candidate site for Photo 3.30 Buffer impact on a tributary west of
restoration S88. Hidden Creek Drive (DFDF020.B001).

e There was one dumpsite found in the
subwatershed. It did not appear to contain toxic material and was having little effect
on the stream system.

3.11.6 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Lower Difficult Run incorporate data on the amount, character and location of the
land use, impervious cover, topography, vegetation, streams and stormwater management
to generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
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streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

The Lower Difficult Run subwatershed is 9 percent impervious. The land use consists mostly
of low density residential and estate residential. Within catchment DFDF0045 there is a
small area of high density residential at Colvin Run Road and Robindale Drive. This, along
with the other residential areas, is a likely contributor to the elevated levels of nitrogen and
phosphorus loading on this catchment. Refer to DFDFL_4 for the catchment locations.

The highest volume of runoff occurs at a higher concentration of medium density residential
areas than the rest of the subwatershed, in catchment DFDF6701, around Leesburg Pike
and Middleton Ridge Road. Results are shown in Table 3.18.

Table 3.18 Existing and Future Modeling

Z o
Lower Difficult Run _— . T =T Y
Catchments S E o X 3 0 S 29 29
2 E ° 5 ®3 s 3 s 3
3 E a5 F2 x 2 x 2
DFDF0043 E 2.86 0.13 25.4 1.4 0.3
F 2.9 0.13 26.2 1.4 0.3
© 1% 0% 3% 0% 0%
DFDF0045 E 3.18 0.12 32.1 1.6 0.3
F 3.47 0.13 32.9 1.6 0.3
© 9% 8% 2% 0% 0%
DFDF0047 E 1.74 0.13 16.7 0.9 0.2
F 1.75 0.13 16.8 0.9 0.2
© 1% 0% 1% 0% 0%
DFDF0049 E 1.34 0.13 9.4 0.5 0.1
F 1.4 0.13 9.5 0.5 0.1
© 4% 0% 1% 0% 0%
DFDF0051 E 1.61 0.1 12.1 0.7 0.1
F 1.66 0.11 12.4 0.7 0.1
© 3% 10% 2% 0% 0%
DFDF0053 E 1.41 0.08 14.1 0.7 0.1
F 1.49 0.08 14.5 0.7 0.1
© 6% 0% 3% 0% 0%
DFDF0055 E 1.26 0.1 9.2 0.5 0.1
F 1.24 0.1 9.0 0.5 0.1
© -2% 0% -2% 0% 0%
DFDF0057 E 1.31 0.13 16.4 0.8 0.1
F 1.31 0.13 16.4 0.8 0.1
© 0% 0% 0% 0% 0%
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Z o
Lower Difficult Run _— . T =T Y
Catchments S E o X 3 0 S 29 29
20 E ° 5 ®3 s 3 s 3
3 E a5 F2 x 2 x 2
DFDF5901 E 1.13 0.1 7.7 0.4 0.1
F 1.19 0.1 7.9 0.4 0.1
© 5% 0% 3% 0% 0%
DFDF5902 E 1.53 0.1 11.2 0.6 0.1
F 1.56 0.1 11.3 0.6 0.1
© 2% 0% 1% 0% 0%
DFDF6102 E 2.2 0.12 233 1.3 0.2
F 2.57 0.13 28.0 15 0.3
© 17% 8% 20% 15% 50%
DFDF6501 E 2.64 0.18 252 1.4 0.3
F 2.75 0.18 26.6 15 0.3
© 4% 0% 6% 7% 0%
DFDF6701 E 4.28 0.15 46.4 2.3 0.4
F 4.77 0.16 62.2 3.1 0.5
© 11% 7% 34% 35% 25%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

While most catchments are expected to have minor or negligible for all parameters, two
catchments are projected to have the highest percent increase in pollutants: DFDF6701 and
DFDF6102. In DFDF6701, the increase is most likely because of the expected change of
some estate residential areas into low-density residential areas. DFDF6102 has a large area
of open space changing to low-density residential which will increase both peak flow and
runoff. The increases in land use intensity in these areas are projected to increase the runoff
and pollutant loading to the streams in those catchments.

3.11.7 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Three crossings in the subwatershed were overtopped with existing flows, as shown in
Table 3.19. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed

planning process.
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Table 3.19 Culvert Hydraulic Modeling

, Flood Year
Culvert Crossing
100 50 25 10 5 2 1
58 Along Leesburg Pike E X X X X X X X
59 Leesburg Pike E X X X X X
72 Leigh Mill Road E X

E — Existing conditions results, x — indicates overtopping

Culvert #58 (Photo 3.31) overtopped for all events. From the photos, this culvert appears to
be under a gravel drive, possibly a driveway or access road, and will be classified as a local
road. Local roads are required to pass the 10-year event.

Culvert #59 (Photo 3.32) overtopped for all events. Leesburg Pike is a primary road, which
is required to pass the 25-year event.

Photo 3.31 Lower Difficult Run Mainstem Photo 3.32 Lower Difficult Run Mainstem at
along Leesburg Pike Leesburg Pike
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Culvert #72 (Photo 3.33) overtopped for all events also. Leigh Mill Road carries through
traffic and is thus considered a primary road. Primary roads should pass the 25-year event.

Photo 3.33 Lower Difficult Run Mainstem at €nts

_I.‘Elgb M.'." Rogd e = mi e eeme..—. .. —l@ @Nnd modeling results, the most serious

problem areas in the Lower Difficult Run subwatershed are listed below. Refer to DFDFL_4
for site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S84

S85

S86

S87

S88

S89

A tributary of the Difficult Run mainstem is identified as having localized severe
erosion with a high restoration potential and buffer encroachment by adjacent lawns
between Old Dominion Drive and Georgetown Pike (Photo 3.27).

The Colvin Run tributary has severe erosion (Photo 3.26) that could impact the
safety of Carpers Farm Way and is missing buffer on both sides of the stream.

The Stream Physical Assessment identified an obstruction affecting fish passage
(Photo 3.29), which could possibly affect the entire Difficult Run watershed.

The Stream Physical Assessment identified very poor habitat and severe erosion
over half of the reach located at the end of Peacock Station Road.

The stream between Hidden Creek Drive and Forestville Drive was identified during
the assessment as having a severe obstruction, a pipe with moderate erosion and
800 feet of erosion with “moderate” restoration potential, and missing buffer over
approximately half of the reach (Photo 3.30).

The Stream Physical Assessment identified this site, located at the confluence of
Captain Hickory Run and Difficult Run, as having areas of erosion ranging from
moderate to severe as well as missing buffer.

Hydrology and Water Quality

D09

D10

(Catchment DFDF6102) While the runoff and pollutants in this catchment are below
average, there are several reaches that have severe erosion, notably at S88,
including the reach immediately downstream of the outlet.

(Catchment DFDF6501) This catchment has average runoff and peak flow for the
subwatershed and average pollutant runoff. The stream within and immediately
downstream of this catchment is incised.
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D76 (Catchment DFDF5901) This site has conditions below the average for the
subwatershed for runoff flows and pollutant loads. The stream is incised and has
some unstable banks due to erosion in the catchment.

C15 (Catchment DFDF6701) This site has higher than average nitrogen and phosphorus
loadings from runoff. Peak flows and runoff volume are the highest in the
subwatershed. The stream within and immediately downstream of the catchment has
poor habitat.

C53 (Catchment DFDF0047) This site has conditions similar to the average for the
subwatershed for runoff flows and pollutant loads. Just before the confluence with
Captain Hickory Run, the stream has severe erosion, a buffer deficiency, and is
incised, as noted by S89.

Flooding

F58 The crossing along Leesburg Pike was overtopped for all events. Since it is classified
as a local road, the culvert should pass the 10-year event (Photo 3.31).

F59  The crossing of Leesburg Pike was overtopped for all events. Classified as a primary
road, this bridge should pass the 25-year event (Photo 3.32).

F72  The bridge on Leigh Mill Road overtopped for all events. It is also classified as a
primary road, so it must pass the 25-year event (Photo 3.33).

Preservation

P23 (Catchment DFDF6102) Along the stream in this catchment, changes are projected
to take place from open space to low-density residential. There is also some land
changing from open space to estate residential. The majority of the modeled
parameters are expected to double from the existing to the future conditions.

P24  (Catchment DFDF6501) This catchment is projected to have changes from open

space to low density residential land use. Four out of five parameters modeled are
expected to more than double.
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3.12 Lower Difficult Run - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.20 below is a list of all projects
proposed in this subwatershed.

Table 3.20 Recommendations for Lower Difficult Run

. . Candidate

Project # Project Type Site
DF9009A Pond Retrofit D-09
DF9009B Pond Retrofit D-09
DF9009C Drainage Retrofit D-09
DF9010A Culvert Retrofit D-10
DF9010B Culvert Retrofit D-10
DF9010C Culvert Retrofit D-10
DF9010D Drainage Retrofit D-10
DF9010E Stream Restoration D-10
DF9076A Culvert Retrofit D-76
DF9076B Pond Retrofit D-76
DF9284 Stream Restoration S84
DF9285 Stream Restoration sS85
DF9289 Stream Restoration S89
DF9515A Culvert Retrofit Ci15
DF9515B Culvert Retrofit Ci15

3.12.1 Regional Pond Alternative Projects
D09 (DFDF6102)

Site Investigation and Projects:

DF9009A (Pond Retrofit) This project would retrofit an existing farm pond to not only
treat more of the upstream area, but also to provide water quality improvements
upstream of this pond and increase the detention time for peak flow attenuation.
Some of these water quality improvements may include forebays, constructed
wetlands, and aquatic fringe vegetation.

DF9009B (Pond Retrofit) This project would modify an existing stormwater
management facility to increase the detention volume and potentially provide more
water quality treatment. This project would be similar to DF9009A with additional
improvements suggested: replace the existing corrugated metal pipe riser with a
multi-stage concrete riser system to improve performance and install a forebay
between the existing pond and the roadway to provide additional sediment and
nutrient removal.

DF9009C (Drainage Retrofit) These distributed projects would provide protection,
such as additional riprap, plunge pools, or structural energy dissipaters, to the
transitions from paved channel to natural channel.
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D10 (DFDF6501)

Site Investigation and Projects:

DF9010A (Culvert Retrofit) This project would retrofit the culvert under Forestville
Drive to increase detention time and reduce peak flow rates, thus reducing erosive
flows downstream.

DF9010B (Culvert Retrofit) This project would retrofit the culvert under Trotting
Horse Lane to increase detention time and reduce erosive flows. This will also allow
sedimentation to reduce pollutants.

DF9010C (Culvert Retrofit) This project would involve redesigning the existing dry
pond facility upstream of Tackroom Lane to not only treat the local runoff, but the
stream that now flows beneath the current facility as well.

DF9010D (Drainage Retrofit) These distributed projects would provide protection to
the transitions from paved channel to natural channel in the form of additional riprap,
plunge pools, or structural energy dissipaters.

DF9010E (Stream Restoration) This stream reach has become incised from the
downstream culvert installation. Grade controls and step pools would be constructed,
and the streambed would be raised in places to reconnect with the floodplain.

D76 (DFDF5901)

Site Investigation and Projects:

DF9076A (Culvert Retrofit) The topography upstream of Falls Run Road is ideal for
detention storage due to the wide, flat floodplain and the grade difference between
the roadway and the stream. This facility would use the floodplains to settle
suspended solids.

DF9076B (Pond Retrofit) The farm pond at this location was not designed as a
stormwater management facility. This project would include grading out the existing
pond, installing an outlet structure and an embankment, and planting wetland
vegetation for nutrient uptake.

3.12.2 Catchment Improvement Projects
C15 (DFDF6701)

Site Investigation and Projects:

DF9515A (Culvert Retrofit) This project consists of using the roadway embankment
of Leesburg Pike to allow time for sediments to settle out of the water. Wetland
vegetation will aid the sedimentation and nutrient uptake.

DF9515B (Culvert Retrofit) This project consists of using the roadway embankment
of Locust Hill Drive to allow time for sediments, and possibly other pollutants, to
settle out of the water.

3.12.3 Stream Restoration Projects
S84

Site Investigation and Projects: The site investigation showed a highly erosive and deeply
incised stream with poorly defined bed forms. Several failing stone and concrete water
diversion structures are located in the lower portion of the reach.
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DF9284 (Stream Restoration) Bed features would be created to resemble stepped
streambed morphology and the streambanks would be reshaped and stabilized. A
floodplain bench would be excavated. The diversion structures would be removed.

S85

Site Investigation and Projects: The site investigation showed a straightened stream running
along the embankment of the Leesburg Pike. Streambanks are steep and the stream is
severely incised. The streambed is embedded with fine sediments. The right side of the
stream is in pasture.

DF9285 (Stream Restoration) The stream would be relocated away from the
Leesburg Pike embankment with a stable pattern, dimension and profile utilizing the
available pastureland to create a meandering stream. The proposed streambanks
and bed would be stabilized using natural channel structures.

S86

Site Investigation and Projects: The site investigation showed that the previously identified
obstruction was mostly cleared and did not significantly impede flow. No project was
identified.

S87

Site Investigation and Projects: The site investigation showed raw but moderately stable
streambanks and moderate to severe incision in the straight and steep upper portion of the
reach. The middle reach was slightly to moderately incised and had moderate to high
sinuosity and some floodplain re-establishment. Downstream, two instream recreational
ponds are largely filled and provide some control of sediments. Downstream of the ponds,
the reach is largely in the Difficult Run floodplain. Access issues, wetland impacts, forest
clearing and steep slopes outweigh the benefits of reduced sediment export from bank
erosion by restoring the upstream reach, so no project was identified.

S88

Site Investigation and Projects: The site investigation found a significant buffer impairment.
No erosion mitigation project was identified because potential project benefits did not justify
the construction impacts that would be incurred. Buffer restoration and obstruction removal
were included with the watershed-wide projects.

S89

Site Investigation and Projects:

DF9289 (Stream Restoration). The stream erosion would be repaired with moderate
regrading and bank protection structures on the meanders, and the buffer would be
revegetated.

3.12.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the areas described above include reducing runoff volume, peak
flows, and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects
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No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for the areas listed below are described in Chapter 4.
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3.13 Sharpers Run — Subwatershed Condition

3.13.1 Subwatershed Characteristics

The Sharpers Run subwatershed is the smallest of all the subwatersheds in the Difficult
Run watershed. It has an area of approximately 415 acres (0.65 mi?). Towlston Road lies
along the subwatershed’s western boundary, while Leesburg Pike (Virginia 7) forms the
approximate southern boundary. The Georgetown Pike (Virginia 193) forms the approximate
northern boundary.

The Sharpers Run subwatershed is located in the downstream portion of the Difficult Run
watershed. There is a single stream channel in Sharpers Run. The stream is approximately
1.6 miles in length and flows in a northerly direction until it joins Rocky Run and eventually
the mainstem of Difficult Run.

Refer to DFSP_1 for a map of the Sharpers Run subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.13.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The Sharpers Run subwatershed is currently one of the most undeveloped areas in the
Difficult Run watershed. Sixty-four percent of the Sharpers Run subwatershed is developed
as low-density or estate residential. Another 24 percent is open space or parks, although
there are no major parks found within the subwatershed boundary. One historical site lies
within the subwatershed. There are no commercial uses in the subwatershed; however 8
percent is used for industrial purposes. Much of this activity is located at the southern
boundary of the subwatershed near Woodside Lake, and the intersection of the Leesburg
Pike (Virginia 7) and Towlston Road. There are 15 acres, or 4 percent of the subwatershed,
occupied by transportation use such as roads and highways.

Total impervious area for the subwatershed, which includes all roads, parking lots,
residential driveways and buildings, is approximately 39 acres, or 9 percent of the total
subwatershed area. A summary of land use within the subwatershed can be found in Table
3.21.
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Existing Future Change
Land Use Type

Acres  Percent Acres Percent Acres  Percent
Open space, parks, and 08 24% 0 0% 98 -24%
recreational areas
Golf Course 0 0% 0 0% 0 0%
Estate residential 155 37% 171 41% 15 4%
Low-density residential 112 27% 195 47% 83 20%
Medium-density residential 0 0% 0 0% 0 0%
High-density residential 0% 0 0% 0 0%
Low-intensity commercial 1 0% 1 0% 0 0%
High-intensity commercial 0% 0 0% 0 0%
Industrial 34 8% 34 8% 0 0%
Institutional 0 0% 0 0% 0 0%
Transportation 15 4% 15 4% 0 0%
Water 0 0% 0 0% 0 0%
Total 415 100% 415 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and

open fields and impact stream condition.

The notable changes between existing land use
and future land use in Sharpers Run are
projected in the open space, estate and low-
density residential categories. There is
projected to be a 24 percent loss in the open
space category, with compensatory increases
in the estate residential category and low-
density residential categories (4 percent and 20
percent respectively).

According to Figure 3.6, 81 acres are projected
to shift from open space to low-density
residential and 17 acres are projected to shift
from open space to estate residential. This
does not guarantee that the open space will
become developed — it suggests that these
areas of open space can be used for
development/ redevelopment in the future.
There is the possibility that Sharpers Run could

Figure 3.6 Changed Land Use

OS-LDR

81 acres

ESR-LDR
2 acres

OS-ESR
17 acres

lose much of its open space to development, which may result in increased levels of
impervious surface and contribute runoff to the stream system. These shifts illustrate a

demand for additional housing in the future.
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3.13.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are only two stormwater management facilities within the
Sharpers Run subwatershed. Ninety percent of the Sharpers Run subwatershed is not
served by any stormwater management facility resulting in uncontrolled volumes of water
and pollutants. Eight percent of the total area has quantity control only and the remaining
two percent receives both quantity and quality control.

The difference between the amount of total developed area in the subwatershed (76
percent) and the area served by stormwater management (10 percent) indicates a potential
for stream impairment due to uncontrolled stormwater and indicates a possible need for
additional management efforts, specifically in the industrial and low-density residential
areas. Additional information on the location of the stormwater management facilities in the
Sharpers Run subwatershed is found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment
field crews did not locate any outfall pipes discharging into Sharpers Run subwatershed.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. There were four crossings in
the Sharpers Run subwatershed identified during the Stream Physical Assessment. Two of
the crossings were circular corrugated metal pipes, and two were wooden bridges (one was
a footbridge). None of the crossings were having an impact on the stream condition.

3.13.4 Soils

Soils found in the Sharpers Run subwatershed belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes, which can
generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly
shallow with numerous natural springs. The subwatershed contains 84 percent of the B
hydrologic soil group with Glenelg silt loam being the dominant soil type (41percent). B soils
and the Glenelg soil type are compatible with infiltration practices and may provide
potential stormwater management sites. There are 5.3 acres of land with unclassified soils in
the Sharpers Run subwatershed. Soils that cover at least 20 acres within the subwatershed
are listed in Appendix A.

3.13.5 Geomorphology

There are approximately 1.6 miles (8,218 feet) of stream in the Sharpers Run subwatershed
that were assessed and assignhed a Channel Evolution Model classification as part of the
Stream Physical Assessment. The classification indicates the stream channel’s physical
condition and stability as a response to disturbances such as upstream land use changes.

All of the streams were classified as Type lll, which is indicative of a generally unstable
channel that is actively widening in response to changes in flow. All of the streams are
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considered moderately unstable with high erosion potential during flood events. The
dominant substrate material was sand. In approximately half of the length, there was a
combination of sand and gravel. Refer to DFSP_3 for the stream classifications.

There were three specific erosion points totaling 65 feet that were noted in the
subwatershed. All were creating a severe impact on the stream condition and had moderate
restoration potential.

There was one stream blockage made up of trees and debris that appeared to be restricting
fish movement. The obstruction also has the potential to create flooding problems under
high flow conditions. The obstruction is shown in Photo 3.35 and is a candidate site for
restoration S90.

Photo 3.34 Eroding bank located east of the Photo 3.35 Obstruction at the northern end of
Lawns of Towlston Community Sharpers Run near the confluence with Rocky
(DFSP002.E001) Run between the Bryan Pond and Peacock

Station communities (DFSP001.T001).

3.13.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one-time visual inspection. Field crews conducted that
assessment in the fall of 2002.

¢ All of the reaches have fair habitat for aquatic insects and fish.

e There is 6,450 feet of riparian buffer encroachment (this length includes left and
right banks combined). Of this total, 5,650 feet (88 percent) is impacted by lawns,
and 800 feet (12 percent) is bordered by meadow.

o Fifty-six percent of the buffer encroachment length is affecting the stream channel by
reducing shading effects. One of the buffer encroachment sites is shown below in
Photo 3.36. This site is a stream restoration candidate site S90.

e Seventy-one percent of the buffer encroachment length has a moderate restoration
potential while 29 percent was identified only having low restoration potential.
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e Seventy-eight percent of the assessed stream length had between 50 percent and
70 percent of both stream banks covered by vegetation. Typically this vegetation is
scattered grasses, shrubs and forbs. Twenty-two percent of the assessed stream
length had a variety of vegetation and covered 70 percent to 90 percent of the
stream bank surface.

Photo 3.36 Buffer encroachment between
Rocky Run Road and Cedrus Lane
(DFSP001.B004).

3.13.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Sharpers Run incorporate data on the amount, character and location of the land
use, impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

Sharpers Run subwatershed is comprised almost entirely of estate and low-density
residential and open space land uses. The one exception is a large industrial area, at the
intersection of Towlston Road and Leesburg Pike, in catchment DFSP9901. This area likely
contributes a large percentage of the stormwater subwatershed. Refer to DFSP_4 for the
catchment locations. Most all pollutants in this subwatershed come from runoff. The
catchment with the most runoff volume is DFSP0002, located between Towlston Road and
Union Church Road. There is more low-density land use in this catchment than estate
residential, so the runoff volume is higher than DFSP0001, where estate residential area is
greater than low-density residential area. Results can be seen in Table 3.22.
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Table 3.22 Existing and Future Modeling

pd o
Sharpers Run £ 0 o = ; = lu: =
Catchments °SET ¥8 »g 29 29
S =< o v 0 = S5 = S5 =
3E 435 r8 8 &8
DFSP0001 E 1.7 0.13 13.8 0.7 0.2
F 1.75 0.13 14.0 0.7 0.2
C 3% 0% 1% 0% 0%
DFSP0002 E 1.95 0.12 15.8 0.9 0.2
F 1.95 0.12 15.8 0.9 0.2
C 0% 0% 0% 0% 0%
DFSP9901 E 1.63 0.08 28.5 1.6 0.2
F 2.63 0.07 46.2 2.4 0.3
C 61% -13% 62% 50% 50%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future

shown as a percentage of the existing condition. Value is based on unrounded figures

The future model shows minor or negligible increases in all parameters for all catchments
except DFSP9901. All of the open space in this catchment is projected to change to low-
density residential in the future. This change in surrounding cover will likely increase the
pollutants and runoff volume delivered to the stream.

3.13.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

One culvert in the subwatershed was overtopped with existing flows, as shown in Table
3.23. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.23 Culvert Hydraulic Modeling

] Flood Year
Culvert Crossing
100 50 25 10 5 2 1
80 Bellview Road E X X X X X

E — Existing conditions results, x — indicates overtopping
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Culvert #80 (Photo 3.37) overtopped for alll
events except the one and two-year. Bellview
Road carries through traffic, so it is
considered a primary road. This means that it
must pass the 25-year event.

Photo 3.37 Sharpers Run mainstem at
Bellview Road.

3.13.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Sharpers Run subwatershed are listed below. Refer to DFSP_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S90 The Stream Physical Assessment identified this site as having buffer and erosion
problems along with active widening. There is also a stream blockage at this site
(Photo 3.35, 3.36).

Hydrology and Water Quality

D20 (Catchment DFSP0001) This catchment has the below average runoff within the
subwatershed. Site S90 is located within this catchment and all of Sharpers Run has
active widening.

Flooding

F80 The culvert under Bellview Road, which is considered a primary road, overtops for 5-
year and greater events. Primary roads must pass the 25-year event (Photo 3.37).

Preservation

No preservation sites were identified.
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3.14 Sharpers Run - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.24 below is a list of all projects
proposed in this subwatershed.

Table 3.24 Recommendations for Sharpers Run

Project # Project Type Cans?ggate
DF9020B Drainage Retrofit D-20
DF9290 Streambank Stabilization S90

3.14.1 Regional Pond Alternative Projects
D20 (DFSP0001)
Site Investigation and Projects:

DF9020B (Drainage Retrofit) These distributed projects are designed to provide
energy dissipation at outfalls where paved channels discharge into natural channels
at high velocities. Possible energy dissipaters include riprap and plunge pools. This
should reduce the sediment export and help prolong the life of local farm ponds.

3.14.2 Catchment Improvement Projects
No sites were identified.

3.14.3 Stream Restoration Projects

S90

Site Investigation and Projects: The site investigation showed moderately eroding
streambanks and a non-forested area within the left riparian zone. The stream is located
between two gravel residential driveways.

DF9290 (Streambank Stabilization/Buffer Restoration) The banks would be regraded
and stabilized. The left riparian area would be planted with native trees and shrubs.

3.14.4 Preservation

No preservation candidate sites were identified for this subwatershed.
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3.15 Rocky Run — Subwatershed Condition
3.15.1 Subwatershed Characteristics

The Rocky Run subwatershed is located in north central Fairfax County. The headwaters of
the subwatershed are in the Tysons Corner area. This 1,673-acre (2.61 mi?) subwatershed
is roughly bounded to the west by Towlston Road (Virginia 676) and Leesburg Pike (Virginia
7). The southern tip extends just past the Dulles Access Road to Westpark Drive and
includes Exit 16 of the Access Road. The western boundary follows Georgetown Pike
(Virginia 193) to the Madeira School property then cuts across Old Dominion Drive (Virginia
738) and through residential areas to Spring Hill Road (Virginia 684).

There are 6.5 miles of stream within the subwatershed. The mainstem of Rocky Run begins
as a culvert under the Dulles Access Road and flows north through low-density residential
neighborhoods for approximately 3 miles where it is joined by Sharpers Run just to the south
of Old Dominion Drive. It continues through lightly developed areas for less than a mile to its
confluence with Difficult Run, which is not far upstream of Difficult Run’s connection with
the Potomac River at Great Falls Park. According to historical reports, Rocky Run varies in
size from 7 feet wide in the upper reaches to 25 feet wide downstream of Old Dominion
Drive (PB 1976).

Refer to DFRR_1 for a map of the Rocky Run Hickory subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.15.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

Development in the Rocky Run subwatershed is moderately to heavily dense. Sixty-five
percent of the subwatershed is low-density or estate residential, 2 percent is high-density
residential, and 11 percent is designated as open space. Woodside Lake lies in the central
portion of the subwatershed. There are no wetlands located within the subwatershed. Three
historic sites are located within the Rocky Run subwatershed, but no large public parks.

Commercial and industrial areas are located primarily in the southern end of the
subwatershed and comprise 9 percent of the total subwatershed area. The transportation
use, such as roads and highways, are also primarily in the south and make up another 12
percent of the total subwatershed acreage. This southernmost portion of the subwatershed,
upstream of the headwaters of Rocky Run, includes Tyco Commercial Park and Exit 16 of
the Washington Dulles Access Road, the most heavily traveled roadway in the area.

Total impervious area, including all roads, buildings, residential driveways, and parking lots,
is 334 acres, or 20 percent of the total area. This impervious area is predominantly clustered
in the southern end of the subwatershed. A summary of land use within the subwatershed
can be found in Table 3.25.
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Table 3.25 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres  Percent Acres  Percent
w9 e w e ur
Golf Course 0 0% 0 0% 0 0%
Estate residential 435 26% 419 25% -16 -1%
Low-density residential 654 39% 798 48% 144 9%
Medium-density residential 6 0% 17 1% 11 1%
High-density residential 26 2% 29 2% 3 0%
Low-intensity commercial 15 1% 15 1% 0 0%
High-intensity commercial 82 5% 85 5% 4 0%
Industrial 46 3% 42 3% -4 0%
Institutional 13 1% 13 1% 0 0%
Transportation 200 12% 200 12% 0 0%
Water 7 0% 7 0% 0 0%
Total 1,673 100% 1,673 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

The notable changes between existing land use
and future land use are projected in the open

space, e_state residential, gnd Iow-denstty OS-MDR
residential.. There are projected losses in open
space (-8 percent) and estate residential (-1

percent). .Increases are projected in the low- OS-LDR : ESR-LDR
density residential (+9 percent) and medium- 70 acres
density residential (+1 percent),.

Figure 3.7 Changed Land Use

1 acre

=\ 81 acres

According to Figure 3.7, 83 acres are projected
to shift from estate residential in the existing

land use to low-density and/or medium-density ~ OS-HDR ESR-MDR
residential in the future land use. Cumulatively, 3 acres 2 acres
141 acres or 60 percent of all land use IND-HIC
changes, are projected to shift from open space ) 4 acres

. . . . OS-ESR
to a higher-intensity use. This does not 67 acres  "ORMDR
guarantee that the open space will become 7 acres

developed — it suggests that these areas of
open space can be used for development/ redevelopment in the future.
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3.15.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are 22 stormwater management facilities within the Rocky Run
subwatershed. Eighty-one percent of the Rocky Run subwatershed was developed before
stormwater management regulations were adopted, and is not served by any treatment
facility. Seventeen percent of the total area has quantity control only and the remaining 2
percent receives both quantity and quality control. A list of all stormwater management
facilities in the subwatershed is found in Appendix D.

Although a large percentage of the subwatershed is not served by stormwater management,
those areas are generally located in the northern and central areas where the land use is
largely estate and low-density residential. Because these areas typically leave some forest
canopy intact and are disconnected from the stormwater system they may not require
additional stormwater controls.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 15 stormwater outfall pipes discharging into Rocky Run. All located
pipes appeared to have minimal impact on the stream and did not warrant repair.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. The Stream Physical
Assessment located 23 stream crossings within the subwatershed. Of these crossings, three
are footbridges and seven are bridges or box culverts. Most crossings were creating only a
minor impact on the stream condition. One crossing, located off of Brook Road in the
Woodside Lake Area was having a slightly more significant impact on downstream
streambed erosion but does not warrant immediate attention.

3.15.4 Soils

Soils found in the Rocky Run subwatershed belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes, which can
generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly
shallow with numerous natural springs. The subwatershed contains 60 percent of the B
hydrologic soil group with Glenelg silt loam being the dominant soil type (35 percent). B soils
and the Glenelg soil type are compatible with infiltration practices and may provide
potential stormwater management sites. There is less than one acre of land with
unclassified soils in the Rocky Run subwatershed. Soils that cover at least 20 acres within
the subwatershed can be found in Appendix A.

3.15.5 Geomorphology

There are approximately 6.5 miles of stream in the Rocky Run subwatershed that were
assessed and assigned a Channel Evolution Model classification as part of the Stream
Physical Assessment. The classification indicates the stream channel’s physical condition
and stability as a response to disturbances such as upstream land use changes.
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Three stream reaches (2,288 feet) were not assessed because they were not natural
channels. This includes the culvert under the Dulles Access Road.

All assessed stream reaches in Rocky Run were characterized as Type lll. This indicates a
generally unstable channel that has eroding banks and is actively widening in response to
changes in flow. Most (62 percent) of the total reach length assessed has gravelly substrate
while 13 percent is sand/gravel mix and 11 percent is cobble. Refer to DFRR_3 for the
stream classifications.

Channel incision was especially notable on several tributaries to Rocky Run and on a
segment of the mainstem of Rocky Run in the central portion of the subwatershed. Field
crews noted and photographed five erosion points that were having a severe impact on
Rocky Run and its tributaries. Four of these erosion points are located on the mainstem of
Rocky Run and one on a minor tributary in the upper reaches of Rocky Run. An example is
shown in Photo 3.38, which is stream restoration candidate site S92.

Photo 3.38 Significant erosion on the mainstem  Photo 3.39 Exposed utility located northeast
between Woodside Drive and Orlo Drive of Old Dominion Drive near Tebbs Lane.
(DFRRO13.E001).

There was one utility pipe of an unknown
type in reach on a tributary to Rocky Run as
shown in Photo 3.39. This utility pipe is
partially buried and did not appear to be
causing erosion in the stream channel.

There were 16 sites along the stream within

the subwatershed where trees and debris

were obstructing flow. Of these, nine were

considered significant enough to affect fish

passage and three of the 16 had a greater

than moderate impact. Photo 3.40 shows a

representative blockage on a Rocky Run

tributary that may be impeding fish passage.
Photo 3.40 Obstruction located between Tebbs
Lane and Cilicia Street (DFRR001.T002).
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3.15.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002.

o Of the 6.5 miles of stream assessed, 46 percent has good habitat for aquatic insects
and fish, 31 percent exhibits fair habitat quality, and 16 percent has poor habitat
quality.

o There are 3.1 miles of stream that are without adequate riparian buffer on either the
left or right bank. There are 2,650 feet of stream that are missing adequate buffer on
both the left and right banks combined.

e Allreaches had at least 50 percent vegetative bank cover (usually shrubs and
grasses).

3.15.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Rocky Run incorporate data on the amount, character and location of the land use,
impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

The Rocky Run subwatershed is 20 percent impervious, a majority of which is in the portion
of Rocky Run south of the Dulles Toll Road and east of Leesburg Pike. This is the location
of catchment DFRR0001, which has the highest modeled pollutant loads in the
subwatershed. Refer to DFRR_4 for the catchment locations. This is a concentrated area of
commercial and industrial areas are the most probable source of the high levels of nitrogen
begin delivered to the stream system.

Two catchments, DFRR9601 and DFRR9801, located in the Springhaven Estates and the
Foxhall of McLean areas respectively, were ranked second and third for the subwatershed
behind DFRR0001 in nitrogen loading rates. These three catchments also have higher than
average phosphorus loading rates. Catchment DFRR0001 has the highest runoff volume in
Rocky Run with 9.4 inches per year, almost double the amount of the next highest
catchment. Results can be found in Table 3.26.

Table 3.26 Existing and Future Modeling
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Rocky Run = 2 < :; ; :; ; :;
Catchments o E 5 %53 0 8 S8 S8
gSE g8 P22 L L
DFRR0001 E 14.79 0.3 333.9 13.6 1.2
F 14.14 0.3 321.3 13.8 1.2
C -4% 0% -4% 1% 0%
DFRR0002 E 4.85 0.17 41.5 2.2 0.4
F 5.53 0.2 52.9 2.8 0.5
C 14% 18% 27% 27% 25%
DFRR0003 E 2.74 0.13 24.3 1.3 0.3
F 3.27 0.14 31.7 1.7 0.4
C 19% 8% 30% 31% 33%
DFRR0004 E 2.03 0.2 16.5 0.9 0.2
F 2.52 0.21 23.1 13 0.3
C 24% 5% 40% 44% 50%
DFRR0005 E 1.82 0.14 17.9 0.9 0.2
F 2.04 0.14 21.4 1.1 0.2
C 12% 0% 20% 22% 0%
DFRR0006 E 1.47 0.13 10.2 0.5 0.1
F 1.58 0.13 10.9 0.6 0.1
C 7% 0% 7% 20% 0%
DFRR0007 E 1.6 0.17 111 0.6 0.1
F 1.61 0.17 11.0 0.6 0.1
C 1% 0% -1% 0% 0%
DFRR9401 E 1.09 0.1 12.9 0.6 0.1
F 1.24 0.11 14.3 0.7 0.1
C 14% 10% 11% 17% 0%
DFRR9501 E 2.03 0.14 19.3 1.1 0.2
F 2.24 0.15 21.5 12 0.3
C 10% 7% 11% 9% 50%
DFRR9601 E 2.09 0.1 19.0 1.0 0.2
F 2.21 0.11 20.3 11 0.2
C 6% 10% 7% 10% 0%
DFRR9702 E 2.23 0.12 22.4 1.2 0.3
F 2.6 0.12 28.0 15 0.3
C 17% 0% 25% 25% 0%
DFRR9801 E 2.68 0.11 28.0 1.6 0.3
F 2.83 0.12 30.0 1.7 0.4
C 6% 9% 7% 6% 33%

Rnr‘.ky Run

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

Modeling results for future conditions show increases in flows and runoff pollutant loads
from most of the catchments in the subwatershed. Percent increases in catchment
DFRRO0004 are projected to be the highest for all parameters. This catchment has a
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substantial amount of land changing from open space or estate residential to low density
residential. Catchment DFRR0003 also has large predicted percent changes, also for the
same land use changes. Many of the land use changes in this subwatershed are along the
stream, especially in the headwaters. All of these changes will significantly increase the
suspended solids along with the runoff volume and peak.

3.15.8

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Four crossings in the subwatershed were overtopped by existing flows. They are listed
below in Table 3.27. Road crossings that experience overtopping are listed in Appendix F
and it is anticipated that improvements will be pursued with VDOT independent of the
watershed planning process.

Table 3.27 Culvert Hydraulic Modeling

) Flood Year
Culvert Crossing
100 50 25 10 5 2 1
74 Brook Road E X X X
75 Bellview Road E X X X X
76 Towlston Road E X X X X X X
79 Old Dominion Drive E X X X

E — Existing conditions results, x — indicates overtopping

Culvert #74 (Photo 3.41) overtopped for the 25, 50, and 100-year events. Since Brook Road
does not allow through traffic, it is classified as a local road, which has to pass the 10-year

Photo 3.41 Culvert 74 at Brook Road on Photo 3.42 Culvert 75 at Bellview Road on
Rocky Run mainstem. Rocky Run mainstem.

flow. Since it does pass the 10-year flow, this culvert is not considered a candidate site.
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Culvert #75 (Photo 3.42) overtopped for all events except the one and two-year. Bellview
Road is a primary road and so must pass the 25-year event.

Culvert #76 (Photo 3.43) overtopped for all events except for the one-year. Primary roads,
the classification for Towlston Road, must pass the 25-year event.

Culvert #79 (Photo 3.44) overtopped for the 25, 50, and 100-year events. Old Dominion
Drive allows through traffic and is classified as a primary road. This means it must pass the
25-year event.

Photo 3.43 Culvert 76 on Rocky Run Photo 3.44 Culvert 79 on Rocky Run
mainstem at Old Towlston Road mainstem at Old Dominion Drive

Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Rocky Run subwatershed are listed below. Refer to DFRR_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S91  The Stream Physical Assessment identified this site as having severe erosion all with
moderate restoration potential near Bellview Road.

S92  This site was identified as having significant erosion and a deficient buffer, where
houses are built close to the stream (Photo 3.38).

S93 This site, located near the culvert at Towlston Road, was identified as having a
deficient buffer, again because of the proximity to houses.

Hydrology and Water Quality

D18 (Catchment DFRR9601) This catchment has some of the highest modeled runoff
volume and nitrogen loading in the subwatershed. Erosion is occurring at the junction
between a manmade channel and the natural stream system.

D19 (Catchment DFRR9501) This site has better than average conditions for runoff flows
and pollutant loads in the subwatershed. It was selected because it is a proposed
site for a regional pond.

D21 (Catchment DFRR9401) This site has better than average conditions for runoff flows
and pollutant loads in the subwatershed. Site S93 was identified downstream of this
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pond and an exposed utility (Photo 3.39) and obstruction (Photo 3.40) are located in
the catchment.

D66 (Catchment DFRR9801) This catchment has above average pollutant loading rates.
The reach in this catchment has unstable banks and poor habitat rating.

C21 (Catchment DFRR0001) This site has higher than average nitrogen and phosphorus
loadings. Peak flows and runoff volume are also above average. There are no critical
stream problems within the area or immediately downstream.

Flooding

F75 The crossing at Bellview Road overtopped for 5-year and greater events. To meet
standards, however, it must pass the 25-year event because it is a primary road
(Photo 3.42).

F76  The bridge on Towlston Road, a primary road, overtopped for all events except the
one-year. This bridge must pass the 25-year event to meet requirements (Photo
3.43).

F79  The crossing at Old Dominion Drive overtopped for 25, 50, and 100-year events. Old
Dominion Drive is classified as a primary road, so it must pass the 25-year event
(Photo 3.44).

Preservation

P08 (Catchment DFRR0003) Percent increases between the existing and future
conditions are projected to be the highest for all parameters in this catchment due to
losses of open space.

P09 (Catchment DFRR0004) This area is projected to experience large changes from

open space to estate and low-density residential use. Four out of the five modeled
parameters are expected to more than double between the existing and future
conditions.
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3.16 Rocky Run - Subwatershed Plan Actions

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.28 below is a list of all projects
proposed in this subwatershed.

Table 3.28 Recommendations for Rocky Run

. . Candidate
Project # Project Type Site
DF9019A Drainage Retrofit D-19
DF9066A Pond Retrofit D-66
DF9121 Pond Retrofit C21
DF9291 Stream Restoration S91

3.16.1 Regional Pond Alternative Projects
D19 (DFRR9501)

Site Investigation and Projects:

DF9019A (Drainage Retrofit) This project involves providing additional outlet
protection, possibly riprap and/or structural measures, where the storm drain system
discharges into natural channels. The project will reduce velocity from the outfall and
help reduce erosive potential immediately downstream.

D21 (DFRR0007)

Site Investigation and Projects: See culvert site F76 for projects to address this site.
D66 (DFRR9801)

Site Investigation and Projects:

DF9066A (Pond Retrofit) Retrofits to this pond include installing a multi-stage control
structure over the existing outlet to significantly improve peak flow attenuation. The
existing facility holds the necessary water quality volume to treat the full drainage
area. To enhance the treatment function, the aquatic bench will be extended to
encompass the entire perimeter of the facility.

3.16.2 Catchment Improvement Projects
C21 (DFRR0001, DFRR0002)

Site Investigation and Projects: The catchment is fully developed and almost 100 percent
impervious. There is very little existing stormwater management and the streams in the
catchment have been piped.

DF9121 (Pond Retrofit) The wet pond at the downstream catchment should be
retrofited by adding both wet and dry vegetation to the natural channels and
surrounding banks. In addition, a sediment forebay constructed in front of the closed
storm drain outlet will treat impervious runoff prior to flow entering the stream
channel.
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3.16.3 Stream Restoration Projects
S91

Site Investigation and Projects: The site investigation showed eroding banks on both sides
of the stream with some widening apparent in the upper portion of the reach. The stream is
actively meandering and has weak riffle pool morphology. Evidence of a high concentration
of fines sediments was observed. One project was identified.

DF9291 (Stream Restoration) The stream would be reconstructed to provide a
pattern, dimension, and profile more consistent with that of a natural stream.
Streambanks would be stabilized and riffle pool bed morphology would be created.

S92

Site Investigation and Projects: The site investigation showed eroded stream banks and
slight incision. The stream appeared to be recovering as was evidenced by narrowing of the
baseflow channel and the formation of shallow pools. The site is flanked by residential
driveways on both sides. No other buffer deficiency was noted. No project was identified
because potential project benefits did not justify the construction impacts that would be
incurred.

S93

Site Investigation and Projects: The site investigation did not show significant erosion
impairment. No project was identified.

3.16.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the areas described below include reducing runoff volume, peak
flows, and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects

No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for the areas listed below are described in Chapter 4.
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3.17 Colvin Run — Subwatershed Condition
3.17.1 Subwatershed Characteristics

The Colvin Run subwatershed is the second-largest subwatershed in the Difficult Run
watershed, and has an area of approximately 3,876 acres (6.06 mi®). It is located in
northern Fairfax County. The subwatershed is bounded by the Reston Parkway (Virginia
602) to the west. The southern portion of the subwatershed extends south across the Dulles
Access Toll Road (Virginia 267) and the northern portion extends across Baron Cameron
Avenue (606) and runs generally along Leesburg Pike (Virginia 7).

The Colvin Run subwatershed is located in the northern, downstream portion of the Difficult
Run watershed. The stream is approximately 15 miles in length and flows in an easterly
direction until it reaches the mainstem of Difficult Run in the Colvin Run Stream Valley Park.

Refer to DFCR_1 for a map of the Colvin Run subwatershed highlighting the Subwatershed
Characteristics including, existing land use, flood limit, wetlands, resource protection
areas and stormwater management.

3.17.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

Colvin Run subwatershed is one of the more densely developed subwatersheds found
within the Difficult Run watershed. Seventeen percent is developed as low-density or estate
residential, while 32 percent of the subwatershed is developed for high-density residential,
commercial, or industrial uses. The majority of this area is clustered along the Dulles Access
Toll Road (Virginia 267) at the Wiehle Avenue (Virginia 828) interchange. Additional dense
development is found along major arterials, Baron Cameron Avenue (Virginia 606) and the
Reston Parkway (Virginia 602).

There are 371 acres, 10 percent of the subwatershed, used for transportation rights-of-way.
However, total impervious area for the subwatershed, which includes all roads, parking
lots, residential driveways and buildings, is approximately 882 acres, or 23 percent of the
total subwatershed area. Twenty-five percent is preserved for open space or parks. Major
parks include Lake Fairfax Park, Hidden Creek Golf Course, a portion of Colvin Run Mill
Park, and the majority of the Baron Cameron Park. Eight historical sites lie within the
subwatershed.
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Table 3.29 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres  Percent Acres  Percent
gfe”afig?‘;?’af:;’;s' and 961 25% 752 19% -209 -5%
Golf Course 205 5% 200 5% -5 0%
Estate residential 228 6% 323 8% 96 2%
Low-density residential 441 11% 506 13% 65 2%
Medium-density residential 253 7% 274 7% 22 1%
High-density residential 670 17% 670 17% 1 0%
Low-intensity commercial 225 6% 150 4% -75 -2%
High-intensity commercial 291 8% 443 11% 152 4%
Industrial 45 1% 4 0% -41 -1%
Institutional 117 3% 113 3% -4 0%
Transportation 371 10% 371 10% 0 0%
Water 69 2% 69 2% 0 0%
Total 3,876 100% 3,876 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and

open fields and impact stream condition. Figure 3.8 Changed Land Use

When comparing existing land use to

future land use, changes are projected in
the open space, estate residential, low- OS-MDR
density residential, low-intensity 10 acres
commercial, and high-intensity OS-LIC
commercial areas. There is a projected 2 9 acres

ESR-LDR_ESR-MDR - egR
5 acres

INS-OS

percent increase in estate residential, 2 OS-LDR 4 acres
percent increase in low-density 59 acres LDR-MDR
residential, 1 percent increase in medium- 0S-HIC 3 acres
density residential, and 4 percent increase 28 acres LIC-ESR
in high-intensity commercial acreage. 2 acres
Decreases are projected to include a 5 OS-HDR LIC-HIC
percent loss of open space, 2 percent loss Lacre 83 acres

of low-intensity commercial acreage, and OS_ES[Q'
1 percent loss of industrial acreage. A
complete summary of land use within the
subwatershed can be found in Table 3.29.The largest cumulative land use shifts are
projected toward high-intensity commercial uses in the Colvin Run subwatershed. As shown
in Figure 3.8, 83 acres are projected to shift from low-intensity commercial in the existing
land use to high-intensity commercial in the future land use. In this case, the type of
development would not necessarily change but the intensity would increase.

106 acres

Forty-one acres are projected to shift from industrial uses to high-intensity commercial. In
this case, intensity is projected to remain high; however, the types of uses would change.
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Two-hundred and thirteen acres of open space are projected to shift to a higher-intensity
use. This does not guarantee that the open space will become developed — it suggests that
these areas of open space can be used for development/ redevelopment in the future.

3.17.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are 49 stormwater management facilities within the Colvin Run
subwatershed. Seventy-six percent of the Colvin Run subwatershed is not served by any
stormwater management facility. Twenty percent of the total area has quantity control only
and the remaining 4 percent receives both quantity and quality control.

The difference between the amount of total developed area in the subwatershed (79
percent) and the area served by stormwater management (24 percent) indicates a possible
need for additional management efforts, specifically in the high-density residential and low
intensity commercial areas. A list of all stormwater management facilities in the Colvin Run
subwatershed is found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. Stream Physical Assessment field crews
located 44 outfall pipes discharging into the Colvin Run subwatershed, the largest being a
60-inch stormwater pipe. There is severe erosion at several storm water outfalls, and repair
is needed. One of these are shown below in Photo 3.45.. This outfall is in disrepair and is
considered a candidate site for restoration (S135).

Stream Crossings

Stream crossings, such as bridges and
culverts are often locations of erosion and
flooding. The combination of aging
structures and frequently high stormwater
levels can cause downstream stream
stability problems and habitat impairment.
Stream Physical Assessment field crews
located 73 stream crossings in the Colvin
Run subwatershed, four were observed
causing erosion through flow constriction,
however none were identified as causing
significant enough erosion to warrant repair.

; Photo 3.45 Erosion at a 12-inch outfall
3.17.4 Soils located just south of North Shore Drive
Soils found in the Colvin Run subwatershed = (DFCR013.POO3).
belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes, which can
generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly
shallow with numerous natural springs. The subwatershed contains 63 percent of the B
hydrologic soil group with Glenelg silt loam being the dominant soil type (50 percent). B soils
and the Glenelg soil type are compatible with infiltration practices and may provide
potential stormwater management sites. There are 147.2 acres of land with unclassified
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soils in the Colvin Run subwatershed. Soils that cover at least 20 acres within the
subwatershed are located in Appendix A.

3.17.5 Geomorphology

There are 12.7 (66,844 feet) of stream in the Colvin Run subwatershed that were assessed
and assigned a Channel Evolution Model classification as part of the Stream Physical
Assessment. The classification indicates the stream channel’s physical condition and
stability as a response to disturbances such as upstream land use changes. Five stream
reaches (totaling 2.9 miles, 15 percent of the total stream length) were not assessed
because they were not natural channels.

Thirty-two percent of the total stream length in Colvin Run is Type lll, which indicates an
unstable channel that is eroding and widening as a response to changes in streamflow.
Fifty-three percent of assessed reaches in Colvin Run were characterized as Type 1V,
indicative of a channel that is stabilizing with vegetation colonizing historically eroded areas.

Photo 3.46 Erosion located on a tributary to Photo 3.47 Erosion located on reach just west
Colvin Run between Buttermilk Lane and Hunt Hunter Mill Road near Little Run Farm Court
Club Road (DFCR012.E002) (DFCRO008.E001)

The streams in Colvin Run are dominated by gravel (47 percent of total stream length) and
sand (26 percent of total stream length). Forty-five percent of the stream length is
moderately unstable to unstable with high erosion potential during flood events.
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Photo 3.48 Erosion on a tributary to mainstem Photo 3.49 Erosion on mainstem Colvin Run
Colvin Run near Mount Sunapee Road downstream of Lake Fairfax before Colvin Run
(DFCRO006.E002). crosses under Hunter Mill Road
(DFCR009.E001).
In the stream reaches that are experiencing erosion, much of the erosion is occurring on the
outer banks of bends. Several severe erosion locations exist in the Colvin Run
subwatershed. Most of these areas have a good restoration potential. Photos of a few of the
more serious erosion problems are shown in Photos 3.46 through 3.49. These example
sites are all candidate sites for stream restoration (S98, S93, S96, S92 respectively).

There are 28 points along the stream that are blocked by trees, debris and sediment. Eleven
of these are severe enough to be obstructing fish passage. Two are shown below in Photos
3.50 and 3.51 and are near stream restoration candidate sites S135 and S11, respectively.

Photo 3.50 Obstruction just upstream of Lake Photo 3.51 Obstruction upstream of Lake
Fairfax to the west of Aldenham Lane Fairfax located near Park Overlook Drive
(DFCR013.7T001). (DFCR015.T001).
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3.17.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002.

o Of the assessed reaches, 69 percent has fair habitat for aquatic insects and fish, 5
percent is good habitat, 23 percent is poor habitat and 2 percent is very poor habitat
for aquatic insects and fish. The majority of the mainstem of Colvin Run is
considered to have fair habitat.

e There are 11.8 miles of riparian buffer encroachment (this length includes left and
right banks combined). Of this, 55 percent of the impact is from lawns.

e Over 9 miles of buffer encroachment are significant enough to have an impact on the
stream condition. Seventy-one percent of this total length is considered to have low
to no restoration potential.

e Only 8 percent of the total length has vegetation present and covering at least 70
percent to 90 percent of the stream bank surfaces on both left and right bank.

3.17.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Colvin Run incorporate data on the amount, character and location of the land use,
impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

The Colvin Run subwatershed is covered by 23 percent impervious surface. The
headwaters are in the city of Reston, so there are many high-density areas. The catchment
with the highest runoff as well as one of the highest pollutant loadings is DFCR9401. This
catchment extends from the Reston Parkway to Wiehle Avenue and from Sunrise Valley
Drive to Sunset Hills Road, and is made up almost entirely of commercial land use and the
Dulles Toll Road. Refer to DFCR_4 for the catchment locations.

Most of the catchments west of Wiehle Avenue have a high concentration of high-density
residential land use. One of the highest modeled pollutants per acre in this subwatershed
comes from a small, 34-acre catchment, DFCR9702. Approximately two-thirds of this
catchment is either commercial or high-density residential. Another catchment with both high
pollutant loadings and runoff volume is DFCR9401. Portions of the Dulles Toll Road and
several industrial parks along Sunrise Valley Drive are within this catchment. Results can be
seen in Table 3.30.
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Table 3.30 Existing and Future Modeling

Colvin Run 2 ) > 2 £ =
Catchments % é = é g % L% % > L% § o ‘\%
xse as FS XES S

DFCRO0001 E 7.76 0.22 216.5 8.2 0.8
F 12.73 0.23 310.1 10.5 0.9

C 64% 5% 43% 29% 21%

DFCRO0003 E 6.42 0.16 144.6 5.8 0.6
F 7.49 0.19 159.9 5.9 0.6

C 17% 19% 11% 2% 7%

DFCRO0004 E 7.11 0.16 153.9 5.9 0.6
F 8.32 0.21 183.2 6.7 0.7

C 17% 31% 19% 15% 11%

DFCRO0005 E 1.08 0.17 9.1 0.5 0.1
F 1.08 0.17 9.1 0.5 0.1

C 0% 0% 0% 0% 0%

DFCRO0006 E 1.92 0.16 50.2 2.1 0.2
F 1.91 0.16 50.2 2.1 0.2

C -1% 0% 0% 0% 0%

DFCRO0007 E 1.89 0.13 53.5 2.2 0.2
F 1.92 0.13 54.3 2.3 0.2

C 2% 0% 1% 2% 0%

DFCRO0008 E 2.08 0.14 19.9 1.1 0.2
F 2.58 0.14 24.7 1.3 0.3

C 24% 0% 24% 18% 50%

DFCRO0009 E 4.45 0.14 49.4 2.3 0.4
F 4.88 0.16 55.4 2.6 0.4

C 10% 14% 12% 13% 0%

DFCR8801 E 1.46 0.12 10.8 0.6 0.1
F 1.46 0.12 10.8 0.6 0.1

C 0% 0% 0% 0% 0%

DFCR8901 E 1.74 0.14 18.7 1.0 0.2
F 2.11 0.15 23.4 1.3 0.3

C 21% 7% 25% 30% 50%

DFCR9001 E 3.44 0.14 60.9 2.7 0.4
F 3.93 0.15 72.9 3.2 0.5

C 14% 7% 20% 19% 25%

DFCR9101 E 1.73 0.14 28.6 1.2 0.2
F 1.93 0.12 34.3 1.4 0.2

C 12% -14% 20% 17% 0%

DFCR9201 E 0.49 0.15 3.9 0.2 0.0
F 0.89 0.11 6.7 0.3 0.0

C 82% -27% 2% 50% 0%

DFCR9301 E 5.26 0.11 107.0 4.2 0.5
F 6.66 0.14 146.6 55 0.6

C 27% 27% 37% 31% 20%
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Colvin Run e o) > = 5 = 5
Catchments % é > § ﬁ & 3 % ~ 3 % N 3
XsE a9 FS xgEsS o2

DFCR9401 E 12.73 0.32 270.0 10.5 1.0
F 13.73 0.34 273.1 10.0 1.0

C 8% 6% 1% -5% 0%

DFCR9501 E 4.25 0.16 79.9 3.7 0.6
F 4.66 0.17 92.4 4.4 0.7

C 10% 6% 16% 19% 17%

DFCR9601 E 5.02 0.17 129.9 53 0.7
F 5.13 0.17 133.5 5.4 0.7

C 2% 0% 3% 2% 0%

DFCR9701 E 5.23 0.15 98.7 3.9 0.5
F 5.23 0.15 98.7 3.9 0.5

C 0% 0% 0% 0% 0%

DFCR9702 E 7.96 0.29 185.8 7.0 0.8
F 7.97 0.29 185.7 7.0 0.8

C 0% 0% 0% 0% 0%

DFCR9703 E 4.42 0.19 126.4 4.6 0.6
F 4.41 0.19 126.3 4.6 0.6

C 0% 0% 0% 0% 0%

DFCR9801 E 53 0.15 102.3 41 0.6
F 53 0.15 102.4 4.1 0.6

C 0% 0% 0% 0% 0%

DFCR9802 E 4.65 0.15 155.8 6.0 0.6
F 4.65 0.15 155.9 6.0 0.6

C 0% 0% 0% 0% 0%

DFCR9902 E 6.11 0.2 144.3 5.7 0.8
F 6.11 0.2 144.3 5.7 0.8

C 0% 0% 0% 0% 0%

DFCR9903 E 6.45 0.21 137.4 5.2 0.7
F 6.45 0.21 137.3 5.2 0.7

C 0% 0% 0% 0% 0%

DFCR9904 E 6 0.2 153.4 5.7 0.7
F 6.01 0.2 154.8 5.8 0.7

C 0% 0% 1% 2% 0%

Colvin Run

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures.

Many of the catchments in Colvin Run showed no change between existing and future
conditions, reflecting built out conditions in much of this subwatershed. While most
catchments showed an increase from the existing conditions to the future conditions in
pollutants and flow, some of the larger percent changes occurred in catchment DFCR9201,
currently completely forested, partly changing to estate residential, and DFCR9301, which
is north of Sunset Hills Road around the Lake Fairfax Business Center and Equestrian Park.
This catchment has some areas changing from open space to estate residential and also
some changing from open space to high-intensity commercial. Also, catchment DFCR0008,
around the Colvin Run Stream Valley Park, has a few large areas changing from open
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space to low-density residential. One Reston area catchment, DFCR0001 has low-intensity
commercial areas that are forecast to redevelop to a higher intensity.

3.17.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Three crossings in the subwatershed were overtopped with existing flows, as shown in
Table 3.31. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.31 Culvert Hydraulic Modeling

. Flood Year
Culvert Crossing
100 50 25 10 5 2 1
40 Hunter Mill Road E X X X
41 Lake Fairfax Drive E X X X X X X X
57 Carpers Farm Way E X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #40 (Photo 3.52) overtopped for events less frequent than the 10-year. The road this
bridge is on, Hunter Mill Road is classified as a primary road. This requires it to pass the 25-
year event.

Culvert #41 (Photo 3.53) overtopped for all events. Lake Fairfax Drive is used as a local
road to access Lake Fairfax Park. This requires it to pass the 10-year event.

Photo 3.52 Colvin Run Mainstem at Hunter Photo 3.53 Colvin Run Mainstem at Lake
Mill Road Fairfax Drive
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Culvert #57 (Photo 3.54) overtopped for events less frequent than the 2-year. Carpers Farm
Way is a local road, which means it must pass the 10-year event.

Photo 3.54 Colvin Run Mainstem at Carpers
Farm Way

3.17.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Colvin Run subwatershed are listed below. Refer to DFCR_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S11  The stream is severely eroded with unstable banks and active widening. The habitat
directly upstream is considered poor. (Photo 3.52)

S13  This site has severe to extreme buffer deficiency with moderate restoration potential.
The stream is also eroding, giving it unstable banks.

S49  This reach has severe erosion with unstable banks and buffer deficiency. Both have
moderate potential for restoration.

S92  The Stream Physical Assessment noted this reach, which is directly downstream of
S99, has extreme erosion with moderate restoration potential along with active
widening. (Photo 3.50)

S93  This is another site with the most severe erosion combined with the highest
restoration potential as defined by field crews. (Photo 3.47)

S94  The Stream Physical Assessment showed this stream as having active widening.

S95 This site has severe to extreme erosion with moderate restoration potential along
with active widening.

S96 This reach, as well as the reach downstream around the D12 site, has severe
erosion with moderate potential for restoration. (Photo 3.49)

S97  The Stream Physical Assessment identified this site, which is directly upstream of
S13, as having extreme erosion with moderate restoration potential.
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The stream flows directly into Lake Fairfax and is extremely eroded with moderate
restoration potential. (Photo 3.47)

This site has missing buffer that is considered severe. It has the most severe impact
from the missing buffer and the highest potential for restoration.

The Stream Physical Assessment located a failing outfall where the flow is causing
severe bank erosion and potentially unsafe conditions (Photo 3.45 and 3.51).

The Stream Physical Assessment identified several outfalls in disrepair, obstructions,
and severe stream bank erosion along this reach. (Photo 3.46)

Hydrology and Water Quality

D12

D13

D14

D16

D151

Cco7

Co8

Co09

C10

C12

C18

(Catchment DFCR8801) The stream within this area has two areas of erosion with
unstable banks, including Site S96, as is Colvin Run Mainstem downstream at S95.
The stream is also actively widening on the whole length.

(Catchment DFCR9301) The stream in this catchment shows no problems. Runoff
flows and pollutant loads are lower than the average for the subwatershed and
Difficult Run.

(Catchment DFCR0007) The stream has poor habitat and active incising. The
mainstem immediately downstream of this catchment has erosion and unstable
banks. Pollutant loads in this catchment are low for the subwatershed.

(Catchment DFCR9201) The stream through the catchment has areas of poor
habitat and active incision. Runoff flows and pollutant loads are better than most of
the watershed.

(Catchment DFCR9101) The stream in the catchment has degraded buffer with
moderate potential for restoration. There is erosion downstream at Sites S97 and
S13.

(Catchment DFCR9904) Modeled runoff flows and pollutant loads in this catchment
are average for in the Colvin Run subwatershed. Streams are eroding and the buffer
is degrading.

(Catchment DFCR9802) Runoff flows and pollutant loads in this catchment are
among the highest in all of Difficult Run. This catchment is upstream of Lake Anne
(C10), so all pollutants from this catchment flows directly into Lake Anne.

(Catchment DFCR0001) Streams in this catchment and immediately downstream are
actively widening. This may be due to the high runoff volumes plus pollutants in this
area.

(Catchment DFCR9903) This catchment also flows into Lake Anne, adding more
high pollutant loads and high runoff volumes. The reach immediately downstream of
the lake is widening and had buffer deficiency.

(Catchment DFCR0003) Streams immediately downstream of this catchment are
severely eroded. The catchment has below average runoff flows and pollutants for
the subwatershed, but above average for the whole watershed.

(Catchment DFCR9401) This catchment has one of the highest nitrogen loadings in
the watershed. The streams in this catchment and immediately downstream show no
signs of problems.
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C50 (Catchment DFCR9601) The reaches in this catchment are eroding, have unstable
banks, and one has a buffer deficiency with high restoration potential. Pollutants and
runoff are about average for the subwatershed but well above average for Difficult
Run.

C51 (Catchment DFCR9501) The streams are severely eroded with moderate restoration
potential (S98). Modeled pollutant loads and runoff flows are high for the watershed.

C52 (Catchment DFCR9902) The reaches in this catchment were assigned a poor habitat
rating and are eroding. The stream, which flows into Lake Anne, has high pollutant
loads and high runoff volumes.

Flooding

F40 The bridge over Colvin Run on Hunter Mill Road overtops for flows less frequent than
the 25-year event. Primary roads must pass the 25-year event. (Photo 3.52)

F41  The culvert under Lake Fairfax Drive overtops for all events. Local roads must pass
the 10-year event. (Photo 3.53)

F57  The culvert under Carpers Farm Way overtops with existing conditions for all the
modeled events. Local roads must pass the 10-year event. (Photo 3.54)

Preservation

P33 (Catchment DFCRO0008) The percent increase in all modeled parameters is greatest
in this catchment due to the loss of open space, particularly along the stream.

3.17.10 Reston Watershed Plan Assessment

Three tributaries of Colvin Run were assessed. Results of the physical assessments and
hydraulic modeling for each of these reaches are discussed below, with a reference to the
ID number of the equivalent catchment area defined in the Difficult Run Watershed Plan,
followed by a comparison with the assessment between plans. Refer to Section 3.14 for a
discussion of projects proposed to address these issues.

Buttermilk Creek (Catchment DECR9601)

Reston Plan The streams through this catchment and the two that follow were found
to be actively eroding at a higher rate of change than those in other areas of Reston.
There are areas with active headcuts, areas of sediment deposits, exposed utilities,
and little or no baseflow. Approximately 40% of the streambanks were actively
eroding. Hydraulic modeling showed that 6 out of 13 cross-sections had erosive
velocities from the 1-year storm, and 3 of these were highly erosive.

Difficult Run Plan The County's Stream Physical Assessment results showed similar
results. The entire length of stream was found to be unstable, with 60% of the banks
showing active erosion. The entire stream was also found to be actively widening,
and there was an area of missing riparian buffer as well.

In this tributary, both the stream condition and catchment characteristics were
considered a high priority in Difficult Run. The stream reach was selected for stream
restoration potential as candidate site S135 because of unstable banks and buffer
impairments. The catchment was selected to investigate stormwater management
retrofits as candidate site C50.

Brown's Chapel Creek (Catchment DFCR9501)
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Reston Plan Conditions in this creek are similar to those of Buttermilk Creek above.
There is active erosion of the channel bed and banks, active head cuts, sediment
deposits, and a high rate of change. The assessment showed 25% of the stream
banks actively eroding in the upper reaches, and 50% eroding in the lower reaches.
Two of the 8 cross-sections modeled had erosive velocities from the 1-year storm,
and of these, 1 was highly erosive.

Difficult Run Plan The County's Stream Physical Assessment concurred with these
results, showing the entire length of stream to have severe to extreme erosion
impacts.

In this tributary, both the stream condition and catchment characteristics were
considered a high priority in Difficult Run. The stream reach was selected as
candidate site S98 because of the combination of erosion impacts and poor habitat.
The catchment was selected as candidate site C51.

Lake Anne Tributary (DFCR9902)

Reston Plan Conditions in this tributary are similar to Buttermilk Creek and Brown's
Chapel Creek. All three are headwaters channels with relatively small drainage
areas. The stream bed and banks were found to be actively eroding, with head cuts,
sediment deposits, and low baseflow. Erosion was active in 50% to 60% of the
streambanks. Hydraulic modeling was not conducted for this drainage area.

Difficult Run Plan The County's Stream Physical Assessment showed similar results,
with the entire length of stream having severe to extreme erosion impacts, and poor
to very poor habitat ranking.

This stream reach was not selected as a candidate site to be investigated for
restoration projects since it was not one of the highest priority sites in the overall
watershed. The catchment was selected for potential stormwater management
retrofits as site C52.
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3.18 Colvin Run - Subwatershed Plan Actions

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.32 below is a list of all projects
proposed in this subwatershed.

Table 3.32 Recommendations for Colvin Run

. . Candidate

Project # Project Type Site
DF9012 Pond Retrofit D-12
DF9013 Pond Retrofit D-13
DF9013A Pond Retrofit D-13
DF9014A Culvert Retrofit D-14
DF9014B Drainage Retrofit D-14
DF9118A Pond Retrofit C18
DF9118B Pond Retrofit C18
DF9151 Pond Retrofit C51
DF9152 Pond Retrofit C52
DF9213 Stream Restoration S13
DF92135 Stream Restoration S135
DF92136 Stream Restoration S136
DF9249 Stream Restoration S49
DF9295 Stream Restoration S95
DF9507B Culvert Retrofit Cco7
DF9508A Culvert Retrofit C08
DF9508B Culvert Retrofit C08
DF9512A Culvert Retrofit Cl2
DF9512B Culvert Retrofit C12
DF9512C Culvert Retrofit C12
DF9550A Culvert Retrofit C50
DF9551 Culvert Retrofit C51
DF9552A Culvert Retrofit C52
DF9552B Culvert Retrofit C52
DF9707 Drainage Retrofit cov
DF9712 Drainage Retrofit C12
DF9750 Drainage Retrofit C50
DF9751 Drainage Retrofit C51
DF9807 LID Retrofit Co7
DF9808 LID Retrofit C08
DF9809 LID Retrofit C09
DF9812 LID Retrofit Cl2
DF9818 LID Retrofit C18
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3.18.1 Regional Pond Alternative Projects
D12 (DFCR8801)
Site Investigation and Projects:

DF9012 (Pond Retrofit) The project would consist of a retrofit to an existing farm
pond, which does not provide significant detention. A control structure would be
designed to use the existing storage capacity for both water quality and channel
protection, which would help reduce erosive discharge rates and velocities
immediately downstream.

D13 (DFCR9301)
Site Investigation and Projects:

DF9013 (Pond Retrofit) This is one of two ponds within the commercial area on
Business Center Drive that would be retrofit to provide channel protection storage by
modifying the riser, and to improve water quality treatment by converting the dry
pond to a wet marsh.

DF9013A (Pond Retrofit) This pond, which treats runoff from two large stormdrain
systems, discharges into a severely eroded stream. The existing storage area would
be utilized to reduce peak flow velocities and increase water quality improvements by
modifying the riser and converting it to a wetland system.

D14 (DFCR0007)
Site Investigation and Projects:

DF9014A (Culvert Retrofit) The project is located on the upstream side of the culvert
under Little Run Farm Court. It consists of providing storage to help improve water
quality.

DF9014B (Drainage Retrofit) The project is distributed throughout the catchment. It
consists of providing stabilization at outfalls where the discharge has caused scour
and erosion.

D16 (DFCR9201)

Site Investigation and Projects: The field inspection showed that there is no development in
this catchment and that it remains entirely forested. There is no need for retrofit or regional
pond replacement projects at this time. It should be a focus of preservation programs.

3.18.2 Catchment Improvement Projects
C07 (DFCR9904)

Site Investigation and Projects: This catchment is made up of moderately dense residential
properties, most of which have no substantial stormwater management. Generally speaking,
the natural conveyance within this catchment shows little sign of degradation; therefore,
minimal attention toward attenuation is deemed necessary.

DF9507B (Culvert Retrofit) This project is a retrofit to the culvert under Wiehle
Avenue. The intent of this project is to improve channel protection for the degraded
stream below North Shore Drive.

DF9707 (Drainage Retrofit) This project consists of energy dissipation in the form of
outlet protection and plunge pools at each outfall. Of particular interest is the outfall
to below the impoundment in Catchment 10. This location may need a more
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substantial energy dissipation system that allows discharges to be conveyed to the
confluence below in a stable manner.

DF9807 (LID Retrofit) This project consists of placing a rain garden on the South
side of North Shore Drive. This would impound water up to a foot deep to provide
water quality treatment to the runoff from this area.

C08 (DFCR9802)
Site Investigation and Projects:

DF9808 (LID Retrofit) This project would be a fully holistic low-impact development
retrofit analysis of the commercial property south of the intersection of Village Drive
and North Shore Drive. The primary goal in this area is to reduce runoff impacts and
improve the quality of the runoff that flows into the stream and then into Lake Anne

DF9508A (Culvert Retrofit) This project is a small culvert retrofit designed to improve
water quality. There are no natural streams between the site and Lake Anne, so
channel protection is not needed.

DF9508B (Culvert Retrofit) This project is a culvert retrofit to the culvert under Baron
Cameron Avenue. The drainage area to this point is approximately 50 percent
natural wooded cover and approximately 50 percent recreational uses (i.e. ball
fields). The primary opportunity at this location is to focus on the water quality by the
construction of a wetland detention area.

C09 (DFCR0001)
Site Investigation and Projects: This catchment consists of highly developed, highly

impervious, commercial development. There is a substantial system of in stream ponds that
appear to be in excellent condition, but it is unclear what design standards they are based

upon.

DF9809 (LID Retrofit) This project would include a property-by-property assessment
of opportunities to reduce imperviousness, increase the flow path, infiltrate surface
runoff and strategically use vegetation to improve the quantity and quality of the
runoff throughout the entire catchment.

C12 (DFCRO0003)
Site Investigation and Projects:

DF9812 (LID Retrofit) The area indicated, which is mostly on the north side of Sunset
Hills Road and between Isaac Newton Square and Wiehle Avenue, consists of
almost total impervious area (much of which is parking lot). This project would
include an assessment of opportunities to reduce imperviousness, increase the flow
path, infiltrate surface runoff and strategically use vegetation to improve the quantity
and quality of the runoff before discharging to the adjacent golf course and stream.

DF9512A (Culvert Retrofit) This project is a retrofit to the culvert under North Shore
Drive. The drainage area to this culvert is a small section of the golf course. The
primary focus of this culvert retrofit should be to provide some detention to storm
runoff, as conditions allow, and to provide a water quality treatment area where
biological processes can remove potential nutrient and pesticide contaminants in the
runoff.

DF9512B (Culvert Retrofit) This project is retrofit to a second culvert under North
Shore Avenue. The drainage area to this culvert is highly impervious. The primary
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focus of this culvert retrofit should be to provide some detention to storm runoff and
release the discharge at a slower rate.

DF9512C (Culvert Retrofit) This project is a retrofit to the culvert under Wiehle
Avenue. The drainage area to this culvert consists of commercial, residential and
recreational land uses. The primary focus of this culvert retrofit should be to provide
channel protection detention. This project may be constructed or superseded by
Reston Association work in this stream channel.

DF9712 (Drainage Retrofit) This project consists of energy dissipation in the form of
outlet protection at each outfall from a piped storm drainage system into the natural
channel.

C18 (DFCR9401)
Site Investigation and Projects:

DF9118A (Pond Retrofit) This project is a retrofit to the regional pond at the culvert
under Sunset Hills Road. The drainage area to this culvert consists of highly
impervious commercial and roadway land uses. The primary focus of this retrofit
should be to change the storage and outlet configuration to provide better detention
and create water quality features in the pond itself.

DF9118B (Pond Retrofit) This project is a retrofit to the existing stormwater
management facility on the south side of the Dulles Toll Road. The primary focus of
this retrofit should be to change the pond design to improve water quality treatment.

DF9818 (LID Retrofit) This project would include an assessment of opportunities to
reduce imperviousness, increase the flow path, infiltrate surface runoff and
strategically use vegetation to improve the quantity and quality of the runoff
throughout the entire catchment.

C50 (DFCR9601)
Site Investigation and Projects:

DF9550A (Culvert Retrofit) This project is a retrofit to the culvert under Baron
Cameron Avenue. The drainage area to this catchment is mostly medium density
detached housing along with parking areas from the recreational facilities on the
other side of Wiehle Avenue. The primary focus of this culvert retrofit should be to
provide channel protection storage for the reach immediately downstream.

DF9750 (Drainage Retrofit) This project consists primarily of energy dissipation in the
form of outlet protection at each outfall from a piped storm drainage system into the
natural channel.

C51 (DFCR9501)
Site Investigation and Projects:

DF9551 (Culvert Retrofit) A culvert retrofit on the upstream side of Gates Meadow
Way should be created to settle out solids that would otherwise end up in the
stormwater wetland below. The primary objective for this project should be to create
a pretreatment area that allows some settling of solids and flow regulation.

DF9151 (Pond Retrofit) This wet pond treats the drainage from a single-family
residential area. The existing single-stage riser can be replaced with a multi-stage
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riser designed for increased management of smaller storms. There is sufficient
storage to construct an aquatic bench to improve vegetative uptake.

DF9751 (Drainage Retrofit) This project consists primarily of energy dissipation in the
form of outlet protection at each outfall from a piped storm drainage system into the
natural channel.

C52 (DFCR9902)

Site Investigation and Projects:

DF9552A (Culvert Retrofit) A culvert retrofit upstream of Bennington Woods Road
should be constructed to work as a treatment train with the pond to be retrofit
downstream. The goal for the project would be to provide sedimentation to extend
the life of the downstream pond.

DF9152 (Pond Retrofit) This project is a retrofit re-design of the existing pond
between Bennington Woods Road and Baron Cameron Avenue. Channel protection
volume can be created by constructing a weir in front of the existing culvert and small
marsh areas currently function as water quality components. A forebay will be
installed at the storm drain outfall to treat runoff before entering the stream.

DF9552B (Culvert Retrofit) A culvert retrofit on the upstream side of North Shore
Drive should be created as the final step in a pre-treatment system to protect Lake
Anne downstream. The primary objective for this project should be to create a
stormwater wetland for vegetative uptake of nutrients.

3.18.3 Stream Restoration Projects
S11

Site Investigation and Projects: The site investigation showed steep, eroded, outer meander
bends with point bar and floodplain redevelopment and a good aquatic channel width.
Sinuosity is moderate. Bed forms are consistent and stable with much of the bed formed
from fractured shale. Parallel sanitary sewers, wetland and forest clearing impacts, and
limited construction access outweigh the benefits of erosion reduction through bank
stabilization. No project was identified.

S13, S92, S97, S99

Site Investigation and Projects: The site investigation showed raw stream banks and
moderate to severe incision. The riparian zone is non-forested for significant portions of the
reach. A dam structure is located directly downstream of the confluence of the reach and
Colvin Run. One project was identified for all four identified sites.

DF9213 (Stream Restoration) A pattern, dimension, and profile would be created that
more closely resembles a natural stream. Banks would be stabilized and bed
morphology would be improved. Native trees and shrubs would be planted in the
riparian zone. Sites S13, S92, S97, and S99 would be combined as one project.

S49

Site Investigation and Projects: The site investigation showed eroded banks on both sides of
the stream and severe incision. The stream is straight and has cut down to bedrock. A
majority of the riparian zone is not forested. The reach is located on a golf course. One
project was identified.
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DF9249 (Stream Restoration) The bed would be reworked to promote stable, diverse
bend features. The banks would be reshaped and stabilized and a floodplain bench
would be excavated. Native trees and shrubs would be planted in the riparian zone
to the maximum extent possible.

S93

Site Investigation and Projects: The site investigation showed eroded banks and moderate

incision. However the stream is recovering and has a narrowed baseflow channel and good
sinuosity. Access constraints, wetland impacts, and forest clearing outweigh the benefits of
reducing streambank erosion. No project was identified.

S94

Site Investigation and Projects: The site investigation showed severe incision and moderate
bank erosion. However, access constraints, wetland impacts, and forest clearing outweigh
the benefits of reduced streambank erosion for a stream that is less than 300 feet in length.
No project was identified

S95

Site Investigation and Projects: The site investigation showed severe incision and a
meander pattern that did not match the existing flow regime.

DF9295 (Stream Restoration) The stream would be regraded, adjusting the pattern
and profile to a more stable configuration. The streambed would be raised and bank
protection structures would be constructed as needed. Portions of this project may
be constructed or superseded by Reston Association work in this stream
channel.

S96

Site Investigation and Projects: Site investigations showed moderate bank erosion and
moderate to severe incision with floodplain development in some areas. The streambed
appeared stable with good riffle/run morphology. The stream appeared to be recovering in
many areas. Constraints associated with access, forest clearing and wetland impacts
outweigh the sediment reduction benefits of restoring the stream. No project was identified.

S98

Site Investigation and Projects: The site investigation showed a moderately to severely
incised stream with some raw and vertical banks. The stream did appear to be recovering
with point bar development and a meandering, narrow baseflow channel. Severe utilities
constraints, forest clearing and wetland impacts, and access and encroachment issues
outweigh the benefits of reconnecting the stream to a functional floodplain. No project was
identified.

S135

Site Investigation and Projects: The site investigation showed a failing outfall structure and
bank erosion. One project was identified.

DF92135 (Stream Restoration) The outfall structure would be replaced and the
stream banks stabilized. The channel would be reworked to promote stable, diverse
bend features. The banks would be reshaped and stabilized and a floodplain bench
would be excavated. Native trees and shrubs would be planted on the banks.

S136
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Site Investigation and Projects: The site investigation showed a deeply incised channel and
several failing outfalls located well above the channel bottom. One project was identified.

DF92136 (Stream Restoration) The outfall structures would be replaced and the
stream banks stabilized. The channel would be reworked to promote stable, diverse
bend features. The banks would be reshaped and stabilized and a floodplain bench
would be excavated. Native trees and shrubs would be planted on the banks.
Portions of this project may be constructed or superseded by Reston
Association work in this stream channel.

3.18.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the areas described below include reducing runoff volume, peak
flows, and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects

No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for the areas listed below are described in Chapter 4.

3.18.5 Reston Watershed Plan Recommendations for Colvin Run

Structural measures were recommended in Colvin Run for drainage areas of Buttermilk
Creek, Brown's Chapel Creek, and the Lake Anne Tributary. Specific locations were not
identified. The recommendations included the following:

On-site stormwater controls

Reston Plan No retrofit projects were identified for specific areas.

Difficult Run Plan Several of these measures in Colvin Run are proposed in projects
DF9808, DF9809, and DF9812, above. These projects identify general areas and
parcels where topography and land use would make on-site controls particularly
effective.

Stormwater Attenuation

Reston Plan (7 structures) These projects are designed for culvert entrances to
detain and reduce the peak flow from the channel-forming discharge to reduce
stream erosion. Smaller versions of these types of attenuation systems at
unspecified storm sewer inlets are also proposed.

Difficult Run Plan Culvert retrofit projects DF9551, DF9552A and DF9552B
recommended for Colvin Run are similar to the attenuation structures proposed in
the Reston Plan.

Floodplain Spreaders
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Reston Plan (8 structures) These projects are help to divert stormwater from paved
ditches and storm sewers and allow it to flow over the floodplain at much lower
energy levels and reduce scour at outfalls.

Difficult Run Plan These types of structures are a potential solution for the drainage
retrofits at outfalls described in projects DF9750, and DF9751.

Check Dams

Reston Plan (5 structures) These projects provide stabilization for intermittent
streams by creating step pools which lower the erosive velocity.

Difficult Run Plan There are no equivalent projects specifically called out in this
Plan, although these techniques could be used as part of the drainage retrofits
described above in this plan.

Stream Restoration

Reston Plan (2,000 Feet) The Reston Plan proposes restoration of up to 2,000 feet
of stream throughout these three areas.

Difficult Run Plan The Plan identified one project in Buttermilk Run (DF92135) to
restore a failed stormwater outfall and associated unstable stream banks. The
candidate site at S98 in Brown's Chapel Creek was assessed but impacts from forest
clearing and wetland encroachment appear to outweigh the benefits of a project.
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3.19 Snakeden Branch — Subwatershed Condition
3.19.1 Subwatershed Characteristics

The Snakeden Branch subwatershed has an area of approximately 2,239 acres (3.50 mi?).
Its northern boundary starts at the intersection of Sunrise Valley Drive (Virginia 5320) and
Reston Parkway (Virginia 602), extends to the north past the Dulles Access Toll Road
(Virginia 267) and generally borders Branches Road to the east. The Reston Parkway
(Virginia 602) lies along the western edge and Glade Drive follows the southern watershed
divide.

Snakeden Branch is located on the western side of the Difficult Run watershed. There are
8.2 miles of stream within the subwatershed that flow east and join The Glade before
ultimately flowing into the mainstem of Difficult Run. The majority of the length of the stream
flows through open space or higher-density residential areas.

Refer to DFSB_1 for a map of the Snakeden subwatershed highlighting the Subwatershed
Characteristics including, existing land use, flood limit, wetlands, resource protection
areas and stormwater management.

3.19.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

Snakeden Branch subwatershed is the second-most densely developed subwatershed in
the Difficult Run watershed, with only 9 percent of its acreage developed as low-density or
estate residential. Forty-six percent of the subwatershed is developed as high-density
residential or commercial use. Most development is found along the Dulles Access Toll
Road (Virginia 267), and also along major connector roads such as South Lakes Drive and
Glade Drive. There are fewer parks and open space parcels in the Snakeden Branch
subwatershed than other subwatersheds in the Difficult Run Watershed. Open space and
parks account for 14 percent of the total acreage. Major parks include the South Lakes Drive
Park — a small County park directly south of the sizeable Reston National Golf Course.
Grounds and fields of several schools also constitute open space in this subwatershed. In
addition, the South Lakes, Lake Audubon and Lake Thoreau are located in the Snakeden
Branch subwatershed. No historical sites lie within the subwatershed.

There are 235 acres, 11 percent of the subwatershed, used for transportation such as roads
or highways. Total impervious area for the subwatershed, which includes all roads, parking
lots, residential driveways and buildings, is approximately 605 acres, or 27 percent of the
total subwatershed area. Snakeden Branch impervious levels are among the highest in the
Difficult Run watershed. A complete summary of land use within the subwatershed can be
found in Table 3.33.
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Table 3.33 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres  Percent Acres  Percent
Golf Course 116 5% 116 5% 0 0%
Estate residential 72 3% 34 2% -38 -2%
Low-density residential 142 6% 181 8% 39 2%
Medium-density residential 256 11% 256 11% 0 0%
High-density residential 668 30% 668 30% 0 0%
Low-intensity commercial 57 3% 39 2% -18 -1%
High-intensity commercial 168 7% 214 10% 47 2%
Industrial 1 0% 0 0% -1 0%
Institutional 121 5% 121 5% 0 0%
Transportation 235 11% 235 11% 0 0%
Water 91 1% 91 1% 0 0%
Total 2,239 100% 2,239 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

When comparing existing land use to future land use, the notable changes are projected in
the open space, estate residential, low-density residential, low-intensity commercial, and
high-intensity commercial categories. Intensity of commercial development is projected to
increase in the Snakeden Branch subwatershed.

Estate residential and open space acreages are Figure 3.9  Changed Land Use
projected to decrease (-2 percent and -1 percent,
respectively) while low-density residential and high-
intensity commercial acreages are projected to

OS-LIC
OS-LDR_ 7 acres

increase by 2 percent. Analysis shows that there is 1 acre
a small demand for both higher-density housing OS-HIC ESR.LDR
and commercial opportunities in the Snakeden 21 acres /- i

Branch subwatershed. |38 acres
According to Figure 3.9, a cumulative 46 acres (50
percent of all land use changes) are projected to
shift to a high-intensity commercial use, and 29
acres (31 percent of all land use changes) are
projected to shift from open space to a higher- LIC-HIC IND-HIC
intensity use. These shifts can lead to increases in 24 acres 1 acre
impervious surface and the potential for additional

runoff and pollutants to enter the stream.
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3.19.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are 17 stormwater management facilities within the Snakeden
Branch subwatershed. Seventy percent of the Snakeden Branch subwatershed is not
served by any stormwater management facility. Twenty-eight percent of the total area has
guantity control only and the remaining 2 percent receives both quantity and quality
control.

The difference between the amount of total developed area in the subwatershed (82
percent) and the area served by stormwater management (30 percent) indicates a possible
need for additional management efforts, specifically in the industrial and high-density
residential areas and low-intensity commercial areas in the upstream half of the watershed.
Several medium-density residential areas along tributaries in the downstream half of the
watershed would also benefit from additional stormwater management efforts. Additional
information on the location of the stormwater management facilities in the Snakeden Branch
subwatershed is located in Appendix D.

Outfalls

The storm drainage system connects the
developed portions of the land to the stream
system. Stormwater outfalls are located
where the stormwater system ends and the
natural channel begins. Outfalls may be
sources of pollutants and excessive stormflow
from pipes can cause erosion at the outfall
and downstream. Field crews located 42
outfall pipes in Snakeden Branch. Three of
these pipes are having a major impact on the
stream stability. All three of these are located
on the same reach and have severe erosion.

A 16-inch concrete pipe is located south of
the Dulles Access and Toll Road near
Alexander Bell Drive. Severe erosion is
occurring where the pipe segments have
separated (Photo 3.55). A second outfall,
located just downstream, is an 18-inch pipe
located 75 feet from the channel as shown in
Photo 3.56. These two outfalls together make
up a candidate restoration site S101.

The third outfall lies within the stream

channel, and is located south of Sunrise Photo 3.55 Severe erosion and pipe segment
Valley Drive and just east of Barton Hill Road ~ Separation at a 16-inch outfall located near
(Photo 3.57). This site is identified a potential ~ Alexander Bell Drive (DFSB006.PO0E).
restoration site (S102) due to the severe

erosion.
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Photo 3.56 An 18-inch outfall causing severe Photo 3.57 Pipe located south of Sunrise
erosion located downstream of the outfall Valley Drive and just east of Barton Hill Road.
shown in Photo 4.1 (DFSB006.P005). Major erosion around the structure is evident

(DFSB006.P003).

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. Two of the 32 stream
crossings in the Snakeden Branch subwatershed are having a severe to extreme impact on
the stream character:

o A wooden footbridge has severe upstream and downstream bed erosion and high
upstream bank erosion. The bridge is a located near a potential stream restoration
site and will be addressed.

e The bridge under Hunter Station Road (Virginia 677) has some bed erosion and
possibly some undermining of the bridge. The bridge is a possible site for alleviating
flooding.

3.19.4 Soils

Soils found in the Snakeden Branch subwatershed belong primarily to the Glenelg — Elioak
— Manor association. This association consists of rolling and hilly landscapes, which can
generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly
shallow with numerous natural springs. The subwatershed contains 71 percent of the B
hydrologic soil group with Glenelg silt loam being the dominant soil type (55 percent). B soils
and the Glenelg soil type are compatible with infiltration practices and may provide
potential stormwater management sites. There are 129.7 acres of land with unclassified
soils in the Snakeden Branch subwatershed. Soils that cover at least 20 acres within the
subwatershed are located in Appendix A.

3.19.5 Geomorphology

There are approximately 8.2 miles (43,296 feet) of stream in the Snakeden Branch
subwatershed that were assessed and assigned a Channel Evolution Model classification
as part of the Stream Physical Assessment. The classification indicates the stream
channel’s physical condition and stability as a response to disturbances such as upstream
land use changes.
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Most of the total reach length is Type Ill, which is indicative of an unstable channel
that is actively widening as a response to changes in the streamflow. The remaining
portion is a small section of Type IV located just upstream of Lake Audubon that is in
the beginning stages of recovery and stabilization.
Channel substrate throughout the subwatershed is made up of gravel and sand.
The majority of the stream banks were moderately unstable which can lead to stream
erosion during high flows and flood events. There were 125 linear feet of erosion
noted that were having an extreme impact on the stream with a potential threat to
property and infrastructure. One of these points is located on a tributary to Snakeden
Branch near the tributary’s confluence with the mainstem and is shown in Photo
3.58. This site is potential stream restoration site S25.
The other two areas of erosion are on a single reach approximately 500 feet from
one another. These are located on the mainstem of Snakeden Branch upstream of
Lake Audubon. This potential stream restoration site S103, shown in Photo 3.59

Photo 3.58 Erosion located south of South Photo 3.59 Erosion located between Old Trail
Lakes Drive (DFSB012.E001). Drive and Millenium Lane (DFSB015.E001).

There are nine stream blockages, primarily trees. Four of these blockages are likely
restricting fish passage. The worst obstruction is located at the confluence of the two
upstream tributaries near Tanbark Drive and is a potential stream restoration site. All
other stream obstructions were considered to have less significant and were not
considered further for study.

There are four sanitary lines either crossing the stream or within the stream banks
that were exposed and causing erosion problems and/or an obstruction during higher
flows.

The sanitary line near Robert Fulton Drive is in severe disrepair and is a potential
stream restoration site.

The utility at the end of Wilder Point Road is shown in Photo 3.60 and is a potential
stream restoration site.

The utility at the southern end of Mossy Creek Lane is shown in Photo 3.61 and is
also a potential stream restoration site.
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Photo 3.60 Exposed sanitary utility line Photo 3.61 Exposed utility at the southern
crossing stream (DFSB006.U002). end of Mossy Creek Lane.

3.19.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002.

o Seventy-three percent or the streams have fair habitat for aguatic insects and fish,
18 percent is poor, 6 percent is very poor and only 3 percent is considered good
habitat for aquatic insects and fish. With the exception of the most upstream reach of
Snakeden Branch, the entire mainstem has fair to good habitat.

e There are 13,860 feet (2.6 miles) of buffer encroachment (this length includes left
and right banks combined). Of this, 75 percent of the encroachment is from lawn or a
combination of lawn and docks, 23 percent is golf course. None of the buffer impacts
have good restoration potential due to the existing land use.

¢ Ninety-two percent of the assessed stream length has 70 percent or less of both
stream banks covered by vegetation. Typically this vegetation is scattered grasses,
shrubs and forbs.

3.19.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Snakeden Branch incorporate data on the amount, character and location of the
land use, impervious cover, topography, vegetation, streams and stormwater management
to generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
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Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

Snakeden Branch has land cover that is 27 percent impervious. The majority of the
subwatershed is a higher density residential, such as around Lake Audubon or Lake
Thoreau, or commercial, such as along the Dulles Toll Road. The area with both the highest
modeled runoff volume and the highest pollutant loadings is DFSB0002, which stretches
from Springwood southeast to Glade Road. This catchment is well over two-thirds high-
density residential area. Refer to DFSB_4 for the catchment locations.

West of catchment DFSB0002 is DFSB0001, another catchment with above average runoff
and pollutants. This catchment contains Reston Parkway and east along the stream. While it
also contains a large amount of high-density residential area, it contains open space and
commercial areas as well. Results are shown in Table 3.34.

Table 3.34 Existing and Future Modeling

Snakeden Branch 52 = ) %‘ 5 %‘ 5 %
Catchments é E \\E § E g é é z é é o §
DFSB0001 E 7.95 0.2 184.2 6.8 0.8
F 7.94 0.2 183.9 6.8 0.8

C 0% 0% 0% 0% 0%

DFSB0002 E 6.38 0.21 148.7 5.6 0.8
F 6.34 0.2 148.5 5.6 0.8

C -1% -5% 0% 0% 0%

DFSB0004 E 5.64 0.15 113.5 4.6 0.6
F 5.62 0.15 113.4 4.6 0.6

C 0% 0% 0% 0% 0%

DFSB0006 E 2.33 0.18 24.2 1.2 0.2
F 2.65 0.19 29.8 1.5 0.3

C 14% 6% 23% 25% 50%

DFSB9201 E 2.67 0.13 26.5 1.5 0.3
F 3.25 0.14 45.6 2.3 0.4

C 22% 8% 72% 53% 33%

DFSB9301 E 4.32 0.16 84.0 3.9 0.6
F 4.43 0.16 90.5 4.0 0.6

C 3% 0% 8% 3% 0%

DFSB9402 E 9.75 0.23 199.2 7.7 0.9
F 11.67 0.23 238.0 8.6 0.9

C 20% 0% 19% 12% 0%

DFSB9501 E 7.06 0.15 139.7 55 0.8
F 7.01 0.15 136.2 5.4 0.7

C -1% 0% -3% -2% -13%

DFSB9901 E 4.2 0.13 99.8 3.9 0.5
F 4.2 0.13 99.9 3.9 0.5

C 0% 0% 0% 0% 0%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

3-125



Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action
Snakeden Branch
Most of the catchments saw an increase in runoff and pollutants, but the two catchments
with the largest percent increase are DFSB9201 and DFSBO0006, located at the outlet to the
subwatershed. These catchments are relatively undeveloped with low existing pollutant
loads, and have several areas changing from estate to low-density residential.

3.19.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Two crossings in the subwatershed were overtopped with existing flows, as shown in Table
3.35. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.35 Culvert Hydraulic Modeling

] Flood Year
Culvert Crossing
100 50 25 10 5 2 1
10 Hunters Den Lane E X X X X X
11 Hunter Station Road E X X X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #10 (Photo 3.62) overtopped for all events except the one-year. This is a local road,
and so is required to pass the 10-year event.

Culvert #11 (Photo 3.63) overtopped for all events. Hunter Station Road is a primary road,
uses mainly for through traffic. It is therefore required to pass the 25-year event.

Photo 3.62 Snakeden Branch Mainstem at Photo 3.63 Snakeden Branch Mainstem at
Hunters Den Lane Hunter Station Road

3.19.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Snakeden Branch subwatershed are listed below. Refer to DFSB_4 for
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site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S25 The stream has signs of erosion considered severe but with a high potential for
restoration (Photo 3.58).

S101 There are outfall pipes that are causing major erosion and have the potential to
destroy existing parking lots and sanitary sewers (Photo 3.55, 3.56 and 3.60).

S102 There are utility lines in the stream that erosion has unearthed (Photo 3.57).

S103 There is erosion that is considered severe with a high potential for restoration at this
site. It is located directly upstream of site S25 (Photo 3.59 and 3.61).

Hydrology and Water Quality

D24 (Catchment DFSB9201) This site has better than average conditions for the
subwatershed for runoff flows and pollutant loads. It was selected because it is a
proposed site for a regional pond.

C23 (Catchment DFSB0002) This catchment has the highest runoff flows and pollutant
loads in the subwatershed. Within this catchment, the stream is actively widening.
Site S103 is also in this catchment.

C24 (Catchment DFSB9402) This catchment has below average flows and pollutants.
Within this catchment are two stream restoration sites, S101 and S102, both of which
have erosion.

C28 (Catchment DFSB9501) This catchment has average flows and pollutants for the
subwatershed, but they are high for the Difficult Run watershed as a whole.

C35 (Catchment DFSB0001) The runoff and pollutant loads are higher than average for
Difficult Run. The streams within the catchment have erosion and poor habitat.

Flooding

F10 The culvert at Hunters Den Lane overtopped for all events except the one-year. This
is a local road, so it must pass the 10-year event (Photo 3.62).

F11  The bridge on Hunter Station Road overtops for all events. Hunter Station Road is a
primary road that should pass the 25-year event (Photo 3.63).

Preservation

P34 (Catchment DFSB0006) Percent increases in the pollutant loads between the
existing and future conditions are projected to be the highest in this catchment due to
changes from estate residential to low-density residential.

3.19.10 Reston Watershed Plan Assessment

Five areas of Snakeden Branch and its tributaries were assessed. Results of the physical
assessments and hydraulic modeling for each of these reaches are discussed below, with a
reference to the equivalent catchment area defined in the Difficult Run Watershed Plan,
followed by a comparison with the assessment between plans. Refer to Section 3.16 for a
discussion of projects proposed to address these issues.

Snakeden Branch (DFSB0001, DFSB0002)
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Reston Plan Problems with bank erosion were evident, with about 50% of the banks
affected in the stream reaches through these catchments. The problems appeared to
be evenly distributed throughout the stream, with widespread channel instabilities
caused by stormwater runoff. There were numerous exposed utilities, particularly
sewers. Hydraulic modeling showed that 30 out of 33 cross-sections had erosive
velocities from the 1-year storm, and 16 of these were highly erosive.

Difficult Run Plan The Stream Physical Assessment found similar results, with active
channel widening and unstable banks in most of the stream.

In this tributary, both the stream and catchment are high priorities in Difficult Run.
The stream reach was selected for stream restoration potential as candidate sites
S25 and S103 because of severe erosion. The catchment was selected to
investigate stormwater management retrofits as candidate sites C23 and C35.

Snakeden Tributary (DFSB9901)

Reston Plan The stream through this catchment showed similar erosion problems,
although at a smaller scale, with about 10% to 30% of the banks eroded in the
headwaters and 50% of the banks affected near the confluence with Snakeden
Branch. Several exposed sewers were also found in these streams. Hydraulic
modeling results showed 8 of 9 cross-sections had erosive velocities one of which
was highly erosive.

Difficult Run Plan The Stream Physical Assessment showed active channel widening
for the whole length of this tributary.

This stream reach was not one of the highest priority sites in the overall watershed
and wasn't selected as a candidate site to be investigated for restoration projects.
The catchment area was also had a low priority. As a result, no Fairfax County
projects will be proposed for this tributary.

Western Lower Tributary (DFSB9402)

Reston Plan The stream through this catchment showed many areas with erosion
from lateral streambank migration, with 75% of the banks affected in the upstream
reaches and around 50% affected in the lower reaches. Seven of 10 reaches
modeled for the 1-year storm showed erosive velocities, one of which was highly
erosive.

Difficult Run Plan The Stream Physical Assessment showed active widening in the
upper portion of the stream, instability in the lower portion, poor habitat throughout,
and areas of missing riparian buffer.

Both the stream and catchment conditions for the Western Lower Tributary are high
priorities in Difficult Run. The stream reach was selected for stream restoration
potential as candidate sites S101 and S102 because of erosion, exposed utilities,
and buffer impairment. The catchment was selected to investigate stormwater
management retrofits as candidate site C24.

Eastern Lower Tributary (DFSB9301)

Reston Plan This tributary also had erosion problems similar to those in the western
tributary; however, they were less severe with only 35% of the streambanks showing
active erosion. All 10 cross-sections modeled for the 1-year storm showed erosive
velocities; however, none were highly erosive.
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Difficult Run Plan The Stream Physical Assessment showed similar results. The
entire length of the tributary was assessed with active widening.

This stream reach was not one of the highest priority sites in the overall watershed
and wasn't selected as a candidate site to be investigated for restoration projects.
The catchment area was also in the lower half of the priority ranking for Difficult Run.
As a result, no Fairfax County projects will be proposed for this tributary.
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3.20 Snakeden Branch - Subwatershed Plan Actions

In the previous subwatershed condition section, information from stream assessments,

monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.36 below is a list of all projects
proposed in this subwatershed.

Table 3.36 Recommendations for Snakeden Branch

. . Candidate

Project # Project Type Site
DF9024A Pond Retrofit D-24
DF9024B Culvert Retrofit D-24
DF9024C Drainage Retrofit D-24
DF9123B Pond Retrofit C23
DF9124A Pond Retrofit C24
DF9124C Pond Retrofit C24
DF92101 Stream Restoration S101
DF92102 Stream Restoration S102
DF9225 Stream Restoration S25
DF9523 Culvert Retrofit C23
DF9524 Culvert Retrofit c24
DF9535A Culvert Retrofit C35
DF9535B1 Culvert Retrofit C35
DF9535B2 Culvert Retrofit C35
DF9723 Drainage Retrofit C23
DF9724 Drainage Retrofit C24
DF9728 Drainage Retrofit C28
DF9835 LID Retrofit C35
DF9735 Drainage Retrofit C35

3.20.1 Regional Pond Alternative Projects
D24 (DFSB9201)

Site Investigation and Projects

DF9024A (Pond Retrofit) There is an existing facility near the intersection of
Clovermeadow Road and the right of way for the future alignment of Hunter Mill
Road that could be expanded to provide additional storage for channel protection
and water quality. Retrofits would include a excavation, a multi-stage riser, sediment
forebay, micro-pools, and wetland cells to enhance pollutant removal.

DF9024B (Culvert Retrofit) This project is located upstream of the W&OD Trail. It
would provide detention storage in the floodplain, incorporating wetland features and
vegetation to improve pollutant removal.

DF9024C (Drainage Retrofit) This project would retrofit six outfalls throughout the
catchment to reduce impacts from high stormwater discharges causing scour and
erosion below the outfalls.
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3.20.2 Catchment Improvement Projects
C23 (DFSB0002)
Site Investigation and Projects

DF9523 (Culvert Retrofit) This project is located on the upstream side of the culvert
under Soapstone Road. The retrofit design would provide some detention through a
rapid drawdown controlled structure, increase the time of concentration and provide
some access to the broader floodplain for settling of solids and vegetative uptake.
Portions of this project may be constructed or superseded by Reston
Association work in this stream channel.

DF9123B (Pond Retrofit) This project would consist of the replacement of the
existing riser to increase the extended detention in this dry pond on the upstream
side of Sugarberry Court. Existing water quality components are in place to provide a
degree of nutrient uptake and sediment removal.

DF9723 (Drainage Retrofit) The highly impervious cover of this catchment is located
along the ridges, with drainage system discharging to the floodplain below. The
energy released by these systems is a significant contributor to the scour and
erosion found in this catchment. This project would provide outfall stabilization to
reduce these impacts.

C24 (DFSB9402)
Site Investigation and Projects

DF9124A (Pond Retrofit) The existing pond at the outfall to this catchment has
significantly aggraded over the years. This project would consist of a detailed
analysis and re-design of the control structure to better enable this facility to provide
channel protection storage and pollutant removal and if possible improve stream
functions such as sediment transport and fish passage.

DF9124C (Pond Retrofit) This project is a retrofit design to the pond at the northwest
corner of the intersection of the Dulles Toll Road with the W&OD Trail. This project
involves excavation to maximize available storage space and installation of a multi-
stage control structure to convert the dry pond to a wet marsh.

DF9724 (Drainage Retrofit) This project is intended to reduce the energy associated
with runoff high runoff flows at outfalls to the stream system where it induces scour
and erosion at the end of the pipes.

DF9524 (Culvert Retrofit) This project is a culvert retrofit upstream of Sunrise Valley
Drive. This project consists of excavation of incised and overly steepened
streambanks to create storage for channel protection and reduce erosive flows
downstream. The project can be built simultaneously with stream restoration project
DF92101.

C28 (DFSB9501)

Site Investigation and Projects This catchment is densely developed on rolling terrain that
provides little opportunity to provide on-site drainage improvements.

DF9728 (Drainage Retrofit) Two areas that were found to have identifiable drainage
improvements include the removal of the concrete trapezoidal channel that runs
Purple Beech and Ridge Heights, west of Lake Thoreau. Concrete channels would
be removed and replaced with grass-covered dry swales with an underdrain.
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C35 (DFSB0001)

Site Investigation and Projects

DF9535A (Culvert Retrofit) This project is a culvert retrofit located on the upstream
side of Colts Neck Road in the low-lying area which receives drainage from several
high-density residential developments. There were no ponds found upstream of this
location and this retrofit would provide channel storage volume to help reduce
erosive flows downstream.

DF9535B1 (Culvert Retrofit) This project would consist of a retrofit to the western of
the two culverts under Glade Road in the vicinity of the rear property line to Hunters
Woods Elementary School.

DF9535B2 (Culvert Retrofit) This project is the eastern culvert draining catchment
DFSB0001 beneath Glade Road. This project would provide stormwater
management to a development lacking any.

DF9835 (LID Retrofit) This project is an LID retrofit of the entire development in and
around the Hunters Woods Village Shopping Center that consists of several
commercial businesses, two churches and other associated impervious areas. The
LID retrofit approach should look for opportunities to minimize impervious cover,
increase flow paths and durations and construct engineered infiltration facilities to
better aid in the reduction of runoff volume.

DF9735 (Drainage Retrofit) This project consists of the addition of energy dissipation
devices at each of the locations where outfalls discharge into the natural
environment.

3.20.3 Stream Restoration Projects
S25

Site Investigation and Projects: The site investigation showed severe incision and raw
vertical streambanks with limited recovery of the low flow channel and some floodplain re-
establishment. One project was identified

DF9225 (Stream Restoration) The project would create a pattern, dimension, and
profile more consistent with a natural stream. Banks would be stabilized and
floodplain connections improved. Diverse riffle pool bed morphology would be
created. S25 and S103 would be combined into a single project. Portions of this
project may be constructed or superseded by Reston Association work in this
stream channel.

S101

Site Investigation and Projects: The site investigation showed extreme incision and highly
erosive banks on both sides of the stream. The stream had a poor riffle run bed morphology.
In addition to the candidate reach, the site contains two side tributaries that are equally
impaired. Further bank failure would threaten existing parking lots, sanitary sewers, and
stormwater outfalls. One project was identified.

DF92101 (Stream Restoration) The project would create a pattern, dimension, and
profile more consistent with a natural stream. Banks would be stabilized and
floodplains would be excavated. Stormwater outfalls would be reconfigured and
sanitary sewer lines would be permanently protected.

S102
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Site Investigation and Projects: The stream is incised and has widened so that utility lines
are exposed in several locations.

DF92102 (Stream Restoration) The project will restore two of the reaches by
reconstructing the existing channel. The remaining reaches can be stabilized in place
either by regrading the streambanks, or by armoring.

S103

Site Investigation and Projects: See S25.

3.20.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the areas described below include reducing runoff volume, peak
flows, and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects

No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for the areas listed below are described in Chapter 4.

3.20.5 Reston Watershed Plan Recommendations for Snakeden Branch

Structural measures were recommended in Snakeden Branch for drainage areas of the
mainstem of Snakeden Branch and three tributaries. Specific locations within these areas
were not identified. The recommendations included the following:

Pollution Prevention

Reston Plan No projects of programs were identified for specific areas.

Difficult Run Plan One pollution prevention project specific to Snakeden Branch was
identified in this plan, DF9902 for outreach to the Reston National Golf Course for
fertilizer and pesticide management techniques.

On-site stormwater controls

Reston Plan No retrofit projects were identified for specific areas.

Difficult Run Plan Several of these measures are proposed for Snakeden Branch in
project DF9835 above, which identifies general areas and parcels where topography
and land use would make on-site controls particularly effective.

Stormwater Attenuation

Reston Plan (20 structures) These projects are designed to detain and reduce the
peak flow from the channel-forming discharge. Smaller versions of these types of
attenuation systems at unspecified storm sewer inlets are also proposed in the
Reston Plan.

Difficult Run Plan Culvert retrofit projects DF9024B, DF9523, DF9535A, and
DF9535B recommended for Snakeden Branch are similar to the Reston Plan
attenuation structures.

Floodplain Spreaders
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Reston Plan (10 structures) These projects are designed to divert stormwater from
paved ditches and storm sewers and allow it to flow over the floodplain at much
lower energy levels and reduce scour at outfalls.

Difficult Run Plan These types of structures are a potential solution for the drainage
retrofits at outfalls described in projects DF9024C, DF9723, DF9724, DF9728, and
DF9735.

Check Dams

Reston Plan (30 structures) These projects provide stabilization for intermittent
streams by creating step pools which lower the erosive velocity. There are no
equivalent projects in the Difficult Run Watershed Plan.

Difficult Run Plan There are no equivalent projects specifically called out in the this
plan, although these techniques could be used as part of the drainage retrofits
described in projects DF9024C, DF9723, DF9724, DF9728, and DF9735 in this plan.

Stream Restoration

Reston Plan (7,000 Feet) The Reston Plan proposes restoration of up to 7,000 feet
of stream throughout Snakeden Branch.

Difficult Run Plan Two projects were identified in sites S25 and S101. Project
DF9225 would restore 1,890 feet and project DF92101 would restore 610 feet of

stream.
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3.21 The Glade — Subwatershed Condition
3.21.1 Subwatershed Characteristics

The Glade subwatershed is one of the smaller subwatersheds in the Difficult Run
watershed. It has an area of approximately 853 acres (1.33 mi®). It is located in central
Fairfax County. Much of the watershed lies between Glade Drive, which forms the northern
boundary, and Lawyers Road (Virginia 673), which lies along the southern subwatershed
divide. The subwatershed extends from Reston Parkway (Virginia 602) on the western edge
to Hunter Station Road (Virginia 677) at the downstream end.

The Glade subwatershed is located in the west-central area of the Difficult Run watershed.
The single 3.8 mile stream flows in an easterly direction to the confluence with Snakeden
Branch.

Refer to DFGL_1 for a map of the Glade subwatershed highlighting the Subwatershed
Characteristics including, existing land use, flood limit, wetlands, resource protection
areas and stormwater management.

3.21.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The Glade subwatershed is moderately densely developed. Twenty-nine percent of the
Glade subwatershed is developed as low-density or estate residential, and 22 percent is
developed as medium-density residential. Only 2 percent of the subwatershed is developed
for high-density residential, commercial or industrial uses. The majority of the more
developed area is along Lawyers Road (Virginia 673) and the major arterial Glade Drive.
There are 106 acres used for transportation rights-of-way (12 percent of the subwatershed).

Total impervious area for the subwatershed, which includes all roads, parking lots,
residential driveways and buildings, is approximately 138 acres, or 16 percent, of the total
subwatershed area. Twenty-nine percent of the subwatershed is open space although no
major developed parks or recreational facilities exist. No historical sites lie within the
subwatershed. A complete summary of land use within the subwatershed can be found in
Table 3.35.

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.
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Table 3.37 Existing and Future Land Use

Existing Future Change

Land Use Type Acres  Percent Acres  Percent Acres  Percent
I I
Golf Course 0 0% 0 0% 0 0%
Estate residential 26 3% 23 3% -4 0%
Low-density residential 225 26% 233 27% 8 1%
Medium-density residential 190 22% 190 22% 0 0%
High-density residential 20 2% 20 2% 0 0%
Low-intensity commercial 12 1% 12 1% 0 0%
High-intensity commercial 4 0% 4 0% 0 0%
Industrial 0 0% 0 0% 0 0%
Institutional 19 2% 19 2% 0 0%
Transportation 106 12% 106 12% 0 0%
Water 0 0% 0 0% 0 0%
Total 853 100% 853 100% 0%

The Glade subwatershed had the least amount Figure 3.10 Changed Land Use
of change between existing and future land use

projections in Difficult Run. There is a projected 1
percent increase in low-density residential
acreage and a projected 1 percent decrease in
open space.

According to Figure 3.10, 8 acres are projected to
shift from estate residential in the existing land
use to low-density residential in the future land
use, and 4 acres were projected to shift from
open space to estate residential in the future land
use.

7 ESR-LDR
8 acres

3.21.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are four stormwater management facilities within The Glade
subwatershed. Ninety-two percent of the subwatershed is not served by any stormwater
management facility. Eight percent of the total area has quantity control only. There is no
area within the subwatershed that receives both quantity and quality control.

The difference between the amount of total developed area in the subwatershed (69
percent) and the area served by stormwater management (8 percent) indicates a possible
need for additional management efforts, particularly in the industrial and low and medium
density residential areas that border most of the stream length. Additional information on the
location of the stormwater management facilities in the Glade subwatershed can be found in
Appendix D.
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Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews did not locate any outfall pipes that were having a significant impact on the
stream.

Stream Crossings

Stream crossings, such as bridges and
culverts are often locations of erosion and
flooding. The combination of aging structures
and frequently high stormwater levels can
cause downstream stream stability problems
and habitat impairment. Seventeen of the 21
stream crossings in The Glade subwatershed
are wooden footbridges. All but two crossings
have very little impact on stream character.
The two with more significant impact are
wooden footbridges where the flow is creating
moderate bank erosion. The erosion was not
significant enough to warrant further study or Photo 3.64 Wooden bridge where stream flow

restoration. The crossings are shown in is causing moderate erosion. Located just off
Photos 3.64 and 3.65. of Bassett Lane (DFGL008.C004).
3.21.4 Soils

Soils found in The Glade subwatershed

belong primarily to the Glenelg — Elioak —

Manor association. This association consists

of rolling and hilly landscapes, which can

generate rapid runoff, and micaceous soils,

which are erodible. The groundwater is fairly

shallow with numerous natural springs. The

subwatershed contains 78 percent of the B

hydrologic soil group with Glenelg silt loam

being the dominant soil type (66 percent). B

soils and the Glenelg soil type are compatible

with infiltration practices and may provide

potential stormwater management sites.

There are 0.6 acres of land with unclassified

soils in the subwatershed. Soils that cover Photo 3.65 Wooden bridge where stream flow
at least 20 acres within the subwatershed is causing moderate erosion. Located just west
can be found in Appendix A. of Steeplechase Drive (DFGL008.C001).
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3.21.5 Geomorphology

There are approximately 3.7 miles (19,427
feet) of stream in The Glade subwatershed
that were assessed and assigned a Channel
Evolution Model classification as part of the
Stream Physical Assessment. The
classification indicates the stream channel’s
physical condition and stability as a response
to disturbances such as upstream land use
changes. One reach (928 feet), near the
north end of Howland Drive, was not
assessed because it was not a natural stream
channel.

o ) Photo 3.66 Located north of Lawyers Road
The stream channel substrate is primarily a between Pegasus Lane and Charlestown

mix of cobble and gravel with some sand Lane (DFGL005.E001).

present. Fifty-one percent of the total reach

length is Type IIl, which is indicative of an unstable channel that is actively widening as a
response to changes in the flow. The remaining 45 percent of assessed channel is Type IV,
which is the beginning of stream stabilization after disturbance.

There were only two specific erosion locations noted in the subwatershed. Both were
considered to be of moderate impact. These are located just downstream of a candidate
stream restoration site S26. An example of the erosion is shown in Photo 3.67.

There are ten stream blockages, primarily comprised of downed trees. Eight of these
blockages are likely restricting movement of fish within the stream system and can block
passage. Only one obstruction is thought to have a severe impact. This obstruction of trees
and debris is located on an upstream reach near Stirrup Road, upstream of the candidate
stream restoration area S26 (see Photo 3.68).

Photo 3.67 Erosion north of Lawyers Road Photo 3.68 Obstruction of trees and debris near
near Pinoak Lane (DFGL006.E001) Stirrup Road. (DFGL008.T001)
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There were no headcuts, areas of distinct
stream bed elevation change due to erosion,
and no dumpsites within the subwatershed at
the time of assessment. There were 14
ditches, of which the flows in four were
causing some moderate erosion. One ditch
located just downstream of a potential
restoration site should be addressed with the
stream restoration site.

The field crew found a total of five partially

exposed utility lines in the subwatershed,

which can pose potential problems for both

the stream and the utility lines. One utility line Photo 3.69 Utility line located just off of

of an unknown type was completely exposed. Stirrup Road on an upstream reach of the
This utility line is located just off of Stirrup subwatershed (DFGL009.U001).

Road on an upstream reach of the subwatershed and is a candidate restoration site S104
(Photo 3.69).

3.21.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002.

o Of the assessed reaches, 71 percent is considered fair habitat for aquatic insects
and fish, 18 percent is considered poor, and 8 percent is excellent. The reach
considered excellent habitat is the most downstream reach near The Glade’s
confluence with Snakeden Branch.

e There were no points along the stream that were considered to have deficient
riparian buffer.

3.21.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in The Glade incorporate data on the amount, character and location of the land use,
impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.
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The Glade subwatershed has an impervious cover of 16 percent. This subwatershed runs
parallel to and just north of Lawyers Road west of the intersection with Hunter Station Road.
The land use is mostly composed of low and medium-density residential areas with open
space around the stream.

Catchment DFGL0002, found from Steeplechase Drive east to Soapstone Drive, has the
highest modeled pollutant loadings. Refer to DFGL_4 for the catchment locations. The
highest runoff volume is found between Reston Parkway and Steeplechase Drive north of
Lawyers Road, which is catchment DFGL0OO001. Results are in Table 3.36.

Table 3.38 Existing and Future Modeling

pd o
The Glade = g _ 5 g % g % :;
Catchments = g = éf\g % c\g < c\% = Eu
¥ESE &5 s &8 &8
DFGL0001 E 3.63 0.12 56.9 2.8 0.5
F 3.63 0.12 56.9 2.8 0.5
C 0% 0% 0% 0% 0%
DFGL0002 E 3.49 0.13 51.3 2.6 0.5
F 3.49 0.13 51.6 2.6 0.5
C 0% 0% 1% 0% 0%
DFGL0004 E 2.93 0.14 33.3 1.8 0.4
F 2.97 0.15 34.3 1.9 0.4
C 1% 7% 3% 6% 0%

E — Existing conditions results, F — Future conditions results, C — Change between existing and
future shown as a percentage of the existing condition. Value is based on unrounded figures

There is less land use change set to take place in this subwatershed than in most
subwatersheds. There are only a few areas of open space changing to estate residential or
estate residential changing to low-density residential.

3.21.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Two stream crossings were modeled in the subwatershed; neither was overtopped with
existing flows.

3.21.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in The Glade subwatershed are listed below. Refer to DFGL_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S26  The Stream Physical Assessment identified a significant portion of the stream,
including this reach, which has erosion causing unstable banks (Photo 3.67).
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S104 A utility line was found in the stream along with unstable banks caused by erosion
(Photo 3.69).

Hydrology and Water Quality

C40 (Catchment DFGL0001) Pollutant loads and flows are higher than the subwatershed
average. S26, with unstable banks and erosion, is located downstream of this
catchment

3.21.10 Reston Watershed Plan Assessment

The assessment covered the mainstem of The Glade down to the lowest reaches that were
not assessed because they were primarily beaver habitat and no stream improvements
were expected to be proposed. Results of the physical assessments and hydraulic modeling
are discussed below, with a reference to the equivalent catchment areas defined in the
Difficult Run Watershed Plan.

The Glade (DFGL0001, DFGL0002, upstream half of DFGL0004)

Reston Plan Problems with bank erosion were found during the assessment. The
percentage of streambanks affected increased downstream, with 10 to 20 percent
eroded in DFGL0001, 30 to 50 percent in DFGL0002, and 35 percent in DFGL0004.
Exposed utilities were also found. Hydraulic modeling showed that 35 out of 40
cross-sections had erosive velocities from the 1-year storm; however, only 2 of these
were highly erosive.

Difficult Run Plan The Stream Physical Assessment for this project found similar
results, with active widening through DFGL0001 and DFGL0002, and more than 60
percent of the streambanks unstable for the entire length of the mainstem assessed
in the Reston Plan.

The stream reach with the highest percentage of erosion was selected as candidate
site S26. The catchment upstream of this site was a high priority and was selected
for stormwater management project investigation as candidate site C40.
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3.22 The Glade - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.37 below is a list of all projects
proposed in this subwatershed.

Table 3.39 Recommendations for The Glade

. . Candidate
Project # Project Type Site
DF92104 Streambank Stabilization  S104
DF9540A Culvert Retrofit C40
DF9540B Culvert Retrofit C40
DF9740 Drainage Retrofit C40

3.22.1 Regional Pond Alternative Projects
There are no proposed regional pond sites.
3.22.2 Catchment Improvement Projects
C40 (DFGL0001)

Site Investigation and Projects:

DF9540A (Culvert Retrofit) This project would consist of a culvert retrofit on the
upstream side of Steeplechase Road at the outlet to this catchment. This retrofit
would be designed to reduce erosive flows downstream by extended detention of
smaller storms, and allow for settling and vegetative uptake of pollutants.

DF9540B (Culvert Retrofit) This project would consist of a culvert retrofit on the
upstream side of Colts Neck Road where the north branch of this tributary crosses.
This retrofit would be designed designed as an extended detention dry pond with a
sediment forebay and micropool with the primary goal of reducing erosive flows
downstream, and secondarily to allow for settling and biological uptake of nutrients.

DF9740 (Drainage Retrofit) This project would include the removal of all concrete
ditch conveyance channels with dry swales and the improvement of outfall protection
throughout the catchment. The primary impact of this project would be to reduce
erosive velocities, promote infiltration into the ground, and provide a slower, less
destructive drainage system to convey runoff to receiving streams.
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3.22.3 Stream Restoration Projects
S26

Site Investigation and Projects: The site investigation showed raw banks and moderate to
severe incision. The stream had good pool variability and stable riffle bed features. The
stream is largely recovered with some floodplain re-development. Constraints associated
with utilities and wetland impacts outweigh the benefits of a bank stabilization project, so no
project was identified.

S104

Site Investigation and Projects: The site investigation found three pieces of disconnected
reinforced concrete stormwater pipe in the stream. The pipes have created an obstruction
that has initiated streambank erosion. One project was identified

DF92104 (Streambank Stabilization) The stream would be realigned with a new
pattern and profile to be more stable with the existing flow regime. The obstruction
would be removed as part of this project.Portions of this project may be
constructed or superseded by Reston Association work in this stream
channel.

3.22.4 Preservation
No preservation candidate sites were identified for this subwatershed.
3.22.5 Reston Watershed Plan Recommendations for The Glade

Structural measures were recommended for drainage areas of the mainstem of The Glade.
Specific locations within these areas were not identified. The recommendations included the
following:

Stormwater Attenuation

Reston Plan (10 structures) These projects are designed to detain and reduce the
peak flow from the channel-forming discharge, reducing scour at outfalls. Smaller
versions of these types of attenuation systems at unspecified storm sewer inlets are
also proposed.

Difficult Run Plan Culvert retrofit projects DF9540A and DF9540B in this plan are
similar to the Reston Plan attenuation structures.

Floodplain Spreaders

Reston Plan (10 structures) These projects are designed to divert stormwater from
paved ditches and storm sewers and allow it to flow over the floodplain at much
lower energy levels.

Difficult Run Plan Floodplain spreaders are a potential solution for the drainage
retrofits at outfalls described in project DF9740A in this plan.

Check Dams

Reston Plan (10 structures) These projects provide stabilization for intermittent
streams by creating step pools which lower the erosive velocity.
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Difficult Run Plan There are no equivalent projects specifically called out in this plan,
although these techniques could be used as part of the drainage retrofits described
project DF9740A in this plan.

Stream Restoration

Reston Plan (4,000 feet) The Reston Plan proposes restoration of up to 4,000 feet
of stream throughout The Glade.

Difficult Run Plan Candidate site S26 was assessed in the field but restoration
potential outweighed the constraints associated with access and construction.
Project DF92104 would remove stream blockages and restore 920 feet of unstable

streambanks.

3-144



Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action
Middle Difficult Run
3.23 Middle Difficult Run — Subwatershed Condition

3.23.1 Subwatershed Characteristics

The Middle Difficult Run subwatershed has an area of approximately 1,721 acres (2.69
mi?) located in center of the Difficult Run watershed. The Dulles Access Toll Road (Virginia
267) virtually bisects the subwatershed into two pieces. Hunter Mill Road (Virginia 674)
forms the approximate western boundary. Beulah Road (Virginia 675) forms the
approximate eastern boundary. Crowell Road (Virginia 675) forms the approximate northern
boundary. The Difficult Run Stream Valley Park provides the approximate southern
boundary.

The 7.6 miles of stream generally flow in a northeast direction. The mainstem of this section
of Difficult Run extends from the confluence with Piney Branch to the confluence with
Wolftrap Creek.

Refer to DFDFM__1 for a map of the Middle Difficult Run subwatershed highlighting the
Subwatershed Characteristics including: existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.23.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The Middle Difficult Run subwatershed is developed to a slight to moderate density with 47
percent developed as low-density or estate residential. Only 2 percent of the subwatershed
is developed as a commercial use. The majority of this area is concentrated south of the
Dulles Access Toll Road (Virginia 267), and along Hunter Mill Road (Virginia 674).

There are 231 acres of the subwatershed, or 13 percent, used for transportation such as
roads and highways. Total impervious area for the subwatershed, which includes all roads,
parking lots, residential driveways and buildings, is approximately 248 acres, or 14 percent
of the total subwatershed area.

Twenty-six percent of the subwatershed is preserved for open space or parks. Major parks
include the majority of the Difficult Run Stream Valley Park, Tamarack Park, Meadowlark
Gardens Regional Park (contains Sun Valley Park), and a portion of the Colvin Run Mill
Park. No historical sites lie within the subwatershed.

A summary of land use within the subwatershed can be found in Table 3.38.
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Table 3.40 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres  Percent Acres  Percent
Golf Course 36 2% 0 0% -36 -2%
Estate residential 268 16% 293 17% 25 1%
Low-density residential 537 31% 626 36% 90 5%
Medium-density residential 108 6% 110 6% 3 0%
High-density residential 0 0% 0 0% 0 0%
Low-intensity commercial 20 1% 14 1% -7 0%
High-intensity commercial 24 1% 35 2% 12 1%
Industrial 0 0% 0 0% 0 0%
Institutional 52 3% 52 3% 0 0%
Transportation 231 13% 231 13% 0 0%
Water 0 0% 0 0% 0 0%
Total 1,721 100% 1,721 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

When comparing existing land use to future land use, the notable changes are projected in
the open space and low-density residential categories. Decreases are projected in the open
space (-5 percent) and golf courses (-2 percent) categories, while increases are projected in
the estate residential (+1%), low-density residential (+5 percent), and high-intensity
commercial (+1 percent) land use categories.

According to Figure 3.11, 57 acres are projected to shift from open space in the existing
land use to low-density residential in the future land use. Twenty acres may shift from open
space to estate residential in the future land Figure 3.11. Changed Land Use

use. In fact, 85 acres, or 52 percent of all land
use changes, are projected to shift from open
space to a higher intensity use in the future.
This does not guarantee that the open space OS-LDR
will become developed - it suggests that these 57 acres
areas of open space can be used for
development/ redevelopment in the future.

ESR-LDR
35 acres

Thirty-five acres are projected to shift from

estate residential to low-density residential in OS-HIC
the future land use. This suggests a need for 8 acres LDR-MDR
more and possibly higher-density residential OS-ESR 2 acres
uses in the Middle Difficult Run subwatershed. 20acres e LICESR

3 acres

4 acres
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3.23.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are three stormwater management facilities within the Middle
Difficult Run subwatershed. Seventy-five percent of the Middle Difficult Run subwatershed is
not served by any stormwater management facility. Nineteen percent of the total area has
guantity control only and the remaining 5 percent receives both quantity and quality
control.

The difference between the amount of total developed area in the subwatershed (73
percent) and the area served by stormwater management (25 percent) indicates a possible
need for additional management efforts, specifically in the low-density and medium-density
residential areas. A list of all stormwater management facilities in the Middle Difficult Run
subwatershed can be found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located four outfall pipes discharging into the Middle Difficult Run subwatershed.
All pipes have little impact on stream integrity and do not require repair.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. There were 27 stream
crossings located in the subwatershed during the Stream Physical Assessment. None of the
crossings were having a significant impact on the stream condition.

3.23.4 Soils

Soils found in the Middle Difficult Run subwatershed belong primarily to the Glenelg — Elioak
— Manor association. This association consists of rolling and hilly landscapes, which can
generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly
shallow with numerous natural springs. The subwatershed contains 61 percent of the B
hydrologic soil group with Glenelg silt loam being the dominant soil type (31 percent). B soils
and the Glenelg soil type are compatible with infiltration practices and may provide
potential stormwater management sites. Soils that cover at least 20 acres within the
subwatershed can be found in Appendix A.

3.23.5 Geomorphology

There is approximately 7.3 miles (38,310 feet) of stream in the Middle Difficult Run
subwatershed that were assessed and assigned a Channel Evolution Model classification
as part of the Stream Physical Assessment. The classification indicates the stream
channel’s physical condition and stability as a response to disturbances such as upstream
land use changes.
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Fifty-three percent of the total reach length is Type Ill, which is indicative of an actively
widening and unstable stream channel as a result of changes in flow. The remaining 45
percent of assessed channel are Type I, which is generally characterized by a downcutting
channel and the beginnings of instability in stream banks. A mix of sand, silt, and gravel with
some areas of bedrock dominate the substrate of the Middle Difficult Run channel.

About thirty-five percent of both banks of the entire assessed stream reach were considered
moderately unstable which can lead to high erosion potential during flood events.

There were 11 points of erosion noted in Middle Difficult Run. The combined length of the
erosion points is approximately 6,660 feet (1.3 miles). Two of the 11 erosion points are
having a severe impact on stream condition. They are shown here in Photos 3.70 and 3.71.
The former is located at Candidate Site S56.

Photo 3.70 Eroding channel located between Photo 3.71 Erosion on the mainstem of Difficult
Brittenford Drive and Hunt Country Lane Run at the end of Tamarack Drive
(DFDFO049.E002). (DFDF008.E001).

3.23.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002 and winter of 2003. There were two reaches not assessed
because they were ponds or wetlands.

o Of the assessed reaches, 82 percent have fair habitat for aquatic insects and fish, 14
percent is considered poor, and 4 percent is good.

e There are 12 stream blockages, primarily composed of trees and debris. Eight of
these blockages are likely restricting movement of fish in the stream system between
habitats and for migration. Three of these obstructions have a more significant
impact on stream integrity. Two of them are shown below in Photos 3.72 and 3.73.
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There was one dumpsite within the subwatershed at the time of assessment. The dumpsite

Photo 3.72 Obstruction on the mainstem Photo 3.73 Obstruction to fish passage on the

located in Tamarack Park (DFDF007.T002). mainstem located at the terminus of Montafia
Lane, Sun Valley subdivision, directly west of
Sun Valley Park (DFDF007.T001).

was located in the stream and contained a residential oil tank. Although the dumpsite was
not active, clean up would definitely be a benefit to the stream quality. The tank is shown in
Photo 3.74 and is at candidate site S105.

e There was one sanitary line that was crossing the stream and partially buried (see
Photo 3.75). Although the line was exposed in some parts, it was stabilized and
anchored to the banks.

Photo 3.74 Residential oil tank located in Photo 3.75 Utility at the downstream end of
a tributary near Asoleado Lane the subwatershed near Valley Creek Lane

(DFDF055.M001). (DFDF005.U001).

o Fourteen percent of the total assessed length is somewhat channelized, indicating
that a significant amount of the channel has been altered and is no longer the natural
channel.

e There is 30,800 feet, or approximately 38 percent of the total, of buffer
encroachment (this length includes left and right banks combined). Of this, 25,100
feet (82 percent) is lawn or meadow and most of the remaining 18 percent is some
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combination of impervious and pervious surface. Approximately half of the buffer
encroachment length has a high restoration potential. Approximately 9,000 feet of
the buffer impact have a significant impact on the stream condition and habitat. Two
buffer encroachments are shown below in Photos 3.76, which is at candidate site
S106, and 3.78, which is site S108.
o Fifty-five percent of the assessed stream length has between 50 percent and 70
percent of both stream banks covered by vegetation. Typically this vegetation is
scattered grasses, shrubs and forbs.

Photo 3.76 Buffer impact south of Windy Photo 3.77 2000 feet of buffer impact
Knoll Lane (DFDF053.B001). upstream of Brittenford Road
(DFDF050.B002).

3.23.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Middle Difficult Run incorporate data on the amount, character and location of the
land use, impervious cover, topography, vegetation, streams and stormwater management
to generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

The Middle Difficult Run subwatershed is covered by 14 percent impervious surface. While
most of the subwatershed consists of estate and low-density residential land use, there is a
large area of commercial development, including the Parkridge Bus Park, which is in the
catchment with the highest runoff volume, DFDF6901. See DFDFM_4 for the catchment
locations. This catchment also has the highest modeled nitrogen and phosphorus loading.

The Dulles Toll Road runs through several catchments in this subwatershed, including
DFDF6901, DFDF6902, and DFDF0037. This is a large amount of impervious area that
increases the amount of runoff in these catchments compared to the catchments that do not
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contain the Toll Road. Catchment DFDF6902 also contains a higher concentration of low
and medium density residential areas, which is why it has the second highest nitrogen and
phosphorus loadings behind DFDF6901. Results are in Table 3.39.

Table 3.41 Existing and Future Modeling

Z o
Middle Difficult Run £ o = N~
Catchments % E = g3 9 8 % K % 8
£S5 &% P53 &3 &=
DFDFO0035 E 185 012 200 11 0.2
F 187 012 208 1.1 0.2
C 1% 0% 4% 0% 0%
DFDF0037 E 406 014 291 16 0.3
F 415 014 299 16 0.3
C 2% 0% 3% 0% 0%
DFDF0039 E 256 014 194 1.0 0.2
F 256 014 194 1.0 0.2
c 0% 0% 0% 0% 0%
DFDF0041 E 189 015 161 0.9 0.2
F 195 015 162 0.9 0.2
C 3% 0% 1% 0% 0%
DFDF6801 E 1.86 01 241 12 0.2
F 1.86 01 241 12 0.2
c 0% 0% 0% 0% 0%
DFDF6901 E 832 023 1351 5.5 0.6
F 948 028 1526 6.2 0.7
C 14% 2%  13%  13%  17%
DFDF6902 E 399 013 545 2.6 0.4
F 417 014 577 2.8 0.5
C 5% 8% 6% 8%  25%
DFDF7102 E 203 012 392 17 0.2
F 246 013 486 2.1 0.3
c 21% 8%  24%  24%  50%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

The future modeling shows the highest percent increase to be in catchment DFDF7102,
where there is a significant amount of area changing from open space to estate or low-
density residential or from low-density residential to medium density residential. This area is
situated approximately between Beulah Road and Brookside Lane.

3.23.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. These sites can present a hazard and are considered candidate sites for
improvement, further study and possibly a project to replace or retrofit the culvert.
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One crossing in the subwatershed was overtopped by existing flows, as shown in Table
3.40. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.42 Culvert Hydraulic Modeling

Flood Year
Culvert Crossing
100 50 25 10 5 2 1
29 Browns Mill Road E X X X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #29 (Photo 3.78) overtopped for all events. Browns Mill Road is a local road, so it is
required to pass the 10-year flow.

Photo 3.78 Difficult Run Mainstem at
Browns Mill Road.

3.23.9 Hydraulic Modeling

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Middle Difficult Run subwatershed are listed below. Refer to DFDFM_4
for site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S56  The Stream Physical Assessment found severe bank erosion at this site, and the
catchment has the second highest runoff volume in the subwatershed (Photo 3.70).

S105 The Stream Physical Assessment found a residential oil tank that should be removed
from the stream. The catchment has average runoff and below average pollutant
loading (Photo 3.74).

S106 Stream Physical Assessment inspections showed areas of unstable streambanks,
incision, and deficient buffer in this area (Photo 3.76).

S107 This site has better than average conditions for the subwatershed for runoff flows
and pollutant loads. The Stream Physical Assessment identified this site as having
deficient buffer and widening.
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S108 Inadequate buffer and stream erosion are both problems at this site. The catchment
has the highest runoff volume and peak discharge in the subwatershed (Photo 3.77).

Hydrology and Water Quality

D11 (Catchment DFDF6801) This catchment has average pollutant loading. Directly
downstream of this site is S106, which has problems with erosion.

C22 (Catchment DFDF6902) This catchment has above average runoff and average
pollutant loads. The streams in the catchment have severe erosion, are incised
(S56), and are actively widening.

C55 (Catchment DFDF6901) This site has the highest nitrogen and phosphorus loadings
in the subwatershed. Peak flows and runoff volume are also above average. Stream
site S108 in the catchment has a buffer deficiency and erosion problems. The
streams are also actively widening and incised, leading downstream into S56.

Flooding

F29  The Browns Mill Road Bridge overtops for all events. Since it is classified as a local
road, the bridge should pass the 10-year event (Photo 3.78).

Preservation

No sites were identified. Several catchments are in very good condition, but model
results from future development do not make them significantly worse. This means
that they are essentially preserved under the current development plans and
regulations.
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3.24 Middle Difficult Run - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.41 below is a list of all projects
proposed in this subwatershed.

Table 3.43 Recommendations for Middle Difficult Run

Project # Project Type Candidate Site
DF9011A Pond Retrofit D-11
DF9011C Drainage Retrofit D-11
DF9122 Pond Retrofit C22
DF92106 Stream Restoration S106
DF92108 Buffer Restoration S108
DF9522A Culvert Retrofit C22
DF9522B Culvert Retrofit C22
DF9522C Culvert Retrofit C22
DF9522D Culvert Retrofit C22
DF9555A Culvert Retrofit C55
DF9555B Culvert Retrofit C55
DF9555C Culvert Retrofit C55
DF9722 Drainage Retrofit c22
DF9755 Drainage Retrofit C55

3.24.1 Regional Pond Alternative Projects
D11 (DFDF6801)
Site Investigation and Projects

DF9011A (Pond Retrofit) This project would retrofit an existing wet pond located on
the upstream side of Windstone Road by installling a multi-stage riser to control
smaller storms and adding an aquatic bench to improve pollutant removal
performance.

DF9011C (Drainage Retrofit) These distributed projects would be designed to
dissipate energy where manmade channels flow into natural channels. This may
include riprap, plunge pools, and structural energy dissipaters.

3.24.2 Catchment Improvement Projects
C22 (DFDF6902)
Site Investigation and Projects:

DF9522A (Culvert Retrofit) This project consists of using the embankment of the
driveway off of Willow Crest Court to increase detention time, thus cutting down the
peak discharges and allowing time for sediments and pollutants to be removed from
the water.
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DF9522B (Culvert Retrofit) This project consists of using the roadway embankment
of Brittenford Drive Drive to create an extended detention dry pond for channel protection
control.Use of wetland vegetation for nutrient uptake will improve treatment effectiveness.

DF9522C (Culvert Retrofit) This project consists of using the roadway embankment
of Brittenford Drive, east of Raleigh Hill Road, to create an extended detention dry
pond for channel protection control. Use of wetland vegetation and a micropool for
sedimentation and nutrient uptake will improve treatment effectiveness.

DF9522D (Culvert Retrofit) This project consists of using the roadway embankment
of Brittenford Drive, east of Rosaleigh Court, to create an extended detention dry
pond for channel protection control.

DF9122 (Pond Retrofit) This project is located in an existing regional basin, between
Brittenford Drive and Hunt Country Lane, and consists of a redesign of the existing
dry pond to create a flat, wet marsh area will increase nutrient removal and promote
settling of solids, and to provide a multi-stage riser to provide channel protection
storage.

DF9722 (Drainage Retrofit) These projects distributed throughout the catchment are
designed to provide adequate energy dissipation at outfalls where the piped storm-
drain system discharges to a natural channel. Improvements would consist of energy
dissipation through riprap, plunge pools, or structures.

C55 (DFDF6901)

Site Investigation and Projects:

DF9555A (Culvert Retrofit) This project consists of a culvert retrofit to the crossing of
Hunter Mill Road. The retrofit would be designed to store runoff on the upstream side
of the roadway. This facility would settle out sediment.

DF9555B (Culvert Retrofit) This project consists of using the roadway embankment
of Sunset Hills Road to provide detention for channel protection and water quality
improvements.

DF9555C (Culvert Retrofit) This project consists of using the roadway embankment
of Brittenford Drive, just east of Landon Hill Road, reduce peak discharges and allow
time for sedimentation and vegetative uptake..

DF9755 (Drainage Retrofit) This project consists of reconfiguring outfalls or
retrofitting energy dissipation structures to reduce scour and erosion where flows
from the storm drainage system enter the stream. Improvements would consist of
energy dissipation through riprap, plunge pools, or structures. The primary benefit
would be reduction of sediment from localized scour or erosion.

3.24.3 Stream Restoration Projects

S56

Site Investigation and Projects: The site investigation showed moderate bank erosion
located on outer meander bends with slight incision and some floodplain bench
development. The stream was moderately sinuous and the stream had downcut to bedrock.
Upstream stormwater management retrofits are expected to reduce runoff impacts to the
point that stream can recover naturally. No project was identified.
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S105

Site Investigation and Projects: The site investigation did not find a tank located in the
stream in the area indicated. It may have been removed between the assessment and the
site investigation, so no project was identified.

S106

Site Investigation and Projects: The stream has widened and the banks are unstable in
several reaches. The buffer is deficient for most of its length.

DF92106 (Stream Restoration) The restoration approach consists of minor regrading
of streambanks to a more stable angle, and armoring specific erosion points at
meanders. Stream buffers will be restored where they are deficient.

S107

Site Investigation and Projects: The site investigation showed a stable stream without
severe enough erosion problems to justify a project.

S108

Site Investigation and Projects: The site investigation showed moderate bank erosion
located on outer meander bends with slight incision and some floodplain bench
development. The stream was moderately sinuous and the stream had downcut to bedrock.
Some buffer deficiencies were identified.

DF92108 (Buffer Restoration) Areas in the riparian zone deficient in woody
vegetation would be replanted with native trees and shrubs.

3.24.4 Preservation

No preservation candidate sites were identified for this subwatershed.
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3.25 Wolftrap Creek — Subwatershed Condition
3.25.1 Subwatershed Characteristics

The Wolftrap Creek subwatershed has an area of approximately 3,631 acres (5.67 mi®). It
is located in central Fairfax County just north of Vienna. Leesburg Pike (Virginia 7) runs
along the northeast boundary. The Dulles Toll Access Road (Virginia 267) bisects the upper
portion of the subwatershed and Beulah Road (Virginia 675) provides an approximate
western boundary. Cedar Lane (Virginia 698) and Vienna Technical Park create the
boundary.

Wolftrap Creek subwatershed is located in the east-central portion of the Difficult Run
watershed. There are 13.1 miles of stream in this subwatershed. Many other subwatersheds
border Wolftrap Creek on its northwestern course to intersect the mainstem of Difficult Run.

Refer to DFWC_1 for a map of the Wolftrap Creek subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.25.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The Wolftrap Creek subwatershed is one of the more dense subwatersheds in the Difficult
Run watershed. Twenty-six percent is developed as low-density or estate residential. Six
percent of the subwatershed is developed for commercial or industrial uses, and 28 percent
is developed for medium or high-density residential. The largest land use category is
medium-density residential, which constitutes 25 percent of the subwatershed’s acreage.
There are 536 acres, or 15 percent of the subwatershed, used for transportation use such
as roads and highways. Total impervious area for the subwatershed, which includes all
roads, parking lots, residential driveways and buildings, is approximately 839 acres, or 23
percent of the total subwatershed area.

Seventeen percent of the land in this subwatershed is preserved for open space or parks.
Major parks include the Wolftrap Stream Valley Park, the Wolftrap Farm Park, the Wolf
Trails Park, the Spring Lake Park, Foxstone Park, the Westwood Golf Course, and Briarcliff
Park. There are 12 historical sites that lie within the subwatershed. A summary of land use
within the subwatershed can be found in Table 3.42.
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Table 3.44 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres  Percent Acres  Percent
gfe”afig?‘;?’af:;’;s' and 601 17% 373 10% -228 -6%
Golf Course 136 1% 136 1% 0 0%
Estate residential 213 6% 41 1% -171 -5%
Low-density residential 718 20% 696 19% -22 -1%
Medium-density residential 906 25% 1310 36% 403 11%
High-density residential 101 3% 101 3% 0 0%
Low-intensity commercial 69 2% 86 2% 17 0%
High-intensity commercial 161 4% 161 4% 0 0%
Industrial 9 0% 9 0% 0 0%
Institutional 178 5% 178 5% 0 0%
Transportation 536 15% 536 15% 0 0%
Water 3 0% 3 0% 0 0%
Total 3,631 100% 3,631 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

When comparing existing land use to future land use, the notable changes are projected in
the medium-density residential, open space, and estate residential categories. Medium-
density residential acreage is projected to increase by 403 acres, while estate residential
acreage is projected to decrease by 171 acres. There is a loss of commercial acreage
anticipated, but an increase in industrial land. Open space land is projected to decrease by
6 percent.

According to Figure 3.12, 272 acres are projected
to shift from low-density residential in the existing
land use to medium-density residential in the
future land use. One hundred and forty-eight
acres will shift from estate residential to low-

Figure 3.12 Changed Land Use

OS-MDR
109 acres

ESR-LDR
148 acres

density residential. One hundred and nine acres
shifted from open space in the existing land use
to medium-density residential in the future land
use. One hundred and three acres are anticipated
to shift from open space to low-density
residential. Cumulatively, 227 acres, or 33
percent of all land use changes, are projected to
shift from open space to a higher density use.
This does not guarantee that the open space will
become developed — it suggests that these areas
of open space can be used for development/
redevelopment in the future.
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The largest shifts in land use from existing to future illustrate the demand for
accommodating new residential uses in Fairfax County. Other shifts show an exchange of a
lower-intensity use for a higher-intensity use except for a few cases. The 6 percent loss of
open space primarily stems from the addition of medium-density residential (403 acres) land
uses in the future to accommodate housing.

3.25.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are 45 stormwater management facilities within the Wolftrap
Creek subwatershed. Seventy-five percent of the Wolftrap Creek subwatershed is not
served by any stormwater management facility. Twenty-one percent of the total area has
guantity control only and the remaining 4 percent receives both quantity and quality
control.

The difference between the amount of total developed area in the subwatershed (81
percent) and the area served by stormwater management (25 percent) indicates a possible
need for additional management efforts, specifically in the low-density and medium density
residential areas, which account for 45 percent of the area. Additional information on the
location of the stormwater management facilities in the Wolftrap Creek subwatershed is
found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 57 outfall pipes discharging into the Wolftrap Creek subwatershed. All
pipes were smaller than 48 inches. All of these pipes were considered to have minimal
impact on the stream condition.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of structures and frequently high stormwater levels can cause downstream
stream stability problems and habitat impairment. The Stream Physical Assessment
identified 57 stream crossings in the Wolftrap Creek subwatershed. Of this total, only one
was considered to have a moderate impact on the stream character; the remaining
crossings were having a minimal impact on the stream.

3.25.4 Soils

Soils found in the Wolftrap Creek subwatershed belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes, which can
generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly
shallow with numerous natural springs. The subwatershed contains 41 percent of the B
hydrologic soil group with Glenelg silt loam being the dominant soil type (23 percent). B soils
and the Glenelg soil type are compatible with infiltration practices and may provide
potential stormwater management sites. There are 877.5 acres of land with unclassified
soils in the Wolftrap Creek subwatershed. Soils that cover at least 20 acres within the
subwatershed can be found in Appendix A.
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3.25.5 Geomorphology

There are approximately 10.9 miles (57,554 feet) of stream in the Wolftrap Creek
subwatershed that were assessed and assigned a Channel Evolution Model classification
as part of the Stream Physical Assessment. The classification indicates the stream
channel’s physical condition and stability as a response to disturbances such as upstream
land use changes. Ten reaches were not assessed because they were wetlands or
stormwater ponds, not listed, piped channels, or too channelized (made of concrete).

e Sixty-three percent of the total reach length is Type lll, which is indicative of an
unstable channel that is actively widening in response to changes in flow. The
widening reaches are located on the lower portion of the reach below the Dulles Toll
Road and upstream of Chain Bridge Road. Thirteen percent is type IV, which is the
beginning stage of stream stabilization after disturbance, and the remaining 7
percent of assessed channel is Type V which is development of a new stable
channel within the original and larger channel.

e Most of the channel substrate
throughout the subwatershed is gravel
with smaller amounts of cobble and silt
present. The remaining channel
consists of a previously restored
stream reach that is dominated by
boulder.

e There were no specific erosion points
noted in the subwatershed, however
44 percent of the stream length is
moderately unstable with high erosion
potential during flood events.

. There were five stream blockages, Photo 3.79 A severe obstruction located
primarily trees. Four of these upstream of Chain Bridge Road near Echols
blockages are likely restricting fish Street (DFWC028.T001).

movement within the stream system.
All stream obstructions were having a significant impact on stream condition. Photo
3.79 shows an obstruction that is candidate site S124.

o There were two utility lines (one sanitary, one unknown) both crossing the stream
and partially buried, or within the buffer. Both were somewhat exposed, but stabilized
and anchored to the bank, thus, having a very minor impact on the stream.

3.25.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, conducted in the fall of 2002, which provides a one time visual inspection.

Of the assessed reaches, 3 percent provides excellent habitat for aquatic insects and fish,
66 percent provides good habitat, 20 percent is fair, and 11 percent is poor habitat for
aguatic insects and fish. The areas considered to be poor were noted mostly on the
tributaries north of the Dulles Toll Road.
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There is 55,800 feet, or 40 percent of the total stream miles, of riparian buffer encroachment
(this length includes left and right banks combined). Out of this total, 34,975 feet (63
percent) of impact is from lawn, 19,275 feet (35 percent) is lawn/pavement mix, 1,050 feet (<
2 percent) is forbs, and 500 feet (<1 percent) is trees.

o 7,725 feet of the buffer encroachment is having a significant impact on the stream
condition and habitat quality. Photos of an example are shown below in Photos 3.80
and 3.81 that are located at candidate site S123.

¢ Most (66 percent) of the total buffer encroachment has good restoration potential.

Photo 3.80 Buffer encroachment with high Photo 3.81 Buffer impact near Maple Avenue
impact near Maple Avenue. (DFWCO019.B001).
(DFWC019.B002).

e Forty-seven percent of the assessed stream length has between 50 percent and 70
percent of both stream banks covered by vegetation. Typically this vegetation is
scattered grasses, shrubs and forbs.

3.25.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Wolftrap Creek incorporate data on the amount, character and location of the land
use, impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

In the Wolftrap Creek subwatershed, 23 percent of the land is covered by impervious
surface. This is higher than the majority of the other subwatersheds because several
catchments are found within the limits of the Town of Vienna.
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The catchment with the poorest modeled water quality is DFWCO0001. Along with large
commercial areas, this catchment contains several high and medium-density residential
areas. Refer to DFWC _4 for the catchment locations. Results are found in Table 3.43.

Table 3.45 Existing and Future Modeling

pd o
Wolftrap Creek = _— o
Catchpments 5 g = x g %‘ 5 %‘ 5 %‘
S=2> S5 N SR 5o

xSE &% PS8 &8 &S

DFWCO0001 E 9.18 0.25 201.3 7.8 1.0
F 9.66 0.27 225.7 8.8 1.1

C 5% 8% 12% 13% 10%

DFWC0002 E 6.39 0.15 106.5 4.8 0.8
F 7.32 0.19 144.7 6.6 1.1

C 15% 27% 36% 38% 38%

DFWCO0003 E 6.7 0.26 143.6 6.2 0.8
F 6.97 0.28 151.4 7.3 0.9

C 4% 8% 5% 18% 13%

DFWCO0004 E 8.66 0.33 143.2 6.2 0.9
F 9.34 0.36 161.6 7.6 1.2

C 8% 9% 13% 23% 33%

DFWCO0005 E 4.24 0.16 65.2 3.3 0.6
F 4.96 0.19 84.3 4.4 0.8

C 17% 19% 29% 33% 33%

DFWCO0008 E 3.37 0.13 55.4 2.8 0.5
F 3.73 0.14 63.4 3.2 0.6

C 11% 8% 14% 14% 20%

DFWCO0009 E 6.91 0.25 77.1 3.9 0.7
F 6.94 0.24 77.9 3.9 0.7

C 0% -4% 1% 0% 0%

DFWCO0010 E 4.18 0.12 68.8 3.2 0.5
F 4.54 0.13 75.1 3.5 0.5

C 9% 8% 9% 9% 0%

DFWCO0011 E 551 0.17 66.7 3.1 0.5
F 5.82 0.18 74.0 3.5 0.6

C 6% 6% 11% 13% 20%

DFWCO0012 E 2.45 0.16 27.0 15 0.3
F 2.59 0.16 29.5 1.6 0.3

C 6% 0% 9% 7% 0%

DFWCO0015 E 2.19 0.16 19.5 1.1 0.2
F 2.4 0.17 21.9 1.2 0.2

C 10% 6% 12% 9% 0%

DFWC8901 E 1.53 0.17 22.3 1.0 0.2
F 2.54 0.2 37.9 1.8 0.3

C 66% 18% 70% 80% 50%
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Wolftrap Creek ° . = E = 5 =
Catchments = = ~x 8 2 5 2 5 )
522 8z 0g s5& 5

xSE a5 r8& &8 &8

DFWC9001 E 2.21 0.11 22.6 1.2 0.3
F 3.15 0.14 37.8 2.1 0.5

C 43% 27% 67% 75% 67%

DFWC9101 E 4.15 0.14 44.4 2.4 0.5
F 4.25 0.15 47.2 2.5 0.5

c 2% 7% 6% 4% 0%

DFWC9201 E 4.57 0.17 61.4 3.3 0.6
F 4.74 0.18 65.0 3.5 0.7

C 4% 6% 6% 6% 17%

DFWC9301 E 4.76 0.16 115.5 5.4 0.7
F 4.75 0.16 115.4 5.4 0.7

Cc 0% 0% 0% 0% 0%

DFWC9401 E 3.16 0.16 38.3 2.0 0.4
F 3.86 0.17 51.7 2.8 0.6

C 22% 6% 35% 40% 50%

DFWC9501 E 2.47 0.14 24.5 1.3 0.3
F 5.38 0.24 84.3 4.5 0.9

C 118% 71% 244% 246% 200%

DFWC9801 E 5.63 0.2 72.8 3.7 0.7
F 6.5 0.24 97.0 5.0 1.0

C 15% 20% 33% 35% 43%

DFWC9802 E 1.92 0.15 19.6 1.0 0.2
F 1.93 0.15 20.1 1.0 0.2

C 1% 0% 3% 0% 0%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

For the future modeling, the catchment predicted to have the largest percent increase in
pollutant loadings is catchment DFWC9501. There are areas changing from low density
residential to medium density residential in this catchment. Similar changes are taking place
in DFWC0001, DFWC0002, DFWC0003, DFWC0004, DFWC0005, and DFWC9801. Loads
increase in DFWC9001 and DFWC9401 due to forecast changes from estate residential to
low density residential.

3.25.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.
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Three crossings in the Wolftrap Creek subwatershed overtopped for at least one event.
These are shown in Table 3.44. Road crossings that experience overtopping are listed in
Appendix F and it is anticipated that improvements will be pursued with VDOT independent
of the watershed planning process.

Table 3.46 Culvert Hydraulic Modeling

] Flood Year
Culvert Crossing
100 50 25 10 5 2 1
28 Beulah Road E X X X X X X X
48-A Creek Crossing Road E X X X X X X X
49 Old Courthouse Road E X X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #28 (Photo 3.82) overtopped for all events. As Beulah Road is a through road, it can
be classified as a primary road. This means that it must pass the 25-year event.

Culvert #48-A (Photo 3.83) overtopped for all events. Creek Crossing Road can also be
used as a through road, so it too can be classified as a primary road. Primary roads must
pass the 25-year event.

Photo 3.82 Wolftrap Creek Mainstem at Photo 3.83 Wolftrap Creek Tributary at
Beulah Road. Creek Crossing Road.

Culvert #49 (Photo 3.84) also overtopped for
all events. Classified as a primary road, Old
Courthouse Road is required to pass the 25-
year event.

3.25.9 Candi
date Sites for  Photo 3.84 Wolftrap Creek Mainstem at Old
Improvement  Courthouse Road.
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S

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Wolftrap Creek subwatershed are listed below. Refer to DFWC_4 for
site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S59  The Stream Physical Assessment survey found unstable banks and poor habitat.
The reach is located in the Lucky Estates and Wolf Den area near Cricklewood
Court.

S60 Found between Sibelis Drive and Shouse Drive, this stream assessment found poor
habitat and unstable stream banks.

S123 There is insufficient buffer near the intersection of Maple Avenue and Beulah Road.
This area was determined to have low to moderate restoration potential (Photo 3.80
and 3.81).

S124 The Stream Physical Assessment survey found buffer encroachment in the form of
lawns at this site. There was also a stream blockage found (Photo 3.79).

S125 This stream reach was assigned poor habitat quality and is missing buffer along the
entire reach.

S126 Buffer encroachment in the form of lawns in residential areas was found at this site.
There are also multiple pipes discharging directly into the stream.

Hydrology and Water Quality

D17 (Catchment DFWC9001) This site has better than average conditions for the
subwatershed for runoff flows and pollutant loads. It was selected because it is a
proposed site for a regional pond.

D28 (Catchment DFWC9401) Stream reaches upstream and downstream of the site
show signs of widening with erosion causing unstable banks.

D54 (Catchment DFWC9101) This site has better than average conditions for the
subwatershed for runoff flows and pollutant loads. It was selected because it is a
proposed site for a regional pond.

D65 (Catchment DFWC8901) This site has below average pollutant loadings. Peak flows
and runoff volume are average. There are no critical stream problems within the area
or immediately downstream. It was selected because it is a proposed site for a
regional pond.

Cl1l6 (Catchment DFWC9201) The catchment has average pollutants. Approximately half
of the streams in the catchment have been assigned a poor habitat rating.

Cl7 (Catchment DFWC9301) The catchment has above average pollutant loads with very
little stormwater management in place. S60 is incised with unstable banks due to
erosion.

C20 (Catchment DFWC0009) The catchment has average runoff volume and peak flows.
Pollutant loads are below average.
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C31 (Catchment DFWC0004) The catchment has the second highest runoff volume in the
subwatershed due to the amount of impervious surface. The stream has active
widening and a deficient buffer at S123.

C32 (Catchment DFWC0003) This catchment has above average runoff and pollutants.
There is active channel widening throughout the catchment.

C33 (Catchment DFWC0001) This catchment has the highest modeled runoff volume and
pollutant loadings in the subwatershed. Pond WP-1A drains the whole catchment.

C58 (Catchment DFWCO0005) The catchment has average runoff volume and peak flows.
There are areas of buffer deficiency and pipes discharging into the stream located at
S126.

C67 (Catchment DFWC9801) Pollutants and runoff are average for this catchment.
Streams within this catchment are actively widening and have buffer deficiency at
S124.

Flooding

F28 The bridge on Beulah Road that passes over Wolftrap Creek overtops for all events.
Beulah Road is classified as a primary road, so it must pass the 25-year event
(Photo 3.82).

F48  The culvert that flows Wolftrap Creek under Creek Crossing Road overtops for all
events. Creek Crossing is a primary road, so it must pass the 25-year event (Photo
3.83).

F49  The culvert under Old Courthouse Road that passes Wolftrap Creek also overtops
for all events. Old Courthouse Road is classified as a primary road, so it must pass
the 25-year event (Photo 3.84).

Preservation

P27 (Catchment DFWC9501) More than 80 percent of the catchment is changing land
use from the existing to future conditions. The majority of the changes are from
estate residential areas changing to low-density residential.
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3.26 Wolftrap Creek — Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.45 below is a list of all projects
proposed in this subwatershed.

Table 3.47 Recommendations for Wolftrap Creek

. . Candidate

Project # Project Type Site
DF9017A Pond Retrofit D-17
DF9017B Drainage Retrofit D-17
DF9028A Drainage Retrofit D-28
DF9028B Culvert Retrofit D-28
DF9028C Pond Retrofit D-28
DF9054A Drainage Retrofit D-54
DF9054B New Pond D-54
DF9065A New Pond D-65
DF9065B Drainage Retrofit D-65
DF9116A Pond Retrofit C16
DF9116B Pond Retrofit C16
DF9117 Pond Retrofit C17
DF9133A Pond Retrofit C33
DF9133B Pond Retrofit C33
DF92124 Buffer Restoration S124
DF92125 Buffer Restoration S125
DF92126 Streambank Stabilization S126
DF9520A Culvert Retrofit C20
DF9520B Culvert Retrofit C20
DF9531B Culvert Retrofit C31
DF9532A Culvert Retrofit C32
DF9532B Culvert Retrofit C32
DF9558 Culvert Retrofit C58
DF9716 Drainage Retrofit Cl6
DF9731 Drainage Retrofit C31
DF9758 Drainage Retrofit C58
DF9831 LID Retrofit C31
DF9831B LID Retrofit C31
DF9832 LID Retrofit C32
DF9833 LID Retrofit C33

3.26.1 Regional Pond Alternative Projects
D17 (DFWC9001)

Site Investigation and Projects:

DF9017A (Pond Retrofit) This project consists of improving the existing in-stream
pond to provide more runoff detention and water quality features, such as forebays
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and aquatic vegetation. A multi-stage riser will improve the peak flow reduction
function of this pond.

DF9017B (Drainage Retrofit) These distributed projects are designed to provide
energy dissipation at outfalls where the piped storm drain system discharges into a
natural channel. Possible energy dissipaters include riprap and plunge pools.

D28 (DFWC9401)
Site Investigation and Projects:

DF9028A (Drainage Retrofit) These distributed projects are designed to decrease
the momentum of the flow due to elevation drops at outfalls where the piped storm
drain system or paved ditches discharge into a natural channel.

DF9028B (Culvert Retrofit) This project consists of redesigning a culvert for the
purpose of providing channel protection downstream. Water quality features should
also be incorporated if possible, including micro-pools and vegetation.

DF9028C (Pond Retrofit) This project includes excavating within the pond footprint to
maximize the available storage, and modifying the riser to convert this dry pond to a
wet marsh. Significant improvement in peak flow reduction and water quality
treatment will be provided.

D54 (DFWC9101)
Site Investigation and Projects:

DF9054A (Drainage Retrofit) These distributed projects are designed to provide re-
design and reconstruction of outlet protection to reduce scour and the amount of
sediment transported downstream.

DF9054B (New Pond) This project is the implementation of the planned regional
facility (D-54). The location has been refined to provide maximum benefit with the
least amount of impact to the natural system. This pond would detain the higher
frequency storms, thus reducing the peak velocities that cause scour and erosion in
streams.

D65 (DFWC8901)
Site Investigation and Projects:

DF9065A (New Pond) This project is the implementation of the planned regional
facility. To provide greater access to the pond, it is proposed to site it upstream of the
original location. The project would increase detention time in the catchment and
reduce peak flows, thus reducing or eliminating the scour and erosion in the
receiving stream channel.

DF9065B (Drainage Retrofit) This project would be the addition of outlet protection at
locations where paved channels transition to natural channels. This energy reduction
would improve the stability in the channels by reducing high velocity flows.

3.26.2 Catchment Improvement Projects
C16 (DFWC9201)

Site Investigation and Projects: This area is single-family residential, and most of the original
stream network has been converted into a storm sewer, or pipe network.
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DF9716 (Drainage Retrofit) This project involves \ replacing the concrete drainage
ditches throughout the catchment with dry swales to reduce volume and velocity, and
to provide water quality treatment.

DF9116A (Pond Retrofit) The goal of this retrofit is to revise the pond outlet
characteristics to improve channel protection through extended detention. Adding
wetland vegetation would improve water quality as well.

DF9116B (Pond Retrofit) The goal of this retrofit is to improve channel protection
through extended detention and improve water quality by converting the pond to a
stormwater wetland.

C17 (DFWC9301)

Site Investigation and Projects: The catchment is developed with single-family residential
land uses. An existing stormwater management pond treats most of the volume of runoff in
the area.

DF9117 (Pond Retrofit) The pond retrofit includes realignment of the drainage
system so all the storm sewers drain into the pond with forebays at each location for
outfall protection. The embankment and riser should be reconstructed. Better
wetland vegetation, a safety bench, and a fishing pier would enhance the
community’s use of the facility.

C20 (DFWC0009)

Site Investigation and Projects: The catchment is developed with single-family residential
land uses with few opportunities for retrofits outside the stream channel,

DF9520A (Culvert Retrofit) This project would retrofit the culvert under Bois Avenue,
directly upstream of project DF9520B. This area would provide storage for channel
protection within this catchment.

DF9520B (Culvert Retrofit) Located directly upstream of the Dulles Toll Road, this
project would retrofit the culvert to provide storage to improve channel protection

C31 (DFWC0004)

Site Investigation and Projects: The catchment is highly developed with a mixture of
commercial and residential properties. The primary stream is laterally constrained, and in
many cases the natural channel has been changed to a concrete channel. There is no
apparent stormwater management within this catchment.

DF9531B (Culvert Retrofit) This site is located at the outlet of this catchment, above
Creek Crossing Road. The retrofit could take advantage of the dual culverts under
the road as well as the relatively flat floodplain area. The design should take into
account any improvements necessary to eliminate overtopping of Creek Crossing
Road (Site F48).

DF9831 (LID Retrofit) This project would retrofit the existing rear parking lot of the
southwestern parcel associated with the Navy Federal Credit Union Complex on
Follin Lane. Removal or renovation of this parking lot would allow a natural floodplain
buffer, reduce imperviousness and reduce runoff velocities directly into the stream.

DF9831B (LID Retrofit) This project is located alongside another LID retrofit, project
DF9830, and would retrofit the area of the Maple Avenue and Wolftrap Shopping
Centers, which is highly impervious. Retrofitting the area with LID would help reduce
the runoff volume and the pollutant load on the streams.
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DF9731 (Drainage Retrofit) This project consists of reconfiguring outfalls or
retrofitting energy dissipation structures to reduce scour and erosion where flows
from the storm drainage system enter the stream.

C32 (DFWC0003)

Site Investigation and Projects: This catchment consists of both commercial (large facility)
and single-family detached residential land uses. The drainage area coming to this
catchment is relatively large resulting in a need to provide hydrographic restoration through
small detention/uptake facilities in series.

DF9532A (Culvert Retrofit) This site is located at the bottom of this catchment on the
upstream side of the crossing at Follin Lane. This retrofit would increase the
detention time within this drainage area and protect channels downstream from high
flow. This project would also use the wooded floodplain area to settle solids and
provide for nutrient uptake.

DF9532B (Culvert Retrofit) This site is located on the upstream side of the crossing
at Woodford Road. This retrofit would provide a detention structure that will use the
wooded floodplain for storage to reduce energy in the stream, increase the uptake of
nutrients by plants, and allow sediment to settle.

DF9832 (LID Retrofit) This project would be located on the parcel occupied by Notre
Dame and Our Lady of Good Counsel Catholic Church. The existing development
results in an almost total impervious area. The LID retrofit would reduce the runoff
volume and improve water quality from these properties.

C33 (DFWCO0001)

Site Investigation and Projects: This catchment is a fairly small, highly developed catchment
at the headwater of Wolftrap Creek. Land uses include attached residential and commercial
areas with some areas of open space, particularly along the stream corridor. There are two
large ponds at the outlet to this catchment that have the potential to be retrofitted for
additional performance.

DF9133A (Pond Retrofit) This site (or sites) is located at the outlet to Catchment 33.
The existing pond would be improved by installing a multi-stage weir in front of the
headwall. Although there is no wet storage at this location, extended detention time
of runoff from storm events will provide some treatment for water quality.

DF9133B (Pond Retrofit) Significant improvement in peak flow attenuation and
pollutant load reduction can be made by replacing the existing weir with a multi-stage
control structure and excavating to maximize the available storage volume.
Additional wetland planting will improve uptake of nutrients, pollutant removal, and
settling of sediments.

DF9833 (LID Retrofit) The upper third of this catchment consists of dense
residential/commercial land uses. The goal is look for places where the impervious
surface of this highly developed area could be disconnected or replaced with
pervious cover. Structural controls such as bioretention or swales would also be
implemented.

C58 (DFWC0005)

Site Investigation and Projects: This catchment consists primarily of small lot, single family
detached dwellings with a large, flat natural buffer to the stream area that includes a sanitary
main trunk in close proximity to the channel. This catchment has a relatively large
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contributing drainage area and is substantially downstream from the headwaters of this
stream. Projects in this catchment should focus on the restoration of pre-developed
hydrologic extremes (i.e. provide attenuation of discharges, extension of the time of
concentration and provide an environment that is conducive to natural stream functions such
as sediment transport, fish passage, etc.)

DF9758 (Drainage Retrofit) This project consists of reconfiguring outfalls or
retrofitting energy dissipation structures to reduce scour and erosion where flows
from the storm drainage system enter the stream.

DF9558 (Culvert Retrofit) This site is located at the outfall from this catchment, on
the upstream side of Old Courthouse Road. This retrofit would provide water quality
treatment through extended detention on to the floodplain as part of a stormwater
treatment train with the other projects of this catchment.

3.26.3 Stream Restoration Projects
S59

Site Investigation and Projects: The site investigation showed a recovering stream with a
well-developed baseflow channel and significant floodplain reestablishment. Some
homeowner stabilization was observed.. A completed restoration consisting of a stacked
stone wall, live stakes, and fiber matting was noted at the downstream end of the reach. No
project was identified because of these stabilization measures and the nested floodplain
development.

S60

Site Investigation and Projects: The site investigation showed a severely incised stream with
moderate to severe bank erosion. The stream is confined between residential properties on
both sides. However, the streambed is stable and the aquatic channel is well defined at
baseflow conditions. The upstream end of the reach is a concrete flume that is unstable and
has formed a large scour pool. Constraints associated with adjacent utilities, access,
residential encroachment, forest clearing and wetlands impacts outweigh the benefits of
reconnecting the stream with a floodplain and reducing streambank erosion. No stream
restoration project was identified; however, the headwater of the stream is a stormwater
management pond, which is proposed for retrofit as project DF9117. The retrofit should
improve conditions in the upstream reach and reduce high stream velocities causing erosion
in this area.

S123

Site Investigation and Projects: The site investigation showed that the buffer deficiency was
due to parking lots on both sides of the stream. Removing parking lots of existing
businesses to establish a forested buffer is not always feasible, however a project for this
purpose (DF9831 - LID Retrofit) has been added to site C31.

S124

Site Investigation and Projects: The site investigation showed a non-forested riparian zone
on the right side of the stream on two residential parcels. One project was identified

DF92124 (Stream Restoration) The proposed restoration would involve regrading
and creating a nested channel with a bench to restore habitat and floodplain
access. The riparian buffer would be planted with native trees and shrubs on the
two residential properties.
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S125

Site Investigation and Projects: The site investigation showed a small stream with a non-
forested riparian buffer located on a golf course. One project was identified.

DF92125 (Buffer Restoration) The non-forested riparian buffer would be planted
with native trees and shrubs to the maximum extent possible given the current
adjacent land use.

S126

Site Investigation and Projects: The site investigation showed moderate stream bank
erosion with slight incision. The streambed was not observable due to storm flow. Much of
the riparian zone is not forested. The reach is located in Wolftrap Stream Valley Park and
has several stormwater outfalls directly connected to the stream. One project was identified.

DF92126 (Stream Restoration) The proposed project would provide certain
demonstration benefits given its location adjacent to a trail in a stream valley
park. Streambanks would be reshaped and stabilized and limited floodplain
benches would be excavated. Portions of the riparian zone would be planted with
native trees and shrubs. Stormwater outfalls would be retrofitted. The project
should also include adjustments to the existing asphalt trail and flood-proofing of
the sanitary sewer main.

3.26.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the candidate sites include reducing runoff volume, peak flows,
and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects

No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for all candidate sites are described in Chapter 4.
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3.2Z7 OId Courthouse Spring Branch — Subwatershed Condition
3.27.1 Subwatershed Characteristics

The Old Courthouse Spring Branch subwatershed has an area of approximately 981 acres
(1.53 mi?). It is located in central Fairfax County on the eastern side of the Difficult Run
watershed to the north of Vienna. The intersection of Chain Bridge Road (Virginia 123) and
Leesburg Pike (Virginia 7) denotes the approximate southern boundary of the
subwatershed. Leesburg Pike (Virginia 7) runs along the eastern edge of the subwatershed
boundary while Courthouse Road (Virginia 677) to Irvin Street (local road) provides an
approximate western boundary. The northern boundary is near the intersection of
Lewinsville Road (Virginia 694) with Leesburg Pike (Virginia 7).

Old Courthouse Spring Branch is located on the eastern edge of the Difficult Run
watershed. There are almost 3 miles of stream in the subwatershed flowing in a northerly
direction. Old Courthouse Spring Branch joins the Wolftrap Creek subwatershed within the
Wolftrap Farm Park.

Refer to DFOR_1 for a map of the Old Courthouse Spring Branch subwatershed highlighting
the Subwatershed Characteristics including, existing land use, flood limit, wetlands,
resource protection areas and stormwater management.

3.27.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

Old Courthouse Spring Branch subwatershed is the most densely developed subwatershed
found within the Difficult Run watershed. Thirty-four percent of the subwatershed is
developed for high-density residential, commercial or industrial uses, and only 11 percent is
developed as low-density or estate residential. The intense development is located along
the Leesburg Pike (Virginia 7) between the Dulles Access Toll Road (Virginia 267 — exit 16)
and Chain Bridge Road (Virginia 123). The Tysons Corner development is situated at the
intersection of Chain Bridge Road (Virginia 123) with the Leesburg Pike (Virginia 7). Further
eastward (outside of the subwatershed boundary) is 1-495.

There are 172 acres, or 18 percent of the subwatershed, in transportation use such as roads
and highways. Total impervious area for the subwatershed, which includes all roads, parking
lots, residential driveways and buildings, is approximately 419 acres, or 43 percent of the
total subwatershed area.

Only 13 percent is remaining for open space or parks. Major parks include Raglan Road
Park and Old Courthouse Spring Branch Valley Park. There are two historical sites that lie
within the subwatershed. A summary of land use within the subwatershed can be found in
Table 3.46.

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.
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Changes are projected in the open space, estate residential, and iow-density residential
land use categories. Losses in the open space (-3 percent), estate residential (-2 percent)
and low-intensity commercial (-1 percent) will be met with gains in the low-density residential
(+3 percent), medium-density residential (+1 percent) and industrial (+1 percent) categories.

Twenty-two acres (34 percent of all land use changes) are projected to shift from open
space to low-density residential. In fact, 41 percent of the overall land use changes may shift
from open space to a higher intensity use. This does not guarantee that the open space will
become developed but it suggests that these areas of open space can be used for
development/ redevelopment in the future.

Table 3.48 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres Percent Acres Percent
Golf Course 8 1% 8 1% 0 0%
Estate residential 18 2% 0 0% -18 -2%
Low-density residential 89 9% 117 12% 28 3%
Medium-density residential 180 18% 194 20% 14 1%
High-density residential 50 5% 50 5% 0 0%
Low-intensity commercial 8 1% 2 0% -7 -1%
High-intensity commercial 270 28% 279 28% 9 1%
Industrial 2 0% 2 0% 0 0%
Institutional 57 6% 57 6% 0 0%
Transportation 172 18% 172 18% 0 0%
Water 0 0% 0 0% 0 0%
Total 981 100% 981 100% 0%
Eighteen acres are projected to shift from estate Figure 3.13 Changed Land Use
residential to either low-density or medium-
density residential use. An additional 11 acres OS-MDR
are projected to go from low-density residential to CZ)?;:E 1 acre ESR-LDR

medium-density residential. Many of the larger
shifts illustrate the demand for accommodating
new residential uses in the County. Lastly, 8
acres are projected to shift from low-intensity
commercial to high-intensity commercial land

16 acres

OS-LDR {

22 acres ESR-MDR

uses. While intensity will remain high, the types 2 acres
of permitted uses may change in those areas.
_ LDR-MDR
3.27.3 Existing Stormwater Management
OS-HIC LIC-HIC 11 acres
Stormwater management provides treatment of lacre g

otherwise uncontrolled runoff to reduce the

harmful effects of increased stormwater flows

and stormwater runoff pollution. County records

indicate that there are 41 stormwater management facilities within the Old Courthouse
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Spring Branch subwatershed. Even with the existing stormwater faciiities in piace, 63
percent of the Old Courthouse Spring Branch subwatershed is not served by any
stormwater management facility. Twenty-seven percent of the total area has quantity control
only and the remaining 5 percent receives both quantity and quality control.

Over 50 percent of the subwatershed is developed in high intensity and transportation uses
while stormwater management treats only 32 percent. There is a gap between the
development in the subwatershed and the treated portions, which means that excess water
and water-containing pollutants is entering the stream system. This gap indicates a possible
need for additional management efforts, specifically in the commercial and high-density
residential areas. Additional information on the location of the stormwater management
facilities in the Old Courthouse Spring Branch subwatershed can be found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 15 outfall pipes discharging into Old Courthouse Spring Branch
subwatershed. None of these pipes were considered to be having a major impact on stream
character, and only two pipes were showing signs of runoff causing minor erosion in the
stream.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of over-capacity or aging structures and frequently high stormwater levels
can cause downstream stream stability problems and habitat impairment. None of the 10
crossings identified during the Stream Physical Assessment warranted repair. Four of the
crossings in the subwatershed are concrete bridges, and the remaining six are wooden
footbridges. All crossings have either minor or no impact on the stream’s condition.

3.27.4 Soils

Soils found in the Old Courthouse Spring Branch subwatershed belong primarily to the
Glenelg — Elioak — Manor association. This association consists of rolling and hilly
micaceous soils with rapid runoff. The groundwater is fairly shallow with numerous natural
springs. The subwatershed contains 53 percent of the B hydrologic soil group with Glenelg
silt loam being the dominant soil type (40 percent). B soils and the Glenelg soil type are
compatible with infiltration practices and may provide potential stormwater management
sites. There are 64.4 acres of land with unclassified soils in the Old Courthouse Spring
Branch subwatershed. Soils that cover at least 20 acres within the subwatershed can be
found in Appendix A.

3.27.5 Geomorphology

There are 2.8 miles (14,882 feet) of stream in the Old Courthouse Spring Branch
subwatershed that were assessed and assigned a Channel Evolution Model classification
as part of the Stream Physical Assessment. The classification indicates the stream
channel’s physical condition and stability as a response to disturbances such as upstream
land use changes.

Eighty-three percent of the total reach length is Type Ill, which is indicative of a generally
unstable channel that is actively widening in response to changes in flow. The remaining 17
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percent of the channel’is Type TV, wWhich IS a channel in the Tirst stages of stabilization
characterized by sediment accumulation. Ninety percent of the stream length is moderately
unstable with high erosion potential during flood events. Gravel is the dominant substrate
type throughout the subwatershed.

One specific erosion point was noted in the subwatershed that was having a moderate
impact on stream condition and had only a low restoration potential due to access
constraints.

There was only one stream blockage,
comprised of trees and debris, at the time of
the assessment. The obstruction was
causing some streambed erosion and was
likely restricting fish passage. The area is
shown in Photo 3.85 and is candidate site
S109.

Photo 3.85 Stream blockage with a severe
impact on the stream (DFOR701.T001).

3.27.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002.

¢ Good habitat for aquatic insects and fish was found in 88 percent of the streams; the
remaining 12 percent had slightly less desirable habitat.

e Thereis 7,700 feet of riparian buffer encroachment (this length includes left and
right banks combined). Of this total, 6,650 feet (86 percent) is impact from lawns.
None of the buffer impacts were noted by the field crews to have good restoration
potential.

¢ Ninety-four percent of the assessed stream length had between 50 percent and 70
percent of both stream banks covered by vegetation. Typically this vegetation is
scattered grasses, shrubs and forbs.

3.27.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Old Courthouse Spring Branch incorporate data on the amount, character and
location of the land use, impervious cover, topography, vegetation, streams and stormwater
management to generate estimates of water quality and quantity in the streams. Water
guality modeling includes pollutant loading estimates for total nitrogen (TN), total
phosphorus (TP) and total suspended solids (TSS). Because changes in land use effect
the amount of runoff, streamflow, the quantity modeling estimates the amount of runoff
generated by the land during rainfall and the peak streamflow or discharge that results.
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IViodeling of future conditions generalily uUses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

Old Courthouse Spring Branch subwatershed is covered by 43 percent impervious surface,
the most of any subwatershed in the Difficult Run watershed. There is a large amount of
commercial area along Leesburg Pike between the Dulles Toll Road and Chain Bridge
Road. Most of this commercial area is in the two southern-most catchments, DFOR0099 and
DFORO0001. Refer to DFOR_4 for the catchment locations.

DFORO0099 has the most commercial and high-density residential area, which is why it is the
worst modeled catchment in terms of pollutants and runoff volume. Areas such as the Pike 7
Plaza and Tysons Square Center add a large amount of impervious cover with little area for
infiltration. Catchment DFOR0001 has some commercial area as well as medium-density
residential areas. Results are found in Table 3.47.

Table 3.49 Existing and Future Modeling

Old Courthouse = E = & =
Spring Branch e 2 ) > x> 2
CF:)atc%lments g E = Bl N3 g 8 g 8
®SE o8 P33 &3 &2

DFORO0001 E 8.38 0.2 164.7 6.8 0.9
F 8.62 0.21 170.2 7.1 1.0

C 3% 5% 3% 4% 11%

DFORO0002 E 7.51 0.15 139.6 5.6 0.7
F 7.75 0.16 145.9 6.1 0.8

C 3% 7% 5% 9% 14%

DFORO0004 E 4.08 0.14 79.1 4.2 0.5
F 4.21 0.15 83.5 4.5 0.6

C 3% 7% 6% 7% 20%

DFORO0099 E 16.89 0.38 376.1 13.5 1.3
F 16.95 0.39 380.6 13.7 1.3

C 0% 3% 1% 1% 0%

E — Existing conditions results, F — Future conditions results, C — Change between existing and future
shown as a percentage of the existing condition. Value is based on unrounded figures

All the catchments show some increase in loadings, as most of the low-density residential
areas left in the subwatershed are projected to change to medium-density residential areas
in the future.

3.27.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where flooding of culverts may occur.
These culverts are likely over-capacity and do not allow all of the flow required to pass
without flooding. These sites can present a hazard and are considered candidate sites for
improvement, further study and possibly a project to replace or retrofit the culvert.
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One cuivert in the subwatershed overtopped for at ieast one event. This isS shown in [abie
3.48. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.50 Culvert Hydraulic Modeling

] Flood Year
Culvert Crossing
100 50 25 10 5 2 1
47 Northern Neck Drive E X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #47 (Photo 86) overtopped for all events except for the one and two-year. This road
can be classified as a local road since there is no through traffic. Local roads must be able
to pass the 10-year event.

. Photo 3.86 Crossing at Northern Neck Drive
3.27.9 Candidat  (pFoR701.T0OY).

e Sites for
Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Old Courthouse Spring Branch subwatershed are listed below. Refer to
DFOR_4 for site numbers and locations. (S - stream sites, C - catchment sites, D —
unconstructed regional pond replacement sites, F — flooding, and P — preservation sites).

Streams

S109 The Stream Physical Assessment survey identified a blockage in the stream that
possibly inhibits fish passage (Photo 3.85).

Hydrology and Water Quality

D107 (Catchment DFOR0002) This site has higher than average peak flows and runoff
volume. Nitrogen and phosphorus loadings from runoff are average. The stream
through this catchment is actively widening.

C19 (Catchment DFOR0099) The runoff and pollutant loadings are highest in this
catchment of the subwatershed, possibly due to the high amount of impervious
surface in the area.

C34 (Catchment DFORO0001) This site has conditions similar to the average for the
subwatershed for runoff flows and pollutant loads. The stream in this catchment is
actively widening.
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C57 (Catchment DFORUUU4) This site has iower than average nitrogen and phosphorus
loadings from runoff while the stream is actively widening in some parts of the
catchment.

Flooding

F47  The crossing at Northern Neck Drive overtopped for 5-year and greater events.
Northern Neck Drive is classified as a local road, so it must pass the 10-year storm
(Photo 3.86).

Preservation

No candidate sites were identified.

3-179



Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action
Old Courthouse Spring Branch
3.28 0Id Courthouse Spring Branch - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.49 below is a list of all projects
proposed in this subwatershed.

Table 3.51 Recommendations for Old Courthouse Spring Branch

: . Candidate

Project # Project Type Site
DF9119 New Pond C19
DF9157 New Pond C57
DF9157A Pond Retrofit C57
DF9557 Culvert Retrofit C57
DF9757 Drainage Retrofit C57
DF9819 LID Retrofit C19

3.28.1 Regional Pond Alternative Projects

There are no unbuilt regional ponds in this subwatershed.
3.28.2 Catchment Improvement Projects

C19 (DFOR0099)

Site Investigation and Projects: The catchment is fully developed and almost 100 percent
impervious, with very little existing stormwater management. There are no streams in the
catchment.

DF9819 (LID Retrofit) Retrofit the impervious area with LID facilities. Use porous
pavement on relatively unused parking areas for general reduction of effective
imperviousness. Install inlet filters or Filterra-type units at storm drain inlets.
Reconstruct parking medians for bioretention.

DF9119 (New Pond) Design and construct a new wet pond/wetland at the catchment
outfall. If the LID upstream is designed for water quality, the pond storage could be
for channel protection and would be smaller than a water quality facility and easier to
fit into the site.

C34 (DFOR0001)

Site Investigation and Projects: Most of the commercial areas draining to the stream are
already treated with stormwater management. The residential area is drained by storm
sewers. Outfalls discharge into a flat floodplain and do not appear to cause problems. Most
stream erosion appears to be caused by the upstream impervious catchment, so little more
can be done as treatment in this catchment. No projects have been identified. Stream
erosion appears to be a function of the untreated runoff from the impervious catchment.
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C57 (DFORO004)
Site Investigation and Projects:

DF9157 (New Pond) Design and construct a combined detention/water quality facility
at the outfall of the residential area. The project would effectively treat the runoff from
a residential area built before stormwater management regulations.

DF9157A (Pond Retrofit) This project is a retrofit of regional pond D-107, designed to
change outflow characteristics to provide channel protection as a dry extended
detention pond for the large, mostly untreated, drainage area upstream.

DF9557 (Culvert Retrofit) This project should be designed for both water quality and
channel protection, if possible. The retrofit would be designed as an extended
detention dry facility, with water quality features such as wetland plantings and a
micropool to enhance pollutant removal.

DF9757 (Drainage Retrofit) Several outfalls in this area show evidence of scour and
erosion. This project is designed to provide adequate energy dissipation, such as
riprap, plunge pools, or structures, at outfalls where the piped storm drain systems
discharge into a natural channel.

3.28.3 Stream Restoration Projects
S109

Site Investigation and Projects: The site investigation did not identify a significant stream
blockage. It may have been removed in the intervening period. No project was identified.

3.28.4 Preservation
No preservation candidate sites were identified for this subwatershed.
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3.29 Piney Branch — Subwatershed Condition

3.29.1 Subwatershed Characteristics

The Piney Branch subwatershed is one of the larger subwatersheds, and has an area of
approximately 2,475 acres (3.87 mi?). Chainbridge Road (Virginia 123) runs near the
southern boundary. Beulah Road (Virginia 675) runs approximately along the northeast
boundary line. Meadowlark Road (Virginia 677) provides the approximate northern boundary
of the subwatershed.

There are approximately 8 miles of stream in the Piney Branch subwatershed. The streams
flow generally in a northwesterly direction until Piney Branch joins the mainstem of Difficult
Run in the Difficult Run Stream Valley Park.

Refer to DFPB_1 for a map of the Piney Branch subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.29.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The Piney Branch subwatershed is one of the most densely developed subwatersheds
found within the Difficult Run watershed. Twenty-six percent is developed as low-density or
estate residential, while 6 percent of the subwatershed is developed for commercial or
industrial uses. The most common land use in this subwatershed is medium-density
residential at 35 percent. Much of the development is found concentrated along Chainbridge
Road (Virginia 123) in the southern portion of the subwatershed, generally in the Town of
Vienna, and along the Washington and Old Dominion Railroad Trail. A summary of land use
within the subwatershed can be found in Table 3.50.

Transportation use, such as roads and highways, make up 330 acres, or 13 percent of the
overall subwatershed. Total impervious area for the subwatershed, which includes all
roads, parking lots, residential driveways and buildings, is approximately 565 acres, or 23
percent of the total subwatershed area.

Seventeen percent of the land in the subwatershed is preserved for open space or parks.
Major parks include North Side Park, Eudora Park, the majority of Clarks Crossing Park, a
portion of Tamarack Park, Symphony Hills Park, Glyndon Park, Peterson Lane Park, and the
fields and grounds of various schools. There are eight historical sites within the
subwatershed.
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Table 3.52 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres  Percent Acres  Percent
Open space, parks, and )
recreational areas 417 Figure 3.14 — Changed Land Use
Golf Course 0 0% 0 0% 0 0%
Estate residential 64 3% 31 1% -33 -1%
Low-density residential 570 23% 470 19% -100 -4%
Medium-density residential 857 35% 1042 42% 185 7%
High-density residential 22 1% 22 1% 0 0%
Low-intensity commercial 27 1% 26 1% -1 0%
High-intensity commercial 72 3% 77 3% 5 0%
Industrial 47 2% 46 2% -1 0%
Institutional 68 3% 81 3% 13 1%
Transportation 330 13% 330 13% 0 0%
Water 0 0% 0 0% 0 0%
Total 2,475 100% 2,475 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and

open fields and impact stream condition.

When comparing existing land use to
future land use, there are several land
use changes. The notable changes are
projected in the open space, low-density
residential, and medium-density
residential land use categories. Losses
projected in the open space (-3
percent), estate residential (-1 percent),
and low-intensity residential (-4 percent)
should be compensated with gains in
the medium-density residential (+7
percent) and institutional (+1 percent)
categories.

According to Figure 3.14, 157 acres are
projected to shift from low-density

OS-INS
13 acres

ESR-MDR
5 acres

OS-MDR ESR-LDR
24 acres

39 acres

OS-HIC
1 acre

1 acre

IND-HIC

OS-ESR 1 acre

11 acres
MDR-HIC
1 acre

LIC-HIC o
1 acre LDR-MDR

157 acres

residential in the existing land use to medium-density residential in the future land use.
Thirty-nine acres are projected to shift from estate residential in the existing land use to low-
density residential in the future land use. These large transfers indicate a potential for an
increase in additional housing in the Piney Branch subwatershed. Twenty-four acres are
projected to shift from open space to a medium-density residential use. In fact, 68 acres, or
25 percent of all land use changes, are projected to shift from open space in the existing
land use to some form of residential or commercial use in the future. This does not
guarantee that the open space will become developed. This open space area can be used
for development/ redevelopment in the future.
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3.29.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are nine stormwater management facilities within the Piney
Branch subwatershed. Eighty-five percent of the Piney Branch subwatershed is not served
by any stormwater management facility. Twelve percent of the total area has quantity control
only and the remaining 3 percent receives both quantity and quality control.

The difference between the amount of total developed area in the subwatershed (62
percent) and the area served by stormwater management (15 percent) indicates a potential
for impairment due to uncontrolled stormwater and a possible need for additional
management efforts, specifically in the industrial, commercial and and low-density
residential areas. A list of all stormwater management facilities in the Piney Branch
subwatershed can be found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 24 outfall pipes discharging into the Piney Branch mainstem and
tributaries. None of these pipes were considered to be having an impact on stream
character, nor were they creating any type of erosion.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. Results from the Stream
Physical Assessment identified 21 crossings in the Piney Branch subwatershed. The
majority (62 percent) were concrete bridges, while an additional 20 percent were footbridges
made of wood or metal. None of the crossings were creating significant erosion or degrading
the instream habitat and none warrant repair.

3.29.4 Soils

Soils found in the Piney Branch subwatershed belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes which can result
in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly shallow
with numerous natural springs. The subwatershed contains 33 percent of the B hydrologic
soil group with Glenelg silt loam being the dominant soil type (15 percent). Zones with
Glenelg, Manor and Elioak soils may be compatible with infiltration practices. There are
1278.2 acres of land with unclassified soils in the Piney Branch subwatershed. Soils that
cover at least 20 acres within the subwatershed can be found in Appendix A.

3.29.5 Geomorphology

Streams in the Piney Branch subwatershed were assessed and assigned a Channel
Evolution Model classification as part of the Stream Physical Assessment. The
classification indicates the stream channel’s physical condition and stability as a response to
disturbances such as upstream land use changes. A total of 42,430 linear feet
(approximately 8 miles) of stream are in the Piney Branch subwatershed. Of this length, ten
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reaches (4,539 feet) were not assessed because they were piped channels, had no water,
were too small, or too channelized.

The majority (93 percent) of the channel has
a gravel substrate. The remaining portions
are primarily silt and sand. All of the
reaches are Type llI, which is indicative of
an actively widening stream channel. There
was one erosion point of moderate to
severe erosion of approximately 300 feet. It
is candidate site S110 and is shown in
Photo 3.87. Refer to DFPB_3 for the stream
classifications.

Photo 3.87 Streambank erosion just
upstream from confluence with Difficult Run,
west of Fosbak Drive (DFPB002.E001)

Photo 3.88 Obstruction point, mostly trees Photo 3.89 Sanitary line crossing the stream
and debris, at the end of Corsica Street. above the baseflow (DFPB010.U001).
(DFPB015.T001).

All of the eight stream blockages were made up of trees and debris. Some had additional
concrete and sediment. One-half of the obstructions had only minor impacts on the stream,
causing some erosion. Thirty-eight percent of the obstructions were causing a greater
impact on the stream condition. The example shown in Photo 3.88 is candidate site S134.

There was one sanitary line of approximately 10” that was crossing the stream above the
base flow. The sanitary line is shown above in Photo 3.89 and is candidate site S111. Much
of the stream length (74 percent) has high erosion potential during flood events.

3.29.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall of 2002.
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In the assessed reaches, 67 percent is considered to have fair habitat for aquatic
insects and fish, and 33 percent has good habitat. The mainstem between Verdict
Drive and the confluence with Difficult Run makes up the majority of good habitat.
There is 35,400 feet, approximately 42 percent of the total stream length, of riparian
buffer encroachment (this length includes left and right banks combined). Of this,
25,550 feet (72 percent) is lawn, and 2,300 (6.5 percent) is pavement. The remaining
buffer encroachment area is some combination of lawn, meadow, trees and
pavement. Eighty-two percent of the buffer encroachment length has no or low
restoration potential due to existing infrastructure, however; 18 percent of the length
has moderate to high restoration potential. Most of the percent of the buffer
encroachment had only minimal impact, suggesting that the stream character may
be changed slightly by adjacent use. Two of the areas with pavement buffer
encroachment appear to present a greater impact and are shown in Photo 3.90 and
3.91.

Photo 3.90 Buffer impact in North Side Photo 3.91 Buffer impact in the Somerset
Park (DFPB024.B002). community at the end of Mill Street

(DFPB024.B003).

Sixty-five percent of the assessed stream length had between 50 percent and 70
percent of both stream banks covered by vegetation. Typically this vegetation is
scattered grasses, shrubs and forbs. Twenty-five percent of the assessed stream
length had a variety of vegetation and covered 70 percent to 90 percent of the
stream bank surface.

3.29.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Piney Branch incorporate data on the amount, character and location of the land
use, impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.
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Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

The Piney Branch subwatershed is covered by almost 23 percent impervious surface. This
impervious surface is highly concentrated in the headwaters of the subwatershed. Over one-
third of Piney Branch is medium or high-density residential land use, followed by 10 percent
commercial and industrial. The southern part of Piney Branch subwatershed encompasses
part of the Town of Vienna.

Catchment DFPB0001, located in the vicinity of Maple Avenue and the W&OD Trail, has
several commercial, industrial, and high-density residential areas. Refer to DFPB_4 for the
catchment locations. Because runoff from commercial, industrial, and high-density
residential areas has a higher chance of carrying pollutants than lower density residential
or open space, catchment DFPB0001 has the second worst modeled water quality in the
subwatershed. The other southern-most catchment is DFPB9801, found between Malcolm
Road and Maple Avenue, has the highest nitrogen loading in the subwatershed. DFPB9801
has a high percentage of commercial area, so it also has the highest runoff volume per year
and peak in the subwatershed because there is more impervious area associated with
commercial areas than residential areas. Results can be seen in Table 3.51.

Table 3.53 Existing and Future Modeling

g 8 g N
Piney Branch < 2 3 = F o
Catchments 52 z S 52 52
S 3 3 3 5SS S <
xS o = x =2 x =2
DFPB0001 E 6.89 0.18 138.5 6.3 0.9
F 7.26 0.19 154.9 7.1 1.1
C 5% 6% 12% 13% 22%
DFPB0002 E 5.56 0.25 81.5 4.4 0.8
F 5.74 0.26 89.9 4.8 0.9
C 3% 4% 10% 9% 13%
DFPB0004 E 2.4 0.13 24.9 14 0.3
F 2.49 0.13 30.3 1.6 0.3
C 4% 0% 22% 14% 0%
DFPB0005 E 1.85 0.15 17.1 0.9 0.2
F 1.92 0.15 22.9 1.2 0.2
C 4% 0% 34% 33% 0%
DFPB9501 E 2.97 0.13 25.6 14 0.3
F 3.7 0.12 37.6 2.0 0.4
C 25% -8% 47% 43% 33%
DFPB9601 E 3.26 0.14 28.6 15 0.3
F 3.41 0.14 36.1 19 0.3
C 5% 0% 26% 27% 0%
DFPB9701 E 4.32 0.15 64.7 3.5 0.7
F 5.04 0.17 87.3 4.7 1.0
C 17% 13% 35% 34% 43%
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g 8 g N
Piney Branch < 2 3 = F o
Catchments 52 z S 52 52
S 3 3 3 5SS S <
xs o = x =2 x =2
DFPB9801 E 6.14 0.27 128.1 55 0.8
F 6.75 0.3 149.3 6.4 1.0
C 10% 11% 17% 16% 25%
DFPB9802 E 4.59 0.2 67.0 3.4 0.6
F 4.94 0.21 75.5 3.9 0.7
C 8% 5% 13% 15% 17%
DFPB9803 E 3.18 0.16 35.6 2.0 0.4
F 3.71 0.16 54.1 2.8 0.5
C 17% 0% 52% 40% 25%
DFPB9901 E 4.19 0.15 63.5 3.5 0.7
F 4.4 0.15 69.0 3.8 0.8
C 5% 0% 9% 9% 14%

E — Existing conditions results, F — Future conditions results, C — Change between existing and
future shown as a percentage of the existing condition. Value is based on unrounded figures

Future model results show moderate increases in flows and runoff pollutant loads from all
catchments in the subwatershed. In the more developed areas, this is due to changes from
low density to medium density residential. In the less developed areas, forecast changes
from open space or estate residential to low density residential is the cause.

3.29.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. These culverts are over-capacity and do not allow all of the flow required to pass
without flooding. These sites can present a hazard and are considered candidate sites for
improvement, further study and possibly a project to replace or retrofit the culvert.

One culvert in the subwatershed overtopped with existing flows, as shown in Table 3.52.
Road crossings that experience overtopping are listed in Appendix F and it is anticipated
that improvements will be pursued with VDOT independent of the watershed planning
process.

Table 3.54 Culvert Hydraulic Modeling

] Flood Year
Culvert Crossing

100 50 25 10 5 2 1

25-A Lawyers Road E X X X

E — Existing conditions results, x — indicates overtopping

Culvert #25-A (Photo 3.92) overtopped for the 25, 50, and 100-year events. Lawyers Road
has a classification of “primary,” which requires the culvert to pass the 25-year event.
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Photo 3.92 Piney Branch
tributary at Lawyers Road.

3.29.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Piney Branch subwatershed are listed below. Refer to DFPB_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S110

S111

S112

S134

The Stream Physical Assessment survey indicated that there was severe
streambank erosion just upstream from confluence with Difficult Run, west of Fosbak
Drive (Photo 3.87).

During the Stream Physical Assessment, field crews noted an exposed sanitary line
that should be examined and corrected (Photo 3.89).

During the Stream Physical Assessment survey, riparian buffer was noted as being
encroached upon by lawns and pavement. The Stream Physical Assessment survey
indicated that streambank erosion was severe or extreme, channel was widening,
and habitat was poor to very poor.

The site is located downstream of and within catchments with high runoff volume and
near obstructions identified during the Stream Physical Assessment (Photo 3.88).

Hydrology and Water Quality

C29

C30

C66

D27

(Catchment DFPB9701) This catchment has average peak flow velocities, but they
are significant enough to cause scour and erosion along stream banks and at
outfalls. Also, the existing pond at the top of the stream shows signs of excessive
flows and the spillway appears to be in use often.

(Catchment DFPB0001) This catchment has one of the highest modeled pollutant
load for both nitrogen and phosphorus. It also has one of the highest runoff volumes
and peak flows.

(Catchment DFPB0002) This catchment has one of the highest modeled runoff
volumes and peak flows. It also has higher than average pollutant loads.

(Catchment DFPB9501) This catchment has below average pollutant loading, peak
flows, and runoff volume. This is the site of unbuilt regional pond D-27.
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D29 (Catchment DFPB9802) This catchment has average peak flow. This is a moderately
developed area and the higher peak flows could contribute to the loss of buffer at
S134 within the catchment. This is the site of unbuilt regional pond D-29.

D73 (Catchment DFPB9801) This catchment has one of the highest runoff volumes, peak
flows, and pollutants loads in the subwatershed. The high peak flows could
potentially contribute to the loss of buffer at S134 and outlet erosion at D-29. This is
the site of unbuilt regional pond D-73.

D74 (Catchment DFPB9901) This catchment has moderate runoff volume and peak flow.
Most of the stormwater network is piped with outfalls in close proximity to one
another. The flow could potentially contribute to the exposure of the utility at S111.
This is the site of unbuilt regional pond D-74.

Flooding

F25A The crossing of Lawyer's Road was overtopped for 25-year and greater events.
Since it is classified as a primary road, the culvert should pass the 25-year event
(Photo 3.92).

Preservation

No preservation candidate sites were identified for this subwatershed.
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3.30 Piney Branch - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.53 below is a list of all projects
proposed in this subwatershed.

Table 3.55 Recommendations for Piney Branch

: . Candidate

Project # Project Type Site
DF9027A Culvert Retrofit D-27
DF9027B Drainage Retrofit D-27
DF9029A Drainage Retrofit D-29
DF9029B New Pond D-29
DF9073A LID Retrofit D-73
DF9073B Drainage Retrofit D-73
DF9073C Pond Retrofit D-73
DF9074A Drainage Retrofit D-74
DF9129 Pond Retrofit C29
DF92110 Stream Restoration S110
DF9729 Drainage Retrofit C29
DF9730 Drainage Retrofit C30
DF9830 LID Retrofit C30

3.30.1 Regional Pond Alternative Projects
D27 (DFPB9501)

Site Investigation and Projects:

DF9027A (Culvert Retrofit) This project would use two existing roadway
embankments to create detention ponding areas. The primary goal of these retrofits
will be to provide storage for channel protection.

DF9027B (Drainage Retrofit) These distributed projects are designed to provide
energy dissipation at outfalls where the piped storm drain systems or paved
channels discharge to a natural channel. Additionally, paved roadside ditches will be
replaced with dry swale systems with an underdrain to provide water quality
treatment.

D29 (DFPB9802)

Site Investigation and Projects:

DF9029A (Drainage Retrofit) These projects found throughout the catchment are
designed to provide adequate energy dissipation where the drainage network
discharges into the floodplain. Options include drop structures, plunge pools,
bioengineering, or larger stone.

DF9029B (New Pond) This project is a modified regional pond at the original D-29
site, designed to store runoff for channel protection and reduce erosive streamflows
downstream.
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D73 (DFPB9801)
Site Investigation and Projects:

DF9073A (LID Retrofit) This project would consist of retrofitting both Madison High
School and Flint Hill Elementary School with low impact development structures to
reduce runoff volume and pollutant loads as close to the source as possible.
Possible improvements include reduction of impervious surface, bioretention, swales,
green roofs, and inlet filters.

DF9073B (Drainage Retrofit) The project is intended to replace a concrete channel
and an armored, straightened stream with more natural drainage. The upstream
flume would be removed and replaced with a dry swale. The lower reach would be
reconstructed as a natural stream channel with step pools to reduce flow velocity

DF9073C (Pond Retrofit) This projects consists of redirecting the stream into an
already existing farm pond, forming an in-stream pond. The proposed retrofit would
consist of reconstructing the diversion structure and providing a riser for outlet
control to allow the pond to function as water quality treatment for the first flush.

D74 (DFPB9901)
Site Investigation and Projects:

DF9074A (Drainage Retrofit) This project would consist of adding outlet protection as
well as stream stabilization to several reaches throughout the catchment to reduce
the scour and erosion within the channels.

3.30.2 Catchment Improvement Projects
C29 (DFPB9701)
Site Investigation and Projects:

DF9129 (Pond Retrofit) This project would consist of reconstructing an existing pond
by installing a new, multi-stage riser and excavating to maximize storage within the
facility boundaries. Grading a flat area at the base of the riser will create a wet
marsh that will promote vegetative uptake of nutrients and settling of sediment.

DF9729 (Drainage Retrofit) This project would consist of energy dissipation at
outfalls to reduce scour and erosion in the stream.

C30 (DFPB0001)
Site Investigation and Projects:

DF9730 (Drainage Retrofit) This project would consist of energy dissipation at
outfalls to reduce scour and erosion in the stream.

DF9830 (LID Retrofit) This project consists of onsite LID retrofits along Maple
Avenue and the W&OD Trail designed to reduce runoff volume and pollutant loads
as close to the source as possible. Possible improvement measures include
reduction of impervious surface, bioretention, swales, and inlet filters.

C66 (DFPB0002)

Site Investigation and Projects: Field investigation of this catchment revealed no areas
where improvements can be implemented, so no projects are identified for this catchment.
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3.30.3 Stream Restoration Projects

S110

Site Investigation and Projects: The site investigation showed a straightened portion of
Piney Branch adjacent to railroad bed converted to a pedestrian trail. The bank was
artificially stabilized adjacent to the railroad bed. The reach is slightly incised. One project
was identified.

DF92110 (Stream Restoration) The proposed restoration would stabilize one reach
with imbricated rip-rap to protect the trail, and reconstruct another to provide a
pattern, dimension, and profile more consistent with a natural system.

S111

Site Investigation and Projects: The site investigation showed an exposed sanitary line. The
stream reach was relatively stable and the pipe did not appear to pose a significant risk.
Additional rock placement around the pipe as ongoing maintenance would provide further
protection, but no specific project was identified for the watershed management plan.

S112

Impairment: [sample verbiage] At the time of the Stream Physical Assessment, deficient
buffers were noted; however, field investigations conducted during the watershed plan
development process indicate that these areas don’t appear to warrant a restoration project
at this time.

S134

Site Investigation and Projects: The site investigation showed a small area of the buffer that
was mowed. However, it is located within a gas easement and would most likely need to be
maintained in its current state. No project was identified.

3.30.4 Preservation

No preservation candidate sites were identified for this subwatershed.
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3.31 Little Difficult Run — Subwatershed Condition
3.31.1 Subwatershed Characteristics

The Little Difficult Run subwatershed has an area of approximately 2,590 acres (4.05 mi®).
The western most boundary runs along the Reston Parkway (Virginia 602). The northern
most boundary runs along Lawyers Road (Virginia 673). The southern most boundary lies
south of Stuart Mill Road (Virginia 669). The eastern most boundary is where Stuart Mill
Road (Virginia 669) makes a hairpin turn southward.

There are just over 10 miles of stream in the Little Difficult Run subwatershed. The streams
flow in a northeasterly direction. South Fork Run joins Little Difficult Run near Mattox Creek
Road. Further downstream Little Difficult Run joins the mainstem of Difficult Run in Polo
Place.

Refer to DFLD_1 for a map of the Little Difficult Run subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.31.2 Existing and Future Land Use

The Little Difficult Run subwatershed consists of mainly low density development. The
density is equally dispersed throughout the subwatershed. Most of the land uses are
residential. Fifty-five percent of the land is developed as low-density or estate residential
while only one percent of the subwatershed is developed for commercial or industrial uses.
There is no major concentration of development in this subwatershed. It is equally dispersed
around the Fox Mill District Park and portions of the Difficult Run Stream Valley Park.

Transportation use, such as roads and highways, make up for 196 acres, or 8 percent of the
overall subwatershed. Total impervious area for the subwatershed, which includes all
roads, parking lots, residential driveways and buildings, is approximately 272 acres, or 11
percent of the total subwatershed area.

Thirty percent of the land in the subwatershed is preserved for open space or parks. Major
parks include Fox Mill District Park and the Little Difficult Run Stream Valley Park. One
historical site lies within the subwatershed.

When comparing existing land use to future land use, there are few land use changes. The
notable changes are projected in the open space, estate residential, and low-density
residential land use categories. Losses projected in the open space (-6 percent) and estate
residential (-5 percent) categories will be met with gains in the low-density residential (+11
percent) category. This shift shows the demand for higher-density housing in the Little
Difficult Run subwatershed. A summary of land use within the subwatershed can be found in
Table 3.54.
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Table 3.56 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres Percent Acres Percent
ggfe”afi‘(’)ﬁg?’afggf' and 777 30% 624 24% -153 -6%
Golf Course 0 0% 0 0% 0 0%
Estate residential 564 22% 438 17% -126 -5%
Low-density residential 857 33% 1133 44% 276 11%
Medium-density residential 161 6% 162 6% 0 0%
High-density residential 0 0% 0 0% 0 0%
Low-intensity commercial 10 0% 12 0% 2 0%
High-intensity commercial 4 0% 4 0% 1 0%
Industrial 2 0% 2 0% 0 0%
Institutional 16 1% 16 1% 0 0%
Transportation 196 8% 196 8% 0 0%
Water 3 0% 3 0% 0 0%
Total 2,590 100% 2,590 100% 0%
One-hundred and seventy-seven acres are _
projected to shift from estate residential in the Figure 3.15 Changed Land Use
existing land use to low-density residential in the OS-LIC
future land use. Ninety-nine acres are projected 2 acres
to shift from open space in the existing land use OS-LDR B

to low-density residential in the future land use. 99 acres
This does not guarantee that the open space will

become developed; it suggests that these areas

of open space can be used for
development/redevelopment to a higher-density ~ OS-HIC
use in the future. 1 acre

ESR-LDR
177 acres

OS-ESR

L 52
3.31.3 Existing Stormwater Management acres

County records indicate that there are eight stormwater management facilities within the
Little Difficult Run subwatershed. Eighty-six percent of the Little Difficult Run subwatershed
is not served by any stormwater management facility. Eleven percent of the total area has
guantity control only and the remaining three percent receives both quantity and quality
control.

The difference between the amount of total developed area in the subwatershed (70
percent) and the area served by stormwater management (14 percent) indicates a potential
for impairment due to uncontrolled stormwater and a possible need for additional
management efforts, specifically in the industrial, commercial and medium-density
residential areas. A list of all stormwater management facilities in the Little Difficult Run
subwatershed can be found in Appendix D.
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Outfalls

The storm drainage system connects the
developed portions of the land to the stream
system. Stormwater outfalls are located
where the stormwater system ends and the
natural channel begins. Outfalls may be
sources of pollutants and excessive
stormflow from pipes can cause erosion at
the outfall and downstream. During the
Stream Physical Assessment, field crews
located 11 outfall pipes discharging into the
Little Difficult Run subwatershed. Most of
the pipes were causing minor or no erosion
to the streambed or banks; however, one
pipe discharging from a neighborhood road
was creating major erosion. Photo 3.93 Pipe near the end of Checkerberry

) Court near Blue Smoke Trail (DFLD014.P001)
Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and

habitat impairment. The Stream Physical

Assessment results indicate 42 crossings in

the Little Difficult Run subwatershed at the

time of assessment. The majority (55 percent)

of the crossings were circular pipe culverts.

Most of the crossings (74 percent) had no

significant impact on stream condition, while

24 percent were having some impact on the

stream, such as evidence of erosion or

sedimentation downstream. One of the

concrete circular crossings, shown in Photo

3.94, has sedimentation problems upstream

and downstream of the culvert that could
block the stream flow and cause a flooding
hazard.

Photo 3.94 Crossing under Fox Mill Road
north of Shady Mill Lane. Crossing has
excessive sedimentation (DFLD015.C002).

3.31.4 Soils

Soils found in the Little Difficult Run subwatershed belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes which can result
in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly shallow
with numerous natural springs. The subwatershed contains 74 percent of the B hydrologic
soil group with Glenelg silt loam being the dominant soil type (57 percent). Zones with
Glenelg, Manor and Elioak soils may be compatible with infiltration practices. There are 8.62
acres of land with unclassified soils in the Little Difficult Run subwatershed. Soils that cover
at least 20 acres within the subwatershed can be found in Appendix A.
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3.31.5 Geomorphology

The streams in Little Difficult Run were assessed and assigned a Channel Evolution Model
classification as part of the Stream Physical Assessment. There are a total of 53,502 linear
feet (approximately 10 miles) of stream in the Little Difficult Run subwatershed. Of this
length, two reaches (3,073 feet) were not assessed because they were a concrete drainage
ditch with riprap, and a pond / wetland. Refer to DFLD_3 for the stream classifications.

Most channels (68 percent) were classified as Type 11, which indicates an unstable channel
that is actively widening in response to changes in stream flow.stream channel. The
remaining 32 percent of the reaches are Type IV, which is the onset of channel stabilization.
The majority (88 percent) of the reaches have a gravelly substrate. The remaining reach
substrates are dominated by sand, silt or cobble.

Photo 3.95 Eroding bank directly north of the Photo 3.96 Erosion area at the end of
terminus of Hollybrook Place in the Millstream Court, in Little Difficult Run Stream
Hollybrook subdivision (DFLD004.E001). Valley Park (DFLD024.E001).

Photo 3.97 Erosion located on the mainstem Photo 3.98 Headcut located northwest of Fox
of Little Difficult Run, directly east of Colt Run Mill District Park in the Fox Mill Woods

Road in the Roan Stallion Estates subdivision subdivision. Directly east of the intersection of
(DFLDO013.E001). Steeplechase Drive and Aintree Lane

(DFLD023.H001).

Sixty percent of the total stream length was moderately unstable with high erosion potential
during flood events. Forty percent of the stream length was moderately stable with only
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slight potential for erosion at flood stages. There were four specific stream erosion points
noted in the Little Difficult Run subwatershed. The combined length of the erosion points is
approximately 230 feet. Three of the erosion points are considered severe indicating that
erosion may be damaging property and causing instream degradation. All erosion points are
considered to have moderate to high restoration potential. These erosion points are shown
in Photos 3.95 to 3.97. Photo 3.95 is candidate site S115, 3.96 is candidate site S113, and
3.97 is candidate site S114. There was one headcut identified as having a significant
impact with a height of 2.5 feet (Photo 3.98).

All but one of the 17 stream blockages was made up of trees and debris. The remaining
obstruction was a beaver dam. Sixty-five percent of the obstructions appeared to be
restricting fish movement within the stream system, while the rest did not. Streamflow
around and over the obstructions is causing only minor amounts of erosion in the majoirity of
the obstructed areas, while 23 percent of the obstructed channels are experiencing more
significant erosion which can negatively affect the instream habitat. The obstructions have
the potential to create flooding problems within the stream system and potentially affect
buildings near the stream.

3.31.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one-time visual inspection. Field crews conducted that
assessment in the fall of 2002 and winter of 2003.

o Of the assessed reaches, 60 percent
have fair habitat for aquatic insects
and fish, 29 percent have good
habitat, and 21 percent have poor
habitat.

e There are 14,450 feet of riparian
buffer encroachment in the
subwatershed (this length includes left
and right banks combined). Of this
total, 9,900 feet (69 percent) is a
combination of pervious surfaces,
1,050 feet (7 percent) is a combination

of different impervious surfaces, and Photo 3.99 Severe buffer encroachment (in
the remaining 3,500 feet (24 percent) background) Little Difficult Run Stream Valley
is some combination of impervious Park, directly south of Stuart Mill Road on the
and pervious surfaces. Photos 3.99 mainstem (DFLD011.B001)

above (which is candidate site S116)
and 3.100 (which is candidate site
S36) and 3.101 below show examples of buffer encroachment.

e Forty-eight percent of the assessed stream length had between 50 percent and 70
percent of both stream banks covered by vegetation. Typically this vegetation is
scattered grasses, shrubs and forbs. Fifty-two percent of the assessed stream length
had a variety of vegetation, and covered 70 to 90 percent of the streambank surface.
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Photo 3.100 Buffer encroachment in the Little Photo 3.101 Buffer impact in the Hollybrook
Difficult Run Stream Valley Park. Directly east community, directly north of the terminus of
of Mill Road and Stuart Mill Road Hollybrook Place, mainstem of Little Difficult
(DFLD003.B001). Run (DFLD003.B002).

3.31.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Little Difficult Run incorporate data on the amount, character and location of the land
use, impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identify
that will need additional management measures.

In Little Difficult Run subwatershed, over half of the land use is a lower density residential.
Approximately 11 percent of the land is covered by impervious surface. This low
imperviousness helps this subwatershed have below average pollutant loads for Difficult
Run. See DFLD_4 for the catchment locations.

The poorest rating for water quality in this subwatershed is DFLD9401, located around the
intersection of Soapstone Drive and Foxclove Road. DFLD0002, around the western end of
Westwood Hills Drive, has one of the highest amounts of runoff volume in the
subwatershed, along with DFLD9701 in the Blueberry Farm area between Lawyers Road
and Fox Mill Road. Results can be seen in Table 3.55.
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Table 3.57 Existing and Future Modeling

itle Diff £ o 3 S £ 2 £ X
et 258 §5 g8 2.8 ¢ &
ESE &% P8 &Z8 &pfs

DFLDO0001 E 1.64 0.12 16.0 0.9 0.2
F 2.66 0.14 31.8 1.7 0.3

C 62% 17% 99% 89% 50%

DFLD0002 E 2.07 0.11 22.4 1.2 0.3
F 2.2 0.12 24.2 1.3 0.3

C 6% 9% 8% 8% 0%

DFLDO0003 E 2.31 0.12 21.5 1.2 0.2
F 2.58 0.13 26.2 1.4 0.3

C 12% 8% 22% 17% 50%

DFLDO0004 E 1.61 0.1 15.1 0.8 0.2
F 1.61 0.1 15.1 0.8 0.2

C 0% 0% 0% 0% 0%

DFLDO0005 E 0.92 0.14 6.6 0.3 0.1
F 1.07 0.14 7.2 0.4 0.1

C 16% 0% 9% 33% 0%

DFLDO0006 E 1.61 0.09 13.5 0.7 0.2
F 1.69 0.09 14.3 0.8 0.2

C 5% 0% 6% 149% 0%

DFLDO0007 E 1.93 0.12 14.2 0.8 0.2
F 1.94 0.12 14.4 0.8 0.2

C 1% 0% 1% 0% 0%

DFLDO0008 E 2.01 0.16 16.0 0.9 0.2
F 2.03 0.16 16.4 0.9 0.2

C 1% 0% 2% 0% 0%

DFLD9201 E 1.81 0.11 15.8 0.9 0.2
F 1.84 0.11 16.1 0.9 0.2

C 2% 0% 2% 0% 0%

DFLD9301 E 1.98 0.12 23.7 1.3 0.3
F 2.05 0.13 24.0 1.3 0.3

C 4% 8% 1% 0% 0%

DFLD9401 E 2.75 0.13 32.8 1.8 04
F 2.75 0.13 32.8 1.8 04

C 0% 0% 0% 0% 0%

DFLD9501 E 2.39 0.13 41.9 2.0 0.3
F 2.39 0.13 41.9 2.0 0.3

C 0% 0% 0% 0% 0%

DFLD9601 E 25 0.13 33.7 1.7 0.3
F 25 0.13 33.7 1.7 0.3

C 0% 0% 0% 0% 0%

DFLD9701 E 2.68 0.1 28.1 1.5 0.3
F 2.98 0.11 33.7 1.8 0.3

C 11% 10% 20% 20% 0%
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DFLD9801 E 1.84 0.14 15.5 0.8 0.2
F 2.86 0.16 31.1 1.7 04

C 55% 149% 101% 113% 100%

DFLD9901 E 2.36 0.13 22.7 1.2 0.2
F 3.17 0.15 32.6 1.8 04

C 34% 15% 44% 50% 100%

E — Existing conditions results, F — Future conditions results, C — Change between existing and
future shown as a percentage of the existing condition. Value is based on unrounded figures

The future modeling results show an increase in flow and runoff pollutants in all
catchments. The large increases in both runoff volume and runoff pollutants, which occur in
DFLDO0001, DFLD9801, and DFLD9901, are due to a large amount of estate residential and
open space changing into low-density residential land use.

3.31.8 Hydraulic Modeling Results

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. These culverts are over-capacity and do not allow all of the flow required to pass
without flooding. These sites can present a hazard and are considered candidate sites for
improvement, further study and possibly a project to replace or retrofit the culvert.

Seven culverts in the Little Difficult Run subwatershed overtopped for at least one storm
event. These are shown in Table 3.56. Road crossings that experience overtopping are
listed in Appendix F and it is anticipated that improvements will be pursued with VDOT
independent of the watershed planning process.

Table 3.58 Culvert Hydraulic Modeling

Culvert Crossing Flood Year
100 50 25 10 5 2 1
3 Stuart Mill Road DS E X X X X
6 Colt Run Road E X X X X X X X
12 Polo Pointe Drive E X X X
13 Fox Mill Road North E X X X X X X
15-B Stuart Mill Road US E X X X X X
16 Fox Mill Road South E X X X X X
30 Westwood Hills Drive E X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #3 (Photo 3.102) overtopped for all events except the one-year. Stuart Mill Road can
be considered a primary road, which requires it to pass the 25-year event.
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Culvert #6 (Photo 3.103) overtopped for all events. Colt Run Road is a residential access
road, classified as local, requiring the culvert to pass the 10-year event. This culvert is
candidate site FO6.

Photo 3.102 Little Difficult Run at Stuart Mill Photo 3.103 Little Difficult Run at Colt Run
Road Road

Culvert #12 (Photo 3.104) overtopped for the 25, 50, and 100-year events. The culvert at

Polo Pointe Drive, a local road, is required to pass the 10-year event. This culvert is not a
candidate site.

Culvert #13 (Photo 3.105) overtopped for all events except the one-year. Fox Mill Road is a
primary road, and is therefore required to pass the 25-year event.

Photo 3.104 Little Difficult Run tributary at Photo 3.105 Little Difficult Run mainstem at
Polo Pointe Drive. Fix Mill Road North

Culvert #15-B (Photo 3.106) overtopped for all events except the one and two-year. Stuart
Mill Road, as mentioned above, can be considered a primary road, requiring it to pass the
25-year event.

Culvert #16 (Photo 3.107) overtopped for all events except the one and two-year. Fox Mill

Road, also mentioned above, can be considered a primary road and must pass the 25-year
event.
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Culvert #30 (Photo 3.108) overtopped for all events except the one and two-year. The

Photo 3.106 Little Difficult Run mainstem at Photo 3.107 Little Difficult Run mainstem at
Stuart Mill Road Fox Mill Road South

culvert at Westwood Hills Drive, a local road, is expected to pass the 10-year event.

Photo 3.108 Little Difficult Run tributary at
Westwood Hills Drive

3.31.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Little Difficult Run subwatershed are listed below. Refer to DFLD_4 for
site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S36  There are significant riparian buffer impacts over 1,000 feet in length in the Little
Difficult Run Stream Valley Park directly east of Mill Road and Stuart Mill Road
(Photo 3.100).

S65 The reach between two overtopping culverts (culvert 13 and culvert 30) is exhibiting
poor bank stability and has several crossing impacts.

S113 Erosion area at the end of Millstream Court, in Little Difficult Run Stream Valley Park
(Photo 3.96).
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Erosion located on the mainstem of Little Difficult Run, directly east of Colt Run Road
in the Roan Stallion Estates subdivision (Photo 3.97).

Stream Physical Assessment found erosion and riparian buffer problems north of the
terminus of Hollybrook Place in the Hollybrook subdivision (Photo 3.95)

Buffer encroachment on the mainstem of Little Difficult Run along Stuart Mill Road in
the Difficult Stream Valley Park (Photo 3.99).

Hydrology and Water Quality

D23

D39

D43

D58

D61

D69

D71

co64

(Catchment DFLDO0008) This site has better than average conditions for the
subwatershed and for Difficult Run as a whole for runoff flows and pollutant loads. It
was selected because it is a proposed site for a regional pond.

(Catchment DFLD0002) This site has conditions similar to the average for the
subwatershed for runoff flows and pollutant loads. It was selected because it is a
proposed site for a regional pond.

(Catchment DFLD9501) This site has higher than average nitrogen and phosphorus
loadings from runoff. Peak flows and runoff volume are average. There are no critical
stream problems within the area or immediately downstream. It was selected
because it is a proposed site for a regional pond.

(Catchment DFLD9801) This site has better than average conditions for the
subwatershed and for Difficult Run as a whole for runoff flows and pollutant loads.
There are no stream restoration sites downstream, however there are two culverts
that are being overtopped. It was selected because it is a proposed site for a regional
pond.

(Catchment DFLD9401) Water quality and runoff volumes are slightly worse than the
average for the subwatershed. Stream conditions within the drainage area and
immediately downstream are relatively good.

(Catchment DFLD9601) This site has average conditions for the subwatershed and
for Difficult Run as a whole for runoff flows and pollutant loads. Field investigation
showed no critical stream degradation within the drainage area or downstream.

(Catchment DFLDO0001) This site has average conditions for the subwatershed for
runoff flows and pollutant loads. There is an area of streambank erosion downstream
at site S113.

(Catchment DFLD9701) This site has average pollutant loads and runoff flows in
comparison with the subwatershed, and better than the average for the whole
watershed. There is no significant stream degradation within the catchment or
immediately downstream.

Flooding

FO3

FO6

The bridge carrying Stuart Mill Road over the Mainstem of Little Difficult Run
overtops for all events except the 1-year storm. It is required to pass the 25-year
event (Photo 3.102).

The culvert conveying Mainstem of Little Difficult Run under Colt Run Road overtops
for all events. It is required to pass the 10-year event (Photo 3.103).
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The culvert conveying a tributary of Little Difficult Run under Fox Mill Road overtops
for all events except the 1-year storm. It is required to pass the 25-year event (Photo
3.105).

The culvert conveying Little Difficult Run under Stuart Mill Road overtops for all
events except the 1-year and 2-year storms. It is required to pass the 25-year event
(Photo 3.106).

The culvert conveying a tributary of Little Difficult Run under Fox Mill Road overtops
for all events except the 1-year and 2-year storms. It is required to pass the 25-year
event. (Photo 3.107).

The culvert conveying a tributary of Little Difficult Run under Thoroughbred Road
overtops for all events except the 1-year and 2-year storms. It is required to pass the
20-year event (Photo 3.108).

Preservation

PO5

P06

P07

(Catchment DFLD9801) This catchment has very high increases from existing to
future conditions for many of the modeled results including runoff volume, total
suspended solids, nitrogen and phosphorus.

(Catchment DFLDO0001) This catchment has very high increases from existing to
future conditions for many of the modeled results including total suspended solids,
nitrogen and phosphorus. The area includes a large percentage of open space.

(Catchment DFLD9901) This catchment has moderate increases from existing to
future conditions for many of the modeled results including total suspended solids,
nitrogen and phosphorus. The area includes a large percentage of open space.
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3.32 Little Difficult Run - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.61 below is a list of all projects
proposed in this subwatershed.

Table 3.59 Recommendations for Little Difficult Run

. . Candidate

Project # Project Type Site
DF9023A Pond Retrofit. D-23
DF9039A Culvert Retrofit. D-39
DF9039B Drainage Retrofit. D-39
DF9043A Drainage Retrofit D-43
DF9043B Pond Retrofit D-43
DF9043C LID Retrofit D-43
DF9058A Culvert Retrofit D-58
DF9058B Culvert Retrofit D-58
DF9061A Culvert Retrofit D-61
DF9061B Drainage Retrofit D-61
DF9061C Culvert Retrofit D-61
DF9061D Pond Retrofit D-61
DF92114 Stream Restoration S114
DF9236 Stream Restoration S36
DF9265 Stream Restoration S65

3.32.1 Regional Pond Alternative Projects
D23 (DFLD9201)

Site Investigation and Projects: The site investigation showed few opportunities for retrofits
in this low-density residential neighborhood. One project was identified:

DF9023A (Pond Retrofit) This project is a retrofit of an existing dry facility at the
outfall of the catchment. Retrofits would include installing a multi-stage riser for
extended detention.

D39 (DFLD0002)

Site Investigation and Projects: The site investigation found relatively good conditions in the
streams and outfalls within this drainage area, including the stream channel at the outlet of
the watershed. There are few opportunities for onsite stormwater management or LID
retrofits in the residential land uses that predominate.

DF9039A (Culvert Retrofit) The project includes two small culvert retrofits on the
south side of Westwood Hills Drive. The project would provide channel protection to
reduce erosive discharge rates and provide an opportunity for water quality
treatment.
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DF9039B (Drainage Retrofit) This project consists of reconfiguring outfalls or
retrofitting energy dissipation structures to reduce scour and erosion where flows
from the storm drainage system enter the stream.Improvements would consist of
energy dissipation through riprap, plunge pools, or structures.

D43 (DFLD9501)
Site Investigation and Projects:

DF9043A (Drainage Retrofit) This project is designed to reduce scour at outfalls
where the piped storm drain system discharges to a natural channel. Improvements
would consist of energy dissipation through riprap, plunge pools, or structures.

DF9043B (Pond Retrofit) This is a retrofit of an existing in-stream dry pond between
the cul-de-sacs of Wild Cherry Place and Black Fir Court. The retrofit would
incorporate a retrofit riser structure. For channel protection storage, the low-flow
orifice should be modified to detain the 1-year storm.

DF9043C (LID Retrofit) The project involves coordinating with the Fox Mill Swim and
Tennis Club to construct a biofiltration swale adjacent to the parking lot. The existing
grass swale exhibits active erosion. This retrofit could serve as a community
education and outreach project.

D58 (DFLD9801)
Site Investigation and Projects:

DF9058A (Culvert Retrofit) This project is located at the upstream side of
Thoroughbred Road. It should be designed along with project DF9058B to reduce
some of the peak flows from the drainage area.

DF9058B (Culvert Retrofit) The retrofit is located upstream of the crossing at
Folkstone Road. An upstream embankment along with a retrofit of the culvert would
provide a dry pondfor channel protection.

D61 (DFLD9401)
Site Investigation and Projects:

DF9061A (Culvert Retrofit) This project is located at the bottom of the catchment
where the stream crosses Stuart Mill Road. It would be designed primarily for water
guality treatment using extended detention on the floodplain..

DF9061B (Drainage Retrofit) This project is designed to provide energy dissipation at
outfalls where the piped storm drain system discharges to a natural channel.
Improvements would consist riprap, plunge pools, or bioengineered structures.

DF9061C (Culvert Retrofit) This culvert retrofit project would consist of a redundant
embankment to create a backwater storage area at Foxclove Road, with the primary
goal of reducing erosive flows downstream. The upstream area is forested so a dry
detention facility is proposed.

DF9061D (Pond Retrofit) The project would retrofit a dry pond with the addition of a
multi-stage riser to provide channel protection storage.
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D69 (DFLD9601)

Site Investigation and Projects: The stream valley through the site is heavily wooded with no
suitable locations for stormwater management ponds or onsite LID retrofits. No projects
were identified for this site.

D71 (DFLD0001)

Site Investigation and Projects: The stream valley through the site is heavily wooded with no
suitable locations for stormwater management ponds or onsite LID retrofits. No projects
were identified for this site.

3.32.2 Catchment Improvement Projects
C64 (DFLD9701)

Site Investigation and Projects: The stream valley through the site is heavily wooded with no
suitable locations for stormwater management ponds or onsite LID retrofits. No projects
were identified for this site.

3.32.3 Stream Restoration Projects
S-36

Site Investigation and Projects: The site investigation found moderate to severe bank
erosion, lack of riffle pool bed morphology, and slight to moderate incision. Some areas
adjacent to the stream lacked a forested riparian buffer. One stream restoration project was
identified.

DF9236 (Stream Restoration) The proposed restoration would involve excavating a
new floodplain and re-meandering the stream to provide a pattern, dimension, and
profile more consistent with a natural stream. This would prevent further mass
erosion associated with channel widening and bank failure, would improve instream
habitat, and provide access to a functional floodplain. The new floodplain would be
planted with native woody vegetation and grasses. A forested buffer would be
established. S-36 and S-115 would be combined as a single project.

S-65

Site Investigation and Projects: The site investigation found areas of missing buffer and
erosion on the west side of Fox Mill Road. The east side was forested with areas of
localized erosion.

DF9265 (Stream Restoration) The proposed restoration would involve excavating a
floodplain bench and reshaping the streambanks on the west side and immediately
downstream of Fox Mill Road. A forested buffer would be established to the extent
possible in the riparian zone. Further downstream, restoration benefits would not
outweigh the construction impacts to the forest.

S-113

Site Investigation and Projects: The site investigation found one area of severe bank
erosion less than 100 feet in length. Given the short length of the impairment and significant
access constraints, no project was identified. The bank erosion would be addressed by the
proposed culvert retrofit (DF9406 below) located upstream of Colt Run Road.
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S-114

Site Investigation and Projects: Site investigations found that the stream is severely incised
with raw streambanks. However, the stream has re-established a good riffle pool sequence
and has a clearly defined aquatic channel. One stream restoration project was identified.

DF92114 (Streambank Stabilization) The proposed project would involve grading the
eroded streambanks and excavating a floodplain bench at the channel forming
elevation. The new floodplain would be planted with native woody vegetation and
grasses.

S-115
Site Investigation and Projects: Work for this site would be combined with project DF9236.
S-116

Site Investigation and Projects: Buffer restoration will be completed as part of the
watershed-wide projects.. No project was identified.

3.32.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the candidate sites include reducing runoff volume, peak flows,
and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects

No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for all candidate sites are described in Chapter 4.
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3.33 Angelico Branch — Subwatershed Condition
3.33.1 Subwatershed Characteristics

The Angelico Branch subwatershed has an area of approximately 483 acres (0.76 mi®). It
is one of the smaller subwatersheds found within the Difficult Run. Lawyers Road (Virginia
673) makes a diagonal slice through the subwatershed from the northwest to the center.
Hunter Mill Road (Virginia 674) provides the approximate western boundary line. The stream
crossing at Cedar Pond Drive (local road) provides the northern boundary. Clarks Crossing
Park designates an approximate eastern boundary. Vale Road (Virginia 672) forms the
approximate southern boundary.

The Angelico Branch subwatershed is located in the central portion of the Difficult Run
watershed. The Angelico Branch subwatershed contains only a single stream channel,
which is approximately two miles long. Angelico Branch flows in a northerly direction until it
joins with the mainstem of Difficult Run.

Refer to DFAB_1 for a map of the Angelico subwatershed highlighting the Subwatershed
Characteristics including, existing land use, flood limit, wetlands, resource protection
areas and stormwater management.

3.33.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

Angelico Branch is one of the lower density subwaterseds. Seventy-five percent is
developed as low-density or estate residential, while only 1 percent of the subwatershed is
developed for commercial or industrial uses. The development in this subwatershed is
equally dispersed throughout in residential subdivisions.

Transportation use, such as roads and highways, make up 34 acres, or 7 percent of the
overall subwatershed. Total impervious area for the subwatershed, which includes all roads,
parking lots, residential driveways and buildings, is approximately 51 acres, or 11 percent of
the total subwatershed area. Thirteen percent of the land in the subwatershed is preserved
for open space or parks. Major parks include Fox Hunters Park and Kemper Park. No
historical sites lie within the subwatershed. A summary of land use within the subwatershed
can be found in Table 3.58.

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

When comparing existing land use to future land use, there are several land use changes.
The notable changes are projected to be made in the open space, estate residential, and
low-density residential land use categories. A gain projected in the low-density residential
(+22 percent) category is projected to be compensated with losses in the estate residential
(-18 percent) and open space (-4 percent) categories. This suggests that there is a demand
to increase the housing base in the Angelico Branch subwatershed.
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Table 3.60 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres Percent  Acres Percent

recreational areas 64 1% 46 1% 18 4%
Golf Course 0 0% 0 0% 0 0%
Estate residential 209 43% 120 25% -89 -18%
Low-density residential 156 32% 262 54% 107 22%
Medium-density residential 9 2% 9 2% 0 0%
High-density residential 0 0% 0 0% 0 0%
Low-intensity commercial 4 1% 4 1% 0 0%
High-intensity commercial 0 0% 0 0% 0 0%
Industrial 0 0% 0 0% 0 0%
Institutional 7 1% 7 1% 0 0%
Transportation 34 7% 34 7% 0 0%
Water 0 0% 0 0% 0 0%
Total 483 100% 483 100% 0%

According to Figure 3.16, 97 acres are

projected to shift from estate residential in

the existing land use to low-density

residential in the future land use. An additional 18
acres, or 16 percent of all land use changes, are
projected to shift from open space to either a low-
density residential (10 acres) or estate residential
(8 acres) use. This does not guarantee that the
open space will become developed; it suggests
that these areas of open space have been
identified as being appropriate for redevelopment
of a higher-density use in the future if and when
the need presents itself.
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3.33.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there is only one stormwater management facility within the Angelico
Branch subwatershed. The facility provides quantity control for 17 percent of the
subwatershed. The remaining 83 percent of the subwatershed is not served by any
stormwater management facility. The information on this facility can be found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located only one outfall pipe discharging into Angelico Branch. This pipe is a 12-
inch stormwater pipe that has only a minor

impact on stream character.

Stream Crossings

Stream crossings, such as bridges and
culverts are often locations of erosion and
flooding. The combination of aging
structures and frequently high stormwater
levels can cause downstream stream
stability problems and habitat impairment.
There are seven stream crossings in the
Angelico Branch subwatershed. Only one of
these has more than a moderate impact on
the stream, indicating that the structural
condition was adequate but could be

improved to enhance stream integrity and Photo 3.109 Pipe culvert at the headwaters of
avoid future problems. This crossing is a Angelico Branch. This is the only crossing in
pipe culvert near the headwaters of the watershed that has more than a moderate

Angelico Branch at the end of Garrett Street. ~ mPact on the stream. (DFAB002.C003)

This pipe is shown in Photo 3.109.
3.33.4 Soils

Soils found in the Angelico Branch subwatershed belong primarily to the Glenelg— Elioak —
Manor association. This association consists of rolling and hilly landscapes which can result
in rapid runoff and micaceous soils, which are erodible. The subwatershed contains 57
percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (31
percent). Zones with Glenelg, Manor and Elioak soils may be compatible with infiltration
practices. The groundwater is fairly shallow with numerous natural springs. There are 0.2
acres of land with unclassified soils in the Angelico Branch subwatershed. Soils that cover at
least 20 acres within the subwatershed can be found in Appendix A.
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3.33.5 Geomorphology

Field crews conducted an assessment of the
entire stream length in Angelico Branch
subwatershed using the Channel Evolution
Model. Each length was assigned a
classification as part of the Stream Physical
Assessment. The classification indicates the
stream channel’s physical condition and
stability as a response to disturbances such as
upstream land use changes. All streams were
assessed.

The substrate material found in Angelico
Branch is a mix of silt, sand and gravel. The
entire length of Angelico Branch is
characterized as Type lll, indicative of an
unstable channel that is actively widening in response to changes in stream flow. Most of
the stream between Lawyers Road and Whippoorwill Road is severely eroded, shown in
Photo 3.110. This site is candidate site S117. Refer to DFAB_3 for the stream
classifications.

Photo 3.110 Severe erosion located just west
of Whippoorwill Road (DFAB001.E001)

There were three locations along Angelico Branch where field crews noted obstructions. All
obstructions were restricting fish passage and can lead to flooding and stream erosion. Two
of these are shown in Photos 3.111 and 3.112.

Photo 3.111 Obstruction located just west Photo 3.112 Obstruction located just south
of Whippoorwill Road (just downstream of of East Hunter Valley Road (DFAB002.T002)
erosion shown in Photo 3.2)

(DFAB001.T001)

3.33.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one-time visual inspection. Field crews conducted that
assessment in the fall of 2002.
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There is approximately one mile of riparian buffer encroachment (this length includes left
and right banks combined). Sixty-six percent of this impact is from a combination of lawn
and grasses. The remaining 34 percent is any combination of pavement and
grasses/forbs/lawn. Only 1,000 feet of this total length was considered to have a significant
impact on the stream.

e Seventy-six percent of the total stream has “fair” habitat for aquatic insects and fish,
while the remaining 24 percent has “poor” habitat.

e At the time of assessment, field crews noted only 20 percent of the channel depth
filled with water, which can indicate a channel overwidened by erosion or a lack of
baseflow. This type of channel provides poor habitat for fish.

e The entire length of Angelico Branch received low scores for vegetative protection in
the form of trees and shrubs and has impacted buffer zone width and bank stability.
These factors indicate a stream with high erosion potential during rain events and
one that could benefit from improved buffer.

3.33.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Angelico Branch incorporate data on the amount, character and location of the land
use, impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff
and streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

Angelico Branch subwatershed is covered by 11 percent impervious surface. It is comprised
of more than three-quarters lower density residential land use. There are two areas of
commercial land use, located along Hunter Mill Road, one just north and one just south of
Lawyers Road. The larger commercial area to the south of Lawyers Road, along with low
and medium density residential areas in catchment DFAB0O001 combine to produce the
highest nitrogen and phosphorus loading rates in the subwatershed. Refer to DFAB_4 for
the catchment locations.

Catchment DFAB0001, located north of Vale Road and East of Hunter Mill Road, is the
headwater for this subwatershed and received the poorest rating in terms of modeled water
guality in the subwatershed. This same catchment also has the highest volume of runoff due
to relatively more impervious surface. Results are in Table 3.59.
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Table 3.61 Existing and Future Modeling

pzd o
Angelico Branch e 0 o = lu: = lu; =
Catchments eEg 5 S i 29 29

S =< o v 0 = S5 = S5 =

©3E a5 r8& &8 &3

DFAB0001 E 2.31 0.12 25.6 1.3 0.3
F 2.94 0.14 36.6 1.9 0.4

C 271% 17% 43% 45% 44%

DFAB0002 E 2.2 0.15 17.5 1.0 0.2
F 2.88 0.17 27.4 1.5 0.3

C 31% 13% 57% 58% 57%

DFAB0003 E 1.92 0.14 15.3 0.8 0.2
F 2.04 0.14 16.7 0.9 0.2

Cc 6% 0% 9% 10% 6%

E — Existing conditions results, F — Future conditions results, C — Change between existing and
future shown as a percentage of the existing condition. Value is based on unrounded figures.

All three catchments showed an increase in pollutants and flow from existing to future
conditions due to projected changes in open space and estate residential to low density
residential land use.

3.33.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts, may
occur. These culverts are over-capacity and do not allow all of the flow required to pass
without flooding. These sites can present a hazard and are considered candidate sites for
improvement, further study and possibly a project to replace or retrofit the culvert.

Two culverts in the subwatershed were overtopped by at least one of the storm events, as
shown in Table 3.60. Road crossings that experience overtopping are listed in Appendix F
and it is anticipated that improvements will be pursued with VDOT independent of the
watershed planning process.

Table 3.62 Culvert Hydraulic Modeling

) Flood Year
Culvert Crossing
100 50 25 10 5 2 1
19 Lawyers Road E X X X X X X
20 Cedar Pond Drive E X X

E — Existing conditions results, x — indicates overtopping

Culvert #19 (Photo 3.113) overtopped for all events except the 1-year. Lawyers Road is a
primary road, which should allow the 25-year event to pass.

Culvert #20 (Photo 3.114) overtopped for the 50 and 100-year events. This is a residential
access road, which can be classified as local, and is required to pass beneath it the 10-year
event. This culvert is not considered a candidate site.
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Photo 3.113 Angelico Branch Photo 3.114 Angelico Branch
at Lawyers Road at Cedar Pond Drive

3.33.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Angelico Branch subwatershed are listed below. Refer to DFAB_4 for
site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S117 The Stream Physical Assessment survey noted severe erosion just west of
Whippoorwill Road (Photo 3.110). The reach also was identified as having erosion
problems and active widening.

S118 This site was identified in the Stream Physical Assessment survey as having erosion
problems and active widening, along with a deficient buffer.

Hydrology and Water Quality

D51 (Catchments DFAB0001, DFAB0002, and DFAB0003) The site of this unconstructed
regional pond collects the drainage from all three catchments in Angelico Branch.
Model results for the overall subwatershed showed peak flows and runoff quality to
be within normal ranges in comparison to other areas of Difficult Run so that no other
candidate sites were identified.

Flooding

F19  This culvert overtops with existing conditions for all rainfall events from 2- to 100-
year; however, it should pass the 25-year event to meet County standards (Photo
3.113).

Preservation

P04  (Catchment DFAB0002) Model results for pollutant loading and runoff volume more
than doubled in this catchment based on the projected change from existing to future
conditions.
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3.34 Angelico Branch - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.61 below is a list of all projects
proposed in this subwatershed.

Table 3.63 Recommendations for Angelico Branch

. . Candidate
Project # Project Type Site
DF9051D Culvert Retrofit D-51
DF9051E Drainage Retrofits D-51
DF92117 Stream Restoration S117

3.34.1 Regional Pond Alternative Projects
D51 (DFAB0001, DFAB0002, and DFAB0003)

Site Investigation and Projects: The site investigation showed that stream erosion upstream
of this site was severe and among the worst conditions seen in the watershed. Along with a
culvert retrofit at the regional pond site, upstream projects are being proposed which may
help mitigate stream erosion and provide some improvements in water quality.

DF9051D (Culvert Retrofit) This culvert retrofit is proposed for the original site of
regional pond D-51. The primary role would be to reduce peak discharges, but water
guality features could be designed to promote wetland growth and nutrient uptake
through vegetation.

DF9051E (Drainage Retrofits) These distributed projects are designed to provide
energy reduction at outfalls where the piped storm drain system discharges to a
natural channel to slow the scour and erosion at these points. Improvements would
consist of energy dissipation through riprap, plunge pools, or structures.

3.34.2 Catchment Improvement Projects
No candidate sites of this type were identified.
3.34.3 Stream Restoration Projects
S117 and S118

Site Investigation and Projects: The site investigation showed moderate to severe incision
with severe bank erosion against the valley walls in several locations. Bed features were
transitional and inconsistent. The stream did not appear to be in its natural location in the
center of its valley. It may have been moved and straightened at some time in the past.

DF92117 (Stream Relocation) Sites 117 and 118 will be combined into a single
project. The proposed restoration would create a new pattern and profile for most of
the existing channel, except for the most eroded area, where a new stream channel
would be created in the floodplain. Spot stabilization measures would also be
constructed. The stream buffer would be restored on all restoration reaches.This
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would improve instream habitat, provide access to a larger floodplain, and protect the
eroding valley walls.

3.34.4 Preservation
Improvement Goals for all Preservation Sites

Preservation goals for all the candidate sites include reducing runoff volume, peak flows,
and pollutant loads by preserving open space and forested land in key areas of the
catchment such as headwaters.

Site Investigation and Projects

No site investigation was undertaken for preservation projects, and no specific proposals
have been made for each area. Actions and policy changes needed to implement
preservation for all candidate sites are described in Chapter 4.
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3.35 South Fork Run — Subwatershed Condition
3.35.1 Subwatershed Characteristics

The South Fork Run subwatershed has an area of approximately 1,745 acres (2.73 mi®).
Its western most boundary runs almost directly along West Ox Road (Virginia 608) where it
becomes the Reston Parkway (Virginia 602). The southeast most boundary line runs along
Vale Road (Virginia 672). The northeast most boundary is approximately Stuart Mill Road
(Virginia 669) where it turns into Bennett Road.

The South Fork Run subwatershed includes 7.0 miles of streams. The subwatershed is in
the southwestern corner of the watershed between Little Difficult Run and Upper Difficult
Run.

Refer to DFSF_1 for a map of the South Fork Run subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.35.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The South Fork Run subwatershed is slightly to moderately dense. Sixty-two percent is
developed as low-density or estate residential while only 1 percent of the subwatershed is
developed for commercial or industrial uses. The most common land use in South Fork Run
is low-density residential, which makes up 52 percent of the land area. Development is
equally dispersed throughout the subwatershed in subdivisions.

Transportation use, such as roads, highways, and rights-of-way, make up 151 acres, or 9
percent of the overall subwatershed. Total impervious area for the subwatershed, which
includes all roads, parking lots, residential driveways and buildings, is approximately 215
acres, or 12 percent of the total subwatershed area.

Twenty-two percent of the land in the subwatershed is preserved for open space or parks.
Major parks include Garnchayne Park, Difficult Run Stream Valley Park and Clark’s Landing
Park. Three historical sites lie within the subwatershed. A summary of land use within the
subwatershed can be found in Table 3.62.

When comparing existing land use to future land use, there are few land use changes.
Changes are projected for the open space, estate residential and medium-density
residential land use categories. Losses expected in open space (-6 percent) will be gained
in the estate residential (+4 percent) and medium-density (+2 percent) categories. The
projected shift to estate residential use, the lowest density for all residential uses within the
subwatershed, is a rare occurrence, when compared with the other 17 subwatersheds.
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Table 3.64 Existing and Future Land Use

Land Use Type Existing Future Change
Acres Percent Acres Percent Acres Percent
Open space, parks, and 375 20% 273 16%  -103 6%
Golf Course 0 0% 0 0% 0 0%
Estate residential 170 10% 240 14% 71 4%
Low-density residential 907 52% 911 52% 3 0%
Medium-density residential 110 6% 138 8% 28 2%
High-density residential 0 0% 0 0% 0 0%
Low-intensity commercial 3 0% 3 0% 0 0%
High-intensity commercial 0 0% 0 0% 0 0%
Industrial 10 1% 10 1% 0 0%
Institutional 12 1% 12 1% 0 0%
Transportation 151 9% 151 9% 0 0%
Water 8 0% 38 0% 0 0%
Total 1,745 100% 1,745  100% 0%

Changes in the land use that result in higher
intensity uses in the future can present
problems for streams. For example, if the land

Figure 3.17 Changed Land Use

use shifts from open space to high-intensity OS-LDR  ESR-LDR

commerqial use, additional buildings, roadways 11 acres 18 acres  :gR.MDR

gnd parkln_g lots may replace t_h_e forest and open 2 acres

fields and impact stream condition.

According to Figure 3.17, 91 acres are projected LDR-MDR
26 acres

to shift from open space in the existing land use
to estate residential in the future land use. In
total, 102 acres, or 68 percent of all land use
changes, are projected to shift from open space 3
to a higher intensity use. This does not guarantee OS-ESR
that the open space will become developed — it 91 acres
suggests that these areas of open space can be

used for development/ redevelopment in the future. Nineteen percent of the land use
changes (28 acres) are projected to shift to medium-density housing from either estate
residential or low-density residential land uses.

3.35.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate that there are 14 stormwater management facilities within the South Fork
Run subwatershed. Seventy-six percent of the South Fork Run subwatershed is not served
by any stormwater management facility. Fourteen percent of the total area has quantity
control only and the remaining 10 percent receives both quantity and quality control. A list
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of all stormwater management facilities in the South Fork Run subwatershed can be found
in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 24 outfall pipes discharging into the South Fork Run subwatershed.
None of these pipes were considered to be having an impact on stream character, nor were
they creating any type of erosion.

Stream Crossings

Stream crossings, such as bridges and
culverts are often locations of erosion and
flooding. The combination of structures
designed for lower flows, and frequently high
stormwater levels can cause downstream
stream stability problems and habitat
impairment. Results from the Stream Physical
Assessment identified 17 crossings in the
South Fork Run subwatershed. Twenty-four
percent of the crossings were either a bridge
or footbridge. Most (94 percent) of the
crossings did not appear to pose a threat to

the instream habitat, road, or other structures. _ _
Photo 3.116 Concrete circular crossing

3.35.4 Soils located in the Clarke’s Landing Subdivision
Soils found in the South Eork Run between Timberline Drive and the Difficult

subwatershed belong primarily to the Glenelg Run Stream Valley Park (DFSF0002.C001)

— Elioak — Manor association. This

association consists of rolling and hilly

landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The
subwatershed contains 75 percent of the B hydrologic soil group with Glenelg silt loam being
the dominant soil type (55 percent). B soils and the Glenelg soil type are compatible with
infiltration practices and may provide potential stormwater management sites. The
groundwater is fairly shallow with numerous natural springs. There are 9.5 acres of land with
unclassified soils in the South Fork Run subwatershed. Soils that cover at least 20 acres
within the subwatershed can be found in Appendix A.

3.35.5 Geomorphology

There are approximately 7 miles (37,189 feet) of stream in the South Fork Run
subwatershed. Most of the streams were assessed and assigned a Channel Evolution
Model classification as part of the Stream Physical Assessment. The classification indicates
the stream channel’s physical condition and stability as a response to disturbances such as
upstream land use changes. 1,154 feet of stream were not assessed because they were
characterized as wetlands with beaver dams.
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Thirty-four percent of the reaches are Type lll, which indicates an unstable channel that is
actively widening in response to changes in stream flow. Four percent were classified as
Type I, characterized by bed degradation and downcutting, and the remaining 63 percent of
the reaches are Type IV, which is the bed aggradation and stabilization stage. Sixty-one
percent of the stream length was identified as moderately unstable with high erosion
potential during flood events. The dominant substrate of the majority (94 percent) of the
reaches is gravel. The dominant substrate of the remaining 6 percent is cobble.

Photo 3.117 Eroding reach located directly Photo 3.118 Located south of Photo 3.3 in
south of Saint Helena Drive in the Vale Park Vale Park West and north of the Difficult Run

There were four severe erosion points of approximately 200 feet noted in the subwatershed
by field crews. In all four cases, the restoration potential was high. Photos of the four points
are show in Photos 3.116 to 3.119. Photo 3.116 is candidate site S121, Photo 3.118 is
candidate site S119, and Photos 3.119 and 3.120 are candidate site S120.

As identified in the Stream Physical Assessment, two-thirds of the stream blockages, which
can cause erosion and block fish passage, were made up of trees and debris. Some
blockages had additional concrete, sediment and plywood. The remaining one third of the
blockages were beaver dams.
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Photo 3.118 Eroding bank located in the Photo 3.119 Heavily eroding bank on the
southern edge of the Difficult Run Stream South Fork Run mainstem, directly north of
Valley Park in the Clarke’s Landing the intersection with Fox Mill Road and
subdivision directly north of the terminus of Deerfield Drive (DFSF007.E001).

Timberline Court (DFSF002.E001).

Seventy-five percent of the obstructions appeared to be restricting fish passage. Twenty-five
percent of the obstructions were causing moderate to minor impact on the stream condition.

3.35.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted the
assessment in the fall of 2002.

There are 37,189 linear feet (approximately 7 miles) of stream in the South Fork Run
subwatershed. Of this length, two sections of stream (1,154 feet) were not assessed.
Of the assessed reaches, 86 percent have as fair habitat for aquatic insects and fish,
and 14 percent have good habitat.

There are 7,670 feet of riparian buffer encroachment (left and right banks
combined). Of this total 2,560 feet (65 percent) is a combination of pervious
surfaces such as grass, shrubs, and forest. 275 feet (7 percent) is a combination of
impervious surfaces such as buildings and roads, and the remaining 1,100 feet (28
percent) is some combination of impervious and pervious surfaces.

Four reaches, or 37 percent of the buffer encroachment length, are having a severe
impact on the stream. Examples of two of these reaches are shown below in Photos
3.120 and 3.121.

Most (93 percent) of the impacted riparian zones have the potential for restoration
through tree plantings.
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Photo 3.121 Severe buffer impact on the Photo 3.122 Buffer impact located northwest
mainstem of South Fork Run, directly north of of Timber Lake, in the Timber Lake
the intersection of Fox Mill Road (SR 665) subdivision (DFSF005.B001).

and Deerfield Drive in the Brians Hill Estates
subdivision (DFSF007.B002).

3.35.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in South Fork Run incorporate data on the amount, character and location of the land
use, impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

A majority of the South Fork Run subwatershed is covered by a lower density residential
land use. It contains approximately 12 percent impervious land cover. The two areas of
commercial land use, located along southern Vale Road, and the industrial area on nearby
West Ox Road, are likely contributors to the high pollutant loads in catchments DFSF9902
and DFSF9802. Refer to DFSF_4 for the catchment locations.

One of the highest nitrogen-loading rates in the subwatershed is found in catchment
DFSF9701, located near the outlet of the subwatershed. This catchment is comprised
mostly of low-density residential land use, but also some medium density residential land
use. All catchments in the subwatershed have higher nitrogen and phosphorus loading
rates. One of the highest nitrogen and phosphorus loading rates among the catchments is
found in catchment DFSF9902, situated in the headwaters of South Fork Run, northeast of
the intersection of West Ox Road and Vale Road. The model results in loading rates of 1.5
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pounds per acre per year of nitrogen and 0.3 pounds per acre per year of phosphorus.
Results can be seen in Table 3.63.

Table 3.65 Existing and Future Modeling

pd o
South Fork Run = g - g % g % :;
Catchments £ % g ég Z)) ,\% < ,\% = §
xS &% P& &8 &8
DFSF0001 E 211 0.11 23.0 1.3 0.3
F 2.17 0.12 23.8 1.3 0.3
C 3% 9% 3% 0% 0%
DFSF0002 E 1.2 0.13 11.8 0.7 0.1
F 1.51 0.1 14.9 0.8 0.2
C 26% -23% 26% 14% 100%
DFSF0003 E 2.48 0.08 23.6 1.3 0.3
F 2.58 0.08 25.3 1.4 0.3
C 4% 0% 7% 8% 0%
DFSF0004 E 241 0.11 22.0 1.2 0.2
F 2.44 0.11 22.6 1.2 0.2
C 1% 0% 3% 0% 0%
DFSF0005 E 1.66 0.11 16.3 0.9 0.2
F 1.67 0.11 16.3 0.9 0.2
C 1% 0% 0% 0% 0%
DFSF0006 E 1.38 0.12 15.1 0.8 0.2
F 1.39 0.12 15.4 0.8 0.2
C 1% 0% 2% 0% 0%
DFSF9701 E 2.59 0.12 27.5 15 0.3
F 2.69 0.13 28.0 1.5 0.3
C 4% 8% 2% 0% 0%
DFSF9802 E 2.16 0.12 24.4 1.3 0.3
F 2.27 0.12 25.9 1.4 0.3
C 5% 0% 6% 8% 0%
DFSF9902 E 2.64 0.09 34.7 1.9 0.3
F 2.93 0.1 41.0 2.2 0.4
C 11% 11% 18% 16% 33%

E — Existing conditions results, F — Future conditions results, C — Change between existing and
future shown as a percentage of the existing condition. Value is based on unrounded figures

Modeling results for future conditions show overall increases in runoff volume and pollutant
loads. Catchment DFSF9902 has an area of low density residential land use increasing to
medium density, which accounts for the increase in runoff volume and peak flow rate, while
DFSF0002 shows the results of a forecast change from open space to estate residential.

3.35.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
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for various storm events. The model results indicate where overtopping of culverts, may
occur. These culverts are over-capacity and do not allow all of the flow required to pass
without flooding. These sites can present a hazard and are considered candidate sites for
improvement, further study and possibly a project to replace or retrofit the culvert.

One culvert in the subwatershed was overtopped with existing flows, as shown in Table
3.64. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.66 Culvert Hydraulic Modeling

Flood Year
Culvert Crossing
100 50 25 10 5 2 1
4 Fox Mill Road (665) E X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #4 (Photo 3.123) overtopped for the 10-year and greater events. This is classified as
a primary road and should not be overtopped by storms more frequent than the 25-year
event.

Photo 3.122 South Fork Run Mainstem at Fox
Mill Road

3.35.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the South Fork Run subwatershed are listed below. Refer to DFSF_4 for
site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S119 The Stream Physical Assessment survey indicated an area of severe erosion, along
with active channel widening (Photo 3.118)

S120 This reach of South Fork Run near the crossing of Fox Mill Road is heavily eroded
and has no stream buffer. (Photos 3.119, 3.120)
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S121 The Stream Physical Assessment survey showed this to be a severely eroded reach
of a tributary to South Fork Run. (Photo 3.116)

S122 The Stream Physical Assessment survey showed this reach of a tributary to South
Fork Run is heavily eroded and has a deficient stream buffer.

Hydrology and Water Quality

D38 (Catchment DFSF9701) This catchment has one of the highest nitrogen and
phosphorus loading rates in the subwatershed. Runoff loadings are also above
average for this subwatershed. It generates one of the higher rates of runoff volume.

D40 (Catchments DFSF0001 and DFSF0002) These catchments show higher than
average runoff volume and peak flows for the subwatershed, along with average
pollutant loading from runoff.

D41 (Catchment DFSF9902) This catchment, in the upper part of the subwatershed,
generates the highest runoff volume and pollutant loads in South Fork Run.

D79 (Catchment DFSF9802) Runoff flows, peaks, and pollutant loadings from this
catchment are close to the average for the subwatershed.

Flooding

FO4  The crossing of Fox Mill Road was overtopped for 10-year and greater events. Since
it is classified as a primary road, the culvert should pass the 25-year event.

Preservation

All catchments showed approximately the same percentage increase in modeled
pollutant loading, so no candidate sites were identified.
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3.36 South Fork Run - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.65 below is a list of all projects
proposed in this subwatershed.

Table 3.67 Recommendations for South Fork Run

. . Candidate

Project # Project Type Site
DF9040A Pond Retrofit D-40
DF9040B Pond Retrofit D-40
DF9040C Pond Retrofit D-40
DF9040D Pond Retrofit D-40
DF9040E Drainage Retrofits D-40
DF9041A Drainage Retrofits D-41
DF9041B Pond Retrofit D-41
DF9041C Pond Retrofit D-41
DF9041D LID Retrofit D-41
DF9041E Pond Retrofit D-41
DF9079A Drainage Retrofits D-79
DF9079B Culvert Retrofit D-79
DF92120 Stream Restoration S120

3.36.1 Regional Pond Alternative Projects
D40 (DFSF0001 and DFSF0002)

Site Investigation and Projects: The site investigation showed very few opportunities for
retrofitting LID or stormwater management facilities within the drainage area. There are four
existing stormwater management facilities that could be retrofitted to improve water quality,
three of which are in the headwaters of the site. Streams within the drainage area are
showing some signs of erosion, which could be reduced through retrofits. Outfalls from local
storm drains typically show scour that could be mitigated with drainage retrofits.

Retrofit four existing dry ponds upstream and modify five outfall locations in lieu of
constructing regional pond D40. In order to eliminate the need for a regional facility in this
location, all nine of the identified improvements or functionally equivalent alternatives must
be implemented.

DF9040A (Pond Retrofit) This project is a retrofit located at the end of Nathaniel
Oaks Drive. It consists of a retrofit to an existing dry pond to provide both channel
protection and water quality treatment.

DF9040B (Pond Retrofit) This project is located near Falkirk Drive. It consists of a
retrofit to an existing instream dry pond to install a multi-stage control structure,
create channel protection storage, and add features to improve water quality.
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DF9040C (Pond Retrofit) This project is a retrofit of an existing dry pond near the
intersection of Birdsboro Drive and Blair Ridge Road. It consists of a retrofit to an
existing dry pond to increase channel protection storage and add water quality
features such as a shallow wetland.

DF9040D (Pond Retrofit) This project is a retrofit of an existing dry pond at the end of
Navy Drive. It consists of a retrofit to improve channel protection and water quality
performance. Channels will be meandered through marsh areas for sediment and
nutrient removal.

DF9040E (Drainage Retrofits) These five distributed projects are designed to provide
energy dissipation at outfalls where the piped storm drain system discharges to a
natural channel. Improvements would consist riprap, plunge pools, or bioengineered
structures.

D41 (DFSF9902)

Site Investigation and Projects: The site investigation identified opportunities for LID retrofits,
pond retrofits, and drainage retrofits. Erosion and scour were noted at most outfalls. Five
projects were identified:

DF9041A (Drainage Retrofits) This project is intended to reduce scour and erosion at
outfalls where flows from the storm drain system enter the stream. Reduction of
erosive velocities will reduce the amount of sediment transported downstream.
Additionally, this project includes the removal of concrete lined ditches to be replaced
with grass-covered dry swales using stone to control critical high velocity areas.

DF9041B (Pond Retrofit) This project is a retrofit of an existing instream dry pond
between Tilton Valley and Hickory Hills Drives. Retrofits should be designed to
improve the baseflow path and provide channel protection storage using the control
structure.

DF9041C (Pond Retrofit) This project is located on the south side of Vale Road, near
Valewood Drive. The project consists of a retrofit of an existing dry pond to increase
detention and channel protection storage.

DF9041D (LID Retrofit) The project is a rain garden demonstration site at a private
residence along Brecknock at the intersection with a pipestem driveway. The location
provides ideal topography and visibility.

DF9041E (Pond Retrofit) The project consists of an existing pond along a private
drive on Vale Road. The facility appears to be an old farm pond that has been
drained. A new riser along with outfall protection will reduce erosion in the nearby
stream significantly

D79 (DFSF9802)

Site Investigation and Projects: The site investigation identified opportunities for one culvert
retrofit and drainage retrofits. Erosion and scour were noted at most outfalls.

DF9079A (Drainage Retrofits) These distributed projects are designed to provide
energy dissipation at outfalls where the piped storm drain system discharges to a
natural channel. Improvements would consist of riprap, plunge pools, or
bioengineered structures.
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DF9079B (Culvert Retrofit) This project is at the intersection of Honda Road and
Lariat Lane and consists of retrofitting the culvert and regrading the upstream area to
provide channel protection storage and water quality treatment.

3.36.2 Catchment Improvement Projects
No sites were identified.

3.36.3 Stream Restoration Projects
S119

Site Investigation and Projects: The site investigation found one extremely erosive vertical
streambank / valley wall. Further failure could result in loss of infrastructure on an adjacent
residential property located on Timberline Court. The remaining portion of the stream is
developing floodplains and stable streambed features and therefore appears to be
recovering.

Fairfax County is addressing the restoration of this site with a current project
so no additional work is proposed in this plan.

S120

Site Investigation and Projects: The site investigation found raw vertical streambanks and
moderate to severe incision. The riparian area on the left side of the stream (looking
downstream) is in pasture. One stream restoration project was identified.

DF92120 (Stream Restoration) The proposed restoration would involve constructing
a nested channel and stabilizing and reshaping the streambanks. A forested buffer
would be established in the pastured portion of the riparian zone.

S121

Site Investigation and Projects: The site investigation found one eroding streambank along
an outer meander bend. The remaining portion of the reach investigated appeared to be
recovering, so no project was identified.

S122

Site Investigation and Projects: The site investigation showed moderate incision and bank
erosion with a stable sinuous pattern and stable riffle pool morphology and floodplain bench
development. The stream appears to be recovering. Constraints associated with forest
clearing and access outweighs the opportunity to reduce streambank erosion. No project
was identified. Upstream culvert retrofit and roadway crossing improvements (DF9079B
above and DF9402 below) would help reduce peak flows and allow the stream to recover to
a stable state more quickly.

3.36.4 Preservation

No preservation candidate sites were identified for this subwatershed.
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3.37 Rocky Branch — Subwatershed Condition
3.37.1 Subwatershed Characteristics

The Rocky Branch subwatershed has an area of approximately 2,167 acres (3.39 mi®) with
its eastern boundary running closely along Chain Bridge Road (Virginia 123). The southern
boundary touches 1-66, and the northern boundary is approximately located at the
intersection of Vale Road (Virginia 672) and Hunter Mill Road (Virginia 674). The western
boundary is approximately the Difficult Run Stream Valley Park.

There are almost 9 miles of stream in the Rocky Branch subwatershed. They flow in a
northwesterly direction until they join with the mainstem of Difficult Run. Rocky Branch is
composed of two major tributaries.

Refer to DFRB_1 for a map of the Rocky Branch subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.37.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

The development in the Rocky Branch subwatershed is moderately dense. Fifty percent is
developed as low-density or estate residential while 3 percent of the subwatershed is
developed for commercial or industrial uses. The most common land use in this
subwatershed is low-density residential, which makes up 36 percent of the total. Much of the
development is found concentrated along Chain Bridge Road (Virginia 123) in the southern
portion of the subwatershed, and along Hunter Mill Road (Virginia 674).

Transportation use, such as roads and highways, make up 223 acres, or 10 percent of the
overall subwatershed. Total impervious area for the subwatershed, which includes all roads,
parking lots, residential driveways and buildings, is approximately 376 acres, or 17 percent
of the total subwatershed area.

Fifteen percent of the land in the subwatershed is preserved for open space or parks. Major
parks include Tattersall Park, Oak Marr Park, Oakborough Square Park, Ashlawn Park, and
a portion of Kemper Park. There are two historical sites within the subwatershed.

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition. A summary of land use within the subwatershed
can be found in Table 3.66.
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Table 3.68 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres  Percent Acres Percent
ggfe”afi‘(’)ﬁg?’afggf' and 322 15% 213 10% 109 -5%
Golf Course 71 3% 71 3% 0 0%
Estate residential 296 14% 215 10% -80 -4%
Low-density residential 780 36% 934 43% 154 7%
Medium-density residential 268 12% 293 14% 26 1%
High-density residential 53 2% 62 3% 10 0%
Low-intensity commercial 7 0% 6 0% -1 0%
High-intensity commercial 64 3% 65 3% 1 0%
Industrial 0 0% 0 0% 0 0%
Institutional 84 4% 84 4% 0 0%
Transportation 223 10% 223 10% 0 0%
Water 0 0% 0 0% 0 0%
Total 2,167 100% 2,167 100% 0%

When comparing existing land use to future land use, there are several land use changes.
The notable changes are projected in the open space, estate residential, and low-density
residential land use categories. Losses projected in the open space (-5 percent) and estate
residential (-4 percent) categories are balanced with gains in the low-density residential (+7
percent) and medium-density residential (+1 percent) categories. This suggests that there is
a demand to increase the density of the housing base in the Rocky Branch subwatershed.

According to Figure 3.18, 124 acres are :

projected to shift from estate residential in the Figure 3.18 Changed Land Use
existing land use to low-density residential in the OS-MDR

future land use. A total of 110 acres, or 44 percent OS.LpR 10 acres

of all land use changes, are projected to shift from
open space in to a residential use. This open
space area can be used for development/
redevelopment in the future if and when the need ~ OS-HDR
presents itself. 10 acres [

46 acres

{ ESR-LDR
1124 acres
3.37.3 Existing Stormwater Management ‘
OS-ESR
Stormwater management provides treatment of 44 acres
otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and LIC-HIC
stormwater runoff pollution. County records 1acre
indicate that there are 33 stormwater
management facilities within the Rocky Branch subwatershed. Seventy-five percent of the
Rocky Branch subwatershed is not served by any stormwater management facility. Twenty
percent of the total area has quantity control only and the remaining 5 percent receives both
guantity and quality control. A list of all stormwater management facilities in the Rocky
Branch subwatershed can be found in Appendix D.

16 acres
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Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. Field crews located seven outfall pipes
during the Stream Physical Assessment discharging into the Rocky Branch tributaries. No
pipes had significant impact, such as erosion or water quality issues, on the stream channel

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. The Stream Physical
Assessment fieldwork identified 34 stream crossings in Rocky Branch, all of which were in
adequate condition and have less than a moderate impact on the stream’s integrity. The
majority of the crossings (approximately 44 percent) were footbridges.

3.37.4 Soils

Soils found in the Rocky Branch subwatershed belong primarily to the Glenelg — Elioak —
Manor association. This association consists of rolling and hilly landscapes which can result
in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly shallow
with numerous natural springs. The subwatershed contains 42 percent of the B hydrologic
soil group with Glenelg silt loam being the dominant soil type (28 percent). Zones with
Glenelg, Manor and Elioak soils may be compatible with infiltration practices. Soils that
cover at least 20 acres within the subwatershed can be found in Appendix A.

3.37.5 Geomorphology

All 8.7 miles (46,291 feet) of stream
channels in the Rocky Branch
subwatershed were assessed and
assigned a Channel Evolution Model
classification as part of the Stream
Physical Assessment. The classification
indicates the stream channel’s physical
condition and stability as a response to
disturbances such as upstream land use
changes. Refer to DFRB_3 for the stream
classifications.

Fifty-six percent of the reaches are Type _ _ _
l1l, which is indicative of an actively Photo 3.123 Erosion point on a tributary off of

widening stream channel. Thirty-seven the mainstem of Rocky Branch. East of Oakton

L Ridge Court in the Oakton Mill Estate
percent are Type Il, which indicates the subdivision (DFRB010.E001)
active incistion and the remainder of the
reaches (7 percent) is Type IV, which is the stage where the stream is recovering and
developing a new floodplain. The dominant substrate in the majority (78 percent) of reaches
is a combination of gravel and silt. The dominant substrate types in the remaining 22
percent of reaches are sand (17 percent) and clay (4 percent).

There were 15 erosion points of approximately 12,095 feet noted in the subwatershed.
Seventy-one percent of the erosion points are having a severe impact on stream condition.
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Eighty-one percent of the stream length was classified as moderately unstable with high
erosion potential during flood events. Seventeen percent of the stream length was
moderately stable with only slight potential for erosion at flood stages. Several of the erosion
points are shown in Photos 3.123 to 3.126. Photos 3.123, 3.127 and 3.130 are candidate
site S127. Photos 3.125 and 3.126 are candidate site S128. Photo 3.128 is candidate site
S128. Candidate site S130 is shown in Photos 3.124 and 3.131.

Photo 3.124 Erosion point on the west side Photo 3.125 On a tributary northwest of the

of Hunter Mill Road at the intersection with cul-de-sac of Westhurst Court in the

Conejo Land (DFRB012.E001). Windsong community. (DFRB015.E001).

Photo 3.126 On a tributary northwest of the Photo 3.127 Obstruction on a tributary to

cul-de-sac of Westhurst Court in the Rocky Branch, directly east of Oakton Ridge

Windsong community. (DFRB015.E002). Court in the Oakton Mill Estates
(DFRB010.T001).
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There were eight stream blockages made up mostly of trees and debris. Twenty-five percent
of the obstructions appeared to be restricting fish passage. Sixty-three percent of the
obstructions were causing moderate erosion to the stream. One obstruction was causing
greater than moderate erosion. This one is shown above in Photo 3.127 (candidate site
S128)

3.37.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one-time visual inspection. Field crews conducted that
assessment in the winter of 2002/2003.

Photo 3.128 Buffer impairment south of Miller Photo 3.129 Buffer encroachment on a
Road in the Flint Hill Lower and Middle tributary south of Marbury Road in the Hunting
Campus (DFRB004.B001) Hills subdivision (DFRB016.B002).

o Of the assessed reaches, 59 percent has poor habitat for aquatic insects and fish.
There are 25,505 feet of riparian buffer encroachment (this length includes left and
right banks combined). Of this, 18,800 feet (74 percent) is a combination of pervious
surfaces, and the remaining 6,705 feet (26 percent) is some combination of
impervious and pervious surfaces. Seventy-eight percent of the length has moderate
to high restoration potential. Eight reaches, or 34 percent of the buffer encroachment
length was severe enough that the stream conditionwas being degraded. Several
buffer impacts are shown in Photos 3.128 to 3.131. Photo 3.129 is candidate site
S130.

e Seventy-one percent of the stream had some channelization present. In 28 percent
of the stream, there were some minor alternations to the channel, but no recent
evidence of alteration activities.
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Photo 3.130 Buffer impairment south of Miller Photo 3.131 West side of Hunter Mill Road,
Road in the Windsong community south of intersection with Conejo Lane
(DFRB014.B001). (DFRB012.B001)

o Forty-seven percent of the stream length had between 50 percent and 70 percent of
both stream banks covered by vegetation. Typically this vegetation is scattered
grasses, shrubs and forbs. Forty percent of the stream length had a variety of
vegetation and covered 70 percent to 90 percent of the stream bank surface.
Thirteen percent of the stream length had less than 50 percent of the stream bank
covered by vegetation.

3.37.7 Hydrology and Water Quality Modeling

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Rocky Branch incorporate data on the amount, character and location of the land
use, impervious cover, topography, vegetation, streams and stormwater management to
generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

In the Rocky Branch subwatershed, over 17 percent of the land is covered by impervious
surface. More than 50 percent of the subwatershed is either low density or estate residential
land use. There are also a few commercial areas located in the southern part of the
subwatershed as well as high-density residential areas.

The nitrogen and phosphorus loading rates are highest in catchment DFRB0005, located to
the east of Hunter Mill Road and Marbury Road. Refer to DFRB_4 for the catchment
locations. The highest amount of nitrogen from runoff comes from this catchment, which
contains mostly medium-density residential areas around Lake Vale Estates and Vienna
Glen, as well as a high-density residential area along Chain Bridge Road. The phosphorus
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levels fluctuate with the nitrogen levels throughout the catchment. Catchment DFRB0004
has the highest runoff volume probably due to the lack of open space, along with the
abundance of medium and low-density residential land use. Refer to Table 3.67 for the
results.

Table 3.69 Existing and Future Modeling

-~ F~ B

Rocky Branch = O o = = > = 3>
Catchments % g g ‘%‘3 z @ 8 % 8 % 8
xSE as FS xS xE

DFRB0001 E 1.73 0.16 20.8 1.0 0.2
F 1.96 0.17 24.9 1.2 0.2

C 13% 6% 20% 20% 0%

DFRB0002 E 2.22 0.15 18.9 1.0 0.2
F 2.36 0.16 20.6 1.1 0.2

C 6% 7% 9% 10% 0%

DFRB0004 E 3.99 0.13 50.3 2.7 0.6
F 4.12 0.14 53.3 2.8 0.6

C 3% 8% 6% 4% 0%

DFRBO0005 E 4.19 0.13 63.1 3.2 0.6
F 4.47 0.14 69.5 3.5 0.7

C 7% 8% 10% 9% 17%

DFRB0006 E 3.19 0.12 42.8 2.2 0.4
F 3.37 0.12 46.9 2.5 0.5

C 6% 0% 10% 14% 25%

DFRBO0007 E 2.67 0.1 26.9 1.4 0.3
F 2.87 0.11 30.0 1.6 0.3

C 7% 10% 12% 14% 0%

DFRB0008 E 2.35 0.16 16.5 0.9 0.2
F 2.47 0.16 17.6 0.9 0.2

C 5% 0% 7% 0% 0%

DFRB9801 E 478 0.12 84.0 3.4 0.5
F 4.99 0.13 91.7 3.8 0.5

C 4% 8% 9% 12% 0%

DFRB9802 E 2.29 0.16 22.7 1.3 0.3
F 2.45 0.16 25.1 1.4 0.3

C 7% 0% 11% 8% 0%

DFRB9901 E 5.72 0.15 106.6 4.3 0.5
F 6.27 0.17 123.3 5.0 0.6

C 10% 13% 16% 16% 20%

E — Existing conditions results, F — Future conditions results, C — Change between existing and
future shown as a percentage of the existing condition. Value is based on unrounded figures.

Modeling results for future conditions show moderate increases in pollutant loads and in
runoff volume in all catchments, most due to increases in residential density on already
developed parcels.
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3.37.8 Hydraulic Modeling Results

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts, may
occur. The capacity of the culverts is not enough that flow passes without flooding. These
sites can present a hazard and are considered candidate sites for improvement, further
study and possibly a project to replace or retrofit the culvert.

One culvert in the subwatershed was overtopped with existing flows, as shown in Table
3.68. Road crossings that experience overtopping are listed in Appendix F and it is
anticipated that improvements will be pursued with VDOT independent of the watershed
planning process.

Table 3.70 Culvert Hydraulic Modeling

Flood Year
Culvert Crossing 100 50 25 10 5 2 1
17 Miller Road (663) E X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #17 (Photo 3.132) overtopped for
events less frequent than the 5-year storm.
This can be classified as a local road, which
means the culvert should be able to pass the
10-year event.

Photo 3.132 Rocky Branch tributary at
Miller Road

3.37.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Rocky Branch subwatershed are listed below. Refer to DFRB_4 for site
numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed regional
pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S47  The Stream Physical Assessment identified the entire reach from the confluence with
Difficult Run to the upstream reaches at Oakton Glen Road as having poor habitat,
low bank stability, and a widening channel.

S127 The Stream Physical Assessment identified poor habitat, 2700 feet of buffer impact
and over 1,000 linear feet of erosion along Miller Road (Photo 3.128).
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The entire length from the confluence with Difficult Run to the headwaters has a
combination of bank erosion, poor habitat and a widening channel. The reach
traverses the Oakton Mill Estates, Miller Heights, and Windsong Communities
(Photos 3.123, 3.127 and 3.130).

A small tributary to one of the major Rocky Branch tributaries with poor habitat, low
bank stability, and approximately 400 linear feet of severe erosion (Photo 3.125 and
3.126).

The Stream Physical Assessment located approximately 1,000 feet of buffer
encroachment in the Hunter Hills community. The reach appears to be on an
agricultural land use (Photo 3.129).

The Stream Physical Assessment identified the reach as having poor bank stability,
poor habitat, buffer impacts, eroding banks and several crossings (Photo 3.124 and
3.131).

Hydrology and Water Quality

D30

D31

D36

C39

(Catchments DFRB0004 and DFRB0005) These two catchments have some of the
highest levels of runoff volume, peak flows, and runoff pollutant loads in the
subwatershed. While no candidate stream sites are downstream, the entire tributary
through these catchments and downstream was found to have severe erosion,
widening, and poor habitat.

(Catchments DFRB9801 and DFRB9802) Runoff hydrology is relatively high and
pollutant loadings are among the lower in the subwatershed. Streams within these
catchments are undergoing erosion and widening, particularly at site S130.

(Catchment DFRB0001) Runoff volume and peaks are high in this catchment.
Streams within the catchment are undergoing erosion and incision, and peak flows
are contributing to stream degradation downstream.

(Catchment DFRB9901) Model results were about average for the subwatershed.
The catchment includes highly impervious areas of Oakton built with either no
stormwater management or scattered quantity control practices. Streams through the
catchment are eroding, have poor habitat, and degraded buffers.

Flooding

F17

The crossing of Miller Road was overtopped for 5-year and greater events. Since it is
classified as a local road, the culvert should pass the 10-year event (Photo3.132).

Preservation

P02

P03

(DFRB0008) This catchment has the best modeled water quality in the
subwatershed, but shows runoff pollutant loads more than doubling between existing
and future conditions.

(DFRB9901) Model results show Catchment site C39 would have the worst runoff
pollutant loads of the subwatershed under future conditions.
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3.38 Rocky Branch - Subwatershed Plan Action

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.69 below is a list of all projects
proposed in this subwatershed.

Table 3.71 Recommendations for Rocky Branch

. . Candidate

Project # Project Type Site
DF9030A Pond Retrofit D-30
DF9030B Drainage Retrofits D-30
DF9031A Pond Retrofit D-31
DF9031C LID Retrofit D-31
DF9036A3 Pond Retrofit D-36
DF9139 Pond Retrofit C39
DF92130 Stream Restoration S130
DF92131 Stream Restoration S131
DF9839 LID Retrofit C39

3.38.1 Regional Pond Alternative Projects
D30 (DFRB0004 and DFRBO0005)

Site Investigation and Projects: The field investigation showed few opportunities for onsite
stormwater management retrofits because of the relatively dense residential neighborhoods
in this catchment. Much of the area is managed by stormwater management facilities. One
pond retrofit, a new pond, and a drainage retrofit project were proposed.

DF9030A (Pond Retrofit) The existing dry pond at the end of Martinhoe Court can be
converted into a shallow wetland with vegetation throughout for water quality
improvement. The project would retrofit the facility to improve water quantity
treatment with a modified riser structure.

DF9030B (Drainage Retrofits) This project consists of reconfiguring outfalls or
retrofitting energy dissipation structures to reduce scour and erosion where flows
from the storm drainage system enter the stream. Improvements would consist of
energy dissipation through riprap, plunge pools, or bioengineered structures.

D31 (DFRB9801 and DFRB9802)

Site Investigation and Projects: Two existing ponds, which could be upgraded for water
guality treatment, were identified during the field investigation, along with a site for an LID
retrofit.

DF9031A (Pond Retrofit) There is an existing dry pond at the outlet of the drainage
area, which can be retrofit for channel protection and water quality treatment, using
the existing impoundment structure and a weir across the upstream side.
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DF9031C (LID Retrofit) This project is located at the intersection of Oakton Ridge
Circle and Oakton Ridge Court. It consists of replacing a grass swale with a bioswale
designed to provide infiltration, filtration, and nutrient uptake.

D36 (DFRB0001)

Site Investigation and Projects: The site investigation identified a pond retrofit project that
could improve stream conditions below the drainage area.

DF9036A3 (Pond Retrofit) This project receives direct runoff drainage from a
residential community as well as draining the remainder of the catchment. The
project would provide sediment settling and nutrient removal in the form of forebays
and increased detention of high frequency storms.

3.38.2 Catchment Improvement Projects
C39 (DFRB9901)

Site Investigation and Projects: Field visits showed impairments from excess nutrients in the
stream, along with the ones described above. Two projects are proposed to improve
catchment conditions.

DF9839 (LID Retrofit) This project consists of onsite LID retrofits distributed
throughout the catchment, designed to reduce runoff volume and pollutant loads as
close to the source as possible. Possible improvement measures include reduction
of impervious surface, bioretention, swales, and inlet filters.

DF9139 (Pond Retrofit) This project is located near the intersection of Rosehaven
Street and Jermantown Road and consists of creating detention by constructing a
multi-stage riser.. Focus would be on increasing storage volume for channel
protection and minimizing impacts to surrounding buildings.

3.38.3 Stream Restoration Projects
s47

Site Investigation and Projects: The site investigation showed slight bank erosion, slight
incision and good riffle pool morphology. The reach appears to be recovering and access,
forest clearing, and wetlands are significant restraints, so no project was identified.

S127

Site Investigation and Projects: The site investigations showed moderately unstable stream
banks with some widening and floodplain benching and stable bed features. Forest clearing
and wetland impacts would be required for implementation. The constraints outweigh
opportunities associated with streambank stabilization. No project was identified. The pond
retrofit project (DF9036A3) located directly downstream should accommodate the remaining
sediment until the stream fully recovers.

S128

Site Investigation and Projects: The site investigation found some bank erosion associated
with outer meander bends, moderate floodplain development and stable bed features. As
the channel appears to be recovering, no project was identified.

S129

Site Investigation and Projects: The site investigation found unstable and eroding banks,
moderate incision and widening, and three headcuts at the upstream end of the reach. The
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stream is still actively downcutting. However, severe wetlands, forest clearing, and access
constraints make a project unfeasible, so no project was identified.

S130

Site Investigation and Projects: The site investigation showed vertical eroding stream banks,
moderate to severe incision, and straight plan form. The streambed was primarily one long
run and lacked riffle pool morphology. One project was identified

DF92130 (Streambank Restoration) The proposed restoration would involve re-
meandering the stream to provide a pattern, dimension, and profile more consistent
with a natural stream. A forested buffer would be established. Existing fences would
have to be set back to implement the project.

S131

Site Investigation and Projects: The site investigation showed vertical eroding stream banks
and moderate to severe incision. The streambed was primarily one long run and lacked riffle
pool morphology. One project was identified

DF92131 (Streambank Restoration) The proposed restoration would involve re-
meandering the stream to provide a pattern, dimension, and profile more consistent
with a natural stream. A forested buffer would be established. Existing homeowner
landscaping would have to be removed to implement the project.

3.38.4 Preservation

No preservation candidate sites were identified for this subwatershed.
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3.39 Upper Difficult Run — Subwatershed Condition
3.39.1 Subwatershed Characteristics

The Upper Difficult Run subwatershed has an area of approximately 5,683 acres (8.88
mi?). Several major highways transect the subwatershed, especially in the southern portion.
Lee Highway (Virginia 29) runs east-west through the southernmost section and the
intersection of 1-66 and Lee Jackson Memorial Highway (Virginia 50) lie directly to the north.

The southeast watershed boundary lies along and just to the east of Shirley Gate Road
(Virginia 665), and the southwest watershed boundary line is approximately West Ox Road
(Virginia 608). The intersection of Hunter Station Road (Virginia 677) and Hunter Mill Road
(674) lies just to the northeast of the northern subwatershed extent. Hunter Mill Road
(Virginia 674) lies along the northeastern boundary line, and Stuart Mill Road (Fairfax
County 0900) to Vale Road (Virginia 672) provides an approximate northwestern boundary
line.

There are approximately 23 miles of streams in the Upper Difficult Run subwatershed. The
streams flow in a northeasterly direction. Tributaries Rocky Branch, Little Difficult Run,
Angelico Branch, and Snakeden Branch join the mainstem before flowing into the Middle
Difficult Run subwatershed.

Refer to DFDFU_1 for a map of the Upper Difficult Run subwatershed highlighting the
Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource
protection areas and stormwater management.

3.39.2 Existing and Future Land Use

The type and density of land use in a subwatershed can affect the downstream water quality
and stream condition. While each land use type introduces issues to the natural stream
system, more intense land use types, such as high-density residential, commercial and
industrial, can have high levels of impervious surface and contribute runoff and pollutants
to the stream system. Less intense types such as open space and estate residential are
generally less impervious, have more natural vegetation and therefore have less impact on
stream quality.

Development in the Upper Difficult Run subwatershed is moderately to highly dense. It is
more densely developed in the southern portions than in the northern areas, indicating a
higher amount of impervious surface. Forty-six percent is developed as low-density or estate
residential while 6 percent of the subwatershed is developed for commercial or industrial
uses. The most common land use in this subwatershed is low-density residential (25
percent). Much of the development is found near the intersection of Interstate-66 with the
Lee Jackson Memorial Highway (Virginia 50), and also along Lee Highway (Virginia 29).

Transportation use, such as roads and highways, make up for 633 acres, or 11 percent of
the overall subwatershed. Total impervious area for the subwatershed, which includes all
roads, parking lots, residential driveways and buildings, is approximately 1,043 acres, or 18
percent of the total subwatershed area.
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Twenty-one percent of the land in the subwatershed is preserved for open space or parks.
Major parks include Random Hills Park, Penderbrook Golf Course, a portion of Tattersall
Park, a large portion of Difficult Run Stream Valley Park, Foxvale Park, a portion of Clarks
Crossing Park, Kutner Park, and Gabrielson Gardens Park. Two historical sites lie within the
subwatershed. A summary of land use within the subwatershed can be found in Table 3.70.

Table 3.72 Existing and Future Land Use

Existing Future Change

Land Use Type Acres Percent Acres Percent Acres Percent
?e?:?ena?ig?:ﬁa?s;?' and 1,199 21% 870 15% 329 -6%
Golf Course 130 2% 130 2% 0 0%
Estate residential 1,172 21% 974 17% -197 -3%
Low-density residential 1,442 25% 1826 32% 384 7%
Medium-density residential 142 2% 189 3% 48 1%
High-density residential 457 8% 472 8% 15 0%
Low-intensity commercial 17 0% 55 1% 38 1%
High-intensity commercial 331 6% 367 6% 36 1%
Industrial 22 0% 22 0% 0 0%
Institutional 131 2% 138 2% 7 0%
Transportation 633 11% 633 11% 0 0%
Water 8 0% 8 0% 0 0%
Total 5,683 100% 5,683 100% 0%

Changes in the land use that result in higher intensity uses in the future can present
problems for streams. For example, if the land use shifts from open space to high-intensity
commercial use, additional buildings, roadways and parking lots may replace the forest and
open fields and impact stream condition.

When comparing existing land use to future land use, there are several land use changes.
Notable changes are likely in the open space, estate residential, low-density residential, and
low-intensity commercial land use categories. Decreases are expected in the open space (-
6 percent) and estate residential (-3 percent) categories. Increases are projected in the low-
density residential (+7 percent), medium-density residential (+1 percent), low-intensity
commercial (+1 percent), and high-intensity commercial (+1 percent) land use categories.
These shifts suggest that there is a demand to slightly increase the density of the housing
base and the number of commercial activities in the Upper Difficult Run subwatershed.

Between existing and future land use, 329 acres,
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or 52 percent of all changed land
use acreage, will shift from open
space to a higher-density use. This
does not guarantee that the open
space will become developed — it
suggests that these areas of open
space can be used for development/
redevelopment in the future.

Three-hundred and two acres, or 47
percent of all land use changes, are
projected to shift from an estate
residential use to a lower-density

Figure 3.19 Changed Land Use
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3.39.3 Existing Stormwater Management

Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the
harmful effects of increased stormwater flows and stormwater runoff pollution. County
records indicate 60 stormwater management facilities within the Upper Difficult Run
subwatershed. Seventy-six percent of the Upper Difficult Run subwatershed is not served by
any stormwater management facility. Nineteen percent of the total area has quantity
control only and the remaining 5 percent receives both quantity and quality control.

The difference between the amount of total developed area in the subwatershed (76
percent) and the area served by stormwater management (24 percent) indicates a possible
need for additional management efforts. Areas that need more management include the
low-density residential areas found throughout the subwatershed. In addition, the high-
density residential and commercial areas located in the headwaters along and south of the
intersection of 1-66 and Lee Jackson Memorial Highway (Virginia 50) require more
management. A list of all stormwater management facilities in the Upper Difficult Run
subwatershed can be found in Appendix D.

Outfalls

The storm drainage system connects the developed portions of the land to the stream
system. Stormwater outfalls are located where the stormwater system ends and the natural
channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes
can cause erosion at the outfall and downstream. During the Stream Physical Assessment,
field crews located 43 outfall pipes discharging into the stream system. Most of these are in
the southern portion of the subwatershed. No pipes in Upper Difficult Run were identified
that have a significant impact on the stream channel.

Stream Crossings

Stream crossings, such as bridges and culverts are often locations of erosion and flooding.
The combination of aging structures and frequently high stormwater levels can cause
downstream stream stability problems and habitat impairment. Results of the Stream
Physical Assessment identify 108 crossings in the Upper Difficult Run subwatershed. Two
crossings were having a significant impact on stream condition or instream habitat. The
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crossings are pipe culverts that have
adequate structural condition but could be
improved to enhance stream integrity and
avoid future problems. These are located
between Blenheim Drive and Lochinver
Lane and between Lochinver Lane and
Lakenheath Way. Erosion at the
downstream end of the culvert between
Lochinver Lane and Lakenheath Way can
be seen in Photo 3.133.

3.39.4 Soils

Soils found in the Upper Difficult Run _ _
subwatershed belong primarily to the Photo 3.133 Pipe culvert between Lochinver
Glenelg — Elioak — Manor association. This ~ -@ne and Lakenheath Way.

association consists of rolling and hilly landscapes, which can generate rapid runoff, and
micaceous soils, which are erodible. The groundwater is fairly shallow with numerous
natural springs. The subwatershed contains 59 percent of the B hydrologic soil group with
Glenelg silt loam being the dominant soil type (38 percent). B soils and the Glenelg soil type
are compatible with infiltration practices and may provide potential stormwater
management sites. Soils that cover at least 20 acres within the subwatershed can be found
in Appendix A.

3.39.5 Geomorphology

There are approximately 21.8 miles of stream in the Upper Difficult Run subwatershed that
were assessed and assigned a Channel Evolution Model classification as part of the
Stream Physical Assessment. The classification indicates the stream channel’s physical
condition and stability as a response to disturbances such as upstream land use changes.
Four stream reaches (6,397 feet), 5 percent of the total stream length, were not assessed
because they were ponds or wetlands.

The majority of the assessed length in Upper Difficult Run was characterized as Type I,
which is an unstable channel with eroding banks that is actively widening in response to
changes in flow. Many of the tributaries within the watershed were characterized as Type II,
which indicates active incision and downcutting in the stream channel. Seventy-one percent
of the stream length is moderately unstable to unstable with undercut banks and high
erosion potential during flood events. The channel substrate in this portion of Difficult Run is
primarily comprised of a mix of gravel, sand, and silt. There are also stream sections where
bedrock was noted.

There were 34 specific areas along the entire stream length where field crews noted
erosion. They range in length from 75 to 3600 feet. All areas of erosion were at least
moderate in severity with 20 of these having a severe impact on the channel stability and
instream habitat.

Two of the more severe areas with the highest restoration potential are located in the
northern portion of the subwatershed. These are shown in Photos 3.134 and 3.135. Photo
3.134 is candidate site S133. The two locations that were considered extreme erosion can
be seen in Photos 3.136 and 3.137. These photos are candidate site S37.
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east of Hunters Crest Way (DFDF009.E001).

Photo 3.136 Area of extreme erosion with
moderate restoration potential. This area is
located near the end of Blenheim Drive
(DFDF029.E001).
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Photo 3.135 Erosion along Difficult Run located
just east of Hunter Mill Road and south of the
Washington and Old Dominion Railroad Trail
(DFDF008.E002).

There are 37 obstructions, such as fallen
trees or debris, located within the Upper
Difficult Run subwatershed. All of the
obstructions are thought to be restricting fish
passage. Twenty-three of these obstructions
were assigned an impact score of extreme,
indicating that the obstruction is causing
significant erosion problems or potential for
flooding that could damage infrastructure. At
these points the stream is at least 75 percent
blocked, usually by trees, debris and
sediment. Examples of two sites that have an
extreme impact on stream integrity are shown
in Photos 3.138 and 3.139 below.
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Photo 3.137 Severe erosion with moderate Photo 3.138 Stream blockage located
restoration potential located near the end of between Oakton Road and Waples Mill Road

Photo 3.139 Stream blockage located
upstream of the area shown in Photo 3.139
(DFDF043.7T002).

Eight of the most severe blockages are located on the Difficult Run mainstem in the central
portion of the subwatershed. Removal of these blockages would allow easier fish passage
to the more upstream portion of mainstem Difficult Run and upstream tributaries.

3.39.6 Stream Habitat and Water Quality

All stream reaches are of moderate to high slope and are generally characterized as having
a predominance of riffle and run stream type. The stream reaches have the following
stream habitat and water quality characteristics as taken from the Stream Physical
Assessment, which provides a one time visual inspection. Field crews conducted that
assessment in the fall and early winter of 2002 and 2003.

e There are 15 miles of buffer encroachment (this length includes left and right banks
combined); of this total 44 percent is a combination of lawn and grasses, 41 percent
is any combination of pavement and grasses/forbs/lawn, and 3 percent is pavement.
Seventy-eight percent of the total length of buffer encroachment was having a severe
impact and degrading the stream character. Photo 3.140 shows a roadway buffer
encroachment along the mainstem. This is candidate site S38.
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Photo 3.140 Roadway buffer encroachment near Photo 3.141 Dumpsite located between

Waples Mill Road (DFDF034.B001). gg'ggg 420'\7% g‘{‘d Waples Mill Road.

Fifty-eight percent of the total stream length (and just over half of mainstem Difficult Run)
has poor habitat for aquatic insects and fish. Thirty-two percent has fair habitat, and 2
percent (headwater reaches) are very poor. Only 2 percent of the total length is
considered good habitat for aquatic insects and fish, which is a single upstream reach
that crosses under 1-66 near Pender Business Park.

o There is one dumpsite, a place where trash is deposited illegally, located between
Oakton Road and Waples Mill Road. The site is located along the streambank within
the floodplain and was assigned an impact score of seven, indicating that the site is
greater than 2,500 square feet in size and may be active (Photo 3.141). This is
candidate site S132.

3.39.7 Hydrology and Water Quality Monitoring

The water quality and quantity were modeled for each subwatershed and catchment in the
Difficult Run watershed to provide estimates that can be used for planning. The models
used in Upper Difficult Run incorporate data on the amount, character and location of the
land use, impervious cover, topography, vegetation, streams and stormwater management
to generate estimates of water quality and quantity in the streams. Water quality modeling
includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP) and
total suspended solids (TSS). Because changes in land use effect the amount of runoff,
streamflow, the quantity modeling estimates the amount of runoff generated by the land
during rainfall and the peak streamflow or discharge that results.

Modeling of future conditions generally uses the same data inputs and estimates the same
parameters but does so with future land use information. The future land use is a prediction
of how land use would change based on the current zoning designations and the
Comprehensive Plan. The difference between the existing and future model results identifies
areas that will need additional management measures.

In the Upper Difficult Run subwatershed, roughly 18 percent of the land is covered by
impervious surface. This imperviousness is concentrated in the headwaters of the
subwatershed, along with the only areas of high density residential and most of the
commercial land use. In terms of nitrogen and phosphorus runoff, the areas around 1-66
and the Lee Jackson Memorial Highway (Virginia 50) have the highest loading rates per
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acre. The highest nitrogen and phosphorus loading rates is found in catchment DFDF9501,
located in the area of Pender Business Park. Refer to DFDFU_4 for the catchment
locations. The areas at the southern-most portion of the subwatershed also have the highest
runoff volumes and peak flow rates due to the high amount of imperviousness. The
catchment with the highest amount of runoff volume is DFDF9701, which contains
commercial and industrial use. Refer to Table 3.71 for the results.

Table 3.73 Existing and Future Modeling

pd o

Upper Difficult Run = _— o
ppCatchments 5 g = Xx g %‘ 5 %‘ 5 %‘
S=2> S5 N SR 5o

xSE &% PS8 xS &8

DFDFO0001 E 6.35 0.19 145.5 55 0.6
F 7.69 0.19 220.6 8.0 0.8

C 21% 0% 52% 45% 33%

DFDF0003 E 3.32 0.1 83.7 3.2 0.3
F 3.93 0.1 109.0 4.2 0.4

C 18% 0% 30% 31% 33%

DFDF0005 E 9 0.22 220.6 8.0 0.8
F 9.7 0.25 246.1 8.8 0.9

C 8% 14% 12% 10% 13%

DFDF0007 E 6.73 0.27 28.5 1.6 0.3
F 7.1 0.29 36.9 2.0 0.4

C 5% 7% 29% 25% 33%

DFDF0009 E 12.21 0.28 213.7 7.9 0.8
F 12.75 0.3 242.4 9.0 1.0

C 4% 7% 13% 14% 25%

DFDF0011 E 2.49 0.12 32.0 1.4 0.2
F 3.29 0.14 45.1 2.1 0.4

C 32% 17% 41% 50% 100%

DFDF0013 E 1.88 0.12 24.5 1.1 0.2
F 2.8 0.14 39.9 1.9 0.3

C 49% 17% 63% 73% 50%

DFDF0015 E 1.42 0.12 13.4 0.7 0.1
F 1.61 0.12 15.5 0.8 0.2

C 13% 0% 16% 14% 100%

DFDF0017 E 2.33 0.1 21.5 1.2 0.2
F 2.4 0.1 22.2 1.2 0.3

C 3% 0% 3% 0% 50%

DFDF0019 E 1.73 0.14 155 0.8 0.2
F 1.78 0.14 15.9 0.9 0.2

C 3% 0% 3% 13% 0%

DFDF0021 E 1.38 0.14 11.9 0.7 0.1
F 15 0.14 13.2 0.7 0.1

C 9% 0% 11% 0% 0%

DFDF0023 E 2.59 0.09 19.7 1.1 0.2
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zZ o
Upper Difficult Run = = o
ppCatchments 5 g = Xx Q %‘ 5 %‘ 5 %‘
S22 ga P& S¢g 5¢
ESE &5 PFPS &8 &S
F 2.6 0.09 19.8 11 0.2
C 0% 0% 1% 0% 0%
DFDF0025 E 1.37 0.1 20.8 0.9 0.1
F 1.44 0.11 22.2 1.0 0.1
C 5% 10% 7% 11% 0%
DFDF0027 E 1.37 0.14 10.1 0.5 0.1
F 14 0.14 10.4 0.6 0.1
C 2% 0% 3% 20% 0%
DFDF0029 E 1.84 0.17 11.1 0.6 0.1
F 1.86 0.17 11.1 0.6 0.1
C 1% 0% 0% 0% 0%
DFDF0031 E 1.96 0.15 135 0.7 0.2
F 2 0.15 13.9 0.7 0.2
C 2% 0% 3% 0% 0%
DFDF0033 E 1.95 0.13 22.3 1.2 0.2
F 2.16 0.14 29.7 15 0.2
C 11% 8% 33% 25% 0%
DFDF7301 E 2.21 0.14 16.9 0.9 0.2
F 2.34 0.15 18.3 1.0 0.2
C 6% 7% 8% 11% 0%
DFDF7501 E 1.65 0.1 12.4 0.7 0.1
F 2.32 0.12 21.3 1.2 0.2
C 41% 20% 2% 71% 100%
DFDF7701 E 2.01 0.11 15.2 0.8 0.2
F 2.72 0.13 23.7 1.3 0.3
C 35% 18% 56% 63% 50%
DFDF7901 E 2.71 0.13 21.1 1.2 0.2
F 2.78 0.13 21.8 1.2 0.2
C 3% 0% 3% 0% 0%
DFDF8101 E 2.02 0.1 18.1 1.0 0.2
F 2.18 0.11 20.0 1.1 0.2
C 8% 10% 10% 10% 0%
DFDF8301 E 2.09 0.13 17.6 1.0 0.2
F 2.29 0.14 20.6 11 0.2
C 10% 8% 17% 10% 0%
DFDF8501 E 1.61 0.12 16.5 0.9 0.2
F 2.42 0.14 25.9 14 0.3
C 50% 17% 57% 56% 50%
DFDF8701 E 2.95 0.14 32.9 1.8 0.4
F 2.95 0.14 32.8 1.8 0.4
C 0% 0% 0% 0% 0%
DFDF8901 E 2.07 0.1 21.5 1.2 0.2
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zZ o
Upper Difficult Run = = o
ppCatchments 5 g = Xx Q %‘ 5 %‘ 5 %‘
S22 ga P& S¢g 5¢
ESE &5 PFPS &8 &S
F 2.2 0.1 23.0 1.3 0.3
C 6% 0% 7% 8% 50%
DFDF9101 E 2.67 0.16 25.0 14 0.3
F 2.73 0.16 25.0 1.4 0.3
C 2% 0% 0% 0% 0%
DFDF9203 E 2.45 0.1 29.8 1.6 0.3
F 2.71 0.11 34.9 1.8 0.4
C 11% 10% 17% 13% 33%
DFDF9303 E 3.98 0.13 65.1 2.6 0.4
F 4.27 0.14 70.3 2.9 0.4
C 7% 8% 8% 12% 0%
DFDF9501 E 11.61 0.31 272.2 10.1 1.0
F 13.29 0.37 310.1 11.4 1.1
C 14% 19% 14% 13% 10%
DFDF9502 E 5.18 0.16 914 3.7 0.4
F 5.26 0.16 99.5 3.9 0.5
C 2% 0% 9% 5% 25%
DFDF9701 E 11.21 0.32 211.8 7.8 0.8
F 11.83 0.34 253.1 9.3 0.9
C 6% 6% 19% 19% 13%
DFDF9901 E 2.92 0.15 69.6 2.9 0.4
F 3.5 0.16 92.1 3.8 0.5
C 20% 7% 32% 31% 25%

E — Existing conditions results, F — Future conditions results, C — Change between existing and
future shown as a percentage of the existing condition. Value is based on unrounded figures

Future modeling results show an increase in all parameters in almost every catchment. The
largest percent increases were due to loss of open space or an increase in residential

density.
3.39.8 Hydraulic Modeling

Hydraulic modeling combines topography with information concerning the stream system,
the stream crossings and culverts to estimate the depth and speed of flow within the stream
for various storm events. The model results indicate where overtopping of culverts may
occur. The flows at this site exceed the capacity of the culvert. These sites can present a
hazard and are considered candidate sites for improvement, further study and possibly a
project to replace or retrofit the culvert.

Nine crossings in the subwatershed overtopped with existing flows, as shown in Table 3.72.
Road crossings that experience overtopping are listed in Appendix F and it is anticipated
that improvements will be pursued with VDOT independent of the watershed planning

process.

Table 3.74 Culvert Hydraulic Modeling
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Culvert Crossing 100 50 25 5 2 1
21 W&OD Trall E X X
23 (West) Valley Road E X X X
27 Hunter Mill Road E X X X X X X
31 Pine Tree Drive E X X X X
32 Waples Mill Road DS E X X X
33 Waples Mill Road US E X X X
34 (East) Valley Road E X X X X X
Upstream of Vale
38-A Road E X X X X
38-B Vale Road E
22 Hunters Valley Road E X X X X X

E — Existing conditions results, x — indicates overtopping

Culvert #21 (Photo 3.142) overtopped for the 50 and 100-year events. As this is not a
roadway traveled by cars and does not overtop more frequently, it is not considered a

Photo 3.142 Difficult Run Mainstem at

W&OD Trail
candidate site.

Photo 3.143 Difficult Run Tributary at Valley
Road

Culvert #23 (Photo 3.143) overtopped for the 25, 50, and 100-year events. Valley Road is a
local street, used by residents to access houses. Local roads are required to pass only the
10-year event, so this culvert is also not a candidate site.

Culvert #27 (Photo 3.144) overtopped for all events. Hunter Mill Road is a primary road,
used for through traffic flow. Crossings classified as primary roads are required to pass the
25-year event.
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Culvert #31 (Photo 3.145) overtopped for all events. Pine Tree Drive is a local road, so it is
required to pass the 10-year event.

Culvert #32 (Photo 3.146) overtopped for all events except the one and two-year. As
Waples Mill Road can be considered a primary road, it must pass the 25-year event.Culvert

Photo 3.144 Difficult Run Mainstem at Hunter Photo 3.145 Difficult Run Tributary at Pine
Mill Road Tree Drive
Photo 3.148 Difficult Run Mainstem at Valley Photo 3.149 Difficult Run Mainstem at Vale
Road Road
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#33 (Photo 3.147) overtopped for the 25, 50, and 100-year events. Again, Waples Mill Road
is considered a primary road, used for through traffic flow. It must pass the 25-year event.

Culvert #34 (Photo 3.148) overtopped for all events except the one-year. Valley Road is a

Photo 3.146 Difficult Run Mainstem at Photo 3.147 Difficult Run Tributary at Waples
Waples Mill Road DS Mill Road US
local road, not used for through traffic. Local roads are required to pass the 10-year event.

Culvert #38-A (Photo 3.149) overtopped for all events except the one and two-year. As this
is a footbridge and is not a roadway traveled by cars, it is not considered a candidate site.

Culvert #38-B (Photo 3.150) overtopped for the 100-year event. Vale Road is a primary road
and is thus required to pass the 25-year event. This site is not considered a candidate site.

Culvert #22 (Photo 3.151) overtopped for all events except the one-year. Hunters Valley
Road is a local access road used by resident to get to abutting properties and is not used for
through traffic. This is not a candidate site.

Photo 3.150 Difficult Run Mainstem at Vale Photo 3.151 Difficult Run Mainstem at Hunters
Road Valley Road
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3.39.9 Candidate Sites for Improvements

Based on the review of the assessment data and modeling results, the most serious
problem areas in the Upper Difficult Run subwatershed are listed below. Refer to DFDFU_4
for site numbers and locations. (S - stream sites, C - catchment sites, D — unconstructed
regional pond replacement sites, F — flooding sites, and P — preservation sites).

Streams

S37  From the Stream Physical Assessment, this reach showed severe erosion and poor
or very poor habitat (Photo 3.136 and 3.137).

S38 From the Stream Physical Assessment, this reach showed severe to extreme
erosion, channel widening, a degraded buffer and poor or very poor habitat (Photo
3.140).

S44  From the Stream Physical Assessment, this reach was described as unstable, with a
widening channel and poor or very poor habitat.

S45  The Stream Physical Assessment showed unstable banks, poor habitat, and lack of
buffer through this reach.

S46  From the Stream Physical Assessment, this reach was described as unstable, with a
widening channel and poor or very poor habitat.

S48  The Stream Physical Assessment showed channel widening, poor habitat, and lack
of buffer through this reach.

S63  From the Stream Physical Assessment, this reach showed severe to extreme
erosion, channel widening, and poor or very poor habitat.

S68 From the Stream Physical Assessment, this reach was described as unstable, with a
widening channel.

S132 The Stream Physical Assessment showed channel widening, poor habitat, and lack
of buffer through this reach. A large dumpsite is also present at the site (Photo
3.141).

S133 From the Stream Physical Assessment, this reach showed severe to extreme

erosion, channel widening, and poor or very poor habitat (Photo 3.134).

Hydrology and Water Quality

D32

D33

D34

D35

(Catchment DFDF9101) Runoff and water quality from this area are better than
average for the subwatershed and about average for all of Difficult Run; however,
streambanks are unstable downstream of the site.

(Catchment DFDF8701) Runoff and water quality from this area are better than
average for the subwatershed, and somewhat worse than average for all of Difficult
Run. Streambanks are unstable and the mainstem of Difficult Run shows severe
erosion impacts downstream of the site (Photo 3.133).

(Catchment DFDF8501) Runoff and water quality from this area are better than
average for the subwatershed, and somewhat worse than average for all of Difficult
Run. Severe erosion impacts downstream of the catchment were noted in the
Stream Physical Assessment survey.

(Catchment DFDF8101) Runoff flows and pollutant loads for this drainage area are
better than average for both the subwatershed and all of Difficult Run. The stream
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through the area and downstream showed evidence of active erosion and buffer
degradation.

(Catchment DFDF9203) In this site, runoff and pollutant loads are better than
average for the subwatershed and about average for Difficult Run. The stream
through the area and downstream showed severe erosion impacts.

(Catchment DFDF7901) Water quality and runoff flows from this drainage area are
better than average for the subwatershed, and somewhat worse than average for
Difficult Run. The stream through the catchment down to the confluence with Difficult
Run was rated with severe erosion impacts.

(Catchment DFDF7701) This site has better than average conditions for the
subwatershed and for Difficult Run as a whole. Field investigation showed no critical
stream degradation within the drainage area or downstream.

(Catchment DFDF0009) This area has some of the highest flows and pollutant loads
in the Difficult Run watershed. It contains part of the area on and around the Fair
Oaks Mall and is highly impervious. Existing stormwater management ponds treats
portions. The stream below this catchment is eroded and banks are unstable.

(Catchment DFDF0005) This area has some of the highest flows and pollutant loads
in the Difficult Run watershed. It contains part of the Fair Oaks Mall and a portion of
I-66 and is highly impervious. Portions are treated by existing stormwater
management ponds. The stream below this catchment is eroded and banks are
unstable.

(Catchment DFDF0001) This catchment is the site of the Government Center and
has a large amount of impervious surface. It has some of the highest modeled
pollutant loads and flows in the entire Difficult Run watershed.

(Catchment DFDF9501) This area has among the highest modeled runoff, peak
flows, and pollutant loads in the Difficult Run watershed. It is highly impervious,
consisting of apartments and townhouses. There are areas of unstable streams
below, including S133.

(Catchment DFDF9901) This area has among the highest modeled runoff, peak
flows, and pollutant loads in the subwatershed. It is highly impervious, consisting of
apartments and townhouses.

Flooding

F27

F31

F32

F33

The culvert carrying the mainstem under Hunter Mill Road overtopped for all events.
Since Hunter Mill Road is a primary road, the culvert must pass the 25-year event
(Photo 3.144).

The culvert under Pine Tree Drive overtopped for all events. Since this is a local
road, the culvert required to pass the 10-year event (Photo 3.145).

This culvert overtopped for all events except the one and two-year. As Waples Mill
Road can be considered a primary road, it must pass the 25-year event (Photo
3.146).

This culvert was overtopped for the 25, 50, and 100-year events. Again, Waples Mill
Road is considered a primary road, used for through traffic flow. It must pass the 25-
year event (Photo 3.147).
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F34  The culvert under Valley Road overtopped for all events except the one-year. Valley
Road is a local road, so the culvert must pass the 10-year event (Photo 3.148).

Preservation

No sites were identified. Several catchments are in very good condition, but model
results from future development do not make them significantly worse. This means
that they are essentially preserved under the current development plans and
regulations.
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3.40 Upper Difficult Run - Subwatershed Plan Actions

In the previous subwatershed condition section, information from stream assessments,
monitoring studies, and watershed modeling was presented to identify the location and
severity of watershed impairments. For the subwatershed action plan section that follows,
the candidate sites for improvement are discussed in terms of the specific impairment, a
description of the project, and the goal of the project. Table 3.73 below is a list of all projects
proposed in this subwatershed.

Table 3.75 Recommendations for Upper Difficult Run

. . Candidate

Project # Project Type Site
DF9032A Culvert Retrofit D-32
DF9032B Drainage Retrofits D-32
DF9033 Drainage Retrofits D-33
DF9034A Culvert Retrofit D-34
DF9034B Drainage Retrofits D-34
DF9035A Drainage Retrofits D-35
DF9035B LID Retrofit D-35
DF9045A LID Retrofit D-45
DF9045B Pond Retrofit D-45
DF9045D Stream Restoration D-45
DF9059A Pond Retrofit D-59
DF9059B Drainage Retrofit D-59
DF9059C Culvert Retrofit D-59
DF9072A Pond Retrofit D-72
DF9141A Pond Retrofit C41
DF9141B Pond Retrofit C41
DF9142 Pond Retrofit C42
DF9143A Pond Retrofit C43A
DF9143B1 Pond Retrofit C43B
DF9143B2 Pond Retrofit C43B
DF9143C Pond Retrofit C43C
DF9143D Pond Retrofit C43D
DF9143E Pond Retrofit C43E
DF9143F2 Pond Retrofit C43F
DF9143H Pond Retrofit C43H
DF9171 Pond Retrofit C71
DF9172 Pond Retrofit C72
DF9238 Buffer Restoration S38
DF9244 Stream Restoration S44
DF9245 Stream Restoration S45
DF9263 Stream Restoration S63
DF9741 Drainage Retrofits C41
DF9841 LID Retrofit C41
DF9843 LID Retrofit C43
DF9871 LID Retrofit C71
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3.40.1 Regional Pond Alternative Projects

D32 (DFDF9101)

Site Investigation and Projects:

DF9032A (Culvert Retrofit) The project would consist of a culvert retrofit or roadway
improvement to create a backwater storage area at the crossing of Miller Heights
Road, which would provide channel protection and water quality treatment.

DF9032B (Drainage Retrofits) The project would include improvements to reduce
scour velocities at three outfalls where storm drains discharge into natural channels
below Miller Heights Road.

D33 (DFDF8701)

Site Investigation and Projects: The site investigation showed very little opportunity for
stormwater management retrofits. The drainage area is small, developed with single-family
residential housing, and there is no room for a culvert retrofit at Miller Heights Road.

DF9033 (Drainage Retrofits) The project would include improvements to reduce
scour velocities at the outlet of the culvert under Miller Heights Road and another
location at the bottom of the catchment. Improvements would reduce sediment loads
from stream erosion.

D34 (DFDF8501)

Site Investigation and Projects: The D-34 drainage area is a small catchment of residential
land use. The best opportunity for retrofit is the culvert under Miller Heights Road.

DF9034A (Culvert Retrofit) The project would consist of a culvert retrofit or redundant
embankment to create channel protection storage and water quality treatment at the
crossing of Miller Heights Road. The project would help reduce erosive discharge
rates and velocities downstream.

DF9034B (Drainage Retrofits) The project would include improvements to reduce
scour velocities at the culvert under Miller Heights Road and four other outfalls.

D35 (DFDF8101)

Site Investigation and Projects:

DF9035A (Drainage Retrofits) The project would include outlet protection
improvements to reduce scour velocities at the culverts under Sweetwood Court. A
second phase of the retrofits would be replacing paved roadside ditches along
Sweetwood with dry swales.

DF9035B (LID Retrofit) This project consists of replacing a paved drainage swale
from Young Road with a bioswale, daylighting an existing piped system, and creating
a bioretention facility at the intersection of three properties where there is currently a
muddy bog.

D45 (DFDF9203)

Site Investigation and Projects:

DF9045A (LID Retrofit) This project is a bioretention / rain garden facility located to
the left of the drive at the Oakton Swim and Racquet Club. It should provide both
runoff volume reduction and water quality benefits. Public access makes it a good
outreach and education site also.
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DF9045B (Pond Retrofit) The location of this project is upstream of the crossing at
Waples Mill Road where there is an existing dry pond. The project is a retrofit to
improve channel protection and pollutant removal using the existing storage area
and impoundment structure.

DF9045D (Stream Restoration) This project will create a step-pool system to lower
the effective slope of the stream, and stabilize portions by regrading the banks.
Stream buffers will be restored on all project reaches.

D59 (DFDF7901)
Site Investigation and Projects:

DF9059A (Pond Retrofit) The location of this project is at an existing farm pond in the
center of the catchment along Center Ridge Road. The pond is eutrophic and not
designed to handle the stormwater flows draining to it. The retrofit would consist of
reconstruction to provide channel protection storage and the addition of water quality
features such as micro-pools and wetland vegetation.

DF9059B (Drainage Retrofit) The project would include outlet protection
improvements to reduce scour velocities at the storm drain outfalls throughout the
drainage area. A second phase of the retrofits is to replace paved roadside ditches
along Berryland Drive with grassed channels.

DF9059C (Culvert Retrofit) The project would consist of a culvert retrofit using the
existing road embankment as a supplement to the pond retrofit downstream.
(DF9059A). The retrofit could be designed as a sediment trap, shallow marsh, or rain
garden.

D72 (DFDF7701)

Site Investigation and Projects: The site investigation showed that the streams within the
drainage area were in good condition.

DF9072A (Pond Retrofit) This project is a retrofit to an existing farm pond in the
center of the catchment adjacent to Vale Road. The retrofit would consist of
reconstructing the embankment to current standards and providing a control
structure to create detention storage. Wetland plantings and other water quality
features should be added to enhance pollutant removal.

3.40.2 Catchment Improvement Projects
C41 (DFDF0009)

Site Investigation and Projects: The site investigation showed two existing ponds in the
catchment with potential for retrofit, along with potential projects in the parking areas.

DF9841 (LID Retrofit) The project consists of retrofits to the impervious area on and
around Fair Oaks Mall. Individual low-impact development retrofits could include inlet
filtration, removal of pavement or porous pavement, green roofs, and bioretention in
parking islands.

DF9141A (Pond Retrofit) The project would consist of retrofitting and possibly
expanding the only existing stormwater management facility treating more than half
of the mall. Retrofits could include a combination of constructed wetlands,
vegetation, dry detention, and infiltration.
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DF9741 (Drainage Retrofits) The project would include improvements to reduce
scour velocities at outfalls to natural channels.

DF9141B (Pond Retrofit) The pond at the bottom of the catchment on the north side
of US 50 could be retrofit to provide more complete channel protection or water
guality treatment, especially if designed with other improvements in the catchment. .

C42 (DFDF0005)

Site Investigation and Projects: The site investigation opportunities for culvert retrofits, pond
retrofits, projects in the parking areas, and a retrofit of ponds in a downstream catchment to
treat the runoff from this site.

DF9142 (Pond Retrofit) The project would consist of retrofitting the stormwater
management facility on the east end of the mall to provide multi-stage discharge,
vegetative uptake, and extended detention volume.

C43 (DFDF0001)

Site Investigation and Projects: The site investigation showed eleven existing wet and dry
ponds in the catchment, some designed for peak shaving detention and some not designed
for stormwater management. Proposed projects for this catchment would be to retrofit all the
ponds to provide channel protection storage and water quality treatment. An additional
project would be an LID retrofit of the Government Center parking area with bioretention.
Retrofit design should be done to treat the LID facilities and all the ponds as a treatment
system.

DF9143A (Pond Retrofit) The two ponds at the bottom of the catchment do not
appear to be designed as stormwater management facilities. If the ponds are
redesigned as a system, the wet storage within these ponds is enough to meet the
calculated water quality volume for not only this location, but also an additional eight
dry pond facilities located upstream.

DF9143B1 (Pond Retrofit) This project, which is one of two dry ponds near the
government center, collects runoff from a high-density residential site. In a
systematic retrofit, these ponds would be used for channel protection volume.

DF9143B2 (Pond Retrofit) Like project DF9143B1, this project collects runoff from a
high-density residential site east of the Fairfax County Government Center. It would
be retrofit to detain the one-year storm for channel protection.

DF9143C (Pond Retrofit) This pond treats runoff from a high-density residential
development. It should be retrofit for channel protection.

DF9143D (Pond Retrofit) This pond treats runoff from a portion of the Government
Center and the parking area. It should be retrofit for channel protection.

DF9143E (Pond Retrofit) This dry pond treats runoff from a high-density residential
development. It should be retrofit for channel protection .

DF9143F2 (Pond Retrofit) This pond, treats parking lot runoff from the Government
Center and surrounding areas. It would be retrofit to detain higher frequency storms
for channel protection.

DF9143H (Pond Retrofit) This pond treats runoff from a portion of the Herrity Building
site. It has been designed as an aesthetic amenity but could be retrofit for channel
protection by modifying the riser. There is enough excess wet storage volume to
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construct an aquatic bench around the entire perimeter of this facility for water quality
treatment.

DF9843 (LID Retrofit) The project consists of retrofits to the parking area for the
Fairfax County Government Center. Individual LID retrofits could include inlet
filtration, removal of pavement or porous pavement, and bioretention in parking
islands with interpretive signs. As an educational measure, signs describing the
facilities, and a trail to tour various stormwater management features could be
included at the government center complex. A PDF format “stormwater tour” map
could be added to the County’s Stormwater webpage.

C71 (DFDF9501)

Site Investigation and Projects: The site investigation showed opportunities for LID retrofits
and the retrofit of a pond at the outlet of the catchment. If designed together, these two
systems could provide water quality and channel protection treatment.

DF9871 (LID Retrofit) The project consists of retrofits to parking areas for all of the
sites east of Pender Court. Individual LID retrofits could include inlet filtration,
removal of pavement or porous pavement, and bioretention in parking islands.

DF9171 (Pond Retrofit) The project would consist of retrofitting the stormwater
management facility at the outlet of the catchment. The priority for retrofits would be
channel storage volume.

C72 (DFDF9901)

Site Investigation and Projects: Fieldwork showed that regional pond D-77 draining the
catchment has been constructed. There is a pond treating the upper part of the area south
of Lee Highway.

DF9172 (Pond Retrofit) The project would consist of retrofitting the regional
stormwater management facility at the outlet of the catchment to provide channel
protection, and to add water quality features to improve pollutant removal.

3.40.3 Stream Restoration Projects
S37

Site Investigation and Projects: The site investigation found moderate areas of streambank
erosion. The stream appears to be recovering with the development of large point bars and
stable riffle pool morphology. Significant restraints with access, wetland impacts, and forest
clearing outweigh the benefits of streambank stabilization. No project was identified.

S38

Site Investigation and Projects: The site investigation found that the riparian zone along the
right streambank was largely in pasture. There was also slight to moderate streambank
erosion along portions of the reach. One stream restoration project was identified.

DF9238 (Buffer Restoration) The proposed restoration would involve establishing a
forested buffer in the pastured portion of the riparian zone.

S44

Site Investigation and Projects: The site investigation found moderate to severe incision and
moderate to severe bank erosion in the upstream portion of the reach. The middle portion of

3-265



Difficult Run Watershed Management Plan
Subwatershed Condition and Plan Action
Upper Difficult Run
the reach is a transition to the lower portion, which is stable with good floodplain access.
Bed features increased in consistency and stability in the downstream direction. One project
was identified.

DF9244 (Stream Restoration) The proposed restoration would involve excavating a
floodplain bench and reshaping the streambanks and creating stable bed features in
the upper and middle portions of the reach above a pedestrian footbridge.

S45

Site Investigation and Projects: The site investigation showed moderate incision and bank
erosion with some floodplain redevelopment and point bar formation. The reach appears to
be recovering. Access, wetlands, and forest clearing constraints upstream of Valley Road
outweigh the benefits of streambank stabilization. A project is proposed downstream of
Valley Road.

DF9245 (Stream Restoration) The proposed restoration would involve excavating a
floodplain bench and reshaping the streambanks. The new floodplain would be
planted with native woody vegetation and grasses. A forested buffer would be
established.

S46

Site Investigation and Projects: The site investigation showed a straight and incised stream
with a number of driveway crossings. Streambanks are slightly to moderately eroding. The
constraints associated with access and tree clearing outweigh the benefits associated with
streambank stabilization. No project was identified.

S48

Site Investigation and Projects: The site investigation found that most of the reach had an
intact, forested riparian buffer. The portion that did not has recently been converted to a
stormwater best management practice. No project was identified.

S63

Site Investigation and Projects: The site investigation found that both banks were raw and
erosive upstream of Lawyers Road. The stream is slightly incised and bed features are
inconsistent and not well developed. The stream appears to be historically over widened.
The riparian zone is pastured along both streambanks. One project was identified.

DF9263 (Stream Restoration/ Buffer Restoration) The proposed restoration would
involve excavating a floodplain bench and reshaping the streambanks. The new
floodplain would be planted with native woody vegetation and grasses. Instream
structures would be installed to improve bed features. A forested buffer would be
established.

S68

Site Investigation and Projects: The site investigation found moderate areas of streambank
erosion. The stream appears to be recovering with the development of large point bars and
stable riffle pool morphology. Significant restraints with access, wetland impacts, and forest
clearing outweigh the benefits of streambank stabilization. No project was identified.

S132
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Site Investigation and Projects: The access to this site is restricted. The site was not in poor

enough condition to warrant the impacts that would be caused by gaining access. No project
was identified.

S133

Site Investigation and Projects: The site investigation found moderate bank erosion. The
stream is slightly incised and bed features are inconsistent and not well developed.
However, constraints associated with forest clearing and wetland impacts outweigh the
benefits of streambank stabilization. No project was identified.

3.40.4 Preservation

No preservation candidate sites were identified for this subwatershed.
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3.38 Watershed-Wide Projects

The characterization process that resulted in candidate sites for catchment retrofits and
stream restoration projects (described in Appendix G) was used to develop projects in the
highest priority areas in each subwatershed. A number of problem areas were noted during
the Stream Physical Assessment that may not have been included in a stream restoration
project. Projects to remediate these areas are included in this section.

Watershed-Wide Action 3.38.1: Remove dumpsites from stream corridors.

This project would consist of cleaning up dumpsites identified by the Stream Physical
Assessment and disposing of the items. Two of these sites were addressed with the stream
restoration projects. One site in Middle Difficult Run (DFDF055.M001) consisted of a
discarded residential oil tank and was investigated by a field crew as Candidate Site S107.
The oil tank was not found and presumably had been removed. The site in Little Difficult
Run (DFLD013.M001) has been included with stream restoration project DF92114. Two
large dumpsites containing appliances, concrete pipes, tires, and trucks were included with
candidate sites S82 and S132, however no project was proposed at these sites, so the
cleanup effort remains to be completed (DFPR005.M001 and DFDF042.M001). There are
also three small dumpsites containing a section of CMP pipe, lawn waste and tree trimmings
to be cleaned up (DFDF071.M001, DFSF008.M001, and DFDF023.M001). It is anticipated
that all 5 sites will be addressed as part of an ongoing Countywide initiative.

Table 3.76: Dumpsite Projects

ITEM QUANTITY| UNITS UNIT COST TOTAL
Small Dumpsite 3 EA $3,000.00 $9,000
Large Dumpsite 2 EA $8,000.00 $16,000
Base Cost $25,000

Mobilization (5%) $1,250

Subtotal 1 $26,250

Contingency (25%) $6,563

Subtotal 2 $32,813

Estimated Project Cost $33,000

Watershed-Wide Action 3.38.2: Remove obstructions from stream corridors.

This project consists of removing items obstructing streamflow identified by the Stream
Physical Assessment and disposing of them. There were 191 such sites in Difficult Run. Of
these, 12 will be addressed with one of the proposed stream restoration projects.

Of the remaining 179 sites, 113 had an impact score of 5 or higher (moderate to severe),
which indicated that the blockage was causing at least moderate erosion and should be
removed. Ninety-nine of these sites consist of some combination of trees, debris, or
sediment. Thirteen sites will involve removal of concrete or other man-made structures, and
will require more effort than tree and debris clearing. One site is a beaver dam.
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Table 3.77: Obstruction Removal Projects

ITEM QUANTITY UNITS UNIT COST TOTAL
Remove trees and debris 99 EA $3,000.00 $297,000
Remove concrete debris 8 EA $8,000.00 $64,000
Remove man-made
obstructions 5 EA $8,000.00 $40,000
Remove beaver dams 1 EA $3,000.00 $3,000
Base Construction Cost $404,000
Mobilization (5%) $20,200
Subtotal 1 $424,200
Contingency (25%) $106,050
Subtotal 2 $530,250
Estimated Project Cost $530,000
Watershed-Wide Action 3.38.3: Remove fish passage obstructions
The Stream Physical Assessment further classified obstructions by whether or not they
blocked fish passage. Many of these obstructions will be cleared either through stream
restoration projects or removal of higher severity obstructions. Of the remainng 66 low
severity obstructions, 43 were identified as fish passage obstructions. This project is
intended to remediate these sites.
Table 3.78: Fish Passage Restoration Projects
ITEM QUANTITY| UNITS UNIT COST TOTAL
Remove trees and debris 21 EA $3,000.00 $63,000
Remove concrete debris 2 EA $8,000.00 $16,000
Remove man-made
obstructions 6 EA $8,000.00 $48,000
Remove beaver dams 14 EA $3,000.00 $42,000
Base Construction Cost $169,000
Mobilization (5%) $8,450
Subtotal 1 $177,450
Contingency (25%) $44,363
Subtotal 2 $221,813
Estimated Project Cost $222,000

Watershed-Wide Action 3.38.4: Repair utility crossings.

This project consists of repairing or replacing exposed or failing utility crossings. Thirty-nine
sites were identified by the Stream Physical Assessment. Of these, 10 are within the limits of

a proposed stream restoration project and will be addressed as part of the project.

Five of the remaining 29 utility crossings were rated moderate or severe, which means the
utility is over half exposed, identifying significant erosion problems, or appears to be about
to fail. There were four sanitary sewer crossings and one cable crossing that fell into this

category.
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Table 3.79: Utility Crossings

ITEM QUANTITY| UNITS UNIT COST TOTAL
Water / Sewer 4 EA $10,000.00 $40,000
Cable / Telephone / Electric 1 EA $5,000.00 $5,000
Base Construction Cost $45,000

Mobilization (5%) $2,250

Subtotal 1 $47,250

Contingency (25%) $11,813

Subtotal 2 $59,063

Estimated Project Cost $59,000

Watershed-Wide Action 3.38.5: Restore riparian buffers

This project consists of replanting riparian buffers in areas where they were determined to
be deficient. Four hundred seventy-one sites comprising approximately 439,000 linear feet
were identified by the Stream Physical Assessment. Of these, 97 are within the limits of the
proposed stream restoration projects and will be addressed as part of the projects.

Restoration is recommended for buffer areas that are rated with a moderate or severe
deficiency, and for which the restoration potential is moderate to high. Two hundred sixty-
five of the 374 sites not within stream restoration projects met the severity rating, and of
these, 29 had a high restoration potential, for a total of 17,650 LF.

Table 3.80: Buffer Restoration

ITEM QUANTITY| UNITS UNIT COST TOTAL
Restore buffer 17,650 LF $25.00 $441,250
Base Construction Cost $441,250

Mobilization (5%) $22,063

Subtotal 1 $463,313

Contingency (25%) $115,828

Subtotal 2 $579,141

Estimated Project Cost $579,000
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	Photo 3.25 Upstream and downstream bank erosion at Leesburg Pike (DFCR001.C001). 

	Figure
	Figure
	Figure
	Photo 3.26 Severe erosion that could pose a threat to road safety along Route 7 to the east of Carpers Farm Way (DFCR001.E001). 
	Photo 3.26 Severe erosion that could pose a threat to road safety along Route 7 to the east of Carpers Farm Way (DFCR001.E001). 

	Figure
	Photo 3.27 Erosion located between Old Dominion Drive and Georgetown Pike (DFDF011.E001). 
	Photo 3.27 Erosion located between Old Dominion Drive and Georgetown Pike (DFDF011.E001). 
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	Figure
	Photo 3.31 Lower Difficult Run Mainstem along Leesburg Pike 
	Photo 3.31 Lower Difficult Run Mainstem along Leesburg Pike 


	Figure
	Photo 3.32 Lower Difficult Run Mainstem at Leesburg Pike 
	Photo 3.32 Lower Difficult Run Mainstem at Leesburg Pike 


	Figure
	Photo 3.33 Lower Difficult Run Mainstem at Leigh Mill Road 
	Photo 3.33 Lower Difficult Run Mainstem at Leigh Mill Road 
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	OS-ESR17 acresESR-LDR2 acresOS-LDR81 acres
	Figure
	Figure
	Photo 3.34 Eroding bank located east of the Lawns of Towlston Community (DFSP002.E001) 
	Photo 3.34 Eroding bank located east of the Lawns of Towlston Community (DFSP002.E001) 

	Photo 3.35 Obstruction at the northern end of Sharpers Run near the confluence with Rocky Run between the Bryan Pond and Peacock Station communities (DFSP001.T001). 
	Photo 3.35 Obstruction at the northern end of Sharpers Run near the confluence with Rocky Run between the Bryan Pond and Peacock Station communities (DFSP001.T001). 

	Figure
	Figure
	OS-LDR70 acresOS-MDR1 acreESR-LDR81 acresESR-MDR2 acresIND-HIC4 acresLDR-MDR7 acresOS-ESR67 acresOS-HDR3 acres
	Photo 3.40 Obstruction located between Tebbs Lane and Cilicia Street (DFRR001.T002). 
	Photo 3.40 Obstruction located between Tebbs Lane and Cilicia Street (DFRR001.T002). 

	Figure
	Photo 3.38 Significant erosion on the mainstem between Woodside Drive and Orlo Drive (DFRR013.E001). 
	Photo 3.38 Significant erosion on the mainstem between Woodside Drive and Orlo Drive (DFRR013.E001). 

	Figure
	Figure
	Photo 3.39 Exposed utility located northeast of Old Dominion Drive near Tebbs Lane. 
	Photo 3.39 Exposed utility located northeast of Old Dominion Drive near Tebbs Lane. 

	Figure
	Figure
	Photo 3.41 Culvert 74 at Brook Road on Rocky Run mainstem. 
	Photo 3.41 Culvert 74 at Brook Road on Rocky Run mainstem. 

	Photo 3.42 Culvert 75 at Bellview Road on Rocky Run mainstem. 
	Photo 3.42 Culvert 75 at Bellview Road on Rocky Run mainstem. 

	Figure
	Figure
	Photo 3.43 Culvert 76 on Rocky Run mainstem at Old Towlston Road 
	Photo 3.43 Culvert 76 on Rocky Run mainstem at Old Towlston Road 

	Photo 3.44 Culvert 79 on Rocky Run mainstem at Old Dominion Drive 
	Photo 3.44 Culvert 79 on Rocky Run mainstem at Old Dominion Drive 

	OS-ESR106 acresOS-HDR1 acreOS-HIC28 acresLIC-HIC83 acresOS-LDR59 acresOS-MDR10 acresOS-LIC9 acresLIC-ESR2 acresLDR-MDR3 acresINS-OS4 acresIND-HIC41 acresGC-ESR5 acresESR-MDR8 acresESR-LDR9 acres
	Figure
	Photo 3.45 Erosion at a 12-inch outfall located just south of North Shore Drive (DFCR013.POO3). 
	Photo 3.45 Erosion at a 12-inch outfall located just south of North Shore Drive (DFCR013.POO3). 
	 

	Figure
	Photo 3.46 Erosion located on a tributary to Colvin Run between Buttermilk Lane and Hunt Club Road (DFCR012.E002) 
	Photo 3.46 Erosion located on a tributary to Colvin Run between Buttermilk Lane and Hunt Club Road (DFCR012.E002) 

	Photo 3.47 Erosion located on reach just west Hunter Mill Road near Little Run Farm Court (DFCR008.E001) 
	Figure
	Photo 3.50 Obstruction just upstream of Lake Fairfax to the west of Aldenham Lane (DFCR013.T001). 
	Photo 3.50 Obstruction just upstream of Lake Fairfax to the west of Aldenham Lane (DFCR013.T001). 

	Photo 3.51 Obstruction upstream of Lake Fairfax located near Park Overlook Drive (DFCR015.T001). 
	Photo 3.51 Obstruction upstream of Lake Fairfax located near Park Overlook Drive (DFCR015.T001). 

	Figure
	Figure
	Figure
	Figure
	Photo 3.49 Erosion on mainstem Colvin Run downstream of Lake Fairfax before Colvin Run crosses under Hunter Mill Road (DFCR009.E001). 
	Photo 3.49 Erosion on mainstem Colvin Run downstream of Lake Fairfax before Colvin Run crosses under Hunter Mill Road (DFCR009.E001). 

	Photo 3.48 Erosion on a tributary to mainstem Colvin Run near Mount Sunapee Road (DFCR006.E002). 
	Photo 3.48 Erosion on a tributary to mainstem Colvin Run near Mount Sunapee Road (DFCR006.E002). 
	 

	Figure
	Figure
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	Figure
	Photo 3.54 Colvin Run Mainstem at Carpers Farm Way 
	Photo 3.54 Colvin Run Mainstem at Carpers Farm Way 
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	Figure
	Figure
	Figure
	Photo 3.56 An 18-inch outfall causing severe erosion located downstream of the outfall shown in Photo 4.1 (DFSB006.P005). 
	Photo 3.56 An 18-inch outfall causing severe erosion located downstream of the outfall shown in Photo 4.1 (DFSB006.P005). 

	Photo 3.57 Pipe located south of Sunrise Valley Drive and just east of Barton Hill Road.  Major erosion around the structure is evident (DFSB006.P003). 
	Photo 3.57 Pipe located south of Sunrise Valley Drive and just east of Barton Hill Road.  Major erosion around the structure is evident (DFSB006.P003). 

	Figure
	Photo 3.58 Erosion located south of South Lakes Drive (DFSB012.E001). 
	Photo 3.58 Erosion located south of South Lakes Drive (DFSB012.E001). 

	Photo 3.59 Erosion located between Old Trail Drive and Millenium Lane (DFSB015.E001). 
	Photo 3.59 Erosion located between Old Trail Drive and Millenium Lane (DFSB015.E001). 

	Figure
	Figure
	Photo 3.60 Exposed sanitary utility line crossing stream (DFSB006.U002). 
	Photo 3.60 Exposed sanitary utility line crossing stream (DFSB006.U002). 

	Figure
	Photo 3.61 Exposed utility at the southern end of Mossy Creek Lane. 
	Photo 3.61 Exposed utility at the southern end of Mossy Creek Lane. 
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	Figure
	Photo 3.62 Snakeden Branch Mainstem at Hunters Den Lane 
	Photo 3.62 Snakeden Branch Mainstem at Hunters Den Lane 


	Figure
	Photo 3.63 Snakeden Branch Mainstem at Hunter Station Road 
	Photo 3.63 Snakeden Branch Mainstem at Hunter Station Road 
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	Figure
	Figure
	Photo 3.73 Obstruction to fish passage on the mainstem located at the terminus of Montafia Lane, Sun Valley subdivision, directly west of Sun Valley Park (DFDF007.T001). 
	Photo 3.73 Obstruction to fish passage on the mainstem located at the terminus of Montafia Lane, Sun Valley subdivision, directly west of Sun Valley Park (DFDF007.T001). 

	Photo 3.72 Obstruction on the mainstem located in Tamarack Park (DFDF007.T002). 
	Photo 3.72 Obstruction on the mainstem located in Tamarack Park (DFDF007.T002). 

	Photo 3.74 Residential oil tank located in a tributary near Asoleado Lane (DFDF055.M001). 
	Figure
	Figure
	Photo 3.75 Utility at the downstream end of the subwatershed near Valley Creek Lane (DFDF005.U001). 
	Photo 3.75 Utility at the downstream end of the subwatershed near Valley Creek Lane (DFDF005.U001). 

	Figure
	Photo 3.76 Buffer impact south of Windy Knoll Lane (DFDF053.B001). 
	Photo 3.76 Buffer impact south of Windy Knoll Lane (DFDF053.B001). 

	Figure
	Photo 3.77 2000 feet of buffer impact upstream of Brittenford Road (DFDF050.B002). 
	Photo 3.77 2000 feet of buffer impact upstream of Brittenford Road (DFDF050.B002). 

	Figure
	Photo 3.78 Difficult Run Mainstem at Browns Mill Road. 
	Photo 3.78 Difficult Run Mainstem at Browns Mill Road. 
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	Figure
	Photo 3.79 A severe obstruction located upstream of Chain Bridge Road near Echols Street (DFWC028.T001). 
	Photo 3.79 A severe obstruction located upstream of Chain Bridge Road near Echols Street (DFWC028.T001). 
	 

	Figure
	Figure
	Photo 3.80 Buffer encroachment with high impact near Maple Avenue. (DFWC019.B002). 
	Photo 3.80 Buffer encroachment with high impact near Maple Avenue. (DFWC019.B002). 

	Photo 3.81 Buffer impact near Maple Avenue (DFWC019.B001). 
	Photo 3.81 Buffer impact near Maple Avenue (DFWC019.B001). 
	 

	Figure
	Photo 3.82 Wolftrap Creek Mainstem at Beulah Road. 
	Photo 3.82 Wolftrap Creek Mainstem at Beulah Road. 


	Figure
	Photo 3.83 Wolftrap Creek Tributary at Creek Crossing Road. 
	Photo 3.83 Wolftrap Creek Tributary at Creek Crossing Road. 
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	Figure
	Photo 3.87 Streambank erosion just upstream from confluence with Difficult Run, west of Fosbak Drive (DFPB002.E001) 
	Photo 3.87 Streambank erosion just upstream from confluence with Difficult Run, west of Fosbak Drive (DFPB002.E001) 


	Figure
	Figure
	Photo 3.89 Sanitary line crossing the stream above the baseflow (DFPB010.U001). 
	Photo 3.88 Obstruction point, mostly trees and debris, at the end of Corsica Street. (DFPB015.T001). 
	Photo 3.88 Obstruction point, mostly trees and debris, at the end of Corsica Street. (DFPB015.T001). 

	Figure
	Figure
	Photo 3.90 Buffer impact in North Side Park (DFPB024.B002). 
	Photo 3.90 Buffer impact in North Side Park (DFPB024.B002). 

	Photo 3.91 Buffer impact in the Somerset community at the end of Mill Street (DFPB024.B003). 
	Figure
	Figure
	Figure
	OS-ESR52 acresOS-HIC1 acreOS-LDR99 acresOS-LIC2 acresESR-LDR177 acres
	Figure
	Photo 3.94 Crossing under Fox Mill Road north of Shady Mill Lane. Crossing has excessive sedimentation (DFLD015.C002). 
	Photo 3.94 Crossing under Fox Mill Road north of Shady Mill Lane. Crossing has excessive sedimentation (DFLD015.C002). 

	Figure
	Photo 3.93 Pipe near the end of Checkerberry Court near Blue Smoke Trail (DFLD014.P001) 
	Photo 3.93 Pipe near the end of Checkerberry Court near Blue Smoke Trail (DFLD014.P001) 
	 

	Figure
	Figure
	Photo 3.95 Eroding bank directly north of the terminus of Hollybrook Place in the Hollybrook subdivision (DFLD004.E001). 
	Photo 3.95 Eroding bank directly north of the terminus of Hollybrook Place in the Hollybrook subdivision (DFLD004.E001). 
	 

	Photo 3.96 Erosion area at the end of Millstream Court, in Little Difficult Run Stream Valley Park (DFLD024.E001). 
	Photo 3.96 Erosion area at the end of Millstream Court, in Little Difficult Run Stream Valley Park (DFLD024.E001). 

	Figure
	Figure
	Photo 3.97 Erosion located on the mainstem of Little Difficult Run, directly east of Colt Run Road in the Roan Stallion Estates subdivision (DFLD013.E001). 
	Photo 3.97 Erosion located on the mainstem of Little Difficult Run, directly east of Colt Run Road in the Roan Stallion Estates subdivision (DFLD013.E001). 

	Photo 3.98 Headcut located northwest of Fox Mill District Park in the Fox Mill Woods subdivision. Directly east of the intersection of Steeplechase Drive and Aintree Lane (DFLD023.H001). 
	Photo 3.98 Headcut located northwest of Fox Mill District Park in the Fox Mill Woods subdivision. Directly east of the intersection of Steeplechase Drive and Aintree Lane (DFLD023.H001). 

	Photo 3.99 Severe buffer encroachment (in background) Little Difficult Run Stream Valley Park, directly south of Stuart Mill Road on the mainstem (DFLD011.B001) 
	Photo 3.99 Severe buffer encroachment (in background) Little Difficult Run Stream Valley Park, directly south of Stuart Mill Road on the mainstem (DFLD011.B001) 

	Figure
	Figure
	Figure
	Photo 3.100 Buffer encroachment in the Little Difficult Run Stream Valley Park. Directly east of Mill Road and Stuart Mill Road (DFLD003.B001). 
	Photo 3.100 Buffer encroachment in the Little Difficult Run Stream Valley Park. Directly east of Mill Road and Stuart Mill Road (DFLD003.B001). 

	Photo 3.101 Buffer impact in the Hollybrook community, directly north of the terminus of Hollybrook Place, mainstem of Little Difficult Run (DFLD003.B002). 
	Photo 3.101 Buffer impact in the Hollybrook community, directly north of the terminus of Hollybrook Place, mainstem of Little Difficult Run (DFLD003.B002). 

	Photo 3.102 Little Difficult Run at Stuart Mill Road 
	Photo 3.102 Little Difficult Run at Stuart Mill Road 

	Photo 3.103 Little Difficult Run at Colt Run Road 
	Photo 3.103 Little Difficult Run at Colt Run Road 

	Figure
	Figure
	Photo 3.104 Little Difficult Run tributary at Polo Pointe Drive. 
	Photo 3.104 Little Difficult Run tributary at Polo Pointe Drive. 

	Photo 3.105 Little Difficult Run mainstem at Fix Mill Road North 
	Photo 3.105 Little Difficult Run mainstem at Fix Mill Road North 

	Figure
	Figure
	Photo 3.106 Little Difficult Run mainstem at Stuart Mill Road 
	Photo 3.106 Little Difficult Run mainstem at Stuart Mill Road 

	Photo 3.107 Little Difficult Run mainstem at Fox Mill Road South 
	Photo 3.107 Little Difficult Run mainstem at Fox Mill Road South 
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	Figure
	Photo 3.109 Pipe culvert at the headwaters of                                       Angelico Branch. This is the only crossing in the watershed that has more than a moderate impact on the stream. (DFAB002.C003) 
	Photo 3.109 Pipe culvert at the headwaters of                                       Angelico Branch. This is the only crossing in the watershed that has more than a moderate impact on the stream. (DFAB002.C003) 

	Figure
	Photo 3.111 Obstruction located just west of Whippoorwill Road (just downstream of erosion shown in Photo 3.2) (DFAB001.T001) 
	Photo 3.111 Obstruction located just west of Whippoorwill Road (just downstream of erosion shown in Photo 3.2) (DFAB001.T001) 

	Figure
	Photo 3.112 Obstruction located just south 
	Photo 3.112 Obstruction located just south 
	of East Hunter Valley Road (DFAB002.T002) 
	 

	Photo 3.110 Severe erosion located just west of Whippoorwill Road (DFAB001.E001) 
	Photo 3.110 Severe erosion located just west of Whippoorwill Road (DFAB001.E001) 
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	Figure
	Figure
	Figure
	Photo 3.117 Eroding reach located directly south of Saint Helena Drive in the Vale Park West community (DFSF014.E001). 
	Photo 3.117 Eroding reach located directly south of Saint Helena Drive in the Vale Park West community (DFSF014.E001). 


	Figure
	Figure
	Photo 3.118 Located south of Photo 3.3 in Vale Park West and north of the Difficult Run Stream Valley Park (DFSF014.E002).  
	Photo 3.118 Located south of Photo 3.3 in Vale Park West and north of the Difficult Run Stream Valley Park (DFSF014.E002).  


	Figure
	Figure
	Figure
	Photo 3.119 Heavily eroding bank on the South Fork Run mainstem, directly north of the intersection with Fox Mill Road and Deerfield Drive (DFSF007.E001).  
	Photo 3.119 Heavily eroding bank on the South Fork Run mainstem, directly north of the intersection with Fox Mill Road and Deerfield Drive (DFSF007.E001).  


	Figure
	Photo 3.118 Eroding bank located in the southern edge of the Difficult Run Stream Valley Park in the Clarke’s Landing subdivision directly north of the terminus of Timberline Court (DFSF002.E001). 
	Photo 3.118 Eroding bank located in the southern edge of the Difficult Run Stream Valley Park in the Clarke’s Landing subdivision directly north of the terminus of Timberline Court (DFSF002.E001). 


	Figure
	Figure
	Figure
	Figure
	Photo 3.121 Severe buffer impact on the mainstem of South Fork Run, directly north of the intersection of Fox Mill Road (SR 665) and Deerfield Drive in the Brians Hill Estates subdivision (DFSF007.B002). 
	Photo 3.121 Severe buffer impact on the mainstem of South Fork Run, directly north of the intersection of Fox Mill Road (SR 665) and Deerfield Drive in the Brians Hill Estates subdivision (DFSF007.B002). 


	Figure
	Photo 3.122 Buffer impact located northwest of Timber Lake, in the Timber Lake subdivision (DFSF005.B001). 
	Photo 3.122 Buffer impact located northwest of Timber Lake, in the Timber Lake subdivision (DFSF005.B001). 
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	Figure
	Figure
	Figure
	Figure
	Photo 3.124 Erosion point on the west side of Hunter Mill Road at the intersection with Conejo Land (DFRB012.E001). 
	Photo 3.124 Erosion point on the west side of Hunter Mill Road at the intersection with Conejo Land (DFRB012.E001). 

	Figure
	Photo 3.125 On a tributary northwest of the cul-de-sac of Westhurst Court in the Windsong community. (DFRB015.E001). 
	Photo 3.125 On a tributary northwest of the cul-de-sac of Westhurst Court in the Windsong community. (DFRB015.E001). 

	Photo 3.126 On a tributary northwest of the cul-de-sac of Westhurst Court in the Windsong community. (DFRB015.E002). 
	Photo 3.126 On a tributary northwest of the cul-de-sac of Westhurst Court in the Windsong community. (DFRB015.E002). 

	Photo 3.127 Obstruction on a tributary to Rocky Branch, directly east of Oakton Ridge Court in the Oakton Mill Estates (DFRB010.T001). 
	Photo 3.127 Obstruction on a tributary to Rocky Branch, directly east of Oakton Ridge Court in the Oakton Mill Estates (DFRB010.T001). 

	Figure
	Figure
	Photo 3.128 Buffer impairment south of Miller Road in the Flint Hill Lower and Middle Campus (DFRB004.B001) 
	Photo 3.128 Buffer impairment south of Miller Road in the Flint Hill Lower and Middle Campus (DFRB004.B001) 

	Photo 3.129 Buffer encroachment on a tributary south of Marbury Road in the Hunting Hills subdivision (DFRB016.B002). 
	Photo 3.129 Buffer encroachment on a tributary south of Marbury Road in the Hunting Hills subdivision (DFRB016.B002). 

	Figure
	Figure
	Photo 3.130 Buffer impairment south of Miller Road in the Windsong community (DFRB014.B001). 
	Photo 3.130 Buffer impairment south of Miller Road in the Windsong community (DFRB014.B001). 

	Photo 3.131 West side of Hunter Mill Road, south of intersection with Conejo Lane (DFRB012.B001) 
	Photo 3.131 West side of Hunter Mill Road, south of intersection with Conejo Lane (DFRB012.B001) 

	Figure
	Figure 3.19 Changed Land Use 
	Figure 3.19 Changed Land Use 
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	Figure
	Photo 3.133 Pipe culvert between Lochinver Lane and Lakenheath Way. 
	Photo 3.133 Pipe culvert between Lochinver Lane and Lakenheath Way. 

	Figure
	Figure
	Photo 3.135 Erosion along Difficult Run located just east of Hunter Mill Road and south of the Washington and Old Dominion Railroad Trail (DFDF008.E002). 
	Photo 3.135 Erosion along Difficult Run located just east of Hunter Mill Road and south of the Washington and Old Dominion Railroad Trail (DFDF008.E002). 

	Photo 3.134 Erosion noted by field crews just east of Hunters Crest Way (DFDF009.E001). 
	Photo 3.134 Erosion noted by field crews just east of Hunters Crest Way (DFDF009.E001). 

	Figure
	Photo 3.136 Area of extreme erosion with moderate restoration potential. This area is located near the end of Blenheim Drive (DFDF029.E001). 
	Photo 3.136 Area of extreme erosion with moderate restoration potential. This area is located near the end of Blenheim Drive (DFDF029.E001). 

	Figure
	Photo 3.139 Stream blockage located upstream of the area shown in Photo 3.139 (DFDF043.T002). 
	Photo 3.139 Stream blockage located upstream of the area shown in Photo 3.139 (DFDF043.T002). 

	Figure
	Figure
	Photo 3.138 Stream blockage located between Oakton Road and Waples Mill Road (DFDF042.T001). 
	Photo 3.138 Stream blockage located between Oakton Road and Waples Mill Road (DFDF042.T001). 

	Photo 3.137 Severe erosion with moderate restoration potential located near the end of Lapham Drive (DFDF028.E001). 
	Photo 3.137 Severe erosion with moderate restoration potential located near the end of Lapham Drive (DFDF028.E001). 

	Figure
	Photo 3.141 Dumpsite located between Oakton Road and Waples Mill Road. DFDF042.M001 
	Photo 3.141 Dumpsite located between Oakton Road and Waples Mill Road. DFDF042.M001 

	Figure
	Photo 3.140 Roadway buffer encroachment  near Waples Mill Road (DFDF034.B001). 
	Photo 3.140 Roadway buffer encroachment  near Waples Mill Road (DFDF034.B001). 

	Figure
	Photo 3.148 Difficult Run Mainstem at Valley Road 
	Photo 3.148 Difficult Run Mainstem at Valley Road 


	Figure
	Photo 3.149 Difficult Run Mainstem at Vale Road 
	Photo 3.149 Difficult Run Mainstem at Vale Road 


	Figure
	Figure
	Figure
	Photo 3.142 Difficult Run Mainstem at W&OD Trail 
	Photo 3.142 Difficult Run Mainstem at W&OD Trail 


	Figure
	Photo 3.143 Difficult Run Tributary at Valley Road 
	Photo 3.143 Difficult Run Tributary at Valley Road 
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	Photo 3.144 Difficult Run Mainstem at Hunter Mill Road 
	Photo 3.144 Difficult Run Mainstem at Hunter Mill Road 


	Figure
	Photo 3.145 Difficult Run Tributary at Pine Tree Drive 
	Photo 3.145 Difficult Run Tributary at Pine Tree Drive 
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	Figure
	Photo 3.146 Difficult Run Mainstem at Waples Mill Road DS 
	Photo 3.146 Difficult Run Mainstem at Waples Mill Road DS 


	Figure
	Photo 3.147 Difficult Run Tributary at Waples Mill Road US 
	Photo 3.147 Difficult Run Tributary at Waples Mill Road US 
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	Figure
	Photo 3.150 Difficult Run Mainstem at Vale Road 
	Photo 3.150 Difficult Run Mainstem at Vale Road 


	Figure
	Photo 3.151 Difficult Run Mainstem at Hunters Valley Road 
	Photo 3.151 Difficult Run Mainstem at Hunters Valley Road 


	Figure
	Figure
	Figure 3.2 Changed Land Use 
	Photo 3.6 Captain Hickory Mainstem at End of Fringe Tree Road 
	Figure 3.3. Changed Land Use 
	Photo 3.8 Ford located upstream east of Kimberly Place. 
	Figure 3.4 Changed Land Use 
	Figure 3.5 Changed Land Use 
	Photo 3.29 Stream blockage near Ramey Lane cul-de-sac (DFDF019.T001). 
	Photo 3.28 Stream blockage located near Old Dominion Drive (DFDF002.T002). 
	Photo 3.30 Buffer impact on a tributary west of Hidden Creek Drive (DFDF020.B001). 
	Figure 3.6 Changed Land Use 
	Photo 3.36 Buffer encroachment between Rocky Run Road and Cedrus Lane (DFSP001.B004). 
	Photo 3.37 Sharpers Run mainstem at Bellview Road.  
	Figure 3.7 Changed Land Use 
	Figure 3.8 Changed Land Use 
	Photo 3.52 Colvin Run Mainstem at Hunter Mill Road 
	Photo 3.53 Colvin Run Mainstem at Lake Fairfax Drive 
	Figure 3.9 Changed Land Use 
	 
	Photo 3.55 Severe erosion and pipe segment separation at a 16-inch outfall located near Alexander Bell Drive (DFSB006.P006). 
	 
	Figure 3.10 Changed Land Use 
	Photo 3.64 Wooden bridge where stream flow is causing moderate erosion. Located just off of Bassett Lane (DFGL008.C004). 
	Photo 3.65 Wooden bridge where stream flow is causing moderate erosion. Located just west of Steeplechase Drive (DFGL008.C001). 
	Photo 3.66 Located north of Lawyers Road between Pegasus Lane and Charlestown Lane (DFGL005.E001). 
	 
	Photo 3.68 Obstruction of trees and debris near Stirrup Road. (DFGL008.T001) 
	Photo 3.67 Erosion north of Lawyers Road near Pinoak Lane (DFGL006.E001) 
	Photo 3.69 Utility line located just off of Stirrup Road on an upstream reach of the subwatershed (DFGL009.U001). 
	Figure 3.11. Changed Land Use 
	Figure 3.12 Changed Land Use 
	Photo 3.84 Wolftrap Creek Mainstem at Old Courthouse Road. 
	Figure 3.13 Changed Land Use 
	Photo 3.85 Stream blockage with a severe impact on the stream (DFOR701.T001). 
	Photo 3.86 Crossing at Northern Neck Drive (DFOR701.T001). 
	Figure 3.14 – Changed Land Use 
	Photo 3.92 Piney Branch tributary at Lawyers Road. 
	Figure 3.15 Changed Land Use 
	Photo 3.108 Little Difficult Run tributary at Westwood Hills Drive 
	Figure 3.16 Changed Land Use 
	 
	Figure 3.17 Changed Land Use 
	Photo 3.116 Concrete circular crossing located in the Clarke’s Landing Subdivision between Timberline Drive and the Difficult Run Stream Valley Park (DFSF0002.C001) 
	Figure 3.18 Changed Land Use 
	Photo 3.123 Erosion point on a tributary off of the mainstem of Rocky Branch. East of Oakton Ridge Court in the Oakton Mill Estate subdivision (DFRB010.E001) 
	Photo 3.132 Rocky Branch tributary at Miller Road 
	3 Subwatershed Condition and Plan Action 
	3.1 Introduction 
	The following sections provide individual descriptions of the 18 Difficult Run subwatersheds, the problems within each of the subwatersheds, the candidate sites that were selected for further investigation and the watershed action, or projects, that are proposed. Topics described for each subwatershed include the following: 
	 
	• Subwatershed characteristics 
	• Subwatershed characteristics 
	• Subwatershed characteristics 

	• Existing and future land use 
	• Existing and future land use 

	• Existing stormwater management 
	• Existing stormwater management 

	• Outfalls 
	• Outfalls 

	• Stream crossings 
	• Stream crossings 

	• Soils 
	• Soils 

	• Geomorphology 
	• Geomorphology 

	• Stream habitat and water quality 
	• Stream habitat and water quality 

	• Hydrology and water quality modeling 
	• Hydrology and water quality modeling 

	• Hydraulic modeling 
	• Hydraulic modeling 

	• Candidate sites for improvements 
	• Candidate sites for improvements 

	• Subwatershed plan actions and recommendations 
	• Subwatershed plan actions and recommendations 


	The sections below provide background for the content and sources of information that is provided for each subwatershed. 
	3.1.1 Naming Conventions 
	Within the County’s development of watershed plans, various spatial scales are used for evaluation. Watersheds are divided into subwatersheds, and subwatersheds have been further subdivided into catchments. Most analysis has been completed at the subwatershed and catchment levels. Each subwatershed is given a code that identifies its watershed and subwatershed. For example in the Difficult Run watershed (DF), the Captain Hickory Run (CH) subwatershed is coded DFCH. Catchments within the subwatershed are num
	3.2 Subwatershed Characteristics 
	The location of each subwatershed and general characteristics are described. Stream lengths and a general stream description are included. Stream lengths are taken from the geographic information system (GIS) layers produced as part of the Stream Physical Assessment. 
	 
	 
	 
	Table 3.1: Subwatershed Codes 
	Subwatershed 
	Subwatershed 
	Subwatershed 
	Subwatershed 

	Code 
	Code 

	Subwatershed 
	Subwatershed 

	Code 
	Code 


	Angelico Branch 
	Angelico Branch 
	Angelico Branch 

	DFAB 
	DFAB 

	Old Courthouse Spring Branch 
	Old Courthouse Spring Branch 

	DFOR 
	DFOR 


	Captain Hickory Run 
	Captain Hickory Run 
	Captain Hickory Run 

	DFCH 
	DFCH 

	Piney Branch 
	Piney Branch 

	DFPB 
	DFPB 


	Colvin Run 
	Colvin Run 
	Colvin Run 

	DFCR 
	DFCR 

	Piney Run 
	Piney Run 

	DFPR 
	DFPR 


	Difficult Run, Lower 
	Difficult Run, Lower 
	Difficult Run, Lower 

	DFDFL 
	DFDFL 

	Rocky Branch 
	Rocky Branch 

	DFRB 
	DFRB 


	Difficult Run, Middle 
	Difficult Run, Middle 
	Difficult Run, Middle 

	DFDFM 
	DFDFM 

	Rocky Run 
	Rocky Run 

	DFRR 
	DFRR 


	Difficult Run, Upper 
	Difficult Run, Upper 
	Difficult Run, Upper 

	DFDFU 
	DFDFU 

	Sharpers Run 
	Sharpers Run 

	DFSP 
	DFSP 


	Dog Run 
	Dog Run 
	Dog Run 

	DFDG 
	DFDG 

	Snakeden Branch 
	Snakeden Branch 

	DFSB 
	DFSB 


	The Glade 
	The Glade 
	The Glade 

	DFGL 
	DFGL 

	South Fork Run 
	South Fork Run 

	DFSF 
	DFSF 


	Little Difficult Run 
	Little Difficult Run 
	Little Difficult Run 

	DFLD 
	DFLD 

	Wolftrap Creek 
	Wolftrap Creek 

	DFWC 
	DFWC 



	 
	3.2.1 Existing and Future Land Use 
	Analysis of both the existing and future land use is critical to the success of any watershed plan as the land use can have a great impact on the stream system. The type and density of land use in a given area can affect the downstream water quality and stream condition. Each land use type introduces issues to the natural stream system. For example, agricultural land may contribute to higher nutrient runoff, while an urban area may contribute greater quantities of stormwater runoff. More intense land use ty
	Changes in the land use that result in overall higher intensity uses in the future can result in stream degradation. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition through an increase in impervious surfaces. The land use plays an important role in the hydrology and water quality modeling. 
	The land use data presented in this section is based on the updated GIS land use layer provided by Fairfax County. The 2002 County aerial photography was overlayed with the 1997 land use coded parcel layer. The parcel layer was then updated to match the 2002 photo conditions. In most cases changes we made by recoding the parcel layer. In some instances the actual parcel boundaries were adjusted to match the 2002 data. Future land use was determined through analysis of the Fairfax County future land use GIS 
	3.2.2 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. Stormwater management facilities can serve multiple purposes depending on their design. Most facilities constructed prior to 1994 are designed for quantity control only, indicating that they are intended to prevent excessive flows from eroding channels downstream of the facility. Most facilities built after 1994 are designed not only to retain
	Private and public stormwater management facilities are taken from information in Fairfax County’s GIS. Information is presented for the percent of area within each subwatershed that receives no stormwater control, that which receives quantity control, and finally, that, which receives both quantity and quality control. Both regional ponds and smaller site-specific ponds are included. Stormwater management facilities are listed in Appendix D. Additionally, the current Master Plan Drainage Projects can be fo
	Outfalls 
	Outfalls, pipes and ditches are the connection between stormwater systems and natural streams and thus are vitally important to the effectiveness of stormwater management and the health of the receiving waters. Field crews collected outfall information as part of the Infrastructure Inventory portion of the Stream Physical Assessment, which was conducted in the fall of 2002 in support of the County’s watershed management plans. Outfalls were assessed for erosion and water quality if flowing. In-depth descrip
	Stream Crossings 
	Stream crossings are very common in urban and suburban stream systems such as Difficult Run. Crossings are assessed because they are potential locations of erosion, sediment and flooding issues and can present impediments to movement and migration of fish and other aquatic organisms. Field crews collected outfall information as part of the Infrastructure Inventory portion of the Stream Physical Assessment, which was conducted in the fall of 2002 in support of the County’s watershed management plans. Crossin
	3.2.3 Soils 
	Soil erosion and sedimentation play a major role in overall stream health. Erosion is the movement of soil due to wind, rain and related natural forces that carries surface soil toward streams. Although this is a natural process, human activities, such as construction and agriculture, can greatly increase the rate of erosion. 
	Sedimentation occurs when water carrying the eroded soil particles slows enough to allow the particles to settle out and cover the substrate. Sedimentation can reduce storage volume in reservoirs and stormwater ponds and clog streams. Sediment can affect the physical, chemical and biological water quality and overall ecology of the receiving stream. Smaller particles, such as clays, can stay suspended in the water for very long periods contributing to water turbidity or reduced clarity. Chronic suspended so
	Soil information is provided for each subwatershed within the Difficult Run watershed. Soil information was obtained from the Soil Survey of Fairfax County (NRCS, 1963). Updates to the 1963 survey were added by the Fairfax County Soil Science Office between 1966 and 1990. Those additions were included in the GIS soils data used for the study. 
	Because there are well over 100 mapped soil types in Fairfax County the number of soils found in each subwatershed is also very high. Therefore, for each subwatershed, the percent coverage of each soil is included only for soils that cover at least 20 acres. Soils are divided for each subwatershed based on their erodibility and drainage properties. Soil erodibility is an estimate of the ability of soils to resist erosion, based on the physical characteristics of each soil type. Generally, soils with higher 
	Depth from the soil surface to groundwater is also very important. The closer the water is to the surface, the less chance there is for a pollutant to be filtered and broken down in the soil prior to reaching groundwater and eventually an open stream channel. Information is provided for soils with shallow water tables or shallow depth to bedrock. Information is provided for the hydrologic soil groups.  
	Soils are classified by the Natural Resource Conservation Service into four Hydrologic Soil Groups based on the soil's runoff potential. The four Hydrologic Soils Groups are A, B, C and D. Where A soils generally have the smallest runoff potential (high infiltration) and Ds the greatest runoff potential (low infiltration). 
	Group A is sand, loamy sand or sandy loam types of soils. It has low runoff potential and high infiltration rates even when thoroughly wetted. They consist chiefly of deep, well to excessively drained sands or gravels and have a high rate of water transmission. 
	Group B is silt loam or loam. It has a moderate infiltration rate when thoroughly wetted and consists chiefly or moderately deep to deep, moderately well to well drained soils with moderately fine to moderately coarse textures.  
	Group C soils are sandy clay loam. They have low infiltration rates when thoroughly wetted and consist chiefly of soils with a layer that impedes downward movement of water and soils with moderately fine to fine structure.   
	Group D soils are clay loam, silty clay loam, sandy clay, silty clay or clay. This group has the highest runoff potential. They have very low infiltration rates when thoroughly wetted and consist chiefly of clay soils with a high swelling potential, soils with a permanent high water table, soils with a claypan or clay layer at or near the surface and shallow soils over nearly impervious material. Information on the soil types found within each subwatershed can be found in Appendix A. 
	3.2.4 Geomorphology 
	The assessment of the stream channel geomorphology in the Difficult Run watershed is based on the Channel Evolution Model (CEM) by Schumm et al. (1984). The CEM assessment was conducted in the fall of 2002 as part of the Stream Physical Assessment. The model is based on a stream channel’s response to anthropogenic activity. Channel types are categorized based on morphological characteristics that are believed to represent an evolutionary stage in a stream channel’s response to disturbance. Each assessed str
	Types II and III are considered the stages that are the most unstable. In Type II, the channel begins adjusting to the higher volumes of flow, higher rates of flow, and more frequent high flows that typically result from changes in land use and increases in impervious surface. The channel first reacts to the higher flows by downcutting in an attempt to increase the channel size. The process continues in Type III channels as the steep banks, that are a result of the downcutting from Stage II, erode and the c
	The downcutting and overwidening of streams is remedied by first controlling the flows through stormwater management techniques and then stabilizing the stream through stream restoration. 
	Figure 3.1 CEM Types 
	Type I -- This represents pre-disturbance condition, with well-vegetated streambanks 
	 
	 
	 
	Type II – This is the first stage after disturbances to the watershed. The dominant physical process in this stage is bed degradation, with the beginning stages of stream incision (downcutting). 
	 
	Type III – At this stage bed degradation has led to overly steep banks and bank failure is common. This stage is the most unstable of all CEM stages. Channel widening is the dominant physical process in a Type III channel. 
	Type IV – In Stage IV the dominant physical process is sediment aggradation. This stage is considered the beginning phase of stream stabilization after disturbance. 
	 
	Type V – Stage V channels are similar to the stream’s Stage I channel in dimension and capacity. The new channel is lower than the original channel and the original flood limit is now a terrace. 
	3.2.5 Stream Habitat and Water Quality 
	Stream condition information is provided by the Stream Physical Assessment, which included habitat assessments and an inventory of physical habitat problems and infrastructure features. 
	Habitat Assessment 
	The Georgia Department of Natural Resources (GADNR) Barbour and Stribling habitat assessment protocol was adopted for the Countywide program with minor modifications. This protocol uses 10 habitat assessment parameters with scores ranging from 0 (worst condition) to 20 (optimal condition). All streams within the Difficult Run watershed are classified as riffle/run streams, characterized by high gradient and primarily course sediment substrates. The riffle/run habitat assessment was used. The parameters are 
	Table 3.2: Habitat Assessment Parameters 
	Habitat Parameter 
	Habitat Parameter 
	Habitat Parameter 
	Habitat Parameter 

	Description of Parameter 
	Description of Parameter 


	Instream Habitat 
	Instream Habitat 
	Instream Habitat 

	a measure of the streams suitability for aquatic organisms 
	a measure of the streams suitability for aquatic organisms 


	Epifaunal Substrate 
	Epifaunal Substrate 
	Epifaunal Substrate 

	a measure of the availability of benthic habitat for aquatic macroinvertebrates 
	a measure of the availability of benthic habitat for aquatic macroinvertebrates 


	Embeddedness 
	Embeddedness 
	Embeddedness 

	a measure of the amount of fine sediment surrounding substrate rocks 
	a measure of the amount of fine sediment surrounding substrate rocks 


	Channel/Bank Alteration 
	Channel/Bank Alteration 
	Channel/Bank Alteration 

	a measure of anthropogenic disturbance 
	a measure of anthropogenic disturbance 


	Sediment Deposition 
	Sediment Deposition 
	Sediment Deposition 

	a measure of sediment accumulation and resultant substrate modification 
	a measure of sediment accumulation and resultant substrate modification 


	Riffle Frequency 
	Riffle Frequency 
	Riffle Frequency 

	an estimate of the frequency of riffles which are considered a high-quality habitat 
	an estimate of the frequency of riffles which are considered a high-quality habitat 


	Channel Flow Status 
	Channel Flow Status 
	Channel Flow Status 

	a measure of the degree to which the channel bed is covered by water. A decrease in water and subsequent decrease in wetted area reduces the available habitat for aquatic organisms 
	a measure of the degree to which the channel bed is covered by water. A decrease in water and subsequent decrease in wetted area reduces the available habitat for aquatic organisms 


	Bank Vegetative Protection  
	Bank Vegetative Protection  
	Bank Vegetative Protection  

	a measure of the banks ability to resist erosion and uptake nutrients 
	a measure of the banks ability to resist erosion and uptake nutrients 


	Bank Stability 
	Bank Stability 
	Bank Stability 

	a measure of the stream’s erosion potential 
	a measure of the stream’s erosion potential 


	Vegetative Buffer Zone Width 
	Vegetative Buffer Zone Width 
	Vegetative Buffer Zone Width 

	a measure of the width and condition of the vegetation alongside and within the flood limit of the stream 
	a measure of the width and condition of the vegetation alongside and within the flood limit of the stream 



	 
	Infrastructure Inventory 
	The infrastructure inventory conducted by field crews during the 2002 Stream Physical Assessment includes all structures that may be potential sources of contamination or areas that have the potential for improvement. Information was collected for pipes, ditches, stream obstructions, dump sites, head cuts, utilities, erosion problem areas, stream crossings, and areas of deficient riparian buffer. With the exception of utilities, which are rated on a scale of 20, all infrastructure points are rated on a scal
	Deficient Buffer Areas (scale of 0 – 10): These are areas within 100 feet of the streambank that are not forested. Scores are assigned and recorded separately for each bank and are an indication of the impact the deficient buffer has on the stream channel. 
	• Extreme (10)– Impervious/commercial area is in close proximity to the stream. Stream banks may be modified or engineered. Stream character (bank/bed stability; sediment deposition, and/or light penetration) is obviously degraded by adjacent use. 
	• Extreme (10)– Impervious/commercial area is in close proximity to the stream. Stream banks may be modified or engineered. Stream character (bank/bed stability; sediment deposition, and/or light penetration) is obviously degraded by adjacent use. 
	• Extreme (10)– Impervious/commercial area is in close proximity to the stream. Stream banks may be modified or engineered. Stream character (bank/bed stability; sediment deposition, and/or light penetration) is obviously degraded by adjacent use. 

	• Severe (7) – Some impervious and/or turf only up to bank and water. There is very little vegetation aside from turf within the 25-foot zone. There may be a home site very close to stream. The stream character is probably degraded by adjacent use. 
	• Severe (7) – Some impervious and/or turf only up to bank and water. There is very little vegetation aside from turf within the 25-foot zone. There may be a home site very close to stream. The stream character is probably degraded by adjacent use. 

	• Moderate (5) – Buffer encroachment is mostly from residential uses and lawn. There is some vegetation within the 25-foot zone, but very little aside from turf within the remainder of the 100-foot zone. The stream character may be changed slightly by adjacent use. 
	• Moderate (5) – Buffer encroachment is mostly from residential uses and lawn. There is some vegetation within the 25-foot zone, but very little aside from turf within the remainder of the 100-foot zone. The stream character may be changed slightly by adjacent use. 

	• Minor (2) – The vegetated buffer primarily consists of native meadow. (Not Grazed)  
	• Minor (2) – The vegetated buffer primarily consists of native meadow. (Not Grazed)  


	 
	Good Condition     Poor Condition 
	    
	 
	Areas of Erosion (scale of 0 – 10): These are areas of active erosion that are at least 2 – 3 feet high. The height and length, in feet, of erosion and impact scores are recorded separately for each bank separately. 
	• Extreme (10) – Impending threat to structures or infrastructure  
	• Extreme (10) – Impending threat to structures or infrastructure  
	• Extreme (10) – Impending threat to structures or infrastructure  

	• Severe (7) – Large area of erosion that is damaging property and causing obvious  
	• Severe (7) – Large area of erosion that is damaging property and causing obvious  


	instream degradation. Eroding bank is generally five feet or greater in height. 
	• Moderate (5) – Moderate area of erosion that may be damaging property and is creating some instream degradation. Eroding bank is generally two feet or greater in height. 
	• Moderate (5) – Moderate area of erosion that may be damaging property and is creating some instream degradation. Eroding bank is generally two feet or greater in height. 
	• Moderate (5) – Moderate area of erosion that may be damaging property and is creating some instream degradation. Eroding bank is generally two feet or greater in height. 


	 
	Good Condition     Poor Condition 
	    
	 
	Obstructions (scale of 0 – 10): Obstructions that are causing erosion problems or are causing flooding of manmade structures are recorded. Beaver dams are included as obstructions but are scored as zero impact unless significant bank damage is evident. Notation is also made concerning the obstructions impact on fish passage. 
	• Severe (10) – Blockage is causing significant erosion problem and/or creating potential for flooding that can cause damage to infrastructure. The stream is usually almost totally blocked (greater than 75 percent blocked). 
	• Severe (10) – Blockage is causing significant erosion problem and/or creating potential for flooding that can cause damage to infrastructure. The stream is usually almost totally blocked (greater than 75 percent blocked). 
	• Severe (10) – Blockage is causing significant erosion problem and/or creating potential for flooding that can cause damage to infrastructure. The stream is usually almost totally blocked (greater than 75 percent blocked). 

	• Moderate (5) – Blockage is causing moderate erosion and could cause flooding. Stream is only partially blocked, but the obstruction should probably be removed because the problem could worsen. 
	• Moderate (5) – Blockage is causing moderate erosion and could cause flooding. Stream is only partially blocked, but the obstruction should probably be removed because the problem could worsen. 

	• Minor (3) – Blockage is causing some erosion problems and has the potential to worsen and probably should be looked at and/or monitored. 
	• Minor (3) – Blockage is causing some erosion problems and has the potential to worsen and probably should be looked at and/or monitored. 


	 
	Poor Condition 
	 
	 
	Dump Sites (scale of 0 – 10): Dump sites include all areas where inappropriate materials have been disposed. Yard waste and other organic debris is included if it is directly in the stream. 
	• Severe (10) – Active and/or threatening sites. Dumpsite material may be considered toxic or threatening to the environment (concrete, petroleum, empty 55 gallon drums, etc.) or the site is large (greater than 2,500 square feet and appears active. 
	• Severe (10) – Active and/or threatening sites. Dumpsite material may be considered toxic or threatening to the environment (concrete, petroleum, empty 55 gallon drums, etc.) or the site is large (greater than 2,500 square feet and appears active. 
	• Severe (10) – Active and/or threatening sites. Dumpsite material may be considered toxic or threatening to the environment (concrete, petroleum, empty 55 gallon drums, etc.) or the site is large (greater than 2,500 square feet and appears active. 

	• Moderate (5) – Dumpsite is less than 2,500 square feet and is non-toxic material. The dump site does not appear to be used often, however clean-up would definitely be a benefit. 
	• Moderate (5) – Dumpsite is less than 2,500 square feet and is non-toxic material. The dump site does not appear to be used often, however clean-up would definitely be a benefit. 

	• Minor (1) – Dumpsite appears small (less than 1,000 square feet) and materials are stable (will not likely be transported downstream by high water). These sites are not considered a high priority. 
	• Minor (1) – Dumpsite appears small (less than 1,000 square feet) and materials are stable (will not likely be transported downstream by high water). These sites are not considered a high priority. 


	Poor Condition 
	 
	 
	Head Cuts (scale of 0 – 10): A head cut is an erosional feature in which a sudden change in stream bed elevation occurs resulting in a small waterfall feature. Flow over the headcut results in a lowering of the stream bed elevation on the downstream side. The headcut will migrate upstream creating a deeper channel as it porgresses. Only active head cuts were recorded. 
	• Head Cut height greater than two feet (10) 
	• Head Cut height greater than two feet (10) 
	• Head Cut height greater than two feet (10) 

	• Head Cut height is equal to two feet (5) 
	• Head Cut height is equal to two feet (5) 

	• Head Cut height is equal to one foot (3) 
	• Head Cut height is equal to one foot (3) 

	• Head Cut height is less than one-half-foot or is inactive (1) (not recorded) 
	• Head Cut height is less than one-half-foot or is inactive (1) (not recorded) 


	 
	Poor Condition 
	 
	Pipes and Drainage Ditches (scale of 0 – 10): All drainage pipes and ditches were recorded. Information on each includes size and distance from channel, material, discharge (if present), and source of discharge (if known). The impact score assigned refers to the impact that the pipe or ditch has on the stream channel. 
	• Severe (10) – Storm flows through ditch or pipe is causing a significant erosion problem to stream bank or stream and/or the discharge that is coming from pipe appears not to be stormwater.  
	• Severe (10) – Storm flows through ditch or pipe is causing a significant erosion problem to stream bank or stream and/or the discharge that is coming from pipe appears not to be stormwater.  
	• Severe (10) – Storm flows through ditch or pipe is causing a significant erosion problem to stream bank or stream and/or the discharge that is coming from pipe appears not to be stormwater.  

	• Moderate (5) – Storm flows through ditch or pipe is causing a moderate erosion problem and should be fixed. The problem may get worse if left unattended. OR Discharge may be coming from pipe, probably stormwater but cannot be sure without further investigation. 
	• Moderate (5) – Storm flows through ditch or pipe is causing a moderate erosion problem and should be fixed. The problem may get worse if left unattended. OR Discharge may be coming from pipe, probably stormwater but cannot be sure without further investigation. 

	• Minor (0) – Storm flows through ditch or pipe is not causing erosion problem and no discharge is occurring. 
	• Minor (0) – Storm flows through ditch or pipe is not causing erosion problem and no discharge is occurring. 


	Poor Condition 
	 
	 
	Public Utility Lines (scale of 0 – 20): This includes all exposed utility lines and manholes. Information on utility type was also collected if known. 
	• (20) – Utility line is leaking. 
	• (20) – Utility line is leaking. 
	• (20) – Utility line is leaking. 

	• (10) – Exposed utility line is causing a significant erosion problem and/or obstruction (blockage) OR if sanitary line, potential to burst or leak appears high. 
	• (10) – Exposed utility line is causing a significant erosion problem and/or obstruction (blockage) OR if sanitary line, potential to burst or leak appears high. 

	• (7) – Half exposed utility line is causing moderate erosion problem. 
	• (7) – Half exposed utility line is causing moderate erosion problem. 

	• (5) – Utility line is partially visible but mostly buried in stream bed. There is little if any erosion associated with the utility line. 
	• (5) – Utility line is partially visible but mostly buried in stream bed. There is little if any erosion associated with the utility line. 

	• (3) – Utility line is exposed but is stabilized with concrete lining and stable anchoring into the bank. 
	• (3) – Utility line is exposed but is stabilized with concrete lining and stable anchoring into the bank. 


	Poor Condition 
	 
	 
	Road and Other Crossings (scale of 0 – 10): All stream crossings, including foot bridges and man made fords were included. Information on upstream and downstream structural integrity and blockages was also included. 
	• Extreme (10) – Condition of debris, sediment, or erosion poses immediate threat to structural stability of road or other structure. Major repair will be needed if problem is not addressed. 
	• Extreme (10) – Condition of debris, sediment, or erosion poses immediate threat to structural stability of road or other structure. Major repair will be needed if problem is not addressed. 
	• Extreme (10) – Condition of debris, sediment, or erosion poses immediate threat to structural stability of road or other structure. Major repair will be needed if problem is not addressed. 

	• Severe (7) – Condition probably poses threat to road or other structure. Problem should be addressed to avoid bigger problem in the future. 
	• Severe (7) – Condition probably poses threat to road or other structure. Problem should be addressed to avoid bigger problem in the future. 

	• Moderate (5) – Condition does not appear to pose threat to road or other structure, but should be addressed to enhance stream integrity and future stability of structure. 
	• Moderate (5) – Condition does not appear to pose threat to road or other structure, but should be addressed to enhance stream integrity and future stability of structure. 

	• Minor (2) – Condition is noticeable, but may not warrant repair. 
	• Minor (2) – Condition is noticeable, but may not warrant repair. 


	 
	Poor Condition 
	 
	 
	3.2.6 Hydrology and Water Quality Modeling 
	Computer modeling of watershed processes is one of the key methods used to determine where there are problems and how effective a particular solution might be in correcting a problem. Hydrology modeling simulates how rainfall either infiltrates into the ground or runs off the land to enter the stream system. It provides a way to estimate the amount of runoff and the peak streamflow or discharge that results from changes in land use or stormwater management. 
	Water quality modeling is used to provide estimates of pollutant loading that can be used for planning. Three significant pollutants modeled for the Difficult Run Watershed Plan are total nitrogen (TN), total phosphorus (TP) and total suspended solids (TSS).  
	Hydrology and water quality were modeled for each subwatershed and catchment in the Difficult Run watershed. The models used in the plan incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams, and stormwater management to generate estimates of water quality and streamflow. 
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of what the land would look like if the lots were all developed to the highest density allowed by their zoning classification. The difference between the existing and future model results identifies areas that will need additional management measures. 
	Modeling of hydrology and water quality was conducted throughout the Difficult Run watershed using the PCSWMM model for both existing and future conditions. The results will identify problem areas and areas in need of improvements. The modeling discussed for each subwatershed includes the following. 
	Runoff volume: 
	Runoff volume: 
	Runoff volume: 
	Runoff volume: 

	reported in inches per year 
	reported in inches per year 


	Peak discharge: 
	Peak discharge: 
	Peak discharge: 

	reported in cubic feet per second 
	reported in cubic feet per second 


	Total Nitrogen: 
	Total Nitrogen: 
	Total Nitrogen: 

	reported in pounds per acre per year for both runoff and septic sources 
	reported in pounds per acre per year for both runoff and septic sources 


	Total Phosphorus: 
	Total Phosphorus: 
	Total Phosphorus: 

	reported in pounds per acre per year for both runoff and septic sources 
	reported in pounds per acre per year for both runoff and septic sources 


	Total Suspended solids: 
	Total Suspended solids: 
	Total Suspended solids: 

	reported in pounds per acre per year for both runoff and septic sources 
	reported in pounds per acre per year for both runoff and septic sources 



	A more complete description of the modeling procedures can be found in Appendix E. 
	 
	3.2.7 Hydraulic Modeling 
	Modeling of stream flow or hydraulics was conducted throughout the Difficult Run watershed using the HEC-RAS model. The model combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. 
	Storm events are classified by the amount of rain that falls in 24 hours. The storms are then named by the probability of that storm event occurring within one year. The more rainfall in a storm, or the larger the storm event, the less likely it is to occur in any given year. Hence, a 1-year storm (likely to occur once every year) is smaller with less rainfall than a 10-year storm (likely to occur once every ten years). 
	Flooding occurs at road crossings when the crossings are not large enough to pass the streamflow during a storm. For larger roads that carry through traffic, called primary roads, the crossing must be large enough to permit the 25-year storm event to flow completely through it without flowing over, or overtopping, the road. For smaller roads used for access to residences or other local areas, identified as local roads, the crossing must permit the 10-year storm event to pass completely through. 
	The model results indicate where flooding of culverts and other structures may occur. The flow at these sites exceeds the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	3.3 Candidate Sites for Improvements 
	Candidate sites are those sites, stream reaches, or catchments that were identified to have a degraded condition and are potential areas for restoration. Additionally, areas that are currently in good condition but are vulnerable in the future due to changes in land use were selected as candidate sites for preservation. The full procedure used in the prioritization and selection process is located in Appendix G. 
	Candidate sites were selected from a combination of existing data sources, stream assessment data, model results and GIS data. The procedure consisted of using 
	quantifiable indicators that describe the condition of the watershed with limited overlap, weighting them by importance, and then calculating a weighted average score for each area. This score is then used to rank them in priority order for restoration or preservation. Problems or overall condition were ranked and three different scales; sites, stream reaches and catchments. 
	A total of 253 candidate sites were selected for further field review and analysis based on the prioritization of problems in the catchments and at stream sites. Candidate sites were placed in several categories. The categories are listed below with its identifying code letter. 
	• Stream Restoration sites (S), 
	• Stream Restoration sites (S), 
	• Stream Restoration sites (S), 

	• Catchment sites (C), 
	• Catchment sites (C), 

	• Regional pond alternatives sites (D), 
	• Regional pond alternatives sites (D), 

	• Flooding sites for roads (F) and  
	• Flooding sites for roads (F) and  

	• Preservation sites (P). 
	• Preservation sites (P). 


	Stream Restoration 
	A total of 88 Stream Restoration Sites were selected. Data from the Stream Physical Assessment were used to determine which sites were in the poorest conditions. Sites were typically selected if they showed two or more impairments in either habitat rating, channel morphology, stream erosion, bank stability, or riparian buffer. Notes on restoration potential recorded during the assessment were also taken into account. 
	Catchments 
	The 201 catchments in the Difficult Run watershed were ranked based on existing conditions using modeled peak discharge, runoff volume, nitrogen, phosphorus, suspended solids, and GIS calculations of the percent of the catchment in wetlands and forests. Each of the parameters was normalized according to the specific needs of the indicator and compiled into a single database. The value for each parameter was ranked within the range of values in the dataset. Scores from 1-10 were then applied to the ranked va
	The score for each catchment was then multiplied by the indicator weight to develop the weighted score. The weighted scores for all of indicators were then summed and placed on a 0-100 scale. Each catchment’s scaled score was then ranked within the 201 catchments. The lowest score indicates the lowest relative quality and the highest priority in the watershed. A total of 46 catchment sites received the lowest scores and were subsequently selected for restoration. 
	Regional Pond Alternatives 
	There are 52 known sites where Regional Ponds were planned but have not yet been built in Difficult Run. During the modeling task, the drainage area to each of these sites was delineated as one or more separate catchments, so it was possible to rank the unbuilt regional pond sites using the same prioritization scheme as the other areas of Difficult Run. Ranking results have been included with the catchments. 
	Flooding Sites for Road Crossings 
	Hydraulic modeling identified the culverts that were overtopped by any of the modeled storm years (1,2,5,10,25,50,100). The overtopping was then compared to the level of service for that road and the associated required flow that the road must pass. If the culvert did not pass the required flow it was selected as a candidate site. There were 89 culverts that overtopped for one or more storm flow, 34 were selected as candidate sites. 
	Preservation  
	A comparison between existing and future conditions model results was made to generate a ranking of vulnerability. The catchments that showed low pollutant loading for existing conditions and a large percent change between existing and future conditions were considered the most vulnerable to degradation and thus good candidates for preservation.  
	The threshold values for TSS, TN, and TP were used to determine good conditions. These were based on comparisons with values for the whole watershed, and with estimates of loadings from “irreducible concentrations” from stormwater runoff (Schueler, 2000). Values used to set the thresholds are shown in Table 3.3, in lb/ac/yr. 
	Table 3.3: Threshold Values for Preservation Candidate Sites 
	 
	 
	 
	 

	TSS 
	TSS 

	TN 
	TN 

	TP 
	TP 


	Low 
	Low 
	Low 

	17.8 
	17.8 

	0.9 
	0.9 

	0.18 
	0.18 


	Average 
	Average 
	Average 

	63.1 
	63.1 

	2.8 
	2.8 

	0.41 
	0.41 


	High 
	High 
	High 

	197.9 
	197.9 

	7.9 
	7.9 

	0.92 
	0.92 


	Irreducible 
	Irreducible 
	Irreducible 

	20 to 40 
	20 to 40 

	1.9 
	1.9 

	0.20 
	0.20 


	Threshold 
	Threshold 
	Threshold 

	30.0 
	30.0 

	2.0 
	2.0 

	0.20 
	0.20 



	The percent change between existing and future loads was calculated. If one or more of the paramenters doubled (increase of 200% or more), then the catchment was flagged as a preservation candidate.  
	Similar to the existing conditions catchment ranking, the score for each catchment was multiplied by the indicator weight to develop the weighted score. The weighted scores for all of indicators were then summed and placed on a 0-100 scale. Each catchment’s scaled score was then ranked within the 201 catchments. The lowest score indicates the highest vulnerability and the highest priority in the watershed for preservation. A total of 34 catchment sites were selected. 
	3.3.1 Approach to Project Selection 
	The first step in developing stormwater management or other restoration alternatives was to determine the objective for each candidate site. This was usually clear from the type of impairment, and included such things as reducing peak flows, pollutant loads, erosive streamflows, or the amount of runoff. 
	Following this step, field surveys were made to determine if there were any site constraints which would prevent certain types of improvements from being implemented, or opportunities that would make others more likely to be successful. 
	While in the field, project staff made recommendations for improvements using the following basic approach. The approach works upstream to downstream, and should provide reduction in erosive streamflows so that when any stream restoration projects downstream are designed, they should be less complex and more likely to be successful. 
	• Locate projects in the headwaters of the stream to reduce runoff quantity and provide quality control if possible. These types of controls could include: 
	• Locate projects in the headwaters of the stream to reduce runoff quantity and provide quality control if possible. These types of controls could include: 
	• Locate projects in the headwaters of the stream to reduce runoff quantity and provide quality control if possible. These types of controls could include: 
	o retrofits of existing stormwater management facilities for extended drawdown and channel protection 
	o retrofits of existing stormwater management facilities for extended drawdown and channel protection 
	o retrofits of existing stormwater management facilities for extended drawdown and channel protection 

	o new stormwater management facilities or culvert retrofits 
	o new stormwater management facilities or culvert retrofits 

	o LID retrofit practice such as infiltration or porous pavers 
	o LID retrofit practice such as infiltration or porous pavers 




	• Identify locations for water quality controls, such as the following: 
	• Identify locations for water quality controls, such as the following: 
	o Retrofits of existing facilities for water quality control 
	o Retrofits of existing facilities for water quality control 
	o Retrofits of existing facilities for water quality control 

	o Installation of LID controls in older watershed areas 
	o Installation of LID controls in older watershed areas 

	o LID retrofits practices such as bioretention or filtration 
	o LID retrofits practices such as bioretention or filtration 




	• Identify stream restoration projects 
	• Identify stream restoration projects 
	o Stream restoration 
	o Stream restoration 
	o Stream restoration 

	o Buffer restoration 
	o Buffer restoration 





	There were a number of occasions where no projects resulted even after a catchment or stream reach was identified as a candidate site. For catchment sites, this generally occurred because there were no retrofit measures which appeared feasible, because of topography, lack of available land, land ownership, or the type of development in the catchment. For stream restoration sites, typically the constraints such as forest clearing outweighed the potential benefits or the stream conditions had changed in the t
	3.4  Subwatershed Actions 
	The proposed actions are based on the recommendations of the project team with guidance from the community. They are organized by subwatershed and type of project, as follows: 
	Table 3.4: Recommended Project Types 
	Regional Pond Alternatives 
	Regional Pond Alternatives 
	Regional Pond Alternatives 
	Regional Pond Alternatives 

	Projects to retrofit areas without stormwater management, such as conversion of existing quantity controls to water quality BMPs; new structures such as ponds, wetlands, culvert retrofits, outfall treatments, and onsite systems designed to reduce stormwater impact at the lot level 
	Projects to retrofit areas without stormwater management, such as conversion of existing quantity controls to water quality BMPs; new structures such as ponds, wetlands, culvert retrofits, outfall treatments, and onsite systems designed to reduce stormwater impact at the lot level 


	Catchment Improvements 
	Catchment Improvements 
	Catchment Improvements 

	Projects to retrofit areas to reduce stormwater impacts, including the same types of projects recommended for unbuilt regional pond sites 
	Projects to retrofit areas to reduce stormwater impacts, including the same types of projects recommended for unbuilt regional pond sites 


	Stream Restoration 
	Stream Restoration 
	Stream Restoration 

	In-stream projects, such as channel stabilization or riparian buffer restoration 
	In-stream projects, such as channel stabilization or riparian buffer restoration 


	Road Crossing Improvements 
	Road Crossing Improvements 
	Road Crossing Improvements 

	Projects designed to reduce the frequency of flooding of culverts and bridges 
	Projects designed to reduce the frequency of flooding of culverts and bridges 


	Non-structural Measures 
	Non-structural Measures 
	Non-structural Measures 

	Pollution prevention and programs to reduce pollutants from non-stormwater discharges 
	Pollution prevention and programs to reduce pollutants from non-stormwater discharges 


	Preservation 
	Preservation 
	Preservation 

	Areas of high quality habitat or land cover that should be preserved as the area is developed in the future. Specific programs are described in Chapter 4. 
	Areas of high quality habitat or land cover that should be preserved as the area is developed in the future. Specific programs are described in Chapter 4. 



	A brief summary of each candidate site and the resulting projects are provided for each subwatershed. The projects are listed with the Impairment, Improvement Goals, the Site Investigation results and the Projects and Actions that are generated. 
	The following sections provide a short description of each type of project that is proposed. Table 3.5 at the end of the descriptions provides more detail on the benefits that can be anticipated from the project types.  
	Stormwater Pond Retrofits  
	Description Stormwater ponds are designed to improve water quality by increasing pollutant removal.  The amount of water treated (water quantity) can be improved by increasing the time the stormwater stays in the pond, making the pond bigger, and/or adding to the land area that drains to the pond. The addition of wetlands adds habitat, in addition to improving water quality.  
	Practices Retrofitting existing stormwater management ponds to increase pollutant removal includes: 
	• Adding small pools within the larger pond 
	• Adding small pools within the larger pond 
	• Adding small pools within the larger pond 

	• Creating multiple pond cells within a single pond  
	• Creating multiple pond cells within a single pond  

	• Creating wetland areas within the pond 
	• Creating wetland areas within the pond 

	• Creating a forebay to capture sediment before it enters the pond 
	• Creating a forebay to capture sediment before it enters the pond 

	• Reconfiguring the pond and the landscape to capture more stormwater 
	• Reconfiguring the pond and the landscape to capture more stormwater 


	Figure 3.2 Wet Pond 
	 
	Figure 3.3 Pond/Wetland System 
	 
	Source: Maryland Stormwater Design Manual, Volumes I & II. Performance Criteria for Urban BMP Design. Maryland Department of the Environment, 2000. 
	New Ponds  
	Description New ponds are designed to help reduce the impacts of stormwater runoff by either permanently or temporarily storing the water. This reduces both the amount of runoff delivered to receiving streams and the timing of that delivery. This helps to protect streams from land use changes in their watersheds. New ponds also improve water quality by allowing pollutants to settle.  
	Practices Wet ponds provide the most pollutant removal followed by extended detention and dry ponds. Extended detention ponds store runoff temporarily after a rainfall event. Extended detention ponds may have a permanent pool, be dry, or contain a wetland marsh. Dry ponds release stormwater runoff slowly after a storm event and provide temporary storage. 
	 
	Figure 3.4 Micropool Extended Detention Pond 
	 
	Source: Maryland Stormwater Design Manual, Volumes I & II. Performance Criteria for Urban BMP Design. Maryland Department of the Environment, 2000.  
	Stream Restoration 
	Description Stream restoration takes a holistic view of the stream system in the context of its watershed and addresses improvements to the stream bed, streambanks, and the low flow or aquatic channel. The goal of stream restoration is to return the stream to a stable state in which it neither significantly erodes or fills with sediment and has improved habitat conditions. 
	Practices Five treatment options are proposed in the plan, based on the type of impairment and constraints such as availability of adjacent land. The treatment options for each stream restoration project are specified in the concept plans included in Volume 2 of the watershed plan.  For all of these projects, structures based on natural stream bed forms are created if necessary. Bioengineering techniques, and in some cases more traditional treatments, are used to provide for non-erosive stream banks.  Wood 
	Treatment Options for Incised Streams (CEM Type II) 
	1. Option 1 creates a new meandering channel on a new alignment at its original floodplain elevation. The abandoned incised channel is either filled or converted into wetland ponds. This option is the most effective at restoring historical floodplain functions. 
	1. Option 1 creates a new meandering channel on a new alignment at its original floodplain elevation. The abandoned incised channel is either filled or converted into wetland ponds. This option is the most effective at restoring historical floodplain functions. 
	1. Option 1 creates a new meandering channel on a new alignment at its original floodplain elevation. The abandoned incised channel is either filled or converted into wetland ponds. This option is the most effective at restoring historical floodplain functions. 

	2. Option 2 creates a new, meandering channel with a new floodplain built at an elevation lower than the original floodplain elevation. This option does not reconnect to the original floodplain lost due to incision, but creates a new floodplain at a lower elevation. The new channel typically follows the general alignment of the incised channel, but with a stable planform. 
	2. Option 2 creates a new, meandering channel with a new floodplain built at an elevation lower than the original floodplain elevation. This option does not reconnect to the original floodplain lost due to incision, but creates a new floodplain at a lower elevation. The new channel typically follows the general alignment of the incised channel, but with a stable planform. 


	Treatment Options for Incised Streams (CEM Type II) or Widening Streams (CEM Type III) 
	3. Option 3 stabilizes the channel by converting to a more stable stream type. Typically, these projects include, adjusting cross-section, reducing bank slope, and creating a new floodplain bench. This alternative includes different treatments for Type II and Type III streams. For incised channels with no room to increase meander width, Treatment 3A includes using grade controls to stop incision, flatten the slope of the stream and dissipate stream energy. For either incised or widening streams, Treatment 3
	3. Option 3 stabilizes the channel by converting to a more stable stream type. Typically, these projects include, adjusting cross-section, reducing bank slope, and creating a new floodplain bench. This alternative includes different treatments for Type II and Type III streams. For incised channels with no room to increase meander width, Treatment 3A includes using grade controls to stop incision, flatten the slope of the stream and dissipate stream energy. For either incised or widening streams, Treatment 3
	3. Option 3 stabilizes the channel by converting to a more stable stream type. Typically, these projects include, adjusting cross-section, reducing bank slope, and creating a new floodplain bench. This alternative includes different treatments for Type II and Type III streams. For incised channels with no room to increase meander width, Treatment 3A includes using grade controls to stop incision, flatten the slope of the stream and dissipate stream energy. For either incised or widening streams, Treatment 3

	4. Option 4 stabilizes channels at the existing bed elevation and along the existing alignment. These projects are proposed where options 1-3 are not feasible. This approach is the traditional armor in-place approach to address incised channels and bank erosion. Treatment 4A involves grading and earthwork to lay back oversteepened banks and create a more stable cross-section. Treatment 4B is the traditional armor-in-place approach, with imbricated rip rap or bioengineering materials. 
	4. Option 4 stabilizes channels at the existing bed elevation and along the existing alignment. These projects are proposed where options 1-3 are not feasible. This approach is the traditional armor in-place approach to address incised channels and bank erosion. Treatment 4A involves grading and earthwork to lay back oversteepened banks and create a more stable cross-section. Treatment 4B is the traditional armor-in-place approach, with imbricated rip rap or bioengineering materials. 

	5. Option 5 projects consist of excavating the existing channel and reconstructing a new low-flow channel as part of a SWM facility providing storage volume to provide channel protection and water quality improvements downstream. 
	5. Option 5 projects consist of excavating the existing channel and reconstructing a new low-flow channel as part of a SWM facility providing storage volume to provide channel protection and water quality improvements downstream. 


	Stream Buffer Restoration 
	Description The vegetated land area on either side of a stream is referred to as the stream or riparian buffer. Buffers can be comprised of grasses, shrubs, trees, or a combination of the three.  Forested buffers provide streambank stability, food for aquatic life, and shading of the stream. Stream buffers also provide important wildlife habitat. In many urban areas, stream buffers have been impacted. Restoring vegetation to these areas can improve the quality of the stream. Buffer restoration projects can 
	Practices The three types of buffer restorations are water pollution hazard setbacks, vegetated buffers, and engineered buffers. Water pollution hazard setbacks are areas that may create a potential pollution hazard to the waterway. By providing setbacks from these areas in the form of a buffer, potential pollution can be avoided. Vegetated buffers are any number of natural areas that exist to divide land uses or provide landscape relief. Engineered buffers are areas specifically designed to treat stormwate
	Figure 3.5 Stream Buffer Zones 
	 
	Source: Stormwater Manager’s Resource Center   
	www.stormwatercenter.net/

	Road Crossing Improvements 
	Description Culverts and bridges that can be flooded during a storm event may need improvements to reduce the frequency of flooding.  Road crossings that were identified as having flooding problems based on hydraulic modeling have been compiled in Appendix F for further coordination with the Fairfax County Department of Transportation and the Virginia Department of Transportation. 
	Practices These improvements can include raising the roadbed above the flood level, rebuilding culverts so they can pass more water, replacing worn or damaged culverts that impede water with newer ones that allow water to flow more quickly, or rebuilding bridges with a wider span to allow more space for floodwaters to pass. 
	Culvert Retrofits 
	Description This retrofit option is installed upstream from existing road culverts by constructing a control structure and excavating a micro-pool. These projects are usually designed for intermittent streams. The control structure will detain and reduce stormwater flow; the micropool is a small pool that will infiltrate the first 0.1 – 0.2 inches of stormwater runoff, improving water quality.  
	Practices If the upstream area is an open floodplain, it may be possible to construct a wet pond or stormwater wetland to improve water quality treatment.  Since roadways are not always constructed as pond embankments, special measures may be necessary, such as a redundant embankment built upstream of the culvert. Secondary impacts need to be considered as well, including impacts to the 100-year floodplain, fish passage barriers, or impacts to wetlands and forest.  
	Figure 3.6 Culvert Retrofit 
	 
	 
	Source: Stormwater Manager’s Resource Center   
	www.stormwatercenter.net/

	Drainage Retrofits 
	Description Drainage retrofits are designed to protect the natural stream channels in the watershed from fast draining water.  These retrofits reduce the energy of the water flowing into and through streams, than can cause unstable streambeds and banks and erosion. 
	Practices Two basic types of retrofits are proposed. The first is to improve outfall structures to provide more energy dissipation and reduce scour and erosion. Methods include placement of rip rap, design of a plunge pool to break the flow of water, or provision of a designed energy dissipation structure which adds turbulence to reduce the velocity of the outfall discharge. 
	The second type is removal and replacement of concrete channels as roadside stormwater conveyances. Retrofit with grass channels, wet swales, or dry swales would increase stormwater detention time and reduce peak flows at the outfall. 
	Figure 3.7 Dry Swale 
	 
	 
	Source: Maryland Stormwater Design Manual, Volumes I & II. Performance Criteria for Urban BMP Design. Maryland Department of the Environment, 2000.  
	Low Impact Development (LID) Retrofits 
	Description LID systems are designed to provide stormwater management on the site where runoff is generated, usually providing some reduction in stormwater, detention to reduce peak flows, and water quality treatment.  The main objective is to mimic the pre-development runoff characteristics of the site. 
	Practices LID systems that could be retrofit in the Difficult Run watershed include bioretention, infiltration, filter strips, sand filters, dry swales, wet swales, porous pavers, or proprietary filtration and bioretention systems.  
	Figure 3.8 Infiltration Trench  
	 
	Figure 3.9 Bioretention 
	 
	Figure 3.10: Sand Filter 
	 
	 
	Figure 3.11: Wet Swale 
	 
	Source: Maryland Stormwater Design Manual, Volumes I & II. Performance Criteria for Urban BMP Design. Maryland Department of the Environment, 2000.  
	Table 3.5: Benefits of Project Types 
	Category 
	Category 
	Category 
	Category 

	Type 
	Type 

	BMP 
	BMP 

	Flow Control 
	Flow Control 

	Water Quality 
	Water Quality 

	Aquatic Habitat 
	Aquatic Habitat 

	Channel Morphology 
	Channel Morphology 


	New Ponds 
	New Ponds 
	New Ponds 

	Ponds 
	Ponds 

	Micropool ED Pond 
	Micropool ED Pond 

	2 
	2 

	1 
	1 

	  
	  

	  
	  


	and Retrofits 
	and Retrofits 
	and Retrofits 

	 
	 

	Wet Pond, Wet ED Pond 
	Wet Pond, Wet ED Pond 

	1 
	1 

	2 
	2 

	  
	  

	  
	  


	  
	  
	  

	Wetlands 
	Wetlands 

	Wetland / Shallow Marsh 
	Wetland / Shallow Marsh 

	2 
	2 

	1 
	1 

	3 
	3 

	  
	  


	  
	  
	  

	 
	 

	Pond/Wetland System 
	Pond/Wetland System 

	2 
	2 

	1 
	1 

	3 
	3 

	  
	  


	  
	  
	  

	 
	 

	ED Wetland 
	ED Wetland 

	1 
	1 

	2 
	2 

	  
	  

	  
	  


	Streams 
	Streams 
	Streams 

	Stream Restoration 
	Stream Restoration 

	New Alignment 
	New Alignment 

	  
	  

	3 
	3 

	2 
	2 

	1 
	1 


	and Buffers 
	and Buffers 
	and Buffers 

	 
	 

	Re-align Existing Channel 
	Re-align Existing Channel 

	  
	  

	3 
	3 

	2 
	2 

	1 
	1 


	 
	 
	 

	 
	 

	Stable Stream Type 
	Stable Stream Type 

	  
	  

	3 
	3 

	2 
	2 

	1 
	1 


	 
	 
	 

	 
	 

	Bank Stabilization 
	Bank Stabilization 

	  
	  

	3 
	3 

	2 
	2 

	1 
	1 


	  
	  
	  

	Buffer Restoration 
	Buffer Restoration 

	Buffer Restoration 
	Buffer Restoration 

	  
	  

	3 
	3 

	1 
	1 

	2 
	2 


	 
	 
	 

	Watershed-Wide 
	Watershed-Wide 

	Dumpsites 
	Dumpsites 

	 
	 

	2 
	2 

	1 
	1 

	 
	 


	 
	 
	 

	 
	 

	Obstructions 
	Obstructions 

	 
	 

	 
	 

	1 
	1 

	2 
	2 


	 
	 
	 

	 
	 

	Fish Passage Restoration 
	Fish Passage Restoration 

	 
	 

	 
	 

	1 
	1 

	2 
	2 


	 
	 
	 

	 
	 

	Utility Crossings 
	Utility Crossings 

	 
	 

	 
	 

	1 
	1 

	2 
	2 


	Culverts 
	Culverts 
	Culverts 

	Road Crossings 
	Road Crossings 

	Road Crossing 
	Road Crossing 

	 
	 

	 
	 

	2 
	2 

	1 
	1 


	 
	 
	 

	Culvert Retrofit 
	Culvert Retrofit 

	Culvert Retrofit 
	Culvert Retrofit 

	1 
	1 

	2 
	2 

	 
	 

	 
	 


	Drainage  
	Drainage  
	Drainage  

	Swales 
	Swales 

	Grass Channel / Dry Swale 
	Grass Channel / Dry Swale 

	  
	  

	1 
	1 

	  
	  

	  
	  


	Retrofits 
	Retrofits 
	Retrofits 

	 
	 

	Wet Swale 
	Wet Swale 

	  
	  

	1 
	1 

	  
	  

	  
	  


	 
	 
	 

	Outfall Retrofit 
	Outfall Retrofit 

	Outfall Stabilization 
	Outfall Stabilization 

	 
	 

	 
	 

	2 
	2 

	1 
	1 


	LID 
	LID 
	LID 

	Filtration 
	Filtration 

	Sand Filters 
	Sand Filters 

	  
	  

	1 
	1 

	  
	  

	  
	  


	Retrofits 
	Retrofits 
	Retrofits 

	 
	 

	Organic Filter 
	Organic Filter 

	  
	  

	1 
	1 

	  
	  

	  
	  


	 
	 
	 

	 
	 

	Bioretention / Rain Gardens 
	Bioretention / Rain Gardens 

	2 
	2 

	1 
	1 

	  
	  

	  
	  


	 
	 
	 

	Infiltration 
	Infiltration 

	Infiltration Basin 
	Infiltration Basin 

	1 
	1 

	2 
	2 

	  
	  

	  
	  


	 
	 
	 

	 
	 

	Infiltration Trench 
	Infiltration Trench 

	1 
	1 

	2 
	2 

	  
	  

	  
	  


	 
	 
	 

	Disconnection 
	Disconnection 

	Porous Pavement 
	Porous Pavement 

	1 
	1 

	2 
	2 

	  
	  

	  
	  


	 
	 
	 

	 
	 

	Rain Barrel / Cistern 
	Rain Barrel / Cistern 

	1 
	1 

	2 
	2 

	  
	  

	  
	  


	 
	 
	 

	 
	 

	Green Roof 
	Green Roof 

	1 
	1 

	2 
	2 

	  
	  

	  
	  


	 
	 
	 

	Other WQ BMPs 
	Other WQ BMPs 

	WQ Inlets 
	WQ Inlets 

	  
	  

	1 
	1 

	  
	  

	  
	  


	Watershed- 
	Watershed- 
	Watershed- 

	 
	 

	Dumpsites 
	Dumpsites 

	 
	 

	2 
	2 

	1 
	1 

	 
	 


	Wide 
	Wide 
	Wide 

	 
	 

	Obstructions 
	Obstructions 

	 
	 

	 
	 

	1 
	1 

	2 
	2 


	 Projects 
	 Projects 
	 Projects 

	 
	 

	Fish Passage Restoration 
	Fish Passage Restoration 

	 
	 

	 
	 

	1 
	1 

	2 
	2 


	 
	 
	 

	 
	 

	Utility Crossings 
	Utility Crossings 

	 
	 

	 
	 

	1 
	1 

	2 
	2 


	Benefits 
	Benefits 
	Benefits 

	1 
	1 

	Primary benefit 
	Primary benefit 

	 
	 

	 
	 

	 
	 

	 
	 


	  
	  
	  

	2 
	2 

	Secondary benefit 
	Secondary benefit 

	 
	 

	 
	 

	 
	 

	 
	 


	  
	  
	  

	3 
	3 

	Supplemental benefit 
	Supplemental benefit 

	  
	  

	  
	  

	  
	  

	  
	  



	3.5  Captain Hickory Run – Subwatershed Condition 
	3.5.1 Subwatershed Characteristics 
	The Captain Hickory Run subwatershed has an area of approximately 1,695 acres (2.65 mi2). It is located in northern Fairfax County with its northeast boundary running along Georgetown Pike (Virginia 193) to Walker Road (Virginia 681) where it extends just north of Georgetown Pike to Springvale Road (Virginia 674). Cavalcade and Harriman Streets form the approximate southern boundary. 
	The Captain Hickory Run subwatershed includes 7.2 miles of streams. The streams flow generally in a southeast direction through low-density residential areas. The Captain HickoryRun subwatershed flows into the mainstem of Difficult Run at the Difficult Run Stream Valley Park. Stream width varies from an average of 10 feet upstream to 25 feet downstream of Walker Road. Streambank height varies from three to five feet with higher banks in the downstream reaches. Historical reports indicate high erodibility in
	Refer to DFCH_1 for a map of the Captain Hickory Run subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.5.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Captain Hickory Run subwatershed is characterized by estate and low-density residential development with a combined 69 percent of the area developed as low-density or estate residential. Another 19 percent is preserved for open space or parks. A summary of land use within the subwatershed can be found in Table 3.6. Great Fall Grange and the Turner Farm are two large parks found almost entirely within the Captain Hickory Run subwatershed. Three historical sites are located within the subwatershed.  
	There are 112 acres, 7 percent of the subwatershed, in transportation use, such as roads and highways. Less than 5 percent of the subwatershed is developed for commercial or industrial use. The majority of this commercial area is clustered along the northeastern edge of the subwatershed and contains Village Centre Shopping Center at the junction of Walker Road and Georgetown Pike. 
	Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways, sidewalks and building rooftops is approximately 188 acres, or 11 percent of the total subwatershed area. 
	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, the largest shifts are projected in the open space, estate residential and low-density residential categories. Nine percent of the open space has a future use zoning code that is higher intensity than the existing use. This open space area can be used for development/redevelopment in the future if and when the need presents itself. The low-density residential land use category is projected to gain 105 acres from existing to future, which represents a 6 pe
	Table 3.6 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	319 
	319 

	19% 
	19% 

	161 
	161 

	9% 
	9% 

	-158 
	-158 

	-9% 
	-9% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	637 
	637 

	38% 
	38% 

	690 
	690 

	41% 
	41% 

	53 
	53 

	3% 
	3% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	531 
	531 

	31% 
	31% 

	636 
	636 

	38% 
	38% 

	105 
	105 

	6% 
	6% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	25 
	25 

	1% 
	1% 

	25 
	25 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	16 
	16 

	1% 
	1% 

	16 
	16 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	27 
	27 

	2% 
	2% 

	28 
	28 

	2% 
	2% 

	0 
	0 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	1 
	1 

	0% 
	0% 

	1 
	1 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	23 
	23 

	1% 
	1% 

	23 
	23 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	112 
	112 

	7% 
	7% 

	112 
	112 

	7% 
	7% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	3 
	3 

	0% 
	0% 

	3 
	3 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	1,695 
	1,695 

	100% 
	100% 

	1,695 
	1,695 

	100% 
	100% 

	  
	  

	0% 
	0% 



	 
	According to Figure 3.2, 116 acres are projected to shift from open space to estate residential, 63 acres are projected to shift from estate residential to low-density residential, and 42 acres of open space are projected to shift to low-density residential. These larger shifts illustrate a demand for more housing and the overall conversion of a lower-density use to a higher-density use in the Captain Hickory Run subwatershed.  
	3.5.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are six stormwater management facilities within the Captain Hickory Run subwatershed, of which three are privately owned and three are public. Five of the facilities are dry ponds and one is a wet pond, which is located on Walker Road.  Approximately 87 percent of the Captain Hickory Run subwatershed is not s
	The difference between the amount of total developed area in the subwatershed (81 percent) and the area served by stormwater management (13 percent) indicates a possible need for additional management efforts, specifically in the low-intensity commercial and low-density residential areas. A list of stormwater management facilities in the Captain Hickory Run subwatershed is found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 15 outfall pipes discharging into the Captain Hickory Run subwatershed. High stormflow from two pipes is causing erosion problems that should 
	 
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Results from the Stream 
	Physical Assessment show a total of 32 crossings in the Captain Hickory Run subwatershed. Fourteen of the crossings in the subwatershed are wooden footbridges, one is a 15-foot concrete bridge, and the remaining eight are box and pipe culverts. Stream flow was causing some moderate erosion downstream of one footbridge but was not significant enough to warrant further study. All other crossings were having only minor or no impact on stream integrity. 
	3.5.4 Soils 
	Soils found in the Captain Hickory Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes which can result in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 77 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (55 percent). Zones with Glenelg, Manor and Elioak soils may be compatible with i
	3.5.5 Geomorphology 
	A total of just over 6 miles (34,003 feet) of stream were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. Six stream reaches (4,218 feet) were not assessed because they were not natural channels. This includes 1,560 feet of piped channel and 2,307 feet of pond/wetland area. 
	The majority of assessed reaches in Captain Hickory Run were characterized as CEM Type III, which is indicative of a generally unstable channel that is actively widening in response to changes in stream flow. The substrate in the subwatershed is a combination of gravel and sand.  
	Sixty-three percent of the stream length is moderately unstable, indicating that there is high erosion potential during high flow events. There are five specific erosion locations that are impacting the stream integrity. The points are characterized by raw, actively eroding banks that are degrading the instream habitat and may be damaging property. Four of the five points are considered severe and should be addressed. All of these erosion points have high restoration potential. Photos of two of the more ser
	 
	 
	There are two obstruction locations within the subwatershed both of which are restricting fish passage between habitats and possibly during migration. One obstruction is an earthen berm (used to block or redirect surface water flow) with an impact score of moderate to severe, indicating that it may be causing damage to stream (see Photo 3.5). This berm is located on a tributary just east of Walker Road near Thunderhill Court and is at candidate site S77. 
	 
	 
	 
	 
	3.5.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• Of the assessed reaches, 76 percent is assessed as poor habitat, 20 percent is fair habitat and 4 percent is good habitat. The length of stream downstream of Roos Trail to the confluence with the Difficult Run mainstem comprises the entire length of good habitat. 
	• Of the assessed reaches, 76 percent is assessed as poor habitat, 20 percent is fair habitat and 4 percent is good habitat. The length of stream downstream of Roos Trail to the confluence with the Difficult Run mainstem comprises the entire length of good habitat. 
	• Of the assessed reaches, 76 percent is assessed as poor habitat, 20 percent is fair habitat and 4 percent is good habitat. The length of stream downstream of Roos Trail to the confluence with the Difficult Run mainstem comprises the entire length of good habitat. 

	• There is 25,270 feet (left and right banks combined), of riparian buffer encroachment within the Captain Hickory Run subwatershed. Of the 25,270 feet, 
	• There is 25,270 feet (left and right banks combined), of riparian buffer encroachment within the Captain Hickory Run subwatershed. Of the 25,270 feet, 

	22,270 feet (88 percent) is lawn, 2,800 feet (11 percent) is pasture and 200 feet (<1 percent) is lawn/pasture mix. All areas of encroachment have moderate to low restoration potential. 7,400 feet of the identified reaches have buffer deficiencies that are degrading the stream quality. 
	22,270 feet (88 percent) is lawn, 2,800 feet (11 percent) is pasture and 200 feet (<1 percent) is lawn/pasture mix. All areas of encroachment have moderate to low restoration potential. 7,400 feet of the identified reaches have buffer deficiencies that are degrading the stream quality. 

	• Sixty-seven percent of the total length has at least 50 percent vegetative cover, such as trees and shrubs, on both stream banks. 
	• Sixty-seven percent of the total length has at least 50 percent vegetative cover, such as trees and shrubs, on both stream banks. 


	3.5.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Captain Hickory Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams, and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total ph
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	In the Captain Hickory Run subwatershed, approximately 11 percent of the land is covered by impervious surface. More than three-quarters of the subwatershed is of lower density residential land use. The area of commercial development at the corner of Georgetown Pike and Walker Road is a likely contributor of the increased levels of pollutants seen in the results for catchment DFCH9801. See DFCH_4 for the catchment locations. 
	The nitrogen loading rate is highest in catchment DFCH9801, which is in the upstream north-central portion of the subwatershed, in the areas of the Village and the Great Falls Shopping Centers at Georgetown Pike and Walker Road. Here, the modeled loads are 3.2 pounds per acre per year. It is ranked low overall because it has high loading rates of nitrogen and phosphorus, and the highest volume of runoff. The phosphorus and nitrogen levels appear to be following similar trends such that in areas where phosph
	 
	Table 3.7 Existing and Future Modeling 
	Captain Hickory Run Catchments 
	Captain Hickory Run Catchments 
	Captain Hickory Run Catchments 
	Captain Hickory Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFCH0002 
	DFCH0002 
	DFCH0002 

	E 
	E 

	1.77 
	1.77 

	0.08 
	0.08 

	18.7 
	18.7 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.1 
	2.1 

	0.09 
	0.09 

	22.9 
	22.9 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	19% 
	19% 

	13% 
	13% 

	22% 
	22% 

	23% 
	23% 

	26% 
	26% 


	DFCH0003 
	DFCH0003 
	DFCH0003 

	E 
	E 

	2.49 
	2.49 

	0.1 
	0.1 

	25.7 
	25.7 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.73 
	2.73 

	0.11 
	0.11 

	28.3 
	28.3 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	10% 
	10% 

	10% 
	10% 

	11% 
	11% 

	11% 
	11% 


	Captain Hickory Run Catchments 
	Captain Hickory Run Catchments 
	Captain Hickory Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFCH0004 
	DFCH0004 
	DFCH0004 

	E 
	E 

	2.3 
	2.3 

	0.1 
	0.1 

	21.2 
	21.2 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.54 
	2.54 

	0.11 
	0.11 

	24.4 
	24.4 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	10% 
	10% 

	15% 
	15% 

	15% 
	15% 

	17% 
	17% 


	DFCH0005 
	DFCH0005 
	DFCH0005 

	E 
	E 

	1.07 
	1.07 

	0.05 
	0.05 

	7.4 
	7.4 

	0.4 
	0.4 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.16 
	1.16 

	0.06 
	0.06 

	7.7 
	7.7 

	0.4 
	0.4 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	8% 
	8% 

	20% 
	20% 

	4% 
	4% 

	2% 
	2% 

	13% 
	13% 


	DFCH0006 
	DFCH0006 
	DFCH0006 

	E 
	E 

	1.04 
	1.04 

	0.15 
	0.15 

	6.9 
	6.9 

	0.4 
	0.4 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.24 
	1.24 

	0.15 
	0.15 

	7.7 
	7.7 

	0.4 
	0.4 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	19% 
	19% 

	0% 
	0% 

	12% 
	12% 

	11% 
	11% 

	13% 
	13% 


	DFCH9701 
	DFCH9701 
	DFCH9701 

	E 
	E 

	1.62 
	1.62 

	0.15 
	0.15 

	11.5 
	11.5 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.64 
	1.64 

	0.15 
	0.15 

	11.5 
	11.5 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	8% 
	8% 


	DFCH9801 
	DFCH9801 
	DFCH9801 

	E 
	E 

	3.77 
	3.77 

	0.1 
	0.1 

	63.6 
	63.6 

	2.7 
	2.7 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	3.82 
	3.82 

	0.1 
	0.1 

	63.6 
	63.6 

	2.7 
	2.7 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	Modeling results for future conditions show significant increases in flows and runoff pollutant loads from every catchment in the subwatershed. DFCH0002 has the largest percentage increase in every parameter except peak flows, due to change in land use from open space to low-density residential in the upper portion of the catchment and from open space and estate residential to low-density residential along the stream channel. 
	3.5.8 Hydraulic Modeling  
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Two culverts in the subwatershed were overtopped with existing flows, as shown in Table 3.8. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.8 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	65 
	65 
	65 

	Fringe Tree Rd 
	Fringe Tree Rd 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	69 
	69 
	69 

	Sunnybrook Rd 
	Sunnybrook Rd 

	E 
	E 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	Culvert # 65 (Photo 3.6) overtopped for all events. From the photos, it appears that culvert #65 has recently been reconstructed and functions as a stream ford. This crossing is also a residential access road with a functional classification of "local". It should not be overtopped by storms more frequent than the10-year event. 
	Culvert #69 (Photo 3.7) overtopped for the 50- and 100-year events. This is a residential access road with a classification of "local," requiring the culvert to pass the 10-year event. 
	 
	Figure
	Photo 3.7 Unnamed Tributary at Sunnybrook Drive. 
	 
	3.5.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Captain Hickory Run subwatershed are listed below. Refer to DFCH_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S54 The Stream Physical Assessment survey indicated that bank stability was low, the channel was incised, and habitat was poor to very poor. (Photo 3.3)  
	S73 During the Stream Physical Assessment assessment, field crews noted wetlands being filled with soil piles on a reach near Polo Place where new construction was taking place (field assessment was completed in 2002). Widening and poor habitat were noted along this reach. 
	S74 The Stream Physical Assessment survey indicated that streambank erosion was severe or extreme, channel was widening, and habitat was poor to very poor. 
	S75 The Stream Physical Assessment survey indicated that streambank erosion was severe or extreme, channel was widening, and habitat was poor to very poor. 
	S76 This site at the end of Milburn Street is severely eroded, as shown in Photo 3.2 and Photo 3.4. 
	S77 This site has a significant amount of buffer encroachment, along with an area of erosion. Additionally, there is an earthen berm, which is blocking the stream and may be a fish blockage (Photo 3.5). 
	 
	Hydrology and Water Quality 
	C06 (Catchment DFCH0003) This area has the second highest loads of total nitrogen and total suspended solids of all the catchments, and is tied for highest runoff volume. (Photo 3.1) 
	D05 (Catchment DFCH0002) The Modeling and stream assessment data did not show significant hydrologic or water quality problems within the drainage area. Streams, however, show signs of erosion and instability both within the drainage area and downstream. This is the site of unbuilt regional pond D05. 
	D06 (Catchment DFCH9701) Modeled water quality and hydrologic impacts from this catchment were in the mid-range for the subwatershed. This is the site of unbuilt regional pond D06. 
	D07 (Catchment DFCH9801) This catchment is the most highly impervious and has the highest modeled runoff loads of total suspended solids, total nitrogen and total phosphorus. This is the site of unbuilt regional pond D07. 
	Flooding 
	F65 This culvert overtops with existing conditions for all rainfall events from 1- to 100-year 
	Preservation 
	No sites were identified.  Several catchments are in good condition, but model results show that future development does not make them significantly worse. This means that they are essentially preserved under the current development plans and regulations. 
	3.6 Captain Hickory Run - Subwatershed Plan Action 
	In the subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.9 below is a list of all projects proposed in this subwatershed. 
	Table 3.9 Recommendations for Captain Hickory Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9005B 
	DF9005B 
	DF9005B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-05 
	D-05 


	DF9006B 
	DF9006B 
	DF9006B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-06 
	D-06 


	DF9007A 
	DF9007A 
	DF9007A 

	Drainage Retrofits 
	Drainage Retrofits 

	D-07 
	D-07 


	DF9007C 
	DF9007C 
	DF9007C 

	Culvert Retrofit 
	Culvert Retrofit 

	D-07 
	D-07 


	DF9007D 
	DF9007D 
	DF9007D 

	LID Retrofit 
	LID Retrofit 

	D-07 
	D-07 


	DF9106A 
	DF9106A 
	DF9106A 

	Pond Retrofit 
	Pond Retrofit 

	C06A 
	C06A 


	DF9106B 
	DF9106B 
	DF9106B 

	Pond Retrofit 
	Pond Retrofit 

	C06B 
	C06B 


	DF9274 
	DF9274 
	DF9274 

	Stream Restoration 
	Stream Restoration 

	S74 
	S74 


	DF9706 
	DF9706 
	DF9706 

	Drainage Retrofits 
	Drainage Retrofits 

	C06 
	C06 


	DF9806 
	DF9806 
	DF9806 

	LID Retrofits 
	LID Retrofits 

	C06 
	C06 



	 
	3.6.1 Regional Pond Alternative Projects 
	D05 (DFCH0002) 
	Site Investigation and Projects: The site investigation identified two projects, which would help meet the improvement goals and provide a replacement for the proposed regional pond. 
	DF9005B (Culvert Retrofit) This project consists of modifying the culvert crossing at Polo Place to provide detention storage. Retrofits would be designed to reduce stream velocity through storage and detention. Water quality improvements are not as high a priority as storage due to the established wetland within the project area.   
	D06 (DFCH9701) 
	Site Investigation and Projects: The site investigation identified an additional improvement goal in this catchment. Fringe Tree Road is undergoing erosion and damage from flows of Captain Hickory Branch and the tributary draining the catchment. Protection of the gravel roadway is needed for public safety purposes. 
	D9006B (Drainage Retrofit) Site investigation showed erosion and scour from the existing farm pond down to the main floodplain valley. This erosion appears to be related to the steep channel slope and the influences of the series of driveway culverts and the one culvert under Hickory Run. This project would consist of providing riprap outlet protection on the downstream side of each of these culverts.  
	 
	D07 (DFCH9801) 
	Site Investigation and Projects: The site investigation identified opportunities for retrofit of older stormwater management facilities, LID retrofits, and a culvert retrofit that should provide benefits equivalent to the proposed regional pond. 
	DF9007A (Drainage Retrofits) These distributed projects are designed to correct impairments from poor outlet protection at eight locations where the storm drain network discharges into the floodplain. Improvements would consist of energy dissipation through riprap, plunge pools, or structures. The primary benefit would be reduction of sediment from localized scour or erosion.   
	DF9007C (Culvert Retrofit) This project consists of a culvert retrofit to the upstream side of the crossing of Sunnybrook Drive. A redundant embankment would be designed to store runoff on the upstream side of the roadway.  This facility would use floodplain storage to settle out sediment provide vegetative uptake of nutrients.   
	DF9007D (LID Retrofit) LID or Filterra systems would be retrofit at storm drain inlets and parking islands in the commercial area west of Walker Road. The project would be designed to reduce runoff pollutant loads in the area. Storage volume for channel protection would not be provided.   
	 
	3.6.2 Catchment Improvement Projects 
	C06 (DFCH0003) 
	Site Investigation and Projects: The site investigation identified opportunities for retrofit of older stormwater management facilities, LID retrofits, and drainage retrofits to mitigate the impairments. 
	DF9806 (LID Retrofits) This project consists of the replacement of a rigid boundary channel with a LID facility that is expected to include a bioswale, biofiltration retention/detention facility and natural channel improvement. This facility may provide some peak discharge reduction, but should primarily be designed as a water quality facility, as discharge impacts were not observed in this area.   
	DF9106A (Pond Retrofit) This project is a retrofit of an existing stormwater management facility upstream of the crossing of the main catchment tributary at Georgetown Parkway. The facility is showing signs of conversion into a wetland.  Creation of additional storage for 1-year extended detention and water quality volume, modifying the control structure, and regarding the accumulated sediment would provide both channel protection and water quality improvements to a significant portion of the catchment.  
	DF9106B (Pond Retrofit) This project is a retrofit of an existing pond in the swale downstream of Columbine Street. Retrofits should include creation of additional storage for 1-year extended detention with a multi-stage riser and inclusion of water quality features and vegetation. 
	DF9706 (Drainage Retrofits) These distributed projects are designed to provide adequate energy dissipation at outfalls where the piped storm drain system discharges to a natural channel. Improvements would consist of energy dissipation through riprap, plunge pools, or structures.   
	 
	3.6.3 Stream Restoration Projects 
	S54 
	Site Investigation and Projects: The site investigation showed that erosion at this site is not currently active and that the stream is relatively stable. It is anticipated that if natural hydrology can be restored through stormwater management retrofits upstream then a stream restoration project would not be necessary. 
	S73 
	Site Investigation and Projects: The site investigation did not find the area of wetlands, which may have been filled. Stream conditions appeared stable and no restoration projects were identified. 
	S74 
	Site Investigation and Projects: The site investigation showed that the stream through this reach was moderately to severely incised with raw, eroding, nearly vertical banks. The bed has eroded to weathered rock and riffle pool bed forms are largely absent. One stream restoration project was identified. 
	DF9274 (Stream Restoration) The proposed restoration would involve excavating a new floodplain and re-meandering the stream to provide a pattern, dimension, and profile more consistent with a natural stream. This would prevent further mass erosion associated with channel widening and bank failure, would improve instream habitat, and provide access to a functional floodplain. The new floodplain would be planted with native woody vegetation and grasses.   
	S75 
	Site Investigation and Projects: The site investigation found evidence of erosion at channel bends throughout the stream reach. However, because access and construction feasibility restraints outweigh potential project benefits, no projects were identified. There is evidence that the stream is forming a floodplain within the widened channel and beginning to stabilize.  It is anticipated that if natural hydrology can be restored through stormwater management retrofits upstream then a stream restoration proje
	S76 
	Site Investigation and Projects: The site investigation found evidence of erosion and deeply incised streambanks. However, because access and construction feasibility restraints outweigh potential project benefits, no projects were identified. It is anticipated that if natural hydrology can be restored through stormwater management retrofits upstream then a stream restoration project would not be necessary. 
	S77 
	Site Investigation and Projects: The site investigation found evidence of erosion and incision throughout this reach. However, due to issues of access and construction feasibility, no projects were identified. It is anticipated that if natural hydrology can be restored through stormwater management retrofits upstream (particularly the facility identified with project DF9007B) then a stream restoration project would not be necessary. 
	3.6.4 Preservation 
	No preservation candidate sites were identified for this subwatershed. 
	3.7 Dog Run – Subwatershed Condition 
	3.7.1 Subwatershed Characteristics 
	The Dog Run subwatershed is located in northeastern Fairfax County. This 515-acre (0.8 mi2) subwatershed is the third-smallest subwatershed in the Difficult Run watershed. It is bound by Utterback Store Road (Virginia 717) to the east and Seneca Road (Virginia 602) to the west. Leesburg Pike traverses the southwest corner of the subwatershed.  
	There are 2.5 miles of stream within the subwatershed that flow south and join Piney Run north of Woodbrook Lane. The majority of the length of the stream flows through open space and estate residential areas. There is a short segment of the stream that is adjacent to a high-intensity commercial area just to the east of Northfalls Court.  
	Refer to DFDG_1 for a map of the Dog Run subwatershed highlighting the Subwatershed Characteristics including existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.7.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Dog Run subwatershed development is not very densely developed. Fifty-three percent of the Dog Run subwatershed is developed as low-density or estate residential. Another 22 percent of the land in the Dog Run subwatershed is open space or parks, although there are no major park facilities located within the subwatershed. Six percent of the subwatershed is developed for commercial uses. The majority of this commercial area is clustered along the west-central edge of the subwatershed at the junction of Le
	There are 71 acres, 14 percent of the subwatershed, used for transportation such as roads and highways. Total impervious area for the subwatershed, which includes all roads, parking lots, sidewalks, residential driveways and buildings, is approximately 81 acres, or 16 percent of the total subwatershed area. A summary of land use within the subwatershed can be found in Table 3.10.  
	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	Table 3.10 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	111 
	111 

	22% 
	22% 

	40 
	40 

	8% 
	8% 

	-72 
	-72 

	-14% 
	-14% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	73 
	73 

	14% 
	14% 

	79 
	79 

	15% 
	15% 

	6 
	6 

	1% 
	1% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	199 
	199 

	39% 
	39% 

	264 
	264 

	51% 
	51% 

	66 
	66 

	13% 
	13% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	30 
	30 

	6% 
	6% 

	30 
	30 

	6% 
	6% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	9 
	9 

	2% 
	2% 

	8 
	8 

	2% 
	2% 

	-1 
	-1 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	9 
	9 

	2% 
	2% 

	10 
	10 

	2% 
	2% 

	1 
	1 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	8 
	8 

	2% 
	2% 

	8 
	8 

	2% 
	2% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	71 
	71 

	14% 
	14% 

	71 
	71 

	14% 
	14% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	5 
	5 

	1% 
	1% 

	5 
	5 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	515 
	515 

	100% 
	100% 

	515 
	515 

	100% 
	100% 

	  
	  

	0% 
	0% 



	When comparing existing land use to future land use, major acreage shifts are projected in the open space and low-density residential categories. There is a projected 14 percent loss in the open space category. Gains in acreage are projected in the low-density residential (+13 percent) and estate residential (+1 percent) land uses. 
	According to Figure 3.3, 59 acres are projected to shift from open space to low-density residential. Twelve acres shift from open space to estate residential and 6 acres shift from estate residential to low-density residential.  
	There are approximately 32 acres of land along the Leesburg Pike in the western portion of the subwatershed that is currently designated as open space, but the future planned use is low-density residential. There is another larger swath of open space (~20 ac.) in the eastern portion of the subwatershed that is planned for a low-density residential use. There is no guarantee that these areas will be developed; yet, both pieces have adjacent low-density uses currently and will be well integrated into the exis
	 
	3.7.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are seven stormwater management facilities within the Dog Run subwatershed, of which three are private and four are public. Eighty-six percent of the Dog Run subwatershed is not served by any stormwater management facility. Fourteen percent of the total area has quantity control only. There is no area within 
	The difference between the amount of total developed area in the subwatershed (79 percent) and the area served by stormwater management (14 percent) indicates a possible need for additional management efforts, specifically in the low and medium-density residential and commercial areas. A list of all stormwater management facilities in the Dog Run subwatershed is found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located four outfall pipes discharging into the Dog Run subwatershed. None of the outfalls were having a significant impact on the stream system. 
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Most of the stream crossings in Dog Run were having only very minor impact on the stream condition. One of the crossings is a stream ford, which has deficiencies that should be addressed to enhance stream integrity and future stability of the structure. The impairment is lik
	3.7.4 Soils 
	Soils found in the Dog Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 72 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (51 percent). B soils and the Glenelg soil type are compatible with infiltration practices a
	stormwater management sites. There are 16.9 acres of land with unclassified soils in the Dog Run subwatershed. Soils that cover at least 20 acres within the subwatershed can be found in Appendix A. 
	3.7.5 Geomorphology 
	There are approximately 2.5 miles of stream in the Dog Run subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. 
	The eastern reach of Dog Run (7,333 ft.) is a Type II stream, where the streambed is degrading and incision is beginning, and is primarily sand and gravel substrate. There is major restoration potential for this reach. The west reach (3,976 ft.) is Type III, which is indicative of a generally unstable channel that is actively widening in response to changes in flow, and is primarily sand substrate. 
	The entire stream length of Dog Run is characterized by moderately unstable banks with high erosion potential during floods as in Type II and III channels. Two specific erosion locations where located that are impacting the stream system. The first is located south of Georgetown Pike and east of Kimberly Place, and is 1,800 linear feet on the outer bends (see Photo 3.9). The eroding area is causing instream degradation, may be damaging property and is a stream restoration candidate site S78. The second eros
	3.7.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the winter of 2002. 
	• The entire length of stream in the Dog Run subwatershed has poor habitat for aquatic insects and fish. 
	• The entire length of stream in the Dog Run subwatershed has poor habitat for aquatic insects and fish. 
	• The entire length of stream in the Dog Run subwatershed has poor habitat for aquatic insects and fish. 

	• There is 11,575 linear feet of the stream, or approximately 43 percent of the total, which does not have sufficient riparian buffer (the total is for both banks). Of this 
	• There is 11,575 linear feet of the stream, or approximately 43 percent of the total, which does not have sufficient riparian buffer (the total is for both banks). Of this 

	total, 9,360 feet of the impact is from lawns.  
	total, 9,360 feet of the impact is from lawns.  

	• The western tributary has less than 50 percent of the stream bank surface covered with vegetation such as trees and shrubs. 
	• The western tributary has less than 50 percent of the stream bank surface covered with vegetation such as trees and shrubs. 

	• Many of the missing riparian buffer areas have good potential for restoration. There is approximately 2,000 feet of deficient buffer located within the Estates at Wyndham Hills between Fieldview Drive and Stones Throw Drive. This area has the potential for stream and buffer restoration, candidate site S79, and is shown in Photo 3.11. 
	• Many of the missing riparian buffer areas have good potential for restoration. There is approximately 2,000 feet of deficient buffer located within the Estates at Wyndham Hills between Fieldview Drive and Stones Throw Drive. This area has the potential for stream and buffer restoration, candidate site S79, and is shown in Photo 3.11. 


	Figure
	Photo 3.11 Deficient buffer located in the Estates at Wyndham Hills. (DFDG002.B001). 

	3.7.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Dog Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus (TP)
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	The Dog Run subwatershed contains 16 percent impervious surface. Except for a few commercial areas around the intersection of Georgetown Pike and Leesburg Pike, the subwatershed is mostly low-density and estate residential land use. 
	The catchment with the highest modeled nitrogen and phosphorus overall is DFDG9901, which contains a long stretch of Leesburg Pike and also some medium density residential parcels off of Reston Parkway and Round Pebble Lane. Refer to DFDG_4 for the catchment locations.  This catchment also has the highest amount of runoff volume, most likely because it has the most paved area, with 4.9 inches per year. The results of the modeling can be seen in Table 3.11. 
	Table 3.11 Existing and Future Modeling 
	Dog Run Catchments 
	Dog Run Catchments 
	Dog Run Catchments 
	Dog Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFDG0002 
	DFDG0002 
	DFDG0002 

	E 
	E 

	2.28 
	2.28 

	0.11 
	0.11 

	23.2 
	23.2 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.53 
	2.53 

	0.11 
	0.11 

	27.5 
	27.5 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	11% 
	11% 

	0% 
	0% 

	19% 
	19% 

	17% 
	17% 

	50% 
	50% 


	DFDG0003 
	DFDG0003 
	DFDG0003 

	E 
	E 

	2.78 
	2.78 

	0.16 
	0.16 

	29.0 
	29.0 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.31 
	3.31 

	0.17 
	0.17 

	37.9 
	37.9 

	2.0 
	2.0 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	19% 
	19% 

	6% 
	6% 

	31% 
	31% 

	25% 
	25% 

	33% 
	33% 


	DFDG9901 
	DFDG9901 
	DFDG9901 

	E 
	E 

	3.9 
	3.9 

	0.14 
	0.14 

	54.5 
	54.5 

	2.6 
	2.6 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	4.43 
	4.43 

	0.15 
	0.15 

	64.7 
	64.7 

	3.1 
	3.1 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	14% 
	14% 

	7% 
	7% 

	19% 
	19% 

	19% 
	19% 

	25% 
	25% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	The catchment that is predicted to have the biggest percent change in the future is DFDG0003, as much of the open space located along the stream on both sides of Leesburg Pike will be changing to low-density residential. 
	3.7.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Of the two crossings in the subwatershed, neither overtopped with existing flows for any storm event. 
	3.7.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Dog Run subwatershed are listed below. Refer to DFDG_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites).  
	Streams 
	S02 This reach has active widening, unstable banks, and erosion. It is located in the downstream portion of Dog Run near the confluence with Piney Run (Photo 3.10) 
	S78 This eastern reach is in an area with missing buffer and erosion problems combined. This stream has poor habitat (Photo 3.8 and 3.9). 
	S79 This reach has missing buffer on both the left and right banks along with poor habitat. Channel disturbance in the form of channelization is also an issue on this reach (Photo 3.11). 
	Hydrology and Water Quality 
	D01 (Catchment DFDG0002) This catchment has low runoff loads for the subwatershed. Site S78, with unstable banks and erosion problems, is within the catchment. 
	C01 (Catchment DFDG0003) This catchment has moderate runoff and pollutants. The streams in this catchment are eroding and have unstable banks. 
	C135 (Catchment DFDG9901) This catchment has the highest modeled pollutant nitrogen and phosphorus load. It also has one of the highest runoff volumes and peak flows. Site S79 is directly downstream of this catchment. 
	Preservation 
	No sites were identified. DFDG0002 is in good condition, but model results show that future development does not make it significantly worse. This means that it is essentially preserved under the current development plans and regulations 
	3.8 Dog Run - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, 
	monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.12 below is a list of all projects proposed in this subwatershed. 
	Table 3.12 Recommendations for Dog Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9001A 
	DF9001A 
	DF9001A 

	Drainage Retrofit 
	Drainage Retrofit 

	D-01 
	D-01 


	DF9001B 
	DF9001B 
	DF9001B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-01 
	D-01 


	DF91135 
	DF91135 
	DF91135 

	Pond Retrofit 
	Pond Retrofit 

	C135 
	C135 


	DF9202 
	DF9202 
	DF9202 

	Stream Restoration 
	Stream Restoration 

	S02 
	S02 


	DF9278 
	DF9278 
	DF9278 

	Stream Restoration 
	Stream Restoration 

	S78 
	S78 


	DF9279 
	DF9279 
	DF9279 

	Buffer Restoration
	Buffer Restoration
	 


	S79 
	S79 


	DF9501B 
	DF9501B 
	DF9501B 

	Culvert Retrofit 
	Culvert Retrofit 

	C01 
	C01 


	DF9501C 
	DF9501C 
	DF9501C 

	Culvert Retrofit 
	Culvert Retrofit 

	C01 
	C01 


	DF9701 
	DF9701 
	DF9701 

	Drainage Retrofit 
	Drainage Retrofit 

	C01 
	C01 



	 
	3.8.1 Regional Pond Alternative Projects 
	D01 (DFDG0002) 
	Site Investigation and Projects:  
	DF9001A (Drainage Retrofit) Where the piped drainage system flows into natural channels, scour and erosion have become evident. This project will provide improvements to the drainage infrastructure by improving outlet protection at the storm sewer outfalls. 
	DF9001B (Pond Retrofit) The existing pond at this site treats a large area of this catchment. This project would look to change the detention characteristics to reduce downstream impacts, and reconstruct the pond for improved water quality treatment. This would also help address the issue of road overtopping, discussed in DF9001C.   
	3.8.2 Catchment Improvement Projects 
	C01 (DFDG0003) 
	Site Investigation and Projects:  
	DF9501B (Culvert Retrofit) This project would be a retrofit to the two culverts crossing Stones Throw Drive. The goal would be dry detention storage in existing open space. This would provide peak attenuation as well as quality improvements.   
	DF9501C (Culvert Retrofit) This large, shallow area of unmanaged land would be used to store and treat streamflow. While this area is not able to store as much as the previous projects, the existing vegetation would help to improve water quality along with reducing the peak flows.   
	DF9701 (Drainage Retrofit)  
	The developed area of this catchment is served by storm drains with outfalls that are experiencing erosion and scour. This project would consist of energy dissipation at those outfalls to reduce scour and erosion in the stream.  

	C135 (DFDG9901) 
	Site Investigation and Projects:  
	DF91135 (Pond Retrofit) This project would consist of retrofitting the existing pond located between Water Pointe Lane and the Reston Parkway by modifying the control structure to improve outflow for channel protection. An aquatic bench would be constructed for water quality treatment. 
	3.8.3 Stream Restoration Projects 
	S02 (DFDG0003) 
	Site Investigation and Projects: This site is located on what appears to be either homeowners association or County property. 
	DF9202 (Stream Restoration) A more natural stream would be established with meanders, dimension, and a profile. The stream would be reconnected with the floodplain, the banks would be stabilized, and a stream buffer would be reestablished. 
	S78 
	Site Investigation and Projects: This site is on the downstream side of Georgetown Pike, east of Kimberly Place. 
	DF9278 (Stream Restoration) A pattern, dimension and profile more consistent with a natural stream will be recreated. The stream would be re-connected to the floodplain. A riparian buffer would be established and bed features would be created. 
	S79  
	Site Investigation and Projects: 
	DF9279 (Buffer Restoration) The buffer at this site has been degraded by development and the clearing of trees up to the streams edge. The riparian zone would be replanted with native trees and shrubs in the non-forested areas. 
	3.8.4 Preservation 
	No preservation candidate sites were identified for this subwatershed. 
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	3.9 Piney Run– Subwatershed Condition 
	3.9.1 Subwatershed Characteristics 
	The Piney Run subwatershed has an area of approximately 2,100 acres (3.28 mi2). It is located in northern Fairfax County with Leesburg Pike (Virginia 7) running through the center. The Dog Run subwatershed is in the headwaters of the Piney Run subwatershed. The northern border of the Piney Run subwatershed runs parallel with Georgetown Pike (Virginia 193) while the western boundary follows both the Reston Parkway (Virginia 602) and Reston Avenue. The intersection of Walker Road (Virginia 681) and Manning St
	Refer to DFPR_1 for a map of the Piney Run subwatershed highlighting the Subwatershed Characteristics including existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.9.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	Piney Run subwatershed is moderately dense. Fifty-two percent of the Piney Run subwatershed is developed as low-density or estate residential. Another 21 percent is open space or parks. Major parks found either wholly or partially within the subwatershed boundary include Great Falls Nike Park, Baron Cameron Park, Lockmeade Park, Hickory Run Stream Valley Park, and the Turner Farm. Two historical sites lie within the subwatershed. Seven percent of the subwatershed is developed for commercial or industrial us
	There are 219 acres, 10 percent of the subwatershed, used for transportation rights-of-way. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways, sidewalks and buildings, is approximately 343 acres, or 16 percent of the total subwatershed area. A summary of land use within the subwatershed can be found in Table 3.13. 
	Table 3.13 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	431 
	431 

	21% 
	21% 

	335 
	335 

	16% 
	16% 

	-96 
	-96 

	-5% 
	-5% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	353 
	353 

	17% 
	17% 

	206 
	206 

	10% 
	10% 

	-146 
	-146 

	-7% 
	-7% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	728 
	728 

	35% 
	35% 

	970 
	970 

	46% 
	46% 

	242 
	242 

	12% 
	12% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	114 
	114 

	5% 
	5% 

	114 
	114 

	5% 
	5% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	163 
	163 

	8% 
	8% 

	163 
	163 

	8% 
	8% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	16 
	16 

	1% 
	1% 

	15 
	15 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	15 
	15 

	1% 
	1% 

	19 
	19 

	1% 
	1% 

	4 
	4 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	18 
	18 

	1% 
	1% 

	14 
	14 

	1% 
	1% 

	-4 
	-4 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	38 
	38 

	2% 
	2% 

	38 
	38 

	2% 
	2% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	219 
	219 

	10% 
	10% 

	219 
	219 

	10% 
	10% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	5 
	5 

	0% 
	0% 

	5 
	5 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	2,100 
	2,100 

	100% 
	100% 

	2,100 
	2,100 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, significant shifts are projected in the open space, estate residential, and low-density residential land use categories. There is a projected 12 percent gain in the low-density residential category, in which compensating losses are projected in the estate residential (-7 percent) category and the open space (-5 percent) category.  
	According to Figure 3.4, 158 acres shift from estate residential in the existing land use to low-density residential in the future land use. Ninety-six acres shift from open space to either estate residential (12 acres) or low-density residential (84 acres). This does not guarantee that the open space will become developed; it suggests that these areas of open space can be used for development/redevelopment in the future. 
	3.9.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 15 stormwater management facilities within the Piney Run subwatershed, one of which is an underground facility. Sixty-eight percent of the Piney Run subwatershed is not served by any stormwater management facility. Nineteen percent of the total area has quantity control only and the remaining 13 percent r
	The difference between the amount of total developed area in the subwatershed (82 percent) and the area served by stormwater management (14 percent) indicates a need for additional management efforts, specifically in the low-density residential areas in the northern and eastern portions of the subwatershed and the high-density residential and low-intensity commercial areas in the western half of the subwatershed. Additional information on the location of the stormwater management facilities in the Piney Run
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 11 outfall pipes in the Piney Run subwatershed. None of the outfalls are having a significant impact on stream condition or causing any type o
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. The Stream Physical Assessment located 32 total stream crossings in the Piney Run subwatershed. None of the crossing are having a significant impact on stream condition or causing any type of erosion. 
	3.9.4 Soils 
	Soils found in the Piney Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 64 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (51 percent). B soils and the Glenelg soil type are compatible with infiltration practices and may provide potential stormwater management sites. There are 60.1 acres of land with unclassified soils in the subwatershed. Soi
	3.9.5 Geomorphology 
	There are approximately 6.59 miles (34,795 feet) of stream in the Piney Run subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. Five stream reaches (3,821 linear feet) were not assessed because they were not natural channels. This includes a large pond/wetland at the most downstream rea
	Seventy-six percent of the assessed channels are Type III, which indicates a generally unstable stream channel that is actively eroding in response to changes in flow. Smaller lengths were classified as Type IV (5 percent) and Type II (7 percent). Type II channels are beginning to undergo of bed degradation. Type IV channels are accumulating sediment and streambed is beginning to stabilize after disturbance. 
	Fifty-seven percent of the assessed stream length had at least one bank that was considered moderately unstable, with high erosion potential during floods. There is one specific erosion location comprising 2,800 linear feet that is damaging property and causing instream habitat degradation. It is located on the mainstem of Piney Run in the downstream end of the subwatershed. A portion of the erosion is shown in Photo 3.12. The site has high restoration potential and is a candidate stream restoration site S0
	 
	There are 11 obstruction locations within the Piney Run subwatershed, all of which are restricting fish passage. Many of the obstructions were beaver dams and are located in the central portion of the subwatershed on tributaries and on the mainstem. One obstruction is located at the very downstream end of the mainstem and is blocking fish passage. The site is shown in Photo 3.13 and is a candidate stream restoration site S83. 
	Photo 3.13 Obstruction located near the intersection of Walker Road with Manning Street (DFPR001.T001). 
	3.9.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• Of the total stream length (including unassessed reaches), 26 percent is assessed as fair habitat for aquatic insects and fish, 58 percent assessed as poor habitat, and 7 percent is assessed as very poor habitat for aquatic insects and fish. 
	• Of the total stream length (including unassessed reaches), 26 percent is assessed as fair habitat for aquatic insects and fish, 58 percent assessed as poor habitat, and 7 percent is assessed as very poor habitat for aquatic insects and fish. 
	• Of the total stream length (including unassessed reaches), 26 percent is assessed as fair habitat for aquatic insects and fish, 58 percent assessed as poor habitat, and 7 percent is assessed as very poor habitat for aquatic insects and fish. 

	• There are just over 6 miles (32,445 feet) of the entire stream length in the Piney Run subwatershed missing sufficient buffer (both banks combined). Of the 6 miles without a buffer, 92 percent is lawn, and the remaining 8 percent is lawn/pavement mix. 
	• There are just over 6 miles (32,445 feet) of the entire stream length in the Piney Run subwatershed missing sufficient buffer (both banks combined). Of the 6 miles without a buffer, 92 percent is lawn, and the remaining 8 percent is lawn/pavement mix. 


	 
	• A specific buffer encroachment area is located along a tributary between Riva Ridge Drive and Springvale Road and extends for approximately 350 feet. An example area is shown in Photo 3.14. The reach is a candidate stream restoration site S81. 
	• A specific buffer encroachment area is located along a tributary between Riva Ridge Drive and Springvale Road and extends for approximately 350 feet. An example area is shown in Photo 3.14. The reach is a candidate stream restoration site S81. 
	• A specific buffer encroachment area is located along a tributary between Riva Ridge Drive and Springvale Road and extends for approximately 350 feet. An example area is shown in Photo 3.14. The reach is a candidate stream restoration site S81. 

	• This is one dumpsite in the Piney Run subwatershed. It is located just north of Springvale Court. It contains non-toxic material, and does not appear to be used often. However, clean up would definitely be beneficial. The site is a candidate stream restoration site S82 and is shown in Photo 3.15. 
	• This is one dumpsite in the Piney Run subwatershed. It is located just north of Springvale Court. It contains non-toxic material, and does not appear to be used often. However, clean up would definitely be beneficial. The site is a candidate stream restoration site S82 and is shown in Photo 3.15. 


	3.9.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Piney Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus (T
	Because changes in land use effect the amount of runoff, streamflow, the quantity modeling estimates the amount of runoff generated by the land during rainfall and the peak streamflow or discharge that results. 
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	Over 16 percent of the Piney Run subwatershed is covered by impervious surface.  Most of the subwatershed is low density residential and estate residential land uses, but the headwaters, near the intersection of Reston Parkway and Wiehle Avenue, are almost entirely high-density residential and commercial areas. This is where the highest runoff amount is found, in catchment DFPR0001. Refer to DFPR_4 for the catchment locations. 
	The catchment with the highest modeled pollutant loading is DFPR0001, which is south of the intersection of Reston Parkway and Wiehle Avenue. Other areas of high runoff and pollutants include DFPR9801 (near Aldrin Elementary School) and DFPR9701 (north and east of Great Falls Nike Park). Results can be seen in Table 3.14. 
	 
	Table 3.14 Existing and Future Modeling 
	Piney Run Catchments 
	Piney Run Catchments 
	Piney Run Catchments 
	Piney Run Catchments 

	  
	  

	Runoff Volume (in/yr) 
	Runoff Volume (in/yr) 

	Peak (cfs/ac) 
	Peak (cfs/ac) 

	TSS (lb/ac/yr) 
	TSS (lb/ac/yr) 

	Runoff TN (lb/ac/yr) 
	Runoff TN (lb/ac/yr) 

	Runoff TP (lb/ac/yr) 
	Runoff TP (lb/ac/yr) 


	DFPR9501 
	DFPR9501 
	DFPR9501 

	E 
	E 

	2.21 
	2.21 

	0.14 
	0.14 

	22.5 
	22.5 

	1.2 
	1.2 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.42 
	2.42 

	0.14 
	0.14 

	25.9 
	25.9 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	0% 
	0% 

	15% 
	15% 

	17% 
	17% 

	0% 
	0% 


	DFPR9602 
	DFPR9602 
	DFPR9602 

	E 
	E 

	2.63 
	2.63 

	0.12 
	0.12 

	37.2 
	37.2 

	1.8 
	1.8 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.95 
	2.95 

	0.13 
	0.13 

	43.3 
	43.3 

	2.1 
	2.1 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	12% 
	12% 

	8% 
	8% 

	16% 
	16% 

	17% 
	17% 

	0% 
	0% 


	DFPR9701 
	DFPR9701 
	DFPR9701 

	E 
	E 

	1.7 
	1.7 

	0.09 
	0.09 

	27.1 
	27.1 

	1.3 
	1.3 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.02 
	2.02 

	0.09 
	0.09 

	32.6 
	32.6 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	19% 
	19% 

	0% 
	0% 

	20% 
	20% 

	23% 
	23% 

	50% 
	50% 


	DFPR9801 
	DFPR9801 
	DFPR9801 

	E 
	E 

	4.6 
	4.6 

	0.15 
	0.15 

	91.9 
	91.9 

	4.1 
	4.1 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.84 
	4.84 

	0.16 
	0.16 

	97.1 
	97.1 

	4.4 
	4.4 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	7% 
	7% 

	6% 
	6% 

	7% 
	7% 

	17% 
	17% 


	DFPR9901 
	DFPR9901 
	DFPR9901 

	E 
	E 

	5.32 
	5.32 

	0.17 
	0.17 

	98.1 
	98.1 

	3.7 
	3.7 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	5.33 
	5.33 

	0.17 
	0.17 

	99.0 
	99.0 

	3.8 
	3.8 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	1% 
	1% 

	3% 
	3% 

	0% 
	0% 


	Piney Run Catchments 
	Piney Run Catchments 
	Piney Run Catchments 

	  
	  

	Runoff Volume (in/yr) 
	Runoff Volume (in/yr) 

	Peak (cfs/ac) 
	Peak (cfs/ac) 

	TSS (lb/ac/yr) 
	TSS (lb/ac/yr) 

	Runoff TN (lb/ac/yr) 
	Runoff TN (lb/ac/yr) 

	Runoff TP (lb/ac/yr) 
	Runoff TP (lb/ac/yr) 


	DFPR0001 
	DFPR0001 
	DFPR0001 

	E 
	E 

	7.54 
	7.54 

	0.19 
	0.19 

	177.8 
	177.8 

	6.4 
	6.4 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	7.51 
	7.51 

	0.19 
	0.19 

	177.6 
	177.6 

	6.4 
	6.4 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFPR0002 
	DFPR0002 
	DFPR0002 

	E 
	E 

	3.54 
	3.54 

	0.14 
	0.14 

	45.0 
	45.0 

	2.0 
	2.0 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.68 
	3.68 

	0.14 
	0.14 

	47.7 
	47.7 

	2.2 
	2.2 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	0% 
	0% 

	6% 
	6% 

	10% 
	10% 

	33% 
	33% 


	DFPR0003 
	DFPR0003 
	DFPR0003 

	E 
	E 

	3.8 
	3.8 

	0.12 
	0.12 

	64.4 
	64.4 

	2.9 
	2.9 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	4.3 
	4.3 

	0.12 
	0.12 

	89.4 
	89.4 

	3.9 
	3.9 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	13% 
	13% 

	0% 
	0% 

	39% 
	39% 

	34% 
	34% 

	0% 
	0% 


	DFPR0004 
	DFPR0004 
	DFPR0004 

	E 
	E 

	2.89 
	2.89 

	0.16 
	0.16 

	20.7 
	20.7 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	3.37 
	3.37 

	0.17 
	0.17 

	29.4 
	29.4 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	6% 
	6% 

	42% 
	42% 

	36% 
	36% 

	50% 
	50% 


	DFPR0005 
	DFPR0005 
	DFPR0005 

	E 
	E 

	3.7 
	3.7 

	0.15 
	0.15 

	39.9 
	39.9 

	1.9 
	1.9 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.94 
	3.94 

	0.16 
	0.16 

	44.2 
	44.2 

	2.0 
	2.0 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	7% 
	7% 

	11% 
	11% 

	5% 
	5% 

	0% 
	0% 


	DFPR0006 
	DFPR0006 
	DFPR0006 

	E 
	E 

	2.12 
	2.12 

	0.08 
	0.08 

	21.2 
	21.2 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.78 
	2.78 

	0.09 
	0.09 

	37.2 
	37.2 

	1.8 
	1.8 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	31% 
	31% 

	13% 
	13% 

	75% 
	75% 

	64% 
	64% 

	50% 
	50% 


	DFPR0007 
	DFPR0007 
	DFPR0007 

	E 
	E 

	1.76 
	1.76 

	0.13 
	0.13 

	13.1 
	13.1 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.94 
	1.94 

	0.13 
	0.13 

	14.8 
	14.8 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	0% 
	0% 

	13% 
	13% 

	14% 
	14% 

	100% 
	100% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	The catchment projected to have the greatest overall percent change is DFPR0006, which has several estate areas changing to low-density residential as well as one large area of open space changing to commercial. Catchment DFPR0004 will also have a large percent change, but mostly in the pollutants. This is because several areas along the stream are set to change from estate residential to low-density residential, increasing the pollutant loads from the catchment. 
	3.9.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Six stream crossings in the subwatershed were overtopped with existing flows, as shown in Table 3.15. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.15 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	64 
	64 
	64 

	Riva Ridge Drive 
	Riva Ridge Drive 

	E 
	E 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	67-A 
	67-A 
	67-A 

	Footbridge upstream of Springvale Road 
	Footbridge upstream of Springvale Road 

	E 
	E 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	67-B 
	67-B 
	67-B 

	Springvale Road 
	Springvale Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 


	68-A 
	68-A 
	68-A 

	Leesburg Pike 
	Leesburg Pike 

	E 
	E 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	77 
	77 
	77 

	Walker Road 
	Walker Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 


	78-B 
	78-B 
	78-B 

	Driveway pad next to Manning Street 
	Driveway pad next to Manning Street 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	X 
	X 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #64 (Photo 3.16) overtopped for the 50- and 100-year events.  Riva Ridge Drive can be classified as a local road, so it must pass the 10-year event, which it does. This is not considered a candidate site 
	Culvert #67-A (Photo 3.17) overtopped for the 50- and 100-year events. A footbridge is not a public road and has no requirements for overtopping. This is not considered a candidate site. 
	   
	Culvert #67-B (Photo 3.18) overtopped for events less frequent than the 2-year event. Springvale Road carries through traffic and so is considered a primary road, which must pass the 25-year event. 
	Culvert #68-A (Photo 3.19) overtopped for the 50 and 100-year events. Primary roads like Leesburg Pike are required to pass the 25-year event. This is not considered a candidate site. 
	 
	Culvert #77 (Photo 3.20) overtopped for events less frequent than the five-year event.  Walker Road is also considered a primary road that is required to pass the 25-year event. 
	Culvert #78-B (Photo 3.21) overtopped for all events. The driveway pad next to Manning Street is not a public road and is therefore not subject to overtopping requirements. This is not considered a candidate site. 
	 
	3.9.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Piney Run subwatershed are listed below. Refer to DFPR_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S05 The Stream Physical Assessment survey found this site was found to have poor habitat and erosion resulting in unstable banks (Photo 3.12). 
	S80 The Stream Physical Assessment found that there are long reaches with limited buffer due to lawn encroachment on both sides of the channel (3200 feet along one reach). 
	S81 Also located at a confluence, the reported that this site had active widening on the mainstem and a severely deficient buffer with moderate restoration potential on the tributary (Photo 3.14). 
	S82 The Stream Physical Assessment survey noted significant trash and debris  at the dumpsite located north of Springvale Court (Photo 3.15). 
	S83  The Stream Physical Assessment survey found an obstruction located at the very downstream end of Piney Run (Photo 3.13). 
	Hydrology and Water Quality 
	D02 (Catchment DFPR9701) The catchment has above average runoff volumes and pollutant loadings. The stream is categorized as having poor habitat. 
	D03 (Catchment DFPR9801) The catchment has one of the highest pollutant loads in the subwatershed. The habitat assessment on the reach through this catchment reveals poor habitat. 
	D64 (Catchment DFPR9501) The catchment has some of the highest pollutant loads and runoff volumes in the subwatershed. The stream is categorized as having poor habitat. 
	C03 (Catchment DFPR9901) This catchment also has above average runoff volume and peak flow and below average pollutants. 
	C04 (Catchment DFPR0001) The runoff volume and runoff pollutants in this catchment are the highest of the subwatershed. 
	Flooding 
	F67A The footbridge upstream of Springvale Road overtops for the 50- and 100-year events (Photo 3.17). 
	F67B The bridge on Springvale Road overtopped for all events except the one- and two-year. This is a primary road, so it is required to pass the 25-year event (Photo 3.18). 
	F77 The bridge at Walker Road overtops for events less frequent than the 5-year event.  This is a primary road, so it must pass the 25-year event (Photo 3.20). 
	F78B The driveway pad next to Manning Street overtops for all events (Photo 3.21). 
	Preservation 
	P29 (Catchment DFPR0004) This catchment has land use changing along the stream from estate residential to low-density residential. The pollutant loads are expected to nearly triple due to this change in land use. 
	P30 (Catchment DFPR0005) This catchment also has several areas along the stream changing from estate residential to low-density residential. There are also areas of 
	open space shifting to low-density residential and one industrial area changing to high-intensity commercial. 
	P31 (Catchment DFPR0006) Percent increases between the existing and future conditions are projected to be the highest for most parameters in this catchment due to losses of open space to low-intensity commercial areas, as well as some estate residential shifting to low-density residential. 
	P32 (Catchment DFPR9602) This catchment has one of the highest increases in nitrogen and phosphorus runoff due to changes from estate residential and open space to low-density residential. 
	3.10 Piney Run – Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, 
	Monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.16 below is a list of all projects proposed in this subwatershed. 
	Table 3.16 Recommendations for Piney Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9002A 
	DF9002A 
	DF9002A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-02 
	D-02 


	DF9002B 
	DF9002B 
	DF9002B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-02 
	D-02 


	DF9003AA 
	DF9003AA 
	DF9003AA 

	Pond Retrofit 
	Pond Retrofit 

	D-03 
	D-03 


	DF9003AB 
	DF9003AB 
	DF9003AB 

	Pond Retrofit 
	Pond Retrofit 

	D-03 
	D-03 


	DF9003B 
	DF9003B 
	DF9003B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-03 
	D-03 


	DF9064A 
	DF9064A 
	DF9064A 

	Pond Retrofit 
	Pond Retrofit 

	D-64 
	D-64 


	DF9064B 
	DF9064B 
	DF9064B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-64 
	D-64 


	DF9064C 
	DF9064C 
	DF9064C 

	Pond Retrofit 
	Pond Retrofit 

	D-64 
	D-64 


	DF9064D 
	DF9064D 
	DF9064D 

	Drainage Retrofit 
	Drainage Retrofit 

	D-64 
	D-64 


	DF9103 
	DF9103 
	DF9103 

	Pond Retrofit 
	Pond Retrofit 

	C03 
	C03 


	DF9205 
	DF9205 
	DF9205 

	Stream Restoration 
	Stream Restoration 

	S05 
	S05 


	DF9280 
	DF9280 
	DF9280 

	Buffer Relocation. 
	Buffer Relocation. 

	S80 
	S80 


	DF9503 
	DF9503 
	DF9503 

	Culvert Retrofit 
	Culvert Retrofit 

	C03 
	C03 


	DF9504A 
	DF9504A 
	DF9504A 

	Culvert Retrofit 
	Culvert Retrofit 

	C04 
	C04 


	DF9504B 
	DF9504B 
	DF9504B 

	Culvert Retrofit 
	Culvert Retrofit 

	C04 
	C04 



	 
	3.10.1 Regional Pond Alternative Projects 
	D02 (DFPR9701) 
	Site Investigation and Projects:  
	DF9002A (Culvert Retrofit) The project would consist of a culvert retrofit to create a storage area at the crossing of Riva Ridge Drive, which would help reduce erosive discharge rates and velocities downstream as well as increase storage.  
	DF9002B (Drainage Retrofit) The project would include outlet protection improvements to reduce scour velocities at outfalls around the catchment. 
	D03 (DFPR9801) 
	Site Investigation and Projects:  
	DF9003AA (Pond Retrofit) This project would retrofit an existing dry facility to provide more detention and channel protection downstream. Water quality improvements, including a forebay, wetland cell, or micro-pools, would help to allow nutrient settling and/or uptake.   
	DF9003AB (Pond Retrofit) This instream facility would be retrofit for channel protection by excavating within the existing pond footprint and modifying the riser 
	structure. Creating wetlands within the pond and replacing the concrete pilot channel with meandering flow paths can enhance water quality treatment.  
	DF9003B (Drainage Retrofit) The project would include improvements to reduce scour velocities at outlets around the catchment, which would reduce sediment loads from stream erosion.  
	D64 (DFPR9501) 
	Site Investigation and Projects:  
	DF9064A (Pond Retrofit) This project would increase the detention volume of the existing pond, thus reducing the peak discharges in the catchment by simply installing a multi-stage riser. Water quality benefits are  also included in this project, such as an aquatic bench, a reduction of depth, and a forebay. 
	DF9064B (Culvert Retrofit) The project would create a large amount of storage area at the crossing of Brevity Road. The project would help reduce erosive discharge rates and velocities downstream. Vegetation and micro-pools will increase the water quality benefits at the site. 
	DF9064C (Pond Retrofit) The location of this project is upstream of the crossing at Artemel Court. The project is a retrofit to provide channel protection volume with a multi-stage riser.  Water quality will take place with the existing vegetation and meandering channel.   
	DF9064D (Drainage Retrofit) The project would include improvements to reduce scour velocities at outfalls to natural channels.  
	3.10.2 Catchment Improvement Projects 
	C03 (DFPR9901) 
	Site Investigation and Projects:  
	DF9503 (Culvert Retrofit) This project would consist of a retrofit to the culvert on the northwest corner of the intersection of Hawthorne Court and Reston Parkway. The area upstream of the culvert is a low-lying broad wet weather floodplain that is heavily overgrown with shrubs and other vegetation. This project would detain stormwater on the floodplain to provide sedimentation and allow vegetative uptake of nutrients. 
	DF9103 (Pond Retrofit) This project would be the retrofit of the existing pond near the outlet of this catchment. The primary opportunity at this facility is modify the control structure to create channel protection.  The water quality volume can be stored within the facility with several existing water quality components around the pond perimeter to improve performance. 
	C04 (DFPR0001) 
	Site Investigation and Projects:  
	DF9504A (Culvert Retrofit) This project would consist of a culvert retrofit on the upstream side of Tiverton Circle near North Village Road. This retrofit would increase detention time and reduce the peak flows leaving the area.   
	DF9504B (Culvert Retrofit) This project is a culvert retrofit at the culvert under Wiehle Road at the downstream outlet to the catchment.  It is designed for channel 
	protection to help reduce peak flows downstream. There is area to excavate and increase the footprint of the pond without significant forest impacts. 
	3.10.3 Stream Restoration Projects 
	S05 
	Site Investigation and Projects: The site investigation showed three distinct segments. The upper section was recovering, the middle section has eroded outer meanders, and the lower section has erosive banks on both sides. The lower section is slightly incised with decent riffle pool morphology and some bed scour. Some portions of the riparian area were not forested. One project was identified 
	DF9205 (Streambank Stabilization/Buffer Restoration) The streambanks would be reshaped and a floodplain bench excavated in the lower section. The riparian area would be planted with native trees and shrubs.  
	S80 
	Site Investigation and Projects: The site investigation found two areas of non-forested buffer. One project was identified. 
	DF9280 (Buffer Restoration) The riparian zone would be replanted with native trees and shrubs in the non-forested areas.  
	S81 
	Site Investigation and Projects: The site investigation showed an area of non-forested buffer located in a gas easement. No project was identified because the easement must remain open and cannot be reforested. 
	S82 
	Site Investigation and Projects: The site investigation found a significant dumpsite. The dumpsite should be cleaned up but is not a stream restoration project. This site is included in the watershed-wide projects. 
	S83 
	Site Investigation and Projects: The site investigation did not find an obstruction to be cleared as a stream restoration project. This site is included in the watershed-wide projects. 
	3.10.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the areas described earlier include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area. Actions and policy changes needed to implement preservation for the areas listed earlier are described in Chapter 4. 
	3.11 Lower Difficult Run – Subwatershed Condition 
	3.11.1 Subwatershed Characteristics 
	The Lower Difficult Run subwatershed has an area of approximately 2,451 acres (3.8 mi2). The Lower Difficult Run subwatershed is located in the northeast part of the Difficult Run watershed with portions in Great Falls National Park,  The stream, which is approximately 9.3 miles long, flows in an easterly direction from the confluence with Wolftrap Creek to the outlet of the watershed where Difficult Run flows into the Potomac River in Great Falls National Park.The approximate northern boundary is near the 
	Refer to DFDFL_1 for a map of the Lower Difficult Run subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.11.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Lower Difficult Run subwatershed is the least developed subwatershed in the Difficult Run Watershed. Fifty-eight percent of the Lower Difficult Run subwatershed is developed as low-density or estate residential. Another 30 percent is open space or parks. Major parks that fall either partially or wholly within the subwatershed include Difficult Run Stream Valley Park, Colvin Run Mill Park, and Great Falls National Park. Ten historical sites lie within the subwatershed. Two percent of the subwatershed is 
	Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 227 acres, or 9 percent of the total subwatershed area. A summary of subwatershed land use can be found in Table 3.17. 
	 
	Table 3.17 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	740.04 
	740.04 

	30% 
	30% 

	568 
	568 

	23% 
	23% 

	-172 
	-172 

	-7% 
	-7% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	801.9 
	801.9 

	33% 
	33% 

	891 
	891 

	36% 
	36% 

	89 
	89 

	4% 
	4% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	604.6 
	604.6 

	25% 
	25% 

	687 
	687 

	28% 
	28% 

	83 
	83 

	3% 
	3% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	69.988 
	69.988 

	3% 
	3% 

	70 
	70 

	3% 
	3% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	3.2763 
	3.2763 

	0% 
	0% 

	3 
	3 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	12.81 
	12.81 

	1% 
	1% 

	11 
	11 

	0% 
	0% 

	-2 
	-2 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	1.5704 
	1.5704 

	0% 
	0% 

	4 
	4 

	0% 
	0% 

	2 
	2 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	8.2443 
	8.2443 

	0% 
	0% 

	8 
	8 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	34.169 
	34.169 

	1% 
	1% 

	34 
	34 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	166.25 
	166.25 

	7% 
	7% 

	166 
	166 

	7% 
	7% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	7.6927 
	7.6927 

	0% 
	0% 

	8 
	8 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	2,451 
	2,451 

	100% 
	100% 

	2,451 
	2,451 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	Changes between existing land use and future land use are projected in the open space, estate and low-density residential categories. There is a projected 7 percent loss in the open space category, with increases in the estate residential and low-density residential categories (4 percent and 3 percent respectively). 
	According to Figure 3.5, 120 acres are projected to shift from open space in the existing land use to estate residential in the future land use. Fifty-two acres are projected to shift from open space to low-density residential. These cumulative 172 acres of open space that are projected to shift to higher intensity use are not guaranteed to become developed - it suggests that these areas of open space can be used for development/ redevelopment in the future. Thirty acres in the Lower Difficult Run subwaters
	3.11.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 15 stormwater management facilities within the Lower Difficult Run subwatershed. Eighty-five percent of the Lower Difficult Run subwatershed is not served by any stormwater management facility. Ten percent of the total area has quantity control only and the remaining 5 percent receives both quantity and q
	Lower Difficult Run is the least developed subwatershed in Difficult Run, however there is a gap between the amount of developed land (70 percent) and the amount of land containing stormwater management (15 percent). A list of all stormwater management facilities in the Lower Difficult Run subwatershed is found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. Field crews located 15 outfall pipes discharging into the Lower Difficult Run subwatershed during the Stream Physical Assessment. All were within 200 feet of the channel, and ranged in size from 12 to 
	downstream and some undermining of the structures. They are shown below in Photos 3.22 and  
	3.23. 
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. During the Stream Physical Assessment, field crews located 30 stream crossings in the Lower Difficult Run subwatershed. Five of the crossings were having a moderate impact on stream condition. These crossings do not pose an immediate threat to the roadway or other structures
	other stream crossings were having a minimal impact on the stream condition. Two crossing with erosion are shown below in Photos 3.24 and 3.25. 
	Soils 
	Soils found in the Lower Difficult Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible.  The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 69 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (31 percent). B soils and the Glenelg soil type are compatible with infiltratio
	3.11.4 Geomorphology 
	There are approximately 9.3 miles (49,185 feet) of stream in the Lower Difficult Run subwatershed. Most of this total were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. Six reaches (3.8 miles) were not assessed due to unsafe conditions, or because the stream system was comprised of wetlands and ponds. 
	The mainstem channel is Type II where the beginning stages of incision and degradation are present. The tributaries are a combination of Type II, III and IV. Type III channels are generally unstable and actively widening while Type IV channels are in the recovery stages and are stabilizing. Thirty-six percent of the total stream length is Type II, 23 percent is Type III, and 9 percent is Type IV. The channel substrate is generally a mixture of silt, sand and gravel. Boulder and bedrock are the dominant subs
	Fifty-three percent of the stream length is moderately unstable with high erosion potential during flood events. Forty percent of the stream length was moderately stable with only slight potential for erosion at flood stages. There was a total of 8,375 feet of erosion identified in the subwatershed at 20 specific erosion locations. Fifty-five percent of the 
	erosion sites (nine points) were having a severe impact on the stream channel, instream habitat or infrastructure. Several of the erosion areas have a high restoration potential. Two of the areas with the highest restoration potential are shown in Photos 3.26 and 3.27, which are candidates for stream restoration S85 and S84 respectively. 
	 
	There are 10 obstruction sites located within the Lower Difficult Run subwatershed, most of which are trees and debris. Six of the obstruction sites are thought to be impacting fish movement within the stream. Of these six, one of the sites is on a downstream reach of the mainstem of Difficult Run (Photo 3.28) and has the potential for impacting a large majority of the entire Difficult Run watershed, as this is the only way for fish to get upstream to the rest of the watershed. This site is candidate site S
	A second site impacting fish passage is located at the downstream end of one of the longer tributaries to mainstem Difficult Run (Photo 3.29). This site is candidate site S86. 
	 
	There were three ditches found in the subwatershed, two of which were discharging stormwater. Significant erosion was occurring in the ditch. There were two sanitary utility lines that were crossing the stream and partially buried. They were creating little, if any, impact on the stream. However, there was also a fiber optic utility line within the stream banks that was causing moderate erosion by impeding flow. 
	3.11.5 Stream Habitat and Water Quality 
	Field crews conducted an assessment of the streams within the Lower Difficult Run subwatershed in the fall of 2002. All assessed stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. 
	• Of the assessed reaches, 57 percent has poor and very poor habitat for aquatic insects and fish, and 43 percent has good or fair habitat for aquatic insects and fish. 
	• Of the assessed reaches, 57 percent has poor and very poor habitat for aquatic insects and fish, and 43 percent has good or fair habitat for aquatic insects and fish. 
	• Of the assessed reaches, 57 percent has poor and very poor habitat for aquatic insects and fish, and 43 percent has good or fair habitat for aquatic insects and fish. 

	• There is 23,450 feet, or 24 percent of the total stream, of riparian buffer encroachment (this length includes left and right banks combined). Of this total, 18,350 feet (78 percent) is a combination of pervious surfaces, 3,700 feet (16 percent) is a combination of impervious surfaces, and the remaining 1,400 feet (6 
	• There is 23,450 feet, or 24 percent of the total stream, of riparian buffer encroachment (this length includes left and right banks combined). Of this total, 18,350 feet (78 percent) is a combination of pervious surfaces, 3,700 feet (16 percent) is a combination of impervious surfaces, and the remaining 1,400 feet (6 

	percent) is some combination of impervious and pervious surfaces. 
	percent) is some combination of impervious and pervious surfaces. 

	• Forty-six percent of the buffer encroachment length has no or low restoration potential due to the type of land use adjacent to the stream. Fifty-five percent of the length has moderate to high restoration potential. Much of the buffer encroachment is having an impact on stream character. Twenty-five percent of the areas with buffer encroachment are having a significant impact. An example of the impact by deficient buffer is shown 
	• Forty-six percent of the buffer encroachment length has no or low restoration potential due to the type of land use adjacent to the stream. Fifty-five percent of the length has moderate to high restoration potential. Much of the buffer encroachment is having an impact on stream character. Twenty-five percent of the areas with buffer encroachment are having a significant impact. An example of the impact by deficient buffer is shown 

	below in Photo 3.30, which is located between Hidden Creek Drive and Forestville 
	below in Photo 3.30, which is located between Hidden Creek Drive and Forestville 

	Drive. This area is a candidate site for restoration S88. 
	Drive. This area is a candidate site for restoration S88. 

	• There was one dumpsite found in the 
	• There was one dumpsite found in the 

	subwatershed. It did not appear to contain toxic material and was having little effect on the stream system. 
	subwatershed. It did not appear to contain toxic material and was having little effect on the stream system. 


	3.11.6 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Lower Difficult Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total pho
	streamflow, the quantity modeling estimates the amount of runoff generated by the land during rainfall and the peak streamflow or discharge that results. 
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	The Lower Difficult Run subwatershed is 9 percent impervious. The land use consists mostly of low density residential and estate residential. Within catchment DFDF0045 there is a small area of high density residential at Colvin Run Road and Robindale Drive. This, along with the other residential areas, is a likely contributor to the elevated levels of nitrogen and phosphorus loading on this catchment. Refer to DFDFL_4 for the catchment locations. 
	The highest volume of runoff occurs at a higher concentration of medium density residential areas than the rest of the subwatershed, in catchment DFDF6701, around Leesburg Pike and Middleton Ridge Road. Results are shown in Table 3.18. 
	 
	Table 3.18 Existing and Future Modeling 
	Lower Difficult Run Catchments 
	Lower Difficult Run Catchments 
	Lower Difficult Run Catchments 
	Lower Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFDF5901 
	DFDF5901 
	DFDF5901 

	E 
	E 

	1.13 
	1.13 

	0.1 
	0.1 

	7.7 
	7.7 

	0.4 
	0.4 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.19 
	1.19 

	0.1 
	0.1 

	7.9 
	7.9 

	0.4 
	0.4 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFDF5902 
	DFDF5902 
	DFDF5902 

	E 
	E 

	1.53 
	1.53 

	0.1 
	0.1 

	11.2 
	11.2 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.56 
	1.56 

	0.1 
	0.1 

	11.3 
	11.3 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFDF6102 
	DFDF6102 
	DFDF6102 

	E 
	E 

	2.2 
	2.2 

	0.12 
	0.12 

	23.3 
	23.3 

	1.3 
	1.3 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.57 
	2.57 

	0.13 
	0.13 

	28.0 
	28.0 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	8% 
	8% 

	20% 
	20% 

	15% 
	15% 

	50% 
	50% 


	DFDF6501 
	DFDF6501 
	DFDF6501 

	E 
	E 

	2.64 
	2.64 

	0.18 
	0.18 

	25.2 
	25.2 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.75 
	2.75 

	0.18 
	0.18 

	26.6 
	26.6 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	0% 
	0% 

	6% 
	6% 

	7% 
	7% 

	0% 
	0% 


	DFDF6701 
	DFDF6701 
	DFDF6701 

	E 
	E 

	4.28 
	4.28 

	0.15 
	0.15 

	46.4 
	46.4 

	2.3 
	2.3 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	4.77 
	4.77 

	0.16 
	0.16 

	62.2 
	62.2 

	3.1 
	3.1 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	11% 
	11% 

	7% 
	7% 

	34% 
	34% 

	35% 
	35% 

	25% 
	25% 


	Lower Difficult Run Catchments 
	Lower Difficult Run Catchments 
	Lower Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFDF0043 
	DFDF0043 
	DFDF0043 

	E 
	E 

	2.86 
	2.86 

	0.13 
	0.13 

	25.4 
	25.4 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.9 
	2.9 

	0.13 
	0.13 

	26.2 
	26.2 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFDF0045 
	DFDF0045 
	DFDF0045 

	E 
	E 

	3.18 
	3.18 

	0.12 
	0.12 

	32.1 
	32.1 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.47 
	3.47 

	0.13 
	0.13 

	32.9 
	32.9 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	9% 
	9% 

	8% 
	8% 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 


	DFDF0047 
	DFDF0047 
	DFDF0047 

	E 
	E 

	1.74 
	1.74 

	0.13 
	0.13 

	16.7 
	16.7 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.75 
	1.75 

	0.13 
	0.13 

	16.8 
	16.8 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFDF0049 
	DFDF0049 
	DFDF0049 

	E 
	E 

	1.34 
	1.34 

	0.13 
	0.13 

	9.4 
	9.4 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.4 
	1.4 

	0.13 
	0.13 

	9.5 
	9.5 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFDF0051 
	DFDF0051 
	DFDF0051 

	E 
	E 

	1.61 
	1.61 

	0.1 
	0.1 

	12.1 
	12.1 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.66 
	1.66 

	0.11 
	0.11 

	12.4 
	12.4 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	10% 
	10% 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 


	DFDF0053 
	DFDF0053 
	DFDF0053 

	E 
	E 

	1.41 
	1.41 

	0.08 
	0.08 

	14.1 
	14.1 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.49 
	1.49 

	0.08 
	0.08 

	14.5 
	14.5 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFDF0055 
	DFDF0055 
	DFDF0055 

	E 
	E 

	1.26 
	1.26 

	0.1 
	0.1 

	9.2 
	9.2 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.24 
	1.24 

	0.1 
	0.1 

	9.0 
	9.0 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	-2% 
	-2% 

	0% 
	0% 

	-2% 
	-2% 

	0% 
	0% 

	0% 
	0% 


	DFDF0057 
	DFDF0057 
	DFDF0057 

	E 
	E 

	1.31 
	1.31 

	0.13 
	0.13 

	16.4 
	16.4 

	0.8 
	0.8 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.31 
	1.31 

	0.13 
	0.13 

	16.4 
	16.4 

	0.8 
	0.8 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	While most catchments are expected to have minor or negligible for all parameters, two catchments are projected to have the highest percent increase in pollutants: DFDF6701 and DFDF6102. In DFDF6701, the increase is most likely because of the expected change of some estate residential areas into low-density residential areas. DFDF6102 has a large area of open space changing to low-density residential which will increase both peak flow and runoff. The increases in land use intensity in these areas are projec
	3.11.7 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Three crossings in the subwatershed were overtopped with existing flows, as shown in Table 3.19. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	 
	 
	 
	 
	 
	 
	Table 3.19 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	58 
	58 
	58 

	Along Leesburg Pike 
	Along Leesburg Pike 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	59 
	59 
	59 

	Leesburg Pike 
	Leesburg Pike 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	72 
	72 
	72 

	Leigh Mill Road 
	Leigh Mill Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #58 (Photo 3.31) overtopped for all events. From the photos, this culvert appears to be under a gravel drive, possibly a driveway or access road, and will be classified as a local road. Local roads are required to pass the 10-year event. 
	Culvert #59 (Photo 3.32) overtopped for all events. Leesburg Pike is a primary road, which is required to pass the 25-year event. 
	 
	       
	 
	Culvert #72 (Photo 3.33) overtopped for all events also. Leigh Mill Road carries through traffic and is thus considered a primary road. Primary roads should pass the 25-year event. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.11.8 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Lower Difficult Run subwatershed are listed below. Refer to DFDFL_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S84 A tributary of the Difficult Run mainstem is identified as having localized severe erosion with a high restoration potential and buffer encroachment by adjacent lawns between Old Dominion Drive and Georgetown Pike (Photo 3.27). 
	S85 The Colvin Run tributary has severe erosion (Photo 3.26) that could impact the safety of Carpers Farm Way and is missing buffer on both sides of the stream. 
	S86 The Stream Physical Assessment identified an obstruction affecting fish passage (Photo 3.29), which could possibly affect the entire Difficult Run watershed. 
	S87 The Stream Physical Assessment identified very poor habitat and severe erosion over half of the reach located at the end of Peacock Station Road. 
	S88 The stream between Hidden Creek Drive and Forestville Drive was identified during the assessment as having a severe obstruction, a pipe with moderate erosion and 800 feet of erosion with “moderate” restoration potential, and missing buffer over approximately half of the reach (Photo 3.30). 
	S89 The Stream Physical Assessment identified this site, located at the confluence of Captain Hickory Run and Difficult Run, as having areas of erosion ranging from moderate to severe as well as missing buffer. 
	Hydrology and Water Quality 
	D09 (Catchment DFDF6102) While the runoff and pollutants in this catchment are below average, there are several reaches that have severe erosion, notably at S88, including the reach immediately downstream of the outlet. 
	D10 (Catchment DFDF6501) This catchment has average runoff and peak flow for the subwatershed and average pollutant runoff. The stream within and immediately downstream of this catchment is incised. 
	D76 (Catchment DFDF5901) This site has conditions below the average for the subwatershed for runoff flows and pollutant loads. The stream is incised and has some unstable banks due to erosion in the catchment. 
	C15 (Catchment DFDF6701) This site has higher than average nitrogen and phosphorus loadings from runoff. Peak flows and runoff volume are the highest in the subwatershed. The stream within and immediately downstream of the catchment has poor habitat. 
	C53 (Catchment DFDF0047) This site has conditions similar to the average for the subwatershed for runoff flows and pollutant loads. Just before the confluence with Captain Hickory Run, the stream has severe erosion, a buffer deficiency, and is incised, as noted by S89. 
	Flooding 
	F58 The crossing along Leesburg Pike was overtopped for all events. Since it is classified as a local road, the culvert should pass the 10-year event (Photo 3.31). 
	F59 The crossing of Leesburg Pike was overtopped for all events. Classified as a primary road, this bridge should pass the 25-year event (Photo 3.32). 
	F72 The bridge on Leigh Mill Road overtopped for all events. It is also classified as a primary road, so it must pass the 25-year event (Photo 3.33). 
	Preservation 
	P23 (Catchment DFDF6102) Along the stream in this catchment, changes are projected to take place from open space to low-density residential. There is also some land changing from open space to estate residential. The majority of the modeled parameters are expected to double from the existing to the future conditions. 
	P24 (Catchment DFDF6501) This catchment is projected to have changes from open space to low density residential land use. Four out of five parameters modeled are expected to more than double. 
	3.12 Lower Difficult Run - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.20 below is a list of all projects proposed in this subwatershed. 
	 
	Table 3.20 Recommendations for Lower Difficult Run  
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9009A 
	DF9009A 
	DF9009A 

	Pond Retrofit 
	Pond Retrofit 

	D-09 
	D-09 


	DF9009B 
	DF9009B 
	DF9009B 

	Pond Retrofit 
	Pond Retrofit 

	D-09 
	D-09 


	DF9009C 
	DF9009C 
	DF9009C 

	Drainage Retrofit 
	Drainage Retrofit 

	D-09 
	D-09 


	DF9010A 
	DF9010A 
	DF9010A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-10 
	D-10 


	DF9010B 
	DF9010B 
	DF9010B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-10 
	D-10 


	DF9010C 
	DF9010C 
	DF9010C 

	Culvert Retrofit 
	Culvert Retrofit 

	D-10 
	D-10 


	DF9010D 
	DF9010D 
	DF9010D 

	Drainage Retrofit 
	Drainage Retrofit 

	D-10 
	D-10 


	DF9010E 
	DF9010E 
	DF9010E 

	Stream Restoration 
	Stream Restoration 

	D-10 
	D-10 


	DF9076A 
	DF9076A 
	DF9076A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-76 
	D-76 


	DF9076B 
	DF9076B 
	DF9076B 

	Pond Retrofit 
	Pond Retrofit 

	D-76 
	D-76 


	DF9284 
	DF9284 
	DF9284 

	Stream Restoration 
	Stream Restoration 

	S84 
	S84 


	DF9285 
	DF9285 
	DF9285 

	Stream Restoration 
	Stream Restoration 

	S85 
	S85 


	DF9289 
	DF9289 
	DF9289 

	Stream Restoration 
	Stream Restoration 

	S89 
	S89 


	DF9515A 
	DF9515A 
	DF9515A 

	Culvert Retrofit 
	Culvert Retrofit 

	C15 
	C15 


	DF9515B 
	DF9515B 
	DF9515B 

	Culvert Retrofit 
	Culvert Retrofit 

	C15 
	C15 



	 
	3.12.1 Regional Pond Alternative Projects 
	D09 (DFDF6102) 
	Site Investigation and Projects:  
	DF9009A  (Pond Retrofit) This project would retrofit an existing farm pond to not only treat more of the upstream area, but also to provide water quality improvements upstream of this pond and increase the detention time for peak flow attenuation.  Some of these water quality improvements may include forebays, constructed wetlands, and aquatic fringe vegetation.   
	DF9009B  (Pond Retrofit) This project would modify an existing stormwater management facility to increase the detention volume and potentially provide more water quality treatment. This project would be similar to DF9009A with additional improvements suggested: replace the existing corrugated metal pipe riser with a multi-stage concrete riser system to improve performance and install a forebay between the existing pond and the roadway to provide additional sediment and nutrient removal.   
	DF9009C  (Drainage Retrofit) These distributed projects would provide protection, such as additional riprap, plunge pools, or structural energy dissipaters, to the transitions from paved channel to natural channel.   
	D10 (DFDF6501) 
	Site Investigation and Projects:  
	DF9010A  (Culvert Retrofit) This project would retrofit the culvert under Forestville Drive to increase detention time and reduce peak flow rates, thus reducing erosive flows downstream.   
	DF9010B  (Culvert Retrofit) This project would retrofit the culvert under Trotting Horse Lane to increase detention time and reduce erosive flows.  This will also allow sedimentation to reduce pollutants.  
	DF9010C  (Culvert Retrofit) This project would involve redesigning the existing dry pond facility upstream of Tackroom Lane to not only treat the local runoff, but the stream that now flows beneath the current facility as well.   
	DF9010D  (Drainage Retrofit) These distributed projects would provide protection to the transitions from paved channel to natural channel in the form of additional riprap, plunge pools, or structural energy dissipaters.   
	DF9010E  (Stream Restoration) This stream reach has become incised from the downstream culvert installation. Grade controls and step pools would be constructed, and the streambed would be raised in places to reconnect with the floodplain.  
	D76 (DFDF5901) 
	Site Investigation and Projects: 
	DF9076A  (Culvert Retrofit) The topography upstream of Falls Run Road is ideal for detention storage due to the wide, flat floodplain and the grade difference between the roadway and the stream. This facility would use the floodplains to settle suspended solids. 
	DF9076B (Pond Retrofit) The farm pond at this location was not designed as a stormwater management facility.  This project would include grading out the existing pond, installing an outlet structure and an embankment, and planting wetland vegetation for nutrient uptake. 
	3.12.2 Catchment Improvement Projects 
	C15 (DFDF6701) 
	Site Investigation and Projects:  
	DF9515A  (Culvert Retrofit) This project consists of using the roadway embankment of Leesburg Pike to allow time for sediments to settle out of the water.  Wetland vegetation will aid the sedimentation and nutrient uptake.  
	DF9515B (Culvert Retrofit) This project consists of using the roadway embankment of Locust Hill Drive to allow time for sediments, and possibly other pollutants, to settle out of the water.  
	3.12.3 Stream Restoration Projects 
	S84 
	Site Investigation and Projects: The site investigation showed a highly erosive and deeply incised stream with poorly defined bed forms. Several failing stone and concrete water diversion structures are located in the lower portion of the reach. 
	DF9284 (Stream Restoration) Bed features would be created to resemble stepped streambed morphology and the streambanks would be reshaped and stabilized. A floodplain bench would be excavated. The diversion structures would be removed.   
	S85 
	Site Investigation and Projects: The site investigation showed a straightened stream running along the embankment of the Leesburg Pike. Streambanks are steep and the stream is severely incised. The streambed is embedded with fine sediments. The right side of the stream is in pasture. 
	DF9285 (Stream Restoration) The stream would be relocated away from the Leesburg Pike embankment with a stable pattern, dimension and profile utilizing the available pastureland to create a meandering stream. The proposed streambanks and bed would be stabilized using natural channel structures.   
	S86 
	Site Investigation and Projects: The site investigation showed that the previously identified obstruction was mostly cleared and did not significantly impede flow. No project was identified. 
	S87 
	Site Investigation and Projects: The site investigation showed raw but moderately stable streambanks and moderate to severe incision in the straight and steep upper portion of the reach. The middle reach was slightly to moderately incised and had moderate to high sinuosity and some floodplain re-establishment. Downstream, two instream recreational ponds are largely filled and provide some control of sediments. Downstream of the ponds, the reach is largely in the Difficult Run floodplain. Access issues, wetl
	S88 
	Site Investigation and Projects: The site investigation found  a significant buffer impairment. No erosion mitigation project was identified because potential project benefits did not justify the construction impacts that would be incurred. Buffer restoration and obstruction removal were included with the watershed-wide projects. 
	S89 
	Site Investigation and Projects:  
	DF9289 (Stream Restoration). The stream erosion would be repaired with moderate regrading and bank protection structures on the meanders, and the buffer would be revegetated. 
	3.12.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the areas described above include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area. Actions and policy changes needed to implement preservation for the areas listed below are described in Chapter 4. 
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	3.13 Sharpers Run – Subwatershed Condition  
	3.13.1 Subwatershed Characteristics 
	The Sharpers Run subwatershed is the smallest of all the subwatersheds in the Difficult Run watershed. It has an area of approximately 415 acres (0.65 mi2). Towlston Road lies along the subwatershed’s western boundary, while Leesburg Pike (Virginia 7) forms the approximate southern boundary. The Georgetown Pike (Virginia 193) forms the approximate northern boundary. 
	The Sharpers Run subwatershed is located in the downstream portion of the Difficult Run watershed. There is a single stream channel in Sharpers Run. The stream is approximately 1.6 miles in length and flows in a northerly direction until it joins Rocky Run and eventually the mainstem of Difficult Run. 
	Refer to DFSP_1 for a map of the Sharpers Run subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	 
	3.13.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Sharpers Run subwatershed is currently one of the most undeveloped areas in the Difficult Run watershed. Sixty-four percent of the Sharpers Run subwatershed is developed as low-density or estate residential. Another 24 percent is open space or parks, although there are no major parks found within the subwatershed boundary. One historical site lies within the subwatershed. There are no commercial uses in the subwatershed; however 8 percent is used for industrial purposes. Much of this activity is located
	Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 39 acres, or 9 percent of the total subwatershed area. A summary of land use within the subwatershed can be found in Table 3.21. 
	Table 3.21 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	98 
	98 

	24% 
	24% 

	0 
	0 

	0% 
	0% 

	-98 
	-98 

	-24% 
	-24% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	155 
	155 

	37% 
	37% 

	171 
	171 

	41% 
	41% 

	15 
	15 

	4% 
	4% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	112 
	112 

	27% 
	27% 

	195 
	195 

	47% 
	47% 

	83 
	83 

	20% 
	20% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	1 
	1 

	0% 
	0% 

	1 
	1 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	34 
	34 

	8% 
	8% 

	34 
	34 

	8% 
	8% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	15 
	15 

	4% 
	4% 

	15 
	15 

	4% 
	4% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	415 
	415 

	100% 
	100% 

	415 
	415 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	The notable changes between existing land use and future land use in Sharpers Run are projected in the open space, estate and low-density residential categories. There is projected to be a 24 percent loss in the open space category, with compensatory increases in the estate residential category and low-density residential categories (4 percent and 20 percent respectively). 
	According to Figure 3.6, 81 acres are projected to shift from open space to low-density residential and 17 acres are projected to shift from open space to estate residential. This does not guarantee that the open space will become developed – it suggests that these areas of open space can be used for development/ redevelopment in the future. There is the possibility that Sharpers Run could lose much of its open space to development, which may result in increased levels of impervious surface and contribute r
	3.13.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are only two stormwater management facilities within the Sharpers Run subwatershed. Ninety percent of the Sharpers Run subwatershed is not served by any stormwater management facility resulting in uncontrolled volumes of water and pollutants. Eight percent of the total area has quantity control only and the r
	The difference between the amount of total developed area in the subwatershed (76 percent) and the area served by stormwater management (10 percent) indicates a potential for stream impairment due to uncontrolled stormwater and indicates a possible need for additional management efforts, specifically in the industrial and low-density residential areas. Additional information on the location of the stormwater management facilities in the Sharpers Run subwatershed is found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment field crews did not locate any outfall pipes discharging into Sharpers Run subwatershed. 
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. There were four crossings in the Sharpers Run subwatershed identified during the Stream Physical Assessment. Two of the crossings were circular corrugated metal pipes, and two were wooden bridges (one was a footbridge). None of the crossings were having an impact on the stre
	3.13.4 Soils 
	Soils found in the Sharpers Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 84 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (41percent). B soils and the Glenelg soil type are compatible with infiltration practic
	3.13.5 Geomorphology 
	There are approximately 1.6 miles (8,218 feet) of stream in the Sharpers Run subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. 
	All of the streams were classified as Type III, which is indicative of a generally unstable channel that is actively widening in response to changes in flow. All of the streams are 
	considered moderately unstable with high erosion potential during flood events. The dominant substrate material was sand. In approximately half of the length, there was a combination of sand and gravel. Refer to DFSP_3 for the stream classifications. 
	There were three specific erosion points totaling 65 feet that were noted in the subwatershed. All were creating a severe impact on the stream condition and had moderate restoration potential. 
	There was one stream blockage made up of trees and debris that appeared to be restricting fish movement. The obstruction also has the potential to create flooding problems under high flow conditions. The obstruction is shown in Photo 3.35 and is a candidate site for restoration S90. 
	 
	3.13.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one-time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• All of the reaches have fair habitat for aquatic insects and fish. 
	• All of the reaches have fair habitat for aquatic insects and fish. 
	• All of the reaches have fair habitat for aquatic insects and fish. 

	• There is 6,450 feet of riparian buffer encroachment (this length includes left and right banks combined). Of this total, 5,650 feet (88 percent) is impacted by lawns, and 800 feet (12 percent) is bordered by meadow. 
	• There is 6,450 feet of riparian buffer encroachment (this length includes left and right banks combined). Of this total, 5,650 feet (88 percent) is impacted by lawns, and 800 feet (12 percent) is bordered by meadow. 

	• Fifty-six percent of the buffer encroachment length is affecting the stream channel by reducing shading effects. One of the buffer encroachment sites is shown below in Photo 3.36. This site is a stream restoration candidate site S90. 
	• Fifty-six percent of the buffer encroachment length is affecting the stream channel by reducing shading effects. One of the buffer encroachment sites is shown below in Photo 3.36. This site is a stream restoration candidate site S90. 

	• Seventy-one percent of the buffer encroachment length has a moderate restoration potential while 29 percent was identified only having low restoration potential. 
	• Seventy-one percent of the buffer encroachment length has a moderate restoration potential while 29 percent was identified only having low restoration potential. 

	• Seventy-eight percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Twenty-two percent of the assessed stream length had a variety of vegetation and covered 70 percent to 90 percent of the 
	• Seventy-eight percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Twenty-two percent of the assessed stream length had a variety of vegetation and covered 70 percent to 90 percent of the 
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	3.13.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Sharpers Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	Sharpers Run subwatershed is comprised almost entirely of estate and low-density residential and open space land uses. The one exception is a large industrial area, at the intersection of Towlston Road and Leesburg Pike, in catchment DFSP9901. This area likely contributes a large percentage of the stormwater subwatershed. Refer to DFSP_4 for the catchment locations.  Most all pollutants in this subwatershed come from runoff. The catchment with the most runoff volume is DFSP0002, located between Towlston Roa
	 
	Table 3.22 Existing and Future Modeling 
	Sharpers Run 
	Sharpers Run 
	Sharpers Run 
	Sharpers Run 
	Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFSP0001 
	DFSP0001 
	DFSP0001 

	E 
	E 

	1.7 
	1.7 

	0.13 
	0.13 

	13.8 
	13.8 

	0.7 
	0.7 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.75 
	1.75 

	0.13 
	0.13 

	14.0 
	14.0 

	0.7 
	0.7 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFSP0002 
	DFSP0002 
	DFSP0002 

	E 
	E 

	1.95 
	1.95 

	0.12 
	0.12 

	15.8 
	15.8 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.95 
	1.95 

	0.12 
	0.12 

	15.8 
	15.8 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFSP9901 
	DFSP9901 
	DFSP9901 

	E 
	E 

	1.63 
	1.63 

	0.08 
	0.08 

	28.5 
	28.5 

	1.6 
	1.6 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.63 
	2.63 

	0.07 
	0.07 

	46.2 
	46.2 

	2.4 
	2.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	61% 
	61% 

	-13% 
	-13% 

	62% 
	62% 

	50% 
	50% 

	50% 
	50% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future  
	shown as a percentage of the existing condition. Value is based on unrounded figures 
	The future model shows minor or negligible increases in all parameters for all catchments except DFSP9901. All of the open space in this catchment is projected to change to low-density residential in the future. This change in surrounding cover will likely increase the pollutants and runoff volume delivered to the stream. 
	3.13.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	One culvert in the subwatershed was overtopped with existing flows, as shown in Table 3.23. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.23 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	  
	  

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	80 
	80 
	80 

	Bellview Road 
	Bellview Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	 
	 
	 
	 
	 
	 
	Figure
	Culvert #80 (Photo 3.37) overtopped for all events except the one and two-year.  Bellview Road carries through traffic, so it is considered a primary road. This means that it must pass the 25-year event. 
	 
	 
	 
	 
	3.13.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Sharpers Run subwatershed are listed below. Refer to DFSP_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S90 The Stream Physical Assessment identified this site as having buffer and erosion problems along with active widening. There is also a stream blockage at this site (Photo 3.35, 3.36). 
	Hydrology and Water Quality 
	D20 (Catchment DFSP0001) This catchment has the below average runoff within the subwatershed. Site S90 is located within this catchment and all of Sharpers Run has active widening. 
	Flooding 
	F80 The culvert under Bellview Road, which is considered a primary road, overtops for 5-year and greater events. Primary roads must pass the 25-year event (Photo 3.37). 
	Preservation 
	No preservation sites were identified.
	3.14 Sharpers Run - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.24 below is a list of all projects proposed in this subwatershed. 
	 
	Table 3.24 Recommendations for Sharpers Run  
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9020B 
	DF9020B 
	DF9020B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-20 
	D-20 


	DF9290 
	DF9290 
	DF9290 

	Streambank Stabilization 
	Streambank Stabilization 

	S90 
	S90 



	 
	3.14.1 Regional Pond Alternative Projects 
	D20 (DFSP0001) 
	Site Investigation and Projects:  
	DF9020B (Drainage Retrofit) These distributed projects are designed to provide energy dissipation at outfalls where paved channels discharge into natural channels at high velocities. Possible energy dissipaters include riprap and plunge pools. This should reduce the sediment export and help prolong the life of local farm ponds.   
	3.14.2 Catchment Improvement Projects 
	No sites were identified. 
	3.14.3 Stream Restoration Projects 
	S90 
	Site Investigation and Projects: The site investigation showed moderately eroding streambanks and a non-forested area within the left riparian zone. The stream is located between two gravel residential driveways. 
	DF9290 (Streambank Stabilization/Buffer Restoration) The banks would be regraded and stabilized. The left riparian area would be planted with native trees and shrubs.   
	3.14.4 Preservation 
	No preservation candidate sites were identified for this subwatershed. 
	3.15 Rocky Run – Subwatershed Condition 
	3.15.1 Subwatershed Characteristics 
	The Rocky Run subwatershed is located in north central Fairfax County. The headwaters of the subwatershed are in the Tysons Corner area. This 1,673-acre (2.61 mi2) subwatershed is roughly bounded to the west by Towlston Road (Virginia 676) and Leesburg Pike (Virginia 7). The southern tip extends just past the Dulles Access Road to Westpark Drive and includes Exit 16 of the Access Road. The western boundary follows Georgetown Pike (Virginia 193) to the Madeira School property then cuts across Old Dominion Dr
	There are 6.5 miles of stream within the subwatershed. The mainstem of Rocky Run begins as a culvert under the Dulles Access Road and flows north through low-density residential neighborhoods for approximately 3 miles where it is joined by Sharpers Run just to the south of Old Dominion Drive. It continues through lightly developed areas for less than a mile to its confluence with Difficult Run, which is not far upstream of Difficult Run’s connection with the Potomac River at Great Falls Park. According to h
	Refer to DFRR_1 for a map of the Rocky Run Hickory subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.15.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	Development in the Rocky Run subwatershed is moderately to heavily dense. Sixty-five percent of the subwatershed is low-density or estate residential, 2 percent is high-density residential, and 11 percent is designated as open space. Woodside Lake lies in the central portion of the subwatershed. There are no wetlands located within the subwatershed. Three historic sites are located within the Rocky Run subwatershed, but no large public parks. 
	Commercial and industrial areas are located primarily in the southern end of the subwatershed and comprise 9 percent of the total subwatershed area. The transportation use, such as roads and highways, are also primarily in the south and make up another 12 percent of the total subwatershed acreage. This southernmost portion of the subwatershed, upstream of the headwaters of Rocky Run, includes Tyco Commercial Park and Exit 16 of the Washington Dulles Access Road, the most heavily traveled roadway in the area
	Total impervious area, including all roads, buildings, residential driveways, and parking lots, is 334 acres, or 20 percent of the total area. This impervious area is predominantly clustered in the southern end of the subwatershed. A summary of land use within the subwatershed can be found in Table 3.25. 
	 
	 
	Table 3.25 Existing and Future Land Use  
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	189 
	189 

	11% 
	11% 

	47 
	47 

	3% 
	3% 

	-142 
	-142 

	-8% 
	-8% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	435 
	435 

	26% 
	26% 

	419 
	419 

	25% 
	25% 

	-16 
	-16 

	-1% 
	-1% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	654 
	654 

	39% 
	39% 

	798 
	798 

	48% 
	48% 

	144 
	144 

	9% 
	9% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	6 
	6 

	0% 
	0% 

	17 
	17 

	1% 
	1% 

	11 
	11 

	1% 
	1% 


	High-density residential 
	High-density residential 
	High-density residential 

	26 
	26 

	2% 
	2% 

	29 
	29 

	2% 
	2% 

	3 
	3 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	15 
	15 

	1% 
	1% 

	15 
	15 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	82 
	82 

	5% 
	5% 

	85 
	85 

	5% 
	5% 

	4 
	4 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	46 
	46 

	3% 
	3% 

	42 
	42 

	3% 
	3% 

	-4 
	-4 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	13 
	13 

	1% 
	1% 

	13 
	13 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	200 
	200 

	12% 
	12% 

	200 
	200 

	12% 
	12% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	7 
	7 

	0% 
	0% 

	7 
	7 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	1,673 
	1,673 

	100% 
	100% 

	1,673 
	1,673 

	100% 
	100% 

	 
	 

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	The notable changes between existing land use and future land use are projected in the open space, estate residential, and low-density residential.. There are projected losses in open space (-8 percent) and estate residential (-1 percent). .Increases are projected in the low-density residential (+9 percent) and medium-density residential (+1 percent),.   
	According to Figure 3.7, 83 acres are projected to shift from estate residential in the existing land use to low-density and/or medium-density residential in the future land use. Cumulatively, 141 acres or 60 percent of all land use changes, are projected to shift from open space to a higher-intensity use. This does not guarantee that the open space will become developed – it suggests that these areas of open space can be used for development/ redevelopment in the future.  
	 
	 
	 
	3.15.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 22 stormwater management facilities within the Rocky Run subwatershed. Eighty-one percent of the Rocky Run subwatershed was developed before stormwater management regulations were adopted, and is not served by any treatment facility. Seventeen percent of the total area has quantity control only and the re
	Although a large percentage of the subwatershed is not served by stormwater management, those areas are generally located in the northern and central areas where the land use is largely estate and low-density residential. Because these areas typically leave some forest canopy intact and are disconnected from the stormwater system they may not require additional stormwater controls. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 15 stormwater outfall pipes discharging into Rocky Run. All located pipes appeared to have minimal impact on the stream and did not warrant re
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. The Stream Physical Assessment located 23 stream crossings within the subwatershed. Of these crossings, three are footbridges and seven are bridges or box culverts. Most crossings were creating only a minor impact on the stream condition. One crossing, located off of Brook R
	3.15.4 Soils  
	Soils found in the Rocky Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 60 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (35 percent). B soils and the Glenelg soil type are compatible with infiltration practices
	3.15.5 Geomorphology 
	There are approximately 6.5 miles of stream in the Rocky Run subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes.  
	Three stream reaches (2,288 feet) were not assessed because they were not natural channels. This includes the culvert under the Dulles Access Road. 
	All assessed stream reaches in Rocky Run were characterized as Type III. This indicates a generally unstable channel that has eroding banks and is actively widening in response to changes in flow. Most (62 percent) of the total reach length assessed has gravelly substrate while 13 percent is sand/gravel mix and 11 percent is cobble. Refer to DFRR_3 for the stream classifications. 
	Channel incision was especially notable on several tributaries to Rocky Run and on a segment of the mainstem of Rocky Run in the central portion of the subwatershed. Field crews noted and photographed five erosion points that were having a severe impact on Rocky Run and its tributaries. Four of these erosion points are located on the mainstem of Rocky Run and one on a minor tributary in the upper reaches of Rocky Run. An example is shown in Photo 3.38, which is stream restoration candidate site S92. 
	There was one utility pipe of an unknown type in reach on a tributary to Rocky Run as shown in Photo 3.39. This utility pipe is partially buried and did not appear to be causing erosion in the stream channel. 
	There were 16 sites along the stream within the subwatershed where trees and debris were obstructing flow. Of these, nine were considered significant enough to affect fish passage and three of the 16 had a greater than moderate impact. Photo 3.40 shows a representative blockage on a Rocky Run tributary that may be impeding fish passage. 
	 
	 
	 
	3.15.6 Stream Habitat and Water Quality  
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• Of the 6.5 miles of stream assessed, 46 percent has good habitat for aquatic insects and fish, 31 percent exhibits fair habitat quality, and 16 percent has poor habitat quality. 
	• Of the 6.5 miles of stream assessed, 46 percent has good habitat for aquatic insects and fish, 31 percent exhibits fair habitat quality, and 16 percent has poor habitat quality. 
	• Of the 6.5 miles of stream assessed, 46 percent has good habitat for aquatic insects and fish, 31 percent exhibits fair habitat quality, and 16 percent has poor habitat quality. 

	• There are 3.1 miles of stream that are without adequate riparian buffer on either the left or right bank. There are 2,650 feet of stream that are missing adequate buffer on both the left and right banks combined. 
	• There are 3.1 miles of stream that are without adequate riparian buffer on either the left or right bank. There are 2,650 feet of stream that are missing adequate buffer on both the left and right banks combined. 

	• All reaches had at least 50 percent vegetative bank cover (usually shrubs and grasses). 
	• All reaches had at least 50 percent vegetative bank cover (usually shrubs and grasses). 


	 
	3.15.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Rocky Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus (T
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	The Rocky Run subwatershed is 20 percent impervious, a majority of which is in the portion of Rocky Run south of the Dulles Toll Road and east of Leesburg Pike. This is the location of catchment DFRR0001, which has the highest modeled pollutant loads in the subwatershed. Refer to DFRR_4 for the catchment locations. This is a concentrated area of commercial and industrial areas are the most probable source of the high levels of nitrogen begin delivered to the stream system. 
	Two catchments, DFRR9601 and DFRR9801, located in the Springhaven Estates and the Foxhall of McLean areas respectively, were ranked second and third for the subwatershed behind DFRR0001 in nitrogen loading rates. These three catchments also have higher than average phosphorus loading rates. Catchment DFRR0001 has the highest runoff volume in Rocky Run with 9.4 inches per year, almost double the amount of the next highest catchment. Results can be found in Table 3.26. 
	 
	 
	Table 3.26 Existing and Future Modeling 
	Rocky Run Catchments 
	Rocky Run Catchments 
	Rocky Run Catchments 
	Rocky Run Catchments 

	 
	 

	Runoff Volume (in/yr) 
	Runoff Volume (in/yr) 

	Peak (cfs/ac) 
	Peak (cfs/ac) 

	TSS (lb/ac/yr) 
	TSS (lb/ac/yr) 

	Runoff TN (lb/ac/yr) 
	Runoff TN (lb/ac/yr) 

	Runoff TP (lb/ac/yr) 
	Runoff TP (lb/ac/yr) 


	DFRR0001 
	DFRR0001 
	DFRR0001 

	E 
	E 

	14.79 
	14.79 

	0.3 
	0.3 

	333.9 
	333.9 

	13.6 
	13.6 

	1.2 
	1.2 


	  
	  
	  

	F 
	F 

	14.14 
	14.14 

	0.3 
	0.3 

	321.3 
	321.3 

	13.8 
	13.8 

	1.2 
	1.2 


	  
	  
	  

	C 
	C 

	-4% 
	-4% 

	0% 
	0% 

	-4% 
	-4% 

	1% 
	1% 

	0% 
	0% 


	DFRR0002 
	DFRR0002 
	DFRR0002 

	E 
	E 

	4.85 
	4.85 

	0.17 
	0.17 

	41.5 
	41.5 

	2.2 
	2.2 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	5.53 
	5.53 

	0.2 
	0.2 

	52.9 
	52.9 

	2.8 
	2.8 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	14% 
	14% 

	18% 
	18% 

	27% 
	27% 

	27% 
	27% 

	25% 
	25% 


	DFRR0003 
	DFRR0003 
	DFRR0003 

	E 
	E 

	2.74 
	2.74 

	0.13 
	0.13 

	24.3 
	24.3 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.27 
	3.27 

	0.14 
	0.14 

	31.7 
	31.7 

	1.7 
	1.7 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	19% 
	19% 

	8% 
	8% 

	30% 
	30% 

	31% 
	31% 

	33% 
	33% 


	DFRR0004 
	DFRR0004 
	DFRR0004 

	E 
	E 

	2.03 
	2.03 

	0.2 
	0.2 

	16.5 
	16.5 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.52 
	2.52 

	0.21 
	0.21 

	23.1 
	23.1 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	24% 
	24% 

	5% 
	5% 

	40% 
	40% 

	44% 
	44% 

	50% 
	50% 


	DFRR0005 
	DFRR0005 
	DFRR0005 

	E 
	E 

	1.82 
	1.82 

	0.14 
	0.14 

	17.9 
	17.9 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.04 
	2.04 

	0.14 
	0.14 

	21.4 
	21.4 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	12% 
	12% 

	0% 
	0% 

	20% 
	20% 

	22% 
	22% 

	0% 
	0% 


	DFRR0006 
	DFRR0006 
	DFRR0006 

	E 
	E 

	1.47 
	1.47 

	0.13 
	0.13 

	10.2 
	10.2 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.58 
	1.58 

	0.13 
	0.13 

	10.9 
	10.9 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	7% 
	7% 

	0% 
	0% 

	7% 
	7% 

	20% 
	20% 

	0% 
	0% 


	DFRR0007 
	DFRR0007 
	DFRR0007 

	E 
	E 

	1.6 
	1.6 

	0.17 
	0.17 

	11.1 
	11.1 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.61 
	1.61 

	0.17 
	0.17 

	11.0 
	11.0 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	-1% 
	-1% 

	0% 
	0% 

	0% 
	0% 


	DFRR9401 
	DFRR9401 
	DFRR9401 

	E 
	E 

	1.09 
	1.09 

	0.1 
	0.1 

	12.9 
	12.9 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.24 
	1.24 

	0.11 
	0.11 

	14.3 
	14.3 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	14% 
	14% 

	10% 
	10% 

	11% 
	11% 

	17% 
	17% 

	0% 
	0% 


	DFRR9501 
	DFRR9501 
	DFRR9501 

	E 
	E 

	2.03 
	2.03 

	0.14 
	0.14 

	19.3 
	19.3 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.24 
	2.24 

	0.15 
	0.15 

	21.5 
	21.5 

	1.2 
	1.2 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	7% 
	7% 

	11% 
	11% 

	9% 
	9% 

	50% 
	50% 


	DFRR9601 
	DFRR9601 
	DFRR9601 

	E 
	E 

	2.09 
	2.09 

	0.1 
	0.1 

	19.0 
	19.0 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.21 
	2.21 

	0.11 
	0.11 

	20.3 
	20.3 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	10% 
	10% 

	7% 
	7% 

	10% 
	10% 

	0% 
	0% 


	DFRR9702 
	DFRR9702 
	DFRR9702 

	E 
	E 

	2.23 
	2.23 

	0.12 
	0.12 

	22.4 
	22.4 

	1.2 
	1.2 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.6 
	2.6 

	0.12 
	0.12 

	28.0 
	28.0 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	0% 
	0% 

	25% 
	25% 

	25% 
	25% 

	0% 
	0% 


	DFRR9801 
	DFRR9801 
	DFRR9801 

	E 
	E 

	2.68 
	2.68 

	0.11 
	0.11 

	28.0 
	28.0 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.83 
	2.83 

	0.12 
	0.12 

	30.0 
	30.0 

	1.7 
	1.7 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	9% 
	9% 

	7% 
	7% 

	6% 
	6% 

	33% 
	33% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	 
	Modeling results for future conditions show increases in flows and runoff pollutant loads from most of the catchments in the subwatershed. Percent increases in catchment DFRR0004 are projected to be the highest for all parameters. This catchment has a 
	substantial amount of land changing from open space or estate residential to low density residential. Catchment DFRR0003 also has large predicted percent changes, also for the same land use changes. Many of the land use changes in this subwatershed are along the stream, especially in the headwaters. All of these changes will significantly increase the suspended solids along with the runoff volume and peak. 
	3.15.8   
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Four crossings in the subwatershed were overtopped by existing flows. They are listed below in Table 3.27. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.27 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	74 
	74 
	74 

	Brook Road 
	Brook Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 


	75 
	75 
	75 

	Bellview Road 
	Bellview Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 


	76 
	76 
	76 

	Towlston Road 
	Towlston Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 


	79 
	79 
	79 

	Old Dominion Drive 
	Old Dominion Drive 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #74 (Photo 3.41) overtopped for the 25, 50, and 100-year events. Since Brook Road does not allow through traffic, it is classified as a local road, which has to pass the 10-year flow. Since it does pass the 10-year flow, th
	Culvert #75 (Photo 3.42) overtopped for all events except the one and two-year. Bellview Road is a primary road and so must pass the 25-year event. 
	Culvert #76 (Photo 3.43) overtopped for all events except for the one-year. Primary roads, the classification for Towlston Road, must pass the 25-year event. 
	Culvert #79 (Photo 3.44) overtopped for the 25, 50, and 100-year events. Old Dominion Drive allows through traffic and is classified as a primary road. This means it must pass the 25-year event. 
	Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Rocky Run subwatershed are listed below. Refer to DFRR_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S91 The Stream Physical Assessment identified this site as having severe erosion all with moderate restoration potential near Bellview Road. 
	S92 This site was identified as having significant erosion and a deficient buffer, where houses are built close to the stream (Photo 3.38). 
	S93 This site, located near the culvert at Towlston Road, was identified as having a deficient buffer, again because of the proximity to houses. 
	Hydrology and Water Quality 
	D18 (Catchment DFRR9601) This catchment has some of the highest modeled runoff volume and nitrogen loading in the subwatershed. Erosion is occurring at the junction between a manmade channel and the natural stream system. 
	D19 (Catchment DFRR9501) This site has better than average conditions for runoff flows and pollutant loads in the subwatershed. It was selected because it is a proposed site for a regional pond. 
	D21 (Catchment DFRR9401) This site has better than average conditions for runoff flows and pollutant loads in the subwatershed. Site S93 was identified downstream of this 
	pond and an exposed utility (Photo 3.39) and obstruction (Photo 3.40) are located in the catchment. 
	D66 (Catchment DFRR9801) This catchment has above average pollutant loading rates.  The reach in this catchment has unstable banks and poor habitat rating. 
	C21 (Catchment DFRR0001) This site has higher than average nitrogen and phosphorus loadings. Peak flows and runoff volume are also above average. There are no critical stream problems within the area or immediately downstream. 
	Flooding 
	F75 The crossing at Bellview Road overtopped for 5-year and greater events. To meet standards, however, it must pass the 25-year event because it is a primary road (Photo 3.42). 
	F76 The bridge on Towlston Road, a primary road, overtopped for all events except the one-year. This bridge must pass the 25-year event to meet requirements (Photo 3.43). 
	F79 The crossing at Old Dominion Drive overtopped for 25, 50, and 100-year events. Old Dominion Drive is classified as a primary road, so it must pass the 25-year event (Photo 3.44). 
	Preservation 
	P08 (Catchment DFRR0003) Percent increases between the existing and future conditions are projected to be the highest for all parameters in this catchment due to losses of open space. 
	P09 (Catchment DFRR0004) This area is projected to experience large changes from open space to estate and low-density residential use. Four out of the five modeled parameters are expected to more than double between the existing and future conditions. 
	3.16 Rocky Run - Subwatershed Plan Actions 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.28 below is a list of all projects proposed in this subwatershed. 
	Table 3.28 Recommendations for Rocky Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9019A 
	DF9019A 
	DF9019A 

	Drainage Retrofit 
	Drainage Retrofit 

	D-19 
	D-19 


	DF9066A 
	DF9066A 
	DF9066A 

	Pond Retrofit 
	Pond Retrofit 

	D-66 
	D-66 


	DF9121 
	DF9121 
	DF9121 

	Pond Retrofit 
	Pond Retrofit 

	C21 
	C21 


	DF9291 
	DF9291 
	DF9291 

	Stream Restoration 
	Stream Restoration 

	S91 
	S91 



	 
	3.16.1 Regional Pond Alternative Projects 
	D19 (DFRR9501) 
	Site Investigation and Projects:  
	DF9019A  (Drainage Retrofit) This project involves providing additional outlet protection, possibly riprap and/or structural measures, where the storm drain system discharges into natural channels. The project will reduce velocity from the outfall and help reduce erosive potential immediately downstream. 
	D21 (DFRR0007) 
	Site Investigation and Projects: See culvert site F76 for projects to address this site. 
	D66 (DFRR9801) 
	Site Investigation and Projects:  
	DF9066A  (Pond Retrofit) Retrofits to this pond include installing a multi-stage control structure over the existing outlet to significantly improve peak flow attenuation. The existing facility holds the necessary water quality volume to treat the full drainage area.  To enhance the treatment function, the aquatic bench will be extended to encompass the entire perimeter of the facility. 
	3.16.2 Catchment Improvement Projects 
	C21 (DFRR0001, DFRR0002) 
	Site Investigation and Projects: The catchment is fully developed and almost 100 percent impervious. There is very little existing stormwater management and the streams in the catchment have been piped. 
	DF9121 (Pond Retrofit) The wet pond at the downstream catchment should be  retrofited by adding both wet and dry vegetation to the natural channels and surrounding banks. In addition, a sediment forebay constructed in front of the closed storm drain outlet will treat impervious runoff prior to flow entering the stream channel. 
	3.16.3 Stream Restoration Projects 
	S91 
	Site Investigation and Projects: The site investigation showed eroding banks on both sides of the stream with some widening apparent in the upper portion of the reach. The stream is actively meandering and has weak riffle pool morphology. Evidence of a high concentration of fines sediments was observed. One project was identified. 
	DF9291 (Stream Restoration) The stream would be reconstructed to provide a pattern, dimension, and profile more consistent with that of a natural stream. Streambanks would be stabilized and riffle pool bed morphology would be created.  
	S92 
	Site Investigation and Projects: The site investigation showed eroded stream banks and slight incision. The stream appeared to be recovering as was evidenced by narrowing of the baseflow channel and the formation of shallow pools. The site is flanked by residential driveways on both sides. No other buffer deficiency was noted. No project was identified because potential project benefits did not justify the construction impacts that would be incurred. 
	S93 
	Site Investigation and Projects: The site investigation did not show significant erosion impairment. No project was identified. 
	3.16.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the areas described below include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area. Actions and policy changes needed to implement preservation for the areas listed below are described in Chapter 4. 
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	3.17 Colvin Run – Subwatershed Condition 
	3.17.1 Subwatershed Characteristics 
	The Colvin Run subwatershed is the second-largest subwatershed in the Difficult Run watershed, and has an area of approximately 3,876 acres (6.06 mi2). It is located in northern Fairfax County. The subwatershed is bounded by the Reston Parkway (Virginia 602) to the west. The southern portion of the subwatershed extends south across the Dulles Access Toll Road (Virginia 267) and the northern portion extends across Baron Cameron Avenue (606) and runs generally along Leesburg Pike (Virginia 7). 
	The Colvin Run subwatershed is located in the northern, downstream portion of the Difficult Run watershed. The stream is approximately 15 miles in length and flows in an easterly direction until it reaches the mainstem of Difficult Run in the Colvin Run Stream Valley Park. 
	Refer to DFCR_1 for a map of the Colvin Run subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.17.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	Colvin Run subwatershed is one of the more densely developed subwatersheds found within the Difficult Run watershed. Seventeen percent is developed as low-density or estate residential, while 32 percent of the subwatershed is developed for high-density residential, commercial, or industrial uses. The majority of this area is clustered along the Dulles Access Toll Road (Virginia 267) at the Wiehle Avenue (Virginia 828) interchange. Additional dense development is found along major arterials, Baron Cameron Av
	There are 371 acres, 10 percent of the subwatershed, used for transportation rights-of-way.  However, total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 882 acres, or 23 percent of the total subwatershed area. Twenty-five percent is preserved for open space or parks. Major parks include Lake Fairfax Park, Hidden Creek Golf Course, a portion of Colvin Run Mill Park, and the majority of the Baron Cameron Park. Eight histori
	Table 3.29 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	961 
	961 

	25% 
	25% 

	752 
	752 

	19% 
	19% 

	-209 
	-209 

	-5% 
	-5% 


	Golf Course 
	Golf Course 
	Golf Course 

	205 
	205 

	5% 
	5% 

	200 
	200 

	5% 
	5% 

	-5 
	-5 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	228 
	228 

	6% 
	6% 

	323 
	323 

	8% 
	8% 

	96 
	96 

	2% 
	2% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	441 
	441 

	11% 
	11% 

	506 
	506 

	13% 
	13% 

	65 
	65 

	2% 
	2% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	253 
	253 

	7% 
	7% 

	274 
	274 

	7% 
	7% 

	22 
	22 

	1% 
	1% 


	High-density residential 
	High-density residential 
	High-density residential 

	670 
	670 

	17% 
	17% 

	670 
	670 

	17% 
	17% 

	1 
	1 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	225 
	225 

	6% 
	6% 

	150 
	150 

	4% 
	4% 

	-75 
	-75 

	-2% 
	-2% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	291 
	291 

	8% 
	8% 

	443 
	443 

	11% 
	11% 

	152 
	152 

	4% 
	4% 


	Industrial 
	Industrial 
	Industrial 

	45 
	45 

	1% 
	1% 

	4 
	4 

	0% 
	0% 

	-41 
	-41 

	-1% 
	-1% 


	Institutional 
	Institutional 
	Institutional 

	117 
	117 

	3% 
	3% 

	113 
	113 

	3% 
	3% 

	-4 
	-4 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	371 
	371 

	10% 
	10% 

	371 
	371 

	10% 
	10% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	69 
	69 

	2% 
	2% 

	69 
	69 

	2% 
	2% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	3,876 
	3,876 

	100% 
	100% 

	3,876 
	3,876 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, changes are projected in the open space, estate residential, low-density residential, low-intensity commercial, and high-intensity commercial areas. There is a projected 2 percent increase in estate residential, 2 percent increase in low-density residential, 1 percent increase in medium-density residential, and 4 percent increase in high-intensity commercial acreage. Decreases are projected to include a 5 percent loss of open space, 2 percent loss of low-
	Forty-one acres are projected to shift from industrial uses to high-intensity commercial. In this case, intensity is projected to remain high; however, the types of uses would change. 
	Two-hundred and thirteen acres of open space are projected to shift to a higher-intensity use. This does not guarantee that the open space will become developed – it suggests that these areas of open space can be used for development/ redevelopment in the future. 
	3.17.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 49 stormwater management facilities within the Colvin Run subwatershed. Seventy-six percent of the Colvin Run subwatershed is not served by any stormwater management facility. Twenty percent of the total area has quantity control only and the remaining 4 percent receives both quantity and quality control.
	The difference between the amount of total developed area in the subwatershed (79 percent) and the area served by stormwater management (24 percent) indicates a possible need for additional management efforts, specifically in the high-density residential and low intensity commercial areas. A list of all stormwater management facilities in the Colvin Run subwatershed is found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. Stream Physical Assessment field crews located 44 outfall pipes discharging into the Colvin Run subwatershed, the largest being a 60-inch stormwater pipe. There is severe erosion at several storm water
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Stream Physical Assessment field crews located 73 stream crossings in the Colvin Run subwatershed, four were observed causing erosion through flow constriction,  however none were identified as causing significant enough erosion to warrant repair. 
	3.17.4 Soils 
	Soils found in the Colvin Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 63 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (50 percent). B soils and the Glenelg soil type are compatible with infiltration practice
	soils in the Colvin Run subwatershed. Soils that cover at least 20 acres within the subwatershed are located in Appendix A. 
	3.17.5 Geomorphology 
	There are 12.7 (66,844 feet) of stream in the Colvin Run subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. Five stream reaches (totaling 2.9 miles, 15 percent of the total stream length) were not assessed because they were not natural channels. 
	Thirty-two percent of the total stream length in Colvin Run is Type III, which indicates an unstable channel that is eroding and widening as a response to changes in streamflow. Fifty-three percent of assessed reaches in Colvin Run were characterized as Type IV, indicative of a channel that is stabilizing with vegetation colonizing historically eroded areas.  
	The streams in Colvin Run are dominated by gravel (47 percent of total stream length) and sand (26 percent of total stream length). Forty-five percent of the stream length is moderately unstable to unstable with high erosion potential during flood events. 
	In the stream reaches that are experiencing erosion, much of the erosion is occurring on the outer banks of bends. Several severe erosion locations exist in the Colvin Run subwatershed. Most of these areas have a good restoration potential. Photos of a few of the more serious erosion problems are shown in Photos 3.46 through 3.49. These example sites are all candidate sites for stream restoration (S98, S93, S96, S92 respectively). 
	There are 28 points along the stream that are blocked by trees, debris and sediment. Eleven of these are severe enough to be obstructing fish passage.  Two are shown below in Photos 3.50 and 3.51 and are near stream restoration candidate sites S135 and S11, respectively. 
	3.17.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• Of the assessed reaches, 69 percent has fair habitat for aquatic insects and fish, 5 percent is good habitat, 23 percent is poor habitat and 2 percent is very poor habitat for aquatic insects and fish. The majority of the mainstem of Colvin Run is considered to have fair habitat. 
	• Of the assessed reaches, 69 percent has fair habitat for aquatic insects and fish, 5 percent is good habitat, 23 percent is poor habitat and 2 percent is very poor habitat for aquatic insects and fish. The majority of the mainstem of Colvin Run is considered to have fair habitat. 
	• Of the assessed reaches, 69 percent has fair habitat for aquatic insects and fish, 5 percent is good habitat, 23 percent is poor habitat and 2 percent is very poor habitat for aquatic insects and fish. The majority of the mainstem of Colvin Run is considered to have fair habitat. 

	• There are 11.8 miles of riparian buffer encroachment (this length includes left and right banks combined). Of this, 55 percent of the impact is from lawns. 
	• There are 11.8 miles of riparian buffer encroachment (this length includes left and right banks combined). Of this, 55 percent of the impact is from lawns. 

	• Over 9 miles of buffer encroachment are significant enough to have an impact on the stream condition. Seventy-one percent of this total length is considered to have low to no restoration potential.  
	• Over 9 miles of buffer encroachment are significant enough to have an impact on the stream condition. Seventy-one percent of this total length is considered to have low to no restoration potential.  

	• Only 8 percent of the total length has vegetation present and covering at least 70 percent to 90 percent of the stream bank surfaces on both left and right bank.  
	• Only 8 percent of the total length has vegetation present and covering at least 70 percent to 90 percent of the stream bank surfaces on both left and right bank.  


	 
	3.17.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Colvin Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus (
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	The Colvin Run subwatershed is covered by 23 percent impervious surface. The headwaters are in the city of Reston, so there are many high-density areas. The catchment with the highest runoff as well as one of the highest pollutant loadings is DFCR9401. This catchment extends from the Reston Parkway to Wiehle Avenue and from Sunrise Valley Drive to Sunset Hills Road, and is made up almost entirely of commercial land use and the Dulles Toll Road. Refer to DFCR_4 for the catchment locations. 
	Most of the catchments west of Wiehle Avenue have a high concentration of high-density residential land use. One of the highest modeled pollutants per acre in this subwatershed comes from a small, 34-acre catchment, DFCR9702. Approximately two-thirds of this catchment is either commercial or high-density residential. Another catchment with both high pollutant loadings and runoff volume is DFCR9401. Portions of the Dulles Toll Road and several industrial parks along Sunrise Valley Drive are within this catch
	Table 3.30 Existing and Future Modeling 
	Colvin Run Catchments 
	Colvin Run Catchments 
	Colvin Run Catchments 
	Colvin Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff          TN (lb/ac/yr) 
	 Runoff          TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFCR0001 
	DFCR0001 
	DFCR0001 

	E 
	E 

	7.76 
	7.76 

	0.22 
	0.22 

	216.5 
	216.5 

	8.2 
	8.2 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	12.73 
	12.73 

	0.23 
	0.23 

	310.1 
	310.1 

	10.5 
	10.5 

	0.9 
	0.9 


	  
	  
	  

	C 
	C 

	64% 
	64% 

	5% 
	5% 

	43% 
	43% 

	29% 
	29% 

	21% 
	21% 


	DFCR0003 
	DFCR0003 
	DFCR0003 

	E 
	E 

	6.42 
	6.42 

	0.16 
	0.16 

	144.6 
	144.6 

	5.8 
	5.8 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	7.49 
	7.49 

	0.19 
	0.19 

	159.9 
	159.9 

	5.9 
	5.9 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	19% 
	19% 

	11% 
	11% 

	2% 
	2% 

	7% 
	7% 


	DFCR0004 
	DFCR0004 
	DFCR0004 

	E 
	E 

	7.11 
	7.11 

	0.16 
	0.16 

	153.9 
	153.9 

	5.9 
	5.9 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	8.32 
	8.32 

	0.21 
	0.21 

	183.2 
	183.2 

	6.7 
	6.7 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	31% 
	31% 

	19% 
	19% 

	15% 
	15% 

	11% 
	11% 


	DFCR0005 
	DFCR0005 
	DFCR0005 

	E 
	E 

	1.08 
	1.08 

	0.17 
	0.17 

	9.1 
	9.1 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.08 
	1.08 

	0.17 
	0.17 

	9.1 
	9.1 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR0006 
	DFCR0006 
	DFCR0006 

	E 
	E 

	1.92 
	1.92 

	0.16 
	0.16 

	50.2 
	50.2 

	2.1 
	2.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.91 
	1.91 

	0.16 
	0.16 

	50.2 
	50.2 

	2.1 
	2.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	-1% 
	-1% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR0007 
	DFCR0007 
	DFCR0007 

	E 
	E 

	1.89 
	1.89 

	0.13 
	0.13 

	53.5 
	53.5 

	2.2 
	2.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.92 
	1.92 

	0.13 
	0.13 

	54.3 
	54.3 

	2.3 
	2.3 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	1% 
	1% 

	2% 
	2% 

	0% 
	0% 


	DFCR0008 
	DFCR0008 
	DFCR0008 

	E 
	E 

	2.08 
	2.08 

	0.14 
	0.14 

	19.9 
	19.9 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.58 
	2.58 

	0.14 
	0.14 

	24.7 
	24.7 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	24% 
	24% 

	0% 
	0% 

	24% 
	24% 

	18% 
	18% 

	50% 
	50% 


	DFCR0009 
	DFCR0009 
	DFCR0009 

	E 
	E 

	4.45 
	4.45 

	0.14 
	0.14 

	49.4 
	49.4 

	2.3 
	2.3 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	4.88 
	4.88 

	0.16 
	0.16 

	55.4 
	55.4 

	2.6 
	2.6 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	14% 
	14% 

	12% 
	12% 

	13% 
	13% 

	0% 
	0% 


	DFCR8801 
	DFCR8801 
	DFCR8801 

	E 
	E 

	1.46 
	1.46 

	0.12 
	0.12 

	10.8 
	10.8 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.46 
	1.46 

	0.12 
	0.12 

	10.8 
	10.8 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR8901 
	DFCR8901 
	DFCR8901 

	E 
	E 

	1.74 
	1.74 

	0.14 
	0.14 

	18.7 
	18.7 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.11 
	2.11 

	0.15 
	0.15 

	23.4 
	23.4 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	21% 
	21% 

	7% 
	7% 

	25% 
	25% 

	30% 
	30% 

	50% 
	50% 


	DFCR9001 
	DFCR9001 
	DFCR9001 

	E 
	E 

	3.44 
	3.44 

	0.14 
	0.14 

	60.9 
	60.9 

	2.7 
	2.7 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	3.93 
	3.93 

	0.15 
	0.15 

	72.9 
	72.9 

	3.2 
	3.2 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	14% 
	14% 

	7% 
	7% 

	20% 
	20% 

	19% 
	19% 

	25% 
	25% 


	DFCR9101 
	DFCR9101 
	DFCR9101 

	E 
	E 

	1.73 
	1.73 

	0.14 
	0.14 

	28.6 
	28.6 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.93 
	1.93 

	0.12 
	0.12 

	34.3 
	34.3 

	1.4 
	1.4 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	12% 
	12% 

	-14% 
	-14% 

	20% 
	20% 

	17% 
	17% 

	0% 
	0% 


	DFCR9201 
	DFCR9201 
	DFCR9201 

	E 
	E 

	0.49 
	0.49 

	0.15 
	0.15 

	3.9 
	3.9 

	0.2 
	0.2 

	0.0 
	0.0 


	  
	  
	  

	F 
	F 

	0.89 
	0.89 

	0.11 
	0.11 

	6.7 
	6.7 

	0.3 
	0.3 

	0.0 
	0.0 


	  
	  
	  

	C 
	C 

	82% 
	82% 

	-27% 
	-27% 

	72% 
	72% 

	50% 
	50% 

	0% 
	0% 


	DFCR9301 
	DFCR9301 
	DFCR9301 

	E 
	E 

	5.26 
	5.26 

	0.11 
	0.11 

	107.0 
	107.0 

	4.2 
	4.2 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	6.66 
	6.66 

	0.14 
	0.14 

	146.6 
	146.6 

	5.5 
	5.5 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	27% 
	27% 

	27% 
	27% 

	37% 
	37% 

	31% 
	31% 

	20% 
	20% 


	Colvin Run Catchments 
	Colvin Run Catchments 
	Colvin Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff          TN (lb/ac/yr) 
	 Runoff          TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFCR9401 
	DFCR9401 
	DFCR9401 

	E 
	E 

	12.73 
	12.73 

	0.32 
	0.32 

	270.0 
	270.0 

	10.5 
	10.5 

	1.0 
	1.0 


	  
	  
	  

	F 
	F 

	13.73 
	13.73 

	0.34 
	0.34 

	273.1 
	273.1 

	10.0 
	10.0 

	1.0 
	1.0 


	  
	  
	  

	C 
	C 

	8% 
	8% 

	6% 
	6% 

	1% 
	1% 

	-5% 
	-5% 

	0% 
	0% 


	DFCR9501 
	DFCR9501 
	DFCR9501 

	E 
	E 

	4.25 
	4.25 

	0.16 
	0.16 

	79.9 
	79.9 

	3.7 
	3.7 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.66 
	4.66 

	0.17 
	0.17 

	92.4 
	92.4 

	4.4 
	4.4 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	6% 
	6% 

	16% 
	16% 

	19% 
	19% 

	17% 
	17% 


	DFCR9601 
	DFCR9601 
	DFCR9601 

	E 
	E 

	5.02 
	5.02 

	0.17 
	0.17 

	129.9 
	129.9 

	5.3 
	5.3 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	5.13 
	5.13 

	0.17 
	0.17 

	133.5 
	133.5 

	5.4 
	5.4 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	3% 
	3% 

	2% 
	2% 

	0% 
	0% 


	DFCR9701 
	DFCR9701 
	DFCR9701 

	E 
	E 

	5.23 
	5.23 

	0.15 
	0.15 

	98.7 
	98.7 

	3.9 
	3.9 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	5.23 
	5.23 

	0.15 
	0.15 

	98.7 
	98.7 

	3.9 
	3.9 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR9702 
	DFCR9702 
	DFCR9702 

	E 
	E 

	7.96 
	7.96 

	0.29 
	0.29 

	185.8 
	185.8 

	7.0 
	7.0 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	7.97 
	7.97 

	0.29 
	0.29 

	185.7 
	185.7 

	7.0 
	7.0 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR9703 
	DFCR9703 
	DFCR9703 

	E 
	E 

	4.42 
	4.42 

	0.19 
	0.19 

	126.4 
	126.4 

	4.6 
	4.6 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.41 
	4.41 

	0.19 
	0.19 

	126.3 
	126.3 

	4.6 
	4.6 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR9801 
	DFCR9801 
	DFCR9801 

	E 
	E 

	5.3 
	5.3 

	0.15 
	0.15 

	102.3 
	102.3 

	4.1 
	4.1 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	5.3 
	5.3 

	0.15 
	0.15 

	102.4 
	102.4 

	4.1 
	4.1 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR9802 
	DFCR9802 
	DFCR9802 

	E 
	E 

	4.65 
	4.65 

	0.15 
	0.15 

	155.8 
	155.8 

	6.0 
	6.0 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.65 
	4.65 

	0.15 
	0.15 

	155.9 
	155.9 

	6.0 
	6.0 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR9902 
	DFCR9902 
	DFCR9902 

	E 
	E 

	6.11 
	6.11 

	0.2 
	0.2 

	144.3 
	144.3 

	5.7 
	5.7 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	6.11 
	6.11 

	0.2 
	0.2 

	144.3 
	144.3 

	5.7 
	5.7 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR9903 
	DFCR9903 
	DFCR9903 

	E 
	E 

	6.45 
	6.45 

	0.21 
	0.21 

	137.4 
	137.4 

	5.2 
	5.2 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	6.45 
	6.45 

	0.21 
	0.21 

	137.3 
	137.3 

	5.2 
	5.2 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFCR9904 
	DFCR9904 
	DFCR9904 

	E 
	E 

	6 
	6 

	0.2 
	0.2 

	153.4 
	153.4 

	5.7 
	5.7 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	6.01 
	6.01 

	0.2 
	0.2 

	154.8 
	154.8 

	5.8 
	5.8 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	1% 
	1% 

	2% 
	2% 

	0% 
	0% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures. 
	Many of the catchments in Colvin Run showed no change between existing and future conditions, reflecting built out conditions in much of this subwatershed. While most catchments showed an increase from the existing conditions to the future conditions in pollutants and flow, some of the larger percent changes occurred in catchment DFCR9201, currently completely forested, partly changing to estate residential, and  DFCR9301, which is north of Sunset Hills Road around the Lake Fairfax Business Center and Eques
	space to low-density residential. One Reston area catchment, DFCR0001 has low-intensity commercial areas that are forecast to redevelop to a higher intensity. 
	3.17.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Three crossings in the subwatershed were overtopped with existing flows, as shown in Table 3.31. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.31 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	40 
	40 
	40 

	Hunter Mill Road 
	Hunter Mill Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 


	41 
	41 
	41 

	Lake Fairfax Drive 
	Lake Fairfax Drive 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	57 
	57 
	57 

	Carpers Farm Way 
	Carpers Farm Way 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #40 (Photo 3.52) overtopped for events less frequent than the 10-year. The road this bridge is on, Hunter Mill Road is classified as a primary road. This requires it to pass the 25-year event. 
	Culvert #41 (Photo 3.53) overtopped for all events. Lake Fairfax Drive is used as a local road to access Lake Fairfax Park. This requires it to pass the 10-year event. 
	    
	 
	Culvert #57 (Photo 3.54) overtopped for events less frequent than the 2-year. Carpers Farm Way is a local road, which means it must pass the 10-year event. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.17.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Colvin Run subwatershed are listed below. Refer to DFCR_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S11 The stream is severely eroded with unstable banks and active widening. The habitat directly upstream is considered poor. (Photo 3.52) 
	S13 This site has severe to extreme buffer deficiency with moderate restoration potential.  The stream is also eroding, giving it unstable banks. 
	S49 This reach has severe erosion with unstable banks and buffer deficiency. Both have moderate potential for restoration. 
	S92 The Stream Physical Assessment noted this reach, which is directly downstream of S99, has extreme erosion with moderate restoration potential along with active widening. (Photo 3.50) 
	S93 This is another site with the most severe erosion combined with the highest restoration potential as defined by field crews. (Photo 3.47) 
	S94 The Stream Physical Assessment showed this stream as having active widening. 
	S95 This site has severe to extreme erosion with moderate restoration potential along with active widening. 
	S96 This reach, as well as the reach downstream around the D12 site, has severe erosion with moderate potential for restoration. (Photo 3.49) 
	S97 The Stream Physical Assessment identified this site, which is directly upstream of S13, as having extreme erosion with moderate restoration potential. 
	S98 The stream flows directly into Lake Fairfax and is extremely eroded with moderate restoration potential. (Photo 3.47) 
	S99 This site has missing buffer that is considered severe. It has the most severe impact from the missing buffer and the highest potential for restoration. 
	S135 The Stream Physical Assessment located a failing outfall where the flow is causing severe bank erosion and potentially unsafe conditions (Photo 3.45 and 3.51). 
	S136 The Stream Physical Assessment identified several outfalls in disrepair, obstructions, and severe stream bank erosion along this reach. (Photo 3.46) 
	Hydrology and Water Quality 
	D12 (Catchment DFCR8801) The stream within this area has two areas of erosion with unstable banks, including Site S96, as is Colvin Run Mainstem downstream at S95.  The stream is also actively widening on the whole length. 
	D13 (Catchment DFCR9301) The stream in this catchment shows no problems. Runoff flows and pollutant loads are lower than the average for the subwatershed and Difficult Run. 
	D14 (Catchment DFCR0007) The stream has poor habitat and active incising. The mainstem immediately downstream of this catchment has erosion and unstable banks. Pollutant loads in this catchment are low for the subwatershed. 
	D16 (Catchment DFCR9201) The stream through the catchment has areas of poor habitat and active incision. Runoff flows and pollutant loads are better than most of the watershed. 
	D151 (Catchment DFCR9101) The stream in the catchment has degraded buffer with moderate potential for restoration. There is erosion downstream at Sites S97 and S13. 
	C07 (Catchment DFCR9904) Modeled runoff flows and pollutant loads in this catchment are average for in the Colvin Run subwatershed. Streams are eroding and the buffer is degrading. 
	C08 (Catchment DFCR9802) Runoff flows and pollutant loads in this catchment are among the highest in all of Difficult Run. This catchment is upstream of Lake Anne (C10), so all pollutants from this catchment flows directly into Lake Anne. 
	C09 (Catchment DFCR0001) Streams in this catchment and immediately downstream are actively widening. This may be due to the high runoff volumes plus pollutants in this area. 
	C10 (Catchment DFCR9903) This catchment also flows into Lake Anne, adding more high pollutant loads and high runoff volumes. The reach immediately downstream of the lake is widening and had buffer deficiency. 
	C12 (Catchment DFCR0003) Streams immediately downstream of this catchment are severely eroded. The catchment has below average runoff flows and pollutants for the subwatershed, but above average for the whole watershed. 
	C18 (Catchment DFCR9401) This catchment has one of the highest nitrogen loadings in the watershed. The streams in this catchment and immediately downstream show no signs of problems. 
	C50 (Catchment DFCR9601) The reaches in this catchment are eroding, have unstable banks, and one has a buffer deficiency with high restoration potential. Pollutants and runoff are about average for the subwatershed but well above average for Difficult Run. 
	C51 (Catchment DFCR9501) The streams are severely eroded with moderate restoration potential (S98). Modeled pollutant loads and runoff flows are high for the watershed. 
	C52 (Catchment DFCR9902) The reaches in this catchment were assigned a poor habitat rating and are eroding. The stream, which flows into Lake Anne, has high pollutant loads and high runoff volumes. 
	Flooding 
	F40 The bridge over Colvin Run on Hunter Mill Road overtops for flows less frequent than the 25-year event. Primary roads must pass the 25-year event. (Photo 3.52) 
	F41 The culvert under Lake Fairfax Drive overtops for all events. Local roads must pass the 10-year event. (Photo 3.53) 
	F57 The culvert under Carpers Farm Way overtops with existing conditions for all the modeled events. Local roads must pass the 10-year event. (Photo 3.54) 
	Preservation 
	P33 (Catchment DFCR0008) The percent increase in all modeled parameters is greatest in this catchment due to the loss of open space, particularly along the stream. 
	 
	3.17.10 Reston Watershed Plan Assessment 
	Three tributaries of Colvin Run were assessed. Results of the physical assessments and hydraulic modeling for each of these reaches are discussed below, with a reference to the ID number of the equivalent catchment area defined in the Difficult Run Watershed Plan, followed by a comparison with the assessment between plans. Refer to Section 3.14 for a discussion of projects proposed to address these issues. 
	Buttermilk Creek (Catchment DFCR9601) 
	Reston Plan The streams through this catchment and the two that follow were found to be actively eroding at a higher rate of change than those in other areas of Reston. There are areas with active headcuts, areas of sediment deposits, exposed utilities, and little or no baseflow. Approximately 40% of the streambanks were actively eroding. Hydraulic modeling showed that 6 out of 13 cross-sections had erosive velocities from the 1-year storm, and 3 of these were highly erosive. 
	Difficult Run Plan The County's Stream Physical Assessment results showed similar results. The entire length of stream was found to be unstable, with 60% of the banks showing active erosion. The entire stream was also found to be actively widening, and there was an area of missing riparian buffer as well. 
	In this tributary, both the stream condition and catchment characteristics were considered a high priority in Difficult Run. The stream reach was selected for stream restoration potential as candidate site S135 because of unstable banks and buffer impairments. The catchment was selected to investigate stormwater management retrofits as candidate site C50.   
	Brown's Chapel Creek  (Catchment DFCR9501) 
	Reston Plan Conditions in this creek are similar to those of Buttermilk Creek above.  There is active erosion of the channel bed and banks, active head cuts, sediment deposits, and a high rate of change. The assessment showed 25% of the stream banks actively eroding in the upper reaches, and 50% eroding in the lower reaches.  Two of the 8 cross-sections modeled had erosive velocities from the 1-year storm, and of these, 1 was highly erosive. 
	Difficult Run Plan The County's Stream Physical Assessment concurred with these results, showing the entire length of stream to have severe to extreme erosion impacts. 
	In this tributary, both the stream condition and catchment characteristics were considered a high priority in Difficult Run. The stream reach was selected as candidate site S98 because of the combination of erosion impacts and poor habitat.  The catchment was selected as candidate site C51. 
	Lake Anne Tributary (DFCR9902) 
	Reston Plan Conditions in this tributary are similar to Buttermilk Creek and Brown's Chapel Creek. All three are headwaters channels with relatively small drainage areas. The stream bed and banks were found to be actively eroding, with head cuts, sediment deposits, and low baseflow. Erosion was active in 50% to 60% of the streambanks. Hydraulic modeling was not conducted for this drainage area. 
	Difficult Run Plan The County's Stream Physical Assessment showed similar results, with the entire length of stream having severe to extreme erosion impacts, and poor to very poor habitat ranking. 
	This stream reach was not selected as a candidate site to be investigated for restoration projects since it was not one of the highest priority sites in the overall watershed. The catchment was selected for potential stormwater management retrofits as site C52. 
	3.18 Colvin Run - Subwatershed Plan Actions 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.32 below is a list of all projects proposed in this subwatershed. 
	Table 3.32 Recommendations for Colvin Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9012 
	DF9012 
	DF9012 

	Pond Retrofit 
	Pond Retrofit 

	D-12 
	D-12 


	DF9013 
	DF9013 
	DF9013 

	Pond Retrofit 
	Pond Retrofit 

	D-13 
	D-13 


	DF9013A 
	DF9013A 
	DF9013A 

	Pond Retrofit 
	Pond Retrofit 

	D-13 
	D-13 


	DF9014A 
	DF9014A 
	DF9014A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-14 
	D-14 


	DF9014B 
	DF9014B 
	DF9014B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-14 
	D-14 


	DF9118A 
	DF9118A 
	DF9118A 

	Pond Retrofit 
	Pond Retrofit 

	C18 
	C18 


	DF9118B 
	DF9118B 
	DF9118B 

	Pond Retrofit 
	Pond Retrofit 

	C18 
	C18 


	DF9151 
	DF9151 
	DF9151 

	Pond Retrofit 
	Pond Retrofit 

	C51 
	C51 


	DF9152 
	DF9152 
	DF9152 

	Pond Retrofit 
	Pond Retrofit 

	C52 
	C52 


	DF9213 
	DF9213 
	DF9213 

	Stream Restoration 
	Stream Restoration 

	S13 
	S13 


	DF92135 
	DF92135 
	DF92135 

	Stream Restoration 
	Stream Restoration 

	S135 
	S135 


	DF92136 
	DF92136 
	DF92136 

	Stream Restoration 
	Stream Restoration 

	S136 
	S136 


	DF9249 
	DF9249 
	DF9249 

	Stream Restoration 
	Stream Restoration 

	S49 
	S49 


	DF9295 
	DF9295 
	DF9295 

	Stream Restoration 
	Stream Restoration 

	S95 
	S95 


	DF9507B 
	DF9507B 
	DF9507B 

	Culvert Retrofit 
	Culvert Retrofit 

	C07 
	C07 


	DF9508A 
	DF9508A 
	DF9508A 

	Culvert Retrofit 
	Culvert Retrofit 

	C08 
	C08 


	DF9508B 
	DF9508B 
	DF9508B 

	Culvert Retrofit 
	Culvert Retrofit 

	C08 
	C08 


	DF9512A 
	DF9512A 
	DF9512A 

	Culvert Retrofit 
	Culvert Retrofit 

	C12 
	C12 


	DF9512B 
	DF9512B 
	DF9512B 

	Culvert Retrofit 
	Culvert Retrofit 

	C12 
	C12 


	DF9512C 
	DF9512C 
	DF9512C 

	Culvert Retrofit 
	Culvert Retrofit 

	C12 
	C12 


	DF9550A 
	DF9550A 
	DF9550A 

	Culvert Retrofit 
	Culvert Retrofit 

	C50 
	C50 


	DF9551 
	DF9551 
	DF9551 

	Culvert Retrofit 
	Culvert Retrofit 

	C51 
	C51 


	DF9552A 
	DF9552A 
	DF9552A 

	Culvert Retrofit 
	Culvert Retrofit 

	C52 
	C52 


	DF9552B 
	DF9552B 
	DF9552B 

	Culvert Retrofit 
	Culvert Retrofit 

	C52 
	C52 


	DF9707 
	DF9707 
	DF9707 

	Drainage Retrofit 
	Drainage Retrofit 

	C07 
	C07 


	DF9712 
	DF9712 
	DF9712 

	Drainage Retrofit 
	Drainage Retrofit 

	C12 
	C12 


	DF9750 
	DF9750 
	DF9750 

	Drainage Retrofit 
	Drainage Retrofit 

	C50 
	C50 


	DF9751 
	DF9751 
	DF9751 

	Drainage Retrofit 
	Drainage Retrofit 

	C51 
	C51 


	DF9807 
	DF9807 
	DF9807 

	LID Retrofit 
	LID Retrofit 

	C07 
	C07 


	DF9808 
	DF9808 
	DF9808 

	LID Retrofit 
	LID Retrofit 

	C08 
	C08 


	DF9809 
	DF9809 
	DF9809 

	LID Retrofit 
	LID Retrofit 

	C09 
	C09 


	DF9812 
	DF9812 
	DF9812 

	LID Retrofit 
	LID Retrofit 

	C12 
	C12 


	DF9818 
	DF9818 
	DF9818 

	LID Retrofit 
	LID Retrofit 

	C18 
	C18 



	 
	 
	 
	3.18.1 Regional Pond Alternative Projects 
	D12 (DFCR8801) 
	Site Investigation and Projects:   
	DF9012 (Pond Retrofit) The project would consist of a retrofit to an existing farm pond, which does not provide significant detention. A control structure would be designed to use the existing storage capacity for both water quality and channel protection, which would help reduce erosive discharge rates and velocities immediately downstream.   
	D13 (DFCR9301) 
	Site Investigation and Projects:   
	DF9013 (Pond Retrofit) This is one of two ponds within the commercial area on Business Center Drive that would be retrofit to provide channel protection storage by modifying the riser, and to improve water quality treatment by converting the dry pond to a wet marsh.   
	DF9013A (Pond Retrofit) This pond, which treats runoff from two large stormdrain systems, discharges into a severely eroded stream. The existing storage area would be utilized to reduce peak flow velocities and increase water quality improvements by modifying the riser and converting it to a wetland system. 
	D14 (DFCR0007) 
	Site Investigation and Projects:   
	DF9014A (Culvert Retrofit) The project is located on the upstream side of the culvert under Little Run Farm Court. It consists of providing storage to help improve water quality.  
	DF9014B (Drainage Retrofit) The project is distributed throughout the catchment. It consists of providing stabilization at outfalls where the discharge has caused scour and erosion.  
	D16 (DFCR9201) 
	Site Investigation and Projects: The field inspection showed that there is no development in this catchment and that it remains entirely forested. There is no need for retrofit or regional pond replacement projects at this time. It should be a focus of preservation programs. 
	3.18.2 Catchment Improvement Projects 
	C07 (DFCR9904) 
	Site Investigation and Projects: This catchment is made up of moderately dense residential properties, most of which have no substantial stormwater management. Generally speaking, the natural conveyance within this catchment shows little sign of degradation; therefore, minimal attention toward attenuation is deemed necessary.   
	DF9507B (Culvert Retrofit) This project is a retrofit to the culvert under Wiehle Avenue. The intent of this project is to improve channel protection for the degraded stream below North Shore Drive.   
	DF9707 (Drainage Retrofit) This project consists of energy dissipation in the form of outlet protection and plunge pools at each outfall. Of particular interest is the outfall to below the impoundment in Catchment 10. This location may need a more 
	substantial energy dissipation system that allows discharges to be conveyed to the confluence below in a stable manner.   
	DF9807 (LID Retrofit) This project consists of placing a rain garden on the South side of North Shore Drive. This would impound water up to a foot deep to provide water quality treatment to the runoff from this area. 
	C08 (DFCR9802) 
	Site Investigation and Projects:  
	DF9808 (LID Retrofit) This project would be a fully holistic low-impact development retrofit analysis of the commercial property south of the intersection of Village Drive and North Shore Drive. The primary goal in this area is to reduce runoff impacts and improve the quality of the runoff that flows into the stream and then into Lake Anne 
	DF9508A (Culvert Retrofit) This project is a small culvert retrofit designed to improve water quality. There are no natural streams between the site and Lake Anne, so channel protection is not needed. 
	DF9508B (Culvert Retrofit) This project is a culvert retrofit to the culvert under Baron Cameron Avenue. The drainage area to this point is approximately 50 percent natural wooded cover and approximately 50 percent recreational uses (i.e. ball fields). The primary opportunity at this location is to focus on the water quality by the construction of a wetland detention area.   
	C09 (DFCR0001) 
	Site Investigation and Projects: This catchment consists of highly developed, highly impervious, commercial development. There is a substantial system of in stream ponds that appear to be in excellent condition, but it is unclear what design standards they are based upon. 
	DF9809 (LID Retrofit) This project would include a property-by-property assessment of opportunities to reduce imperviousness, increase the flow path, infiltrate surface runoff and strategically use vegetation to improve the quantity and quality of the runoff throughout the entire catchment. 
	C12 (DFCR0003) 
	Site Investigation and Projects:  
	DF9812 (LID Retrofit) The area indicated, which is mostly on the north side of Sunset Hills Road and between Isaac Newton Square and Wiehle Avenue, consists of almost total impervious area (much of which is parking lot). This project would include an assessment of opportunities to reduce imperviousness, increase the flow path, infiltrate surface runoff and strategically use vegetation to improve the quantity and quality of the runoff before discharging to the adjacent golf course and stream.    
	DF9512A (Culvert Retrofit) This project is a retrofit to the culvert under North Shore Drive. The drainage area to this culvert is a small section of the golf course.  The primary focus of this culvert retrofit should be to provide some detention to storm runoff, as conditions allow, and to provide a water quality treatment area where biological processes can remove potential nutrient and pesticide contaminants in the runoff.   
	DF9512B (Culvert Retrofit) This project is retrofit to a second culvert under North Shore Avenue. The drainage area to this culvert is highly impervious. The primary 
	focus of this culvert retrofit should be to provide some detention to storm runoff and release the discharge at a slower rate.   
	DF9512C (Culvert Retrofit) This project is a retrofit to the culvert under Wiehle Avenue. The drainage area to this culvert consists of commercial, residential and recreational land uses. The primary focus of this culvert retrofit should be to provide channel protection detention.  This project may be constructed or superseded by Reston Association work in this stream channel.  
	DF9712 (Drainage Retrofit) This project consists of energy dissipation in the form of outlet protection at each outfall from a piped storm drainage system into the natural channel.   
	C18 (DFCR9401) 
	Site Investigation and Projects:   
	DF9118A (Pond Retrofit) This project is a retrofit to the regional pond at the culvert under Sunset Hills Road. The drainage area to this culvert consists of highly impervious commercial and roadway land uses. The primary focus of this retrofit should be to change the storage and outlet configuration to provide better detention and create water quality features in the pond itself.   
	DF9118B (Pond Retrofit) This project is a retrofit to the existing stormwater management facility on the south side of the Dulles Toll Road. The primary focus of this retrofit should be to change the pond design to improve water quality treatment.   
	DF9818 (LID Retrofit) This project would include an assessment of opportunities to reduce imperviousness, increase the flow path, infiltrate surface runoff and strategically use vegetation to improve the quantity and quality of the runoff throughout the entire catchment.   
	C50 (DFCR9601) 
	Site Investigation and Projects:  
	DF9550A (Culvert Retrofit) This project is a retrofit to the culvert under Baron Cameron Avenue. The drainage area to this catchment is mostly medium density detached housing along with parking areas from the recreational facilities on the other side of Wiehle Avenue. The primary focus of this culvert retrofit should be to provide channel protection storage for the reach immediately downstream.   
	DF9750 (Drainage Retrofit) This project consists primarily of energy dissipation in the form of outlet protection at each outfall from a piped storm drainage system into the natural channel.   
	C51 (DFCR9501) 
	Site Investigation and Projects:  
	DF9551 (Culvert Retrofit) A culvert retrofit on the upstream side of Gates Meadow Way should be created to settle out solids that would otherwise end up in the stormwater wetland below. The primary objective for this project should be to create a pretreatment area that allows some settling of solids and flow regulation.   
	DF9151 (Pond Retrofit) This wet pond treats the drainage from a single-family residential area. The existing single-stage riser can be replaced with a multi-stage 
	riser designed for increased management of smaller storms. There is sufficient storage to construct an aquatic bench to improve vegetative uptake. 
	DF9751 (Drainage Retrofit) This project consists primarily of energy dissipation in the form of outlet protection at each outfall from a piped storm drainage system into the natural channel.  
	C52 (DFCR9902) 
	Site Investigation and Projects:  
	DF9552A (Culvert Retrofit) A culvert retrofit upstream of Bennington Woods Road should be constructed to work as a treatment train with the pond to be retrofit downstream. The goal for the project would be to provide sedimentation to extend the life of the downstream pond. 
	DF9152 (Pond Retrofit) This project is a retrofit re-design of the existing pond between Bennington Woods Road and Baron Cameron Avenue. Channel protection volume can be created by constructing a weir in front of the existing culvert and small  marsh areas currently function as water quality components. A forebay will be installed at the storm drain outfall to treat runoff before entering the stream. 
	DF9552B (Culvert Retrofit) A culvert retrofit on the upstream side of North Shore Drive should be created as the final step in a pre-treatment system to protect Lake Anne downstream. The primary objective for this project should be to create a   stormwater wetland for vegetative uptake of nutrients. 
	3.18.3 Stream Restoration Projects 
	S11 
	Site Investigation and Projects: The site investigation showed steep, eroded, outer meander bends with point bar and floodplain redevelopment and a good aquatic channel width. Sinuosity is moderate. Bed forms are consistent and stable with much of the bed formed from fractured shale. Parallel sanitary sewers, wetland and forest clearing impacts, and limited construction access outweigh the benefits of erosion reduction through bank stabilization. No project was identified. 
	S13, S92, S97, S99 
	Site Investigation and Projects: The site investigation showed raw stream banks and moderate to severe incision. The riparian zone is non-forested for significant portions of the reach. A dam structure is located directly downstream of the confluence of the reach and Colvin Run. One project was identified for all four identified sites. 
	DF9213 (Stream Restoration) A pattern, dimension, and profile would be created that more closely resembles a natural stream. Banks would be stabilized and bed morphology would be improved. Native trees and shrubs would be planted in the riparian zone. Sites S13, S92, S97, and S99 would be combined as one project.   
	S49 
	Site Investigation and Projects: The site investigation showed eroded banks on both sides of the stream and severe incision. The stream is straight and has cut down to bedrock. A majority of the riparian zone is not forested. The reach is located on a golf course. One project was identified. 
	DF9249 (Stream Restoration) The bed would be reworked to promote stable, diverse bend features. The banks would be reshaped and stabilized and a floodplain bench would be excavated. Native trees and shrubs would be planted in the riparian zone to the maximum extent possible.  
	S93 
	Site Investigation and Projects: The site investigation showed eroded banks and moderate incision. However the stream is recovering and has a narrowed baseflow channel and good sinuosity. Access constraints, wetland impacts, and forest clearing outweigh the benefits of reducing streambank erosion. No project was identified. 
	S94 
	Site Investigation and Projects: The site investigation showed severe incision and moderate bank erosion. However, access constraints, wetland impacts, and forest clearing outweigh the benefits of reduced streambank erosion for a stream that is less than 300 feet in length. No project was identified 
	S95 
	Site Investigation and Projects: The site investigation showed severe incision and a meander pattern that did not match the existing flow regime. 
	DF9295 (Stream Restoration) The stream would be regraded, adjusting the pattern and profile to a more stable configuration. The streambed would be raised and bank protection structures would be constructed as needed. Portions of this project may be constructed or superseded by Reston Association work in this stream channel. 
	S96 
	Site Investigation and Projects: Site investigations showed moderate bank erosion and moderate to severe incision with floodplain development in some areas. The streambed appeared stable with good riffle/run morphology. The stream appeared to be recovering in many areas. Constraints associated with access, forest clearing and wetland impacts outweigh the sediment reduction benefits of restoring the stream. No project was identified. 
	S98 
	Site Investigation and Projects: The site investigation showed a moderately to severely incised stream with some raw and vertical banks. The stream did appear to be recovering with point bar development and a meandering, narrow baseflow channel. Severe utilities constraints, forest clearing and wetland impacts, and access and encroachment issues outweigh the benefits of reconnecting the stream to a functional floodplain. No project was identified. 
	S135 
	Site Investigation and Projects: The site investigation showed a failing outfall structure and bank erosion. One project was identified. 
	DF92135 (Stream Restoration) The outfall structure would be replaced and the stream banks stabilized. The channel would be reworked to promote stable, diverse bend features. The banks would be reshaped and stabilized and a floodplain bench would be excavated. Native trees and shrubs would be planted on the banks.  
	S136 
	Site Investigation and Projects: The site investigation showed a deeply incised channel and several failing outfalls located well above the channel bottom. One project was identified. 
	DF92136 (Stream Restoration) The outfall structures would be replaced and the stream banks stabilized. The channel would be reworked to promote stable, diverse bend features. The banks would be reshaped and stabilized and a floodplain bench would be excavated. Native trees and shrubs would be planted on the banks. Portions of this project may be constructed or superseded by Reston Association work in this stream channel. 
	 
	3.18.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the areas described below include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area.  Actions and policy changes needed to implement preservation for the areas listed below are described in Chapter 4. 
	3.18.5 Reston Watershed Plan Recommendations for Colvin Run 
	Structural measures were recommended in Colvin Run for drainage areas of Buttermilk Creek, Brown's Chapel Creek, and the Lake Anne Tributary. Specific locations were not identified. The recommendations included the following: 
	On-site stormwater controls 
	Reston Plan  No retrofit projects were identified for specific areas. 
	Difficult Run Plan  Several of these measures in Colvin Run are proposed in projects DF9808, DF9809, and DF9812, above. These projects identify general areas and parcels where topography and land use would make on-site controls particularly effective. 
	Stormwater Attenuation 
	Reston Plan  (7 structures) These projects are designed for culvert entrances to detain and reduce the peak flow from the channel-forming discharge to reduce stream erosion. Smaller versions of these types of attenuation systems at unspecified storm sewer inlets are also proposed. 
	Difficult Run Plan Culvert retrofit projects DF9551, DF9552A and DF9552B recommended for Colvin Run are similar to the attenuation structures proposed in the Reston Plan. 
	 
	 
	Floodplain Spreaders 
	Reston Plan (8 structures)  These projects are help to divert stormwater from paved ditches and storm sewers and allow it to flow over the floodplain at much lower energy levels and reduce scour at outfalls. 
	Difficult Run Plan  These types of structures are a potential solution for the drainage retrofits at outfalls described in projects DF9750, and DF9751. 
	Check Dams 
	Reston Plan (5 structures)  These projects provide stabilization for intermittent streams by creating step pools which lower the erosive velocity. 
	Difficult Run Plan  There are no equivalent projects specifically called out in this Plan, although these techniques could be used as part of the drainage retrofits described above in this plan. 
	Stream Restoration 
	Reston Plan (2,000 Feet)  The Reston Plan proposes restoration of up to 2,000 feet of stream throughout these three areas. 
	Difficult Run Plan The Plan identified one project in Buttermilk Run (DF92135) to restore a failed stormwater outfall and associated unstable stream banks. The candidate site at S98 in Brown's Chapel Creek was assessed but impacts from forest clearing and wetland encroachment appear to outweigh the benefits of a project. 
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	3.19 Snakeden Branch – Subwatershed Condition 
	3.19.1 Subwatershed Characteristics 
	The Snakeden Branch subwatershed has an area of approximately 2,239 acres (3.50 mi2). Its northern boundary starts at the intersection of Sunrise Valley Drive (Virginia 5320) and Reston Parkway (Virginia 602), extends to the north past the Dulles Access Toll Road (Virginia 267) and generally borders Branches Road to the east. The Reston Parkway (Virginia 602) lies along the western edge and Glade Drive follows the southern watershed divide. 
	Snakeden Branch is located on the western side of the Difficult Run watershed. There are 8.2 miles of stream within the subwatershed that flow east and join The Glade before ultimately flowing into the mainstem of Difficult Run. The majority of the length of the stream flows through open space or higher-density residential areas.  
	Refer to DFSB_1 for a map of the Snakeden subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.19.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	Snakeden Branch subwatershed is the second-most densely developed subwatershed in the Difficult Run watershed, with only 9 percent of its acreage developed as low-density or estate residential. Forty-six percent of the subwatershed is developed as high-density residential or commercial use. Most development is found along the Dulles Access Toll Road (Virginia 267), and also along major connector roads such as South Lakes Drive and Glade Drive. There are fewer parks and open space parcels in the Snakeden Bra
	There are 235 acres, 11 percent of the subwatershed, used for transportation such as roads or highways. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 605 acres, or 27 percent of the total subwatershed area. Snakeden Branch impervious levels are among the highest in the Difficult Run watershed. A complete summary of land use within the subwatershed can be found in Table 3.33. 
	Table 3.33 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	312 
	312 

	14% 
	14% 

	283 
	283 

	13% 
	13% 

	-29 
	-29 

	-1% 
	-1% 


	Golf Course 
	Golf Course 
	Golf Course 

	116 
	116 

	5% 
	5% 

	116 
	116 

	5% 
	5% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	72 
	72 

	3% 
	3% 

	34 
	34 

	2% 
	2% 

	-38 
	-38 

	-2% 
	-2% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	142 
	142 

	6% 
	6% 

	181 
	181 

	8% 
	8% 

	39 
	39 

	2% 
	2% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	256 
	256 

	11% 
	11% 

	256 
	256 

	11% 
	11% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	668 
	668 

	30% 
	30% 

	668 
	668 

	30% 
	30% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	57 
	57 

	3% 
	3% 

	39 
	39 

	2% 
	2% 

	-18 
	-18 

	-1% 
	-1% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	168 
	168 

	7% 
	7% 

	214 
	214 

	10% 
	10% 

	47 
	47 

	2% 
	2% 


	Industrial 
	Industrial 
	Industrial 

	1 
	1 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	-1 
	-1 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	121 
	121 

	5% 
	5% 

	121 
	121 

	5% 
	5% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	235 
	235 

	11% 
	11% 

	235 
	235 

	11% 
	11% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	91 
	91 

	4% 
	4% 

	91 
	91 

	4% 
	4% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	2,239 
	2,239 

	100% 
	100% 

	2,239 
	2,239 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, the notable changes are projected in the open space, estate residential, low-density residential, low-intensity commercial, and high-intensity commercial categories. Intensity of commercial development is projected to increase in the Snakeden Branch subwatershed. Estate residential and open space acreages are projected to decrease (-2 percent and -1 percent, respectively) while low-density residential and high-intensity commercial acreages are projected t
	According to Figure 3.9, a cumulative 46 acres (50 percent of all land use changes) are projected to shift to a high-intensity commercial use, and 29 acres (31 percent of all land use changes) are projected to shift from open space to a higher-intensity use. These shifts can lead to increases in impervious surface and the potential for additional runoff and pollutants to enter the stream.
	3.19.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 17 stormwater management facilities within the Snakeden Branch subwatershed. Seventy percent of the Snakeden Branch subwatershed is not served by any stormwater management facility. Twenty-eight percent of the total area has quantity control only and the remaining 2 percent receives both quantity and qual
	The difference between the amount of total developed area in the subwatershed (82 percent) and the area served by stormwater management (30 percent) indicates a possible need for additional management efforts, specifically in the industrial and high-density residential areas and low-intensity commercial areas in the upstream half of the watershed. Several medium-density residential areas along tributaries in the downstream half of the watershed would also benefit from additional stormwater management effort
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. Field crews located 42 outfall pipes in Snakeden Branch. Three of these pipes are having a major impact on the stream stability. All three of these are located on the same reach and have severe erosion
	A 16-inch concrete pipe is located south of the Dulles Access and Toll Road near Alexander Bell Drive. Severe erosion is occurring where the pipe segments have separated (Photo 3.55). A second outfall, located just downstream, is an 18-inch pipe located 75 feet from the channel as shown in Photo 3.56. These two outfalls together make up a candidate restoration site S101. 
	The third outfall lies within the stream channel, and is located south of Sunrise Valley Drive and just east of Barton Hill Road (Photo 3.57). This site is identified a potential restoration site (S102) due to the severe erosion.
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Two of the 32 stream crossings in the Snakeden Branch subwatershed are having a severe to extreme impact on the stream character: 
	• A wooden footbridge has severe upstream and downstream bed erosion and high upstream bank erosion. The bridge is a located near a potential stream restoration site and will be addressed. 
	• A wooden footbridge has severe upstream and downstream bed erosion and high upstream bank erosion. The bridge is a located near a potential stream restoration site and will be addressed. 
	• A wooden footbridge has severe upstream and downstream bed erosion and high upstream bank erosion. The bridge is a located near a potential stream restoration site and will be addressed. 

	• The bridge under Hunter Station Road (Virginia 677) has some bed erosion and possibly some undermining of the bridge. The bridge is a possible site for alleviating flooding. 
	• The bridge under Hunter Station Road (Virginia 677) has some bed erosion and possibly some undermining of the bridge. The bridge is a possible site for alleviating flooding. 


	3.19.4 Soils 
	Soils found in the Snakeden Branch subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 71 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (55 percent). B soils and the Glenelg soil type are compatible with infiltration pra
	3.19.5 Geomorphology 
	There are approximately 8.2 miles (43,296 feet) of stream in the Snakeden Branch subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. 
	• Most of the total reach length is Type III, which is indicative of an unstable channel that is actively widening as a response to changes in the streamflow. The remaining portion is a small section of Type IV located just upstream of Lake Audubon that is in the beginning stages of recovery and stabilization. 
	• Most of the total reach length is Type III, which is indicative of an unstable channel that is actively widening as a response to changes in the streamflow. The remaining portion is a small section of Type IV located just upstream of Lake Audubon that is in the beginning stages of recovery and stabilization. 
	• Most of the total reach length is Type III, which is indicative of an unstable channel that is actively widening as a response to changes in the streamflow. The remaining portion is a small section of Type IV located just upstream of Lake Audubon that is in the beginning stages of recovery and stabilization. 

	• Channel substrate throughout the subwatershed is made up of gravel and sand. 
	• Channel substrate throughout the subwatershed is made up of gravel and sand. 

	• The majority of the stream banks were moderately unstable which can lead to stream erosion during high flows and flood events. There were 125 linear feet of erosion noted that were having an extreme impact on the stream with a potential threat to property and infrastructure. One of these points is located on a tributary to Snakeden Branch near the tributary’s confluence with the mainstem and is shown in Photo 3.58. This site is potential stream restoration site S25. 
	• The majority of the stream banks were moderately unstable which can lead to stream erosion during high flows and flood events. There were 125 linear feet of erosion noted that were having an extreme impact on the stream with a potential threat to property and infrastructure. One of these points is located on a tributary to Snakeden Branch near the tributary’s confluence with the mainstem and is shown in Photo 3.58. This site is potential stream restoration site S25. 

	• The other two areas of erosion are on a single reach approximately 500 feet from one another. These are located on the mainstem of Snakeden Branch upstream of Lake Audubon. This potential stream restoration site S103, shown in Photo 3.59 
	• The other two areas of erosion are on a single reach approximately 500 feet from one another. These are located on the mainstem of Snakeden Branch upstream of Lake Audubon. This potential stream restoration site S103, shown in Photo 3.59 

	• There are nine stream blockages, primarily trees. Four of these blockages are likely restricting fish passage. The worst obstruction is located at the confluence of the two upstream tributaries near Tanbark Drive and is a potential stream restoration site. All other stream obstructions were considered to have less significant and were not considered further for study. 
	• There are nine stream blockages, primarily trees. Four of these blockages are likely restricting fish passage. The worst obstruction is located at the confluence of the two upstream tributaries near Tanbark Drive and is a potential stream restoration site. All other stream obstructions were considered to have less significant and were not considered further for study. 

	• There are four sanitary lines either crossing the stream or within the stream banks that were exposed and causing erosion problems and/or an obstruction during higher flows.  
	• There are four sanitary lines either crossing the stream or within the stream banks that were exposed and causing erosion problems and/or an obstruction during higher flows.  

	• The sanitary line near Robert Fulton Drive is in severe disrepair and is a potential stream restoration site. 
	• The sanitary line near Robert Fulton Drive is in severe disrepair and is a potential stream restoration site. 

	• The utility at the end of Wilder Point Road is shown in Photo 3.60 and is a potential stream restoration site.  
	• The utility at the end of Wilder Point Road is shown in Photo 3.60 and is a potential stream restoration site.  

	• The utility at the southern end of Mossy Creek Lane is shown in Photo 3.61 and is also a potential stream restoration site.  
	• The utility at the southern end of Mossy Creek Lane is shown in Photo 3.61 and is also a potential stream restoration site.  


	 
	 
	3.19.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• Seventy-three percent or the streams have fair habitat for aquatic insects and fish, 18 percent is poor, 6 percent is very poor and only 3 percent is considered good habitat for aquatic insects and fish. With the exception of the most upstream reach of Snakeden Branch, the entire mainstem has fair to good habitat. 
	• Seventy-three percent or the streams have fair habitat for aquatic insects and fish, 18 percent is poor, 6 percent is very poor and only 3 percent is considered good habitat for aquatic insects and fish. With the exception of the most upstream reach of Snakeden Branch, the entire mainstem has fair to good habitat. 
	• Seventy-three percent or the streams have fair habitat for aquatic insects and fish, 18 percent is poor, 6 percent is very poor and only 3 percent is considered good habitat for aquatic insects and fish. With the exception of the most upstream reach of Snakeden Branch, the entire mainstem has fair to good habitat. 

	• There are 13,860 feet (2.6 miles) of buffer encroachment (this length includes left and right banks combined). Of this, 75 percent of the encroachment is from lawn or a combination of lawn and docks, 23 percent is golf course. None of the buffer impacts have good restoration potential due to the existing land use. 
	• There are 13,860 feet (2.6 miles) of buffer encroachment (this length includes left and right banks combined). Of this, 75 percent of the encroachment is from lawn or a combination of lawn and docks, 23 percent is golf course. None of the buffer impacts have good restoration potential due to the existing land use. 

	• Ninety-two percent of the assessed stream length has 70 percent or less of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs.  
	• Ninety-two percent of the assessed stream length has 70 percent or less of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs.  


	3.19.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Snakeden Branch incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phospho
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the 
	Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	Snakeden Branch has land cover that is 27 percent impervious. The majority of the subwatershed is a higher density residential, such as around Lake Audubon or Lake Thoreau, or commercial, such as along the Dulles Toll Road. The area with both the highest modeled runoff volume and the highest pollutant loadings is DFSB0002, which stretches from Springwood southeast to Glade Road. This catchment is well over two-thirds high-density residential area. Refer to DFSB_4 for the catchment locations. 
	West of catchment DFSB0002 is DFSB0001, another catchment with above average runoff and pollutants. This catchment contains Reston Parkway and east along the stream. While it also contains a large amount of high-density residential area, it contains open space and commercial areas as well. Results are shown in Table 3.34. 
	Table 3.34 Existing and Future Modeling 
	Snakeden Branch Catchments 
	Snakeden Branch Catchments 
	Snakeden Branch Catchments 
	Snakeden Branch Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFSB0001 
	DFSB0001 
	DFSB0001 

	E 
	E 

	7.95 
	7.95 

	0.2 
	0.2 

	184.2 
	184.2 

	6.8 
	6.8 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	7.94 
	7.94 

	0.2 
	0.2 

	183.9 
	183.9 

	6.8 
	6.8 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFSB0002 
	DFSB0002 
	DFSB0002 

	E 
	E 

	6.38 
	6.38 

	0.21 
	0.21 

	148.7 
	148.7 

	5.6 
	5.6 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	6.34 
	6.34 

	0.2 
	0.2 

	148.5 
	148.5 

	5.6 
	5.6 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	-1% 
	-1% 

	-5% 
	-5% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFSB0004 
	DFSB0004 
	DFSB0004 

	E 
	E 

	5.64 
	5.64 

	0.15 
	0.15 

	113.5 
	113.5 

	4.6 
	4.6 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	5.62 
	5.62 

	0.15 
	0.15 

	113.4 
	113.4 

	4.6 
	4.6 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFSB0006 
	DFSB0006 
	DFSB0006 

	E 
	E 

	2.33 
	2.33 

	0.18 
	0.18 

	24.2 
	24.2 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.65 
	2.65 

	0.19 
	0.19 

	29.8 
	29.8 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	14% 
	14% 

	6% 
	6% 

	23% 
	23% 

	25% 
	25% 

	50% 
	50% 


	DFSB9201 
	DFSB9201 
	DFSB9201 

	E 
	E 

	2.67 
	2.67 

	0.13 
	0.13 

	26.5 
	26.5 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.25 
	3.25 

	0.14 
	0.14 

	45.6 
	45.6 

	2.3 
	2.3 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	22% 
	22% 

	8% 
	8% 

	72% 
	72% 

	53% 
	53% 

	33% 
	33% 


	DFSB9301 
	DFSB9301 
	DFSB9301 

	E 
	E 

	4.32 
	4.32 

	0.16 
	0.16 

	84.0 
	84.0 

	3.9 
	3.9 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.43 
	4.43 

	0.16 
	0.16 

	90.5 
	90.5 

	4.0 
	4.0 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	0% 
	0% 

	8% 
	8% 

	3% 
	3% 

	0% 
	0% 


	DFSB9402 
	DFSB9402 
	DFSB9402 

	E 
	E 

	9.75 
	9.75 

	0.23 
	0.23 

	199.2 
	199.2 

	7.7 
	7.7 

	0.9 
	0.9 


	  
	  
	  

	F 
	F 

	11.67 
	11.67 

	0.23 
	0.23 

	238.0 
	238.0 

	8.6 
	8.6 

	0.9 
	0.9 


	  
	  
	  

	C 
	C 

	20% 
	20% 

	0% 
	0% 

	19% 
	19% 

	12% 
	12% 

	0% 
	0% 


	DFSB9501 
	DFSB9501 
	DFSB9501 

	E 
	E 

	7.06 
	7.06 

	0.15 
	0.15 

	139.7 
	139.7 

	5.5 
	5.5 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	7.01 
	7.01 

	0.15 
	0.15 

	136.2 
	136.2 

	5.4 
	5.4 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	-1% 
	-1% 

	0% 
	0% 

	-3% 
	-3% 

	-2% 
	-2% 

	-13% 
	-13% 


	DFSB9901 
	DFSB9901 
	DFSB9901 

	E 
	E 

	4.2 
	4.2 

	0.13 
	0.13 

	99.8 
	99.8 

	3.9 
	3.9 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	4.2 
	4.2 

	0.13 
	0.13 

	99.9 
	99.9 

	3.9 
	3.9 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	Most of the catchments saw an increase in runoff and pollutants, but the two catchments with the largest percent increase are DFSB9201 and DFSB0006, located at the outlet to the subwatershed. These catchments are relatively undeveloped with low existing pollutant loads, and have several areas changing from estate to low-density residential. 
	3.19.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Two crossings in the subwatershed were overtopped with existing flows, as shown in Table 3.35. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.35 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	10 
	10 
	10 

	Hunters Den Lane 
	Hunters Den Lane 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 


	11 
	11 
	11 

	Hunter Station Road 
	Hunter Station Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #10 (Photo 3.62) overtopped for all events except the one-year. This is a local road, and so is required to pass the 10-year event. 
	Culvert #11 (Photo 3.63) overtopped for all events. Hunter Station Road is a primary road, uses mainly for through traffic. It is therefore required to pass the 25-year event. 
	          
	 
	3.19.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Snakeden Branch subwatershed are listed below. Refer to DFSB_4 for 
	site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S25 The stream has signs of erosion considered severe but with a high potential for restoration (Photo 3.58). 
	S101 There are outfall pipes that are causing major erosion and have the potential to destroy existing parking lots and sanitary sewers (Photo 3.55, 3.56 and 3.60). 
	S102 There are utility lines in the stream that erosion has unearthed (Photo 3.57). 
	S103 There is erosion that is considered severe with a high potential for restoration at this site. It is located directly upstream of site S25 (Photo 3.59 and 3.61). 
	Hydrology and Water Quality 
	D24 (Catchment DFSB9201) This site has better than average conditions for the subwatershed for runoff flows and pollutant loads. It was selected because it is a proposed site for a regional pond. 
	C23 (Catchment DFSB0002) This catchment has the highest runoff flows and pollutant loads in the subwatershed. Within this catchment, the stream is actively widening.  Site S103 is also in this catchment. 
	C24 (Catchment DFSB9402) This catchment has below average flows and pollutants. Within this catchment are two stream restoration sites, S101 and S102, both of which have erosion. 
	C28 (Catchment DFSB9501) This catchment has average flows and pollutants for the subwatershed, but they are high for the Difficult Run watershed as a whole.  
	C35 (Catchment DFSB0001) The runoff and pollutant loads are higher than average for Difficult Run. The streams within the catchment have erosion and poor habitat. 
	Flooding 
	F10 The culvert at Hunters Den Lane overtopped for all events except the one-year. This is a local road, so it must pass the 10-year event (Photo 3.62). 
	F11 The bridge on Hunter Station Road overtops for all events. Hunter Station Road is a primary road that should pass the 25-year event (Photo 3.63). 
	Preservation 
	P34 (Catchment DFSB0006) Percent increases in the pollutant loads between the existing and future conditions are projected to be the highest in this catchment due to changes from estate residential to low-density residential. 
	 
	3.19.10 Reston Watershed Plan Assessment 
	Five areas of Snakeden Branch and its tributaries were assessed. Results of the physical assessments and hydraulic modeling for each of these reaches are discussed below, with a reference to the equivalent catchment area defined in the Difficult Run Watershed Plan, followed by a comparison with the assessment between plans. Refer to Section 3.16 for a discussion of projects proposed to address these issues. 
	Snakeden Branch (DFSB0001, DFSB0002) 
	Reston Plan Problems with bank erosion were evident, with about 50% of the banks affected in the stream reaches through these catchments. The problems appeared to be evenly distributed throughout the stream, with widespread channel instabilities caused by stormwater runoff. There were numerous exposed utilities, particularly sewers. Hydraulic modeling showed that 30 out of 33 cross-sections had erosive velocities from the 1-year storm, and 16 of these were highly erosive. 
	Difficult Run Plan The Stream Physical Assessment found similar results, with active channel widening and unstable banks in most of the stream. 
	In this tributary, both the stream and catchment are high priorities in Difficult Run.  The stream reach was selected for stream restoration potential as candidate sites S25 and S103 because of severe erosion. The catchment was selected to investigate stormwater management retrofits as candidate sites C23 and C35. 
	Snakeden Tributary (DFSB9901) 
	Reston Plan The stream through this catchment showed similar erosion problems, although at a smaller scale, with about 10% to 30% of the banks eroded in the headwaters and 50% of the banks affected near the confluence with Snakeden Branch. Several exposed sewers were also found in these streams. Hydraulic modeling results showed 8 of 9 cross-sections had erosive velocities one of which was highly erosive. 
	Difficult Run Plan The Stream Physical Assessment showed active channel widening for the whole length of this tributary. 
	This stream reach was not one of the highest priority sites in the overall watershed and wasn't selected as a candidate site to be investigated for restoration projects.  The catchment area was also had a low priority. As a result, no Fairfax County projects will be proposed for this tributary. 
	Western Lower Tributary (DFSB9402) 
	Reston Plan The stream through this catchment showed many areas with erosion from lateral streambank migration, with 75% of the banks affected in the upstream reaches and around 50% affected in the lower reaches. Seven of 10 reaches modeled for the 1-year storm showed erosive velocities, one of which was highly erosive. 
	Difficult Run Plan The Stream Physical Assessment showed active widening in the upper portion of the stream, instability in the lower portion, poor habitat throughout, and areas of missing riparian buffer. 
	Both the stream and catchment conditions for the Western Lower Tributary are high priorities in Difficult Run. The stream reach was selected for stream restoration potential as candidate sites S101 and S102 because of erosion, exposed utilities, and buffer impairment. The catchment was selected to investigate stormwater management retrofits as candidate site C24. 
	Eastern Lower Tributary (DFSB9301) 
	Reston Plan This tributary also had erosion problems similar to those in the western tributary; however, they were less severe with only 35% of the streambanks showing active erosion. All 10 cross-sections modeled for the 1-year storm showed erosive velocities; however, none were highly erosive. 
	Difficult Run Plan The Stream Physical Assessment showed similar results. The entire length of the tributary was assessed with active widening. 
	This stream reach was not one of the highest priority sites in the overall watershed and wasn't selected as a candidate site to be investigated for restoration projects. The catchment area was also in the lower half of the priority ranking for Difficult Run. As a result, no Fairfax County projects will be proposed for this tributary. 
	  
	3.20 Snakeden Branch - Subwatershed Plan Actions 
	In the previous subwatershed condition section, information from stream assessments, 
	monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.36 below is a list of all projects proposed in this subwatershed. 
	Table 3.36 Recommendations for Snakeden Branch 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9024A 
	DF9024A 
	DF9024A 

	Pond Retrofit 
	Pond Retrofit 

	D-24 
	D-24 


	DF9024B 
	DF9024B 
	DF9024B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-24 
	D-24 


	DF9024C 
	DF9024C 
	DF9024C 

	Drainage Retrofit 
	Drainage Retrofit 

	D-24 
	D-24 


	DF9123B 
	DF9123B 
	DF9123B 

	Pond Retrofit 
	Pond Retrofit 

	C23 
	C23 


	DF9124A 
	DF9124A 
	DF9124A 

	Pond Retrofit 
	Pond Retrofit 

	C24 
	C24 


	DF9124C 
	DF9124C 
	DF9124C 

	Pond Retrofit 
	Pond Retrofit 

	C24 
	C24 


	DF92101 
	DF92101 
	DF92101 

	Stream Restoration 
	Stream Restoration 

	S101 
	S101 


	DF92102 
	DF92102 
	DF92102 

	Stream Restoration 
	Stream Restoration 

	S102 
	S102 


	DF9225 
	DF9225 
	DF9225 

	Stream Restoration 
	Stream Restoration 

	S25 
	S25 


	DF9523 
	DF9523 
	DF9523 

	Culvert Retrofit 
	Culvert Retrofit 

	C23 
	C23 


	DF9524 
	DF9524 
	DF9524 

	Culvert Retrofit 
	Culvert Retrofit 

	C24 
	C24 


	DF9535A 
	DF9535A 
	DF9535A 

	Culvert Retrofit 
	Culvert Retrofit 

	C35 
	C35 


	DF9535B1 
	DF9535B1 
	DF9535B1 

	Culvert Retrofit 
	Culvert Retrofit 

	C35 
	C35 


	DF9535B2 
	DF9535B2 
	DF9535B2 

	Culvert Retrofit 
	Culvert Retrofit 

	C35 
	C35 


	DF9723 
	DF9723 
	DF9723 

	Drainage Retrofit 
	Drainage Retrofit 

	C23 
	C23 


	DF9724 
	DF9724 
	DF9724 

	Drainage Retrofit 
	Drainage Retrofit 

	C24 
	C24 


	DF9728 
	DF9728 
	DF9728 

	Drainage Retrofit 
	Drainage Retrofit 

	C28 
	C28 


	DF9835 
	DF9835 
	DF9835 

	LID Retrofit 
	LID Retrofit 

	C35 
	C35 


	DF9735 
	DF9735 
	DF9735 

	Drainage Retrofit 
	Drainage Retrofit 

	C35 
	C35 



	 
	3.20.1 Regional Pond Alternative Projects 
	D24 (DFSB9201) 
	Site Investigation and Projects  
	DF9024A (Pond Retrofit) There is an existing facility near the intersection of Clovermeadow Road and the right of way for the future alignment of Hunter Mill Road that could be expanded to provide additional storage for channel protection and water quality. Retrofits would include a excavation, a multi-stage riser, sediment forebay, micro-pools, and wetland cells to enhance pollutant removal.  
	DF9024B (Culvert Retrofit) This project is located upstream of the W&OD Trail. It would provide detention storage in the floodplain, incorporating wetland features and vegetation to improve pollutant removal.  
	DF9024C (Drainage Retrofit) This project would retrofit six outfalls throughout the catchment to reduce impacts from high stormwater discharges causing scour and erosion below the outfalls.  
	3.20.2 Catchment Improvement Projects 
	C23 (DFSB0002) 
	Site Investigation and Projects  
	DF9523 (Culvert Retrofit) This project is located on the upstream side of the culvert under Soapstone Road. The retrofit design would provide some detention through a rapid drawdown controlled structure, increase the time of concentration and provide some access to the broader floodplain for settling of solids and vegetative uptake.  Portions of this project may be constructed or superseded by Reston Association work in this stream channel. 
	DF9123B (Pond Retrofit) This project would consist of the replacement of the existing riser to increase the extended detention in this dry pond on the upstream side of Sugarberry Court. Existing water quality components are in place to provide a degree of nutrient uptake and sediment removal. 
	DF9723 (Drainage Retrofit) The highly impervious cover of this catchment is located along the ridges, with drainage system discharging to the floodplain below. The energy released by these systems is a significant contributor to the scour and erosion found in this catchment. This project would provide outfall stabilization to reduce these impacts.   
	C24 (DFSB9402) 
	Site Investigation and Projects  
	DF9124A (Pond Retrofit) The existing pond at the outfall to this catchment has significantly aggraded over the years. This project would consist of a detailed analysis and re-design of the control structure to better enable this facility to provide channel protection storage and pollutant removal and if possible improve stream functions such as sediment transport and fish passage.  
	DF9124C (Pond Retrofit) This project is a retrofit design to the pond at the northwest corner of the intersection of the Dulles Toll Road with the W&OD Trail. This project involves excavation to maximize available storage space and installation of a multi-stage control structure to convert the dry pond to a wet marsh. 
	DF9724 (Drainage Retrofit) This project is intended to reduce the energy associated with runoff high runoff flows at outfalls to the stream system where it induces scour and erosion at the end of the pipes.   
	DF9524 (Culvert Retrofit) This project is a culvert retrofit upstream of Sunrise Valley Drive. This project consists of excavation of incised and overly steepened streambanks to create storage for channel protection and reduce erosive flows downstream. The project can be built simultaneously with stream restoration project DF92101. 
	C28 (DFSB9501) 
	Site Investigation and Projects This catchment is densely developed on rolling terrain that provides little opportunity to provide on-site drainage improvements.   
	DF9728 (Drainage Retrofit) Two areas that were found to have identifiable drainage improvements include the removal of the concrete trapezoidal channel that runs Purple Beech and Ridge Heights, west of Lake Thoreau. Concrete channels would be removed and replaced with grass-covered dry swales with an underdrain. 
	C35 (DFSB0001) 
	Site Investigation and Projects  
	DF9535A (Culvert Retrofit) This project is a culvert retrofit located on the upstream side of Colts Neck Road in the low-lying area which receives drainage from several high-density residential developments. There were no ponds found upstream of this location and this retrofit would provide channel storage volume to help reduce erosive flows downstream. 
	DF9535B1 (Culvert Retrofit) This project would consist of a retrofit to the western of the two culverts under Glade Road in the vicinity of the rear property line to Hunters Woods Elementary School.  
	DF9535B2 (Culvert Retrofit) This project is the eastern culvert draining catchment DFSB0001 beneath Glade Road. This project would provide stormwater management to a development lacking any. 
	DF9835 (LID Retrofit) This project is an LID retrofit of the entire development in and around the Hunters Woods Village Shopping Center that consists of several commercial businesses, two churches and other associated impervious areas. The LID retrofit approach should look for opportunities to minimize impervious cover, increase flow paths and durations and construct engineered infiltration facilities to better aid in the reduction of runoff volume. 
	DF9735 (Drainage Retrofit) This project consists of the addition of energy dissipation devices at each of the locations where outfalls discharge into the natural environment.   
	3.20.3 Stream Restoration Projects 
	S25 
	Site Investigation and Projects: The site investigation showed severe incision and raw vertical streambanks with limited recovery of the low flow channel and some floodplain re-establishment. One project was identified 
	DF9225 (Stream Restoration) The project would create a pattern, dimension, and profile more consistent with a natural stream. Banks would be stabilized and floodplain connections improved. Diverse riffle pool bed morphology would be created. S25 and S103 would be combined into a single project. Portions of this project may be constructed or superseded by Reston Association work in this stream channel. 
	S101 
	Site Investigation and Projects: The site investigation showed extreme incision and highly erosive banks on both sides of the stream. The stream had a poor riffle run bed morphology. In addition to the candidate reach, the site contains two side tributaries that are equally impaired. Further bank failure would threaten existing parking lots, sanitary sewers, and stormwater outfalls. One project was identified. 
	DF92101 (Stream Restoration) The project would create a pattern, dimension, and profile more consistent with a natural stream. Banks would be stabilized and floodplains would be excavated. Stormwater outfalls would be reconfigured and sanitary sewer lines would be permanently protected.  
	S102 
	Site Investigation and Projects: The stream is incised and has widened so that utility lines are exposed in several locations. 
	DF92102 (Stream Restoration) The project will restore two of the reaches by reconstructing the existing channel. The remaining reaches can be stabilized in place either by regrading the streambanks, or by armoring. 
	S103 
	Site Investigation and Projects: See S25. 
	 
	3.20.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the areas described below include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area. Actions and policy changes needed to implement preservation for the areas listed below are described in Chapter 4. 
	3.20.5 Reston Watershed Plan Recommendations for Snakeden Branch 
	Structural measures were recommended in Snakeden Branch for drainage areas of the mainstem of Snakeden Branch and three tributaries. Specific locations within these areas were not identified. The recommendations included the following: 
	Pollution Prevention 
	Reston Plan  No projects of programs were identified for specific areas. 
	Difficult Run Plan  One pollution prevention project specific to Snakeden Branch was identified in this plan, DF9902 for outreach to the Reston National Golf Course for fertilizer and pesticide management techniques. 
	On-site stormwater controls 
	Reston Plan  No retrofit projects were identified for specific areas. 
	Difficult Run Plan  Several of these measures are proposed for Snakeden Branch in project DF9835 above, which identifies general areas and parcels where topography and land use would make on-site controls particularly effective. 
	Stormwater Attenuation 
	Reston Plan (20 structures)  These projects are designed to detain and reduce the peak flow from the channel-forming discharge. Smaller versions of these types of attenuation systems at unspecified storm sewer inlets are also proposed in the Reston Plan. 
	Difficult Run Plan  Culvert retrofit projects DF9024B, DF9523, DF9535A, and DF9535B recommended for Snakeden Branch are similar to the Reston Plan attenuation structures. 
	Floodplain Spreaders 
	Reston Plan (10 structures)  These projects are designed to divert stormwater from paved ditches and storm sewers and allow it to flow over the floodplain at much lower energy levels and reduce scour at outfalls. 
	Difficult Run Plan  These types of structures are a potential solution for the drainage retrofits at outfalls described in projects DF9024C, DF9723, DF9724, DF9728, and DF9735. 
	Check Dams 
	Reston Plan (30 structures)  These projects provide stabilization for intermittent streams by creating step pools which lower the erosive velocity. There are no equivalent projects in the Difficult Run Watershed Plan. 
	Difficult Run Plan  There are no equivalent projects specifically called out in the this plan, although these techniques could be used as part of the drainage retrofits described in projects DF9024C, DF9723, DF9724, DF9728, and DF9735 in this plan. 
	Stream Restoration 
	Reston Plan (7,000 Feet)  The Reston Plan proposes restoration of up to 7,000 feet of stream throughout Snakeden Branch. 
	Difficult Run Plan Two projects were identified in sites S25 and S101. Project DF9225 would restore 1,890 feet and project DF92101 would restore 610 feet of stream.
	3.21 The Glade – Subwatershed Condition 
	3.21.1 Subwatershed Characteristics 
	The Glade subwatershed is one of the smaller subwatersheds in the Difficult Run watershed. It has an area of approximately 853 acres (1.33 mi2). It is located in central Fairfax County. Much of the watershed lies between Glade Drive, which forms the northern boundary, and Lawyers Road (Virginia 673), which lies along the southern subwatershed divide. The subwatershed extends from Reston Parkway (Virginia 602) on the western edge to Hunter Station Road (Virginia 677) at the downstream end. 
	The Glade subwatershed is located in the west-central area of the Difficult Run watershed. The single 3.8 mile stream flows in an easterly direction to the confluence with Snakeden Branch. 
	Refer to DFGL_1 for a map of the Glade subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.21.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Glade subwatershed is moderately densely developed. Twenty-nine percent of the Glade subwatershed is developed as low-density or estate residential, and 22 percent is developed as medium-density residential. Only 2 percent of the subwatershed is developed for high-density residential, commercial or industrial uses. The majority of the more developed area is along Lawyers Road (Virginia 673) and the major arterial Glade Drive.  There are 106 acres used for transportation rights-of-way (12 percent of the 
	Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 138 acres, or 16 percent, of the total subwatershed area. Twenty-nine percent of the subwatershed is open space although no major developed parks or recreational facilities exist. No historical sites lie within the subwatershed. A complete summary of land use within the subwatershed can be found in Table 3.35. 
	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	Table 3.37 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	250 
	250 

	29% 
	29% 

	246 
	246 

	29% 
	29% 

	-4 
	-4 

	-1% 
	-1% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0  
	0  

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	26 
	26 

	3% 
	3% 

	23 
	23 

	3% 
	3% 

	-4 
	-4 

	0% 
	0% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	225 
	225 

	26% 
	26% 

	233 
	233 

	27% 
	27% 

	8  
	8  

	1% 
	1% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	190 
	190 

	22% 
	22% 

	190 
	190 

	22% 
	22% 

	0  
	0  

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	20 
	20 

	2% 
	2% 

	20 
	20 

	2% 
	2% 

	0  
	0  

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	12 
	12 

	1% 
	1% 

	12 
	12 

	1% 
	1% 

	0  
	0  

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	4 
	4 

	0% 
	0% 

	4 
	4 

	0% 
	0% 

	0  
	0  

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0  
	0  

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	19 
	19 

	2% 
	2% 

	19 
	19 

	2% 
	2% 

	0  
	0  

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	106 
	106 

	12% 
	12% 

	106 
	106 

	12% 
	12% 

	0  
	0  

	0% 
	0% 


	Water 
	Water 
	Water 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0  
	0  

	0% 
	0% 


	Total 
	Total 
	Total 

	853 
	853 

	100% 
	100% 

	853 
	853 

	100% 
	100% 

	  
	  

	0% 
	0% 



	The Glade subwatershed had the least amount of change between existing and future land use projections in Difficult Run. There is a projected 1 percent increase in low-density residential acreage and a projected 1 percent decrease in open space. 
	According to Figure 3.10, 8 acres are projected to shift from estate residential in the existing land use to low-density residential in the future land use, and 4 acres were projected to shift from open space to estate residential in the future land use. 
	3.21.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are four stormwater management facilities within The Glade subwatershed. Ninety-two percent of the subwatershed is not served by any stormwater management facility. Eight percent of the total area has quantity control only. There is no area within the subwatershed that receives both quantity and quality contr
	The difference between the amount of total developed area in the subwatershed (69 percent) and the area served by stormwater management (8 percent) indicates a possible need for additional management efforts, particularly in the industrial and low and medium density residential areas that border most of the stream length. Additional information on the location of the stormwater management facilities in the Glade subwatershed can be found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews did not locate any outfall pipes that were having a significant impact on the stream. 
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Seventeen of the 21 stream crossings in The Glade subwatershed are wooden footbridges. All but two crossings have very little impact on stream character. The two with more significant impact are wooden footbridges where the flow is creating moderate bank erosion. The erosion
	3.21.4 Soils 
	Soils found in The Glade subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 78 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (66 percent). B soils and the Glenelg soil type are compatible with infiltration practices and
	3.21.5 Geomorphology 
	There are approximately 3.7 miles (19,427 feet) of stream in The Glade subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. One reach (928 feet), near the north end of Howland Drive, was not assessed because it was not a natural stream channel. 
	The stream channel substrate is primarily a mix of cobble and gravel with some sand present. Fifty-one percent of the total reach length is Type III, which is indicative of an unstable channel that is actively widening as a response to changes in the flow. The remaining 45 percent of assessed channel is Type IV, which is the beginning of stream stabilization after disturbance.  
	There were only two specific erosion locations noted in the subwatershed. Both were considered to be of moderate impact. These are located just downstream of a candidate stream restoration site S26. An example of the erosion is shown in Photo 3.67. 
	There are ten stream blockages, primarily comprised of downed trees. Eight of these blockages are likely restricting movement of fish within the stream system and can block passage. Only one obstruction is thought to have a severe impact. This obstruction of trees and debris is located on an upstream reach near Stirrup Road, upstream of the candidate stream restoration area S26 (see Photo 3.68). 
	 
	There were no headcuts, areas of distinct stream bed elevation change due to erosion, and no dumpsites within the subwatershed at the time of assessment. There were 14 ditches, of which the flows in four were causing some moderate erosion. One ditch located just downstream of a potential restoration site should be addressed with the stream restoration site. 
	The field crew found a total of five partially exposed utility lines in the subwatershed, which can pose potential problems for both the stream and the utility lines. One utility line of an unknown type was completely exposed. This utility line is located just off of Stirrup Road on an upstream reach of the subwatershed and is a candidate restoration site S104 (Photo 3.69). 
	3.21.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• Of the assessed reaches, 71 percent is considered fair habitat for aquatic insects and fish, 18 percent is considered poor, and 8 percent is excellent. The reach considered excellent habitat is the most downstream reach near The Glade’s confluence with Snakeden Branch. 
	• Of the assessed reaches, 71 percent is considered fair habitat for aquatic insects and fish, 18 percent is considered poor, and 8 percent is excellent. The reach considered excellent habitat is the most downstream reach near The Glade’s confluence with Snakeden Branch. 
	• Of the assessed reaches, 71 percent is considered fair habitat for aquatic insects and fish, 18 percent is considered poor, and 8 percent is excellent. The reach considered excellent habitat is the most downstream reach near The Glade’s confluence with Snakeden Branch. 

	• There were no points along the stream that were considered to have deficient riparian buffer. 
	• There were no points along the stream that were considered to have deficient riparian buffer. 


	 
	3.21.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in The Glade incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus (T
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	The Glade subwatershed has an impervious cover of 16 percent. This subwatershed runs parallel to and just north of Lawyers Road west of the intersection with Hunter Station Road.  The land use is mostly composed of low and medium-density residential areas with open space around the stream. 
	Catchment DFGL0002, found from Steeplechase Drive east to Soapstone Drive, has the highest modeled pollutant loadings. Refer to DFGL_4 for the catchment locations. The highest runoff volume is found between Reston Parkway and Steeplechase Drive north of Lawyers Road, which is catchment DFGL0001. Results are in Table 3.36. 
	Table 3.38 Existing and Future Modeling 
	The Glade Catchments 
	The Glade Catchments 
	The Glade Catchments 
	The Glade Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFGL0001 
	DFGL0001 
	DFGL0001 

	E 
	E 

	3.63 
	3.63 

	0.12 
	0.12 

	56.9 
	56.9 

	2.8 
	2.8 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	3.63 
	3.63 

	0.12 
	0.12 

	56.9 
	56.9 

	2.8 
	2.8 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFGL0002 
	DFGL0002 
	DFGL0002 

	E 
	E 

	3.49 
	3.49 

	0.13 
	0.13 

	51.3 
	51.3 

	2.6 
	2.6 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	3.49 
	3.49 

	0.13 
	0.13 

	51.6 
	51.6 

	2.6 
	2.6 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFGL0004 
	DFGL0004 
	DFGL0004 

	E 
	E 

	2.93 
	2.93 

	0.14 
	0.14 

	33.3 
	33.3 

	1.8 
	1.8 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	2.97 
	2.97 

	0.15 
	0.15 

	34.3 
	34.3 

	1.9 
	1.9 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	7% 
	7% 

	3% 
	3% 

	6% 
	6% 

	0% 
	0% 



	 E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	There is less land use change set to take place in this subwatershed than in most subwatersheds. There are only a few areas of open space changing to estate residential or estate residential changing to low-density residential. 
	3.21.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Two stream crossings were modeled in the subwatershed; neither was overtopped with existing flows. 
	3.21.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in The Glade subwatershed are listed below. Refer to DFGL_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S26 The Stream Physical Assessment identified a significant portion of the stream, including this reach, which has erosion causing unstable banks (Photo 3.67). 
	S104 A utility line was found in the stream along with unstable banks caused by erosion (Photo 3.69). 
	Hydrology and Water Quality 
	C40 (Catchment DFGL0001) Pollutant loads and flows are higher than the subwatershed average. S26, with unstable banks and erosion, is located downstream of this catchment 
	3.21.10 Reston Watershed Plan Assessment 
	The assessment covered the mainstem of The Glade down to the lowest reaches that were not assessed because they were primarily beaver habitat and no stream improvements were expected to be proposed. Results of the physical assessments and hydraulic modeling are discussed below, with a reference to the equivalent catchment areas defined in the Difficult Run Watershed Plan. 
	The Glade (DFGL0001, DFGL0002, upstream half of DFGL0004) 
	Reston Plan Problems with bank erosion were found during the assessment. The percentage of streambanks affected increased downstream, with 10  to 20 percent eroded in DFGL0001, 30 to 50 percent in DFGL0002, and 35 percent in DFGL0004. Exposed utilities were also found. Hydraulic modeling showed that 35 out of 40 cross-sections had erosive velocities from the 1-year storm; however, only 2 of these were highly erosive. 
	Difficult Run Plan The Stream Physical Assessment for this project found similar results, with active widening through DFGL0001 and DFGL0002, and more than 60 percent of the streambanks unstable for the entire length of the mainstem assessed in the Reston Plan. 
	The stream reach with the highest percentage of erosion was selected as candidate site S26. The catchment upstream of this site was a high priority and was selected for stormwater management project investigation as candidate site C40.
	3.22 The Glade - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.37 below is a list of all projects proposed in this subwatershed. 
	Table 3.39 Recommendations for The Glade 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF92104 
	DF92104 
	DF92104 

	Streambank Stabilization 
	Streambank Stabilization 

	S104 
	S104 


	DF9540A 
	DF9540A 
	DF9540A 

	Culvert Retrofit 
	Culvert Retrofit 

	C40 
	C40 


	DF9540B 
	DF9540B 
	DF9540B 

	Culvert Retrofit 
	Culvert Retrofit 

	C40 
	C40 


	DF9740 
	DF9740 
	DF9740 

	Drainage Retrofit 
	Drainage Retrofit 

	C40 
	C40 



	 
	3.22.1 Regional Pond Alternative Projects 
	There are no proposed regional pond sites. 
	3.22.2 Catchment Improvement Projects 
	C40 (DFGL0001) 
	Site Investigation and Projects: 
	DF9540A (Culvert Retrofit) This project would consist of a culvert retrofit on the upstream side of Steeplechase Road at the outlet to this catchment. This retrofit would be designed to reduce erosive flows downstream by extended detention of smaller storms, and allow for settling and vegetative uptake of pollutants. 
	DF9540B (Culvert Retrofit) This project would consist of a culvert retrofit on the upstream side of Colts Neck Road where the north branch of this tributary crosses.  This retrofit would be designed designed as an extended detention dry pond with a sediment forebay and micropool with the primary goal of reducing erosive flows downstream, and secondarily to allow for settling and biological uptake of nutrients.   
	DF9740 (Drainage Retrofit) This project would include the removal of all concrete ditch conveyance channels with dry swales and the improvement of outfall protection throughout the catchment. The primary impact of this project would be to reduce erosive velocities, promote infiltration into the ground, and provide a slower, less destructive drainage system to convey runoff to receiving streams. 
	 
	3.22.3 Stream Restoration Projects 
	S26 
	Site Investigation and Projects: The site investigation showed raw banks and moderate to severe incision. The stream had good pool variability and stable riffle bed features. The stream is largely recovered with some floodplain re-development. Constraints associated with utilities and wetland impacts outweigh the benefits of a bank stabilization project, so no project was identified. 
	 
	 
	S104 
	Site Investigation and Projects: The site investigation found three pieces of disconnected reinforced concrete stormwater pipe in the stream. The pipes have created an obstruction that has initiated streambank erosion. One project was identified 
	DF92104 (Streambank Stabilization) The stream would be realigned with a new pattern and profile to be more stable with the existing flow regime. The obstruction  would be removed as part of this project.Portions of this project may be constructed or superseded by Reston Association work in this stream channel. 
	3.22.4 Preservation 
	No preservation candidate sites were identified for this subwatershed. 
	3.22.5 Reston Watershed Plan Recommendations for The Glade 
	Structural measures were recommended for drainage areas of the mainstem of The Glade. Specific locations within these areas were not identified. The recommendations included the following: 
	Stormwater Attenuation 
	Reston Plan (10 structures)  These projects are designed to detain and reduce the peak flow from the channel-forming discharge, reducing scour at outfalls. Smaller versions of these types of attenuation systems at unspecified storm sewer inlets are also proposed. 
	Difficult Run Plan Culvert retrofit projects DF9540A and DF9540B in this plan are similar to the Reston Plan attenuation structures. 
	Floodplain Spreaders 
	Reston Plan (10 structures)  These projects are designed to divert stormwater from paved ditches and storm sewers and allow it to flow over the floodplain at much lower energy levels. 
	Difficult Run Plan  Floodplain spreaders are a potential solution for the drainage retrofits at outfalls described in project DF9740A in this plan. 
	Check Dams 
	Reston Plan (10 structures)  These projects provide stabilization for intermittent streams by creating step pools which lower the erosive velocity. 
	Difficult Run Plan  There are no equivalent projects specifically called out in this plan, although these techniques could be used as part of the drainage retrofits described project DF9740A in this plan. 
	Stream Restoration 
	Reston Plan (4,000 feet)  The Reston Plan proposes restoration of up to 4,000 feet of stream throughout The Glade. 
	Difficult Run Plan    Candidate site S26 was assessed in the field but restoration potential outweighed the constraints associated with access and construction.  Project DF92104 would remove stream blockages and restore 920 feet of unstable streambanks.
	3.23 Middle Difficult Run – Subwatershed Condition 
	3.23.1 Subwatershed Characteristics 
	The Middle Difficult Run subwatershed has an area of approximately 1,721 acres (2.69 mi2) located in center of the Difficult Run watershed. The Dulles Access Toll Road (Virginia 267) virtually bisects the subwatershed into two pieces. Hunter Mill Road (Virginia 674) forms the approximate western boundary. Beulah Road (Virginia 675) forms the approximate eastern boundary. Crowell Road (Virginia 675) forms the approximate northern boundary. The Difficult Run Stream Valley Park provides the approximate souther
	The 7.6 miles of stream generally flow in a northeast direction. The mainstem of this section of Difficult Run extends from the confluence with Piney Branch to the confluence with Wolftrap Creek. 
	Refer to DFDFM_1 for a map of the Middle Difficult Run subwatershed highlighting the Subwatershed Characteristics including: existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.23.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Middle Difficult Run subwatershed is developed to a slight to moderate density with 47 percent developed as low-density or estate residential. Only 2 percent of the subwatershed is developed as a commercial use. The majority of this area is concentrated south of the Dulles Access Toll Road (Virginia 267), and along Hunter Mill Road (Virginia 674). 
	There are 231 acres of the subwatershed, or 13 percent, used for transportation such as roads and highways. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 248 acres, or 14 percent of the total subwatershed area. 
	Twenty-six percent of the subwatershed is preserved for open space or parks. Major parks include the majority of the Difficult Run Stream Valley Park, Tamarack Park, Meadowlark Gardens Regional Park (contains Sun Valley Park), and a portion of the Colvin Run Mill Park. No historical sites lie within the subwatershed. 
	A summary of land use within the subwatershed can be found in Table 3.38. 
	Table 3.40 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	445 
	445 

	26% 
	26% 

	359 
	359 

	21% 
	21% 

	-86 
	-86 

	-5% 
	-5% 


	Golf Course 
	Golf Course 
	Golf Course 

	36 
	36 

	2% 
	2% 

	0 
	0 

	0% 
	0% 

	-36 
	-36 

	-2% 
	-2% 


	Estate residential 
	Estate residential 
	Estate residential 

	268 
	268 

	16% 
	16% 

	293 
	293 

	17% 
	17% 

	25  
	25  

	1% 
	1% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	537 
	537 

	31% 
	31% 

	626 
	626 

	36% 
	36% 

	90  
	90  

	5% 
	5% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	108 
	108 

	6% 
	6% 

	110 
	110 

	6% 
	6% 

	3  
	3  

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0  
	0  

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	20 
	20 

	1% 
	1% 

	14 
	14 

	1% 
	1% 

	-7 
	-7 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	24 
	24 

	1% 
	1% 

	35 
	35 

	2% 
	2% 

	12  
	12  

	1% 
	1% 


	Industrial 
	Industrial 
	Industrial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0  
	0  

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	52 
	52 

	3% 
	3% 

	52 
	52 

	3% 
	3% 

	0  
	0  

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	231 
	231 

	13% 
	13% 

	231 
	231 

	13% 
	13% 

	0  
	0  

	0% 
	0% 


	Water 
	Water 
	Water 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0  
	0  

	0% 
	0% 


	Total 
	Total 
	Total 

	1,721 
	1,721 

	100% 
	100% 

	1,721 
	1,721 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, the notable changes are projected in the open space and low-density residential categories. Decreases are projected in the open space (-5 percent) and golf courses (-2 percent) categories, while increases are projected in the estate residential (+1%), low-density residential (+5 percent), and high-intensity commercial (+1 percent) land use categories.  
	According to Figure 3.11, 57 acres are projected to shift from open space in the existing land use to low-density residential in the future land use. Twenty acres may shift from open space to estate residential in the future land use. In fact, 85 acres, or 52 percent of all land use changes, are projected to shift from open space to a higher intensity use in the future. This does not guarantee that the open space will become developed – it suggests that these areas of open space can be used for development/
	Thirty-five acres are projected to shift from estate residential to low-density residential in the future land use. This suggests a need for more and possibly higher-density residential uses in the Middle Difficult Run subwatershed.  
	 
	 
	3.23.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are three stormwater management facilities within the Middle Difficult Run subwatershed. Seventy-five percent of the Middle Difficult Run subwatershed is not served by any stormwater management facility. Nineteen percent of the total area has quantity control only and the remaining 5 percent receives both qua
	The difference between the amount of total developed area in the subwatershed (73 percent) and the area served by stormwater management (25 percent) indicates a possible need for additional management efforts, specifically in the low-density and medium-density residential areas. A list of all stormwater management facilities in the Middle Difficult Run subwatershed can be found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located four outfall pipes discharging into the Middle Difficult Run subwatershed. All pipes have little impact on stream integrity and do not require
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. There were 27 stream crossings located in the subwatershed during the Stream Physical Assessment. None of the crossings were having a significant impact on the stream condition. 
	3.23.4 Soils 
	Soils found in the Middle Difficult Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 61 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (31 percent). B soils and the Glenelg soil type are compatible with infiltratio
	3.23.5 Geomorphology 
	There is approximately 7.3 miles (38,310 feet) of stream in the Middle Difficult Run subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes.
	Fifty-three percent of the total reach length is Type III, which is indicative of an actively widening and unstable stream channel as a result of changes in flow. The remaining 45 percent of assessed channel are Type II, which is generally characterized by a downcutting channel and the beginnings of instability in stream banks. A mix of sand, silt, and gravel with some areas of bedrock dominate the substrate of the Middle Difficult Run channel. 
	About thirty-five percent of both banks of the entire assessed stream reach were considered moderately unstable which can  lead to high erosion potential during flood events. 
	There were 11 points of erosion noted in Middle Difficult Run. The combined length of the erosion points is approximately 6,660 feet (1.3 miles). Two of the 11 erosion points are having a severe impact on stream condition. They are shown here in Photos 3.70 and 3.71. The former is located at Candidate Site S56. 
	Figure
	Photo 3.71 Erosion on the mainstem of Difficult Run at the end of Tamarack Drive (DFDF008.E001). 
	Photo 3.70 Eroding channel located between Brittenford Drive and Hunt Country Lane (DFDF049.E002). 

	3.23.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002 and winter of 2003. There were two reaches not assessed because they were ponds or wetlands. 
	• Of the assessed reaches, 82 percent have fair habitat for aquatic insects and fish, 14 percent is considered poor, and 4 percent is good. 
	• Of the assessed reaches, 82 percent have fair habitat for aquatic insects and fish, 14 percent is considered poor, and 4 percent is good. 
	• Of the assessed reaches, 82 percent have fair habitat for aquatic insects and fish, 14 percent is considered poor, and 4 percent is good. 

	• There are 12 stream blockages, primarily composed of trees and debris. Eight of these blockages are likely restricting movement of fish in the stream system between habitats and for migration. Three of these obstructions have a more significant impact on stream integrity. Two of them are shown below in Photos 3.72 and 3.73. 
	• There are 12 stream blockages, primarily composed of trees and debris. Eight of these blockages are likely restricting movement of fish in the stream system between habitats and for migration. Three of these obstructions have a more significant impact on stream integrity. Two of them are shown below in Photos 3.72 and 3.73. 


	There was one dumpsite within the subwatershed at the time of assessment. The dumpsite was located in the stream and contained a residential oil tank. Although the dumpsite was not active, clean up would definitely be a benefit to the stream quality. The tank is shown in Photo 3.74 and is at candidate site S105. 
	• There was one sanitary line that was crossing the stream and partially buried (see Photo 3.75). Although the line was exposed in some parts, it was stabilized and anchored to the banks. 
	• There was one sanitary line that was crossing the stream and partially buried (see Photo 3.75). Although the line was exposed in some parts, it was stabilized and anchored to the banks. 
	• There was one sanitary line that was crossing the stream and partially buried (see Photo 3.75). Although the line was exposed in some parts, it was stabilized and anchored to the banks. 


	 
	• Fourteen percent of the total assessed length is somewhat channelized, indicating that a significant amount of the channel has been altered and is no longer the natural channel. 
	• Fourteen percent of the total assessed length is somewhat channelized, indicating that a significant amount of the channel has been altered and is no longer the natural channel. 
	• Fourteen percent of the total assessed length is somewhat channelized, indicating that a significant amount of the channel has been altered and is no longer the natural channel. 

	• There is 30,800 feet, or approximately 38 percent of the total, of buffer encroachment (this length includes left and right banks combined). Of this, 25,100 feet (82 percent) is lawn or meadow and most of the remaining 18 percent is some 
	• There is 30,800 feet, or approximately 38 percent of the total, of buffer encroachment (this length includes left and right banks combined). Of this, 25,100 feet (82 percent) is lawn or meadow and most of the remaining 18 percent is some 

	combination of impervious and pervious surface. Approximately half of the buffer encroachment length has a high restoration potential. Approximately 9,000 feet of the buffer impact have a significant impact on the stream condition and habitat. Two buffer encroachments are shown below in Photos 3.76, which is at candidate site S106, and 3.78, which is site S108. 
	combination of impervious and pervious surface. Approximately half of the buffer encroachment length has a high restoration potential. Approximately 9,000 feet of the buffer impact have a significant impact on the stream condition and habitat. Two buffer encroachments are shown below in Photos 3.76, which is at candidate site S106, and 3.78, which is site S108. 

	• Fifty-five percent of the assessed stream length has between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs.  
	• Fifty-five percent of the assessed stream length has between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs.  


	3.23.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Middle Difficult Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total ph
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	The Middle Difficult Run subwatershed is covered by 14 percent impervious surface. While most of the subwatershed consists of estate and low-density residential land use, there is a large area of commercial development, including the Parkridge Bus Park, which is in the catchment with the highest runoff volume, DFDF6901. See DFDFM_4 for the catchment locations. This catchment also has the highest modeled nitrogen and phosphorus loading. 
	The Dulles Toll Road runs through several catchments in this subwatershed, including DFDF6901, DFDF6902, and DFDF0037. This is a large amount of impervious area that increases the amount of runoff in these catchments compared to the catchments that do not 
	contain the Toll Road. Catchment DFDF6902 also contains a higher concentration of low and medium density residential areas, which is why it has the second highest nitrogen and phosphorus loadings behind DFDF6901. Results are in Table 3.39. 
	Table 3.41 Existing and Future Modeling 
	Middle Difficult Run Catchments 
	Middle Difficult Run Catchments 
	Middle Difficult Run Catchments 
	Middle Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFDF0035 
	DFDF0035 
	DFDF0035 

	E 
	E 

	1.85 
	1.85 

	0.12 
	0.12 

	20.0 
	20.0 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.87 
	1.87 

	0.12 
	0.12 

	20.8 
	20.8 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	4% 
	4% 

	0% 
	0% 

	0% 
	0% 


	DFDF0037 
	DFDF0037 
	DFDF0037 

	E 
	E 

	4.06 
	4.06 

	0.14 
	0.14 

	29.1 
	29.1 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	4.15 
	4.15 

	0.14 
	0.14 

	29.9 
	29.9 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFDF0039 
	DFDF0039 
	DFDF0039 

	E 
	E 

	2.56 
	2.56 

	0.14 
	0.14 

	19.4 
	19.4 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.56 
	2.56 

	0.14 
	0.14 

	19.4 
	19.4 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFDF0041 
	DFDF0041 
	DFDF0041 

	E 
	E 

	1.89 
	1.89 

	0.15 
	0.15 

	16.1 
	16.1 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.95 
	1.95 

	0.15 
	0.15 

	16.2 
	16.2 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFDF6801 
	DFDF6801 
	DFDF6801 

	E 
	E 

	1.86 
	1.86 

	0.1 
	0.1 

	24.1 
	24.1 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.86 
	1.86 

	0.1 
	0.1 

	24.1 
	24.1 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFDF6901 
	DFDF6901 
	DFDF6901 

	E 
	E 

	8.32 
	8.32 

	0.23 
	0.23 

	135.1 
	135.1 

	5.5 
	5.5 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	9.48 
	9.48 

	0.28 
	0.28 

	152.6 
	152.6 

	6.2 
	6.2 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	14% 
	14% 

	22% 
	22% 

	13% 
	13% 

	13% 
	13% 

	17% 
	17% 


	DFDF6902 
	DFDF6902 
	DFDF6902 

	E 
	E 

	3.99 
	3.99 

	0.13 
	0.13 

	54.5 
	54.5 

	2.6 
	2.6 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	4.17 
	4.17 

	0.14 
	0.14 

	57.7 
	57.7 

	2.8 
	2.8 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	8% 
	8% 

	6% 
	6% 

	8% 
	8% 

	25% 
	25% 


	DFDF7102 
	DFDF7102 
	DFDF7102 

	E 
	E 

	2.03 
	2.03 

	0.12 
	0.12 

	39.2 
	39.2 

	1.7 
	1.7 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.46 
	2.46 

	0.13 
	0.13 

	48.6 
	48.6 

	2.1 
	2.1 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	21% 
	21% 

	8% 
	8% 

	24% 
	24% 

	24% 
	24% 

	50% 
	50% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	The future modeling shows the highest percent increase to be in catchment DFDF7102, where there is a significant amount of area changing from open space to estate or low-density residential or from low-density residential to medium density residential. This area is situated approximately between Beulah Road and Brookside Lane. 
	3.23.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	One crossing in the subwatershed was overtopped by existing flows, as shown in Table 3.40. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.42 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	  
	  

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	29 
	29 
	29 

	Browns Mill Road 
	Browns Mill Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #29 (Photo 3.78) overtopped for all events. Browns Mill Road is a local road, so it is required to pass the 10-year flow. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.23.9 Hydraulic Modeling 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Middle Difficult Run subwatershed are listed below. Refer to DFDFM_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S56 The Stream Physical Assessment found severe bank erosion at this site, and the catchment has the second highest runoff volume in the subwatershed (Photo 3.70). 
	S105 The Stream Physical Assessment found a residential oil tank that should be removed from the stream. The catchment has average runoff and below average pollutant loading (Photo 3.74). 
	S106 Stream Physical Assessment inspections showed areas of unstable streambanks, incision, and deficient buffer in this area (Photo 3.76). 
	S107 This site has better than average conditions for the subwatershed for runoff flows and pollutant loads. The Stream Physical Assessment identified this site as having deficient buffer and widening. 
	S108 Inadequate buffer and stream erosion are both problems at this site. The catchment has the highest runoff volume and peak discharge in the subwatershed (Photo 3.77). 
	Hydrology and Water Quality 
	D11 (Catchment DFDF6801) This catchment has average pollutant loading. Directly downstream of this site is S106, which has problems with erosion. 
	C22 (Catchment DFDF6902) This catchment has above average runoff and average pollutant loads. The streams in the catchment have severe erosion, are incised (S56), and are actively widening.   
	C55 (Catchment DFDF6901) This site has the highest nitrogen and phosphorus loadings in the subwatershed. Peak flows and runoff volume are also above average. Stream site S108 in the catchment has a buffer deficiency and erosion problems. The streams are also actively widening and incised, leading downstream into S56. 
	Flooding 
	F29 The Browns Mill Road Bridge overtops for all events. Since it is classified as a local road, the bridge should pass the 10-year event (Photo 3.78). 
	Preservation 
	No sites were identified. Several catchments are in very good condition, but model results from future development do not make them significantly worse. This means that they are essentially preserved under the current development plans and regulations. 
	3.24 Middle Difficult Run - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.41 below is a list of all projects proposed in this subwatershed. 
	Table 3.43 Recommendations for Middle Difficult Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9011A 
	DF9011A 
	DF9011A 

	Pond Retrofit 
	Pond Retrofit 

	D-11 
	D-11 


	DF9011C 
	DF9011C 
	DF9011C 

	Drainage Retrofit 
	Drainage Retrofit 

	D-11 
	D-11 


	DF9122 
	DF9122 
	DF9122 

	Pond Retrofit 
	Pond Retrofit 

	C22 
	C22 


	DF92106 
	DF92106 
	DF92106 

	Stream Restoration 
	Stream Restoration 

	S106 
	S106 


	DF92108 
	DF92108 
	DF92108 

	Buffer Restoration 
	Buffer Restoration 

	S108 
	S108 


	DF9522A 
	DF9522A 
	DF9522A 

	Culvert Retrofit 
	Culvert Retrofit 

	C22 
	C22 


	DF9522B 
	DF9522B 
	DF9522B 

	Culvert Retrofit 
	Culvert Retrofit 

	C22 
	C22 


	DF9522C 
	DF9522C 
	DF9522C 

	Culvert Retrofit 
	Culvert Retrofit 

	C22 
	C22 


	DF9522D 
	DF9522D 
	DF9522D 

	Culvert Retrofit 
	Culvert Retrofit 

	C22 
	C22 


	DF9555A 
	DF9555A 
	DF9555A 

	Culvert Retrofit 
	Culvert Retrofit 

	C55 
	C55 


	DF9555B 
	DF9555B 
	DF9555B 

	Culvert Retrofit 
	Culvert Retrofit 

	C55 
	C55 


	DF9555C 
	DF9555C 
	DF9555C 

	Culvert Retrofit 
	Culvert Retrofit 

	C55 
	C55 


	DF9722 
	DF9722 
	DF9722 

	Drainage Retrofit 
	Drainage Retrofit 

	C22 
	C22 


	DF9755 
	DF9755 
	DF9755 

	Drainage Retrofit 
	Drainage Retrofit 

	C55 
	C55 



	 
	3.24.1 Regional Pond Alternative Projects 
	D11 (DFDF6801) 
	Site Investigation and Projects  
	DF9011A (Pond Retrofit) This project would retrofit an existing wet pond located on the upstream side of Windstone Road by installling a multi-stage riser to control smaller storms and adding an aquatic bench to improve pollutant removal performance.   
	DF9011C (Drainage Retrofit) These distributed projects would be designed to dissipate energy where manmade channels flow into natural channels. This may include riprap, plunge pools, and structural energy dissipaters.  
	3.24.2 Catchment Improvement Projects 
	C22 (DFDF6902) 
	Site Investigation and Projects:  
	DF9522A (Culvert Retrofit) This project consists of using the embankment of the driveway off of Willow Crest Court to increase detention time, thus cutting down the peak discharges and allowing time for sediments and pollutants to be removed from the water.  
	DF9522B (Culvert Retrofit) This project consists of using the roadway embankment of Brittenford Drive Drive to create an extended detention dry pond for channel protection control.Use of wetland vegetation for nutrient uptake will improve treatment effectiveness. 
	DF9522C (Culvert Retrofit) This project consists of using the roadway embankment of Brittenford Drive, east of Raleigh Hill Road, to create an extended detention dry pond for channel protection control. Use of wetland vegetation and a micropool for sedimentation and nutrient uptake will improve treatment effectiveness. 
	DF9522D (Culvert Retrofit) This project consists of using the roadway embankment of Brittenford Drive, east of Rosaleigh Court, to create an extended detention dry pond for channel protection control. 
	DF9122 (Pond Retrofit) This project is located in an existing regional basin, between Brittenford Drive and Hunt Country Lane, and consists of a redesign of the existing dry pond to create a flat, wet marsh area will increase nutrient removal and promote settling of solids, and to provide a multi-stage riser to provide  channel protection storage.  
	DF9722 (Drainage Retrofit) These projects distributed throughout the catchment are designed to provide adequate energy dissipation at outfalls where the piped storm-drain system discharges to a natural channel. Improvements would consist of energy dissipation through riprap, plunge pools, or structures.  
	C55 (DFDF6901) 
	Site Investigation and Projects:  
	DF9555A (Culvert Retrofit) This project consists of a culvert retrofit to the crossing of Hunter Mill Road. The retrofit would be designed to store runoff on the upstream side of the roadway. This facility would settle out sediment.  
	DF9555B (Culvert Retrofit) This project consists of using the roadway embankment of Sunset Hills Road to provide detention for channel protection and water quality improvements.  
	DF9555C (Culvert Retrofit) This project consists of using the roadway embankment of Brittenford Drive, just east of Landon Hill Road, reduce peak discharges and allow time for sedimentation and vegetative uptake..  
	DF9755 (Drainage Retrofit) This project consists of reconfiguring outfalls or retrofitting energy dissipation structures to reduce scour and erosion where flows from the storm drainage system enter the stream. Improvements would consist of energy dissipation through riprap, plunge pools, or structures. The primary benefit would be reduction of sediment from localized scour or erosion.  
	3.24.3 Stream Restoration Projects 
	S56 
	Site Investigation and Projects: The site investigation showed moderate bank erosion located on outer meander bends with slight incision and some floodplain bench development. The stream was moderately sinuous and the stream had downcut to bedrock. Upstream stormwater management retrofits are expected to reduce runoff impacts to the point that stream can recover naturally. No project was identified. 
	S105 
	Site Investigation and Projects: The site investigation did not find a tank located in the stream in the area indicated. It may have been removed between the assessment and the site investigation, so no project was identified. 
	S106 
	Site Investigation and Projects: The stream has widened and the banks are unstable in several reaches. The buffer is deficient for most of its length. 
	DF92106 (Stream Restoration) The restoration approach consists of minor regrading of streambanks to a more stable angle, and armoring specific erosion points at meanders. Stream buffers will be restored where they are deficient. 
	S107 
	Site Investigation and Projects: The site investigation showed a stable stream without severe enough erosion problems to justify a project.  
	S108 
	Site Investigation and Projects: The site investigation showed moderate bank erosion located on outer meander bends with slight incision and some floodplain bench development. The stream was moderately sinuous and the stream had downcut to bedrock. Some buffer deficiencies were identified. 
	DF92108 (Buffer Restoration) Areas in the riparian zone deficient in woody vegetation would be replanted with native trees and shrubs.   
	3.24.4 Preservation 
	No preservation candidate sites were identified for this subwatershed. 
	.
	3.25 Wolftrap Creek – Subwatershed Condition 
	3.25.1 Subwatershed Characteristics 
	The Wolftrap Creek subwatershed has an area of approximately 3,631 acres (5.67 mi2). It is located in central Fairfax County just north of Vienna. Leesburg Pike (Virginia 7) runs along the northeast boundary. The Dulles Toll Access Road (Virginia 267) bisects the upper portion of the subwatershed and Beulah Road (Virginia 675) provides an approximate western boundary. Cedar Lane (Virginia 698) and Vienna Technical Park create the boundary. 
	Wolftrap Creek subwatershed is located in the east-central portion of the Difficult Run watershed. There are 13.1 miles of stream in this subwatershed. Many other subwatersheds border Wolftrap Creek on its northwestern course to intersect the mainstem of Difficult Run. 
	Refer to DFWC_1 for a map of the Wolftrap Creek subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management.  
	3.25.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Wolftrap Creek subwatershed is one of the more dense subwatersheds in the Difficult Run watershed. Twenty-six percent is developed as low-density or estate residential. Six percent of the subwatershed is developed for commercial or industrial uses, and 28 percent is developed for medium or high-density residential. The largest land use category is medium-density residential, which constitutes 25 percent of the subwatershed’s acreage. There are 536 acres, or 15 percent of the subwatershed, used for trans
	Seventeen percent of the land in this subwatershed is preserved for open space or parks. Major parks include the Wolftrap Stream Valley Park, the Wolftrap Farm Park, the Wolf Trails Park, the Spring Lake Park, Foxstone Park, the Westwood Golf Course, and Briarcliff Park. There are 12 historical sites that lie within the subwatershed. A summary of land use within the subwatershed can be found in Table 3.42. 
	 
	Table 3.44 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	601 
	601 

	17% 
	17% 

	373 
	373 

	10% 
	10% 

	-228 
	-228 

	-6% 
	-6% 


	Golf Course 
	Golf Course 
	Golf Course 

	136 
	136 

	4% 
	4% 

	136 
	136 

	4% 
	4% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	213 
	213 

	6% 
	6% 

	41 
	41 

	1% 
	1% 

	-171 
	-171 

	-5% 
	-5% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	718 
	718 

	20% 
	20% 

	696 
	696 

	19% 
	19% 

	-22 
	-22 

	-1% 
	-1% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	906 
	906 

	25% 
	25% 

	1310 
	1310 

	36% 
	36% 

	403 
	403 

	11% 
	11% 


	High-density residential 
	High-density residential 
	High-density residential 

	101 
	101 

	3% 
	3% 

	101 
	101 

	3% 
	3% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	69 
	69 

	2% 
	2% 

	86 
	86 

	2% 
	2% 

	17 
	17 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	161 
	161 

	4% 
	4% 

	161 
	161 

	4% 
	4% 

	0 
	0 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	9 
	9 

	0% 
	0% 

	9 
	9 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	178 
	178 

	5% 
	5% 

	178 
	178 

	5% 
	5% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	536 
	536 

	15% 
	15% 

	536 
	536 

	15% 
	15% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	3 
	3 

	0% 
	0% 

	3 
	3 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	3,631 
	3,631 

	100% 
	100% 

	3,631 
	3,631 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, the notable changes are projected in the medium-density residential, open space, and estate residential categories. Medium-density residential acreage is projected to increase by 403 acres, while estate residential acreage is projected to decrease by 171 acres. There is a loss of commercial acreage anticipated, but an increase in industrial land. Open space land is projected to decrease by 6 percent. 
	According to Figure 3.12, 272 acres are projected to shift from low-density residential in the existing land use to medium-density residential in the future land use. One hundred and forty-eight acres will shift from estate residential to low-density residential. One hundred and nine acres shifted from open space in the existing land use to medium-density residential in the future land use. One hundred and three acres are anticipated to shift from open space to low-density residential. Cumulatively, 227 acr
	The largest shifts in land use from existing to future illustrate the demand for accommodating new residential uses in Fairfax County. Other shifts show an exchange of a lower-intensity use for a higher-intensity use except for a few cases. The 6 percent loss of open space primarily stems from the addition of medium-density residential (403 acres) land uses in the future to accommodate housing. 
	3.25.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 45 stormwater management facilities within the Wolftrap Creek subwatershed. Seventy-five percent of the Wolftrap Creek subwatershed is not served by any stormwater management facility. Twenty-one percent of the total area has quantity control only and the remaining 4 percent receives both quantity and qua
	The difference between the amount of total developed area in the subwatershed (81 percent) and the area served by stormwater management (25 percent) indicates a possible need for additional management efforts, specifically in the low-density and medium density residential areas, which account for 45 percent of the area. Additional information on the location of the stormwater management facilities in the Wolftrap Creek subwatershed is found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 57 outfall pipes discharging into the Wolftrap Creek subwatershed. All pipes were smaller than 48 inches. All of these pipes were considered t
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. The Stream Physical Assessment identified 57 stream crossings in the Wolftrap Creek subwatershed. Of this total, only one was considered to have a moderate impact on the stream character; the remaining crossings were having a minimal impact on the stream. 
	3.25.4 Soils 
	Soils found in the Wolftrap Creek subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 41 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (23 percent). B soils and the Glenelg soil type are compatible with infiltration prac
	 
	3.25.5 Geomorphology 
	There are approximately 10.9 miles (57,554 feet) of stream in the Wolftrap Creek subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. Ten reaches were not assessed because they were wetlands or stormwater ponds, not listed, piped channels, or too channelized (made of concrete). 
	• Sixty-three percent of the total reach length is Type III, which is indicative of an unstable channel that is actively widening in response to changes in flow. The widening reaches are located on the lower portion of the reach below the Dulles Toll Road and upstream of Chain Bridge Road. Thirteen percent is type IV, which is the beginning stage of stream stabilization after disturbance, and the remaining 7 percent of assessed channel is Type V which is development of a new stable channel within the origin
	• Sixty-three percent of the total reach length is Type III, which is indicative of an unstable channel that is actively widening in response to changes in flow. The widening reaches are located on the lower portion of the reach below the Dulles Toll Road and upstream of Chain Bridge Road. Thirteen percent is type IV, which is the beginning stage of stream stabilization after disturbance, and the remaining 7 percent of assessed channel is Type V which is development of a new stable channel within the origin
	• Sixty-three percent of the total reach length is Type III, which is indicative of an unstable channel that is actively widening in response to changes in flow. The widening reaches are located on the lower portion of the reach below the Dulles Toll Road and upstream of Chain Bridge Road. Thirteen percent is type IV, which is the beginning stage of stream stabilization after disturbance, and the remaining 7 percent of assessed channel is Type V which is development of a new stable channel within the origin

	• Most of the channel substrate throughout the subwatershed is gravel with smaller amounts of cobble and silt present. The remaining channel consists of a previously restored stream reach that is dominated by boulder.  
	• Most of the channel substrate throughout the subwatershed is gravel with smaller amounts of cobble and silt present. The remaining channel consists of a previously restored stream reach that is dominated by boulder.  

	• There were no specific erosion points noted in the subwatershed, however 44 percent of the stream length is moderately unstable with high erosion potential during flood events. 
	• There were no specific erosion points noted in the subwatershed, however 44 percent of the stream length is moderately unstable with high erosion potential during flood events. 

	• There were five stream blockages, primarily trees. Four of these blockages are likely restricting fish movement within the stream system. 
	• There were five stream blockages, primarily trees. Four of these blockages are likely restricting fish movement within the stream system. 

	All stream obstructions were having a significant impact on stream condition. Photo 3.79 shows an obstruction that is candidate site S124. 
	All stream obstructions were having a significant impact on stream condition. Photo 3.79 shows an obstruction that is candidate site S124. 

	• There were two utility lines (one sanitary, one unknown) both crossing the stream and partially buried, or within the buffer. Both were somewhat exposed, but stabilized and anchored to the bank, thus, having a very minor impact on the stream. 
	• There were two utility lines (one sanitary, one unknown) both crossing the stream and partially buried, or within the buffer. Both were somewhat exposed, but stabilized and anchored to the bank, thus, having a very minor impact on the stream. 


	3.25.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, conducted in the fall of 2002, which provides a one time visual inspection. 
	Of the assessed reaches, 3 percent provides excellent habitat for aquatic insects and fish, 66 percent provides good habitat, 20 percent is fair, and 11 percent is poor habitat for aquatic insects and fish. The areas considered to be poor were noted mostly on the tributaries north of the Dulles Toll Road. 
	There is 55,800 feet, or 40 percent of the total stream miles, of riparian buffer encroachment (this length includes left and right banks combined). Out of this total, 34,975 feet (63 percent) of impact is from lawn, 19,275 feet (35 percent) is lawn/pavement mix, 1,050 feet (< 2 percent) is forbs, and 500 feet (<1 percent) is trees. 
	• 7,725 feet of the buffer encroachment is having a significant impact on the stream condition and habitat quality. Photos of an example are shown below in Photos 3.80 and 3.81 that are located at candidate site S123. 
	• 7,725 feet of the buffer encroachment is having a significant impact on the stream condition and habitat quality. Photos of an example are shown below in Photos 3.80 and 3.81 that are located at candidate site S123. 
	• 7,725 feet of the buffer encroachment is having a significant impact on the stream condition and habitat quality. Photos of an example are shown below in Photos 3.80 and 3.81 that are located at candidate site S123. 

	• Most (66 percent) of the total buffer encroachment has good restoration potential. 
	• Most (66 percent) of the total buffer encroachment has good restoration potential. 

	• Forty-seven percent of the assessed stream length has between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. 
	• Forty-seven percent of the assessed stream length has between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. 


	3.25.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Wolftrap Creek incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphor
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	In the Wolftrap Creek subwatershed, 23 percent of the land is covered by impervious surface. This is higher than the majority of the other subwatersheds because several catchments are found within the limits of the Town of Vienna. 
	The catchment with the poorest modeled water quality is DFWC0001. Along with large commercial areas, this catchment contains several high and medium-density residential areas. Refer to DFWC_4 for the catchment locations. Results are found in Table 3.43. 
	 
	Table 3.45 Existing and Future Modeling 
	Wolftrap Creek Catchments 
	Wolftrap Creek Catchments 
	Wolftrap Creek Catchments 
	Wolftrap Creek Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFWC9001 
	DFWC9001 
	DFWC9001 

	E 
	E 

	2.21 
	2.21 

	0.11 
	0.11 

	22.6 
	22.6 

	1.2 
	1.2 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.15 
	3.15 

	0.14 
	0.14 

	37.8 
	37.8 

	2.1 
	2.1 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	43% 
	43% 

	27% 
	27% 

	67% 
	67% 

	75% 
	75% 

	67% 
	67% 


	DFWC9101 
	DFWC9101 
	DFWC9101 

	E 
	E 

	4.15 
	4.15 

	0.14 
	0.14 

	44.4 
	44.4 

	2.4 
	2.4 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	4.25 
	4.25 

	0.15 
	0.15 

	47.2 
	47.2 

	2.5 
	2.5 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	7% 
	7% 

	6% 
	6% 

	4% 
	4% 

	0% 
	0% 


	DFWC9201 
	DFWC9201 
	DFWC9201 

	E 
	E 

	4.57 
	4.57 

	0.17 
	0.17 

	61.4 
	61.4 

	3.3 
	3.3 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.74 
	4.74 

	0.18 
	0.18 

	65.0 
	65.0 

	3.5 
	3.5 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	6% 
	6% 

	6% 
	6% 

	6% 
	6% 

	17% 
	17% 


	DFWC9301 
	DFWC9301 
	DFWC9301 

	E 
	E 

	4.76 
	4.76 

	0.16 
	0.16 

	115.5 
	115.5 

	5.4 
	5.4 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	4.75 
	4.75 

	0.16 
	0.16 

	115.4 
	115.4 

	5.4 
	5.4 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFWC9401 
	DFWC9401 
	DFWC9401 

	E 
	E 

	3.16 
	3.16 

	0.16 
	0.16 

	38.3 
	38.3 

	2.0 
	2.0 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	3.86 
	3.86 

	0.17 
	0.17 

	51.7 
	51.7 

	2.8 
	2.8 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	22% 
	22% 

	6% 
	6% 

	35% 
	35% 

	40% 
	40% 

	50% 
	50% 


	DFWC9501 
	DFWC9501 
	DFWC9501 

	E 
	E 

	2.47 
	2.47 

	0.14 
	0.14 

	24.5 
	24.5 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	5.38 
	5.38 

	0.24 
	0.24 

	84.3 
	84.3 

	4.5 
	4.5 

	0.9 
	0.9 


	  
	  
	  

	C 
	C 

	118% 
	118% 

	71% 
	71% 

	244% 
	244% 

	246% 
	246% 

	200% 
	200% 


	DFWC9801 
	DFWC9801 
	DFWC9801 

	E 
	E 

	5.63 
	5.63 

	0.2 
	0.2 

	72.8 
	72.8 

	3.7 
	3.7 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	6.5 
	6.5 

	0.24 
	0.24 

	97.0 
	97.0 

	5.0 
	5.0 

	1.0 
	1.0 


	  
	  
	  

	C 
	C 

	15% 
	15% 

	20% 
	20% 

	33% 
	33% 

	35% 
	35% 

	43% 
	43% 


	DFWC9802 
	DFWC9802 
	DFWC9802 

	E 
	E 

	1.92 
	1.92 

	0.15 
	0.15 

	19.6 
	19.6 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.93 
	1.93 

	0.15 
	0.15 

	20.1 
	20.1 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	Wolftrap Creek Catchments 
	Wolftrap Creek Catchments 
	Wolftrap Creek Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFWC0001 
	DFWC0001 
	DFWC0001 

	E 
	E 

	9.18 
	9.18 

	0.25 
	0.25 

	201.3 
	201.3 

	7.8 
	7.8 

	1.0 
	1.0 


	  
	  
	  

	F 
	F 

	9.66 
	9.66 

	0.27 
	0.27 

	225.7 
	225.7 

	8.8 
	8.8 

	1.1 
	1.1 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	8% 
	8% 

	12% 
	12% 

	13% 
	13% 

	10% 
	10% 


	DFWC0002 
	DFWC0002 
	DFWC0002 

	E 
	E 

	6.39 
	6.39 

	0.15 
	0.15 

	106.5 
	106.5 

	4.8 
	4.8 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	7.32 
	7.32 

	0.19 
	0.19 

	144.7 
	144.7 

	6.6 
	6.6 

	1.1 
	1.1 


	  
	  
	  

	C 
	C 

	15% 
	15% 

	27% 
	27% 

	36% 
	36% 

	38% 
	38% 

	38% 
	38% 


	DFWC0003 
	DFWC0003 
	DFWC0003 

	E 
	E 

	6.7 
	6.7 

	0.26 
	0.26 

	143.6 
	143.6 

	6.2 
	6.2 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	6.97 
	6.97 

	0.28 
	0.28 

	151.4 
	151.4 

	7.3 
	7.3 

	0.9 
	0.9 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	8% 
	8% 

	5% 
	5% 

	18% 
	18% 

	13% 
	13% 


	DFWC0004 
	DFWC0004 
	DFWC0004 

	E 
	E 

	8.66 
	8.66 

	0.33 
	0.33 

	143.2 
	143.2 

	6.2 
	6.2 

	0.9 
	0.9 


	  
	  
	  

	F 
	F 

	9.34 
	9.34 

	0.36 
	0.36 

	161.6 
	161.6 

	7.6 
	7.6 

	1.2 
	1.2 


	  
	  
	  

	C 
	C 

	8% 
	8% 

	9% 
	9% 

	13% 
	13% 

	23% 
	23% 

	33% 
	33% 


	DFWC0005 
	DFWC0005 
	DFWC0005 

	E 
	E 

	4.24 
	4.24 

	0.16 
	0.16 

	65.2 
	65.2 

	3.3 
	3.3 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.96 
	4.96 

	0.19 
	0.19 

	84.3 
	84.3 

	4.4 
	4.4 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	19% 
	19% 

	29% 
	29% 

	33% 
	33% 

	33% 
	33% 


	DFWC0008 
	DFWC0008 
	DFWC0008 

	E 
	E 

	3.37 
	3.37 

	0.13 
	0.13 

	55.4 
	55.4 

	2.8 
	2.8 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	3.73 
	3.73 

	0.14 
	0.14 

	63.4 
	63.4 

	3.2 
	3.2 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	11% 
	11% 

	8% 
	8% 

	14% 
	14% 

	14% 
	14% 

	20% 
	20% 


	DFWC0009 
	DFWC0009 
	DFWC0009 

	E 
	E 

	6.91 
	6.91 

	0.25 
	0.25 

	77.1 
	77.1 

	3.9 
	3.9 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	6.94 
	6.94 

	0.24 
	0.24 

	77.9 
	77.9 

	3.9 
	3.9 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	-4% 
	-4% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFWC0010 
	DFWC0010 
	DFWC0010 

	E 
	E 

	4.18 
	4.18 

	0.12 
	0.12 

	68.8 
	68.8 

	3.2 
	3.2 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	4.54 
	4.54 

	0.13 
	0.13 

	75.1 
	75.1 

	3.5 
	3.5 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	9% 
	9% 

	8% 
	8% 

	9% 
	9% 

	9% 
	9% 

	0% 
	0% 


	DFWC0011 
	DFWC0011 
	DFWC0011 

	E 
	E 

	5.51 
	5.51 

	0.17 
	0.17 

	66.7 
	66.7 

	3.1 
	3.1 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	5.82 
	5.82 

	0.18 
	0.18 

	74.0 
	74.0 

	3.5 
	3.5 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	6% 
	6% 

	11% 
	11% 

	13% 
	13% 

	20% 
	20% 


	DFWC0012 
	DFWC0012 
	DFWC0012 

	E 
	E 

	2.45 
	2.45 

	0.16 
	0.16 

	27.0 
	27.0 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.59 
	2.59 

	0.16 
	0.16 

	29.5 
	29.5 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	0% 
	0% 

	9% 
	9% 

	7% 
	7% 

	0% 
	0% 


	DFWC0015 
	DFWC0015 
	DFWC0015 

	E 
	E 

	2.19 
	2.19 

	0.16 
	0.16 

	19.5 
	19.5 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.4 
	2.4 

	0.17 
	0.17 

	21.9 
	21.9 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	6% 
	6% 

	12% 
	12% 

	9% 
	9% 

	0% 
	0% 


	DFWC8901 
	DFWC8901 
	DFWC8901 

	E 
	E 

	1.53 
	1.53 

	0.17 
	0.17 

	22.3 
	22.3 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.54 
	2.54 

	0.2 
	0.2 

	37.9 
	37.9 

	1.8 
	1.8 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	66% 
	66% 

	18% 
	18% 

	70% 
	70% 

	80% 
	80% 

	50% 
	50% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	 
	For the future modeling, the catchment predicted to have the largest percent increase in pollutant loadings is catchment DFWC9501. There are areas changing from low density residential to medium density residential in this catchment. Similar changes are taking place in DFWC0001, DFWC0002, DFWC0003, DFWC0004, DFWC0005, and DFWC9801. Loads increase in DFWC9001 and DFWC9401 due to forecast changes from estate residential to low density residential. 
	3.25.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Three crossings in the Wolftrap Creek subwatershed overtopped for at least one event.  These are shown in Table 3.44. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.46 Culvert Hydraulic Modeling  
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	  
	  

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	28 
	28 
	28 

	Beulah Road 
	Beulah Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	48-A 
	48-A 
	48-A 

	Creek Crossing Road 
	Creek Crossing Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	49 
	49 
	49 

	Old Courthouse Road 
	Old Courthouse Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 



	E – Existing conditions results, x – indicates overtopping 
	 
	Culvert #28 (Photo 3.82) overtopped for all events. As Beulah Road is a through road, it can be classified as a primary road. This means that it must pass the 25-year event. 
	Culvert #48-A (Photo 3.83) overtopped for all events. Creek Crossing Road can also be used as a through road, so it too can be classified as a primary road. Primary roads must pass the 25-year event. 
	 
	Culvert #49 (Photo 3.84) also overtopped for all events. Classified as a primary road, Old Courthouse Road is required to pass the 25-year event. 
	 
	 
	3.25.9 Candidate Sites for Improvement
	s 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Wolftrap Creek subwatershed are listed below. Refer to DFWC_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S59 The Stream Physical Assessment survey found unstable banks and poor habitat. The reach is located in the Lucky Estates and Wolf Den area near Cricklewood Court. 
	S60 Found between Sibelis Drive and Shouse Drive, this stream assessment found poor habitat and unstable stream banks. 
	S123 There is insufficient buffer near the intersection of Maple Avenue and Beulah Road. This area was determined to have low to moderate restoration potential (Photo 3.80 and 3.81). 
	S124 The Stream Physical Assessment survey found buffer encroachment in the form of lawns at this site. There was also a stream blockage found (Photo 3.79). 
	S125 This stream reach was assigned poor habitat quality and is missing buffer along the entire reach. 
	S126 Buffer encroachment in the form of lawns in residential areas was found at this site.  There are also multiple pipes discharging directly into the stream. 
	Hydrology and Water Quality 
	D17 (Catchment DFWC9001) This site has better than average conditions for the subwatershed for runoff flows and pollutant loads. It was selected because it is a proposed site for a regional pond. 
	D28 (Catchment DFWC9401) Stream reaches upstream and downstream of the site show signs of widening with erosion causing unstable banks. 
	D54 (Catchment DFWC9101) This site has better than average conditions for the subwatershed for runoff flows and pollutant loads. It was selected because it is a proposed site for a regional pond. 
	D65 (Catchment DFWC8901) This site has below average pollutant loadings. Peak flows and runoff volume are average. There are no critical stream problems within the area or immediately downstream. It was selected because it is a proposed site for a regional pond. 
	C16 (Catchment DFWC9201) The catchment has average pollutants. Approximately half of the streams in the catchment have been assigned a poor habitat rating. 
	C17 (Catchment DFWC9301) The catchment has above average pollutant loads with very little stormwater management in place. S60 is incised with unstable banks due to erosion. 
	C20 (Catchment DFWC0009) The catchment has average runoff volume and peak flows.  Pollutant loads are below average. 
	C31 (Catchment DFWC0004) The catchment has the second highest runoff volume in the subwatershed due to the amount of impervious surface. The stream has active widening and a deficient buffer at S123. 
	C32 (Catchment DFWC0003) This catchment has above average runoff and pollutants. There is active channel widening throughout the catchment. 
	C33 (Catchment DFWC0001) This catchment has the highest modeled runoff volume and pollutant loadings in the subwatershed. Pond WP-1A drains the whole catchment. 
	C58 (Catchment DFWC0005) The catchment has average runoff volume and peak flows. There are areas of buffer deficiency and pipes discharging into the stream located at S126. 
	C67 (Catchment DFWC9801) Pollutants and runoff are average for this catchment.  Streams within this catchment are actively widening and have buffer deficiency at S124. 
	Flooding 
	F28 The bridge on Beulah Road that passes over Wolftrap Creek overtops for all events.  Beulah Road is classified as a primary road, so it must pass the 25-year event (Photo 3.82). 
	F48 The culvert that flows Wolftrap Creek under Creek Crossing Road overtops for all events. Creek Crossing is a primary road, so it must pass the 25-year event (Photo 3.83). 
	F49 The culvert under Old Courthouse Road that passes Wolftrap Creek also overtops for all events. Old Courthouse Road is classified as a primary road, so it must pass the 25-year event (Photo 3.84). 
	Preservation 
	P27 (Catchment DFWC9501) More than 80 percent of the catchment is changing land use from the existing to future conditions. The majority of the changes are from estate residential areas changing to low-density residential. 
	 
	3.26 Wolftrap Creek – Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.45 below is a list of all projects proposed in this subwatershed. 
	Table 3.47 Recommendations for Wolftrap Creek 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9017A 
	DF9017A 
	DF9017A 

	Pond Retrofit 
	Pond Retrofit 

	D-17 
	D-17 


	DF9017B 
	DF9017B 
	DF9017B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-17 
	D-17 


	DF9028A 
	DF9028A 
	DF9028A 

	Drainage Retrofit 
	Drainage Retrofit 

	D-28 
	D-28 


	DF9028B 
	DF9028B 
	DF9028B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-28 
	D-28 


	DF9028C 
	DF9028C 
	DF9028C 

	Pond Retrofit 
	Pond Retrofit 

	D-28 
	D-28 


	DF9054A 
	DF9054A 
	DF9054A 

	Drainage Retrofit 
	Drainage Retrofit 

	D-54 
	D-54 


	DF9054B 
	DF9054B 
	DF9054B 

	New Pond 
	New Pond 

	D-54 
	D-54 


	DF9065A 
	DF9065A 
	DF9065A 

	New Pond 
	New Pond 

	D-65 
	D-65 


	DF9065B 
	DF9065B 
	DF9065B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-65 
	D-65 


	DF9116A 
	DF9116A 
	DF9116A 

	Pond Retrofit 
	Pond Retrofit 

	C16 
	C16 


	DF9116B 
	DF9116B 
	DF9116B 

	Pond Retrofit 
	Pond Retrofit 

	C16 
	C16 


	DF9117 
	DF9117 
	DF9117 

	Pond Retrofit 
	Pond Retrofit 

	C17 
	C17 


	DF9133A 
	DF9133A 
	DF9133A 

	Pond Retrofit 
	Pond Retrofit 

	C33 
	C33 


	DF9133B 
	DF9133B 
	DF9133B 

	Pond Retrofit 
	Pond Retrofit 

	C33 
	C33 


	DF92124 
	DF92124 
	DF92124 

	Buffer Restoration 
	Buffer Restoration 

	S124 
	S124 


	DF92125 
	DF92125 
	DF92125 

	Buffer Restoration 
	Buffer Restoration 

	S125 
	S125 


	DF92126 
	DF92126 
	DF92126 

	Streambank Stabilization 
	Streambank Stabilization 

	S126 
	S126 


	DF9520A 
	DF9520A 
	DF9520A 

	Culvert Retrofit 
	Culvert Retrofit 

	C20 
	C20 


	DF9520B 
	DF9520B 
	DF9520B 

	Culvert Retrofit 
	Culvert Retrofit 

	C20 
	C20 


	DF9531B 
	DF9531B 
	DF9531B 

	Culvert Retrofit 
	Culvert Retrofit 

	C31 
	C31 


	DF9532A 
	DF9532A 
	DF9532A 

	Culvert Retrofit 
	Culvert Retrofit 

	C32 
	C32 


	DF9532B 
	DF9532B 
	DF9532B 

	Culvert Retrofit 
	Culvert Retrofit 

	C32 
	C32 


	DF9558 
	DF9558 
	DF9558 

	Culvert Retrofit 
	Culvert Retrofit 

	C58 
	C58 


	DF9716 
	DF9716 
	DF9716 

	Drainage Retrofit 
	Drainage Retrofit 

	C16 
	C16 


	DF9731 
	DF9731 
	DF9731 

	Drainage Retrofit 
	Drainage Retrofit 

	C31 
	C31 


	DF9758 
	DF9758 
	DF9758 

	Drainage Retrofit 
	Drainage Retrofit 

	C58 
	C58 


	DF9831 
	DF9831 
	DF9831 

	LID Retrofit 
	LID Retrofit 

	C31 
	C31 


	DF9831B 
	DF9831B 
	DF9831B 

	LID Retrofit 
	LID Retrofit 

	C31 
	C31 


	DF9832 
	DF9832 
	DF9832 

	LID Retrofit 
	LID Retrofit 

	C32 
	C32 


	DF9833 
	DF9833 
	DF9833 

	LID Retrofit 
	LID Retrofit 

	C33 
	C33 



	3.26.1 Regional Pond Alternative Projects 
	D17 (DFWC9001) 
	Site Investigation and Projects:  
	DF9017A (Pond Retrofit) This project consists of improving the existing in-stream pond to provide more runoff detention and water quality features, such as forebays 
	and aquatic vegetation. A multi-stage riser will improve the peak flow reduction function of this pond.  
	DF9017B (Drainage Retrofit) These distributed projects are designed to provide energy dissipation at outfalls where the piped storm drain system discharges into a natural channel. Possible energy dissipaters include riprap and plunge pools.   
	D28 (DFWC9401) 
	Site Investigation and Projects:  
	DF9028A (Drainage Retrofit) These distributed projects are designed to decrease the momentum of the flow due to elevation drops at outfalls where the piped storm drain system or paved ditches discharge into a natural channel.  
	DF9028B (Culvert Retrofit) This project consists of redesigning a culvert for the purpose of providing channel protection downstream.  Water quality features should also be incorporated if possible, including micro-pools and vegetation.  
	DF9028C (Pond Retrofit) This project includes excavating within the pond footprint to maximize the available storage, and modifying the riser to convert this dry pond to a wet marsh. Significant improvement in peak flow reduction and water quality treatment will be provided.    
	D54 (DFWC9101) 
	Site Investigation and Projects:  
	DF9054A (Drainage Retrofit) These distributed projects are designed to provide re-design and reconstruction of outlet protection to reduce scour and the amount of sediment transported downstream.  
	DF9054B (New Pond) This project is the implementation of the planned regional facility (D-54). The location has been refined to provide maximum benefit with the least amount of impact to the natural system.  This pond would detain the higher frequency storms, thus reducing the peak velocities that cause scour and erosion in streams. 
	D65 (DFWC8901) 
	Site Investigation and Projects:  
	DF9065A (New Pond) This project is the implementation of the planned regional facility. To provide greater access to the pond, it is proposed to site it upstream of the original location. The project would increase detention time in the catchment and reduce peak flows, thus reducing or eliminating the scour and erosion in the receiving stream channel.   
	DF9065B (Drainage Retrofit) This project would be the addition of outlet protection at locations where paved channels transition to natural channels. This energy reduction would improve the stability in the channels by reducing high velocity flows.  
	3.26.2 Catchment Improvement Projects 
	C16 (DFWC9201)  
	Site Investigation and Projects: This area is single-family residential, and most of the original stream network has been converted into a storm sewer, or pipe network.   
	DF9716 (Drainage Retrofit) This project involves \ replacing the concrete drainage ditches throughout the catchment with dry swales to reduce volume and velocity, and to provide water quality treatment.  
	DF9116A (Pond Retrofit) The goal of this retrofit is to revise the pond outlet characteristics to improve channel protection through extended detention. Adding wetland vegetation would improve water quality as well.  
	DF9116B (Pond Retrofit) The goal of this retrofit is to improve channel protection through extended detention and improve water quality by converting the pond to a stormwater wetland.  
	C17 (DFWC9301)  
	Site Investigation and Projects: The catchment is developed with single-family residential land uses. An existing stormwater management pond treats most of the volume of runoff in the area. 
	DF9117 (Pond Retrofit) The pond retrofit includes realignment of the drainage system so all the storm sewers drain into the pond with forebays at each location for outfall protection. The embankment and riser should be reconstructed. Better wetland vegetation, a safety bench, and a fishing pier would enhance the community’s use of the facility.   
	C20 (DFWC0009) 
	Site Investigation and Projects: The catchment is developed with single-family residential land uses with few opportunities for retrofits outside the stream channel, 
	DF9520A (Culvert Retrofit) This project would retrofit the culvert under Bois Avenue, directly upstream of project DF9520B. This area would provide storage for channel protection within this catchment.   
	DF9520B (Culvert Retrofit) Located directly upstream of the Dulles Toll Road, this project would retrofit the culvert to provide storage to improve channel protection 
	C31 (DFWC0004) 
	Site Investigation and Projects: The catchment is highly developed with a mixture of commercial and residential properties. The primary stream is laterally constrained, and in many cases the natural channel has been changed to a concrete channel. There is no apparent stormwater management within this catchment.   
	DF9531B (Culvert Retrofit) This site is located at the outlet of this catchment, above Creek Crossing Road. The retrofit could take advantage of the dual culverts under the road as well as the relatively flat floodplain area. The design should take into account any improvements necessary to eliminate overtopping of Creek Crossing Road (Site F48).  
	DF9831 (LID Retrofit) This project would retrofit the existing rear parking lot of the southwestern parcel associated with the Navy Federal Credit Union Complex on Follin Lane. Removal or renovation of this parking lot would allow a natural floodplain buffer, reduce imperviousness and reduce runoff velocities directly into the stream.   
	DF9831B (LID Retrofit) This project is located alongside another LID retrofit, project DF9830, and would retrofit the area of the Maple Avenue and Wolftrap Shopping Centers, which is highly impervious.  Retrofitting the area with LID would help reduce the runoff volume and the pollutant load on the streams. 
	DF9731 (Drainage Retrofit) This project consists of reconfiguring outfalls or retrofitting energy dissipation structures to reduce scour and erosion where flows from the storm drainage system enter the stream. 
	C32 (DFWC0003) 
	Site Investigation and Projects: This catchment consists of both commercial (large facility) and single-family detached residential land uses. The drainage area coming to this catchment is relatively large resulting in a need to provide hydrographic restoration through small detention/uptake facilities in series.   
	DF9532A (Culvert Retrofit) This site is located at the bottom of this catchment on the upstream side of the crossing at Follin Lane. This retrofit would increase the detention time within this drainage area and protect channels downstream from high flow. This project would also use the wooded floodplain area to settle solids and provide for nutrient uptake.   
	DF9532B (Culvert Retrofit) This site is located on the upstream side of the crossing at Woodford Road. This retrofit would provide a detention structure that will use the wooded floodplain for storage to reduce energy in the stream, increase the uptake of nutrients by plants, and allow sediment to settle. 
	DF9832 (LID Retrofit) This project would be located on the parcel occupied by Notre Dame and Our Lady of Good Counsel Catholic Church. The existing development results in an almost total impervious area. The LID retrofit would reduce the runoff volume and improve water quality from these properties.  
	C33 (DFWC0001) 
	Site Investigation and Projects: This catchment is a fairly small, highly developed catchment at the headwater of Wolftrap Creek. Land uses include attached residential and commercial areas with some areas of open space, particularly along the stream corridor. There are two large ponds at the outlet to this catchment that have the potential to be retrofitted for additional performance.   
	DF9133A (Pond Retrofit) This site (or sites) is located at the outlet to Catchment 33.  The existing pond would be improved by installing a multi-stage weir in front of the headwall.  Although there is no wet storage at this location, extended detention time of runoff from storm events will provide some treatment for water quality.   
	DF9133B (Pond Retrofit) Significant improvement in peak flow attenuation and pollutant load reduction can be made by replacing the existing weir with a multi-stage control structure and excavating to maximize the available storage volume. Additional wetland planting will improve uptake of nutrients, pollutant removal, and settling of sediments. 
	DF9833 (LID Retrofit) The upper third of this catchment consists of dense residential/commercial land uses. The goal is look for places where the impervious surface of this highly developed area could be disconnected or replaced with pervious cover. Structural controls such as bioretention or swales would also be implemented.   
	C58 (DFWC0005) 
	Site Investigation and Projects: This catchment consists primarily of small lot, single family detached dwellings with a large, flat natural buffer to the stream area that includes a sanitary main trunk in close proximity to the channel. This catchment has a relatively large 
	contributing drainage area and is substantially downstream from the headwaters of this stream. Projects in this catchment should focus on the restoration of pre-developed hydrologic extremes (i.e. provide attenuation of discharges, extension of the time of concentration and provide an environment that is conducive to natural stream functions such as sediment transport, fish passage, etc.) 
	DF9758 (Drainage Retrofit) This project consists of reconfiguring outfalls or retrofitting energy dissipation structures to reduce scour and erosion where flows from the storm drainage system enter the stream. 
	DF9558 (Culvert Retrofit) This site is located at the outfall from this catchment, on the upstream side of Old Courthouse Road. This retrofit would provide water quality treatment through extended detention on to the floodplain as part of a stormwater treatment train with the other projects of this catchment.  
	3.26.3 Stream Restoration Projects 
	S59 
	Site Investigation and Projects: The site investigation showed a recovering stream with a well-developed baseflow channel and significant floodplain reestablishment. Some homeowner stabilization was observed.. A completed restoration consisting of a stacked stone wall, live stakes, and fiber matting was noted at the downstream end of the reach. No project was identified because of these stabilization measures and the nested floodplain development. 
	S60 
	Site Investigation and Projects: The site investigation showed a severely incised stream with moderate to severe bank erosion. The stream is confined between residential properties on both sides. However, the streambed is stable and the aquatic channel is well defined at baseflow conditions. The upstream end of the reach is a concrete flume that is unstable and has formed a large scour pool. Constraints associated with adjacent utilities, access, residential encroachment, forest clearing and wetlands impact
	S123 
	Site Investigation and Projects: The site investigation showed that the buffer deficiency was due to parking lots on both sides of the stream. Removing parking lots of existing businesses to establish a forested buffer is not always feasible, however a project for this purpose (DF9831 - LID Retrofit) has been added to site C31. 
	S124 
	Site Investigation and Projects: The site investigation showed a non-forested riparian zone on the right side of the stream on two residential parcels. One project was identified 
	DF92124 (Stream Restoration) The proposed restoration would involve regrading and creating a nested channel with a bench to restore habitat and floodplain access. The riparian buffer would be planted with native trees and shrubs on the two residential properties.   
	S125 
	Site Investigation and Projects: The site investigation showed a small stream with a non-forested riparian buffer located on a golf course. One project was identified. 
	DF92125 (Buffer Restoration) The non-forested riparian buffer would be planted with native trees and shrubs to the maximum extent possible given the current adjacent land use.   
	S126 
	Site Investigation and Projects: The site investigation showed moderate stream bank erosion with slight incision. The streambed was not observable due to storm flow. Much of the riparian zone is not forested. The reach is located in Wolftrap Stream Valley Park and has several stormwater outfalls directly connected to the stream. One project was identified. 
	DF92126 (Stream Restoration) The proposed project would provide certain demonstration benefits given its location adjacent to a trail in a stream valley park. Streambanks would be reshaped and stabilized and limited floodplain benches would be excavated. Portions of the riparian zone would be planted with native trees and shrubs. Stormwater outfalls would be retrofitted. The project should also include adjustments to the existing asphalt trail and flood-proofing of the sanitary sewer main.  
	 
	3.26.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the candidate sites include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area. Actions and policy changes needed to implement preservation for all candidate sites are described in Chapter 4. 
	3.27 Old Courthouse Spring Branch – Subwatershed Condition 
	3.27.1 Subwatershed Characteristics 
	The Old Courthouse Spring Branch subwatershed has an area of approximately 981 acres (1.53 mi2). It is located in central Fairfax County on the eastern side of the Difficult Run watershed to the north of Vienna. The intersection of Chain Bridge Road (Virginia 123) and Leesburg Pike (Virginia 7) denotes the approximate southern boundary of the subwatershed. Leesburg Pike (Virginia 7) runs along the eastern edge of the subwatershed boundary while Courthouse Road (Virginia 677) to Irvin Street (local road) pro
	Old Courthouse Spring Branch is located on the eastern edge of the Difficult Run watershed. There are almost 3 miles of stream in the subwatershed flowing in a northerly direction. Old Courthouse Spring Branch joins the Wolftrap Creek subwatershed within the Wolftrap Farm Park. 
	Refer to DFOR_1 for a map of the Old Courthouse Spring Branch subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.27.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	Old Courthouse Spring Branch subwatershed is the most densely developed subwatershed found within the Difficult Run watershed. Thirty-four percent of the subwatershed is developed for high-density residential, commercial or industrial uses, and only 11 percent is developed as low-density or estate residential. The intense development is located along the Leesburg Pike (Virginia 7) between the Dulles Access Toll Road (Virginia 267 – exit 16) and Chain Bridge Road (Virginia 123). The Tysons Corner development
	There are 172 acres, or 18 percent of the subwatershed, in transportation use such as roads and highways. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 419 acres, or 43 percent of the total subwatershed area. 
	Only 13 percent is remaining for open space or parks. Major parks include Raglan Road Park and Old Courthouse Spring Branch Valley Park. There are two historical sites that lie within the subwatershed. A summary of land use within the subwatershed can be found in Table 3.46. 
	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	Changes are projected in the open space, estate residential, and low-density residential land use categories. Losses in the open space (-3 percent), estate residential (-2 percent) and low-intensity commercial (-1 percent) will be met with gains in the low-density residential (+3 percent), medium-density residential (+1 percent) and industrial (+1 percent) categories. 
	Twenty-two acres (34 percent of all land use changes) are projected to shift from open space to low-density residential. In fact, 41 percent of the overall land use changes may shift from open space to a higher intensity use. This does not guarantee that the open space will become developed but it suggests that these areas of open space can be used for development/ redevelopment in the future. 
	Table 3.48 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	128 
	128 

	13% 
	13% 

	102 
	102 

	10% 
	10% 

	-27 
	-27 

	-3% 
	-3% 


	Golf Course 
	Golf Course 
	Golf Course 

	8 
	8 

	1% 
	1% 

	8 
	8 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	18 
	18 

	2% 
	2% 

	0 
	0 

	0% 
	0% 

	-18 
	-18 

	-2% 
	-2% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	89 
	89 

	9% 
	9% 

	117 
	117 

	12% 
	12% 

	28 
	28 

	3% 
	3% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	180 
	180 

	18% 
	18% 

	194 
	194 

	20% 
	20% 

	14 
	14 

	1% 
	1% 


	High-density residential 
	High-density residential 
	High-density residential 

	50 
	50 

	5% 
	5% 

	50 
	50 

	5% 
	5% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	8 
	8 

	1% 
	1% 

	2 
	2 

	0% 
	0% 

	-7 
	-7 

	-1% 
	-1% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	270 
	270 

	28% 
	28% 

	279 
	279 

	28% 
	28% 

	9 
	9 

	1% 
	1% 


	Industrial 
	Industrial 
	Industrial 

	2 
	2 

	0% 
	0% 

	2 
	2 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	57 
	57 

	6% 
	6% 

	57 
	57 

	6% 
	6% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	172 
	172 

	18% 
	18% 

	172 
	172 

	18% 
	18% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	981 
	981 

	100% 
	100% 

	981 
	981 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Eighteen acres are projected to shift from estate residential to either low-density or medium-density residential use. An additional 11 acres are projected to go from low-density residential to medium-density residential. Many of the larger shifts illustrate the demand for accommodating new residential uses in the County. Lastly, 8 acres are projected to shift from low-intensity commercial to high-intensity commercial land uses. While intensity will remain high, the types of permitted uses may change in tho
	3.27.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 41 stormwater management facilities within the Old Courthouse 
	Spring Branch subwatershed. Even with the existing stormwater facilities in place, 68 percent of the Old Courthouse Spring Branch subwatershed is not served by any stormwater management facility. Twenty-seven percent of the total area has quantity control only and the remaining 5 percent receives both quantity and quality control. 
	Over 50 percent of the subwatershed is developed in high intensity and transportation uses while stormwater management treats only 32 percent. There is a gap between the development in the subwatershed and the treated portions, which means that excess water and water-containing pollutants is entering the stream system. This gap indicates a possible need for additional management efforts, specifically in the commercial and high-density residential areas. Additional information on the location of the stormwat
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 15 outfall pipes discharging into Old Courthouse Spring Branch subwatershed. None of these pipes were considered to be having a major impact o
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of over-capacity or aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. None of the 10 crossings identified during the Stream Physical Assessment warranted repair. Four of the crossings in the subwatershed are concrete bridges, and the remaining six are wooden footbridges. All crossings have either minor or no impact on the stre
	3.27.4 Soils 
	Soils found in the Old Courthouse Spring Branch subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly micaceous soils with rapid runoff. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 53 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (40 percent). B soils and the Glenelg soil type are compatible with infiltration practices and may provide potential storm
	3.27.5 Geomorphology 
	There are 2.8 miles (14,882 feet) of stream in the Old Courthouse Spring Branch subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. 
	Eighty-three percent of the total reach length is Type III, which is indicative of a generally unstable channel that is actively widening in response to changes in flow. The remaining 17 
	percent of the channel is Type IV, which is a channel in the first stages of stabilization characterized by sediment accumulation. Ninety percent of the stream length is moderately unstable with high erosion potential during flood events. Gravel is the dominant substrate type throughout the subwatershed. 
	One specific erosion point was noted in the subwatershed that was having a moderate impact on stream condition and had only a low restoration potential due to access constraints. 
	There was only one stream blockage, comprised of trees and debris, at the time of the assessment. The obstruction was causing some streambed erosion and was likely restricting fish passage. The area is shown in Photo 3.85 and is candidate site S109. 
	 
	3.27.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• Good habitat for aquatic insects and fish was found in 88 percent of the streams; the remaining 12 percent had slightly less desirable habitat. 
	• Good habitat for aquatic insects and fish was found in 88 percent of the streams; the remaining 12 percent had slightly less desirable habitat. 
	• Good habitat for aquatic insects and fish was found in 88 percent of the streams; the remaining 12 percent had slightly less desirable habitat. 

	• There is 7,700 feet of riparian buffer encroachment (this length includes left and right banks combined). Of this total, 6,650 feet (86 percent) is impact from lawns. None of the buffer impacts were noted by the field crews to have good restoration potential. 
	• There is 7,700 feet of riparian buffer encroachment (this length includes left and right banks combined). Of this total, 6,650 feet (86 percent) is impact from lawns. None of the buffer impacts were noted by the field crews to have good restoration potential. 

	• Ninety-four percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. 
	• Ninety-four percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. 


	 
	3.27.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Old Courthouse Spring Branch incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), 
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	Old Courthouse Spring Branch subwatershed is covered by 43 percent impervious surface, the most of any subwatershed in the Difficult Run watershed. There is a large amount of commercial area along Leesburg Pike between the Dulles Toll Road and Chain Bridge Road. Most of this commercial area is in the two southern-most catchments, DFOR0099 and DFOR0001. Refer to DFOR_4 for the catchment locations. 
	DFOR0099 has the most commercial and high-density residential area, which is why it is the worst modeled catchment in terms of pollutants and runoff volume. Areas such as the Pike 7 Plaza and Tysons Square Center add a large amount of impervious cover with little area for infiltration. Catchment DFOR0001 has some commercial area as well as medium-density residential areas. Results are found in Table 3.47.  
	Table 3.49 Existing and Future Modeling 
	Old Courthouse Spring Branch Catchments 
	Old Courthouse Spring Branch Catchments 
	Old Courthouse Spring Branch Catchments 
	Old Courthouse Spring Branch Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFOR0001 
	DFOR0001 
	DFOR0001 

	E 
	E 

	8.38 
	8.38 

	0.2 
	0.2 

	164.7 
	164.7 

	6.8 
	6.8 

	0.9 
	0.9 


	  
	  
	  

	F 
	F 

	8.62 
	8.62 

	0.21 
	0.21 

	170.2 
	170.2 

	7.1 
	7.1 

	1.0 
	1.0 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	5% 
	5% 

	3% 
	3% 

	4% 
	4% 

	11% 
	11% 


	DFOR0002 
	DFOR0002 
	DFOR0002 

	E 
	E 

	7.51 
	7.51 

	0.15 
	0.15 

	139.6 
	139.6 

	5.6 
	5.6 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	7.75 
	7.75 

	0.16 
	0.16 

	145.9 
	145.9 

	6.1 
	6.1 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	7% 
	7% 

	5% 
	5% 

	9% 
	9% 

	14% 
	14% 


	DFOR0004 
	DFOR0004 
	DFOR0004 

	E 
	E 

	4.08 
	4.08 

	0.14 
	0.14 

	79.1 
	79.1 

	4.2 
	4.2 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	4.21 
	4.21 

	0.15 
	0.15 

	83.5 
	83.5 

	4.5 
	4.5 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	7% 
	7% 

	6% 
	6% 

	7% 
	7% 

	20% 
	20% 


	DFOR0099 
	DFOR0099 
	DFOR0099 

	E 
	E 

	16.89 
	16.89 

	0.38 
	0.38 

	376.1 
	376.1 

	13.5 
	13.5 

	1.3 
	1.3 


	  
	  
	  

	F 
	F 

	16.95 
	16.95 

	0.39 
	0.39 

	380.6 
	380.6 

	13.7 
	13.7 

	1.3 
	1.3 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	3% 
	3% 

	1% 
	1% 

	1% 
	1% 

	0% 
	0% 



	E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	All the catchments show some increase in loadings, as most of the low-density residential areas left in the subwatershed are projected to change to medium-density residential areas in the future. 
	3.27.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where flooding of culverts may occur. These culverts are likely over-capacity and do not allow all of the flow required to pass without flooding. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or
	One culvert in the subwatershed overtopped for at least one event. This is shown in Table 3.48. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.50 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	47 
	47 
	47 

	Northern Neck Drive 
	Northern Neck Drive 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	 
	Culvert #47 (Photo 86) overtopped for all events except for the one and two-year. This road can be classified as a local road since there is no through traffic. Local roads must be able to pass the 10-year event. 
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	3.27.9 Candidate Sites for 
	Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Old Courthouse Spring Branch subwatershed are listed below. Refer to DFOR_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding, and P – preservation sites). 
	Streams 
	S109 The Stream Physical Assessment survey identified a blockage in the stream that possibly inhibits fish passage (Photo 3.85). 
	Hydrology and Water Quality 
	D107 (Catchment DFOR0002) This site has higher than average peak flows and runoff volume. Nitrogen and phosphorus loadings from runoff are average. The stream through this catchment is actively widening. 
	C19 (Catchment DFOR0099) The runoff and pollutant loadings are highest in this catchment of the subwatershed, possibly due to the high amount of impervious surface in the area. 
	C34 (Catchment DFOR0001) This site has conditions similar to the average for the subwatershed for runoff flows and pollutant loads. The stream in this catchment is actively widening. 
	C57 (Catchment DFOR0004) This site has lower than average nitrogen and phosphorus loadings from runoff while the stream is actively widening in some parts of the catchment. 
	Flooding 
	F47 The crossing at Northern Neck Drive overtopped for 5-year and greater events.  Northern Neck Drive is classified as a local road, so it must pass the 10-year storm (Photo 3.86). 
	Preservation 
	No candidate sites were identified. 
	3.28 Old Courthouse Spring Branch - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.49 below is a list of all projects proposed in this subwatershed. 
	Table 3.51 Recommendations for Old Courthouse Spring Branch 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9119 
	DF9119 
	DF9119 

	New Pond 
	New Pond 

	C19 
	C19 


	DF9157 
	DF9157 
	DF9157 

	New Pond 
	New Pond 

	C57 
	C57 


	DF9157A 
	DF9157A 
	DF9157A 

	Pond Retrofit 
	Pond Retrofit 

	C57 
	C57 


	DF9557 
	DF9557 
	DF9557 

	Culvert Retrofit 
	Culvert Retrofit 

	C57 
	C57 


	DF9757 
	DF9757 
	DF9757 

	Drainage Retrofit 
	Drainage Retrofit 

	C57 
	C57 


	DF9819 
	DF9819 
	DF9819 

	LID Retrofit 
	LID Retrofit 

	C19 
	C19 



	 
	3.28.1 Regional Pond Alternative Projects 
	There are no unbuilt regional ponds in this subwatershed. 
	3.28.2 Catchment Improvement Projects 
	C19 (DFOR0099) 
	Site Investigation and Projects: The catchment is fully developed and almost 100 percent impervious, with very little existing stormwater management. There are no streams in the catchment. 
	DF9819 (LID Retrofit) Retrofit the impervious area with LID facilities. Use porous pavement on relatively unused parking areas for general reduction of effective imperviousness. Install inlet filters or Filterra-type units at storm drain inlets.  Reconstruct parking medians for bioretention.   
	DF9119 (New Pond) Design and construct a new wet pond/wetland at the catchment outfall. If the LID upstream is designed for water quality, the pond storage could be for channel protection and would be smaller than a water quality facility and easier to fit into the site.   
	C34 (DFOR0001) 
	Site Investigation and Projects: Most of the commercial areas draining to the stream are already treated with stormwater management. The residential area is drained by storm sewers.  Outfalls discharge into a flat floodplain and do not appear to cause problems.  Most stream erosion appears to be caused by the upstream impervious catchment, so little more can be done as treatment in this catchment.  No projects have been identified. Stream erosion appears to be a function of the untreated runoff from the imp
	C57 (DFOR0004) 
	Site Investigation and Projects:  
	DF9157 (New Pond) Design and construct a combined detention/water quality facility at the outfall of the residential area. The project would effectively treat the runoff from a residential area built before stormwater management regulations.   
	DF9157A (Pond Retrofit) This project is a retrofit of regional pond D-107, designed to change outflow characteristics to provide channel protection as a dry extended detention pond for the large, mostly untreated, drainage area upstream. 
	DF9557 (Culvert Retrofit) This project should be designed for both water quality and channel protection, if possible. The retrofit would be designed as an extended detention dry facility, with water quality features such as wetland plantings and a micropool to enhance pollutant removal. 
	DF9757 (Drainage Retrofit) Several outfalls in this area show evidence of scour and erosion. This project is designed to provide adequate energy dissipation, such as riprap, plunge pools, or structures, at outfalls where the piped storm drain systems discharge into a natural channel.   
	3.28.3 Stream Restoration Projects 
	S109 
	Site Investigation and Projects: The site investigation did not identify a significant stream blockage. It may have been removed in the intervening period. No project was identified. 
	3.28.4 Preservation 
	No preservation candidate sites were identified for this subwatershed.
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	3.29 Piney Branch – Subwatershed Condition 
	3.29.1 Subwatershed Characteristics 
	The Piney Branch subwatershed is one of the larger subwatersheds, and has an area of approximately 2,475 acres (3.87 mi2).  Chainbridge Road (Virginia 123) runs near the southern boundary. Beulah Road (Virginia 675) runs approximately along the northeast boundary line. Meadowlark Road (Virginia 677) provides the approximate northern boundary of the subwatershed.  
	There are approximately 8 miles of stream in the Piney Branch subwatershed. The streams flow generally in a northwesterly direction until Piney Branch joins the mainstem of Difficult Run in the Difficult Run Stream Valley Park. 
	Refer to DFPB_1 for a map of the Piney Branch subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	 
	3.29.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The Piney Branch subwatershed is one of the most densely developed subwatersheds found within the Difficult Run watershed. Twenty-six percent is developed as low-density or estate residential, while 6 percent of the subwatershed is developed for commercial or industrial uses. The most common land use in this subwatershed is medium-density residential at 35 percent. Much of the development is found concentrated along Chainbridge Road (Virginia 123) in the southern portion of the subwatershed, generally in th
	Transportation use, such as roads and highways, make up 330 acres, or 13 percent of the overall subwatershed. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 565 acres, or 23 percent of the total subwatershed area.  
	Seventeen percent of the land in the subwatershed is preserved for open space or parks. Major parks include North Side Park, Eudora Park, the majority of Clarks Crossing Park, a portion of Tamarack Park, Symphony Hills Park, Glyndon Park, Peterson Lane Park, and the fields and grounds of various schools. There are eight historical sites within the subwatershed. 
	 
	 
	 
	 
	 
	Table 3.52 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	417 
	417 

	17% 
	17% 

	349 
	349 

	14% 
	14% 

	-68 
	-68 

	-3% 
	-3% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	64 
	64 

	3% 
	3% 

	31 
	31 

	1% 
	1% 

	-33 
	-33 

	-1% 
	-1% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	570 
	570 

	23% 
	23% 

	470 
	470 

	19% 
	19% 

	-100 
	-100 

	-4% 
	-4% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	857 
	857 

	35% 
	35% 

	1042 
	1042 

	42% 
	42% 

	185 
	185 

	7% 
	7% 


	High-density residential 
	High-density residential 
	High-density residential 

	22 
	22 

	1% 
	1% 

	22 
	22 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	27 
	27 

	1% 
	1% 

	26 
	26 

	1% 
	1% 

	-1 
	-1 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	72 
	72 

	3% 
	3% 

	77 
	77 

	3% 
	3% 

	5 
	5 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	47 
	47 

	2% 
	2% 

	46 
	46 

	2% 
	2% 

	-1 
	-1 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	68 
	68 

	3% 
	3% 

	81 
	81 

	3% 
	3% 

	13 
	13 

	1% 
	1% 


	Transportation 
	Transportation 
	Transportation 

	330 
	330 

	13% 
	13% 

	330 
	330 

	13% 
	13% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	2,475 
	2,475 

	100% 
	100% 

	2,475 
	2,475 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, there are several land use changes. The notable changes are projected in the open space, low-density residential, and medium-density residential land use categories. Losses projected in the open space (-3 percent), estate residential (-1 percent), and low-intensity residential (-4 percent) should be compensated with gains in the medium-density residential (+7 percent) and institutional (+1 percent) categories.  
	According to Figure 3.14, 157 acres are projected to shift from low-density residential in the existing land use to medium-density residential in the future land use. Thirty-nine acres are projected to shift from estate residential in the existing land use to low-density residential in the future land use. These large transfers indicate a potential for an increase in additional housing in the Piney Branch subwatershed. Twenty-four acres are projected to shift from open space to a medium-density residential 
	 
	3.29.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are nine stormwater management facilities within the Piney Branch subwatershed. Eighty-five percent of the Piney Branch subwatershed is not served by any stormwater management facility. Twelve percent of the total area has quantity control only and the remaining 3 percent receives both quantity and quality co
	The difference between the amount of total developed area in the subwatershed (62 percent) and the area served by stormwater management (15 percent) indicates a potential for impairment due to uncontrolled stormwater and a possible need for additional management efforts, specifically in the industrial, commercial and and low-density residential areas. A list of all stormwater management facilities in the Piney Branch subwatershed can be found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 24 outfall pipes discharging into the Piney Branch mainstem and tributaries. None of these pipes were considered to be having an impact on str
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Results from the Stream Physical Assessment identified 21 crossings in the Piney Branch subwatershed. The majority (62 percent) were concrete bridges, while an additional 20 percent were footbridges made of wood or metal. None of the crossings were creating significant erosi
	3.29.4 Soils  
	Soils found in the Piney Branch subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes which can result in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 33 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (15 percent). Zones with Glenelg, Manor and Elioak soils may be compatible with infiltra
	3.29.5 Geomorphology 
	Streams in the Piney Branch subwatershed were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. A total of 42,430 linear feet (approximately 8 miles) of stream are in the Piney Branch subwatershed. Of this length, ten 
	reaches (4,539 feet) were not assessed because they were piped channels, had no water, were too small, or too channelized. 
	The majority (93 percent) of the channel has a gravel substrate. The remaining portions are primarily silt and sand. All of the reaches are Type III, which is indicative of an actively widening stream channel. There was one erosion point of moderate to severe erosion of approximately 300 feet. It is candidate site S110 and is shown in Photo 3.87. Refer to DFPB_3 for the stream classifications. 
	 
	 
	 
	All of the eight stream blockages were made up of trees and debris. Some had additional concrete and sediment. One-half of the obstructions had only minor impacts on the stream, causing some erosion. Thirty-eight percent of the obstructions were causing a greater impact on the stream condition. The example shown in Photo 3.88 is candidate site S134. 
	There was one sanitary line of approximately 10” that was crossing the stream above the base flow. The sanitary line is shown above in Photo 3.89 and is candidate site S111. Much of the stream length (74 percent) has high erosion potential during flood events. 
	3.29.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall of 2002. 
	• In the assessed reaches, 67 percent is considered to have fair habitat for aquatic insects and fish, and 33 percent has good habitat. The mainstem between Verdict Drive and the confluence with Difficult Run makes up the majority of good habitat.  
	• In the assessed reaches, 67 percent is considered to have fair habitat for aquatic insects and fish, and 33 percent has good habitat. The mainstem between Verdict Drive and the confluence with Difficult Run makes up the majority of good habitat.  
	• In the assessed reaches, 67 percent is considered to have fair habitat for aquatic insects and fish, and 33 percent has good habitat. The mainstem between Verdict Drive and the confluence with Difficult Run makes up the majority of good habitat.  

	• There is 35,400 feet, approximately 42 percent of the total stream length, of riparian buffer encroachment (this length includes left and right banks combined). Of this, 25,550 feet (72 percent) is lawn, and 2,300 (6.5 percent) is pavement. The remaining buffer encroachment area is some combination of lawn, meadow, trees and pavement. Eighty-two percent of the buffer encroachment length has no or low restoration potential due to existing infrastructure, however; 18 percent of the length has moderate to hi
	• There is 35,400 feet, approximately 42 percent of the total stream length, of riparian buffer encroachment (this length includes left and right banks combined). Of this, 25,550 feet (72 percent) is lawn, and 2,300 (6.5 percent) is pavement. The remaining buffer encroachment area is some combination of lawn, meadow, trees and pavement. Eighty-two percent of the buffer encroachment length has no or low restoration potential due to existing infrastructure, however; 18 percent of the length has moderate to hi


	 
	• Sixty-five percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Twenty-five percent of the assessed stream length had a variety of vegetation and covered 70 percent to 90 percent of the stream bank surface.  
	• Sixty-five percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Twenty-five percent of the assessed stream length had a variety of vegetation and covered 70 percent to 90 percent of the stream bank surface.  
	• Sixty-five percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Twenty-five percent of the assessed stream length had a variety of vegetation and covered 70 percent to 90 percent of the stream bank surface.  


	3.29.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Piney Branch incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	The Piney Branch subwatershed is covered by almost 23 percent impervious surface. This impervious surface is highly concentrated in the headwaters of the subwatershed. Over one-third of Piney Branch is medium or high-density residential land use, followed by 10 percent commercial and industrial. The southern part of Piney Branch subwatershed encompasses part of the Town of Vienna. 
	Catchment DFPB0001, located in the vicinity of Maple Avenue and the W&OD Trail, has several commercial, industrial, and high-density residential areas. Refer to DFPB_4 for the catchment locations. Because runoff from commercial, industrial, and high-density residential areas has a higher chance of carrying pollutants than lower density residential or open space, catchment DFPB0001 has the second worst modeled water quality in the subwatershed. The other southern-most catchment is DFPB9801, found between Mal
	Table 3.53 Existing and Future Modeling 
	Piney Branch Catchments 
	Piney Branch Catchments 
	Piney Branch Catchments 
	Piney Branch Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFPB0001 
	DFPB0001 
	DFPB0001 

	E 
	E 

	6.89 
	6.89 

	0.18 
	0.18 

	138.5 
	138.5 

	6.3 
	6.3 

	0.9 
	0.9 


	  
	  
	  

	F 
	F 

	7.26 
	7.26 

	0.19 
	0.19 

	154.9 
	154.9 

	7.1 
	7.1 

	1.1 
	1.1 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	6% 
	6% 

	12% 
	12% 

	13% 
	13% 

	22% 
	22% 


	DFPB0002 
	DFPB0002 
	DFPB0002 

	E 
	E 

	5.56 
	5.56 

	0.25 
	0.25 

	81.5 
	81.5 

	4.4 
	4.4 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	5.74 
	5.74 

	0.26 
	0.26 

	89.9 
	89.9 

	4.8 
	4.8 

	0.9 
	0.9 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	4% 
	4% 

	10% 
	10% 

	9% 
	9% 

	13% 
	13% 


	DFPB0004 
	DFPB0004 
	DFPB0004 

	E 
	E 

	2.4 
	2.4 

	0.13 
	0.13 

	24.9 
	24.9 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.49 
	2.49 

	0.13 
	0.13 

	30.3 
	30.3 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	0% 
	0% 

	22% 
	22% 

	14% 
	14% 

	0% 
	0% 


	DFPB0005 
	DFPB0005 
	DFPB0005 

	E 
	E 

	1.85 
	1.85 

	0.15 
	0.15 

	17.1 
	17.1 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.92 
	1.92 

	0.15 
	0.15 

	22.9 
	22.9 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	0% 
	0% 

	34% 
	34% 

	33% 
	33% 

	0% 
	0% 


	DFPB9501 
	DFPB9501 
	DFPB9501 

	E 
	E 

	2.97 
	2.97 

	0.13 
	0.13 

	25.6 
	25.6 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.7 
	3.7 

	0.12 
	0.12 

	37.6 
	37.6 

	2.0 
	2.0 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	25% 
	25% 

	-8% 
	-8% 

	47% 
	47% 

	43% 
	43% 

	33% 
	33% 


	DFPB9601 
	DFPB9601 
	DFPB9601 

	E 
	E 

	3.26 
	3.26 

	0.14 
	0.14 

	28.6 
	28.6 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.41 
	3.41 

	0.14 
	0.14 

	36.1 
	36.1 

	1.9 
	1.9 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	0% 
	0% 

	26% 
	26% 

	27% 
	27% 

	0% 
	0% 


	DFPB9701 
	DFPB9701 
	DFPB9701 

	E 
	E 

	4.32 
	4.32 

	0.15 
	0.15 

	64.7 
	64.7 

	3.5 
	3.5 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	5.04 
	5.04 

	0.17 
	0.17 

	87.3 
	87.3 

	4.7 
	4.7 

	1.0 
	1.0 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	13% 
	13% 

	35% 
	35% 

	34% 
	34% 

	43% 
	43% 


	Piney Branch Catchments 
	Piney Branch Catchments 
	Piney Branch Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFPB9801 
	DFPB9801 
	DFPB9801 

	E 
	E 

	6.14 
	6.14 

	0.27 
	0.27 

	128.1 
	128.1 

	5.5 
	5.5 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	6.75 
	6.75 

	0.3 
	0.3 

	149.3 
	149.3 

	6.4 
	6.4 

	1.0 
	1.0 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	11% 
	11% 

	17% 
	17% 

	16% 
	16% 

	25% 
	25% 


	DFPB9802 
	DFPB9802 
	DFPB9802 

	E 
	E 

	4.59 
	4.59 

	0.2 
	0.2 

	67.0 
	67.0 

	3.4 
	3.4 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.94 
	4.94 

	0.21 
	0.21 

	75.5 
	75.5 

	3.9 
	3.9 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	8% 
	8% 

	5% 
	5% 

	13% 
	13% 

	15% 
	15% 

	17% 
	17% 


	DFPB9803 
	DFPB9803 
	DFPB9803 

	E 
	E 

	3.18 
	3.18 

	0.16 
	0.16 

	35.6 
	35.6 

	2.0 
	2.0 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	3.71 
	3.71 

	0.16 
	0.16 

	54.1 
	54.1 

	2.8 
	2.8 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	17% 
	17% 

	0% 
	0% 

	52% 
	52% 

	40% 
	40% 

	25% 
	25% 


	DFPB9901 
	DFPB9901 
	DFPB9901 

	E 
	E 

	4.19 
	4.19 

	0.15 
	0.15 

	63.5 
	63.5 

	3.5 
	3.5 

	0.7 
	0.7 


	  
	  
	  

	F 
	F 

	4.4 
	4.4 

	0.15 
	0.15 

	69.0 
	69.0 

	3.8 
	3.8 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	0% 
	0% 

	9% 
	9% 

	9% 
	9% 

	14% 
	14% 



	 E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	Future model results show moderate increases in flows and runoff pollutant loads from all catchments in the subwatershed. In the more developed areas, this is due to changes from low density to medium density residential. In the less developed areas, forecast changes from open space or estate residential to low density residential is the cause. 
	3.29.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. These culverts are over-capacity and do not allow all of the flow required to pass without flooding.   These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or r
	One culvert in the subwatershed overtopped with existing flows, as shown in Table 3.52. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.54 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	  
	  

	Flood Year 
	Flood Year 


	TR
	 
	 

	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	25-A 
	25-A 
	25-A 

	Lawyers Road 
	Lawyers Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	 
	Culvert #25-A (Photo 3.92) overtopped for the 25, 50, and 100-year events. Lawyers Road has a classification of “primary,” which requires the culvert to pass the 25-year event. 
	 
	 
	 
	InlineShape

	 
	3.29.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Piney Branch subwatershed are listed below. Refer to DFPB_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S110 The Stream Physical Assessment survey indicated that there was severe streambank erosion just upstream from confluence with Difficult Run, west of Fosbak Drive (Photo 3.87). 
	S111 During the Stream Physical Assessment, field crews noted an exposed sanitary line that should be examined and corrected (Photo 3.89). 
	S112 During the Stream Physical Assessment survey, riparian buffer was noted as being encroached upon by lawns and pavement. The Stream Physical Assessment survey indicated that streambank erosion was severe or extreme, channel was widening, and habitat was poor to very poor. 
	S134 The site is located downstream of and within catchments with high runoff volume and near obstructions identified during the Stream Physical Assessment (Photo 3.88). 
	Hydrology and Water Quality 
	C29 (Catchment DFPB9701) This catchment has average peak flow velocities, but they are significant enough to cause scour and erosion along stream banks and at outfalls. Also, the existing pond at the top of the stream shows signs of excessive flows and the spillway appears to be in use often. 
	C30 (Catchment DFPB0001) This catchment has one of the highest modeled pollutant load for both nitrogen and phosphorus. It also has one of the highest runoff volumes and peak flows. 
	C66 (Catchment DFPB0002) This catchment has one of the highest modeled runoff volumes and peak flows. It also has higher than average pollutant loads. 
	D27 (Catchment DFPB9501) This catchment has below average pollutant loading, peak flows, and runoff volume. This is the site of unbuilt regional pond D-27. 
	D29 (Catchment DFPB9802) This catchment has average peak flow. This is a moderately developed area and the higher peak flows could contribute to the loss of buffer at S134 within the catchment. This is the site of unbuilt regional pond D-29. 
	D73 (Catchment DFPB9801) This catchment has one of the highest runoff volumes, peak flows, and pollutants loads in the subwatershed. The high peak flows could potentially contribute to the loss of buffer at S134 and outlet erosion at D-29. This is the site of unbuilt regional pond D-73. 
	D74 (Catchment DFPB9901) This catchment has moderate runoff volume and peak flow.  Most of the stormwater network is piped with outfalls in close proximity to one another. The flow could potentially contribute to the exposure of the utility at S111. This is the site of unbuilt regional pond D-74. 
	Flooding 
	F25A The crossing of Lawyer's Road was overtopped for 25-year and greater events.  Since it is classified as a primary road, the culvert should pass the 25-year event (Photo 3.92). 
	Preservation 
	No preservation candidate sites were identified for this subwatershed.  
	3.30 Piney Branch - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.53 below is a list of all projects proposed in this subwatershed. 
	Table 3.55 Recommendations for Piney Branch 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9027A 
	DF9027A 
	DF9027A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-27 
	D-27 


	DF9027B 
	DF9027B 
	DF9027B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-27
	D-27
	 



	DF9029A 
	DF9029A 
	DF9029A 

	Drainage Retrofit 
	Drainage Retrofit 

	D-29 
	D-29 


	DF9029B 
	DF9029B 
	DF9029B 

	New Pond 
	New Pond 

	D-29 
	D-29 


	DF9073A 
	DF9073A 
	DF9073A 

	LID Retrofit 
	LID Retrofit 

	D-73 
	D-73 


	DF9073B 
	DF9073B 
	DF9073B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-73 
	D-73 


	DF9073C 
	DF9073C 
	DF9073C 

	Pond Retrofit 
	Pond Retrofit 

	D-73 
	D-73 


	DF9074A 
	DF9074A 
	DF9074A 

	Drainage Retrofit 
	Drainage Retrofit 

	D-74 
	D-74 


	DF9129 
	DF9129 
	DF9129 

	Pond Retrofit 
	Pond Retrofit 

	C29 
	C29 


	DF92110 
	DF92110 
	DF92110 

	Stream Restoration 
	Stream Restoration 

	S110 
	S110 


	DF9729 
	DF9729 
	DF9729 

	Drainage Retrofit 
	Drainage Retrofit 

	C29 
	C29 


	DF9730 
	DF9730 
	DF9730 

	Drainage Retrofit 
	Drainage Retrofit 

	C30 
	C30 


	DF9830 
	DF9830 
	DF9830 

	LID Retrofit 
	LID Retrofit 

	C30 
	C30 



	 
	3.30.1 Regional Pond Alternative Projects 
	D27 (DFPB9501) 
	Site Investigation and Projects:  
	DF9027A (Culvert Retrofit) This project would use two existing roadway embankments to create detention ponding areas. The primary goal of these retrofits will be to provide storage for channel protection.  
	DF9027B (Drainage Retrofit) These distributed projects are designed to provide energy dissipation at outfalls where the piped storm drain systems or paved channels discharge to a natural channel. Additionally, paved roadside ditches will be replaced with dry swale systems with an underdrain to provide water quality treatment. 
	D29 (DFPB9802) 
	Site Investigation and Projects:  
	DF9029A (Drainage Retrofit) These projects found throughout the catchment are designed to provide adequate energy dissipation where the drainage network discharges into the floodplain. Options include drop structures, plunge pools, bioengineering, or larger stone.   
	DF9029B (New Pond) This project is a modified regional pond at the original D-29 site, designed to store runoff for channel protection and reduce erosive streamflows downstream. 
	 
	D73 (DFPB9801) 
	Site Investigation and Projects:  
	DF9073A (LID Retrofit) This project would consist of retrofitting both Madison High School and Flint Hill Elementary School with low impact development structures to reduce runoff volume and pollutant loads as close to the source as possible. Possible improvements include reduction of impervious surface, bioretention, swales, green roofs, and inlet filters.   
	DF9073B (Drainage Retrofit) The project is intended to replace a concrete channel and an armored, straightened stream with more natural drainage. The upstream flume would be removed and replaced with a dry swale. The lower reach would be reconstructed as a natural stream channel with step pools to reduce flow velocity 
	DF9073C (Pond Retrofit) This projects consists of redirecting the stream into an already existing farm pond, forming an in-stream pond. The proposed retrofit would consist of reconstructing the diversion structure and providing a riser for outlet control to allow the pond to function as water quality treatment for the first flush. 
	D74 (DFPB9901) 
	Site Investigation and Projects:  
	DF9074A (Drainage Retrofit) This project would consist of adding outlet protection as well as stream stabilization to several reaches throughout the catchment to reduce the scour and erosion within the channels.   
	3.30.2 Catchment Improvement Projects 
	C29 (DFPB9701) 
	Site Investigation and Projects:  
	DF9129 (Pond Retrofit) This project would consist of reconstructing an existing pond by installing a new, multi-stage riser and excavating to maximize storage within the facility boundaries.  Grading a flat area at the base of the riser will create a wet marsh that will promote vegetative uptake of nutrients and settling of sediment.  
	DF9729 (Drainage Retrofit) This project would consist of energy dissipation at outfalls to reduce scour and erosion in the stream.  
	C30 (DFPB0001) 
	Site Investigation and Projects:  
	DF9730 (Drainage Retrofit) This project would consist of energy dissipation at outfalls to reduce scour and erosion in the stream.   
	DF9830 (LID Retrofit) This project consists of onsite LID retrofits along Maple Avenue and the W&OD Trail designed to reduce runoff volume and pollutant loads as close to the source as possible. Possible improvement measures include reduction of impervious surface, bioretention, swales, and inlet filters.   
	C66 (DFPB0002) 
	Site Investigation and Projects: Field investigation of this catchment revealed no areas where improvements can be implemented, so no projects are identified for this catchment. 
	3.30.3 Stream Restoration Projects 
	S110 
	Site Investigation and Projects: The site investigation showed a straightened portion of Piney Branch adjacent to railroad bed converted to a pedestrian trail. The bank was artificially stabilized adjacent to the railroad bed. The reach is slightly incised. One project was identified. 
	DF92110 (Stream Restoration) The proposed restoration would stabilize one reach with imbricated rip-rap to protect the trail, and reconstruct another to provide a pattern, dimension, and profile more consistent with a natural system.  
	S111 
	Site Investigation and Projects: The site investigation showed an exposed sanitary line. The stream reach was relatively stable and the pipe did not appear to pose a significant risk. Additional rock placement around the pipe as ongoing maintenance would provide further protection, but no specific project was identified for the watershed management plan. 
	S112 
	Impairment: [sample verbiage] At the time of the Stream Physical Assessment, deficient buffers were noted; however, field investigations conducted during the watershed plan development process indicate that these areas don’t appear to warrant a restoration project at this time. 
	S134 
	Site Investigation and Projects: The site investigation showed a small area of the buffer that was mowed. However, it is located within a gas easement and would most likely need to be maintained in its current state. No project was identified. 
	3.30.4 Preservation 
	No preservation candidate sites were identified for this subwatershed. 
	3.31 Little Difficult Run – Subwatershed Condition 
	3.31.1 Subwatershed Characteristics 
	The Little Difficult Run subwatershed has an area of approximately 2,590 acres (4.05 mi2). The western most boundary runs along the Reston Parkway (Virginia 602). The northern most boundary runs along Lawyers Road (Virginia 673). The southern most boundary lies south of Stuart Mill Road (Virginia 669). The eastern most boundary is where Stuart Mill Road (Virginia 669) makes a hairpin turn southward. 
	There are just over 10 miles of stream in the Little Difficult Run subwatershed. The streams flow in a northeasterly direction. South Fork Run joins Little Difficult Run near Mattox Creek Road. Further downstream Little Difficult Run joins the mainstem of Difficult Run in Polo Place. 
	Refer to DFLD_1 for a map of the Little Difficult Run subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.31.2 Existing and Future Land Use 
	The Little Difficult Run subwatershed consists of mainly low density development.  The density is equally dispersed throughout the subwatershed. Most of the land uses are residential. Fifty-five percent of the land is developed as low-density or estate residential while only one percent of the subwatershed is developed for commercial or industrial uses. There is no major concentration of development in this subwatershed. It is equally dispersed around the Fox Mill District Park and portions of the Difficult
	Transportation use, such as roads and highways, make up for 196 acres, or 8 percent of the overall subwatershed. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 272 acres, or 11 percent of the total subwatershed area.  
	Thirty percent of the land in the subwatershed is preserved for open space or parks. Major parks include Fox Mill District Park and the Little Difficult Run Stream Valley Park. One historical site lies within the subwatershed.  
	When comparing existing land use to future land use, there are few land use changes. The notable changes are projected in the open space, estate residential, and low-density residential land use categories. Losses projected in the open space (-6 percent) and estate residential (-5 percent) categories will be met with gains in the low-density residential (+11 percent) category. This shift shows the demand for higher-density housing in the Little Difficult Run subwatershed. A summary of land use within the su
	Table 3.56 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	777 
	777 

	30% 
	30% 

	624 
	624 

	24% 
	24% 

	-153 
	-153 

	-6% 
	-6% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	564 
	564 

	22% 
	22% 

	438 
	438 

	17% 
	17% 

	-126 
	-126 

	-5% 
	-5% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	857 
	857 

	33% 
	33% 

	1133 
	1133 

	44% 
	44% 

	276 
	276 

	11% 
	11% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	161 
	161 

	6% 
	6% 

	162 
	162 

	6% 
	6% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	10 
	10 

	0% 
	0% 

	12 
	12 

	0% 
	0% 

	2 
	2 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	4 
	4 

	0% 
	0% 

	4 
	4 

	0% 
	0% 

	1 
	1 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	2 
	2 

	0% 
	0% 

	2 
	2 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	16 
	16 

	1% 
	1% 

	16 
	16 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	196 
	196 

	8% 
	8% 

	196 
	196 

	8% 
	8% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	3 
	3 

	0% 
	0% 

	3 
	3 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	2,590 
	2,590 

	100% 
	100% 

	2,590 
	2,590 

	100% 
	100% 

	  
	  

	0% 
	0% 



	One-hundred and seventy-seven acres are projected to shift from estate residential in the existing land use to low-density residential in the future land use. Ninety-nine acres are projected to shift from open space in the existing land use to low-density residential in the future land use. This does not guarantee that the open space will become developed; it suggests that these areas of open space can be used for development/redevelopment to a higher-density use in the future. 
	 
	3.31.3 Existing Stormwater Management 
	County records indicate that there are eight stormwater management facilities within the Little Difficult Run subwatershed. Eighty-six percent of the Little Difficult Run subwatershed is not served by any stormwater management facility. Eleven percent of the total area has quantity control only and the remaining three percent receives both quantity and quality control.  
	The difference between the amount of total developed area in the subwatershed (70 percent) and the area served by stormwater management (14 percent) indicates a potential for impairment due to uncontrolled stormwater and a possible need for additional management efforts, specifically in the industrial, commercial and medium-density residential areas. A list of all stormwater management facilities in the Little Difficult Run subwatershed can be found in Appendix D.  
	 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 11 outfall pipes discharging into the Little Difficult Run subwatershed. Most of the pipes were causing minor or no erosion to the streambed o
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. The Stream Physical Assessment results indicate 42 crossings in the Little Difficult Run subwatershed at the time of assessment. The majority (55 percent) of the crossings were circular pipe culverts. Most of the crossings (74 percent) had no significant impact on stream con
	3.31.4 Soils 
	Soils found in the Little Difficult Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes which can result in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 74 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (57 percent). Zones with Glenelg, Manor and Elioak soils may be compatible with 
	3.31.5 Geomorphology 
	The streams in Little Difficult Run were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. There are a total of 53,502 linear feet (approximately 10 miles) of stream in the Little Difficult Run subwatershed. Of this length, two reaches (3,073 feet) were not assessed because they were a concrete drainage ditch with riprap, and a pond / wetland. Refer to DFLD_3 for the stream classifications. 
	Most channels (68 percent) were classified as Type III, which indicates an unstable channel that is actively widening in response to changes in stream flow.stream channel. The remaining 32 percent of the reaches are Type IV, which is the onset of channel stabilization. The majority (88 percent) of the reaches have a gravelly substrate. The remaining reach substrates are dominated by sand, silt or cobble.  
	Sixty percent of the total stream length was moderately unstable with high erosion potential during flood events. Forty percent of the stream length was moderately stable with only 
	slight potential for erosion at flood stages. There were four specific stream erosion points noted in the Little Difficult Run subwatershed. The combined length of the erosion points is approximately 230 feet. Three of the erosion points are considered severe indicating that erosion may be damaging property and causing instream degradation. All erosion points are considered to have moderate to high restoration potential. These erosion points are shown in Photos 3.95 to 3.97. Photo 3.95 is candidate site S11
	All but one of the 17 stream blockages was made up of trees and debris. The remaining obstruction was a beaver dam. Sixty-five percent of the obstructions appeared to be restricting fish movement within the stream system, while the rest did not. Streamflow around and over the obstructions is causing only minor amounts of erosion in the majoirity of the obstructed areas, while 23 percent of the obstructed channels are experiencing more significant erosion which can negatively affect the instream habitat. The
	3.31.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one-time visual inspection. Field crews conducted that assessment in the fall of 2002 and winter of 2003. 
	• Of the assessed reaches, 60 percent have fair habitat for aquatic insects and fish, 29 percent have good habitat, and 21 percent have poor habitat. 
	• Of the assessed reaches, 60 percent have fair habitat for aquatic insects and fish, 29 percent have good habitat, and 21 percent have poor habitat. 
	• Of the assessed reaches, 60 percent have fair habitat for aquatic insects and fish, 29 percent have good habitat, and 21 percent have poor habitat. 

	• There are 14,450 feet of riparian buffer encroachment in the subwatershed (this length includes left and right banks combined). Of this total, 9,900 feet (69 percent) is a combination of pervious surfaces, 1,050 feet (7 percent) is a combination of different impervious surfaces, and the remaining 3,500 feet (24 percent) is some combination of impervious and pervious surfaces. Photos 3.99 above (which is candidate site S116) and 3.100 (which is candidate site 
	• There are 14,450 feet of riparian buffer encroachment in the subwatershed (this length includes left and right banks combined). Of this total, 9,900 feet (69 percent) is a combination of pervious surfaces, 1,050 feet (7 percent) is a combination of different impervious surfaces, and the remaining 3,500 feet (24 percent) is some combination of impervious and pervious surfaces. Photos 3.99 above (which is candidate site S116) and 3.100 (which is candidate site 

	S36) and 3.101 below show examples of buffer encroachment. 
	S36) and 3.101 below show examples of buffer encroachment. 

	• Forty-eight percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Fifty-two percent of the assessed stream length had a variety of vegetation, and covered 70 to 90 percent of the streambank surface. 
	• Forty-eight percent of the assessed stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Fifty-two percent of the assessed stream length had a variety of vegetation, and covered 70 to 90 percent of the streambank surface. 


	3.31.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Little Difficult Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total ph
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identify that will need additional management measures. 
	In Little Difficult Run subwatershed, over half of the land use is a lower density residential.  Approximately 11 percent of the land is covered by impervious surface. This low imperviousness helps this subwatershed have below average pollutant loads for Difficult Run. See DFLD_4 for the catchment locations. 
	The poorest rating for water quality in this subwatershed is DFLD9401, located around the intersection of Soapstone Drive and Foxclove Road. DFLD0002, around the western end of Westwood Hills Drive, has one of the highest amounts of runoff volume in the subwatershed, along with DFLD9701 in the Blueberry Farm area between Lawyers Road and Fox Mill Road.  Results can be seen in Table 3.55. 
	 
	 
	 
	 
	Table 3.57 Existing and Future Modeling 
	Little Difficult Run Catchments 
	Little Difficult Run Catchments 
	Little Difficult Run Catchments 
	Little Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFLD0001 
	DFLD0001 
	DFLD0001 

	E 
	E 

	1.64 
	1.64 

	0.12 
	0.12 

	16.0 
	16.0 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.66 
	2.66 

	0.14 
	0.14 

	31.8 
	31.8 

	1.7 
	1.7 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	62% 
	62% 

	17% 
	17% 

	99% 
	99% 

	89% 
	89% 

	50% 
	50% 


	DFLD0002 
	DFLD0002 
	DFLD0002 

	E 
	E 

	2.07 
	2.07 

	0.11 
	0.11 

	22.4 
	22.4 

	1.2 
	1.2 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.2 
	2.2 

	0.12 
	0.12 

	24.2 
	24.2 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	9% 
	9% 

	8% 
	8% 

	8% 
	8% 

	0% 
	0% 


	DFLD0003 
	DFLD0003 
	DFLD0003 

	E 
	E 

	2.31 
	2.31 

	0.12 
	0.12 

	21.5 
	21.5 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.58 
	2.58 

	0.13 
	0.13 

	26.2 
	26.2 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	12% 
	12% 

	8% 
	8% 

	22% 
	22% 

	17% 
	17% 

	50% 
	50% 


	DFLD0004 
	DFLD0004 
	DFLD0004 

	E 
	E 

	1.61 
	1.61 

	0.1 
	0.1 

	15.1 
	15.1 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.61 
	1.61 

	0.1 
	0.1 

	15.1 
	15.1 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFLD0005 
	DFLD0005 
	DFLD0005 

	E 
	E 

	0.92 
	0.92 

	0.14 
	0.14 

	6.6 
	6.6 

	0.3 
	0.3 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.07 
	1.07 

	0.14 
	0.14 

	7.2 
	7.2 

	0.4 
	0.4 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	16% 
	16% 

	0% 
	0% 

	9% 
	9% 

	33% 
	33% 

	0% 
	0% 


	DFLD0006 
	DFLD0006 
	DFLD0006 

	E 
	E 

	1.61 
	1.61 

	0.09 
	0.09 

	13.5 
	13.5 

	0.7 
	0.7 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.69 
	1.69 

	0.09 
	0.09 

	14.3 
	14.3 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	0% 
	0% 

	6% 
	6% 

	14% 
	14% 

	0% 
	0% 


	DFLD0007 
	DFLD0007 
	DFLD0007 

	E 
	E 

	1.93 
	1.93 

	0.12 
	0.12 

	14.2 
	14.2 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.94 
	1.94 

	0.12 
	0.12 

	14.4 
	14.4 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFLD0008 
	DFLD0008 
	DFLD0008 

	E 
	E 

	2.01 
	2.01 

	0.16 
	0.16 

	16.0 
	16.0 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.03 
	2.03 

	0.16 
	0.16 

	16.4 
	16.4 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 


	DFLD9201 
	DFLD9201 
	DFLD9201 

	E 
	E 

	1.81 
	1.81 

	0.11 
	0.11 

	15.8 
	15.8 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.84 
	1.84 

	0.11 
	0.11 

	16.1 
	16.1 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 


	DFLD9301 
	DFLD9301 
	DFLD9301 

	E 
	E 

	1.98 
	1.98 

	0.12 
	0.12 

	23.7 
	23.7 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.05 
	2.05 

	0.13 
	0.13 

	24.0 
	24.0 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	8% 
	8% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFLD9401 
	DFLD9401 
	DFLD9401 

	E 
	E 

	2.75 
	2.75 

	0.13 
	0.13 

	32.8 
	32.8 

	1.8 
	1.8 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	2.75 
	2.75 

	0.13 
	0.13 

	32.8 
	32.8 

	1.8 
	1.8 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFLD9501 
	DFLD9501 
	DFLD9501 

	E 
	E 

	2.39 
	2.39 

	0.13 
	0.13 

	41.9 
	41.9 

	2.0 
	2.0 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.39 
	2.39 

	0.13 
	0.13 

	41.9 
	41.9 

	2.0 
	2.0 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFLD9601 
	DFLD9601 
	DFLD9601 

	E 
	E 

	2.5 
	2.5 

	0.13 
	0.13 

	33.7 
	33.7 

	1.7 
	1.7 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.5 
	2.5 

	0.13 
	0.13 

	33.7 
	33.7 

	1.7 
	1.7 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFLD9701 
	DFLD9701 
	DFLD9701 

	E 
	E 

	2.68 
	2.68 

	0.1 
	0.1 

	28.1 
	28.1 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.98 
	2.98 

	0.11 
	0.11 

	33.7 
	33.7 

	1.8 
	1.8 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	11% 
	11% 

	10% 
	10% 

	20% 
	20% 

	20% 
	20% 

	0% 
	0% 


	Little Difficult Run Catchments 
	Little Difficult Run Catchments 
	Little Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFLD9801 
	DFLD9801 
	DFLD9801 

	E 
	E 

	1.84 
	1.84 

	0.14 
	0.14 

	15.5 
	15.5 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.86 
	2.86 

	0.16 
	0.16 

	31.1 
	31.1 

	1.7 
	1.7 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	55% 
	55% 

	14% 
	14% 

	101% 
	101% 

	113% 
	113% 

	100% 
	100% 


	DFLD9901 
	DFLD9901 
	DFLD9901 

	E 
	E 

	2.36 
	2.36 

	0.13 
	0.13 

	22.7 
	22.7 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	3.17 
	3.17 

	0.15 
	0.15 

	32.6 
	32.6 

	1.8 
	1.8 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	34% 
	34% 

	15% 
	15% 

	44% 
	44% 

	50% 
	50% 

	100% 
	100% 



	 E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	The future modeling results show an increase in flow and runoff pollutants in all catchments. The large increases in both runoff volume and runoff pollutants, which occur in DFLD0001, DFLD9801, and DFLD9901, are due to a large amount of estate residential and open space changing into low-density residential land use. 
	3.31.8 Hydraulic Modeling Results 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. These culverts are over-capacity and do not allow all of the flow required to pass without flooding. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or ret
	Seven culverts in the Little Difficult Run subwatershed overtopped for at least one storm event. These are shown in Table 3.56. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.58 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	3 
	3 
	3 

	Stuart Mill Road DS 
	Stuart Mill Road DS 

	E 
	E 

	X 
	X 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 


	6 
	6 
	6 

	Colt Run Road 
	Colt Run Road 

	E 
	E 

	X 
	X 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	12 
	12 
	12 

	Polo Pointe Drive 
	Polo Pointe Drive 

	E 
	E 

	X 
	X 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 


	13 
	13 
	13 

	Fox Mill Road North 
	Fox Mill Road North 

	E 
	E 

	X 
	X 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 


	15-B 
	15-B 
	15-B 
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	E – Existing conditions results, x – indicates overtopping 
	 
	Culvert #3 (Photo 3.102) overtopped for all events except the one-year. Stuart Mill Road can be considered a primary road, which requires it to pass the 25-year event. 
	Culvert #6 (Photo 3.103) overtopped for all events. Colt Run Road is a residential access road, classified as local, requiring the culvert to pass the 10-year event. This culvert is candidate site F06. 
	Culvert #12 (Photo 3.104) overtopped for the 25, 50, and 100-year events. The culvert at Polo Pointe Drive, a local road, is required to pass the 10-year event. This culvert is not a candidate site. 
	Culvert #13 (Photo 3.105) overtopped for all events except the one-year. Fox Mill Road is a primary road, and is therefore required to pass the 25-year event. 
	Culvert #15-B (Photo 3.106) overtopped for all events except the one and two-year. Stuart Mill Road, as mentioned above, can be considered a primary road, requiring it to pass the 25-year event. 
	Culvert #16 (Photo 3.107) overtopped for all events except the one and two-year. Fox Mill Road, also mentioned above, can be considered a primary road and must pass the 25-year event. 
	Culvert #30 (Photo 3.108) overtopped for all events except the one and two-year. The culvert at Westwood Hills Drive, a local road, is expected to pass the 10-year event. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.31.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Little Difficult Run subwatershed are listed below. Refer to DFLD_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S36 There are significant riparian buffer impacts over 1,000 feet in length in the Little Difficult Run Stream Valley Park directly east of Mill Road and Stuart Mill Road (Photo 3.100). 
	S65 The reach between two overtopping culverts (culvert 13 and culvert 30) is exhibiting poor bank stability and has several crossing impacts. 
	S113 Erosion area at the end of Millstream Court, in Little Difficult Run Stream Valley Park (Photo 3.96). 
	S114 Erosion located on the mainstem of Little Difficult Run, directly east of Colt Run Road in the Roan Stallion Estates subdivision (Photo 3.97). 
	S115 Stream Physical Assessment found erosion and riparian buffer problems north of the terminus of Hollybrook Place in the Hollybrook subdivision (Photo 3.95) 
	S116 Buffer encroachment on the mainstem of Little Difficult Run along Stuart Mill Road in the Difficult Stream Valley Park (Photo 3.99). 
	Hydrology and Water Quality 
	D23 (Catchment DFLD0008) This site has better than average conditions for the subwatershed and for Difficult Run as a whole for runoff flows and pollutant loads. It was selected because it is a proposed site for a regional pond. 
	D39 (Catchment DFLD0002) This site has conditions similar to the average for the subwatershed for runoff flows and pollutant loads. It was selected because it is a proposed site for a regional pond. 
	D43 (Catchment DFLD9501) This site has higher than average nitrogen and phosphorus loadings from runoff. Peak flows and runoff volume are average. There are no critical stream problems within the area or immediately downstream. It was selected because it is a proposed site for a regional pond. 
	D58 (Catchment DFLD9801) This site has better than average conditions for the subwatershed and for Difficult Run as a whole for runoff flows and pollutant loads. There are no stream restoration sites downstream, however there are two culverts that are being overtopped. It was selected because it is a proposed site for a regional pond. 
	D61 (Catchment DFLD9401) Water quality and runoff volumes are slightly worse than the average for the subwatershed. Stream conditions within the drainage area and immediately downstream are relatively good.  
	D69 (Catchment DFLD9601) This site has average conditions for the subwatershed and for Difficult Run as a whole for runoff flows and pollutant loads. Field investigation showed no critical stream degradation within the drainage area or downstream. 
	D71 (Catchment DFLD0001) This site has average conditions for the subwatershed for runoff flows and pollutant loads. There is an area of streambank erosion downstream at site S113. 
	C64 (Catchment DFLD9701) This site has average pollutant loads and runoff flows in comparison with the subwatershed, and better than the average for the whole watershed. There is no significant stream degradation within the catchment or immediately downstream. 
	Flooding 
	F03 The bridge carrying Stuart Mill Road over the Mainstem of Little Difficult Run overtops for all events except the 1-year storm. It is required to pass the 25-year event (Photo 3.102). 
	F06 The culvert conveying Mainstem of Little Difficult Run under Colt Run Road overtops for all events. It is required to pass the 10-year event (Photo 3.103). 
	F13 The culvert conveying a tributary of Little Difficult Run under Fox Mill Road overtops for all events except the 1-year storm. It is required to pass the 25-year event (Photo 3.105). 
	F15B The culvert conveying Little Difficult Run under Stuart Mill Road overtops for all events except the 1-year and 2-year storms. It is required to pass the 25-year event (Photo 3.106). 
	F16 The culvert conveying a tributary of Little Difficult Run under Fox Mill Road overtops for all events except the 1-year and 2-year storms. It is required to pass the 25-year event. (Photo 3.107). 
	F30 The culvert conveying a tributary of Little Difficult Run under Thoroughbred Road overtops for all events except the 1-year and 2-year storms. It is required to pass the 20-year event (Photo 3.108). 
	Preservation 
	P05 (Catchment DFLD9801) This catchment has very high increases from existing to future conditions for many of the modeled results including runoff volume, total suspended solids, nitrogen and phosphorus.  
	P06 (Catchment DFLD0001) This catchment has very high increases from existing to future conditions for many of the modeled results including total suspended solids, nitrogen and phosphorus. The area includes a large percentage of open space. 
	P07 (Catchment DFLD9901) This catchment has moderate increases from existing to future conditions for many of the modeled results including total suspended solids, nitrogen and phosphorus. The area includes a large percentage of open space. 
	3.32 Little Difficult Run - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.61 below is a list of all projects proposed in this subwatershed. 
	Table 3.59 Recommendations for Little Difficult Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9023A 
	DF9023A 
	DF9023A 

	Pond Retrofit. 
	Pond Retrofit. 

	D-23 
	D-23 


	DF9039A 
	DF9039A 
	DF9039A 

	Culvert Retrofit. 
	Culvert Retrofit. 

	D-39 
	D-39 


	DF9039B 
	DF9039B 
	DF9039B 

	Drainage Retrofit. 
	Drainage Retrofit. 

	D-39 
	D-39 


	DF9043A 
	DF9043A 
	DF9043A 

	Drainage Retrofit 
	Drainage Retrofit 

	D-43 
	D-43 


	DF9043B 
	DF9043B 
	DF9043B 

	Pond Retrofit 
	Pond Retrofit 

	D-43 
	D-43 


	DF9043C 
	DF9043C 
	DF9043C 

	LID Retrofit 
	LID Retrofit 

	D-43 
	D-43 


	DF9058A 
	DF9058A 
	DF9058A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-58 
	D-58 


	DF9058B 
	DF9058B 
	DF9058B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-58 
	D-58 


	DF9061A 
	DF9061A 
	DF9061A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-61 
	D-61 


	DF9061B 
	DF9061B 
	DF9061B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-61 
	D-61 


	DF9061C 
	DF9061C 
	DF9061C 

	Culvert Retrofit 
	Culvert Retrofit 

	D-61 
	D-61 


	DF9061D 
	DF9061D 
	DF9061D 

	Pond Retrofit 
	Pond Retrofit 

	D-61 
	D-61 


	DF92114 
	DF92114 
	DF92114 

	Stream Restoration 
	Stream Restoration 

	S114 
	S114 


	DF9236 
	DF9236 
	DF9236 

	Stream Restoration 
	Stream Restoration 

	S36 
	S36 


	DF9265 
	DF9265 
	DF9265 

	Stream Restoration 
	Stream Restoration 

	S65 
	S65 



	 
	3.32.1 Regional Pond Alternative Projects 
	D23 (DFLD9201) 
	Site Investigation and Projects:  The site investigation showed few opportunities for retrofits in this low-density residential neighborhood. One project was identified: 
	DF9023A (Pond Retrofit) This project is a retrofit of an existing dry facility at the outfall of the catchment. Retrofits would include installing a multi-stage riser for extended detention.   
	D39 (DFLD0002) 
	Site Investigation and Projects: The site investigation found relatively good conditions in the streams and outfalls within this drainage area, including the stream channel at the outlet of the watershed. There are few opportunities for onsite stormwater management or LID retrofits in the residential land uses that predominate. 
	DF9039A (Culvert Retrofit) The project includes two small culvert retrofits on the south side of Westwood Hills Drive. The project would provide channel protection to reduce erosive discharge rates and provide an opportunity for water quality treatment.  
	DF9039B (Drainage Retrofit) This project consists of reconfiguring outfalls or retrofitting energy dissipation structures to reduce scour and erosion where flows from the storm drainage system enter the stream.Improvements would consist of energy dissipation through riprap, plunge pools, or structures.  
	D43 (DFLD9501) 
	Site Investigation and Projects:  
	DF9043A (Drainage Retrofit) This project is designed to reduce scour at outfalls where the piped storm drain system discharges to a natural channel. Improvements would consist of energy dissipation through riprap, plunge pools, or structures.  
	DF9043B (Pond Retrofit) This is a retrofit of an existing in-stream dry pond between the cul-de-sacs of Wild Cherry Place and Black Fir Court. The retrofit would incorporate a retrofit riser structure. For channel protection storage, the low-flow orifice should be modified to detain the 1-year storm.  
	DF9043C (LID Retrofit) The project involves coordinating with the Fox Mill Swim and Tennis Club to construct a biofiltration swale adjacent to the parking lot. The existing grass swale exhibits active erosion. This retrofit could serve as a community education and outreach project.   
	D58 (DFLD9801) 
	Site Investigation and Projects: 
	DF9058A (Culvert Retrofit) This project is located at the upstream side of Thoroughbred Road. It should be designed along with project DF9058B to reduce some of the peak flows from the drainage area.  
	DF9058B (Culvert Retrofit) The retrofit is located upstream of the crossing at Folkstone Road. An upstream embankment along with a retrofit of the culvert would provide  a dry pondfor channel protection. 
	D61 (DFLD9401) 
	Site Investigation and Projects: 
	DF9061A (Culvert Retrofit) This project is located at the bottom of the catchment where the stream crosses Stuart Mill Road. It would be designed primarily for water quality treatment using extended detention on the floodplain..  
	DF9061B (Drainage Retrofit) This project is designed to provide energy dissipation at outfalls where the piped storm drain system discharges to a natural channel. Improvements would consist riprap, plunge pools, or bioengineered structures.  
	DF9061C (Culvert Retrofit) This culvert retrofit project would consist of a redundant embankment to create a backwater storage area at Foxclove Road, with the primary goal of reducing erosive flows downstream. The upstream area is forested so a dry detention facility is proposed.  
	DF9061D (Pond Retrofit) The project would retrofit a dry pond with the addition of a multi-stage riser to provide channel protection storage.  
	 
	 
	 
	D69 (DFLD9601) 
	Site Investigation and Projects: The stream valley through the site is heavily wooded with no suitable locations for stormwater management ponds or onsite LID retrofits. No projects were identified for this site. 
	D71 (DFLD0001) 
	Site Investigation and Projects: The stream valley through the site is heavily wooded with no suitable locations for stormwater management ponds or onsite LID retrofits. No projects were identified for this site. 
	3.32.2 Catchment Improvement Projects 
	C64 (DFLD9701) 
	Site Investigation and Projects: The stream valley through the site is heavily wooded with no suitable locations for stormwater management ponds or onsite LID retrofits. No projects were identified for this site. 
	3.32.3 Stream Restoration Projects 
	S-36 
	Site Investigation and Projects: The site investigation found moderate to severe bank erosion, lack of riffle pool bed morphology, and slight to moderate incision. Some areas adjacent to the stream lacked a forested riparian buffer. One stream restoration project was identified. 
	DF9236 (Stream Restoration) The proposed restoration would involve excavating a new floodplain and re-meandering the stream to provide a pattern, dimension, and profile more consistent with a natural stream. This would prevent further mass erosion associated with channel widening and bank failure, would improve instream habitat, and provide access to a functional floodplain. The new floodplain would be planted with native woody vegetation and grasses. A forested buffer would be established. S-36 and S-115 w
	S-65 
	Site Investigation and Projects: The site investigation found areas of missing buffer and erosion on the west side of Fox Mill Road. The east side was forested with areas of localized erosion. 
	DF9265 (Stream Restoration) The proposed restoration would involve excavating a floodplain bench and reshaping the streambanks on the west side and immediately downstream of Fox Mill Road. A forested buffer would be established to the extent possible in the riparian zone. Further downstream, restoration benefits would not outweigh the construction impacts to the forest. 
	S-113 
	Site Investigation and Projects:  The site investigation found one area of severe bank erosion less than 100 feet in length. Given the short length of the impairment and significant access constraints, no project was identified. The bank erosion would be addressed by the proposed culvert retrofit (DF9406 below) located upstream of Colt Run Road. 
	 
	S-114 
	Site Investigation and Projects:  Site investigations found that the stream is severely incised with raw streambanks. However, the stream has re-established a good riffle pool sequence and has a clearly defined aquatic channel. One stream restoration project was identified. 
	DF92114 (Streambank Stabilization) The proposed project would involve grading the eroded streambanks and excavating a floodplain bench at the channel forming elevation. The new floodplain would be planted with native woody vegetation and grasses.  
	S-115 
	Site Investigation and Projects: Work for this site would be combined with project DF9236. 
	S-116 
	Site Investigation and Projects: Buffer restoration will be completed as part of the watershed-wide projects.. No project was identified. 
	3.32.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the candidate sites include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area. Actions and policy changes needed to implement preservation for all candidate sites are described in Chapter 4. 
	 
	3.33 Angelico Branch – Subwatershed Condition 
	3.33.1 Subwatershed Characteristics 
	The Angelico Branch subwatershed has an area of approximately 483 acres (0.76 mi2). It is one of the smaller subwatersheds found within the Difficult Run. Lawyers Road (Virginia 673) makes a diagonal slice through the subwatershed from the northwest to the center. Hunter Mill Road (Virginia 674) provides the approximate western boundary line. The stream crossing at Cedar Pond Drive (local road) provides the northern boundary. Clarks Crossing Park designates an approximate eastern boundary. Vale Road (Virgin
	The Angelico Branch subwatershed is located in the central portion of the Difficult Run watershed. The Angelico Branch subwatershed contains only a single stream channel, which is approximately two miles long. Angelico Branch flows in a northerly direction until it joins with the mainstem of Difficult Run. 
	Refer to DFAB_1 for a map of the Angelico subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.33.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	Angelico Branch is one of the lower density subwaterseds. Seventy-five percent is developed as low-density or estate residential, while only 1 percent of the subwatershed is developed for commercial or industrial uses. The development in this subwatershed is equally dispersed throughout in residential subdivisions.  
	Transportation use, such as roads and highways, make up 34 acres, or 7 percent of the overall subwatershed. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 51 acres, or 11 percent of the total subwatershed area. Thirteen percent of the land in the subwatershed is preserved for open space or parks. Major parks include Fox Hunters Park and Kemper Park. No historical sites lie within the subwatershed. A summary of land us
	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition.   
	When comparing existing land use to future land use, there are several land use changes. The notable changes are projected to be made in the open space, estate residential, and low-density residential land use categories. A gain projected in the low-density residential (+22 percent) category is projected to be compensated with losses in the estate residential (-18 percent) and open space (-4 percent) categories. This suggests that there is a demand to increase the housing base in the Angelico Branch subwate
	Table 3.60 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	64 
	64 

	13% 
	13% 

	46 
	46 

	10% 
	10% 

	-18 
	-18 

	-4% 
	-4% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	209 
	209 

	43% 
	43% 

	120 
	120 

	25% 
	25% 

	-89 
	-89 

	-18% 
	-18% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	156 
	156 

	32% 
	32% 

	262 
	262 

	54% 
	54% 

	107 
	107 

	22% 
	22% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	9 
	9 

	2% 
	2% 

	9 
	9 

	2% 
	2% 

	0 
	0 

	0% 
	0% 


	High-density residential 
	High-density residential 
	High-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	4 
	4 

	1% 
	1% 

	4 
	4 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	7 
	7 

	1% 
	1% 

	7 
	7 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	34 
	34 

	7% 
	7% 

	34 
	34 

	7% 
	7% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	483 
	483 

	100% 
	100% 

	483 
	483 

	100% 
	100% 

	  
	  

	0% 
	0% 



	According to Figure 3.16, 97 acres are projected to shift from estate residential in the existing land use to low-density residential in the future land use. An additional 18 acres, or 16 percent of all land use changes, are projected to shift from open space to either a low-density residential (10 acres) or estate residential (8 acres) use. This does not guarantee that the open space will become developed; it suggests that these areas of open space have been identified as being appropriate for redevelopmen
	3.33.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there is only one stormwater management facility within the Angelico Branch subwatershed. The facility provides quantity control for 17 percent of the subwatershed. The remaining 83 percent of the subwatershed is not served by any stormwater management facility. The information on this facility can be found in Appe
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located only one outfall pipe discharging into Angelico Branch. This pipe is a 12-inch stormwater pipe that has only a minor impact on stream characte
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. There are seven stream crossings in the Angelico Branch subwatershed. Only one of these has more than a moderate impact on the stream, indicating that the structural condition was adequate but could be improved to enhance stream integrity and avoid future problems. This cros
	3.33.4 Soils  
	Soils found in the Angelico Branch subwatershed belong primarily to the Glenelg– Elioak – Manor association. This association consists of rolling and hilly landscapes which can result in rapid runoff and micaceous soils, which are erodible. The subwatershed contains 57 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (31 percent). Zones with Glenelg, Manor and Elioak soils may be compatible with infiltration practices. The groundwater is fairly shallow with numerous
	3.33.5 Geomorphology 
	Field crews conducted an assessment of the entire stream length in Angelico Branch subwatershed using the Channel Evolution Model. Each length was assigned a classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. All streams were assessed.  
	The substrate material found in Angelico Branch is a mix of silt, sand and gravel. The entire length of Angelico Branch is characterized as Type III, indicative of an unstable channel that is actively widening in response to changes in stream flow. Most of the stream between Lawyers Road and Whippoorwill Road is severely eroded, shown in Photo 3.110. This site is candidate site S117.  Refer to DFAB_3 for the stream classifications. 
	There were three locations along Angelico Branch where field crews noted obstructions. All obstructions were restricting fish passage and can lead to flooding and stream erosion. Two of these are shown in Photos 3.111 and 3.112. 
	3.33.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one-time visual inspection. Field crews conducted that assessment in the fall of 2002.
	There is approximately one mile of riparian buffer encroachment (this length includes left and right banks combined). Sixty-six percent of this impact is from a combination of lawn and grasses. The remaining 34 percent is any combination of pavement and grasses/forbs/lawn. Only 1,000 feet of this total length was considered to have a significant impact on the stream.  
	• Seventy-six percent of the total stream has “fair” habitat for aquatic insects and fish, while the remaining 24 percent has “poor” habitat.  
	• Seventy-six percent of the total stream has “fair” habitat for aquatic insects and fish, while the remaining 24 percent has “poor” habitat.  
	• Seventy-six percent of the total stream has “fair” habitat for aquatic insects and fish, while the remaining 24 percent has “poor” habitat.  

	• At the time of assessment, field crews noted only 20 percent of the channel depth filled with water, which can indicate a channel overwidened by erosion or a lack of baseflow. This type of channel provides poor habitat for fish. 
	• At the time of assessment, field crews noted only 20 percent of the channel depth filled with water, which can indicate a channel overwidened by erosion or a lack of baseflow. This type of channel provides poor habitat for fish. 

	• The entire length of Angelico Branch received low scores for vegetative protection in the form of trees and shrubs and has impacted buffer zone width and bank stability. These factors indicate a stream with high erosion potential during rain events and one that could benefit from improved buffer. 
	• The entire length of Angelico Branch received low scores for vegetative protection in the form of trees and shrubs and has impacted buffer zone width and bank stability. These factors indicate a stream with high erosion potential during rain events and one that could benefit from improved buffer. 


	3.33.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Angelico Branch incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phospho
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	Angelico Branch subwatershed is covered by 11 percent impervious surface. It is comprised of more than three-quarters lower density residential land use. There are two areas of commercial land use, located along Hunter Mill Road, one just north and one just south of Lawyers Road. The larger commercial area to the south of Lawyers Road, along with low and medium density residential areas in catchment DFAB0001 combine to produce the highest nitrogen and phosphorus loading rates in the subwatershed. Refer to D
	Catchment DFAB0001, located north of Vale Road and East of Hunter Mill Road, is the headwater for this subwatershed and received the poorest rating in terms of modeled water quality in the subwatershed. This same catchment also has the highest volume of runoff due to relatively more impervious surface. Results are in Table 3.59. 
	 
	Table 3.61 Existing and Future Modeling 
	Angelico Branch Catchments 
	Angelico Branch Catchments 
	Angelico Branch Catchments 
	Angelico Branch Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFAB0001 
	DFAB0001 
	DFAB0001 

	E 
	E 

	2.31 
	2.31 

	0.12 
	0.12 

	25.6 
	25.6 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.94 
	2.94 

	0.14 
	0.14 

	36.6 
	36.6 

	1.9 
	1.9 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	27% 
	27% 

	17% 
	17% 

	43% 
	43% 

	45% 
	45% 

	44% 
	44% 


	DFAB0002 
	DFAB0002 
	DFAB0002 

	E 
	E 

	2.2 
	2.2 

	0.15 
	0.15 

	17.5 
	17.5 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.88 
	2.88 

	0.17 
	0.17 

	27.4 
	27.4 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	31% 
	31% 

	13% 
	13% 

	57% 
	57% 

	58% 
	58% 

	57% 
	57% 


	DFAB0003 
	DFAB0003 
	DFAB0003 

	E 
	E 

	1.92 
	1.92 

	0.14 
	0.14 

	15.3 
	15.3 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.04 
	2.04 

	0.14 
	0.14 

	16.7 
	16.7 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	0% 
	0% 

	9% 
	9% 

	10% 
	10% 

	6% 
	6% 



	 E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures. 
	 
	All three catchments showed an increase in pollutants and flow from existing to future conditions due to projected changes in open space and estate residential to low density residential land use. 
	3.33.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts, may occur. These culverts are over-capacity and do not allow all of the flow required to pass without flooding. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or re
	Two culverts in the subwatershed were overtopped by at least one of the storm events, as shown in Table 3.60. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.62 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	19 
	19 
	19 

	Lawyers Road 
	Lawyers Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 


	20 
	20 
	20 

	Cedar Pond Drive 
	Cedar Pond Drive 

	E 
	E 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #19 (Photo 3.113) overtopped for all events except the 1-year. Lawyers Road is a primary road, which should allow the 25-year event to pass. 
	Culvert #20 (Photo 3.114) overtopped for the 50 and 100-year events. This is a residential access road, which can be classified as local, and is required to pass beneath it the 10-year event. This culvert is not considered a candidate site. 
	 
	Figure
	Photo 3.113 Angelico Branch at Lawyers Road 
	Photo 3.114 Angelico Branch at Cedar Pond Drive 

	3.33.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Angelico Branch subwatershed are listed below. Refer to DFAB_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S117 The Stream Physical Assessment survey noted severe erosion just west of Whippoorwill Road (Photo 3.110). The reach also was identified as having erosion problems and active widening. 
	S118 This site was identified in the Stream Physical Assessment survey as having erosion problems and active widening, along with a deficient buffer. 
	Hydrology and Water Quality 
	D51 (Catchments DFAB0001, DFAB0002, and DFAB0003) The site of this unconstructed regional pond collects the drainage from all three catchments in Angelico Branch.  Model results for the overall subwatershed showed peak flows and runoff quality to be within normal ranges in comparison to other areas of Difficult Run so that no other candidate sites were identified. 
	Flooding 
	F19 This culvert overtops with existing conditions for all rainfall events from 2- to 100-year; however, it should pass the 25-year event to meet County standards (Photo 3.113). 
	Preservation 
	P04 (Catchment DFAB0002) Model results for pollutant loading and runoff volume more than doubled in this catchment based on the projected change from existing to future conditions. 
	3.34 Angelico Branch - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.61 below is a list of all projects proposed in this subwatershed. 
	Table 3.63 Recommendations for Angelico Branch 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9051D 
	DF9051D 
	DF9051D 

	Culvert Retrofit 
	Culvert Retrofit 

	D-51 
	D-51 


	DF9051E 
	DF9051E 
	DF9051E 

	Drainage Retrofits 
	Drainage Retrofits 

	D-51 
	D-51 


	DF92117 
	DF92117 
	DF92117 

	Stream Restoration 
	Stream Restoration 

	S117 
	S117 



	 
	3.34.1 Regional Pond Alternative Projects 
	D51 (DFAB0001, DFAB0002, and DFAB0003) 
	Site Investigation and Projects: The site investigation showed that stream erosion upstream of this site was severe and among the worst conditions seen in the watershed. Along with a culvert retrofit at the regional pond site, upstream projects are being proposed which may help mitigate stream erosion and provide some improvements in water quality. 
	DF9051D  (Culvert Retrofit) This culvert retrofit is proposed for the original site of regional pond D-51. The primary role would be to reduce peak discharges, but water quality features could be designed to promote wetland growth and nutrient uptake through vegetation.   
	DF9051E  (Drainage Retrofits) These distributed projects are designed to provide energy reduction at outfalls where the piped storm drain system discharges to a natural channel to slow the scour and erosion at these points. Improvements would consist of energy dissipation through riprap, plunge pools, or structures.   
	3.34.2 Catchment Improvement Projects 
	No candidate sites of this type were identified. 
	3.34.3 Stream Restoration Projects 
	S117 and S118 
	Site Investigation and Projects: The site investigation showed moderate to severe incision with severe bank erosion against the valley walls in several locations. Bed features were transitional and inconsistent. The stream did not appear to be in its natural location in the center of its valley. It may have been moved and straightened at some time in the past. 
	DF92117 (Stream Relocation) Sites 117 and 118 will be combined into a single project. The proposed restoration would create a new pattern and profile for most of the existing channel, except for the most eroded area, where a new stream channel would be created in the floodplain. Spot stabilization measures would also be constructed. The stream buffer would be restored on all restoration reaches.This 
	would improve instream habitat, provide access to a larger floodplain, and protect the eroding valley walls.  
	 
	3.34.4 Preservation 
	Improvement Goals for all Preservation Sites 
	Preservation goals for all the candidate sites include reducing runoff volume, peak flows, and pollutant loads by preserving open space and forested land in key areas of the catchment such as headwaters. 
	Site Investigation and Projects 
	No site investigation was undertaken for preservation projects, and no specific proposals have been made for each area. Actions and policy changes needed to implement preservation for all candidate sites are described in Chapter 4. 
	This page left blank intentionally. 
	 
	3.35 South Fork Run – Subwatershed Condition 
	3.35.1 Subwatershed Characteristics 
	The South Fork Run subwatershed has an area of approximately 1,745 acres (2.73 mi2). Its western most boundary runs almost directly along West Ox Road (Virginia 608) where it becomes the Reston Parkway (Virginia 602). The southeast most boundary line runs along Vale Road (Virginia 672). The northeast most boundary is approximately Stuart Mill Road (Virginia 669) where it turns into Bennett Road. 
	The South Fork Run subwatershed includes 7.0 miles of streams. The subwatershed is in the southwestern corner of the watershed between Little Difficult Run and Upper Difficult Run. 
	Refer to DFSF_1 for a map of the South Fork Run subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.35.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The South Fork Run subwatershed is slightly to moderately dense. Sixty-two percent is developed as low-density or estate residential while only 1 percent of the subwatershed is developed for commercial or industrial uses. The most common land use in South Fork Run is low-density residential, which makes up 52 percent of the land area. Development is equally dispersed throughout the subwatershed in subdivisions. 
	Transportation use, such as roads, highways, and rights-of-way, make up 151 acres, or 9 percent of the overall subwatershed. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 215 acres, or 12 percent of the total subwatershed area. 
	Twenty-two percent of the land in the subwatershed is preserved for open space or parks. Major parks include Garnchayne Park, Difficult Run Stream Valley Park and Clark’s Landing Park. Three historical sites lie within the subwatershed. A summary of land use within the subwatershed can be found in Table 3.62. 
	When comparing existing land use to future land use, there are few land use changes. Changes are projected for the open space, estate residential and medium-density residential land use categories. Losses expected in open space (-6 percent) will be gained in the estate residential (+4 percent) and medium-density (+2 percent) categories. The projected shift to estate residential use, the lowest density for all residential uses within the subwatershed, is a rare occurrence, when compared with the other 17 sub
	Table 3.64 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	375 
	375 

	22% 
	22% 

	273 
	273 

	16% 
	16% 

	-103 
	-103 

	-6% 
	-6% 


	Golf Course 
	Golf Course 
	Golf Course 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	170 
	170 

	10% 
	10% 

	240 
	240 

	14% 
	14% 

	71 
	71 

	4% 
	4% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	907 
	907 

	52% 
	52% 

	911 
	911 

	52% 
	52% 

	3 
	3 

	0% 
	0% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	110 
	110 

	6% 
	6% 

	138 
	138 

	8% 
	8% 

	28 
	28 

	2% 
	2% 


	High-density residential 
	High-density residential 
	High-density residential 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	3 
	3 

	0% 
	0% 

	3 
	3 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	10 
	10 

	1% 
	1% 

	10 
	10 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	12 
	12 

	1% 
	1% 

	12 
	12 

	1% 
	1% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	151 
	151 

	9% 
	9% 

	151 
	151 

	9% 
	9% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	8 
	8 

	0% 
	0% 

	8 
	8 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	1,745 
	1,745 

	100% 
	100% 

	1,745 
	1,745 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition.  
	According to Figure 3.17, 91 acres are projected to shift from open space in the existing land use to estate residential in the future land use. In total, 102 acres, or 68 percent of all land use changes, are projected to shift from open space to a higher intensity use. This does not guarantee that the open space will become developed – it suggests that these areas of open space can be used for development/ redevelopment in the future. Nineteen percent of the land use changes (28 acres) are projected to shi
	3.35.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 14 stormwater management facilities within the South Fork Run subwatershed. Seventy-six percent of the South Fork Run subwatershed is not served by any stormwater management facility. Fourteen percent of the total area has quantity control only and the remaining 10 percent receives both quantity and quali
	of all stormwater management facilities in the South Fork Run subwatershed can be found in Appendix D. 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 24 outfall pipes discharging into the South Fork Run subwatershed. None of these pipes were considered to be having an impact on stream charac
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of structures designed for lower flows, and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Results from the Stream Physical Assessment identified 17 crossings in the South Fork Run subwatershed. Twenty-four percent of the crossings were either a bridge or footbridge. Most (94 percent) of the crossings did not appear to pose a threat to the inst
	3.35.4 Soils 
	Soils found in the South Fork Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The subwatershed contains 75 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (55 percent). B soils and the Glenelg soil type are compatible with infiltration practices and may provide potential stormwater management sites. The 
	3.35.5 Geomorphology 
	There are approximately 7 miles (37,189 feet) of stream in the South Fork Run subwatershed. Most of the streams were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. 1,154 feet of stream were not assessed because they were characterized as wetlands with beaver dams. 
	Thirty-four percent of the reaches are Type III, which indicates an unstable channel that is actively widening in response to changes in stream flow. Four percent were classified as Type II, characterized by bed degradation and downcutting, and the remaining 63 percent of the reaches are Type IV, which is the bed aggradation and stabilization stage. Sixty-one percent of the stream length was identified as moderately unstable with high erosion potential during flood events. The dominant substrate of the majo
	 
	There were four severe erosion points of approximately 200 feet noted in the subwatershed by field crews. In all four cases, the restoration potential was high. Photos of the four points are show in Photos 3.116 to 3.119. Photo 3.116 is candidate site S121, Photo 3.118 is candidate site S119, and Photos 3.119 and 3.120 are candidate site S120. 
	As identified in the Stream Physical Assessment, two-thirds of the stream blockages, which can cause erosion and block fish passage, were made up of trees and debris. Some blockages had additional concrete, sediment and plywood. The remaining one third of the blockages were beaver dams. 
	Seventy-five percent of the obstructions appeared to be restricting fish passage. Twenty-five percent of the obstructions were causing moderate to minor impact on the stream condition.   
	 
	3.35.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted the assessment in the fall of 2002. 
	• There are 37,189 linear feet (approximately 7 miles) of stream in the South Fork Run subwatershed. Of this length, two sections of stream (1,154 feet) were not assessed. 
	• There are 37,189 linear feet (approximately 7 miles) of stream in the South Fork Run subwatershed. Of this length, two sections of stream (1,154 feet) were not assessed. 
	• There are 37,189 linear feet (approximately 7 miles) of stream in the South Fork Run subwatershed. Of this length, two sections of stream (1,154 feet) were not assessed. 

	• Of the assessed reaches, 86 percent have as fair habitat for aquatic insects and fish, and 14 percent have good habitat.  
	• Of the assessed reaches, 86 percent have as fair habitat for aquatic insects and fish, and 14 percent have good habitat.  

	• There are 7,670 feet of riparian buffer encroachment (left and right banks combined). Of this total 2,560 feet (65 percent) is a combination of pervious surfaces such as grass, shrubs, and forest. 275 feet (7 percent) is a combination of impervious surfaces such as buildings and roads, and the remaining 1,100 feet (28 percent) is some combination of impervious and pervious surfaces.  
	• There are 7,670 feet of riparian buffer encroachment (left and right banks combined). Of this total 2,560 feet (65 percent) is a combination of pervious surfaces such as grass, shrubs, and forest. 275 feet (7 percent) is a combination of impervious surfaces such as buildings and roads, and the remaining 1,100 feet (28 percent) is some combination of impervious and pervious surfaces.  

	• Four reaches, or 37 percent of the buffer encroachment length, are having a severe impact on the stream. Examples of two of these reaches are shown below in Photos 3.120 and 3.121. 
	• Four reaches, or 37 percent of the buffer encroachment length, are having a severe impact on the stream. Examples of two of these reaches are shown below in Photos 3.120 and 3.121. 

	• Most (93 percent) of the impacted riparian zones have the potential for restoration through tree plantings. 
	• Most (93 percent) of the impacted riparian zones have the potential for restoration through tree plantings. 


	 
	3.35.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in South Fork Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphor
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	A majority of the South Fork Run subwatershed is covered by a lower density residential land use. It contains approximately 12 percent impervious land cover. The two areas of commercial land use, located along southern Vale Road, and the industrial area on nearby West Ox Road, are likely contributors to the high pollutant loads in catchments DFSF9902 and DFSF9802. Refer to DFSF_4 for the catchment locations. 
	One of the highest nitrogen-loading rates in the subwatershed is found in catchment DFSF9701, located near the outlet of the subwatershed. This catchment is comprised mostly of low-density residential land use, but also some medium density residential land use. All catchments in the subwatershed have higher nitrogen and phosphorus loading rates. One of the highest nitrogen and phosphorus loading rates among the catchments is found in catchment DFSF9902, situated in the headwaters of South Fork Run, northeas
	pounds per acre per year of nitrogen and 0.3 pounds per acre per year of phosphorus.  Results can be seen in Table 3.63. 
	Table 3.65 Existing and Future Modeling 
	South Fork Run Catchments 
	South Fork Run Catchments 
	South Fork Run Catchments 
	South Fork Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFSF0001 
	DFSF0001 
	DFSF0001 

	E 
	E 

	2.11 
	2.11 

	0.11 
	0.11 

	23.0 
	23.0 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.17 
	2.17 

	0.12 
	0.12 

	23.8 
	23.8 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	9% 
	9% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFSF0002 
	DFSF0002 
	DFSF0002 

	E 
	E 

	1.2 
	1.2 

	0.13 
	0.13 

	11.8 
	11.8 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.51 
	1.51 

	0.1 
	0.1 

	14.9 
	14.9 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	26% 
	26% 

	-23% 
	-23% 

	26% 
	26% 

	14% 
	14% 

	100% 
	100% 


	DFSF0003 
	DFSF0003 
	DFSF0003 

	E 
	E 

	2.48 
	2.48 

	0.08 
	0.08 

	23.6 
	23.6 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.58 
	2.58 

	0.08 
	0.08 

	25.3 
	25.3 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	0% 
	0% 

	7% 
	7% 

	8% 
	8% 

	0% 
	0% 


	DFSF0004 
	DFSF0004 
	DFSF0004 

	E 
	E 

	2.41 
	2.41 

	0.11 
	0.11 

	22.0 
	22.0 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.44 
	2.44 

	0.11 
	0.11 

	22.6 
	22.6 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFSF0005 
	DFSF0005 
	DFSF0005 

	E 
	E 

	1.66 
	1.66 

	0.11 
	0.11 

	16.3 
	16.3 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.67 
	1.67 

	0.11 
	0.11 

	16.3 
	16.3 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFSF0006 
	DFSF0006 
	DFSF0006 

	E 
	E 

	1.38 
	1.38 

	0.12 
	0.12 

	15.1 
	15.1 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.39 
	1.39 

	0.12 
	0.12 

	15.4 
	15.4 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 


	DFSF9701 
	DFSF9701 
	DFSF9701 

	E 
	E 

	2.59 
	2.59 

	0.12 
	0.12 

	27.5 
	27.5 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.69 
	2.69 

	0.13 
	0.13 

	28.0 
	28.0 

	1.5 
	1.5 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	8% 
	8% 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 


	DFSF9802 
	DFSF9802 
	DFSF9802 

	E 
	E 

	2.16 
	2.16 

	0.12 
	0.12 

	24.4 
	24.4 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.27 
	2.27 

	0.12 
	0.12 

	25.9 
	25.9 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	0% 
	0% 

	6% 
	6% 

	8% 
	8% 

	0% 
	0% 


	DFSF9902 
	DFSF9902 
	DFSF9902 

	E 
	E 

	2.64 
	2.64 

	0.09 
	0.09 

	34.7 
	34.7 

	1.9 
	1.9 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.93 
	2.93 

	0.1 
	0.1 

	41.0 
	41.0 

	2.2 
	2.2 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	11% 
	11% 

	11% 
	11% 

	18% 
	18% 

	16% 
	16% 

	33% 
	33% 



	 E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	 
	Modeling results for future conditions show overall increases in runoff volume and pollutant loads. Catchment DFSF9902 has an area of low density residential land use increasing to medium density, which accounts for the increase in runoff volume and peak flow rate, while DFSF0002 shows the results of a forecast change from open space to estate residential. 
	3.35.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream 
	for various storm events. The model results indicate where overtopping of culverts, may occur. These culverts are over-capacity and do not allow all of the flow required to pass without flooding. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	One culvert in the subwatershed was overtopped with existing flows, as shown in Table 3.64. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.66 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	 
	 

	Flood Year 
	Flood Year 


	TR
	 
	 

	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	4 
	4 
	4 

	Fox Mill Road (665) 
	Fox Mill Road (665) 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	 
	Culvert #4 (Photo 3.123) overtopped for the 10-year and greater events. This is classified as a primary road and should not be overtopped by storms more frequent than the 25-year event.  
	Figure
	Photo 3.122 South Fork Run Mainstem at Fox Mill Road 

	 
	3.35.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the South Fork Run subwatershed are listed below. Refer to DFSF_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S119 The Stream Physical Assessment survey indicated an area of severe erosion, along with active channel widening (Photo 3.118) 
	S120 This reach of South Fork Run near the crossing of Fox Mill Road is heavily eroded and has no stream buffer. (Photos 3.119, 3.120) 
	S121 The Stream Physical Assessment survey showed this to be a severely eroded reach of a tributary to South Fork Run. (Photo 3.116) 
	S122 The Stream Physical Assessment survey showed this reach of a tributary to South Fork Run is heavily eroded and has a deficient stream buffer. 
	Hydrology and Water Quality 
	D38 (Catchment DFSF9701) This catchment has one of the highest nitrogen and phosphorus loading rates in the subwatershed. Runoff loadings are also above average for this subwatershed. It generates one of the higher rates of runoff volume. 
	D40 (Catchments DFSF0001 and DFSF0002) These catchments show higher than average runoff volume and peak flows for the subwatershed, along with average pollutant loading from runoff. 
	D41 (Catchment DFSF9902) This catchment, in the upper part of the subwatershed, generates the highest runoff volume and pollutant loads in South Fork Run. 
	D79 (Catchment DFSF9802) Runoff flows, peaks, and pollutant loadings from this catchment are close to the average for the subwatershed.  
	Flooding 
	F04 The crossing of Fox Mill Road was overtopped for 10-year and greater events. Since it is classified as a primary road, the culvert should pass the 25-year event. 
	Preservation 
	All catchments showed approximately the same percentage increase in modeled pollutant loading, so no candidate sites were identified. 
	3.36 South Fork Run - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.65 below is a list of all projects proposed in this subwatershed. 
	Table 3.67 Recommendations for South Fork Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9040A 
	DF9040A 
	DF9040A 

	Pond Retrofit 
	Pond Retrofit 

	D-40 
	D-40 


	DF9040B 
	DF9040B 
	DF9040B 

	Pond Retrofit 
	Pond Retrofit 

	D-40 
	D-40 


	DF9040C 
	DF9040C 
	DF9040C 

	Pond Retrofit 
	Pond Retrofit 

	D-40 
	D-40 


	DF9040D 
	DF9040D 
	DF9040D 

	Pond Retrofit 
	Pond Retrofit 

	D-40 
	D-40 


	DF9040E 
	DF9040E 
	DF9040E 

	Drainage Retrofits 
	Drainage Retrofits 

	D-40 
	D-40 


	DF9041A 
	DF9041A 
	DF9041A 

	Drainage Retrofits 
	Drainage Retrofits 

	D-41 
	D-41 


	DF9041B 
	DF9041B 
	DF9041B 

	Pond Retrofit 
	Pond Retrofit 

	D-41 
	D-41 


	DF9041C 
	DF9041C 
	DF9041C 

	Pond Retrofit 
	Pond Retrofit 

	D-41 
	D-41 


	DF9041D 
	DF9041D 
	DF9041D 

	LID Retrofit 
	LID Retrofit 

	D-41 
	D-41 


	DF9041E 
	DF9041E 
	DF9041E 

	Pond Retrofit 
	Pond Retrofit 

	D-41 
	D-41 


	DF9079A 
	DF9079A 
	DF9079A 

	Drainage Retrofits 
	Drainage Retrofits 

	D-79 
	D-79 


	DF9079B 
	DF9079B 
	DF9079B 

	Culvert Retrofit 
	Culvert Retrofit 

	D-79 
	D-79 


	DF92120 
	DF92120 
	DF92120 

	Stream Restoration 
	Stream Restoration 

	S120 
	S120 



	 
	3.36.1 Regional Pond Alternative Projects 
	D40 (DFSF0001 and DFSF0002) 
	Site Investigation and Projects: The site investigation showed very few opportunities for retrofitting LID or stormwater management facilities within the drainage area. There are four existing stormwater management facilities that could be retrofitted to improve water quality, three of which are in the headwaters of the site. Streams within the drainage area are showing some signs of erosion, which could be reduced through retrofits. Outfalls from local storm drains typically show scour that could be mitiga
	Retrofit four existing dry ponds upstream and modify five outfall locations in lieu of constructing regional pond D40. In order to eliminate the need for a regional facility in this location, all nine of the identified improvements or functionally equivalent alternatives must be implemented. 
	DF9040A (Pond Retrofit) This project is a retrofit located at the end of Nathaniel Oaks Drive. It consists of a retrofit to an existing dry pond to provide both channel protection and water quality treatment.  
	DF9040B (Pond Retrofit) This project is located near Falkirk Drive. It consists of a retrofit to an existing instream dry pond to install a multi-stage control structure, create channel protection storage, and add features to improve water quality.  
	DF9040C (Pond Retrofit) This project is a retrofit of an existing dry pond near the intersection of Birdsboro Drive and Blair Ridge Road. It consists of a retrofit to an existing dry pond to increase channel protection storage and add water quality features such as a shallow wetland.  
	DF9040D (Pond Retrofit) This project is a retrofit of an existing dry pond at the end of Navy Drive. It consists of a retrofit to improve channel protection and water quality performance.  Channels will be meandered through marsh areas for sediment and nutrient removal. 
	DF9040E (Drainage Retrofits) These five distributed projects are designed to provide energy dissipation at outfalls where the piped storm drain system discharges to a natural channel. Improvements would consist riprap, plunge pools, or bioengineered structures.  
	D41 (DFSF9902) 
	Site Investigation and Projects: The site investigation identified opportunities for LID retrofits, pond retrofits, and drainage retrofits. Erosion and scour were noted at most outfalls. Five projects were identified: 
	DF9041A (Drainage Retrofits) This project is intended to reduce scour and erosion at outfalls where flows from the storm drain system enter the stream. Reduction of erosive velocities will reduce the amount of sediment transported downstream.  Additionally, this project includes the removal of concrete lined ditches to be replaced with grass-covered dry swales using stone to control critical high velocity areas. 
	DF9041B (Pond Retrofit) This project is a retrofit of an existing instream dry pond between Tilton Valley and Hickory Hills Drives. Retrofits should be designed to improve the baseflow path and provide channel protection storage using the control structure.  
	DF9041C (Pond Retrofit) This project is located on the south side of Vale Road, near Valewood Drive. The project consists of a retrofit of an existing dry pond to increase detention and channel protection storage.  
	DF9041D (LID Retrofit) The project is a rain garden demonstration site at a private residence along Brecknock at the intersection with a pipestem driveway. The location provides ideal topography and visibility.  
	DF9041E (Pond Retrofit) The project consists of an existing pond along a private drive on Vale Road. The facility appears to be an old farm pond that has been drained.  A new riser along with outfall protection will reduce erosion in the nearby stream significantly 
	D79 (DFSF9802) 
	Site Investigation and Projects: The site investigation identified opportunities for one culvert retrofit and drainage retrofits. Erosion and scour were noted at most outfalls. 
	DF9079A (Drainage Retrofits) These distributed projects are designed to provide energy dissipation at outfalls where the piped storm drain system discharges to a natural channel. Improvements would consist of  riprap, plunge pools, or bioengineered structures.   
	DF9079B (Culvert Retrofit) This project is at the intersection of Honda Road and Lariat Lane and consists of retrofitting the culvert and regrading the upstream area to provide channel protection storage and water quality treatment. 
	3.36.2 Catchment Improvement Projects 
	No sites were identified. 
	3.36.3 Stream Restoration Projects 
	S119 
	Site Investigation and Projects: The site investigation found one extremely erosive vertical streambank / valley wall. Further failure could result in loss of infrastructure on an adjacent residential property located on Timberline Court. The remaining portion of the stream is developing floodplains and stable streambed features and therefore appears to be recovering. 
	Fairfax County is addressing the restoration of this site with a current project so no additional work is proposed in this plan.  
	S120 
	Site Investigation and Projects: The site investigation found raw vertical streambanks and moderate to severe incision. The riparian area on the left side of the stream (looking downstream) is in pasture. One stream restoration project was identified. 
	DF92120 (Stream Restoration) The proposed restoration would involve constructing a nested channel and stabilizing and reshaping the streambanks. A forested buffer would be established in the pastured portion of the riparian zone.  
	S121 
	Site Investigation and Projects: The site investigation found one eroding streambank along an outer meander bend. The remaining portion of the reach investigated appeared to be recovering, so no project was identified. 
	S122 
	Site Investigation and Projects: The site investigation showed moderate incision and bank erosion with a stable sinuous pattern and stable riffle pool morphology and floodplain bench development. The stream appears to be recovering. Constraints associated with forest clearing and access outweighs the opportunity to reduce streambank erosion. No project was identified. Upstream culvert retrofit and roadway crossing improvements (DF9079B above and DF9402 below) would help reduce peak flows and allow the strea
	3.36.4 Preservation 
	No preservation candidate sites were identified for this subwatershed.  
	3.37 Rocky Branch – Subwatershed Condition 
	3.37.1 Subwatershed Characteristics 
	The Rocky Branch subwatershed has an area of approximately 2,167 acres (3.39 mi2) with its eastern boundary running closely along Chain Bridge Road (Virginia 123). The southern boundary touches I-66, and the northern boundary is approximately located at the intersection of Vale Road (Virginia 672) and Hunter Mill Road (Virginia 674). The western boundary is approximately the Difficult Run Stream Valley Park.  
	There are almost 9 miles of stream in the Rocky Branch subwatershed. They flow in a northwesterly direction until they join with the mainstem of Difficult Run. Rocky Branch is composed of two major tributaries. 
	Refer to DFRB_1 for a map of the Rocky Branch subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	 
	3.37.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	The development in the Rocky Branch subwatershed is moderately dense. Fifty percent is developed as low-density or estate residential while 3 percent of the subwatershed is developed for commercial or industrial uses. The most common land use in this subwatershed is low-density residential, which makes up 36 percent of the total. Much of the development is found concentrated along Chain Bridge Road (Virginia 123) in the southern portion of the subwatershed, and along Hunter Mill Road (Virginia 674).   
	Transportation use, such as roads and highways, make up 223 acres, or 10 percent of the overall subwatershed. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 376 acres, or 17 percent of the total subwatershed area.  
	Fifteen percent of the land in the subwatershed is preserved for open space or parks. Major parks include Tattersall Park, Oak Marr Park, Oakborough Square Park, Ashlawn Park, and a portion of Kemper Park. There are two historical sites within the subwatershed. 
	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition.  A summary of land use within the subwatershed can be found in Table 3.66. 
	 
	 
	 
	Table 3.68 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	322 
	322 

	15% 
	15% 

	213 
	213 

	10% 
	10% 

	-109 
	-109 

	-5% 
	-5% 


	Golf Course 
	Golf Course 
	Golf Course 

	71 
	71 

	3% 
	3% 

	71 
	71 

	3% 
	3% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	296 
	296 

	14% 
	14% 

	215 
	215 

	10% 
	10% 

	-80 
	-80 

	-4% 
	-4% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	780 
	780 

	36% 
	36% 

	934 
	934 

	43% 
	43% 

	154 
	154 

	7% 
	7% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	268 
	268 

	12% 
	12% 

	293 
	293 

	14% 
	14% 

	26 
	26 

	1% 
	1% 


	High-density residential 
	High-density residential 
	High-density residential 

	53 
	53 

	2% 
	2% 

	62 
	62 

	3% 
	3% 

	10 
	10 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	7 
	7 

	0% 
	0% 

	6 
	6 

	0% 
	0% 

	-1 
	-1 

	0% 
	0% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	64 
	64 

	3% 
	3% 

	65 
	65 

	3% 
	3% 

	1 
	1 

	0% 
	0% 


	Industrial 
	Industrial 
	Industrial 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	84 
	84 

	4% 
	4% 

	84 
	84 

	4% 
	4% 

	0 
	0 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	223 
	223 

	10% 
	10% 

	223 
	223 

	10% 
	10% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	2,167 
	2,167 

	100% 
	100% 

	2,167 
	2,167 

	100% 
	100% 

	  
	  

	0% 
	0% 



	When comparing existing land use to future land use, there are several land use changes. The notable changes are projected in the open space, estate residential, and low-density residential land use categories. Losses projected in the open space (-5 percent) and estate residential (-4 percent) categories are balanced with gains in the low-density residential (+7 percent) and medium-density residential (+1 percent) categories. This suggests that there is a demand to increase the density of the housing base i
	According to Figure 3.18, 124 acres are projected to shift from estate residential in the existing land use to low-density residential in the future land use. A total of 110 acres, or 44 percent of all land use changes, are projected to shift from open space in to a residential use. This open space area can be used for development/ redevelopment in the future if and when the need presents itself. 
	3.37.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate that there are 33 stormwater management facilities within the Rocky Branch subwatershed. Seventy-five percent of the Rocky Branch subwatershed is not served by any stormwater management facility. Twenty percent of the total area has quantity control only and the remaining 5 percent receives both quantity and quality con
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. Field crews located seven outfall pipes during the Stream Physical Assessment discharging into the Rocky Branch tributaries. No pipes had significant impact, such as erosion or water quality issues, on
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. The Stream Physical Assessment fieldwork identified 34 stream crossings in Rocky Branch, all of which were in adequate condition and have less than a moderate impact on the stream’s integrity. The majority of the crossings (approximately 44 percent) were footbridges. 
	3.37.4 Soils  
	Soils found in the Rocky Branch subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes which can result in rapid runoff and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 42 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (28 percent). Zones with Glenelg, Manor and Elioak soils may be compatible with infiltra
	3.37.5 Geomorphology 
	All 8.7 miles (46,291 feet) of stream channels in the Rocky Branch subwatershed were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. Refer to DFRB_3 for the stream classifications. 
	Fifty-six percent of the reaches are Type III, which is indicative of an actively widening stream channel. Thirty-seven percent are Type II, which indicates the active incistion and the remainder of the reaches (7 percent) is Type IV, which is the stage where the stream is recovering and developing a new floodplain.The dominant substrate in the majority (78 percent) of reaches is a combination of gravel and silt. The dominant substrate types in the remaining 22 percent of reaches are sand (17 percent) and c
	There were 15 erosion points of approximately 12,095 feet noted in the subwatershed. Seventy-one percent of the erosion points are having a severe impact on stream condition. 
	Eighty-one percent of the stream length was classified as moderately unstable with high erosion potential during flood events. Seventeen percent of the stream length was moderately stable with only slight potential for erosion at flood stages. Several of the erosion points are shown in Photos 3.123 to 3.126. Photos 3.123, 3.127 and 3.130 are candidate site S127. Photos 3.125 and 3.126 are candidate site S128. Photo 3.128 is candidate site S128. Candidate site S130 is shown in Photos 3.124 and 3.131. 
	 
	There were eight stream blockages made up mostly of trees and debris. Twenty-five percent of the obstructions appeared to be restricting fish passage. Sixty-three percent of the obstructions were causing moderate erosion to the stream. One obstruction was causing greater than moderate erosion. This one is shown above in Photo 3.127 (candidate site S128) 
	3.37.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one-time visual inspection. Field crews conducted that assessment in the winter of 2002/2003. 
	• Of the assessed reaches, 59 percent has poor habitat for aquatic insects and fish. There are 25,505 feet of riparian buffer encroachment (this length includes left and right banks combined). Of this, 18,800 feet (74 percent) is a combination of pervious surfaces, and the remaining 6,705 feet (26 percent) is some combination of impervious and pervious surfaces. Seventy-eight percent of the length has moderate to high restoration potential. Eight reaches, or 34 percent of the buffer encroachment length was 
	• Of the assessed reaches, 59 percent has poor habitat for aquatic insects and fish. There are 25,505 feet of riparian buffer encroachment (this length includes left and right banks combined). Of this, 18,800 feet (74 percent) is a combination of pervious surfaces, and the remaining 6,705 feet (26 percent) is some combination of impervious and pervious surfaces. Seventy-eight percent of the length has moderate to high restoration potential. Eight reaches, or 34 percent of the buffer encroachment length was 
	• Of the assessed reaches, 59 percent has poor habitat for aquatic insects and fish. There are 25,505 feet of riparian buffer encroachment (this length includes left and right banks combined). Of this, 18,800 feet (74 percent) is a combination of pervious surfaces, and the remaining 6,705 feet (26 percent) is some combination of impervious and pervious surfaces. Seventy-eight percent of the length has moderate to high restoration potential. Eight reaches, or 34 percent of the buffer encroachment length was 

	• Seventy-one percent of the stream had some channelization present. In 28 percent of the stream, there were some minor alternations to the channel, but no recent evidence of alteration activities. 
	• Seventy-one percent of the stream had some channelization present. In 28 percent of the stream, there were some minor alternations to the channel, but no recent evidence of alteration activities. 


	 
	• Forty-seven percent of the stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Forty percent of the stream length had a variety of vegetation and covered 70 percent to 90 percent of the stream bank surface. Thirteen percent of the stream length had less than 50 percent of the stream bank covered by vegetation. 
	• Forty-seven percent of the stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Forty percent of the stream length had a variety of vegetation and covered 70 percent to 90 percent of the stream bank surface. Thirteen percent of the stream length had less than 50 percent of the stream bank covered by vegetation. 
	• Forty-seven percent of the stream length had between 50 percent and 70 percent of both stream banks covered by vegetation. Typically this vegetation is scattered grasses, shrubs and forbs. Forty percent of the stream length had a variety of vegetation and covered 70 percent to 90 percent of the stream bank surface. Thirteen percent of the stream length had less than 50 percent of the stream bank covered by vegetation. 


	3.37.7 Hydrology and Water Quality Modeling 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Rocky Branch incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total phosphorus
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	In the Rocky Branch subwatershed, over 17 percent of the land is covered by impervious surface. More than 50 percent of the subwatershed is either low density or estate residential land use. There are also a few commercial areas located in the southern part of the subwatershed as well as high-density residential areas. 
	The nitrogen and phosphorus loading rates are highest in catchment DFRB0005, located to the east of Hunter Mill Road and Marbury Road. Refer to DFRB_4 for the catchment locations. The highest amount of nitrogen from runoff comes from this catchment, which contains mostly medium-density residential areas around Lake Vale Estates and Vienna Glen, as well as a high-density residential area along Chain Bridge Road. The phosphorus 
	levels fluctuate with the nitrogen levels throughout the catchment. Catchment DFRB0004 has the highest runoff volume probably due to the lack of open space, along with the abundance of medium and low-density residential land use. Refer to Table 3.67 for the results. 
	Table 3.69 Existing and Future Modeling 
	Rocky Branch Catchments 
	Rocky Branch Catchments 
	Rocky Branch Catchments 
	Rocky Branch Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFRB0001 
	DFRB0001 
	DFRB0001 

	E 
	E 

	1.73 
	1.73 

	0.16 
	0.16 

	20.8 
	20.8 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.96 
	1.96 

	0.17 
	0.17 

	24.9 
	24.9 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	13% 
	13% 

	6% 
	6% 

	20% 
	20% 

	20% 
	20% 

	0% 
	0% 


	DFRB0002 
	DFRB0002 
	DFRB0002 

	E 
	E 

	2.22 
	2.22 

	0.15 
	0.15 

	18.9 
	18.9 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.36 
	2.36 

	0.16 
	0.16 

	20.6 
	20.6 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	7% 
	7% 

	9% 
	9% 

	10% 
	10% 

	0% 
	0% 


	DFRB0004 
	DFRB0004 
	DFRB0004 

	E 
	E 

	3.99 
	3.99 

	0.13 
	0.13 

	50.3 
	50.3 

	2.7 
	2.7 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.12 
	4.12 

	0.14 
	0.14 

	53.3 
	53.3 

	2.8 
	2.8 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	8% 
	8% 

	6% 
	6% 

	4% 
	4% 

	0% 
	0% 


	DFRB0005 
	DFRB0005 
	DFRB0005 

	E 
	E 

	4.19 
	4.19 

	0.13 
	0.13 

	63.1 
	63.1 

	3.2 
	3.2 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	4.47 
	4.47 

	0.14 
	0.14 

	69.5 
	69.5 

	3.5 
	3.5 

	0.7 
	0.7 


	  
	  
	  

	C 
	C 

	7% 
	7% 

	8% 
	8% 

	10% 
	10% 

	9% 
	9% 

	17% 
	17% 


	DFRB0006 
	DFRB0006 
	DFRB0006 

	E 
	E 

	3.19 
	3.19 

	0.12 
	0.12 

	42.8 
	42.8 

	2.2 
	2.2 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	3.37 
	3.37 

	0.12 
	0.12 

	46.9 
	46.9 

	2.5 
	2.5 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	0% 
	0% 

	10% 
	10% 

	14% 
	14% 

	25% 
	25% 


	DFRB0007 
	DFRB0007 
	DFRB0007 

	E 
	E 

	2.67 
	2.67 

	0.1 
	0.1 

	26.9 
	26.9 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.87 
	2.87 

	0.11 
	0.11 

	30.0 
	30.0 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	7% 
	7% 

	10% 
	10% 

	12% 
	12% 

	14% 
	14% 

	0% 
	0% 


	DFRB0008 
	DFRB0008 
	DFRB0008 

	E 
	E 

	2.35 
	2.35 

	0.16 
	0.16 

	16.5 
	16.5 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.47 
	2.47 

	0.16 
	0.16 

	17.6 
	17.6 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	0% 
	0% 

	7% 
	7% 

	0% 
	0% 

	0% 
	0% 


	DFRB9801 
	DFRB9801 
	DFRB9801 

	E 
	E 

	4.78 
	4.78 

	0.12 
	0.12 

	84.0 
	84.0 

	3.4 
	3.4 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	4.99 
	4.99 

	0.13 
	0.13 

	91.7 
	91.7 

	3.8 
	3.8 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	8% 
	8% 

	9% 
	9% 

	12% 
	12% 

	0% 
	0% 


	DFRB9802 
	DFRB9802 
	DFRB9802 

	E 
	E 

	2.29 
	2.29 

	0.16 
	0.16 

	22.7 
	22.7 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.45 
	2.45 

	0.16 
	0.16 

	25.1 
	25.1 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	7% 
	7% 

	0% 
	0% 

	11% 
	11% 

	8% 
	8% 

	0% 
	0% 


	DFRB9901 
	DFRB9901 
	DFRB9901 

	E 
	E 

	5.72 
	5.72 

	0.15 
	0.15 

	106.6 
	106.6 

	4.3 
	4.3 

	0.5 
	0.5 


	  
	  
	  

	F 
	F 

	6.27 
	6.27 

	0.17 
	0.17 

	123.3 
	123.3 

	5.0 
	5.0 

	0.6 
	0.6 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	13% 
	13% 

	16% 
	16% 

	16% 
	16% 

	20% 
	20% 



	 E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures. 
	 
	Modeling results for future conditions show moderate increases in pollutant loads and in runoff volume in all catchments, most due to increases in residential density on already developed parcels.  
	3.37.8 Hydraulic Modeling Results 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts, may occur. The capacity of the culverts is not enough that flow passes without flooding. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	One culvert in the subwatershed was overtopped with existing flows, as shown in Table 3.68. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	Table 3.70 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	  
	  

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	17 
	17 
	17 

	Miller Road (663) 
	Miller Road (663) 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	 
	Culvert #17 (Photo 3.132) overtopped for events less frequent than the 5-year storm. This can be classified as a local road, which means the culvert should be able to pass the 10-year event. 
	Figure
	 
	 
	 
	 
	 
	 
	 
	3.37.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Rocky Branch subwatershed are listed below. Refer to DFRB_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S47 The Stream Physical Assessment identified the entire reach from the confluence with Difficult Run to the upstream reaches at Oakton Glen Road as having poor habitat, low bank stability, and a widening channel. 
	S127 The Stream Physical Assessment identified poor habitat, 2700 feet of buffer impact and over 1,000 linear feet of erosion along Miller Road (Photo 3.128). 
	S128 The entire length from the confluence with Difficult Run to the headwaters has a combination of bank erosion, poor habitat and a widening channel. The reach traverses the Oakton Mill Estates, Miller Heights, and Windsong Communities (Photos 3.123, 3.127 and 3.130). 
	S129 A small tributary to one of the major Rocky Branch tributaries with poor habitat, low bank stability, and approximately 400 linear feet of severe erosion (Photo 3.125 and 3.126). 
	S130 The Stream Physical Assessment located approximately 1,000 feet of buffer encroachment in the Hunter Hills community. The reach appears to be on an agricultural land use (Photo 3.129). 
	S131 The Stream Physical Assessment identified the reach as having poor bank stability, poor habitat, buffer impacts, eroding banks and several crossings (Photo 3.124 and 3.131). 
	Hydrology and Water Quality 
	D30 (Catchments DFRB0004 and DFRB0005) These two catchments have some of the highest levels of runoff volume, peak flows, and runoff pollutant loads in the subwatershed. While no candidate stream sites are downstream, the entire tributary through these catchments and downstream was found to have severe erosion, widening, and poor habitat. 
	D31 (Catchments DFRB9801 and DFRB9802) Runoff hydrology is relatively high and pollutant loadings are among the lower in the subwatershed. Streams within these catchments are undergoing erosion and widening, particularly at site S130. 
	D36 (Catchment DFRB0001) Runoff volume and peaks are high in this catchment. Streams within the catchment are undergoing erosion and incision, and peak flows are contributing to stream degradation downstream. 
	C39 (Catchment DFRB9901) Model results were about average for the subwatershed. The catchment includes highly impervious areas of Oakton built with either no stormwater management or scattered quantity control practices. Streams through the catchment are eroding, have poor habitat, and degraded buffers. 
	Flooding 
	F17 The crossing of Miller Road was overtopped for 5-year and greater events. Since it is classified as a local road, the culvert should pass the 10-year event (Photo3.132). 
	Preservation 
	P02 (DFRB0008) This catchment has the best modeled water quality in the subwatershed, but shows runoff pollutant loads more than doubling between existing and future conditions. 
	P03 (DFRB9901) Model results show Catchment site C39 would have the worst runoff pollutant loads of the subwatershed under future conditions. 
	3.38 Rocky Branch - Subwatershed Plan Action 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.69 below is a list of all projects proposed in this subwatershed. 
	Table 3.71 Recommendations for Rocky Branch 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9030A 
	DF9030A 
	DF9030A 

	Pond Retrofit 
	Pond Retrofit 

	D-30 
	D-30 


	DF9030B 
	DF9030B 
	DF9030B 

	Drainage Retrofits 
	Drainage Retrofits 

	D-30 
	D-30 


	DF9031A 
	DF9031A 
	DF9031A 

	Pond Retrofit 
	Pond Retrofit 

	D-31 
	D-31 


	DF9031C 
	DF9031C 
	DF9031C 

	LID Retrofit 
	LID Retrofit 

	D-31 
	D-31 


	DF9036A3 
	DF9036A3 
	DF9036A3 

	Pond Retrofit 
	Pond Retrofit 

	D-36 
	D-36 


	DF9139 
	DF9139 
	DF9139 

	Pond Retrofit 
	Pond Retrofit 

	C39 
	C39 


	DF92130 
	DF92130 
	DF92130 

	Stream Restoration 
	Stream Restoration 

	S130 
	S130 


	DF92131 
	DF92131 
	DF92131 

	Stream Restoration 
	Stream Restoration 

	S131 
	S131 


	DF9839 
	DF9839 
	DF9839 

	LID Retrofit 
	LID Retrofit 

	C39 
	C39 



	 
	3.38.1 Regional Pond Alternative Projects 
	D30 (DFRB0004 and DFRB0005) 
	Site Investigation and Projects: The field investigation showed few opportunities for onsite stormwater management retrofits because of the relatively dense residential neighborhoods in this catchment. Much of the area is managed by stormwater management facilities. One pond retrofit, a new pond, and a drainage retrofit project were proposed. 
	DF9030A (Pond Retrofit) The existing dry pond at the end of Martinhoe Court can be converted into a shallow wetland with vegetation throughout for water quality improvement. The project would retrofit the facility to improve water quantity treatment with a modified riser structure.  
	DF9030B (Drainage Retrofits) This project consists of reconfiguring outfalls or retrofitting energy dissipation structures to reduce scour and erosion where flows from the storm drainage system enter the stream.  Improvements would consist of energy dissipation through riprap, plunge pools, or bioengineered structures.  
	 
	D31 (DFRB9801 and DFRB9802) 
	Site Investigation and Projects: Two existing ponds, which could be upgraded for water quality treatment, were identified during the field investigation, along with a site for an LID retrofit. 
	DF9031A (Pond Retrofit) There is an existing dry pond at the outlet of the drainage area, which can be retrofit for channel protection and water quality treatment, using the existing impoundment structure and a weir across the upstream side.  
	DF9031C (LID Retrofit) This project is located at the intersection of Oakton Ridge Circle and Oakton Ridge Court. It consists of replacing a grass swale with a bioswale designed to provide infiltration, filtration, and nutrient uptake.  
	D36 (DFRB0001) 
	Site Investigation and Projects:  The site investigation identified a pond retrofit project that could improve stream conditions below the drainage area. 
	DF9036A3 (Pond Retrofit) This project receives direct runoff drainage from a residential community as well as draining the remainder of the catchment. The project would provide sediment settling and nutrient removal in the form of forebays and increased detention of high frequency storms. 
	3.38.2 Catchment Improvement Projects 
	C39 (DFRB9901) 
	Site Investigation and Projects:  Field visits showed impairments from excess nutrients in the stream, along with the ones described above. Two projects are proposed to improve catchment conditions. 
	DF9839 (LID Retrofit) This project consists of onsite LID retrofits distributed throughout the catchment, designed to reduce runoff volume and pollutant loads as close to the source as possible. Possible improvement measures include reduction of impervious surface, bioretention, swales, and inlet filters. 
	DF9139 (Pond Retrofit) This project is located near the intersection of Rosehaven Street and Jermantown Road and consists of creating detention by constructing a multi-stage riser.. Focus would be on increasing storage volume for channel protection and minimizing impacts to surrounding buildings. 
	3.38.3 Stream Restoration Projects 
	S47 
	Site Investigation and Projects:  The site investigation showed slight bank erosion, slight incision and good riffle pool morphology. The reach appears to be recovering and access, forest clearing, and wetlands are significant restraints, so no project was identified.  
	S127 
	Site Investigation and Projects: The site investigations showed moderately unstable stream banks with some widening and floodplain benching and stable bed features. Forest clearing and wetland impacts would be required for implementation. The constraints outweigh opportunities associated with streambank stabilization. No project was identified. The pond retrofit project (DF9036A3) located directly downstream should accommodate the remaining sediment until the stream fully recovers. 
	S128 
	Site Investigation and Projects: The site investigation found some bank erosion associated with outer meander bends, moderate floodplain development and stable bed features. As the channel appears to be recovering, no project was identified.  
	S129 
	Site Investigation and Projects: The site investigation found unstable and eroding banks, moderate incision and widening, and three headcuts at the upstream end of the reach. The 
	stream is still actively downcutting. However, severe wetlands, forest clearing, and access constraints make a project unfeasible, so no project was identified. 
	S130 
	Site Investigation and Projects: The site investigation showed vertical eroding stream banks, moderate to severe incision, and straight plan form. The streambed was primarily one long run and lacked riffle pool morphology. One project was identified 
	DF92130 (Streambank Restoration) The proposed restoration would involve re-meandering the stream to provide a pattern, dimension, and profile more consistent with a natural stream. A forested buffer would be established. Existing fences would have to be set back to implement the project.  
	S131 
	Site Investigation and Projects: The site investigation showed vertical eroding stream banks and moderate to severe incision. The streambed was primarily one long run and lacked riffle pool morphology. One project was identified 
	DF92131 (Streambank Restoration) The proposed restoration would involve re-meandering the stream to provide a pattern, dimension, and profile more consistent with a natural stream.  A forested buffer would be established. Existing homeowner landscaping would have to be removed to implement the project.  
	3.38.4 Preservation 
	No preservation candidate sites were identified for this subwatershed. 
	3.39 Upper Difficult Run – Subwatershed Condition 
	3.39.1 Subwatershed Characteristics 
	The Upper Difficult Run subwatershed has an area of approximately 5,683 acres (8.88 mi2). Several major highways transect the subwatershed, especially in the southern portion. Lee Highway (Virginia 29) runs east-west through the southernmost section and the intersection of I-66 and Lee Jackson Memorial Highway (Virginia 50) lie directly to the north. 
	The southeast watershed boundary lies along and just to the east of Shirley Gate Road (Virginia 665), and the southwest watershed boundary line is approximately West Ox Road (Virginia 608). The intersection of Hunter Station Road (Virginia 677) and Hunter Mill Road (674) lies just to the northeast of the northern subwatershed extent. Hunter Mill Road (Virginia 674) lies along the northeastern boundary line, and Stuart Mill Road (Fairfax County 0900) to Vale Road (Virginia 672) provides an approximate northw
	There are approximately 23 miles of streams in the Upper Difficult Run subwatershed. The streams flow in a northeasterly direction. Tributaries Rocky Branch, Little Difficult Run, Angelico Branch, and Snakeden Branch join the mainstem before flowing into the Middle Difficult Run subwatershed. 
	Refer to DFDFU_1 for a map of the Upper Difficult Run subwatershed highlighting the Subwatershed Characteristics including, existing land use, flood limit, wetlands, resource protection areas and stormwater management. 
	3.39.2 Existing and Future Land Use 
	The type and density of land use in a subwatershed can affect the downstream water quality and stream condition. While each land use type introduces issues to the natural stream system, more intense land use types, such as high-density residential, commercial and industrial, can have high levels of impervious surface and contribute runoff and pollutants to the stream system. Less intense types such as open space and estate residential are generally less impervious, have more natural vegetation and therefore
	Development in the Upper Difficult Run subwatershed is moderately to highly dense. It is more densely developed in the southern portions than in the northern areas, indicating a higher amount of impervious surface. Forty-six percent is developed as low-density or estate residential while 6 percent of the subwatershed is developed for commercial or industrial uses. The most common land use in this subwatershed is low-density residential (25 percent). Much of the development is found near the intersection of 
	Transportation use, such as roads and highways, make up for 633 acres, or 11 percent of the overall subwatershed. Total impervious area for the subwatershed, which includes all roads, parking lots, residential driveways and buildings, is approximately 1,043 acres, or 18 percent of the total subwatershed area. 
	Twenty-one percent of the land in the subwatershed is preserved for open space or parks. Major parks include Random Hills Park, Penderbrook Golf Course, a portion of Tattersall Park, a large portion of Difficult Run Stream Valley Park, Foxvale Park, a portion of Clarks Crossing Park, Kutner Park, and Gabrielson Gardens Park. Two historical sites lie within the subwatershed. A summary of land use within the subwatershed can be found in Table 3.70. 
	Table 3.72 Existing and Future Land Use 
	Land Use Type 
	Land Use Type 
	Land Use Type 
	Land Use Type 

	Existing 
	Existing 

	Future 
	Future 

	Change 
	Change 


	TR
	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent 
	Percent 

	Acres 
	Acres 

	Percent  
	Percent  


	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 
	Open space, parks, and recreational areas 

	1,199 
	1,199 

	21% 
	21% 

	870 
	870 

	15% 
	15% 

	-329 
	-329 

	-6% 
	-6% 


	Golf Course 
	Golf Course 
	Golf Course 

	130 
	130 

	2% 
	2% 

	130 
	130 

	2% 
	2% 

	0 
	0 

	0% 
	0% 


	Estate residential 
	Estate residential 
	Estate residential 

	1,172 
	1,172 

	21% 
	21% 

	974 
	974 

	17% 
	17% 

	-197 
	-197 

	-3% 
	-3% 


	Low-density residential 
	Low-density residential 
	Low-density residential 

	1,442 
	1,442 

	25% 
	25% 

	1826 
	1826 

	32% 
	32% 

	384 
	384 

	7% 
	7% 


	Medium-density residential 
	Medium-density residential 
	Medium-density residential 

	142 
	142 

	2% 
	2% 

	189 
	189 

	3% 
	3% 

	48 
	48 

	1% 
	1% 


	High-density residential 
	High-density residential 
	High-density residential 

	457 
	457 

	8% 
	8% 

	472 
	472 

	8% 
	8% 

	15 
	15 

	0% 
	0% 


	Low-intensity commercial 
	Low-intensity commercial 
	Low-intensity commercial 

	17 
	17 

	0% 
	0% 

	55 
	55 

	1% 
	1% 

	38 
	38 

	1% 
	1% 


	High-intensity commercial 
	High-intensity commercial 
	High-intensity commercial 

	331 
	331 

	6% 
	6% 

	367 
	367 

	6% 
	6% 

	36 
	36 

	1% 
	1% 


	Industrial 
	Industrial 
	Industrial 

	22 
	22 

	0% 
	0% 

	22 
	22 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Institutional 
	Institutional 
	Institutional 

	131 
	131 

	2% 
	2% 

	138 
	138 

	2% 
	2% 

	7 
	7 

	0% 
	0% 


	Transportation 
	Transportation 
	Transportation 

	633 
	633 

	11% 
	11% 

	633 
	633 

	11% 
	11% 

	0 
	0 

	0% 
	0% 


	Water 
	Water 
	Water 

	8 
	8 

	0% 
	0% 

	8 
	8 

	0% 
	0% 

	0 
	0 

	0% 
	0% 


	Total 
	Total 
	Total 

	5,683 
	5,683 

	100% 
	100% 

	5,683 
	5,683 

	100% 
	100% 

	  
	  

	0% 
	0% 



	Changes in the land use that result in higher intensity uses in the future can present problems for streams. For example, if the land use shifts from open space to high-intensity commercial use, additional buildings, roadways and parking lots may replace the forest and open fields and impact stream condition. 
	When comparing existing land use to future land use, there are several land use changes. Notable changes are likely in the open space, estate residential, low-density residential, and low-intensity commercial land use categories. Decreases are expected in the open space (-6 percent) and estate residential (-3 percent) categories. Increases are projected in the low-density residential (+7 percent), medium-density residential (+1 percent), low-intensity commercial (+1 percent), and high-intensity commercial (
	 
	 
	 
	 
	 
	 
	Between existing and future land use, 329 acres,  
	or 52 percent of all changed land use acreage, will shift from open space to a higher-density use. This does not guarantee that the open space will become developed – it suggests that these areas of open space can be used for development/ redevelopment in the future. 
	Three-hundred and two acres, or 47 percent of all land use changes, are projected to shift from an estate residential use to a lower-density residential use. 
	 
	 
	 
	3.39.3 Existing Stormwater Management 
	Stormwater management provides treatment of otherwise uncontrolled runoff to reduce the harmful effects of increased stormwater flows and stormwater runoff pollution. County records indicate 60 stormwater management facilities within the Upper Difficult Run subwatershed. Seventy-six percent of the Upper Difficult Run subwatershed is not served by any stormwater management facility. Nineteen percent of the total area has quantity control only and the remaining 5 percent receives both quantity and quality con
	The difference between the amount of total developed area in the subwatershed (76 percent) and the area served by stormwater management (24 percent) indicates a possible need for additional management efforts. Areas that need more management include the low-density residential areas found throughout the subwatershed. In addition, the high-density residential and commercial areas located in the headwaters along and south of the intersection of I-66 and Lee Jackson Memorial Highway (Virginia 50) require more 
	Outfalls 
	The storm drainage system connects the developed portions of the land to the stream system. Stormwater outfalls are located where the stormwater system ends and the natural channel begins. Outfalls may be sources of pollutants and excessive stormflow from pipes can cause erosion at the outfall and downstream. During the Stream Physical Assessment, field crews located 43 outfall pipes discharging into the stream system. Most of these are in the southern portion of the subwatershed. No pipes in Upper Difficul
	Stream Crossings 
	Stream crossings, such as bridges and culverts are often locations of erosion and flooding. The combination of aging structures and frequently high stormwater levels can cause downstream stream stability problems and habitat impairment. Results of the Stream Physical Assessment identify 108 crossings in the Upper Difficult Run subwatershed. Two crossings were having a significant impact on stream condition or instream habitat. The 
	crossings are pipe culverts that have adequate structural condition but could be improved to enhance stream integrity and avoid future problems. These are located between Blenheim Drive and Lochinver Lane and between Lochinver Lane and Lakenheath Way. Erosion at the downstream end of the culvert between Lochinver Lane and Lakenheath Way can be seen in Photo 3.133.   
	 
	3.39.4 Soils 
	Soils found in the Upper Difficult Run subwatershed belong primarily to the Glenelg – Elioak – Manor association. This association consists of rolling and hilly landscapes, which can generate rapid runoff, and micaceous soils, which are erodible. The groundwater is fairly shallow with numerous natural springs. The subwatershed contains 59 percent of the B hydrologic soil group with Glenelg silt loam being the dominant soil type (38 percent). B soils and the Glenelg soil type are compatible with infiltration
	3.39.5 Geomorphology 
	There are approximately 21.8 miles of stream in the Upper Difficult Run subwatershed that were assessed and assigned a Channel Evolution Model classification as part of the Stream Physical Assessment. The classification indicates the stream channel’s physical condition and stability as a response to disturbances such as upstream land use changes. Four stream reaches (6,397 feet), 5 percent of the total stream length, were not assessed because they were ponds or wetlands. 
	The majority of the assessed length in Upper Difficult Run was characterized as Type III, which is an unstable channel with eroding banks that is actively widening in response to changes in flow. Many of the tributaries within the watershed were characterized as Type II, which indicates active incision and downcutting in the stream channel. Seventy-one percent of the stream length is moderately unstable to unstable with undercut banks and high erosion potential during flood events. The channel substrate in 
	There were 34 specific areas along the entire stream length where field crews noted erosion. They range in length from 75 to 3600 feet. All areas of erosion were at least moderate in severity with 20 of these having a severe impact on the channel stability and instream habitat.  
	Two of the more severe areas with the highest restoration potential are located in the northern portion of the subwatershed. These are shown in Photos 3.134 and 3.135. Photo 3.134 is candidate site S133. The two locations that were considered extreme erosion can be seen in Photos 3.136 and 3.137. These photos are candidate site S37. 
	  
	There are 37 obstructions, such as fallen trees or debris, located within the Upper Difficult Run subwatershed. All of the obstructions are thought to be restricting fish passage. Twenty-three of these obstructions were assigned an impact score of extreme, indicating that the obstruction is causing significant erosion problems or potential for flooding that could damage infrastructure. At these points the stream is at least 75 percent blocked, usually by trees, debris and sediment. Examples of two sites tha
	 
	 
	 
	Eight of the most severe blockages are located on the Difficult Run mainstem in the central portion of the subwatershed. Removal of these blockages would allow easier fish passage to the more upstream portion of mainstem Difficult Run and upstream tributaries. 
	3.39.6 Stream Habitat and Water Quality 
	All stream reaches are of moderate to high slope and are generally characterized as having a predominance of riffle and run stream type. The stream reaches have the following stream habitat and water quality characteristics as taken from the Stream Physical Assessment, which provides a one time visual inspection. Field crews conducted that assessment in the fall and early winter of 2002 and 2003. 
	• There are 15 miles of buffer encroachment (this length includes left and right banks combined); of this total 44 percent is a combination of lawn and grasses, 41 percent is any combination of pavement and grasses/forbs/lawn, and 3 percent is pavement. Seventy-eight percent of the total length of buffer encroachment was having a severe impact and degrading the stream character. Photo 3.140 shows a roadway buffer encroachment along the mainstem. This is candidate site S38. 
	• There are 15 miles of buffer encroachment (this length includes left and right banks combined); of this total 44 percent is a combination of lawn and grasses, 41 percent is any combination of pavement and grasses/forbs/lawn, and 3 percent is pavement. Seventy-eight percent of the total length of buffer encroachment was having a severe impact and degrading the stream character. Photo 3.140 shows a roadway buffer encroachment along the mainstem. This is candidate site S38. 
	• There are 15 miles of buffer encroachment (this length includes left and right banks combined); of this total 44 percent is a combination of lawn and grasses, 41 percent is any combination of pavement and grasses/forbs/lawn, and 3 percent is pavement. Seventy-eight percent of the total length of buffer encroachment was having a severe impact and degrading the stream character. Photo 3.140 shows a roadway buffer encroachment along the mainstem. This is candidate site S38. 


	Fifty-eight percent of the total stream length (and just over half of mainstem Difficult Run) has poor habitat for aquatic insects and fish. Thirty-two percent has fair habitat, and 2 percent (headwater reaches) are very poor. Only 2 percent of the total length is considered good habitat for aquatic insects and fish, which is a single upstream reach that crosses under I-66 near Pender Business Park.  
	• There is one dumpsite, a place where trash is deposited illegally, located between Oakton Road and Waples Mill Road. The site is located along the streambank within the floodplain and was assigned an impact score of seven, indicating that the site is greater than 2,500 square feet in size and may be active (Photo 3.141). This is candidate site S132. 
	• There is one dumpsite, a place where trash is deposited illegally, located between Oakton Road and Waples Mill Road. The site is located along the streambank within the floodplain and was assigned an impact score of seven, indicating that the site is greater than 2,500 square feet in size and may be active (Photo 3.141). This is candidate site S132. 
	• There is one dumpsite, a place where trash is deposited illegally, located between Oakton Road and Waples Mill Road. The site is located along the streambank within the floodplain and was assigned an impact score of seven, indicating that the site is greater than 2,500 square feet in size and may be active (Photo 3.141). This is candidate site S132. 


	3.39.7 Hydrology and Water Quality Monitoring 
	The water quality and quantity were modeled for each subwatershed and catchment in the Difficult Run watershed to provide estimates that can be used for planning. The models used in Upper Difficult Run incorporate data on the amount, character and location of the land use, impervious cover, topography, vegetation, streams and stormwater management to generate estimates of water quality and quantity in the streams. Water quality modeling includes pollutant loading estimates for total nitrogen (TN), total pho
	Modeling of future conditions generally uses the same data inputs and estimates the same parameters but does so with future land use information. The future land use is a prediction of how land use would change based on the current zoning designations and the Comprehensive Plan. The difference between the existing and future model results identifies areas that will need additional management measures. 
	In the Upper Difficult Run subwatershed, roughly 18 percent of the land is covered by impervious surface. This imperviousness is concentrated in the headwaters of the subwatershed, along with the only areas of high density residential and most of the commercial land use. In terms of nitrogen and phosphorus runoff, the areas around I-66 and the Lee Jackson Memorial Highway (Virginia 50) have the highest loading rates per 
	acre. The highest nitrogen and phosphorus loading rates is found in catchment DFDF9501, located in the area of Pender Business Park. Refer to DFDFU_4 for the catchment locations. The areas at the southern-most portion of the subwatershed also have the highest runoff volumes and peak flow rates due to the high amount of imperviousness. The catchment with the highest amount of runoff volume is DFDF9701, which contains commercial and industrial use.  Refer to Table 3.71 for the results. 
	 
	Table 3.73 Existing and Future Modeling 
	Upper Difficult Run Catchments 
	Upper Difficult Run Catchments 
	Upper Difficult Run Catchments 
	Upper Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	DFDF0001 
	DFDF0001 
	DFDF0001 

	E 
	E 

	6.35 
	6.35 

	0.19 
	0.19 

	145.5 
	145.5 

	5.5 
	5.5 

	0.6 
	0.6 


	  
	  
	  

	F 
	F 

	7.69 
	7.69 

	0.19 
	0.19 

	220.6 
	220.6 

	8.0 
	8.0 

	0.8 
	0.8 


	  
	  
	  

	C 
	C 

	21% 
	21% 

	0% 
	0% 

	52% 
	52% 

	45% 
	45% 

	33% 
	33% 


	DFDF0003 
	DFDF0003 
	DFDF0003 

	E 
	E 

	3.32 
	3.32 

	0.1 
	0.1 

	83.7 
	83.7 

	3.2 
	3.2 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	3.93 
	3.93 

	0.1 
	0.1 

	109.0 
	109.0 

	4.2 
	4.2 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	18% 
	18% 

	0% 
	0% 

	30% 
	30% 

	31% 
	31% 

	33% 
	33% 


	DFDF0005 
	DFDF0005 
	DFDF0005 

	E 
	E 

	9 
	9 

	0.22 
	0.22 

	220.6 
	220.6 

	8.0 
	8.0 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	9.7 
	9.7 

	0.25 
	0.25 

	246.1 
	246.1 

	8.8 
	8.8 

	0.9 
	0.9 


	  
	  
	  

	C 
	C 

	8% 
	8% 

	14% 
	14% 

	12% 
	12% 

	10% 
	10% 

	13% 
	13% 


	DFDF0007 
	DFDF0007 
	DFDF0007 

	E 
	E 

	6.73 
	6.73 

	0.27 
	0.27 

	28.5 
	28.5 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	7.1 
	7.1 

	0.29 
	0.29 

	36.9 
	36.9 

	2.0 
	2.0 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	7% 
	7% 

	29% 
	29% 

	25% 
	25% 

	33% 
	33% 


	DFDF0009 
	DFDF0009 
	DFDF0009 

	E 
	E 

	12.21 
	12.21 

	0.28 
	0.28 

	213.7 
	213.7 

	7.9 
	7.9 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	12.75 
	12.75 

	0.3 
	0.3 

	242.4 
	242.4 

	9.0 
	9.0 

	1.0 
	1.0 


	  
	  
	  

	C 
	C 

	4% 
	4% 

	7% 
	7% 

	13% 
	13% 

	14% 
	14% 

	25% 
	25% 


	DFDF0011 
	DFDF0011 
	DFDF0011 

	E 
	E 

	2.49 
	2.49 

	0.12 
	0.12 

	32.0 
	32.0 

	1.4 
	1.4 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	3.29 
	3.29 

	0.14 
	0.14 

	45.1 
	45.1 

	2.1 
	2.1 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	32% 
	32% 

	17% 
	17% 

	41% 
	41% 

	50% 
	50% 

	100% 
	100% 


	DFDF0013 
	DFDF0013 
	DFDF0013 

	E 
	E 

	1.88 
	1.88 

	0.12 
	0.12 

	24.5 
	24.5 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.8 
	2.8 

	0.14 
	0.14 

	39.9 
	39.9 

	1.9 
	1.9 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	49% 
	49% 

	17% 
	17% 

	63% 
	63% 

	73% 
	73% 

	50% 
	50% 


	DFDF0015 
	DFDF0015 
	DFDF0015 

	E 
	E 

	1.42 
	1.42 

	0.12 
	0.12 

	13.4 
	13.4 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.61 
	1.61 

	0.12 
	0.12 

	15.5 
	15.5 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	13% 
	13% 

	0% 
	0% 

	16% 
	16% 

	14% 
	14% 

	100% 
	100% 


	DFDF0017 
	DFDF0017 
	DFDF0017 

	E 
	E 

	2.33 
	2.33 

	0.1 
	0.1 

	21.5 
	21.5 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.4 
	2.4 

	0.1 
	0.1 

	22.2 
	22.2 

	1.2 
	1.2 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	50% 
	50% 


	DFDF0019 
	DFDF0019 
	DFDF0019 

	E 
	E 

	1.73 
	1.73 

	0.14 
	0.14 

	15.5 
	15.5 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	1.78 
	1.78 

	0.14 
	0.14 

	15.9 
	15.9 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	0% 
	0% 

	3% 
	3% 

	13% 
	13% 

	0% 
	0% 


	DFDF0021 
	DFDF0021 
	DFDF0021 

	E 
	E 

	1.38 
	1.38 

	0.14 
	0.14 

	11.9 
	11.9 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.5 
	1.5 

	0.14 
	0.14 

	13.2 
	13.2 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	9% 
	9% 

	0% 
	0% 

	11% 
	11% 

	0% 
	0% 

	0% 
	0% 


	DFDF0023 
	DFDF0023 
	DFDF0023 

	E 
	E 

	2.59 
	2.59 

	0.09 
	0.09 

	19.7 
	19.7 

	1.1 
	1.1 

	0.2 
	0.2 


	Upper Difficult Run Catchments 
	Upper Difficult Run Catchments 
	Upper Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	  
	  
	  

	F 
	F 

	2.6 
	2.6 

	0.09 
	0.09 

	19.8 
	19.8 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 


	DFDF0025 
	DFDF0025 
	DFDF0025 

	E 
	E 

	1.37 
	1.37 

	0.1 
	0.1 

	20.8 
	20.8 

	0.9 
	0.9 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.44 
	1.44 

	0.11 
	0.11 

	22.2 
	22.2 

	1.0 
	1.0 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	5% 
	5% 

	10% 
	10% 

	7% 
	7% 

	11% 
	11% 

	0% 
	0% 


	DFDF0027 
	DFDF0027 
	DFDF0027 

	E 
	E 

	1.37 
	1.37 

	0.14 
	0.14 

	10.1 
	10.1 

	0.5 
	0.5 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.4 
	1.4 

	0.14 
	0.14 

	10.4 
	10.4 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	3% 
	3% 

	20% 
	20% 

	0% 
	0% 


	DFDF0029 
	DFDF0029 
	DFDF0029 

	E 
	E 

	1.84 
	1.84 

	0.17 
	0.17 

	11.1 
	11.1 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	1.86 
	1.86 

	0.17 
	0.17 

	11.1 
	11.1 

	0.6 
	0.6 

	0.1 
	0.1 


	  
	  
	  

	C 
	C 

	1% 
	1% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFDF0031 
	DFDF0031 
	DFDF0031 

	E 
	E 

	1.96 
	1.96 

	0.15 
	0.15 

	13.5 
	13.5 

	0.7 
	0.7 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2 
	2 

	0.15 
	0.15 

	13.9 
	13.9 

	0.7 
	0.7 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFDF0033 
	DFDF0033 
	DFDF0033 

	E 
	E 

	1.95 
	1.95 

	0.13 
	0.13 

	22.3 
	22.3 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.16 
	2.16 

	0.14 
	0.14 

	29.7 
	29.7 

	1.5 
	1.5 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	11% 
	11% 

	8% 
	8% 

	33% 
	33% 

	25% 
	25% 

	0% 
	0% 


	DFDF7301 
	DFDF7301 
	DFDF7301 

	E 
	E 

	2.21 
	2.21 

	0.14 
	0.14 

	16.9 
	16.9 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.34 
	2.34 

	0.15 
	0.15 

	18.3 
	18.3 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	7% 
	7% 

	8% 
	8% 

	11% 
	11% 

	0% 
	0% 


	DFDF7501 
	DFDF7501 
	DFDF7501 

	E 
	E 

	1.65 
	1.65 

	0.1 
	0.1 

	12.4 
	12.4 

	0.7 
	0.7 

	0.1 
	0.1 


	  
	  
	  

	F 
	F 

	2.32 
	2.32 

	0.12 
	0.12 

	21.3 
	21.3 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	41% 
	41% 

	20% 
	20% 

	72% 
	72% 

	71% 
	71% 

	100% 
	100% 


	DFDF7701 
	DFDF7701 
	DFDF7701 

	E 
	E 

	2.01 
	2.01 

	0.11 
	0.11 

	15.2 
	15.2 

	0.8 
	0.8 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.72 
	2.72 

	0.13 
	0.13 

	23.7 
	23.7 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	35% 
	35% 

	18% 
	18% 

	56% 
	56% 

	63% 
	63% 

	50% 
	50% 


	DFDF7901 
	DFDF7901 
	DFDF7901 

	E 
	E 

	2.71 
	2.71 

	0.13 
	0.13 

	21.1 
	21.1 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.78 
	2.78 

	0.13 
	0.13 

	21.8 
	21.8 

	1.2 
	1.2 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	3% 
	3% 

	0% 
	0% 

	3% 
	3% 

	0% 
	0% 

	0% 
	0% 


	DFDF8101 
	DFDF8101 
	DFDF8101 

	E 
	E 

	2.02 
	2.02 

	0.1 
	0.1 

	18.1 
	18.1 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.18 
	2.18 

	0.11 
	0.11 

	20.0 
	20.0 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	8% 
	8% 

	10% 
	10% 

	10% 
	10% 

	10% 
	10% 

	0% 
	0% 


	DFDF8301 
	DFDF8301 
	DFDF8301 

	E 
	E 

	2.09 
	2.09 

	0.13 
	0.13 

	17.6 
	17.6 

	1.0 
	1.0 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.29 
	2.29 

	0.14 
	0.14 

	20.6 
	20.6 

	1.1 
	1.1 

	0.2 
	0.2 


	  
	  
	  

	C 
	C 

	10% 
	10% 

	8% 
	8% 

	17% 
	17% 

	10% 
	10% 

	0% 
	0% 


	DFDF8501 
	DFDF8501 
	DFDF8501 

	E 
	E 

	1.61 
	1.61 

	0.12 
	0.12 

	16.5 
	16.5 

	0.9 
	0.9 

	0.2 
	0.2 


	  
	  
	  

	F 
	F 

	2.42 
	2.42 

	0.14 
	0.14 

	25.9 
	25.9 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	50% 
	50% 

	17% 
	17% 

	57% 
	57% 

	56% 
	56% 

	50% 
	50% 


	DFDF8701 
	DFDF8701 
	DFDF8701 

	E 
	E 

	2.95 
	2.95 

	0.14 
	0.14 

	32.9 
	32.9 

	1.8 
	1.8 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	2.95 
	2.95 

	0.14 
	0.14 

	32.8 
	32.8 

	1.8 
	1.8 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFDF8901 
	DFDF8901 
	DFDF8901 

	E 
	E 

	2.07 
	2.07 

	0.1 
	0.1 

	21.5 
	21.5 

	1.2 
	1.2 

	0.2 
	0.2 


	Upper Difficult Run Catchments 
	Upper Difficult Run Catchments 
	Upper Difficult Run Catchments 

	  
	  

	 Runoff Volume (in/yr) 
	 Runoff Volume (in/yr) 

	 Peak (cfs/ac) 
	 Peak (cfs/ac) 

	 TSS (lb/ac/yr) 
	 TSS (lb/ac/yr) 

	 Runoff TN (lb/ac/yr) 
	 Runoff TN (lb/ac/yr) 

	 Runoff TP (lb/ac/yr) 
	 Runoff TP (lb/ac/yr) 


	  
	  
	  

	F 
	F 

	2.2 
	2.2 

	0.1 
	0.1 

	23.0 
	23.0 

	1.3 
	1.3 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	0% 
	0% 

	7% 
	7% 

	8% 
	8% 

	50% 
	50% 


	DFDF9101 
	DFDF9101 
	DFDF9101 

	E 
	E 

	2.67 
	2.67 

	0.16 
	0.16 

	25.0 
	25.0 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.73 
	2.73 

	0.16 
	0.16 

	25.0 
	25.0 

	1.4 
	1.4 

	0.3 
	0.3 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	DFDF9203 
	DFDF9203 
	DFDF9203 

	E 
	E 

	2.45 
	2.45 

	0.1 
	0.1 

	29.8 
	29.8 

	1.6 
	1.6 

	0.3 
	0.3 


	  
	  
	  

	F 
	F 

	2.71 
	2.71 

	0.11 
	0.11 

	34.9 
	34.9 

	1.8 
	1.8 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	11% 
	11% 

	10% 
	10% 

	17% 
	17% 

	13% 
	13% 

	33% 
	33% 


	DFDF9303 
	DFDF9303 
	DFDF9303 

	E 
	E 

	3.98 
	3.98 

	0.13 
	0.13 

	65.1 
	65.1 

	2.6 
	2.6 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	4.27 
	4.27 

	0.14 
	0.14 

	70.3 
	70.3 

	2.9 
	2.9 

	0.4 
	0.4 


	  
	  
	  

	C 
	C 

	7% 
	7% 

	8% 
	8% 

	8% 
	8% 

	12% 
	12% 

	0% 
	0% 


	DFDF9501 
	DFDF9501 
	DFDF9501 

	E 
	E 

	11.61 
	11.61 

	0.31 
	0.31 

	272.2 
	272.2 

	10.1 
	10.1 

	1.0 
	1.0 


	  
	  
	  

	F 
	F 

	13.29 
	13.29 

	0.37 
	0.37 

	310.1 
	310.1 

	11.4 
	11.4 

	1.1 
	1.1 


	  
	  
	  

	C 
	C 

	14% 
	14% 

	19% 
	19% 

	14% 
	14% 

	13% 
	13% 

	10% 
	10% 


	DFDF9502 
	DFDF9502 
	DFDF9502 

	E 
	E 

	5.18 
	5.18 

	0.16 
	0.16 

	91.4 
	91.4 

	3.7 
	3.7 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	5.26 
	5.26 

	0.16 
	0.16 

	99.5 
	99.5 

	3.9 
	3.9 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	2% 
	2% 

	0% 
	0% 

	9% 
	9% 

	5% 
	5% 

	25% 
	25% 


	DFDF9701 
	DFDF9701 
	DFDF9701 

	E 
	E 

	11.21 
	11.21 

	0.32 
	0.32 

	211.8 
	211.8 

	7.8 
	7.8 

	0.8 
	0.8 


	  
	  
	  

	F 
	F 

	11.83 
	11.83 

	0.34 
	0.34 

	253.1 
	253.1 

	9.3 
	9.3 

	0.9 
	0.9 


	  
	  
	  

	C 
	C 

	6% 
	6% 

	6% 
	6% 

	19% 
	19% 

	19% 
	19% 

	13% 
	13% 


	DFDF9901 
	DFDF9901 
	DFDF9901 

	E 
	E 

	2.92 
	2.92 

	0.15 
	0.15 

	69.6 
	69.6 

	2.9 
	2.9 

	0.4 
	0.4 


	  
	  
	  

	F 
	F 

	3.5 
	3.5 

	0.16 
	0.16 

	92.1 
	92.1 

	3.8 
	3.8 

	0.5 
	0.5 


	  
	  
	  

	C 
	C 

	20% 
	20% 

	7% 
	7% 

	32% 
	32% 

	31% 
	31% 

	25% 
	25% 



	 E – Existing conditions results, F – Future conditions results, C – Change between existing and future shown as a percentage of the existing condition. Value is based on unrounded figures 
	Future modeling results show an increase in all parameters in almost every catchment. The largest percent increases were due to loss of open space or an increase in residential density. 
	3.39.8 Hydraulic Modeling 
	Hydraulic modeling combines topography with information concerning the stream system, the stream crossings and culverts to estimate the depth and speed of flow within the stream for various storm events. The model results indicate where overtopping of culverts may occur. The flows at this site exceed the capacity of the culvert. These sites can present a hazard and are considered candidate sites for improvement, further study and possibly a project to replace or retrofit the culvert. 
	Nine crossings in the subwatershed overtopped with existing flows, as shown in Table 3.72. Road crossings that experience overtopping are listed in Appendix F and it is anticipated that improvements will be pursued with VDOT independent of the watershed planning process. 
	 
	Table 3.74 Culvert Hydraulic Modeling 
	Culvert 
	Culvert 
	Culvert 
	Culvert 

	Crossing 
	Crossing 

	  
	  

	Flood Year 
	Flood Year 


	TR
	100 
	100 

	50 
	50 

	25 
	25 

	10 
	10 

	5 
	5 

	2 
	2 

	1 
	1 


	21 
	21 
	21 

	W&OD Trail 
	W&OD Trail 

	E 
	E 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	23 
	23 
	23 

	(West) Valley Road 
	(West) Valley Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 


	27 
	27 
	27 

	Hunter Mill Road 
	Hunter Mill Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	31 
	31 
	31 

	Pine Tree Drive 
	Pine Tree Drive 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 


	32 
	32 
	32 

	Waples Mill Road DS 
	Waples Mill Road DS 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 


	33 
	33 
	33 

	Waples Mill Road US 
	Waples Mill Road US 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 


	34 
	34 
	34 

	(East) Valley Road 
	(East) Valley Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 


	38-A 
	38-A 
	38-A 

	Upstream of Vale Road 
	Upstream of Vale Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 

	 
	 


	38-B 
	38-B 
	38-B 

	Vale Road 
	Vale Road 

	E 
	E 

	x 
	x 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	22 
	22 
	22 

	Hunters Valley Road 
	Hunters Valley Road 

	E 
	E 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	x 
	x 

	 
	 



	E – Existing conditions results, x – indicates overtopping 
	Culvert #21 (Photo 3.142) overtopped for the 50 and 100-year events. As this is not a roadway traveled by cars and does not overtop more frequently, it is not considered a candidate site. 
	 
	 
	Culvert #23 (Photo 3.143) overtopped for the 25, 50, and 100-year events. Valley Road is a local street, used by residents to access houses. Local roads are required to pass only the 10-year event, so this culvert is also not a candidate site. 
	Culvert #27 (Photo 3.144) overtopped for all events. Hunter Mill Road is a primary road, used for through traffic flow. Crossings classified as primary roads are required to pass the 25-year event. 
	Culvert #31 (Photo 3.145) overtopped for all events. Pine Tree Drive is a local road, so it is required to pass the 10-year event. 
	Culvert #32 (Photo 3.146) overtopped for all events except the one and two-year. As Waples Mill Road can be considered a primary road, it must pass the 25-year event.Culvert 
	#33 (Photo 3.147) overtopped for the 25, 50, and 100-year events. Again, Waples Mill Road is considered a primary road, used for through traffic flow. It must pass the 25-year event. 
	Culvert #34 (Photo 3.148) overtopped for all events except the one-year. Valley Road is a local road, not used for through traffic. Local roads are required to pass the 10-year event. 
	Culvert #38-A (Photo 3.149) overtopped for all events except the one and two-year. As this is a footbridge and is not a roadway traveled by cars, it is not considered a candidate site. 
	Culvert #38-B (Photo 3.150) overtopped for the 100-year event. Vale Road is a primary road and is thus required to pass the 25-year event. This site is not considered a candidate site. 
	Culvert #22 (Photo 3.151) overtopped for all events except the one-year. Hunters Valley Road is a local access road used by resident to get to abutting properties and is not used for through traffic. This is not a candidate site. 
	 
	3.39.9 Candidate Sites for Improvements 
	Based on the review of the assessment data and modeling results, the most serious problem areas in the Upper Difficult Run subwatershed are listed below. Refer to DFDFU_4 for site numbers and locations. (S - stream sites, C - catchment sites, D – unconstructed regional pond replacement sites, F – flooding sites, and P – preservation sites). 
	Streams 
	S37 From the Stream Physical Assessment, this reach showed severe erosion and poor or very poor habitat (Photo 3.136 and 3.137). 
	S38 From the Stream Physical Assessment, this reach showed severe to extreme erosion, channel widening, a degraded buffer and poor or very poor habitat (Photo 3.140). 
	S44 From the Stream Physical Assessment, this reach was described as unstable, with a widening channel and poor or very poor habitat. 
	S45 The Stream Physical Assessment showed unstable banks, poor habitat, and lack of buffer through this reach. 
	S46 From the Stream Physical Assessment, this reach was described as unstable, with a widening channel and poor or very poor habitat. 
	S48 The Stream Physical Assessment showed channel widening, poor habitat, and lack of buffer through this reach. 
	S63 From the Stream Physical Assessment, this reach showed severe to extreme erosion, channel widening, and poor or very poor habitat. 
	S68 From the Stream Physical Assessment, this reach was described as unstable, with a widening channel. 
	S132 The Stream Physical Assessment showed channel widening, poor habitat, and lack of buffer through this reach. A large dumpsite is also present at the site (Photo 3.141). 
	S133 From the Stream Physical Assessment, this reach showed severe to extreme erosion, channel widening, and poor or very poor habitat (Photo 3.134). 
	Hydrology and Water Quality 
	D32 (Catchment DFDF9101) Runoff and water quality from this area are better than average for the subwatershed and about average for all of Difficult Run; however, streambanks are unstable downstream of the site.  
	D33 (Catchment DFDF8701) Runoff and water quality from this area are better than average for the subwatershed, and somewhat worse than average for all of Difficult Run. Streambanks are unstable and the mainstem of Difficult Run shows severe erosion impacts downstream of the site (Photo 3.133).  
	D34 (Catchment DFDF8501) Runoff and water quality from this area are better than average for the subwatershed, and somewhat worse than average for all of Difficult Run. Severe erosion impacts downstream of the catchment were noted in the Stream Physical Assessment survey. 
	D35 (Catchment DFDF8101) Runoff flows and pollutant loads for this drainage area are better than average for both the subwatershed and all of Difficult Run. The stream 
	through the area and downstream showed evidence of active erosion and buffer degradation. 
	D45 (Catchment DFDF9203) In this site, runoff and pollutant loads are better than average for the subwatershed and about average for Difficult Run. The stream through the area and downstream showed severe erosion impacts. 
	D59 (Catchment DFDF7901) Water quality and runoff flows from this drainage area are better than average for the subwatershed, and somewhat worse than average for Difficult Run. The stream through the catchment down to the confluence with Difficult Run was rated with severe erosion impacts. 
	D72 (Catchment DFDF7701) This site has better than average conditions for the subwatershed and for Difficult Run as a whole. Field investigation showed no critical stream degradation within the drainage area or downstream. 
	C41 (Catchment DFDF0009) This area has some of the highest flows and pollutant loads in the Difficult Run watershed. It contains part of the area on and around the Fair Oaks Mall and is highly impervious. Existing stormwater management ponds treats portions. The stream below this catchment is eroded and banks are unstable. 
	C42 (Catchment DFDF0005) This area has some of the highest flows and pollutant loads in the Difficult Run watershed. It contains part of the Fair Oaks Mall and a portion of I-66 and is highly impervious. Portions are treated by existing stormwater management ponds. The stream below this catchment is eroded and banks are unstable. 
	C43 (Catchment DFDF0001) This catchment is the site of the Government Center and has a large amount of impervious surface. It has some of the highest modeled pollutant loads and flows in the entire Difficult Run watershed. 
	C71 (Catchment DFDF9501) This area has among the highest modeled runoff, peak flows, and pollutant loads in the Difficult Run watershed. It is highly impervious, consisting of apartments and townhouses. There are areas of unstable streams below, including S133. 
	C72 (Catchment DFDF9901) This area has among the highest modeled runoff, peak flows, and pollutant loads in the subwatershed. It is highly impervious, consisting of apartments and townhouses. 
	Flooding 
	F27 The culvert carrying the mainstem under Hunter Mill Road overtopped for all events.  Since Hunter Mill Road is a primary road, the culvert must pass the 25-year event (Photo 3.144). 
	F31 The culvert under Pine Tree Drive overtopped for all events. Since this is a local road, the culvert required to pass the 10-year event (Photo 3.145). 
	F32 This culvert overtopped for all events except the one and two-year. As Waples Mill Road can be considered a primary road, it must pass the 25-year event (Photo 3.146). 
	F33 This culvert was overtopped for the 25, 50, and 100-year events. Again, Waples Mill Road is considered a primary road, used for through traffic flow. It must pass the 25-year event (Photo 3.147). 
	F34 The culvert under Valley Road overtopped for all events except the one-year. Valley Road is a local road, so the culvert must pass the 10-year event (Photo 3.148). 
	Preservation 
	No sites were identified. Several catchments are in very good condition, but model results from future development do not make them significantly worse. This means that they are essentially preserved under the current development plans and regulations. 
	 
	3.40 Upper Difficult Run - Subwatershed Plan Actions 
	In the previous subwatershed condition section, information from stream assessments, monitoring studies, and watershed modeling was presented to identify the location and severity of watershed impairments. For the subwatershed action plan section that follows, the candidate sites for improvement are discussed in terms of the specific impairment, a description of the project, and the goal of the project. Table 3.73 below is a list of all projects proposed in this subwatershed. 
	Table 3.75 Recommendations for Upper Difficult Run 
	Project # 
	Project # 
	Project # 
	Project # 

	Project Type 
	Project Type 

	Candidate Site 
	Candidate Site 


	DF9032A 
	DF9032A 
	DF9032A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-32 
	D-32 


	DF9032B 
	DF9032B 
	DF9032B 

	Drainage Retrofits 
	Drainage Retrofits 

	D-32 
	D-32 


	DF9033 
	DF9033 
	DF9033 

	Drainage Retrofits 
	Drainage Retrofits 

	D-33 
	D-33 


	DF9034A 
	DF9034A 
	DF9034A 

	Culvert Retrofit 
	Culvert Retrofit 

	D-34 
	D-34 


	DF9034B 
	DF9034B 
	DF9034B 

	Drainage Retrofits 
	Drainage Retrofits 

	D-34 
	D-34 


	DF9035A
	DF9035A
	DF9035A
	 


	Drainage Retrofits
	Drainage Retrofits
	 


	D-35
	D-35
	 



	DF9035B
	DF9035B
	DF9035B
	 


	LID Retrofit
	LID Retrofit
	 


	D-35 
	D-35 


	DF9045A 
	DF9045A 
	DF9045A 

	LID Retrofit 
	LID Retrofit 

	D-45 
	D-45 


	DF9045B 
	DF9045B 
	DF9045B 

	Pond Retrofit 
	Pond Retrofit 

	D-45 
	D-45 


	DF9045D 
	DF9045D 
	DF9045D 

	Stream Restoration 
	Stream Restoration 

	D-45 
	D-45 


	DF9059A 
	DF9059A 
	DF9059A 

	Pond Retrofit 
	Pond Retrofit 

	D-59 
	D-59 


	DF9059B 
	DF9059B 
	DF9059B 

	Drainage Retrofit 
	Drainage Retrofit 

	D-59 
	D-59 


	DF9059C 
	DF9059C 
	DF9059C 

	Culvert Retrofit 
	Culvert Retrofit 

	D-59 
	D-59 


	DF9072A 
	DF9072A 
	DF9072A 

	Pond Retrofit 
	Pond Retrofit 

	D-72 
	D-72 


	DF9141A 
	DF9141A 
	DF9141A 

	Pond Retrofit 
	Pond Retrofit 

	C41 
	C41 


	DF9141B 
	DF9141B 
	DF9141B 

	Pond Retrofit 
	Pond Retrofit 

	C41 
	C41 


	DF9142 
	DF9142 
	DF9142 

	Pond Retrofit 
	Pond Retrofit 

	C42 
	C42 


	DF9143A 
	DF9143A 
	DF9143A 

	Pond Retrofit 
	Pond Retrofit 

	C43A 
	C43A 


	DF9143B1 
	DF9143B1 
	DF9143B1 

	Pond Retrofit 
	Pond Retrofit 

	C43B 
	C43B 


	DF9143B2 
	DF9143B2 
	DF9143B2 

	Pond Retrofit 
	Pond Retrofit 

	C43B 
	C43B 


	DF9143C 
	DF9143C 
	DF9143C 

	Pond Retrofit 
	Pond Retrofit 

	C43C 
	C43C 


	DF9143D 
	DF9143D 
	DF9143D 

	Pond Retrofit 
	Pond Retrofit 

	C43D 
	C43D 


	DF9143E 
	DF9143E 
	DF9143E 

	Pond Retrofit 
	Pond Retrofit 

	C43E 
	C43E 


	DF9143F2 
	DF9143F2 
	DF9143F2 

	Pond Retrofit 
	Pond Retrofit 

	C43F 
	C43F 


	DF9143H 
	DF9143H 
	DF9143H 

	Pond Retrofit 
	Pond Retrofit 

	C43H 
	C43H 


	DF9171 
	DF9171 
	DF9171 

	Pond Retrofit 
	Pond Retrofit 

	C71 
	C71 


	DF9172 
	DF9172 
	DF9172 

	Pond Retrofit 
	Pond Retrofit 

	C72 
	C72 


	DF9238 
	DF9238 
	DF9238 

	Buffer Restoration 
	Buffer Restoration 

	S38 
	S38 


	DF9244 
	DF9244 
	DF9244 

	Stream Restoration 
	Stream Restoration 

	S44 
	S44 


	DF9245 
	DF9245 
	DF9245 

	Stream Restoration 
	Stream Restoration 

	S45 
	S45 


	DF9263 
	DF9263 
	DF9263 

	Stream Restoration 
	Stream Restoration 

	S63 
	S63 


	DF9741 
	DF9741 
	DF9741 

	Drainage Retrofits 
	Drainage Retrofits 

	C41 
	C41 


	DF9841 
	DF9841 
	DF9841 

	LID Retrofit 
	LID Retrofit 

	C41 
	C41 


	DF9843 
	DF9843 
	DF9843 

	LID Retrofit 
	LID Retrofit 

	C43 
	C43 


	DF9871 
	DF9871 
	DF9871 

	LID Retrofit 
	LID Retrofit 

	C71 
	C71 



	 
	3.40.1 Regional Pond Alternative Projects 
	D32 (DFDF9101) 
	Site Investigation and Projects:   
	DF9032A (Culvert Retrofit) The project would consist of a culvert retrofit or roadway improvement to create a backwater storage area at the crossing of Miller Heights Road, which would provide channel protection and water quality treatment.  
	DF9032B (Drainage Retrofits) The project would include improvements to reduce scour velocities at three outfalls where storm drains discharge into natural channels below Miller Heights Road.   
	D33 (DFDF8701) 
	Site Investigation and Projects: The site investigation showed very little opportunity for stormwater management retrofits. The drainage area is small, developed with single-family residential housing, and there is no room for a culvert retrofit at Miller Heights Road. 
	DF9033 (Drainage Retrofits) The project would include improvements to reduce scour velocities at the outlet of the culvert under Miller Heights Road and another location at the bottom of the catchment. Improvements would reduce sediment loads from stream erosion.  
	D34 (DFDF8501) 
	Site Investigation and Projects: The D-34 drainage area is a small catchment of residential land use. The best opportunity for retrofit is the culvert under Miller Heights Road. 
	DF9034A (Culvert Retrofit) The project would consist of a culvert retrofit or redundant embankment to create channel protection storage and water quality treatment at the crossing of Miller Heights Road. The project would help reduce erosive discharge rates and velocities downstream.  
	DF9034B (Drainage Retrofits) The project would include improvements to reduce scour velocities at the culvert under Miller Heights Road and four other outfalls.   
	D35 (DFDF8101) 
	Site Investigation and Projects:  
	DF9035A (Drainage Retrofits) The project would include outlet protection improvements to reduce scour velocities at the culverts under Sweetwood Court. A second phase of the retrofits would be replacing paved roadside ditches along Sweetwood with dry swales.   
	DF9035B (LID Retrofit) This project consists of replacing a paved drainage swale from Young Road with a bioswale, daylighting an existing piped system, and creating a bioretention facility at the intersection of three properties where there is currently a muddy bog.   
	D45 (DFDF9203) 
	Site Investigation and Projects:  
	DF9045A (LID Retrofit) This project is a bioretention / rain garden facility located to the left of the drive at the Oakton Swim and Racquet Club. It should provide both runoff volume reduction and water quality benefits. Public access makes it a good outreach and education site also.   
	DF9045B (Pond Retrofit) The location of this project is upstream of the crossing at Waples Mill Road where there is an existing dry pond. The project is a retrofit to improve channel protection and pollutant removal using the existing storage area and impoundment structure.   
	DF9045D (Stream Restoration) This project will create a step-pool system to lower the effective slope of the stream, and stabilize portions by regrading the banks. Stream buffers will be restored on all project reaches.  
	D59 (DFDF7901) 
	Site Investigation and Projects:   
	DF9059A (Pond Retrofit) The location of this project is at an existing farm pond in the center of the catchment along Center Ridge Road. The pond is eutrophic and not designed to handle the stormwater flows draining to it. The retrofit would consist of reconstruction to provide channel protection storage and the addition of water quality features such as micro-pools and wetland vegetation.   
	DF9059B (Drainage Retrofit) The project would include outlet protection improvements to reduce scour velocities at the storm drain outfalls throughout the drainage area. A second phase of the retrofits is to replace paved roadside ditches along Berryland Drive with grassed channels.   
	DF9059C (Culvert Retrofit) The project would consist of a culvert retrofit using the existing road embankment as a supplement to the pond retrofit downstream. (DF9059A). The retrofit could be designed as a sediment trap, shallow marsh, or rain garden. 
	D72 (DFDF7701) 
	Site Investigation and Projects: The site investigation showed that the streams within the drainage area were in good condition. 
	DF9072A (Pond Retrofit) This project is a retrofit to an existing farm pond in the center of the catchment adjacent to Vale Road. The retrofit would consist of reconstructing the embankment to current standards and providing a control structure to create detention storage. Wetland plantings and other water quality features should be added to enhance pollutant removal.  
	3.40.2 Catchment Improvement Projects 
	C41 (DFDF0009) 
	Site Investigation and Projects:  The site investigation showed two existing ponds in the catchment with potential for retrofit, along with potential projects in the parking areas. 
	DF9841 (LID Retrofit) The project consists of retrofits to the impervious area on and around Fair Oaks Mall. Individual low-impact development retrofits could include inlet filtration, removal of pavement or porous pavement, green roofs, and bioretention in parking islands.  
	DF9141A (Pond Retrofit) The project would consist of retrofitting and possibly expanding the only existing stormwater management facility treating more than half of the mall. Retrofits could include a combination of constructed wetlands, vegetation, dry detention, and infiltration.  
	DF9741 (Drainage Retrofits) The project would include improvements to reduce scour velocities at outfalls to natural channels.  
	DF9141B (Pond Retrofit) The pond at the bottom of the catchment on the north side of US 50 could be retrofit to provide more complete channel protection or water quality treatment, especially if designed with other improvements in the catchment.  . 
	C42 (DFDF0005) 
	Site Investigation and Projects: The site investigation opportunities for culvert retrofits, pond retrofits, projects in the parking areas, and a retrofit of ponds in a downstream catchment to treat the runoff from this site. 
	DF9142 (Pond Retrofit) The project would consist of retrofitting the stormwater management facility on the east end of the mall to provide multi-stage discharge, vegetative uptake, and extended detention volume.   
	C43 (DFDF0001) 
	Site Investigation and Projects: The site investigation showed eleven existing wet and dry ponds in the catchment, some designed for peak shaving detention and some not designed for stormwater management. Proposed projects for this catchment would be to retrofit all the ponds to provide channel protection storage and water quality treatment. An additional project would be an LID retrofit of the Government Center parking area with bioretention. Retrofit design should be done to treat the LID facilities and a
	DF9143A (Pond Retrofit) The two ponds at the bottom of the catchment do not appear to be designed as stormwater management facilities. If the ponds are redesigned as a system, the wet storage within these ponds is enough to meet the calculated water quality volume for not only this location, but also an additional eight dry pond facilities located upstream. 
	DF9143B1 (Pond Retrofit) This project, which is one of two dry ponds near the government center, collects runoff from a high-density residential site. In a systematic retrofit, these ponds would be used for channel protection volume.  
	DF9143B2 (Pond Retrofit) Like project DF9143B1, this project collects runoff from a high-density residential site east of the Fairfax County Government Center. It would be retrofit to detain the one-year storm for channel protection. 
	DF9143C (Pond Retrofit) This pond treats runoff from a high-density residential development. It should be retrofit for channel protection.  
	DF9143D (Pond Retrofit) This pond treats runoff from a portion of the Government Center and the parking area. It should be retrofit for channel protection.  
	DF9143E (Pond Retrofit) This dry pond treats runoff from a high-density residential development. It should be retrofit for channel protection .  
	DF9143F2 (Pond Retrofit) This pond, treats parking lot runoff from the Government Center and surrounding areas. It would be retrofit to detain higher frequency storms for channel protection. 
	DF9143H (Pond Retrofit) This pond treats runoff from a portion of the Herrity Building site. It has been designed as an aesthetic amenity but could be retrofit for channel protection by modifying the riser. There is enough excess wet storage volume to 
	construct an aquatic bench around the entire perimeter of this facility for water quality treatment. 
	DF9843 (LID Retrofit) The project consists of retrofits to the parking area for the Fairfax County Government Center. Individual LID retrofits could include inlet filtration, removal of pavement or porous pavement, and bioretention in parking islands with interpretive signs. As an educational measure, signs describing the facilities, and a trail to tour various stormwater management features could be included at the government center complex. A PDF format “stormwater tour” map could be added to the County’s
	C71 (DFDF9501) 
	Site Investigation and Projects: The site investigation showed opportunities for LID retrofits and the retrofit of a pond at the outlet of the catchment. If designed together, these two systems could provide water quality and channel protection treatment. 
	DF9871 (LID Retrofit) The project consists of retrofits to parking areas for all of the sites east of Pender Court. Individual LID retrofits could include inlet filtration, removal of pavement or porous pavement, and bioretention in parking islands.   
	DF9171 (Pond Retrofit) The project would consist of retrofitting the stormwater management facility at the outlet of the catchment. The priority for retrofits would be channel storage volume.  
	C72 (DFDF9901) 
	Site Investigation and Projects: Fieldwork showed that regional pond D-77 draining the catchment has been constructed. There is a pond treating the upper part of the area south of Lee Highway. 
	DF9172 (Pond Retrofit) The project would consist of retrofitting the regional stormwater management facility at the outlet of the catchment to provide channel protection, and to add water quality features to improve pollutant removal.  
	3.40.3 Stream Restoration Projects 
	S37 
	Site Investigation and Projects: The site investigation found moderate areas of streambank erosion. The stream appears to be recovering with the development of large point bars and stable riffle pool morphology. Significant restraints with access, wetland impacts, and forest clearing outweigh the benefits of streambank stabilization. No project was identified. 
	S38 
	Site Investigation and Projects: The site investigation found that the riparian zone along the right streambank was largely in pasture. There was also slight to moderate streambank erosion along portions of the reach. One stream restoration project was identified. 
	DF9238 (Buffer Restoration) The proposed restoration would involve establishing a forested buffer in the pastured portion of the riparian zone.  
	 
	S44 
	Site Investigation and Projects: The site investigation found moderate to severe incision and moderate to severe bank erosion in the upstream portion of the reach. The middle portion of 
	the reach is a transition to the lower portion, which is stable with good floodplain access.  Bed features increased in consistency and stability in the downstream direction. One project was identified. 
	DF9244 (Stream Restoration) The proposed restoration would involve excavating a floodplain bench and reshaping the streambanks and creating stable bed features in the upper and middle portions of the reach above a pedestrian footbridge.  
	S45 
	Site Investigation and Projects: The site investigation showed moderate incision and bank erosion with some floodplain redevelopment and point bar formation. The reach appears to be recovering. Access, wetlands, and forest clearing constraints upstream of Valley Road outweigh the benefits of streambank stabilization. A project is proposed downstream of Valley Road. 
	DF9245 (Stream Restoration) The proposed restoration would involve excavating a floodplain bench and reshaping the streambanks. The new floodplain would be planted with native woody vegetation and grasses. A forested buffer would be established.  
	S46 
	Site Investigation and Projects: The site investigation showed a straight and incised stream with a number of driveway crossings. Streambanks are slightly to moderately eroding. The constraints associated with access and tree clearing outweigh the benefits associated with streambank stabilization. No project was identified. 
	S48 
	Site Investigation and Projects: The site investigation found that most of the reach had an intact, forested riparian buffer. The portion that did not has recently been converted to a stormwater best management practice. No project was identified. 
	S63 
	Site Investigation and Projects: The site investigation found that both banks were raw and erosive upstream of Lawyers Road. The stream is slightly incised and bed features are inconsistent and not well developed. The stream appears to be historically over widened. The riparian zone is pastured along both streambanks. One project was identified. 
	DF9263 (Stream Restoration/ Buffer Restoration) The proposed restoration would involve excavating a floodplain bench and reshaping the streambanks. The new floodplain would be planted with native woody vegetation and grasses. Instream structures would be installed to improve bed features. A forested buffer would be established.  
	S68 
	Site Investigation and Projects: The site investigation found moderate areas of streambank erosion. The stream appears to be recovering with the development of large point bars and stable riffle pool morphology. Significant restraints with access, wetland impacts, and forest clearing outweigh the benefits of streambank stabilization. No project was identified.  
	S132 
	Site Investigation and Projects:  The access to this site is restricted. The site was not in poor enough condition to warrant the impacts that would be caused by gaining access. No project was identified. 
	S133 
	Site Investigation and Projects: The site investigation found moderate bank erosion. The stream is slightly incised and bed features are inconsistent and not well developed.  However, constraints associated with forest clearing and wetland impacts outweigh the benefits of streambank stabilization. No project was identified. 
	3.40.4 Preservation 
	No preservation candidate sites were identified for this subwatershed.
	3.38 Watershed-Wide Projects 
	The characterization process that resulted in candidate sites for catchment retrofits and stream restoration projects (described in Appendix G) was used to develop projects in the highest priority areas in each subwatershed. A number of problem areas were noted during the Stream Physical Assessment that may not have been included in a stream restoration project. Projects to remediate these areas are included in this section. 
	Watershed-Wide Action 3.38.1: Remove dumpsites from stream corridors. 
	This project would consist of cleaning up dumpsites identified by the Stream Physical Assessment and disposing of the items.  Two of these sites were addressed with the stream restoration projects. One site in Middle Difficult Run (DFDF055.M001) consisted of a discarded residential oil tank and was investigated by a field crew as Candidate Site S107. The oil tank was not found and presumably had been removed. The site in Little Difficult Run (DFLD013.M001) has been included with stream restoration project D
	Table 3.76: Dumpsite Projects 
	ITEM 
	ITEM 
	ITEM 
	ITEM 

	QUANTITY 
	QUANTITY 

	UNITS 
	UNITS 

	UNIT COST 
	UNIT COST 

	TOTAL 
	TOTAL 


	Small Dumpsite 
	Small Dumpsite 
	Small Dumpsite 

	3 
	3 

	EA 
	EA 

	$3,000.00 
	$3,000.00 

	$9,000 
	$9,000 


	Large Dumpsite 
	Large Dumpsite 
	Large Dumpsite 

	2 
	2 

	EA 
	EA 

	$8,000.00 
	$8,000.00 

	$16,000 
	$16,000 


	 
	 
	 

	 
	 

	 
	 

	Base Cost 
	Base Cost 

	$25,000 
	$25,000 


	 
	 
	 

	 
	 

	 
	 

	Mobilization (5%) 
	Mobilization (5%) 

	$1,250 
	$1,250 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 1 
	Subtotal 1 

	$26,250 
	$26,250 


	 
	 
	 

	 
	 

	 
	 

	Contingency (25%) 
	Contingency (25%) 

	$6,563 
	$6,563 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 2 
	Subtotal 2 

	$32,813 
	$32,813 


	 
	 
	 

	 
	 

	 
	 

	Estimated Project Cost 
	Estimated Project Cost 

	$33,000 
	$33,000 



	 
	Watershed-Wide Action 3.38.2: Remove obstructions from stream corridors. 
	This project consists of removing items obstructing streamflow identified by the Stream Physical Assessment and disposing of them. There were 191 such sites in Difficult Run. Of these, 12 will be addressed with one of the proposed stream restoration projects. 
	Of the remaining 179 sites, 113 had an impact score of 5 or higher (moderate to severe), which indicated that the blockage was causing at least moderate erosion and should be removed. Ninety-nine of these sites consist of some combination of trees, debris, or sediment. Thirteen sites will involve removal of concrete or other man-made structures, and will require more effort than tree and debris clearing. One site is a beaver dam. 
	  
	Table 3.77: Obstruction Removal Projects 
	ITEM 
	ITEM 
	ITEM 
	ITEM 

	QUANTITY 
	QUANTITY 

	UNITS 
	UNITS 

	UNIT COST 
	UNIT COST 

	TOTAL 
	TOTAL 


	Remove trees and debris 
	Remove trees and debris 
	Remove trees and debris 

	99 
	99 

	EA 
	EA 

	$3,000.00 
	$3,000.00 

	$297,000 
	$297,000 


	Remove concrete debris 
	Remove concrete debris 
	Remove concrete debris 

	8 
	8 

	EA 
	EA 

	$8,000.00 
	$8,000.00 

	$64,000 
	$64,000 


	Remove man-made obstructions  
	Remove man-made obstructions  
	Remove man-made obstructions  

	5 
	5 

	EA 
	EA 

	$8,000.00 
	$8,000.00 

	$40,000 
	$40,000 


	Remove beaver dams 
	Remove beaver dams 
	Remove beaver dams 

	1 
	1 

	EA 
	EA 

	$3,000.00 
	$3,000.00 

	$3,000 
	$3,000 


	 
	 
	 

	 
	 

	 
	 

	Base Construction Cost 
	Base Construction Cost 

	$404,000 
	$404,000 


	 
	 
	 

	 
	 

	 
	 

	Mobilization (5%) 
	Mobilization (5%) 

	$20,200 
	$20,200 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 1 
	Subtotal 1 

	$424,200 
	$424,200 


	 
	 
	 

	 
	 

	 
	 

	Contingency (25%) 
	Contingency (25%) 

	$106,050 
	$106,050 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 2 
	Subtotal 2 

	$530,250 
	$530,250 


	 
	 
	 

	 
	 

	 
	 

	Estimated Project Cost 
	Estimated Project Cost 

	$530,000 
	$530,000 



	 
	Watershed-Wide Action 3.38.3: Remove fish passage obstructions 
	The Stream Physical Assessment further classified obstructions by whether or not they blocked fish passage. Many of these obstructions will be cleared either through stream restoration projects or removal of higher severity obstructions. Of the remainng 66 low severity obstructions, 43 were identified as fish passage obstructions. This project is intended to remediate these sites. 
	Table 3.78: Fish Passage Restoration Projects 
	ITEM 
	ITEM 
	ITEM 
	ITEM 

	QUANTITY 
	QUANTITY 

	UNITS 
	UNITS 

	UNIT COST 
	UNIT COST 

	TOTAL 
	TOTAL 


	Remove trees and debris 
	Remove trees and debris 
	Remove trees and debris 

	21 
	21 

	EA 
	EA 

	$3,000.00 
	$3,000.00 

	$63,000 
	$63,000 


	Remove concrete debris 
	Remove concrete debris 
	Remove concrete debris 

	2 
	2 

	EA 
	EA 

	$8,000.00 
	$8,000.00 

	$16,000 
	$16,000 


	Remove man-made obstructions  
	Remove man-made obstructions  
	Remove man-made obstructions  

	6 
	6 

	EA 
	EA 

	$8,000.00 
	$8,000.00 

	$48,000 
	$48,000 


	Remove beaver dams 
	Remove beaver dams 
	Remove beaver dams 

	14 
	14 

	EA 
	EA 

	$3,000.00 
	$3,000.00 

	$42,000 
	$42,000 


	 
	 
	 

	 
	 

	 
	 

	Base Construction Cost 
	Base Construction Cost 

	$169,000 
	$169,000 


	 
	 
	 

	 
	 

	 
	 

	Mobilization (5%) 
	Mobilization (5%) 

	$8,450 
	$8,450 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 1 
	Subtotal 1 

	$177,450 
	$177,450 


	 
	 
	 

	 
	 

	 
	 

	Contingency (25%) 
	Contingency (25%) 

	$44,363 
	$44,363 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 2 
	Subtotal 2 

	$221,813 
	$221,813 


	 
	 
	 

	 
	 

	 
	 

	Estimated Project Cost 
	Estimated Project Cost 

	$222,000 
	$222,000 



	 
	 
	Watershed-Wide Action 3.38.4: Repair utility crossings. 
	This project consists of repairing or replacing exposed or failing utility crossings. Thirty-nine sites were identified by the Stream Physical Assessment. Of these, 10 are within the limits of a proposed stream restoration project and will be addressed as part of the project. 
	Five of the remaining 29 utility crossings were rated moderate or severe, which means the utility is over half exposed, identifying significant erosion problems, or appears to be about to fail. There were four sanitary sewer crossings and one cable crossing that fell into this category. 
	Table 3.79: Utility Crossings 
	ITEM 
	ITEM 
	ITEM 
	ITEM 

	QUANTITY 
	QUANTITY 

	UNITS 
	UNITS 

	UNIT COST 
	UNIT COST 

	TOTAL 
	TOTAL 


	Water / Sewer 
	Water / Sewer 
	Water / Sewer 

	4 
	4 

	EA 
	EA 

	$10,000.00 
	$10,000.00 

	$40,000 
	$40,000 


	Cable / Telephone / Electric 
	Cable / Telephone / Electric 
	Cable / Telephone / Electric 

	1 
	1 

	EA 
	EA 

	$5,000.00 
	$5,000.00 

	$5,000 
	$5,000 


	 
	 
	 

	 
	 

	 
	 

	Base Construction Cost 
	Base Construction Cost 

	$45,000 
	$45,000 


	 
	 
	 

	 
	 

	 
	 

	Mobilization (5%) 
	Mobilization (5%) 

	$2,250 
	$2,250 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 1 
	Subtotal 1 

	$47,250 
	$47,250 


	 
	 
	 

	 
	 

	 
	 

	Contingency (25%) 
	Contingency (25%) 

	$11,813 
	$11,813 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 2 
	Subtotal 2 

	$59,063 
	$59,063 


	 
	 
	 

	 
	 

	 
	 

	Estimated Project Cost 
	Estimated Project Cost 

	$59,000 
	$59,000 



	 
	 
	Watershed-Wide Action 3.38.5: Restore riparian buffers 
	This project consists of replanting riparian buffers in areas where they were determined to be deficient. Four hundred seventy-one sites comprising approximately 439,000 linear feet were identified by the Stream Physical Assessment. Of these, 97 are within the limits of the proposed stream restoration projects and will be addressed as part of the projects. 
	Restoration is recommended for buffer areas that are rated with a moderate or severe deficiency, and for which the restoration potential is moderate to high. Two hundred sixty-five of the 374 sites not within stream restoration projects met the severity rating, and of these, 29 had a high restoration potential, for a total of 17,650 LF. 
	 
	Table 3.80: Buffer Restoration 
	ITEM 
	ITEM 
	ITEM 
	ITEM 

	QUANTITY 
	QUANTITY 

	UNITS 
	UNITS 

	UNIT COST 
	UNIT COST 

	TOTAL 
	TOTAL 


	Restore buffer 
	Restore buffer 
	Restore buffer 

	        17,650  
	        17,650  

	LF 
	LF 

	$25.00 
	$25.00 

	$441,250 
	$441,250 


	 
	 
	 

	 
	 

	 
	 

	Base Construction Cost 
	Base Construction Cost 

	$441,250 
	$441,250 


	 
	 
	 

	 
	 

	 
	 

	Mobilization (5%) 
	Mobilization (5%) 

	$22,063 
	$22,063 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 1 
	Subtotal 1 

	$463,313 
	$463,313 


	 
	 
	 

	 
	 

	 
	 

	Contingency (25%) 
	Contingency (25%) 

	$115,828 
	$115,828 


	 
	 
	 

	 
	 

	 
	 

	Subtotal 2 
	Subtotal 2 

	$579,141 
	$579,141 


	 
	 
	 

	 
	 

	 
	 

	Estimated Project Cost 
	Estimated Project Cost 

	$579,000 
	$579,000 
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