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Narth Centra} Texas Council Of Governments

TO:  Storm Water Program Participants DATE: July 18, 2002

FROM:  Jeff Rice, Environmentat Plann%

SUBJECT:  Menu of Management Program Options for Post-Construction

Dear Storm Water Program Participants:

Enclosed is the draft Menu of Managemeni Program Options for the Post-Construction Storm Water
Management Minimum Control-Measure. The current version contains information from the workshops
that were held in April, as well as EPA guidance documents and other sources. This version has been
reviewed internally by NCTCOG staff and has received iimited outside review, and we are now seeking
further input on the document,

Please look over the Menu of Options and provide any comments that you have regarding the document,
Please provide your comments by July 26, 2002 by whatever format is most convenient {e-mail, fax,
phone}). Based on the number and type of comments that we receive, we may convena a committes of
participants to review the comments and develop the final version of the text. Please indicate along with
your comments whether you would be willing to paricipate on such a committee that would meet once or
twice to finalize the document. Once the final version is completed, we will send the updated version to
you and post it on the web.

We hope that the Menu of Management Program Options is useful in your eiforts to develop your
management program for Post-Construction Storm Water Management and look forward to your
comments. Please fee! free to contact me at jrice @diwinfo.com or B17-685-9212 if you have any
guestions.

Also, please note that the Menu contains information on the Comprehensive Drainage Criteria and
Design Manual, which will be a tool to implement the concepts included in the Menu of Options for Post-
Construction. The CDCD Manual is a separate cost-share project being initiated by NCTCOG's Public
Works Council to assist local governments in managing storm water in their jurisdictions and meeting
TPDES permit requirements. If you have any questions about the CDCID Manual, please contact
Kenneth Calhoun, NCTCOG, at kealhoun @diwinfo.com or 817/695-9224,

816 Six Flags Drive, Centerpoint Two
P C. Box 5888, Arlington, Texas 76005-5888
{817} 40-3300 FAX: B17-640-7606 @& recycled paper
hitp e dfwinfo.com
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MENU OF MANAGEMENT PROGRAM OPTIONS

Post-Construction Storm Water Management in New Development and Redevelopment

The following “Menu of Management Program Options” has been developed from a number of
sources, including suggestions by Regional Program parlicipants at the Post-Construction Storm
Water Workshops, EPA documents, and others. Participants may consider these options in the
process of developing the post-construction component of their municipal storm water management
plan.

These suggestions do not represent the complete universe of alternatives available, nor do they
represent an attempt to present a packaged storm water management plan. It is the responsibility of
each city or county to develop a complete storm water management plan that meets the regulatory
requirements. Consider the regulatory goal of “maximum extent practicable”™ (MEP) when developing
your storm water management plan and realize that implementation of the plan and rslated
ordinances becomes a condition of your storm water permit. Prepare a ;}§aﬂ that is functional and can
be implemented effectively in your jurisdiction.

The italicized text included below is the language for the “Pasichnsfg'rub}ticn Storm Water
Management in New Development and Redevelopment” Minimum Measure taken from EPA’s Final
Phase Il Rule. The Final Phase [l Rule establishes the minimum requirements that TNRCC will use in
drafting the corresponding storm water permit for small municipalities’in Texas. Cities and counties
should use these requirements in planmng their storm water management programs until TNRCC
issues the Texas permit (TNFICC must |ssue the Phase II mumcspai sterm water permit by December
9, 2002). , C :

You must develop, implernent, and enforce a program to address storm water runoff from new
development and redevelopment projects that disturb greater than or equal to one acre, including
projects less than one acre that are part of a larger common plan of development or sale, that
discharge into your small MS4. Your program must ensure that controls are in place that would
prevent or minimize water gualily impacts.

You must:

+« Davelop and fmpiemanf strategies which include a combination of structuraf and/or non-
structural best management practices (BMPs) appropriate for your communily;

» Use an ordinance or other regulatory mechanism to address post-construction runoff from new
development and redevelopment projects to the extent allowable under State, Tribal or local
law;

» Ensure adequale iong-term operation and maintenance of BMPs.

Guiclance

if water quality impacts are considered from the beginning stages of a project, new development and
potentially redevelopment provide more opportunities for water quality protection. EPA recommends
that the BMPs chosen: be appropriate for the focal community; minimize water qualily impacts; and
atlempt fo maintain pre-development runoff conditions.

In choosing appropriate BMPs, EPA encourages you to participate in focally-based watershed
planning efforts which attempt to involve a diverse group of stakeholders including interested citizens.
When developing a program that is consistent with this measure's intent, EPA recommends that you
adopt a planning process that identifies the municipality’'s program goals (e.g., minimize water quality
impacts resulting from post-construction runoff from new development and redsvelopment),
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implementation strategies (e.g., adopt a combination of structural and/or non-structural BMPs),
operation and maintenance poficies and procedures, and enforcement procedurss.

in developing your program, you should consider assessing existing ordinances, polficies, programs
and siudies that address storm waler runoff quality. In addition to assessing these existing docurments
and programs, you should provide opportunities to the public to participate in the development of the
program.

Non-structural BMPs are preventative actions that involve management and source controls such as:
policies and ordinances that provide requirements and standards fo direct growth to identified areas,
protect sensitive areas such as wetlands and riparian areas, maintain and/or increase open space
{including a dedicated funding source for open space acquisition), provide buffers along sansitive
water bodies, minimize impervious surfaces, and minimize disturbance of soils and vegetation;
policies or ordinances that encouwrage infill development in higher density urban areas, and areas with
existing infrastructure; education programs for developers and the public about project designs that
minimize water qualily impacts; and measures such as minimization of percent impervious area.

Introduction to Post-Construction Runoff.Control BMPs

Storm water best management practices are the primary tool to improve the guality of urban streams
and meet the requirements of NPDES permits. Best management practices are defined as schedules
of activities, prohibitions of practices, maintenance procedures, the use of poliution control devices
and other management practices or policies used to prevent or reduce the amount of pollution
introduced fo receiving waters from storm water runoff. Stated more simply, BMPs are devices or
design considerations that are used to reduce the impacts of development or human activities on
water quality. Used individually or in combination, BMPs are intended 1o be a cost effective,
practicable means to reduce pollutants and/or the amount of runoff that reaches receiving waters.

The EPA regulations refer to two categories of best management practices, structural and
nonstructural (some BMPs such as grassed swales and filter strips seem to fit info both categories).
Structural best managemenit practices are physical devices (i.e., “structures”} or landscape features
that remove pollutants from storm water runoff through filtration, infiltration, or detention. Structural
BMPs such as wet ponds, infiltration basins, and sand filters are the traditional techniques that have
been used to treat storm water runoff from developments, and are generally incorporated into projects
independently of other design considerations for the project. Nonstructural best management
practices are more difficult to define, but involve rethinking the way the built environment is planned
and designed, including aspects such as minimizing impervious surfaces (reduced parking and
narrower streets), building in the least sensitive areas of the site, preserving natural streams and
riparian buffers, directing runoff over vegetated areas, and providing open space.

Management Program Considerations

in formulating a management program to address post-construction impacts, overall obiectives for the
program should be established for the jurisdiction. Since many of the structural and non-structural
BMPs have water quantity management benefits in addition to water quality benefits, it would be
useful to consider a comprehensive storm water management program that addresses multiple
impacts of post-construction storm water runoff.

An effective program for managing post-construction runoff should include options for implementation
of both structural and nonstructural controls. Generally, it is cheaper and more effactive to implement
design elements that prevent or reduce the generation of storm water runoff and/or pollutants at the
source. In many cases, the need for expensive structural controls can be avoided {(or they can be
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reduced in size) if the amount of runoff and entrained pollutants are minimized by the design of the
project. Where necessary, structural BMPs used alone or in combination with nonstructural controls
are an effective means of reducing the impact of development on receiving waters.

' NCTCOG Comprehensive Drainage Criteria and Design Manual

In response fo the changing regulatory climate and in recognition of the impact of post-construction
storm water runoff on the environment, the Regional Public Works Council, the Regional Storm Water
Management Coordinating Couneil, and the Trinity River Flood Management Task Force are
heginning a multi-year, cost-share project to develop a comprehensive drainage criteria and design
manual. The manual, to be designed in accordance with the Hegional Strategy for Managing Storm
Water Quality in North Central Texas, will offer step-hy-step instructions to help local governments
and developers estimate runoff quantities and select, design, and analyze storm water conveyance
facilities that incorporate management practices for storm water quality and quantity mitigation in new
development and redevelopment. The manuat will be designed to meet the applicable elements of
the post-construction storm water management requirements of M54 steﬁn water permiis.

Specifically, the Comprehensive Drainage Criteria and Design (C;DCD) Manual will integrate storm
water quality and quantity management with comprehensive st{;zm wate; management pracﬁcesa The
manual will be flexible, yvet will contain uniform, consistent ;}f::}v;s;{}ﬁs for specific levels of sewice that
will be applicable to projects of all sizes and locations in the region.. The manual will be available in
both traditional hard copy and in electronic format with & user»frienfily, adaptable program for
performing hydrologic and hydraulic analyses and m—ltne compatzbimy with links to web sites and
other technical data. Soils information and current local ralhfali data will be included, and
recommended best managemem prachces will be custamlzed for the North Texas Region.

The CDCD Manual will snmplify consultant desngns cre«ate cans:stent runoff estimates, facilitate multi-
jurisdiction drainage analysis, and enable regional tram;ng opportunities. The manual will incorporate
practices for storm water quality and quantity mitigation that could serve as a component of MS4
storm water management plans for post-construction runoff control. The TNRCC has submitted
written correspondence to NCTCOG regarding the manual stating that “Texas Pollutant Discharge
Elimination System ( TPDES) storm water permits for municipal storm sewer systems will contain the
requirement that operators of these [MS4] systems develop a minimum controf measure for areas of
new development and re-development. The TPDES general permit for Phase Il systems will be
issued by December 2002. Development of the proposed [CDCD] manual, consistent with the
requirements of this permit, will resuft in a valuable tool for permittees.” Correspondence from Steve
Ligon, TNRCC Storm Water & General Permits Team Leader to John Promise, NCTCOG Director of
Environmental Resources, .July 8, 2002.

Sugyested Program Development Schedule

The federal Phase Hl Storm Water Rule states that “Your NPDES permitting authority [TNRCC for
Texas) will specify a time period of up to & years from the date of permit issuance [March 10, 2003 for
most jurisdictions] for you to develop and implement your program.” This means that regulated cities
and counties will have until March of 2008 to develop and fully implement the storm water
management plan, unless TNRCC modifies this aspect of the EPA rule when it issues its permit,
which is unlikely.

The following suggested schedule takes full advantage of the allotted time for program development
and implemeantation for the Post-Construction Minimum Measure since this aspect of the regulations
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is likely the most difficult to address. The schedule could be adapted for use by local governments
participating In the CDCD Manual project, as well as those who plan to prepare and implement their
own design criteria and standards. The review draft of the CDCD Manual is scheduled to be
completed in September 2003 {Permit Year 1} and the final manual is scheduled to be compieted in
September 2004 {Permit Year 2).

Year 1 (March 2003 — February 2004}

» Review existing drainage criteria and standards.

« Gather technical information on post-construction storm water management (could be
accomplished through participation in NCTCOG’s CDCD Manual or separately by city
stafi/consultant).

Year 2 (March 2004 — Februyary 2005)

» Develop draft criteria and standards for post-construction storm water management, to include both
structural and non-structural BMPs (could be accomplished through participation in NCTCOG's
CDCD Manual or separately by city staff/consultant).

+ [nitiate review of draft criteria and standards by public works, development services, planning,
engineering, administration, planning commission, and city council:-.

» Prepare procedures for Development Review committee. -~~~

Year 3 (March 2005 — February 2006} : ; '

« Compiete review of and approve criteria and standards {eether NCTCOG CDCD Manual, with
amendments if necessary, or locally developed criteria and standards manual).

+ Develop and adopt an ordinance requiring reguﬁated develo pmant ‘and redevelopment projects to
comply with the criteria and standards manua!j mciudzng a sys’{em of escalating penalties for
noncompliance. -

= Develop and adopt an erdmarzce for ‘m mtenance of postmonstruction storm water management
BMPs.

= Conduct an inventory of structural BMPS Iocated in the jurisdiction.

o Develop a program for pencdlc msgect:on of bath publicly and privately owned BMPs.

Year 4 {(March 2006 ~ February 200?}

» Implement Developmeént Review Committee review of all regulated projects.

s Implement and em‘arce all appllcabfe post-construction storm water management criteria and
standards.

» Implement periodic ;nspecmrz program for post-construction BMPs.

Year 5 (March 2007 — February 2008)
» Continue Year 4 activities.
+ Conduct a review of program and prescribe changes for succeeding permit term if necessary.

Post-Construction Storm Water Management Program Elements

Development Review and Approval Process

» Implement a Development Review Commitiee to review applicable plans to ensure compliance with
post-construction storm water management requirements for all regulated public and private
development and redevelopment projects.

» Development Review Committee composition could include staff from development services,
planning, engineering, public works, and environmental management as appropriate.

« Retuire a basic environmental inventory consisting of lakes, ponds, streams, drainages, wetlands,
protected trees, and soils to be submitted at the earliest stages of site planning.
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+ Conduct a pre-platting review of development proposals early in the site planning process to outline
storm water management requirements and to ensure that non-structural BMP options are fully
explored.

* Require submittal of a preliminary storm water management plan including maps, drawings,
narrative, and analysis of existing hydrologic conditions, post-construction hydrologic analysis,
storm water management system, and downstream analysis.

Site/Project Type Applicability

+ Adopt minimum regulatory requirement of addressing new development and redevelopment
projects that disturb greater than or equal to one acre, including projects less than one acre that
are part of a larger common pian of development or sale.

« Consider regulating new or redevelopment projects that result in the creation or addition of 5,000
square feet or greater of new impervious area.

+ Consider regulating any commercial or industrial new or redevelopment, regardless of size, that is
required to obtain a TPDES Multi-Sector Storm Water Permit.

« Consider placing additional requirements on specific land uses that are likely to preduce highar
than normal poliutant concentrations, including retail gas stations, aatomotwefveh&ﬁe service and
repair shops, salvage yards, and waste transfer stations. :

Comprehensive Storm Water Management Criteria AOE:

The following represents an integrated, comprehensive approach: io managing storm water quality
and quantity. Because of the synergistic nature of the criteria and multiple benefits to be gained, local
governments should consider a similar approach in the mahagement' of post-construction storm water
runoff. The criteria should be developed by qualifiéd storm. water staff or a consultant based on
hydroiog;c analysis. The proposed Comprehenswe Dramage and Criteria Design Manual project will
result in the development of criteria based on extensive analysis of North Texas hydrology and broad
input from local government storm water management professionals.

Protect Water Quality

» Require all regulated new and redeve!opment projects to implement a combination of BMPs {(non-
structural and/or structural) designed to remove a specified percentage of the average annual post-
construction total suspended sclids {TSS) load {see note).

« Specify that a storm water management system for a site complies with the TSS removal standard
if it is sized to capture and treat the runoff volume from a corresponding appropriately specified
percentage of the storms that occur in an average year.

Note: TSS was chosen as the representative storm water pollutant for establishing treatment
effectiveness for the following reasons:
s The use of TSS as an “indicator” pollutant is well established;
+ Sediment and turbidity and other pollutants that adhere to suspended solids {(and are
consequently removed with TSS) are a significant problem for local urban waterways.

Maintain Pre-Develepment Hyvdrology
» Require all regulated new and redevelopment projects to control the peak runoff for a specified
range of design storm events.

PreventReduce Flood Damags

+ Require all conveyance systems to pass the runoff for a specified design storm event and prohibit
development in the full buildout floodplain; and/or

« Where structures have already been built in the 100-year floodplain fringe area, require on-site or
regional structural storm water controls to maintain the 100-year flocdplain.
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Consider Downstream impacts

» Require all requiated new and redevelopment projects to perform a downstream hydrologic
analysis to determine if there are any additional impacts not addressed through the previous
criteria.

e Require the analysis to be performed at the outlet(s} of the site, and downstream at each tributary
junction to the point{s) in the conveyance system where the area of each of the portion of the site
draining into the system is iess than or equal to a specified percentage of the total drainage area
above that point.

Reguiated projects are required to integrate a storm water management system consisting of non-
structural and/or structural best management practices into overall layout of the project in order to
meet the criteria developed by the local government. Non-structural BMPs are particularly effective
since they have inherent storm water quality and quantity benefits, and in addition they reduce the
runoff volume and therefore reduce the size requiremenits for structural BMPs {see discussion of non-
structural BMPs below).

Operation and Maintenance Plans

» Require development submittals to include a plan for Qperaiion anc§ mamtenance of all structural
storm water controls and drainage facilities.

+ Plans should contain operation, inspection, and mamtenance ac*tw;iies, schedule, and responsible
parties; and should also address access and safety issues. - " -

» Activities to be addressed should include vegetation mauntenance sediment removal, floatables
removal, mosquito control, and outlet structure mamtenance ‘

« Require operation and maintenance plans for structural storm water ‘controls to be recorded with
property teed and dlSCk}$ed upen sal e or transfer ‘of prepemes.

Inspection and ﬁnforcement LeoET ' ‘

s Establish appropriate frequencnes for mumczpal fnspectron {Surmg construction of storm water BMPs
to ensure proper installation (i.e., once every two weeks, and/or at other required inspections).

« Conduct inspections of pubfzc and private storm water management facilities to ensure proper
operation and mamtenance on an annual basis (or other appropriate frequency).

e Establish procedures for ;ssuanoe of warning notice of viclation {with no fine associated) for first
time offense.

+ Establish provisions for fmes for violations, with each day of noncompliance constituting a separate
offense.

« Establish provisions for the local government to correct violations and charge the offender for
reimbursement of costs incurred.

Non-Structural Best Management Practices

Nonstructural best management practices involve rethinking the way the built environment is planned
and designed, including aspects such as minimizing impervious surfaces (reduced parking and
narrower streets), building in the least sensitive areas of the site, preserving natural streams and
riparian buffers, directing runoff over vegetated areas, and providing cpen space.

This section Is organized in accordance with the Develop-Naturally! brochure and accompanying
Guide to Developing Naturally that were prepared in response to Phase | M54 storm water permit
requirements, but are applicable to Phase 1l permit requirements as well. Note that the Develop
Naturally! Brochure and Guide to Developing Naturally in North Central Texas are available on-line at
www.dfwstormwater.com/enhancing.html, or may be obtained by contacting Jeff Rice, NCTCOG, at
jrice @dfwinfo.com or 817-695-0212.
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The Develop-Naturally! brochure and guide feature “Ten Keys to Developing Naturally;” keys 1
through 7 of which contain non-structural BMP elements. Under each key below, there is a brief
explanation and rationale for the key followed by potential program elements, which are policies
proposed for consideration by local governments. Along with each proposed program element there
is a partial list of ordinances, codes, and other procedures local governments may use for
implementation. In addition, providing educational materials to developers will facilitate compliance
with requirements.

1. Maintain existing terrain
Incorporating the development into the existing terrain rather than regrading the site helps preserve
tree canopy and other vegetative cover. Maintaining the terrain and natural drainage ways helps to
reduce pollution and storm flows from the development and provides protection for environmentally
sensitive features on the site,

Potential Program Elements

+ Limit allowed clearing and grading to the minimum required fo install the infrastructure and
buildings — Grading Ordinance, slc

+ Maintain existing natural topography and drainage pattems of Eans% to be developed — Drainage
Manual, Dssign Review Mesetings, eic

¢ Preserve and protect as many trees as possible ~ Tree Ofdm&nse, Lanﬁscapmg Ordinance

+ Avoid clearing and grading of areas with permeable soils — Eﬁvsronmem‘af Inventory, Grading
Ordinance, efc -

2. Minimize impervious surfaces

impervious surfaces are those such as roads, pafk ng lots, dri veWays, and rooftops, that don't allow
infiltration of storm water into, th& gmuz}d “The increase in storm water runoff, along with the pollutants
the runoff picks up from impervious surfaces, cause major problems for our waterways. Narrower
streets and smaller parking lots ben@ftt Ehe anvzraﬂment and can make a development more attractive
as well.

Potential Program Elements

+ Develop residential street standards for the minimum required pavement width needed to support
travel lanes, on-street parking, and emergency vehicle access — Street Specifications, Subdivision
Ordinance

+  Consider limiting 0n~street parking to one side of the street — Strest Specifications, Subdivision
Ordinance

+ Incorporate sunken landscaped islands in the middie of cul-de-sac turnarounds — Strest
Specifications, Drainage Manual

+ Minimize street length by concentrating development in the least sensitive areas of site — Zoning
Ordinance

+ Reduce parking lot size by lowering the number of parking spaces {minimum and maximum ratios)
and by sharing parking among adjacent businesses — Zoning Ordinance,
Development/Engineering Standards

+« Reduce parking requirements for developments in proximity to public transportation — Zoning
Ordinance

+ Provide incentives or opportunities for structured parking rather than surface parking — Zoning
Qrdinance

+ Use pavers or porous pavement in parking overflow areas — Development/Engineering Standards

+ Reduce frontage requirements in residential areas to reduce road length — Zoning Ordinance

+ Reduce the rooftop area of buildings by constructing multiple level structures where feasible —
Zoning Ordinance
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3. Build in the least sensitive areas

By building in the least sensitive areas, negative impacts on ecologically valuable features are
avoided. Areas that should be preserved include wetlands, floodplains, buffer areas adjacent to
streams and lakes, prairies, and stands of mature trees. By increasing the density on the remaining
portion of the propenty, approximately the same number of building lots or sites can be created
compared to “conventional” designs.

Potential Program Elements

+ Require an inventory of a site’s natural features including streams, wetlands, wooded areas, and
soils — Environmental Inventory

+ Require homes, buildings, and parking tots to be located away from streams, floodplains, and
other ecologically and aesthetically valuable areas ~ Floodplain Regulations, Stream Corridor
Ordinance, Zoning Ordinance

+ Allow higher densities in suitable areas of sites, while preserving ecologically sensitive or
aesthetically valuable features as permanent open space — Zoning Ordinance

4. Provide open space/parks

Natural open space is extremely valuable as wildlife habitat, storm waier infiltration areas, and as
protective buffers for ecologically sensitive areas. Just as imporiant; open space serves as an
extension of individual residential lots. Quality open space that provides-opportunities for walking,
biking, bird watching, and play is becoming exiremely popular with residents and homebuyers.

Potential Program Elements : -

+ Implement a program to identify and acquire seﬁsrtzve ecsloglcai areas as open space or parks —
Open Space and/or Parks Master Plan, Compfehengwe Plar© “#3k

+ Require a percentage of developfnent,sﬁes o be protected as’ opeﬁ space (10 — 20+%, net of
roads, easements, ﬂt}odplams elc.)y = Zon;ng Qrdmance

+ Require permanent preffectson oi open spaoe areas through acqguisition or conservation easements
— Zoning Ordinance, Open Space Gm‘;nanca

¢ Require developments to provide direct access to open space areas by residents and the public
with trails ~ Subdms:sn Ordmance

5. Preserve streams and flocsdplams

with trees and vegetation natural streams also provide extremely important aesthetic value to
neighborhoods and communities. Natural, undeveloped floodplaing provide storage for storm flows,
minimizing downstream flooding.

Potential Program Elements

+ Hequire streams to be maintained in a natural state, or if not possible, reguire use of
bicengineering rather than hard armoring practices — Drainage Manual

+ Require hydraulic analyses of streams to determine flow capacity — Drainage Manual

+ Require vegetated and wooded riparian buffers along streams (50 feet or more on each side) ~
Stream Corridor Ordinance, Subdivision Ordinance

¢ Prohibit construction of structures in the “full build-out” 100-year floodplain ~ Floodplain Ordinance

+ Prohibit placement of fill material in the 100-year floodplain - Fioodplain Ordinance

6. Direct runoff over vegetated areas

Discharging runoff from roofs, roads, and parking lots onto vegetated areas, rather than directly into
storm drains offers an opportunity for infiltration of storm water runoff into the ground. infiltration of
storm water runoff reduces both the quantity of water and the amount of poliutants that would
otherwise reach a stream or lake. Landscaped and vegetated areas, particularly in commercial and
multi-family residential settings, also provide aesthetic value.
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Potential Program Elements

¢ Require roof drains to discharge onto vegetated areas (rather than driveways and parking lots, or
plumbing to storm drains) — Drainage Manual, Development/Engineering Standards

¢ Require a minimum percentage {10 — 20+%) of a parking lot to be landscaped — Zoning
Ordinance, Development/Engineering Standards, Landscape Ordinance

+ Require runoff from parking lots to discharge as sheet flow into vegetated filter strips bordering the
lot — Drainage Manual, Development/Engineering Standards

+ Require depressed vegetated areas {bioretention) within and adjacent to parking lots, rather than
raised landscaped areas, to allow runoff to infiltrate — Development/Engineering Standards,
Landscape Ordinance

¢ Allow/require open drainage (vegetated swales) where feasible instead of underground storm
drain systems — Drainage Manual, Development/Engineering Standards

7. Use Texas SmartScape plants

Landscaped areas, with all of their benefits, can also contribute to the pollution of streams and lakes if
they are not managed properly. Using native plants, and those that have been adapted to the local
climate and conditions, decreases the potential for water pollution by réducing the amount of water,
pesticides, and fertilizer that must be applied to keep the plants healthy and saves money. Texas
SmartScape is an interactive multimedia tool on compact disk that canbe used to select native and
adapted plants for North Texas (more information avallable at www dfwstormwater com).

Potential Program Elements EEERAE o

+ Require/encourage native and adapted plants |n landscaped areas for commercial developments
- Landscape Ordinance o

¢+ Encourage native and adapted plants in Iandscaped areas for commercial developments — Public
Education Materials ' . IR

Structural Best Management Practices

Structural BMPs such as weét ponds, infiltration basins, and sand filters are the traditional techniques
used to treat storm water runoff from developments, and are generally incorporated into projects
independently of other design considerations for the project. These controls generally work by
capturing and holding a portion of the runoff and then releasing it slowly over a sufficient period of
time to promote settling out of pollutants, resulting in improved water quality and reduce the “peak”
flow from the site. Also categorized as structural BMPs, grassed channels/swales and filter strips
treat storm water runoff by using vegetation to filter and settle pollutants. Swales and filter strips also
function to attenuate post-development peak discharge rates for small storm events when compared
to concrete channels as a result of runoff velocity reduction and limited infiltration.

Detention controls, or dry detention ponds, fill up during storms but they discharge completely and are
dry during the periods between storms. With proper design and maintenance, dry ponds can be used
for recreation when they are dry. Retention controls are known as wet ponds since they maintain a
permanent pool of water between storms. The banks and outlet of a wet pond are constructed to
provide for storage and subsequent slow release of storm water runoff. Wet ponds look much like any
other pond, and with careful attention to design and maintenance, they can serve as an attractive
water feature in residential and commercial developments. Infiltration basins also collect storm water
runoff, but rather than release the water gradually, they hold the water and allow it (and any
pollutants) to infiltrate into the ground. Proper design and construction of infiltration basins is vital to
achieve treatment of polluted runoff in the soil path prior to percolation into ground water.
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Land intensive or expensive structural BMPs {detention and retention ponds, infiltration basins, and
sand filters) should be considered only after non-structurat BMPs have been explored and
implemented to the greatest extent possible. In many cases, the need for structural controls can be
avoided {or they can be reduced in size) if the amount of runoff and entrained pollutants are
minimized by the design of the project. Generally, it is cheaper and more effective to implement
design elements that prevent or reduce the generation of storm water runoff and/or pollutants at the
source.

Oil and grit separators fall into a different category of treatment device and are designed specifically to
trap oil, grease, and grit, which are common pollutants generated by automobile use. Qil and grit
separators should be considered for use to treat the runoff from high vofume parking lots and
businesses such as gas stations, car washes, or automobile service garages. Unlike the other
treatment devices discussed above, oil and grit separators offer no benefits for reduction in storm
water runoff volume or flow, but they rmay be utilized as a pretreatment device upstream of wet ponds,
infiltration basins, etc.

Potential Program Elements

+ Incorporate non-structural BMPs, grassed swales, and filter strips lo the greatest extent possible.

+ Evaluate the need for and design retention/detention pends sand filters, and infiltration basins
after incorporation of non-structural BMPs. -

+ Integrate treatment controls in a manner that they func’uon as amen;t135

¢ Use oil and grit separators in areas where large amounts of oil-and grit can be expected {parking
lots with heavy automobile traffic, gas stations, service stations).,

The following descriptions of structural BMPs contain hnks to"BMP Fact Sheets” which were
developed for the NCTCOG Residential/Commercial BMP Manual. These Fact Sheets contain basic
design information for structural best management practices and are included for information
purposes only. These designs are nearly a decade old and no longer represent the state of the art in
post-construction storm water management. The designs also lack sufficient detail to ensure proper
censtruction and should not be adopted as patrt of a drainage manual or ordinance. Through the
proposed Comprehensive Drainage Criteria and Design Manual project, NCTCOG intends to develop
current structural (and non structural) BMP designs specifically tailored for the North Central Texas
region. .

Note: for the purposes of this draft, there are no active finks to BMP Fact Sheets. The BMP Fact
Sheet for wet ponds is included as a separate document as a sample of the BMP Fact Sheets. The
final electronic version will include live links to all BMP Fact Sheets.

Grassed Swales (Link to BMP Fact Sheet)

Grassed swales are storm water conveyances that are specificaily designed to filter runoff as it
passes through the swale. Pollutants are removed through the filtration by the grass, by deposition,
and by infiltration into the soil. Grassed swales must be placed on gentle slopes to provide for
shallow flow and low velocities. Grassed swales should also be used on relatively permeable soils to
promote infiltration and to prevent standing water. Maintaining healthy cover of turfgrass is essential
to performance of grassed swales.

Filter Strip (Link to BMP Fact Sheet)

Filter strips are landscaped or natural areas that filter runoff as it flows over vegetation. The
vegetation can range from grasses (o woody species, or a mixture of the two. They may closely
resemble many natural ecosystems, such as grassy meadows or riparian forests. The dense
vegetative cover facllitates sediment deposition and infiltration, thereby removing poliutants from
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runoff as it flows over the filter strip. Maintaining a healthy stand of vegetation and periodic
maintenance to remove rills or channels is essential to proper function of fitter strips.

Sand Filter (Media Filtration) {Link o BMP Fact Shast)

Sand filters are devices designed to remove pollutants from storm water runoff by passing the water
through a layer of sand acting as a filter media. Sand filters typically consist of an inlet structure
designed fo capture runofi, a sediment chamber to remove excessive sediment, and a concrete basin
or chamber to hold the filter media. Water Ieaving the filter is collected in pipes underlying the sand
and retumed to the stream or channel. Sand filters remove pollutants from runoff through the
processes of sedimentation, adscorption, chemical transformation, and decomposition. Since sand
filters do not provide for infiltration or detention of runoff, they do not offer any benefits with respect to
downstream flooding or stream channel erosion.

Infittration Trench (Link to BMP Fact Sheet)

Infiltration trenches are shallow excavated ditches that have been backfilled with stone to form an
underground reservoir. Storm water runoft diverted into the trench gradually infiltrates from the trench
into the subsoil and eventually into the ground water. Infiltration trenches are effective in removing
both dissolved pollutants and particulates, Infiltration trenches, where feasible, are also effective in
preserving pre-development hydrologic conditions on developed sites. . Infiltration trenches are ideat
for small drainage areas and may be used as complements tc f:iter strlps and swales.

Infiltration Basin (Link to BMP Fact Sheet)

Infiltration basins or ponds temporarlly store storm water runsﬁ’ ijntli it gradually infiltrates into the soil
surrounding the basin. Infiltration basins work on the same principle as infiltration trenches, but are
designed to treat larger drainage areas, and infiltrate storm water through the basin botton rather
than a trench. Infiltration basins are. eﬁegtz\ee in’ :emovfng both dissolved poliutants and particulates.
Infiltration basins are also @ffecil\fe in presenving pre-deveiopmeﬁt hydratag;c conditions on developed
sites. Infiltration basins carz s;e?ve ?elatzveiy Earge developments (up o 50 acres in size).

Porous Pavement (Link to BMP Fact Sheet)

Traditional asphalt and concrete are impervious to infiltration of water, causing storm water to flow off
of the road and accumulate in conveyances. Alternatively, porous pavement surfaces allow the
infiltration of storm water and associated poliutants through the pavement into the ground. The most
common form of pervious surface for roadway use is a coarse asphalt that has more open pore space
than typical asphalt. When performing properly, porous pavement is comparable in cost and
effectiveness to traditional paving technigues and assocciated storm water management systems,

Extended Detention Pond (Basin) {Link to BMP Fact Sheet)

Extended detention basins are impoundments that capture a portion of storm water runoff during a
storm event and release the stored volume of water slowly over a period of time. The detention of
storm water allows suspended solids, particularly sediment, to settle out of the runoff. Generally,
runoff must be retained for approximately 48 hours to provide adequate settling of suspended solids.
Extended detention dry basins are designed to drain completely and to remain dry between storm
events. A healthy cover of turfgrass or native prairie vegetation should be maintained on the bottom
and side slopes of the basin to prevent erosion.

Wet Pond {Link to BMP Fact Sheet)

Wet ponds are similar to extended detention basins, except that a permanent pool of water is
maintained. Storage above the base pond elevation is provided to capture and temporarily store
runoff and release it at a controlled rate. In addition to removal of suspended solids through
sedimentation, wet ponds are effective at reducing nutrients through biclogical activity and uptake by
aquatic plants growing in and around the edge of the pond. Wet ponds are usually designed as multi-
purpose facilities to achieve pollutant removal and peak flow altenuation. Wet ponds require a year-
round source of water to maintain a permanent pool of water.
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Constructed Wetlands (Vegetated Treatment Pond) (Link to BMP Fact Sheet)

Constructed wetlands are engineered systems designed to simulate natural wetlands in their ability to
capture and treat surface water runoff poliutants. Constructed urban runoff wetlands differ from
artificial wetlands created to comply with mitigation requirements in that they do not necessarily
replicate al! of the ecological functions of natural wetlands. Constructed wetlands systems provide
effective treatment of storm water runoff over a wide range of pollutant loading and hydraulic
conditions. The mechanisms by which wetlands remove poliutants include a combination of
sedimentation, adsorption, filtration, chemical precipitation, microbial interactions and uptake hy
vegetation. Harvesting of vegetation and maintenance of constructed wetlands are needed to ensure
long-term effectiveness. Constructed wetlands require a year-round source of water to maintain a
permanent pool of water.

Water Quality Inlet {Oil and Grit Separators) (Link to BMP Fact Sheet}

Water quality inlets are underground retention systems designed to remove suspended solids, oll, and
grease. Water quality inlets, like ponds, rely on gravity settling and retention time to remove large
particulates before discharging water {o the storm sewer or other collection system. Oil and grease
are trapped by allowing time for them to rise to the surface of the oil separation chamber while the
water flows out at a lower level. Water quality inlets may also be designed to trap floatable trash and
debris, Water quality inlets provide limited treatment of runoff from very small drainage areas. These
devices must be maintained frequently to remove trapped sediment, hydrocarbons, and trash.

July 8, 20062



mmmmmmmm A e i is e Anh WA L I lwihe & NFE D RAMNEYS A4 WS LAAKREL APARS TN ragc 1 U 2

VEPA%:E%WEWIM&M opr!g‘ os -'AS‘!'EWAYEI!
MANAGEMENT

Office of Water

AR Tots [ [#acmn | oo TR ]

PHASE II BMP AND MEASURABLE GOAL EXAMPLES

Storm Water

POST-CONSTRUCTION STORM WATER Topics
» Home MANAGEMENT IN NEW I i
» What's New ;?AESE{JQR;MENT; REDEVELOPMENT MINIMUM Measurable Goals
» FAQs Part 1: Background 8
> Publications « EPA's Regulatory Kequirements Reguiatory Context |
- « BMP: Reduce directly connected impervious
. » Regulaions surfaces through the use of low impact Part 2: Progess for
* »Outreach development and better site degign technigues |Mgm£ rable Goals V
" ¥ Links « BMP: Develop a program for maintenance of || YnderaGeneral
structural storm water controls Permit
» Contacts « BMP: Develop and implement a storm water
- Part 3: Examples of

P il ordinance and guidance or a design manuyal that || prasei BMPs &

include performance standards designed to Associated

control runoff impacts Measurable Goals

.. Fart 4: Process for

New development and significant redevelopment Developing o Storm

projects offer a host of opportunities to install f| ater o

structural runoff controls on both the site and Fregmm

regional scales. Part 5: Environ ;
Indicators for S1orm

Hypothetical Case Study: Smalltown, USA, has Water Programs

substantial existing development and many

neighborhoods that are still growing. For existing
development, the City plans to use on-lot treatment to
handle some storm water by disconnecting
impervious surfaces, The City also wants to ensure
that existing storm water controls are functioning
properly. Growing areas will also be targeted by
requiring impervious area disconnection and new
storm water controls.

Storm Water Phase 1]

Minimum Measure Objective: Reduce the volume and improve the guality
of storm water runoff by disconnecting impervious surfaces and installing and
maintaining structural storm water controls.

BMP: Reduce directly connected impervious surfaces in new deveiogmants
and redevelopment projects by requiring that grassed swales or filter strips be

installed along roadsides in lieu of curbs and gutters

Measarable Geal: Directly connected impervious road surfaces in new
developments and redevelopment areas will be reduced by 30 percent
(relative to the traditional scenario in which curbs and gutters are used) over
the course of the first permit term.

tp://www epa.gov/npdes/stormwater/measurablegoalsfex5.htm ’ 4/11/2002
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Justification’ Opportunities abound to provide treatment and infiitration of
runoff in the  ht-of-way adjacent to roads. This prac  ; would provide on-
lot treatment of storm water, reduce the total volume of storm water being
discharged from sites, and increase the time of concentration of the runoff
that is generated from road surfaces.

Top
BMP: Develop a program for maintenance of structural storm water controls
Measurable (zoals: In the first year, conduct an inventory of structural runoff
controls. In year 2, develop a GIS to integrate the location of these controls
with schedules for regular inspection and maintenance, Conduct four
inspections of each structural control per year and conduct regular
maintenance as prescribed for each type of practice.
Justification: There are many structural controls located throughout the
municipality that are owned and operated by both public and private entities.
Before a comprehensive maintenance plan can be implemented to address all
of the practices, a complete Jist of BMPs and their locations and site
conditions needs to be compiled. An inspection and maintenance schedule
can be developed to maximize efficiency and minimize labor requirements.
The system can be expanded to include other types of MS4 maintenance,
inchuding street sweeping, catch basin cleaning, storm drain flushing, etc.

Top
BMP: Develop and jmplement a storm water ordinance and guidance or a
impacts :
Measurable Goal: By year 3 of the permit term, 95% of all building permits
will include descriptions and plans regarding storm water control practices
and site designs that comply with the criteria and guidance specified or
referenced in the municipal code.
Justification: Ordinances are an effective way to establish performance
standards for runoff controls. These performance standards might, for
example, specify a target for percent removal of annual post-development
total suspended solids loadings, require maintenance of annual ground water
recharge rates, or limit runoff volumes and rates such that receiving waters
are not negatively impacted.

-

| EPA HOME PAGE | DEFICE OF WATER | OFFICE OF WASTEWATER MANAGEMENT |
} RISCLATMER | PRIVACY AND SECURKTY | SEARCH EPA | COMMENTS |

URL: hitprffwvew epagovfapdesfstomwaierimeasarablegoaisfeni him
Last modilied L227/2001 £7:11:39

tp:/iwww.epa.gov/npdes/stormwater/measurablegoals/ex5.htm 4113172002



AEIDLEE AL RACLED MALEILLICELEINGA AWM X iiﬁsz A LG AYLOTED

VEPA&NMT?&? ?rdi;:tsm Agenty

Ofﬁce of Water

OEFICE OF WMTEWAYER
: MANAG‘EI&!EH!

Smrm Water

" » Home _ e .
“-b What's New ALTERNATIVE TURNAROUNDS
' " » The reduction in impeivious cover.

» The number of turnarounds modlfieé
* Whether or not devempmem codes were charsgcd
to allow altemanve turnarounds. o

« The reduction in runoff quantity, o

» Changes in the physmal charactenstzcs of streams
downstscam from medzﬁesi areas. P

'Zz‘r Outreatﬁ
_;_r Links - .
".J Ci:mtasis

THERRA Y e SITDR SRR AR A M TR AR st ph g ' PRI

aLTERNATWE ?&VERS

L . Whesher or not develepment codes wer& changed
o to allow for alternative pavers. A
L + The amount of new altematwe paver mstallauens
added or replaced. S -
*The nﬁmber of new devefogment sitxas that use
akemanve pavers. »
* The rﬁductlon in mnoff quannty

mstaliatzons
ALUM INJECTIGR
mjectmn was used was cemp}eted

. Changes in water quahty
. Changes in bioic}glcal pﬁpulanons

BIOR&TE&ITION .
« The reduction in 3mperv1£}us cover.
* The reduction in mnoff quantrty

etc.).

. Changes in runoff watﬁr a}uahty (nuincnts sedxments

POST CONSTRUCTION STORM WATER RUNOFF
CONTROL IN NEW BEVELOPMENT / REDEVELQPMEN’T

1
%

LlSt of Measurable |
“/Parameters

Messurable Goals

?Bh!lc..gmmggb &
W_éiér }zﬁgacts

(?’ kl

993)&::

lr:smivemntll’amclgaﬂon I

H Ekcit Dlggngggg
Deie@ﬁon & Elimination

g&ngtrumiag Site Storm
1 Watar Runofl Cantro}

Past Gonstruction Storm
Water Runotf Controlin
Now Dgvelopment & ~

Redevelopment

Breventlon/Good

House ir! for
Mﬁﬁléﬁgai Operations

m{m Water Phase i}

T étals, organics,

* The number of new bmretcntmn ceils mstalieé (both cormnercxai and

residential).

* The number of acres that are drmned by bzementlon ceils

BMP INSPECTIOH AND MAINTEN&HCE

[P, B

» The frequency of mspec%:}cn and mamtenance actlvmes..w

* The number of preblcms that were ;dfmtlﬁed and remedied.
« The changg in the pmpamon of BM?S that are well-maintained as a

" result of inspection and maintenance. -
;} flwww‘epa gov/npdesfsmmwaterlme&surablegoaisfparams htm

g

rage ol o

4/11/2002

#







Post-Construction Storm Water Management in New Development and
Redevelopment

The italicized text included below is the language for the “Post-Construction Storm Water
Management in New Development and Redevelopment™ Minimum Control Measure taken from EPA’s
Final Phase ll Rule. The Final Phase il Rule establishes the minimum requirements that TNRCC will
use in drafting the corresponding storm water permit for small municipalities in Texas. Cities and
counties should use these requirements in planning their storm water management programs until
TNRCC issues the Texas permit (TNRCC must issue the Phase |l municipal storm water permit by
December 8, 2002).

Following the regulatory language, NCTCOG staff has assembled some guidance materials to
supplement the regulations for use by local governments in early program assessment and
formulation processes. Note that this is not the Menu of Management Program Options for Post-
Construction Storm Water Management, which will be issued at a later date.

NPDES Phase |l Regulatory Text

You must develop, implement, and enforce a program to address storm water runoff from new
development and redevelopment projects that disturb greater than or equal to one acre, including
projects less than one acre that are part of a larger common plan of development or sale, that
discharge into your small MS4. Your program must ensure that controfs are In place that would
prevent or minimize waler quality impacts.

You must:

» Develop and impiement strategies which include a combination of structural and/or non-
structural best management practices (BMPs) appropriate for your community;

» Use an ordinance or other regulatory mechanism to address post-construction runoff from new
development and redevelopment projects fo the extent allowable under State, Tribal or local
law;

s Ensure adequate long-term operation and maintenance of BMPSs.

Guidance

If water quality impacts are considered from the beginning stages of a project, new development and
potentially redevelopment provide more opportunities for water quality protection. EFA recommends
that the BMPs chosen: be appropriate for the local community; minimize water quality impacts; and
aftempt to maintain pre-development runoff conditions,

In choosing appropriate BMPs, EFA encourages you to participate in locally-based watershed
planning efforts which attempt to involve a diverse group of stakeholders including interested citizens.
When developing a program that is consistent with this measure’s intent, EPA recommends that you
adopt a planning process that identifies the municipalily's program goals {e.q., minimize water quality
impacts resufting from post-construction runoff from new development and redevelopment},
implementation strategies (e.g., adopt a combination of structural and/or non-structural BMPs},
operation and maintenance policies and procedures, and enforcement procedures.

in developing your program, you should consider assessing existing ordinances, policies, programs
and studies that address storm water runoff quality. In addition to assessing these existing docurnents
and programs, you should provide opportunities to the public to participate in the development of the
program.
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Non-structural BMPs are preventative actions that involve management and source confrols such as:
policies and ordinances that provide requirerments and standards to direct growth to identified areas,
profect sensitive areas such as wellands and riparian areas, mainfain and/or increase open space
(including a dedicated funding source for open space acquisition), provide buffers along sensitive
water bodies, minimize impervious surfaces, and minimize disturbance of soils and vegefation;
policies or ordinances that encourage infill development in higher densify urban areas, and areas with
existing infrastructure; education programs for developers and the public about project designs that
minimize water qualily impacts; and measures such as minimization of percent impervious area.

Introduction to Post-Construction Runoff Control BMPs

Storm water best management practices are the primary tool fo improve the quality of urban streams
and meet the requirements of NPDES permits. Best management practices are defined as schedules
of activities, prohibitions of practices, maintenance procedures, the use of pollution control devices
and other management practices or policies used to prevent or reduce the amount of pollution
infroduced to receiving waters from storm water runoff. Stated more simply, BMPs are devices or
design considerations that are used to reduce the impacts of development or human activities on
water quality. Used individually or in combination, BMPs are intended to be a cost effective,
practicable means to reduce pollutants and/or the amount of runoff that reaches receiving waters.

The EPA regulations refer to two categories of best management practices, structural and
nonstructural (some BMPs such as grassed swales and filter strips seem to fit into both categories).
Structural best management practices are physical devices (“structures”) or landscape features that
remove polfutants from storm water runoff through filtration, infiltration, or detention. Structural BMPs
such as wet ponds, infiltration basins, and sand filters are the traditional techniques that have been
used to treat storm water runoff from developments, and are generally incorporated into projects
independently of other design considerations for the project. Nonstructural best management
practices are more difficult to define, but involve rethinking the way the built environment is planned
and designed, including aspects such as minimizing impervious surfaces {reduced parking and
narrower streets), building in the least sensitive areas of the site, preserving natural streams and
riparian buffers, directing runoff over vegetated areas, and providing open space.

Management Program Congiderations

In formuiating a management program to address post-construction impacts, overall objectives for the
program should be established for the jurisdiction. Since many of the structural and non-structural
BMPs have water quantity management benefits in addition to water quality benefits, it would be
useful to consider a comprehensive storm water management program that addresses multiple
impacts of post-construction storm water runoff. Some of the objectives for post-construction storm
water management being considered by EPA in its proposed Construction and Development Effluent
Guidelines {proposed rule release deadline May 15, 2002) include*:
» remove suspended solids and associated pollutants entrained in runoff that result from
activities occurring during and after development;
» decrease the erosive potential of increased runoff volumes and velocities associated with
development-induced changes in hydrology;
retain hydrological conditions to closely resemble those of the predisturbance condition;
preserve stable, natural stream channels including in-stream habitat;
minimize potential for flooding damage to structures.

* Based on Public Meeting Briefing Packet (and referenced document) from EPA
Construction and Development Effluent Guidelines Public Meeting held in July 2001.
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An effective program for managing post-construction runoff should include options for implementation
of both structural and nonstructural controls. Generally, it is cheaper and more effective to implement
design elements that prevent or reduce the generation of storm water runoff and/or poliutants at the
source. In many cases, the need for expensive structural controls can be avoided (or they ¢an be
reduced in size) if the amount of runoff and entrained pollutants are minimized by the design of the
project. Where necessary, structural BMPs used alone or in combination with nonstructural controls
are an effective means of reducing the impact of development on receiving waters.

Structural Best Management Practices

Structural practices to control urban runoff rely on three basic mechanisms to treat runoff: removal of
poilutants from runoff using filtration by vegetation or sand; infiltration of storm water runoff and
poliutants into the ground; and detention of runoff to allow sedimentation of suspended pofiutants.
The following is a brief description of some of the structural BMPs used to manage post-construction
storm water runoff,

Filtration BMPs

Filtration practices, such as grassed channels/swales, filter strips, and sand filters, treat storm water
runoff by using vegetation or sand to filter and settle pollutants. In some cases infiltration and
treatment in the subsoil may occur. Swales and filter strips also function to attenuate post-
development peak discharge rates for small storm events when compared to concrete channels as a
result of runoff velocity reduction and limited infiltration.

Grassed Swales

Grassed swales are storm water conveyances that are specifically designed to filter runoff as it
passes through the swale. Pollutants are removed through the filtration by the grass, by deposition,
and by infiltration into the soil, Grassed swalges must be placed on gentle slopes to provide for
shallow flow and low velocities. Grassed swales should also be used on relatively permeable soils to
promote infiltration and to prevent standing water. Maintaining healthy cover of turfgrass is essential
to performance of grassed swales,

Filter Strip

Filter strips are landscaped or natural areas that filter runoff as it flows over vegetation. The
vegetation can range from grasses to woody species, or a mixture of the two. They may closely
resemble many natural ecosystems, such as grassy meadows or riparian forests. The dense
vegetative cover facilitates sediment deposition and infiltration, thereby removing pollutants from
runcff as it flows over the filter strip. Maintaining a healthy stand of vegetation and periodic
maintenance to remove rills or channels is essential to proper function of filter strips.

Sand Filter

Sand filters are devices designed to remove pollutants from storm water runoff by passing the water
through a layer of sand acting as a filter media. Sand filters typically consist of an inlet structure
designed to capture runoff, a sediment chamber to remove excessive sediment, and a concrete basin
or chamber to hold the filter media. Water leaving the filter is collected in pipes underlying the sand
and retumed to the stream or channel. Sand filters remove poliutants from runoff through the
processes of sedimentation, adsorption, chemical transformation, and decomposition. Since sand
filters do not provide for infiltration or detention of runoff, they do not offer any benefits with respect to
downstream flooding or stream channel erosion.

Infiltration BMPs

Infiltration practices, such as infiltration basins and trenches, and porous pavement rely on absorption
of runoff into the ground to treat urban runoff discharges. Water is percolated through sails, where
filtration and biclogical action remove pollutants. In addition to water quality benefits, infiliration
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practices reduce runoff volume and peak discharge rate. Infiltration of storm water runoff helps to
reduce downstream flooding and stream channel degradation and replenishes groundwater supplies,
thus contributing to low stream flow augmentation. infiltration BMPs must be built on sites where the
natural permeability ¢f the soils is high to allow for the maximum possible infiltration of water.

Infiltration Trench

Infiltration trenches are shallow excavated ditches that have been backfilled with stone to form an
underground reservoir. Storm water runoff diverted into the trench gradually infiltrates from the trench
into the subsoil and eventually into the ground water. Infiltration trenches are effective in removing
both dissclved pollutants and particulates. Infiltration trenches, where feasible, are also effective in
presefving pre-development hydrologic conditions on developed sites. Infiltration trenches are ideal
for smali drainage areas and may be used as complements to filter strips and swales.

Infiltration Basin

Infiltration basins or ponds temporarily store storm water runoff until it gradually infiltrates into the soil
surrounding the basin. Infiltration basing work on the same principle as infiltration trenches, but are
designed to treat larger drainage areas, and infiltrate storm water through the basin bottom rather
than a trench. [nfiltration basing are effective in removing both dissolved poliutants and particulates.
Infiltration basins are also effective in preserving pre-development hydrologic conditions on developed
sites. Infiltration basins can serve relatively large developments (up to 50 acres in size}.

Porous Pavement

Traditional asphalt and concrete are impervious to infiltration of water, causing storm water to flow off
of the road and accumulate in conveyances. Alternatively, porous pavement surfaces allow the
infiltration of storm water and associated pollutants through the pavement into the ground. The most
common form of pervious surface for roadway use is a coarse asphalt that has more open pore space
than typical asphalt. When performing properly, porous pavement is comparable in cost and
effectiveness to traditional paving techniques and associated storm water management systems.

Detention BMPs

Detention practices temporarily impound runoff to control runoff rates and to provide time to aliow for
settling of suspended solids and associated pollutants. Extended detention basins, wet ponds, and
constructed wetlands fall within this category. Detention practices remove storm water pollutants
primarily by allowing for sedimentation {gravitational settling of suspended solids). Pond vegetation
can also help reduce nutrient loads and also provide terrestrial and aquatic wildlife habitat. In addition
to water quality benefits, properly designed detention structures protect downstream channels by
controlling peak discharge rates, thereby reducing the frequency of bankfull flooding and resultant
stream bank erosion.

Extended Detention Dry Basin

Extended detention basins are impoundmerits that capture a portion of storm water runoff during a
storm event and release the stored volume of water slowly over a peried of time. The detention of
storm water allows suspended solids, particularly sediment, to settle out of the runoff. Generally,
runoff must be retained for approximately 48 hours to provide adequate settling of suspended solids.
Extended detention dry basins are designed to drain completely and to remain dry between storm
events. A healthy cover of turfgrass or native prairie vegetation should be maintained on the bottom
and side slopes of the basin to prevent erosion.

Wet Pond

Wet ponds are similar to extended detention basins, except that a permanent pool of water is
maintained. Storage above the base pond elevation is provided to capture and temporarily store
runoff and release it at a controlled rate. In addition to removal of suspended solids through
sedimentation, wet ponds are effective at reducing nutrients through biclogical activity and uptake by
aquatic plants growing in and around the edge of the pond. Wet ponds are usually designed as multi-
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purpose facilities to achieve pollutant removal and peak flow attenuation. Wet ponds require a year-
round source of water to maintain a permanent pool of water.

Constructed Wetlands

Constructed wetlands are engineered systems designed to simulate natural wetlands in their ability to
capture and freat surface water runoff pollutants. Constructed urban runoff wetlands differ from
artificial wetlands created to comply with mitigation requirements in that they do not necessarily
replicate all of the ecological functions of natural wetlands. Constructed wetlands systems provide
effective treatment of storm water runoff over a wide range of poilutant loading and hydraulic
conditions. The mechanisms by which wetlands remove poliutants include a combination of
sedimentation, adsorption, filtration, chemical precipitation, microbial interactions and uptake by
vegetation. Harvesting of vegetation and maintenance of constructed wetlands are needed to ensure
long-term effectiveness. Constructed wetlands require a year-round source of water to maintain a
permanent pool of water.

Water Quality Inlet

Water quality inlets are underground retention systems designed to remove suspended solids, oil, and
grease. Water quality inlets, like ponds, rely on gravity settling and retention time to remove large
particulates before discharging water to the storm sewer or other collection system. Oil and grease
are trapped by allowing time for them to rise to the surface of the oil separation chamber while the
water flows out at a lower level. Water gquality inlets may also be designed to trap flcatable trash and
debris, Water quality inlets provide limited treatment of runoff from very small drainage areas. These
devices must be maintained frequently to remove trapped sediment, hydrocarbons, and trash,

Non-Structural Best Management Practices

Note: The following was adapted from the Georgia Stormwater Management Manual,
Volume 1, and serves as a tool for assessing your current development
regulations/policies and for considering future nonstructural practices (referred to as
Better Site Design Practices) that could be included in your storm water management
plan.

Implementing Stormwater Befter Site Design Practices

Communities should actively promote the use of stormwater better site design as a way to both
protect watersheds and water resources, and implement cost-effective and lower maintenance
stormwater management. However, in order to make better site design a reality, local jurisdictions will
often need to review their regulations, development rules, community plans and review procedures to
ensure that they support the better site design concepts outlined above.

Often, communities have in place development rules that work against better site design and create
needless impervious cover and unnecessary environmental impact. Examples include the minimum
parking ratios that many communities require for retail or commercial development and zoning
restrictions that limit cluster development designs. Some of the policy instruments that need to be
reviewed for compatibility with the better site design principles include:

« Zoning Ordinances and Procedures
Subdivision Codes
Stormwater Management or Drainage Criteria
Tree Protection or Landscaping Ordinance
Buffer and Floodplain Regulations
Erosion and Sediment Control Ordinance
Grading Ordinance
Street Standards or Road Design Manual
Parking Requirements

- * % & % & * &
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¢ Building and Fire Regulations and Standards
« Septic/Sanitary Sewer Regulations
+ Local Comprehensive Plan

Below is a set of questions that can be used to review a community's local development codes and
ordinances with the goal of making it easier to implement stormwater better site design.

Canservation of Natural
Features and Resources

Land Conservation incentives
s« Does the community have a viable greenspace {of open $pace) program
{acquisition, requirements in zoning ordinance, etc.)?
» Are there any incentives to developers or landowners to preserve non-
regulated {i.e., floodplain} land in a natural siate {densify bonuses,
conservation easements, stormwater credits or lower properly tax rates)?

Natural Area Conservation
» Are thers any requirements, incentives, or provisions for preservation of
important or sensitive environments (mature forests, wetlands, etc.)?
» Are there requirements to maintain streams in their natural conditions?
What exceptions are allowed?
« Is there an ordinance or requirements for the preservation of natural
vegetation on development sites?

Tree Conservation
+ Does the community have a tree protection ordinance?

Stream Buffers
» Are there requirements to maintain a strearn buffer? What is the
minimum width?
= Do the stream buffer requirernents include lakes, freshwater wetlands, or
steep slopes?
» Do the stream buffer requiremenis specify that at least part of the buffer
be maintained with undisturbed vegetation?

Floodplains

» Does the community restrict or discourage development in the full
buildout 100-year floodplain?

Steep Slopes
+ Does the community restrict or discourage building on steep slopes?

Lower Impact Site Designs

Fitting Site Designs to the Terrain
« Poes the community provide preconsultation meetings, joint site visits, or
technical assistance with site plans to help developers best fit their design
concepts to the topography of the site and protect key site resources?

Clearing and Grading
s Are there development requirements that limit the amount of land that can
be cleared in a multi-phase project?

Locating Development in Less Sensitive Areas
» Does the community actively try to plan and zone to keep development
out of environmenial sensitive areas?

Open Space Development

+ Are open space or cluster development designs allowed?

= Are the submiltal or review requirerments for open space designs greater
than those for conventional development?

» Are flexible site design criteria (e.g. setbacks, road widihs, lot sizes)
available for developers who utilize open space or cluster design
approaches?

s Does a minimum percentage of the open space have to be managed in
an undisturbed natural condition?

« Does the community have enforceable requirements o establish
associations that can effectively manage open space?

Nonfraditional Lot Designs
» Are nontraditional lot designs and shapes allowed?
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Creative Development Design
« Does the community allow andfor promote Planned Unit Developments
{PUD's) that give the developer or site designer additional flexibility in site
design?

Reduction of Impervious
Cover

Roadway Length
+ Do road and strest standards promote the most efficient site and strest
layouts that reduce overall street length?

Roadway Width
o VWhat is the minimum pavement width allowed for streets in low density
residential developments that have less than 500 average daily trips
(ADTY?

Building Footprint
» Does the community provide options for taller buildings and structures
which can reduce the overall impervious footorint of a development?

Parking Footprint
* What is the minimum parking ralio for a professional office building {per
1000 ft 2 of gross floor area)? s there a maximum parking ratio in
addion to the minimum?

» What is the minimum parking ratio for shopping centers {per 1000 £ of
gross ficor area)? Is there a maximum parking ratio in addition to the
minimum?

What is the minimum required parking ratio for single famity homes?

If mass transit is provided nearby, are parking ratios reduced?

What is the minimum stall width for a standard parking space?

What is the minimum stall length for a standard parking space?

Are larger commercial parking lots required to have smaller dimensions

for compact cars?

Is the use of shared parking arrangements promoted?

s Are there any incentives to developers fo provide parking within
structured decks or rarnps rather than surface parking lots?

« (Can porous surfaces be used for overflow parking areas?
Is a minimumn percentage of a parking lot required to be landscaped?

« s the use of bioretention islands and other structural control praciices
within landscaped areas or sethbacks allowed?

. ® % & »

Setbacks and Frontages
» Are minimum frontage and setback requirements excessive?

Alternative Cul-de-sacs
+» What is the minimum radius allowed for cul-de-sacs?
« Can a landscaped island or bloretention area be created within a cul-de-
sac?
» Are alternative turnarounds such as "hammerheads” alfowed on short
streets in low density residential neighborhoods?

Utilization of Natural
Features for Stormwater
Management

Using Natural Drainageways
+ Are storm sewer systems required for all new developments? Are natural
systems allowed?

Using Vegetated Swales
* Are curb and gutters required for residential street sections?
» Are there design standards for the use of vegetated swales instead of
curb and gutter?

Rooftop Runoff
= Are there incentives or requirements for rooftop runoff to be discharged to
pervicus areas?
« Do current grading or drainage requirements allow for tfemporary ponding
of runoff on lawns or roofleps?
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A Guide to Developing Naturally
In North Central Texas

DeEVELOP - NAaTurAaLLY!

What is Land Development? According to
Webster's Dictionary, It is t¢ make the land {(the
surface of the earth and all Bs notural
resources) suitable for residential or commercial
purposes, horth Central Texas has been blessed
with an abundance of land to developand a
current economy that is second to none,
Development is necessary for the economic
vinbility of this region but, a5 we are learning,
how this "development” ccours has o profound
impact on the nateral environment.

We are seeing the consequences of pur thriving
economy ohd our development practices on the
environment we live in. Some of our most
precisus natural resources such as the Trinity
River, the Ancient Cross Tinbers Forest, and sur
ared lakes are being threatened due to impaired
water quality and ioss of habifat, MNorth Cenirdl
Texas has ¢ great natural heritage that canbe
preserved by envirenmentally sensitive
development practices,

o o

Nany of the proctices for minimizing the impact
of development car have benefits for the
developer in teres of reduced cost andin
attrocting patentlal buyers by incorporating
feahures that buyers reportedly consider

Praduced by the North Central Texas Council of Governments and the local governments participating
in the Regional Storm Water Management Program
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A Guide to Developing Naturally
In North Central Texas

Why develop naturally?

Over the last several years, a number of issues have arisen conceming where and how we
develop. Many of these issues have grown out of a dissatisfaction with the predominant pattern
of development that has occurred over the last fifty or so years. Nearly total dependence on the
automobile for travel has resulted in traffic jams and air pollution. Ubiquitous designs for
discount stores and fast food restaurants have eliminated local or regional character.
Neighborhoods lack a sense of community. Open spaces vanish as suburbs spread farther out
into fields and woodlands. Natural streams are channelized when increased runoff from
development exceeds the capacity of the natural drainage features. Pollutants from parking
lofs, roads, and lawns are washed into streams and lakes by storm water runoff.

Who's concerned about the problems?

Increasingly, residents and regulatars alike are trying to seek out altematives to a form of
development that has exhibited many shortcomings. Sustainable Development, Smart Growth,
New Urbanism, Traditional Neighborhood Development, and Transit-Oriented Development are
some of the initiatives that are being promoted nationally in response to what many view as a
serious concern. State and federal environmental regulatory agencies are imposing strict
requirements to improve air quality and threatening sanctions that include withholding
transportation funding to cities that violate Clean Air Standards. Water quality regulations are
being expanded to include storm water runoff from small and medium sized cities in urbanized
areas in addition to the larger cities, which have been regulated for some time, Phase | and
Phase |l storm water requlations require cities to modify development practices in their
jurisdictions to reduce pollution in runoff from developed areas.

What changes need to be made?

Principles associated with the various progressive development initiatives and requlations differ
somewhat, but most share a number of guidelines either as central components or peripheral
elements. Land and infrastructure shoufd be used efficiently and provide for alternatives to
automobile travel. This generally entails building at higher density (on average) within or
adjacent to areas with existing infrastructure. Shops, offices, residences, and schools should be
located near to each other to promote walking, biking, or fransit usage. Developments should
be designed and oriented to pedestrians, rather than the automobile. Narmower streets,
windows or porches facing the street, sidewalk amenities, landscaping, and detailed building
designs all serve 10 create an inviting, human-scale atmosphere.

What about neighborhoods?

Residential developments should include amenities such as open space, parks, natural areas
and be designed to promote walking or biking. Environmentally sensitive or valuable features
such as streams and wetlands should be protected and a natural buffer maintained. Remaoval of
mature trees should be minimized and they should be adequately protected during construction.
Neighborhoods should be designed at a human scale with reduced setbacks and narrower
streets to encourage interaction between neighbors and make the street pedestrian-friendly.
Small, community-oriented commercial areas that provide services such as groceries, dry
cleaning, boutiques, and restaurants should be located within walking or biking distance.
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What does the consumer want?

Surveys of homebuyer preferences demonstrate widespread support for many of the features
outlined. A recent national survey exploring the values of homebuyers determined that a
majority rated the following amenities as “exiremely important.”

Natural, open space TT% Clustered retail stores 55%
Walking and biking paths 74% Wilderness areas 52%
Giardens with native plants 56% Interesting little parks 50%

in the commercial arena, new town centers and “lifestyle shopping centers” that feature mixed
uses such as hotel, office, entertainment, retail, and housing are becoming increasingly popular.
Addison Circle in Addison, Legacy Town Center in Plano, and North Richland Hills Town Center
in North Richland Hitls are local examples of this new trend in development.

Are there advantages for developers?

Fortunately, these design techniques offer benefits to developers as well as to residents and the
environment. Developments that incorporate these features will command premium prices and
atiract buyers. One study found that residents are willing to pay an average premium of 11% to
live in neighborhoods that are designed to be walkable and compact, with high guality public
spaces and a mix of uses. According to a market researcher, “The amenities that top the list for
avery demographic group, such as trails, pocket parks and open spaces, are actually some of
the least expensive for a developer to include.”

Density bonuses offered by cities in return for land set aside as open space can offset the
reduction in area that would have otherwise been built upon, resulting in no net loss or only
minima! loss of building lots, In addition, by consiructing more compact neighborhoods with
narrower streets and by incorporating other design features, costs for roads and storm drain
systems can be reduced substantially.

Take a serious look at the Ten Keys to Developing Naturally and see how they can help you
meet your objectives and improve our environment, Naturally North Central Texas is going o
develop -- so let's do it naturally!

Ten Keys to Developing Naturally

Key 1: Maintain existing terrain

By maintaining the existing terrain of the land to the greatest extent practical, rather than
regrading the property, many objectives are achieved. More of the native vegetation, including
stands of mature trees can be preserved. The capacily of soils to infillrate storm water is
maintained if it is not compacted by construction fraffic. Minimizing the area disturbed during
construction results in less soil erosion and less sediment entering streams. Natural drainage
systems can be utilized and integrated into the comprehensive storm water management
system, helping 1o maintain predevelopment runoff regimes.

Recommendations

¢ Limit clearing and grading to the minimum required to install the infrastructure
¢ Clear individual building lots immediately prior to building construction
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+ Maintain existing natural topography and drainage patterns
+ Preserve and protect as many trees as possible
+ Avoid clearing and grading of areas with permeable soils

Key 2: Minimize impervious surfaces

Impervious surfaces are those such as roads, parking lots, driveways, and rooftops, that do not
allow any infiltration of storm water into the soifl. All rainfall that lands on impervious surfaces
becomes runoff, which can pick up pollutants on the way to the nearest stream or lake. The
extra quantity of water that runs off of impervious surfaces causes streambank erosion and
habitat degradation and can also result in downsfream fiooding.

Excessively wide roads and oversized parking lots also detract from the aesthetic value of
neighborhoods and commercial centers. Wide residential streets result in higher traffic speeds,
creating dangerous conflicts between cars and residents, particularly children. Cul-de-sacs with
their large turn around circles generate lots of storm water and reduce the connectivity of the
street network.

Hecommendations
+ Reduce residential street widths

¢+ Use cul-de-sacs sparingly and incorporate sunken landscaped islands in the middle of
turnarounds where cul-de-sacs cannot be avoided

+ Minimize street length by concentrating development in least sensitive areas

+ Reduce parking lot size by lowering the number of parking spaces and by sharing parking
among adjacent businesses

+ Use pavers or porous pavement in parking overflow areas

+ Reduce the roofiop area of buildings by constructing multiple level structures where feasible

Key 3: Build in the least sensitive areas

Concentrating development in the least environmentally sensitive areas of the property allows
natural areas to maintained as open space, Building at higher density in the portion that is
developed can result in minimal loss of building lots compared to conventional subdivision
fayouts. Consumers are accepting of smalier lot sizes if the development is well designed and
open space and recreation amenities (walking and biking trails, small parks, eic.) are provided.
The commonily held areas essentially become an extension of the individual lof, beyond what
would be affordable by individual homeowners, and without the headache of maintaining a large
lot. Studiss indicate that homebuyers will pay a premium for lots adjacent to natural open
space, and that such properties appreciate at higher rates than those in typical subdivisions.

By building in the least sensitive areas, direct impacts from construction activities on
acologically valuable features are avoided. Physical separation also allows for control of runoff
from the completed development in order to minimize impacts, both in terms of the quantity of
the runoff and the pollutants carried by the runoff. Areas that should be pressrved include
wetlands, floodplains, buffer areas adfacent to streams and lakes, prairies, and stands of mature
trees. In addition, areas with highly permeable soils should be considered for preservation to
allow for infiltration of storm water,
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Recommendations:

+ Conduct an inventory of the property’s natural features including streams, wetlands, wooded
areas, and soils

+ Locate homes, buildings, parking lots away from streams, floodplains, and other ecologically
and aesthetically valuable areas

+ Build at higher density in suitable areas, while preserving sensitive or valuable features as
permaneni open space

Key 4: Provide open space/parks

Natural open space is extremely valuable as wildiife habitat, storm water infiltration areas, and
as protective bufters for ecologically sensitive areas. Just as importantly, open space serves as
an extension of the individual residential lot. Natural open space is visually appealing, as it
breaks up the endlessly monotonous pattern of rows and rows of houses. Open space and
“pocket” parks provide opportunities for recreation including walking, biking, and bird watching,
and play.

Common open space and pocket parks within neighborhoods are particularly appealing to
families with children. Younger children can play in playgrounds with other children under the
supervision of parents. Parents may allow older children more freedom to play and explore
without direct supervision since trails and open spaces are generally located away from traffic
and the frequent presence of neighbors provides a measure of security.

Open space sells. Homebuyer preference surveys show that people want open space and
recreation facilities within their neighborhoods. Studies also indicate that homebuyers will pay a
premium for lots adjacent to natural open space, and that such properties appreciate at higher
rates than those in typical subdivisions. Clearly, providing open space in neighborhoods is a
win-win proposition.

Open space must be protected from further development in the future by placing a permanent
conservation easement on the land, Conservation eagsements run with the deed to the property
and are held by the city or county or nonprofit organization. The conservation easement must
specify that the property is to remain undeveloped and must also list what activities are
permitted. Ownership of open space and parks should be transferred to a homeowner
association, a land trust, or the city. The city will also require that a management plan outlining
maintenance activities and responsibilities be submitted and approved as part of the plat
approval process.

Hecommendations
+ Set aside ecologically sensitive or aesthetically valuable areas

+ Protect open space areas through conservation easements or by transferring ownership to
the city
+ [ncomporate recreation facilities including walking and biking trails and playground eguipment

Key 5: Preserve streams and floodplains

Natural streams, floodplains, and riparian buffers are vital to the success of natural systems,
Buffered with trees and vegetation, natural streams provide extremely important aesthetic value
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fo neighborhoods and communities. Natural, undeveloped floodplains provide storage for storm
flows, minimizing downstream flooding impacts. Streams, be they natural, tree lined
watercourses or concrete drainage ditches are a major indicator of the character of a
community.

Maintaining streams and floodplains in their natural condition should be a guiding principle for
high quality development projects, which will in turn influence many of the design decisions that
follow. In order to maintain viable natural streams, runoff from developments must be
controlled. Stream channels can be severely degraded by erosion if post-deveiopment storm
water flows are significantly higher than predevelopment flows. Many of the keys to developing
naturally, including limiting impervious surfaces, providing open space and buffers for infiltration
of storm water runoff, maintaining existing terrain, and others must be implemented 1o some
extent if natural streams are to be capable of handling storm flows from developed areas.

Recommendations

¢ Conduct hydraulic analyses of streams to determine flow capacity

+ Maintain vegetated and wooded riparian buffers along streams (100 feet or more
recommended)

¢ Incorporate other keys tc developing naturally into project designs to attenuate storm water
flows

+ locate all structures out of the fudl build-out 100 year-floodplain

+ Do not place any fill material in the 100-year floodplain

Key 6: Direct runoff over vegetated areas

Discharging runoff from roofs, roads, and parking lots into vegetated areas, rather than directly
into storm drains offers an opportunity for infiltration of storm water runoff into the ground.
Infiltration of storm water runoff reduces both the quantity of water and the amount of pollutants
that woulkd otherwise reach a stream or lake. For the runoff that exceeds the infiltration capacity
of the soil, the vegetation through which the storm water runoff flows can trap and remove
suspended poliutants before the flow reaches a water body.

There are several ways in which this can be accomplished. For rooftops, downspouts should be
directed onto grassed areas rather than onto driveways or parking lots. Runoff from parking lots
should be also discharged to grassed areas, which are referred to as vegetated filter strips.
Filter strips function well when runoff enters and flows across as a "sheet” of water, rather than
as a deeper, fast moving channel of water. Vegetated swales, which are engineered to
accomplish both infiltration and filtration of concentrated runcff, can be used in lieu of
underground piping for conveyance of storm water runoff once it collects inte a concentrated
flow of water.

Landscaped and vegetated areas, particularly in commercial and multi-family residential
settings, also provide an attractive visual buffer to break up the monotonous pattern of buildings
and parking lots. Significant areas of grass, trees, and shrubs also serve to reduce
temperatures compared to vast expanses of asphalt and concrete under the hot Texas sun.
With proper design, and accompanied by other design considerations such as reducing overall
impervious surface, etc., vegetated filter strips and vegetated swales can reduce storm drain
infrastructure costs as well.
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Recommendations
+ Direct roof drains onto vegetated areas rather than driveways or parking lots

+ Discharge runoff from parking lots as sheet flow into vegetated filter strips bordering the iot

+ Incorporate depressed, vegetated areas within parking lots, rather than raised landscaped
areas to allow runoff to infiltrate

+ Use open drainage {vegetated swales) where feasible instead of underground storm drain
systems

Key 7: Use native and adapted plants

Landscaped areas, with all of their benefits, can also contribute to the pollution of streams and
lakes if they are not managed properly. The use of plants that are not well suited to the climate
and conditions in North Texas can result in the need for frequent use of pesticides and fertilizer
fo maintain the planis in a healthy condition. What's good for the plants, howeaver, can be
damaging to the environment and to human health as well.

The application of insecticides ends up killing not only the “bad” insects, but also the beneficial
ones, such as bees, butterflies, and earthworms. Anything eating the poisoned insects such as
amphibians, lizards, birds and mammais will aiso ingest these toxins. In addition, pesticides
applied to landscape plants and lawns can be washed into water bodies by storm water runofi,
where impacts to aquatic life can occur, Pesticides also present a possible health risk to
humans, particularly to children who might play on recently treated lawns.

Fertilizer causes problems as well when it runs off of lawns and landscaped areas and into local
waterways. The extra nutrients may cause aquatic plants {including algae) to experience rapid
growth. Under the right conditions, these plant and algae “blooms” can reduce oxygen levels in
the water and kill fish. Another consideration is that landscaped areas must be covered, either
with plants or with muich in order to prevent soil erosion. Sediment washed inte waterways is a
form of poliution that needs to be controlled.

The use of native plants, and those that have been adapted to the local ¢limate and conditions,
save money by reducing the amount of water, pesticides, and fertilizer that must be appilied to
keep the plants healthy.

Recommendations

+ Use native and adapted plants for their natural resistance to pests and drought tolerance
+ Reduce the use of pesticides, fertilizer, and water for irrigation

+ Maintain vegetated areas in good condition to reduce soil erosion

Key 8: Consider ways to reduce car travel

Automobiles impact the environment in a number of ways, both directly and indirectly. Most
people are aware that automobiles are a major source of air pollution. In the DFW region, car
exhaust accounts for almost one-half of the chemicals that contribute to the creation of ozone in
the lower atmosphere. Ozone pollution causes a number of health problems including
respiratory system irritation, inflammation and damage to the lining of the lungs, and increased
asthma attacks. As population in the region increases, more cars on the road, more congestion,
and longer commutes will lead to more air pollution and more health problems as a result.
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Many are unaware however, that cars are a significant contributor of poliutants that can
negatively impact water quality. Petroleum products including gasoline, oil, and grease drip
from cars onto roads and parking lots and are then carried into waterways by storm water
runoff. Metals such as zinc, lead, copper, cadmium, copper, chromium, and nickel are also
used in various car parts that are deposited on roads and parking lots as the parts wear.

Indirectly, automobiles contribute to damage of the environment as a result of the sheer
magnitude of impervious surfaces that are required for the operation and parking of vehicles.
Roads, parking lots, and driveways generate a tremendous amount of runoff that threatens the
equifibrium of natural streams. If runoff from impervious surfaces is not managed properly,
natural channels will be overloaded by storm water runoff, requiring that they be converted to
concrete drainageways.

The most effective option for reducing the impact on streams is to minimize impervious
surfaces, rather than just attempt to manage the runoff by the use of expensive control
measures such as retention or detention ponds. In order to reduce the need for more highways,
wider streets, and expansive parking lots, alternative to automobile travel must become more
feasible for travelers. incorporating walking and biking trails that feed into a broader network of
bicycle and pedestrian transportation facilities is one way to provide alternatives to car use.

Other design options are also effective in reducing automobile travel. Locating concentrated
developments near transit facilities gives residents the option to use public transportation rather
than their personal vehicle for trips to work, shop, ete. Designing mixed-use developments in
which residences, shops, and schools are in close proximity promotes walking to the nearby
corner store, restaurant or school. In addition to the water quality benefits, altematives that
reduce automobile travet will result in less vehicle emissions,

All of these oplions serve to reduce the vast and expensive infrastructure required to support
automobile travel and will result in improvements in air and water quality and corresponding
benefits for human health. As is the case with many of the keys to developing naturally, the
principles outlined here are popular with homebuyers. Homebuyer preference surveys
demonstrate there is a strong desire among consumers for walking and biking trails and
clustered retail stores in neighborhoods. Everyone wins when developments and transportation
systems are designed to meet the needs of people first and automobiles are given secondary
consideration.

Recommendations

+ Provide walking and biking trails in neighborhoods

¢+ Design and build mixed-use developments that incorporate residential and commercial
areas that are within walking or biking distance of each other

+ Develop near transit lines/acilities

+ Develop at sufficient density to support practical transit usage

Key 9: incorporate detention/retention controls
There have been a number of changes in the way in which storm water runoff from developed
areas is managed. The traditional approach has been to develop with little regard for storm

water other than to construct drainage systems that move the water off the site as quickly as
possible. More recently, devices have been used (to varying degrees in different parts of the
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country) for controlling the rate of flow and timing of storm water leaving the site, and in some
cases to reduce the amount of pollutants in the runoff as well. These controls generally work by
capturing and holding a portion of the runoff and then releasing it slowly over a sufficient petiod
of time to reduce the “peak” flow from the site. As mentioned, the conirols are sometimes
designed to hold the runoff long enough to permit settiing out of some of the pollutants so that
water quality is improved at the same time.

Detention controls, or dry detention ponds, fill up during storms, but they discharge completely
and are dry during the periods between storms. Dry ponds have grassed bottoms, and with
proper maintenance, can be used for recreation when they are dry. Retention controls are
known as wet ponds since they maintain a permanent pool of water between storms. The
banks and outlet of a wet pond is constructed to provide for storage and subsequent slow
release of storm water runoff. Wet ponds leok much like any other pond and with careful
attention to design and to maintenance, they can serve as an atiractive water feature in
residential and commercial developments.

Detention and retention conirols should be considered only after all other keys for developing
naturally have been expiored and implemented to the greatest extent possible. In many cases,
the need for these “treatment” or “structural” controls as they are sometimes referred {0 can be
avoided altogether, or they can be reduced in size if the amount of runoff and entrained
poliutants are minimized by the design of the project. Generally, it is cheaper and more
effective to implement design slements that prevent or reduce the generation of storm water
runoff and/or poliutants at the source. However, should factors beyond the control of the
developer preclude the full use of other Keys, detention/retention controls should be
incorporated into the project.

Recommendations
+ Incorporate the other Keys fo developing naturaily to the greatest extent possible

+ Evaiuate the need for retention/detention controls based on inclusion of other design
elements for reducing stonm water impacts
¢+ Integrate retention/detention controls in a manner that they function as amenities

Key 10: Use slotted grates to remove trash

Trash that ends up in streams and lakes is more than an eyesore, it can affect water utilities,
residents, and wildlife. Removal of trash and debris is time consuming and expensive for local
governments once it is in the waterway. Frevention is the preferable approach to litter control.

In commercial areas, slotted grates can be very effective in preventing trash and debris from
entering the storm drain system and being discharged info streams and lakes. More advanced
storm drain inserts can also trap oil, grease, and grit. These devices are appropriate for high
volume parking lots and businesses such as gas stations, car washes, or automobile service
garages. Generally, grates or inserts are not appropriate for use in residential areas {except
perhaps apartments) because of the lack of an on-site maintenance staff.

Recommendations
+ Place slotted grates in storm drain inlets in commercial areas to capture trash and debris
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Use storm drain inserts (ol and grit separators) in areas where large amounts of oil and grit

can be expected (parking lots with heavy automobile traffic, gas stations, service stations,

etc.}

For more information:

Ensure that the facility owner is aware of maintenance requirements

Organization

Internet Address

North Central Texas Council of Governments

www. dfwstormwater.com

organization web site

Publications Availability Keys
Storm Water Quality Best Management | Ordering information at}| 6,9, 10
Practices for Residential and Commercial | hitp://dfwstormwater.com
Land Uses in North Central Texas, July 1993

| Texas SmantScape CD {Same as above) 7
Organization internet Address
Low-impact Development Center hitp://lowimpactdevelopment.org
Publications Availability Keys
Low-impact Development Design Strategies: | Downloadable in pdf format 1,2,5,6,9
An Integrated Design Approach, Prince
George's County, Maryland, June 1999 |
Qrganization Internet Address
Center for Watershed Protection WWW.CWD.O[]
Publications Availability Keys
Better Site Design: A Handbook for Changing | Ordering information at ' 1,2,3,4,5,
Development Rules in Your Community . organization web site 6,89
{August 1998)
Nutrient Loading from Conventional and | Ordering information at| 2,3 4,5,8,
Innovative Site Development, July 1998 organization web site 9
Organization internet Address
Marviand Depariment of the Environment www.mde.state. md.us
Publications Availability Keys
2000 Maryland Stormwater Design Manual  Downloadable in pdf format 1,2,3,4, 5
Volumes | & 1] 6,89
Organization Internet Address
New Urban News www newurbannews.com
Publications Availability Keys
The New Urbanism and Traditional | Ordering information at} 2,3,4,5,8
Neighborhood Development: Comprehensive | organization web site
Report and Best Practices Guide
New Urban News Magazine Ordering information at| 2,3,4,5,8

Draft

December 18, 2000



http:www.newurbannews.com

Organization

internet Address

Smart Growth America www.smartgrowthamerica.com
Publications Availability Keys
Greetings from Smart Growth America Downloadable in pdf format 1,2,8,4,5,
8

Organization Internet Address
Nonpoint Education for Municipal Officials www.canr.uconn.edu/ces/nemo

' Publications Avallability Keys 1
Numerous free and low-cost brochures on | QOrdering information at | Various ’

. alternative site design organization web site 1
Organization Internet Address
American Planning Association www.planning.org

' Publications Availability Keys ?
Best Development Practices, Reid Ewing, | Ordering information at | Various ]
APA Planners Press, 1998, www . planning.org/bookstore
The Principles of Smart Development, 1998 | Ordering information at| 1,2,3,4,5,

www.planning.org/bookstore 6,89

Conservation Design for Subdivisions: A { Ordering information at 1,2 3,4,5,
Practival Guide lo Creating Open Space | www.planning.org/bookstore 6,89
Networks, Randail Arendt, 1396
The Next American Metropolis: Ecology, | Ordering information at| 2,3,4,5,8
Community, and the American Dream, Peter | www.planning.org/bogkstore
Calthorpe, 1993, |
Web Document internet Address Keys
Texas Nonpeint Source Boak www.ixnpsbook.org Various

| Organization Internet Address

. Atlanta Regional Commission www.atlantaregional. comidemg

manual

1 Publications Availability Keys

. Georgia Stormwater Management Design | Downloadable in pdf format 1,238, 4,5,
Manual, Draft, May 2000. 8,89
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Se

science for a changing world

fn cooperation with the North Central Texas Council of Governments

Municipal Stormwater Monitoring Program, Dallas-
Fort Worth Area, Texas—Summary of Sampling,
February 1997-February 2000

Duaring 1992-94, the U.8. Geological Survey (USGS}, in coop-
eration with the North Central Texas Council of Governments
{NCTCOG) collected stormwater runoff data for the cities and
Texas Department of Transportation (TxIDOT) Districts in the
Dallas-Fort Worth {BFW) area to meet the regulatory reqoire-
ments of the application phase for the National Pollutant Dis-
charge Elimination Svstem (NPDES) stormwater perout. The
Phase I permit requirements applied o eities with populations
of 100,000 or greater and to TxDOT districts with population cen-
ters of 100,000 or greater (U.S. Environmental Protection Agency,
1990}, The following cities and districts in the DFW area met
the population criterta: Arlington, Dallas, Fort Worth, Gartand,

Irving, Mesquite, Plano, TxDOT Dallas District, and TxDOT Fort
Worth District. The permit applications were submitted to the
(1.8, Environmental Protestion Agency {EPA) for approval.

Beginning in 1997, the approved stormwater discharge permits
were [ssued to the seven cities and two TxDOT districts that
required a permit-compliance phase with additional sampling for
a S-year period. In 1997, the USGS began a study in cooperation
with the NCTCOG to collect stormwater samples and characlerize
stormwater runolf for the seven cities and two TxDOT districts for
the period 1997-2001. At the énd of the S-year permit-compliance
phase, the EPA will transfer the stormwater discharge permits
to the Texas Natural Resource Conservation Connmmdssion for
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Flano, Tex.; the rain gage is mounted just above the solar panel.

renewai. The USGS, during an ongoing study, will analyze the
daiz collected during the permit-compliance phase and recom-
mend possible changes to the network design and sampling
schedule. This fact sheet describes the monitoring network and
sampling schedule during the permit-application phase and the
5-year permit-comipliance phase (1997-2001) and summarizes the
smnpling during February 1997-February 2000,

Description of Study Area

The DFW area is located in north-central Texas {fig. 13, and
the |,700-square-mile arca Nes within Collin, Dalias, Denton, and
Tarcant Counties, The DFW area is in the upper Trinity River
Busin with three major tribuearies of the Trinity River draining the
area—West Fork Traity River, Elm Fork Trinity River, and East
Fork Trimty River. Mean annual precipitation in the study area
varies from about 31 inches in Tarrart County to 36 inehes in Dal-
las County, with the months of April and May typically the wettest
and the montls of July and Acogust the doiest (Ramos, 1999).

Monitoring Sites

During the permit-application phase, 30 monitoring siles were
established during {992-93 in small (160 acres or less) drainage
basins. each categorized by a single predominant land use {11 res-
identiul, 9 mdustrial, 6 commercial, and 4 highway). Five sites
each were located in the cities of Dalkas and Fore Worth, four in
Adlington. three each in Garland, Irving, Mesquite, and Plane, and
two sites cach w TxDOT Dallas and TxDOT Fort Worih. Fifteen
of the original 30 moniloring sites {I-13, able 11 were reactivated
w1 (9497 for the permit-compliance phase, inchuding 4 residential,
4 industrizh, 4 conunercial. and 3 highway. Three sites each are
focated i Ballas and Fort Worth, twe sites each in Arlington and
TaDOT Dallas, and one site each in Gardand, Irving, Mesquite,

automatic .
-sampler . —

B. Inside an equipment shelier.

Plang, and TaDOT Fort Wortl. The remaining I35 sites were dis-
continued (1630, table 1), Seven new sites (31-37, able 1) were
established during 1997-98 for the permit-campliance phase. One
site is located in each of the seven cities; no new TxDOT sites
were established. 8ix of the new sites are located in drainage
basins with mixed land use, and one site is located i an undevel-
oped drainage basin. Three of the six sites with mixed fand use are
located at outfails with drainage areas less than 500 acres. and the
remiaining theee sites wwe located instream with drainage aveas of
at least 2,500 acres (table 1), Most of the monitoring sites are
located at storm sewer ouifalls or concrete-tined open channels,
Two siles are located at patural channels.

Each site houses the mopitoring equipment in a shelter (photo
Aj. A rain gage and solar panel are attached to the sheber. Inside
the shelter (photo BY are an antomatic sampler, a peristaltic pump.
a datalogger, and a gas bubbder system. The stage of the waterin a
culvert or open chanacl is measured using a pressure transducer
and g gas bubbler system that reguintes the pericdic relensc of o
bubble of carbon dioxide through an orifice Tine below the water
surface. The pressure transducer measures the pressute requited to
force the bubble out of the orilice line and converts the pressure (o
the stage of the water, in feet. The stage then is used to compute
thc instantaneous discharge using a different equation specific
for a flueme, open channel, or weir. The datalogger compales dis-
charge, accumulates the volume of runoft, and stores information,
such as date, time. precipitation, stage, discharge, volune, and
nurnber of samplis collected. The equipment is powered by a
12-voll battery maintained by the selar panel. A relephone line and
a modem are installed at each site to provide telemetry to commu-
micate with cach site remotely to monitor a storm event, downlond
data, modify program parameters, enable or disable the automatic
sampler, and notify personnel of a storm event,

Sample Collection and Analysis

Two conditions are reguired for sample collection: {1) Ante-
cedent dey weather conditions {ne more than 0.1 inch of precipita-
tion in a 24-hour peried) should occur for the 72 hours prior o the
storm: event to allow For gecumulation of possible contaminants,






Table 1. NPDES municipal stormwater stes in the Dallas-Fort Worth arsa and summary of sampling, February 1997-Fsbruary 2000

Sites i—13 csiablislog {99293 during permisapplication phase: siwes 1630 oxsblishad [992-93 durbeg pormit-applicaiisn phese wd diiconiioved 1997-98 durisg pesmitcomplinnce phasat
sites 31-37 estublished F9T-U8 durmy permitvomghasce phase. USGS. 1.5, Gevlogieal Survey: TaDE e Dapartment of Trassporagion]

Mo, of samples

Sitn US_GS , Gity or Predomi-  Drainags pET
Nrwk stadlan Station nams T«BOT district nant land ﬂr:%a Colipgted  Sonheduiad Fab. 1697
ifig. 1) HG, use tacres) 1992-07 19972001 o
Reactivated sites
H GR0483058 I 3oa Seest Quifll ot Menchien Bd, Forl Wursh Iadusieial $51 ? i3 13
3 (ROHSSS Diy Beseh Outlail a 35 5, Furt Worth Fadisstriul 737 7 {3 1
3 fEMETO0  Fustcen Holh High Sehool Owlbil ot Welkeo D Fort Worh Bemidential 151 7 K] Y
4 DBOMSDT Deer Ueeh (hafull @ 233W T[0T Fort Warih Highway 61 7 13 1%
3 GO The Parks Mafl Ciagsii s 200 EN Comaneeeial 3848 7 13 Y
5 80493320 River Legacy Park Owtfad ot Greon Ouks Blvd, Arfington Ruesidentiat 160 7 13 9
7 BHOMS390 Hewr Creek Owhall ar Skady Grove Rk Irving Residennal 633 7 &3 13
g SR049860  Muistsin Tweok Outinll wl 1-20 TADOT Draling Highwvay 115 K 13 9
9 CROSSEA0  Dachisizas Boascl Quefadl o 035 TaDOF Ballas Elighway i3 7 13 3
10 GROSE39E  Dosiilie Stecet Ouifall ot La Reunion Prowvy, Bullas Fadastiud 49,5 7 13 I
1] DBI57135  Wiane Boek Ureek Ouiial @ Poeston Rd. Toaikag Comaercind 9.1 7 13 g
11 68057441 Dlewon Cooch Quilail & Tinga St [ailss Rustdentid 359 ) 13 g
i3 AR061535  Spreeg Creek Ol Park Bivd Pl Cammercisl 1:7 7 13 Hi)
13 GR06K63S  Tribusany 1o Duck Cieck Cuetall o Hightower Ri, Goland Ernchesiriul 339 7 13 in
13 OBOGISI) Sowth Mesguite Covck Gatfall  (-35 Blusugnity Comawrrvial 59 ? 13 &
Piscontinued sites
16 EO4THYE  Cloar Fork Trinily River Guaihll m Ouk Hith Cr. Fowy Wensh Rosideniint 6.7 7 . .
7 G885 West Fark Trinily River Ouafnil wi Highway B0 Fort Worth Comamercia (36 7 - o
i3 GRO40360  Trilngery to West Fork Trngy Biver Oadzli & Dnbrd's Faso R Addington Beztduutivl TLi 7 - e
9 GROMRET0 Tributury o Johomon Croek Quaitdl w -3 Bast Aslinaton fidustrial 353 1 - -
20 Q8049950 Fish Creck Qatfu m 1-20 TADOT Foa Wonh Highoway Y 7 w
n B35 Tlevelond Bl Outiale at Walout Hill Lo Irving Indusirind 134 7 " -
22 MEOESS00 Joe's Creck Quifall at Desten Dy, Dailas Tnchesizisd 4.0 ? -
13 GB036H00 Tritustary 1o Elin Fork Trinay River Ouafalt an Coscude 52, Irving tischasstriad 438 7 - -
24 GROFTIG Ash Cerel Ouitudl an Whitehey S0 Dadts Resicdential L3 7 -
25 806131 Rowiest Creek Gutkall at WiBow Creek Park Plana Resldential 34 1 - -
26 GEOGLS30 Spring Crech CraliH o Avenue F Plane {ndosied Hu 7 -
2 GEWIGNE  Sfeepy Mollow St Ousfall ar Nonhwest Highway ks Resideatizl 675 H - -
e DG 633 Okl i Contesvilie R, Garlud Conamnervint a2 7 - -
n HR06I9I3  Scuth Mesguine Creek Quilfodi ot Soail Purhway Mesyuine Rasulemid 434 7 e
3 5061990 Suseh Alessuiie Creek Quilzl w Sraon Rd. Mesymite Ranicteminl kL 7 -
New sitay
3 (HMESI2 Byenowse Creeh at Scott Ave, ot Waeth hlined 21760 - 24 Hd
32 U8A9RHE Rudds Crech a0 Woaodbed Bark BHvd. Avlingion Mined P24 -- k2 il
A3 UB035330 Coreewednd Brancel Trbsiane Quidall o SKy i Irving Mixed 177 i M 6
34 CR056:43  Koights Brandh Tribulksy at Cedar Springs Rel, Dadlis #ixed 4364 - H iz
33 GHGIRE Beck Bomeh Owtfal ald Wysgine Bled, Phiau Urdeveloped T - 4 G
36 US61535  Mifls Broseh Tributary wi N, Fidth St Guglomi Mixed %8 .- 4 i3
kX DE0G1830  Nowth Mesguite Coeod & Beliline Rd. Mesguie hixed 2300 -- 3 9

{2} The total storm precipitation should range between 0.2 and
1.5 inches (Baldys and others, 1998},

Dusing the permit-application phase. sevea samples were col-
lected at each of the 30 sites and analyzed for 188 selected proper-
ties and constituents (Baidys and others, 1997). During the 5-year
permit-compliance phase. the 13 samples seheduled for the 15
reactivated sites and the 24 samples scheduled for the 7 new sites
will be analyzed (o a reduced list of 23 required properties and
constituents. The permit-compliance sampling schedule is divided
into 6-month periods (September-February and March-August),
during which a predetermined number of samples are o be col-
lected. For the reactivated sites, five sanuples were scheduled in
the first year (Lwo samples i the first 6-month period and three
samples b the nest period) and two samples par year (one in each
&-month period) for the lollowing 4 years. For the new sites, six
samples per year (tiree in each 6-month period) are scheduled for

the last 4 yewrs of the 3-year period. Table [ lists the number of
sainiples scheduled for the permit-compliance period and the num-
ber of sampies actually collected during February 1997-February
2000, Some samples were not collected as scheduled because of
extended periods of little or no precipitation.

Two types of samples are coliected [or analysis of waler
quality properties and constituents. Grab samples are collected
manually, and composite samples are collected by the automalic
sampler. The samples are analyzed for selected properties and
constituents in accorduance with guidelines set by EPA (U.S. Envi-
ronmental Protection Agency, 1992). Figare 2 shows an example
of the accumiulated precipitation, the discharge, and the times of
the grab and composite aliquot sampiles for a storm sampled on
May 15, 1997, at site 8056390 Bastille Bueet Qutfall at La
Revnion Parkway, Dalias. Texas.
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Figure 2. Mydrograph showing accumulated precipitation, discharge, and times of composite- and grab-sample collection at 08056390
Bastilie Street Outlall at La Reunion Parkway, Dallas, Texas, May 15, 1987,

The grab sample typically is coilected during the first 2 howrs
of a storm to catch the tirst flush of the basin—the nitial storm-
water runoff that often containg accumulations of possible
contaminants. The grab sanple is analyzed for fecu! coliform
bacicria, fecal streptococcus bacteria, oil and grease, pheools
(TxBOT Dallas ooly), aad field properties. The field properties—
specific condoctunce. pH. and waler temperature—are measured
at the time of samiple cotlection.

The composite sample is 4 combination ol discharge-weighted
sample aliguots collecied throughowt 2 storm by the automatic
sampler programined o collect discrete samples after a site-
specific pre-specified volume of discharge has passed the site.
The composite sample 15 analyzed for biochemical oxygen
demand, chemical oxygen demand, suspended solids, dissolved
solids, ammonia plus erganic nitrogen, nitrite plus nitrate nitro-
gen, total phosphorous, dissolved phosphoreus, arsenic, cadmiwm,
chromium, coppes, lead, nickel (TxDOT Dalias ondy}, zine, and
dizzinon.

Data Analysis and Use

The concentration data compiled by the monitoring pro-
gram are used primarily for permit complince Lo characierize
the stormwater yunoff in the DFW areq, The evant-mean
concentraten data can be used o (1) charactenize stormwaler run-
off, bothi for individual land uses and for the entire DFW aren:
{2) estimate storm loads and mean annual loads for selected con-
stituents to receiving waters: and (3) provide policy mukers with
information to develop effective management practices. These
data ajso are useful for comparison and analysis in other parts of
the state and country.
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