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PLANNING AND IMPLEMENTING STORMWATER QUALITY PRACTICES

SECTION 2

BMP Process and Plan Development
Proper planning for development projects and implementation of BMPs is important for the 
mitigation of impacts to water quality and protection of receiving water bodies. Implementing a 
plan that considers the existing hydrology of the site and protects pervious areas and existing 
vegetation can help minimize both the cost and the footprint of structural drainage practices.

This section provides a brief overview of the BMP planning processes and outlines the plan 
submittal requirements for new development and re-development projects. This includes a
discussion to support integration of water quality BMPs into site development and 
recommendations to help determine the type and layout of BMPs for a specific site layout.
Additional detail is provided in Sections 3 and 4.  

2.1 BMP AND SITE PLANNING

Proper BMP planning includes consideration of site layout and BMP placement early in the process. 
These steps can help to provide important water quality benefits. The recommended steps for the 
planning of the site and BMPs are: 

1. Identify protected and sensitive features and opportunities to protect these. This may include
development of a setback for impervious areas from creeks, wetlands, riparian areas, and
dense and / or desirable vegetation. Other planning practices include:

Locate the development in less sensitive areas of the site

Fit the design to the terrain

2. Define the areas that are most suitable for development, areas to be landscaped, and areas to
be conserved. Conform site layout along natural landforms and avoid excessive grading and
soil disturbance. Avoid construction on steep slopes, in floodplains, and on erodible soils.

3. Assess opportunities to minimize overall impervious coverage on the site.

4. Locate BMPs with consideration for capturing stormwater runoff from areas with a high
potential for pollutant loading, such as parking lots.

2.1.1 SITE LAYOUT

Careful consideration of the site layout can help mitigate the water quality impact of the 
development and, as a result, reduce the water quality volume (WQV) that must be treated and the 
required BMP footprint. 
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The existing site conditions that serve important hydrologic functions such as reducing runoff or 
pollutant loads downstream should be identified for protection early in the site assessment process. 
Natural and sensitive features that should be protected include: 

Bodies of water such as streams, rivers, 
ponds, and lakes 

Natural drainage paths 

Riparian areas  

Floodplains  

Wetlands 

Aquifer recharge areas 

Steep slopes  

Erodible soils  

Areas of dense vegetation 

Areas with seasonal high groundwater 

Other site-specific features that may 
impact hydrology 

The developer should take steps during planning and construction to protect these features. It is 
important to consider that the disturbance of soil during construction can enable large quantities of 
sediment to be mobilized during stormwater events. These sediment loads can harm natural 
features and clog or otherwise damage BMPs. Temporary construction controls should be 
implemented as per City of Fort Worth and TCEQ requirements to prevent erosion and sediment 
transport. 

2.1.2 IMPERVIOUS SURFACES  

The developer should minimize the amount of impervious cover in the site design where possible to 
help reduce the size and cost of structural BMPs. WQV and BMP size are calculated based on the 
impervious cover for new and re-development sites. Therefore, reducing the amount of impervious 
cover can reduce the volume, cost, and land required for BMPs. Approaches might include using 
more vertical construction (reducing building footprints), utilizing pervious pavement, and 
designing the site for efficient vehicle circulation, reducing pavement area. 

Disconnecting impervious surfaces can also be an effective way to reduce the required WQV treated 
by structural BMPs. This can be performed at an individual lot level and at the larger development 
site level. At an individual lot or property, impervious surfaces can be disconnected by directing 
gutter downspouts to pervious areas, installing rain gardens, and implementing other small scale 
BMPs or pre-treatment devices. Similar strategies can be implemented at the larger development 
scale by draining runoff to pervious areas. Other examples of this may include using stable grass 
swales instead of curb and gutters and natural channel paths instead of storm sewers. Both of these 
alternatives could function as pre-treatment based on compliance with the design standards 
outlined in this manual. 

2.1.3 SITING BMPS 

The developer should consider potential sources of high pollutant loading and locate BMPs to 
capture stormwater runoff from these areas. Roof runoff and parking lots will require pre-
treatment before treatment by approved BMPs. Section 4 of this manual outlines the options for 
pre-treatment.  
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2.2 BMP SELECTION   

The planning for the types and locations of BMPs to be implemented on a site should be performed 
with consideration of the pollutants of concern, available right-of-way, existing soil types and 
infiltration rates, pollutants of concern, and the development goals that impact aesthetics of the 
development. Table 2.1 summarizes the level of treatment that each type of BMP provides for 
pollutants of concern. 

Table 2.1 Pollutant Reductions by BMP  

  
Sand and 

Media 
Filters* 

Bioretention 
Basins* 

Constructed 
Wetlands 

Wet 
Basins 

Retention and 
Irrigation 

Basin 

Detention 
Basin 

Vegetated 
Filter Strips/ 

Grass 
Swales* 

Permeable 
Surfaces 

Sediment High High High High High Moderate Moderate to 
High High 

Nutrients Low to 
Moderate Moderate Moderate 

to High** 
Moderate 
to High** 

Moderate to 
High 

Low to 
Moderate 

Low to 
Moderate Low 

Trash  High High High High High High Low to 
Moderate High 

Metals Moderate 
to High 

Moderate 
to High Moderate Moderate High Moderate Low to 

Moderate Moderate 

Bacteria Moderate 
to High High High** High** High Moderate 

to High Low High 

Oil and 
Grease High High High High No Data No Data Moderate to 

High Moderate 

Organics Moderate 
to High Moderate High** High** No Data Low Moderate to 

High Low 

 
Source: SARA, 2013; NCTCOG, 2014; TCEQ, 2005; ISWBD, 2017 
* Removal effectiveness varies dependent on infiltration capacity and design 
** Wetlands, Wet Basins, and other BMPs with wildlife habitat can have high internal loads of bacterial 
indicators, nutrients, and organics 

 

Section 3 of this manual outlines the requirements and benefits of the post-construction BMPs that 
can be implemented to comply with the water quality requirements for areas covered in this 
manual. The fact sheets (Appendix B) summarize the effectiveness of the BMPs for removal of 
different pollutants. 
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2.3 CALCULATION OF WATER QUALITY VOLUME

The required WQV to be treated is calculated based on the runoff volume from the 85th percentile 
runoff event. A continuous hydrologic simulation model assessment was performed to define the 
WQV. The model assessment considered routing through the capture basin, infiltration in the 
tributary drainage area, and the recapture of infiltration and other losses during dry periods in the 
Trinity River watershed.  

For a development within Zones 1 and 2, the water quality volume can be estimated using Figure 
2.1 or Table 2.2. The process to estimate is also summarized in the callout on this page.  

First, the developer should define the drainage 
areas within the project site and calculate the size 
of each of the drainage areas (step 1). Note that 
the project area may have more than one 
drainage area, and one or more BMPs should be 
used for each drainage area where there will be 
new impervious or redevelopment. Only the 
portion of each drainage area within the site 
boundaries will need to be treated.  

Next, the developer should estimate the amount 
of impervious cover and the percentage of 
impervious cover within each drainage area (step 
2). This should be done for each drainage area 
within the site. The developer should then
identify the BMP type(s) that may be used to treat 
stormwater runoff on the site and evaluate the 
drainage time and components for the BMP(s) 
(step 3 and step 4).   

Figure 2.1 provides a graphical representation of 
the Water Quality Depth (WQD) expressed in
inches as a function of the percent impervious 
area of a development and the design drain time 
for the selected BMPs. Equations to estimate the 
WQD are also provided in Table 2.2. To calculate the total water quality volume for each drainage 
area within the project site, use the percent impervious for that drainage area and the drain time 
for the selected BMP to estimate the WQD (step 5). Multiply the WQD by the drainage area to 
calculate the total WQV for that drainage area (step 6). The WQD and WQV should be estimated for 
each drainage area separately.  
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Figure 2.1 Water Quality Depth (in watershed inches) for the 85th Percentile Capture of Runoff Volume 

 

   
 

As noted, the equations provided in Table 2.2 can also be used to calculate the WQD for BMPs based 
on the amount of impervious in the drainage area and the drain time of the BMP. As described for 
Figure 2.1, multiply the WQD by the drainage area to calculate the WQV. 

Table 2.2 Equations for Required Water Quality Depth  

Drain Time Water Quality Depth 

48 hour y = 0.0093x + 0.0104 

24 hour y = 0.0080x - 0.0009 

12 hour y = 0.0068x - 0.0132 
Where: 
x = percent impervious (%) for drainage area to BMP 
y = water quality volume in inches 
 

Section 3 and the design spreadsheets included in Appendix E also include guidance for these 
estimates. The WQV is based on the percent of the drainage area with impervious cover. By reducing 
the amount of impervious cover, a new development or re-development project can reduce the 
required footprint of BMPs.  

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 10 20 30 40 50 60 70 80 90 100

W
at

er
 Q

ua
lit

y 
D

ep
th

 (I
nc

he
s)

% Watershed Impervious



 

2-6 
 

TRWD Water Quality Manual June 2018 

2.4 BMP DESIGN   
The design guidance in this manual is based on components. The components for each BMP are the 
critical elements required for that BMP to meet the water quality goals. Based on the type of BMP, 
components may include inlets, pretreatment, energy dissipation, area protection, storage media, 
media barriers, planting media, landscaping, and outlets/piping. To allow flexibility for specific 
sites, this manual provides alternatives for components that meet the design criteria. The required 
design specifications and components for each BMP are outlined in Section 3. Design sheets and 
conceptual layouts for the components are provided in Section 4.   

ADDITIONAL RESOURCES 

1 City of Fort Worth. December 20, 2012. Standard Construction Specification Documents. 
2 North Central Texas Council of Governments (NCTCOG). September 2014. “iSWM Technical 

Manual: Water Quality: 1.0 Water Quality Protection Volume and Peak Flow”, Arlington, Texas, 
April 2010, Revised September 2014, 
http://iswm.nctcog.org/Documents/technical_manual/Water%20Quality_9-2014.pdf  

4 San Antonio River Authority (SARA). 2013. San Antonio River Basin Low Impact Development 
Technical Guidance Manual.  

5 Texas Commission on Environmental Quality (TCEQ). July 2005. Complying with the Edwards 
Aquifer Rules: Technical Guidance on Best Management Practices. 

6 International Stormwater BMP Database. Accessed September 2017. BMP Database Tool: Texas 
BMPs. http://bmpdatabase.org/retrieveBMPs.asp 
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SECTION 3 

Post-Construction Storm Water Quality Control Measures
This section provides information about the Best Management Practices (BMPs) that can be 
implemented to comply with the water quality requirements for Zones 1 and 2 (as presented in 
Section 1.4). The BMPs included in this section, if sized for the Water Quality Volume (WQv) 
(defined in Section 2) and designed in compliance with this manual, meet the water quality 
requirements for new and re-development projects in Zones 1 and 2, with two exceptions: grass 
swales and vegetated filter strips. These two BMPs are intended to treat only small impervious 
areas or act as pre-treatment or post-treatment for other BMPs. Specific requirements unique to 
Zone 1 (Panther Island) are discussed in Section 5.  The following sections provide 1) a short 
description of each BMP, 2) information about the application of the BMP, 3) design criteria, and 4) 
maintenance considerations for design and construction. The design criteria describe the required 
components for each type of BMP and criteria for the components. 

The general approach to identifying and designing appropriate BMPs includes the following steps: 

1) Review the descriptions and applicability information provided in this section to determine 
what BMPs are most appropriate for the development. 

2) Review the design criteria in this section to determine the necessary components and 
design elements for compliance with water quality requirements. The design criteria 
include references to applicable design details and specifications in Section 4. Review the 
maintenance considerations for design in this section to make any design adjustments that 
would simplify maintenance.

3) Identify the component details and specifications in Section 4 based on the components and 
references described in this Section. See Table 4.1 for major components. 

Additional support included in Appendix E will assist in performing design calculations, sizing BMP 
structures and developing project submittal support information. The BMP design plan sheets and 
calculations, inspection and maintenance plans, as-builts, and other supporting information for 
projects in Zones 1 and 2 with WQV treatment requirements must be submitted for review to 
TRWD.  

3.1 SAND FILTERS 

3.1.1 DESCRIPTION OF BMP

Sand filters and other types of media filters filter stormwater through sand or other media to 
remove pollutants. These BMPs can be implemented to treat a relatively large (generally up to 10-
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acres) drainage area.  This manual focuses on sand as the filtration media; other types of media may 
be considered on a case by case basis but are not specifically detailed in this section.  

Two of the primary components are the sediment forebay (also referred to as sedimentation 
chamber) and the filtration chamber. The sediment forebay should be included for sand filters with 
drainage areas over 2-acres and can be included in smaller sand filters to remove floatables, large 
materials, and sediment before storm water is filtered through the sand or other media. The volume 
of water conveyed to the treatment system must be controlled by a diversion structure to prevent 
inflow rates that exceed the capacity of the BMP.  

Component details and specifications are provided in Section 4. Figure 3.1 provides a conceptual 
rendering of a Concrete Sand Filter with major components identified for reference. The 
components may depend on the size and type of sand filter; these are described further in Section 
3.1.3. 

Figure 3.1 Conceptual Rendering of a Concrete Sand Filter  

 
 

Due to the inherent dangers associated with confined spaces, which complicates routine 
inspections and maintenance, as well as the out-of-sight nature and inherent potential for neglect, 
underground structures/vaults are not discussed. Developers wishing to propose buried structures 
must provide conclusive supporting documentation regarding maintenance access and equivalent 
performance compared to above grade filters. These sand filters must be in compliance with all 
applicable confined space rules and regulations.     
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3.1.2 APPLICABILITY  

The layout of sand filters is highly flexible. They can be incorporated within new development or as 
retrofits in re-development sites and can be used at locations with limited space or where other 
BMPs would be difficult to fit2. Although versatile in their potential application, sand filters are best 
suited for areas with highly impervious drainage areas. However, sites that produce heavy 
sediment loads will clog filtration media and without frequent maintenance, will render this BMP 
ineffective2.   

3.1.3 DESIGN CRITERIA 

This section provides the design criteria for sand filters. The structural criteria provide information 
about the necessary components and include references to the component design section of this 
manual (Section 4). The details and specifications for the components are provided in that section. 
The design/review spreadsheet in Appendix E outlines the design steps and calculations for the 
BMPs. 

1) General Criteria 

a. Runoff from all impervious surfaces should be directed to a BMP.   

b. The maintenance plan for sand filters must include, as a minimum, 
trash removal, accumulated sediment removal, inspection for 
standing water, and inspection for 24-hour drawdown in 
accordance with the Stormwater Facility Maintenance Agreement – 
Water Quality Devices and oultlined in Appendix D. 

2) Site Conditions 

a. Drainage area – Sand filters are recommended for drainage areas less than 10-acres 
in size. Larger areas should be subdivided and treated by multiple devices.  

b. Depth to water table – A minimum of 2-feet are required between the bottom of the 
sand filter and the elevation of the seasonally high-water table. 

c. Soils – An underdrain is required for soils that do not allow sufficient infiltration.  

d. Floodplain – Where feasible, the BMP should be located outside of the 100-year 
floodplain. Where not feasible, the top of walls / embankments for the BMP should 
be above the 100-year floodplain and the BMP should be designed to protect against 
surcharge from downstream waters.     

e. Space required to achieve WQV – Function of available head at the site, the holding 
time, WQv, and the surface area of the sand layer for the BMP (see design calculation 
procedures in Appendix E). 

3) Structural Criteria 

a. Emptying / drain time – Design to drain within 24-hours. 

b. Minimum head – The elevation difference needed at a site between the inflow and 
the outflow is generally 5-feet. 
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c. Pre-treatment - A sediment forebay must be used for all sand filters treating over 2-
acres and is recommended for all sand filters.  

i. The forebay should be designed to hold at least 25% of the WQv.  

ii. The sediment forebay should have a length-to-width ratio of at least 2:1.  

iii. Inlet and outlet structures should be located at opposite ends of the chamber 
to prevent short-circuiting (see Section 4.1 for additional information on 
inlet structures, Section 4.2 on the design of the sediment forebay, and 
Section 4.8 on outlet structures).  

iv. A vegetated filter strip or grass swale can be implemented in lieu of a 
sediment forebay where the drainage area is less than 2-acres.  

d. Energy dissipation – Required to dissipate energy and prevent erosion at the inlet to 
the BMP (see Section 4.3). 

e. Sand filter chamber – The structure of a surface sand filter may be constructed of 
impermeable material such as concrete or using earthen embankments and slopes.  

i. Size – The filtration chamber must be designed to hold 100% of the WQv 
(see Sections 4.5 and 4.6 for additional information on layout criteria). 

ii. Depth – Maximum design depth of WQv within filtration basin shall not 
exceed 5-feet. Note that surface area and depth of captured stormwater 
impacts maintenance requirements; a larger surface area (and resulting 
reduced stormwater depth) increases the ability of the sand filter to store 
sediment without clogging. Therefore, a depth greater than 3-feet may 
increase the frequency of required maintenance to keep the BMP effective. 

iii. BMP media – Primary BMP media used is sand consisting of 18-inch 
(minimum) to 24-inch layer of clean washed medium sand. A storage 
aggregate layer shall be placed at the bottom of the sand filter chamber for 
additional water storage capacity. (see Section 4.5 for material, gradation, 
and design criteria). Filter fabric can be used between the sand and gravel to 
prevent migration of fines; however, the material can clog and require 
additional maintenance. Alternatively, an aggregate layer is not required if a 
slotted underdrain is used to prevent sand from flowing into the underdrain 
pipe. 

iv. Media barrier – A geomembrane liner should be used to line the bottom and 
side slopes of the structure before installation for sand filters with earthen 
embankments (see Section 4.6). An impermeable liner must be used for 
installations adjacent to streets to prevent water from getting under the 
pavement into the base material. 

v. Underdrain - If the system includes an underdrain, the BMP media shall be 
located above the underdrain system and the underdrain shall be located 
within the storage aggregate layer (see Section 4.8). 
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vi. Note - Texas Commission on Environmental Quality (TCEQ) Dam Safety 
requirements shall be accounted for as required with higher depth 
structures. 

f. Diversion structure – The diversion structure must be capable of passing the peak 
flow rate of the ten (10) year annual chance storm into the stormwater quality BMP 
and passing excess runoff, including up to the 100-year storm, through the 
diversion structure without overtopping the sidewalls of the pond. (see Section 4.1 
for additional information on diversion structures). 

3.1.4 MAINTENANCE CONSIDERATIONS FOR DESIGN AND CONSTRUCTION 

Routine inspection and maintenance of sand filters is critical to their performance. The activities, 
schedule, and additional maintenance considerations and requirements are attached in Appendix D, 
the “BMP Inspection and Maintenance” section of this manual. The following should be considered 
during design and construction of the BMP:  

Access – Adequate access must be provided for all sand filter systems for inspection and 
maintenance, including the appropriate equipment and vehicles. An access ramp with a 
minimum width of 10-feet and a maximum slope of 25% shall be provided. 

Fencing – To prevent risk to the public, it is recommended that sand filter facilities be fenced 
in accordance with the City of Fort Worth requirements. 

Include cleanouts as discussed in Section 4.8. These can be used for inspection to make sure 
that the underdrain is intact, and for ongoing maintenance during and after construction.  

For earthen systems, include vegetated side slopes to pre-treat runoff and reduce the 
frequency of maintenance2. 

The BMP should be kept offline until the construction activities are completed. However, the 
BMP excavation can be used as a sediment trap during construction before filtration or other 
media are placed in the basin. In that case, the bottom of the basin should not be excavated 
below 2-feet of the final grade. Temporary BMPs should be in place as detailed in the project 
Sediment and Erosion Control Plan to protect receiving waters during construction activities 
(the Sediment and Erosion Control Plan requirements are not discussed in this manual). 
Sediment discharged during construction can clog the system and would require additional 
maintenance. 

______________________________________ 
City of Austin. (2017). Design Guidelines for Water Quality Controls. Environmental Criteria Manual. 
2 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality.  
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3.2 BIORETENTION BASINS  

3.2.1 DESCRIPTION OF BMP 

Bioretention basins (also referred to as rain gardens, biofiltration basins, or biofilters) use the 
chemical, biological, and physical properties of plants, microbes, and soils to remove pollutants 
from stormwater runoff via a system of distributed micro-scale storm water treatment devices.1   
The filter medium is an engineered mix of highly-permeable natural media, which are usually 
mixtures of soil, sand and organic matter, that facilitate pollutant removal via sedimentation, 
filtration, sorption, and precipitation.1 The defining characteristic of a bioretention system is the 
integration of plants and microorganisms that are rooted in the filter medium and can provide 
more treatment of runoff, directly and by uptake by the filter medium2. Plants help sustain the 
permeability of the medium for longer periods and enhance removal of pollutants1,2. The 
composition of the BMP media is key to the system’s overall effectiveness.1  

More information on the components for bioretention basins can be found in the design criteria 
discussion in Section 3.2.3 and the component details and specifications are provided in Section 4. 

There are two types of bioretention basins that are addressed as part of this handbook – centralized 
and distributed bioretention basins. Centralized bioretention basins must be implemented for 
larger drainage areas and have additional elements as detailed below. These include a two-cell 
system. Distributive bioretention basins (i.e., rain gardens or green street infrastructure) can be 
implemented for drainage areas of 1-acre or less. These are smaller and shallower than the 
centralized systems and are often placed adjacent to the impervious cover runoff source. The 
primary components for these are different. Figure 3.2 provides a conceptual rendering of a 
distributive bioretention basin with the components identified. The components that are 
fundamental for distributive bioretention basins are shown in the figure. For larger centralized 
bioretention facilities, pre-treatment should be included. Additional area protection may also be 
considered. 

3.2.2 APPLICABILITY  

Given the variability of design as it relates to the drainage area and allowable ponding depth within 
the system, the selection of a bioretention basin design depends largely on the size of the 
contributing drainage area. Large centralized bioretention basins are well suited to service large 
residential subdivisions. However, these may also be used to treat commercial and industrial sites, 
although pretreatment should be considered, especially if there are high sediment loads 
anticipated. Bioretention basins are not recommended to treat drainage areas greater than 5-acres. 
Small bioretention basins (rain gardens) may serve these land use types; however, they are limited 
to sites that are less than an acre. Therefore, on large sites, the developer should consider 
distributing smaller systems throughout the site. Given the ability of a rain garden to be 
incorporated into the landscape, its use is extremely flexible and makes it ideal for roadway median 
strips and curb bump outs, parking lot islands, and roof downspout catchment areas3.  
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Figure 3.2 Conceptual Rendering of Distributive Bioretention Basin  

 
 

3.2.3 DESIGN CRITERIA 

The following sections provide design criteria for both centralized and distributed bioretention 
basins. As noted above, the primary differences between the two are the allowable drainage area 
size and inclusion of the sediment forebay.  

3.2.3.1 CENTRALIZED BIORETENTION BASINS  

This section provides the design criteria for large centralized bioretention basins (those serving 
drainage areas up to 5-acres). Note that some of the primary differences between sand filters and 
the centralized bioretention basin described in this section are the bioretention media and 
landscaping.  

1) General Criteria 

a. Runoff from all impervious surfaces should be directed to a BMP.   

b. Maintenance plans – Maintenance plan contains a guarantee of 
maintenance in accordance with the Stormwater Facility 
Maintenance Agreement – Water Quality Devices and confirms with 
requirements in Appendix D. 
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2) Site Conditions 

a. Drainage Area – Not recommended for drainage areas greater than 5-acres; there is 
no minimum drainage area limitation. If proposed for drainage areas greater than 
5-acres, additional information must be provided to ensure that the basin will 
perform effectively, and additional maintenance and inspections may be required 
to verify. 

b. Depth to Water Table – Consider depth of 4-feet to groundwater table when 
identifying appropriate locations for bioretention. A high groundwater level could 
damage the bioretention basin or limit the treatment by infiltration.  

c. Soils – the characteristics of the native soils will determine if infiltration would 
occur naturally outside of the bioretention basin.  

d. Floodplain – Where feasible, the BMP should be located outside of the 100-year 
floodplain. Where not feasible, the top of walls / embankments for the BMP should 
be above the 100-year floodplain and the BMP should be designed to protect 
against surcharge from downstream waters. 

e. Space Required – The BMP footprint is a function of the available head at the site, 
the size of the drainage area, and the designed surface area for the BMP. 

3) Structural criteria 

a. Emptying / drain time – The optimal drain time for the BMP is 12-hours, but the 
drain time should be not be greater than 24-hours. 

b. Minimum Head – The elevation difference required at a site from the inflow to the 
outflow is generally 3 to 5-feet.  

c. Pre-treatment – For inlets where there is concentrated flow, the centralized 
bioretention cells should have a sediment forebay. The sediment forebay should be 
designed to hold 10% of the bioretention volume. For areas with sheet flow, the 
bioretention system should have vegetated filter strips or gravel to dissipate 
energy, minimize erosion, and capture sediment (see Section 4.2). 

d. Bioretention cell - The structure of the bioretention cell is constructed through the 
use of excavations and earthen embankments.  

i. Size – The bioretention cell must hold 100% of the WQV (see Sections 4.5 
and 4.6 for additional information on layout criteria). 

ii. Length to width – The bioretention cell should maximize the length-to-
width ratio (see Section 4.1 for additional information on inlet structures 
and Section 4.8 on outlet structures).  

iii. Maximum depth – The maximum depth for captured WQv within the basin 
is 12-inches.  

iv. Area Protection – Curbing is advised in locations with pedestrian traffic 
and vehicular traffic. Bollards are advised in locations with vehicular traffic 
(see Section 4.4). 
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v. BMP Media –  Centralized bioretention basins require a 30-inch 
(minimum) to 48-inch (maximum) layer of bioretention or engineered soil 
medium. A storage aggregate layer shall be placed below the centralized 
bioretention for additional water storage capacity (see Sections 4.5).  

vi. Media barrier – Depending on site conditions, a permeable geotextile or 
geomembrane liner should be used to line the bottom and sides of the BMP 
before installation of the underdrain system and BMP media. A media 
barrier is also recommended between the bioretention or engineered soil 
and the storage aggregate layer to reduce sediment migration into the 
storage aggregate layer; permeable geotextile is not recommended because 
of the tendency for the material to clog and thus prevent water migration 
into the storage layer (see Section 4.6). An impermeable liner must be used 
for installations adjacent to streets to prevent water from getting under the 
pavement into the base material. 

vii. Vegetation – Vegetation must be provided, and mulch used for areas where 
there is bare soil. Organic enhancers may be added to promote vegetation 
growth and use of heavy tackifier with hydro mulch and erosion mats 
staked to the soil can be used to help vegetation establish and stabilize the 
site (see Section 4.7). Appendix C provides planting palettes for BMP 
facilities. These areas should not receive any fertilizers, pesticides, or 
herbicides. Vegetation on the pond embankments should be mowed as 
appropriate to prevent the establishment of woody vegetation. 

viii. Underdrains - If the system includes an underdrain, the bioretention 
medium shall be located above the underdrain system and the underdrain 
shall be located within the storage aggregate layer (see Section 4.8). 

e. The diversion structure must be capable of passing the peak flow rate of the ten 
(10)-year storm into the stormwater quality BMP and bypassing excess runoff, 
including up to the 100-year storm, away from the BMP (see Section 4.1 for 
additional information on diversion structures). 

f. Note – Texas Commission on Environmental Quality (TCEQ) Dam Safety 
requirements shall be accounted for as required with higher depth structures. 

3.2.3.2 DISTRIBUTIVE BIORETENTION BASINS (RAIN GARDENS) 

This section provides the design criteria for distributive bioretention basins (hereafter referred to 
as rain gardens).  

1) General criteria 

a. Runoff from all impervious surfaces should be directed to a BMP.  

b. Maintenance plans – Maintenance plan contains a guarantee of 
maintenance in accordance with the Stormwater Facility 
Maintenance Agreement – Water Quality Devices and confirms with 
requirements in Appendix D. 
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2) Site conditions 

a. Drainage Area – Maximum drainage area of 1-acre.   

b. Depth to Water Table – Consider depth of 4-feet to groundwater table when 
identifying appropriate locations for bioretention. A high groundwater level could 
damage the bioretention basin or limit the treatment by infiltration.  

c. Soils – the characteristics of the native soils will determine if infiltration would 
occur from the bioretention basin. Engineered media is required for the 
bioretention filtration media to perform effectively.  

d. Floodplain – Where feasible, the BMP should be located outside of the 100-year 
floodplain. Where not feasible, the top of walls / embankments for the BMP should 
be above the 100-year floodplain and the BMP should be designed to protect 
against surcharge from downstream waters. 

e. Space Required – The BMP footprint is a function of the available head at the site, 
the size of the drainage area, and the designed surface area for the BMP. 

3) Structural criteria 

a. Emptying / drain time – The optimal drain time for the BMP is 12-hours, but the 
drain time should be not be greater than 24-hours. 

b. Minimum Head – The elevation difference needed at a site from the inflow to the 
outflow is generally 3 to 5-feet.  

c. Energy dissipation – Energy dissipation is recommended, especially for areas with 
concentrated flow. Gravel or vegetated filter strips can be used to dissipate energy 
(see Section 4.3). 

d. Bioretention cell – The structure of the bioretention cell is constructed through 
excavation and the construction of earthen embankments.   

i. Size – The entire treatment system must be designed for 100% of the WQv 
(see Sections 4.5 and 4.6 for additional information on layout criteria). 

ii. Maximum depth – The maximum depth of water within the rain garden 
bioretention cell is 12-inches. 

iii. Area Protection – Curbing is advised in locations with pedestrian traffic 
and vehicular traffic. Bollards are advised in locations with vehicular traffic 
(see Section 4.4). 

iv. BMP Media – The BMP media consists of 30-inch (minimum) to 48-inch 
layer of bioretention or engineered soil medium. A storage aggregate layer 
shall be placed at the bottom of the distributive bioretention for additional 
water storage capacity (see Sections 4.5).  

v. Media barrier – Depending on site conditions, a permeable geotextile or 
geomembrane liner should be used to line the bottom and sides of the BMP 
before installation of the underdrain system and BMP media. A media 
barrier is also recommended between the bioretention or engineered soil 
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and the storage aggregate layer to reduce sediment migration into the 
storage aggregate layer; permeable geotextile is not recommended because 
of the tendency for the material to clog and thus prevent water migration 
into the storage layer (see Section 4.6). An impermeable liner must be used 
for installations adjacent to streets to prevent water from getting under the 
pavement into the base material. 

vi. Vegetation – Vegetation must be provided, and mulch used for areas where 
there is bare soil. Organic enhancers may be added to promote vegetation 
growth and use of heavy tackifier with hydro mulch and erosion mats 
staked to the soil can be used to help vegetation establish and stabilize the 
site (see Section 4.7). Appendix C provides planting palettes for BMP 
facilities. These areas should not receive any fertilizers, pesticides, or 
herbicides. Vegetation on the pond embankments should be mowed as 
appropriate to prevent the establishment of woody vegetation. 

vii. Underdrains - If the system includes an underdrain, the underdrain shall 
be located within the storage aggregate layer below the bioretention soil 
media (see Section 4.8). 

3.2.4 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION  

Inspection and maintenance are critical to the performance of bioretention systems. The activities, 
schedule, and additional maintenance considerations and requirements are attached in Appendix D 
“BMP Inspection and Maintenance” of this manual. The following should be considered during 
design and construction of the BMP:  

Access – For centralized bioretention, adequate access must be provided for inspection and 
maintenance, including the appropriate equipment and vehicles. For larger facilities where 
access may be an issue, an access ramp with a minimum width of 10-feet and a maximum 
slope of 25% shall be provided. Distributive bioretention should be accessible for inspection 
and maintenance including the appropriate equipment; however, due to the smaller facilities, 
no access ramp is necessary. 

Fencing (optional) – To prevent access and damage to vegetation, it is recommended that 
centralized bioretention facilities be fenced to prevent public access and in accordance with 
City of Fort Worth requirements.  

The use of vegetation is preferred to mulch. Mulch can float and clog outlets. However, there 
must be effort taken to ensure successful implementation of the vegetation3. 

Maintenance should be considered during the design and layout. For example, pruning and 
mowing of vegetation and accessibility to features that will need to be maintained3. 

Include cleanouts as discussed in Section 4.8. These can be used for inspection to make sure 
that the underdrain is intact, and for ongoing maintenance during and after construction.  

Keep the BMP offline until the construction activities are completed. Temporary BMPs should 
be in place as detailed in the project Sediment and Erosion Control Plan to protect receiving 
waters during construction activities (the Sediment and Erosion Control Plan requirements 
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are not discussed in this manual). Sediment discharged during construction can clog the 
system and would require additional maintenance. 

Consider making the bioretention basin shallower, to make maintenance easier3. 

1 Hsieh, C.-h., & Davis, A. P. November 2005. Evaluation and Optimization of Bioretention Media for Treatment 
of Urban Storm Water Runoff. Journal of Environmental Engineering, 1521-1531. 
2 City of Austin. (2017). Design Guidelines for Water Quality Controls. Environmental Criteria Manual. 
3 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality. 

                                                                    

3.3 CONSTRUCTED WETLANDS 

3.3.1 DESCRIPTION OF BMP 

Constructed wetlands generally serve large drainage areas where the WQv is both stored and 
treated in the wetland facility. They may also provide additional capacity for flood control 
management. For water quality, these practices are often referred to as stormwater wetlands. The 
purpose of the constructed wetland is to provide treatment by way of a functional pool resulting in 
the settlement, filtration, and uptake of pollutants by a viable wetland ecosystem. Constructed 
wetlands sized for the WQv and designed in compliance with this manual meet the water quality 
requirements for new and re-development in Zone 2.  

A Design/Review spreadsheet has been developed specifically for use with this document and is 
included in Appendix E. Figure 3.3 provides a conceptual rendering of a constructed wetland with 
major components identified. As will all detention facilities, constructed wetlands need to be 
designed such that public safety is maintained (such as using benching to keep deeper water 
further from shore and/or barriers on lookouts, walkways and the like, or where benching can’t be 
accomplished cost-effectively. 

3.3.2 APPLICABILITY  

The selection of a constructed wetland depends largely on the ability to make sure the system is 
viable as a wetland ecosystem, performs the key functions of stormwater treatment, and minimizes 
potential vectors to protect human health. As such, considerable design expertise beyond 
hydrology, hydraulics, and water quality needs to be engaged to provide a sustainable wetland 
ecosystem that meets these criteria. Constructed wetlands are best suited for large areas often 
where flood control detention is also required and where the wetland can contribute additional 
value to the setting (e.g., such as a park system with trails where birdwatching, environmental 
education, and the like could occur). Therefore, the final condition of the developed site and the 
availability of a perennial source of water (and whether a wetland system can be viable with 
interruptions in water supply) should be considered before choosing constructed wetlands. Poorly 
designed constructed wetlands can become public nuisances because they lack the natural ability to 
mitigate mosquito populations.  As such, other practices (such as extended dry detention) should be 
considered before constructed wetlands where wetland viability is questionable.  Practices like 
extended dry detention can be designed with attractive landscape elements as well for inclusion in 
open spaces, park systems, etc. 
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Figure 3.3 Conceptual Rendering of a Constructed Wetland  

 
 

3.3.3 DESIGN CRITERIA 

This section provides the design criteria for constructed wetlands. The structural criteria provide 
information about the components and include references to the component design section of this 
manual (Section 4). The details and specifications for the components are provided in that section. 
The design/review spreadsheet in Appendix E outlines the design steps and calculations for the 
BMPs. 

1) General Criteria 

a. Runoff from all impervious surfaces should be directed to a BMP.   

b. Maintenance plans – Maintenance plan for constructed wetlands must contain a 
guarantee of maintenance in accordance with the Stormwater Facility Maintenance 
Agreement for Water Quality Devices and be in conformance with the requirements 
outlined in Appendix D. The plan must be submitted for review by TRWD.  

2) Site Conditions 

a. Drainage area – Constructed wetlands should be implemented at locations where 
there is a larger drainage area or where a wetland system is viable.  

b. Depth to water table – 2-feet are required between the bottom of the constructed 
wetland and the elevation of the seasonally high-water table. 

c. Soils – Infiltration into soils is not recommended to maintain a permanent pool. 
Permeable soils are not ideal for maintaining water levels within the constructed 
wetlands. An impermeable barrier may be needed to minimize water loss from the 



 

3-14 
 

TRWD Water Quality Manual June 2018 

permanent pool (See Section 4.6 for additional information on media barriers). A 
geomembrane liner must be used for installations adjacent to streets to prevent 
water from getting under the pavement into the base material.  

d. Floodplain – Where feasible, the BMP should be located outside of the 100-year 
floodplain. Where not feasible, the top of walls / embankments for the BMP should 
be above the 100-year floodplain and the BMP should be designed to protect against 
surcharge from downstream waters. 

e. Space – The space required for the BMP is a function of available head at the site, 
treatment WQv, and availability of make-up water. 

3) Structural Criteria 

a. Energy dissipation – The constructed wetland must be designed with energy 
dissipation structures at the inlet if the entrance velocities exceed the erosive 
velocity requirement of the BMP surface material (See Section 4.3). 

b. Diversion structure – The diversion structure should be sized to bypass flows from 
the 10-year annual probability storm and the channel should be able to convey 
flows from the 100-year annual probability storm without overtopping. 

c. Sediment forebay – The constructed wetland must have a sediment forebay to 
prevent sediment accumulation in the wetland.  

i. Size – The forebay volume should be sized to contain 0.1-inches of runoff 
from the impervious portion of the contributing drainage area. For example, 
for a two-acre drainage basin with 60% impervious cover, the forebay 
should be designed to hold 0.1 inches of runoff from 1.2 acres. 

ii. The length to width ratio of the forebay should be at least 2:1 (length:width) 
and have a side slope ratio no steeper than 3:1 (horizontal:vertical).  

iii. Drawdown – The forebay outlet should be sized such that the forebay drains 
within 24-hours. 

d. Constructed wetland basin 

i. Size – The basin should be sized to contain a permanent pool volume equal 
to 100% of the WQv and a surcharge volume sized to contain 120% of the 
WQv. The purpose of the additional storage volume is to account for the 
total volume lost through sediment accumulation over time. Ideally, 
constructed wetlands should have sinuous flow paths, a length to width ratio 
of 4:1, and side slopes no steeper than 3:1 (horizontal: vertical) (See Section 
4.4 for additional information on area protection). It is recommended that the 
basin be lined with a filter fabric if constructed with earthen embankments. 

ii. Depth – The permanent pool depth of the constructed wetland should have 
varying depths as outlined below, ending with a micropool before the outlet 
that is no more than 6-feet in depth. The surcharge depth should be 2-feet or 
less. Below are the different permanent pool depth zones that should be 
included in a constructed wetland. 
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1. Semi-Wet Zone – This zone lies at or above the permanent pool and 
is only inundated following storm events. (See Section 4.7 for Plant 
List 4 through 8).  

2. Aquatic Bench Zone – This zone has a depth of 18-inches below the 
permanent pool elevation. (See Section 4.7 for Plant List 3). 

3. Deep Water Zone – This zone has a depth from 18-inches to 6-feet 
below the permanent pool elevation. (See Section 4.7 for Plant List 2). 

iii. Vegetation – appropriate vegetation is a critical component of the 
effectiveness of the wetland system. The different zones must be planted 
with the appropriate vegetation for the depth of inundation (see Section 4.7). 
Appendix C provides planting palettes for BMP facilities. These areas should 
not receive any fertilizers, pesticides, or herbicides. Vegetation on the pond 
embankments should be mowed as appropriate to prevent the 
establishment of woody vegetation. 

iv. Outlet – Design the outlet properly with the fine trash rack in front of the 
outlet orifices and is submerged the full depth of the micropool. This allows 
flow under the clogged portions of the trash rack.  

v. Emptying / drain time – The surcharge of the wetland above the permanent 
pool volume should drain within 24-hours. (See Section 4.8 for additional 
information on outlets/piping). 

3.3.4 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION 

Inspection and maintenance are critical to the performance of constructed wetlands. The activities, 
schedule, and additional maintenance considerations and requirements are attached in Appendix D 
“BMP Inspection and Maintenance” of this manual. The following should be considered during 
design and construction of the BMP:  

Maintenance requirements should be considered during the design and layout. For example, 
pruning and mowing of vegetation and accessibility to features that will need to be 
maintained1. Access should be provided to the constructed wetland, particularly to the 
sediment forebay. A maintenance ramp should be a minimum of 10-feet in width and have a 
maximum slope of 25%. For mowing, it is recommended to keep side slopes at a maximum of 
3:1 (horizontal:vertical). Sediment accumulation in the forebay should be monitored using 
vertical depth markers indicating when sediment accumulation equals 20% of the forebay 
volume. 

The BMP should be kept offline until the construction activities are completed. However, the 
BMP excavation can be used as a sediment trap during construction before filtration or other 
media are placed in the basin. In that case, the bottom of the basin should not be excavated 
below 2-feet of the final grade. Temporary BMPs should be in place as detailed in the project 
Sediment and Erosion Control Plan to protect receiving waters during construction activities 
(the Sediment and Erosion Control Plan requirements are not discussed in this manual). 
Sediment discharged during construction can clog the system and would require additional 
maintenance. 
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Monitor and minimize use of fertilizers that can increase nutrient concentrations in discharge 
and cause algal blooms1. 

1 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality. 
 

                                                                    

3.4 WET BASINS 

3.4.1 DESCRIPTION OF BMP 

Wet basins are designed to retain stormwater in ponds between runoff events to allow the retained 
volume to be treated for an extended period. These BMPs are also referred to as wet ponds, 
stormwater ponds, or retention ponds. They are best suited to treat large drainage areas and 
require a source of water to maintain the permanent pool. Wet basins sized for the WQv and 
designed in compliance with this manual meet the water quality requirements for new and re-
development in Zone 2. 

Wet basins remove pollutants by retaining stormwater and allowing for settling and plant uptake 
during that period. A design/review spreadsheet has been developed specifically for use with this 
document and is included in Appendix E. Figure 3.4 provides a conceptual rendering of a wet basin 
with major components identified. Area protection should also be considered. 

 
Figure 3.4 Conceptual Rendering of a Wet Basin 
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3.4.2 APPLICABILITY  

The selection of a wet basin depends largely on the availability of space, a large contributing 
drainage area, and the availability of a water source to ensure a permanent pool throughout the 
entire year. Having a source of water available to maintain a permanent pool is an important 
consideration when considering the use of wet basin as a BMP. 

3.4.3 DESIGN CRITERIA 

This section provides the design criteria for wet basins. The structural criteria provide information 
about the components and include references to the component design section of this manual 
(Section 4). The details and specifications for the components are provided in that section. The 
design/review spreadsheet in Appendix E outlines the design steps and calculations for the BMPs. 

1) General Criteria 

a. Runoff from all impervious surfaces should be directed to a BMP.   

b. Maintenance plans – Maintenance plan for wet basins must contain a guarantee of 
maintenance in accordance with the Stormwater Facility Maintenance Agreement 
for Water Quality Devices and be in conformance with Appendix D. The plan must 
be submitted for review by TRWD.  

2) Site Conditions 

a. Drainage area – Wet basins should be implemented at locations where there is a 
larger drainage area or a potential source of baseflow to maintain the water level.  

b. Depth to water table – 2-feet are required between the bottom of the wet basin and 
the elevation of the seasonally high-water table. 

c. Soils – Infiltration into soils is not recommended to maintain a permanent pool. 
Permeable soils are not ideal for maintaining water levels within the wet basins. An 
impermeable barrier may be needed to minimize water loss from the permanent 
pool. (See Section 4.6 for additional information on media barriers). A geomembrane 
liner must be used for installations adjacent to streets to prevent water from getting 
under the pavement into the base material. 

d. Floodplain – Where feasible, the BMP should be located outside of the 100-year 
floodplain. Where not feasible, the top of walls / embankments for the BMP should 
be above the 100-year floodplain and the BMP should be designed to protect against 
surcharge from downstream waters. 

e. Space – The space required for the BMP is a function of available head at the site, 
required treatment WQv, and availability of make-up water. 

3) Structural criteria 

a. Energy dissipation – The wet basin must be designed with energy dissipation 
structures at the inlet if the entrance velocities exceed the erosive velocity 
requirement of the BMP surface material (see Section 4.3). 
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b. Diversion structure – The diversion structure should be sized to bypass flows from 
the 10-year annual probability storm and the channel should be able to convey 
flows from the 100-year annual probability storm without overtopping. 

c. Sediment forebay – The wet basin must have a sediment forebay to prevent 
sediment accumulation in the basin.  

i. Size – The forebay volume should be sized to hold 0.1-inches of runoff depth 
from the impervious portion of the contributing drainage area. For example, 
for a two-acre drainage basin with 60% impervious cover, the forebay 
should be designed to hold 0.1 inches of runoff from 1.2 acres. 

ii. The recommended length to width ratio is no less than 2:1 (length:width), 
and side slopes no steeper than 3:1 (horizontal:vertical).  

iii. Drawdown – The forebay outlet should be sized such that the forebay drains 
within less than 24-hours. 

d. Wet Basin 

iv. Size – The wet basin should be designed to contain a permanent pool volume 
equal to or greater than the WQv and a surcharge volume of 120% of the 
WQv (See Section 4.4 for additional information on area protection). The 
purpose of the additional storage volume is to account for the total volume 
lost through sediment accumulation over time. The basin should be lined 
with a filter fabric if constructed with earthen embankments. 

v. Depth – The wet basin surcharge should have no more than 5-feet of depth. 
The wet basin should have a safety bench, or littoral zone, which makes up 
15% of the total surface area of the basin.  

vi. Vegetation – Appropriate vegetation is a critical component of the 
effectiveness of the wetland system. The different zones must be planted 
with the appropriate vegetation for the depth (See Section 4.7). Appendix C 
provides planting palettes for BMP facilities. These areas should not receive 
any fertilizers, pesticides, or herbicides. Vegetation on the pond 
embankments should be mowed as appropriate to prevent the 
establishment of woody vegetation. 

vii. Outlet – Design the outlet properly with the fine trash rack in front of the 
outlet orifices and is submerged the full depth of the micropool. This allows 
flow under the clogged portions of the trash rack.  

viii. Drawdown – The surcharge of the wet basin should drain within 12-hours. 
(See Section 4.8). 

e. Note – Texas Commission on Environmental Quality (TCEQ) Dam Safety 
requirements shall be accounted for as required with higher depth structures. For 
ponds with significant earthen embankments, prevent planting of woody vegetation 
in berms to comply with state dam safety rules. 
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3.4.4 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION 

Inspection and maintenance are critical to the performance of wet basins. The activities, schedule, 
and additional maintenance considerations and requirements are attached in Appendix D “BMP 
Inspection and Maintenance” of this manual. The following should be considered during design and 
construction of the BMP:  

Maintenance should be considered during the design and layout. For example, there must be 
easy accessibility to the outlet structure and other features that will need to be maintained1. 
Access should be provided to the wet basin, particularly to the sediment forebay. A 
maintenance ramp should be a minimum of 10-feet in width and have a maximum slope of 
25%. For mowing, it is recommended to keep side slopes at a maximum of 3:1 
(horizontal:vertical). Sediment accumulation in the forebay should be monitored using 
vertical depth markers to indicate when sediment accumulation equals 20% of the forebay 
volume. 

The BMP should be kept offline until the construction activities are completed. However, the 
BMP excavation can be used as a sediment trap during construction before filtration or other 
media are placed in the basin. In that case, the bottom of the basin should not be excavated 
below 2-feet of the final grade.  

Temporary BMPs should be in place as detailed in the project Sediment and Erosion Control 
Plan to protect receiving waters during construction activities (the Sediment and Erosion 
Control Plan requirements are not discussed in this manual). Sediment discharged during 
construction can clog the system and would require additional maintenance. 

Monitor and minimize use of fertilizers that can increase nutrient concentrations in discharge 
and cause algal blooms 

______________________________________ 
1 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality. 
 

3.5 RETENTION / IRRIGATION BASIN1 
The following description and design criteria is consistent with that provided in the Complying with 
the Edwards Aquifer Rules: Technical Guidance on Best Management Practices prepared by Michael 
E. Barrett, Ph.D., P.E. for the TCEQ (June 20, 2005). Figure 3.5 provides a conceptual rendering of a 
retention / irrigation basin with major components identified. Area protection should also be 
considered in the design. 
 



 

3-20 
 

TRWD Water Quality Manual June 2018 

Figure 3.5 Conceptual Rendering of a Retention / Irrigation Basin  

 
* Note – wet well should be separated from wet basin where possible  

3.5.1 DESCRIPTION OF BMP 

Retention / irrigation refers to the capture of stormwater runoff in a holding pond, then use of the 
captured WQv for irrigation of appropriate landscape areas. Collection of roof runoff for subsequent 
use (rainwater harvesting) also qualifies as a retention / irrigation practice but should be operated 
and sized to provide adequate capture volume. Rainwater harvesting design will not be described 
in Section 3.5.  

Retention / irrigation systems represent a highly effective approach to stormwater quality control. 
The goal of this technology is to use infiltration and evapotranspiration to treat runoff. Pollutant 
removal effectiveness is accomplished through physical filtration of solids in the soil profile and 
uptake of nutrients by vegetation. The primary drawback of this approach is the potentially high 
maintenance requirements for the irrigation system, which must remain operational for this BMP 
to function effectively. 

Retention / irrigation can replace or reduce the use of potable water for irrigation. When properly 
designed, constructed, operated, and maintained, retention / irrigation systems are considered to 
be highly effective at removing pollutants for the water quality capture volume.  

3.5.2 APPLICABILITY  

Retention / irrigation systems depend heavily on available land for irrigation. Land uses should be 
limited to residential, commercial, or light industrial developments. Given the high infiltration rate 
of the designed system, this system should not be used for areas with the potential to contaminate 
groundwater such as areas with high levels of toxic compounds. Irrigation is assumed in this 
section; however, other uses of the retained water may be considered and submitted for 
consideration.  
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The system includes mechanical components; therefore, observation and maintenance will be 
required to ensure the system is performing as designed. Active sites that are routinely inspected 
and maintained are preferred. The long-term availability of irrigated lands should be considered 
during BMP selection. 

3.5.3 DESIGN CRITERIA 

This section provides the design criteria for retention / irrigation basins. Capture of stormwater in 
retention / irrigation systems can be accomplished in virtually any kind of runoff storage facility 
ranging from fully dry, concrete- lined to vegetated with a permanent pool. The design of the 
storage system can be quite flexible. The pump and wet well system should be automated with a 
rainfall or soil moisture sensor to allow for irrigation only during periods when required 
infiltration rates (based on soils, evapotranspiration rates, etc.) can be realized. 

The structural criteria provide information about the components and include references to the 
component design section of this manual (Section 4). The details and specifications for the 
components are provided in that section. The design/review spreadsheet in Appendix E outlines 
the design steps and calculations for the BMPs. 

1) General Criteria 

a. Runoff from all impervious surfaces should be directed to a BMP.   

b. Maintenance plans – Maintenance plan for retention / irrigation basins must contain 
a guarantee of maintenance in accordance with the Stormwater Facility 
Maintenance Agreement for Water Quality Devices and be in conformance with 
Appendix D. The plan must be submitted for review by TRWD.  

2) Site Conditions 

a. Drainage area – Retention / irrigation basins should be implemented at locations 
where there is a larger drainage area. It is recommended that sites be less than 128-
acres2. 

b. Depth to water table – 2-feet are required between the bottom of the retention basin 
and the elevation of the seasonally high-water table. 

c. Floodplain – Where feasible, the BMP should be located outside of the 100-year 
floodplain. Where not feasible, the top of walls / embankments for the BMP should 
be above the 100-year floodplain and the BMP should be designed to protect against 
surcharge from downstream waters. 

d. Space – The space required for the BMP is a function of available head at the site, 
required treatment WQv, and availability of make-up water. 

e. Irrigated area – The irrigated area must be pervious and have an overall slope no 
greater than 10%. The area must be distinct from areas that are used for 
wastewater effluent irrigation, and it should be at least 100-feet from wells, septic 
systems, natural wetlands, and streams. The minimum area requires intermittent 
irrigation over a period of 60-hours at low rates to use the entire WQv without 
allowing runoff. This intensive irrigation may be harmful to vegetation that is not 
adapted to long periods of wet conditions (see Section 4.7). In practice, a much larger 
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irrigation area will provide better use of the retained water and promote a healthy 
landscape.  

f. Soils – The permeability of the soils in the area proposed for irrigation should be 
assessed. This can be determined using a double ring infiltrometer (ASTM D 3385-
94) or from county soil surveys prepared by the Natural Resource Conservation 
Service. A geomembrane liner must be used for retention basin installations 
adjacent to streets to prevent water from getting under the pavement into the base 
material. There should be a minimum of 12-inches of soil cover for irrigated areas. If 
maintaining a permanent pool, minimize water loss by using an impermeable 
barrier to prevent infiltration. 

3) Structural Criteria 

a. Energy dissipation – The retention / irrigation basin must be designed with energy 
dissipation structures at the inlet if the entrance velocities exceed the erosive 
velocity requirement of the BMP surface material (see Section 4.3). 

b. Diversion structure – The diversion structure elevation should be equal to or 
greater than the surface elevation of WQv in the BMP. The diversion structure 
should be sized to bypass flows from the 10-year annual probability storm and the 
channel should be able to convey flows from the 100-year annual probability storm 
with less than 1-foot over the diversion weir.  

c. Runoff storage facility configuration and sizing – The design of the runoff storage 
facility is flexible as long as an appropriate pump and wet well system can be 
accommodated.  

d. Sediment forebay – The retention / irrigation basin should have a sediment forebay 
to prevent sediment accumulation in the basin and to protect the pumps and 
irrigation system.  

i. Size – The forebay volume should be sized to contain 0.1-inches of runoff 
from the impervious portion of the contributing drainage area. For example, 
for a two-acre drainage basin with 60% impervious cover, the forebay 
should be designed to hold 0.1 inches of runoff from 1.2 acres. 

ii. The length to width ratio should be no less than 2:1 (length:width), and the 
side slopes should be no steeper than 3:1 (horizontal: vertical).   

iii. Drawdown – The forebay outlet should be sized such that the forebay drains 
within 24-hours.  

e. Retention basin 

i. Size –Three typical options for retention basins consist of dry, concrete-lined 
basin, vegetated basin, and vegetated basin with permanent pool. The 
permanent pool is sized to contain 100% of the WQv. The retention basin 
must be sized to contain the WQv, plus the permanent pool volume if 
included. The retention basin should allow enough freeboard such that the 
retention basin can pass the 100-year storm over the diversion structure 
without overtopping the side walls.  
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ii. Vegetation – If applicable, consult Section 4.7 for a list of appropriate 
vegetation for the retention basin.  

iii. Outlet – Design the outlet properly with the fine trash rack in front of the 
outlet orifices.  

iv. Drawdown – The surcharge of the retention basin must drain to the wet well 
within 72-hours. (See Section 4.8). 

v. Fencing – To prevent risk to the public, it is recommended that retention 
basins be fenced in accordance with the City of Fort Worth requirements.   
The contours of the retention basin should be managed to eliminate drop-
offs and other hazards. Landscaping can also be used to impede access to the 
retention basin.  

f. Note – Texas Commission on Environmental Quality (TCEQ) Dam Safety 
requirements shall be accounted for as required with higher depth structures. 

g. Pump and wet well system - A reliable pump, wet well, and rainfall or soil moisture 
sensor system should be used to distribute the WQv.  

i. Pumps – The pumps should be able to provide 100% of the design capacity 
and operate within 20% of their best operating efficiency.  

ii. The valves should be located outside of the wet well on the discharge side 
of each pump to allow the pumps to be isolated for maintenance and 
throttling if necessary.  

iii. A high/low-pressure pump shut off system should be installed in the 
pump discharge piping. 

iv. Wet well – The wet well should be constructed of precast or cast in place 
concrete and located separate from the retention basin.  The wet well and 
pump must be designed to be low enough to completely evacuate the 
retention basin.  

h. Irrigation area and system - The details and specifications for irrigation systems are 
not part of this manual, and the specifications must be approved by a PE licensed in 
the state of Texas and submitted for review by the TRWD. 

i. Pipes and valves should be marked to indicate that they contain non-potable 
water.  

ii. The irrigation schedule should not begin within 12-hours of the end of the 
rainfall event so that direct storm runoff has ceased, and soils are not 
saturated.  

iii. The length of active irrigation period is 60-hours with a cycling factor of ¼. 
The irrigation system should cease in the event that another rainfall event 
begins during the active irrigation period and should not begin within 12-
hours of the end of the rainfall event. Continuous application on any section 
should be designed to prevent surface runoff from the irrigated area.  
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iv. Valves – All valves should be designed specifically for sediment bearing 
water and be of appropriate design for the intended purpose. All remote 
control, gate, and quick coupling valves should be located in 10-inch or 
larger plastic valve boxes. 

v. Sprinklers – Sprinklers should operate at the required rate and distribute 
water in a uniform manner and not beyond the limits of the designated 
irrigation area. Sprinkler heads should be capable of passing solids that may 
pass through the intake. Sprinkler heads should be protected from mowing 
and service equipment. 

vi. Vegetation – The irrigation area should have native and high water tolerant 
vegetation or be restored or re-established with native and high water 
tolerant vegetation (see Section 4.7). Appendix C provides planting palettes 
for BMP facilities. These areas should not receive any fertilizers, pesticides, 
or herbicides. Vegetation on the pond embankments should be mowed as 
appropriate to prevent the establishment of woody vegetation. 

3.5.4 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION 

Inspection and maintenance are critical to the performance of retention / irrigation basin. The 
activities, schedule, and additional maintenance considerations and requirements are attached in 
Appendix D “BMP Inspection and Maintenance” of this manual. The following should be considered 
during design and construction of the BMP:  

Maintenance should be considering during the design and layout. Depth markers should be 
installed in the forebay to monitor sediment accumulation and removal. The basin should be 
maintained when sediment accumulation is no more than 20% of the forebay volume. 
Earthen side slopes should not exceed 3:1 (horizontal:vertical) and should terminate on a flat 
safety bench area.  

Water from the retention basin should pass through a screen or filter to remove solid 
material and prevent clogging of pipes and sprinklers. The pump and other internal 
components of the wet well should be accessible through a locked cover to prevent 
unauthorized access. An isolation valve to prevent flow from the retention basin to the wet 
well during maintenance activities is recommended.  

Alarms - An alarm system should be provided that is protected against vandals and exposure 
to weather. The alarm system should be highly visible and should alert when the pumps are 
not functioning correctly. This could include the water level not being drawn down, the pump 
not shutting off with low levels of water, or issues with pump pressure.  

The BMP should be kept offline until the construction activities are completed. However, the 
BMP excavation can be used as a sediment trap during construction before filtration or other 
media are placed in the basin. In that case, the bottom of the basin should not be excavated 
below 2-feet of the final grade.  
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Temporary BMPs should be in place as detailed in the project Sediment and Erosion Control 
Plan to protect receiving waters during construction activities (the Sediment and Erosion 
Control Plan requirements are not discussed in this manual). Sediment discharged during 
construction can clog the system and would require additional maintenance. 

Monitor and minimize use of fertilizers that can increase nutrient concentrations if there is 
runoff. 

To the greatest extent practicable, irrigation areas should remain in their natural state. 
However, vegetation must be maintained in the irrigation area such that it does not impede 
the spray of water from the irrigation heads. Tree and shrub trimmings and other large 
debris should be removed from the irrigation area. 

1 Barrett, Michael E. Ph.D., P.E. Complying with the Edwards Aquifer Rules Technical Guidance on Best 
Management Practices. TCEQ RG-348. Revised July 2005 with Addendum Sheet (updated January 2017).  
2 “Retention/Irrigation” Highland Lakes Watershed Ordinance Water Quality Management Technical Manual. 
LCRA. (2007). 7th ed. 4-31 to 4-36. 

                                                                    

3.6 EXTENDED DRY DETENTION BASIN 
3.6.1 BMP DESCRIPTION 

Extended dry detention basins are depressed basins that temporarily store stormwater runoff 
following a storm event. The water quality benefit of extended detention is achieved through the 
extended time for particulate pollutants to settle out and incorporating features to promote the 
capture of sediment, trash, and debris. Detention systems have traditionally been used for flood 
control to mitigate or regulate flow; however, by extending the detention time from flood control 
facilities and adding key features that improve water quality, these systems are effective at 
reducing pollutants. The City of Fort Worth also requires dry detention basins for streambank 
protection and flood control mitigation. The design and components of extended dry detention 
basins defined in this manual expand on these requirements and provide additional water quality 
features (COFW Stormwater Criteria Manual).  

When used as a pre- or post-treatment or in conjunction with other water quality treatment 
systems (i.e. grass swales, vegetated filter systems, sand filters, bioretention basins, constructed 
wetlands) the performance of the overall BMP approach is increased. Extended dry detention 
basins must be designed following the criteria specified below and used in conjunction with pre- or 
post-treatment or other water quality treatment facilities. Figure 3.6 provides a conceptual 
rendering of an extended detention basin with major components identified. Area protection 
should also be considered. 

3.6.2 DESIGN CRITERIA 

This section provides the design criteria for extended detention basins. The structural criteria 
provide information about the components and include references to the component design section 
of this manual (Section 4); the details and specifications for the components are provided in that 
section. The design/review spreadsheet in Appendix E outlines the design steps and calculations for 
the BMPs. 
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Figure 3.6 Conceptual Rendering of an Extended Dry Detention Basin 

 
A general overview of design criteria for consideration at the BMP selection stage of the site design 
process is provided below.  

1) General Criteria 

a. Runoff from all impervious surfaces should be directed to a BMP.   

b. Maintenance plans – Maintenance plan for extended dry detention basins must 
contain a guarantee of maintenance in accordance with the Stormwater Facility 
Maintenance Agreement for Water Quality Devices and be in conformance with 
Appendix D. The plan must be submitted for review by TRWD.  

2) Site Conditions 

a. Drainage area – Extended dry detention basins should be implemented at locations 
serving a drainage area greater than 5-acres but less than 100-acres. For larger 
basins, additional information must be provided to ensure that the basin will 
perform effectively, and additional maintenance and inspections may be required to 
verify.  

b. Depth to water table – 2-feet are required between the bottom of the extended dry 
detention basin and the elevation of the seasonally high-water table. 

c. Soils – Determine if native soils on site are sufficient for infiltration. A geomembrane 
liner must be used for installations adjacent to streets to prevent water from getting 
under the pavement into the base material. 
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d. Floodplain – Where feasible, the BMP should be located outside of the 100-year 
floodplain. Where not feasible, the top of walls / embankments for the BMP should 
be above the 100-year floodplain and the BMP should be designed to protect against 
surcharge from downstream waters. 

e.  Space – The space required for the BMP is a function of available head at the site, 
required treatment WQv, and availability of make-up water.  

3) Structural Criteria  

a. Energy dissipation – The extended dry detention basin must be designed with 
energy dissipation structures at the inlet if the entrance velocities exceed the 
erosive velocity requirement of the BMP surface material (see Section 4.3). 

b. Diversion structure – The diversion structure should be sized to bypass flows from 
the 10-year annual probability storm and the channel should be able to convey 
flows from the 100-year annual probability storm without overtopping. 

c. Forebay – The extended dry detention basin must have a sediment forebay to 
prevent sediment accumulation in the basin.  

i. Size – The forebay volume should be sized to contain 10% of the WQv. The 
length to width ratio should be no less than 2:1 (length:width), and the side 
slopes no steeper than 3:1 (horizontal:vertical).  

ii. Drawdown – The forebay outlet should be sized such that the forebay drains 
within 24-hours. 

d. Basin 

i. Size – The extended dry detention basin should be designed to contain 
100% of the WQv. Side slopes of the basin should be no steeper than 3:1 
(horizontal: vertical). (See Sections 4.4 for additional information on area 
protection).  

ii. Trickle channels should have a design slope of at least 3%. Extended dry 
detention basins should have a micropool that is at least 2.5-feet in depth at 
the end of the basin. The micropool does not have to drain within 48-hours. 

iii. Landscaping – The extended dry detention basin should be appropriately 
seeded for temporary inundation (see Section 4.7).  

iv. Outlet – Design the outlet properly with the fine trash rack in front of the 
outlet orifices and submerged the full depth of the micropool. This allows 
flow under the clogged portions of the trash rack.  

v. Drawdown – The extended dry detention basin should drain the WQv within 
40 to 48-hours. (See Section 4.8).  

e. Note – Texas Commission on Environmental Quality (TCEQ) Dam Safety 
requirements shall be accounted for as required with higher depth structures. For 
ponds with significant earthen embankments, prevent planting of woody vegetation 
in berms to comply with state dam safety rules. 
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3.6.3 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION 

Inspection and maintenance are critical to the performance of extended detention basins. The 
activities, schedule, and additional maintenance considerations and requirements are included in 
Appendix D “BMP Inspection and Maintenance” of this manual. The following should be considered 
during design and construction of the BMP:  

Maintenance should be considering during the design and layout. For example, pruning and 
mowing of vegetation and accessibility to other features that will need to be maintained1. 
Adequate access must be provided for inspection and maintenance, including the appropriate 
equipment and vehicles. An access ramp with a minimum width of 10-feet and a maximum 
slope of 25% shall be provided. 

The BMP should be kept offline until the construction activities are completed. However, the 
BMP excavation can be used as a sediment trap during construction before filtration or other 
media are placed in the basin. In that case, the bottom of the basin should not be excavated 
below 2-feet of the final grade.  

Temporary BMPs should be in place as detailed in the project Sediment and Erosion Control 
Plan to protect receiving waters during construction activities (the Sediment and Erosion 
Control Plan requirements are not discussed in this manual). Sediment discharged during 
construction can clog the system and would require additional maintenance. 

______________________________________ 
1 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality. 

3.7 VEGETATED FILTER STRIP 

3.7.1 DESCRIPTION OF BMP1 

Vegetated filter strips are gently sloped flat vegetated areas designed to receive and maintain sheet 
flows over the entire width of the strip2. They are typically linear facilities that run parallel to the 
impervious surface. These systems are not intended to be used as a stand-alone or primary BMP 
system for a development. However, if a vegetated filter strip BMP system is used within close 
proximity to small, low-density impervious areas, the WQv for this area can be treated. For these 
areas, the area that drains to the BMP can be reduced from the total site area. Therefore, the WQV 
from that area is reduced from the total WQV for the site.  

Vegetated filter strips treat stormwater runoff and can reduce velocity2. Vegetated filter strips 
remove pollutants by sedimentation, filtration, and infiltration. To function correctly, vegetated 
filter strips require shallow slopes and well drained soils that increase contact time and remove 
pollutants. Pollutant removal efficiencies are highly variable and primarily depend on the 
longitudinal slope, the length of the filter strip, and the amount of vegetation. These variables 
correspond to the contact time for filtration. The extent of infiltration also depends on the type of 
soil, the drainage capacity of the soil, as it relates to infiltration, the density of the grass, and the 
slope of the strip3.   
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3.7.2 APPLICABILITY 

These BMPs can be used most effectively in areas with low density impervious cover or linear 
impervious cover or as pre- or post-treatment for other water quality BMPs. Vegetated filter strips 
are intended to treat sheet flow only. They are commonly used to receive runoff from roads and 
highways, roof downspouts, very small parking areas, walkways and driveways, as well as pervious 
surfaces1,3. Filter strips can be easily integrated into the site design. 

3.7.3 DESIGN CRITERIA 

This section provides the design criteria for vegetative filter strips. The structural criteria provide 
information about the components and include references to the component design section of this 
manual (Section 4). The details and specifications for the components are provided in that section. 
The design/review spreadsheet in Appendix E outlines the design steps and calculations for the 
BMPs. 

1) General criteria 

a. Maximum depth of sheet flow over the filter strip should not exceed 2-inches for the 
water quality event; 1-inch is preferred. 

b. Maintenance plans – The maintenance plan must contain a guarantee of 
maintenance and conform with requirements in Appendix D and the Stormwater 
Facility Maintenance Agreement – Water Quality Devices. 

2) Site conditions 

a. Drainage Area – The length of the contributing drainage area in the direction of flow 
should not exceed 75-feet. A flow spreader device can be placed at the top of the 
filter strip for large flow lengths to promote sheet flow.  

b. Soils – Soils should have a minimum depth of 12-inches and must allow for dense 
vegetative coverage.  

c. Space Required – To achieve the desired level of treatment, the length of the filter 
strip in the direction of flow should be no less than 15-feet, and 25-feet is preferred. 
However, vegetated areas will provide some level of treatment at less than 15 feet. 
Therefore, if the available space does not allow for the length of the filter strip to be 
at least 15-feet, then including vegetated areas is still encouraged to help reduce 
sediment loads. 

d. Pedestrian traffic across filter strips shall be limited through channeling onto 
sidewalks. 

3) Structural criteria 

a. Slope – The longitudinal (direction of flow) slope of a filter strip should be no less 
than 2% and no greater than 6%.   

b. Landscaping – An appropriate planting pallet should be selected to ensure 
vegetation is sustained over the course of wet and dry periods, capable of 
withstanding large rain events, and able to withstand relatively high velocity flows 
at the entrances in order to prevent erosion rills (see Section 4.7). 
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c. Permeable berms – Installed for enhanced filter strips should have a maximum 
height of 12-inches with a 3:1 side slope. They should be level and constructed with 
a non-settling core to prevent erosion or channelized flow downstream of the berm 
resulting from high flow storm events.  

3.7.4 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION  

Inspection and maintenance are critical to the performance of vegetated filter strips. The activities, 
schedule, and additional maintenance considerations and requirements are attached in Appendix D 
“BMP Inspection and Maintenance” of this manual. The following should be considered during 
design and construction of the BMP:  

Access - Limit pedestrian access across filter strips by directing pedestrians to sidewalks or 
other marked walkways.  

Maintenance should be considering during the design and layout. For example, pruning and 
mowing of vegetation and accessibility to features that will need to be maintained4. 

Consider installing vegetated filter strips 1 to 3-inches below adjacent impervious surfaces4. 

Include soil amendments to improve plant establishment and reduce need for irrigation4. 

1 Barrett, Michael E. Ph.D., P.E. Complying with the Edwards Aquifer Rules Technical Guidance on Best 
Management Practices. TCEQ RG-348. Revised July 2005 with Addendum Sheet (updated January 2017). 
2 King County. April 2016. Surface Water Design Manual 
3 North Central Texas Council of Governments. September 2014. iSWMTM Technical Manual. 
4 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality. 

                                                                    

3.8 GRASS SWALE 

3.8.1 DESCRIPTION OF BMP1 

Grass (vegetated) swales are gently sloped channels that are designed to receive and treat 
stormwater as it is conveyed to a standalone or primary BMP or after discharge from a BMP2. These 
systems are not intended to be used as a stand-alone or primary BMP system for a development. 
However, if a grass swale BMP system is used within close proximity to small, low-density 
impervious areas, the WQv for this area can be treated. For these areas, the area that drains to the 
BMP can be reduced from the total site area. Therefore, the WQV from that area is reduced from the 
total WQV for the site.  

These remove pollutants primarily by maintaining shallow flow through vegetation that encourages 
sedimentation or particle settling and infiltration2. These processes can be enhanced by resistance 
of vegetation to flow2. To a much lesser degree, pollutants may adhere or sorb to grass and thatch2. 
Swales generally do not remove dissolved pollutants effectively, although some infiltration to 
underlying soils may occur depending on the nature of those soils1.  
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The pollutant removal efficiency of swales is highly variable and primarily depends on the density 
of the vegetation, the width of the swale and depth of flow, the length of the vegetated swale, which 
corresponds to the contact time for filtration, as well as the drainage capacity of the soil as it relates 
to infiltration3. There are two types of grass swales: simple and enhanced. An enhanced version 
includes the use of berms, check dams, or dense or specialized vegetation to slow the flow and 
increase the residence time. This section discusses each in further detail. 

3.8.2 APPLICABILITY 

They can be used most effectively in areas with low density impervious cover or linear impervious 
cover, such as roadways or sidewalks, or as pre- or post-treatment for other water quality BMPs. 
Grass swales are intended to treat shallow concentrated flow. They are commonly used to receive 
and convey runoff from road and highways, roof downspouts, parking areas, walkways and 
driveways, as well as pervious surfaces1,3.  

To function correctly, grass swales require shallow slopes and well drained soils that increase 
contact time and remove pollutants. They can be easily integrated into the site design.  

3.8.3 DESIGN CRITERIA 

This section provides the design criteria for grass swales. The structural criteria provide 
information about the components and include references to the component design section of this 
manual (Section 4). The details and specifications for the components are provided in that section. 
The design/review spreadsheet in Appendix E outlines the design steps and calculations for the 
BMPs. 

1) General criteria 

a. Maximum depth of sheet flow over the filter strip should not exceed 4-inches during 
the water quality event. 

b. Maintenance plans – Maintenance plan must include a guarantee of maintenance 
and conforms with the requirements in Appendix D and the Stormwater Facility 
Maintenance Agreement – Water Quality Devices. 

2) Site conditions 

a. Drainage Area – Less than 5-acres. If the practices are used on larger drainage areas, 
the flows and volumes through the channel become too large to allow for filtering 
and infiltration of runoff. 

b. Soils – Generally unrestricted. Swales should not be used on soils with infiltration 
rates less than 0.27-inches per hour if infiltration of small runoff flows is intended. 

c. Space Required – Dependent on the contributing drainage area and anticipated flow. 

3) Structural criteria 

a. Cross section design - The swale should have a trapezoidal or parabolic cross 
section with relatively flat side slopes (generally 3:1 or flatter). 
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b. Channel bottom – The bottom of the channel should be between 2 and 6-feet wide. 
The minimum width ensures an adequate filtering surface for water quality 
treatment, and the maximum width prevents braiding, which is the formation of 
small channels within the swale bottom. The bottom width is a dependent variable 
in the calculation of velocity based on Manning’s Equation. If a larger channel is 
needed, the use of a compound cross section is recommended.  

c. Slope – Relatively flat slopes of less than 4%; channel slopes between 1% and 2% 
are recommended. 

d. Maximum Velocity - Target maximum velocity less than 1.0-foot per second.2 

e. Vegetation – An appropriate planting pallet should be selected to ensure vegetation 
is sustained over the course of wet and dry periods, as well as capable of 
withstanding large rain events, in order to prevent erosion rills (see Section 4.7). 
These areas should not receive any fertilizers, pesticides, or herbicides. Vegetation 
on the pond embankments should be mowed as appropriate to prevent the 
establishment of woody vegetation. 

f. Permeable berms – Should have maximum height of 12-inches with a 3:1 side slope. 
They should be level and constructed with a non-settling core to prevent erosion or 
channelized flow downstream of the berm as a result of high flow storm events.  

g. Riprap - Riprap-protected side slopes shall be no steeper than 2:1.2 

h. Check Dams – If check dams are installed, then the ponding depth behind check 
dams shall be designed to infiltrate or drain stormwater runoff within less than 48 
hours. 

3.8.4 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION 

Inspection and maintenance are critical to the performance of grass swales. The activities, schedule, 
and additional maintenance considerations and requirements are attached in Appendix D “BMP 
Inspection and Maintenance” of this manual. The following should be considered during design and 
construction of the BMP:  

Access - Limit pedestrian access across filter strips by directing pedestrians to sidewalks or 
other marked walkways. 

Maintenance should be considering during the design and layout. For example, mowing of 
vegetation and accessibility to features that will need to be maintained3. 

Include soil amendments to improve plant establishment and reduce need for irrigation3. 

 
1 King County. April 2016. Surface Water Design Manual 
2 North Central Texas Council of Governments. September 2014. iSWMTM Technical Manual.  
3 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality. 
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3.9 PERMEABLE SURFACES 

3.9.1 DESCRIPTION OF BMP1 

Permeable surfaces include permeable pavers, porous concrete, porous asphalt, and grassed 
modular grid systems. Permeable surfaces require careful design, construction, and maintenance in 
order to provide good service life and proper drainage. Permeable surfaces have been used to 
replace or use in place of impervious surfaces and be used to temporarily store water in the storage 
aggregate layer. This manual focuses on the use of permeable pavers. Other surfaces can be 
submitted for review. Porous asphalt is not allowed for compliance with water quality 
requirements. There are many types of proprietary permeable pavement systems on the market 
today. When applicable, and unless modified by a civil engineer’s signed/sealed design, the 
manufacturer's recommendations should be strictly followed.  

Permeable pavers are not recommended in areas with high sediment loads due to the potential for 
clogging and may require frequent maintenance to remain effective2. To prevent clogging, 
permeable pavers are recommended at a ratio of treatment drainage area to permeable paver 
surface area of 1.5 to 1.  It is also recommended that impervious surfaces that drain to Permeable 
Surfaces are regularly swept by street sweepers.  Figure 3.7 provides a conceptual rendering of a 
permeable paver system with an adjacent small bioretention basin. 
 

Figure 3.7 Conceptual Rendering of Permeable Pavers  
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3.9.2 DESIGN CRITERIA 

This section provides the design criteria for permeable pavers. The structural criteria provide 
information about the components and include references to the component design section of this 
manual (Section 4). The details and specifications for the components are provided in that section. 
The design/review spreadsheet in Appendix E outlines the design steps and calculations for the 
BMPs. 

1) General conditions 

a. Specifications for permeable must contain technical information as 
detailed in Section 4.9. 

b. Maintenance plan for sand filters must include, at a minimum, trash removal, 
accumulated sediment removal, inspection for standing water, and inspection for 
24-hour drawdown as specified in Appendix D 

2) Site Conditions 

a. A minimum of 4-feet of clearance is recommended between the bottom of the gravel 
base course and underlying impermeable layers or the seasonally high groundwater 
table. 

b. Permeable pavers are recommended at a ratio of treatment drainage area to 
permeable paver surface area of 1.5 to 1. 

3) Structural criteria 

a. Pretreatment – Vegetated filter strips are recommended to be installed for 
permeable surfaces that receive runoff from vegetated surfaces such as open fields 
or playgrounds. 

b. Slopes – Permeable paver systems should not be used on slopes greater than 5% 
with slopes of no greater than 2% recommended. For slopes greater than 1% 
barriers perpendicular to the direction of drainage should be installed in sub-grade 
material to keep runoff in the media from flowing downstream and surfacing at the 
toe, thus not providing the needed WQv under the pavement. 

c. Signage – A warning sign should be placed at the facility that states, “Permeable 
pavers used on this site to reduce pollution. Do not resurface with non-porous 
material or sand during icy weather.” 

3.9.3 MAINTENANCE CONSIDERATIONS DURING DESIGN AND CONSTRUCTION 

Inspection and maintenance are critical to the performance of permeable pavers. The activities, 
schedule, and additional maintenance considerations and requirements are attached in Appendix D 
“BMP Inspection and Maintenance” of this manual. The following should be considered during 
design and construction of the BMP:  

Maintenance should be considering during the design and layout.   

Consider installation of an observation well to monitor drain time of the pavement over time. 
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The BMP must be protected until the construction activities are completed. Temporary BMPs 
should be in place as detailed in the Sediment and Erosion Plan to protect permeable pavers 
and receiving waters during construction activities (this will not be covered in this manual). 
Sediment discharged during construction can clog the system and would require additional 
maintenance. A pre-construction meeting should be held to ensure the contractor is aware 
that the permeable pavers should be protected from sediment load. A construction fence can 
also be used during construction to prevent compaction 

1 King County. April 2016. Surface Water Design Manual  
2 Urban Drainage and Flood Control District (UDFCD). (2010). Urban Storm Drainage Criteria Manual 
(USDCM): Volume 3 Stormwater Quality. 
 

                                                                    

ADDITIONAL RESOURCES 

1 City of Fort Worth. December 20, 2012. Standard Construction Specification Documents. 
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Texas, April 2010, Revised September 2014, 
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3 Placer County, et. al. West Placer Storm Water Quality Design Manual. April 2016.  
4 Texas Commission on Environmental Quality. November 2015. Rules and Regulations for Public 

Water Systems. 
5  UWRI. October 5, 2015. Comparison of Water Quality Capture Volume Needs for Ft. Worth, TX 

Region to Capture of 85th Percentile Runoff Volume and Runoff Events, Urban Watershed 
Research Institute.   
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Curb Cut
Specify Width
(See Note 1)

Standard Curb

Saw Cut Curb
(See Note 2)

Notes

1. A curb cut is a cut in an existing curb, and a depressed curb is a curb poured in-place with a tapered opening. Width and angle of curb cut or
taper varies based on site and stormwater capture requirements. If existing curb is damaged beyond extents specified for cut, curb shall be
replaced to the nearest joint.

2. Curb cuts must be saw-cut such that all edges are square and edges beveled to a min 14" radius. Saw-cut per City of Fort Worth STD
Specification 02 41 15.

3. Horizontal surface must have positive slope toward BMP installation.

4. Concrete curb materials shall conform to City of Fort Worth STD Specification 32 13 13.  All exposed surfaces shall have a broom finish.

5. Depressed curb shall transition to typical curb section per City of Fort Worth STD DWG D534.

Bevel Edges of
Curb to MIN 1/4" R

Pavement
(See Note 3)
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Specified (See Note 3)
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(See Section 4.3)
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TARRANT REGIONAL WATER DISTRICT REVISED: JANUARY 2018

Curb Cut / Depressed Curb DM-DC 4.1.1

Concrete Curb
(See Note 4)

Formed Finished
Edge (Typ)

Pavement

Bevel edges of curb
to MIN 1/4" R

Specify Length
(See Note 1)

Specify Width
(See Note 1)

ELEVATION

ELEVATION
Curb Cut

Depressed Curb



Trench Drain
Cover,
Pattern/Grating
May Vary
(See Note 1)

Bolt and Frame per Manufacturer's
Requirements (See Notes 2 and 4)

PLAN

SECTION A-A

Curb
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Concrete
Trench

Specify Trench
Length Based on

Pavement Extents

Pavement

6"
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Provide Elevations
and Inverts  (Typ)

Provide Trench
Elevations and
Inverts  (Typ)

Storage Aggregate-Crushed
Rock  (Section 4.5.3)

Notes

1. Grated located in walking surface shall have openings no greater than 1/2" in one direction, and elongated openings shall be
placed so that the long dimension is perpendicular to the dominant direction of travel per Texas Accessibility Standards.

2. If trench drain assembly includes metal frame and channel, install per manufacturer instructions.

3. Cross slope and longitudinal slope of trench channel bottom may vary by design.

4. Bolt down grate and frame is required.  All bolts shall be flush with existing grade of the paved surface.

5. Trench drain materials, installation, and other considerations shall comply with City of Fort Worth STD Specification 33 46 02
including compliance with AASHTO HS-20 loading.
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(Typ)
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Trench Drain
Stormwater  Inlet
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TARRANT REGIONAL WATER DISTRICT
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Notes

1. Max Slope of apron parallel to the
curb is 16.67% per City of Fort Worth
STD DWG D405.

2. Max Slope of gutter apron cross slope
is 25% per City of Fort Worth STD
DWG D405.  Slopes will be governed
by stormwater capture requirements
and entrance velocities.

3. Concrete shall conform to City of Fort
Worth STD Specification 32 13 13.
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Notes

1. Acceptable pipe materials shall be in accordance with City of Fort Worth STD Specification 33 46 00.

2. Distribution piping shall include a backflow prevention device such as a check valve, a flap gate, or other appropriate
measure to prevent the flow of ponded water back into the inlet structure.
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Notes

1. For optimal filtration performance, a vegetated filter strip shall have a minimum length of 15-feet in the direction of the
flow unless site constraints prevent meeting this requirement.

2. The longitudinal (direction of flow) slope of a filter strip should be no less than 2% and no greater than 6%.  The
transverse slope should be no more than 2% and preferably 1%.

3. Filter strip shall be parallel to the adjacent pavement grade.

Distance Site
Specific

(See Note 1)
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Mortar Joints Specify Brick Material
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Subgrade
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4" MIN Crushed Rock
 Per City of Fort Worth

STD Specification 33 05 10

Notes

1. Dimensions of splash pad are dependent on inlet size and type, and the velocity of stormwater entering the BMP.   Width of
splash pad shall be greater than total stormwater entrance width and consider potential for erosion adjacent to splash pad.

2. Surface material shall be clean washed aggregate or clay bricks. Splash pad not embedded in concrete must use aggregate
with a minimum 2" diameter surrounded with permanent edging, such as anchored angle iron or concrete, to prevent material
from migrating into the BMP. Loose surface material shall require a permeable geotextile (Section 4.6.3) to separate the
energy dissipation aggregate and underlying BMP media.

3. A minimum 3" of freeboard is required between the top of energy dissipation material and the inlet grade elevation to account
for sediment accumulation.
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TARRANT REGIONAL WATER DISTRICT

Splash Pad DM-DC 4.3.1

BMP

Fl
ow

D
ire

ct
io

n

Welded Wire Mesh
Placed in Bottom 13 of
Concrete

Mortar Bed 1/2" Thick



Fl
ow

D
ire

ct
io

n

Pavement

Notes

1. Dimensions of sump are dependent on inlet size and type, and the velocity of stormwater entering the BMP.

2. A minimum of 3" of freeboard is required between the top of energy dissipation sump and inlet to account for sediment
accumulation.

3. Steel reinforcement shall be determined by the engineer.
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Notes

Curbing shall conform to City of Fort Worth STD DWG D534 - Standard Curb and Gutter.

Combination curb and gutter is preferred for curbing on existing curb and gutter street sections.
Straight bac curb per may be used where curb is proposed for existing non-curb and gutter street
sections, permeable pavement applications, and for sidewa butting the BMP.

Curb heights exceeding on the front face shall be considered a curb with retaining wall and shall
conform to City of Fort Worth STD DWG D534.

Concrete curb materials shall conform to City of Fort Worth STD Specification 32 13 13.  All exposed
surfaces shall have a brushed finish.

Ribbon curb may be used to facilitate overland sheet flow to BMP where applicable. Ribbon curb shall
have the same design as the standard curb, with the exception that the top of curb elevation shall be
flush with the surrounding grade.
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Notes

1. When BMP is applied adjacent to on street parking zones, a minimum 2' clearance for vehicular door openings will be required
between the back of curb or edge of pavement and the edge of the BMP. Bollards applied at intersections must not obstruct the
minimum sight triangles per City of Fort Worth Public Work's Traffic Engineering Design Standards and Policy Guidelines.

2. Bollard design shall conform to manufacturer specifications and requirements. Product manufacturer or equal shall be specified on
the detail.

3. Bollard post embedment shall be site specific. Footing may be embedded directly in BMP planting media or within adjacent
sidewalk area. Bollards that require embedment for additional or traffic rated stability shall be designed by an engineer licensed in
the State of Texas.

4. Bollards located within sidewalk area shall maintain a minimum 3' clear zone in the pedestrian pathway per ADA requirements.
See City of Fort Worth STD DWG D546 for minimum sidewalk widths.

5. For Bollards located in BMPs without curb, local DOT standards shall be used to determine placement of bollard.
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 MIN Slope 0.5%

Notes

1. Acceptable pipe materials shall be in accordance with City of Fort Worth STD Specification 33 46 00.

2. Lateral or parallel underdrains may be installed if necessary depending on size and slope of BMP. Intersecting underdrains shall be
installed such that flow enters the pipe in the downstream direction.

3. A flow control mechanism such as a valve, orifice, or upturned elbow is highly recommended to be installed on the downstream end of
underdrains to control discharge from the BMP.

4. Anti-seep collar should be completely free of bedding.

Cleanout  (Section 4.8.2)

PLAN

PROFILE

200' (MAX) Spacing Between Cleanouts

Typical BMP Installation

Anti-seep Collar
(Section 4.8.6)
(See Note 4)

Connect Underdrain to Storm Sewer
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Unperforated HDPE or PVC Pipe

Typical BMP Installation
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Outflow Control Device
(See Note 3)
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(See Note 4)
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(See Note 1)
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(See Note 3)
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Valve Box/Access Structure

TARRANT REGIONAL WATER DISTRICT

Underdrain DM-DC 4.8.1

12" MIN From OD of Pipe

Upstream End of Underdrain
Shall Terminate With Two
45-Degree Bends and Riser



Notes

1. Cleanouts in vegetated BMPs shall extend a
minimum 6" above finished grade.  Cleanouts in
paved areas shall be flush with adjacent grade.
Cleanout cast iron box & lid required in paved areas
used for traffic purposes and shall be flush with the
paved surface.

2. Acceptable pipe material shall be  in accordance
with City of Fort Worth STD Specification 33 46 00.

3. Cleanouts shall be required at the upstream and
downstream ends of an underdrain or distribution
pipe system with a maximum spacing distance of
200 feet between cleanouts.

TARRANT REGIONAL WATER DISTRICT

Cleanout DM-DC 4.8.2

6"

Cleanout Shall Extend Above Grade
Within Vegetated BMPs (See Note 1)

6"

PVC Cleanout Lid

CLEANOUT IN SOIL
Cast Iron Box and Lid
Bass & Hays Detail #340-1
"Stormwater" or Approved
Equal (See Note 1)

6" MIN Solid PVC or HDPE
Riser (See Note 2)

45 Degree Bend

45 Degree Wye
Fitting

Underdrain (Section 4.8.1) or
Distribution Pipe (Section 4.1.4)

CLEANOUT IN PAVED SURFACE

Crushed Rock Per City
of Fort Worth STD

Specification 33 05 10

6" MIN Solid PVC or HDPE
(See Note 2)

Flow
Direction

Concrete Footer for Cast
Iron Box Per Manufacturer's
Specifications



Notes

1. Nyoplast Drain Basin or equal is an acceptable alternative to standpipe overflow.  Bedding and anchoring details shall
be per manufacturer requirements.

2. Riser piping shall be made of soil tight seals and fittings and conform to City of Fort Worth STD Specification 33 31 20.

3. Overflow elevations shall be set at or above design ponding height such that overflow occurs only as necessary to
prevent flooding of BMP facility and surrounding area.

4. Vegetation placed in the vicinity of the outlet shall maintain a minimum distance of 12-inches to prevent plant debris
from clogging the structure.

5. Surface of the BMP shall be graded for positive drainage towards the outlet.

SECTION

Nyoplast Dome Grate (Specify Diameter)
or Approved Equal, (See Note 1)

Typical BMP Installation
(See Notes 4 & 5)

Crushed Rock Per
City of Fort Worth
STD Specification
33 05 10

Concrete Surround

6"

Overflow Elevation Above Top of BMP
to be Specified, (See Note 3)

• • ••• • • • • ••• • • ••••••••••••••••

Connect to Storm Sewer or Other
Free-Flowing Outlet

HDPE or PVC Specify
Diameter (See Note 2)

Specify Depth
(See Note 3)

TARRANT REGIONAL WATER DISTRICT

Outflow Riser DM-DC 4.8.3

Storage Aggregate-Crushed
Rock (Section 4.5.3)



Notes

1. BMP Drain to be used for watering BMP during maintenance activities.

2. Use of multi-stage orifice to be determined by engineer.
SECTION

Install Mechanical
Plug/Valve Gate When
Drain is Not in Service

TARRANT REGIONAL WATER DISTRICT

Multi-Stage Outlet Structure DM-DC 4.8.4

Beehive Grate

Multi-Stage Outlet
Orifice (Optional)
(Note 2).

Typical BMP
Installation

ALTERNATIVE BEEHIVE
GRATE OPTION

Connect to Storm
Sewer or Other
Free-Flowing OutletStorage Aggregate-

Crushed Rock
(Section  4.5.3)

Solid BMP Maintenance
Drain Pipe

Perforated Underdrain
(Section 4.8.1)
(Where Applicable)

Grate



Cast Iron Box and Lid Bass & Hays
Detail #340-1 "Stormwater" or
Approved Equal (See Note 2)

PVC Cap

SECTION

6"

1'-6"

4" PVC SCH 40 Slotted Well
Screen With 0.01" Slot size
(See Note 4)

Notes

1. If the observation well is located within a parking area, then it shall be flush with the paved surface.  Not recommended to
place observation wells in areas with high vehicular traffic due to safety concerns.

2. Well covers shall be secured in concrete surround if not secured in pavement surface restoration.  Well covers in
pavement shall be flush with finished grade.

3. Area surrounding well shall be restored in kind with the adjoining area.  Any geotextile filter fabric penetrated during
installation shall be cut and wrapped to a height of 6" upward along the solid well section.

4. Larger piping material may be required to accommodate need for monitoring or data recording equipment.

6"

Specify Depth

HDPE or  PVC
Pipe (4" MIN)
(See Note 4)

Concrete Surround

Storage Aggregate-Crushed
Rock (Section 4.5.3)

BMP Installation

4" MIN

Bottom Plug

6" Solid PVC

Crushed Rock Per City of Fort Worth
STD Specification 33 05 10

Observation Well DM-DC 4.8.5

TARRANT REGIONAL WATER DISTRICT

6" MIN Above Slotted Pipe



Notes

1. Anti-seep collars used in conjunction with Utility Sleeves (Section 4.8.7) shall be installed on the upstream and
downstream end of the piping at each edge of the BMP facility.  Anti-seep collars and Utility sleeves shall also be
installed on all utility piping joints, bends, and splices that are within the BMP.

2. 'W' shall be 3' for pipes 12" and smaller.

3. Collar shall be constructed of 4000 psi compressive strength concrete or other material providing watertight connection
compatible to pipe, as approved by a PE and reviewed by the TRWD.

4. Geomembrane Liner (Section 4.6.4) shall be used where anti-seep collars are required on vertical sides of the BMP.
Liners shall be minimally cut to allow for the collar and sealed with the external sheets of the anti-seep collar.

5. All fittings and seals to be installed and tested to a water-tight seal per manufacturer specifications.

6. Hydrophilic water stops may be an allowable substitute for anti-seep collars for situations where the utility or other piping
passes through a concrete structure.

ELEVATION

Concrete Collar

SECTION

Piping (Section 4.8) or
Utility Service

W
(See Note 2)

W

Align Collar With Edge of
BMP Installation

See Note 4

6" MIN.

TARRANT REGIONAL WATER DISTRICT

Anti-Seep Collar DM-DC 4.8.6

Concrete Reinforcement
Per City of Fort Worth
STD DWG D416



Notes

1. Length of required utility sleeve dependent on type of utility service and location within or adjacent to the BMP.

2. Seal surface of utility, utility sleeve and anti-seep collar (if necessary) with non-shrink grout or other sealant.

3. Anti-seep collars (Section 4.8.6) used in conjunction with utility sleeves shall be installed on the upstream and
downstream end of the piping at each edge of the BMP facility.  Anti-seep collars and Utility sleeves shall also be
installed on all utility piping joints, bends, and splices that are within the BMP.

Anti-Seep Collar
(Section 4.8.6)

Utility Service Line

Utility Sleeve
(See Note 1)

Specify Diameter of Pipe
Sleeve Dependent on
Service Line Size

Non-shrink grout or
watertight sealant
(See Note 2)

TARRANT REGIONAL WATER DISTRICT

Utility Sleeve DM-DC 4.8.7

Specify Length (See Note1)

Anti-seep Collar
(Section 4.8.6)
(See Note 2)

PROFILE









SECTION

Permeable Pavers
(See Note 1)

Joint Material
(See Note 3)

Sand (Section 4.6.1)
or No. 8, 89 or 9
Aggregate (See Note 3)

Storage Aggregate-Crushed
Rock (Section 4.5.3)

Specify Joint
Spacing

Per Manufacturer
(See Note 3)

Notes

1. Permeable Paver material shall be either brick paver per City of Fort Worth STD Specification 32 14 16 or permeable
interlocking concrete paver per ASTM C936.  All pavers shall be laid in an interlocking pattern for increased stability. Attention
shall be paid to joint material to ensure uniform spacing is achieved for application that do not use interlocking pavers.

2. Thickness of brick paver shall be a minimum of 2.25" unless specified per City of Fort Worth STD Specification 32 14 16.
Thickness of a permeable interlocking concrete paver shall be dependent on usage (minimum of 2.75" for vehicular use and
2.25" for pedestrian use).

3. Joint material shall either be sand per Section 4.6.1 or No. 8, 89, or 9 per ASTM C33.  For interlocking concrete paver
systems, open joints with no jointing material may be acceptable per manufacturer requirements.  Open joints shall not
exceed 1/2" openings per Texas Accessibility Standards.

4. Pavers shall have chamfered edges.

5. See Section 3 for full pavement section requirements for permeable pavers.

1"

Specify
Thickness

(See Note 2)

Soldier Course Installed at
Curb (4"x 8"x 3 18" unless
otherwise specified)

TARRANT REGIONAL WATER DISTRICT

Permeable Pavers DM-DC 4.9.1

Curbing
(Section 4.4.1)
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TRWD WATER QUALITY MANUAL
PLANNING AND IMPLEMENTING STORMWATER QUALITY PRACTICES

SECTION 5

Water Quality Requirements Specific to Zone 1 (Panther Island)

5.1 INTRODUCTION AND BACKGROUND

To cost-effectively meet water quality goals from stormwater runoff originating from Panther 
Island, TRWD is requiring revised procedures for selecting and implementing water quality 
practices in Zone 1 (maps of which are included in Appendix F).  The Panther Island form-based 
code implemented by the City of Fort Worth is designed to provide for high-density, mixed use 
developments.  While the practices and procedures for Zones outside of Panther Island could be 
applied in Zone 1, it would be much costlier to property owners and also place more restrictions on 
how an owner/operator/developer of a property could use their available footprint to achieve the
needed water quality goals while meeting other requirements expressed by the form-based code as 
each developer would be trying to individually place and maintain stormwater quality practices on 
their property. 

The water quality requirements for Zone 1 are designed to achieve the same results in pollutant 
removal as they would from Zone 2.  However, by constraining the number of available water 
quality practices that can be used in Zone 1 and placing them predominantly in the public right-of-
way instead.  This results in several benefits to TRWD, TRVA, and owner/operator/developers of 
properties: 

1) It improves consistency with the Panther Island Form-Based Code (which is designed in-
part to maintain look and feel compatibility among the many properties that will be built on
the Island).

2) It removes most of the responsibility for operating and maintaining any stormwater quality
treatment system from the owner/operator of the property and shifts it to Public
Improvement District (PID) planned for Panther Island.

3) Because the number of available practices is constrained for Zone 1, this greatly increases
the efficiency of stormwater quality management, substantially lowers the aggregate
footprint (square footage) needed for stormwater treatment, and substantially reduces the
cost of stormwater treatment for developers.

5.2 REQUIREMENTS SPECIFIC TO ZONE 1

TRWD’s requirements for Zone 1 (Panther Island) in many ways simplify the implementation of 
this manual.  The following are the specific requirements and restrictions for Zone 1: 
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1) The vast majority of stormwater treatment will be operated and maintained by the 
aforementioned PID (those treatment practices within a public right-of-way); 

2) Placement and type of practice required will be reviewed and approved by TRWD for Zone 
1 in accordance with this manual.  Placement and type of practice may be adjusted 
accordingly based on additional evaluation by TRWD and reflected in subsequent versions 
of this manual.  Therefore, those working to comply with this manual are encouraged to 
make sure they are working with the most recent version of the manual. 

3) Currently, only bioretention basins (sections 3.2.3.3.1 and 3.2.3.2) and permeable surfaces 
in the form of pervious pavers (Section 3.9) may be used in public right-of-way locations 
approved by TRWD.  Predominantly these will be distributive bioretention basins (Section 
3.2.3.2).  

4) Because of groundwater conditions on the island, all practices must have underdrains to 
collect and convey treated stormwater to stormwater drainage infrastructure. 

5) Because of groundwater conditions on the island, it is critical that all practices, especially 
bioretention, have positive-side waterproofing consistent ASTM Standards (see references).  
Because groundwater is shallow, the significant incursion of groundwater into biorientation 
facilities may cause plants to die from excess water around root systems.  

6) Additional treatment of stormwater may be required by TRWD for installation, operation, 
and maintenance by property owner/operators where the risk of pollutant discharge is 
increased such as in any directly-connected impervious surface (an example would be 
parking-garage rooftops with drainage directly to the Panther Island waterway or canals 
and no treatment between the two). 

7) Larger detention practices (serving a larger number of properties) may be prescribed by 
TRWD and implementation of any larger practices for stormwater treatment is at TRWD’s 
sole discretion in coordination with TRVA and its implementation of the Panther Island 
form-based code.  

Figure 5.1 shows the current distribution of stormwater practices in the public right-of-way by 
practice-type and is subject to revision by TRWD. 

5.3 REFERENCES 

The following references are useful in specifying either elastomeric sheet waterproofing or hot 
fluid-applied, rubberized asphalt waterproofing (two of the more common techniques used to 
prevent groundwater intrusion).  Other references will be needed for design purposes. 

ASTM International. ASTM C 1305: Test Method for Crack Bridging Ability of Liquid-Applied 
Waterproofing Membrane. West Conshohocken, PA: ASTM, 2008. 

ASTM D 5329: Test Methods for Sealants and Fillers, Hot-Applied, for Joints and Cracks in 
Asphaltic and Portland Cement Concrete Pavements. 2009. 

ASTM D 6622: Guide for Application of Fully Adhered Hot-Applied Reinforced 
Waterproofing Systems. 2001 (Reapproved 2009). 

ASTM E 96/E 96M: Test Methods for Water Vapor Transmission of Materials. 2010. 
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Sealant, Waterproofing, and Restoration Institute. Below Grade Waterproofing Manual. 
Kansas City, MO: SWRI, 2000, (Available at www.swrionline.org) 

ASTM International. ASTM D 5295: Guide for Preparation of Concrete Surfaces for Adhered 
(Bonded) Membrane Waterproofing Systems. West Conshohocken, PA: ASTM, 2000 
(Reapproved 2006). 

ASTM D 5898/D 5898M: Guide for Standard Details for Adhered Sheet Waterproofing. 1996 
(Reapproved 2013). 
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Cereal Rye
Secale cereale L.

Buffalo Grass   
Buchloe dactyloides

Blue Grama
Bouteloua gracilis

Little Bluestem Grass 
Schizachyrium scoparium

Side Oats Grama /  
Bouteloua curtipendula

Big Bluestem
Andropogon gerardii

Green Sprangletop
Leptochola dubia

Herbaceous Species - Grasses

Bermudagrass
Cynodon dactylon
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Eastern Gamagrass
Tripsacum dactyloides

Switchgrass
Panicum virgatum

Sand Lovegrass
Eragrostis trichodes

Western Wheatgrass
Pascopyrum smithii

Cane Bluestem
Bothriochloa barbinodis

Texas Cupgrass
Eriochloa sericea

Sand Dropseed
Sporobolus cryptandrus

Prairie Wildrye
Elymus canadensis

Herbaceous Species - Grasses

Indiangrass
Sorghastrum nutans
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Curly Mesquite  
Hilaria belangeri

White tridens
Tridens albescens

Herbaceous Species - Grasses

Bushy Bluestem
Andropogon glomeratus

Halls Panicum
Panicum hallii

Broomsedge Bluestem
Andropogon virginicus

Regal Mist Gulf Muhly
Muhlenbergia capillaris
‘Regal Mist’

Lindheimer Muhly
Muhlenberia lindheimeri

Cherokee Sedge
Carex cherokeensis

Emory’s Sedge
Carex emoryi
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Texas Bluegrass
Poa arachnifera

Witchgrass
Panicum cappillare

Virginia Wildrye
Elymus virginicus

Inland Sea Oats
Chasmanthium latifolium

Herbaceous Species - Grasses
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Plains Coreopsis   
Coreopsis lanceolate

Blackeyed Susan
Rudbeckia hirta

Scarlet Sage
Salvia coccinea

Cutleaf Daisy
Engelmannia peristenia

Pink Evening Primrose
Oenothera speciosa

Illinois Bundleflower
Desmanthus illinoensis

Clasping Coneflower
Dracopis amplexicaulis

American Basketflower
Centaurea americana

Maximilian Sunflower
Helianthus maximiliani

Herbaceous Species – Perennials
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Lemon Mint
Monarda citriodora

Purple Prairie Clover
Dalea purpurea

White Prairie Clover
Dalea candida

Partridge Pea
Chamaecrista fasciculata

Gayfeather
Liatris spicata

Texas Bluebonnet
Lupinus texensis

Indian Blanket
Gaillardia pulchella

Giant Goldenrod  
Solidago gigantea

Tall Goldenrod
Solidago altissima

Herbaceous Species – Perennials
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Gregg’s Mistflower
Conoclinium greggii

Mealy Blue Sage
Salvia farinacea

Turk’s Cap
Malvaviscus drummondii

Tall Aster / Symphyotrichum
praealtum var. Praealtum

Joe Pye Weed
Eupatorium fistolosum

Zexmenia / Wedelia
acapulcensis var. hispida

Aromatic Aster / Symph-
yotrichum oblongifolium

Texas Yellow Star
Lindheimera texana

Cardinal Flower  
Lobelia cardinalis

Herbaceous Species – Perennials
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Late Boneset
Eupatorium serotinum

Cinnamon Fern
Osmunda cinnamomea

Royal Fern
Osmunda regalis

Texas Bluebells
Eustoma grandiflora

Common Milkweed  
Aesclepias syriaca

Halberdleaf Hibiscus
Hibiscus laevis

Dwarf Tickseed
Coperopsis tinctoria

Louisiana Iris
Iris ser. Hexagonae

Obedient Plant
Physostegia virginiana

Herbaceous Species - Perennials
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Autumn Sage
Salvia greggii

Purple Coneflower
Echinacea purpurea

Texas Gayfeather / Liatris
puncata var. mucronatum

Butterfly Weed
Asclepias tuberosa

Herbaceous Species - Perennials
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American Beautyberry  
Callicarpa americana

Dwarf Palmetto
Sabal minor

Dwarf Waxmyrtle
Morella cerifera var. pumilla

Common Buttonbush
Cephalanthus occidentalis

Pale Leaf Yucca
Yucca pallida

Cast Iron Plant
Aspidistra elatior

Dwarf Yaupon Holly
Ilex vomitoria ‘Nana’

Shrubs
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Reverchon Hawthorn
Crataegus reverchonii

Eve’s Necklace
Sophora affinis

Shantung Maple
Acer truncatum

Possumhaw
Ilex decidua

Yaupon Holly - Male
Ilex vomitoria

Texas Redbud / Cercis
canadensis ‘Texensis’

Mexican Redbud / Cercis
canadensis ‘Mexicana’

Oklahoma Redbud / 
Cercis canadensis 
‘Oklahoma’

Yaupon Holly - Female
Ilex vomitoria

Ornamental Trees
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Wafer Ash
Ptelea trifoliata

Southern Waxmyrtle
Myrica cerifera

Ornamental Trees
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Montezuma Cypress
Taxodium mucronatum

Pond Cypress
Taxodium ascendens

Cedar Elm
Ulmus crassifolia

Green Ash
Fraxinus pennsylvanica

Pecan
Carya illinoensis

Slippery Elm
Ulmus rubra

Bald Cypress
Taxodium distichum

Texas Ash
Fraxinus albicans

Common Persimmon 
Diospyros virginiana

Trees
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Live Oak
Quercus virginiana

Chinkapin Oak
Quercus muhlenbergii

Shumard Oak
Quercus shumardii

Bur Oak
Quercus macrocarpa

Trees
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Sweetflag
Acrous calumus

Caric Sedge
Carex spp.

Square Stem Spikerush
Elocharis quadrangulata

Swamp Sunflower
Helianthus angustifolius

Soft Rush
Juncus effusus

Fragrant Waterlily
Nymphaea odorata

Spatterdock
Nuphar luteum

Yellow Waterlily
Nymphaea mexicana

Rice Cut Grass
Leersia oryzoides

Aquatic Plants – Perennials and Grasses
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Pickerelweed
Pontederia lanceolata

Lance-leaf Arrowhead
Saggitaria landifolia

Duck Potato
Saggitaria latifolia

Lizard’s Tail
Saururus cernuus

Three-square
Scirpus americanus

Smart Weed / Polygonum 
hydropiperoides

Pickerelweed
Pontederia cordata

Green Arum
Peltandra virginica

Giant Bulrush  
Scirpus californicus

Aquatic Plants – Perennials and Grasses 
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Virginia Chain Fern
Woodwardia virginica

Softstem Bulrush
Scirpus validus

Aquatic Plants – Perennials and Grasses
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