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Glossary 
 
Basin: An earthen depression designed to collect and infiltrate Stormwater. 
 
Best Management Practices (BMP): Activities, practices or prohibitions of practices 
designed to prevent or reduce pollution. 
 
Bio-retention: Also known as Rain Garden, Bio-Filter or a BMP. LID practice consisting of 
vegetated depressions engineered to collect, store, and infiltrate runoff. 
 
Detention: The temporary storage of Stormwater to control discharge rates, allow for 
infiltration, and improve water quality. 
 
Evapotranspiration: The loss of water from the soil both by evaporation and by 
transpiration from the plants growing in the soil. 
 
Green Infrastructure (GI): An adaptable term used to describe an array of products, 
technologies, and practices that use natural systems - or engineered systems that mimic 
natural processes - to enhance overall environmental quality and provide utility services 
including capturing, cleaning and infiltrating Stormwater; creating wildlife habitat; shading 
and cooling streets and buildings; and calming traffic. As a general principal, GI techniques 
use soils and vegetation to infiltrate, evapotranspiration, and/or recycle Stormwater 
runoff. 
 
Heat Island Effect (HIE): This phenomenon describes urban and suburban temperatures 
that are 2° to l0°F (1° to 6°C) warmer than nearby rural areas due to absorption and 
retention of heat by buildings and paved surfaces in the built environment. The HIE can 
increase energy demands, air conditioning costs, air pollution and greenhouse gas 
emissions, and heat-related illness and mortality. For more information, go to the U.S. 
Environmental Protection Agency (EPA)'s Heat Island website. 
 
Level Spreader: An outlet designed to convert concentrated runoff to sheet flow 
and disperse it uniformly across a slope to prevent erosion. 
 
Low Impact Development (LID): LID is an approach to land development (or re-
development) that works with nature to manage Stormwater as close to its source as 
possible. LID employs principles such as preserving and recreating natural landscape 
features, minimizing effective imperviousness to create functional and appealing site 
drainage that treat Stormwater as a resource rather than a waste product. 
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NPDES: National Pollutant Discharge Elimination System; a regulatory program in the 
Federal Clean Water Act that prohibits the discharge of pollutants into surface waters of 
the United States without a permit. The federally delegated program in Utah is called Utah 
Pollutant Discharge Elimination System (UPDES). 
 
Open Space: Land set aside for public or private use within a development that is not built 
upon. 
 
Rain Garden: See bioretention. Synonymous with bioretention, this term is typically used for 
general audience discussions. 
 
Rainscapes: Landscapes that, once established, rely entirely on rainwater (and gray water if 
available) while preserving tap water for indoor and drinking water needs. 
 
Right-of-Way (ROW): The area along a street between the curb and property lines. 
 
Site Fingerprinting: Development approach that places development away from 
environmentally sensitive areas (wetlands, steep slopes, etc.), future open spaces, tree 
save areas, future restoration areas, and temporary and permanent vegetative forest 
buffer zones. Ground disturbance is confined to areas where structures, roads, and rights-
of-way will exist after construction is complete. 
 
Traffic Calming: The practice of slowing traffic through the use of roadway construction, 
vegetation or other features. 
 
Swale: An open drainage channel designed to detain or infiltrate Stormwater runoff. 
 
Underdrain: A perforated pipe, typically 4-6" in diameter placed longitudinally at the 
invert of a bioretention facility for the purposes of achieving a desired discharge rate.
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Preface 
 

This manual is intended to be technical guidance for professionals on the use of 
neighborhood-scale low impact development practices within Washington County, the City 
of St. George and similar areas in the Southwest Desert. 
 
Introduction: The introduction explains the purpose, goals and scope of this manual, as 
well as the local context and background behind the development of this manual. 
 
Low Impact Development Principles: The basic concepts of LID and GI are discussed, 
including why using GI/LID practices is important, and how rainwater harvesting, structural 
practices and LID planning practices are related to LID and GI. 
 
Site Assessment, Planning and Design Process: This section provides guidance on how a site 
should be evaluated when designing a new development, including preservation of 
natural flow paths, where to locate structural practices in the watershed based on 
vegetation's water budget, determining the design Stormwater runoff volume for 
structural practices. 
 
GI/LID Practices: These three sections provide detailed information and drawings for LID 
Planning Practices and structural LID Practices. 
 

• GI/LID Planning Practices: This section provides an overview of the different types 
of LID planning, or behavioral, LID Practices that can be incorporated into a 
development. Emphasis is placed on the importance of the early planning stages in 
site design which includes identifying natural sensitive areas and evaluating 
suitable locations for disturbance with an end result of an alternative site design 
which maintains the pre-hydrologic conditions of a s ite. Maintenance is integral to 
the long-term function of LID Practices. 

• Structural LID Practices: This section provides guidance on the structural GI/LID 
Practices that can replace traditional Stormwater infrastructure while achieving 
storage, infiltration and conveyance that mimics pre-development hydrology. 

• Common LID Components: This section describes common drainage design 
features and how to incorporate them with LID Practices. 
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Introduction 

The purpose of this manual is to provide non-regulatory technical guidance for implementing 
neighborhood scale water harvesting, green infrastructure (GI) and low impact development (LID 

(GI/LID) practices. 
 
Harvesting Guidance Manual - The intended audience includes the professional community 
who design, build, and/or retrofit new developments and neighborhoods.  In particular, the 
manual is intended to provide the following guidance: 

• Selecting appropriate GI/LID Practices 

• Implementing multi-purpose GI/LID features during site layout 

• Implementing treatment drain approaches (series of GI/LID practices) to 
rainwater and Stormwater management 

• Designing and constructing these GI/LID Practices 

• Inspecting and maintaining procedures to ensure the GI/LID Practices continue to 
function as designed and provide the benefit expected 
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Background

As part of Phase II of the City Water and Wastewater Study, Stormwater as a supplemental 
water source has concluded that capture and use at the lot and neighborhood scale resulted in 
the best opportunities. The benefits are enhanced because the percent of rainfall that can be 
harvested as Stormwater is greatest at this scale and is decreased as watershed size increases, 
as illustrated by this manual. This was developed to provide formal local guidance on how to 
implement decentralized Stormwater harvesting at the neighborhood scale. In 2015 the City of 
St. George passed the GI/LID Resolution, supporting the development of guidelines, incentives, 
and regional coordination to encourage this approach.  
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While the initial impetus for this manual came from the potable water demand reduction 
aspects of the City’s Pollutant Discharge Elimination, Municipal Separate Storm Sewer 

System permits the City to evaluate how incorporation of LID practices into their respective 
planning and development processes can reduce pollutants in Stormwater discharges. LID 
consists of methods and practices designed to reduce runoff and pollutants from the site at 
which they are generated using principles such as preserving and recreating natural 
landscape and infiltration. As a general principal, GI techniques use soils and vegetation to 
filter, infiltrate, transpire, store, and/or recycle Stormwater runoff, and can therefore 
reduce the use of potable water for growing trees and other vegetation. Because GI and LID 
are typically used together, they are often used synonymously or together and referred to as 
GI/LID. 

 

The objective of LID is to provide development techniques that allow the post-development 
hydrologic regime to mimic pre-development hydrology. GI/LID techniques manage water and 
water pollutants at, or near, the source and thereby prevent or reduce the impact of the 
development on washes, rivers, and groundwater. LID concepts can be applied to new 
development, redevelopment and retrofits to existing development. As described, many 
Stormwater harvesting practices are LID Practices. Basic infrastructure design features of LID 
include reducing the use or size of pipes, curbs, gutters and sidewalks; maintaining infiltration 
areas, buffer zones, and drainage courses; using infiltration swales, grading strategies, and 
open drainage systems; reducing impervious surfaces and disconnecting the impervious areas 
that remain. 

 

In addition to the potable water and Stormwater quality benefits, GI/LID has other public 
health and safety benefits that are important for desert communities. By limiting the volume 
of excess Stormwater generated, GI/LID practices reduce the potential for flooding. Trees 
grown in water harvesting basins adjacent to pavement can improve livability by shading 
pavements as well as providing evaporative cooling effects through transpiration. Therefore, 
selective use of GI/LID has the potential to mitigate the heat island effect (HIE). Mitigating this 
effect is an important benefit in Utah/Arizona where heat related illness and deaths to 
residents is among the highest in the nation. In addition to increasing and improving habitat 
availability for wildlife, these trees and other vegetation can also provide sound attenuation 
along major streets, providing a calming effect (reduced driving speeds) in residential streets. 
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Scope 
The scope of the document includes the following:  
 

• Description of GI/LID Practices that can be used effectively in County and local 
municipalities

 
• Specific guidance on how to use LID Planning GI/LID Practices during site 

design 

• Design guidelines for locating and sizing structural GI/LID Practices 

• Standard plan and/or cross-section views 

• Standard details for the GI/LID Practice 

• Design references 
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Project Scale 
This manual is intended to cover LID Practices that are appropriate for neighborhood scale 
projects, such as the layout of commercial development and residential subdivisions. 
Certain practices involving site layout and planning are appropriate for new development, 
but other practices for the capture and use of Stormwater from streets, sidewalks, 
rooftops, or multiple lots are appropriate for retrofits as well. In addition, some of these 
GI/LID Practices, as well as gray water practices, can be applied at the lot scale and are 
encouraged when in compliance with local regulations. 

 

Integration with Other Efforts 

This effort integrates with other current efforts as follows: 

• These practices can be used to reduce or off-set the requirement for on-site 
detention. Furthermore, it establishes standards regarding on-site retention and 
describes how Stormwater harvesting basins must be constructed to meet this 
requirement .  

• Throughout Washington County and the City, flood control measures must be 
implemented to mitigate the effect of increased impervious surfaces associated 
with development which increase runoff volumes. LID mitigates the impact of 
development by connecting impervious surfaces to porous surfaces and 
distributing Stormwater for beneficial uses. The conventional approach of 
centralizing Stormwater and treating it as a hazard, such as in detention and 
retention structures, misses this important opportunity that benefits the entire 
community. Furthermore, impervious surfaces also increase the number of 
runoff-producing events which are a non-life threatening nuisance, as well as peak 
flows that can cause flooding. 

• The initial runoff in an event entrains contaminants and other materials. LID 
Practices can capture this first flush of runoff which not only contains the 
number of nuisance flows, but also improves Stormwater quality. For this reason, 
County Regional Flood Control District has required capturing the first rainfall as a 
means to satisfy the flood retention requirements.  This requirement will apply to 
new development and substantial redevelopment. 

• A GI/LID Case Study Catalog: Members of the community are collecting data on    
projects that use LID Practices already constructed. These will be compiled into a 
'catalog' of projects that can be used to demonstrate the benefits of LID in our 
community.

 
• Requires new commercial development to obtain half of their water for 

landscaping using water harvesting techniques. In most cases, these are 
GI/LID practices.



 

9 
 

 
These regulations require local jurisdictions, engineers of new construction and 
redevelopment to ensure final stabilization with construction projects. Additionally, for 
Sections 303(d) and 404 of the Clean Water Act, site specific post-construction best 
management practice (BMP) for Stormwater quality may be required to address 
Stormwater discharges for construction operators. 

 

This manual was developed to provide options for MM6s MS4 responsibilities and is 
referenced by other MS4s throughout the state. It provides information on specified 
ratings, appropriate applications, materials, design standards, design considerations, 
maintenance, and schematics for the BMPs.  The LID related BMPs addressed in this manual 
include: Roadway Drainage Conveyance to Stormwater harvesting basins and Stormwater 
Quality and Treatment (bioretention, infiltration trenches, retention within Stormwater 
harvesting basins, and vegetated swales). 

 

Municipalities can implement LID during planning and design phases of land development 
to reduce pollutants discharged from area. Ultimately, to evaluate the effective use of LID 
for the City or County MS4s, the benefit of the new sustainable techno logy will be 
measured in post-construct ion functionality of the new development. Expected positive 
outcomes include reduced flooding and concentrations of pollutants in Stormwater. LID is 
also a measure MS4s can use to break down and sequester non-point source (NPS) 
Stormwater pollutants and prevent their accumulation in downstream surface waters in 
order to meet Stormwater quality standards. 
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LID Principles  

 

 

Definition of Terms 
LID is a development approach that treats Stormwater runoff as a beneficial resource and 
facilitates its use as close to the source as possible. Aspects of LID include site layouts that 
achieve multiple functions, including the minimization of disturbance to native vegetation 
and soils, and the reduction and disconnection of impervious surfaces. LID planning can 
reduce runoff within the site and therefore may require less structural and conventional 
engineering solutions. GI in the context of this manual generally refers to the structural 
components and engineering practices that are utilized to accomplish LID objectives. LID 
and GI Practices used together (GI/LID) then can be defined as systems and practices that 
preserve, enhance or recreate the natural functionality of an area being developed. GI/LID 
practices can improve surface water quality, mitigate flood impacts, reduce the need for 
irrigation, reduce energy demand by using selective shading strategies, mitigate the HIE, 
improve air quality, reduce greenhouse gases, improve walkability and bike-ability by 
shading streets and sidewalks, improve property aesthetics, provide habitat for urban 
wildlife, improve public health and safety, provide recreational opportunities, educate 
the public, and result in more livable communities. A treatment train is defined as a series 
of GI/LID Practices that are utilized on LID sites to mitigate some of the adverse effects 
from development. 

 

For the purposes of this manual, rainwater is defined as precipitation while it is falling 
from the sky or falling off of a roof top. Stormwater is defined as precipitation that has 
landed on the ground, and will either infiltrate or flow over the surface as Stormwater 
runoff. 

 

Rainwater and Stormwater harvesting are examples of structural GI/LID Practices. The 
term "water harvesting" is used locally to mean Stormwater harvesting. While the use of 
LID Planning Practices during site design will minimize the amount of new runoff from 
impervious surfaces, all development will produce harvestable Stormwater. 
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LID Principles  
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Preserve Natural Flow Paths 
 

 

Structural GI/ LID Practices 
 

Features 
Naturalized Conveyance  Features 
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Why Use LID? 

Converting Stormwater Risk to a Resource 
 
Rainwater and Stormwater are valuable resources that have many beneficial uses, but 
have historically been disposed of as a nuisance and a hazard. The concept of GI/LID 
encompasses an approach to Stormwater management that preserves or mimics the 
natural drainage of Stormwater runoff to mitigate the effects of increased impervious 
surfaces. 

 

The use of LID concepts during site layout results in the preservation of natural drainage 
patterns and a reduction in impervious area when compared to traditional development. 
These in turn, reduces the amount of runoff exiting the development, and improves 
runoff quality by providing greater areas for infiltration, evapotranspiration, and 
sediment deposition. When applied appropriately, the LID site layout concepts minimize 
the number of GI/LID Practices required to restore discharge rates and volumes, and 
maximize the effectiveness of these structural GI/LID Practices in mitigating the effects of 
development on Stormwater runoff. 

 

LID is most effective for Stormwater management when it is incorporated in the site 
layout during the initial planning phase of new development. Cost benefits are also 
maximized during this early stage of site design. However, LID is also applicable to 
redevelopment and retrofitting by following a comprehensive and effective set of GI/LID 
Practices. The benefits of LID site design and implementation of GI/LID Practices include: 

• Flood mitigation by reduction of Stormwater runoff rates and volumes 
 

• Establishment or enhancement of native vegetation and habitat for wildlife 
 

• Reduction in potable water demand and cost for irrigation due to use of harvested 
Stormwater 

 
• Reduction of the urban HIE and air pollutants due to an increase in vegetation 

 
• Economic Value 

 
• Transportation enhancements such as traffic calming, reduced traffic noise and 

increased pedestrian safety 
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LID Planning Reduces Disturbed and Compacted Soils 
 
In addition, the impact of impervious surfaces from new development and newly 
disturbed pervious areas, a study assessed the change in runoff and water quality 
characteristics between a control site which consisted of a grassy area covering clay loam, 
and a bioretention basin with engineered soil. Runoff from a parking lot flows either to 
the control site or to the bioretention basin lined with a geotextile fabric, filled with 
crushed lava, and covered with compacted soil and mulch. The engineered soil 
absorbed 89% of the runoff and reduced the pollutants by 95%. 
 

LID uses plants, soil and inert materials such as rock riprap or curving rocky swales to 
improve the quality of Stormwater. Stormwater can be directed through or to an LID 
practice where natural processes can improve the water quality). Natural processes that 
can improve Stormwater quality include the following: 

• Interception (portion of rainfall lands on plants, dissipates the impact and 
accumulation of the rainfall; therefore reduces runoff) 

• Infiltration (rainfall passes into soil; therefore does not become runoff) 

• Nutrient recycling (before transpiring infiltrated rainfall, plants absorb nutrients 
for growth and reproduction) 

• Transpiration (Stormwater that infiltrates the ground is absorbed through roots, is 
released from the plant's leaves; therefore cannot increase runoff) 

• Evaporation (Stormwater is retained in crevices or swales on the land, is 
evaporated to the atmosphere; therefore cannot become runoff) 

• Sedimentation (Stormwater is slowed by rough terrain or swales, allowing 
settling of clay, silt, sand and gravel to swale bottom by gravity; therefore 
prevents sediment transport in the runoff) 

• Filtration (as Stormwater flows through rocks and plants, floating materials are 
physically screened out allowing clean water to pass through; therefore 
prevents floatables from being transport in the runoff) 

• Energy dissipation (Stormwater flow is s lowed by rocky, curving swales or 
spillways, which reduce erosion and allow suspended material to settle to the 
bottom) 

• Soil reactions are enhanced due to increased interface, increased exposure time with 
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Stormwater, and development of a soil micro-climate. These include: adsorption 
(adhesion of ion or molecules to oppositely charged soil particles); chelation (process 
where organic acids combine with metallic ions making them so luble and mobile); ion 
exchange (exchange of ions between water and a media); organic complex (synthesis of 
organic compounds with other organic or inorganic compounds); therefore cleansing the 
Stormwater as it is absorbed into the soil Interception, transpiration, evaporation and 
infiltration reduce the amount of runoff which in turn slows the surface reducing the 
potential for erosion. Nutrient cycling and soil reactions improve the water quality. 
Sediment removal, filtration and energy dissipation have two positive impacts by reducing 
runoff.
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Multiple Benefits of GI/LID 
 
GI/ LID practices promote sustainability of plant materials in two primary ways: 
 

• Stormwater is intentionally diverted directly to, or in close proximity to planting 
areas 

• Stormwater is encouraged to remain longer and permeate deeper into the plant's 
root zone 

These practices are beneficial to all plant materials. GI/ LID practices further encourage 
sustainable design by promoting locally native, or plant species with characteristics 
compatible to local conditions. By definition, these plant materials require much less 
water than those native to regions with higher rainfall. Plants from other regions not only 
use more water than natives, but they may displace natives and diminish the habitat value 
received by our native wildlife. Native and desert-adapted plants not only will use 
substantially less water, but they have a better chance to become fully independent of 
supplemental water if properly weaned. 
 
Plants adapted to the desert are survivalists for a variety of reasons. Their leaves often are 
smaller and have thicker skins, reducing water loss. Their trunks and branches may have 
bark capable of photosynthesis. Their root systems are shallow but far-reaching, allowing 
fast absorption of surface rainfall after very minor storm events. Their tolerance to 
standing in water accumulated in water harvesting basins varies from species to species. 
Well-drained soils are critical to promoting viability of most desert species in a variety of 
conditions. The plant list in Appendix G provides guidance on plants capable of survival in a 
variety of situations. 
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Shade to Mitigate HIE 
 
GI/LID Practices can divert Stormwater to shade-providing trees that should be located 
close to impervious areas with human activity such as buildings, sidewalks and parking lots. 
Canopy shade reduces the temperature of walls and roofs by 20° to 40°F.The plant 
evaporation reduces air temperature in open terrain by 9°F and in suburbs without trees 
by 4° to 6°F (NOAA, 2014). Reducing the amount of heat absorbed by and radiating from 
impervious surfaces benefits all residents and visitors at residential or commercial sites and 
encourages increased use of the area. Substantial reductions in heat absorption and 
radiation from buildings can result in decreased energy use and associated costs for cooling 
buildings. 

 

Buffering and Screening 

Bufferyards are typically a requirement for new development. Bufferyards consist of walls 
and/ or vegetation that screen the new development from adjacent neighbors or roadways 
and mitigate perceived negative visual impacts. Directing Stormwater to the vegetation 
using GI/LID Practices allows the vegetation to be more self-sustaining, with more robust 
growth and less demand for potable water. Maintaining the bufferyard is less of a financial 
burden when the water cost is reduced. 

 

Traffic Calming 

GI/LID Practices can be incorporated into traffic-calming features, such as chicanes, 
roundabouts, and curb bumpouts, which enhance pedestrian safety by reducing vehicle 
speeds. Bump-outs at intersection and mid-block crosswalks slow traffic, draw attention 
to pedestrians, and reduce the distance pedestrians must travel to cross the road. 
Stormwater harvesting basins or bioretention can be used inside these features for 
multiple benefits, including Stormwater management and aesthetics. 
 
Gardening 
 
Although gardens are characteristically high-water users, community sustainabil ity is also 
promoted by growing edible plants. Gardens are typically adjacent to a home, but a 
popular trend is gardens that support an adjacent restaurant. Although it would be 
difficult to have a garden fully independent of the potable water system, any reduction in 
potable use is a benefit to our community.  
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GI/LID Can Provide Recreation and Improved Aesthetics, Safety, and Economic Benefits 

Recreation and Aesthetics 
LID Practices can provide substantial benefits to a residential subdivision. Integration of 
these practices into the design process automatically increases the amount of 
undisturbed natural area and its proximity to proposed homes. A home in the context of a 
more natural setting will always have a greater aesthetic value. These natural landscapes 
already support native plants which will thrive due to redirection of Stormwater 
resources. As the landscape flourishes it will retain and further promote native wildlife 
and bird species. The addition of minor improvements such as pathways and benches 
creates a recreational amenity that neighbors can enjoy for walking, bird watching or 
viewing sunsets, to name a few. Such activities increase family and social networks and 
create the kind of neighborhood that continually grows in value. 
 
 

For example, a large study of inner-city Chicago found that one-third of the residents 
surveyed said they would use their courtyard more if trees were planted. Residents living in 
greener, high-rise apartment buildings reported significantly more use of the area just 
outside their building than did residents living in buildings with less vegetation. Research has 
found that people in greener neighborhoods judge distances to be shorter and make more 
walking trips. Furthermore, "attention restorative theory" suggests that exposure to 
nature reduces mental fatigue; the rejuvenating effects come from a variety of natural 
settings, including community parks and views of nature through windows. In fact, desk 
workers who can see nature from their work stations experience 23 percent less time off 
sick than those who cannot see any nature. Desk workers who can see nature also report a 
greater job satisfaction. 
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Community Safety 

In addition to the beneficial effects discussed above, GI has the potential to improve 
community safety through traffic calming and reduced crime rates.  Where LID Practices 
such as chicanes or bump-outs are proposed along roadways, the narrower road may 
reduce travel speeds, resulting in a calmer, quieter street. While the bump-out increases the 
planted area, it also narrows the vehicular travel area and pedestrians have fewer lanes to 
cross. The more limited a pedestrian's exposure to active traffic, the less likely the chance of 
a negative encounter. Even if the street cannot be narrowed, enhanced vegetation creates 
the perception of a calmer travel corridor. Since street drainage usually occurs along the 
street edge, curb cuts or borings can allow the drainage to flow into a planted rocked 
swale and water the associated vegetation. This is an easy and ideal retrofit option for 
existing neighborhoods, but more efficiently should be incorporated into new 
development. 

 

Reduced crime is another beneficial side effect of LID. In one study, researchers examined 
the relationship between vegetation and crime for 98 apartment buildings in an inner city 
neighborhood. They found the greener a building's surroundings are, the fewer total 
crimes (including violent crimes and property crimes), and that levels of nearby vegetation 
ex plained 7 to 8 percent of the variance in crimes reported). In investigating the link 
between green space and its effect on aggression and violence, 145 adult women were 
randomly assigned to architecturally identical apartment buildings but with differing 
degrees of green space. The levels of aggression and violence were significantly lower 
among the women who had some natural areas outside their apartments than those who 
lived with no green space. 
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Site Assessment and Hydrology 

The existing drainage of a site must be evaluated before site layout and LID Planning 
Practices can be applied. The analysis of existing drainage conditions should include 
identification and quantification of any off-site drainage and existing on-site flow paths. 
If structural GI/LID Practices are intended to meet the requirements of the Stormwater 

Detention/Retention Manual, it is the designer's responsibility to determine whether the 
design of these practices will allow the site to meet the Stormwater Detention/Retention 
requirements. The tools are provided in the manual. The guidance provided here is non-
regulatory. 

 

A LID planning site design preserves existing flow paths through the site and minimizes the 
disturbed area. Structural and LID Planning Practices should be employed to reduce the 
volume of runoff and mitigate runoff from the point of generation and at each 
succeeding point along the flow path to create a "treatment train." Ideally, LID site 
designs use or infiltrate Stormwater close to the source of runoff. 
LID Practices can also be distributed throughout the site to the extent possible, while 
locating each of the practices to maximize the impervious area draining to it. These 
practices are preferable to concentrating Stormwater in a structure and draining it away 
from the site as a nuisance. 

Site Planning 

The placement of development within regulatory floodplains, riparian habitat and the areas 
with concentrated flow causes a greater overall impact than development that is located in 
already disturbed areas and in areas where only over land flow is present. Consideration 
should be given to preserving these natural flow paths and any mature native vegetation 
(natural resource). Thoughtful site layout would avoid disturbing these areas and utilize them 
for beneficial purposes such as to provide shading for buildings, streets and parking lots; to 
provide a natura l buffer from neighboring properties; to provide a recreational amenity. 
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Locating Features to Provide the Multiple Benefits of GI/LID Practices 

The multiple benefits of LID Practices, and "Why Use LID?" should be considered when 
selecting locations for the practices within the proposed s ite. These topics are discussed with 
greater detail in the next several sections to provide further guidance.  

 

On larger commercial sites and multiple family residential sites, the strategic location of 
impervious surfaces and the pervious areas can optimize the water usage and Stormwater 
treatment. Maximizing placement of elevated impervious surfaces (building roof, parking 
and sidewalk features) in conjunction with strategically placed vegetated surfaces 
(vegetated buffers, parking lot medians and amenity landscapes) provides several 
benefits. In addition, using multiple features in a 'treatment train' approach results in a 
longer path before Stormwater exits the site. The more tenuous the path, the greater the 
infiltration to the vegetation root zone, and the less potable water required. Greater 
infiltration within the vegetated areas of the site also results in less Stormwater to pipe, 
flood or waste after exiting the site. This philosophy can be helpful on smaller projects as 
well, although site constraints may be more restrictive. 
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Buffering and Screening 

The use of bufferyards and vegetative screening are common methods to reduce the 
negative impact of new development to adjacent existing neighbors. By setting building and 
other improvement away from property lines and planting vegetation in between, there is 
some mitigation of the increased light, noise, and other perceived visual impacts that 
development creates, making it more acceptable to an adjacent private property owner. 
These concepts also apply along roadways. Bufferyards and screening are often used to 
enhance the aesthetics of the roadway which further balances the visual impact of new 
structures or parking. These aesthetic improvements also provide a more inviting 
presentation to potential homeowners of residential properties, or potential patrons of 
commercial sites. 

 

Shade to Mitigate HIE 

Shade-providing trees should be considered when selecting vegetation for LID Practices. 
Practices should be located close to impervious areas such as buildings, sidewalks and 
parking lots to reduce the heat absorbed by and radiated from impervious surfaces when 
shade can be provided to accommodate plant water demands by using the guidance in the 
City of St. George. 

 

Site Design to Protect Stormwater Quality 

The areas of development that have the potential to affect water quality should be 
identified when designing an LID site. These will generally be impervious areas and may 
include parking lots, fueling areas, or loading zones. Water quality protection should be 
achieved using source control, such as the minimization of sediment erosion and other 
particulates from being introduced into Stormwater. 

 

The processes of bioretention and/or infiltration can be incorporated immediately 
downstream of LID features to provide the largest benefit to water quality. Stormwater 
harvesting basins are often the most inexpensive option providing significant water quality 
benefits because pollutants are retained close to the source. Where protection of water 
quality is of utmost concern, bioretention systems, such as "rain gardens" that include 
engineered soils and underdrains, allow for large volumes of Stormwater to be treated 
with lower risk of untreated Stormwater bypassing the system. 
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Site Design to Control Erosion and Sediment Transport 

LID designs should incorporate sediment control by designing to first minimize the 
detachment of sediment particles (erosion) from Stormwater runoff, then reduce the 
sediment transport capacity of runoff through the site, and finally facilitate the 
deposition of suspended sediment in runoff. Sediment control can be implemented in 
both LID planning and structural LID Practices. 

 

Erosion Prevention 
 
Gradual s lopes such as 3:1or flatter should be used for earthen areas unless slopes will be 
riprap lined. Earthen areas that are not part of an LID practice should be covered with rock 
mulch, or rip rap to prevent erosion and control dust. Decomposed granite or loose forms 
of mulch are not appropriate for this application, and decomposed granite should not be 
used near or within LID Practices. Rock mulch should be Y," or greater crushed gravel and 
should be screened and washed to remove fines.  At the transition from impervious areas 
draining to pervious areas, a 1-2 foot long riprap border or similar armoring should be 
used to prevent scouring by high velocity runoff draining from impervious surfaces. 
Geotextiles can also be used with riprap to further stabilize the erosion control feature. 

 

Minimization of Sediment Transport Capacity 

Conveyance features such as swales should have mild longitudinal slopes such as 0.5% or 
flatter. Flow spreaders should be used at the inlet to conveyance features to dissipate 
energy and reduce velocity of runoff. Conveyance features should be designed with 
velocities not exceeding 2 ft. per second.  Meandering flow paths can be introduced to 
reduce velocity and lengthen travel times. Reducing flow velocities reduces the sediment 
transport capacity of the runoff which minimizes entrainment of sediment and facilitates 
the deposition of sediment. Check dams may also be utilized to allow for sediment 
deposition along conveyance features. 
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Deposition of Sediment at End of Flowpath 

In addition to facilitating sediment deposition in conveyance features, the retention LID 
Practices at the end of conveyance features should be designed to collect sediment 
entrained in runoff. This can be accomplished by designing sediment traps at the inlets of 
Stormwater harvesting basins. Sediment traps facilitate maintenance of LID retention 
features and can prevent the need for major maintenance by preserving infiltration 
properties of LID features such as "rain gardens," bioretention systems,   infiltration 
trenches, and dry wells. 

 

Selection of Rainfall Event for Sizing GI/LID Practices 

The rainfall characteristics of the desert southwest are very different from many other 
climates. High- intensity, short-duration convective thunderstorms occur frequently 
during the monsoon season during the months of July, August, and September; 
dissipating cyclones may travel over the area during some years in the fall; and lower-
intensity, frontal storms often occur during w inter months. The rainfall seasons are 
often separated by prolonged periods of dry conditions with low humidity. Native plants 
are well adapted to these seasonal patterns; there is also a selection of native- adapted 
plants that may be considered. The selection of native plants for GI is preferable, but 
native-adapted plants may also be s ustained by rainfall instead of relying on drip 
irrigation.
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Site Analysis 

 
 

The first step of the design process is a thorough, comprehensive site analysis which should 
include critical features of the natural environment. Early identification of these features 
results in a more efficient and effective design, and does not compromise the goals of the 
development. A Composite Map of critical natural features will reveal opportunities and 
constraints of the site; these may include contiguous unique natural areas, as well as areas 
that require the least effort to develop. No two sites are the same; to impose a two-
dimensional paper design on a site without consideration of its unique attributes is to lose 
environmental as well as economic benefit. LID Planning Practices are tightly interwoven; a 
strategy that implements one principle can easily provide the benefits of another.  At 
minimum, the following site attributes should be identified and delineated during the site 
analysis: 
 

• Floodplains - from existing floodplain maps 
 

• Riparian habitat and shallow groundwater- from existing riparian maps, and/or 
ortho-photos 

 
• Natural flow paths, swales, and natural depressions -from topographic data 

(e.g., PAG topographic data), and ortho-photos 

• Geotechnical and soil infiltration characteristics - from resource maps, site 
inspections, or on- site testing 

• Steep slopes - from topographic data 
 

• Existing native vegetation, especially Threatened and Endangered species- from site 
inspections 

 
• Existing utilities and easements -from maps and records 

 
• Other sensitive areas such as cultural resources, Conservation Lands Systems, viewsheds 

 
• Potential development areas - based on above constraints and project requirements 

 
• Previously impacted areas 
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Conservation Opportunities 
Conservation opportunities are optimum at the rezoning or block plat stage. Not only 
should the subject development be evaluated, but the surrounding community may hold 
opportunities or constraints that can affect the site. During the planning process at the 
community scale, regional watershed and sub watershed studies are used to develop an 
understanding of the environmental context of the site. 

Typically, regional watershed management objectives are relevant to an individual site. 
Opportunities to enhance and restore features, connectivity and functional integrity of 
the broader area are identified. Soil and hydrogeological conditions that are well-suited 
for Stormwater infiltration practices are delineated. The patterns of shallow groundwater 
flow and locations of discharge to receiving watercourses or floodplain within or adjacent 
to the limits of the site are identified. 

If possible, at this point in the planning process, opportunities to integrate desirable LID 
Practices into other community design objectives can be identified .At a minimum, the 
general influences from the surrounding conditions should be incorporated into the 
subject site. 

 

Fundamental Key Design Features 
To maximize the opportunities for all LID Planning Practices, implementation of the 
following site design features should be considered: 

• Avoid and conserve important hydrologic features and functions by providing a 
set back from natural areas and flow paths 

• Minimize the development footprint by placing functional square footage on 
multiple levels and/ or by placing development features in less sensitive areas 

• Reduce or disconnect impervious areas such as parking lots, roof area and access 
roads. Use natural flow paths or create landscaped flow paths for development 
Stormwater flows
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These strategies should be considered concurrently as they all overlap and relate to each 
other. For example, preserving a natural flow path will impact the layout of the site and 
its structures because that potion of the site is now designated to not be developed. The 
layout of the site and its structures determines the extent of impervious area. The extent 
of the impervious areas can be further reduced if pavement area is reduced, alternative 
materials are used, landscape swales are developed, or the building footprint is reduced. 
The area surrounding the natural flowpath can now be expanded. In addition: drainage 
flows are minimized by accessing the newly created more permeable paved or landscape 
areas earlier in the drainage sequence. 

 

Site planning with LID Practices in mind will reduce the cost of engineered drainage 
structures and direct the optimal locations of Structural LID Practices. Structural Practices 
are even more efficient when included in the design phase, rather than as a retrofit option. 
Proper location of Structural GI/ LID practices further influences how much Stormwater is 
allowed to infiltrate and create benefits before it exits the site.  Coordination between all 
design professionals, including engineers, landscape architects, architects and hydrologists, 
is the basis of LID design and must be supported by the development community. 
 
Individually, each of these disciplines provides important components to a project; when 
their ideas are woven together, the resulting design dynamic provides a far greater 
benefit to the site's developed value, to the community and to the environment. The 
increasing expectation to include these benefits will prompt the continued use of LID 
Planning Practices. As these practices become more prevalent, and their value is more 
clearly perceived, they will become second hand to the design community. 
 
Site-Specific Design 

Once biophysical, ecological and hydrological characteristics of the surrounding properties 
and subject site are known, their influence on the subject site should be assessed. For 
example, a subject property may have two equal areas of dense native vegetation but both 
cannot be set aside. Area #1 has beautiful specimen trees but is isolated from any other 
vegetation. Area #2 has younger vegetation, but creates a link in a vegetated corridor that 
provides passage for wildlife to a 50 acre park with access to a local wash which leads to a 
major drainage. This brief analysis of the site and the surrounding community has revealed 
a critical attribute of the property. Without this analysis, Area #1 may be chosen and the 
new development would block a critical link which had provided support to the 
environmental assets of our community. 
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With this knowledge, areas to be preserved can be clearly shown as set-asides on all 
construct ion plans. Alternatives for the development footprint can be proposed. The 
configuration of the major and minor road networks and development features becomes 
clearer. To the degree possible, roads should follow overland flow directions. Important 
natural flow paths and designed swales can be targeted to receive development 
Stormwater runoff and be effectively used as conveyance systems. Flow paths double as 
corridors which promote wildlife survival, as well as amenity path systems and linear 
parks which support recreational uses. Minor adjustments can be made on paper during 
the design process much easier than in the field or after construction. Methods for 
protection, such as signage and fencing, should also be noted on the plans.  
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In contrast, by transforming these natural corridors into rigid concrete-lined channels, 
there is a loss to the environmental systems, as well as to the surrounding community. 
Where possible, parks can be located at the downstream end of drainage corridors; 
creative design will incorporate more drainage features, providing opportunities for 
further integration of LID Principles. 

 

Thoughtful placement of project elements will promote LID principles and create 
environmental and economic benefits. Place elements that shed the most rainfall (roofs, 
sidewalks, surface mechanical units) at higher elevations on the site; this allows the use 
of gravity flow to direct captured Stormwater runoff to landscape areas which receive a 
direct benefit. Create a treatment train by providing "diversions" to the runoff flowpath. 
Curvy vegetated or rocked swales located throughout the site create a "tortuous path" 
and slow the flow of Stormwater. This allows sediment a chance to drop out of the flow 
and gives Stormwater time to infiltrate, decreasing the volume before it exits the site. If 
this Stormwater runoff eventually accesses natural areas, by the time it arrives it has 
already achieved a healthier state. 

 

Site designers should also consider using a smaller building footprint and explore setback 
reductions. By using taller multistory buildings and taking advantage of opportunities to 
consolidate services into the same space, a smaller building footprint can be achieved. A 
single story design converted to a two-story structure with the same floor space will 
eliminate up to 50% of the building footprint area.  As the broader design process is 
completed, focus can change to Structural LID Practices. These can be integrated as design 
elements instead of delegated solely to post-design retrofits. Structural Practices include 
breaking up impervious surfaces and taking advantage of natural or created landscape swales 
with superior infiltration.  Their benefits include attenuation, water   harvesting, filtration, 
infiltration, and vegetation viability.  These minor adjustments may include shifting 
development elements to more appropriate areas of the site, further avoiding the most 
sensitive areas.  Once construction commences, other means for minimizing disturbance of 
the natural areas may be revealed in the field. Often these modifications take little effort 
or cost to accomplish, yet they result in significant benefits or savings. Occasionally, the 
construction process impacts areas that were meant to be avoided. Restoration then 
becomes a possible option to bring balance back to the site.  
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Unique Opportunities 

Some sites undergoing design have natural areas that were disturbed previous to the 
current development. Disturbed areas should be included in the original site analysis and 
targeted for as much of the new development footprint impact as possible.  These sites 
often offer unique opportunities for restoration, whether to complete a  broken link to 
an otherwise undisrupted wildlife corridor/ riparian area on adjacent properties; or create 
a path for flows that previously backed up and flooded homes, allowing the Stormwater to 
continue on its natural course.  This creates a bonus amenity to the project and possibly 
enhances community floodplain function.   

The des ign for roadway projects is typically characterized by limited site area and lack of 
opportunities for right-of-way acquisition. There is often a high percentage of 
impermeable area due to the inclusion of utilities and drainage, plus necessary 
accommodation for pedestrian and bicycle uses. But opportunities still exist for LID Site 
Planning Practices. Some rights of way (ROW) are designated for multi-lane roadways in 
roadway master plans that may be outdated. Lanes can be minimized to comply with the 
context of the current conditions. This emphasis on a "road diet" or reduction in traffic 
capacity can also be applied for retro-fit in some areas.  By minimizing the roadway 
surface, a larger natural area can be retained, and a smaller footprint of impermeable 
paving is constructed. Instead of traditional curb and gutter, or a concrete drainage 
channel in the right-of-way, drainage can be slowed with curvilinear rocked and vegetated 
swales. These swales can intermittently direct flow to nearby natural riparian areas, flow 
paths, or other. 
 
Landscaping application practices allow sediment to drop out, water to infiltrate and the 
net flow and associated debris to be reduced. Correspondingly, costly Stormwater inlets, 
channels, and culverts can be significantly reduced. 
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Benefits from Using LID Site Planning Practices 
LID Planning practices are so tightly interwoven that the implementation of one practice 
often simultaneously produces the goals of a different practice, resulting in similar or the 
same benefits. This applies especially to larger sites that typically have more site features 
available to work with. See the individual practices where they are listed further in this 
document if a site is smaller and only benefits from individual practice are possible. 

 

For example, a designer directs development flows through a rock and vegetation-lined 
swale to a natural area that has been preserved by a set-aside. The development benefits 
from the swale: impermeable areas are disconnected, runoff is slowed and the need for 
drainage structures is diminished. Vegetation flourishes, site temperatures are lowered, 
and heat is mitigated. Soils in the swales improve allowing better filtration and the net 
flow off-site is reduced. The development benefits from the act of setting aside the 
natural area: the net increase in site temperatures is decreased.  
 
Infiltration is best in native soils, so the net flow off-site is reduced and the need for 
drainage structures is diminished. As the vegetation matures, the soils in the natural area 
further improve and infiltration is further enhanced. It is difficult to separate which 
principal affected the site the most. Some of the overlapping LID benefits follow: 

• Improves water quality by preserving native soils and vegetation, which 
provide filtration, therefore reducing pollutant loads to receiving waters. 
Sediment is removed from overland sheet flow when the interwoven branches 
along the surface filter and trap sediment loads 

• Provides more rich and diverse habitat and cover for native creatures and birds by 
enhancing the structure, size and volume of the vegetation. This results from the 
receipt of development Stormwater to their root systems; this in turn increases 
infiltration of rainfall 

• Enhanced vegetation volume 

• Improves air quality by removing pollutants from the air through the native 
vegetation's natural evapotranspiration processes. This can mitigate smog 
formation by reducing temperatures 

 
• Reduces the carbon footprint due to increased sequestration of carbon dioxide in 

soils and plant biomass, therefore mitigating climate warming
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Considerations during Construction 
General Description 

Natural area .and flow paths are often include riparian areas which have soils with some of 
the highest infiltration rates, and characteristically have established stands of native 
vegetation. They typically have a meandering character which delays the speed of flow, 
further increasing infiltration. Traditionally, post-construction flows quickly accumulate off 
hard surfaces and are transported in expensive concrete channels or culverts, and are 
directed through costly concrete or corrugated metal pipe to the lowest elevation of a 
site for retention and/ or discharge. By identifying, protecting, and using the natural flow 
paths, and by creating new vegetated flow paths in the form of decorative landscape 
swales, a development can minimize the Stormwater impacts.  This type of flow 
management can reduce or eliminate the need for costly flow structures. This ultimately 
results in minimized Stormwater runoff and reduction of the associated pollutants. 

 

Natural riparian areas are critical to the biological, chemical, and physical integrity of 
floodplains. These natural areas can provide habitat, open space, improve aesthetics and 
increase property values. When natural riparian areas and their associated flow paths are 
protected, they can function effectively for many years with low maintenance. 
Maintenance of flow management structures can be much more costly. 
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Applicability 

Conserving natural areas and protecting natural flow paths is applicable across all types of 
land development projects. The most common application is residential development, 
particularly a lower density single-family residential development. As density and intensity 
of uses increases, the ability to apply LID Site Planning Practices decreases. Commercial and 
industrial developments tend to be associated with the highest density development, and 
thus will disturb more land. This makes conserving natural areas and protecting natural 
flow paths more challenging. 

 

Ordinances requiring a percentage of the undeveloped site to remain as open space will be 
most effective in prioritizing natural areas and flow paths, along with the associated 
floodplains and riparian areas. Native plant protection ordinances requiring protection of 
vegetation often go hand in hand with protection of flow paths. The densest vegetation 
typically occurs nearby natural drainage and/ or riparian conditions. A set-aside for 
vegetation serendipitously becomes a set-aside for a natural flow area. 

 

There are unique opportunities to apply this LID Site Planning Practice as a retrofit for 
existing developments or roadways, and produce great benefits. Opportunities may occur 
due to a rezoning, a desire for property improvement, or the need for a road diet to allow 
bicycle lanes, or other transportation improvements. Older developments and existing 
roadways typically have increased impervious areas resulting in the availability of more 
Stormwater, which can be redirected for beneficial use. This excessive Stormwater may 
also have created flood-related impacts including the conveyance of household or 
transportation NPS pollutants. 

 

When a development project is a retrofit, some sites may have small or limited natural 
areas and natural flow paths, and the overall health of these areas may be poor. When a 
site has been altered or previously disturbed in this way, restoring the natural area is an 
appropriate LID Site Planning Practice to apply.  Even developed sites of lower densities may 
offer limited, but still beneficial, retrofit potential. 
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Advantages 
 
Natural areas and natural flow paths that are set aside and preserved also protect native 
soils which: 
 

• Slow runoff flows 
 

• Decrease need for costly constructed drainage systems 
 

• Decrease the volume of potential retention area, opening more land for 
development 

 
• Have greater infiltration and storage capacity 

 
• Improve water quality by providing superior filtration and microbial 

reactions, therefore reducing pollutant loads to receiving waters 

• More easily accept increased post-development flows, permitting infiltration of 
rainfall and Stormwater to native vegetation root systems which results in a more 
rich and diverse habitat and cover for native creatures and birds by enhancing the 
structure, size and volume of the existing vegetation 

• Support enhanced vegetation volumes 
 

• Remove sediment from overland sheet flow when the interwoven branches 
along the surface filter and trap sediment loads 

• Improve air quality by removing pollutants from the air through the native 
vegetation's natural evapotranspiration processes. This can mitigate smog 
formation by reducing temperatures 

• Reduce the carbon footprint due to increased sequestration of carbon dioxide in 
soils and plant biomass, therefore mitigating climate warming 

• Reduce the HIE by reducing pavement and preserving vegetation, which can cool 
and shade urban neighborhoods as well as commercial centers in the hot summer 
months 
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Limitations 
 

• Difficult to implement on smaller sites and sites with specific constraints 
 

• In some situations, regulations, and/or economics may not allow avoidance of all 
natural areas and protection of flow paths on a project site 

• Size of lot and/or development site may reduce ability to protect riparian buffers 

 

 

Key Design Features 
 
To maximize the opportunities for conserving natural areas and protecting natural flow 
paths, site design features can be grouped into four themes: 

• Avoiding and conserving important  hydrologic features and functions 
 

• Siting and layout of development features in less sensitive areas 

• Reducing impervious area 
 

• Using natural flow paths for post-development drainage systems 
 
 
 
 



 

35 
 

 
 
Considerations during Design 
Although connected impervious areas efficiently transport runoff, the negative side is these 
hard surfaces allow no infiltration. Flows collected from traditional site drainage systems are 
typically stored in retention basins until they can percolate into the substrate. This process 
should reduce off-site downstream damage when properly designed, but these basins often 
are eye-sores that trap trash and support unsightly stands of weeds. A site designed with 
impervious surfaces requires a much larger retention basin for Stormwater storage; the larger 
the basin, the less available developable land.  Site design including the LID practice of 
disconnecting and minimizing impervious surfaces greatly improves the efficiency of the site's 
drainage function. 
 
Disconnect Impervious Areas 

Efficient Stormwater transport due to connected impervious surfaces such as roofs, roads, 
and driveways significantly decreases time of concentration. Simultaneously, peak runoff 
discharge rates and volumes quickly accumulate. As runoff from numerous impervious 
drainage areas converge, the combined volumes, velocities, peak runoff rates, and material, 
as well as chemical pollutant loads, can become hazardous. Good design disconnects 
impervious areas and directs runoff to pervious natural areas or flow paths including, 
floodplains and riparian habitat, or landscaped vegetated areas. 
 
Landscape islands and medians can capture flows from parking areas, and disrupt as well as 
decrease the volume and velocity of the flows. Soil treatment and infiltration then occur, 
thereby increasing and potentially reducing pollutant loads due to filtering and 
infiltration. When runoff is directed to pervious areas located frequently along the 
Stormwater flowpath within the site, the runoff carrying pollutants is treated closer to 
the source.  Impervious disconnection can be combined with site elements such as: 

• Incorporate pervious areas into site design 
 

• Disconnect downspout flows from impervious areas; direct them to discharge 
into pervious areas

• Narrow residential roads and consider alternative street designs  
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• Alternative driveway and parking lot designs 
 

• Utilization of porous materials 
 

• Sidewalk reduction or alternative designs and materials 
 

• Consider clustered development and larger natural open spaces 
 
 
 

Minimize Impervious Areas 
The effects of development on runoff infiltration can additionally be mitigated by 
reducing the amount of impervious area. This action also automatically reduces the 
associated runoff and pollutants. The greatest source of imperviousness in urbanized 
areas is the transportation network which includes roadways, sidewalks, parking, and 
driveways.  Minimizing impervious surfaces includes the reduction in the building 
footprint. When a site design achieves a reduction in impervious surfaces, Stormwater 
runoff is decreased while infiltration and evapotranspiration opportunities are increased. 
Reducing impervious surfaces works best when combined with other LID/ GI Planning 
Practices. 

 

Alternative layouts for neighborhood design will reduce the overall impervious area but 
also can decrease development costs (i.e., cut and fill, pavement area, drainage 
conveyance structures etc.). For example, by replacing curbs and gutters with a roadside 
swale, the impervious surface and associated runoff volume and rate is reduced. Not only 
is the capital cost of curbs and gutter eliminated, but so will the cost of drainage 
structures.  Meanwhile, aesthetic appeal and water quality are improved. 

 

Individual residential lots are typically rectangular or square with direct access to the 
street, maximizing the impervious area. Alternative lot shapes such as flag, zero-lot-line, 
Zipper or angled Zipper lots allow clustering and minimizing of developed area, reducing 
the impervious area and capturing additional natural area for set-aside.  Shared driveways 
further advance these goals. 
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To maintain the essential hydrologic and ecological functions of a site, many different 
techniques for reducing the overall site imperviousness may be employed, including but 
not limited to: 

• Using alternative lot and street design 
 

• Reducing the building footprints 
 

• Reducing the parking area 
 

• Reducing setbacks and frontages 

 

Applicability 
Disconnecting and minimizing impervious areas can be can be applied to any development 
utilizing streets, parking lots, sidewalks and buildings. Residential, commercial (retail and 
office parks) and industrial sites all have opportunities to disconnect and minimize 
impervious areas. Most development sites have landscape bufferyard and parking lot 
requirements; runoff can be directed to the landscape areas. 

 

Commercial and industrial developments have larger impervious areas which are more 
challenging to disconnect and minimize.  Creative designers can offer unique alternative 
designs with improved LID values by their selection and placement of impervious materials. 

Transportation projects offer unique challenges and isolated opportunities. By pairing 
these practices with the other LID Site Planning Practices, as well as with Structural LID 
Practices such as swales and check dams, multiple LID objectives can be achieved. Proper 
placement of these elements promotes the LID objective termed as the LID treatment 
train. 
 
Advantages 
 

• Reduces runoff volume and peak rate 
 

• Reduces both construction and maintenance costs 
 

• Can be used with multiple LID Practices 
 

• Reduces development and maintenance costs 
 

• Enhances aesthetics and habitat 
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• Improves water quality 
 

• Increases infiltration locally by reducing the impervious coverage of engineered 
conveyance systems 

• Enhances Stormwater infiltration 
 

• Promotes soil saturation, permitting Stormwater to access shallow 
groundwater tables and more importantly our deeper aquifers 

 

Limitations 
 

• Local zoning standards may limit alternative roads and sidewalk design 
 

• Requires area for infiltration; site area may be limited 
 

• Porous paving systems should not be used in heavily trafficked areas 
 

• Porous paving systems may become clogged if not properly installed and maintained 
 

• Must comply with federal vehicular safety standards and local transportation 
standards and local ordinances 

• Development community is unfamiliar with use of LID Practices and alternative 
site design 

 

Key Design Features 
• Directs flows into pervious areas 

 
• Combine numerous Structural and Planning Practices to create a tenuous treatment 

train 
 

• Limit the contributing rooftop area to a maximum flow per downspout 
 

• Minimizes use of curb and gutter systems and piped drainage systems 
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Minimize Impervious Surfaces 
 

• Evaluate traffic volumes and parking requirements 
 

• Consult with local fire departments and transportation departments for current 
regulations 

 
• Evaluate alternative roadway layouts 

 
• Minimize pavement (i.e., roads, sidewalks, driveways, etc.) widths and lengths 

 
• Reduce building footprints 

 
• Reduce yard setbacks 

 
• Evaluate alternative paving materials 

 
• Use alternative materials for patios, sidewalks, driveways 

 

Considerations during Design 
 
Designers should evaluate the site for pervious areas that might be used to disconnect, 
distribute, or receive runoff, thus minimizing impervious areas. Pervious areas can be 
sens itive natural areas and flow paths, floodplains, riparian habitat and required landscape 
areas. Disconnections to storm drain systems may be restricted based on length, slope, and 
soil infiltration rate of the pervious area. Minor grading of the site may be needed to 
promote overland flow and sediment filtering through vegetation. Directing runoff to 
natural low-lying areas is encouraged. 

Paved areas can be sloped towards vegetated areas where the width of the area is 
dependent on the contributing area of pavement.  Vegetated areas that are landscaped 
should be planted with native or drought tolerant species to reduce irrigation needs. A 
registered geotechnical engineer should be consulted when the vegetated area is located 
within 15 feet of a structure. Concerns pertaining to seepage and the effect on structures 
can be considered and addressed.  The suitability of vegetated swales to receive runoff 
depends on land use, soil type, imperviousness of the contributing watershed, and 
dimensions and slope of the vegetated swale system.
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Impervious Disconnection 
 
The infiltration area (pervious area) provided downstream of a contributing impervious 
area should be large enough to manage the anticipated runoff, or be one of a series of 
pervious areas to accept anticipated flows. When the contributing impervious area is 
discharging to a sensitive natural area or flow path, floodplain or riparian habitat, a first 
stage sediment control will provide general improvement to the Stormwater by 
providing some filtration. This area can also provide time for infiltration and should also 
reduce flow velocity to protect the soil structure. When runoff has the potential to 
contribute a high pollutant load, an additional level of pre-treatment should occur prior 
to discharge to riparian habitat and should not be directed to floodplains and natural flow 
paths.  It is preferred that when runoff is directed to these sensitive areas, it should occur 
as distributary and shallow sheet flow. When swales or bioretention areas are being used 
as a vegetated "disconnection", the current standards for a minimum and maximum slope 
can be used to ensure flow distribution.
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Minimizing Impervious Surface 

A site designer should consider alternatives that reduce impervious coverage within all areas 
of a development. Opportunities to minimize impervious surfaces can be accomplished by a 
reduction in the road network, parking lots and building footprint.  A reduction in 
impervious surface can be achieved by reducing the road network through alternative 
street layouts. Clustering homes, combining driveways and narrowing lot frontages can 
decrease road length by reducing the overall development area. Another approach is to 
lengthen street blocks and reduce cross streets. This approach necessitates the provision of 
pedestrian and bicycle paths mid-block through the residences to allow local neighborhood 
access. 

 

Street widths are determined based on a variety of variables; function of land use, 
density, road type, average daily traffic, traffic speeds, street layout, lot characteristics 
and parking, drainage and emergency access needs. Each variable can be evaluated to 
determine if it is possible to reduce the street width. The right-of-way should reflect the 
minimum required to accommodate the travel lane, parking, sidewalk/pedestrian areas, 
and utilities. Alternatives to the traditional paved cul-de-sac include landscaped center 
islands with bioretention or vegetated swales, reduction of the radius or a T-shaped 
hammerhead design. 

 

Traffic calming features also offer the opportunity for Stormwater reduction through the 
use of bioretention or vegetated swales, while providing pedestrian safety. A network of 
traffic circles, chicanes, center islands, and speed humps, when combined with structural 
LID Practices (bio retention, water harvesting basins, etc.) produce an LID treatment train. 

Infiltration trenches, vegetated strips or swales can be used to separate bike paths from 
roadways. Runoff from the travel surfaces can be directed to these LID Site Practices and 
achieve impervious disconnection, and reduction of runoff and traffic hazards. 

Smaller parking lots designed with minimized standard parking space dimensions and/or 
one way aisles with angled parking can reduce impervious surface. Other reduction 
options include unpaved end-of- stall overhangs, setting aside smaller stalls for compact 
vehicles, and configuring or over lapping common areas like fire lanes, loading, and drop 
off areas. The parking footprint can be reduced by utilizing first floor indoor parking 
structures or underground parking. 

Opportunities for shared parking should be evaluated. For example, businesses with 
daytime parking peaks can be paired with evening parking peaks, such as offices and a 
theatre, or land uses with weekday peak demand can be paired with weekend peak 
demand land uses, such as a school and church. 
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Driveway reductions can be accomplished by incorporating the use of alley accessed 
garages, front setback reduction that result in a shorter driveway, or by reducing the 
driveway width by allowing tandem parking (one car in front of the other). 
Alternative site design can explore shared driveways that to provide access to several 
homes, ribbon driveways, which consist of two strips of pavement with a pervious area or 
some other permeable surface in between the strips and a narrowed driveway with a 
flared entrance for multi-car garage access. 

 

Where possible, unnecessary sidewalks can be eliminated or reduced in width. For 
example often sidewalks are only necessary on one side of the street. Sidewalks that are 
not needed for pedestrian circulation or connectivity should be removed. 
Correspondingly, sidewalk width reduction can be explored when possible. 

Site designers should consider using a smaller building footprint. By using taller multistory 
buildings and taking advantage of opportunities to consolidate services into the same 
space, a smaller building footprint can be achieved. A single story design converted to a 
two-story structure with the same floor space will eliminate 50% of the building footprint 
impervious area. 

 

Site designers can look for opportunities within the site landscaping to minimize the use of 
impervious surface, including the use of alternative material such as canvas and screens for 
shade structures rather than traditional Ramada’s. A low retaining wall can also be used as a 
bench in a park or a multi-use common area thereby combining two types of site 
infrastructure for one type. 

In all circumstances where paving materials are used, consideration of using permeable 
material such as permeable pavers, porous concrete or asphalt or gravel can be explored. 
Permeable materials can be considered in areas such as sidewalks, pedestrian walkways, 
trails, patios and areas that have a low vehicle use, such as driveways, alleys, low use 
parking lots and on-street parking. 
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Consideration during Construction 

Designated pervious areas must be protected from disturbance and soil compaction during 
construct ion in order to retain their natural infiltration ability. Preservation fencing must 
be inspected and properly maintained. The proposed location of designed elements, such 
as vegetated swales must also be protected from construction impacts. Often these 
elements are not recognized as features until the grading operations and placement of 
rock and vegetation; meanwhile compaction caused by machinery operation has destroyed 
the very soil characteristics that are supposed to provide benefits to the development. 

 

Consideration during Maintenance 

When disconnecting Stormwater from impervious surfaces to a pervious area that is 
vegetated, maintenance of the vegetated area must occur to ensure continual infiltration. 
Sensitive natural areas or floodplains will require inspect ion for erosion, rills, headcuts or 
any flow obstructions, and should be restored as needed. Maintenance of riparian areas 
can follow the recommendation. 

 

When directing Stormwater to a structural GI/LID practice, such as bioretention or 
vegetated swales, the specific guidance for that feature shall be followed. In general, any 
dead or diseased vegetation, invasive non-native species and trash shall be removed. 

 

When using a permeable pavement surface, the manufacturer's maintenance 
specifications shall be used to achieve longevity of the material. When driveways are 
connected to landscaped areas, maintenance and edging of the adjacent landscaping is 
important to allow unimpeded flow. When using a ribbon driveway, the area between 
the wheel tracks requires edging and maintenance, including periodic weed control. 
Crushed aggregate driveways may require periodic weed control and replenishment of the 
aggregate. 
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Compatibility with Other LID Practices 

• Conserving Natural Areas 
and Protecting Flow Paths 

• Minimize Disturbance 
and Compaction 

• Alternative Site Design; Cluster Development 

• Landscape Buffers and Swales 

• Pervious Surfaces 
 

 

Minimize Disturbed Area s and Soil Compaction (Construction) 

General Description 

A key design factor to minimizing disturbed areas is developing a site plan to separate 
the disturbed areas from the natural sensitive areas. Once the site analysis is completed, 
project designers should work with civil and geotechnical engineers to determine the 
capacity of the site to support development. Some areas must be left undisturbed 
because they are very steep, carry large storm flows, support mature vegetation, are 
unstable or require extreme measures and cost to be developed. Some areas are more 
appropriate for disturbance and grading; they may already be compromised or have a 
solid geologic foundation. 

 
The benefit of minimizing the total disturbed areas is optimized when combined with other 
LID Site Planning Principles.  These may include conservation and restoration of natural 
sensitive areas by clustering development, and connecting undisturbed areas to site storm 
flows to increase infiltration; although design costs may increase slightly because more time 
is required to analyze and delineate these critical areas, incorporating these planning 
principles generally results in significant construction cost savings. 
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Minimize Soil Compaction 

Minimizing soil compaction is the practice of protecting the existing soil quality from 
damage caused by development activities. Minimizing soil compaction relates directly to 
reducing site disturbance, site clearing and grading and may eliminate the need for soil 
restoration. 

 

Soil is a physical matrix of weathered rock particles and organic matter that supports a 
complex biological community. This matrix has developed over a long time period and 
varies throughout the county. Healthy soils, which have not been compacted, perform 
numerous valuable Stormwater functions, including: 

• Effectively cycling nutrients 
 

• Minimizing runoff and erosion 
 

• Maximizing water-holding capacity 
 

• Reducing storm runoff peak 
 

• Absorbing and filtering nutrients, sediments, and pollutants 
 

• Providing a  healthy root environment 
 

• Creating habitat for microbes, plants, and animals 
 

• Reducing the resources needed to care for landscape plantings 

 

Undisturbed soil consists of pores that have water carrying and holding capacity. When 
soils are overly compacted, the soil storage potential and permeability is drastically 
reduced. The runoff response of areas with highly compacted soils closely resembles that 
of impervious areas, such as asphalt or concrete, during large storm events. Recent 
research studies indicate that compacted soils from development practices can end up as 
dense as concrete.  During construction, soil compaction can be deliberate in order to 
safely support buildings or roads, or can be an unintentional result caused by movement 
of machinery to access construction areas.  Compacted soils can never mimic the 
permeable effectiveness of untouched natural soils. 
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Applicability 
Minimizing the total disturbed area of a site and soil compaction is best applied to new 
construction in lower density single-family developments or a clustered development that 
provides natural open space. This LID Site practice can also be applied to larger commercial 
and industrial developments. 
 
Redevelopment, retrofit, or road construction has limited application, although may be 
feasible depending on the site conditions.  As site area decreases and density and intensity 
of development increases, this GI/LID Site Practice requires more innovative and new 
products developed to address urban density preferences are difficult to apply successfully. 
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Advantages 
 

• Reduced runoff volume 
 

• Reduced peak rates 
 

• Water quality benefits 
 

• Increased infiltration capacity 
 

• Allows for disconnection of impervious surface 
 

• Provides a healthy environment for vegetation 
 

• Preserves drainage areas, which offers an added benefit when runoff is directed 
there from impervious areas 

 

Limitations 
 

• Difficult to achieve on small development sites 
 

• Difficult to monitor and control during construction 
 

• New products do not have historic use data documenting applicability 

 

Key Design Features 
 

• Identify sensitive natural areas and drainages 
 

• Minimize disturbance to natural areas and drainages 
 

• Develop site layout that reduces the construction footprint 
 

• Reduce disturbance through design and construction practices 
 

• Restrict access to those areas through fencing or signage 
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• Minimize overall site disturbance and reduce limits of grading 
 

Considerations during Design 
Site Assessment to Avoid Natural Sensitive Areas 

Locating the development in areas that are not as sensitive to disturbance (e.g., highly 
erodible soils, steep slopes, etc.) or not as vital to the hydrologic function (e.g., natural 
drainageway, flow paths, riparian areas, highly infiltrative soils, dense vegetation), aids in 
the preservation of the essential hydrology and efficiently utilizes the existing site to 
prevent and mitigate impacts due to Stormwater runoff. Siting development away from 
steep slopes and on less steep terrain that is more amenable to grading and construction 
not only reduces the amount of disturbance but also reduces construction costs due to 
minimizing cut and fill procedures.  

 

Limiting the amount of clearing and grading of native vegetation also preserves the soil 
permeability, natural slopes, and drainages. During the site assessment, natural flow 
paths must be identified along with their connection to riparian areas and floodplains. 
Natural flow paths offer a benefit to Stormwater management as the soils and habitat 
already function as a natural filtering/infiltrating swale.  Site assessment begins with 
identifying natural sensitive areas. Field reconnaissance is the primary way to access the 
site conditions. Once the sensitive areas are identified the information can be delineated 
on a site plan with topography. The areas should be marked or fenced off during construct 
ion. Existing data and maps (e.g., zoning maps, Washington County / City of St. George Map 
Guides and/or GIS Systems Mapping) of natural sensitive areas can assist in identifying 
areas that should be left undisturbed. 
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Use the Natural Landscape to Reduce Limits of Clearing and Grading 

To minimize development and construction impacts to soil on a site the following design 
principles to the layout of newly developed and redeveloped sites can be applied: 

Site grading: Topography should be utilized to optimize the site layout and reduce the need 
for grading. Development envelopes should be focused in the upper elevations of a site to 
promote sheet flow and natural surface drainage to GI/LID Practices located at lower 
elevations of the site. 

 

Site infrastructure placement and location: When possible, the site layout should conform 
along natural landforms, avoid excessive grading and disturbance of vegetation and soils, 
and replicate the site's natural drainage patterns. Development can be located outside of 
designated floodplains and riparian habitats. In developed areas grading can direct flow 
toward areas identified areas such as soil improvement. 

 

Identify soils: Soils with high infiltration capacity can be identified with available soils maps 
and the GI/LID Practices can be placed in these locations whenever possible. For previously 
developed areas, infiltration testing may be necessary. Development should be located on 
portions of the site with less permeable soils or areas where structural drains can be 
inserted to allow non-compacted soil volume. 

 

Identify erosive areas: Areas of the site where the erosive potential of the soil is high 
should be considered more sensitive to development and can be left undisturbed. Areas 
devoid of vegetation, including previously graded areas and agricultural fields, and areas of 
non-native vegetation where receiving waters are not present are typically suitable for 
development. Conversely, natural sensitive areas, natural flow paths, floodplains and 
riparian areas are typically unsuitable for development. 

 

Identify development areas amenable to horizontal layering:  In development intensive 
areas, identify horizontal surfaces that can accommodate water flow and capture while the 
paved area is supported by structural features allowing non-compacted soil below paved 
areas (e.g., structural soils). 
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Develop a Soil Management Plan to Reduce Soil Compaction 

Early in a project's design phase, the designer should develop a soil management plan based 
on soil types and existing level of disturbance, how runoff will flow off existing and 
proposed impervious areas, trees and natural vegetation that can be preserved, and tests 
indicating soil depth and quality. The plan should clearly show the following: 
 

• No disturbance areas: This is a designated area where soil and vegetation 
disturbance is not allowed. Protecting healthy, natural soils is the most effective 
strategy for preserving soil functions. Not only can the functions be maintained, 
but protected soil organisms are also available to colonize neighboring disturbed 
areas after construction 

 

• Minimal disturbance areas: These are areas that may allow some clearing, but no 
grading (e.g., utility lines, areas of restoration). Minimal disturbance occurs, but 
soil restoration may be necessary for such areas to be fully pervious after 
development. Minimal disturbance areas after clearing should be immediately 
stabilized, disked/scarified and revegetated, and avoided in terms of construction 
traffic and related activity. Minimal disturbance areas do not include construction 
traffic areas 

 

Construction traffic areas 

• Construction traffic is allowed in these designated areas. Areas proposed for roads, 
parking lots, or building foundations are ideal areas. Soil restoration will be required 
if these areas are to be considered fully pervious following development.  Topsoil 
stockpiling and storage areas: If these areas are needed, they should be protected 
and maintained. They are subject to soil restoration following development
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Consideration during Construction 

Management of soil protection during construction activities will only be effective if it is 
carefully implemented and monitored are adhered to during the entire construction 
process. When overlooked for a short period of time, significant damage can be done. 
The cost of soil remediation can be far greater than the cost of avoiding the "no 
disturbance areas." 

 

Limits of grading and disturbance can be clearly designated on the site plan, such as with a 
specific line type shown in the plan legend. If there are areas designated as natural 
sensitive areas (e.g., natural open space), riparian habitat, floodplains, etc. a different line 
type can be used and also indicated in the plan legend; it is critical that the areas are 
clearly delineated on the plan so the contractor is aware of the importance of not 
disturbing these areas with construction activities. 

 

Limits of grading and disturbance can be physically designated at the site during 
construction with flagging, fencing, etc. Fencing is recommended for larger no 
disturbance areas. Flagging is recommended for smaller areas where constructing 
temporary fencing may be more difficult to place and could potentially harm vegetation. 
Delineating, flagging and/or fencing the development envelope can help minimize 
unnecessary soil compaction and minimize overall disturbance. At the start of 
construction, no disturbance and minimal disturbance areas must be identified with 
signage and fenced as shown on the construction drawings. 

 

No disturbance and minimal disturbance areas should also be protected from excessive 
sediment and Stormwater loads while adjacent areas remain in a disturbed state. 

Techniques implemented on the construction site to minimize the construction footprint 
should be included in the project documentation and on the construction plans. 
Contractors should review and comply with them while working on the jobsite. 
Construction site inspections should include inspection of such protocols to ensure they 
are maintained throughout construction.
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Mulch blankets can be used to protect soil from compaction during construction. The 
use of mulch or other types of load distributing matting materials can also be used to 
limit the effect of heavy equipment movement on the site. 

 

Topsoil stockpiling and storage areas should be maintained and protected at all times. 
When topsoil is reapplied to disturbed areas it should be "bonded" with the subsoil. This 
can be done by spreading a thin layer of topsoil (2-3 inches), tilling it into the subsoil, 
and then applying the remaining topsoil.  Topsoil should meet locally available 
specifications/requirements. 

 

Consideration during Maintenance 

Minimizing site disturbance and soil compaction will result in a reduction of required 
maintenance of a site in both the short- and long-term.  Areas of the site left intact as 
natural sensitive areas do not typically require replacement of additional vegetation to 
retain function .Avoiding disturbance to sensitive natural areas benefits the short term 
developer and the long-term owner by minimizing time and the cost needed to maintain 
landscape areas and artificial surfaces. 

 

Intact natural areas may require small amounts of occasional maintenance (typically invasive 
species control) to maintain function. In comparison levels of maintenance required for 
hard surfaces or landscaped areas that continue to increase over time. If invasive plant 
species are present in the existing vegetation, proper management of these areas will be 
required in order for the non-invasive vegetation to achieve its greatest hydrological 
potential. Native, or desert adapted, vegetation either retained or re-planted, will likely be 
healthier, and have a higher survival rate.  No disturbance areas on private property 
should have an easement, deed restriction, or other legal measure imposed to prevent 
future disturbance or neglect. 
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Compatibi lity with Other GI/LID Practices 
Minimizing the total disturbed area of the site requires the consideration of multiple LID 
Site Practices, such as a cluster development and conserving and restoring natural sensitive 
areas. Combine these LID Site Practices serve to protect natural sensitive areas and the 
resources they produce by reducing site grading and maintenance required for long-term 
operation of a development: 

• All structural LID Practices 
 

• Protect and use Natural Flow Paths 
 

• Conserve Natural Sensitive Areas 
 

• Minimize and Disconnect Impervious Areas 
 

• Minimize Disturbed Areas and Soil Compaction 
 

• Alternative Site Design; Cluster Development 
 
 
 
 
 
 
 
 
 
 



 

54 
 

 
 
Restore Disturbed Natural Areas (Restoration) 

Applicability 

Restoring sensitive natural areas is applicable to all types of land development projects; 
whether a residential subdivision, an office park, a commercial, industrial or institutional 
uses.  As the density and intensity of a use increases, ease of application of this LID Site 
Practice decreases. When a site is undergoing a rezoning, expansion or a retro fit, it is 
recommended to require restoration of disturbed natural areas when applicable. 

 

Advantages 
 

• Reduces flooding 
 

• Reduces sediment transport 
 

• Improves water quality 
 

• Improves soil quality 
 

• Provides wildlife habitat 
 

• Reduces the HIE 
 

• Improves air quality 
 

• Increases Stormwater infiltration and soil moisture 
 

• Can be used with multiple GI/LID Practices 
 

• Reduces the number of engineered Stormwater conveyance features 

 

Limitations 
 

• Restored area(s) will require a commitment on behalf of the property 
owner/developer to maintain and monitor the restored area until plants are 
established 

• Difficult to implement on smaller sites or those planned for higher density
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Key Design Features 

Habitat Restoration 

Habitat restoration is the act of restoring ecosystem function to a degraded site. 
Restoration activities may include erosion control measures, soil improvements, native 
vegetation establishment and invasive species control. These activities will increase the 
vegetation volume and diversity of a plant community, increasing its value as habitat for 
native birds, mammals, and insects. All of these improvements increase the beauty of a 
development and improve the quality of life for those who work or reside there. 

 

Erosion Control Measures 

To prevent sediment transport from the site it is important to initiate erosion control 
measures. The site design must be integrated with a series of rough-surfaced water 
harvesting swales, infiltration trenches, or other GI/LID Practices. These features will 
divert Stormwater, allow the flow to slow and permit it to infiltrate into the soil. 

 

Soil Restoration 

Soil is a living system comprised of invertebrates (mites and nematodes) and microbes 
(bacteria and fungi). The invertebrates and microbes work to break down plant and animal 
residues into nutrient rich topsoil that can be utilized by plant roots. When vegetation is 
removed, including plant roots that act to hold soil in place, wind and water erosion occurs, 
causing a decrease in soil infiltration, increased evaporation and compaction. There are 
critical steps that can be taken to restore soil fertility and structure when degradation 
occurs, simultaneously providing numerous additional benefits. Simply by reducing the 
amount of soil and rainfall from leaving the site allows the nutrients from the Stormwater 
to begin infiltrating and rebuilding the soil. If the area is severely compacted, mechanically 
tilling the top 8 to 12 inches of soil prior to planting is recommended. Applying compost or 
mulch prior to tilling will restore organic matter to the soil prior to planting. This combined 
with planting of native vegetation provides much needed organic matter to encourage the 
reintroduction of soil macro- and microfauna into the system, improving the health of the 
soil. A healthy soil will help to bind and degrade Stormwater pollutants, resulting in 
improved water quality. 
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Re-vegetation 

Re-establishing native vegetation on a degraded site begins the natural cycle of ecosystem 
restoration, permitting nutrient exchange and improving air, water and soil quality. To begin 
the process, it is important to select plant species appropriate for the site. This can be 
accomplished by selecting native species observed within adjacent natural areas (floodplains, 
riparian habitat or natural flow paths). 

 
Installing plant species with tight-knit rooting structures, such as grasses, adjacent to 
swales will discourage soil transport by binding the soil, and take advantage of the 
captured Stormwater. As plants establish, large tree canopies will slow and soften the 
rainfall impact, and also use the Stormwater for nourishment.  Applying a native seed mix 
prior to the summer or winter rainy season will fill out the diversity; the greater the 
variety of native species, the more diverse the emerging habitat. Plants will require 
irrigation until established. Depending upon site conditions, a number of methods can be 
used to irrigate plants, including drip irrigation, bubblers or DRiWater. Whichever method 
is selected, encourage root establishment by weaning plants from irrigation throughout 
the establishment period. Plant leaf litter, decomposing roots and woody material will 
improve soil health by incorporating organic matter into the topsoil to facilitate nutrient 
cycling and provide mulch to reduce soil evaporation. 
 

Invasive Species Removal 

Disturbed areas and irrigated areas undergoing restoration provide ideal conditions for 
the establishment of non-native invasive plant species. It is critical to monitor and control 
the spread of noxious and/or invasive plants which compete with native plants for 
resources. There are numerous guidelines available and groups who are willing to 
provide instruction on how to control noxious and/or invasive plants. 
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Considerations during Design and Construction 
• Avoid and/or minimize impacts to existing native vegetation, especially those 

areas with the highest habitat value. Areas where soil and vegetation are not 
disturbed also provide the greatest permeability and least likelihood of erosion 
and will require no expenditure to protect. These areas also provide a natural seed 
source which can migrate into the restored areas 

• Avoid and/or minimize impacts to existing native vegetation that provides 
linkage and linear continuity to habitat adjacent to the project site 

• Avoid and/or minimize impacts to regulated riparian habitat 
 

• Avoid steep slopes and/or erosive soils 
 

• If soils are severely compromised, remove poor soils and replace with soil from 
areas where topsoil is clean of invasive plants or other deleterious materials; 

• Use site-specific native vegetation in order to achieve optimal success with the least 
amount of supplemental water, once established. A survey of the existing plant 
community provides the most accurate source for selecting appropriate plant 
species 

• If site specific information is not available, use native plant species to 
ensure greatest establishment success 

• As feasible, locate new structures and hardscape elements on previously 
disturbed areas or areas with poor quality habitat/vegetation 

• Reduce grading limits or building footprint size, as feasible 
 

• When applicable, reorient structures to minimize disturbance to floodplains, 
flow paths and riparian  habitat 

• For subdivisions, consider reducing the width and length of driveways and/or 
provide shared driveways when possible 

• Strategically locate driveways and parking areas outside areas with highest va lue 
 

• Direct Stormwater runoff from impervious surfaces to existing vegetation 
and/or restored areas 
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• If the Stormwater runoff is expected to carry large amounts of pollutants (i.e., a 
parking lot), it is recommended that a sand filter or other type of filter be installed 
between the impervious surface and existing vegetation and/or restored areas 

• Vegetation or sensitive natural areas that will be preserved in place (e.g., wash, 
river banks, and other watercourse buffers, riparian habitat, vegetation clusters, 
existing trees) should be clearly delineated with highly visible protective fencing to 
prevent incursion of equipment or the stockpiling of materials during 
construction. Fencing shall be placed at the drip line of mature trees 

• Tree trunks at the fringes of protected areas near fencing should be 
sheathed during construction to prevent or minimize damage to the 
bark 

• If soils within the restoration area are compacted, mechanically till the top 8-12 
inches prior to planting 

• Incorporate mulch into degraded soils prior to tillage 
 

• Refrain from placing decomposed granite within restored or natural areas.  
Decomposed granite contains fine particles that tend to clog soil pores, decreasing 
infiltration 

• If areas to be restored contain invasive species, remove or pre-treat invasive 
species prior to plant installation and seeding
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Compatibility with Other LID Practices 
 

• Conserve Natural Areas; 
 

• Protect Natural Flow Paths; 
 

• Minimize Disturbed Areas and Soil Compaction; 
 

• Utilize Alternative Site Design such as Cluster Development. 
 
 
Example of an Alternative Site-Layout 

Cluster Development 

Cluster development concentrates development to specific areas of a site, leaving portions 
of the development undisturbed as natural open space. Clustering allows development 
density while avoiding natural sensitive areas, such as steep slopes, floodplains and 
riparian areas, without sacrificing the allowable development. 

 

A goal of clustered development is to reduce the development site or disturbance area 
footprint. Strategies include smaller lot sizes, street layouts to reduce road pavement and 
area of imperviousness; alternative driveway and sidewalk designs. When choosing the 
development envelope for a site, ideally features such as riparian areas, floodplain s, steep 
slopes, and highly erosive or permeable soils should be avoided. Clustered development can 
provide increased area for passive recreation, open space landscaped areas can include LID 
Site practices. Clustered development reduces the amount of impervious surfaces, reduces 
pressure on buffer areas, reduces the construction footprint, and provides more area and 
options for LID Practices. 
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Considerations during Design 
 
The previous LID site planning sections describe site design elements that collectively 
create a cluster development. Table 2 is a list of the site design elements and where 
each element is located in the previous sections. Additional site considerations have 
been added below that have not been previously described. Although they are not 
considered LID practices, consideration of these design elements should occur when 
planning for an alternative development. 
 
 
 
Solar Orientation 

In an effort to maximize energy efficiency for homeowners, some developers are building 
resource- efficient communities by designing streets so lots are oriented to take advantage of 
passive solar design. Passive solar design optimally uses the sun's energy for heating and cooling. 
During the design process, the goal is to maximize the number of lots that take advantage of 
solar benefits.  Streets should be laid out on an east-west axis.  The optimum position for 
passive solar design is to locate the house facade directly south; however, the axis can vary 
within 20 degrees of true south with minimal detrimental effect on solar gain. 
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Reduce the Discharge of Pollutants Using Source Controls 

General Description 

Stormwater drains from urban areas and picks up pollutants like microbiologic pathogens, 
heavy metals, trash, oil and grease, detergents, sediment, herbicides, pesticides and 
nutrients such as nitrogen and phosphorus.  These pollutants dissolve in Stormwater or 
are carried downstream w here it will either evaporate or infiltrate into the soil to irrigate 
plants or percolate further into the groundwater where  it will comingle with aquifers used 
for drinking water. Controls of urban nonpoint sources of pollution, also known as source 
controls, decrease or prevent pollutants from entering Stormwater. LID practices are source 
controls removing a majority of these pollutants through natural processes making this 
approach less expensive than traditional treatment methods or environmental clean-ups. 

 

The amount of pollutants entering Stormwater can be reduced by applying one, or a 
combination, of these source control practices: 

• Replace pollutants with non-toxic chemicals 
 

• Store and use pollutants indoors or in shelters 
 

• Contain pollutants exposed to rainfall or Stormwater 
 

• Treat Stormwater using GI and/or manufactured devices 

 

Source controls remove pollutants or keep them on site to ease management of the 
pollutants. Indoor structures and shelters, such as buildings, drive-through buildings, 
Ramada’s and weather-resistant cabinets keep pollutants out of the natural environment. 
Outdoor structures providing secondary containment include earthen berms, trench and 
sump systems, containment curbs, masonry walls and concrete basins keep the 
Stormwater on the property.  Manufactured devices can support LID/GI designs and 
remove pollutants through sedimentation.
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Pollutant Origin Discharge Source(s) Location 

Microbial 
pathogens 

• Present in animal or dairy 
waste 

Runoff from areas where 
waste has been deposited 

Landscaped and natural areas Trails 
and walkways 

Heavy metals • Released in vehicle emissions 

• Released by tire wear 

• Brake pads 

• Leach from asphalt shingles 

Motor vehicles, Asphalt 
shingles 

Driveways, roadways, 
highways, parking and storage 
lots Roofs 

Trash • Non-biodegradable plastics 
and coated paper products. 
Depending on storm intensity, 
a large variety of debris that 
would be classified as trash 
can be mobilized. 

Human activities Parking lots and roadways 
Sidewalks Parks and recreation 
areas 

Oils and 
Grease 

• Leaks or spills from vehicles Motor vehicles Driveways, roadways, highways, 
parking and storage lots 

Suspended 
Solids 

• Small particles of clay, silt, 
sand, other soil materials, 
small particles of vegetation, 
and bacteria 

Soil erosion Motor vehicles 
Building  materials 

Deposited on impervious surfaces 

Nitrogen 
compounds 

• Excess residential, agricultural, 
and commercial fertilizer use 

• Animal wastes 

• Plant decay 

• Atmospheric deposition 

Turf grass; Non-native 
ornamental landscapes 

Highly managed landscapes in both 
residential and commercial 
developments 

Phosphorus • Excess fertilizer use 

• Decaying vegetation, such as 
lawn clippings and leaves 

• Anima l waste 

Maintained commercial and 
residential landscapes Golf 
courses 

Highly managed landscapes in both 
residential and commercial 
developments 

Oxygen 
demanding 
substances 

• Natural origin 

• Biodegradable material or 
waste discharge 

Excess organic waste 
products like lawn clippings 
and leaves 

Landscaped areas 

Toxic organic 
compounds 

• Pesticides Commercial,  agricultural 
and residential applications 

Runoff from treated landscapes & 
agricultural areas 

• Polycyclic aromatic 
hydrocarbons 

Motor vehicle fuel leakage 
and spillage Asphalt 
pavement Asphalt roof 
runoff 

Roads & parking lots. Runoff from 
buildings with asphalt roofing 
materials (shingles, membrane, 
other types) 

• Solvents Industrial, commercial and 
residential cleaners, 
degreasers and lubricants 
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Applicability 
Strategies to eliminate waste materials and pollutants improve the triple bottom line by 
reducing purchasing costs as well as the liability for waste disposal and environmental 
clean-ups. Replacement examples include converting from standard batteries to 
rechargeable batteries or replacing mineral oil with vegetable oil. A wide range of zero 
waste strategies and weather-resistant shelters and cabinets are readily available in stores 
and on the Internet. Containment structures, such as berms or concrete basins, keep 
polluted Stormwater on the property where it can be used for landscape irrigation. 

 

Additionally, the Stormwater can be treated and recycled or discharged to the sanitary 
sewer with an Industrial Discharge Permit, if needed. GI can remove the lower toxicity 
materials whereas manufactured treatment devices are best suited for more toxic 
compounds or circumstances requiring quick removal of pollutants. 

 

Advantages 
 

• Reduces or removes nutrients, metals, trash and sediment effectively 
 

• Reduces excess sediment transport 
 

• Tailored to site conditions and only the pollutants used at the site 
 

• Functions without moving parts or chemicals 
 

• Less expensive to build and maintain than large centralized structures or 
conventional treatment methods 

• Water kept on site or treated can be used to irrigate the landscape 
 

• Aesthetically attractive 
 

• Reduces liability of polluting a water body or having to clean up a polluted area 
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Limitations 

• LID is not effective in removing organic solvents or larger volumes of toxic compounds. 
 

• If non-toxic chemical replacements are not readily available, re-engineering a 
business or manufacturing process to develop new non-toxic chemicals or 
materials can have a high initial investment cost. 

• Manufactured devices can be expensive to install and require routine 
maintenance to keep the system operational and also requires disposal of the 
treated materials. 

 

Key Design Features 

Identifying the key design features requires an assessment of the site. Quantify the 
potential for pollutants to flow off the property during a rainfall event. Inventory the 
chemicals used outdoors and identify where they are stored, the volume stored and the 
amount used outdoors. Assemble the material safety data sheets (MSDS) for each 
chemical. Review the MSDS to see if the product has a physical, health or environmental 
hazard. Products with hazards are candidates for replacement.  

Determine how water flows over the property by using a US Geological Survey topographic 
map / County Map Guide. Water flows downhill and at a right angle to the topographic 
lines. An alternate method of verifying where the water goes is by placing light, brightly 
colored objects for easy tracking. 

 

Replace Pollutants with Non-toxic Chemicals 

Replace toxic pollutants based on the identification of hazardous characteristics. If 
replacement products are not readily available, evaluate the business process to see if an 
alternative method or material can be employed. 

Store and use Pollutants indoors or in Shelters 

Structures providing shelter from the elements can be customized to the needs. Large 
structures, such as buildings and drive-through buildings, are useful for activities occurring 
on a daily basis and where highly toxic compounds are used. Smaller scale structures, such as 
Ramada’s, sheds, and weather- resistant cabinets (metal, concrete or painted materials), 
may be more effective. 
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Contain Pollutants Exposed to Rainfall or Stormwater 

Secondary containment makes the job easier where business practices require outdoor 
activities combined with the use of pollutants. Common secondary containment structures 
include the following: 

• Earthen berms 

• Trench and sump systems 

• Containment curbs 

• Masonry walls 

• Concrete structures 

 

These structures are designed to hold liquids. The s ize of the containment should be large 
enough to hold the volume expected to be in use at the site and have sufficient free-board 
for rainfall events. Rainwater collecting in secondary containment should be monitored to 
verify it is evaporating or being pumped to the sanitary sewer or a treatment device prior 
to breeding vectors.  To facilitate cleaning spills and maintaining the area, the surface must 
be impervious to the pollutant. Maintenance will be required for earthen berms to be sure 
the surface is not eroding. Weed removal is necessary to reduce fire hazards and allow 
visual assessment of the integrity of the structure. 

 

 

Design Considerations 

Replace Pollutants with Non-toxic Chemicals  
Pruned and clipped material from plants can be composted.  Removing dead organic material 
before it is swept into Stormwater reduces the biochemical oxygen demand (BOD) and 
chemical oxygen demand (COD).  Both BOD and COD reduce the dissolved oxygen (DO) available 
for fish and aquatic insects. When DO has been removed from water bodies, fish kills occur 
resulting in strong foul odors, unsightly areas and the need for removal of the additional dead 
organic matter and proper disposal.
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Integrated Pest Management 
Long-term control of pests can be accomplished through a combination of the following 
methods: 
 

• Cultural control (modify the environment to reduce the potential for pests) 
 

• Biological control (use beneficial insects that are natural enemies of pests) 
 

• Physical control (maintenance that blocks pests from plants) 
 

• Chemical control (proper placement at the right time to disrupt the pest's life cycle) 

 

Pesticides are used as a last resort after using the other methods. Identify the pests and 
keep plants healthy so they do not attract pests.  Install pest-resistant or well adapted in 
the garden. Add netting or prune out branches with caterpillar tents to physically prevent 
pests from access to plants. To facilitate natural enemies of pests, provide favorable 
conditions to support beneficial insects or buy and release. 

 

Use Non-Toxic Architectural Materials Where Feasible 

Architectural metals oxidize and are carried by Stormwater into washes. Application of 
coatings has not been demonstrated to be effective in preventing migration of heavy 
metals; particularly for copper with a green patina layer the best method of avoiding the 
release of heavy metals into the environment is to apply these methods: 

• Avoid the use of galvanized steel or copper for roofs, gutters, and downspouts 

• Avoid composite roofing materials that contain copper biocides 
 

• If using these materials, install treatment of roof runoff for copper
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Outdoor Processing Areas 

Outdoor processing areas can cover or enclose areas that would be the most significant 
source of pollutants.  Additional practices include the following: 

• Sloped area draining to a dead-end sump or discharge to the sanitary sewer system 
 

• Treatment with oil-water separators and/or sediment traps 
 

• Re-engineered for non-toxic chemicals 
 

• Low level berm of concrete or asphalt to keep run-on out of the enclosure 
 
 
 
Contain Pollutants Exposed to Rainfall or Stormwater 
Vehicle Maintenance Bays 
Maintenance bays can include a repair/maintenance bay drainage system to capture all wash 
water, leaks, and spills. Drains can be connected to a sump for collection and disposal. Direct 
connection of the repair/maintenance bays to the Stormwater conveyance system is 
prohibited. 
 
 
Vehicle and Equipment Wash Areas 

Areas for washing or steam cleaning of vehicles, equipment and accessories can be self-
contained with a raised concrete berm to preclude run-on and run-off and a trench covered 
with a grate.  These areas may also be covered with a roof or overhang and equipped with a 
clarifier or other treatment device. These discharges may also be properly connected to a 
sanitary sewer.
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Fueling Areas 
 

• Paved with Portland cement concrete or equivalent smooth impervious surface 
 

• Sloped to a trench and drain; add raised berm to prevent clean run-on from enter 
drain, and designed to drain to a sump or manufactured device for treatment prior 
to discharge to sanitary sewer 

• Low concrete berm around fuel dispensing area to keep fuel spills within bermed 
area and use dry cleanup methods, such as applying granular absorbent material, 
absorbent pads and socks to soak up the fuel. This design requires the absorbent 
material to be swept up and disposed of properly 

 

The overhanging roof structure or canopy can be 
 

• Designed to extend 6.5 feet (2.0 meters) from the corner of each fuel dispenser, or 
the length at which the hose and nozzle assembly may be operated plus 1ft (0.3 
meter), whichever is greater 

• Equal to or greater than the area within the fuel dispensing area's grade break 
 

• Designed to drain the water from roof to an LID feature  
 
 
Design Loading Docks to Reduce Pollution 
 
Loading docks areas can be designed with the following: 
 

• Isolate drainage in the loading dock area through the use of paved berms and/or 
grade breaks to prevent adjacent runoff from entering the loading area and to 
prevent liquid spills from discharging from the loading area 

• Include an acceptable method of spill containment such as a shut-off valve and 
containment areas 
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Treat Stormwater Using Green Infrastructure and/or Manufactured Devices  
When the activities at the site require the use of toxic compounds in the outdoors and 
storage or containment is not practical, a pre-manufactured device can be installed.  The 
selection of the device will depend up the pollutant needing treatment, average rainfall, 
the volume expected to be treated, the concentration of the pollutant, available land and 
budget, and regulatory requirements. A typical layout includes the following: 

• Structure to collect the water 
 

• Pipes or channels to direct the water toward the manufactured device 
 

• Manufactured device to remove pollutants 
 

• Pollutant collection system 
 

• Port to allow the Stormwater to flow out, or be pumped out 

 

The treatment components will depend upon the pollutant present. Particulates, 
including floatables, can be removed through gravity separation or filtration. Gravity 
separation is a process were the heavier materials, sediment; settle to the bottom and 
lighter materials, like plastic petroleum products and paper, float to the top. Some 
methods use a dynamic method of spinning the water to separate by gravity and other 
methods slow the flow and allow time for the separation.  Filters are used to physically 
screen out particulates. The particles can be harmful, like metals or pathogens, or they can 
form a substrate where pollutants adsorb, such as oil and grease. Dissolved pollutants or 
extremely fine particulates, less than 10 microns, need to be removed by chemical 
processes such as nitrification and denitrification, volatilization, chemical precipitation, 
and ion exchange. 
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Considerations during Maintenance 

LID practices require the removal of the settled, filtered, or precipitated material as well 
as pruning the vegetation. The sediment will need to be properly disposed and pruning 
waste can be added to the compost. As these systems have ponded water, there is a 
potential for breeding vectors, such as mosquitoes, and requires maintenance.  For the 
manufactured devices, follow the maintenance instructions. The materials will also need to 
be properly disposed at a landfill licensed to take the treatment by-products. 

 

Discharges Not Requiring Action 

Air Conditioning Condensate 

Air conditioning condensate is a source of dry-weather runoff. Copper pipes form a 
protective corrosion- inhibiting film of cuprous oxide when in contact with water. The film 
prevents exposure to copper sources. This source of water is listed as a water source that 
can be discharged to waters of the United States  

 

Fire Sprinkler System Discharges 

The primary goal of fire sprinkler systems is fire control. The Clean Water Act addresses 
discharges from firefighting that are identified as significant sources of pollutants to 
waters of the United States.  However, when a fire sprinkler system is being maintained 
and is the type that contains corrosion inhibitors, fire suppressants or antifreeze, the 
discharge should be directed to the sanitary sewer. 

 

Compatibility with Other LID Practices 
 
Water quality improvements are inherent in all these practices and can be combined as 
needed to fit the function and aesthetic needs of the home or business interested in LID. 
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