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Appendix A — Soil Descriptions

The following Tables include the soil types for each of the subwatersheds in the Difficult Run
Watershed. The Fairfax County soil number is included in parenthesis. Other information
provided for each soil includes the hydrologic soils group and a brief description of the
drainage properties. Following is a discussion of the hydrologic soil group.

Hydrologic Soil Group

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's generally have the smallest runoff potential and Ds the greatest.

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 HSG 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.



Table A.1 — Soils, Captain Hickory Run
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. . : Percent of Hydrologic : -
Soil Series Location Subwatershed  Soil Group Drainage Properties
Glenelg silt  Hilltops and 55% B Suitable for infiltration;
loam (55) sideslopes highly susceptible to
erosion
Meadowville Drainageways and 14% B Poor suitability for
silt loam footslopes infiltration
(20)
Chewacla Floodplains and 9% C Water table within 1.5 feet
silt loam (2) terraces adjacent to of surface; hydric in low
active stream areas
channels
Manor silt Sloping uplands 8% B Suitable for infiltration;
loam (21) highly susceptible to
erosion
Elioak silt Hilltops 6% C Suitable for infiltration;
loam (24) highly susceptible to
erosion
Wehadkee  Within floodplains 2% D Water table within 0.5 feet
silt loam (5) of surface; predominantly
hydric
Table A.2 — Soils, Dog Run
_ . : Percent of Hydrologic : :
Soil Series Location Subwatershed  Soil Group Drainage Properties
Glenelg silt  Hilltops and 51% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Elioak silt Hilltops 11% C Suitable for infiltration; highly
loam (24) susceptible to erosion
Chewacla Floodplains and 8% C Water table within 1.5 feet of
silt loam (2) terraces adjacent surface; hydric in low areas
to active stream
channels
Meadowville Drainageways and 8% B Poor suitability for infiltration
silt loam footslopes
(20)
Glenville silt  Drainageways and 6% C Poor suitability for infiltration
loam (10) footslopes
Fairfax silt Upland soil 5% B Perched water table; marginal
loam (32) suitability for infiltration
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Table A.3 — Soils, Piney Run
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Soil Series Location Percent of Hydrologic Drainage

Subwatershed Soil Group Properties
Glenelg silt Hilltops and 53% B Suitable for
loam (55) sideslopes infiltration; highly
susceptible to
erosion
Meadowville silt  Drainageways and 9% B Poor suitability for
loam (20) footslopes infiltration
Glenville silt Drainageways and 7% C Poor suitability for
loam (10) footslopes infiltration
Mixed Alluvial Floodplains and 7% NA Water table within
(1) drainageways 2.5 feet of surface;
hydric soils
Chewacla silt Floodplains and 6% C Water table within
loam (2) terraces adjacent to 1.5 feet of surface;
active stream hydric in low areas

channels
Elioak silt loam  Hilltops 6% C Suitable for
(24) infiltration; highly
susceptible to
erosion
Manor silt loam  Sloping uplands 4% B Suitable for
(21) infiltration; highly
susceptible to
erosion
Fairfax silt loam  Upland soil 2% B Perched water
(32) table; marginal
suitability for
infiltration
Rocky Orange Hilltops and 1% NA Plastic clays; poor
silt loam (141) sideslopes suitability for
infiltration
Table A.4 — Soils, Lower Difficult Run
. , . Percent of Hydrologic Drainage

Soil Series Location Subwatershed Soil Group Properties
Glenelg silt Hilltops and 31% B Suitable for
loam (55) sideslopes infiltration; highly
susceptible to
erosion
Manor silt loam  Sloping uplands 28% B Suitable for
(21) infiltration; highly
susceptible to
erosion
Elioak silt loam  Hilltops 9% C Suitable for
(24) infiltration; highly
susceptible to
erosion
Meadowville silt Drainageways and 9% B Poor suitability for
loam (20) footslopes infiltration
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Soil Series Location Percent of Hydrologic Drainage

Subwatershed Soil Group Properties
Chewacla silt Floodplains and 6% C Water table within 1.5
loam (2) terraces adjacent to feet of surface; hydric
active stream in low areas

channels
Mixed Alluvial Floodplains and 6% NA Water table within 2.5
(1) drainageways feet of surface; hydric
soils
Wehadkee silt ~ Within floodplains 3% D Water table within 0.5
loam (5) feet of surface;
predominantly hydric
Rocky Acidic Occurs with outcrops 2% NA Bedrock within 0-6
(18) and surface boulders feet of surface
Very Rocky Occurs with outcrops 1% NA Bedrock within 0-6
Acidic (19) and surface boulders feet of surface; poor
suitability for
infiltration
Bucks Loam Hilltops 1% B Shallow bedrock;
(72) infiltration may be
limited
Rocky Orange  Hilltops and 1% NA Plastic clays; poor
silt loam (141)  sideslopes suitability for
infiltration
Table A.5 — Soils, Sharpers Run

: . : Percent of Hydrologic Drainage

Soil Series Location Subwatershed Soil Group Properties
Glenelg silt Hilltops and sideslopes 41% B Suitable for
loam (55) infiltration; highly
susceptible to erosion
Manor silt loam  Sloping uplands 25% B Suitable for
(21) infiltration; highly
susceptible to erosion
Meadowville silt  Drainageways and 18% B Poor suitability for
loam (20) footslopes infiltration
Mixed Alluvial Floodplains and 10% NA Water table within 2.5
(1) drainageways feet of surface; hydric
soils
Chewacla silt Floodplains and 3% C Water table within 1.5

loam (2)

terraces adjacent to
active stream channels

feet of surface; hydric
in low areas
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Table A.6 — Soils, Rocky Run
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. , . Percent of Hydrologic . .

Soil Series Location Subwatershed  Soil Group Drainage Properties
Glenelg silt Hilltops and sideslopes 35% B Suitable for infiltration;
loam (55) highly susceptible to
erosion
Manor silt loam  Sloping uplands 18% B Suitable for infiltration;
(21) highly susceptible to
erosion
Meadowville silt  Drainageways and 10% B Poor suitability for
loam (20) footslopes infiltration
Mixed Alluvial Floodplains and 7% NA Water table within 2.5
(1) drainageways feet of surface; hydric
soils
Elioak silt loam  Hilltops 10% C Suitable for infiltration;
(24) highly susceptible to
erosion
Worsham silt Lower drainageways, 5% D Water table within 0.5
loam (8) toe slopes feet of surface; hydric
Glenville silt Drainageways and 5% C Poor suitability for
loam (10) footslopes infiltration
Fairfax gravelly  Upland soil 2% NA Perched water table;
silt loam (113) marginal suitability for
infiltration
Iredell silt loam  Hilltops and sideslopes C/D Slow permeability;
plastic clay subsoil
Chewacla silt Floodplains and 1% C Water table within 1.5
loam (2) terraces adjacent to feet of surface; hydric
active stream channels in low areas

Table A.7 — Soils, Colvin Run

P , Percent of Hydrologic , ,

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt loam Hilltops and 50% B Suitable for infiltration;
(55) sideslopes highly susceptible to
erosion
Elioak silt loam (24) Hilltops 9% C Suitable for infiltration;
highly susceptible to
erosion
Manor silt loam (21)  Sloping uplands 8% B Suitable for infiltration;
highly susceptible to
erosion
Mixed Alluvial (1) Floodplains and 8% NA Water table within 2.5
drainageways feet of surface; hydric
soils
Meadowville silt Drainageways 5% B Poor suitability for
loam (20) and footslopes infiltration
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. . . Percent of Hydrologic . .
Soil Series Location Subwatershed Soil Group Drainage Properties
Glenville silt loam Drainageways 5% C Poor suitability for
(10) and footslopes infiltration
Rocky Orange silt Hilltops and 2% NA Plastic clays; poor
loam (141) sideslopes suitability for
infiltration
Manassas silt loam Drainageways 2% C Poor suitability for
(14) infiltration
Lloyd loam (66) Hilltops 2% NA Moderate
permeability;
favorable for most
uses
Orange silt loam (59) Hilltops and 2% D Shallow perched
sideslopes water table; plastic
clays
Rocky Acidic (18) Occurs with <1% NA Bedrock within 0-6
outcrops and feet of surface
surface boulders
Table A.8 — Soils, Shakeden Branch
Soil Series Location SuF;)?/\::?enrts?lLd ggﬁg&%g Drainage Properties

Glenelg silt loam  Hilltops and 55% B Suitable for infiltration;
(55) sideslopes highly susceptible to
erosion
Manor silt loam Sloping uplands 13% B Suitable for infiltration;
(21) highly susceptible to
erosion
Glenville silt loam Drainageways 8% C Poor suitability for
(10) and footslopes infiltration
Mixed Alluvial (1)  Floodplains and 7% NA Water table within 2.5
drainageways feet of surface; hydric
soils
Elioak silt loam Hilltops 4% C Suitable for infiltration;
(24) highly susceptible to
erosion
Meadowville silt Drainageways 3% B Poor suitability for
loam (20) and footslopes infiltration
Rocky Acidic (18) Occurs with 1% NA Bedrock within 0-6 feet of
outcrops and surface

surface boulders

A-6



Table A.9 — Soils, The Glade
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. . : Percent of Hydrologic . .

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 66% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Mixed Alluvial ~ Floodplains 6% NA Water table within 2.5 feet of
(1) and surface; hydric soils

drainageways
Glenville silt Drainageways 6% C Poor suitability for infiltration
loam (10) and footslopes
Meadowville Drainageways 6% B Poor suitability for infiltration
silt loam (20) and footslopes
Manor silt Sloping 14% B Suitable for infiltration; highly
loam (21) uplands susceptible to erosion

Table A.10 — Soils, Middle Difficult Run

. : . Percent of Hydrologic . .

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 31% B Suitable for infiltration;
loam (55) sideslopes highly susceptible to

erosion
Manor silt loam Sloping uplands 22% B Suitable for infiltration;
(21) highly susceptible to
erosion
Chewacla silt Floodplains and 14% C Water table within 1.5 feet
loam (2) terraces adjacent of surface; hydric in low
to active stream areas

channels
Elioak silt loam Hilltops 10% C Suitable for infiltration;
(24) highly susceptible to
erosion
Meadowville Drainageways 8% B Poor suitability for
silt loam (20) and footslopes infiltration
Mixed Alluvial ~ Floodplains and 2% NA Water table within 2.5 feet
(1) drainageways of surface; hydric soils
Wehadkee silt  Within floodplains 2% D Water table within 0.5 feet
loam (5) of surface; predominantly
hydric
Glenville silt Drainageways 2% C Poor suitability for
loam (10) and footslopes infiltration

Table A.11 — Soils, Wolftrap Creek

. : . Percent of Hydrologic , .

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 23% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Manor silt Sloping uplands 9% B Suitable for infiltration; highly
loam (21) susceptible to erosion
Meadowville Drainageways 7% B Poor suitability for infiltration
silt loam (20)  and footslopes
Elioak silt Hilltops 7% C Suitable for infiltration; highly
loam (24) susceptible to erosion
Mixed Alluvial Floodplains and 6% NA Water table within 2.5 feet of
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. . . Percent of Hydrologic . ,
Soil Series Location Subwatershed Soil Group Drainage Properties
(1) drainageways surface; hydric soils
Beltsville Hilltops of 6% C Perched water table; poor
loam (37) coastal plain suitability for infiltration

and old coastal
plain terraces

Glenville silt Drainageways 5% C Poor suitability for infiltration
loam (10) and footslopes
Worsham silt  Lower 3% D Water table within 0.5 feet of
loam (8) drainageways, surface; hydric
toe slopes
Chewacla silt  Floodplains and 3% C Water table within 1.5 feet of
loam (2) terraces surface; hydric in low areas
adjacent to
active stream
channels
Fairfax Upland soil 2% NA Perched water table;
gravelly silt marginal suitability for
loam (113) infiltration
Fairfax silt Upland soll 2% B Perched water table;
loam (32) marginal suitability for
infiltration
Rocky Acidic ~ Occurs with 1% NA Bedrock within 0-6 feet of
(18) outcrops and surface
surface
boulders

Table A.12 — Soils, Old Courthouse Spring Branch

. . . Percent of Hydrologic : .

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 40% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Mixed Alluvial ~ Floodplains 10% NA Water table within 2.5 feet of
(1) and surface; hydric soils

drainageways
Glenville silt Drainageways 10% C Poor suitability for infiltration
loam (10) and

footslopes
Fairfax Upland soil 9% NA Perched water table; marginal
gravelly silt suitability for infiltration
loam (113)
Meadowville Drainageways 6% B Poor suitability for infiltration
silt loam (20) and

footslopes
Worsham silt Lower 4% D Water table within 0.5 feet of
loam (8) drainageways, surface; hydric

toe slopes
Fairfax silt Upland soil 4% B Perched water table; marginal
loam (32) suitability for infiltration
Elioak silt loam Hilltops 3% C Suitable for infiltration; highly
(24) susceptible to erosion
Manor silt Sloping 3% B Suitable for infiltration; highly
loam (21) uplands susceptible to erosion
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Table A.13 — Soils, Piney Branch
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. . . Percent of Hydrologic . ,
Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt  Hilltops and 15% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Manor silt Sloping 10% B Suitable for infiltration; highly
loam (21) uplands susceptible to erosion
Meadowville Drainageways 8% B Poor suitability for infiltration
silt loam and footslopes
(20)
Elioak silt Hilltops 4% C Suitable for infiltration; highly
loam (24) susceptible to erosion
Chewacla Floodplains 3% C Water table within 1.5 feet of
silt loam (2) and terraces surface; hydric in low areas
adjacent to
active stream
channels
Mixed Floodplains 3% Water table within 2.5 feet of
Alluvial (1) and surface; hydric soils
drainageways
Manassas Drainageways 2% C Poor suitability for infiltration
silt loam
(14)
Glenville silt  Drainageways 1% C Poor suitability for infiltration
loam (10) and footslopes
Penn fine Hilltops 1% ?7? Suitable for infiltration except
sandy loam for areas of shallow bedrock
(67)
Table A.14 — Soils, Little Difficult Run
. . . Percent of Hydrologic , .
Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 57% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Meadowville  Drainageways 10% B Poor suitability for infiltration
silt loam (20) and footslopes
Manor silt Sloping uplands 7% B Suitable for infiltration; highly
loam (21) susceptible to erosion
Glenville silt  Drainageways 7% C Poor suitability for infiltration
loam (10) and footslopes
Chewacla Floodplains and 6% C Water table within 1.5 feet of
silt loam (2)  terraces surface; hydric in low areas
adjacent to
active stream
channels
Mixed Floodplains and 5% NA Water table within 2.5 feet of
Alluvial (1) drainageways surface; hydric soils
Elioak silt Hilltops 2% C Suitable for infiltration; highly
loam (24) susceptible to erosion
Rocky Acidic  Occurs with 2% NA Bedrock within 0-6 feet of
(18) outcrops and surface
surface
boulders

A-9



Difficult Run Watershed Management Plan

Appendix A - Soil Descriptions

. . . Percent of Hydrologic . ,

Soil Series Location Subwatershed Soil Group Drainage Properties
Wehadkee Within <1% D Water table within 0.5 feet of
silt loam (5)  floodplains surface; predominantly hydric
Penn fine Hilltops <1% NA Suitable for infiltration except
sandy loam for areas of shallow bedrock
(67)

Table A.15 — Soils, Angelico Branch

: : . Percent of Hydrologic . ,

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 31% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Manor silt Sloping 19% B Suitable for infiltration; highly
loam (21) uplands susceptible to erosion
Glenville silt Drainageways 8% C Poor suitability for infiltration
loam (10) and footslopes
Mixed Alluvial ~ Floodplains 8% NA Water table within 2.5 feet of
(1) and surface; hydric soils

drainageways
Elioak silt loam Hilltops 8% C Suitable for infiltration; highly
(24) susceptible to erosion
Lloyd loam Hilltops 8% NA Moderate permeability;
(66) favorable for most uses
Meadowville Drainageways 7% B Poor suitability for infiltration
silt loam (20) and footslopes
Rocky Orange  Hilltops and 5% NA Plastic clays; poor suitability
silt loam (141)  sideslopes for infiltration

Table A.16 — Soils, South Fork Run

: , . Percent of Hydrologic : :

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 55% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Meadowville Drainageways 12% B Poor suitability for infiltration
silt loam (20)  and footslopes
Manor silt Sloping uplands 8% B Suitable for infiltration; highly
loam (21) susceptible to erosion
Mixed Alluvial ~ Floodplains and 7% NA Water table within 2.5 feet of
(1) drainageways surface; hydric soils
Glenville silt Drainageways 5% C Poor suitability for infiltration
loam (10) and footslopes
Chewacla silt  Floodplains and 4% C Water table within 1.5 feet of
loam (2) terraces surface; hydric in low areas

adjacent to

active stream

channels
Elioak silt Hilltops 3% C Suitable for infiltration; highly
loam (24) susceptible to erosion
Penn fine Hilltops 2% NA Suitable for infiltration except
sandy loam for areas of shallow bedrock
(67)
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Table A.17 — Soils, Rocky Branch
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. : . Percent of Hydrologic . .

Soil Series Location Subwatershed  Soil Group Drainage Properties
Glenelg silt Hilltops and 28% B Suitable for infiltration;
loam (55) sideslopes highly susceptible to erosion
Glenville silt Drainageways and 9% C Poor suitability for infiltration
loam (10) footslopes
Meadowville Drainageways and 8% B Poor suitability for infiltration
silt loam (20) footslopes
Enon silt loam  Hilltops and 7% C Plastic clays; poor suitability
(69) sideslopes for infiltration
Elioak silt loam  Hilltops 7% C Suitable for infiltration;
(24) highly susceptible to erosion
Manor silt loam Sloping uplands 6% B Suitable for infiltration;
(21) highly susceptible to erosion
Orange silt Hilltops and 5% D Shallow perched water
loam (59) sideslopes table; plastic clays
Chewacla silt Floodplains and 5% C Water table within 1.5 feet
loam (2) terraces adjacent of surface; hydric in low

to active stream areas
channels
Rocky Acidic Occurs with 3% NA Bedrock within 0-6 feet of
(18) outcrops and surface
surface boulders
Mixed Alluvial Floodplains and 2% NA Water table within 2.5 feet
(1) drainageways of surface; hydric soils
Average Elbert Drainageways and 2% NA Poor suitability for
& Orange footslopes infiltration; plastic clays;
(152) hydric soils
Lloyd loam Hilltops 1% NA Moderate permeability;
(66) favorable for most uses
Rocky Orange  Hilltops and <1% NA Plastic clays; poor suitability
silt loam (141)  sideslopes for infiltration
Table A.18 — Soils, Upper Difficult Run
, . . Percent of Hydrologic . :

Soil Series Location Subwatershed Soil Group Drainage Properties
Glenelg silt Hilltops and 38% B Suitable for infiltration; highly
loam (55) sideslopes susceptible to erosion
Manor silt Sloping 11% B Suitable for infiltration; highly
loam (21) uplands susceptible to erosion
Meadowville  Drainageways 10% B Poor suitability for infiltration
silt loam (20)  and footslopes
Chewacla silt  Floodplains 9% C Water table within 1.5 feet of
loam (2) and terraces surface; hydric in low areas

adjacent to

active stream

channels
Orange silt Hilltops and 6% D Shallow perched water table;
loam (59) sideslopes plastic clays
Elioak silt Hilltops 6% C Suitable for infiltration; highly
loam (24) susceptible to erosion
Glenville silt Drainageways 5% C Poor suitability for infiltration
loam (10) and footslopes
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, . . Percent of Hydrologic . ,

Soil Series Location Subwatershed Soil Group Drainage Properties
Mixed Alluvial Floodplains 3% NA Water table within 2.5 feet of
(1) and surface; hydric soils

drainageways
Enon silt Hilltops and 2% C Plastic clays; poor suitability
loam (69) sideslopes for infiltration
Average Drainageways 2% NA Poor suitability for infiltration;
Elbert & and footslopes plastic clays; hydric soils
Orange (152)
Rocky Acidic  Occurs with 1% NA Bedrock within 0-6 feet of
(18) outcrops and surface
surface
boulders
Lloyd loam Hilltops 1% NA Moderate permeability;
(66) favorable for most uses
Wehadkee Within 1% D Water table within 0.5 feet of
silt loam (5) floodplains surface; predominantly hydric
Worsham silt  Lower <1% D Water table within 0.5 feet of
loam (8) drainageways, surface; hydric
toe slopes
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Appendix B — Land Use Mapping and
Impervious Procedure

Land Use
Existing Land Use

Fairfax County maintains a parcel database file containing existing land use information and
zoning categories for approximately 330,000 parcels, of which approximately 28,000 are
within the Difficult Run Watershed. Each parcel has been assigned an existing land use
code out of over 200 such numeric codes defined for the County.

In order to develop hydrologic and subsequent hydraulic models for the Difficult Run
Watershed, land uses were grouped in accordance with standards developed for the
Countywide Watershed Management Program. These generalized land uses group specific
zoning designations based on consideration of impervious area. KCI subsequently reviewed
the categories, then made adjustments to classify the data even further to include three
additional new land use categories (golf course, institutional, and water). The groupings
utilized in this plan are depicted in Table B.1.

Table B.1: Generalized Land Use Categories

Land Use Code Description

Open Space (O] Parkland, privately owned open space, and vacant
developable land. Extensive parking areas or buildings
associated with parkland are included as LIC.

Golf Course GC Open space associated with golf courses.

Estate-Residential ESR  Single-family detached homes with more than two acres
per residence.

Low-Density Residential LDR  Single-family detached homes with 0.5 to 2 acres per
residences.

Medium-Density Residential MDR  Single-family detached homes with less than 0.5 acres
per residence and attached multifamily residential with
fewer than eight dwelling units per acre.

High-Density Residential HDR  Single-family and multifamily residential with more than
eight dwelling units per acres.

Institutional INS Facilities open to the public, including churches, schools,
libraries and county office buildings.

Low-Intensity Commercial LIC Office parks and commercial facilities developed in a
campus-like setting. Also includes private recreational
facilities such as swim clubs, tennis clubs, and buildings
and parking associated with golf courses and parkland.

High-Intensity Commercial HIC Highly impervious commercial and office uses, including
office complexes, shopping centers, strip malls,
automobile dealerships and restaurants.

Industrial IND Industrial land use and industrial parks.

Water WAT Open water, lakes and ponds
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Transportation right-of-way acreage was estimated by summing the acreage within a
subwatershed that was not included in a parcel, and thus not assigned a land use category.
Transportation land use is intended to include the roads and the land set aside on each side
of the road for utilities, road improvements, etc.

It is important to estimate the transportation and water categories so as to measure the
impacts of impervious surfaces on aquatic systems. Although golf courses are pervious by
nature, runoff characteristics may be different than other open space.

Minor changes were made to the parcel-based land use map to improve the representation
of land cover in the watershed. These changes included:

« Joining condominium parcels with the commonly owned areas, which were not
coded in the parcel-based map.

« Splitting large parcels with two distinct land uses. For example, a large regional park
which would have been coded Institutional, was split into Open Space for the
undeveloped portion and Institutional for the portion with buildings, parking lots, and
recreational facilities.

« Updating land use to the most current (2002) aerial photography.
Future Land Use

The parcel database file was also used to categorize future land use information for the
Countywide Watershed Management Program. Each parcel was assigned a planned land
use code as guided by the County’s Comprehensive Plan and Map. There were 47 planned
land use categories and 1 unclassified category.

KCI used the existing land use map as the base map for future land use. In many cases, the
planned land uses corresponded roughly to the zoning for the same parcels. The actual
zoning layer was also used and spatially joined to the planned land use layer (67 zoning
codes and 1 unclassified description code). Where the planned land use and the zoned land
use differed, the classification that provided the greatest density was used. Finally, the same
grouping of standard land use classes were utilized in identifying and categorizing future
land uses as were used in identifying existing land uses.

Within the boundaries of the Reston community, however, all parcels received a land use
designation called “AVRES”. The Reston Master Plan, developed in 1961, controls existing
and future land use in the community. KCI updated the “AVRES” code in Reston to reflect
the planned land use designation for the parcels in Reston, reflecting the amended Reston
Master Plan (1989).

A comparison of existing and future land use designations showed inconsistencies between
existing and future land use. For example, some parcels were classified as developed in
the existing land use file and as open space in the future land use file. A closer review of the
existing land use file showed that many of these parcels were buffers along commercial or
residential uses but were classified as developed. Since these were shown as separate
parcels in the base map, KCI assumed that these were set-aside requirements of open
space for a subdivision or development.

As an exception, there were 23 records where 173 acres changed from a light-intensity
commercial land use in existing to open space in the future land use layer. These records
were parcels that were developed recreational areas that include basketball courts, tennis
courts, etc. and associated parking. They should remain as a light-intensity commercial use
for estimating the impervious surface, not as open space.
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KCI compared the existing land use to the future land use in each parcel found in the
watershed. Land use changes occurred in approximately 3,900 of the total records. A new
field in the watershed database was created to show the change. If there was a land use
change that suggested an unrealistic scenario, KCl made an adjustment after discussions
with County staff. For example, if a higher-intensity use in the existing land use coverage
shifted to a lower-intensity use in the future land use. KCI determined that this change was
unrealistic given Fairfax County’s growth trends. Table B.2 illustrates some of these
situations. For 35 parcels (~42 acres), there was no future land use code assigned. In this
instance, KCI looked at each parcel individually with the 2002 orthophotography and the
existing land uses to recommend the best future land use for the parcel. In most cases,
these parcels were very small and the future land use remained the same as the existing

land use.

Table B.2 Initial and Final Changed Land Uses

Initial Changed Land Final Changed Land

Use (Existing —

Use (Existing —

Initial Changed Land Final Changed Land

Use (Existing —

Use (Existing —

Future) Future) Future) Future)
ESR-HIC ESR-ESR IND-ESR IND-IND
ESR-UNKNOWN ESR-ESR IND-LDR IND-IND
GC-ESR GC-GC IND-LIC IND-IND
GC-MDR GC-GC IND-MDR IND-IND
GC-0S GC-GC LDR-ESR LDR-LDR
HDR-ESR HDR-HDR LDR-IND LDR-LDR
HDR-IND HDR-MDR LDR-UNKNOWN LDR-LDR
HDR-LDR HDR-HDR LIC-ESR LIC-LIC
HDR-LIC HDR-HDR LIC-HDR LIC-LIC
HDR-MDR HDR-HDR LIC-LDR LIC-LIC
HDR-OTHER HDR-HDR LIC-UNKNOWN LIC-LIC
HDR-UNKNOWN HDR-HDR MDR-ESR MDR-MDR
HIC-ESR HIC-HIC MDR-LDR MDR-MDR
HIC-HDR HIC-HIC MDR-UNKNOWN MDR-MDR
HIC-LDR HIC-HIC OS-OTHER 0S-0S
HIC-LIC HIC-HIC OS-UNKNOWN 0S-0S
HIC-MDR HIC-HIC WAT-ESR WAT-WAT
HIC-OTHER HIC-HIC WAT-LDR WAT-WAT
HIC-UNKNOWN HIC-HIC WAT-0OS WAT-WAT

Imperviousness

Existing Impervious Surface

Existing impervious area was estimated using planimetric roadway and building data. This
provided an accurate measure of what surfaces were actually on the ground. In calculating
the imperviousness, no distinction was made between connected and disconnected

imperviousness.

Fairfax County 1997 planimetric data was used as the base layer. This layer included major
and minor roadways in addition to building footprints. The layer was plotted on the 2002
orthophotography and any newly developed buildings, roadways, and parking lots were

added.
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The impervious areas for residential driveways and sidewalks were estimated. To estimate
the total impervious surface area for sidewalks, the total sidewalk length was divided by 2
then multiplied by an assumed width of 4 feet to estimate the total area. For estate
residential (ESR), low-density residential (LDR), and medium-density residential (MDR) land
uses, driveways were added by creating a driveway factor. This factor was developed by
sampling over 1000 acres across the three land uses. Driveways in the sampling areas
were delineated and the ratio of driveway area to overall sample area was estimated. The
values derived were ESR=3.2 percent, LDR=4.1 percent, and MDR=4.7 percent,
respectively. These factors were then applied across the watershed by first multiplying the
factor by the area and then adding that additional area to the total impervious area.
Driveways for high-density residential and non-residential uses were not estimated.

Future Impervious Surface

Future imperviousness was estimated using a combination of planimetric mapping and an
imperviousness factor based on land use. For areas of the watershed where no change was
forecast, the imperviousness was calculated based on planimetric mapping, the same as
with existing land use.

The impervious area for the areas that where land use was forecast to change were
estimated by replacing the existing impervious area with the result of applying a proposed
land use percentage to the changing area for each proposed land use. The proposed land
use imperviousness percentage was estimated from the GIS data by measuring the
impervious area in a sample of 10 percent of each type of land use. Average values were
then estimated for each land use as shown in Table B.3.

Table B.3 Average Impervious Values for Land Use

Future
Land Use Imperviousness
ESR 4.8%
HDR 33.4%
HIC 66.0%
IND 39.8%
LDR 14.6%
LIC 20.7%
MDR 19.5%

The updated impervious percentages for each catchment shown in Table B.3 were
determined by calculating the weighted average of the catchment imperviousness for each
subwatershed. There is a general increasing trend from existing to future imperviousness
with some minor reductions, which could be caused by the method used in the estimation of
the proposed land use impervious percentage. Existing imperviousness was estimated from
an individualized catchment approach while the proposed imperviousness was estimated
based on averages through out the whole watershed. It was found that imperviousness
might vary depending on the spatial location in the watershed for the same land use.
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Appendix C — Master Plan Drainage Projects

The current drainage plan for Fairfax County consists of projects derived from multiple
sources including a 1978 report completed by Parsons, Brinckerhoff, Quade & Douglass,
the Regional Pond Plan completed in 1988, citizen drainage complaints, maintenance
problems and local drainage studies. The County maintains a database of drainage projects
identified from these sources. This appendix summarizes this database by subwatershed for
the entire Difficult Run Watershed and indicates the recommended disposition of these older
planned projects. The recommendations are generally one of the following:

1. Replace the old project with new project number DFXXXX. In most cases the scope
has been modified or expanded from the old project scope.

2. Consider project deletion based on SPA data. Further field verification should be
conducted prior to formal project deletion.

3. Candidate Site XXX. These sites were evaluated but determined to be less critical
than other project locations. The old project should remain in the master drainage
program; however, the sites should be reevaluated in 5 to 10 years.

Regional Pond alternatives. See Table 5.2 for additional information.

Project to be considered for possible VDOT implementation. Additional coordination
with the Fairfax County and Virginia Departments of Transportation will be
conducted.

The master plan drainage projects tables and status are derived directly from the Fairfax
County database (current as of February 2004). Additional information for the project
description and the location were taken from the Parsons, Brinckerhoff, Quade & Douglass
report completed in 1978 (PBQD, 1978) where applicable. Regional Pond locations are
based on the GIS layer provided by Fairfax County with location descriptions indicating a
nearby road.

STATUS refers to the current status of the project, as follows:
| = Inactive (Not an active funded County project)
A = Active County project, partially funded
A1 = Active County project, fully funded
MAP_NO is a reference to the project's location and is also used as an identifier.
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SUBSHED STATUS |PROJECT MAP_NO |DISPOSITION
DESCRIPTION

Angelico I REGIONAL POND D51 [DF051 Deferred with alternative projects

Branch DF9051D - DF9051E.

Angelico I RAISE RD RPL DF511 Not a candidate site based on hydraulic

Branch BRIDGE HUNTER MIL modeling. Further field verification
required.

Angelico I ADD CULV @ EAST DF512 Not a candidate site based on hydraulic

Branch HUNTER RD modeling. Further field verification
required.

Captain Hickory I REGIONAL POND D05 |DF005 Deferred with alternative project

Run DF9005B

Captain Hickory I REGIONAL POND D06 |[DF006 Recommended for deletion with no

Run alternative projects required.

Captain Hickory I REGIONAL POND D07 (DF007 Deferred with alternative projects

Run DF9007A - DF9007D.

Captain Hickory I STREAM STABIL @ DF221 Not a candidate site based on SPA data.

Run MILL RUN RD Further field verification required.

Captain Hickory I STREAM STABIL @ DF222 Not a candidate site based on SPA data.

Run MANNING ST Further field verification required.

Captain Hickory I STREAM STABIL @ DF223 Outfall stabilization with DF9007A.

Run WALKER RD Consider deleting stream project based
on SPA data. Further field verification
required.

Captain Hickory I LOWER INVERT & RPL |DF431 Not a candidate site based on hydraulic

Run cuLv modeling. Further field verification
required.

Captain Hickory I RPL CULV @ OLD DF432 Not a candidate site based on hydraulic

Run GEORGETOWN PIKE modeling. Further field verification
required.

Colvin Run A1 REGIONAL POND D14 [DF014 Deferred with alternative project
DF9014A

Colvin Run Al REGIONAL POND DF1151 Recommended for deletion with no
alternative projects required.

Colvin Run A1 STREAMBANK DF253 Stream restoration project DF92135

PROTECTION

Colvin Run I REGIONAL POND D12 |DF012 Deferred with alternative project
DF9012.

Colvin Run I REGIONAL POND D13 |DF013 Recommend deletion of the proposed
regional pond and implementation of
alternative projects DF9013 - DF9013A.

Colvin Run I REGIONAL POND D16 |DF016 Recommended for deletion with no
alternative projects required.

Colvin Run I STREAM STAB @ DF251 Stream restoration project DF9213

HUNTER MILL RD
Colvin Run I STREAM STABIL DF252 Stream restoration project DF9213
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SUBSHED STATUS |PROJECT MAP_NO [DISPOSITION
DESCRIPTION
Colvin Run I STREAM STABIL @ DF261 Not a candidate site based on SPA data.
NORTH SHORE DR Probable project by Reston Association.
Further field verification required.
Colvin Run I STREAM RESTOR & |DF262 Not a candidate site based on SPA data.
STABIL Potential project by Reston Association.
Further field verification required.
Colvin Run I RAISE RD/RPL DF451 DF9440 to be considered for possible
BRIDGE HUNTER MIL VDOT implementation.
Difficult Run, I REGIONAL POND D09 (DF009 Deferred with alternative projects
Lower DF9009A - DF9009B.
Difficult Run, I REGIONAL POND D10 |DF010 Deferred with alternative projects
Lower DF9010A - DF9010D.
Difficult Run, I REGIONAL POND D76 |DF076 Recommend implementation of a
Lower reduced-size or modified regional pond
and projects DF9076A - DF9076B
Difficult Run, I STREAM STABIL @ DF201 Not a candidate site based on SPA data.
Lower OLD GEORGETOWN Further field verification required.
Difficult Run, I STREAM STABIL @ DF211 Stream restoration project DF9289
Lower MILL RUN DR
Difficult Run, I STREAM STABIL @ DF212 Stream restoration project DF9285
Lower COLVIN RUN RD
Difficult Run, I RAISE RD @ OLD DF401 Not a candidate site based on hydraulic
Lower GEORGETOWN PIKE modeling. Further field verification
required.
Difficult Run, C REGIONAL POND D52 |DF052 Completed, but recommended for retrofit
Middle project DF9122 along with upstream
culvert retrofits DF9522 A-D and
DF9555A-B.
Difficult Run, I REGIONAL POND D11 |DF011 Deferred with alternative projects
Middle DF9011A and DF9011C.
Difficult Run, I RAISE RD & ADD CULV|DF501 DF9429 to be considered for possible
Middle BROWNS MIL VDOT implementation.
Difficult Run, I RAISE RD/RIP DF502 Not a candidate site based on hydraulic
Middle RAP/RPL CULV modeling. Further field verification
required.
Difficult Run, I REGIONAL POND D32 |DF032 Recommend deletion of the proposed
Upper regional pond and implementation of
alternative projects DF9032A-B.
Difficult Run, I REGIONAL POND D33 |DF033 Recommend deletion of the proposed
Upper regional pond and implementation of
alternative project DF9033.
Difficult Run, I REGIONAL POND D34 |DF034 Recommend deletion of the proposed
Upper regional pond and implementation of
alternative projects DF9034A-B.
Difficult Run, I REGIONAL POND D35 |DF035 Deferred with alternative projects
Upper DF9035A-B.
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SUBSHED STATUS |PROJECT MAP_NO [DISPOSITION
DESCRIPTION

Difficult Run, I REGIONAL POND D45 |DF045 Recommend retrofit project DF9045B

Upper and alternative projects DF9045A, D.

Difficult Run, I REGIONAL POND D59 |DF059 Recommend deletion of the proposed

Upper regional pond and implementation of
alternative projects DF9059A-C.

Difficult Run, I REGIONAL POND D72 |DF072 Deferred with alternative project

Upper DF9072A.

Difficult Run, I CHANNEL DF381 Stream restoration project DF9238

Upper IMPROVEMENTS

Difficult Run, I EXTEND RIP RAP DF392 Stream restoration project DF9245

Upper CHANNEL

Difficult Run, I 580' RAISE RD & RPL |DF591 DF9432 to be considered for possible

Upper CROSSING VDOT implementation

Difficult Run, I ADD CULV @ VALLEY |DF592 DF9434 to be considered for possible

Upper RD #14 VDOT implementation

Difficult Run, I RPL CULV/LOWER INV |DF593 Not a candidate site based on hydraulic

Upper WAPLES MILL modeling. Further field verification
required.

Dog Run I REGIONAL POND D01 |DF001 Deferred with alternative projects
DF9051B - DF9051D.

Dog Run I LOWER INVERT & RPL |DF441 Not a candidate site based on hydraulic

CcuLv modeling. Further field verification

required.

Little Difficult I REGIONAL POND D23 |DF023 Recommend deletion of the proposed

Run regional pond and implementation of
alternative project DF9023A.

Little Difficult I REGIONAL POND D39 |DF039 Recommend deletion of the proposed

Run regional pond and implementation of
alternative projects DF9039A-B.

Little Difficult I REGIONAL POND D43 |DF043 Recommend deletion of the proposed

Run regional pond and implementation of
alternative projects DF9043A-C.

Little Difficult I REGIONAL POND D58 |DF058 Deferred with alternative projects

Run DF9058A-B.

Little Difficult I REGIONAL POND D61 |DF061 Deferred with alternative projects

Run DF9061A-D.

Little Difficult I REGIONAL POND D69 [DF069 Recommend deletion with no alternative

Run projects necessary.

Little Difficult I REGIONAL POND D71 |DF071 Recommend deletion with no alternative

Run projects necessary.

Little Difficult I CHANNEL/CULV DF351 Not a candidate site based on SPA data.

Run IMPROVEMENTS Further field verification required.

Little Difficult I STREAM DF361 Location not shown.

Run STABILIZATION

Little Difficult I RAISE RD & RPL DF541 DF9403 to be considered for possible

Run

BRIDGE

VDOT implementation

C-4




Difficult Run Watershed Management Plan
Appendix C — Master Plan Drainage Projects

SUBSHED STATUS |PROJECT MAP_NO |DISPOSITION

DESCRIPTION
Little Difficult I RAISE RD/RIP DF551 Not a candidate site based on hydraulic
Run RAP/RPL CULV modeling. Further field verification

required.

Little Difficult I RPL CULV @ STUART |DF552 Not a candidate site based on hydraulic

Run MILL modeling. Further field verification
required.

Little Difficult I RAISE RD & RPL CULV [DF553 Not a candidate site based on hydraulic

Run modeling. Further field verification
required.

Little Difficult I ENLARGE DF554 DF9416 to be considered for possible

Run CHANNEL/ADD CULV VDOT implementation.

Little Difficult I CULV @ FOX MILL DF555 DF9413 to be considered for possible

Run /DRAIN-BYPASS VDOT implementation.

Old Courthouse C REGIONAL POND D- |DF1107  |Completed, but recommended for retrofit

Spring Branch 107 project DF9157.

Old Courthouse I STREAM STABIL @ DF291 Not a candidate site based on SPA data.

Spring Branch WOLFTRAP PARK Probable project by Reston Association.
Further field verification required.

Piney Branch A1 FLOODPROOF HOUSE [DF701 Not included in watershed plan.

Piney Branch Al FLOOD PROTECTION |DF701 Not included in watershed plan.

Piney Branch I REGIONAL POND D27 |DF027 Recommend deletion of the proposed
regional pond and implementation of
alternative project DF9027A.

Piney Branch I REGIONAL POND D29 [DF029 Recommend implementation of a
reduced-size or modified regional pond
DF9029B, and alternative project
DF9065A.

Piney Branch I REGIONAL POND D73 [DF073 Recommend implementation of a
reduced-size or modified regional pond
DF9073C, and alternative projects
DF9073A-B.

Piney Branch I REGIONAL POND D74 |DF074 Deferred with alternative project
DF9074A.

Piney Run A REGIONAL POND D02 |DF002 Deferred with alternative project
DF9002A

Piney Run I REGIONAL POND D03 [DF003 Recommend implementation of a
reduced-size or modified regional
pond(DF9003AA).

Piney Run I REGIONAL POND D64 [DF064 Recommend implementation of a
reduced-size or modified regional pond
and projects DF9064A -DF9064C

Piney Run I RAISE WALKER RD & [DF433 DF9477 to be considered for possible

RPL CROSSING VDOT implementation.
Piney Run I RAISE RD & RPL DF434 DF9467B to be considered for possible

BRIDGE

VDOT implementation.
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SUBSHED STATUS |PROJECT MAP_NO |DISPOSITION
DESCRIPTION

Rocky Branch A REGIONAL POND D30 [DF030 Recommend implementation of
alternative projects DF9030A-B.

Rocky Branch I REGIONAL POND D31 |DF031 Deferred with alternative projects
DF9031A-C.

Rocky Branch I REGIONAL POND D36 [DF036 Recommend implementation of a
reduced-size or modified regional pond
DF9036A3.

Rocky Branch I STREAM STAB @ DF371 Not a candidate site based on SPA data.

MEREDITH DR Further field verification required.

Rocky Branch I STREAM STAB @ DF372 Candidate Site S128. Channel

MILLER RD recovering, no project identified. Re-
evaluate in 5 years.

Rocky Branch I RAISE RD/RPL CULV |[DF571 Not a candidate site based on hydraulic
modeling. Further field verification
required.

Rocky Branch I ADD CULV @ DF574 Not a candidate site based on hydraulic

MARBURY RD modeling. Further field verification
required.

Rocky Branch I RAISE RD/RIP DF575 Not a candidate site based on hydraulic

RAP/RPL CULV modeling. Further field verification
required.

Rocky Branch I ADD CULV @ MILLER |DF577 Not a candidate site based on hydraulic

RD modeling. Further field verification
required.

Rocky Branch I RPL CULV DF578 Not a candidate site based on hydraulic
modeling. Further field verification
required.

Rocky Run A1 200' STREAM STAB @ |DF275 Not a candidate site based on SPA data.

LEWINSVILLE Further field verification required.

Rocky Run C REGIONAL POND D67 |DF067 Completed, but recommended for
retrofit DF9121.

Rocky Run I REGIONAL POND D18 [DF018 Recommended for deletion with no
alternative projects required.

Rocky Run I REGIONAL POND D19 |DF019 Deferred with alternative project
DF9019A

Rocky Run I REGIONAL POND D20 (DF020 Recommended for deletion with no
alternative projects required.

Rocky Run I REGIONAL POND D21 [DF021 Recommended for deletion with no
alternative projects required.

Rocky Run I REGIONAL POND D66 |DF066 Deferred with alternative project
DF9066A

Rocky Run I STREAM STABIL @ DF271 Not a candidate site based on SPA data.

BROOK RD Further field verification required.
Rocky Run I STREAM STABIL @ DF273 Not a candidate site based on SPA data.

OVERLOOK RD

Further field verification required.
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SUBSHED STATUS |PROJECT MAP_NO |DISPOSITION
DESCRIPTION
Rocky Run I STREAM STABIL @ DF274 Candidate site S92. No project
DIXIE PLACE developed. Re-evaluate in 5 years.
Rocky Run I RAISE RD & RPL CULV [DF471 Candidate site F80 based on hydraulic
BELLVIEW modeling.
Rocky Run I ADD CULV @ BROOK |DF472 Not a candidate site based on hydraulic
RD #61 modeling. Further field verification
required.
Rocky Run I RIP RAP/RAISE DF473 Not a candidate site based on hydraulic
RD/RPL CULV modeling. Further field verification
required.
Rocky Run I LOWER INVERT & RPL |DF474 Not a candidate site based on hydraulic
CuLv modeling. Further field verification
required.
Snakeden I REGIONAL POND D24 |DF024 Deferred with alternative projects
Branch DF9024a and DF9024B2.
Snakeden I STREAM STAB @ OLD |DF332 Stream restoration DF9225 and cuvert
Branch TRAIL DR retrofit DF9523.
Snakeden I STREAM STAB @ DF333 Not a candidate site based on SPA data.
Branch CHARTERHOUSE CIR Potential project by Reston Association.
Further field verification required.
Snakeden I RIP RAP & RPL DF521 DF9411 to be considered for possible
Branch BRIDGE VDOT implementation.
South Fork Run A REGIONAL POND D40 |DF040 Deferred with alternative projects
DF9040A-E.
South Fork Run I REGIONAL POND D38 [DF038 Deferred with alternative projects.
South Fork Run I REGIONAL POND D41 [DF041 Recommend deletion of the proposed
regional pond and implementation of
alternative projects DF9041A.
South Fork Run I REGIONAL POND D79 |DF079 Deferred with alternative projects
DF9079A.
The Glade I STREAM RESTOR & |DF331 Not a candidate site based on SPA data.
STABIL Further field verification required.
Wolftrap Creek A UPGRADE POND DF106 Recommended for retrofit DF9133B.
Wolftrap Creek Al FLOOD PROTECTION [DF691 Not a candidate site based on hydraulic
modeling. Further field verification
required.
Wolftrap Creek I REGIONAL POND D17 (DF017 Recommend implementation of a
reduced-size or modified regional pond
DF9017A, and alternative project
DF9017B.
Wolftrap Creek I REGIONAL POND D28 [DF028 Deferred with alternative projects
DF9028A-C.
Wolftrap Creek I REGIONAL POND D54 [DF054 Recommend implementation of a

reduced-size or modified regional pond
DF9054B, and alternative project
DF9054A.
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SUBSHED STATUS |PROJECT MAP_NO |DISPOSITION
DESCRIPTION
Wolftrap Creek I REGIONAL POND D65 [DF065 Recommend implementation of a

reduced-size or modified regional pond
DF9065A, and alternative project
DF9065B.

Wolftrap Creek I STREAM STABIL DF281 Not a candidate site based on SPA data.
Further field verification required.
Wolftrap Creek I RAISE RD & RPL DF481 DF9428 to be considered for possible
BRIDGE VDOT implementation
Wolftrap Creek I RAISE RD & RPL CULV [DF491 Culvert retrofit DF9558.
OLD CRTHSE
Wolftrap Creek I RAISE RD & RPL CULV [DF492 Not a candidate site based on hydraulic

modeling. Further field verification
required.
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Appendix D — Stormwater Management
Facilities

Information on stormwater management facilities in the Difficult Run watershed was
provided by Fairfax County in the form of GIS shapefiles delivered in March 2004.

The shapefiles (privatefacilities4.shp and publicfacilities4.shp) showed the parcel containing
the BMP, along with the PIN number, subdivision or site development name, and address.

Table D.1 — Captain Hickory Run Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Oliver Estates, 790 Walker Road Wet Pond
Village Centre, 9903 Georgetown Pike Dry Pond
Forestville, 9825 Georgetown Pike Dry Pond
Public Facilities

Hickory Creek Estates, 906 Winstead Street Dry Pond
Great Falls Community Library, 9830 Georgetown Pike Dry Pond
Hickory Creek Sec 11a, 11b, 10109 Columbine Street Dry Pond

Table D.2 — Dog Run Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Landamerica Inc, 11501 Leesburg Pike Dry Pond
Dranesville, 11515 Leesburg Pike Manufactured BMP
Reston, Location From Map Wet Pond
Public Facilities

Seneca Gate, 11414 Georgetown Pike (Right) Dry Pond
Georgetown Manor Estates, 904 Falls Bridge Lane Dry Pond
Timberlake Estates North, Branton Lane (End) Dry Pond
Seneca Hills, 11418 Jordan Lane Dry Pond

Table D.3 — Piney Run Stormwater Management Facilities

Facility Location Facility Type
Private Facilities
Reston Pt. PCL 3, (in both public and private databases) Dry Pond
Mid Pike, 10701 Leesburg Pi Underground Facility
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Facility Location Facility Type
Pt Albert Jackson Wet Pond
Public Facilities
Fox Run (Formerly Clarendon Court), 10554 Fox Forest Dr Dry Pond
Great Falls Hunt Sec 2, 1103 Amanda Dr Dry Pond
Colvin Mill Gardens li, 1103 Colvin Mill Gt Dry Pond
RESTON SEC 71 Blks 4, 5, 1270 New Bedford La Dry Pond
Reston Sec 59 Blk 1,4 Pd 2, 1276 Golden Eagle Dr Dry Pond
Springvale Woods, 10613 Springvale Ct Dry Pond
Crippen’s Corner Pcl A Sec 1, 10850 Hunter Gate Wy (Near
Transco Gas Pipelines) Dry Pond
Brandermill, 1217 Tottenham Ct Dry Pond
Park Royal, 10010 Park Royal Dr Dry Pond
Crippen’s Corner Pcl A Sec 4, 1320 Murray Downs Wy
(Across) Dry Pond
Lexington Estates Sec 1 Reg, 10422 Artemel La Dry Pond
Reston Northern Sector Pd 1 Reg, 11301 Bright Pond La (in
both public and private databases) Dry Pond

Table D.4 — Lower Difficult Run Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Karloid Corp Prop, 9200 Leesburg Pi Wet Pond
Kenmore, 1260 Lyons St Wet Pond
Badr Prop, Colvin Road MB
Madeira School, 8328 Georgetown Pi TR
Public Facilities

Bradley Oaks Dry Pond
Locust Hill Sec 1 Dry Pond
Middleton Dry Pond
Locust Hill Sec 3 Dry Pond
Deep Glen Dry Pond
Deep Glen Dry Pond
Brick Mill Manor Sec 1 Pd A Dry Pond
Leigh Mill Commons Sec 2 Dry Pond
Leigh Mill Commons Sec 2 Dry Pond
Brick Mill Manor Sec 2 Pd B Dry Pond
Leigh Mill Commons Sec 2 Dry Pond
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Table D.5 — Sharpers Run Stormwater Management Facilities

Facility Location Facility Type

Private Facilities
Karloid Corporate Property, 9200 Leesburg Pike Wet Pond
Bryan Pond, 1010 Bryan Pond Ct Dry Pond
Table D.6 — Rocky Run Stormwater Management Facilities

Facility Location Facility Type
Private Facilities
Ashgrove, 1270 Woodside Drive Wet Pond

Madeira School, 8328 Georgetown Pike

Infiltration Trench

Chrysler Realty, 8608 Leesburg Pike

Underground Facility

Victor F Rinaldi, 8501 Tyco Rd

Underground Facility

Victor F Rinaldi, 8501 Tyco Rd

Rooftop Detention

Vincent J Dardin, 8595 Leesburg Pike Dry Pond
W Alvord Sherman, 8661 Leesburg Pike Dry Pond
Sugar Mill Meadow Wet Pond
Odricks Dry Pond
Tysons General, 1430 Spring Hill Rd Dry Pond

Mid Pike, 8400 Westpark Dr

Infiltration Trench

Greensboro, 8401 Greensboro Dr

Underground Facility

Ash Grove, 1552 Spring Hill Rd

Infiltration Trench

Mid Pike, 8448 Leesburg Pike

Underground Facility

Karloid Corp Prop, 9200 Leesburg Pike

Wet Pond

Mid Pike

Infiltration Trench

Mid Pike, 8590 Leesburg Pike

Rooftop Detention

Lewinsville, 8590 Leesburg Pike

Rooftop Detention

Security Storage, 8600 Leesburg Pike

Infiltration Trench

Public Facilities

Fire Station 29 (Tysons Corner) SWM
PULTE / Mclean 100 REG SWM POND D-67 Regional BMP
The Courts: Sec 1 SWM
Table D.7 — Colvin Run Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Reston, 11720 Sunset Hills Rd

Underground Facility

Reston, Sunset Hills Rd

Underground Facility

Reston Sec 909, 11257 Roger Bacon Dr

Underground Facility

Warner Prop, 1860 Clay La

Rooftop Detention
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Facility Location Facility Type
Reston, 1818 Wiehle Av Infiltration Trench
Badr Prop, Colvin Road Manufactured Bmp
Reston, 11728 Sunset Hills Rd Dry Pond
Reston, 1850 Samuel Morse Dr Dry Pond
Wiehle Lts 11 12, 1801 Old Reston Av Underground Facility
Reston, Association Drive And Sunrise Valley Drive
(Intersection) Dry Pond
Reston, 1825 Michael Faraday Dr Rooftop Detention
Reston, 1910 Association Dr Rooftop Detention
Reston, 1807 Michael Faraday Ct Rooftop Detention
Reston, 1825 Samuel Morse Dr Dry Pond
Paradigm Investmt, 1765 Business Center Dr Dry Pond
Reston, 12052 North Shore Dr Dry Pond
Reston, 11150 Sunset Hills Rd Underground Facility
Reston, 11251 Roger Bacon Dr Underground Facility
Reston, 11495 Sunset Hills Rd Rooftop Detention
Reston, 1441 Wiehle Av Dry Pond
Millard And, 10237 Leesburg Pi Dry Pond
Reston Sec 900, 11400 Commerce Park Dr Dry Pond
Reston, Presidents Street Underground Facility
Reston, 1900 Association Dr Underground Facility
Reston Pcl E1, 1943 Isaac Newtn Sq E Sand Filter
Reston, 11110 Sunset Hills Rd Dry Pond
Reston, 11979 North Shore Dr Infiltration Trench
Reston, 1831 Michael Faraday Dr Dry Pond
Reston, 1775 Wiehle Av Sand Filter
Reston, 11495 Commerce Park Dr Dry Pond
Lake Fairfax Busn, Business Center Drive Dry Pond
Reston, 1800 Michael Faraday Ct Infiltration Trench
Wiehle, 1856 Old Reston Av Wet Pond
Reston, 11111 Sunset Hills Rd Dry Pond
Reston, 11600 Sunrise Valley Dr Dry Pond
Reston, 1815 Sycamore Valley Dr Dry Pond
Bowman Tract, Sunset Hills Road @ Plaza America Drive Wet Pond
Reston Blk 2, Providence Circle Old English Drive North Shore
Drive Dry Pond
Jack And Robert, Becontree Lake Wet Pond
Seventeenth Comm, Salliemae Drive Wet Pond
Reston, No location noted Wet Pond
Public Facilities
Carpers Ridge, 1316 Millfarm Dr Dry Pond
Colvin’s Glen, 10112 Mill Wheel La Dry Pond
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Facility Location Facility Type

Colvin’s Glen Sec 2, 10296 Dunn Meadow Rd Dry Pond
Lake Fairfax Park Estates, 1389 Park Lake Dr Dry Pond
Equestrian Park, 10905 Pony Club Ct Dry Pond
Reston Sec 31 (Blk 9), 1608 Woodstock La (Rear) Dry Pond
Crippen’s Corner Pcl A Sec 4, 1320 Murray Downs Wy

(Across) Dry Pond
Reston Sec 19 Blk 4, North Shore Dr / Oak Spring Wy (See

Comments) Dry Pond

Table D.8 — Snakeden Branch Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Reston, 12184 Glade Dr Dry Pond
Reston, 1825 Samuel Morse Dr Dry Pond
Reston, 11110 Sunset Hills Rd Dry Pond
Reston, 1831 Michael Faraday Dr Dry Pond
Reston, 11091 Sunset Hills Rd Dry Pond
Reston, Parkridge Blvd Dry Pond
Reston, 11111 Sunset Hills Rd Dry Pond
Warner Prop, 1860 Clay La Rooftop Detention
Reston, Glade Dr Wet Pond
Reston, Sunset Hills Wet Pond
RESTON, no location given Wet Pond
RESTON, no location given Wet Pond
Reston, 2018 Soapstone Dr Wet Pond
Public Facilities

Reston SEC 22 Blks 2,3,4: Pd 2, 1863 Post Oak Tr Dry Pond
Sunnybrook Sec 1, 1824 Clovermeadow Dr Dry Pond
Reston Sec 86 Blk 2, 11918 Sentinel Point Ct Dry Pond
RESTON SEC 48 Blks 2,3, 11745 Middle Creek La Dry Pond

Table D.9 — The Glade Stormwater Management Facilities

Facility Location Facility Type
Private Facilities
Henry J Rolfs, 11900 Lawyers Rd Dry Pond
Reston, 2403 Reston Pw Infiltration Trench
Reston, Glade Dr Wet Pond

Public Facilities

Reston South Park & Ride Pd 1, Reston Pw: Opposite Fox Mill
Rd Dry Pond
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Table D.10 — Middle Difficult Run Stormwater Management Facilities

Facility Location Facility Type
Private Facilities
RESTON SEC 910, Parkridge Boulevard Wet Pond
Public Facilities
1796 HAWTHORNE RIDGE CT Dry Pond
1794 HAWTHORNE RIDGE CT Dry Pond

Table D.11 — Wolftrap Creek Stormwater Management Facilities

Facility Location Facility Type
Private Facilities
Tysons Square, 8212 Old Courthouse Rd Dry Pond
Worthington Hts, 1942 Old Gallows Rd Dry Pond
Centennial, Old Courthouse Rd Dry Pond
Wolf Trap, 1627 Trap Rd Dry Pond
Madrillon Farms, 8227 Old Courthouse Rd Dry Pond
Villa Loring, 8321 Old Court House Rd Dry Pond
South Tysons, Gallows Rd Dry Pond
Freedom Hill Farm, 1900 Gallows Rd Dry Pond
Madrillon Farms, 2001 Lord Fairfax Rd Dry Pond
Tysons Office Blg, 8133 Leesburg Pi Rooftop Detention
Woodford Mews, 8401 Old Courthouse Rd Rooftop Detention
Freedom Hill Farm, 1953 Gallows Rd Rooftop Detention
Freedom Hill Farm, 8320 Old Court House Rd Infiltration Trench
Villa Loring, 8301 Old Court House Rd Underground Facility
Freedm Hill Farm, 8217 Boone Bv Underground Facility
Woodford Mews, 8381 Old Courthouse Rd Underground Facility
Freedom Hill Farm, Gallows Road Underground Facility
Spring Lake, no location given Wet Pond
Shouse Village, 1432 Towlston Rd Wet Pond
Public Facilities
Woodford Oaks Sec 1 Underground Facility
Westwood Oaks Sec 1 Dry Pond
Wolftrap Creek Estates Dry Pond
Ashgrove Plantation Sec 3 Dry Pond
Wexford South Dry Pond
Majestic Knolls Dry Pond
West Creek Dry Pond
Ashgrove Plantation Sec 4 Dry Pond
Ashgrove Plantation Sec 1 Dry Pond
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Facility Location Facility Type
Saddlebrook / Lord Fairfax Dry Pond
Old Courthouse Subdivision Dry Pond
Williams Hill Dry Pond
Bailiwick Dry Pond
Monticello Of Tysons Dry Pond
Woodford Park Courts Dry Pond
Manors At Wolf Trap Pd 1 Dry Pond
Ciara Estates Dry Pond
Bluffs Of Wolf Trap Sec 1 Dry Pond
Kidwell Towns (Heritage Point Condos) Dry Pond
Towlston Meadow Sec 3 Pd 2 Dry Pond
Westwood Towns Dry Pond
Upper Wolftrap Creek Reg Pond Dry Pond
Towlston Meadow Sec 3 Pd 1 Dry Pond
Westwood Forest Dry Pond
Towlston Meadow Sec 1 Dry Pond
Spring Ridge Dry Pond

Table D.12 — Old Courthouse Spring Branch Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Sherman Property, 1592 Spring Hill Rd Dry Pond
Freedom Hill Farm, 8219 Leesburg Pi Dry Pond
Freedom Hill, 8300 Boone Bv Dry Pond
Westwood Corp Ctr, 8618 Westwood Center Dr Dry Pond
Mid Pike, 8433 Leesburg Pi Dry Pond
Vincent J Dardin, 8595 Leesburg Pi Dry Pond
W Alvord Sherman, 8595 Leesburg Pi Dry Pond
Capper Property, 8525 Leesburg Pi Dry Pond
Old Courthouse, 2087 Chain Bridge Rd PI

Freedom Hill, 2063 Chain Bridge Rd

Rooftop Detention

Woodford Mews, 8401 Old Courthouse Rd

Rooftop Detention

Tycon Dev Prop, 2070 Chain Bridge Rd

Rooftop Detention

Tysons Corner, 8500 Tyspring St

Rooftop Detention

Near Ash Grove, 8925 Leesburg Pi

Rooftop Detention

Old Courthouse, 2081 Chain Bridge Rd Sand Filter
Tysons Corner, 8342 Leesburg Pi Sand Filter
Property Of, 8205 Watson St Sand Filter
Leasco Office, 1707 Goodridge Dr Sand Filter
Aal Partnership, 8545 Leesburg Pi Sand Filter
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Facility Location

Facility Type

Tysons Corner, 8359 Leesburg Pi

Sand Filter

Freedom Hill Farm, 8320 Old Court House Rd

Infiltration Trench

Mid Pike, 8400 Westpark Dr

Infiltration Trench

Old Courthouse, Old Courthouse Road

Underground Facility

Freedom Hill Farm, 8221 Leesburg Pi

Underground Facility

Freedom Hill Farm, 2071 Chain Bridge Rd

Underground Facility

Westwd Corp Cntr, 8609 Westwood Center Dr

Underground Facility

Leasco Office, 1710 Saic Dr

Underground Facility

Leasco Office, 8251 Greensboro Dr

Underground Facility

Freedom Hill Farm, 8229 Boone Bv

Underground Facility

Leasco Office, 8401 Westpark Dr

Underground Facility

Leasco Office Pk, Greensboro Dr

Underground Facility

Property Of, 1600 Spring Hill Rd

Wet Pond

Public Facilities

Tysons West Unit 2

Underground Facility

Tysons West Unit 1

Underground Facility

Carter’s Green Dry Pond
Hearthstone Courts Dry Pond
Monticello Of Tysons Dry Pond
Westwood Towns Dry Pond
Amberwood Dry Pond
Carrington Sec 1a Reg Pond Dry Pond
Pulte / Mclean 100 Reg Swm Pond D-67 Dry Pond
Table D.13 — Piney Branch Stormwater Management Facilities
Facility Location Facility Type

Private Facilities

Holly Hills, 9616 Brookmeadow Dr

Infiltration Trench

Public Facilities

Stark’s Crossing Dry Pond
Full Cry Farm Dry Pond
Hawthorne Pd 2 Dry Pond
Chestnut Farm Pd A Dry Pond
Hawthorne Pd 1 Dry Pond
Hunter Mill Forest Dry Pond
Hawthorne Estates Sec 1 Dry Pond
Wendover Sec 3 Dry Pond
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Table D.14 — Little Difficult Run Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Navy, 12523 Lawyers Rd Dry Pond
Moneys Corner Wet Pond
Public Facilities

Crossfields Dry Pond
Dogwood Knolls Pd A Dry Pond
Reston South Park & Ride Pd 1 Dry Pond
Dogwood Knolls Pd B Dry Pond
Stuarts Mill Woods Sec 1 Dry Pond
Myterra Pd 2 Dry Pond

Table D.15 — Angelico Branch Stormwater Management Facilities

Facility Location Facility Type

Public Facilities

Hunters Valley Sec 2, Minchew’s Dry Pond

Table D.16 — South Fork Run Stormwater Management Facilities

Facility Location Facility Type

Private Facilities

Piney Ridge, 12113 Vale Rd Dry Pond
Vale Spring Woods, 11424 Vale Spring Dr Wet Pond
Public Facilities

Hunt Valley Estates Sec 2 Dry Pond
Bennett Farms Dry Pond
Fairwinds Sec 1 Dry Pond
Fox Den Sec 3 Dry Pond
West Ridge Dry Pond
Tilton Valley Estates Sec 1 Dry Pond
Pine Oaks Pd 2 Dry Pond
Fox Den Sec 1 Dry Pond
Pine Oaks Pd 1 Dry Pond
Clarke’s Landing Sec 2 Dry Pond
Fox Vale Sec 6 Dry Pond
Hickory Hills lii Sec 1 Dry Pond
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Table D.17 — Rocky Branch Stormwater Management Facilities

Facility Location Facility Type
Private Facilities
Oakton, 2960 Chain Bridge Rd Dry Pond
Flint Hill, Jermantown Rd @Rosehaven Str Dry Pond
Windsong West, 3115 Windsong Dr Dry Pond
Oakton, 2863 Hunter Mill Rd Dry Pond
Flint Hill, 10530 Rosehaven St Dry Pond
Glenn A R Et Ux, 3012 Chain Bridge Rd Dry Pond
Oakton, 2911 Hunter Mill Rd Infiltration Trench
Prop Of Unity Of, No Further Location Infiltration Trench
Oakton Profesnl, 2915 Hunter Mill Rd Underground Facility
Oakton, 2869 Hunter Mill Rd Underground Facility
Oak Marr Courts, Elmendorf Dr (Behind ) Wet Pond
Lake Ridge, Lake Ridge Dr Wet Pond
Miller Heights, Melanie Lane Wet Pond
Broyhills Addn, No Further Location Wet Pond
Lakevale Estates, 2556 Oak Valley Dr Wet Pond
Public Facilities
Oakden Pd 2 Dry Pond
Oakton Grove Ph 2 Pd 1 Dry Pond
Hidden Place Dry Pond
Oakton Grove Ph 2 Pd 2 Dry Pond
Hunting Hills (Sec 2) Dry Pond
Oakborough Square Dry Pond
Windsong Pd A Dry Pond
Wyant Property (English Oaks) Dry Pond
Weber Property Dry Pond
Linhill Park Dry Pond
Oakton Hills Estates Dry Pond
Avon Park, Pitrelli's Addition Dry Pond
Windsong West Pd 1 Dry Pond
Oakton Glen Sec 1 Dry Pond
Courthouse Commons Pd 1 Dry Pond
Hickory Hollow Forest Dry Pond
Oakcrest Farms Sec 1 Dry Pond
Oakton Mill Estates Sec1 (Sec?2) Dry Pond
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Table D.18 — Upper Difficult Run Stormwater Management Facilities

Facility Location Facility Type
Private Facilities
Lee Hy, 11342 Lee Hy Wet Pond
Lee Hy, 11342 Lee Hy Wet Pond
Prop Of Hdgtrs, 11351 Random Hills Rd Dry Pond
John F Swart Prop Wet Pond
John F Swart Prop, 11320 Random Hills Rd Underground Storage
Prop Of Hdgtrs, 11351 Random Hills Rd Dry Pond
Post Forest, 4325 Cedar Forest Dr Dry Pond
Prop Of Centennal, Jefferson Oaks Circle Underground Storage
Homestead Village SF
Homestead Village SF
Prop Of Centennal, Jefferson Oaks Circle Underground Storage
Waples Mill, 11242 Waples Mill Rd Dry Pond
Rinaldi Vetter, 11244a Waples Mill Rd TR

Riverlee Springs, 4114 Legato Rd

Underground Storage

Pender, Legato Rd

Underground Storage

Pt Of Prop Of, 11250 Waples Mill Rd

Underground Storage

Penderbrook, Pender Ave Wet Pond
Penderbrook, Pender Ave Wet Pond
Pender Business, Pender Dr Wet Pond
Pender, Legato Rd Underground Storage
FAIRFX ASSOCIATES, Along Rt. 50 Next To Fair Oaks Shop Ctr Wet Pond
Pender, Legato Road Underground Storage
Fox Heritage, Lake Edge Way Wet Pond
Fox Heritage, Lake Edge Way Wet Pond
Vale Wet Pond
Vale Wet Pond
Berryland Farm Wet Pond
Difficult, 10922 Vale Rd Wet Pond
Public Facilities

Fx Co Boys Probation Home Pd 1 Dry Pond
Fx Co Boys Probation Home Pd 2 Dry Pond
Fairfax Ridge Dry Pond
Glen Alden Sec 1 Dry Pond
Fx Co Landbay D Ph2 Pd 6 Dry Pond
Fx Co Landbay D Ph 2 Pd 6 Dry Pond
Fx Co Landbay D Ph 1 Pd 5 Dry Pond
Fx Co Landbay D Ph 1 Pd 5 Dry Pond
Fx Co Landbay D Ph 1 Pd 5 Dry Pond
Ridge Top Terrace Pd 2 Dry Pond
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Facility Location Facility Type
Ridge Top Terrace Pd 2 Dry Pond
Smc Penderbrook Dry Pond
Waples Mill Estates Sec 1 Dry Pond
Waples Mill Estates Sec 1 Dry Pond
Mill Run Crossing Sec 1 Dry Pond
Penderbrook Dry Pond
Waples Mill Estates Sec 1 Dry Pond
Penderbrook Dry Pond
Tattersall Sec 2 Dry Pond
Penderbrook Dry Pond
Waples Mill Estates Sec 1 Dry Pond
Waples Mill Estates Sec 9 Pd2 Dry Pond
Hanna’s Run / Valewood Manor Sec 4b Dry Pond
Waples Mill Estates Sec 9 Pd1 Dry Pond
Waples Mill Estates Sec 7 Dry Pond
Foxwood Sec 2 Dry Pond
Cinnamon Ridge Sec 1 Pd 2 (Sec 1a) Dry Pond
Cinnamon Ridge Sec 1 Pd 1 Dry Pond
Wynbern Dry Pond
Hunters Valley North Pd 3 Dry Pond
Aryness J. Wickens, Property Of Dry Pond
Hunters Valley North Pd 2 Dry Pond
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Appendix E — Watershed Modeling Procedure

The Difficult Run hydraulic and hydrologic are simulated by using two models: SWMM and
HECRAS. SWMM is used to estimate flows and pollutant loads for each one of the 202
catchments (over 58 square miles in total) through over 83 miles of channels connected at
314 nodes and through over 300 on site BMPs. Flows from SWMM are used in the
HECRAS model to simulate the routing of the stream flow, through the 83 miles of channel
plus 90 hydraulic crossing structures. A description of the procedures that are used setting
up both models follows.

The hydrologic, hydraulic, and water quality modeling for Difficult Run is performed to
reproduce the current conditions and to estimate the planned conditions of future
development. The County of Fairfax Department of Public Works and Environmental
Services Stormwater Planning Division provided Technical Memorandum No. 3, Stormwater
Model and GIS Interface Guidelines, June 2003 that were follow in the SWMM setup
process. Water quality modeling is based on the report prepared by AMEC Earth &
Environmental, Inc. and Limno-Tech, Inc., Development of SWMM Water Quality Model
Inputs for Fairfax County, Virginia, March 2004. The objectives of both the present and the
future conditions models are to evaluate the following:

e Existing conditions in the watershed,

e Impacts of development projected to occur in the watershed,

e The benefits provided by various stormwater management measures,

e Stream crossing flooding and improvements,

e Overall benefits of alternative watershed management planning alternatives.

HYDROLOGIC MODEL DEVELOPMENT

SWMM is used to develop the present and future hydrologic models including regional
ponds, lakes, and future low impact development (LID) areas and best management
practices (BMPs). This model shows the effect of the previously mentioned factors on runoff
and water quality.

SWMM estimates flows from balancing water volumes. Evapotranspiration, depression
storage and infiltration are subtracted from precipitation to estimate the direct runoff. Stream
flow is estimated from the addition of ground water flow into channels to the direct runoff.
Channel flows are routed through Best Management Practices (BMP) to model the effect of
peak shaving.

Using GIS technology it is possible to estimate the initial input data for the SWMM RUNOFF
block. Intersecting GIS layers representing catchments, land use and soil type and liking the
resulting intersected layers with digital tables, it is possible to obtain an area average of the
parameters describing the physical condition of the subcatchments by using an electronic
spreadsheet.

Pollutant loads are modeled from build up and wash off equations. Constituents are built in
during dry whether and are washed off in wet periods. Pollutant load is accounted for
depending on the weighted average of the type of land use for each subcatchment. The total
pollutant is routed through BMPs to account for the pollutant reduction.
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Although no data was available to describe the existing BMPs, they were modeled by
dividing the areas in three: areas with water quantity treatment, areas with water quantity
and quality treatment and untreated areas. This concept help to develop a model such that
the post developed peak is lower than the predevelop peak by routing the flow through
several storage units and release structures. The structures are sized based on the pre
developed runoff volume for the 2 and 10-year storm.

Additionally, 24 regional ponds were modeled using grading data taken from as-built plans.
These ponds route flows and pollutants from several subcatchments. Sometimes the flows
are routed from streams into other streams (In-stream ponds) and some others flow are
taken from a certain area and drop into the streams (Out-of-stream ponds).

The procedures used to estimate input data used in RUNOFF block and TRANSPORT block
are based on the guidelines and the scope of work as previously mentions. A description of
such procedures used for estimating the input data for each model follows.

RUNOFF block. There are several lines in the input file where values of parameters
describing the conditions of the watershed must be entered. The description of each
one of these is done in the same order they appear on the SWMM input file. A
reference to the SWMM line command is given in parenthesis following the name of
the parameter or parameters.

Continuous rainfall data (D1). A 15-minute rainfall data is taken from Dulles Airport
(Station number 448903). In this station, there is data available from 1984 through
2004. According to the guidelines, three consecutive years must be selected to
model dry, wet and moderate precipitation (wet and dry years). Years 2001, 2002
and 2003 meet these criteria and are included in the SWMM model as dry, medium
and wet years respectively.

Table E.1 Total precipitation (inches per year) Dulles Rain Gage (Sta. No.

448903)
Year Precipitation
2001 35.06
2002 38.84
2003 63.39

Design storms (E3). Design storms are based on the SCS type Il design storm for 2,
5, 10, 25, 50, 100 and 500 years. The total volume of precipitation is taken from the
NOAA Atlas No. 14. These storm intensities are shown in the following table.

Table E.2 Twenty-four hour rainfall precipitation

Return Period (years) 1 2 5 10 25 50 100 500

Rain intensity (inches/24 hour) 2.7 32 45 52 6 7 7.7 12.06

Evapotranspiration (F1). These data are based on KCI experience in other projects
located nearby the Difficult Run Watershed, in Charles County, Maryland. These
values are given in inches per month and have been used in a calibrated model in
that watershed. The values used are in Table E.3 below.
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Table E.3 Evapotranspiration values

Evapotranspiration

Month (inches/month)
January 0.10
February 0.10
March 0.15
April 0.30
May 0.35
June 0.70
July 0.70
August 0.80
September 0.70
October 0.50
November 0.15
December 0.10

Subwatershed physical data (H1). Difficult Run watersheds are labeled following the
instruction guide manual: the first two digits are letters representing the Difficult Run
project (DF), the following two digits are letters representing the subwatershed (e.g.
CH for Captain Hickory Run) and the following four digits are a unique numeric code
within each subwatershed representing each individual subcatchment. Each
subcatchment is draining to a node. The node name is, in general, the same name of
the subwatershed except when two subcatchments are draining to the same node. In
this case, one of them does not have the same name for the node, but the other
subcatchment name for the node instead.

Area. The area is calculated from the shape file using ArcGIS subroutines and is
converted to acres (SWMM requirement). This value is saved in an electronic
spreadsheet to be used in further calculations.

Width. The width of each subwatershed was estimated by dividing the area by twice
the channel length. The result of this operation is an estimation of the overland flow.
The channel length was measured manually using GIS layers. Area is given in
square feet and channel length in feet; therefore the subcatchment width is given in
feet.

Imperviousness. This fraction is estimated by the ratio of impervious area inside
each subcatchment and the subcatchment total area. Each impervious fraction is
estimated by considering three types of impervious areas in each subcatchment:
driveways, sidewalks and roofs/parking areas. The last one is referred to as polygon
imperviousness. A description of each one of these three impervious areas follows.

Driveways. A randomized sample of the total driveway area for each residential land
use was done on several subwatersheds around the Difficult Run watershed. The
total area for each residential land use was divided by the total area of the land use
giving a percent of driveways per residential land use. Results are shown in the
following table.
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Table E.4 Driveway Imperviousness per Residential Land Use

Residential Land  Fraction of Percent

Use imperviousness imperviousness
ESR 0.032 3.2%

LDR 0.041 4.1%

MDR 0.047 4.7%

Sidewalks. The sidewalk areas were estimated by multiplying the total length of
sidewalks in each subwatershed by an assumed sidewalk width of 4 ft. The
resulting area is divided by two because the sidewalk line shape had both edges
included.

Polygon (roofs, parking areas and streets). These polygons were clipped with the
subwatershed layer in order to get the total area per subwatershed.

Ground slope. Using ArcView 3D extension a slope grid was created from the
DEM. The slope was clipped to each subwatershed and an average was
calculated as a representative ground slope for each subwatershed.

Manning's roughness coefficient. Both impervious and pervious Manning’s
roughness coefficients are obtained by an area-weighted average based on the
different land use. The following Manning’s were used as representative of each
land use.

Table E.5 Impervious and Pervious Manning’s n Values

Land use Impervious Pervious
Manning’s n Manning’s n
AVRES 0.15 0.25
ER 0.15 0.30
HDR 0.15 0.25
HIC 0.15 0.25
IND 0.15 0.25
LDR 0.15 0.25
LIC 0.15 0.25
MDR 0.15 0.25
oS 0.15 0.35
OTHER 0.15 0.25

Depression storage. A simple approach of 0.10 and 0.20 values per impervious
and pervious depression storage were used for all the subwatersheds as
suggested in the modeling guidelines.

Infiltration (Horton). Horton infiltration approach was used in this model. Three
parameters were defined based on the soil distribution for each subwatershed:
maximum infiltration, minimum infiltration and decay coefficient. The values are
defined for each hydrologic soil type (A, B, C and D) according to the following
table. The representative value for each subwatershed is obtained from a
weighted average of the soil type areas. Missing data was filled from adjacent
areas.




Difficult Run Watershed Management Plan
Appendix E — Watershed Modeling Procedure

Table E.6 Horton Parameters per Hydrologic Soil Type

Horton Parameter

Hydrologic Soil Type A B C D
WLMAX 6.0 4.0 3.0 2.0
WLMIN 0.25 0.10 0.05 0.03
DECAY 0.0009  0.0009 0.0009 0.0009

Ground Elevations (H2). Three parameters are required in this section: ground
elevation, bottom of aquifer and bottom of channel. The ground elevation was
estimated from the outlet DEM elevation. The bottom of the aquifer was
estimated to be 75 ft. bellow ground elevation. The channels are assumed to be
5 ft deep as an average.

Groundwater coefficients (H3). Following the Dupit-Foreheimer approach for
flows into channels, the groundwater coefficients are defined by:

A1 = A3 = 4K/L? A2 = 0 and B1=2. The value of K (saturated hydraulic
conductivity) is obtained from the soil layer and L is the overland flow.

Other groundwater parameters (H3). Porosity, wilting point, field capacity and
saturated hydraulic conductivity are obtained from the soil layer as a weighted
area average for each subwatershed.

More groundwater parameters (H4). HCO, PCO, CET, DP and DET were left as
the SWMM manual default values. These parameters are mostly used for
calibration.

Land use distribution (L1/L2). The land use fractions are taken from the
intersection of the land use and subcatchment GIS layers. SWMM requirement is
that the fractions must add exactly 1.0; therefore an adjustment was made to the
largest fraction to round the figures to two decimal points.

Pollutant modeling (JJ - J3). Following Limno-Tech technical memo, pollutant
build up is modeled with an exponential equation. In the same way pollutant
wash off is modeled with a power equation. QFACT1, QFACT2, WASPO and
RCOEF are given values for each pollutant.

TRANSPORT BLOCKS IN SWMM

TRANSPORT block. Transport model is divided in two blocks: one with the
channels and on-site peak shaving and another one with regional ponds and
stream network. Splitting the model in these two sections give more control about
the different results that are required. Also it separates the channel hydraulics to
be used in HECRAS from the one to be used in the pollutant analysis.

TRANSPORT BLOCK onsite modeling. Peak shavings and septic loads were
modeled in this transport block.

Nodes (E1). Node naming convention is to name the nodes with the same name
from the catchment draining to it followed by a letter or series of letters. These
letters identify the type of element (node or link) that is used. First, catchments
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are classified in A, B or C depending on the water control. A stands for having
water quantity control, B for water quantity and quality control and C for not
having any control. This classification was done based on the year of building for
each parcel. Parcels built before 1970 were assumed to have no water control
(C), parcels build after 1985 were assumed to have both water quality and
quantity control (B) and the rest, parcels built between 1970 and before 1985,
were assumed to have water quantity control (A).

According to the water control classification, the node name extension was some
how different. Nodes A are split flow nodes, all discharges above the estimated
maximum flow were diverted to end nodes (ending in AE), flows below this
maximum flow go to peak shaving nodes (ending in AD) which once peak shave
go to the end node (AE).

Divider Peak Shave
<10
SUBCATCHMENT | \ Node A | Q yr I Node AD
Peak shave Q
Q>10yr l
Node AE
End node

The model is different for nodes with water quantity and quality included. An
additional node (W) is included to reduce the pollutant loads from node B. same
structure for excess flow (overtopping) is similar to the water quantity control
nodes. Nodes with no control end in C and are used to connect downstream
nodes AD and BD and are used as the final outlet of each subcatchment.

Quality
Node W
Q<10 yr Reduced Pollutant
o low
Divider Peak Shave
SUBCATCHMENT || Node B Node BD
Peak shave Q
Q>10yr l
Node BE
End node

E-6



Difficult Run Watershed Management Plan
Appendix E — Watershed Modeling Procedure

On-sites. There are two types of peak shaving (on-site BMPs): water quantity
and water quantity and quality. This classification is based on the year of
construction of the parcels. It was assumed that parcels with date prior 1970 had
no control; parcels between 1970 and 1985 had water quantity control and
parcels from 1985 and on had both water quantity and quality.

The peak shaving is done by sizing a pond and a drainage pipe such that the 2-
year peak discharge for undeveloped conditions is maintain up to a 10-yr storm
event. An electronic spreadsheet was designed to run the DOS SWMM model
and help the designers to model the detention and release structures. The results
are summarized in a digital table that is used to model each peak shaving in the
first TRANSPORT block.

Septic system modeling (R1). Septic loads are based on an average discharge
per capita of 200 liter per day and a concentration of 1 mg/l and 12 mg/I for
phosphorus and nitrogen respectively. Based on an average of 2.5 people per
household. Dwelling units are calculated from the residential land use estimation.
No septic wells are modeled in the commercial or industrial land uses.

STREAMS AND REGIONAL PONDS IN SWMM

Transport Block stream and regional ponds. The second Transport block models
the stream network (natural channels) and the regional ponds. Nodes from the
catchment outlet (ending in C) are connected to channel nodes and to other
catchment nodes. Some culverts are included in the model due to the significant
effect they have on the downstream conditions.

Nodes (E1). Nodes identify the outlet from catchments, stream connection nodes
and the regional ponds. Outlet from catchments and stream junctions are
manhole type nodes (19), while regional ponds are storage nodes (22). Ponds.
Similar tables were copied and completed from the as-built plans for the existing
24 ponds. They are included in the second TRANSPORT block in the form of
Stage-Storage-Area-Discharge tables. The naming convention for these ponds
was based using the regional pond name or the subshed location.

Links. Natural channels and culvert pipes are identified with numbers 16 or 2
respectively. Natural channels, stream lengths and slopes were measured from
GIS layers but the culvert length and slope are taken from survey data. In the
same way, natural cross section data is obtained from running HEC Geo RAS so
they correspond to the same location and data used in the HECRAS model.
Culvert dimensioning is taken from survey data.

Cross-sections. Cross sections were drawn in ArcView to be able to use them in
the HEC GeoRAS extension. Some of these cross sections are used in the
representation of the natural streams in SWMM. The base for the cross sections
is the field surveyed ones; additional cross sections were drawn to make a
hydraulic model more representative. Manning's roughness coefficients are
consisting with HECRAS model input for natural cross section.
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WATER QUALITY MODEL DEVELOPMENT
The water quality pollutants that are modeled for both current and future conditions include:

Biochemical Oxygen Demand (BOD)
Chemical Oxygen Demand (COD)
Total Suspended Solids (TSS)
Total Dissolved Solids (TDS)
Dissolved Phosphorus (DP)

Total Phosphorus (TP)

Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)

Total Cadmium (TCd)

Total Copper (TCu)

Total Lead (TPb)

Total Zinc (TZn)

To model the buildup and wash-off of pollutants from the land surface, Limno-Tech, Inc
provided an article, Development of SWMM Water Quality Model Inputs for Fairfax County,
Virginia, in March 2004. This document gives four parameters: two for buildup, two for
wash-off.

The two parameters given for pollutant buildup are:

QFACT(1). Given in pounds/acre, this is a maximum pollutant buildup rate by
land use and pollutant type, given in Table 1.1 of Limno-Tech, Inc.’s report.

QFACT(2). This is given as a constant value of 0.15/day. QFACT(2) is an
exponential factor that determines the accumulation rate and surface pollutant
recovery after a storm.

The parameters that describe the pollutant wash-off are:
RCOEFF. This is a wash-off coefficient, set at 4.6/inch.

WASHPO. Set at 1.0, this is an exponential rate factor applied to the calculated
surface runoff rate.

HYDRAULIC MODEL DEVELOPMENT
The goals of HEC-RAS are:

e Evaluate road crossing overtopping
e Evaluate structure flooding
e Delineate existing and future conditions 100-year flood limit.

The 100-year flood limit was delineated using HECRAS model results with the pre and post
processing modules of HEC GeoRAS. The HECRAS model included 83 miles of stream
network (a total 184 individual streams), 90 crossing structures and over 1,370 cross
sections including the crossings. Cross section were cut at points were it was considered to
have different reaches (significant changes in slope, flood limit elevation, crossings).

Input data. Most of the input data was drawn manually. Digital information was manipulated
to obtain a representative model of the physical conditions of the terrain. Some other data
had to be created (cross sections and flow path) by looking at the contours and other
additional information. A description of the most relevant data procedure follows.

E-8



Difficult Run Watershed Management Plan
Appendix E — Watershed Modeling Procedure

TIN. HEC GeoRAS was setup using a TIN created from the 5-foot contours. TIN.
Generated from contour lines. The TIN provided by the county was very coarse
and did not provide good detail on the flood limit; therefore a finer TIN was
created to cut channel flood limit.

Field survey. Selected cross sections were surveyed to model the structures and
stream reaches in HECRAS. Both cross sections on either end of each one of
the 90 structures were surveyed and one cross section along each reach. These
sections were digitally extended to get a better model including the flood limit.
And the final data is complemented by the low flow channel sections from the
survey report, using a specially design spreadsheet.

Stream layer. The stream centerlines were taken by cleaning the hydrology
shape file. The cleaning process included: elimination of loops, double streams,
combining multiple polylines into single ones for each reach, setting up direction
to be downstream for all streams and naming all of them.

Flow paths. These lines were manually drawn for all modeled streams
considering a high event (100 year flood). They are used in the HEC GeoRAS
model to model the bends of the streamline.

Import geometry. Raw geometry was created from a TIN by using HEC GeoRAS.
This software uses cross section stream and flow path shape files and intersect
them with the TIN (Triangulate Irregular Network) to create a table with station
and elevation for each cross section. This data is exported directly into HECRAS
and can be edited and modified.

Manning’s roughness coefficient (n). A very important parameter for estimating
the channel flow is the roughness of the channel and the flood limits. This was
estimated from the photographs taken during the fieldwork. This is very subject
estimation; therefore two people were in charge to estimate this parameter to
keep consistency across the watershed.

Banks. From the fieldwork, the banks were identified and marked down in the
fieldwork books. This values were input into the model assuring a good
representation of these features.

Structures. 90 structures were surveyed and the data was process and prepared
to be input in HECRAS by using Excel. Review of errors was done and some
parameters were changed, more data was collected from digital data based on
an individual approach and analysis. Special modeling considerations were done
for some of the structures (Westwood Country Club culverts) requiring a more
extensive data development.

Output analysis. Once the HECRAS model was revised and executed, the results
were exported into a GIS file. This file can be read by HEC GeoRAS post
processing module and used to generate a flood limit shape. Minor corrections
must be made to this file by eliminating and merging polygons to obtain smooth
and representative flood limit delineation.
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Appendix F — Road Crossings

Road crossings, identified on the subwatershed Candidate Site maps by an “F”, are
locations in the watershed where Difficult Run or one of its tributaries flows under a road.
Using HEC-RAS, it was determined if each crossing was at risk of overtopping. Projects
were then developed based on the results, identified on the subwatershed project maps
by “DF94XX”.

Unnamed culvert

Impairment: The culvert under the northernmost outlet road east of Leigh Mill Road in
catchment DFCHO0005 has caused considerable stream erosion downstream to the
unnamed tributary draining this catchment. The stream is deeply incised downstream.

Improvement Goals: Culvert reconstruction or energy dissipation to regulate flows
downstream and prevent high velocity discharges.

Site Investigation and Projects: This site was identified in the field after discussions with
local residents during the site investigations of adjacent catchment DFCH9701.

DF9401 (Road Crossing Improvement) The project would consist of
reconstruction of the culvert profile and grade to reduce flows downstream. If
sufficient area upstream is available, storage and release should be provided for
1-year extended detention.

Fo03

Impairment: 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.

Improvement Goals: Improvements are needed to allow the bridge to pass the 25-year
event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9403 (Road Crossing Improvement) This project would consist of
reconstructing the bridge and approaches to raise the roadway to a level above
the 25-year water surface elevation. It is possible that stormwater management
retrofits upstream in sites D39 and D58 may help to change flow frequencies and
eliminate the need for this project.

Fo4

Impairment: The crossing of Fox Mill Road overtopped for 10-year and greater events.
Since it is classified as a primary road, the culvert should pass the 25-year event.

Improvement Goals: Improvements are needed to allow the culvert to pass the 25-year
event.

Site Investigation and Projects: The field investigation found that the roadway is low, the
culvert is undersized, and there are plunging flows causing massive scour and sediment
export downstream. One project was identified:

DF9404 (Road Crossing Improvement) There are a number of choices for project
improvements at this site. First would be to raise the road grade and upgrade
the culvert to prevent overtopping. A second choice would be to keep the
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roadway and culverts as is and construct an upstream redundant embankment to
provide detention volume to reduce peaks to a lower level. This alternative
would have secondary water quality benefits for the watershed also.

F06

Impairment: 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.

Improvement Goals: Improvements are needed to allow the culvert to convey the 10-
year event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9406 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 10-year event is below the road surface. It is possible that
stormwater management retrofits upstream in sites D39 and D58 may help to
change flow frequencies and eliminate the need for this project.

F10

Impairment: The culvert at Hunters Den Lane overtopped for all events except the one-
year storm. This is a local road, so it must pass 10-year event.

Improvement Goals: The goals for this site are to reduce overtopping frequency to meet
the level of service of a local road.

Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9410 (Road Crossing) This project would rebuild the culvert to accommodate
higher flood flows without overtopping.

F11

Impairment: The bridge on Hunter Station Road overtops for all events. Hunter Station
Road is a primary road, which should pass the 25-year event.

Improvement Goals: The goals for this site are to reduce overtopping frequency to meet
the level of service of a local road.

Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9411 (Road Crossing) This project would be designed to reconstruct the
bridge to accommodate higher flood flows without overtopping.

F13

Impairment: 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.

Improvement Goals: Improvements are needed to allow the culvert to convey the 25-
year event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.
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DF9413 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 25-year event is below the road surface. Upstream stormwater
management improvements are not anticipated to mitigate conditions at this
crossing.

F15B

Impairment: 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.

Improvement Goals: Improvements are needed to allow the culvert to convey the 25-
year event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9415B (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 25-year event is below the road surface. It is possible that
stormwater management retrofits upstream in sites D39 and D58 may help to
change flow frequencies and eliminate the need for this project.

F16

Impairment: 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.

Improvement Goals: Improvements are needed to allow the culvert to convey the 25-
year event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9416 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 25-year event is below the road surface. It is possible that
stormwater management retrofits upstream in sites D39 and D58 may help to
change flow frequencies and eliminate the need for this project.

F-17

Impairment: The culvert carrying the flow from the western tributary of Rocky Branch
under Miller Road overtopped for events more frequent than the 5-year storm. Miller
Road is classified as a local road, so the culvert should pass the 10-yr event.

Improvement Goals: Improvements are needed to allow the culvert to pass the 10-year
event.

Site Investigation and Projects: The site was investigated as part of regional pond site D-
36. There are three existing stormwater management facilities immediately upstream of
the culvert. It is anticipated that improvements to stormwater management in this area
will allow the culvert to function at its appropriate level of service, so no other projects
are proposed.
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F19

Impairment: This culvert overtops with existing conditions for all rainfall events from 2-yr
to 100-yr; however, it should pass beneath it the 25-year event to meet county
standards.

Improvement Goals: The goals for this site are to reduce overtopping frequency to meet
the level of service of a primary road.

Site Investigation and Projects: The site inspection showed that the existing culvert is
both undersized and creating hazardous conditions. The low point of the road is only a
few feet above the stream bottom, and the culvert capacity is only slightly above
baseflow. Overtopping flows are contributing to stream erosion that is threatening to
wash out Lawyer's Road.

DF9419 (Road Crossing Improvement) This project is designed to raise the road
grade to prevent overtopping and rebuild the culvert to safely convey higher
flows. Very little space exists to provide upstream detention, and any potential
benefits would be secondary compared to improvements to public safety.

F25A

Impairment: The crossing of Lawyers Road overtopped for 25-year and greater events.
Since it is classified as a primary road, the culvert should pass the 25-year event.

Improvement Goals: Improvements are needed to allow the culvert to pass the 25-year
event.

Site Investigation and Projects:

DF9425 (Road Crossing Improvement) This project would consist of one of a few
choices. The first would be modifying the embankment on the upstream side of
the trail next to Lawyers Road to allow more backwater detention. Another
choice would be to raise the level of the roadway and adjust the embankment to
reduce the potential for overtopping.

F27

Impairment: The culvert carrying the mainstem under Hunter Mill Road overtopped for
all events. Since Hunter Mill Road is a primary road, the bridge must pass the 25-year
event.

Improvement Goals: Improvements are needed so the bridge meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9427 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 25-year event is below the road surface. It is possible that
stormwater management retrofits upstream may help to change flow frequencies
and eliminate the need for this project.

F28

Impairment: 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
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Improvement Goals: Improvements are needed so the bridge meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9428 (Road Crossing Improvement) This project would consist of raising
the roadway so that the water surface elevation for the 25-year event is below
the road surface. The bridge would be replaced with either a new bridge or a
box culvert that can pass the required flow.

F-29

Impairment: 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.

Improvement Goals: Improvements are needed so the bridge meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9429 (Road Crossing Improvement) This project would consist of
reconstructing the bridge so that the water surface elevation for the 10-year
event is below the road surface. It is possible that stormwater management
retrofits upstream may help to change flow frequencies and eliminate the need
for this project.

F30

Impairment: 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.

Improvement Goals: Improvements are needed to allow the culvert to convey the 20-
year event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9430 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 10-year event is below the road surface. It is possible that
stormwater management retrofits upstream in sites D39 and D58 may help to
change flow frequencies and eliminate the need for this project.

F31

Impairment: The culvert under Pine Tree Drive overtopped for all events. Since this is a
local road, the culvert is required to pass the 10-year event.

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9431 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 10-year event is below the road surface.

F-5
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F32

Impairment: 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.

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9432 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 25-year event is below the road surface. It is possible that
stormwater management retrofits upstream may help to change flow frequencies
and eliminate the need for this project.

F33

Impairment: 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.

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9433 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 25-year event is below the road surface. It is possible that
stormwater management retrofits upstream may help to change flow frequencies
and eliminate the need for this project.

F34

Impairment: 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.

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9434 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 10-year event is below the road surface. It is possible that
stormwater management retrofits upstream may help to change flow frequencies
and eliminate the need for this project.

F40

Impairment: The bridge carrying Hunter Mill Road over Colvin Run overtops with existing
conditions for the 25-year event. As a primary road, it should pass the 25-year event to
meet County standards.

Improvement Goals: The goals for this site are to reduce overtopping frequency to meet
the level of service of a primary road.
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Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9440 (Road Crossing) This project is designed to rebuild the bridge with a
wider span to allow more of the floodplain under the bridge to accommodate
flood flows.

F41

Impairment: The culvert carrying Colvin Run under Lake Fairfax Drive overtops with
existing conditions for all the modeled events. The road provides local access to Lake
Fairfax Park and is required to pass the 10-year event.

Improvement Goals: The goals for this site are to reduce overtopping frequency to meet
the level of service of a local road.

Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9441 (Road Crossing) This project would rebuild the culvert with additional
barrels to accommodate higher flood flows without overtopping.

F47

Impairment: The bridge carrying Northern Neck Drive over the mainstem of Old
Courthouse Spring Branch overtops for all events except the 1 and 2-year storms. Itis
required to pass the 10-year event.

Improvement Goals: Improvements are needed to allow the bridge to pass the 10-year
event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9447 (Road Crossing Improvement) If modeling shows that upstream
stormwater management improvements do not improve flooding conditions, this
culvert should be replaced.

F48

Impairment: The culvert that passes Wolftrap Creek under Creek Crossing Road
overtops for all events. Creek Crossing is a primary road, so it must pass the 25-year
event.

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.

Site Investigation and Projects: The site was investigated as part of the fieldwork for
catchment site C31. Project DF9531B is a culvert retrofit at this site to provide
stormwater detention. The project analysis should take into account the overtopping
frequency and correct this condition as part of the design.

F49

Impairment: The culvert at Old Courthouse Road overtops for all events. Old
Courthouse Road is classified as a primary road, so it must pass the 25-year event

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.
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Site Investigation and Projects: The site was investigated as part of the fieldwork for
catchment site C58. Project DF9558 is a culvert retrofit at this site to provide stormwater
detention. The project analysis should take into account the overtopping frequency and
correct this condition as part of the design.

F57

Impairment: The culvert carrying Colvin Run under Carpers Farm Way overtops with
existing conditions for all the modeled events. The road is provides local access and is
required to pass the 10-year event.

Improvement Goals: The goals for this site are to reduce overtopping frequency to meet
the level of service of a local road.

Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9457 (Road Crossing) This project would raise the roadway or rebuild the
culvert with additional barrels to accommodate higher flood flows without
overtopping.

F58

Impairment: The crossing along Leesburg Pike overtopped for all modeled 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.

Improvement Goals: Improvements are needed to allow the culvert to pass the 10-year
event.

Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9458 (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 10-year event is below the road surface.

F59

Impairment: The bridge on Leesburg Pike overtopped for all modeled events. Leesburg
Pike is a primary road and is required to pass the 25-year event.

Improvement Goals: Improvements are needed to allow the bridge to pass the 25-year
event.

Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9459 (Road Crossing Improvement) This project would consist of
reconstructing the bridge so that the water surface elevation for the 25-year
event is below the road surface.

F65

Impairment: Based on hydraulic modeling results, this culvert overtops under existing
conditions for all rainfall events from 1-yr to 100-yr.

Improvement Goals: Culvert reconstruction or other projects should reduce flooding to
the 10-year and less frequent event, consistent with the roadway classification.
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Site Investigation and Projects: The site investigation found evidence of frequent
overtopping of this culvert and of damage to the gravel roadway adjacent to it. It
appears the culvert was recently reconstructed. In lieu of raising the height of the road
and culvert, which would be required to reduce flooding, upstream stormwater
management facilities may bring about improvements. Project DF9006A includes a
berm to redirect flows and create storage, which may mitigate some of the overtopping.

F67B

Impairment: This culvert overtopped for events less frequent than the two-year event.
As Springvale Road can be considered a primary road, it must pass the 25-year event.

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9467B (Road Crossing Improvement) This project would consist of
reconstructing the culvert and/or raising the road way so that the water surface
elevation for the 25-year event is below the road surface. It is possible that
stormwater management retrofits upstream may help to change flow frequencies
and eliminate the need for this project.

F72

Impairment: The Lehigh Mill Road bridge overtopped for all modeled events. Lehigh Mill
Road carries through traffic, being a primary road, and is required to pass the 25-year
event.

Improvement Goals: Improvements are needed to allow the bridge to pass the 25-year
event.

Site Investigation and Projects: No field investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9472 (Road Crossing Improvement) This project would consist of
reconstructing the bridge so that the water surface elevation for the 25-year
event is below the road surface.

F75

Impairment: The culvert carrying Bellview Road over Rocky Run overtops for the 5-year
and greater events. It is required to pass the 25-year event.

Improvement Goals: Improvements are needed to allow the bridge to pass the 25-year
event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9475 (Road Crossing) There are two parts to this project. The first involves
raising Bellview Road in conjunction with the new development to help prevent
flooding of the road and the new development. Second, some regional
stormwater management could be included into the new development to reduce
the potential problems it might have in the future.
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F76

Impairment: The culvert at Towlston Road over Rocky Run overtops for all events except
the 1-year. It is required to pass the 25-year event.

Improvement Goals: Improvements are needed to allow the bridge to pass the 25-year
event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9476 (Road Crossing) This project involves using the existing roadway
embankment and a dry detention facility design to provide some detention
storage for a large drainage area.

F77

Impairment: This culvert overtopped for events less frequent than the five-year event.
Springvale Road is a primary road, so it must pass the 25-year event.

Improvement Goals: Improvements are needed so the culvert meets the required level of
service.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9477 (Road Crossing Improvement) This project would consist of reconstructing the culvert
and/or raising the road way so that the water surface elevation for the 25-year event is below the
road surface. It is possible that stormwater management retrofits upstream may help to change
flow frequencies and eliminate the need for this project.

F79

Impairment: The culvert that passes flow under Old Dominion Drive and over Rocky Run
overtops for events less frequent than the 10-year. It is required to pass the 25-year
event.

Improvement Goals: Improvements are needed to allow the bridge to pass the 25-year
event.

Site Investigation and Projects: No site investigation was conducted. The improvement
project is recommended based on photos and modeling results.

DF9479 (Road Crossing) If upstream stormwater management improvements
are not effective at reducing damaging flows, reconstruction of the culvert may be
necessary.

F80

Impairment: The culvert carrying the flow of Sharpers Branch under Belleview Road
overtopped for events more frequent than the 2-year storm. Belleview Road is classified
as a primary road, so the culvert should pass the 25-yr event.

Improvement Goals: Improvements are needed to allow the culvert to pass the 25-year
event.

Site Investigation and Projects: No site investigation was conducted. Improvements will
be incorporated into project DF9020A (described above).
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Appendix G  Problem Ranking and
Candidate Site Selection Procedure

Introduction

The purpose of this Appendix is to present the method, criteria and results for determining
which areas of the Difficult Run watershed are most in need of restoration or preservation. It
describes the procedure used to rank the problems, which have been identified in earlier
tasks of GIS analysis, reviewing historical environmental data, stream assessment
monitoring, and watershed modeling.

This procedure consists of selecting quantifiable indicators that describe the condition of the
watershed, weighing them by importance, 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 can be identified and ranked at three different scales:

e Site These indicators describe conditions that can be pinpointed to a single location,
such as a culvert, dumpsite, or streambank erosion point.

e Stream Reach These indicators describe the condition of a length of stream, such as
erosion, habitat, buffer, or bioassessment.

e (Catchment These indicators describe conditions over a drainage area, such as
imperviousness or pollutant loading.

The following three activities will be required to accomplish this task:

1. Choose a set of indicators to characterize watershed condition with a minimum of
duplication.

2. Quantify or score each indicator in a normalized fashion so that, for instance, one
subwatershed’s score can be directly compared with that of another. Whenever
possible, scores should be absolute units of measure and not by a relative score
or percentile. This would make it easier to see how the watershed conditions and
ranking change over time.

3. Weight the indicators against each other so that the ones that are most important
in establishing watershed health or vulnerability would have the highest
consideration.

Potential Indicators

Sources of Indicators

There are a number of studies, papers, and State and Federal programs that have used
watershed indicators to provide information on the condition of watersheds so that they can
be compared to each other. Five of these were reviewed for this project to develop a wider
range of indicators than those provided in the modeling results and data analysis from tasks
2.8 through 2.10. The literature and internet review identified these sources:
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Booth, Derek B. et al. Reviving Urban Streams: Land Use, Hydrology, Biology, and
Human Behavior Journal of the American Water Resources Association, Oct 2004,
p1351.

Maryland Clean Water Action Plan. Final 1998 Report on Unified Watershed
Assessment, Watershed Prioritization, and Plans for Restoration Action Strategies.
Appendix Ill. December, 1998.
http://www.dnr.state.md.us/download/MD98CWAP.PDF

Norfolk District Corps of Engineers Regulatory Branch. Stream Attributes Crediting
Methodology. December, 2003. http://www.nao.usace.army.mil/Regulatory/PN/
StreamPN/Stream%20attributes%20crediting%20methodology.doc

U.S. EPA, Office of Wetlands, Oceans, and Watersheds. Index of Watershed
Indicators: An Overview. Washington, DC. August 2002.
http://www.epa.gov/iwi/iwi-overview.pdf

Zielinski, Jennifer. Watershed Vulnerability Analysis. Center for Watershed
Protection, Ellicott City, MD, January 2002.
http://www.cwp.org/Vulnerability_Analysis.pdf

Restoration indicators describe specific conditions in the watershed. They are grouped in
Table G.1 by four main types: quantity, quality, streams, and GIS. Indicators of quantity
describe either the effects of runoff and streamflow or a more specific measure of the
amount of flow. Quality indicators refer to contamination; either pollutant loads being
conveyed to a water body or direct measures of water quality. Stream indicators describe
stream health, primarily from monitoring or assessment data. Indicators of land cover are
calculated from GIS data.

Preservation indicators are used to determine if existing areas in good condition are
vulnerable to degradation in the future. These indicators are derived either from GIS
analysis or modeling and are measures of change.

Based on these sources, there is a significant amount of quantifiable information available
for this task. Tables G.1 and G.2 below and the following sections describe the potential
indicators.

Table G.1 Potential Restoration Indicators

Type Indicator Scale Normalized Unit Source
Quantity Drainage Complaints Site Number per mile County records
100-year floodplain Catchment  # of structures in Modeling
flood plain /
watershed area
Stream crossing flooding ~ Site Yes/no Modeling
Peak discharge Catchment  cfs/acre Modeling
Runoff volume Catchment in Modeling
Quality Nitrogen loads Catchment  Ib/ac/yr Modeling
Phosphorus loads Catchment  Ib/ac/yr Modeling
Sediment loads Catchment  Ib/ac/yr Modeling
Zinc loads Catchment  Ib/ac/yr Modeling
Streams CoE stream rating Reach Score / mile SPS, SPA
Habitat rating Reach Score / mile SPS, SPA
Channel Morphology Reach Score / mile SPA
Stream erosion Reach LF / mile SPA
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Type Indicator Scale Normalized Unit Source
Stream erosion potential  Reach LF / mile Modeling
Bioassessment Reach LF / mile SPS, follow-up
Stream buffer Reach LF / mile SPA
Forested stream buffer Reach LF / mile GIS Analysis
Streamflow patterns Reach % days when daily Modeling

flow > mean annual
flow

GIS Imperviousness Catchment  Percent of area GIS Analysis
Wetland density Catchment  Percent of area GIS Analysis
Forest cover Catchment  Percent of area GIS Analysis

Table G.2 Potential Preservation Indicators

Type Indicator Scale Normalized Unit Source
Preservation Imperviousness Catchment % change, area GIS Analysis
Nitrogen loads Catchment % change, Ib/ac/yr Modeling
Phosphorus loads Catchment % change, Ib/ac/yr Modeling
Peak discharge Catchment % change cfs / acre Modeling
Runoff volume Catchment % change, in Modeling
Stream erosion potential  Reach % change, LF /mile  Modeling
Streamflow patterns Reach % change, days daily Modeling
flow > mean annual
flow
Protected land Catchment  Percent of area GIS Analysis

Flooding and Water Quantity Indicators

Drainage Complaints -- Complaints from County records are an indication of flooding or
other hydraulic problems. They will be tabulated, located, and normalized by the number per
mile of stream in each reach.

100-year flooding -- The 100-year floodplain is an indication of flooding significant enough to
require flood insurance. The indicator is measured by the number of structures in the
floodplain, normalized by watershed area.

Stream crossing flooding -- Frequency of flooding is one of the design criteria for culverts
and other stream crossings, described in the level of service (LOS). The indicator compares
the modeled flooding frequency with the level of service, and indicates whether or not it is
overtopped more frequently than the LOS allows for.

Peak discharge -- Change in peak flow is an indicator of how the hydrology of a
subwatershed has changed through urbanization. Higher peak flows for the 1-year storm are
indicative of watersheds where there is more erosive stress on streams. The indicator is
normalized in cfs/acre by watershed area.

Runoff volume -- Change in runoff volume is an indicator of how the hydrology of a
subwatershed has changed through urbanization. Higher volumes for the 1-year storm
indicate watersheds in which there is more erosive stress on streams. The measurement of
volume in inches normalizes the indicator by watershed area.

Streamflow patterns -- Recent research has shown a good correlation between the
flashiness of urban streams and biological conditions. This indicator measures the number
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of days when daily mean discharge exceeds the annual mean discharge, which is not
strongly altered by urban development.

Pollutant Loading and Water Quality Indicators

Modeled Nitrogen loads -- Excess nitrogen loading has been shown to be a significant
cause of impairment in Chesapeake Bay water quality. Excessive nitrogen in streams also
contributes to algae growth and substrate fouling, which degrades habitat. Loads are
measured and normalized by watershed area in Ib/yr/acre.

Modeled Phosphorus loads -- Excess phosphorus loading contributes to impairment in
Chesapeake Bay water quality. Excessive phosphorus in streams also contributes to
benthic algae growth and substrate fouling, which degrades habitat. Loads are measured
and normalized by watershed area in Ib/yr/acre.

Modeled Sediment loads -- Excess sediment has been shown to significantly impair
Chesapeake Bay water quality. Sediment smothers aquatic grasses and reduces the
amount of light, thus limiting growth. Excessive sediment in streams contributes to substrate
fouling, which degrades habitat. Loads are measured and normalized by watershed area in
Ib/yr/acre.

Modeled Zinc loads -- Zinc is the most prevalent toxic pollutant found in runoff, and was
chosen as a surrogate for other nonpoint source toxic pollutants. Loads are measured and
normalized by watershed area in Ib/yr/acre.

Habitat and Stream Condition Indicators

Corps of Engineers stream attributes rating method -- This is a comprehensive stream rating
index combining measures of channel incision, riparian condition, bank erosion,
channelization, and instream habitat. Data are derived from the SPA survey. Scores will be
normalized by reach length.

Habitat rating (RBP) -- Data from the County's SPA project will be used to identify and
quantify stream reaches with poor habitat quality. The overall numerical score for each
stream reach will be used as the quantification measure. The habitat index is a score
between 0 and 200 rating the physical quality of the stream. It is normalized by reach
length.

Stream morphology (CEM) -- Data are from the County's SPS and SPA projects. The
Channel Evolution Model (CEM) gives scores showing whether the stream is actively
eroding or reaching a point of becoming stable. Scores will be normalized by reach length.

Stream erosion -- Channel erosion is a serious habitat impairment, and a source of
pollutants to downstream receiving waters, including excess sediment and phosphorus.
While streams naturally erode, meander, and rework floodplains, excess erosion due to
watershed development results in sedimentation of spawning areas, smothering of benthic
invertebrates, and potential adverse impacts on stream hydraulics.

Stream erosion potential -- Results of hydraulic modeling stable channel routines and
stream measurements will be used to estimate the stream reaches with the potential for
erosion due to high shear stress. The indicator will be measured and normalized by the
linear feet (LF) of potential erosion per mile of stream reach.

Bioassessment -- The Index of Biological Integrity (IBI) from the County's Stream Protection
Strategy and follow-up monitoring can be used to identify and quantify degradation in the
aquatic community. It will be normalized as a score divided by the length of stream reach.
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Riparian stream buffer -- Riparian buffers are necessary for stream stability and are a major
component of stream habitat through the production of woody debris. Streams with more
extensive streamside buffers tend to have more diverse and healthy biological communities.
Length of stream buffer was determined from the SPA, and normalized as a percentage of
the stream reach.

Forested stream buffer -- Forested riparian buffers are necessary for stream stability and are
a major component of stream habitat through the production of woody debris. Streams with
more extensive streamside forested buffers tend to have more diverse and healthy
biological communities. Length of forested buffer will be determined from GIS analysis and
normalized as a percentage of the stream reach.

GIS Indicators

Imperviousness -- There is evidence to suggest that total levels of impervious surface in a
watershed are related to a watershed’s overall condition. Imperviousness is the most
important contributor to increased stormwater runoff, thermal pollution, and a number of
pollutants, particularly those related to automotive uses.

However, imperviousness is a factor in other indicators as well, which gives it a larger
influence on subwatershed ranking than its weight as an indicator by itself. Imperviousness
is an input parameter for SWMM modeling of both water quality and water quantity, which
gives the potential for double counting.

Impervious cover is measured in percent of subwatershed area.

Wetland density -- Wetlands are among the most valuable natural resources in a watershed,
providing hydrologic benefits, water quality improvement, and wildlife habitat. This indicator
measures the percent of the watershed area that is wetland.

Forest cover -- Large forest blocks have a positive impact on watershed health and aquatic
resources, and provide habitat for terrestrial species as well. Forested land has the lowest
runoff flow rates and volume, lower sediment runoff, and typically lower pollutant loads than
other land uses. The Virginia Dept of Forestry has GIS coverage derived from 2000 satellite
imagery that can be used as a base layer. This indicator measures the percent of the
watershed area that is forested.

Preservation Indicators

Change in imperviousness -- For analysis of vulnerability, the percent change in
imperviousness for each subwatershed will be used. This is an indication of the amount of
development that is forecast in the future land use scenario, and how much additional stress
will be placed on the watershed.

Change in phosphorus loading -- For analysis of vulnerability, the percent change in
phosphorus loading for each subwatershed will be used. This is an indication of the change
in water quality that will result from development forecast in the future land use scenario.

Change in nitrogen loading -- For analysis of vulnerability, the percent change in nitrogen
loading for each subwatershed will be used. This is an indication of the change in water
quality that will result from development forecast in the future land use scenario.

Change in peak discharge -- For analysis of vulnerability, the percent change in peak
discharge for each subwatershed will be used. This is an indication of the change in flows
that will result from development forecast in the future land use scenario.
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Change in runoff volume -- For analysis of vulnerability, the percent change in runoff volume
for each subwatershed will be used. This is an indication of the change in hydrology that will
result from development forecast in the future land use scenario.

Change in streamflow patterns -- For analysis of vulnerability, the percent change in the
number of days when daily mean discharge exceeds the annual mean discharge will be
calculated from modeling the future land use scenario.

Change in stream runoff potential -- For analysis of vulnerability, the percent change in the
length of streams where there is a potential for erosion due to high shear stress.

Protected land -- Protected lands are those owned by a public agency that are unlikely to be
developed in the future. Other condition factors being equal, watersheds with large amounts
of protected land less vulnerable because of the likelihood of remaining in a natural state.

Land considered permanently protected includes County, State or Federal parkland or
wildlife conservation areas, lands with conservation easements, or any lands with other
types of protection that prevents its conversion from open space to developed area, such as
Resource Protection Area (RPA). For each catchment, the percent of protected land is the
measure used for this indicator.

Steering Committee Review of Procedure

The Difficult Run Watershed Steering Committee appointed a Technical Subcommittee to
review the list of potential indicators and decide on the most appropriate ones to be used for
prioritizing problems in the watershed. The goal was to identify the smallest number of
indicators, which would give a good measure of watershed condition with the least amount
of overlap among indicators. There was general discussion on two subjects:

e Sub-committee members first discussed the questions of the amount and accuracy of
the data for each indicator. It was agreed that all the indicators in the table had a
sufficient amount of data to be used. The one with the least amount of data was
bioassessment.

e The subcommittee discussed the use of individual versus composite scores. Some of
the indicators, such as habitat rating or the Corps of Engineers (CoE) rating, are
composites of several measurements. Use of both leads to double counting. Use of the
composite score gives an implied internal weight to the measured data.

The following conclusions were drawn:

e The bioassessment and hydrology (peak discharge and runoff volume) indicators are the
most important at describing stream condition.

e Some of the indicators may introduce duplication in measured aspects of stream
condition, shown in Table G.3, however, this is not necessarily undesirable.

Table G.3 Indicators That May Introduce Duplication

Individual CoE Habitat
Measurement  Component  Component

Measurement

CoE stream rating

Habitat rating X

Channel Morphology (ICEM) X X X
Stream erosion X X X
Stream erosion potential (modeled) X
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Measurement " Individual CoE Habitat
easurement Component Component

Bioassessment X

Stream buffer X X X

Forested stream buffer (GIS) X

Streamflow patterns (modeled) X

Channelization X X

The subcommittee agreed on a preliminary weighting of the three main types of indicators
(quantity, quality, and streams) as shown in Table G.4, and agreed that individual indicators
should initially be weighted equally within each type. The recommended list of indicators is
shown in Tables G.5 and G-6.

Table G.4 Proposed Weighting Factors

Type Weight
Quantity 40
Quality 30
Streams 30
TOTAL 100

Table G.5 Selected Indicators, Existing Conditions

Type Indicator Scale Normalized Unit Source
E(;?r:g?gr?ts Site Yes /no County records
ﬁ(t)r()e;;ngcrossmg Site Yes /no Modeling

Quantity # of structures in
100-year floodplain ~ Catchment flood plain / Modeling

watershed area
Peak discharge Catchment cfs / acre Modeling
Runoff volume Catchment in Modeling
Nitrogen loads Catchment Ib/ac/yr Modeling
Phosphorus loads Catchment Ib/ac/yr Modeling

Quality Sediment loads Catchment Ib/ac/yr Modeling
Wetland density Catchment Percent of area GIS Analysis
Forest cover Catchment Percent of area GIS Analysis
Habitat rating Reach Score / mile SPS, SPA
gg?gﬁgllogy Reach Score / mile SPS
Stream erosion Reach LF / mile SPA

Streams Bioassessment Reach LF / mile SPS, follow-up
Stream buffer Reach LF/mile SPA

% days when daily
F?;rt?:rnrglow Reach flow > mean annual  Modeling

flow
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Table G.6: Selected Indicators, Future Conditions

Imperviousness Catchment change, area GIS Analysis
Nitrogen loads Catchment % change, Ib/ac/yr Modeling
Phosphorus loads Catchment % change, Ib/ac/yr Modeling
Peak discharge Catchment % change cfs /acre  Modeling

Vulnerability ggzgi;vggg:n Catchment % change, in Modeling
potential Reach % change , LF / mile  Modeling

% change, days
S;rt‘f:r":;'ow Reach when daily flow > Modeling
P mean annual flow
Results

Indicators Used

The problem ranking task was carried out simultaneously with completion of the modeling
and analysis. In the process, the selection of the indicators used was modified. In practice
it proved difficult to use all the selected indicators as proposed, for the following reasons:

1. Hydraulic modeling was not far enough along to assess streamflow patterns
according to the Booth article referenced earlier. The analysis task proved to be
prohibitive, as well, since it required processing data for 365 days of flows in 167
modeled stream reaches.

2. Stream assessment data across the watershed did not appear uniform enough for
quantitative analysis. Most of these indicators couldn't be used as planned.

The final set of indicators used for the project is shown in the tables below. Restoration
indicators for catchments relied on modeling results primarily, with measurements also
made from GIS coverages, as shown in Table G.7.

Table G.7 Catchment Restoration Indicators

Indicator Criteria Units
Quantity Peak discharge cfs/acre
Runoff volume inches
Quality Nitrogen Ib/ac/yr
Phosphorus Ib/ac/yr
Sediment lb/ac/yr
Landcover Wetland percent of catchment
Forest percent of catchment

Use of the stream indicators was somewhat subjective. Sites were typically selected if they
showed two or more of the impairments in Table G.8.

Table G.8 Stream Reach Selection

Indicator Criteria
Habitat Rating Overall habitat rating of poor and very poor
Channel Morphology CEM Type Il (incision) and 1l (widening)

Severe to extreme erosion inventory impact score (score of 7-10) and

Stream Erosion moderate to high restoration potential

Bank Stability Low bank stability (habitat assessment parameter) score of 3 or lower
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Indicator Criteria

Severe to extreme erosion inventory impact score (score of 7-10) and

Riparian Butfer moderate to high restoration potential

Additional sites for stream improvements were selected based on specific locations of
severe and extreme inventory points, or clusters of points for data from the following layers.

Table G.9 Stream Site Selection

Indicator Criteria

Pipe Impact Moderate to severe impact score
Crossing Impact Moderate to severe impact score
Ditch Impact Moderate to severe impact score
Obstruction Moderate to severe impact score
Dump Site Impact Moderate to severe impact score
Utility Impact Moderate to severe impact score

The preservation indicators for catchments used in the analysis were a simplified set of the
ones recommended, relying on water quality modeling results alone. 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 G.10, in Ib/ac/yr.

Table G.10: 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
parameters doubled (increase of 200% or more), then the catchment was flagged as a
preservation candidate.

Table G.11 Preservation Indicators

Indicator Criteria Units

Quantity Peak discharge Y%change, cfs/acre
Runoff volume % change, inches

Quality Nitrogen % change, Ib/ac/yr
Phosphorus % change, Ib/ac/yr
Sediment % change, Ib/ac/yr

Landcover Imperviousness % change,
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Candidate Sites

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. The types of candidate
sites are as follows. Stream Restoration sites (S), Catchment sites (C), Regional pond
alternatives sites (D), Flooding sites for roads and structures (F) and Preservation sites (P).

Stream Restoration

Stream restoration candidate sites are shown below in Maps G.1 and G.2. A total of 87
Stream Restoration Sites were selected.

Catchment Restoration Ranking
Existing Conditions

The 201 catchments in the Difficult Run watershed were ranked based on existing
conditions using the quantity and quality indicators listed above in Table G.6. The modeling
and GIS results for each of the parameters were 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.

e For the modeled indicators (100 year floodplain, runoff volume, peak discharge, nitrogen
loads, phosphorus loads and sediment loads) higher values reflect lower quality
conditions and received a lower score, which will indicate a higher priority ranking for
restoration.

e For the GIS derived landscape indicators (wetland density, forest cover) higher values
reflect higher quality conditions and received a high score, which will indicate a lower
priority ranking for restoration.

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. Table G.12 below shows an example with the indicator weights, and top 10
priority catchments.

A total of 46 catchment sites were selected. Refer to Map G.3 for their location and the
results of the existing conditions catchment ranking.

Regional Pond Alternatives

There were 52 known sites where Regional Ponds were planned but are currently unbuilt.
During the modeling task, the drainage area to each of these sites was delineated as one or
more separate catchments, so it is possible to rank the unbuilt regional pond sites using the
same prioritization scheme as the other areas of Difficult Run. The sites are shown on Map
G.4.

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
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overtopped for one or more storm flow, 34 were selected as candidate sites. The sites are
shown on Map G.5.

Catchment Preservation Ranking

The future conditions model results and impervious cover percentages were compiled to
generate a ranking of vulnerability. The catchments the showed the greatest percent change
in the model results and imperviousness between existing and future conditions are
considered the most vulnerable to degradation.

e For all indicators (runoff volume, peak discharge, nitrogen loads, phosphorus loads,
sediment loads, and impervious cover) higher percent changes reflect more vulnerability
and received a lower score, which will indicate a higher priority ranking for preservation.

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. Table G.13 below
shows an example with the indicator weights, and top 10 priority catchments.

A total of 34 catchment sites were selected. Refer to Map G.6 for their location and the
results of the preservation catchment ranking. Map G.7 shows all of the candidate sites
across the watershed.
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Table G.12 Catchment Ranking — Existing Conditions — Top 10 Priority Catchments

Category Quantity Water Quality Landcover
(2]
[} c = L
O | =0 © S s = T - Total
x = S e g o [} c 17
Indicator sE | 25 S g £ £ s o
ey |29 o = @ = ® S
= > o = [] 1] ;
=) T < (2]
o (=] 4
Number of 2|8
Indicators 3 3 2 8 |
Indicator Weight 100.0
Percent Indicator of| 375 | 375 | 250 | 333 | 333 | 335 | 500 | 500
ategory
Percent Category of 40.0 40.0 20.0 100.0
Total
Wolftrap Creek DFWC0003 15 15 10 53 67 13 10 20 203 20 | 1
Difficult Run DFDF9501 15 15 100 27 53 13 10 10 243 24| 2
Old Courthouse Spring  |DFOR0099 15 15 100 27 53 13 10 10 243 24 | 2
Wolftrap Creek DFWC0004 15 15 10 53 53 27 60 20 253 25| 4
Piney Branch DFPB0002 15 30 20 67 53 27 30 20 262 26| 5
Rocky Run DFRR0001 15 15 100 27 53 13 40 10 273 27| 6
Piney Branch DFPB0001 30 15 100 40 53 13 10 20 282 28 | 7
Colvin Run DFCR9401 15 15 100 27 67 13 50 10 297 30| 8
Piney Branch DFPB9801 15 15 100 40 53 13 50 10 297 30| 8
Difficult Run DFDF9701 15 15 100 40 67 13 40 10 300 30 | 10
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Table G.13 Catchment Ranking - Future Conditions — Top 10 Priority Catchments

Category Quantity Water Quality Landcover
(/2]
S _— S 2 = % Total
. < & S E =) 2 g S
Indicator 3 < = o ) E 2
&g 25 £ 2 3 g
Q2 S S <] ]
(=) < (2] £
n_ —
o -
Number of 215
Indicators 2 3 1 6 o,k
Indicator Weight 100.0
Percent Indicator of
Category 50.0 50.0 33.3 33.3 33.5 100.0
Percent Category of 40.0 40.0 20.0 100.0
Total
Snakeden Branch DFSB0006 20 20 13 13 13 200 100 10 | 1
Snakeden Branch DFSB9402 20 20 13 13 13 200 100 10 | 1
Difficult Run DFDF7102 20 20 13 13 27 200 113 11| 3
Wolftrap Creek DFWCO0015 40 20 13 13 13 200 120 12| 4
Difficult Run DFDFO0033 40 20 13 13 27| 20, 133 13| 5
Colvin Run DFCR0004 20 20 27 27 27 200 140 14| 6
Colvin Run DFCR0008 20 20 13 13 13 60, 140 14 | 6
Colvin Run DFCR9301 20 20 13 13 13 60 140 14 | 6
Rocky Run DFRR0003 20 20 13 13 13 60 140 14| 6
Wolftrap Creek DFWC9001 20 40 13 13 13 40 140 14| 6
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