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SECTION 6



LOW IMPACT DEVELOPMENT



6.1 Definition of Low Impact Development Low Impact Development (LID) is the site design strategy with a goal of maintaining the predevelopment hydrologic conditions through the use of design techniques that store, infiltrate, evaporate, and detain runoff. Figure 6-1 illustrates the use of LID techniques within a road ROW. The following concepts are associated with LID: • • • •



LID is based on controlling storm water at the source by the use of micro-scale controls that are distributed throughout the site. LID allows for longer flow paths and filters pollutants from storm water runoff. This system of controls can reduce or eliminate the need for a centralized Best management practice (BMP) facility for the control of quantity and quality of storm water runoff. LID hydrologic considerations include: runoff volume control, peak runoff rate control, flow frequency / duration control, and water quality control. It also reduces or eliminates downstream impacts due to change in timing and/or any additional runoff volume. Figure 6-1: Roadway with LID Practices



Source: http://www.stormwatercenter.net/Slideshows/bsd%20for%20smrc/sld006.htm 6.1.1 Benefits of LID The use of LID practices offers both economical and environmental benefits. There are various advantages of using LID over the conventional storm water management techniques such as: • • • • • • •



Controls storm water at the site Reduce or eliminate the need of central detention Helps to meet the storm water quality requirements Decreases erosion Aesthetic value Groundwater recharge Less disturbance of the development area, conservation of natural features.



_____________________________________________________________________________ Dodson & Associates, Inc. 6-1



City of Houston Sub-Regional Detention Master Plan ______________________________________________________________________________ • •



Can be less cost intensive than traditional storm water control mechanisms not only for construction, but also for long-term maintenance (ref: EPA 841-F-07-006, Reducing storm water costs through LID strategies and practices, Dec 2007) Significant cost reduction with smart site design: Reducing impervious surfaces (roadways), curb, gutter Decreasing the use of storm drain piping, inlet structures Eliminating/decreasing size of large storm water detention.



• •



Can retrofit existing highly urbanized areas with pollution controls and address environmental issues in newly developed areas. Specific LID controls called Integrated Management Practices (IMPs) can reduce runoff by integrating storm water controls throughout the site in many small, discrete units.



6.1.2 Possible Issues in LID Implementation Although LID has been widely used across the nation, the following present possible issues that could be encountered with implementation of LID: • • • • •



The high rainfall conditions such as in Houston area may require integrated approach with detention in some cases. Clay soil types in the Houston area may require special design features to be incorporated. Long-term effectiveness of LID practices depend upon regular maintenance Community perception of LID may prevent its implementation Many communities have development rules that may restrict innovative practices that would reduce impervious cover



6.2 LID Technologies Various LID technologies are being used as an integral part of sustainable development of watersheds. Not all LID methods are applicable everywhere. Different factors such as soil permeability, depth of water table, slope, climate, and other factors must be considered while selecting tailwater condition and LID techniques for a particular site. Further, the uses of LID may not completely replace the need for conventional storm water controls. LID includes concepts, which are implemented as part of an overall system design as well as integrated management practices (IMP)s that are implemented after the concepts. LID concepts include: • • • •



Minimize impervious cover Match (maintain or reduce) existing time of concentration (Tc) Disconnect impervious cover (i.e., rooftops from downspouts and roads from storm sewers) Add IMPs if needed.
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Bioretention Grass channels Wetland swales Filter strips Vegetated buffers Rooftop retention Green roofs Rain barrels & cisterns Permeable pavement Depressions/Dry wells



• • • • • • •



Filter Strips Vegetated buffer Infiltration trenches Soil amendments Inlet pollution removal device Specially designed storm water basins Other specialized measures.



6.3 LID Technologies for City of Houston Roadway and Drainage Projects Bioretention, permeable pavement, vegetated swales (both dry and wet), filter stripes (grass), and vegetated buffers are five well known IMPs appropriate for roadways. As such, research was conducted on these practices for the City of Houston roadway and drainage projects. 6.3.1



Bioretention



Bioretention is a landscaping feature adapted to provide on-site treatment of storm water runoff. Surface runoff is directed into shallow, landscaped depressions which are designed to incorporate many of the pollutant removal mechanisms that operate in a forested ecosystem. Figures 6-2 and 6-3 illustrate typical bioretention facilities. A few important features of bioretention facilities are: • • • • • • • • • •



In general, less cost intensive than traditional structural storm water conveyance systems Applicable in many climate and geological conditions Works well on roadway projects in medians or alongside roadways. Good for small sites and highly urbanized areas (such as parking lost islands, small pockets of residential developments such as rain gardens in front yards) High evapotranspiration High pollutant removal Provides water quality storage Can provide ground water recharge (if designed without an impermeable bottom) Requires little maintenance apart from the regular mowing requirement Fairly well accepted in the community



In the case of soil with high clay content such as in Houston area, use of permeable soil mix with underdrain linked to a storm sewer system can increase effectiveness. The use of a gravel energy dissipater and filter strip prior to the bioretention facility is shown in Exhibit 22. Exhibit 23 provides a graphical representation of a typical bioretention facility profile along with an underdrain system. _____________________________________________________________________________ Dodson & Associates, Inc. 6-3
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Source: http://www.brisbane.qld.gov.au/bccwr/l ib184/wsud%20practice%20note%200 1b%20subdivision%20scale.pdf



Figure 6-3: Bioretention System Along Roadside



Source: http://www.wbdg.org/ccb/DOD/UF C/ufc_3_210_10.pdf



6.3.2 Permeable Pavements Permeable pavements allow storm water to infiltrate into underlying soils promoting pollutant treatment and recharge, as opposed to producing large volumes of rainfall runoff requiring conveyance and treatment. It can be porous asphalt, porous concrete or other permeable pavers and can serve up to 10 acres. Features of permeable pavements include: • • • • • • •



Best suited for low traffic areas such as parking lots and sidewalks Most successful installations found in coastal areas with sandy soils and flatter slopes Should not be used in areas with soils having low permeability without special design features. Well accepted by communities High maintenance requirement (mostly need to vacuum with an industrial vacuum sweeper) Costly High failure records in the past in other places (advances in design have improved function)



In the City of Houston, due to the predominant clay content in soil, use of permeable gravel storage layer with underdrain linked to a storm sewer system is desirable. Figure 6-4 and Exhibit 24 illustrate porous concrete. A graphical profile view of a concrete paver permeable pavement system is shown in Exhibit 25.
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Source: http://www.tececo.com/technical.porecocrete.php?print 6.3.3 Vegetated Swales Vegetated swales (both dry and wet) are earthen planted storm water conveyances designed to filter a shallow depth of runoff for water quality improvement and for infiltration of storm water. They function as a mechanism to reduce runoff velocity and as filtration/infiltration devices. Features of vegetated swales include: • • • • • • • • • • • • • • • • •



Typically designed for larger storm events, however treatment and infiltration is reduced during high flows Effective for areas with slope less than 5 percent. Dry swales often include an underdrain system and wet swales do not Low capital cost Maintenance is easy with the regular mowing. High pollutant removal. Sedimentation is the mechanism, with additional infiltration and adsorption mechanisms Can be used to increase Tc and disconnect impervious areas. Increased evapotranspiration. Applicable wherever the local climate and soils permit the establishment and maintenance of a dense vegetative cover and enough land is available Most appropriate for smaller drainage areas with mild slope Application is primarily along residential streets and highways Difficult to place in very urban settings due to space requirements Impractical in very flat or steep slope, or poorly drained soils Densely vegetated swales can be designed to add visual interest Not effective and may even erode when flow volumes and/or velocities are high Engineered swales are less costly than installing curb and gutter/storm drain inlet and storm drain pipe systems Swales with flattened increase the time of concentration and give more contact surface for storm water quality treatment.



Figures 6-5 through 6-7 illustrate dry swales, wet swales, and swales with check dams.
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Figure 6-6: Wet Vegetated Swale



Figure 6-7: Vegetated Swale with Check Dam



Source: Center for Watershed Protection 6.3.4 Filter Stripes (Grass) Filter stripes (grass) are grassed areas which accept sheet flow runoff from adjacent surfaces. Filter strips function by slowing runoff velocities and filtering out sediment and other pollutants similar to vegetated swales. Filter strips also provide temporary storage for the water quality volume for a 24-hour period. The strip could consist of a stone trench, grass strip, or wooded strip. Side slopes of vegetated channels essentially act as filter strips, especially when the channel longitudinal slope is extremely flat. Example filter strips are shown in Figures 6-8 and 6-9. Features of filter strips are: • • • • •



Applicable to most regions, may be impractical in urban areas as they consume large areas. Should not be used on sites with high clay content as they require some infiltration for proper treatment. Pollutant removal varies depending on the length of flow in the filter strip. Main design factor is not the drainage area it treats but the length of flow leading to it. Best suited to treat runoff from roads and highways, roof downspouts, very small parking lots and pervious surfaces. Typically used to treat small drainage areas (a filter strip can treat one-acre of impervious surface per 580 feet (ft) of length).
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Proper design is essential for effectiveness in terms of pollutant removal, otherwise can become a mosquito breeding ground. Should be at least 25 ft long to provide water quality treatment. Can be used preceding bioretention to reduce sediment build-up. Figure 6-8: Grass Filter Strip



Figure 6-9: Grass Filter Strip



Source: http://www.wsdot.wa.gov/Environment/WaterQuality/Research/Reports.htm 6.3.5



Vegetated buffer



Vegetated buffer is a vegetated area along a shoreline, wetland or stream where development is restricted or prohibited. It can be comprised of existing plants on the site and/or new plantings. Buffer zones include aquatic plants in shallow water, moisture-loving plants along the shore, and upland plants in dry soils. It can be used in conjunction with the construction or retrofit of the highways or local roads which are adjacent to the water bodies. An example vegetated buffer is shown in Figure 6-10. Key features of vegetated buffer include: • • • • • • • •



Reduce runoff by, increasing infiltration of storm water and help to maintain the predevelopment Tc. Reduce storm water pollutant load Prevent streambank erosion and provide flood control Filter out pollutants and sediment Add natural beauty Improve wildlife and aquatic habitat Prevent equipment rollovers near sloping shorelines and streambanks Width of buffers is extremely important in controlling sediment and nutrients
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Figure 6-10: Vegetated Buffer



Source: http://www.sustland.umn.edu/related/water2.html



6.3.6 HCEC Research The Houston Council of Engineering Companies (HCEC) researched LID techniques in the Houston region for potential storm water detention or storm water quality applications (Appendix U). After identifying 15 LID techniques to evaluate and after discussion over pros and cons of those techniques, the HCEC recommended seven LID techniques: • • • • • • •



Bioretention Infiltration trenches Porous pavement Vegetative swales Hard roof Green roof Rain barrels



Each of these LIDs were noted to be suitable for storm water quality applications, while only three (hard roof, green roof, and porous pavement) were recommended for storm water detention. The HCEC recommends a simplified analysis technique of quantifying the storage volume associated with the latter three LID IMPs.
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City of Houston Sub-Regional Detention Master Plan ______________________________________________________________________________ 6.4 LID Analysis Tools To account for LID features and runoff management devices, refinement of the hydrologic analysis may be desirable. In such cases, a variety of tools and techniques can be used such as: 1) Add Volume to Detention Volume – The most simplistic approach involves adding the storage volume associated with each LID IMP to the detention basin storage volume. While this approach might be applicable for projects with minimal LID features (i.e., one or two), it may not fully account for the benefits provided by the LID features and IMPs. Furthermore, this method does not consider the storage volume available within the soil system or effects of LID on the runoff hydrographs. 2) Adjust Unit Hydrograph - For minimal LID features, a unit hydrograph adjustment may be made to take advantage of LID benefits not accounted for with the volume method discussed under item one. The City of Milwaukee developed this method, which is described in detail in A Milwaukee Model for LID Hydrologic Analysis, by Paul R. Koch, Ph.D., P.E.. In this method, the standard Natural Resources Conservation Service (NRCS) unit hydrograph method is adapted for LID. This adaptation aggregates the LID retention volume across the site and treats that volume explicitly as a depth of runoff (i.e., excess rainfall) that must be exceeded before the convolution calculations generate a positive value for the runoff hydrograph. This method is especially suited where all site runoff is directed through a number of similarly sized and distributed on-site storm water retention features. 3) LID Hydrology Manual Method - If the time of concentration (Tc) is maintained at existing levels and not decreased, the method described in the Prince George’s County Low Impact Development Hydrologic Analysis manual can be used. This method includes a credit for disconnecting impervious areas from the conveyance system and more fully accounts for the benefits of LID features. A series of calculations and curves are used to determine the benefits of the LID IMPs and the need for additional detention volume. This method is appropriate for systems with several LID IMP features. However, it may not fully account for the routing and lagging effects of LID on the runoff hydrographs where many LID features are included. 4) SWMM Models – The U.S. Environmental Protection Agency’s (EPA)’s Storm Water Management Model (SWMM ) performs simulation of both water quantity and quality for urban runoff events. The SWMM algorithm is able to explicitly simulate storage and, therefore, is particularly appropriate for simulating discrete LID systems. Creative adaption of SWMM may be necessary as the model does not directly model runoff from an impervious surface onto a pervious one. This model is best suited when a very detail analysis is needed and many LID features are involved. It may offer the best results as far as fully realizing the benefits of LID. The XP-SWMM software program also offers these LID features. Other models not commonly used in the region are also available and could be used. _____________________________________________________________________________ Dodson & Associates, Inc. 6-9



City of Houston Sub-Regional Detention Master Plan ______________________________________________________________________________ 5) Prince George’s County Model – Prince George’s County Department of Environmental Resources Programs and planning division has developed a BMP evaluation module to assist in assessing the effectiveness of LID technology. The underlying algorithms are based on physical processes, which allows BMP effectiveness to be evaluated and estimated over a wide range of storm conditions, BMP designs, and flow routing configurations. Table 6-1 summarizes the applications for each of the reviewed LID analysis tools. Table 6-1: Recommended LID Analysis Tools



Method Add Volume to Detention Basin Adjust Unit Hydrograph LID Hydrology Manual Method SWMM Models Prince George’s County Model



Minimal LID Features •



Level of LID Features Moderate LID Significant LID Features Features



Existing Tc Maintained



• •



•



• •



• •



• • •



• •
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