
 
 

The Role of Regional Ponds 
In Fairfax County’s 

Watershed Management 
 
 
 
 
 
 
 
 
 
 
 

APPENDICES 
 

 
 
 
 

Subcommittee Documents 

Subcommittee Research Papers 

 
 
 
 
 
 
 
 
 
 
 
 
 

Prepared by 
 

Environmental Coordinating Committee 
Regional Pond Subcommittee 

Fairfax County, Virginia 
 

 
 

March 3, 2003 



APP-2  

 



APP-3  

List of Appendices 
 

 
 

Subcommittee Documents 
 
A. Regional Pond Subcommittee Charter and Work Plan 
B. EQAC Resolution 
C. Timeline of Regional Pond Subcommittee Study 
D. Public Meeting Invitations and News Release for Public Meeting on Stormwater 

Management and Regional Ponds 
E. Consolidation of Stakeholder Comments 

 

 
 

Subcommittee Research Papers 
 
F. A Primer on Watersheds and Streams 
G. Categories & Examples of Stormwater Management Ponds 
H. Developed Areas in Unconstructed Regional Pond Drainage Areas 
I. Dry Pond Wetland Enhancements and Retrofitting: Regional and On-Site Ponds 
J. Evolution of Stormwater Management in Fairfax County 
K. Low Impact Development: As a Watershed Management Tool 
L. Low Impact Development Practices: Efficiency, Maintenance and Cost Estimates 
M. Maintenance Service Levels: Regional BMP Ponds vs. On-Site BMP Ponds 
N. Nonstructural BMPs 
O. Regional vs. On-Site Facilities 
P. Regional Pond Interim Decision Matrix and Worksheets (Draft) 
Q. Regional Stormwater Management: A Summary of Policies in Virginia and 

Maryland 
R. Stormwater Management Facility Comparison Chart 

 

 
 

Related Materials and Policy Statements* 
 
S. January 23, 1989 Board Action Item - Report on Review of Safety and Liability of 

Stormwater Detention Ponds containing: 

• Nine recommendations 

• Approval of Regional Stormwater Management Plan as first recommendation 
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REGIONAL POND SUBCOMMITTEE 

CHARTER 
 
Formation of a Regional Pond Subcommittee to give recommendations to the Environmental 

Coordinating Committee on the issue of Regional Ponds as a watershed management tool. 

 
Preamble 

 

On January 28, 2002, the Board of Supervisors directed staff to form a multi-agency committee 

to develop a unified position on the use of regional ponds as well as other alternative types of 

stormwater controls as watershed management tools. In addition, on February 25, 2002, the 

Board directed staff to review the issues outlined in an EQAC resolution (see Attachment 1) 

regarding regional stormwater management. The resolution raised issues concerning: the 

availability of advanced techniques for the management of stormwater; the review and revision 

of the County’s Regional Stormwater Management Plan adopted in 1989 in the context of these 

new tools, the County’s Stream Protection Strategy, the County’s Master Watershed Plan, and 

the Chesapeake Bay Preservation Act; the effects of waivers of stormwater detention and water 

quality requirements on stream quality; funding of regional ponds; analysis of the impact of 

regional ponds on stream ecosystems and morphology; and amendment to the Policy Plan 

portion of the Comprehensive Plan. 

 
In response to the Board’s requests, the Environmental Coordinating Committee formed a 

“Regional Pond Subcommittee,” consisting of the Environmental Coordinator and members 

from the Department of Public Works and Environmental Services (DPWES), the Fairfax 

County Park Authority (FCPA), the Department of Planning and Zoning (DPZ), the Northern 

Virginia Soil and Water Conservation District (NVSWCD), and the Environmental Quality 

Advisory Council (EQAC), to consider the motion and report back with a recommendation(s). 

 
Background 

 

In the mid-1980’s, Fairfax County commissioned a study to examine approximately 100 square 

miles of the western portion of the County for potential regional stormwater management pond 

sites. The study was initiated to address water quality issues on a countywide basis. These 

“regional ponds,” which could control larger watersheds (100 to 300 acres) and reduce the 

maintenance burden to the County by reducing the total number of ponds that would be required 

to be maintained if they were constructed on individual developments, were viewed as a cost 

effective means of controlling erosion and flooding that resulted from increased storm flows 

associated with development. 

 
On January 23, 1989, the Board of Supervisors adopted the Regional Stormwater Management 

Plan for managing stormwater countywide. The original plan identified 134 sites for building 

regional ponds that would primarily control stormwater runoff to reduce peak flow rates, prevent 

erosion and flooding, and improve water quality. Currently, approximately 140 regional ponds 

are included in the regional pond plan with 46 sites constructed and operational. In addition to 

regional stormwater ponds, other stormwater management practices were continued or 



A-2 

Regional Pond Subcommittee Charter (Continued)  

 

 

established in order to support regional water quality efforts and the County’s own policies. 

Developments continue to be approved and constructed under this plan. 

 
Fairfax County continued to witness an evolution of new federal and state guidelines and 

regulations regarding stormwater controls and best management practices to reduce not only 

erosion and flooding, but also nutrients and sediment from entering into the Chesapeake Bay. 

Under the County’s Chesapeake Bay Preservation Ordinance, Resource Protection Areas (RPAs) 

were designated along streams throughout the County. All other areas were designated as 

Resource Management Areas. Because dry ponds designed soley to provide quantity controls do 

not adequately filter nutrients and sediment, retrofit efforts were undertaken to determine the 

feasibility to modify existing stormwater control ponds to include nutrient and sediment controls 

to comply with the new discharge permit requirements. In September 1998, the County launched 

a Stream Protection Strategy Study. The Stream Protection Strategy Report, published in January 

2001, gave a temporal view of the condition of the County’s streams. In October 2001, the 

County launched a watershed planning initiative for all watersheds over a 5-7 year period. 

 
Since the adoption of the regional pond program, there have been advances in the way 

stormwater is managed, including managing stormwater as close to the source as practicable. 

These better site design and low-impact development methods use a combination of innovative 

techniques and practices to reduce, detain, retain and filter stormwater closer to the source. 

These practices can be implemented separately, incorporated as part of an overall stormwater 

management plan, or used to retrofit existing systems. In October 2000, the Board of 

Supervisors approved a Policy Plan Amendment that established an explicit objective for the 

protection and restoration of the ecological integrity of streams and that encouraged the use of 

better site design and low-impact development practices. 

 
Objectives 

 

The Regional Pond Subcommittee will provide recommendations to the Environmental 

Coordinating Committee regarding the use of regional ponds as well as other innovative and 

non-structural techniques as part of watershed management. The focus of the effort is to 

determine in a deliberate and comprehensive way whether modifications to current practices, 

policies and regulations would be beneficial. The mission objectives include: 

 
1. Developing a work program for the approval of the Environmental Coordinating Committee, 

with time lines, responsibilities, and overseeing progress on the work program to guide the 

effort. 

2. Identifying and defining issues or questions to be addressed to develop a greater 

understanding of the relationships between and among: watershed management and regional 

ponds or other stormwater practices and innovative techniques; current Comprehensive Plan 

guidance regarding stream protection; current federal and state regulations and initiatives; the 

Public Facilities Manual; other local regulations; maintenance considerations; and fiscal 

considerations. 
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3. Reviewing and assessing current practices, policies and regulations as they relate to the 

issues identified in objective #2 above. 

4. Assessing alternative stormwater management approaches within the context of issues 

identified in objective #2 above. 

5. Coordinating a discussion of the issues, questions and ideas among the various responsible 

agencies and stakeholders concerning practices, policies and regulations to assist in developing 

recommendations on watershed management tools. 

6. Evaluating stakeholder input and formulating recommendations for implementing new or 

enhanced practices, policies and/or regulations, taking care to integrate the recommendations 

with other agency initiatives, such as those developed by the Tree Preservation Task Force, 

the Infill and Residential Development Study, the Stream Protection Strategy, and the 

Watershed Management Plans. 

7. Developing an action plan for the adoption of recommended countywide practices, policies 

and regulations. 

 
Structure and Composition of the Subcommittee 

 

The Regional Pond Subcommittee shall consist of the following members: 

 
➢ Robert McLaren – EQAC 

➢ Stella Koch – EQAC 

➢ Diane Hoffman – NVSWCD 

➢ Asad Rouhi – NVSWCD 

➢ Valerie Tucker – DPWES 

➢ Paul Shirey – DPWES 

➢ Evelyn Kiley – DPWES 

➢ Fred Rose – DPWES 

➢ Don Demetrius – DPWES 

➢ Scott R. St. Clair – DPWES 

➢ Carl E. Bouchard – DPWES 

➢ Noel Kaplan – DPZ 

➢ Kambiz Agazi – Environmental Coordinator 

➢ Todd Bolton – FCPA 

➢ Irish Grandfield – FCPA 

 
Role of Members 

 

The Regional Pond Subcommittee will operate in a participative manner, whereby each member 

has equal standing and the opportunity to present individual points of view. 

 
Quorum 

 

A quorum of eight members is required for Subcommittee meetings. 
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Meetings 
 

The Subcommittee will meet on the second and fourth Wednesdays of the month beginning at 

1:30 p.m. 

 
Process for Making Recommendations 

 

Every effort will be made to achieve consensus on recommendations. However, in the absence 

of consensus, a vote of at least 12 members will be required to forward a recommendation to the 

ECC. Members may vote electronically in favor of a recommendation. 

 
Relationship with Other Groups 

 

The Regional Pond Subcommittee reports to the ECC. The Subcommittee will consider and 

attempt to integrate the recommendations of other County policy development efforts in its 

deliberations. 

 
Role of DPWES in Support of the Subcommittee 

 

DPWES is the convener of the Regional Pond Subcommittee. The ECC recognizes that some 

Subcommittee alternatives may not be consistent with DPWES’s regulatory and management 

responsibilities. In particular, DPWES must continue to consider stormwater detention waiver 

requests, accept pro-rata contributions, and work to implement the current regional pond plan. 

To the extent possible, these considerations will be identified and discussed during the 

Subcommittee’s deliberations. 

 
Final Report 

 

The final report to the ECC will consist of recommendations with supporting narrative 

summarizing the findings upon which the recommendations are based. 

 
Progress Reports 

 

The Regional Pond Subcommittee will provide monthly reports to the ECC. 

 
Chair of the Regional Pond Subcommittee 

 

The Subcommittee will select its own chair. 
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REGIONAL POND SUBCOMMITTEE 
WORK PLAN 

 
 
 
 
 

 
ECC Approval of Regional Pond Subcommittee Charter April 15, 2002 

 
Issue identification by subcommittee (identification of April 2002 
scope of research and review) 

 
Review and summarize current policy, regulations, April 15 - July 13, 2002 
practices 

 
Research experiences of other jurisdictions April 15 - July 13, 2002 
(Includes policies, successes, failures) 

 
Review what is being done in Fairfax County April 15 - July 13, 2002 
(Includes remediation, rehabilitation, innovation) 

 
Review adaptability and feasibility of alternatives to regional ponds April 15 - August 13, 2002 
(Includes research of commercially available alternatives) 

 
Engage representative stakeholders from the business community, September 2002 
environmental organizations, and homeowner associations in 
discussions of the issues, questions, and ideas concerning policy, 
regulations, and practices 

 
Draft conceptual recommendations for change September- 
(Includes policy, PFM, non-structural measures, structural October 15, 2002 
alternatives, plans and other items, ways to handle pro rata) 

 
Completion of subcommittee recommendations October 15, 2002 

 
ECC review of subcommittee recommendations November 2002 ECC 

Meeting 
 
Finalize ECC recommendations to the BOS and forward December 2002 
a report and recommendations to the BOS 

BOS endorsement/approval of ECC recommendations January 2003 

Implement BOS-endorsed recommendations, with Public input TBD 
when appropriate 
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ENVIRONMENTAL QUALITY ADVISORY COUNCIL 
 

 

RESOLUTION REGARDING 

REGIONAL STORMWATER MANAGEMENT 
February 13, 2002 

 
WHEREAS, The Fairfax County Board of Supervisors approved a Policy Plan Amendment regarding 

Stream Protection on October 30th, 2000 that updated stream protection language and definitions that 

govern the review of development applications; and 

 
WHEREAS, This amendment was not intended to address the full range of stream protection and 

restoration issues; and 

 
WHEREAS, In recent years, there have been advances in the way stormwater is managed, including 

managing stormwater as close to the source as feasible, the use of bioretention and low impact site design 

practices; and 

 
WHEREAS, The County has successfully initiated a Stream Protection Strategy and embarked on a 

comprehensive Watershed Management Strategy; and 

 
WHEREAS, Watersheds are interconnected, with watersheds for smaller streams forming the watersheds 

of larger bodies of water; and 

 
WHEREAS, Protecting and restoring watersheds is necessary to the County’s goals of protecting water 

quality and the ecological integrity of its streams; and 

 
WHEREAS, The County’s Regional Stormwater Management Plan was approved by the Board in 1989 

and has not been reviewed in context with these new initiatives; and 

 
WHEREAS, Waivers are routinely approved administratively during site plan approval because regional 

stormwater ponds are in the plan; and 

 
WHEREAS, The County does not have adequate funding to construct many of these planned facilities yet 

development continues, leaving streams in the County with inadequate protection from stormwater and 

subject to flooding and degradation; and 

 
WHEREAS, When funding is available, the planned regional ponds are being constructed without an 

adequate analysis of the impact on stream ecosystems and morphology; and 

 
WHEREAS, Recent research demonstrates that such ponds can actually be harmful to aquatic ecosystems 

and riparian habitat, and may not adequately filter out the pollutants that reach the County’s streams; and 

 
WHEREAS, Many of the proposed and current stormwater management facilities and regional ponds 

maybe inconsistent with our commitments under the Chesapeake Bay Preservation Act to minimize 

impact on, restore, and protect the health of tributary streams; now therefore 

 
BE IT RESOLVED, That EQAC recommends that the Board of Supervisors review and revise the 

County’s Regional Stormwater Management Plan in context of the Stream Protection Strategy and the 

development of the County’s Master Watershed Plan, including necessary amendments to the Policy Plan. 
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Timeline of Regional Pond Subcommittee Study 
 
Formation of Subcommittee 

 
• Board of Supervisors directed staff to form a multi-agency committee to develop a 

unified position on use of regional ponds and other watershed management tools 
(January 28, 2002). 

 
• Environmental Coordinating Committee (a group of managers from County agencies 

involved in the County’s environmental mission) charged the Department of Public 
Works and Environmental Services to convene a Regional Pond Subcommittee to 
develop a draft Charter and report to the ECC (February 4, 2002). 

 
• Board of Supervisors directed, and the ECC assigned to the Regional Pond 

Subcommittee, the review of issues raised in a February 13, 2002 resolution from the 
Environmental Quality Advisory Council concerning regional ponds and stormwater 
management (February 25, 2002). 

 
• Representatives from the Department of Public Works and Environmental Services, 

Department of Planning and Zoning, Fairfax County Park Authority, Environmental 
Quality Advisory Council, Northern Virginia Soil and Water Conservation District, 
and the County’s Environmental Coordinator convened as a Subcommittee and 
drafted a charter and work plan (March – April 2002). 

 
• Environmental Coordinating Committee endorsed the Regional Pond Subcommittee 

charter and work plan (April 15, 2002). 
 
Actions of the Subcommittee 

 
• Identified and researched issues; assembled facts and clarified perceptions; reviewed 

current policies, regulations, and practices in Fairfax County; researched experience 
of other jurisdictions; reviewed alternatives to regional ponds; prepared 13 research 
papers to substantiate or refute presumptions and perceptions (April – August, 
2002 in bi-weekly meetings). 

 
• Updated the Board of Supervisors’ Environmental Committee on the progress of the 

Subcommittee (August 5, 2002). 
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Timeline of Regional Pond Subcommittee Study (Continued) 
 
• Drafted preliminary statement of existing conditions (Findings) and a description of 

an ideal stormwater management program. Began weekly meetings. (August – 
September 2002). 

 
• Met with a planning group to verify that the Subcommittee was on the right track. 

The group was comprised of representatives from homeowners associations, 
business and industry groups, environmental organizations, and others who had 
expressed interest in the regional pond study (October 16, 2002). 

 
• Presented draft Findings to the ECC (October 21, 2002). 

 
• Used input from the ECC and the Planning Group in the refinement of its 

Preliminary Draft, Regional Ponds as a Watershed Management Tool. Included in 
the report are: Findings Concerning Regional Ponds and An Ideal Stormwater 
Program (November 1, 2002). 

 
• Conducted a peer review of its Preliminary Draft report by soliciting comments 

from experts in the field of stormwater management 
(November 8 – December 3, 2002). 

 
• Publicized a public meeting and opportunity to comment on the Preliminary Draft 

report and to offer suggestions for stormwater management in Fairfax County via a 
Fairfax County News Release, the County’s website, two e-mail distribution lists, and 
a mailing to approximately 300 stakeholders. Posted the Preliminary Draft to the 
County’s website (November 1 – December 3, 2002). 

 
• Conducted a public meeting at the Government Center. Agenda included overview of 

stormwater management, break-out sessions conducted by Subcommittee members 
on a series of questions, and reports from the break-out sessions. Attendees were 
provided the opportunity to comment on the Preliminary Draft – Regional Ponds as 
a Watershed Management Tool. 

 
• Formulated recommendations based on the Subcommittee’s research and on input 

from peer reviewers, the planning group, attendees at the public meeting, and other 
stakeholders. Presented draft recommendations to the ECC for review and comment 
(February 3, 2003). 

 
• Presented final draft report The Role of Regional Ponds In Fairfax County’s 

Watershed Management to the ECC. Final draft included input from the ECC 
(March 3, 2003). 
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FAIRFAX 

COUNTY 

Department of Public Works and Environmental Services 

Director’s Office 

12055 Government Center Parkway 

Fairfax, Virginia 22035-5503 

 
 
 

V I R G I N I A 
 
 
 

November 8, 2002 
 

 
 
 
 
 

Dear…. 

 
You already may be aware that Fairfax County has established a Regional Pond Subcommittee to evaluate 

the use of regional ponds as part of its stormwater management strategy. Because you have expertise in 

the area of stormwater management and in the past have expressed interest in Fairfax County’s   

stormwater management program, we are writing to request your participation in a peer review of the 

Subcommittee’s draft report entitled Preliminary Draft Report – Regional Ponds as a Watershed 

Management Tool, a copy of which is enclosed. This report contains the subcommittee’s preliminary 

findings as well as a summary of the basic concepts of an ideal stormwater management program for 

Fairfax County.  The report also is online at http://www.fairfaxcounty.gov/dpwes under “Regional Pond Draft 

Report.” We look forward to receiving any comments you might have on the report by December 3, 2002 

by email to swpdmail@fairfaxcounty.gov or in writing to Director, Stormwater Planning Division, 12000 

Government Center Parkway, Suite 449, Fairfax, Virginia, 22035. 

 
Background 

 
On January 28, 2002, the Fairfax County Board of Supervisors directed staff to form a multi- 

agency committee to develop a unified position on the use of regional ponds, as well as alternative 

types of stormwater controls, as watershed management tools. The Board’s action was prompted 

in part by community discussion that arose in conjunction with a special exception amendment 

application to install the Dartmoor Regional Pond D-40 in the Sully District. The Board has 

deferred that special exception amendment application indefinitely until the regional pond  

program is reviewed comprehensively. In addition, on February 25, 2002, the Board directed staff 

to review the issues outlined in an Environmental Quality Advisory Council Resolution regarding 

stormwater management. 

 
In response to the Board’s requests, the Fairfax County Environmental Coordinating Committee, a 

group of representatives from County agencies that share in the County’s environmental mission, 

chartered the Regional Pond Subcommittee. Over the past several months, the Subcommittee has 

been working to: identify the issues; review current policy, regulations, and practices; research the 

experience of other jurisdictions; and review alternatives to regional ponds. The Subcommittee 

also is charged with engaging representative stakeholders in discussion, and reporting its findings 

http://www.fairfaxcounty.gov/dpwes
mailto:swpdmail@fairfaxcounty.gov
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and conceptual recommendations to the Environmental Coordinating Committee. The ECC plans 

to forward a report and recommendations to the Board of Supervisors in December 2002. 

 
In addition to requesting your input on the preliminary report, we would like to extend an invitation to   

you to attend a public meeting on Tuesday, November 19, 2002 at 7:00 p.m. in the Board Auditorium in 

the Government Center, 12000 Government Center Parkway, Fairfax, VA to seek stakeholder input on the 

preliminary report as well as on the County’s future stormwater management strategy. If you would like  

to attend, please register in advance by calling the Department of Public Works and Environmental 

Services at 703-324-5033, TTY 711, so that sufficient materials will be available and the Subcommittee 

can plan for breakout sessions 

 
Again, we would very much appreciate receiving your input on the preliminary report. Please call either 

of us if you have questions. 

 
Sincerely, 

 
 
 
 
Carl E. Bouchard, Director, Stormwater Planning Division, DPWES 

Co-Chair, Regional Pond Subcommittee 

703-324-5500 
 

 
 
 
 
 

Diane Hoffman, District Administrator, Northern Virginia Soil and Water Conservation District 

Co-Chair, Regional Pond Subcommittee 

703-324-1460 
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FAIRFAX 

COUNTY 

Department of Public Works and Environmental Services 

Director’s Office 

12055 Government Center Parkway 

Fairfax, Virginia 22035-5503 

 
 
 

V I R G I N I A 
 
 
 

November 8, 2002 

Dear Stakeholder: 

Fairfax County has established a Regional Pond Subcommittee to evaluate the use of regional ponds as 

part of its stormwater management strategy. To seek stakeholder input on this strategy, the Subcommittee 

will hold a public meeting on Tuesday, November 19, 2002 at 7:00 p.m. in the Board Auditorium in the 

Government Center, 12000 Government Center Parkway. The public meeting will provide an opportunity 

to learn about the current program as well as to contribute ideas to shape the program of the future. 

 
We are writing to invite you to this meeting. Please register in advance by calling the Department of 

Public Works and Environmental Services at 703-324-5033, TTY 711, so that sufficient materials will be 

available and the Subcommittee can plan for breakout sessions. Those planning to attend are encouraged 

to read the preliminary findings of the Subcommittee which are available online at 

http://www.fairfaxcounty.gov/dpwes under “Draft Regional Pond Report.” Comments also may be submitted 

by December 3, 2002, by email to swpdmail@fairfaxcounty.gov or in writing to the Director, Stormwater 

Planning Division, 12000 Government Center Parkway, Suite 449, Fairfax, Virginia 22035. This report 

contains the Subcommittee’s preliminary findings as well as a summary of the basic concepts of an ideal 

stormwater management program for Fairfax County. We anticipate that the public meeting participants 

will include representatives of the various stakeholder groups interested in this issue: citizens, 

homeowner and civc association officers, environmental groups, land use professionals, and members of 

the development community. During the public meeting, we will ask the particpants to provide their 

concepts of what the regional pond program ought to include. 
 

 
 

Background 

 
On January 28, 2002, the Fairfax County Board of Supervisors directed staff to form a multi- 

agency committee to develop a unified position on the use of regional ponds, as well as alternative 

types of stormwater controls, as watershed management tools. The Board’s action was prompted 

in part by community discussion that arose in conjunction with a special exception amendment 

application to install the Dartmoor Regional Pond D-40 in the Sully District. The Board has 

deferred that special exception amendment application indefinitely until the regional pond  

program is reviewed comprehensively. In addition, on February 25, 2002, the Board directed staff 

to review the issues outlined in an Environmental Quality Advisory Council Resolution regarding 

stormwater management. 

http://www.fairfaxcounty.gov/dpwes
mailto:swpdmail@fairfaxcounty.gov
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In response to the Board’s requests, the Fairfax County Environmental Coordinating Committee, a 

group of representatives from County agencies that share in the County’s environmental mission, 

chartered the Regional Pond Subcommittee. Over the past several months, the Subcommittee has 

been working to: identify the issues; review current policy, regulations, and practices; research the 

experience of other jurisdictions; and review alternatives to regional ponds. The Subcommitee 

also is charged with engaging representative stakeholders in discussion, and reporting its findings 

and conceptual recommendations to the Environmental Coordinating Committee. The ECC plans 

to forward a report and recommendations to the Board of Supervisors in December 2002. 

 
We hope you will be able to attend the meeting and provide your comments on the preliminary report as 

well as your ideas for incorporation into the future Fairfax County stormwater management program. We 

all have a stake in environmental stewardship. We hope you will take this opportunity to bring your ideas 

to the table! 

 
Carl Bouchard, Director, Stormwater Planning Division, DPWES 

Diane Hoffman, Administrator, Northern Virginia Soil and Water Conservation District Co-

Chairs, Regional Pond Subcommittee 
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FAIRFAX 

COUNTY 

Department of Public Works and Environmental Services 

Director’s Office 

12055 Government Center Parkway 

Fairfax, Virginia 22035-5503 

 
 
 

V I R G I N I A 
 
 
 

October 9, 2002 
 
 
 
 
 
 
 
 

Dear…. 

 
Thank you very much for agreeing to participate in the Regional Pond Subcommittee’s planning group 

discussion on October 16, 2002. We look to the members of the planning group to verify that the 

Subcommittee is on the right track in addressing the issues raised about the regional pond program and 

that we will satisfy the requirements of the Environmental Coordinating Committee. 

 
Background of Study 

On January 28, 2002, the Board of Supervisors directed staff to form a multi-agency committee to 

develop a unified position on the use of regional ponds, as well as alternative types of stormwater 

controls, as watershed management tools. The Board’s action was prompted in part by community 

discussion which arose in conjunction with a special exception amendment application to install the 

Dartmoor Regional Pond D-40 in the Sully District. The Board has deferred that special exception 

application indefinitely until the regional pond program is reviewed comprehensively. In addition, on 

February 25, 2002, the Board directed staff to review the issues outlined in an Environmental Quality 

Advisory Council (EQAC) resolution regarding regional stormwater management. 

 
In response to the Board’s requests, the Fairfax County Environmental Coordinating Committee, a group 

of representatives from County agencies that share in the County’s environmental mission, chartered a 

Regional Pond Subcommittee consisting of the County’s Environmental Coordinator and members from 

the Department of Public Works and Environmental Services, the Fairfax County Park Authority (FCPA), 

the Department of Planning and Zoning, the Northern Virginia Soil and Water Conservation District, and 

the Environmental Quality Advisory Council. 

 
The Subcommittee is working to identify the issues; review current policy, regulations, and practices; 

research the experience of other jurisdictions; review alternatives to regional ponds; engage representative 

stakeholders in discussion, and report its findings and conceptual recommendations to the Environmental 

Coordinating Committee. The ECC plans to forward a report and recommendations to the Board of 

Supervisors in December 2002. 
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Regional Pond Subcommittee Planning Group 
Page 2 

 
Enclosures 

The following background information is enclosed: April 22, 2002 memorandum from the Deputy County 

Executive to the Board of Supervisors with a copy of the Subcommittee’s charter and the above- 

referenced EQAC resolution, and a list of those invited for this planning group discussion. 

 
Meeting Details 

The meeting will be held on Wednesday, October 16, 2002, from 1:30 to 4:00 p.m. in Room 107 of the 
Herrity Building, 12055 Government Center Parkway. Room 107 is on the ground level in the back of  

the building facing the parking garage. If you enter through the front entrance, pass the elevators and turn 

right. Go through two sets of doors and look for Room 107 on the left. 

 
Again, we appreciate very much your taking the time on October 16 to discuss the Subcommittee’s 

regional pond study. Your insights will help us prepare for a public meeting on November 19, 2002. We 

anticipate that the public meeting participants will include representatives of the various stakeholder 

groups interested in this issue: citizens, homeowner and civic association officers, environmental groups, 

land use professionals, and members of the development community.  During the public meeting, we will 

ask the participants to provide their concepts of what the regional pond program ought to include. We  

look forward to working with you. Please call either of us if you have any questions. 

 
Sincerely, 

 
 
 
 
Carl E. Bouchard, Director, Stormwater Planning Division, DPWES 

Co-Chair, Regional Pond Subcommittee 

703-324-5500 
 

 
 
 
 
 

Diane Hoffman, District Administrator, Northern Virginia Soil and Water Conservation District 

Co-Chair, Regional Pond Subcommittee 

703-324-1460 
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Stormwater Management and Regional Ponds Public Meeting 

November 19, 2002 

Summary of Comments from Breakout Sessions 

And Those Submitted Later 
 

 
 

Introduction 

 
The purpose of the public meeting was to bring together a broad array of perspectives, 

knowledge, experiences and visions in our community to thoughtfully consider the Findings and 

Ideal documents prepared by the committee and to offer suggestions and make  

recommendations. 

 
The numbered notes below are a compilation of the comments that were recorded during the 

breakout sessions, as well as those submitted later by individuals. They are grouped under the 

four questions addressed during the breakout sessions: 

 
A. What is missing in the Findings? 

B. Do you agree with the Ideal program? What would you change? 

C. What other suggestions and recommendations do you have? 

D. How and when do you want to be involved if there is a regional pond or other 

stormwater management structure planned in your neighborhood? 

 
“Other Comments” are included E. 

 
The Regional Pond sub-committee deems all of these comments important and will consider 

them, along with its on-going research, findings, and discussions, as it develops 

recommendations to improve Fairfax County’s stormwater management program and to clarify 

the role of regional ponds in that program. 

 
Main Themes 

 
 

While it is impossible to capture the many diverse and detailed comments in a few summary 

phrases, the following main themes emerged from the comments recorded at the public meeting 

and received later from individuals: 
 

1. A goal of stormwater management must be to protect streams and the ecological integrity 

of stream valleys. 
 

2. Eliminate one size fits all solutions. Consider stormwater management as it applies 

specifically in each watershed. 
 

3. Be realistic. Deal with what is on the ground now, including the waivers already granted. 
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4. Be flexible and creative; consider the full suite of available technology, including 

innovative techniques and retrofitting in existing development; include infiltration as much 

as possible. 
 

5. Consider all regional ponds on a site-by-site basis. Go back and re-assess need and design 

specifications in light of reality in the watershed. Then, consider all alternatives, including 

innovative techniques, retrofits, detention elsewhere in the watershed. 
 

6. When regional ponds are built, make them part of the landscape; also make them 

aesthetically pleasing and ecologically balanced. 
 

7. Deal with mosquito issue. 
 

8. Remove policy, regulatory and funding barriers so as to allow and encourage the best 

solutions. 
 

9. Influence the stormwater planning process in the earliest stages of any development or 

redevelopment. 
 

10. Engage the public fully and early on. 
 
 

A. What is missing in the findings? 

 
1. Report needs a good, clear statement of this study’s objective; a statement defining the 

problem is needed. 

2. Need to discuss a “unified position.” 

3. Given the Comprehensive Plan amendment in October 2000 to protect and restore 

ecological integrity of streams and to encourage better site design and low-impact 

practices, and since the regional pond program has caused environmental degradation, the 

regional pond program is inconsistent with the 2000 Policy Plan. Discuss this in the 

findings. 

4. Findings need to state more strongly that regional vs. on-site isn’t an “either-or” matter; 

however, this is recognized in the Ideal program. 

5. County has placed undue emphasis on regional pond best management practices (BMPs) to 

the exclusion of other potentially beneficial techniques. 

6. Report is too pro-regional ponds; it needs more balance. 

7. General tone of document has bias towards regional ponds with minimal consideration for 

alternatives such as bioretention, constructed wetlands, and infiltration ditches/trenches. 

8. Need more details about Low Impact Development (LID) techniques; need more emphasis 

on LIDs. 

9. Point out that LID techniques control stormwater close to the source. 

10. Need more specifics; create a list of alternatives, rather than pros. 

11. What is the availability of advanced techniques? 

12. A more accurate analysis for alternative stormwater management (SWM) methods is 

needed. 

13. All possible alternatives that have been tried and proven should be included in the report 

(regional ponds are not the only alternative). 

14. Need a matrix of alternative solutions and a way to compare these alternatives. 
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15. Need to tailor solutions to problems; use the toolbox approach. 

16. Need to discuss other alternatives to regional ponds, e.g., the full suite of SWM measures 

in the toolbox. 

17. Regional Pond program is flawed because regional ponds work as a network. If some are 

not built, the system will fail. 

18. Findings should recognize regional pond program would never work effectively because 

entire system will never be built. 

19. Regional Pond Policy is flawed because land ownership and right-of-way are, most of time, 

an issue; this affects the timely building of these ponds. 

20. Regional Pond Program does not provide environmental protection: abandons upstream to 

erosion and pollution, construction of pond destroys natural area, and no proof that they 

succeed in collecting pollutants. 

21. Regional Pond Program is neither efficient nor fair. Costs of creating impervious surfaces 

are not borne by those benefiting from them. Upstream homeowners enjoy benefits of 

impervious surfaces while the costs of runoff are borne by stream ecosystem and those 

living near regional ponds, and taxpayers who are denied enjoyment of what was once 

parkland. 

22. In light of near build-out in the County, we need to consider stream restoration in lieu of 

regional ponds 

23. Hydrology section should reflect actual soil conditions in Fairfax County (infiltration). 

24. Regional ponds do not provide for ground water recharge (infiltration). 

25. Most soils in Fairfax County not amenable to infiltration practices. 

26. Groundwater is lifeblood of streams and recharge is critical. When streams dry up, effect 

on downstream biota is devastating. Recharge can only be obtained through infiltration 

techniques, which is discouraged by reliance on regional ponds. 

27. Ecologically, infiltration methods are an ideal way to deal with stormwater because they 

mimic pre-development hydrology without destruction and fragmentation associated with 

in-stream pond building. 

28. Need to verify performance standards for measuring effectiveness of ponds in removing 

pollutants (nutrients and sediments); how well are existing ponds doing? 

29. Need more accurate statistics. 

30. Does quality of water leaving regional ponds meet Chesapeake Bay standards? 

31. Regarding reference to “extending the detention time” (p. 11), insert: “of the BMP storm 

event volume.” The way it currently reads implies that additional 48 hr detention applies to 

2 and 10 yr storms, which is not correct. 

32. Regarding fluctuations in water surface elevation (p. 13), the “bounce” should be less than 

2-3 feet (not 8 to 20 ft) in order for vegetation (trees) to survive; also, elevation is 

determined by topography; and, many small ponds attain sufficient depths. 

33. Does not address how SWM program is related to, or will address, future regulatory water 

quality requirements, e.g., water quality standards necessary to meet TMDL requirements. 

34. Does not give enough values to other methodologies. 

35. Regional Ponds do not address total flow. 

36. Need to consider the impact of poor design. 

37. Use measurables. 

38. Need a good cost analysis; need costs of various solutions. 

39. Need to give more information on maintenance cost comparisons for different measures. 
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40. Maintenance issues regarding regional ponds have been mostly ignored in the Findings. 

41. Look at issue of dredging costs. 

42. Wet ponds will naturally fill with sediment; is this happening? Is this desirable? 

43. Not all regional ponds are located far away from residential properties, which would reduce 

safety problems. 

44. Research done by the committee needs to be made available 

45. List research in a bibliography and citations 

46. Thermal impacts not sufficiently addressed. 

47. Address increase in temperatures downstream. 

48. Thermal impact from typical regional ponds should be minimal due to wind driven mixing 

in shallow impoundments. 

49. Surface pond water is greatly heated in warm weather, and since most regional ponds 

discharge from the surface, there is negative thermal impact on aquatic organisms. Bottom, 

cooler water, could be discharged, but it could be anoxic and have accumulated metals and 

toxins. 

50. The problem of release of higher concentration of pollutants from deep-water ponds not 

relevant because typical county ponds are shallow. 

51. Regional Ponds do not protect the streams located above these ponds; this area can be 

substantial—100 to 300 acres, or a mile of stream length 

52. Need to address impacts to streams between regional ponds and upstream development 

53. Address stream impact between development site and regional pond because of waivers. 

54. Disruption of stream ecology not sufficiently addressed. 

55. Statement (p.6) that “stream valley habitat may be destroyed” is an understatement; 

hydrologic changes kill trees, and without a riparian buffer, habitat changes cause the loss 

of aquatic life and wildlife. 

56. Regional ponds dramatically impact ecology of stream and riparian ecosystem: organisms 

in pond are totally different than those in natural stream valley; regional pond blocks flow 

or organisms along riparian corridor; inhibit recolonization of upstream areas; block flow 

of leaf-derived fine particulate organic matter downstream, which is food for many 

macroinvertebrates. 

57. No protection now for areas that will be protected when regional ponds are built. 

58. Regional ponds do not restore water quality or habitat integrity to downstream areas. 

59. Does not adequately address impacts to forested wetland and stream habitat. 

60. Best nutrient filter system for stormwater runoff is mature forest buffer floodplain; regional 

ponds destroy these and do not provide near the same stormwater control benefits. 

61. Address impact of these ponds on the area in which they are located. 

62. Include potential plantings around regional ponds 

63. Acreage information given for various SWM facilities is inaccurate because actual area of 

inundation is not included for regional ponds. 

64. Only passing reference is given to the fact that most regional ponds will be constructed in 

stream valleys on County park land and in Resource Protection Areas. 

65. Resource damage to parkland at pond site during construction and future impacts outweigh 

any downstream benefits. 

66. County and Regional Park interests are not well described and discussed. 

67. Perennial streams were not considered in developing Regional Pond Program. 
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68. Given the many documented ‘demerits’ of regional ponds, the Findings should state that 

regional ponds have an overall negative impact on the environment (see p. 7). 

69. Many regional pond locations are in intermittent streams where fish migration is not an 

important consideration. 

70. Address the mosquito issue. 

71. Inadequate response to West Nile problem from inadequately maintained dry ponds; this is 

a potential liability problem for the County. 

72. Evaluate pond contribution to mosquitoes (West Nile Virus mitigation). 

73. Dry ponds are not good wildlife habitat (for natural controls of mosquitoes). 

74. Address funding sources; look at funding through stormwater utility fee; what has 

happened to the stormwater utility fee? 

75. Need more disclosure on negotiated financial commitments between County and 

developers. 

76. Don’t overlook that in many instances Park Authority land may have been donated by 

developers. At the same time, need to acknowledge they received private gain in approval 

process. 

77. Developers put money in the pot, but there is not enough accumulated to construct the 

regional pond until many years later, if at all. 

78. Need an explanation of the disincentives for why developers do not use alternative 

methods. 

79. Need analysis of funding and economic benefits to developers. 

80. Only beneficiaries of program are developers (higher density because of stormwater 

waivers) and county, not citizens. 

81. Need data to support assessed value of homes next to ponds. 

82. Financial benefit to homeowners next to wet ponds is overstated; they are considered 

unsightly (muddy, lifeless, oversized trash racks, large outfall structures, paved access 

nearby). 

83. Impact of waivers already granted. 

84. Automatic waivers granted because of planned regional ponds. 

85. Explain process for granting detention waivers (how have 800 been granted?) 

86. Small sites use regional ponds for stormwater control, rather than constructing detention on 

site. 

87. Under ecology (p.5), stormwater control waivers granted in conjunction with adequate 

outfall is flawed because adequate outfall is not determined correctly (should use bankfull). 

The statement should read: uncontrolled volumes of stormwater will (not may) cause 

channel scouring. 

88. Statements (p. 9 and p. 21) that on-site stormwater management is not required outside 

Occoquan is incorrect (e.g. temporary ponds have been required for a development in the 

Difficult Run Watershed). 

89. Need summary of requirements under current laws and regulations. 

. 

B. Do you agree with the Ideal program? What would you change? (Many of these 

comments are also appropriate for the next section “C. Other Suggestions and 

Recommendations”) 

 
1. Ideal is too idealistic. 
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2. No ideas given about how to get to the Ideal; how to get to the best of all possible worlds? 

3. Should be ready before impact. 

4. Discuss Ideal program in view of 85% build-out and current controls in place; consider 

realistic alternatives. 

5. Does not address the “hole” caused by waivers granted for on-site controls. 

6. Don’t come up with an Ideal program and then apply it county-wide; has to be more site 

specific; look at watersheds individually. 

7. Move toward a holistic approach through watershed planning -- Current approach is like 

putting all eggs in one basket. 

8. Add more detail to plan for managing stormwater. 

9. Allow cluster development By Right. 

10. “As natural as possible” design (replicate natural systems). 

11. Ideal should minimize thermal impacts. 

12. Stress need for better communication and public education. 

13. Importance of gaining public support. 

14. Rank alternatives based on potential success. 

15. Add measurable evaluation criteria so solutions can be compared. 

16. If pollutants come from a road, filter them near the source. 

17. Address maintenance issues. 

18. Include better drains to avoid clogging. 

19. Identify barriers / impediments to reaching the Idea. 

20. Use different criteria for drinking water watersheds, e.g., Occoquan. 

21. Hydrology section should reflect actual soil conditions in Fairfax County. 

22. Quantitative measurement needed in watershed to meet stormwater management goals. 

23. Consideration should be given to riparian rights (access to water) of downstream property 

owners, particularly during low flow that occurs during dry periods. 

24. Regarding maintaining integrity of stream valley ecosystems: acknowledge that water 

quality functions of natural buffer areas (flood control, infiltration, mitigate thermal, 

nutrient uptake) are displaced when stormwater management facilities are located in stream 

valleys; hence, stormwater management best management practices (BMPs) ideally, should 

be located outside these areas. 

25. Regional ponds should be retrofitted to integrate other alternatives. 
26. Multiple BMPs are the solution. 

27. Well-designed and maintained Low Impact Development (LID) features can enhance 

property values. 

28. Ideal would have a funding source to support it, particularly in areas that are already 

developed. 

29. Need to identify sources for reliable funding. 

30. SWM costs should be shared among users. 

 
C. What other suggestions and recommendations do you have? 

 
1. Consider more SMART growth and LID measures. 

2. Need incentives for developers to use LID. 

3. Better technologies, such as LID techniques might be a better replacement for regional 

ponds. 
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4. LID works, but must be implemented on a wide scale to be effective. 

 
5. In the earliest stages of review and development process, suggest stormwater measures, 

taking into consideration the watershed and cost-effectiveness. 

 
6. Need tools and flexibility to change regional pond program. 

7. Multiple BMPs are the solution. 

8. Consider street sweeping. 

9. Stream restoration is part of the solution. 

10. There should be a list of practical features that must be considered in every pond design to 

make it aesthetically pleasing, as well as protect ecological integrity, stabilize stream 

channels, etc. 

11. Consider including a matrix of alternatives and a decision tree. 

12. Stormwater management goals: economically reduce runoff and pollutants as close to the 

source as possible; mimic natural ecosystems (e.g., created wetlands will naturally control 

mosquitoes). 

13. Recognize validity of developer viewpoint, but not to extent of allowing negative vetoes of 

practical solutions. 

14. Remove barriers to get to the Ideal (financial, aesthetic, regulatory, etc.). 

15. Need for enabling legislation to implement the plan. 

16. Since pro-rata funds are limited in their use, county may need enabling legislation to allow 

a “fee in lieu” system to collect funds where waivers are granted (used by MD and DC). 

Developers should strongly support this. 

17. Ordinance changes are needed to encourage alternatives to ponds. 

18. County should consider mechanisms to encourage alternatives. 

19. Building process and building codes need to be modified to allow alternatives. 

20. Need inter-agency cooperation on design standards for roads. 

21. Stimulate Park Authority to initiate stormwater management in stream valleys, or revert 

lands to County ownership. 

22. In-stream regional ponds are counter to any stream preservation and ecology; infrastructure 

built in last natural resource areas in county (stream valleys) is disservice to quality of life 

and sense of place for citizens. 

23. Recommendations should be for discontinuation of regional pond program; or, at the very 

least confine regional ponds to highly industrialized areas with pre-existing environmental 

damage; they should never be built in residential areas. 

24. Increase fees to developers to provide stormwater management. 

25. Consider land-use and zoning restrictions. 

26. Water from point sources must be reduced. 

27. Credit should be given for tree preservation. 

28. Need to consider tree preservation and other measures that will help to mitigate thermal 

impacts. 

29. Minimize risk associated with mosquitoes (West Nile Virus) when developing stormwater 

management options. 

30. Mosquito-eating fish should be part of regional ponds. 

31. Dry weather and evaporation; need faster infiltration into pond. 

32. Need stormwater management alternatives that increase infiltration. 
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33. Since there is little contribution to aquifer recharge (because of impervious surfaces), need 

to consider alternatives. 

34. Extended detention should be included on all on-site and regional ponds -- at least .5 in. of 

runoff, and preferably more, should be adopted as extended detention design standard (this 

would control the small storms that cause channel erosion). 

35. Land-use planning and watershed management should be promoted everywhere. 

36. Study the relationship of existing conditions to future development. What programmatic 

changes are needed? 

37. Retrofit existing development as it redevelops; change the code for redevelopment to 

address existing problems rather than just addressing the impact of the redevelopment. 

38. Citizens need information on proposed pond retrofits. Is there a master list of dry ponds to 

be converted to wetland-type ponds? 

39. Transition from wet to dry ponds: There should be a way citizens can petition the County 

to change wet ponds to dry ponds. 

40. Existing old farm ponds should be considered in the development of stormwater 

management programs. 

41. Public is more accepting of wet ponds than dry ones. County should support them where 

others will build and maintain them. 

42. Need prioritization of construction of regional ponds. 

43. Timing of construction over the years. 

44. Regarding phasing of construction: If current method is the only practical approach, then 

admit it, describe it, and try to improve it. 

45. Institute a moratorium on stormwater management waivers. 

46. Evaluate the criteria for granting waivers. 

47. Current stormwater waivers are not working. 

48. Decrease the number of SW waivers. 

49. EQAC has strongly recommended that waivers be sharply curtailed. 

50. Look at retracting some waivers already granted. 

51. Retrofits are necessary to make up for past decisions (waivers, delays of on-site retention, 

funding). 

52. Make a full analysis of adequate outfall for stormwater discharges before on-site detention 

waivers are granted; the key is not whether or not waivers should be granted, but whether 

or not outfall is adequate. 

53. Problem of operating low-level release valves during storm events (p. 18) can be resolved 

with a simple design modification. 

54. Analyze existing pond’s existing and designed capacity to help get information needed to 

minimize the footprint of future ponds. 

55. Over excavate wet ponds, making them more effective BMPs (look at PL-566 and FCPA 

lakes). 

56. Most regional dry ponds require a Corps of Engineers permit. Insist that individual 

developers get their own permits. 

57. Concern with applying averages countywide; analysis has to be more specific (watershed 

and sub-watershed specific). 

58. A reasonable approach is on page 25 of the report, under Ideal: “Through a systematic 

consideration of specific watershed and subwatershed conditions . . . optimize effectiveness 

of regional and/or on-site controls.” (On-site controls should be considered along with each 
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regional pond proposal; require on-site controls if they are needed between development 

site and regional pond). 

59. Have regional ponds failed, or have we had successes with regional ponds? Statistical 

support is needed. 

60. Review regional pond sites to determine continuing appropriateness. 

61. Implement regional pond system, except for any ponds that are no longer practical. 

62. Will existing regional ponds be revisited? 

63. Are there quantitative measures the County must meet in managing stormwater? 

64. Funding is needed for implementing this report’s findings. 

65. What has happened to the Stormwater Utility Fee? 

66. Propose something practical for the Board of Supervisors to consider, e.g., 3 or 4 projects 

annually, up to $1million added to pro-rata share money. 

67. Pass ordinances that encourage low capital cost solutions since developers are not liable for 

stormwater management maintenance costs. 

68. Evaluate total cost of ownership, including maintenance costs. 

69. Adopt the following policies: a) regional ponds are good for high density watersheds 

(provide some protection for reaches below pond in highly impervious areas where streams 

are already degraded) and bad for low density watersheds; b) smaller, properly designed on-

site ponds throughout a low-density watershed provide more protection and don’t sacrifice 

stream reaches above ponds. 

70. Regional ponds should be built for recreational use. 

71. Regional ponds can be built to be aesthetically pleasing and provide quality wildlife 

habitat. 

72. Make a detailed analysis on a case-by-case basis to determine if regional pond is best 

solution (hydrologic and hydraulic models, topography, existing facilities, planned land- 

uses; evaluate retrofits and innovative practices). 

73. Look at retrofitting in areas of existing development. 

74. Implement Low Impact Development measures in low-density areas and implement 

regional ponds in high-density areas. 

75. Adopt a pilot program in one or two watersheds to test the effectiveness of Low Impact 

Development techniques. 

76. Implement pilot project using D-40 project; evaluate and seek mix of alternatives. 

77. Adopt all measures to restore permeability of ground in both new and existing developed 

areas (expand tree save, rain gardens in right-of-ways, porous pavement, curb removal, 

swales). 

78. Don’t make any changes until the study is completed and submitted to the Board of 

Supervisors. 

79. Note that Loudoun, Prince Georges and Montgomery Counties don’t have regional pond 

programs. Because Montgomery County’s development is similar to Fairfax County’s, 

study Montgomery County’s stormwater management program. 

 
D. How and when do you want to be involved if there is a regional pond or other 

stormwater management structure planned in your neighborhood? 

 
1. At the very beginning. 

2. Continuous and on-going; often. 
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3. Web updates and monthly meetings. 

4. DPWES does need to communicate more. 

5. Send out maps and planners as soon as plan is initiated. 

6. Notify public of existing plans. 

7. Posting of sites where ponds are proposed. 

8. Educate public on what is being designed. 

9. HOA and others should be informed during the conceptual planning process. 

10. Advertise meetings on signs placed in medians and at major intersections. 

11. Come up with a better method of informing the citizens about meetings, e.g., use property 

records to contact homeowners and residents, not just the homeowner’s association. 

12. Notify the public before waivers are granted; notify the minute a waiver is requested; notify 

landowners downstream at a distance where the stormwater discharge becomes 1% of 

drainage area; notify within 30 days of submission for review process. 

13. At time property is purchased, landowner should be notified of plans for regional pond 

structures. 

14. Public outreach should be done when pond construction is expected in next 3 or 4 years (it 

is not practical to inform the whole county). 

15. Develop a step-by-step public information program to be used for each pond project. 

16. In effort to gain public acceptance, focus not only on those living near a proposed facility, 

but emphasize watershed benefits. 

17. Shift to watershed management plans, involving citizens stakeholders: a) Develop citizen 

stakeholder, Homeowner Association (HOA) District Council Task Force; b) Use HOA as 

central point of contact and for notifying residents; c) Use the Public Hearing process for 

stormwater planning notification and approval; d) HOAs and others should be informed 

during the watershed planning process. 

18. The public should be involved in the problem assessment/issue identification phase of the 

watershed planning process. 

19. Individuals want to coordinate and promote pilot projects within communities. 
20. Individuals want to help combat bad state laws and policies and help county develop laws 

that reduce tree clearing. 

21. Individuals want to help county devise system for funding stormwater management 

according to the amount of impervious cover, and with a system for stormwater credits. 

22. The onus is on the County to present alternatives and recommended solutions to 

stakeholders. 

23. The County should ensure the public understands why particular SWM alternatives are 

being considered. 

24. The public needs basic stormwater management education. 

 
E. Other Comments 

 
1. How does this report relate to the County’s watershed planning? 

2. Timeline for the completion of the report is too optimistic. 

3. Need an on-going website of the decision making process (for developing this report). 

4. More similar public meetings are required. 

5. Would like to see recommendations of this committee. 
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6. Report needs to be completed for public to provide thoughtful, productive comments. 

Complete last 3 sections and disseminate for public review. 

7. Extend timetable for study and report -- draft has no recommendations or legal analysis; 

allow for two more public meetings and one more round of comments on a final draft of the 

report. 

8. What is the interim status of the regional pond program? There should be no changes until 

study completed and submitted to the Board of Supervisors. 

9. Use South Fork and proposed D-40 area to do a pilot project (measure runoff; look at 

design criteria in light of development; modify existing facilities upstream; engage 

community to implement simple LID and non-structural BMPs, e.g., plant trees, curb cuts, 

rain gardens). 

10. Ask the County Executive to review this entire situation and provide an opinion based on 

sound engineering, legal principles and administrative acumen. 

11. With considerable internal work, a new popular and workable program may be developed; 

don’t hustle to a quick fix that may confound the problem. 

12. Study is a disappointment. It is too biased with lack of research documentation; incomplete 

citations are especially frustrating. Have outside party, such as the Center for Watershed 

Protection, Northern Virginia Regional Commission, and/or consulting firms) review 

information and present the reality in Fairfax County. 

13. Involve national experts in promising new LID BMPs to help define County policy. 
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A Primer on Watersheds and Streams 
 

The water resources of Fairfax County include its streams, groundwater, ponds and lakes. These 
serve as sources of drinking water, recreation, and habitat for a myriad of organisms.  One-third 
of the land in the Fairfax County Park system, around 5,000 acres, is stream valley parkland. 
These stream valleys are significant corridors for the County trails system and wildlife. 

 
Fairfax County is criss-crossed by a variety of natural streams, often called runs or creeks.   
These streams are considered flowing water habitats. Rainfall soaks into the earth and drains to 
low points within the surrounding land, then emerges from the ground as seeps, springs and 
trickling headwaters. These tiny threads of running water join with others in the same drainage 
area to create a stream system. By definition a stream is a system of fresh water moving over the 
earth's surface. There is a natural progression in size from the smallest tributaries to the largest 
rivers into which they eventually flow. Perennial streams flow throughout the year and 
intermittent streams flow only part of the year. There are over 900 miles of perennial streams 
within Fairfax County fed by smaller intermittent headwater streams. 

 
Most of the water on earth, almost 98%, is in liquid form, in the oceans, lakes, ponds, rivers, and 
streams. Of the remaining 2%, some water is frozen in the polar ice and glaciers, some in the   
soil and some in the atmosphere in the form of vapor and some in the bodies of living  
organisms. 

 
Water is evaporated from the oceans, and in much smaller amounts, from moist soil surfaces, 
from the leaves of plants and from the bodies of other organisms. This water, now water vapor, 
is carried up in the atmosphere by air currents. Eventually these water molecules fall to the 
Earth’s surface as rain or snow. Much of the water that falls onto the land runs off into streams, 
then rivers and eventually reaches the ocean. 

 
Some of the water that falls on the land percolates down through the soil until it reaches a zone 
of saturation. In the zone of saturation, all pores and cracks in the rocks and soils are filled with 
water (groundwater). The upper surface of the zone of saturation is called the water table. This 
groundwater provides the base flow in streams and is the reason that streams and rivers have 
flow when it is not raining. It is this groundwater that is the source of water in wells and 
provides water for plants through their roots. Eventually all groundwater reaches the oceans, 
thereby completing the water cycle. 

 
A watershed is an area from which the water above and below ground drains into a particular 
stream, river system or larger body of water. Everyone in Fairfax County lives in a watershed 
with a name and drainage boundaries. The larger stream watersheds usually have sub-basins. 
There are 30 separate drainage basins or watersheds within the County. For example, the 
largest watershed in Fairfax County, Difficult Run (58 square miles), has ten streams, which 
drain into the main stream channel, Difficult Run itself. It, in turn drains into the Potomac 
River. The Potomac River watershed is a sub-basin of the even larger watershed, the 
Chesapeake Bay watershed, which is 64,000 square miles and extends from New York through 
Pennsylvania, Delaware, West Virginia, Maryland, Virginia, and the District of Columbia. All 
Fairfax County streams are in the Potomac River Watershed and subsequently the Chesapeake 
Bay Watershed. 

 
Within a stream are shallow areas called riffles where the velocity is rapid and the bottom 
consists of boulders, stones, gravel and/or sand. Dissolved oxygen levels are high because water 
is flowing over rocks, mixing air into the tumbling water. Alternating with riffles are deeper 
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pools and runs where water speed slows and small particles of mineral and organic matter fall to 
the bottom and oxygen levels are reduced. Each of these stream regions has a diverse  
community of plants and animals, which spend all, or part of their life cycles in the water. 

 
The aquatic food chain begins with leaves and other decaying plant and animal material called 
detritus. These are carried into the stream from the surrounding forests and fields by wind and 
water runoff. Food sources also include aquatic vegetation such as algae. Bottom–dwelling 
(benthic) Macro (large) invertebrates (back-boneless) animals eat this organic matter. These 
include snails, clams, aquatic worms and crustaceans such as crayfish, but the most ecologically 
important are the aquatic insects such as stoneflies, mayflies, caddisflies, and true flies. In turn, 
fish, birds, and other streamside wildlife, such as frogs, salamanders and small mammals eat 
these macroinvertebrates. 

 
Oxygen is vital to organisms that live in a stream just as it is to terrestrial animals. Submerged 
animals use oxygen dissolved in the water. Most aquatic insect larvae, such as mayflies and 
stoneflies, absorb oxygen through their body walls, but many are aided by the use of structural 
gills. Fish absorb oxygen by drawing water in through the mouth where it passes over internal 
gills. High levels of dissolved oxygen in the water are essential to the life functions of a healthy 
stream community. 

 
A buffer of trees lining the banks of streams is another essential part of a healthy stream system. 
The temperature in a stream greatly affects how much oxygen it can hold. Since warmer water 
holds less oxygen, trees are vital along the bank or edge of stream or river. Shade from the tree 
canopy maintains cool water temperatures so the water will hold more oxygen. 

 
Tree cover also provides food and floating detritus for shelter when leaves and branches fall into 
a stream. Streamside forests offer food, nesting sites, and protection to a great diversity of 
streamside wildlife including birds, turtles, beaver and snakes. Tree roots stabilize fragile  
stream banks and give cover to fish, crayfish and aquatic insects. Forested buffers absorb high 
percentages of excess nutrient runoff. 

 
Wetland areas adjacent to streams can be forested or open wetlands. These wetlands serve as 
transitions to stream channels and help to attenuate the effect of stormwater and remove 
pollutants. 

 
Nitrogen and phosphorus are nutrients essential to the growth and development of all plants. 
But an overabundance of either can damage stream ecosystems dramatically. Forested buffers 
can retain and utilize as much as 89% of the nitrogen and 80% of the phosphorus runoff 
associated with land use or development practices. In excess, these nutrients become major 
pollutants causing the rapid growth of algae in streams, rivers, lakes and estuaries. When the 
algae dies and begins to decay, the bacteria breaking down the algae uses up the dissolved 
oxygen necessary for other aquatic life. 

 
Water-polluting substances originate from either non-point or point sources. Non-point sources 
(NPS) include surface runoff, atmospheric deposition, and groundwater flow. Because of their 
diffuse and intermittent nature, NPS are difficult to control. NPS pollutant loads are greatest 
following rainfall events. A significant part of the NPS load consists of nutrients, including 
nitrogen and phosphorus (organic matter, fertilizer), that are substances that stimulate algal 
growth. Other NPS pollutants are sediment (from eroding lands, construction sites, and stream 
banks during high-flow, high-velocity conditions), toxics (oil, paint, chemicals and metals), 
pathogens, fecal coliform bacteria (animal waste, failing septic and leaking sewer systems), and 
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trash. 
 
Point sources are specific locations that discharge pollutants. They are relatively constant and 
provide a steady flow of pollutants. In the Potomac Basin, most point sources are either 
wastewater treatment plants (WWTPs) or industrial discharges. Point sources contribute 
relatively small portions of the nutrient loads during high flows and the majority during low 
flows. 

 
As development occurs, impervious surface increases as driveways and buildings are placed on 
land that once had trees and other vegetative cover that absorbed water and its contents.  With 
the increase in impervious surface and loss of vegetative cover, there is a concurrent increase in 
the amount and speed of stormwater running off the land carrying sediment to nearby streams. 
Sediment is a major non-point source pollutant reaching streams and rivers that drain to the 
Chesapeake Bay. Silt and sand scour stream channels, which erodes the banks and causes even 
greater loss of tree cover. This in turn allows water temperature increases. This silt and 
sediment also gets deposited on the bottom covering the habitat of macroinvertebrates, cutting 
off their oxygen supply. This change in bottom substrate usually results in a change in the 
diversity of organisms--a loss in the numbers and kinds of animals and plants in stream. There  
is usually a concurrent increase in the numbers of floods that occur where water spills over the 
banks of streams and onto adjacent lowlands. Over time, this increased flooding and sediment 
depositions leads to channel widening, loss of pools and riffles and increased pollutant levels. In 
urban and suburban watersheds, rain flows off impervious surfaces like parking lots and 
highways, carrying oil and other automobile wastes into streams. During summer storms, these 
heated surfaces contribute to raising the temperature of water runoff into streams. High water 
temperatures often kill stream organisms. The combined effects serve to badly degrade streams 
and rivers. 

 
Good stormwater management practices attempt to mitigate the impact of development on 
streams and to protect the integrity of the streams as a living resource for all citizens of Fairfax 
County to enjoy. 
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Categories & Examples of Stormwater Management Ponds 
 

 
 
DRY PONDS (Detention Basins) – an impoundment that temporarily stores stormwater runoff for a 

specified period and discharges it through a hydraulic outlet structure to a downstream conveyance 

system. Stormwater which ponds during a rainfall event is released at a slower rate, until the pond is 

completely dry, sometime after the rainfall event. 

 
Onsite ponds generally serve the development in which they lie, and serve an area less than 100 acres 

 
• Detention Only ponds are designed to control only flood flows or water quantity 

 

 
 
• Extended Detention ponds are designed to control flood flows in addition to improving water quality 

by allowing for stormwater pollutants to settle out 

 

 
 
• Enhanced Detention ponds are designed as extended detention, but include additional water quality 

improvement features such as wetlands or a marsh bottom to promote pollutant removal by biological 

processes 
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Regional ponds serve an area generally greater than 100 acres or as designated in the Fairfax County’s 

Regional Stormwater Management Pond Program. 

 
• Detention Only ponds - as defined above 

 

 

 
 
• Extended Detention ponds - as defined above 

 

 

 
 
• Enhanced Detention ponds - as defined above 
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WET PONDS (Retention Basins) – a stormwater management facility that includes a permanent 

impoundment, or pool of water that normally stays wet even between rainfall events. Inflows from runoff 

during a rainfall event may be stored temporarily above the permanent pool, and is released at a slower 
rate into the downstream conveyance system. 

 
• Onsite ponds - as defined above 

 

 

 
 
• Regional ponds - as defined above 
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Developed Areas in Unconstructed 

Regional Pond Drainage Areas 

 
Pond No. Pond Name % Developed 

   
C-18 Pond C-18 78 

C-20 Pond C-20 83 

C-21 Pond C-21 88 

C-23 Pond C-23 99 

C-24 Pond C-24 32 

C-28 Pond C-28 53 

C-35 Pond C-35 35 

C-37 Pond C-37 52 

C-39 Pond C-39 100 

C-40 Pond C-40 97 

C-41 Pond C-41 75 

C-53 Pond C-53 95 

C-54 Pond C-54 61 

C-62 Pond C-62 41 

   
 Cub Run Wgtd. Average = 76 

   
D-01 Pond D-01 92 

D-02 Pond D-02 96 

D-03 Pond D-03 100 

D-05 Pond D-05 87 

D-06 Pond D-06 77 

D-07 Pond D-07 86 

D-09 Pond D-09 95 

D-10 Pond D-10 98 

D-11 Pond D-11 98 

D-12 Pond D-12 96 

D-13 Pond D-13 76 

D-14 Pond D-14 72 

D-151 Pond D-151 52 

D-16 Pond D-16 96 

D-17 Pond D-17 70 

D-18 Pond D-18 92 

D-19 Pond D-19 84 

D-20 Pond D-20 74 

D-21 Pond D-21 67 

D-23 Pond D-23 100 

D-24 Pond D-24 98 

D-27 Pond D-27 95 

D-28 Pond D-28 77 

D-29 Pond D-29 99 

D-30 Pond D-30 94 

D-31 Pond D-31 80 

D-32 Pond D-32 100 

D-33 Pond D-33 100 

D-34 Pond D-34 64 

D-35 Pond D-35 96 
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D-36 Pond D-36 87 

D-38 Pond D-38 99 

D-39 Pond D-39 91 

D-40 Pond D-40 83 

D-41 Pond D-41 96 

D-43 Pond D-43 100 

D-45 Pond D-45 99 

D-46 Pond D-46 83 

D-47 Pond D-47 75 

D-51 Pond D-51 80 

D-54 Pond D-54 95 

D-58 Pond D-58 48 

D-59 Pond D-59 100 

D-61 Pond D-61 100 

D-64 Pond D-64 83 

D-65 Pond D-65 87 

D-66 Pond D-66 89 

D-69 Pond D-69 99 

D-71 Pond D-71 55 

D-72 Pond D-72 84 

D-73 Pond D-73 94 

D-74 Pond D-74 90 

D-76 Pond D-76 80 

D-79 Pond D-79 96 

NA Reston Pond 913 98 

   
 Difficult Run Wgtd. Ave. = 89 

   
H-02 Pond H-02 70 

H-07 Pond H-07 93 

H-09 Pond H-09 75 

H-13 Pond H-13 96 

H-16 Pond H-16 98 

   
 Horsepen Wgtd. Ave. = 93 

   
L-06 Pond L-06 84 

L-07 Pond L-07 75 

L-09 Pond L-09 94 

   
 Long Branch Wgtd. Ave. = 92 

   
P-01 Pond P-01 99 

P-02 Pond P-02 80 

P-03 Pond P-03 95 

P-04 Pond P-04 86 

P-05 Pond P-05 100 

P-06 Pond P-06 88 

P-07 Pond P-07 97 

NA Hatch Lake 91 

NA Hillside Rd.-RedFoxE 85 
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 Pohick Creek Wgtd. Ave. = 88 

   
R-05 Pond R-05 100 

R-08 Pond R-08 80 

R-10 Pond R-10 53 

R-12 Pond R-12 100 

R-13 Pond R-13 85 

R-16 Pond R-16 65 

R-17 Pond R-17 71 

   
 Little Rocky Wgtd. Ave. = 78 

   
S-01 Pond S-01 94 

S-02 Pond S-02 100 

S-05 Pond S-05 98 

S-07 Pond S-07 83 

   
 Sugarland Wgtd. Ave. = 90 

   
 7 Watersheds Wgtd. Ave.* = 86 

 

*i.e. the weighted average percent developed within 

regional pond drainage areas in these 7 watersheds. 
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DRY POND WETLAND ENHANCEMENTS AND RETROFITTING 

Regional and On-Site Ponds 
 

 
 

1. CURRENT COUNTY WETLAND PILOT PROGRAM 

 
The County is currently in the process of repairing many publicly maintained residential stormwater dry 

ponds that have experienced structural failure. These ponds no longer provide the water quantity or 

quality benefits as originally intended and the repairs are necessary to maintain compliance with the 

County’s federally mandated MS-4 permit. The repair work generally results in significant disturbance of 

the dam embankment, control structure, and pond floor. With these ongoing construction activities and 

associated restoration requirements, an opportunity has arisen to also provide retrofit elements that 

enhance the water quality treatment, natural habitat, and aesthetic aspects of the ponds. Though these 

retrofit elements may vary to a degree from site to site, a complete retrofit project will, where practical, 

generally conform to the Virginia Department of Conservation and Recreation standards for the 

installation of shallow marsh wetlands. The pollutant removal efficiencies of these kinds of facilities 

exceed that of the typical County stormwater quality pond. It is anticipated that additional Best 

Management Practice (BMP) credits may be obtained through these types of practices and will help meet 

the intent of the Chesapeake Bay 2000 Agreement and Virginia Tributary Strategies initiative.  The 

additional features that will typically be included in these retrofit projects include the following: 

 
• The installation of sediment basins at the inlets 

• The removal of some or all of the concrete low-flow ditches 

• The installation of check dams in the portions of low-flow ditch intended to remain 

• The installation of shallow marsh pools planted with wetland grasses and other types of wetland and 

wet meadow plantings (i.e., herbaceous shrubs, ornamental trees, etc.) 

• The installation of modifications to the outlet structure and principal spillway pipe 

 
To date, 17 projects have been completed with an additional 7 projects scheduled for completion during 

the fall 2002 and spring/summer 2003 construction seasons. Three basic design layouts are being 

implemented, and, as this program is only a pilot, its success with respect to water quality treatment, 

aesthetic design, maintenance, and public acceptance will be under close evaluation. 
 

 
 

2. NEW RETROFIT INITIATIVE FOR MS-4 PERMIT COMPLIANCE 

 
In accordance with NPDES requirements, the County will, in the near future, begin implementing a 

separate Countywide stormwater retrofit program where older quantity control ponds will be upgraded to 

meet new water quality standards. The program will entail the retrofitting of 1,100 acres of currently un- 

treated area on an annual basis. The construction of shallow marsh wetland habitats will be included in 

this retrofit program as well. There are nearly 1,300 dry ponds in Fairfax County that could potentially be 

retrofitted under this program. Such an effort will require extensive public outreach and education about 

water quality improvements. It is anticipated that this outreach project will include the following: 

 
• Presentations to homeowner associations, civic associations, special interest bodies, and school 

science classes 

• Publication of brochures, newspaper articles, and other types of public education documents 

• Production of videos 
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Dry Pond Wetland Enhancements and Retrofitting 

Page 2 
 
 

3. IMPLEMENTATION OF WETLAND CONCEPTS AND INITIATIVES WITH NEW 

DEVELOPMENT 
 
Though the installation of wetlands in stormwater management facilities for new commercial and 

industrial development is allowed, current regulations prohibit the implementation of such concepts in  

new residential development. Expanding these concepts to include new residential development will 

result in the installation of more effective and environmentally sensitive stormwater quality treatment 

facilities. Expansion of these concepts is in conformance with the In-Fill Study recommendations and the 

County’s overall goal of new technology implementation. In May 2002, a letter was sent to industry and 

other interested parties encouraging the installation of dry pond wetlands in new residential development. 

 
reg pond task force wetland enhancements and retrofitting discussion 02 
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Evolution of Stormwater Management in Fairfax County 
 
 
 

The concept of stormwater management has changed dramatically over the last century. 
What follows is a narrative that highlights important milestones in policy changes and 
implementation in Fairfax County of a stormwater management program. Initially, 
stormwater control was just about controlling water runoff from storm events and 
preventing flooding. In later years it has come to include the reduction of pollutants 
from entering streams and rivers through stormwater and the protection of those same 
streams and rivers from stream bank erosion, heavy sedimentation and the loss of 
biological diversity and habitat. The best stormwater management practices protect 
against stream degradation. If those practices were not originally implemented, then 
restoration becomes the goal. 

 
During the first part of the 20th century, development in predominantly rural Fairfax 
County was essentially unregulated, and stormwater controls consisted mostly of 
ditching fields or pastures to provide drainage for growing crops. Several privately 
owned reservoirs, such as Lake Barcroft, provided a municipal water supply and also 
provided limited flood benefits. The basic goal of stormwater controls during this time 
was to prevent expensive and catastrophic flooding in municipal areas and to remove 
runoff quickly. 

 
The 1950’s were characterized by the rapid urbanization, which followed World War II 
and a growth in population from 100,000 to 250,000. In general, there was little effort 
at environmental protection during this time. The County allowed several hundred 
houses to be built in the floodplain and had to build expensive concrete channels to 
prevent the flooding of these homes. 

 
With population growing from 250,000 to 450,000 in the 1960’s, the County undertook 
several major initiatives relating to stormwater control. The County contracted with the 
U.S. Geological Survey to delineate the 100-year floodplain for all streams having a 
drainage area greater than one square mile, and passed a restrictive Floodplain 
Ordinance. 

 
Also in the 1960’s, under a federal grant, a series of impoundments were initiated in the 
Pohick Creek Watershed as part of a federally assisted pilot program (Public Law 83- 
566) administered by the Soil Conservation Service. The purpose of these 
impoundments was primarily flood control by limiting runoff volumes that allowed 
suspended materials to settle out. The Pohick Watershed Project work plan, approved 
in 1967, was a unique effort to control flooding and sedimentation ahead of 
urbanization. The Pohick Project became a prototype for controlling flooding and 
sedimentation in other urbanizing areas. The six ponds, Lakes Woodglen, Royal, 
Braddock, Barton, Huntsman, and Mercer, currently are operated and maintained by 
Fairfax County through an agreement with SCS which provided the initial construction 
funding for this project. Also in 1967, Fairfax County passed an erosion and sediment 
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control ordinance, which became the model for the state erosion and sediment control 
law enacted in 1972. 

 
In 1964, the County adopted its first Policy and Guidelines Manual, the forerunner of 
the current Public Facilities Manual (PFM) which sets forth the guidelines which govern 
the design of all public facilities that must be constructed to serve new development. 
The early guidelines for stormwater management called for adequate drainage, which 
usually was achieved through simple curb-and-gutter construction leading to concrete 
pipes or channels, which emptied into the nearest stream. Drainage was the main focus 
of stormwater management at this time, and these systems were designed to carry 
stormwater quickly away from property. While the goal was largely achieved, intense 
peak flows in receiving streams led to erosion problems. Several large floods, a major 
one resulting from Hurricane Agnes in 1972, occurred during the 1960’s and 1970’s. 
Many homes that had been built on the floodplain required costly flood control 
structures, prompting the County to limit and control very rigidly any new construction 
within the 100-year floodplain. Also in the early 1960’s, the County began collecting 
developer contributions (pro rata share) for construction of major drainage 
improvement channels downstream of development projects. 

 
The early 1970’s marked the advent of a strong environmental protection movement 
nationwide. The federal Clean Water Act of 1972 required states and municipalities to 
meet certain established water quality standards. Regionally, pesticide and nutrient 
pollution, much of which was being carried into streams by stormwater runoff, was 
contributing to the decline of the Chesapeake Bay. This was compounded by heavy 
inputs of fine sediments from development in the surrounding watersheds. 

 
In the early 1970’s, the County began to require all new development to manage 
stormwater by reducing peak flow rates of the two-year and ten-year design storms to 
pre-development peak flow rates. This requirement, along with strict enforcement of  
the erosion and sediment control law, was intended to reduce severe erosion of 
downstream channels and prevent the transport of large quantities of sediment through 
the County’s waterways. Also, in the 1970’s, the County incorporated the Environmental 
Quality Corridor (EQC) policy, which protects adjacent stream areas from development, 
into its Comprehensive Plan and a policy for preservation of large areas of stream  
valleys in open space. 

 
In 1973, the County expanded pro rata share program. The purpose of the program was 
to require land developers to pay their share of the cost of providing off-site drainage 
improvements made necessary, or required at least in part, by their development of 
land. In the late 1970’s the County completed a countywide Master Drainage Plan, and 
the pro rata share program was revised to include some of these projects. The Master 
Drainage Plan identified existing storm drainage deficiencies along the major streams 
and tributaries within the County and identified improvements anticipated to be needed 
as a result of future land development. 

 
By 1980, the County’s population had increased to 600,000. Beginning in 1982, the 
County adopted non-point source pollution abatement measures, commonly known as 
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best management practices (BMPs), for the Occoquan Watershed to reduce post- 
development phosphorous runoff by half, and capture many other pollutants. The 
purpose was to preserve the Occoquan Reservoir, which supplies drinking water for 
many Fairfax County residents. Some of the BMPs were structural in nature, such as 
detention ponds, while others were land-use controls, such as the establishment of a 
special zoning district in 1982 for about two-thirds of the Occoquan Watershed in 
Fairfax County. This action established a minimum residential lot size of five acres in 
the special zoning district. 

 
During the 1980’s, the County pursued the concept of regional stormwater management 
on a limited basis through developer cooperation, rezoning proffers, and joint 
County/developer projects. In order to improve the process, it was deemed necessary to 
develop an overall plan that identified the most appropriate locations for regional 
detention facilities and to provide procedures to implement the concept. To promote 
the concept of regional stormwater management in Fairfax County, the Board of 
Supervisors requested that a prototype plan be prepared for a portion of the County. 
The County Executive appointed an Interagency Stormwater Management Committee 
composed of staff members to oversee the process. 

 
In January 1987, the County contracted with an engineering consultant to study 
approximately 100 square miles of the rapidly developing portions of the County, for 
identification of potential regional stormwater management pond sites. The study was 
initiated to address water quality issues on a Countywide basis, as well as to address 
flood protection and stream erosion control and to enhance the efficiency and cost- 
effectiveness of stormwater management in Fairfax County. These “regional ponds” 
could control larger watersheds (100 to 300 acres) and reduce the maintenance burden 
to the County by reducing the total number of ponds that would be required to be 
maintained if they were constructed on individual developments. Regional ponds were 
viewed as a cost-effective means of controlling erosion and flooding that resulted from 
increased storm flows associated with development. 

 
In addition to peak-shaving benefits (i.e., flood protection and stream erosion control), 
the plan was to consider the feasibility of designing the regional detention basins to 
serve as BMPs for water quality control. The consultant’s report noted that the regional 
approach to stormwater management had many advantages over the traditional onsite 
deployment of detention basins. These advantages included: increased effectiveness, 
since regional detention basins could be located strategically to maximize flood 
protection and erosion control; reduction in capital costs due to economies of scale; 
reduction in maintenance costs due to the fewer number of required facilities; the 
capability to implement design features (e.g., access roads) which facilitate 
maintenance; increased opportunities for open space protection; increased recreational 
uses due to larger facilities; and the capability to design for adequate access. 

 
The Camp Dresser & McKee consultant study was in line with a recommendation of the 
Fairfax County Goals Commission chartered by the Board of Supervisors in 1987 to 
review the goals adopted during 1975 to guide the County’s policy and decision-making. 
In the Environmental Protection section, the Commission recommended “the County 
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should continue to evaluate the use of large regional stormwater management facilities 
with respect to size and placement, aesthetics, environmental trade-off and 
costs/benefits of regional versus localized detention facilities. The 1980’s also saw an 
increase in enforcement of the federal requirement to preserve wetlands and obtain 
wetlands permits. 

 
At the request of the Board of Supervisors on March 23, 1987, the County established a 
Safety and Liability Task Force to assess the safety and liability issues of stormwater 
detention ponds and the long-range financial implications of addressing stormwater 
management issues. On January 23, 1989, the Board of Supervisors approved the nine 
recommendations of the Safety and Liability Task Force, the first of which was approval 
of the Regional Stormwater Management Plan developed by the consultant and  
overseen by the Fairfax County Interagency Stormwater Committee. The original 
regional stormwater management plan identified 134 sites, primarily in the western part 
of the County, for building regional ponds that would control stormwater runoff to 
reduce peak flow rates, prevent erosion, reduce flooding, and improve water quality.  
The County planned to phase-in construction of these ponds as stormwater runoff 
increased in developing watersheds. The Regional Stormwater Management Plan was 
conceived as a pilot project to be applied Countywide if deemed successful. 

 
By 1990, the County’s population had increased to 800,000 and has continued to 
increase to over a million today. On August 5, 1991, the Board of Supervisors accepted 
the Status Report on Implementation of Safety and Liability Recommendations for 
Stormwater Management Ponds prepared by staff. The report included procedures for 
implementation of the Regional Stormwater Management Plan. The report also 
provided an update of the implementation of the other eight recommendations of the 
Safety and Liability Task Force. Funding for implementation of the Regional 
Stormwater Management Plan was to be provided through a combination of General 
Funds, future Storm Bond Funds, Pro-rata share contributions, developer participation 
and possible future establishment of a stormwater utility to generate funds for design, 
construction and maintenance. Effective in July 1993, the County established a Uniform 
Pro Rata Share Assessment Program based on a change in the Code of Virginia. The 
amended legislation allowed pro rata share fees to be aggregated and used immediately 
for any project within the major watershed in which the fees are collected. Previously, 
the use of pro rata share funds was limited to projects directly downstream of the 
development for which they were collected. 

 
In 1993, Fairfax County adopted BMPs countywide as a result of Virginia’s Chesapeake 
Bay Preservation Act and local Chesapeake Bay Preservation Ordinance.  The 
Ordinance established stream corridor areas as Resource Protection Areas (RPAs) and 
the remainder of the County as a Resource Management Area (RMA) in an effort to 
protect water resources. 

 
On August 2, 1993, the Board of Supervisors concurred in staff’s recommendation and 
adopted the Policies and Procedures for Establishing Methods to Protect Wetlands 
during Implementation of Regional Stormwater Management Ponds. The Forested 
Wetlands Committee, an Ad Hoc committee established by the Board of Supervisors, 
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prepared this document. Some of the recommendations contained in the document 
were dependent upon future funding. 

 
As a part of the National Pollutant Discharge Elimination System (NPDES) under the 
Clean Water Act, in 1991 and 1992, Fairfax County submitted its Part 1 and Part 2 
applications for a municipal permit from the Virginia Department of Environmental 
Quality (DEQ) to discharge stormwater into State waters. To obtain this permit, Fairfax 
County was required to demonstrate that it had an effective stormwater management 
and monitoring program. In January 1997, the first Fairfax County Municipal Separate 
Storm Sewer System (MS4) permit was issued (a Virginia Pollutant Discharge 
Elimination System (VPDES) permit). The permit allows storm sewer pipe outfalls to 
discharge into streams and requires Fairfax County to monitor, report annually to DEQ, 
and manage stormwater to reduce non-point source pollution to the “maximum extent 
practicable.” An ongoing monitoring program designed to detect illicit discharges, 
Countywide chemical monitoring during storm events, dry-weather flow conditions, and 
conduction of an inspection program are required of the VPDES program. 

 
In September 1998, the County launched a stream protection initiative. The Stream 
Protection Strategy (SPS) Baseline Study (published in January 2001) gave a temporal 
view of the condition of the County’s streams using biological indicators such as fish and 
aquatic insects to determine the ecological integrity of the streams and their supportive 
environment. Fairfax County continued to witness an evolution of new federal and state 
guidelines and regulations regarding stormwater controls and best management 
practices to reduce not only erosion and flooding, but also nutrients and sediment from 
entering into the Chesapeake Bay. 

 
Because dry ponds designed solely to provide quantity controls (detention only dry 
ponds) do not filter nutrients and sediment adequately, efforts were undertaken 
beginning in 2000 to determine the feasibility to retrofit approximately 2000 existing 
stormwater control ponds to include nutrient and sediment controls. This undertaking 
was in response to the new discharge permit requirements under the County’s VPDES 
permit. 

 
On June 28, 2000, representatives of Virginia, Maryland, Pennsylvania, Washington, 
DC, the United State Environmental Protection Agency and the Chesapeake Bay 
Commission signed a new Chesapeake Bay Agreement to reaffirm their commitment to 
the protection and restoration of ecological integrity, productivity and beneficial uses of 
the Chesapeake Bay systems. Fairfax County will be expected to develop and implement 
individual locally supported watershed management plans for each of its watershed by 
2010. As noted below, the County already has begun the development of comprehensive 
watershed management plans. 

 
In October, 2000, the Board of Supervisors approved an amendment to Fairfax County’s 
Policy Plan (the Countywide policy element of the Comprehensive Plan) that established 
an explicit objective for the protection and restoration of the ecological integrity of 
streams. This amendment also encourages the use of better site design and low-impact 
development practices. 
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In October 2001, the County launched a watershed planning initiative (Watershed 
Management Plans) for all watersheds to be completed over a 5-7 year period. This 
effort will update the Master Drainage Plan for flood control and storm drainage 
improvements developed during the 1970’s. Components of the watershed management 
plans will include: comprehensive field reconnaissance; use of GIS to map stream 
conditions, storm drainage systems, and stormwater control facilities; development of 
watershed management goals to achieve improvement in flood and water quality 
control; restoration of stream habitat and implementation of strategies to protect  
stream ecosystems; review o f monitoring results from water quality sampling; review of 
infrastructure deficiencies and maintenance needs; development of alternatives to 
address identified deficiencies to meet federal, state and County water quality 
requirements; evaluation and selection of appropriate watershed modeling tools; 
development of watershed models of all County watersheds to analyze impacts of stream 
water quality and stormwater quantity for present and future conditions; a general 
scope and cost of improvement projects; and a formalized public education and 
information program. 

 
In October 2001, the Department of Public Works and Environmental Services issued a 
Letter to Industry which facilitates the use of certain innovative BMPs allowing requests 
for their approval to be included as part of plan submissions rather than by a separate 
letter or waiver request. The ‘innovative’ BMPs included on the list are types previously 
approved for similar sites, as well as those documented as effective in the Virginia 
Stormwater Management Handbook to meet water quality improvement criteria. 

 
During the past decade, the County has considered establishment of a stormwater utility 
to fund its stormwater management program. To date, the County has not pursued a 
program to institute this type of funding source. 

 
In summary, the policies and methods governing the control of stormwater quantity and 
quality have evolved as the County has been transformed from a rural to a highly 
urbanized, populous community. Stormwater management also has changed as a result 
of increased attention to environmental protection and as a result of increased 
knowledge of best practices for controlling stormwater while preserving and restoring 
the environment. Since the adoption of the Regional Stormwater Management Plan, 
there have been advances in the way stormwater is managed, including managing 
stormwater as close to the source as practicable. In addition to regional stormwater 
ponds, other stormwater management practices have been continued or established in 
order to support water quality efforts in the region and the County’s own policies. These 
better site design and low-impact development methods use a combination of  
innovative techniques and practices to reduce, detain, retain and filter stormwater  
closer to the source. 

 
In 2003, the Regional Stormwater Management Plan remains in effect. Currently, 
approximately 150 regional ponds are included in the Regional Stormwater 
Management Plan with 46 sites constructed and operational. Developments continue to 
be approved and constructed under this plan. 
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Low Impact Development (LID) 

As a Watershed Management Tool 
 

 
 

New Development and Retrofit Potential 

 
Integrated LID site layouts consist of “Integrated Management Practices” (IMPs) that function as 

a system to provide water quality controls and runoff peak and volume controls in an attempt to 

match the pre-development runoff hydrograph for the site. Based on the design approach offered 

in Low-Impact Development Design Strategies (Prince George’s County), typical IMPs include: 

 
• Bioretention facilities 

• Dry Wells 

• Filter/buffer strips 

• Grassed and other swales 

• Rain barrels 

• Cisterns 

• Infiltration trenches 

 
Other key concepts that are incorporated into integrated LID designs include: 

 
• Disconnectivity of impervious areas 

• Reduction of impervious area 

• Minimizing land disturbance 

• Site “fingerprinting” 

• Increased drainage flow paths 

• Open-section roads 

 
In residential areas, fully integrated LID site designs are typically associated with new 

development projects rather than retrofit projects due to the significant cost that would be 

incurred by establishing IMPs such as roadside grassed swales (where curb and gutter had been 

constructed), bioretention facilities, and other infiltration practices in existing neighborhoods. 

Other factors that would hinder integrated LID implementation in existing neighborhoods would 

include layout constraints and utility conflicts.  Among the IMPs with the greatest retrofit 

potential in existing residential communities are rain barrels and/or cisterns; however, these 

practices generally provide runoff peak control only rather than water quality control. 

 
Due to the significant impervious areas that are typical of commercial sites, fully integrated LID 

designs are not usually feasible without the use of more experimental practices such as “green 

roofs”. Integrated LID potential is greatly reduced as imperviousness begins to exceed 30% 

(Low-Impact Development Design Strategies). The greatest opportunity for LID implementation 

in commercial areas appears to be with redevelopment projects where detention and/or water 

quality controls were lacking in the original site construction. In certain cases, LID practices 

could be designed to accommodate the increase in imperviousness associated with the 

redevelopment activity. 
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Since Fairfax County is approximately 90% developed based on the current Comprehensive  

Plan, there are only limited opportunities for implementing fully integrated LID designs with  

new construction projects. Furthermore, since the drainage areas to the currently unconstructed 

regional ponds are approximately 85% developed, there is only a limited potential for fully 

integrated LID practices in those areas as an alternative to the regional pond construction. 

Retrofits in the regional pond drainage areas, e.g. via rain barrels, would require extensive public 

support for the required installations. For instance, a 100-acre regional pond drainage area zoned 

R-1 would require approximately 600 rain barrels (100 homes X 6 barrels per home) to be 

installed in order to achieve the comparable detention provided by the regional pond. 

 
The county’s Watershed Management Plan process will include an analysis of LID potential in 

each watershed (new construction and retrofit potential). As a result of this effort, the ability to 

replace or potentially downsize a given unconstructed regional pond with LID practices will be 

more clearly defined at a planning level. 
 

 
 

LID Infiltration and Filtration Practices 

 
LID Infiltration practices are limited to areas that are suitable based on soil-type, slope, and 

depth to water table. A separate report by Stormwater Planning Division staff titled, 

Identification of Areas Suitable for Implementing Low-impact Development Practices for 

Promoting Groundwater Recharge, provides a planning-level indication of areas throughout the 

County that may be suitable for infiltration practices. 

 
LID Filtration practices can generally be constructed in most site situations. This group of 

practices incorporates a collection system into the IMP design, typically a perforated pipe, which 

is then connected to an adjacent storm drainage system. Total runoff volume control is not 

achieved since infiltration does not occur. 
 

 
 

LID Implementation: Fairfax County Ordinance Challenges 

 
Whereas the county’s ordinances, primarily the Public Facilities Manual (PFM), do not prohibit 

LID practices, several additional steps in the plan approval process are required to implement 

LID designs. Since the additional required approvals for LID practices are not guaranteed, 

additional risk is introduced into the process for developers. Consequently, the process steers 

developers towards classic extended dry pond designs as the path of least resistance toward plan 

approval. 

 
DPWES Industry Letter 01-11, issued on October 2, 2001, (see 

http://www.co.fairfax.va.us/gov/DPWES/publications/LTI/01-11.pdf) has provided a minor 

improvement to the process in that certain “innovative” BMP practices from an approved list 

receive conceptual approval with the corresponding plan rather than requiring a separate 

approval in advance of the plan. At this time, the “innovative” BMP list consists only of select 

practices from the Virginia Stormwater Management Handbook, and does not include all of the 

typical LID IMPs. 

http://www.co.fairfax.va.us/gov/DPWES/publications/LTI/01-11.pdf)
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To implement a fully integrated LID design, several other major issues arise due to current PFM 

requirements: 

 
1. There is no approved method in the PFM for quantifying the detention provided 

with a complete LID site layout. The manual, Low-Impact Development Design 

Strategies (Prince George’s County), provides a sound method for quantifying 

detention (runoff peak control), runoff volume control, and water quality control. 

Without such an approved method, designers need to derive a method for 

representing detention calculations on each project. 

 
2. BMP calculations are still required to be depicted in the typical NVRC format. 

Even if a comprehensive LID design method were used, such as the Low-Impact 

Development Design Strategies method, currently, BMP calculations would also 

need to be recalculated in accordance with the NVRC format and be depicted on 

the plan. Whereas, this is not a major issue, it still introduces additional costs to 

the LID design. 

 
3. The PFM requires that stormwater management facilities be placed on non- 

residential lots, consequently, a strict interpretation of the PFM would dictate that 

if IMPs were sited on individual residential lots, they could provide controls for 

that lot only. With that interpretation, the simplest method of achieving an 

integrated LID layout would be to site IMPs on small “outlots” or parcels located 

within a residential lot. Any IMP serving an area offsite to the host lot would 

need to be maintained by an HOA or the county (if possible based on the type of 

IMP). 

 
Items 1 and 2 could be remedied by explicitly permitting the use of an existing method for 

quantifying detention and water quality controls such as the Prince George’s County method. 

This could readily be accomplished via an Industry Letter or by simply adding the Prince 

George’s County manual IMPs and corresponding design methods to the OSDS list of approved 

innovative BMP’s. A survey of submitting engineers and other OSDS customers conducted at 

the Engineers and Surveyors Institute (ESI) LID class in April 2002, indicated that the vast 

majority of plan submitters would be more likely to submit integrated LID designs if the county 

accepted a method (such as the prince George’s County method) for quantifying LID detention 

and water quality controls. The main reason for this support was the elimination of the risk 

associated with the current need for additional approvals for integrated LID designs as indicated 

above. 

 
Item 3 above could be resolved by issuing an Industry Letter or by amending the PFM to exclude 

certain IMPs from the requirement to site stormwater management facilities on non-residential 

lots. 

 
One last major ordinance-hindrance to integrated LID implementation is that the typical LID 

roadside swale design does not conform to VDOT standards for roadside ditches.  This is related 
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to an overall issue of private or public maintenance of IMPs. Until VDOT would permit such 

swales in the right-of-way, there are 2 basic methods to achieve an equivalent layout: 

 
1. Swales could be placed along private streets where permitted e.g. in PDH zoning. 

 
2. Swales could be placed outside of the right-of-way for public streets. 

 
Until all the major ordinance issues cited above are adequately addressed, it would be extremely 

difficult to rely on LID practices as an effective watershed management tool in lieu of regional 

ponds. 
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LOW IMPACT DEVELOPMENT 

EFFICIENCY, MAINTENANCE AND COST ESTIMATES 
 

 
 

This document addresses the efficiency, maintenance, and costs of some of the most widely used 

Low Impact Development (LID) practices, including bioretention, vegetated swales, vegetative 

filter strip/buffers, infiltration trenches, rain barrels, and cisterns. 
 

 
 

BIORETENTION 

 
Bioretention, also known as rain garden, is a practice to manage and treat stormwater runoff 

using a conditioned planting soil bed and planting materials to filter stormwater runoff. Runoff 

is treated by a combination of physical (filtering, adsorption, and volatilization) and biological 

processes. The ideal facility includes several components, including a pretreatment filter strip 

(grassed channel) inlet area, a ponding area, a bioretention planting area, a soil zone, an 

underdrain system, and an overflow system. 

 
Efficiency: Data on the efficiency of bioretention practices to remove pollutants are limited. 

Use of available monitoring data to predict bioretention performance is complicated because the 

data have not been collected with similar methodology, or from similarly designed facilities, or 

from facilities with similar quality in terms of construction and maintenance. The following 

table presents a summary of performance monitoring data from selected sites, as well as 

estimated efficiencies (%) of bioretention facilities to remove pollutants. 

 
Table 1. Projected Pollutant Removal Efficiency for Bioretention 

 
  

TSS 

 
TP 

 
TN 

 
TKN 

 
NO3 

 
Cu 

 
Pb 

 
Zn 

Beltway Plaza Mall Parking Lot, Greenbelt, 

MD 

 
- 

 
65 

 
49 

 
52 

 
16 

 
>97 

 
>95 

 
>95 

Peppercorn Plaza Parking Lot at Inglewood 

Center, Landover, MD 

 
- 

 
87 

 
- 

 
67 

 
15 

 
43 

 
70 

 
64 

Prince George’s County Department of 

Natural Resources, MD, estimated 

 
- 

 
81 

 
43 

 
- 

 
- 

 
- 

 
99 

 
99 

 

Claytor and Schueler, estimated 

 
90 

 
65 

 
50 

 
- 

 
80 

 
- 

 
- 

 
- 

 

Federal Highway Administration, estimated 

 
75 

 
50 

 
50 

   
70-80 

Virginia Stormwater Management 

Handbook, estimated 

 
- 

50- 

65* 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

TSS: total suspended solids; TP: total phosphorus; TN: total nitrogen TKN: total Kjeldahl nitrogen; 
NO3, nitrate; Cu: copper; Pb: lead; Zn: zinc 

(*): The value credited is 50% when the first 0.5 inch of the storm is detained and 65% when the 

first 1.0 inch of the storm is detained. 
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Maintenance: The bioretention area requires routine maintenance, similar to conventional 

landscaping maintenance, to ensure that the system functions well as a stormwater BMP and 

remains aesthetically pleasing. Routine inspections of the bioretention facility should be carried 

out twice during the first year and once a year thereafter. In addition, spot inspections should be 

done after major storms during the first year. Other maintenance considerations include: 

 
• Soil bed: check soil pH, correct erosion, cultivate unvegetated areas to reduce 

clogging from fine sediments over time 

• Ground cover layer: mulch or replant bare spots annually 

• Planting materials: replace dead or severely distressed vegetation, prune periodically 

• Inflow/outflow: inspect for clogging, repair eroded pretreatment areas, remove 

accumulated trash and debris 

 
The following table is an example of a typical maintenance schedule for bioretention 

installations. 

 
Table 2. Sample Maintenance Schedule for Bioretention Installations* 

 

 
Description 

 
Method 

 
Frequency 

 
Time of year 

Soil: 

Inspect and repair erosion Visual Monthly Year round 

Organic Layer: 

Remulch void areas Manual 
 

As needed 
 

As needed 

Remove previous mulch layer before 
applying new layer (optional) 

 

Manual 
Once every two 
to three years 

 

Spring 

 

Add mulch (optional) 
 

Manual 
 

Once a year 
 

Spring 

 

Plants: 

Remove and replace dead and diseased 

vegetation considered beyond treatment 

Depends on 

proposed planting 

specifications 

 

Twice a year 
3/15 to 4/30 and 

10/1 to 11/30 
 

Treat all diseased trees and shrubs 
Mechanical or 

manual 

 

As needed 
Variable, depends on 

insect or disease 
infestations 

Water plants at the end of each day for 

14 consecutive days after planting has 

been completed 

 
Manual 

Immediately 

after completion 

of project 

 
N/A 

 

Replace stakes after one year 
 

Manual 
 

Once a year 
 

Spring 

 

Replace deficient stakes or wires 
 

Manual 
 

N/A 
 

As needed 

 
Check for accumulated sediments 

 
Visual 

 
Monthly 

 
Year round 

(*): Virginia Stormwater Management Handbook, Vol. I, 1st. Edition, 1999 
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Costs: Bioretention systems are less cost intensive than traditional structural stormwater 

conveyance systems. In 1999, a bioretention unit measuring 400 square feet and built on 

individual lots cost about $500 in Prince George’s County (EPA, 1999). The estimate includes 

costs to excavate the site (2-3 feet) and to plant the site with 1-2 trees and 3-5 shrubs. It does not 

include the cost to planting soil and to install under-drain facilities, which are usually required. 

Retrofitting a site typically costs more, averaging $6,500 for a 400-square-feet unit. This 

estimate includes the cost to demolish the existing concrete, asphalt, and structures (e.g., on 

existing parking lots) and to replace fill material with planting soil (EPA, 1999). In Maryland 

(Kettering Development), retrofitting a commercial site with 15 bioretention units cost $111,600 

($7,440 per unit). 

 
A literature review of different LID techniques by the Low Impact Development Center of EPA 

(2000) shows that, in Prince George’s County, constructing a bioretention facility costs between 

$5,000 and $10,000 per acre drained depending on soil type. On average, bioretention facilities 

might cost between $3 to $15 per square foot of bioretention area, depending on design 

requirement. Additional savings can be achieved from the decrease in construction costs of 

stormwater drainpipes and other facilities. For example, bioretention practices reduced the 

amount of stormwater pipes from 800 feet to 230 feet at a medical office building in Prince 

George’s County, Maryland. This change yielded a saving of $24,000, or 50% of the overall 

drainage costs for the site (PGC, Department of Environmental Resources, 1993). 
 

 
 

VEGETATED SWALES 

 
Swale designs traditionally have been simple drainage grassed channels that primarily transport 

stormwater runoff away from roadways and right-of-ways. However, grass swales have been 

modified to improve their hydrologic attributes and their efficiency in removing pollutants.  

Three types of swales--grass swale (also known a biofiltration swales), dry swale (also known as 

infiltration swale), and wet swale--are known. 

 
Grass Swales: These provide both quantity control (volume) and quality control by facilitating 

stormwater infiltration. Grass swales are sometimes provided with under-drains, but usually 

natural soil is used as the filtration bed. These facilities are reasonably effective in removing 

many pollutants in urban stormwaters. High performance is generally reported for sediments and 

particulate trace elements. However, the efficiency in removing nutrients varies significantly, as 

shown in the following table. 

 
Dry Swales: These provide both quality and quantity control of stormwater runoff. The filter 

bed consists of a bed of prepared soil on top of installed under-drains. Dry swales remove water 

rapidly. They allow, for example, the front yard to be more easily mowed. Dry swales are often 

the preferred open channel in residential settings because they prevent standing water, which 

usually generates complaints by residents. In terms of efficiency to remove pollutants, dry 

swales are more effective than grass swales and comparable with wet swales. 

 
Wet Swales: These use residence time and natural growth to reduce peak discharge and treat 

water before water is discharged to a downstream location. In wet swales, water-tolerant 
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vegetation permanently grows in the retained body of water. This practice is often used in 

highway design. Wet swales are highly efficient in removing pollutants, except phosphorus. 

 
Efficiency: The ability to remove pollutants varies significantly among the different types of 

vegetated swales. It also varies for a given type of swale (see the following table). This is  

mainly due to the fact that the efficiency of an individual facility is a function of time of 

monitoring (season), length and hydraulic residence time within the swale, design runoff removal 

rate (what portion of first flush is removed), and what is being monitored (concentration of 

pollutants or mass loading). But, overall in terms of performance, the data in the following table 

show that dry swales are the most, and grass swales the least efficient. 

 
Maintenance: Maintenance for swales is minimal (Schueler, 1992). Periodic maintenance for 

dry or wet swales should primarily focus on removing accumulated materials (sediments, trash, 

and debris). 

 
Maintenance of dry swales includes steps to ensure vigorous and healthy growth of grass, 

including periodic mowing to keep grasses at acceptable heights and to minimize growth of 

successive vegetation. 

 
In wet swales, growth established above the sustained waterline must be maintained. 

 
For both wet and dry swales it is important to avoid use of herbicides and fertilizers. In urban 

environments, the low-lying nature of swales makes them a likely collector of unsightly litter, 

which must be removed by hand. It is recommended litter inspections be performed twice a 

year. 

 
Costs:  The costs to install dry and wet swales are moderate and low, respectively. Dry swales 

are more costly than wet swales because highly permeable soils and underdrain systems must be 

installed in dry swales. The construction cost per acre served is typically about $1,500 (1996 

dollar) based on a nearly flat swale with a 10 feet bottom width, 3:1 side slopes, and a ponding 

depth of 1 foot. This estimate does not include the cost of real estate, design, and contingencies. 

 
The costs of dry and wet swales can also be inferred from the cost of a traditional grass channel, 

which typically ranges from $5 to $15 (1996 dollar) per linear foot, depending on local 

conditions, swale dimensions, and degree of internal storage (FHWA, 1997). 



 

 
 
 
 

Table 3. Pollutant Removal Performance of Vegetated Swales (%) 

 
 

Type of swale 
 

Reference 
 

TSS 
 

TP 
 

TN 
 

NO3 

 
Cu 

 
Pb 

 
Zn 

 
Comments 

 

Grass 
 

Claytor and Schueler (1996) 
 

65 
 

25 
 

15 
 

Neg. 
Metals  

20 - 50 

 
Grass 

 
PG Dept. Environmental Resources (2000) 

 
30-65 

 
10-25 

 
0-25 

 
- 

 
- 

 
20-50 

 
20-50 

 

 
Grass 

 
Yu and Kaighn (1995) 

 
30 

 
Neg. 

 
- 

 
- 

Metals  

11 

 
Grass 

 
City of Austin (1995) 

 
68 

 
43 

 
23 

 
-2 

 
- 

 
- 

 
- 

 

 
Grass 

Zahid Khan et.al. (1997) (*) 
 

83 
 

29 
 

- 
 

- 
 

46 
 

67 
 

30 
 

 

Dry 
 

Claytor and Schueler (1996) (**) 
 

90 
 

65 
 

50 
 

80 
Metals  

80 - 90 

 

Dry 
Federal Highway Administration (draft 

1997) 

 

80-90 
 

65 
 

50 
 Metals  

80 - 90 

 
Wet 

 
Claytor and Schueler (1996) (***) 

 
80 

 
20 

 
40 

 
50 

Metals  

80 - 90 

 

Wet 
Federal Highway Administration (draft 

1997) 

 

80-90 
 

20 
 

40 
 Metals  

40-70 

 

* Data are for a 200-feet swale configuration. 

** Figures represent the average of three sets of reported monitoring data. 

*** Figures represent the average of two reported sets of monitoring data. 
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FILTER STRIPS 

 
Filter strips, also known as vegetated buffer strips, are evenly sloped vegetated areas that treat 

stormwater runoff by passing and infiltrating the runoff through a vegetated surface (grass or 

wooded growth). Water flows in a sheet across the vegetated area and is treated by infiltration 

into the soil and uptake by plants. 

 
Filter strips are not used to attenuate peak stormwater flows, but they are effective in improving 

water quality. A filter strip characterized by dense vegetative cover achieves the highest rate of 

pollutant removal through long flow length, low gradient, and uniform sheet flow. Filter strips 

are appropriate where there is room for installation. They are well suited to ultra-urban 

environments because they can be located in medians or along road shoulders. They are also 

used as pretreatment facilities or outlets for other stormwater practices including bioretention. 

 
Efficiency: Little data are available on the effectiveness of filter strips in removing pollutants 

from urban stormwater runoff. The existing limited data indicates that efficiency is a function of 

filter strip length (Yu et al., 1993), slope length and gradient (Wong and McCuen, 1982). For 

example, moderate to high removal rates were found for a 150-feet-long grass filter strip, but 

only mediocre pollutant removal was achieved by a 75-feet filter strip, treating urban runoff. 

 
Filter strips provide relatively low rates of pollutant removal and are most effective in reducing 

total suspended solids (up to 70% removal). They are less effective in decreasing total 

phosphorus (10%), total nitrogen (30%), and suspended metals (40-50%) (Claytor and Schueler, 

1996). 

 
Table 4. Projected Pollutant Removal Efficiency for Filter Strips 

 
 

Sources 
 

TSS 

 
TP 

 
TN 

 
TKN 

 
NO3 

 
Cu 

 
Pb 

 
Zn 

 

Estimated Pollutant Removal Efficiencies (%) 

 

(Claytor and Schueler, 1996, FHWA, 1997) 
 

70 
 

10 
 

30 
   

40-50 

 
(Prince Georges County, MD, Manual, 2000) 

20- 

100 

 
0-60 

 
0-60 

  20- 

100 

20- 

100 

 
20-80 

 

Actual Measured Pollutant Removal Efficiencies (%) 
 

18-foot flow length
1

 

 
27 

 
22 

   
6 

  
2 

 
17 

 

50-foot flow length 
 

67 
 

22 
   

8 
  

18 
 

46 

 

150-foot flow length 
 

68 
 

33 
   

9 
  

20 
 

50 

1: Flow length is the distance between the top and the bottom of the filter strip along the slope length. 

 
Maintenance: Maintenance is primarily focused on ensuring vigorous and healthy plant growth, 

preventing formation of rills and gullies, and removing debris and litter. Inspection is important 
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during the first few years to ensure that the strip becomes adequately established. Once a filter 

strip is adequately established and is functioning properly, periodic maintenance such as 

watering, fertilizing, and spot repair may still be necessary. 

 
To increase the functional longevity of a vegetated filter strip, the following practices are 

recommended: 

 
• Regular removal of accumulated sediments 

• Periodic reestablishment of vegetation in eroded areas or areas covered by accumulated 

sediments 

• Periodic weeding of invasive species or weeds 

• Periodic pruning of woody vegetation to simulate growth 

 
Costs: Filter strips are low-costs BMPs. The principle costs are those entailed by moving soil, 

construction, and planting. Construction cost per acre served, in 1995 dollars, is about $2,000 

per acre for an area established by hydro-seeding (Schueler, 1992). This does not include real 

estate, design, and contingency costs. Costs for sodding or planting of woody vegetation are 

significantly higher. 
 

 
 

INFILTRATION TRENCHES 

 
An infiltration trench is an excavated trench that has been lined and backfilled with stone to form 

a subsurface basin. Stormwater runoff is diverted into the trench and is stored, usually over a 

period of several days, until it infiltrates into the soil. Infiltration trenches are very adaptable 

BMPs, making them suitable for drainage areas that are less than 10 acres in such areas as ultra- 

urban sites. 

 
Efficiency: Effectiveness is solely a function of the amount of the stormwater infiltrated into the 

soil (the only portion of the runoff that is not treated is the portion that bypasses the infiltration 

trench and does not infiltrate). The projected removal efficiencies of two different designs are 

shown below (Schueler, 1987). 

 
Table 5. Projected Pollutant Removal Efficiency for Infiltration Trenches 

 
 

TSS 
 

TP 
 

TN 
 

Metals 
 

Bacteria 
 

Comments 

 

75 
 

50-55 
 

45-55 
 

75-80 
 

75 
 

When the first 0.5” of runoff is captured 

 

90 
 

60-70 
 

55-60 
 

85-90 
 

90 
 

When the first 2.0” of runoff is captured 
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Maintenance: Without an adequate pretreatment unit to remove sediments, the life expectancy 

of an infiltration trench might be only 5 years (Schueler, 1992). With proper regular 

maintenance, however, an infiltration trench may last up to 15 years (Schueler, 1987). 

 
Frequent inspections are required immediately after installation. These can be later decreased to 

two inspections per year. Inspectors should note the water levels in the trench, clogging of inlets 

and outlets, and accumulation of sediments in upstream pretreatment units. Immediate failure 

may occur if sediments are not directed away from the trench area during construction. 

 
Costs: Not available. 

 

 
 

RAIN BARRELS AND CISTERNS 

 
Rain barrels are containers generally set at the end of a downspout to capture rainwater running 

off the roof. They are usually plastic drums. 

 
Cisterns are large water-holding devices usually constructed of concrete, plastic, or steel and 

used to store larger amount of water compared with rain barrels. Cisterns can be built above or 

below ground. 

 
Pollutant removal efficiency: Not available 

 
Maintenance: Not an issue 

 
Costs: A 55-gallon plastic barrel, with accessories, costs between $20 and $100. 
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MAINTENANCE SERVICE LEVELS 
Regional BMP Ponds vs. On-site BMP Ponds 

 

 
 

1. GOALS OF THE PROGRAM 

 
• To maintain the County’s stormwater control facilities in a manner that best assures that the 

flood control and pollution treatment aspects remain functional. 

• To maximize the environmental benefit of existing stormwater facilities through using and 

encouraging the use of wet meadow environments, bioremediation, and other types of 

innovative naturalization techniques. 
 

 
 

2. BACKGROUND 

 
In order to protect and conserve the land and water resources of the County, the BOS, in 1972, 

established a stormwater management (SWM) volume control program to provide for the 

adequate drainage of storm waters through and from development sites without adverse impact 

to the land over which the waters flow. In 1982, the County expanded and adopted criteria for 

stormwater management that required developers to include, along with the quantity control 

design, water quality treatment controls, or best management practices (BMPs), as a means to 

protect the Occoquan Reservoir water supply. In 1993, in conformance with the Chesapeake 

Bay Preservation Act, the County began requiring the installation of BMPs in all watersheds of 

the County, not just in those that drain into the Occoquan Reservoir. 

 
County policy, as stated in the Public Facilities Manual, is to encourage the use of regional and 

on-site SWM/BMP facilities to minimize adverse down stream effects. The preferred method of 

detention is through the use of dry detention ponds. The County accepts maintenance 

responsibility for these when located in residential developments. The ponds are generally 

located in County easements on private property. 
 

 
 

3. DEFINITIONS 

 
Dry Pond: A dry pond temporarily fills-up with water during a storm but is “dry” most of the 

time. 

Wet Pond: A wet pond has a permanent pool of water. 

Regional Pond: A pond with a drainage area that is generally 100 acres or greater. 

On-site Pond: A pond with a drainage are that is generally less than 100 acres. 
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4. CURRENT POND INVENTORY, AS OF AUGUST  2, 2002 

 
County Maintenance 

(Total Number of Facilities = 961) 

 
Number of Regional Dry Ponds: 27 

Number of Regional Wet Ponds: 1 

Number of PL-566 Lakes: 6 

Number of On-site Dry Ponds: 916 

Number of On-site Wet Ponds: 11 

 
Private Maintenance 

(Total Number of Facilities = 629) 

 
Number of Regional Dry Ponds: 6 

Number of Regional Wet Ponds: 36 

Number of On-site Dry Ponds: 400 

Number of On-site Wet Ponds: 187 
 

 
 

5. CURRENT INSPECTION CYCLE 

 
County Maintenance 

 

All County maintained SWM/BMP facilities are inspected a minimum of once per year. 

Approximately 80% of agency work performed in the stormwater management program is 

identified through this inspection; the remaining 20% is generated through response to citizen 

complaints and inquiries. 

 
Private Maintenance 

 

All privately maintained SWM/BMP facilities are inspected once every five years. 
 

 
 

6. CURRENT COUNTY MAINTENANCE SERVICE LEVELS 

 
Because of the large inventory of SWM/BMP facilities, maintenance is limited to the correction 

of hazardous conditions and to that essential to keeping the facilities functioning as designed. 

Depending on the severity of the situation, maintenance may deal with any of the following: 

 
• Small tree and brush removal from DAM embankments and access ways (contract services). 

On-site facilities are cleared approximately once per year; regional facilities are cleared 

approximately five times per year); pond floors are allowed to remain natural (e.g., un-cut).  

It should be noted that, typically, only 60% of the inventory requires such clearing by the 

County, as the remaining 40% are, typically, cut by the property owners around the facilities. 
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• Repair or replacement of outlet works 

• Dam embankment erosion repair 

• Removal of trash, debris, and silt that interferes with function 

• Tailing-out of the outfall channel to open up outlet works 

 
Provided below, is a comparison of regional vs. on-site pond maintenance service levels. It 

should be noted that wet pond maintenance costs exclude dredging. If dredging is performed,   

the costs of such operations can typically comprise the single most expensive maintenance item 

associated with wet pond maintenance. Since dredging costs are, in large part, cost-prohibitive 

for many pond owners, the County does not typically require wet pond dredging---unless 

sedimentation in a particular pond is causing a drainage or erosion problem upstream. In such 

instances, though, the dredging required by the County typically entails only that which   

alleviates the problem. In most cases, dredging does not improve water quality and the 

environment. In fact, there is strong evidence that seems to indicate that dredging activities can 

actually be detrimental to the vegetation and organisms living on the pond floor. However, if an 

owner desires to sustain a wet pond environment, a program of regular, selective dredging should 

be considered. 

 
Regional Dry Ponds 

 
There are currently 33 regional dry ponds in Fairfax County with an average drainage area of 

331 Acres. 

 
Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 

 

Frequency 

(Per Year Per facility) 

Annualized 

Cost Per Facility Item 

Dam Embankment Mowing 5 $ 2,000 

5 650 

Dam Embankment Herbicide Treatment 2 200 

Dam Embankment Lime Treatment 0.33* 100 

Dam Embankment Fertilization 

Treatment 

 

0.33* 50 

Dam Embankment Powe

Low-flow Cleaning 

r Seeding 0.20** 450 

Supplemental/Other Items 1   1,000  
 

Subtotal $ 4,450 
 

 
 

*Once every three-years 

**Once Every Five-Years 
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Frequency 

(Per Year Per facility) 

Annualized 

Cost Per Facility Item 

 
0.10* $ 1,500 

 

0.025**   9,250 

  
Subtotal $ 10,750 

    
 *$150K Once every 10 years 

**$370K Once every 40 years  
 

 
 
 

 Major Infrastructure Repair and/or  
 Replacement  

 

 

 
 
 Non-Routine Maintenance: 
 
 
 
 
 
 Minor Infrastructure Repair and/or  
 Replacement 

 
 
 

   
 

 TOTAL $ 15,200 
 
    

Regional Wet Ponds  
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There are currently 43 regional wet ponds in Fairfax County with an average drainage area of 

611 Acres. 

 
Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 

 

Frequency 

(Per Year Per facility) Item 

Dam Embankment Mowing 5 

Annualized 

Cost Per Facility 

$ 2,600 

Trashrack Cleaning 5 1,000 

Dam Embankment Herbicide Treatment 2 250 

Dam Embankment Lime Treatment 0.33* 
Dam Embankment Fertilization 

Treatment 0.33* 

150 

 
100 

Dam Embankment Power Seeding 0.20** 600 

Supplemental (Other) Items 1   2,000  

 

Subtotal 
 

$ 6,700 

 

*Once Every Three-Years 

**Once Every Five-Years 
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 Non-Routine Maintenance:  

 
 

 

   
 
 
 Item 

Frequency 

(Per Year Per facility) 

Annualized 

Cost Per Facility 

 
 

$ 2,000 0.10* 

 Major Infrastructure Repair and/or  

 Replacement 
 

  12,000 

 

0.025** 

  
Subtotal $ 14,000 

 

*$20K Once Every 10-Years 

**$480K Once Every 40-Years 

  

 

TOTAL 
  

$ 20,700 

 
   
 Minor Infrastructure Repair and/or  
 Replacement 
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Regional Pond Maintenance Summary 

(Excludes Dredging and Sediment Removal) 
 

Total Annualized Cost Per Dry Facility: $15,200 (excludes sediment removal) 

Total Annualized Cost Per Wet Facility: $20,700 (excludes dredging) 

Average Drainage Area Controlled (Dry): 331 Acres (Based on a representative sampling of 20 

regional dry ponds) 

Average Drainage Area Controlled (Dry): 611 Acres (Based on a representative sampling of 40 

regional wet ponds, excluding PL-566 sites) 

Total Annualized Cost Per Acre Controlled (Dry): $45 (excludes sediment removal) 

Total Annualized Cost Per Acre Controlled (Wet): $34 (excludes dredging) 

 
Regional Pond Maintenance Summary Table 

(Includes Dredging and Sediment Removal) 
 

 

 
 
 

Regional 

Facility 

 

 
 
 

Ave Drainage 

Area (Ac) 

 

 
 

Annualized Maintenance Cost 

Per Per Acre 

Facility Controlled 

Annualized 

Selective 

Dredging Cost 

Per Acre 

Controlled 

 
Total 

Annualized 

Cost Per Acre 

Controlled 

Dry 331 $15,200 $45 Not Practical
1
 $31 

Wet 611 $20,700 $34 $83
2
 $117 

Notes 

1. As most regional dry ponds are in floodplains and have “mature” natural impoundments, dredging and sediment removal 

operations are deemed counterproductive to the goals of water quality and habitat protection. 

2.   $83/Acre is based on 30-yr sedimentation rates in the PL-566 program. This program is comprised of 6 regional wet ponds 

in the Pohick Creek Watershed. The “average” lake has a drainage area of 1,812 Acres, has a normal pool volume of 189 
Acre-Feet, and an average sedimentation rate of 1% of the normal pool volume per year. Based on February 2000 cost data 

published by the Northern Virginia Planning District Commission, the cost to dredge a wet pond is approximately $47/CY 
(e.g., dredging at $17/CY + hauling/disposal at $30/CY). 
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Subtotal  $ 1,330 

 

 
 
 
 Non-Routine Maintenance: 
 
 

 

 
 
 
 

 
 
 
 

 

 
 
 
 
 

Frequency 

(Per Year Per facility) 

Annualized 

Cost Per Facility Item 
Minor Infrastructure Repair and/or 

Replacement 
 

0.20* 
 

$ 600 

 Major Infrastructure Repair and/or  

Replacement 0.05** 
 

  3,000 

 

Subtotal 
  

$ 3,600 

 

*$3K Once every 5-Years 

*$60K Once every 20-Years 

  

 

TOTAL 
  

$ 4,930 
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On-Site Dry Ponds 

 
There are currently 1,316 on-site dry ponds in Fairfax County with an average drainage area of 

16 Acres. 

 
Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 

 
Frequency 

(Per Year Per facility) 

Annualized 

Cost Per Facility Item 
 

Dam Embankment Mowing 1 $ 200 

Low-flow Cleaning 1 130 

Dam Embankment Herbicide Treatment 0 0 

Dam Embankment Lime Treatment 0 0 

Dam Embankment Fertilization 

Treatment 

  

0 0 

Dam Embankment Power Seeding 0 0 

Supplemental (Other) Items 1   1,000   
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On-Site Wet Ponds 

 
Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 

 
Frequency 

(Per Year Per facility) 

Annualized 

Cost Per Facility Item 
 

Dam Embankment Mowing 1 $ 250 

Trashrack Cleaning 1 300 

Dam Embankment Herbicide Treatment 0 0 

Dam Embankment Lime Treatment 0 0 

Dam Embankment Fertilization  

Treatment 

 

0 0 

Dam Embankment Power Seeding 0 0 

Supplemental (Other) Items 1   2,000   
 

Total $ 2,550 

 
Non-Routine Maintenance: 

 
Frequency Annualized 

Item (Per Year Per facility) Cost Per Facility 

Minor Infrastructure Repair and/or 

Replacement 0.20 $ 800 
Major Infrastructure Repair and/or 

Replacement 0.05)  4,000 

Total $ 4,800 

 
*$4K once every 5-Years 

**$80K Once Every 20-Years 

 
TOTAL $ 7,350 

 
On-Site Pond Maintenance Summary 

(Excludes Dredging and Sediment Removal) 

 
Total Annualized Cost Per Dry Facility: $4,930 (excludes sediment removal) 

Total Annualized Cost Per Wet Facility: $7,350 (excludes dredging) 

Average Drainage Area Controlled (Dry): 16 Acres (Based on a representative sampling of 50 

on-site dry ponds) 

Average Drainage Area Controlled (Wet): 29 Acres (Based on a representative sampling of 40 

on-site wet ponds) 

Total Annualized Cost Per Acre Controlled (Dry): $308 (excludes sediment removal) 

Total Annualized Cost Per Acre Controlled (Wet): $253 (excludes dredging) 
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On-Site Pond Maintenance Summary Table 

(Includes Dredging and Sediment Removal) 
 

 

 
 
 

On-Site 

Facility 

 

 
 
 

Ave Drainage 

Area (Ac) 

 

 
 

Annualized Maintenance Cost 

Per Per Acre 

Facility Controlled 

Annualized 

Selective 

Dredging Cost 

Per Acre 

Controlled 

 
Total 

Annualized 

Cost Per Acre 

Controlled 

Dry 16 $4,930 $308 $30
1
 $338 

Wet 29 $7,350 $253 $83
2
 $336 

Notes 

1. $30/Acre is based on the “average” dry pond with a drainage area of 16 Acres, a water quality ponding volume of 0.6 Acre- 

Feet, and an average sedimentation rate of 2.5% of the water quality ponding volume per year (e.g., 50% of the BMP 
capacity is expended every 50-years). Based on recent MSMD data, the cost to excavate and dispose of sediment from a dry 

pond is approximately $20/CY. 

2.   $83/Acre is based on the “average” wet pond with a drainage area of 29 Acres, a normal pool volume of 3.2 Acre-Feet, and 

an average sedimentation rate of 1.0% of the normal pool volume per year. Based on February 2000 cost data published by 
the Northern Virginia Planning District Commission, the cost to dredge a wet pond is approximately $47/CY (e.g., dredging 

at $17/CY + hauling/disposal at $30/CY). 
 

 
 

7. SUMMARY OF MAINTENANCE SERVICE LEVEL COMPARISON 

 
Based on the cost analysis provided in this report, the maintenance of wet and dry on-site ponds  

is nearly 11 times as expensive as the maintenance of regional dry ponds and nearly four times as 

expensive as the maintenance of regional wet ponds. Provided below is a tabulated summary of 

this data. 

 
Pond Maintenance Summary Table and Unit Cost Comparison 

(Includes Dredging and Sediment Removal) 
 

Facility Ave 

Drainage 
Area (Ac) 

Annualized Maintenance 

Cost 
Per Facility Per Acre 

Controlled 

Annualized 

Selective 
Dredging 

Cost Per 

Acre 

Controlled 

Total 

Annualized 
Cost Per 

Acre 

Controlled 

Dry 

Regional 
Pond Cost 

Units 

Reg Dry 331 $15,200 $45 n/a $31 1.0 

On-Site Dry 16 $4,930 $308 $30
1
 $338 10.9 

Reg Wet 611 $20,700 $34 $83 $117 3.8 

On-Site Wet 29 $7,350 $253 $83
2
 $336 10.8 

 

 
8. PUBLIC VS. PRIVATE MAINTENANCE 

 
Based on a ten-year history of publicly maintained stormwater management pond inspections  

and a three-year history of privately maintained stormwater management pond inspections, it has 

been found that the maintenance of the public inventory exceeds that of the private inventory, 
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except in the instance of wet pond dredging. With respect to dredging, the County does not have 

an active dredging program; however, there are a few privately maintained regional wet ponds 

that are dredged on a routine basis. 

 
Currently, the Maintenance and Stormwater Management Division (MSMD) is in its fourth year 

of providing an inspection service to owners of all privately maintained stormwater management 

facilities in Fairfax County. At present, a detailed break-down of overall totals on safety and 

functional maintenance deficiencies is not available. As the program is still in its infancy, the 

primary objective has been to establish a working relationship with the owners and to provide 

specific advice and guidance on the effective maintenance of stormwater control structures.  

Even though detailed follow-up to date has been performed on only an as-needed basis, it has 

been the impression of MSMD that the maintenance suggestions provided have been very well 

received. The majority of the owners have expressed a desire to incorporate the County’s 

suggestions into their maintenance programs but have indicated that such incorporations will be 

phased in as funding allocations are expanded to accommodate the increased service levels 

suggested by the County. 
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Nonstructural Best Management Practices 
 

 
 

Nonstructural Best Management Practices (BMPs) include pollution prevention and 

pollution control measures that do not require building a structure, or reshaping the 

landscape. They are (1) land management techniques, such as preservation of open space and 

sensitive areas, land use controls, encouraging watershed protection during site design, erosion 

and sediment control, urban reforestation and riparian buffer restoration, and landscaping 

techniques, (2) public education, volunteer and watershed stewardship measures, such as storm 

drain stenciling programs, animal waste control programs, lawn and garden care education, and 

other watershed stewardship activities such as stream monitoring and neighborhood cleanups, 

and (3) control measures, such as vegetative controls, natural infiltration areas, wetlands, and 

street sweeping. 

 
Some definitions of nonstructural best management practices (BMPs) include techniques such as 

rain gardens, which promote bio-retention and bio-infiltration of stormwater runoff. However, 

for purposes of this discussion, since creating rain gardens usually involves some reshaping of  

the landscape, they are not included here. Measures such as these are discussed under Low 

Impact Development techniques. It is important to note, however, that the act of promoting and 

encouraging such practices is an example of a nonstructural BMP. 

 
The benefits of nonstructural BMPs to local and regional water resources are widely 

acknowledged. They are seen as effective in reducing nonpoint source pollution and improving 

the quality of stormwater runoff. Scientists and watershed managers recognize their value as 

part of an integrated nonpoint source pollution prevention program. 

 
However, it has often been the case that nonstructural techniques are overlooked because it is 

difficult to assign a level of pollutant removed or prevented as a result of their implementation. 

Reliance on engineering calculations for conventional, structural BMPs to comply with 

stormwater quality requirements has resulted in a regulatory environment that provides little 

incentive to investigate nonstructural nonpoint source pollution control approaches.  More 

recently, however, tools are becoming available to allow planners to estimate the amount of 

pollution prevented or controlled as a result of implementing certain nonstructural BMP 

techniques, particularly vegetative controls, and to evaluate their potential to complement 

structural BMP programs. 

 
Pollution Prevention Measures, or source reduction, (1) prevents runoff from occurring and/or 

prevents the generation of pollution before it enters a storm drain system or stream, and (2) 

preserves the natural infiltrative capacity of the landscape, through the protection of natural 

resources by conservation, thus reducing the generation of pollutants and allowing any pollutants 

generated as a result of land uses to be assimilated without reaching the water environment.  

Once stormwater is polluted, it is expensive to clean. Therefore, pollution prevention measures 

are economically and environmentally desirable. The difficulty arises when trying to quantify 

their effectiveness. 

 
Land Use Controls are any number of regulatory or incentive measures aimed at 

encouraging patterns of development that produce less, or more readily control, pollution. 

Examples include purchase of development rights, transfer of development rights, 
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downzoning, upzoning or overlay zoning, measures to preserve open space and buffer 

zones near water bodies, and opportunities during redevelopment and infill to 

accommodate growth without adding more impervious surface. 

 
Watershed Protection during site design involves a series of techniques that minimize 

erosion during construction, minimize the amount of impervious surface, maximize 

vegetated areas, and cluster development away from identified sensitive natural 

resources. Some examples of ways to reduce imperviousness are reducing building 

footprints, reducing building setbacks, minimizing driveway and parking lot size, 

reducing street widths, re-examining cul-de-sac design, using pervious materials, 

incorporating bioretention, and encouraging shared parking. 

 
Reforestation and riparian buffer restoration are opportunities to reduce the amount 

of nonpoint source pollution entering urban streams. Other benefits include wildlife 

habitat and recreational opportunities. 

 
Landscaping strategies that preserve the natural infiltrative capacity, conserve water, 

and keep stormwater onsite reduce the amount of runoff reaching local streams. They 

also may result in lower maintenance costs. Examples include diverting water from 

downspouts into planting beds, using pervious paving, incorporating on-site irrigation 

systems, minimizing turf grass in the landscape, applying mulch, and choosing native 

plants. 

 
Public education programs are aimed at changing human behavior so as to prevent the 

generation of nonpoint source pollution. In many cases people are not aware of the 

cumulative impacts of small acts, or the fact that storm drains lead to streams. Through 

public education and volunteer measures, people are made aware of how their actions 

impact water quality. Examples include websites, newsletters, brochures, seminars, 

workshops, and displays at community events. Often an inter-active watershed model is 

used to demonstrate how activities on land can affect water quality. Storm drain 

stenciling programs educate communities about the dangers of dumping anything into 

storm drains, and explain the proper disposal of used motor oil, anti-freeze, paint, pet 

waste, excess fertilizer, and litter. As a culminating activity selected inlets are stenciled 

with a “dumping pollutes” message that will serve as a reminder to the community. 

Lawn and garden care education programs address those nonpoint source pollutants that 

result from the improper use and disposal of fertilizers, pesticides and herbicides. 

Volunteer stream monitoring programs and riparian planting programs encourage 

watershed stewardship. 

 
Watershed Stewardship is promoted through community education programs, 

participation in the development of local watershed plans, stream cleanups, tree plantings, 

and riparian and stream restoration. By understanding and being involved in protection   

of their local watershed, stakeholders - citizens, homeowner associations, businesses, 

environmental groups, and local government - can make significant contributions to 

improved water quality. 

 
Control Measures remove nonpoint source pollution after it has entered the environment. 

Nonstructural control measures usually rely on strategically placing vegetation to capitalize on 

their pollution removal capabilities. Control measures are more quantifiable because it may be 
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possible to measure input and output and determine a nonpoint source pollution removal 

efficiency. The Virginia Stormwater Management Regulations contain suggested phosphorus 

removal efficiencies for vegetative filter strips, grassed swales, bioretention basins and 

stormwater wetlands. Some measures, which catch and hold stormwater, have an effect on 

volume control. 

 
Vegetative controls generally are not sufficient to minimize the adverse effects of urban 

runoff by themselves and should be considered as valuable components of a 

comprehensive stormwater management plan.  The total volume of detention storage that 

is required to mitigate the effects of development may be reduced if properly designed  

and located vegetative controls are used to reduce runoff volumes and pollutant loadings. 

Even though more of a site may be used in designing such a system, reducing the size of 

structural devices by preserving or establishing vegetated areas produces a more 

aesthetically pleasing result, while still achieving desired management and reduction 

goals. Vegetative controls can be subject to chronic maintenance and nuisance problems, 

and may not function as intended, if the available space, surface drainage characteristics, 

soil characteristics, hydrology, climate, and organizational requirements of the site are   

not taken into careful consideration before design and plant selection. Also, the party 

responsible for maintenance must be given the tools to properly maintain the BMP over 

the long term. 

 
In some cases, vegetative controls can function in the landscape as nonstructural 

alternatives to structural BMPs. The presence of high water table, a variety of unsuitable 

soils, or other site conditions may render vegetative controls, if they are properly located 

and designed and maintained, as a more suitable approach to stormwater quality 

management. 

 
Bioretention is often regarded as a structural BMP as well as a nonstructural BMP. In 

either case, the technique attempts to mimic the biological and chemical conditions in 

natural areas and incorporate the benefits provided by biological uptake and activity. 

They can be natural low areas, or constructed within or next to impervious areas, such as 

parking lots. 

 
Stormwater wetlands are used as a means of controlling urban pollutants while 

enhancing urban wildlife habitat. Wetland plants are effective in slowing stormwater 

runoff, promoting settling of particulate pollutants, and nutrient uptake. Naturally 

occurring wetlands may be considered nonstructural BMPs. Those that must be 

constructed may be considered structural BMPs. 

 
Street sweeping, using a wet vacuum or regenerative air vacuum equipment at the  

correct frequencies, can be effective in removing particulates, which have been deposited 

on urban street surfaces, before they are picked up by stormwater runoff and carried to 

nearby streams. 

 
Rain barrels are a measure to catch stormwater close to the source, usually from 

downspouts, and release it slowly, such as directing it to a nearby garden plot. The 

volume of stormwater runoff is reduced by the capacity of the rain barrel. 



N-4  

Rooftop gardens are another measure to catch and hold rainwater, reduce 

imperviousness, and the volume of stormwater runoff. 

 
While this discussion focuses on urban nonstructural BMPs, mention should be made of 

agricultural nonstructural BMPs that are used in Fairfax County on the many suburban 

horsekeeping operations. Agricultural BMPs are effective in preventing and reducing nonpoint 

source pollution in stormwater runoff from these operations, by addressing potential problems 

from erosion, nutrient management and integrated pest management. Examples include: using 

cross-fencing to create several smaller pastures and rotating the animals, allowing each pasture to 

rest and recover; fencing animals out of streams; establishing and maintaining riparian buffers; 

following an appropriate seeding and fertilization program, based on soil tests; using correct 

procedures for applying pesticides and herbicides; and properly storing and composting animal 

waste, as part of an approved nutrient management program. 
 

 
 
 

The primary source of information for this discussion is the Nonstructural Urban BMP 

Handbook—A Guide to Nonpoint Source Pollution Prevention and Control through 

Nonstructural Measures, 1996, Northern Virginia Planning District Commission. 

 
Other sources include: 

Better Backyard—A Citizen’s Resource Guide to Beneficial Landscaping and Habitat 

Restoration in the Chesapeake Bay Watershed, 2001, Chesapeake Bay Program. 

 
Developing Successful Runoff Control Programs for Urbanized Areas, 1994, Northern Virginia 

Soil and Water Conservation District. 

 
Site Planning for Urban Stream Protection, 1995, by the Center for Watershed Protection, 

Ellicott City, Maryland. 

 
Stormwater Strategies—Community Responses to Runoff Pollution, 1999, Natural Resource 

Defense Council, New York. 

 
You and Your Land—A Homeowner’s Guide for the Potomac Watershed, 1998, Northern 

Virginia Soil and Water Conservation District. 
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REGIONAL VS. ON-SITE FACILITIES 
 

 
 

This paper attempts to objectively answer some of the frequently asked questions concerning the 

performance of regional stormwater management facilities as compared with on-site detention 

ponds. The paper also explains the reasoning behind the types of pollutant removal efficiencies 

attributed to regional facilities in the Fairfax County Public Facilities Manual (PFM) 

 
1. Reasons why regional ponds are given higher Phosphorus (P) removal efficiencies in the 

PFM 
 

▪ On-site ponds typically treat only a portion of the total first flush runoff volume that is 

controlled by the pond. This is because on-site-pond best management practice (BMP) 

volumes are computed based on site area and site imperviousness and not on the total 

watershed area and imperviousness draining to the pond. This results in a reduction of P 

removal efficiencies. 
 

▪ The likelihood and ease of maintenance: T. R. Schueler (1987… Controlling Urban Runoff) 

points out that the small BMP orifices in a typical on-site extended dry pond is extremely 

susceptible to clogging and presents a severe maintenance problem. 
 

▪ The ability to include additional pollution removal features (e.g. e.g. micro pools, wetland 

marches, aquatic vegetation around benches etc) into on-site pond designs is adversely 

impacted by space constraints. A lack of space generally prevents these features from being 

incorporated in on-site facilities. This is not an issue with regional facilities. 
 

▪ The following references show that extended dry facilities are not practical for watershed (or 

site areas) areas <10 acres. 

 
Adams, L.W., Dove, L. E., Leedy, D.L., and Franklyn T., 1983, “Methods of Stormwater 

Control and Wildlife Enhancement: Analysis and Evaluation”, Urban Wildlife Research 

Center, Columbia M.D. 200 pp; 

 
Schueler, T. R., Kumble, P.A., and Heraty, M.A., 1992, “A Current Assessment of Urban 

BMPs”, Department of Environmental Programs, Metropolitan Washington Council of 

Governments, 777 North Capitol Street, Suite 300, Washington, DC 20002 
 

▪ The following references supported by data contend that the random placement of 

stormwater detention facilities in a watershed may result in little or no reductions in peak 

flows in downstream sections and may even aggravate flood hazards. These studies further 

conclude that regional SWM facilities must be strategically located within a watershed in 

order to achieve significant control of the flows in downstream areas. 

 
Bonucelli et al., (1982); “Urban Runoff Management in a Multijurisdictional 

Watershed” 
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Traver & Chadderton, 1983 “Downstream Effects of SW Detention Basins.” 

 
Duru, 1983 “On-site Detention: A Stormwater Management or Mismanagement 

Technique.” 

 
2. Wet Detention Facilities 

 

▪ For wet facilities, Schueler (1992) shows that the pollutant removal efficiency improves with 

retention volume in general. Based on data provided by the NURP studies Schueler showed 

that significant pollutant removal efficiencies are achieved when the wet detention volume is 

4 times the runoff volume of the mean storm. This guideline is seldom adhered to by on-site 

facilities. 
 

▪ In “The Basis of Design of Wet Detention” J P. Hartigan showed that pollutant removal 

efficiency increases with residence time. Residence time of Regional facilities are invariably 

larger than that of on-site facilities. 
 

▪ The NURP study shows a direct relationship between residence time and Pollutant removal 

efficiency. 
 

▪ W.W. Walker Jr., in “Phosphorus Removal by Urban Runoff Detention” Basins, Lake and 

Reservoir Management, 1987, provided data to support the direct relationship between 

residence time and removal efficiency. 

 
3. Other issues 

 

▪ Note: Adams et al., 1984, determined that while most homeowners do not consider dry 

ponds to be a safety hazard many complain about mosquitoes and other nuisance problems. 

 
(West Nile Virus –bigger risk with onsite extended dry facilities) 
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Pollutant Removal Capability of Dry On-Site, Dry Regional and Wet Regional Ponds (%) 
 

 
 

From: “A Current Assessment of Urban Best Management Practices” 

Prepared by: Metropolitan Washington Council of Government 

 
NOTE: The table below provides summary data on the pollutant removal capabilities of stormwater ponds. Each 

study differs with respect to pond design, number of storms monitored, pollutant removal calculation techniques, 

and monitoring techniques, so comparisons between studies may not be appropriate. 

 
 

Ponds 
  

DA 

 
TSS 

 
TP 

 
SP 

 
TN 

 
NO3 

 
COD 

 
Pb 

 
Zn 

 

 
 
 
 
 

Dry Pond 

 

VA 
 

11.4 

 

29 
 

40 
 

 

25 
 

 

17 
 

39 
 

24 

 

TX 
 

28.0 

 

30 
 

18 
 

 

35 
 

52 
 

22 
 

29 
 

-38 

 

MD 
 

16.8 

 

87 
 

26 
 

-12 
 

 

-10 
   

 

MD 
 

34 

 

70 
 

13 
 

 

24 
 

 

27 
 

62 
 

57 

 

KS 
 

12.3 

 

3.0 
 

19 
 

0 
 

 

20 
 

16 
 

66 
 

65 

 

Dry Regional Pond 
 

VA 
 

88.0 

 

14 
 

20 
 

-6 
 

10 
 

9 
 

-10 
 

 

-10 

 

 
 
 
 
 
 
 
 
 

Wet Regional Ponds 

 

MN 
 

315 

 

90 
 

61 
 

11 
 

41 
 

10 
 

 

73 
 

 

MN 
 

608 

 

91 
 

78 
 

 

85 
 

 

90 
 

90 
 

 

MN 
 

725 

 

85 
 

48 
 

13 
 

30 
 

24 
 

 

67 
 

 

WI 
 

238 

 

90 
 

65 
 

70 
  

 

70 
 

70 
 

65 

 

TX 
 

381 

 

54 
 

46 
 

 

39 
 

45 
 

41 
 

76 
 

69 

 

ONT 
 

860 

 

82 
 

69 
      

 

FL 
 

122 

 

64 
 

60 
 

80 
 

15 
 

80 
   

 

ONT 
 

395 

 

98 
 

79 
 

 

54 
    

 

Regional: Drainage area (DA) approximately 100 acres or more 

 
TSS: Total Suspended Solids NO3: Nitrate 

TP: Total Phosphorous COD: Chemical Oxygen Demand 

SP: Soluble Phosphorous Pb: Lead 

TN: Total Nitrogen Zn: Zinc 
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GO 

ADDITIONAL 
STUDY REQ’D 

(Master plan 
Special study, etc) 

Secondary Factors (SF) 

Watershed Planned Land Use 

Watershed Potential Imperviousness 

Watershed Size 

Natural/Sensitive areas  

SPS Management Category 

SWM Objective flood prevention 

SWM Objective erosion prevention 

SWM Objective water quality 
Pond Site Conditions 

Community Support/Acceptance 

Economic benefits 

Strong Potential for Other Practices 

Modified design 

Wetland permits 
Habitat preservation 

Pond proximity to problem 

 SF Total Score =     

Score = 0 – 9 Score = 10 – 20 

o 

 
 
 
 
 

 

Score> 20 Score = 0-19 

 

 
 
 
 

 

REGIONAL POND INTERIM DECISION MATRIX 

Draft 
 

 

Primary Factors (PF) 

1. Site/Land Availability 

2. Funding Potential 

3. Special Agreements Regulations or Requirements 

4. Timing of Development 

5. Proximity of Pond Site to Existing Dwellings 

6. Existing watershed development 

7. Archeological/Historical impacts 

8. Impacts to endangered species 
 

 

PF Total Score =     

  



 

Primary Factors Score 

Site/Land Availability 
 

Funding Potential 
 

Special agreements,  regulations and requirements 

Timing of development 

Proximity to existing dwellings 

Existing watershed development level 

Archeological/Historical Impacts 

Impacts to endangered species 

 

TOTALS  
 

REGIONAL POND ASSESSMENT WORKSHEET 
 

Abbreviations and Definitions 

Apts. - Apartments 

Comm. - Commercial 

env. - environment 

LDSS - Low density single family subdivision 

SPS - Stream Protection Strategy 

SWM - Stormwater management 

WPA - Watershed protection area 

WRALI - Watershed restoration area level I 
 

WRALII - Watershed restoration area level II 

 
Secondary Factors   RANKING    

 

SWM objective flood prevention 
 

yes 
 

2 
 
 
 

 
Townhouse 

 
 
 

 
1 

 
 
 

 
LDSS 

 
 
 

0 

SWM objective stream restoration ( erosion prevention) yes 2 

SWM objective water quality yes  
Watershed planned land use Apts/Comm. 2 0 

Watershed potential imperviousness high 2 medium 1 low 0 

Watershed size high 2 medium 1 low 0 

Viewshed compatible with env. 2 mildly campatible 1 mon compatible 0 

Community Acceptance support 2 indifference 1 resistance 0 

Pond location within the shed (proximity to the problem) close 2 moderately close 1 remote 0 

Habitat preservation no impact 2 medium impact 1 high impact 0 

Wetland permit requirements no 2 possible 1 required 0 

Modified design Highy modified 5 avg modification 2 none 0 

Pond site conditions (slope, sensitive areas, soil type.. etc) favorable 2 average 1 not favorable 0 

SPS management category WRALII 2 WRALI 1 WPA 0 

% Natural sensitive areas/tree cover/ riparian buffers low 2 medium 1 high 0 

Potential for other practices low 2 medium 1 high 0 

Economic benefit high 2 medium 1 low 0 

 TOTAL  35 



 

 
PRIMARY FACTORS WORKSHEET 

 
Primary Criteria Score Total  Primary Criteria Score Total 

Site/Land Availability 
 

 
BOARD owned site 

Park Authority owned land 

Existing storm drainage easements 

Privately owned with development potential 

Privately owned with no development potential 

 

 
 

3 

2 

3 

1 

0 

  Proximity to existing dwellings 
 

 
Pond adjacent to single family dwellings. 

Pond adjacent to town houses 

Pond adjacent to appartments 

Pond not adjacent to habitable structures 

 

 
 

0 

1 

2 

3 

 

  
Funding Potential 
 

 
Constructed at private development's expense 

with reimbursement 

Sufficient un-used pro-rata funds within the watershed 

To be budgeted within the next 5 years 

Unknown budget horizon 

 
 
 
 

3 

2 

1 

0 

  Existing watershed development levels 
 

 
Watershed fully developed 

Watershed partially developed 

Watershed undeveloped 

 

 
 

1 

2 

3 

 

 
Special   agreements/requirements/Regs. 
 

 
Required by development proffer/SE, SP condition 

Required by Federal State or local regulations 

Required to meet MS4 

Required to meet Chesapeake Bay requirements 

Required to meet TMDLs 

 

 
 

3 

1 

1 

2 

2 

  Archeological/Historical impacts 
 

 
Known historical events on pond site 

Site contains noted heritage resources 

Site has archeological significance. 

Site in visual proximity to property 

with the above features 

Pond site within the Historic Overlay district 

 

 
 

-10 

-10 

-10 
 

 
-5 

0 

 

  
Timing (of Development) 
 

 
Pond needed for adjacent development 

Pond proffered to be built by developer 

DPWES to implement project (short term) 

DPWES to implement project (long term) 

No plan to implement project 

 

 
 

3 

2 

2 

1 

0 

  Endangered species Impacts 
 

 
Site contains the habitat of a known 

endangered specie. 

Site close to the habitat of a known 

endangered specie. 

 
 
 
 

-10 
 

 
-8 

 

  
 



Regional Stormwater Management 
A Summary of Policies in Virginia and Maryland 

 

 
 
Background 

 

Regional stormwater management is an alternative to on-site controls, in which a 
watershed wide approach is used to analyze potential water quantity and quality 
problems and identify appropriate mitigation measurements. The early impetus for 
regional stormwater management appears to have been obtained from a number of 

studies conducted in the late 1970’s and early 1980’s. These studies1 indicated that, for 
storms with return periods of less than 5 years, it was not possible to restrict peak flows 
to their predevelopment levels along downstream major drainageways using on-site 

detention only 2. However, the studies also indicated that if soils, groundwater, and site 
conditions allowed stormwater infiltration on-site, it was possible to meet the wider goal 
of protecting downstream major drainageways. 

 
In this review, stormwater management (SWM) policies and guidance for the states of 
Virginia and Maryland, and a number of surrounding counties in these states were 
examined to determine their approach to regional versus on-site stormwater 
management. Policies for three Virginia counties (Prince William, Loudoun, and Henrico) 
and two Maryland counties (Montgomery and Prince George’s) were reviewed. The 
reviews were conducted primarily by keyword searches of official county and state 
websites. If information on SWM policy could not be found on a state or county website, 
staff involved in SWM for that state or county was contacted. 

 

 
State of Virginia 

 

In 1999, the Virginia Department of Conservation and Recreation published the Virginia 

Stormwater Management Handbook3 to serve as the primary guidance for SWM 
programs. According to the Handbook, “The development of a regional stormwater 
management plan allows a local government to strategically locate stormwater facilities 
to provide the most efficient control of localized flooding, stream channel erosion, and 
water quality.” 

 
The Handbook states that SWM concerns in a given watershed are addressed with 
greater economy and efficiency by installing facilities based on a regional SWM plan 
rather than individual, site-specific facilities. The Handbook further notes that while the 
benefits of regional SWM plans are well documented by localities that have implemented 
them, adverse impacts are also documented. A list of issues including asserted  
problems with on-site facilities, asserted benefits of regional facilities, and possible 

 
1 

See, for example: Debo, T. N. 1982. Detention Ordinances – Solving or Causing Problems ? In: 
Stormwater Detention Facilities, American Society of Civil Engineers, New York. 
2 

A landmark modeling study (D. F. Lakatos and R. H. Kropp. 1982. Stormwater Detention - 
Downstream Effects on Peak Flow Rates. In: Stormwater Detention Facilities, American Society 
of Civil Engineers, New York.) showed that locating on-site detention in the lower zone of a 
watershed may actually result in peak flow increases because flows are held back until upstream 
peaks arrive. 
3 http://www.dcr.state.va.us/sw/stormwat.htm 
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adverse consequences that may result from regional facilities is provided. The 
Handbook suggests that the debate over the merits of regional facilities versus their 
impacts will be different in each watershed. 

 
Tributary Strategy for Potomac/Shenandoah - does not stipulate specific best 
management practices for achieving the goals of the Cap Strategy in   
controlling/reducing the level of nutrients into the Chesapeake Bay. However,  
indications are that the Interim Cap Strategy (2001) will require jurisdictions first to 
implement an effective accounting system to track areas that are covered by existing 
BMPs and second to devise effective methods to retrofit existing developments or 
provide future controls for areas without controls. A recent assessment of the current 
(1996) Cap Strategy has indicated that current nutrient reductions are significantly below 
the levels needed to meet endpoint levels for the Bay by 2010 to avoid a Bay-wide 
TMDL. In response, the State recently completed an Interim Cap Strategy (2001) to 
address what further reductions will be necessary. Despite some fundamental issues 
regarding nutrient load allocations between point (wastewater treatment plants) and non- 
point sources and jurisdictional allocation, the interim cap strategy will proceed to identify 
more stringent levels for nutrient reductions. In preparation for this, the County will need 
to develop and implement BMPs before 2010 on a watershed scale to meet significant 
reductions or satisfy load allocations countywide, especially in areas not currently 
controlled by BMPs. Regional BMPs should be one tool considered for this. 

 
State of Maryland 

 

The Maryland Stormwater Design Manual, Volumes I & II4, published in 2000 by the 
Maryland Department of the Environment (MDE), serves as the official guide for SWM 
principles, methods, and practices. MDE has also published a model stormwater 

management ordinance5 that provides the minimum content for implementing and 
enforcing Maryland’s stormwater management program consistent with the state code. 
Both documents do not use the term “regional stormwater management”. The 
documents define "Off-site stormwater management" to mean the design and 
construction of a facility necessary to control stormwater from more than one 
development. 

 
In general, the Maryland Stormwater Design Manuals and the model stormwater 
management ordinance do not appear to explicitly encourage regional approaches to 
SWM. However, the model Stormwater ordinance states that SWM quantitative control 
waivers shall be granted only to those projects within areas where “watershed 
management plans have been developed in accordance with certain conditions, 
including an assessment of cumulative impacts and a specification of where on-site or 
off-site quantitative and qualitative stormwater management practices are to be 
implemented..”. It appears that regional approaches to SWM are recognized as 
acceptable components of broader watershed management plans. 

 

 
 
 
 
 
 
 

4 http://www.mde.state.md.us/environment/wma/stormwatermanual/download_manual.htm 
5 http://www.mde.state.md.us/environment/wma/stormwatermanual/model_ordinance.pdf 

http://www.mde.state.md.us/environment/wma/stormwatermanual/download_manual.htm
http://www.mde.state.md.us/environment/wma/stormwatermanual/model_ordinance.pdf
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Prince William County, Virginia 
 

Prince William County’s current SWM policy appears to mirror Fairfax County’s SWM 
policy to a large extent. Section 700 of the Prince William Design and Construction 
Standards Manual6, which includes information on policies and regulations related to 
storm drainage, states: 

 
“The County encourages the construction of regional SWM facilities as opposed to 
numerous on-site facilities where possible. Regional facilities are generally expected to 
have drainage areas of one hundred (100) acres (40.47 hectares) or larger and to be 
located as determined by watershed studies. The Department of Public Works maintains 
a list of watersheds that have completed watershed management plans. The County will 
cooperate in the preparation of studies in other watersheds. Developers are encouraged 
to discuss with the Department of Public Works the possibility of participating in the 
construction of a regional SWM facility and to share in the benefits of larger 
Facilities downstream. The Department of Public Works shall provide guidelines for the 
design, construction, and maintenance of such facilities. The County's objectives for 
regional SWM facilities are as follows: (1) To encourage a regional approach to storm 
water detention, rather than numerous small and marginally effective individual on-site 
ponds; (2) To facilitate the implementation of the regional SWM ponds through 
the development process; and (3) To reduce the impact on the environment by 
encouraging the use of nonstructural BMPs, biofilters and sediment forebays. If a 
regional facility is under construction or funded and scheduled for construction, the 
properties within the service area of the facility shall be required to participate in the 
implementation of the regional pond and pay a pro rata share.” 

 

 
Loudoun County, Virginia 

 

All SWM facilities in Loudoun County are privately owned and maintained. For the 
foreseeable future, it does not appear that the County plans to build publicly owned 
facilities. The County encourages the incorporation of low-impact development (LID) 
practices into storm drainage design. 

 
According to Chapter 5 of the Loudoun County Facilities Standards Manual, which deals 
with water resources management7, their current overall SWM policy is: 
“Adherence to the Virginia Stormwater Management Handbook and the Virginia Erosion 
and Sediment Control Handbook shall be required. Exceptions shall meet the intent and 
spirit of the aforementioned handbooks.” 

 
The County’s general requirements for SWM also include the following about 
“centralized” and regional facilities: 

 
“Centralized stormwater management facilities shall be incorporated within all proposed 
developments unless low-impact design is proposed in accordance with the provisions 
contained in this chapter or alternative measures have prior approval by the Director. 
Centralized stormwater management facilities shall be sited within the development to 

 
 
 

6 http://www.co.prince-william.va.us/planning/dcsm/dcsm0700.pdf 
7 http://www.co.loudoun.va.us/b&d/docs/facilitiesstand_/chapter5/office2k/office2k.htm 

http://www.co.prince-william.va.us/planning/dcsm/dcsm0700.pdf
http://www.co.loudoun.va.us/b%26d/docs/facilitiesstand_/chapter5/office2k/office2k.htm
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minimize the number of facilities required to serve the property and to maximize the 
effectiveness of the facilities. 

 
Regional stormwater management is defined as facilities and/or design criteria identified 
in a County approved drainage district study to control increases in runoff from 
developed sites within the established district. Stormwater management requirements 
identified with these studies must be met in conjunction with any applicable land 
development activity.” 

 

 
Henrico County, Virginia 

 

Henrico County has recently developed and adopted a watershed management program 
to improve water quality in the County’s streams. Prior to the adoption of this approach, 
water quality goals were met primarily through on-site Best Management Practices 
(BMPs). In Chapter 2 of the Henrico County Environmental Manual8, which deals with 
their stream assessment and watershed management program, it is stated that: 

 
“Although many larger BMPs were determined to be successful in achieving their 
pollutant removal goal, many small ineffective BMPs were also constructed. In addition, 
the County’s prior approach provided little if any, improvement to degraded stream 
systems present in the County because the requirements were based on the needs of 
the site, not the needs of the watershed.” 

 
While Henrico County’s watershed management program will continue to require 
effective on-site BMP facilities, the program is expected to reduce the number of 
ineffective BMPs by providing an alternative approach to address SWM on a watershed 
level, resulting in more effective facilities. In the past, all regional facilities were privately 
owned and maintained, with the County responsible for review and approval of BMP 
construction and administrative tracking of pollutant removal credits. Henrico County’s 
policy on regional SWM and BMP facilities in their watershed program states the 
following: 

 
“In addition to the privately-owned regional BMPs, the County will begin to develop 
publicly-owned regional BMPs as part of the Stream Assessment / Watershed 
Management Program. In order to finance these BMPs, a portion of the Environmental 
Fund will be set aside each year. It is the County’s intent to design and construct publicly 
owned regional BMPs as funding is accumulated over a five to seven year period. “ 

 
 
Montgomery County, Maryland 

 

Information on specific policies regarding SWM was difficult to obtain from the 
Montgomery County’s website. Staff with responsibility for developing and implementing 
SWM policies in the County was contacted. Based on information obtained from a 

personal communication9, it appears that Montgomery County does not encourage 
regional approaches to SWM, and in general, on-site controls are implemented. While a 
number of facilities with relatively large drainage areas exist, these were not constructed 

 

8 http://www.co.henrico.va.us/works/newdpwweb/chapter2.htm 
9 Dan Harper, Watershed Management Division, Department of Environmental Protection, 
Montgomery County (240-777-7709) 

http://www.co.henrico.va.us/works/newdpwweb/chapter2.htm
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in accordance with a regional SWM plan. The construction of off-site facilities for SWM is 
considered only when development conditions and/or space limitations preclude an on- 
site facility. 

 

 
 
Prince George’s County, Maryland 

 

Based on a personal communication with staff 10 with responsibility for SWM programs, it 
appears that Prince George’s County policy on SWM is essentially similar to that of 
Montgomery County. Prince George’s County is the developer of the integrated site 
design approach known as low-impact development (LID). In fact, staff from Prince 
George’s County suggested that on-site facilities based on LID concepts could 
essentially mitigate any stormwater related water quality and quantity problems. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10 Derek Winograff, Programs and Planning Division, Department of Environmental Resources, 
Prince George’s County (301-883-5903) 
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Stormwater Management Facility Comparison Chart 

March 2003 

 

Note: Staff is in the process of obtaining the information necessary to complete the following chart 

 
 Effective 

-ness 

Level 

Quality 

Control 

Effective 

-ness 

Level 

Quantity 

Control 

 

 
 

Watershed 

Area 

served 

Capital 

Cost per 

imper- 

vious 

acre 

 
Maintenance 

Cost per 

imp. acre 

per year 

BMP 

Efficiency 

Rating per 

Fairfax 

County PFM 

       
On-Site Ponds       

Dry 0 3 1-20 ac  308  
Extended Dry 2 3 1-20 ac  338 40 

Extended Dry w/sediment 
trap 

3 3     

Extended Dry w/sediment 
forebay & shallow marsh 

3 3 1-20 ac   50 

Wet – Design 1, 2.5 * Vr 
+ ext. det. 

3 3 3-70 ac  336 45 

Wet – Design 2, 4.0 * Vr 3 3 3-70 ac  336 50 

Wet – Design 3, sediment 
forebay & aquatic bench 

  3-70 ac   65 

       
Regional Ponds       

Dry 0 3 100+ ac  45/31  
Extended Dry 2 3 100+ ac   50 

Extended Dry w/sediment 
trap 

3 3 100+ ac   45 

Extended Dry w/sediment 
forebay & shallow marsh 

3 3 100+ ac    

Wet – 4 x Vr 3 3 100+ ac  34/117 65 

Wet –w/sediment forebay 
& aquatic bench 

  100+ ac    

       
Constructed Wetlands 2 1    30 

       
Underground detention 0 3 <5 ac   0 

       
Rooftop detention 0 2 <1 ac   0 

       
Infiltration Trench       

Design 1, 0.5”/imp. ac. 3 0 <5 ac   50 

Design 2, 1.0”/imp. ac. 3 0 <5 ac    
Design 3, 2-yr, 2-hr 3 1 <5 ac    
Design 4, 10-yr 3 3     

       
Infiltration Basin 3 1 < 50 ac    

       
Sand Filter       
0.5”/imp. acre 3 0 <3 ac   60 
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 Effective 

-ness 

Level 

Quality 

Control 

Effective 

-ness 

Level 

Quantity 

Control 

 

 
 

Watershed 

Area 

served 

Capital 

Cost per 

imper- 

vious 

acre 

 
Maintenance 

Cost per 

imp. acre 

per year 

BMP 
Efficiency 

Rating per 

Fairfax 

County PFM 

Open Space – 
Conservation Easement 

2 0 40% of site   100 

Bioretention Basin or 
Bioretention Filter – 

Rain Garden 

      

Design 1 – 0.5” * imp ac       
Design 2 – 1.0” * imp ac 3 0 <2 ac 6500  50 

 3 0 <2 ac 7500  65 

Green Alley       
 3 1 <1 ac    
Grassed Swale       

 1 1 convey 
10yr 

  15 

Water Quality Swale       
 2 1 convey 

10yr 
  35 

Vegetated Filter Strip       
 1 0 <2 ac   10 

*Rain Barrels       
   <1 ac    
*Rooftop downspout       

 2 0     
*Grassed Roofs       

 2 1 <1 ac    
*Porous Pavement       

 2 1 0.25-10 ac    
Manufactured BMP 

Systems 
      

BaySaver       
Downstream Defender 1 0    15 

*Filterra 1 0    15 

Stormceptor 3 0 <0.25 ac $24,000  70* 

StormFilter 1 0    15 

StormTreat 3 0    50 

Vortechs 3 0    50 

 1 0    15 

Stream Restoration       
 1 0     
       
       

* Permitted by approved PFM modification 

 
Effectiveness Level 

0 – Not at all 

1 – Low 

2 – Average 

3 - High 
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Policy 304 Regional Storm Water Management 
 

 
 

The Fairfax County Park Authority should limit the placement of County regional storm water 
management facilities* on park lands either titled or leased to the Park Authority to locations 
meeting the following criteria: 

 
Pursuant to the County Comprehensive Plan, Parks and Recreation policy 3c, the Park Authority 
shall prohibit the location of major public facilities, including transportation, through or on public 
parklands unless: a) the Park Authority determines that the proposed location is compatible with 
its use of parkland, or b) a determination has been made that there is no feasible and prudent 
alternative to the use of parkland and that all possible planning to minimize harm is included in 
the proposed project. The Park Authority shall require a plan amendment where the location of 
such facilities would substantially interfere with the provision of open space and/or recreational 
facilities or would have a significant adverse impact on ecological and heritage resources. 

 
Where it has been determined that there is no feasible and prudent alternative OR where the co- 
location and placement of the facility would enhance the water quality of the stream flowing 
though the park, and subsequently the Chesapeake Bay, through reduction of non-point source 
pollution, the following criteria shall be applied to proposed storm water management facilities on 
parklands: 

 
1. The site is identified in the Regional Storm Water Management Plan approved by the 

Board of Supervisors in 1989 (or on subsequent plans approved with Fairfax County Park 
Authority involvement); 

 
2. The proposed facility would not present a potential legal exposure or liability to the Park 

Authority; 
 

3. The proposed location would not adversely affect (e.g., displace, damage or destroy) 
significant natural or cultural resources; 

 
4. The proposed storm water management facility is designed to mitigate impact on the 

character of the park; and construction plans and easements have been reviewed by Park 
Authority staff or consultant for compatibility with stream valley hydrology; 

 
5. The proposed location would not displace existing or planned park facilities; 

 
6. The proposed facility location would not adversely affect park operations and maintenance; 

 
7. Adjoining property owners have been duly notified of the proposed storm water 

management facility location; 
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Policy 304 Regional Storm Water Management (continuation) 
 

 
 

8. The County assumes responsibility for the maintenance of the storm water management 
facility, easements, structures, associated access road, as well as responsibility for the 
monitoring and the removal of toxic and non-toxic materials, if necessary, to maintain the 
environmental integrity of the park; 

 
9. The County Department of Public Works assumes responsibility for the rehabilitation of 

downstream damages to the Park Authority or other land resulting from the failure of a 
storm water management facility under their maintenance; and 

 
10. The Park Authority is adequately compensated for the preliminary and final review of plans, 

including the necessary staff and or/consultant time, field survey, legal work, permits and 
other relevant expenses in addition to the fair market value of parkland used for regional 
storm water management facilities, to the extent that such facility does not benefit Park 
Authority management objectives. 

 
* In January 1989, the Fairfax County Board of Supervisors approved a consultant’s study and 
concept plan for the placement of 134 regional storm water management (SWM) facilities in 
seven watersheds, primarily in the developing western quadrant of the county as an alternative to 
the placement of more numerous “on site” detention ponds. The purpose of the program was to 
provide a “cost efficient system for storm water management” through the design, construction 
and maintenance of fewer facilities to manage a given watershed. Staff from the Park Authority 
participated in the interagency work group that directed and reviewed the study. Of those  
facilities proposed, 35 locations were situated, either wholly or partially within parks and stream 
valley land owned by the Fairfax County Park Authority. Presented with the findings and 
recommendations of the report, the Park Authority board accepted the report without actually 
approving it. 

 
Regional SMW facilities are more effective than on-site detention ponds for the collection of run- 
off, dissipation of storm water velocity, settling of silt and pollutants, and reduction of downstream 
erosion and sedimentation; they are most effective when used in combination with on-site basins. 
Nevertheless, concerns remain about the effects of such facilities on the parkland and the 
disruption of the stream valleys which adjacent homeowners may have expected to remain 
undeveloped. This policy is intended to address these concerns in a manner consistent with the 
Park Authority’s responsibilities for stewardship of the public lands titled or leased to it. 

 

Revised and adopted October 28, 1998 
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ENVIRONMENT 
 

INTRODUCTION 

 
This element provides guidance for achieving a balance between the need to protect the 

environment, while planning for the orderly development and redevelopment of the County. The 

objectives and policies listed below have been designed to help decision makers implement policies 

and regulations regarding the use of land that will conserve and restore a legacy of natural resources. 

 
In order to describe the environmental issues that are relevant to the development and 

redevelopment of land in Fairfax County and to formulate policies to address those issues, it is 

appropriate to review the context of environmental planning within this largely urban and suburban 

community. The expectation for the preservation, management, and rehabilitation of meaningful 

components of the County’s environmental heritage should be high, given the large number of 

people who live here and the importance of local environmental resources to the quality of life. 

 
The opportunities and limitations on what may be achieved through environmental planning 

are affected by past actions and by the County’s function as a home and employment center to a 

large number of people. Because thousands of acres of forest and agricultural land have been 

converted to urban and suburban development since the 1950s, the ability to achieve environmental 

protection goals simply by limiting future development no longer exists. The current scarcity of 

certain environmental amenities focuses current and future environmental planning efforts on the 

conservation of remaining resources and the rehabilitation of degraded environments. 
 

 
 

BOARD OF SUPERVISORS GOALS 

 
Fairfax County has adopted two goals, “Environmental Protection” and “Open Space” that 

relate to conservation of the natural environment. These Goals read as follows: 

 
Environmental Protection - The amount and distribution of population density and land 

uses in Fairfax County should be consistent with environmental constraints inherent in the 

need to preserve natural resources and to meet or exceed federal, state and local standards for 

water quality, ambient air quality and other environmental standards. Development in 

Fairfax County should be sensitive to the natural setting, in order to prevent degradation of 

the County’s natural environment. 

 
Open Space - Fairfax County should support the conservation of appropriate land areas in a 

natural state to preserve, protect and enhance stream valleys, meadows, woodlands, 

wetlands, farmland, and plant and animal life. Small areas of open space should also be 

preserved in already congested and developed areas for passive neighborhood uses, visual 

relief, scenic value, and screening and buffering purposes. 

 
In addition, three other goals, “Quality of Life,” “Land Use” and “Transportation,” cite the 

need to protect the environment. The Fairfax County Goals reflect the belief of the community that 

environmental protection and preservation are overarching components of the quality of life. The 
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Goals demonstrate an understanding of the interdependence of decisions regarding private 

development, transportation, and public works with the environment. Decisions made about the 

scale, location, and type of human activity on the landscape affect, and are affected by the natural 

environment. 

 
COUNTYWIDE OBJECTIVES AND POLICIES 

 
Protecting the human and natural environment in Fairfax County is complicated by the many 

different categories of concerns that are called "environmental". Solving environmental problems is 

further complicated by the environmental impacts that may result from efforts to resolve other major 

topical concerns, such as land use, transportation, recreation, and public facility issues. Many topics 

that have secondary environmental components are considered elsewhere. This Element of the Plan 

focuses primarily on environmental concerns which impact, or are impacted by, the development of 

land. 

 
Environmental concerns have been grouped into three broad categories for consideration: 

 
• Environmental pollution, 

 
• Environmental hazards, and 

 
• Environmental resources. 

 
These categories have been selected to recognize that issues pertaining to the environmental 

impacts of past development, the hazards posed by both human made and natural environmental 

constraints, and the management of our environmental heritage are somewhat distinct categories. 

 
Many of the environmental policies listed below will be implemented on a case by case basis 

as land is developed or redeveloped. These policies should be applied as appropriate to both private 

and public development. Development proposals should not be approved unless and until issues 

generated by the application of these policies have been resolved. 

 
ENVIRONMENTAL POLLUTION 

 
Our decision to occupy and alter Fairfax County's landscape has resulted in increased 

volumes and concentrations of specific pollutants in the air, in surface and ground waters, and in the 

soil. These pollutants can harm both the natural and the human environment. 

 
In recognition of the impacts of human activity on the environment, most existing regulatory 

authority to protect the environment has been focused on the control of pollution. 

 
Although Fairfax County does not have to contend with the more serious forms of pollution 

associated with heavy industry, the conversion of land to urban uses and our dependence on the 

automobile have resulted in unacceptable amounts of pollution. 
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Air Quality 
 

The County has not attained federal air quality standards for ozone. 

 
High ozone concentrations can adversely affect human health. The Washington, D.C. area 

has not met the Environmental Protection Agency's (EPA) standard for ozone since that standard 

was established. High ozone concentrations result from the interactions of oxides of nitrogen and 

hydrocarbons with sunlight (See Figure 1). In Metropolitan Washington, sources of emissions of 

oxides of nitrogen include utilities, other point sources, motor vehicles and from natural sources. 

Sources of emissions of hydrocarbons include motor vehicles, small area sources (e.g. surface 

coatings, lawn and garden equipment, solvent use) and vehicle refueling. 

 
High carbon monoxide (CO) concentrations are also harmful to human health. While high 

CO concentrations can potentially occur in "hot spots" near points of traffic congestion, Fairfax 

County is considered to be in attainment of federal carbon monoxide standards. Other monitored air 

quality indicators in Fairfax County comply with state and federal standards. 
 

 
 

Objective 1: Preserve and improve air quality. 
 

Policy a. Establish land use patterns and transportation facilities that encourage the use of 

public transportation and reduce trip lengths to reduce emissions of oxides of 

nitrogen, carbon monoxide, and hydrocarbons from automobiles. 

 
Policy b.   Implement transportation strategies that reduce auto travel and improve traffic 

flow, thereby reducing auto emissions. 

 
Policy c. Apply state of the art technology toward the reduction of emissions from 

stationary sources of air pollution. 

 
Policy d.     In cooperation with federal, state and regional agencies, bring Fairfax County 

into compliance with federal primary and secondary national air quality standards 

as soon as possible. 

 
Development proposals that are projected to cause a substantial increase in auto related air 

pollutants should provide a transportation management strategy which minimizes dependence on 

single occupant automobiles. 

 
Proposals for significant new stationary sources of air pollutants should implement 

appropriate control technologies. 
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FIGURE 1 
 

 

Water Quality 
 

Some Fairfax County streams and lakes are characterized by poor water quality. The 

Department of Public Works and Environmental Services (DPWES) maintains a monitoring station 

at Kingstowne and monitors storm sewer outfall discharges to assess the impact of urban 

development on the County’s water resources. In addition, DPWES monitors ecological conditions 

within County streams as part of the Fairfax County Stream Protection Strategy Study. The Fairfax 

County Health Department routinely monitors surface waters throughout the County for pollutants 

and water quality indicators such as fecal coliform bacteria, dissolved oxygen, phosphorus, and 

nitrate nitrogen. Fecal coliform bacteria concentrations frequently exceed state water quality 

standards. 

 
The core of Fairfax County’s Environmental Quality Corridor (EQC) system is its stream 

valleys. Streams provide habitat for aquatic species and are an integral component of stream valley 

habitat systems. Streams also serve to replenish water sources that may ultimately provide drinking 

water and are places of natural beauty, that provide recreational and aesthetic opportunities, 

contributing to the quality of life in Fairfax County. Much of the County’s parkland consists of 

stream valley parks, and much of the County’s existing and planned trail system is located near 

streams. Land use and development activities have the potential to degrade the ecological quality of 

streams through the direct transport of pathogens and pollutants, as well as through hydrologic 

changes that can alter the character of flow in streams, resulting in alterations to stream morphology 

(e.g., stream bank erosion). The protection and restoration of the ecological quality of streams is 

important to the conservation of ecological resources in Fairfax County. Therefore, efforts to 

minimize adverse impacts of land use and development on the County’s streams should be pursued. 
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The Occoquan Reservoir, one of Fairfax County’s principal sources of drinking water, and 

many smaller impoundments in the County are highly stressed due to the impacts of urban 

stormwater runoff. 

 
Point source pollution from sewage treatment plants and heavy industry is not currently a 

problem in the County. Care should be taken to anticipate and prevent ground and surface water 

contamination. 

 
Approximately 18,000 County households rely on private wells for drinking water. The 

County's well monitoring program is limited. Little is known about the potential for hazardous 

materials and leaking underground storage tanks to contaminate these wells. (See Figure 2.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIGURE 2 
 

 
 

Objective 2: Prevent and reduce pollution of surface and groundwater resources. Protect 

and restore the ecological integrity of streams in Fairfax County. 
 

Policy a. Maintain a best management practices (BMP) program for Fairfax County and 

ensure that new development and redevelopment complies with the County’s best 

management practice (BMP) requirements. 

Policy b. Update BMP requirements as newer, more effective strategies become available. 

Policy c. Minimize the application of fertilizers, pesticides, and herbicides to lawns and 

landscaped areas through, among other tools, the development, implementation 

and monitoring of integrated pest, vegetation and nutrient management plans. 

 
Policy d. Preserve the integrity and the scenic and recreational value of stream valley 

EQCs when locating and designing storm water detention and BMP facilities. In 

general, such facilities should not be provided within stream valley EQCs unless 

they are deisgned to provide regional benefit or unless the EQCs have been 

significantly  degraded.    When  facilities  within  the  EQC  are  appropriate, 
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encourage the construction of facilities that minimize clearing and grading, such 

as embankment-only ponds, or facilities that are otherwise designed to maximize 

pollutant removal while protecting, enhancing, and/or restoring the ecological 

integrity of the EQC. 

 
Policy e. Update erosion and sediment regulations and enforcement procedures as new 

technology becomes available. Minimization and phasing of clearing and 

grading are the preferred means of limiting erosion during construction. 

 
Policy f. Where practical and feasible, retrofit older stormwater management facilities to 

perform water quality functions to better protect downstream areas from 

degradation. 

 
Policy g. Monitor the performance of BMPs. 

 
Policy h. Protect water resources by maintaining high standards for discharges from point 

sources. 

 
Policy i. Monitor Fairfax County's surface and groundwater resources. 

 
Policy j. Regulate land use activities to protect surface and groundwater resources. 

 
Policy k. For new development and redevelopment, apply low-impact site design 

techniques such as those described below, and pursue commitments to reduce 

stormwater runoff volumes and peak flows, to increase groundwater recharge, 

and to increase preservation of undisturbed areas. In order to minimize the 

impacts that new development and redevelopment projects may have on the 

County’s streams, some or all of the following practices should be considered 

where not in conflict with land use compatibility objectives: 

 
- Minimize the amount of impervious surface created. 

 
- Site buildings to minimize impervious cover associated with driveways and 

parking areas and to encourage tree preservation. 

 
- Where feasible, convey drainage from impervious areas into pervious areas. 

 
- Encourage cluster development when designed to maximize protection of 

ecologically valuable land. 

 
- Encourage the preservation of wooded areas and steep slopes adjacent to 

stream valley EQC areas. 

 
- Encourage fulfillment of tree cover requirements through tree preservation 

instead of replanting where existing tree cover permits.  Commit to tree 
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preservation  thresholds  that  exceed  the  minimum  Zoning  Ordinance 

requirements. 

 
- Where appropriate, use protective easements in areas outside of private 

residential lots as a mechanism to protect wooded areas and steep slopes. 

 
- Encourage the use of open ditch road sections and minimize subdivision 

street lengths, widths, use of curb and gutter sections, and overall impervious 

cover within cul-de-sacs, consistent with County and State requirements. 

 
- Encourage the use of innovative BMPs and infiltration techniques of 

stormwater management where site conditions are appropriate, if consistent 

with County requirements. 

 
- Apply nonstructural best management practices and bioengineering practices 

where site conditions are appropriate, if consistent with County requirements. 

 
- Encourage shared parking between adjacent land uses where permitted. 

 
- Where feasible and appropriate, encourage the use of pervious parking 

surfaces in low-use parking areas. 

 
- Maximize the use of infiltration landscaping within streetscapes consistent 

with County and State requirements. 

 
Development proposals should implement best management practices to reduce runoff 

pollution and other impacts. Preferred practices include: those which recharge groundwater when 

such recharge will not degrade groundwater quality; those which preserve as much undisturbed 

open space as possible; and, those which contribute to ecological diversity by the creation of 

wetlands or other habitat enhancing BMPs, consistent with State guidelines and regulations. 

 
Proposals that include the use or storage of hazardous materials should provide adequate 

containment facilities, monitoring, and spill prevention strategies to protect surface and 

groundwater resources consistent with State regulations. 

 
Programs to improve water quality in the Potomac River/Estuary, and Chesapeake Bay will 

continue to have significant impacts on planning and development in Fairfax County. There is 

abundant evidence that water quality and the marine environment in the Bay are deteriorating, and 

that this deterioration is the result of land use activities throughout the watershed. 
 

In order to protect the Chesapeake Bay and other waters of Virginia from degradation 

resulting from runoff pollution, the Commonwealth has enacted regulations requiring localities 

within Tidewater Virginia (including Fairfax County) to designate "Chesapeake Bay Preservation 

Areas", within which land uses are either restricted or water quality measures must be provided. 

Fairfax County has adopted a Chesapeake Bay Preservation Ordinance pursuant to these regulations. 
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The more restrictive type of Chesapeake Bay Preservation Area is known as the “Resource 

Protection Area (RPA).” With a few exceptions (e.g. water wells, recreation, infrastructure 

improvements, "water dependent" activities, and redevelopment), new development is prohibited in 

these areas. In Fairfax County, RPAs include the following features: 

 
• tributary (perennial) streams; 

• tidal wetlands; 

• tidal shores; 

• nontidal wetlands contiguous with and connected by surface flow to tributary streams or 

tidal wetlands; 

• a buffer area not less than 100 feet in width around the above features; and 

• as part of the buffer area, any land within a major floodplain. 

 
The other, less sensitive category of land in the Preservation Areas is called the "Resource 

Management Area (RMA)." Development is permitted in RMAs as long as it meets water quality 

goals and performance criteria for these areas. These goals and criteria include stormwater 

management standards, maintenance requirements and reserve capacity for on-site sewage disposal 

facilities, erosion and sediment control requirements, demonstration of attainment of wetlands 

permits, and conservation plans for agricultural activities. In Fairfax County, RMAs include any 

area that is not designated as an RPA. 
 

 
 

Objective 3: Protect the Potomac Estuary and the Chesapeake Bay from the avoidable 

impacts of land use activities in Fairfax County. 
 

Policy a. Ensure that new development and redevelopment complies with the County's 

Chesapeake Bay Preservation Ordinance. 

 
Noise 

 

Transportation generated noise impacts the lives of many who live in the County. Some 

County residents are subjected to unhealthful levels of noise from highway traffic, aircraft operations 

and railroads, including WMATA's Metrorail (See Figure 3). Federal agencies with noise mitigation 

planning responsibilities have worked with the health community to establish maximum acceptable 

levels of exposure (Guidelines for Considering Noise in Land Use Planning and Control). These 

guidelines expressed in terms of sound pressure levels are; DNL 65 dBA for outdoor activity areas, 

DNL 50 dBA for office environments, and DNL 45 dBA for residences, schools, theaters and other 

noise sensitive uses. While the federal guidelines consider all land uses to be compatible with noise 

levels below DNL 65 dBA, they are not proscriptive as they relate to local land use decisions. 

Further, it is known that adverse noise impacts can occur at levels below DNL 65 dBA and that there 

may be variability among communities in responses to such noise. 
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Objective 4: Minimize human exposure to unhealthful levels of transportation generated 

noise. 
 

Policy a: Regulate new development to ensure that people are protected from unhealthful 

levels of transportation noise. 

 
Policy b: Reduce noise impacts in areas of existing development. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3 
 
 

New development should not expose people in their homes, or other noise sensitive 

environments, to noise in excess of DNL 45 dBA, or to noise in excess of DNL 65 dBA in the 

outdoor recreation areas of homes. To achieve these standards new residential development in areas 

impacted by highway noise between DNL 65 and 75 dBA will require mitigation. New residential 

development should not occur in areas with projected highway noise exposures exceeding DNL 75 

dBA. Because recreation areas cannot be screened from aircraft noise and because adverse noise 

impacts can occur at levels below DNL 65 dBA, in order to avoid exacerbating noise and land use 

conflicts and to further the public health, safety and welfare, new residential development should not 

occur in areas with projected aircraft noise exposures exceeding DNL 60 dBA. Where new 

residential development does occur near Washington Dulles International Airport, disclosure 

measures should be provided. 



FAIRFAX COUNTY COMPREHENSIVE PLAN, 2003 Edition POLICY PLAN 
Environment, Amended through 8-5-2002 
  Page 10 

 

 

 

LIGHT POLLUTION 
 

Increasing urbanization requires that care be taken to reduce unfocused emissions of light and 

that efforts be made to avoid creating sources of glare which may interfere with residents' and/or 

travelers' visual acuity. 
 

 
 

Objective 5: Minimize light emissions to those necessary and consistent with general 

safety. 
 

Policy a. Recognize the nuisance aspects of unfocused light emissions. 
 

 
 

ENVIRONMENTAL HAZARDS 
 

Unlike some parts of the United States, Fairfax County is not subject to major natural 

disasters such as earthquakes, or major forest fires. However the County is not free of natural and 

human made hazards to new and existing development. 

 
There are hazards to property in some areas of the County posed by wet or unstable soils. 

Marine clay soils found in the eastern part of the County and shrink-swell clay soils found primarily 

in the western area can cause foundation failures, cracked and shifting walls, and in extreme cases, 

catastrophic slope failure. Asbestos bearing soils may pose a health risk to construction workers 

requiring special precautions during excavation. 
 

 
 

Objective 6: Ensure that new development either avoids problem soil areas, or 

implements appropriate engineering measures to protect existing and new 

structures from unstable soils. 
 

 
 

Policy a: Limit densities on slippage soils, and cluster development away from slopes and 

potential problem areas. 

 
Policy b: Require new development on problem soils to provide appropriate engineering 

measures to ensure against geotechnical hazards. 

 
There is a hazard to people and property posed by potential failure of any one of the several 

larger dams in Fairfax County. The "Fairfax County Dam Safety Committee" oversees the 

development of emergency action plans for County owned dams and reviews the emergency plans 

for private dams. These plans will be activated in the event of a dam failure. Nevertheless, should a 

dam fail, there is a potential flood impact area down stream of the dam that may put a small number 

of people and property at risk. 
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Objective 7: Minimize the exposure of new development to the potential of flood impacts. 
 

Policy a: Prohibit new residential structures within flood impact hazard areas. 

 
Fairfax County is crossed by several major gas and petroleum pipelines. Ruptures of these 

lines could cause environmental degradation from spillage, or could result in a fire or explosion with 

the possibility of loss of life. 
 

 
 

Objective 8:    Minimize the exposure of County residents to potential pipeline ruptures 

and explosions and avoid hazards from electrical transmission and 

distribution facilities. 
 

Policy a: Ensure pipeline safety and minimize the hazards associated with gas and 

petroleum pipelines through improved construction inspection and quality 

assurance during construction and by requiring appropriate construction practices 

and building setbacks. This could be done in a variety of ways, including but not 

limited to the following: 

 
• prohibiting the planting of new trees and the corresponding intrusion of 

side growth of new trees within the easements; 

 
• limiting the crossings over and under the pipelines to those structures 

deemed necessary for infrastructure improvements; and 

 
• limiting the uses allowed within any pipeline easement. 

 
Policy b:    There exists a potential hazard to surface and ground water resources due to a 

leak or spill accident from petroleum or natural gas transmission pipelines. The 

potential hazards should be identified and should be minimized to the greatest 

extent feasible through emergency planning and planning for the location of 

future lines. 

 
• The County should identify critical surface and ground water resource 

areas in the vicinity of pipelines, and the pipeline operators should 

prepare contingency plans for emergency response in case of an accident. 

 
Policy c: Regulate new development to minimize unnecessary human exposure to 

unhealthful impacts of low level electromagnetic fields from electrical 

transmission lines. 
 

 
 

ENVIRONMENTAL RESOURCES 
 

The third category of environmental issues addresses the protection, preservation, and 

restoration of environmental resources. These issues reflect a need to conserve or restore appropriate 
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examples of the County's rapidly disappearing natural landscape, to protect and manage its 

ecological resources, and to provide visual relief in the form of natural vegetation between adjacent 

and sometimes incompatible land uses. 

 
The County continues to lose open space, much of which has been cumulatively significant 

for environmental resources. "Open space" land, as distinguished from developed land, includes 

parks, conservation areas, private open space, and vacant land. The quantity of land included within 

these categories has diminished by more than 30 percent from 1975 to 1995, and is now less than 

77,000 acres. Although not all open space land is ecologically significant or appropriate for 

preservation, the data indicate a loss of some of Fairfax County's environmental resources, and a 

fragmentation of remaining ecologically significant land. Large tracts of natural land are especially 

scarce in the more urban inner part of the County. However, several areas of low density 

development and some ecologically significant areas remain. 

 
Low density zoning is a valuable conservation tool. However, as a single measure it is not an 

adequate means to conserve our resources. As currently prescribed in the Zoning Ordinance, neither 

conventional, nor cluster subdivision regulations are preserving the quality of the landscape that 

these low density zoning districts were enacted to protect. 

 
It is desirable to conserve a portion of the County's land in a condition that is as close to a 

predevelopment state as is practical. A conserved network of different habitats can accommodate 

the needs of many scarce or sensitive plant and animal species. Natural open space also provides 

scenic variety within the County, and an attractive setting for and buffer between urban land uses. In 

addition, natural vegetation and stream valleys have some capacity to reduce air, water and noise 

pollution. 
 

 
 

Objective 9: Identify, protect and enhance an integrated network of ecologically valuable 

land and surface waters for present and future residents of Fairfax County. 
 

Policy a: For ecological resource conservation, identify, protect and restore an 

Environmental Quality Corridor system (EQC). (See Figure 4.) Lands may be 

included within the EQC system if they can achieve any of the following 

purposes: 

 
- Habitat Quality: The land has a desirable or scarce habitat type, or one 

could be readily restored, or the land hosts a species of special interest. 

 
- "Connectedness": This segment of open space could become a part of a 

corridor to facilitate the movement of wildlife. 

 
- Aesthetics: This land could become part of a green belt separating land 

uses, providing passive recreational opportunities to people. 
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- Pollution Reduction Capabilities: Preservation of this land would result 

in significant reductions to nonpoint source water pollution, and/or, micro 

climate control, and/or reductions in noise. 

 
The core of the EQC system will be the County's stream valleys. Additions to 

the stream valleys should be selected to augment the habitats and buffers 

provided by the stream valleys, and to add representative elements of the 

landscapes that are not represented within stream valleys. The stream valley 

component of the EQC system shall include the following elements (See Figure 

4): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 4 

 
 
 

- All 100 year flood plains as defined by the Zoning Ordinance; 

 
- All areas of 15% or greater slopes adjacent to the flood plain, or if no 

flood plain is present, 15% or greater slopes that begin within 50 feet of 

the stream channel; 

 
- All wetlands connected to the stream valleys; and 

 
- All the land within a corridor defined by a boundary line which is 50 feet 

plus 4 additional feet for each % slope measured perpendicular to the 

stream bank. The % slope used in the calculation will be the average 

slope measured within 110 feet of a stream channel or, if a flood plain is 

present, between the flood plain boundary and a point fifty feet up slope 

from the flood plain. This measurement should be taken at fifty foot 
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intervals beginning at the downstream boundary of any stream valley on 

or adjacent to a property under evaluation. 

 
Modifications to the boundaries so delineated may be appropriate if the area 

designated does not benefit habitat quality, connectedness,  aesthetics, or 

pollution reduction as described above. In addition, some intrusions that serve a 

public purpose such as unavoidable public infrastructure easements and rights of 

way are appropriate. Such intrusions should be minimized and occur 

perpendicular to the corridor's alignment, if practical. 

 
Preservation should be achieved through dedication to the Fairfax County Park 

Authority, if such dedication is in the public interest. Otherwise, EQC land 

should remain in private ownership in separate undeveloped lots with 

appropriate commitments for preservation. The use of protective easements as a 

means of preservation should be considered. 

 
When preservation of EQC land is achieved through the development process it is 

appropriate to transfer some of the density that would otherwise have been permitted on the EQC 

land to the non-EQC portion of the property to provide an incentive for the preservation of the EQC 

and to achieve the other objectives of the Plan. The amount of density transferred should not create 

an effective density of development that is out of character with the density normally anticipated 

from the land use recommendations of the Plan. For example, town homes should not normally be 

built adjacent to an EQC in an area planned for two to three dwelling units per acre. Likewise, an 

increase in the effective density on the non EQC portion of a site should not be so intense as to 

threaten the viability of the habitat or pollution reduction capabilities that have been preserved on the 

EQC portion of the site. 

 
Policy b. To provide an incentive for the preservation of EQCs while protecting the 

integrity of the EQC system, allow a transfer of some of the density from the 

EQC portion of developing sites to the less sensitive areas of these sites. The 

increase in effective density on the non-EQC portion of a site should be no more 

than an amount which is directly proportional to the percentage of the site that is 

preserved. Overall site yield will decrease as site constraints increase. 

Maximum density should be determined according to a simple mathematical 

expression based upon the ratio of EQC land to total land. This policy is in 

addition to other plan policies which impact density and does not supersede other 

land use compatibility policies. 

 
The retention of environmental amenities on developed and developing sites is also 

important. The most visible of these amenities is the County's tree cover. It is possible to design 

new development in a manner that preserves some of the existing vegetation in landscape plans. It is 

also possible to restore lost vegetation through replanting. An aggressive urban forestry program 

could retain and restore meaningful amounts of the County's tree cover. 
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Objective 10: Conserve and restore tree cover on developed and developing sites. Provide 

tree cover on sites where it is absent prior to development. 
 

Policy a: Protect or restore the maximum amount of tree cover  on  developed  and 

developing sites consistent with planned land use and good silvicultural 

practices. 

 
Policy b: Require new tree plantings on developing sites which were not forested prior to 

development and on public rights of way. 

 
Policy c: Use open space/conservation easements as appropriate to preserve woodlands, 

monarch trees, and/or rare or otherwise significant stands of trees, as identified 

by the County. 

 
Objective 11: Promote the use of open space/conservation easements as tools to preserve 

environmental resources. 
 

Policy a: Use open space/conservation easements for the preservation of Environmental 

Quality Corridors, Resource Protection Areas, and other environmentally 

sensitive areas such as land along the Potomac and Occoquan Rivers. 

 
Policy b: Use open space/conservation easements to preserve open space in already 

developed areas in order to provide natural areas, protect environmentally 

sensitive resources and preserve wildlife habitat in an urban or suburban context. 
 

 
 

ENVIRONMENTAL COORDINATION 
 

Fairfax County has many regulations and policies designed to protect the environment and 

conserve our ecological resources. Environmental coordination is a remaining area of concern. In 

the final analysis, an environmental policy or a regulation that applies to development will only 

achieve the desired effect if it is identified at the time of application review, enforced during 

development, maintained after development is over, and monitored for continued performance. 

 
Fairfax County does not have an integrated environmental management program. The 

responsibility for environmental planning, monitoring and enforcement is spread throughout the 

County government. This administrative structure has resulted in a fragmented and inconsistent 

application of resources to environmental protection in Fairfax County. For example, several 

different County agencies are responsible for environmental monitoring. Many of these monitoring 

programs are quite modest. There is no central data base regarding environmental pollution. The 

individuals responsible for enforcing environmental regulations often have many additional 

enforcement responsibilities. 
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Objective 12: Improve the identification and mitigation of environmental impacts, and the 

monitoring and enforcement of environmental policies as applied to land 

disturbing activities. 
 

Policy a: Require both public and private development proposals to identify environmental 

constraints and opportunities and demonstrate how environmental impacts will 

be mitigated. 

 
Policy b: Establish a centralized environmental planning and monitoring function with 

responsibility for coordinating the actions of individual county agencies to effect 

a comprehensive program to preserve and improve the environment. 
 

 
 

RESOURCE CONSERVATION 
 

The energy shortage in the United States in the 1970s highlighted the finite nature of our 

natural resources. Since the 1970s, efforts have been pursued at the federal level to enhance energy 

efficiency and the efficient use of water resources. While such efforts are best addressed at the 

federal level, local efforts to conserve these resources should be encouraged. 
 

 
 

Objective 13: Maintain and enhance the efficient use of natural resources. 
 

Policy a. Encourage the application of energy conservation and water conservation 

measures. 

 
Policy b. Encourage energy conservation through the provision of measures which support 

nonmotorized transportation, such as the provision of showers and lockers for 

employees and the provision of bicycle parking facilities for employment, retail 

and multifamily residential uses. 



 

FAIRFAX 

COUNTY 

 

Department of Public Works and Environmental Services 

Office of Site Development Services 

12055 Government Center Parkway 

Fairfax, Virginia  22035-5503 
 

 
 
 

V I R G I N I A 
 

October 2, 2001 01-11 

 
TO: All Architects, Builders, Developers, Engineers, and Surveyors Practicing in Fairfax County 

SUBJECT: Revised Procedures for Requests to Use Innovative Best Management Practices 

Effective immediately, requests for the Director's approval to use certain innovative Best Management 

Practices (BMP), as provided for under Section 6-0402.4 of the Public Facilities Manual (PFM), may be 

submitted as part of plan submissions rather than by a separate letter of request. This Letter to Industry 

details the submission procedure and information required to be included in plans. An initial list of 

innovative BMPs that are acceptable for review under this procedure is attached. Provisional phosphorus 

removal efficiencies, restrictions on use, maintenance and siting considerations, and design standards are 

included in a separate design document titled Guidelines for the Use of Innovative BMPs in Fairfax County, 

Virginia.  The design document is available at the Plan and Document Control Counter and will be available 

on the Department of Public Works and Environmental Services web site at www.co.fairfax.va.us/dpwes 

under Publications (Letters to Industry) in the near future. 

 
Although the requests may be included in the plan submission, requests will continue to be reviewed on a 

case-by-case basis and the Director of the Office of Site Development Services may disallow the use of an 

innovative BMP where its use is clearly inappropriate. For innovative BMPs not listed in this Letter to 

Industry, a separate letter of request with detailed information on the effectiveness of the facility and other 

information as required by the Public Facilities Manual will continue to be required. Also, you may 

continue to submit separate letters of request for approval of innovative BMPs on the list if you require 

approval prior to plan submission. It is intended that the list of BMPs and design document will be updated 

periodically as new innovative BMPs are validated by staff and as experience indicates that the design 

guidelines need to be updated.  As experience is gained with these innovative BMPs, they will be considered 

for inclusion in the PFM. This change in procedure is intended to facilitate the use of innovative BMPs and 

simplify the review process. 

 
BACKGROUND: 

 
Innovative BMPs may be thought of as BMPs which have demonstrated pollutant removal capabilities, but 

which do not have generally accepted phosphorus removal efficiencies and/or design standards. There may 

also be questions regarding long term reliability, maintenance burden and costs, applicability in residential 

areas, and the familiarity of engineers and surveyors with design requirements for innovative BMPs. 

Innovative BMPs include new techniques as well as additional features incorporated into existing BMP 

designs to enhance pollutant removal. Manufactured BMPs are an example of innovative BMPs where there 

is limited research data supporting efficiencies. Bioretention is an example of an innovative BMP where 

design standards are still evolving. An aquatic bench is an example of an additional feature incorporated 

http://www.co.fairfax.va.us/gov/DPWES/publications/Guidelines_Innovative%20_BMP.pdf
http://www.co.fairfax.va.us/gov/DPWES/publications/Guidelines_Innovative%20_BMP.pdf
http://www.co.fairfax.va.us/gov/dpwes/homepage.htm
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into an existing BMP design to enhance pollutant removal.  The procedure incorporated herein will facilitate 

the use of innovative BMPs and provide the flexibility to quickly add new BMPs and modify the design 

requirements and efficiency ratings as additional research data becomes available. 

 
Requests to use innovative BMPs currently require a separate letter of request and are processed similarly to 

PFM modification and waiver requests, although no fee is required for a request to use an innovative BMP. 

The requests are straightforward if a particular type of innovative BMP has previously been approved for 

other similar sites and a phosphorus removal efficiency has been assigned by staff. Therefore, it is possible 

to prepare a list of innovative BMPs for which the County has previously evaluated the above factors and 

determined the general circumstances where use of the BMPs may be appropriate. 

 
Typical conditions placed on approved innovative BMPs requests include: third party maintenance 

agreements, developer’s escrow of funds for a 20-year maintenance cycle (particularly if HOA resources are 

limited), and advising prospective homeowners that they are responsible for maintenance. 

 
The Virginia Department of Conservation and Recreation (DCR) has developed the Virginia Stormwater 

Management (SWM) Handbook to provide basic guidance for compliance with the Virginia Stormwater 

Management Regulations (4VAC3-20 et seq.). Chapter 3 (Minimum Standards) of the Virginia SWM 

Handbook provides the technical design requirements and specifications, and maintenance requirements for 

stormwater BMPs defined in the regulations.  The information is fairly comprehensive and includes almost 

all currently used practices and available manufactured BMP systems. However, in the case of 

Manufactured BMPs, the Virginia SWM Handbook refers the designer directly to the manufacturers’ 

literature.  The information in the Virginia SWM Handbook is intended to be updated periodically through 

the issuance of Technical Bulletins. The Virginia SWM Handbook is available on the DCR web site 

(www.dcr.state.va.us/sw/stormwat.htm). 

 
PROCEDURE: 

 
Requests for permission to use the innovative BMPs included in the attached list may be included in plan 

submissions. In order to facilitate the tracking of requests and evaluation of the performance of the 

facilities, a copy of a tracking form provided by the Director (copy attached) shall be filled out and attached 

to the cover of the plan. 

 
Requests incorporated into plans shall include the following site-specific information: 

 

• Justification
1
. 

• Maintenance consideration and program (private maintenance will generally be required for innovative 

BMP facilities). 

• Safety considerations. 

• Aesthetic considerations. 

• Location and interaction with populated areas. 

• Pest control program, if required. 

• Special construction details and specifications if needed 

http://www.dcr.state.va.us/sw/stormwat.htm)
http://www.dcr.state.va.us/sw/stormwat.htm)
http://www.dcr.state.va.us/sw/stormwat.htm)
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• Estimated construction cost
2
. 

• Estimated 20-year maintenance cost
2
. 

 
Notes: 1) Phosphorus removal efficiencies are provided in the attached List of Innovative BMPs and the 

Guidelines for the Use of Innovative BMPs. No further research data supporting these efficiencies 

is required for the listed BMPs. 

2) Construction and maintenance costs shall be developed by the designer based on site-specific 

designs and maintenance schedules. (Part D) Chapter 6, Costs and Benefits of Storm Water BMPs, 

of the Environmental Protection Agency (EPA) publication Preliminary Data Summary of Urban 

Storm Water Best Management Practices available at www.epa.gov/OST/stormwater may be used 

to estimate construction and maintenance costs for planning purposes. 

 
GENERAL DESIGN STANDARDS: 

 
Innovative BMPs shall be designed in accordance with the guidelines contained in the Public Facilities 

Manual (PFM), the Virginia SWM Handbook, and the Virginia Erosion and Soil (E&S) Control Handbook. 

Whenever any provision of the PFM imposes a different standard than the Virginia SWM Handbook or the 

Virginia E & S Control Handbook, the PFM standard shall be followed. In this regard, your attention is 

specifically directed to the dam standards and maintenance provisions of the PFM which shall be adhered to 

for all designs. 

 
The use of the term “should” is normally considered to be permissive and not mandatory.  Where the 

Virginia SWM Handbook or the Virginia E&S Control Handbook uses the term “should” with respect to 

design parameters and features, these are to be considered mandatory unless otherwise indicated herein. 

This will optimize the chances of successfully implementing these innovative BMPs. 

 
CONDITIONS: 

 

The following conditions apply to all requests for Director approval to use innovative BMPs under the 

revised procedure: 

 
• All innovative BMPs except for extended detention dry ponds with sediment traps are to be privately 

maintained. 

• All special maintenance requirements listed in the design document, Guidelines for the Use of Innovative 

BMPs in Fairfax County, Virginia, are to be incorporated into the plan and appended to the County’s 

standard private detention agreement. 

• Reports of maintenance inspections and activities as required by the agreement shall be provided to the 

Maintenance and Stormwater Management Division.  This requirement shall be incorporated into the 

standard private detention agreement. 

• For innovative BMPs located in residential areas that will be maintained by Homeowners Associations 

(HOAs), the developer shall transfer sufficient funds to the HOA prior to bond release to cover a 20 year 

maintenance cycle.  These funds shall not be available for use until after bond release. 

http://www.epa.gov/OST/stormwater
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If you have any questions related to these revised procedures, please contact the Environmental and 

Facilities Review Division at 703-324-1720. 

 
Sincerely, 

 
SIGNATURE ON ORIGINAL 

 
Michelle A. Brickner, Director 

Office of Site Development Services 

 
Attachments 

MB/jaf 

cc: John Wesley White, Director, Department of Public Works and Environmental Services 

Zofia A. Zager, Director, Office of Building Code Services, DPWES 
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LIST OF INNOVATIVE BMPS 
 
 
 

Minimum Std. BMP Type Provisional Phosphorus Removal Efficiency 

VA SWM Handbook 
 

3.6 Retention Basin III (Wet Pond with 65% 

Sediment Forebay and Aquatic Bench) 

 
3.7 Extended Detention Dry Pond (with 45% 

Sediment Trap) 

 
3.07 Enhanced Extended Detention Dry Pond 50% 

(with Sediment Forebay and Shallow Marsh) 

 
3.09 Constructed Wetlands 30% 

 
3.11 Bioretention Basin (Rain Garden) 

 
(Capture and treatment volume equal to 0.5 inches 50% 

of runoff from the impervious area.) 

 
(Capture and treatment volume equal to 1.0 inches 65% 

of runoff from the impervious area.) 

 
3.11A Bioretention Filter (Rain Garden) 

(Capture and treatment volume equal to 0.5 inches 50% 

of runoff from the impervious area.) 

 
(Capture and treatment volume equal to 1.0 inches 65% 

of runoff from the impervious area.) 

 
3.13 Grassed Swale 15% 

 
Water Quality Swale 35% 

 
3.14 Vegetated Filter Strip 10% 

 
3.15 Manufactured BMP Systems 

 
Hydrodynamic Structures 15% 

(Stormceptor, Vortechs, Downstream Defender, BaySaver) 

 
Filtering Structures 50% 

(StormFilter, StormTreat System) 
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INNOVATIVE BMP TRACKING FORM 
 
Request for permission to use an Innovative BMP 

PFM Section 6-0402.4 -- No fee required 

 
Attach to Site or Subdivision Plan Date / /_   

 

Plan and Document Control – Herrity Building 

Office of Site Development Services 

Department of Public Works and Environmental Services 

12055 Government Center Parkway 

Fairfax, Virginia 22035-5503 

 
PROJECT NAME TAX MAP AND PARCEL #   

 

APPLICANT/OWNER/DEVELOPER PHONE: ( )   
 

ADDRESS    
 

APPLICANT’S AGENT/ENGINEER PHONE: ( )   
 

ADDRESS    
 

Innovative BMP type: 

 
[ ] 3.06 Retention Basin III (Wet Pond with Sediment Forebay an Aquatic Bench) 

[ ] 3.07 Extended Detention Dry Pond (with Sediment Trap) 

[ ] 3.07 Enhanced Extended Detention Dry Pond (with Sediment Forebay and Shallow Marsh) 

[ ] 3.09 Constructed Wetlands 

[ ] 3.11 Bioretention Basin (Rain Garden) 

[ ] 3.11A Bioretention Filter (Rain Garden) 

[  ] 3.13 Grassed Swale/Water Quality Swale 

[ ] 3.14 Vegetated Filter Strip 

[ ] 3.15 Manufactured BMP Systems 

 
Hydrodynamic Structures Filtering Structures 

[ ] Bay Saver [ ] StormFilter 

[ ] Downstream Defender [ ] StormTreat System 

[ ] Stormceptor 

[ ] Vortechs 

 
Construction Cost Maintenance Cost (20-year cycle)    
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V I R G I N I A 02-06 

May 14, 2002 

 
TO: All Architects, Builders, Developers, Engineers, and Surveyors Practicing in Fairfax County 

 
SUBJECT: Innovative BMPs – 3.07 Enhanced Extended Detention Dry Ponds Now Acceptable for 

Public Maintenance in Residential Areas and on Governmental Sites 

 
REFEENCE: Letter to Industry #01-11 Revised Procedures for Requests to Use Innovative Best 

Management Practices (BMPs) 

 
Effective immediately, enhanced extended detention dry ponds are now acceptable for public maintenance in 

residentially zoned areas and on governmental sites subject to compliance with the revised design standards in the 

Guidelines for the Use of Innovative BMPs in Fairfax County, Virginia. Procedures for the submission of  

requests to use innovative BMPs are unchanged from the referenced Letter to Industry. The Letter to Industry  

and design document are available at the Plan and Document Control Counter and on the Department of Public 

Works and Environmental Services web site at www.fairfaxcounty.gov/dpwes under Publications (Letters to 

Industry). 

 
The major changes to the design guidelines for enhanced extended detention dry ponds are: 

 
• The maximum permanent pool elevation in the facility, including the sediment forebays, is limited to a 

depth of 18 inches for publicly maintained facilities. 

 
• A concrete apron is required at the riser structure for all enhanced extended detention facilities. 

 
• A larger reinforced debris cage is to be used in place of the one specified in PFM Plate 61-6 for the 

BMP orifice. 

 
If you have any questions regarding the revised design standards, please contact the Environmental and Facilities 

Review Division at 703-324-1720. 

 
Sincerely, 

 
SIGNATURE ON ORIGINAL 

 
Michelle A. Brickner, Director 

Office of Site Development Services 

 
cc: John Wesley White, Director, Department of Public Works and Environmental Services 

Zofia A. Zager, Director, Office of Building Code Services, DPWES 
Scott St. Clair, Director, Maintenance and Stormwater Management Division, DPWES 
Carl Bouchard, Director, Stormwater Planning Division, DPWES 

http://www.fairfaxcounty.gov/dpwes
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FAIRFAX COUNTY, VIRGINIA 

MEMORANDUM 

 
DATE: August 21, 2002 

 
TO: Board of Supervisors 

 
FROM: Anthony H. Griffin, County Executive 

SUBJECT: County Practices Related to Stormwater Facilities and Mosquito Control 

Several members of the Board of Supervisors have raised questions regarding County 

practices for construction and maintenance of stormwater facilities in the context of 

mosquito control, particularly in light of the increasing threat posed by the West Nile 

Virus. The responsibility for construction and maintenance of stormwater facilities is a 

complex issue, even without the heightened concern about mosquito-borne diseases. It 

may be helpful to review a few basic facts. 

 
There are 1,608 stormwater control impoundments, including several major lakes, in 

Fairfax County. Of these, 329 are “wet” facilities; that is, they are designed to contain 

water at all times. Of these “wet” facilities, the County is responsible for the  

maintenance of only 16, including 7 large lakes; the remaining 313 “wet” facilities are 

privately owned and maintained. Of the 1,608 stormwater impoundments, 1,279 are 

“dry” facilities; that is they are designed to hold water for brief periods of time (usually a 

maximum of 48 to 72 hours) and allow gradual release into the receiving streams or other 

water bodies. Of the 1,279 “dry” facilities, 893 are maintained by Fairfax County and 

386 are privately maintained. 

 
There are varying opinions about the environmental benefits of “wet” and “dry” ponds, 

but suffice it to say that there is general agreement that the longer water running off of 

developed surfaces is retained and then released slowly, the better will be the 

environmental benefit for the receiving waters. For this reason, state and federal laws 

require the retention of stormwater runoff. Where and how it is retained is largely a 

matter of local determination. 

 
As already described, the County has only limited ownership and maintenance 

responsibility for “wet” stormwater impoundments. To some residents, these “wet” 

facilities are viewed as a desirable aesthetic and recreational amenity while, to others, 

they are viewed as a nuisance and a health and safety concern. For the most part, these 

“wet” facilities do not create significant mosquito habitat, as long as the water quality is 

sufficient to maintain aquatic life and other natural mosquito predators. Some limited 

treatment of the edges of these “wet” facilities, when inspection reveals the presence of 

mosquito larvae, is appropriate and is currently being done on an as needed basis. 



AA-2 

2  

 

 
 

Thus, the vast majority of County owned and maintained stormwater impoundments are 

“dry” facilities, although that description is somewhat misleading. These facilities are  

dry during most of the year; however, after rainfall, they are designed to retain water for 

up to 48 to 72 hours, allowing sediments to settle and water to be released at decreased 

velocity to minimize erosion and sedimentation problems in the receiving streams and 

water bodies. In order to achieve this important function, and to achieve compliance with 

applicable state and federal standards and permits, the ponds must be maintained to 

function as designed. This maintenance includes periodic cleaning or dredging and 

removal of debris and obstructions to ensure continuing function, as well as other 

maintenance to ensure safety. 

 
Even before the advent of heightened concern about West Nile Virus, some residents  

have misunderstood or disagreed with the purpose and function of these “dry” ponds. 

Some residents have viewed any retention of water as undesirable and have contacted our 

staff to seek modification of the facilities to evacuate the water more rapidly. Usually, 

when the purpose of these facilities is explained, coupled with an understanding that 

mosquito larvae require a minimum of seven to 10 days in standing water to produce 

mosquitoes, most residents are willing to accept the temporary impoundment of water in 

these “dry” facilities. Other residents, however, not being aware of these facts, have 

made unauthorized modifications of these County “dry” facilities, usually by removing 

the control plate that covers part of the orifice for exiting water. When these 

modifications are made, the facilities no longer serve their intended function and the 

County, therefore, is in violation of federal and state laws and permit conditions. 

 
The County has approximately 80 “dry” stormwater facilities which require some 

maintenance construction, many for the unauthorized removal of the water level control 

plates. Continued work of this nature is essential in order to maintain the environmental 

benefits of the facilities and County compliance with state and federal laws and permit 

conditions. This work and continued inspection to ensure unobstructed evacuation of the 

water at designed rates, will not present any additional exposure to mosquito breeding 

activity. 

 
It is possible, of course, that irregularities in the floor of all “dry” ponds can cause small 

pools of water to remain in the ponds for longer than designed, which could, in turn, 

create a potential mosquito breeding problem. As will be described later, we are 

increasing our inspection and maintenance of these potential problems and welcome the 

vigilance of residents to bring such matters to our attention. It is important to realize, 

however, that this potential problem would exist even in ponds where unauthorized 

modifications have been made and that County efforts to return the ponds to their 

designed function will not exacerbate the potential problem. Along with individual 

residents, the County must make extraordinary efforts to avoid situations where water 

stands for extended periods of time. 

 
A related County initiative has caused some concern about its potential adverse affect on 

mosquito populations. Over the past year, as construction work has been undertaken to 

maintain “dry” ponds, the County has worked with area residents to install shallow 
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wetland marshes in these otherwise “dry” ponds. These marshes will generally retain less 

than 18 inches of water for some period of time after the main body of water has exited 

the pond. These shallow wetland marshes provide additional filtration of the stormwater 

by further settling of sediments and nutrient uptake, and create habitat for wildlife, as 

well. The installation of these shallow wetland marshes, after they have been explained  

to nearby residents, have been exceptionally well received. In those instances where a 

significant number of residents do not wish to have these shallow wetland marshes 

installed in the pond, we proceed with the other maintenance work and do not install the 

marshes. This approach seems to be working very well. 

 
After the shallow wetland marshes have been allowed to establish themselves in a natural 

state (usually in about one year), they have the ability to control mosquitoes because the 

natural habitat provides an ecosystem that maintains an appropriate balance among the 

species. Natural predators of mosquitoes (dragonflies, frogs, salamanders, etc.) emerge 

and control mosquito populations more effectively than even in mowed lawns and other 

developed areas. Staff who visit both types of “dry” ponds report less mosquito activity 

in even recently developed shallow wetland marshes than in conventional dry ponds. 

 
In the meantime, however, as these newer shallow wetland marshes are in the process of 

developing a natural condition that controls mosquitoes, it will be necessary to inspect 

them more often and treat them appropriately when evidence of mosquito breeding 

activity is found. County staff, assisted by the Health Department contractor, has already 

initiated this inspection and treating process of the shallow wetland marshes. 

 
On August 14, 2002, we communicated with you to inform you about an increase in the 

level of activity associated with inspection and treatment of various areas potentially 

susceptible to mosquito breeding, including various types of stormwater facilities. I am 

confident that this increased level of support will address all of the near term issues 

recently raised regarding mosquito control. Unfortunately, no system is foolproof and 

some increased incidence of West Nile Virus bearing mosquitoes will be seen in our traps 

and bird surveillance. As the current mosquito breeding season draws to a close, staff 

will collaborate across agency lines to determine the best long term strategy to deal with 

the emerging and likely long term phenomenon associated with West Nile Virus. 

 
I have attached a Quick Reference Guide that you might find helpful to orient your staff 

and residents on issues associated with stormwater ponds. Please feel free to distribute 

copies as you deem appropriate. We will be printing additional copies for general 

distribution and will post this information on our County website. 
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QUICK REFERENCE GUIDE 
Stormwater Management Ponds 

Fairfax County, Virginia 

 
KEY POINTS 
• All dry stormwater management ponds are designed to retain stormwater temporarily and drain within 2- to 3- 

days after the rain stops. 

• Mosquito larvae require a minimum of seven to 10 days in standing water or other suitable breeding 

environments to produce mosquitoes. 

• The County has an inspection and treatment program for mosquito control through the Health Department. 

• The County provides maintenance on 893 dry ponds and private property owners provide maintenance on 

additional 386 dry ponds. 

• Almost all wet ponds (313 of 329 ponds) are privately maintained; only 5% (16 of 329 ponds) are maintained  

by the County.  (See below for contact information concerning public and private maintenance responsibilities.) 

• State and federal laws require that stormwater be controlled to prevent flooding and to reduce pollutants. 

Stormwater management ponds are constructed to address these impacts of development. 

• A dry pond with a shallow wetland marsh provides better treatment of polluted stormwater and poses less of a 

mosquito problem than a dry pond with lawn grass because of the natural controls, such as fish, frogs, or 

dragonflies, associated with a wetland marsh eco-system. 

• Additional information is provided in the pamphlet from the Fairfax County Health Department “Put the Bite on 

Mosquitoes”. 

 
DEFINITIONS 
• Wet Pond. A wet pond has a permanent pool of water. 

• Dry Pond. A dry pond temporarily fills-up with water during a storm but is dry most times. 

• Flood Control Pond. A flood control pond is a dry pond that stores stormwater run-off and then releases it 

slowly over a one to two hour period. It performs very little pollution treatment. 

• Pollution Treatment Pond (also known as a BMP). A BMP (Best Management Practice) is a dry pond that 

treats stormwater by retaining the water for 48 to 72 hour, allowing sediments and other pollutants to settle. 

• Shallow Wetland Marsh. A shallow wetland marsh is a dry pond with 6 to 18 inch deep pools of water planted 

with a variety of wetland grasses, flowers, shrubs, and trees. 

 
CURRENT INVENTORY OF STORMWATER MANAGEMENT PONDS 
Dry Ponds (Temporarily Retain Water for up to 48- to 72-Hours): 

Number of Ponds Maintained by the County 893  
Number of Ponds Maintained Privately    386 
Total Dry Ponds  1,279 

Wet Ponds (Have a Permanent Water Body) 
Number of Ponds Maintained by the County 16  
Number of Ponds Maintained Privately    313  
Total Wet Ponds      329 

Total Stormwater Management Ponds:  1,608 

 

COUNTY CONTACTS 
To report a malfunctioning/blocked dry pond (e.g., standing water for more than three days), please contact the 

Department of Public Works and Environmental Services. 

• Publicly Maintained Stormwater Management Ponds: 

Larry Tapper, Maintenance and Stormwater Management Division, Ph: 703/934-2800, e-mail: 

larry.tapper@fairfaxcounty.gov 

• Privately Maintained Stormwater Management Ponds: Phil Miley, Maintenance and Stormwater 

Management Division, Ph: 703/934-2860, e-mail: phil.miley@fairfaxcounty.gov 

To request an inspection for the presence and possible treatment of mosquitoes in a dry pond, please contact the 

Health Department. 

• Roy Eidem, Community Health and Safety Section, Division of Environmental Health, Ph: 703/246-2300, 

e-mail:  roy.eidem@fairfaxcounty.gov 

mailto:larry.tapper@fairfaxcounty.gov
mailto:phil.miley@fairfaxcounty.gov
mailto:roy.eidem@fairfaxcounty.gov
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	LID Infiltration and Filtration Practices 
	 
	LID Infiltration practices are limited to areas that are suitable based on soil-type, slope, and depth to water table. A separate report by Stormwater Planning Division staff titled, Identification of Areas Suitable for Implementing Low-impact Development Practices for Promoting Groundwater Recharge, provides a planning-level indication of areas throughout the County that may be suitable for infiltration practices. 
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	LID Implementation: Fairfax County Ordinance Challenges 
	 
	Whereas the county’s ordinances, primarily the Public Facilities Manual (PFM), do not prohibit LID practices, several additional steps in the plan approval process are required to implement LID designs. Since the additional required approvals for LID practices are not guaranteed, additional risk is introduced into the process for developers. Consequently, the process steers developers towards classic extended dry pond designs as the path of least resistance toward plan approval. 
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	has provided a minor improvement to the process in that certain “innovative” BMP practices from an approved list receive conceptual approval with the corresponding plan rather than requiring a separate approval in advance of the plan. At this time, the “innovative” BMP list consists only of select practices from the Virginia Stormwater Management Handbook, and does not include all of the typical LID IMPs. 
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	1. There is no approved method in the PFM for quantifying the detention provided with a complete LID site layout. The manual, Low-Impact Development Design Strategies (Prince George’s County), provides a sound method for quantifying detention (runoff peak control), runoff volume control, and water quality control. Without such an approved method, designers need to derive a method for representing detention calculations on each project. 


	 
	2. BMP calculations are still required to be depicted in the typical NVRC format. 
	2. BMP calculations are still required to be depicted in the typical NVRC format. 
	2. BMP calculations are still required to be depicted in the typical NVRC format. 


	Even if a comprehensive LID design method were used, such as the Low-Impact Development Design Strategies method, currently, BMP calculations would also need to be recalculated in accordance with the NVRC format and be depicted on the plan. Whereas, this is not a major issue, it still introduces additional costs to the LID design. 
	 
	3. The PFM requires that stormwater management facilities be placed on non- residential lots, consequently, a strict interpretation of the PFM would dictate that if IMPs were sited on individual residential lots, they could provide controls for that lot only. With that interpretation, the simplest method of achieving an integrated LID layout would be to site IMPs on small “outlots” or parcels located within a residential lot. Any IMP serving an area offsite to the host lot would need to be maintained by an 
	3. The PFM requires that stormwater management facilities be placed on non- residential lots, consequently, a strict interpretation of the PFM would dictate that if IMPs were sited on individual residential lots, they could provide controls for that lot only. With that interpretation, the simplest method of achieving an integrated LID layout would be to site IMPs on small “outlots” or parcels located within a residential lot. Any IMP serving an area offsite to the host lot would need to be maintained by an 
	3. The PFM requires that stormwater management facilities be placed on non- residential lots, consequently, a strict interpretation of the PFM would dictate that if IMPs were sited on individual residential lots, they could provide controls for that lot only. With that interpretation, the simplest method of achieving an integrated LID layout would be to site IMPs on small “outlots” or parcels located within a residential lot. Any IMP serving an area offsite to the host lot would need to be maintained by an 


	 
	Items 1 and 2 could be remedied by explicitly permitting the use of an existing method for quantifying detention and water quality controls such as the Prince George’s County method. This could readily be accomplished via an Industry Letter or by simply adding the Prince George’s County manual IMPs and corresponding design methods to the OSDS list of approved innovative BMP’s. A survey of submitting engineers and other OSDS customers conducted at the Engineers and Surveyors Institute (ESI) LID class in Apri
	 
	Item 3 above could be resolved by issuing an Industry Letter or by amending the PFM to exclude certain IMPs from the requirement to site stormwater management facilities on non-residential lots. 
	 
	One last major ordinance-hindrance to integrated LID implementation is that the typical LID roadside swale design does not conform to VDOT standards for roadside ditches.  This is related 
	to an overall issue of private or public maintenance of IMPs. Until VDOT would permit such swales in the right-of-way, there are 2 basic methods to achieve an equivalent layout: 
	 
	1. Swales could be placed along private streets where permitted e.g. in PDH zoning. 
	1. Swales could be placed along private streets where permitted e.g. in PDH zoning. 
	1. Swales could be placed along private streets where permitted e.g. in PDH zoning. 


	 
	2. Swales could be placed outside of the right-of-way for public streets. 
	2. Swales could be placed outside of the right-of-way for public streets. 
	2. Swales could be placed outside of the right-of-way for public streets. 


	 
	Until all the major ordinance issues cited above are adequately addressed, it would be extremely difficult to rely on LID practices as an effective watershed management tool in lieu of regional ponds. 
	LOW IMPACT DEVELOPMENT EFFICIENCY, MAINTENANCE AND COST ESTIMATES 
	 
	 
	 
	This document addresses the efficiency, maintenance, and costs of some of the most widely used Low Impact Development (LID) practices, including bioretention, vegetated swales, vegetative filter strip/buffers, infiltration trenches, rain barrels, and cisterns. 
	 
	 
	 
	BIORETENTION 
	 
	Bioretention, also known as rain garden, is a practice to manage and treat stormwater runoff using a conditioned planting soil bed and planting materials to filter stormwater runoff. Runoff is treated by a combination of physical (filtering, adsorption, and volatilization) and biological processes. The ideal facility includes several components, including a pretreatment filter strip (grassed channel) inlet area, a ponding area, a bioretention planting area, a soil zone, an underdrain system, and an overflow
	 
	Efficiency: Data on the efficiency of bioretention practices to remove pollutants are limited. Use of available monitoring data to predict bioretention performance is complicated because the data have not been collected with similar methodology, or from similarly designed facilities, or from facilities with similar quality in terms of construction and maintenance. The following table presents a summary of performance monitoring data from selected sites, as well as estimated efficiencies (%) of bioretention 
	 
	Table 1. Projected Pollutant Removal Efficiency for Bioretention 
	 
	 
	 
	 
	 

	 
	 
	TSS 

	 
	 
	TP 

	 
	 
	TN 

	 
	 
	TKN 

	 
	 
	NO3 

	 
	 
	Cu 

	 
	 
	Pb 

	 
	 
	Zn 

	Span

	Beltway Plaza Mall Parking Lot, Greenbelt, MD 
	Beltway Plaza Mall Parking Lot, Greenbelt, MD 
	Beltway Plaza Mall Parking Lot, Greenbelt, MD 

	 
	 
	- 

	 
	 
	65 

	 
	 
	49 

	 
	 
	52 

	 
	 
	16 

	 
	 
	>97 

	 
	 
	>95 

	 
	 
	>95 

	Span

	Peppercorn Plaza Parking Lot at Inglewood Center, Landover, MD 
	Peppercorn Plaza Parking Lot at Inglewood Center, Landover, MD 
	Peppercorn Plaza Parking Lot at Inglewood Center, Landover, MD 

	 
	 
	- 

	 
	 
	87 

	 
	 
	- 

	 
	 
	67 

	 
	 
	15 

	 
	 
	43 

	 
	 
	70 

	 
	 
	64 

	Span

	Prince George’s County Department of Natural Resources, MD, estimated 
	Prince George’s County Department of Natural Resources, MD, estimated 
	Prince George’s County Department of Natural Resources, MD, estimated 

	 
	 
	- 

	 
	 
	81 

	 
	 
	43 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	 
	 
	99 

	 
	 
	99 

	Span

	 
	 
	 
	Claytor and Schueler, estimated 

	 
	 
	90 

	 
	 
	65 

	 
	 
	50 

	 
	 
	- 

	 
	 
	80 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	Span

	 
	 
	 
	Federal Highway Administration, estimated 

	 
	 
	75 

	 
	 
	50 

	 
	 
	50 

	 
	 

	 
	 

	 
	 
	70-80 

	Span

	Virginia Stormwater Management Handbook, estimated 
	Virginia Stormwater Management Handbook, estimated 
	Virginia Stormwater Management Handbook, estimated 

	 
	 
	- 

	50- 
	50- 
	65* 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	Span


	TSS: total suspended solids; TP: total phosphorus; TN: total nitrogen TKN: total Kjeldahl nitrogen; 
	NO3, nitrate; Cu: copper; Pb: lead; Zn: zinc 
	(*): The value credited is 50% when the first 0.5 inch of the storm is detained and 65% when the first 1.0 inch of the storm is detained. 
	Maintenance: The bioretention area requires routine maintenance, similar to conventional landscaping maintenance, to ensure that the system functions well as a stormwater BMP and remains aesthetically pleasing. Routine inspections of the bioretention facility should be carried out twice during the first year and once a year thereafter. In addition, spot inspections should be done after major storms during the first year. Other maintenance considerations include: 
	 
	• Soil bed: check soil pH, correct erosion, cultivate unvegetated areas to reduce clogging from fine sediments over time 
	• Soil bed: check soil pH, correct erosion, cultivate unvegetated areas to reduce clogging from fine sediments over time 
	• Soil bed: check soil pH, correct erosion, cultivate unvegetated areas to reduce clogging from fine sediments over time 

	• Ground cover layer: mulch or replant bare spots annually 
	• Ground cover layer: mulch or replant bare spots annually 

	• Planting materials: replace dead or severely distressed vegetation, prune periodically 
	• Planting materials: replace dead or severely distressed vegetation, prune periodically 

	• Inflow/outflow: inspect for clogging, repair eroded pretreatment areas, remove accumulated trash and debris 
	• Inflow/outflow: inspect for clogging, repair eroded pretreatment areas, remove accumulated trash and debris 


	 
	The following table is an example of a typical maintenance schedule for bioretention installations. 
	 
	Table 2. Sample Maintenance Schedule for Bioretention Installations* 
	 
	 
	 
	 
	 
	Description 

	 
	 
	Method 

	 
	 
	Frequency 

	 
	 
	Time of year 

	Span

	Soil: 
	Soil: 
	Soil: 

	Span

	Inspect and repair erosion 
	Inspect and repair erosion 
	Inspect and repair erosion 

	Visual 
	Visual 

	Monthly 
	Monthly 

	Year round 
	Year round 

	Span

	Organic Layer: 
	Organic Layer: 
	Organic Layer: 

	Span

	Remulch void areas 
	Remulch void areas 
	Remulch void areas 

	Manual 
	Manual 

	 
	 
	As needed 

	 
	 
	As needed 

	Span

	Remove previous mulch layer before 
	Remove previous mulch layer before 
	Remove previous mulch layer before 
	applying new layer (optional) 

	 
	 
	Manual 

	Once every two 
	Once every two 
	to three years 

	 
	 
	Spring 

	Span

	 
	 
	 
	Add mulch (optional) 

	 
	 
	Manual 

	 
	 
	Once a year 

	 
	 
	Spring 

	Span

	 
	 
	 
	Plants: 

	Span

	Remove and replace dead and diseased vegetation considered beyond treatment 
	Remove and replace dead and diseased vegetation considered beyond treatment 
	Remove and replace dead and diseased vegetation considered beyond treatment 

	Depends on 
	Depends on 
	proposed planting specifications 

	 
	 
	Twice a year 

	3/15 to 4/30 and 10/1 to 11/30 
	3/15 to 4/30 and 10/1 to 11/30 

	Span

	 
	 
	 
	Treat all diseased trees and shrubs 

	Mechanical or manual 
	Mechanical or manual 

	 
	 
	As needed 

	Variable, depends on 
	Variable, depends on 
	insect or disease infestations 

	Span

	Water plants at the end of each day for 
	Water plants at the end of each day for 
	Water plants at the end of each day for 
	14 consecutive days after planting has been completed 

	 
	 
	Manual 

	Immediately 
	Immediately 
	after completion of project 

	 
	 
	N/A 

	Span

	 
	 
	 
	Replace stakes after one year 

	 
	 
	Manual 

	 
	 
	Once a year 

	 
	 
	Spring 

	Span

	 
	 
	 
	Replace deficient stakes or wires 

	 
	 
	Manual 

	 
	 
	N/A 

	 
	 
	As needed 

	Span

	 
	 
	 
	Check for accumulated sediments 

	 
	 
	Visual 

	 
	 
	Monthly 

	 
	 
	Year round 

	Span


	(*): Virginia Stormwater Management Handbook, Vol. I, 1st. Edition, 1999 
	Costs: Bioretention systems are less cost intensive than traditional structural stormwater conveyance systems. In 1999, a bioretention unit measuring 400 square feet and built on individual lots cost about $500 in Prince George’s County (EPA, 1999). The estimate includes costs to excavate the site (2-3 feet) and to plant the site with 1-2 trees and 3-5 shrubs. It does not include the cost to planting soil and to install under-drain facilities, which are usually required. Retrofitting a site typically costs 
	 
	A literature review of different LID techniques by the Low Impact Development Center of EPA (2000) shows that, in Prince George’s County, constructing a bioretention facility costs between 
	$5,000 and $10,000 per acre drained depending on soil type. On average, bioretention facilities might cost between $3 to $15 per square foot of bioretention area, depending on design requirement. Additional savings can be achieved from the decrease in construction costs of stormwater drainpipes and other facilities. For example, bioretention practices reduced the amount of stormwater pipes from 800 feet to 230 feet at a medical office building in Prince George’s County, Maryland. This change yielded a savin
	 
	 
	 
	VEGETATED SWALES 
	 
	Swale designs traditionally have been simple drainage grassed channels that primarily transport stormwater runoff away from roadways and right-of-ways. However, grass swales have been modified to improve their hydrologic attributes and their efficiency in removing pollutants.  Three types of swales--grass swale (also known a biofiltration swales), dry swale (also known as infiltration swale), and wet swale--are known. 
	 
	Grass Swales: These provide both quantity control (volume) and quality control by facilitating stormwater infiltration. Grass swales are sometimes provided with under-drains, but usually natural soil is used as the filtration bed. These facilities are reasonably effective in removing many pollutants in urban stormwaters. High performance is generally reported for sediments and particulate trace elements. However, the efficiency in removing nutrients varies significantly, as shown in the following table. 
	 
	Dry Swales: These provide both quality and quantity control of stormwater runoff. The filter bed consists of a bed of prepared soil on top of installed under-drains. Dry swales remove water rapidly. They allow, for example, the front yard to be more easily mowed. Dry swales are often the preferred open channel in residential settings because they prevent standing water, which usually generates complaints by residents. In terms of efficiency to remove pollutants, dry swales are more effective than grass swal
	 
	Wet Swales: These use residence time and natural growth to reduce peak discharge and treat water before water is discharged to a downstream location. In wet swales, water-tolerant 
	vegetation permanently grows in the retained body of water. This practice is often used in highway design. Wet swales are highly efficient in removing pollutants, except phosphorus. 
	 
	Efficiency: The ability to remove pollutants varies significantly among the different types of vegetated swales. It also varies for a given type of swale (see the following table). This is  mainly due to the fact that the efficiency of an individual facility is a function of time of monitoring (season), length and hydraulic residence time within the swale, design runoff removal rate (what portion of first flush is removed), and what is being monitored (concentration of pollutants or mass loading). But, over
	 
	Maintenance: Maintenance for swales is minimal (Schueler, 1992). Periodic maintenance for dry or wet swales should primarily focus on removing accumulated materials (sediments, trash, and debris). 
	 
	Maintenance of dry swales includes steps to ensure vigorous and healthy growth of grass, including periodic mowing to keep grasses at acceptable heights and to minimize growth of successive vegetation. 
	 
	In wet swales, growth established above the sustained waterline must be maintained. 
	 
	For both wet and dry swales it is important to avoid use of herbicides and fertilizers. In urban environments, the low-lying nature of swales makes them a likely collector of unsightly litter, which must be removed by hand. It is recommended litter inspections be performed twice a year. 
	 
	Costs:  The costs to install dry and wet swales are moderate and low, respectively. Dry swales are more costly than wet swales because highly permeable soils and underdrain systems must be installed in dry swales. The construction cost per acre served is typically about $1,500 (1996 dollar) based on a nearly flat swale with a 10 feet bottom width, 3:1 side slopes, and a ponding depth of 1 foot. This estimate does not include the cost of real estate, design, and contingencies. 
	 
	The costs of dry and wet swales can also be inferred from the cost of a traditional grass channel, which typically ranges from $5 to $15 (1996 dollar) per linear foot, depending on local conditions, swale dimensions, and degree of internal storage (FHWA, 1997). 
	 
	 
	 
	 
	Table 3. Pollutant Removal Performance of Vegetated Swales (%) 
	 
	 
	 
	 
	 
	Type of swale 

	 
	 
	Reference 

	 
	 
	TSS 

	 
	 
	TP 

	 
	 
	TN 

	 
	 
	NO3 

	 
	 
	Cu 

	 
	 
	Pb 

	 
	 
	Zn 

	 
	 
	Comments 

	Span

	 
	 
	 
	Grass 

	 
	 
	Claytor and Schueler (1996) 

	 
	 
	65 

	 
	 
	25 

	 
	 
	15 

	 
	 
	Neg. 

	Metals 
	Metals 

	 
	 

	Span

	TR
	20 - 50 
	20 - 50 

	Span

	 
	 
	 
	Grass 

	 
	 
	PG Dept. Environmental Resources (2000) 

	 
	 
	30-65 

	 
	 
	10-25 

	 
	 
	0-25 

	 
	 
	- 

	 
	 
	- 

	 
	 
	20-50 

	 
	 
	20-50 

	 
	 

	Span

	 
	 
	 
	Grass 

	 
	 
	Yu and Kaighn (1995) 

	 
	 
	30 

	 
	 
	Neg. 

	 
	 
	- 

	 
	 
	- 

	Metals 
	Metals 

	 
	 

	Span

	TR
	11 
	11 

	Span

	 
	 
	 
	Grass 

	 
	 
	City of Austin (1995) 

	 
	 
	68 

	 
	 
	43 

	 
	 
	23 

	 
	 
	-2 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	 
	 

	Span

	 
	 
	 
	Grass 

	Zahid Khan et.al. (1997) (*) 
	Zahid Khan et.al. (1997) (*) 

	 
	 
	83 

	 
	 
	29 

	 
	 
	- 

	 
	 
	- 

	 
	 
	46 

	 
	 
	67 

	 
	 
	30 

	 
	 

	Span

	 
	 
	 
	Dry 

	 
	 
	Claytor and Schueler (1996) (**) 

	 
	 
	90 

	 
	 
	65 

	 
	 
	50 

	 
	 
	80 

	Metals 
	Metals 

	 
	 

	Span

	TR
	80 - 90 
	80 - 90 

	Span

	 
	 
	 
	Dry 

	Federal Highway Administration (draft 1997) 
	Federal Highway Administration (draft 1997) 

	 
	 
	80-90 

	 
	 
	65 

	 
	 
	50 

	 
	 

	Metals 
	Metals 

	 
	 

	Span

	TR
	80 - 90 
	80 - 90 

	Span

	 
	 
	 
	Wet 

	 
	 
	Claytor and Schueler (1996) (***) 

	 
	 
	80 

	 
	 
	20 

	 
	 
	40 

	 
	 
	50 

	Metals 
	Metals 

	 
	 

	Span

	TR
	80 - 90 
	80 - 90 

	Span

	 
	 
	 
	Wet 

	Federal Highway Administration (draft 1997) 
	Federal Highway Administration (draft 1997) 

	 
	 
	80-90 

	 
	 
	20 

	 
	 
	40 

	 
	 

	Metals 
	Metals 

	 
	 

	Span

	TR
	40-70 
	40-70 

	Span


	 
	* Data are for a 200-feet swale configuration. 
	** Figures represent the average of three sets of reported monitoring data. 
	*** Figures represent the average of two reported sets of monitoring data. 
	 
	 
	 
	 
	 
	 
	L-5 
	FILTER STRIPS 
	 
	Filter strips, also known as vegetated buffer strips, are evenly sloped vegetated areas that treat stormwater runoff by passing and infiltrating the runoff through a vegetated surface (grass or wooded growth). Water flows in a sheet across the vegetated area and is treated by infiltration into the soil and uptake by plants. 
	 
	Filter strips are not used to attenuate peak stormwater flows, but they are effective in improving water quality. A filter strip characterized by dense vegetative cover achieves the highest rate of pollutant removal through long flow length, low gradient, and uniform sheet flow. Filter strips are appropriate where there is room for installation. They are well suited to ultra-urban environments because they can be located in medians or along road shoulders. They are also used as pretreatment facilities or ou
	 
	Efficiency: Little data are available on the effectiveness of filter strips in removing pollutants from urban stormwater runoff. The existing limited data indicates that efficiency is a function of filter strip length (Yu et al., 1993), slope length and gradient (Wong and McCuen, 1982). For example, moderate to high removal rates were found for a 150-feet-long grass filter strip, but only mediocre pollutant removal was achieved by a 75-feet filter strip, treating urban runoff. 
	 
	Filter strips provide relatively low rates of pollutant removal and are most effective in reducing total suspended solids (up to 70% removal). They are less effective in decreasing total phosphorus (10%), total nitrogen (30%), and suspended metals (40-50%) (Claytor and Schueler, 1996). 
	 
	Table 4. Projected Pollutant Removal Efficiency for Filter Strips 
	 
	 
	 
	 
	 
	Sources 

	 
	 
	TSS 

	 
	 
	TP 

	 
	 
	TN 

	 
	 
	TKN 

	 
	 
	NO3 

	 
	 
	Cu 

	 
	 
	Pb 

	 
	 
	Zn 

	Span

	 
	 
	 
	Estimated Pollutant Removal Efficiencies (%) 

	Span

	 
	 
	 
	(Claytor and Schueler, 1996, FHWA, 1997) 

	 
	 
	70 

	 
	 
	10 

	 
	 
	30 

	 
	 

	 
	 

	 
	 
	40-50 

	Span

	 
	 
	 
	(Prince Georges County, MD, Manual, 2000) 

	20- 
	20- 
	100 

	 
	 
	0-60 

	 
	 
	0-60 

	 
	 

	 
	 

	20- 
	20- 
	100 

	20- 
	20- 
	100 

	 
	 
	20-80 

	Span

	 
	 
	 
	Actual Measured Pollutant Removal Efficiencies (%) 

	Span

	 
	 
	 
	18-foot flow length1 

	 
	 
	27 

	 
	 
	22 

	 
	 

	 
	 

	 
	 
	6 

	 
	 

	 
	 
	2 

	 
	 
	17 

	Span

	 
	 
	 
	50-foot flow length 

	 
	 
	67 

	 
	 
	22 

	 
	 

	 
	 

	 
	 
	8 

	 
	 

	 
	 
	18 

	 
	 
	46 

	Span

	 
	 
	 
	150-foot flow length 

	 
	 
	68 

	 
	 
	33 

	 
	 

	 
	 

	 
	 
	9 

	 
	 

	 
	 
	20 

	 
	 
	50 

	Span


	1: Flow length is the distance between the top and the bottom of the filter strip along the slope length. 
	 
	Maintenance: Maintenance is primarily focused on ensuring vigorous and healthy plant growth, preventing formation of rills and gullies, and removing debris and litter. Inspection is important 
	during the first few years to ensure that the strip becomes adequately established. Once a filter strip is adequately established and is functioning properly, periodic maintenance such as watering, fertilizing, and spot repair may still be necessary. 
	 
	To increase the functional longevity of a vegetated filter strip, the following practices are recommended: 
	 
	• Regular removal of accumulated sediments 
	• Regular removal of accumulated sediments 
	• Regular removal of accumulated sediments 

	• Periodic reestablishment of vegetation in eroded areas or areas covered by accumulated sediments 
	• Periodic reestablishment of vegetation in eroded areas or areas covered by accumulated sediments 

	• Periodic weeding of invasive species or weeds 
	• Periodic weeding of invasive species or weeds 

	• Periodic pruning of woody vegetation to simulate growth 
	• Periodic pruning of woody vegetation to simulate growth 


	 
	Costs: Filter strips are low-costs BMPs. The principle costs are those entailed by moving soil, construction, and planting. Construction cost per acre served, in 1995 dollars, is about $2,000 per acre for an area established by hydro-seeding (Schueler, 1992). This does not include real estate, design, and contingency costs. Costs for sodding or planting of woody vegetation are significantly higher. 
	 
	 
	 
	INFILTRATION TRENCHES 
	 
	An infiltration trench is an excavated trench that has been lined and backfilled with stone to form a subsurface basin. Stormwater runoff is diverted into the trench and is stored, usually over a period of several days, until it infiltrates into the soil. Infiltration trenches are very adaptable BMPs, making them suitable for drainage areas that are less than 10 acres in such areas as ultra- urban sites. 
	 
	Efficiency: Effectiveness is solely a function of the amount of the stormwater infiltrated into the soil (the only portion of the runoff that is not treated is the portion that bypasses the infiltration trench and does not infiltrate). The projected removal efficiencies of two different designs are shown below (Schueler, 1987). 
	 
	Table 5. Projected Pollutant Removal Efficiency for Infiltration Trenches 
	 
	 
	 
	 
	 
	TSS 

	 
	 
	TP 

	 
	 
	TN 

	 
	 
	Metals 

	 
	 
	Bacteria 

	 
	 
	Comments 

	Span

	 
	 
	 
	75 

	 
	 
	50-55 

	 
	 
	45-55 

	 
	 
	75-80 

	 
	 
	75 

	 
	 
	When the first 0.5” of runoff is captured 

	Span

	 
	 
	 
	90 

	 
	 
	60-70 

	 
	 
	55-60 

	 
	 
	85-90 

	 
	 
	90 

	 
	 
	When the first 2.0” of runoff is captured 

	Span

	 
	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	Span


	Maintenance: Without an adequate pretreatment unit to remove sediments, the life expectancy of an infiltration trench might be only 5 years (Schueler, 1992). With proper regular maintenance, however, an infiltration trench may last up to 15 years (Schueler, 1987). 
	 
	Frequent inspections are required immediately after installation. These can be later decreased to two inspections per year. Inspectors should note the water levels in the trench, clogging of inlets and outlets, and accumulation of sediments in upstream pretreatment units. Immediate failure may occur if sediments are not directed away from the trench area during construction. 
	 
	Costs: Not available. 
	 
	 
	 
	RAIN BARRELS AND CISTERNS 
	 
	Rain barrels are containers generally set at the end of a downspout to capture rainwater running off the roof. They are usually plastic drums. 
	 
	Cisterns are large water-holding devices usually constructed of concrete, plastic, or steel and used to store larger amount of water compared with rain barrels. Cisterns can be built above or below ground. 
	 
	Pollutant removal efficiency: Not available 
	 
	Maintenance: Not an issue 
	 
	Costs: A 55-gallon plastic barrel, with accessories, costs between $20 and $100. 
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	MAINTENANCE SERVICE LEVELS 
	Regional BMP Ponds vs. On-site BMP Ponds 
	 
	 
	 
	1. GOALS OF THE PROGRAM 
	 
	• To maintain the County’s stormwater control facilities in a manner that best assures that the flood control and pollution treatment aspects remain functional. 
	• To maintain the County’s stormwater control facilities in a manner that best assures that the flood control and pollution treatment aspects remain functional. 
	• To maintain the County’s stormwater control facilities in a manner that best assures that the flood control and pollution treatment aspects remain functional. 

	• To maximize the environmental benefit of existing stormwater facilities through using and encouraging the use of wet meadow environments, bioremediation, and other types of innovative naturalization techniques. 
	• To maximize the environmental benefit of existing stormwater facilities through using and encouraging the use of wet meadow environments, bioremediation, and other types of innovative naturalization techniques. 


	 
	 
	 
	2. BACKGROUND 
	 
	In order to protect and conserve the land and water resources of the County, the BOS, in 1972, established a stormwater management (SWM) volume control program to provide for the adequate drainage of storm waters through and from development sites without adverse impact to the land over which the waters flow. In 1982, the County expanded and adopted criteria for stormwater management that required developers to include, along with the quantity control design, water quality treatment controls, or best manage
	 
	County policy, as stated in the Public Facilities Manual, is to encourage the use of regional and on-site SWM/BMP facilities to minimize adverse down stream effects. The preferred method of detention is through the use of dry detention ponds. The County accepts maintenance responsibility for these when located in residential developments. The ponds are generally located in County easements on private property. 
	 
	 
	 
	3. DEFINITIONS 
	 
	Dry Pond: A dry pond temporarily fills-up with water during a storm but is “dry” most of the time. 
	Wet Pond: A wet pond has a permanent pool of water. 
	Regional Pond: A pond with a drainage area that is generally 100 acres or greater. On-site Pond: A pond with a drainage are that is generally less than 100 acres. 
	BMP Pond Maintenance Service Levels Page 2 
	 
	 
	4. CURRENT POND INVENTORY, AS OF AUGUST  2, 2002 
	 
	County Maintenance 
	(Total Number of Facilities = 961) 
	 
	Number of Regional Dry Ponds: 27 Number of Regional Wet Ponds: 1 Number of PL-566 Lakes: 6 Number of On-site Dry Ponds: 916 Number of On-site Wet Ponds: 11 
	 
	Private Maintenance 
	(Total Number of Facilities = 629) 
	 
	Number of Regional Dry Ponds: 6 Number of Regional Wet Ponds: 36 Number of On-site Dry Ponds: 400 Number of On-site Wet Ponds: 187 
	 
	 
	 
	5. CURRENT INSPECTION CYCLE 
	 
	County Maintenance 
	 
	All County maintained SWM/BMP facilities are inspected a minimum of once per year. Approximately 80% of agency work performed in the stormwater management program is identified through this inspection; the remaining 20% is generated through response to citizen complaints and inquiries. 
	 
	Private Maintenance 
	 
	All privately maintained SWM/BMP facilities are inspected once every five years. 
	 
	 
	 
	6. CURRENT COUNTY MAINTENANCE SERVICE LEVELS 
	 
	Because of the large inventory of SWM/BMP facilities, maintenance is limited to the correction of hazardous conditions and to that essential to keeping the facilities functioning as designed. Depending on the severity of the situation, maintenance may deal with any of the following: 
	 
	• Small tree and brush removal from DAM embankments and access ways (contract services). 
	• Small tree and brush removal from DAM embankments and access ways (contract services). 
	• Small tree and brush removal from DAM embankments and access ways (contract services). 


	On-site facilities are cleared approximately once per year; regional facilities are cleared approximately five times per year); pond floors are allowed to remain natural (e.g., un-cut).  It should be noted that, typically, only 60% of the inventory requires such clearing by the County, as the remaining 40% are, typically, cut by the property owners around the facilities. 
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	• Repair or replacement of outlet works 
	• Repair or replacement of outlet works 
	• Repair or replacement of outlet works 

	• Dam embankment erosion repair 
	• Dam embankment erosion repair 

	• Removal of trash, debris, and silt that interferes with function 
	• Removal of trash, debris, and silt that interferes with function 

	• Tailing-out of the outfall channel to open up outlet works 
	• Tailing-out of the outfall channel to open up outlet works 


	 
	Provided below, is a comparison of regional vs. on-site pond maintenance service levels. It should be noted that wet pond maintenance costs exclude dredging. If dredging is performed,   the costs of such operations can typically comprise the single most expensive maintenance item associated with wet pond maintenance. Since dredging costs are, in large part, cost-prohibitive for many pond owners, the County does not typically require wet pond dredging---unless sedimentation in a particular pond is causing a 
	 
	Regional Dry Ponds 
	 
	There are currently 33 regional dry ponds in Fairfax County with an average drainage area of 331 Acres. 
	 
	Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 
	 
	Item 
	Item 
	Item 
	Item 

	Frequency (Per Year Per facility) 
	Annualized Cost Per Facility 

	Dam Embankment Mowing 
	Dam Embankment Mowing 
	Dam Embankment Mowing 

	5 
	$ 2,000 
	$ 2,000 


	Low-flow Cleaning 
	Low-flow Cleaning 
	Low-flow Cleaning 

	5 
	650 

	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 

	2 
	200 
	200 


	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 

	0.33* 
	100 
	100 


	Dam Embankment Fertilization Treatment 
	Dam Embankment Fertilization Treatment 
	0.33* 
	50 
	50 


	Dam Embankment Powe
	Dam Embankment Powe
	Dam Embankment Powe
	r Seeding 

	0.20** 
	450 
	450 


	Supplemental/Other Items 
	Supplemental/Other Items 
	Supplemental/Other Items 

	1 
	  1,000  
	  1,000  



	 
	Subtotal $ 4,450 
	 
	 
	 
	*Once every three-years 
	**Once Every Five-Years 
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	*$150K Once every 10 years **$370K Once every 40 years 
	*$150K Once every 10 years **$370K Once every 40 years 
	  Non-Routine Maintenance: 
	     TOTAL $ 15,200    
	  Regional Wet Ponds 
	 

	Item 
	Item 
	Item 
	Frequency (Per Year Per facility) 
	Annualized Cost Per Facility 

	 Minor Infrastructure Repair and/or   Replacement 
	 Minor Infrastructure Repair and/or   Replacement 
	0.10* 
	$ 1,500 

	 Major Infrastructure Repair and/or   Replacement  
	 Major Infrastructure Repair and/or   Replacement  
	0.025** 
	  9,250  

	Subtotal 
	Subtotal 
	 
	$ 10,750 


	There are currently 43 regional wet ponds in Fairfax County with an average drainage area of 611 Acres. 
	 
	Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 
	 
	Item 
	Item 
	Item 
	Frequency (Per Year Per facility) 
	Annualized Cost Per Facility 

	TR
	TD
	P
	Dam Embankment Mowing 

	5 
	TD
	$ 2,600 


	Trashrack Cleaning 
	Trashrack Cleaning 
	Trashrack Cleaning 

	5 
	1,000 
	1,000 


	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 

	2 
	250 
	250 


	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 

	0.33* 
	150 
	150 


	Dam Embankment Fertilization Treatment 
	Dam Embankment Fertilization Treatment 
	0.33* 
	100 
	100 


	Dam Embankment Power Seeding 
	Dam Embankment Power Seeding 
	Dam Embankment Power Seeding 

	0.20** 
	600 
	600 


	Supplemental (Other) Items 
	Supplemental (Other) Items 
	Supplemental (Other) Items 

	1 
	  2,000  
	  2,000  


	Subtotal 
	Subtotal 
	Subtotal 

	$ 6,700 
	$ 6,700 
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	*Once Every Three-Years **Once Every Five-Years 
	*Once Every Three-Years **Once Every Five-Years 
	*Once Every Three-Years **Once Every Five-Years 
	*Once Every Three-Years **Once Every Five-Years 
	*Once Every Three-Years **Once Every Five-Years 
	  Non-Routine Maintenance: 
	   Item 
	   Item 
	   Item 
	Frequency (Per Year Per facility) 
	Annualized Cost Per Facility 

	    Minor Infrastructure Repair and/or   Replacement 
	    Minor Infrastructure Repair and/or   Replacement 
	0.10* 
	  $ 2,000 

	 Major Infrastructure Repair and/or   Replacement 
	 Major Infrastructure Repair and/or   Replacement 
	0.025** 
	   12,000 

	Subtotal 
	Subtotal 
	$ 14,000 





	 

	Regional Pond Maintenance Summary 
	(Excludes Dredging and Sediment Removal) 
	 
	Total Annualized Cost Per Dry Facility: $15,200 (excludes sediment removal) Total Annualized Cost Per Wet Facility: $20,700 (excludes dredging) 
	Average Drainage Area Controlled (Dry): 331 Acres (Based on a representative sampling of 20 regional dry ponds) 
	Average Drainage Area Controlled (Dry): 611 Acres (Based on a representative sampling of 40 regional wet ponds, excluding PL-566 sites) 
	Total Annualized Cost Per Acre Controlled (Dry): $45 (excludes sediment removal) Total Annualized Cost Per Acre Controlled (Wet): $34 (excludes dredging) 
	 
	Regional Pond Maintenance Summary Table (Includes Dredging and Sediment Removal) 
	 
	 
	 
	 
	 
	 
	 
	 
	Regional Facility 

	 
	 
	 
	 
	 
	Ave Drainage Area (Ac) 

	 
	 
	 
	 
	Annualized Maintenance Cost Per Per Acre 
	Facility Controlled 

	Annualized Selective 
	Annualized Selective 
	Dredging Cost 
	Per Acre Controlled 

	 
	 
	Total Annualized Cost Per Acre Controlled 

	Span

	Dry 
	Dry 
	Dry 

	331 
	331 

	$15,200 
	$15,200 

	$45 
	$45 

	Not Practical1 
	Not Practical1 

	$31 
	$31 

	Span

	Wet 
	Wet 
	Wet 

	611 
	611 

	$20,700 
	$20,700 

	$34 
	$34 

	$832 
	$832 

	$117 
	$117 

	Span


	Notes 
	1. As most regional dry ponds are in floodplains and have “mature” natural impoundments, dredging and sediment removal operations are deemed counterproductive to the goals of water quality and habitat protection. 
	1. As most regional dry ponds are in floodplains and have “mature” natural impoundments, dredging and sediment removal operations are deemed counterproductive to the goals of water quality and habitat protection. 
	1. As most regional dry ponds are in floodplains and have “mature” natural impoundments, dredging and sediment removal operations are deemed counterproductive to the goals of water quality and habitat protection. 
	1. As most regional dry ponds are in floodplains and have “mature” natural impoundments, dredging and sediment removal operations are deemed counterproductive to the goals of water quality and habitat protection. 



	2.   $83/Acre is based on 30-yr sedimentation rates in the PL-566 program. This program is comprised of 6 regional wet ponds in the Pohick Creek Watershed. The “average” lake has a drainage area of 1,812 Acres, has a normal pool volume of 189 Acre-Feet, and an average sedimentation rate of 1% of the normal pool volume per year. Based on February 2000 cost data 
	published by the Northern Virginia Planning District Commission, the cost to dredge a wet pond is approximately $47/CY (e.g., dredging at $17/CY + hauling/disposal at $30/CY). 
	Subtotal  $ 1,330 
	 Non-Routine Maintenance:  
	Item 
	Item 
	Item 
	Item 

	Frequency (Per Year Per facility) 
	Annualized Cost Per Facility 

	Minor Infrastructure Repair and/or Replacement 
	Minor Infrastructure Repair and/or Replacement 
	Minor Infrastructure Repair and/or Replacement 

	0.20* 
	0.20* 

	$ 600 
	$ 600 


	 Major Infrastructure Repair and/or  Replacement 
	 Major Infrastructure Repair and/or  Replacement 
	0.05** 
	0.05** 

	  3,000 
	  3,000 


	 
	 
	 
	Subtotal 

	 
	 

	 
	 
	$ 3,600 



	*$3K Once every 5-Years *$60K Once every 20-Years 
	BMP Pond Maintenance Service Levels Page 6 
	 
	 
	On-Site Dry Ponds 
	 
	There are currently 1,316 on-site dry ponds in Fairfax County with an average drainage area of 16 Acres. 
	 
	Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 
	 
	Frequency (Per Year Per facility) 
	Frequency (Per Year Per facility) 
	Frequency (Per Year Per facility) 
	Annualized Cost Per Facility 
	Item 

	Dam Embankment Mowing 
	Dam Embankment Mowing 
	Dam Embankment Mowing 

	1 
	1 

	$ 200 
	$ 200 


	Low-flow Cleaning 
	Low-flow Cleaning 
	Low-flow Cleaning 

	1 
	1 

	130 
	130 


	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 

	0 
	0 

	0 
	0 


	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 

	0 
	0 

	0 
	0 


	Dam Embankment Fertilization Treatment 
	Dam Embankment Fertilization Treatment 
	0 
	0 

	0 
	0 


	Dam Embankment Power Seeding 
	Dam Embankment Power Seeding 
	Dam Embankment Power Seeding 

	0 
	0 

	0 
	0 


	Supplemental (Other) Items 
	Supplemental (Other) Items 
	Supplemental (Other) Items 

	1 
	1 

	  1,000   
	  1,000   
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	On-Site Wet Ponds 
	 
	Routine Maintenance (Maintenance Required at Least Once Every Five-Years) Items: 
	 
	P
	Item  
	Item  
	Item  
	Frequency (Per Year Per facility) 
	Annualized Cost Per Facility 

	Dam Embankment Mowing 
	Dam Embankment Mowing 
	Dam Embankment Mowing 

	1 
	1 

	$ 250 
	$ 250 


	Trashrack Cleaning 
	Trashrack Cleaning 
	Trashrack Cleaning 

	1 
	1 

	300 
	300 


	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 
	Dam Embankment Herbicide Treatment 

	0 
	0 

	0 
	0 


	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 
	Dam Embankment Lime Treatment 

	0 
	0 

	0 
	0 


	Dam Embankment Fertilization  Treatment 
	Dam Embankment Fertilization  Treatment 
	0 
	0 

	0 
	0 


	Dam Embankment Power Seeding 
	Dam Embankment Power Seeding 
	Dam Embankment Power Seeding 

	0 
	0 

	0 
	0 


	Supplemental (Other) Items 
	Supplemental (Other) Items 
	Supplemental (Other) Items 

	1 
	1 

	  2,000   
	  2,000   



	 
	Total $ 2,550 
	 
	Non-Routine Maintenance: 
	 
	Frequency Annualized 
	Item (Per Year Per facility) Cost Per Facility Minor Infrastructure Repair and/or 
	Replacement 0.20 $ 800 
	Major Infrastructure Repair and/or 
	Replacement 0.05)  4,000 
	Total $ 4,800 
	 
	*$4K once every 5-Years 
	**$80K Once Every 20-Years 
	 
	TOTAL $ 7,350 
	 
	On-Site Pond Maintenance Summary 
	(Excludes Dredging and Sediment Removal) 
	 
	Total Annualized Cost Per Dry Facility: $4,930 (excludes sediment removal) Total Annualized Cost Per Wet Facility: $7,350 (excludes dredging) 
	Average Drainage Area Controlled (Dry): 16 Acres (Based on a representative sampling of 50 on-site dry ponds) 
	Average Drainage Area Controlled (Wet): 29 Acres (Based on a representative sampling of 40 on-site wet ponds) 
	Total Annualized Cost Per Acre Controlled (Dry): $308 (excludes sediment removal) Total Annualized Cost Per Acre Controlled (Wet): $253 (excludes dredging) 
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	On-Site Pond Maintenance Summary Table (Includes Dredging and Sediment Removal) 
	 
	 
	 
	 
	 
	 
	 
	 
	On-Site Facility 

	 
	 
	 
	 
	 
	Ave Drainage Area (Ac) 

	 
	 
	 
	 
	Annualized Maintenance Cost Per Per Acre 
	Facility Controlled 

	Annualized Selective 
	Annualized Selective 
	Dredging Cost 
	Per Acre Controlled 

	 
	 
	Total Annualized Cost Per Acre Controlled 

	Span

	Dry 
	Dry 
	Dry 

	16 
	16 

	$4,930 
	$4,930 

	$308 
	$308 

	$301 
	$301 

	$338 
	$338 

	Span

	Wet 
	Wet 
	Wet 

	29 
	29 

	$7,350 
	$7,350 

	$253 
	$253 

	$832 
	$832 

	$336 
	$336 

	Span


	Notes 
	1. $30/Acre is based on the “average” dry pond with a drainage area of 16 Acres, a water quality ponding volume of 0.6 Acre- Feet, and an average sedimentation rate of 2.5% of the water quality ponding volume per year (e.g., 50% of the BMP 
	capacity is expended every 50-years). Based on recent MSMD data, the cost to excavate and dispose of sediment from a dry 
	pond is approximately $20/CY. 
	2.   $83/Acre is based on the “average” wet pond with a drainage area of 29 Acres, a normal pool volume of 3.2 Acre-Feet, and an average sedimentation rate of 1.0% of the normal pool volume per year. Based on February 2000 cost data published by the Northern Virginia Planning District Commission, the cost to dredge a wet pond is approximately $47/CY (e.g., dredging at $17/CY + hauling/disposal at $30/CY). 
	 
	 
	 
	7. SUMMARY OF MAINTENANCE SERVICE LEVEL COMPARISON 
	 
	Based on the cost analysis provided in this report, the maintenance of wet and dry on-site ponds  is nearly 11 times as expensive as the maintenance of regional dry ponds and nearly four times as expensive as the maintenance of regional wet ponds. Provided below is a tabulated summary of this data. 
	 
	Pond Maintenance Summary Table and Unit Cost Comparison (Includes Dredging and Sediment Removal) 
	 
	Facility 
	Facility 
	Facility 
	Facility 

	Ave Drainage 
	Ave Drainage 
	Area (Ac) 

	Annualized Maintenance Cost 
	Annualized Maintenance Cost 
	Per Facility Per Acre 
	Controlled 

	Annualized Selective 
	Annualized Selective 
	Dredging 
	Cost Per Acre Controlled 

	Total Annualized 
	Total Annualized 
	Cost Per 
	Acre Controlled 

	Dry Regional 
	Dry Regional 
	Pond Cost 
	Units 

	Span

	Reg Dry 
	Reg Dry 
	Reg Dry 

	331 
	331 

	$15,200 
	$15,200 

	$45 
	$45 

	n/a 
	n/a 

	$31 
	$31 

	1.0 
	1.0 

	Span

	On-Site Dry 
	On-Site Dry 
	On-Site Dry 

	16 
	16 

	$4,930 
	$4,930 

	$308 
	$308 

	$301 
	$301 

	$338 
	$338 

	10.9 
	10.9 

	Span

	Reg Wet 
	Reg Wet 
	Reg Wet 

	611 
	611 

	$20,700 
	$20,700 

	$34 
	$34 

	$83 
	$83 

	$117 
	$117 

	3.8 
	3.8 

	Span

	On-Site Wet 
	On-Site Wet 
	On-Site Wet 

	29 
	29 

	$7,350 
	$7,350 

	$253 
	$253 

	$832 
	$832 

	$336 
	$336 

	10.8 
	10.8 

	Span


	 
	 
	8. PUBLIC VS. PRIVATE MAINTENANCE 
	 
	Based on a ten-year history of publicly maintained stormwater management pond inspections  and a three-year history of privately maintained stormwater management pond inspections, it has been found that the maintenance of the public inventory exceeds that of the private inventory, 
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	except in the instance of wet pond dredging. With respect to dredging, the County does not have an active dredging program; however, there are a few privately maintained regional wet ponds that are dredged on a routine basis. 
	 
	Currently, the Maintenance and Stormwater Management Division (MSMD) is in its fourth year of providing an inspection service to owners of all privately maintained stormwater management facilities in Fairfax County. At present, a detailed break-down of overall totals on safety and functional maintenance deficiencies is not available. As the program is still in its infancy, the primary objective has been to establish a working relationship with the owners and to provide specific advice and guidance on the ef
	Nonstructural Best Management Practices 
	 
	 
	 
	Nonstructural Best Management Practices (BMPs) include pollution prevention and pollution control measures that do not require building a structure, or reshaping the landscape. They are (1) land management techniques, such as preservation of open space and sensitive areas, land use controls, encouraging watershed protection during site design, erosion and sediment control, urban reforestation and riparian buffer restoration, and landscaping techniques, (2) public education, volunteer and watershed stewardsh
	 
	Some definitions of nonstructural best management practices (BMPs) include techniques such as rain gardens, which promote bio-retention and bio-infiltration of stormwater runoff. However, for purposes of this discussion, since creating rain gardens usually involves some reshaping of  the landscape, they are not included here. Measures such as these are discussed under Low Impact Development techniques. It is important to note, however, that the act of promoting and encouraging such practices is an example o
	 
	The benefits of nonstructural BMPs to local and regional water resources are widely acknowledged. They are seen as effective in reducing nonpoint source pollution and improving the quality of stormwater runoff. Scientists and watershed managers recognize their value as part of an integrated nonpoint source pollution prevention program. 
	 
	However, it has often been the case that nonstructural techniques are overlooked because it is difficult to assign a level of pollutant removed or prevented as a result of their implementation. Reliance on engineering calculations for conventional, structural BMPs to comply with stormwater quality requirements has resulted in a regulatory environment that provides little incentive to investigate nonstructural nonpoint source pollution control approaches.  More recently, however, tools are becoming available
	 
	Pollution Prevention Measures, or source reduction, (1) prevents runoff from occurring and/or prevents the generation of pollution before it enters a storm drain system or stream, and (2) preserves the natural infiltrative capacity of the landscape, through the protection of natural resources by conservation, thus reducing the generation of pollutants and allowing any pollutants generated as a result of land uses to be assimilated without reaching the water environment.  Once stormwater is polluted, it is e
	 
	Land Use Controls are any number of regulatory or incentive measures aimed at encouraging patterns of development that produce less, or more readily control, pollution. Examples include purchase of development rights, transfer of development rights, 
	downzoning, upzoning or overlay zoning, measures to preserve open space and buffer zones near water bodies, and opportunities during redevelopment and infill to accommodate growth without adding more impervious surface. 
	 
	Watershed Protection during site design involves a series of techniques that minimize erosion during construction, minimize the amount of impervious surface, maximize vegetated areas, and cluster development away from identified sensitive natural resources. Some examples of ways to reduce imperviousness are reducing building footprints, reducing building setbacks, minimizing driveway and parking lot size, reducing street widths, re-examining cul-de-sac design, using pervious materials, incorporating biorete
	 
	Reforestation and riparian buffer restoration are opportunities to reduce the amount of nonpoint source pollution entering urban streams. Other benefits include wildlife habitat and recreational opportunities. 
	 
	Landscaping strategies that preserve the natural infiltrative capacity, conserve water, and keep stormwater onsite reduce the amount of runoff reaching local streams. They also may result in lower maintenance costs. Examples include diverting water from downspouts into planting beds, using pervious paving, incorporating on-site irrigation systems, minimizing turf grass in the landscape, applying mulch, and choosing native plants. 
	 
	Public education programs are aimed at changing human behavior so as to prevent the generation of nonpoint source pollution. In many cases people are not aware of the cumulative impacts of small acts, or the fact that storm drains lead to streams. Through public education and volunteer measures, people are made aware of how their actions impact water quality. Examples include websites, newsletters, brochures, seminars, workshops, and displays at community events. Often an inter-active watershed model is use
	 
	Watershed Stewardship is promoted through community education programs, participation in the development of local watershed plans, stream cleanups, tree plantings, and riparian and stream restoration. By understanding and being involved in protection   of their local watershed, stakeholders - citizens, homeowner associations, businesses, environmental groups, and local government - can make significant contributions to improved water quality. 
	 
	Control Measures remove nonpoint source pollution after it has entered the environment. Nonstructural control measures usually rely on strategically placing vegetation to capitalize on their pollution removal capabilities. Control measures are more quantifiable because it may be 
	possible to measure input and output and determine a nonpoint source pollution removal efficiency. The Virginia Stormwater Management Regulations contain suggested phosphorus removal efficiencies for vegetative filter strips, grassed swales, bioretention basins and stormwater wetlands. Some measures, which catch and hold stormwater, have an effect on volume control. 
	 
	Vegetative controls generally are not sufficient to minimize the adverse effects of urban runoff by themselves and should be considered as valuable components of a comprehensive stormwater management plan.  The total volume of detention storage that is required to mitigate the effects of development may be reduced if properly designed  and located vegetative controls are used to reduce runoff volumes and pollutant loadings. Even though more of a site may be used in designing such a system, reducing the size
	 
	In some cases, vegetative controls can function in the landscape as nonstructural alternatives to structural BMPs. The presence of high water table, a variety of unsuitable soils, or other site conditions may render vegetative controls, if they are properly located and designed and maintained, as a more suitable approach to stormwater quality management. 
	 
	Bioretention is often regarded as a structural BMP as well as a nonstructural BMP. In either case, the technique attempts to mimic the biological and chemical conditions in natural areas and incorporate the benefits provided by biological uptake and activity. They can be natural low areas, or constructed within or next to impervious areas, such as parking lots. 
	 
	Stormwater wetlands are used as a means of controlling urban pollutants while enhancing urban wildlife habitat. Wetland plants are effective in slowing stormwater runoff, promoting settling of particulate pollutants, and nutrient uptake. Naturally occurring wetlands may be considered nonstructural BMPs. Those that must be constructed may be considered structural BMPs. 
	 
	Street sweeping, using a wet vacuum or regenerative air vacuum equipment at the  correct frequencies, can be effective in removing particulates, which have been deposited on urban street surfaces, before they are picked up by stormwater runoff and carried to nearby streams. 
	 
	Rain barrels are a measure to catch stormwater close to the source, usually from downspouts, and release it slowly, such as directing it to a nearby garden plot. The volume of stormwater runoff is reduced by the capacity of the rain barrel. 
	Rooftop gardens are another measure to catch and hold rainwater, reduce imperviousness, and the volume of stormwater runoff. 
	 
	While this discussion focuses on urban nonstructural BMPs, mention should be made of agricultural nonstructural BMPs that are used in Fairfax County on the many suburban horsekeeping operations. Agricultural BMPs are effective in preventing and reducing nonpoint source pollution in stormwater runoff from these operations, by addressing potential problems from erosion, nutrient management and integrated pest management. Examples include: using cross-fencing to create several smaller pastures and rotating the
	 
	 
	 
	 
	The primary source of information for this discussion is the Nonstructural Urban BMP Handbook—A Guide to Nonpoint Source Pollution Prevention and Control through Nonstructural Measures, 1996, Northern Virginia Planning District Commission. 
	 
	Other sources include: 
	Better Backyard—A Citizen’s Resource Guide to Beneficial Landscaping and Habitat Restoration in the Chesapeake Bay Watershed, 2001, Chesapeake Bay Program. 
	 
	Developing Successful Runoff Control Programs for Urbanized Areas, 1994, Northern Virginia Soil and Water Conservation District. 
	 
	Site Planning for Urban Stream Protection, 1995, by the Center for Watershed Protection, Ellicott City, Maryland. 
	 
	Stormwater Strategies—Community Responses to Runoff Pollution, 1999, Natural Resource Defense Council, New York. 
	 
	You and Your Land—A Homeowner’s Guide for the Potomac Watershed, 1998, Northern Virginia Soil and Water Conservation District. 
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