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The Watershed Subcommittee of the Citizen’s Advisory Committee for the Environment 
and Ecology developed this paper in cooperation with Reston Association.  The members 
of the subcommittee that put in their time and effort to develop the paper are as follows:

Ken Andrews, co-chair of the environment and ecology committee
Hunt Loftin, chairman of the watershed subcommittee
Kathy Rowland
Chris Tracey
Martha Tracey

Integral to the development of the paper was the support, contributions and comments 
that were provided by Larry Butler, Reston Association Director of Parks and Recreation, 
Dawn Biggs, former Reston Association Watershed Manager and Tony Robison, former 
Reston Association liaison to the subcommittee.

We are presenting this paper to the Board because of our fervent support and belief of the 
following concepts:

 As citizens, we see that Reston’s subwatersheds are degrading and Reston’s focus 
to date has been to bandage the effects but not address the causes.  Our dues can 
be better spent.  We can fix the cause once or bandage the effects over and 
over again. 

 As members of the watershed subcommittee, we know that long-term 
improvement of the subwatersheds cannot occur unless the Reston Association 
Board and staff, Citizen’s Advisory Committee for the Environment and Ecology 
and the Reston community work together.  This effort requires the support and 
long-term commitment of the entire Reston community. 

 As volunteers, we have taken on the task of characterizing the watershed 
conditions, problems and sources; but we have always known that the competent 
completion of this effort requires the Board to provide funding and acquire 
additional technical support.

We know that this resource can be restored and protected.  The watershed subcommittee 
contains volunteers that do this kind of work for a living and a range of professionals 
from recent college graduates educated in the latest technologies to seasoned semi-
retirees with experience in local and international watersheds.  The subcommittee 
presents tried and proven actions in this paper that have successfully worked for other 
jurisdictions locally and nationwide.  Following is an example demonstrating that 
communities want to get involved in improving their environments and that, if a well 
designed plan of action is developed and supported by the community, implementation of 
the plan will in turn be assisted through community volunteers and community, 
municipal, state and federal funding.



Landowners in the Muddy Creek subwatershed in Virginia were concerned with the pollutants 
entering their streams from stormwater runoff.  They formed a citizen’s advisory committee to 
Rockingham County that consists of 12 landowners and four environmental advisors.  The 
committee encouraged all subwatershed landowners to participate in the public meetings. 
“Because the landowners have had a vital part of every decision, the community is 100 
percent behind the effort ” noted Carl Luebben chair of the environmental committee.  To 
assist the community with the pollutant reduction efforts, EPA recently provided a grant to 
implement better practices to manage pollutants. (USEPA Liquid Assets 2000: America’s 
Water Resources at a Turning Point May 2000)

The watershed subcommittee fervently believes that Reston can best achieve long-term 
improvements and protection of its watersheds by developing a watershed management 
plan that is supported and guided by the Reston Association Board and staff, citizen’s 
advisory committees, and the Reston community at large.  This plan will identify the 
causes of the observed problems and establish a plan of action that provides a long-term 
cure.  It is estimated that the watershed management plan for all of Reston will take 
approximately $120,000 assuming Reston Association provides $50,000 to $80,000 in 
staff and production resources.  It is proposed that a plan be developed first for the 
subwatershed that drains to Snakeden Branch.  The actions designated in the Snakeden 
Branch subwatershed plan can be implemented while management plans for the other 
subwatersheds are later developed.  It is estimated that stream restoration costs for all of 
Reston may be approximately $2.5 M.   The physical improvements may take years to 
fully implement but Reston can be comfortable that this money is being used to solve the 
cause of the problems rather than repeatedly bandage the resulting scars.  One cost saving 
can be in dredging the lakes.  The annualized amount RA spends to remove accumulated 
sediments is approximately $46,000.  As watershed restoration measures are 
implemented and erosion and sedimentation are reduced, both the amount of sediment 
needing to be removed should be reduced, and the time interval between dredgings 
should be increased, if this activity remains a community priority.  Other cost savings 
include reduced repairs to bridges and paths.  The biggest benefit to restoring and 
protecting our watersheds may be the environmental and aesthetic qualities that have 
always been a keystone of Reston’s prestige.

This revised edition follows a July 2000 workshop with the Reston Association Board 
and incorporates comments received to date.  We hope that the paper promotes interest in 
and awareness of our watersheds.  When you do have questions, please contact Hunt 
Loftin, chairman of the watershed subcommittee at (703) 385-6000 or Larry Butler, 
Reston Association Director of Parks and Recreation at (703) 435-6501.



I.  Introduction

A watershed is the area of land that drains to a stream, pond or lake.  Everyone lives in 
and affects the quality of a watershed.  The water that drains from the land within Reston 
comes from several sources.  Much of it is storm water (rainfall and snow melt) that 
washes over roads, parking lots, roofs, lawns and woods.  Other sources include the water 
we apply to sustain our lawns and gardens, use to wash our cars, or drain from our pools. 

Reston’s residents are concerned with the deteriorating condition of our watershed and 
volunteered to join the Committee for the Environment and Ecology, eventually forming 
the watershed subcommittee.  Other volunteers are currently working with Reston 
Association staff on stream assessments and resource based activities.  As determined in 
an informal poll of volunteers across all of the Citizen Advisory Committee and Board 
members on June 29th, the trails and walking are the most beloved outdoor activities 
within Reston.  Much of the walking occurs on the trails along our streams and lakes, 
which are the recipients of the storm water runoff from our subwatersheds.



II. What is a watershed?

While all of Reston’s streams eventually drain to the Potomac River (see Figure 1), the 
routes taken to get there are divided into the three subwatersheds that are presented on 
Figure 2: Difficult Run, Sugarland Run, and Horsepen Run.  Because of Reston’s 
elevation, we are the headwaters of these subwatersheds, which means the creeks and 
streams start in our back yards and no one but Restonians affect the quality of the runoff 
within our boundary.  

Each of these subwatersheds contains several tributaries that drain smaller basins in and 
around Reston, including The Glade, Snakeden Branch, Colvin Run and many unnamed 
smaller tributaries.  Reston’s watersheds are almost fully developed with the bulk of the 
undeveloped property preserved as wooded open space or buffers.  Along several of these 
tributaries or streams are impoundments that serve as stormwater management facilities 
and recreational amenities.  These include the Reston Association’s four lakes and three 
ponds, as well as numerous other small impoundments on some commercial properties. 
Table 1 shows that the Difficult Runs drainage area of 5,600 acres constitutes 
approximately 71% of Reston, Sugarland Run approximately 28% and Horsepen Creek 
less than 2%.  Thus the Difficult Run watershed, which is roughly all of Reston east of 
Reston Parkway, is the largest of Reston’s watersheds and contains all four lakes.  

Table 1.  Characteristics of Reston’s Watersheds
Characteristic Difficult Run Sugarland Run Horsepen Creek Total

Drainage area (acres) 5,600 2,197 136 7,933

Stream length (miles)     44     21  <1    66

Concrete swale length (miles)     18      4  <1    22
Impervious area (acres) 1,318   673  25 2,016
Watershed management includes activities on or in each of these areas, the main thrust of 
which is to slow down or mitigate the negative changes that occur.

This paper presents:

 How development in Reston has impacted our waterways as well as natural 
manmade assets on the land

 The condition of Reston’s watersheds and impacts to Reston Association assets
 Examples of watershed management techniques
 The importance of a watershed management plan

The paper provides a brief 4-page summary of these topics with several appendices to 
provide details on actions taken by Reston, example costs required for on the ground 
renovations, example strategies for mitigating and restoring watersheds and actions taken 
and proposed by the Reston Association for problems within our streams.



Figure 1:  Location of Reston within the Potomac River Watershed



II.  How Reston’s Development Is Changing Our Watersheds

Watersheds are not static.  The forces of nature and humans change the land, streams and 
receiving impoundments.  The landscape that we now call Reston has changed drastically 
since its early, forested state. The forested land could receive up to an inch of rainfall 
without generating any appreciable overland runoff as virtually all the precipitation 
infiltrated into the ground or evaporated.  Since the 1960s, forestland and open space 
within Reston have been converted to buildings, roads, parking lots, driveways, 
sidewalks and other impervious surfaces that prevent the infiltration of stormwater.  In 
fact, the development of Reston has resulted in over 25% of the land surface being 
converted to impervious surfaces.  The diversion of stormwater runoff from the 
impervious surfaces to concrete swales and storm sewer pipes results in increased 
stormwater runoff volumes to our streams, as presented in Figure 3.  This urbanization 
increases the frequency of flood and drought periods and some streams become 
intermittent.

Figure 3.  Changes in stormwater distribution in response to development (source: 
EPA Low-Impact Design Manual, 2000)



An increase in the stormwater runoff is important to Reston because it causes the 
streambanks to erode in order to create an enlarged stream cross section that can pass the 
larger flows (Leopold, 1964; Rosgen 1996).  This erosion will continue until the stream 
shape is brought to a stable condition, which can take many decades after the completion 
of the last development within a subwatershed.  Based upon studies conducted by USGS 
and others, the stream reaches that are experiencing severe erosion, approximately 30% 
of the streams in Reston, have a long time to go before they reach stable conditions.

The results of the erosion witnessed in the various Reston watersheds include the 
following:

 Tree loss
 Tree stress due to lowered water table
 Infrastructure damage such as to trails and bridges
 In-stream habitat loss for fish and macro-invertebrates
 Loss of riparian habitat
 Sedimentation of the lakes
 Property loss
 Increased flooding
 Loss of vernal pools that are important to amphibian reproduction
 Invasion of species adapted to cycles of flooding and drought along stream 

floodplains

Recent surveys of currently undercut trees along the main stem of Snakeden Branch 
estimate that approximately 7 trees in every 300 feet will fall within the next 3 years due 
to erosion in the most severe areas.  This is a total of approximately 250 trees just along 
the degraded two-mile main stem of Snakeden Branch.  The threat of erosion damage to 
Reston’s infrastructure is substantial as well.  Approximately 180 linear feet of pathway 
bordering the Snakeden Branch and 105 linear feet bordering The Glade stream are 
threatened by undercutting from stream erosion. In addition, 8 bridges on Snakeden 
Branch and 7 bridges on The Glade are currently being undercut by erosion and will need 
to be replaced, probably within the next 5 to 10 years. 

III. What Are The Problems?

The replacement of forestland with development, stream crossings, dams and other 
anthropogenic impacts has dramatically lowered the ability of our watersheds to collect 
and infiltrate stormwater, trap pollutants and provide habitat.  The effects are noticeable 
in numerous problem areas within Reston, as presented below.

 Lake Sedimentation – eroding streams deposit materials in the lakes and ponds 
that Reston has paid nearly $750,000 over 15 years to remove.  The costs have 
increased by 1/3 over the past 5 years and will continue to increase.



 Lake eutrophication – sediments and nutrients over the years have resulted in an 
increasing trend in the growth of lake algae and plants.  This growth clouds the 
waters, reduces aesthetic and recreational value and can kill fish.

 Physical degradation of streams – stream widening and loss of pools and riffles 
fells trees and threatens trails.

 Biological degradation of streams – biota are flushed away or buried by sediment
 Highway runoff – directs pollutants and extremely high flow rates to the streams
 Mowing of the pipeline easements in critical areas – removes stream buffers
 Concrete culverts discharge stormwater into streambanks – the streams are treated 

as an extension of the stormwater sewers

Further descriptions of each of these problems are provided in the appendices.  Examples 
are presented in the photographs at the end of the paper.

IV.  What Are The Positives?

Reston began in the 1960s using a plan that was environmentally sensitive.  The natural 
resource protections begun in the 1960s provide opportunities for Reston to regain 
control of the problems by improving and restoring the watershed function of our 
community.  The resources available to Reston include not only the natural but also those 
available from the vibrant and active resident and business communities.  Key 
opportunities that are available to improve Reston’s watersheds and habitat are presented 
in the appendices.

V.  What Can Be Done To Manage And Restore Our Watersheds?

Across the nation, communities are learning that the most effective approach to 
improving or protecting their water resources is at the watershed level.  Many federal, 
state and municipal guidance documents are available to assist in the development of 
these plans.  

There are funding sources through the Commonwealth of Virginia for watershed projects 
that reduce the amount of pollutants entering streams.  Reston can become eligible for 
these funding sources once they develop a watershed management plan that 
identifies the practices that will be implemented to reduce the erosion and other 
pollutants within our streams.  Other funding sources are available as well as 
mechanisms for getting payment in kind support from Fairfax County and regional 
organizations like the state forest service, Northern Virginia Soil Conservation District, 
Chesapeake Bay Foundation and others.  However, these funding mechanisms become 
more competitive and potentially limited as time proceeds.

There are many approaches that are available for developing, managing and restoring 
Reston’s watersheds.  One approach is simply to do nothing.  Reston has unequivocally 
made it clear that this is not an option, as stated by the Board and the letter from the 



Reston Association Executive Director that justified the increase in homeowner 
association dues in 1999.  All prudent approaches for technically and financially restoring 
Reston’s watersheds require the development of a watershed management plan.  The 
components of a watershed management plan include:

1. Initiate a public education/outreach program on watershed issues
2. Create a Watershed Stakeholder Committee (i.e., Volunteer Watershed committee and 

interested Reston HOA residents and businesses)
3. Describe and characterize the watershed
4. Classify the subwatersheds and problem areas
5. Conduct a preliminary prioritization of restoration and improvement actions
6. Conduct focused field studies of the preliminary prioritization sites
7. Develop a final prioritization list
8. Develop a watershed management plan that describes the actions, projects, schedules, 

budgets, monitoring and stakeholder involvement
9. Reston Association implements the watershed management plan with support from 

the watershed stakeholder committee and community participation

The Reston Association has accomplished some of the work on items 2, 3 and 4.

The Board and Reston Association can take actions now to restore our watersheds and 
improve the aquatic and terrestrial environments, as presented below.  Additional actions 
will be incorporated into the watershed management plan.

Actions the Board and Reston Association can take now to restore Reston’s watersheds:

 Approve the funding of a management plan for the watershed draining to a highly 
visible stream within Reston such as the Snakeden Branch.

 In excess of $100,000 is available in a fund established by the RA Board for 
watershed protection.  These funds are generated from developers using RA’s lakes as 
stormwater management facilities and can be used to acquire the additional technical 
support/consultation that Reston needs

 Fully support, fund and implement a public education program
 Commit more funding annually to watershed management activities
 Restore and enforce the establishment of highly vegetated buffers along the 

streambanks
 Evaluate the stormwater management structures to ensure that they provide flood and 

downstream erosion protection
 Fairfax County is not taking actions to restore or protect Reston’s watersheds.  Enter 

into discussion with the County to provide design review and permitting support in 
areas affected by county management

 Work with the highway departments and the underground pipeline companies to take 
action to control their impacts on Reston’s watersheds and fund Reston’s stream 
restoration programs



VI.  Actions Taken Within Reston

Because a watershed management plan has not yet been developed, a holistic approach 
does not exist for restoring the environmental functions and designated uses of the 
streams and lakes within Reston.  In the absence of a watershed management plan, the 
Reston Association has implemented several actions in the past few years and planned 
actions for the near future.  These actions generally restore or protect problem areas, but 
without a watershed plan they do not address the root causes.  The completed and 
proposed actions are presented in the appendices.

VII.  Conclusions - Developing a Plan of Action

There is a need for watershed management in Reston.   While there is likely to be some 
disagreement on the degree to which Reston’s watersheds need restorative work or the 
restorative measures to be taken, there can be agreement on some of the specific 
objectives of a watershed management plan.  Defining the management objectives for 
watershed management in Reston requires an understanding of the problem and existing 
conditions, as well as an understanding of what is actually achievable.  For example, 
information in the appendices indicates that restoration of our watersheds could cost 
approximately $2.4 M.  The restoration may take 5, 10 or more years to complete. 
However, dredging expenses, streambank repairs, trail and bridge replacements and other 
actions taken by Reston Association to address the problems created by poorly controlled 
stormwater runoff cost Reston Association considerable amounts of money, yet they must 
be repeated time and again.  The difference is that the watershed plan will address the 
problems not just the effects and thereby reduce future costs while restoring aquatic and 
terrestrial habitat sought by Reston’s outdoor community.

Developing a strategy for managing Reston’s watersheds requires a commitment of staff 
time, public participation, analysis and funding.  The Board of Directors will ultimately 
decide the levels of commitment for each of these, with input from the community at 
large.  The Reston Association and the Board Advisory Committee have conducted some 
work, but without further financial and technical support, this work cannot proceed to the 
stage necessary to develop and complete a comprehensive watershed management plan. 
We request that the Board approve the allocation of funds to conduct the watershed 
management planning of Reston, starting with the Snakeden Branch watershed and the 
development of a priority list for developing management plans for the remaining 
watersheds and subwatersheds.  We also request that the development of long-term 
funding plans for the protection and restoration of our watersheds begin now so that the 
plans, as completed, can be implemented in a fiscally and environmentally responsible 
manner.

The accomplishment of the protection and restoration of our watersheds will need to 
emphasize public outreach, and community support.  These efforts should also be 
initiated promptly.  As the controversy over the rain garden and wetlands issues have 



indicated, Reston is overdue for getting the community involved in this decision making 
process.

Actions requested of the Board

 Approve funding from the RA Board established fund for initiating watershed 
management planning of the Snakeden Branch watershed

 Approve funding and planning for public outreach, public education and community 
participation in the protection and restoration of Reston’s watersheds
 A long-term commitment between the Board and Reston Association to restore 

and protect Reston’s watersheds, in a written communiqué that can be used to 
obtain grants and other financial and technical support from Fairfax County, the 
state, US Environmental Protection Agency, US Army Corps of Engineers, US 
Geologic Survey, Chesapeake Bay Foundation, Reston businesses and other 
sources

 Board and Reston Association to work with the highway departments and 
underground pipeline companies to control the stormwater runoff from their 
structures and rights of way

Fairfax County has decided that Reston’s lakes provide traps for sediments and pollutants 
that originate within Reston from streambank erosion and stormwater runoff.  Fairfax 
County’s funds are limited for stormwater management, they do not intend to provide any 
financial support in the foreseeable future to Reston or its watersheds, and while the 
Reston Association has requested Fairfax County financial and/or technical assistance in 
Fall 2000, no response has been received to date.  Reston, as a major taxpayer and 
centerpiece of Fairfax County’s growth is entitled to support from the county.  One way 
that the County can support Reston is to provide payment in kind for the development, 
review and approval of the environmental permits that Reston needs to implement their 
watershed management and restoration plan.  The Reston Association Board and staff 
will continue to work with the Fairfax County Board of Supervisors and the Department 
of Environmental Quality to accomplish this goal.

There is also another longer-term action that the Board can consider.  The developers of 
Reston requested and obtained Fairfax County approval to use the lakes as stormwater 
receptacles for the increased sediment loads, pollutant loads and stormwater runoff that 
resulted from continued development.  This approach allowed development of Reston to 
continue without the installation of stormwater management measures that the county 
regulations otherwise require to control the runoff from new construction.   The Board 
can work with the county and the Design Review Board to promote the use of stormwater 
management features in redevelopment opportunities within Reston.
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APPENDIX I – WATERSHED CHARACTERISTICS

Table IA.  DETAILED BREAKDOWN OF RESTON’S WATERSHED 
CHARACTERISTICS
 (Source:  Christopher Tracey, Reston resident and Fairfax County GIS database)

 
Difficult 

Run Sugarland Run Horsepen Creek Total
Total Reston area (acres) 5,600 2,197 136 7,933
Buildings (acres)     
Single family residential 337 87 11 434
Commercial 15 36 0 52
Industrial 8 7 0 16
Multifamily residential 28 8 0 35
-o 59 42 0 101
-p 17 7 0 24
Major trans     
Paved roads (acres) 399 230 14 643
Bridge/overpass (acres) 2 3 0 5
Minor trans     



Paved lots (acres) 449 249 0 697
Unpaved lots (acres) 0 3 0 3
Other     
Paved ditch (acres) 3 2 0 6
     
Total (acres) 1,318 673 25 2,016
Imperviousness 23.5% 30.6% 18.3% 25.4%
     
Median (acres) 61 45 1 107
Reston Association property (acres) 817 157 30 1,003
     
Stream length (mile) 44 21 0 66
Concrete length (mile) 18 4 0 22
Pond area (acres) 20 23 0 43
Pond shoreline (mile) 4 3 0 7
Lake area (acres) 132 0 0 132
Lake shoreline (mile) 8 0 0 8



Table IB.  DETAILED BREAKDOWN OF RESTON’S WATERSHED 
CHARACTERISTICS (Source:  Christopher Tracey, Reston resident and Fairfax 
County GIS database)

 
Difficult 

Run Sugarland Run Horsepen Creek Total
% of total Reston area 70.6% 27.7% 1.7% 100%
% of buildings in watershed     
Single family residential 25.5% 12.9% 43.4% 21.5%
Commercial 1.2% 5.4% 0.0% 2.6%
Industrial 0.6% 1.1% 0.0% 0.8%
Multifamily residential 2.1% 1.1% 0.0% 1.7%
-o 4.5% 6.2% 0.0% 5.0%
-p 1.3% 1.1% 0.0% 1.2%
% of major trans in watershed     
Paved roads 30.3% 34.1% 55.8% 31.9%
Bridge/overpass 0.2% 0.4% 0.0% 0.3%
% of minor trans in watershed     
Paved lots 34.0% 37.0% 0.1% 34.6%
Unpaved lots 0.0% 0.4% 0.0% 0.1%
Other     
Paved ditch 0.3% 0.3% 0.6% 0.3%
     
Total (acres) 1,318 673 25 2,016
imperviousness 23.5% 30.6% 18.3% 25.4%
     
Median (acres) 61 45 1 107
Reston Association property (acres) 817 157 30 1,003
     
Stream length (ft) 232,832 111,825 1,571 346,228
Concrete length (ft) 93,101 21,261 2,568 116,930
Pond area (acres) 20 23 0 43
Pond edge (ft) 18,734 16,441 0 35,175
Lake area (acres) 132 0 0 132
Lake edge (ft) 43,193 0 0 43,193

Miles of natural stream channel on Reston Association property (Source: Dawn 
Biggs, past Reston Association Watershed Manager):

 North Reston (North of Baron Cameron Avenue) - 5.5 miles (8.9 km)



 Central Reston (Dulles Toll Road to Baron Cameron Avenue) - 2.6 miles (4.2 km)

 South Reston (South of Dulles Toll Road) - 10.9 miles (17.6 km)

Number of trees in jeopardy due to stream channel erosion: (Source: Dawn Biggs, 
past Reston Association Watershed Manager):

 Several 300-foot severe sections of Snakeden Branch were reviewed and trees 
leaning or severely undercut that have a short time before collapsing were counted

 30% of Reston’s streams may be severely eroded

7 trees per 300 feet 
19 miles x 5280 feet/300 feet x 7 trees x 30% = 672 trees

3.5 trees per 300 feet
19 miles x 5280 feet/300 feet x 3.5 trees x 30% = 351 trees



APPENDIX II – RESTORATION COSTS

The actual costs to protect and restore Reston’s watersheds will not be known until a 
comprehensive water management plan has been developed.  Efforts by the watershed 
subcommittee and Reston Association to characterize the watersheds does provide 

APPROXIMATE UNIT COSTS FOR STREAM 
STABILIZATION/RESTORATION

 Engineering (modeling, design) - $20 to $25 per foot of stream reach

 Spot stabilization (100 feet of reach) - $10 to $50 per foot

 1000 + foot reaches (no earthwork) - $10 to $15 per foot

 1000 + foot reaches (with earthwork) - $40 to $60 per foot

 Full restoration/realignment - $80 to $160 per foot

Stream stabilization and restoration typically require some tree removal and the grading 
of stream banks and channel beds.  If the Reston Association, County or other public 
entity do not own or have easements to the riparian buffers, the costs to obtain this access 
must be considered.

Approximate costs for restoring Reston Association’s streams:

The costs for developing a watershed management plan would be as follows:

 $120,000 for a consultant to characterize and develop hydrologic and hydraulic 
models of the streams and lakes and develop a watershed management plan

 $20,000 for the Reston Association to design, develop and conduct public 
meetings for citizen education and involvement in the watershed management 
planning (this assumes that Reston Association can use their own in-house 
production, staff, and community facilities)

 No incremental cost for the Reston Association Watershed Manager to work with 
the consultant(s) to develop the plan (up to an $80,000 cost if an outside 
consultant is required to manage these services for Reston Association)

Stabilization (design and construction) of approximately 50% (9.5 miles) of Reston 
Association’s streams has been estimated by Dawn Biggs, past Reston Watershed 
Manager, to be required to control the erosion and restore the physical stability of 
Reston’s streams.  The costs to stabilize the streams, which can be spread over several 
years, would be approximately $2,400,000, as described below.

 Typical design and construction costs in the Washington, DC area are $160 per 
linear foot.



 Stabilization is not required for all impacted stream reaches.  Only 30% of the 
impacted stream reaches are assumed to require construction work.

 Approximately 15,000 linear feet need to be restored (9.5 miles x 5,280 feet/mile 
x 30%).

 $160/linear foot x 15,000 linear feet = $2,400,000

Just for the 1.9 miles of Snakeden Branch, which feeds Lake Audubon and creates our 
largest dredging burden, the cost would be approximately $480,000.



APPENDIX III -PROBLEMS OBSERVED IN RESTON’S 
SUBWATERSHEDS

Lake Sedimentation
The Reston Association began dredging accumulated sediments in its lakes in the early 
1980s to improve recreation, water quality and aquatic habitat, and to improve aesthetics. 
Table III presents the dredging projects that the Reston Association has contracted for 
over the past 17 years.  

Table III.  Dredging Actions Within Reston

Date of 
Dredging Dredging Location Cost

Volume of material 
Removed (cubic 

yards)
1984 Lake Anne $152,496  7,000
1987 Lakes Thoreau and Audubon $185,354 12,000
1991 Hickory Cluster Pond (HCP) $ 17,000    700
1994 Lake Audubon $201,540  8,000
1995 Lake Anne Canal and HCP $  25,661  1,200
1999 Lake Anne and HCP $153,215  5,500
2000 Lake Anne Canal $  46,094    850

Total $781,360 35,250

Since the start of the program in 1984, Reston has spent $781,360 to dredge their lakes 
and is anticipated to spend in excess $1M to dredge the lakes over the next 17 years.  A 
review of Table III indicates that the majority of the dredging to date has occurred in 
Lake Anne and the Hickory Cluster Pond immediately upstream of Lake Anne.  As the 
other lakes begin to accumulate sediment, the dredging cost over the next 17 years could 
exceed $1M.

A review of the costs indicates the average dredging cost is $22.17 per cubic yard of 
sediment removed.  The cost for the 1999 Lake Anne dredging was $27.86 per cubic 
yard, indicative of inflationary factors, and the 2000 Lake Anne Canal dredging had an 
average cost per cubic yard of $58.23, which may be due to the difficult working 
conditions in this tight area.

The greatest cost for dredging is disposal of materials.  As undeveloped land in Fairfax 
and neighboring counties becomes scarce, the cost to truck dredged materials becomes an 
increasingly more expensive part of the projects.  Also, regulations affecting the disposal 
of dredged materials are becoming stricter, further limiting disposal options.



Lake eutrophication
Data from long-term monitoring studies of the lakes indicates that aquatic vegetation and 
algae growth are generally increasing each year.  Similarly, the cloudiness of the waters, 
as indicated by Secchi disk monitoring, is also tending to worsen each year.  Figures IIIA 
through IIID present the annual monitoring data results for two of the Lakes, Lake Anne, 
which is the oldest lake, and Lake Audubon, which receives runoff from Snakeden Run.

Physical and biological degradation of streams
The older sections of Reston have the most degraded streams and Snakeden Branch has 
been identified as the most degraded of all.  The headwaters for Snakeden Branch begin 
just west of Reston Parkway and the erosion problems begin almost immediately. 
Typically headwater streams are small, shallow and well vegetated, but this one is 
approximately 3 feet deep, and 4 feet wide with vertical banks and no vegetation.  In 
addition, the stream flows parallel to the pathway and is threatening the stability of the 
path.  This area, like many others of similar condition, also poses a hazard to bicyclists 
and small children who could potentially stumble on the pathway and fall into this deep 
gully.  For example, a Reston grandmother told one of our facility services staff that she 
was barely in time to rescue her granddaughter when the child’s tricycle went over the 
paved trails edge and into The Glade Stream.  The trail was originally placed away from 
the stream but streambank erosion caused the stream to widen to the trails edge.

The uncontrolled flows from roads and other development have increased stormwater 
flows and velocities, decreased wildlife habitat, increased streambank erosion and 
lowered the shallow water table that provides baseflow during dry weather.  Restoration 
of this stream could include controlling the stormwater runoff to the stream and using 
nonstructural techniques to restore the shape of the stream.  This type of restoration in a 
forested area could require the removal of trees.  Ironically, this restoration would 
potentially save more trees in the long term and restore aquatic habitat.

The soil particles that erode from the streambanks are washed downstream where they fill 
pore spaces between the rocks on the streambed.  These pore spaces are used as habitat 
for aquatic life.  As sedimentation increases, biodiversity in the stream decreases.  The 
Reston Association staff has recently established stream-monitoring stations to determine 
the health of and to detect trends in the streams. This same sedimentation affects the 
health and usefulness of our lakes.  Many species of fish lay their eggs on the bottom of 
the lakebeds or streambeds where they are vulnerable to being buried by heavy 
sedimentation after a storm event.   



0
5

10
15
20
25
30

C
hl

or
op

hy
ll

 a
 

C
on

ce
nt

ra
tio

n 
(u

g/
L)

1982 1984 1986 1988 1990 1992 1994 1996 1998

Year

Figure IIIA.  Lake Anne Chlorophyll a  1982-1999

0

0.5

1

1.5

2

2.5

3

Se
cc

hi
 D

ep
th

 (m
)

1982 1984 1986 1988 1990 1992 1994 1996 1998

Year

Figure IIIB.  Lake Anne Transparency 1982-1999
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Figure IIIC.  Lake Audubon Chlorophyll a  1982-1999

0
0.5

1
1.5

2
2.5

3
3.5

Se
cc

hi
 D

ep
th

 (m
)

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Year

Lake Audubon Transparency 1982-1999



Highway runoff
Other sources of stream erosion that are directly related to uncontrolled or under 
controlled runoff from highways are evident throughout Reston.  A few examples are 
presented below.  These examples are obvious and directly related to highway sources 
because the impacts are noticeable immediately downstream from highway stormwater 
outfalls and highway gravel deposition is frequent along the receiving streams.

 A three to four foot entrenchment of streams in the Hickory Cluster area that 
receive runoff from Baron Cameron Road.  The stream erosion and particles 
contained in the highway runoff are deposited in the Hickory Cluster Pond 
and Lake Anne, which Reston pays to dredge.

 Buttermilk Creek receives runoff from Baron Cameron Road and after a heavy 
rain the creek is a distinct brown from the heavy sediment load it carries.  The 
streambank erosion continues past Hunt Club Road and the sediment load is 
deposited in Lake Fairfax.  The impact to in-stream habitat inhibits the 
opportunity provided by Lake Fairfax to reestablish the aquatic biology of 
the stream.

 Two to four foot stream entrenchment and tree loss is occurring at Hunters Woods 
Pool area predominately because of stormwater runoff from Reston Parkway.  A 
seasonal wetland has been created within the public garden area immediately 
adjacent to the stormwater outfall from Reston Parkway that slows the flows from 
smaller rainfall runoff events.  However, larger events are not adequately 
controlled and develop erosive velocities that threaten Reston’s roads, trees 
and paved paths.

Mowing of the pipeline easements in critical areas
Colonial Gas and Transcontinental Pipeline mow broad swaths over their pipeline rights 
of way twice a year to provide ready access to the underground pipelines in the event of 
maintenance or emergency action.  They maintain this broad swath on critical areas such 
as steep slopes and the edge of streambanks.  This increases the flow volume and velocity 
of stormwater runoff to streams and results in increased streambank erosion.  An example 
is the stream adjacent to the intersection of Ring and North Shore Roads at the location of 
the recently renovated Uplands Pool.  Upstream and downstream of this pipeline 
easement the stream banks are one to two feet in height while at the mowed 
easement the streambanks are over five feet in height.  The pipeline easement that 
runs through Fairfax County’s Lake Fairfax Park is significantly narrower and not 
as closely cropped as occurs in Reston, resulting in a reduced impact to the habitat 
and streams.

The use of concrete culverts to discharge stormwater runoff into unprotected streambanks
There are approximately 22 miles of concrete swales within Reston that are used to 
rapidly remove stormwater from residential and commercial properties.  This mileage 
includes the concrete swales used to carry water away from the roads but does not 
include the closed and underground storm sewers that border many of our larger roads. 
This means there is 1 mile of concrete swale for every 3 miles of perennial stream.  If 
more water were permitted to travel along grass swales or reside a few minutes longer on 



someone’s yard away from buildings, sidewalks and driveways, the impacts to streams 
would be greatly reduced.  More water would infiltrate to discharge to the streams during 
periods of no rain and the rate of discharge, which is responsible for the stream erosion 
and loss of aquatic species, would be reduced.  Reducing the total miles of concrete 
swales and permitting water to flow over grass and woodland buffers would go a 
long way towards mitigating watershed impacts.

Poor stormwater basin design
In north Reston, most of the development occurred after on-site detention regulations 
were in place. These, and the newer commercial sites within Reston, have stormwater 
management controls such as wet extended detention ponds.  The design of these ponds 
has been demonstrated to be effective at removing part of the sediment and other 
pollutant loads.  However, the designs do not make use of improved methods to better 
control downstream erosion (Maryland Department of the Environment, 1999; McCuen, 
1979 and 1988; MacRae, 1993 and 1994).  Thus, the rapid erosion that is observed in the 
streams above our lakes and ponds is still occurring downstream of the lakes and ponds, 
but at a slower rate.  Left unchanged, the stream widening above the lakes and ponds will 
achieve a stable state before that of the streams below the lakes and ponds.

Some constraints to consider
 Some drainage-ways are on private, non-RA property, such as on clusters or 

commercial properties (however, impacted communities, such as Hickory Cluster, 
have expressed a willingness to work with the RA to control the stream impacts to 
their communities)

 Legal – some local, state and federal regulations make certain activities more difficult 
to conduct, or increase the costs considerably for permitting

 Community understanding – some residents do not believe a problem exists
 Access is often difficult as many of the areas where work would need to be conducted 

is wooded, or constricted by private properties
 Some projects would require tree removal, channel realignment or both
 Community priorities, even within a small watershed, may be difficult to develop 

because of competing interests
 Utilities are often present in floodplain areas where restoration work might be 

conducted



APPENDIX IV - POSITIVE COMPONENTS OF RESTON’S 
WATERSHEDS

Reston began in the 1960s using an environmentally sensitive development plan that now 
provides us with the opportunities to regain control of the stormwater affecting our 
watersheds.  The resources available to Reston include not only the natural but also those 
available from the vibrant and active resident and business communities.  The original site 
design of Reston incorporated many of the concepts that are now included Smart Growth 
initiatives.  Residential and commercial densities are clustered to provide larger open 
space areas and stream buffers.  Streets follow a lollipop and stick layout that reduces the 
overall length necessary to provide transportation services.  The reduced area of 
impervious street cover results in reduced stormwater runoff.  

Other key opportunities available to improve Reston’s watersheds and habitat are presented 
below.

 Reston Association has a dedicated, professional staff to carry out the work and to 
conduct monitoring activities

 Reston Association owns a significant percentage of the major floodplain land in 
Reston, on which management activities would be conducted

 The impacts to the watersheds are visible to many residents – sediment in lakes and 
ponds, eroded streams and bridge abutments, fallen trees along streams, etc.

 Many tributaries and their drainage basins are small enough in size where conducting 
the analysis needed to design specific restorative activities and monitoring is 
manageable, both logistically and financially

 Several of Reston’s tributary watersheds lie wholly in Reston and are under one home 
owner association and governmental jurisdiction (Fairfax County)

 Reston Association’s lakes and ponds are directly impacted by a lack of watershed 
management, resulting in a loss of trees, jeopardized infrastructure, and sediment 
loading in impoundments (the costs of removal of which continue to increase)

 There exists a nationwide recognition of degraded urban watersheds, an ever-
increasing body of knowledge and research, and grants are available for some 
management activities

 Local agencies (Northern Virginia Soil and Water Conservation District, Natural 
Resources Conservation Service, Virginia Department of Forestry) actively support 
urban watershed management activities

 Institutional and policy change with local agencies, including Fairfax County and the 
Virginia Department of Transportation, may be accomplished through activism at the 
political level to support watershed activities

 Reston Association’s strategy of beginning in headwater areas allows work outside 
the county’s Resource Protection Area (RPA) thus avoiding costly Chesapeake Bay 
Preservation Act (CBA) permitting costs

 Reston used cluster development as part of their design.  This smart growth practice 
has resulted in stream buffer and open space opportunities that can further benefit the 
watershed and habitat if better managed

 Reston has an infrastructure that they control to manage their environment 



 Reston has a skilled and knowledgeable resident and employment base that wants to 
get involved – IF RESTON TAKES ACTION

 Reston has a strong volunteer community that includes the Scouts, senior citizens, 
stream monitors, and technically skilled workers from agencies such as local federal 
USGS, USEPA and USDA), state and local (Northern Virginia Soil and Water 
Conservation District, Fairfax County, etc.) and professional nonprofit agencies 
(National Wildlife Federation, American Society of Civil Engineers) and numerous 
professional organizations



APPENDIX V - ACTIONS TAKEN BY RESTON ASSOCIATION TO 
ADDRESS STREAM, LAKE, POND AND WATERSHED PROBLEMS

In 1990, the U.S. Environmental Protection Agency (USEPA) developed a storm water 
program, in response to Congressional requirements under the Clean Water Act, which 
required larger municipalities to identify and mitigate the problems caused by storm 
water runoff.  The USEPA specified that the larger municipalities were to look at an 
entire watershed when identifying problems and establishing a plan of action to restore 
the quality of our Nation’s streams and lakes.  Prior to this federal requirement, most 
small municipalities treated the observed problems in their streams and lakes as isolated 
areas of concern.  Public works departments or citizens typically identified problem 
areas, which typically involved a threat to private property or public utilities, such as 
sewer lines, paved pathways or bridges.  The “fixing” of each isolated problem frequently 
turned out to be temporary because the cause of the problem was not corrected just the 
observed result.  Therefore, the cause, which had not been rectified, caused the continued 
degradation of the observed problem areas.  

One example within Reston of this approach is the observed stream erosion that is a 
result of storm water runoff from roads, parking lots and the concrete swales that drain 
residential properties.  The stream erosion causes streambanks to widen and engulf paths 
and bridge foundations.  Reston repeatedly repairs the paths and bridges rather than 
develop a plan that first addresses the cause.  The result is a continual degradation of the 
streams and lakes and the expense of repeatedly correcting the same problem areas.  By 
developing and implementing a plan, in a public forum, that addresses the causes AND 
the problems, the benefits of the costs to restore the watershed can be greater and long 
lasting.  Additionally, the improvement to the environment achieves a goal that Reston 
was founded upon and continues to express as one of its highest goals.

Reston has taken several steps towards improving the watershed and its environment. 
None of these steps have included a comprehensive investigation of the sources and 
extent of the problems.  But efforts on the part of the Reston Association and the citizens 
advisory groups are developing the infrastructure towards achieving this action.  A 
description of the completed and ongoing activities that were conducted within Reston is 
presented below.



Projects accomplished by the Reston Association in 1998

 Southgate Apartment rain garden
♦ Worked with Judy Okay from VA Dept. of Forestry and volunteers from South 

Lakes HS to put a rain garden in at the very headwaters of Snakeden Branch
 Rain garden at WNEC (2)

♦ Installed a rain garden and wetland pool at outfalls of concrete ditches in Glade 
Stream Valley portion of Nature Center to reduce erosion, filter water, and make 
the pathway passable again.  Community volunteers planted the two areas during 
Nature Center workdays

 Wetland at Midsummer play meadow
♦ Widened portion of eroding drainage swale to temporarily retain water, planted 

entire swale to slow and filter water as it travels toward stream.
 100’ of Biologs in Snakeden Branch at WNEC

♦ Served to stabilize stream banks provide a stable medium for stabilizing plants to 
get a foothold without getting washed away in the next storm

 Moss Point Stream restoration
♦ Installed stone check dams, biologs, and regraded banks to slow erosion in a small 

tributary of Sugarland Run
 Leatherwood stream bank stabilization
 100’ of biologs for Bright Pond shoreline enhancement

♦ Placed and planted at various spots around the shoreline to provide fish and 
wildlife habitat as well as shoreline erosion protection

 60’ of biologs for Lake Audubon shoreline stabilization at Shores Cluster
♦ Installed by volunteers, with RA staff supervision, along shoreline as an Eagle 

Scout project
 Flow control structures at bridge #60
 Velocity reduction structures- Cedar Cove
 Soapstone stream restoration design

♦ Worked with NRDC to design a pro bono stream restoration plan for an extremely 
eroded section of Snakeden Branch watershed

 Colts Neck stream restoration 
♦ Installed check dams and other bank erosion control measures at Snakeden 

Branch headwaters 
 Erosion bars at Quarter Master

♦ Used tree limb sections that would otherwise have been chipped up by RA 
arborists to slow water and prevent further erosion along the very beginnings of a 
gully



Projects accomplished by the Reston Association in 1999

10. Cedar Cove shoreline enhancement
11. Biologs and butterfly garden?

12. Erosion at Lake Audubon boat ramp
13. Installed erosion bars and planted around a gully that had formed along the 

boat ramp
14. Upper Lakes tennis erosion

15. Installed a rain garden to catch and slow runoff that was eroding a hillside and 
creating a hazard along a nearby path

16. Stirrup Road stream restoration 
17. Designed and constructed a stream stabilization/restoration project at the 

headwaters of Glade Stream (cost for parts and labor - $1274)
18. Shoreline enhancement on all lakes

19. Installed biologs and plantings along lake shores to reduce erosion, filter 
pollutants, and improve the existing environment

20. Fisheries enhancement
21. Placed several “fish reefs” in the lakes to provide habitat and structure which 

is seriously lacking
22. Established Volunteer Water Quality Monitoring program

23. Working with NVSWCD using the Isaac Walton League biological 
monitoring protocol, training volunteers and coordinating data collection 

24. Biologs at Chadds Ford
25. Installed along RA owned shoreline on Lake Thoreau to prevent erosion and 

provide aesthetically pleasing wildlife habitat and goose repellent



Stream, Lake and Pond Projects on the Reston Association Agenda 

# PROJECT

PRELIMINARY 
PRIORITY 
RANKING STATUS

1 Northgate /covered bridge “canyon” restoration Highest Bids received and being 
evaluated

2 Education – materials, meetings High In progress
3 Inventory of physical stream conditions High In progress
4 Soapstone restoration construction High On hold pending discussions 

with Fairfax County
5 Shoreline improvement Parcel D, Lake Anne High Complete
6 Walker Nature Education Center wetland trail High CBF recommendations being 

designed 
7 Complete Watershed Management Plan High In progress
8 Work with Fairfax County on design and 

administration of Hillcrest Cluster project
High In progress

9 Work with county /others on permitting process High In progress
10 Hunters Woods Pool drainage problem Medium Designed; to be done with pool 

renovations
11 Rain garden/stream restoration near Reston 

Parkway at church
Medium Next year

12 Old Trail stream restoration Medium No
13 Stevenage Road stream restoration Medium No
14 Bank stabilization on gas easement near Hunters 

Woods Village Center
Medium Cannot excavate on gas 

easement
15 Shoreline enhancement on all lakes Medium Ongoing on all lakes
16 Fisheries habitat enhancement Medium Ongoing
17 Stream restoration at Beacon Hill Medium No access
18 Cedar Cove bank stabilization Low Completed by Fairfax County
19 Turtle Pond channel stabilization Low No

 Lessons Learned from past watershed management actions

1. The Citizen’s Advisory Committees to the Board must be included before, 
during and preferably after development of the watershed management 
plans.  This includes the implementation and development of individual 
projects and feedback on concerns from citizens, consultants, Reston 
Association and reviewers like the County and the Design Review Board.

2. Fairfax County permits are expensive and the review process can be 
lengthy.  The Reston Association and consultants need to work closely 
with the county to develop, permit and approve projects, preferably in 
groups rather than one project at a time.  Note also that only one permit is 
required if each subsequent project begins before the first project is 
completed.

3. Public education is necessary to get involvement and concurrence of 
restoration and improvement actions from the Reston HOA stakeholders.

4. Reston Association staff is highly knowledgeable and educated but 
watershed improvement and restoration is a complex and multidiscipline 
field.  Reston Association staff should use experienced consultants to 
perform the work so the Reston Watershed Manager is available to direct, 



review, approve and guide the development and implementation of the 
watershed plans developed for Reston.



APPENDIX VI - Potential Management Strategies That Could Be Part 
of A Watershed Management Plan

Objective 1. Reduce the amount of stream channel erosion in those stream 
reaches located on RA property to protect and enhance RA 
properties and facilities.

Strategy 1. Prioritize stream reaches by direct benefit to 
protecting existing RA facilities and properties. 
Highest priority given to those reaches that drain 
into an existing lake or pond to reduce sediment 
deposition.

a.   Snakeden Branch and its tributaries.
b.   Lake Anne tributaries including through 

Hickory Cluster and adjacent to Inlet Cluster.
c.   Protect pathways, bridges and other RA 

structures.
d.   Tributaries to other RA lakes and ponds.

Strategy 2. Have hydrologic modeling performed on top 
priority stream reaches and tributaries to allow for 
the proper design of renovation and stabilization 
projects.

a. Hire consultant to model Snakeden Branch and 
its tributaries.

b. Develop standard approaches for renovation and 
stabilization projects based upon modeling 
information and current accepted and successful 
practices.

c. Develop costs for standard approaches to 
estimate funding required for top priority 
projects.

Strategy 3. Focus on upper (furthest upstream) reaches of 
tributaries first so that cumulative benefit is realized 
at subsequent projects downstream.

a. Upstream projects are smaller, less design 
intensive and costly, and often outside of major 
easements and Resource Protection Areas (RPA)

b. Existing full time and seasonal labor force and 
equipment available to implement many of these 
projects.



Objective 2. Coordinate watershed management activities and priorities 
with governmental agencies and the public.

Strategy 1. Acquire available information that would be useful 
for modeling, and developing or designing 
management priorities as outlined above.

a. Mapping and digital data resources
b. Accepted design criteria for renovations and 

stabilization projects.
c. Funding sources.

Strategy 2. Enlist the community and Board of Directors to 
solicit governmental agencies and private groups for 
project assistance.

a. Virginia Department of Transportation for 
roadside drainage erosion control measures.

b. Fairfax County for upgrading existing 
stormwater facilities and stabilizing those areas 
under their responsibility.

c. Provide technical guidance to clusters and other 
private landowners identified as having problem 
areas on their properties.

d. Identify and pursue other federal, state and local 
resources available.



APPENDIX VII- CHARACTERISTICS OF POTENTIAL STRUCTURAL 
STORMWATER MANAGEMENT ALTERNATIVES

Table VIIA.  Range of pollutant removal efficiencies for structural stormwater best management 
practices

BMP TSS TP TN Total Annual costs
Infiltration basin
 Soil Group A
 Soil Group B

60–100
50–90

60–100
50–90

60–100
50–90

$0.03–$0.05/ft3

Vegetated swales 20–60 20–40 10–50 $1–$2/linear foot
Porous pavement 60–90 60–90 60–90 $0.15/ft2

Sand filter/filtration basin 60–90 0–80 20–40 $0.1–$0.8/ft3

Water quality inlet 10–25 5–10 5–10 $150 each
Water quality inlet with sand filter 70–90 -- 30–40 $700/drainage acre
Oil/grit separator 10–25 5–10 5–20 $1000/drainage acre
Dry extended detention pond 70–90 10–60 20–60 $0.007–$0.3/ft3

Wet detention pond 50–90 20–90 10–90
Wet extended detention pond 50–95 50–90 10–90 $0.08–$0.07/ft3

Constructed wetland 50–90 (-5)–80 0–40
Dry well 80–100 40–60 40–60
Bioretention -- 81 43
Filter/buffer strip 20–100 0–60 0–60
Sources: Woodward-Clyde, 1986; NURP Final Report EPA, 1983; CWP, 1997; CRC, 1996; Davis et al., 1997; Urbonas 
& Stahre, 1993; Yu et al., 1992; Yu et al., 1993.

Table VIIB.  Cost estimating methods for storm water management structural best management 
practices

Structural BMP 
Type Engineering Services Equation Source Notes

Regional BMPs
Dry extended 
detention ponds

Total cost (design, construction, 
and 50 years O&M)

TC=greater of 
$31,700 or $1,706Ai

Tetra Tech, 1997; 
USEPA, 1993.

Wet extended 
detention ponds

Total cost (design, construction, 
and 50 years O&M)

TC=greater of 
$31,700 or $2,274Ai

Tetra Tech, 1997; 
USEPA, 1993.

All ponds and 
wetlands

Total cost (design and 
construction)

TC=23.07Vs0.703 The Center for 
Watershed 
Protection, 1997.

Wetlands Total cost (design, construction, 
and 50 years O&M)

TC=greater of 
$31,700 or $2,473Ai

Tetra Tech, 1997; 
USEPA, 1993.

Assumes 
wetlands covers 
3% of area 
served

Infiltration basin Total cost (design, construction, 
and 50 years O&M)

TC=greater of 
$31,700 or $4,484Ai

Tetra Tech, 1997; 
USEPA, 1993.

On-site BMPs
Bioretention area Total cost (design, construction, 

and 50 years O&M)
TC=greater of 
$5,000 or $24,575Ai

Tetra Tech, 1997; 
USEPA, 1993.

Assumes 0.5 feet 
of ponding depth

Infiltration trench Total cost (design, construction, 
and 50 years O&M)

TC=$47,171Ai Tetra Tech, 1997; 
USEPA, 1993.

Legend:
Ai  Acres of 100% impervious area

TC  Total cost
Vs  Volume of storage contained in detention pond in cubic feet per second

References:
Tetra Tech, Inc. 1997. Water Quality Management Plan for Loch Raven Watershed. Baltimore 
County Department of Environmental Protection and Resource Management.
U.S. Environmental Protection Agency. 1993. Guidance Specifying Management Measures for  
Sources of Nonpoint Pollution in Coastal Waters. http://www.epa.gov/OWOW/NPS/npsie.html.
The Center for Watershed Protection. 1997. The Cost of Stormwater Management Facilities.




