Low Impact Development

A Sustainable Approach to Drainage Design




What i1s Low Impact Development (LID)?

* A new way of designing site drainage

* Unites site planning, land development, and storm
water management with ecosystem protection

* A comprehensive development and design technique
that strives to preserve pre-development hydrology
and water quality through a series of small-scale,
distributed structural and non-structural controls




What is Low Impact Development (LID)?

Quite different from conventional “pipe and pond”
design techniques

Developed with the assistance of and promoted by the
EPA

Accepted by the Colorado Department of Health as a
Best Management Practice (BMP) for Storm Water
Discharge Permits (NPDES Phase Il)

Meets the LEED credit requirements for site drainage
design




Some drainage design practices that have been in use for years

meet the Low Impact Development principles.




Conventional Storm Water Management

* Conventional storm water management consists primarily
of the conveyance and detention of surface runoff to control
peak discharge rates and to improve water quality for
relatively infrequent design storms such as 2, 10 and 100 —
year storms

Has been developed primarily as a flood control system,
with water quality later “tacked-on”

Usually designed late in the overall site design process
(site is designed and then drainage system is designed to
accommodate)




Conventional Storm Water Management

Designed to collect and drain water away from buildings and
roadways quickly and efficiently, with conveyance to a
collection pond

With the exception of matching some pre-development peak
discharge rates, conventional drainage design does not
preserve or replicate historic hydrology.

* Reduces or eliminates shallow or deep groundwater recharge







Natural Hydrology
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How Development Affects Hydrology
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A hydrograph is a chart of surface runoff over time
Development affects the shape of the hydrograph by:

*Curve Number (CN)- Based on percent of imperviousness

*Time of Concentration (Tc)- Based on time for all flow to reach the design point
*Detention- Temporary storage with controlled release

*Retention- Keeping water on site to reduce surface runoff




How Conventional and LID Design Affect Runoff
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cubic feel per
second)
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Conventional drainage design with detention ponding
. Maintains peak runoff rate at pond discharge
point
Significant increases in runoff volume and
duration from pre-development conditions

Time

Comparison of hydrologic response from
Conventional (#2) and LID (#3) drainage design
. LID attempts to mimic pre-development
hydrograph
LID does not significantly increase runoff
volume or duration




LID Uses a Variety of Techniques to Modify
Developed Hydrology

Low-Impact Development Technique

Low-Impact Hydrologic
Design and Analysis
Components

Lower Postdevelopment CN

Increase Tc

Retention

Detention




LID Uses a Variety of Techniques to Modify
Developed Hydrology

Low-Impact Planning Techniques to Reduce the Post-Development Curve Number (CN)

Suggested Options Affecting
Curve Number

Land Cover Type

Percent of Imperviousness

Hydrologic Soils Group

Hydrologic Condition

Disconnectivity of Impervious Area

Storage and Infiltration




LID Uses a Variety of Techniques to Modify
Developed Hydrology

Low-Impact Planning Techniques to Maintain the Pre-Development Time of Concentration (Tc)
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LID uses Integrated Management Practices (IMPs) to
achieve the desired post-development hydrologic conditions

IMPs are used as distributed, small-scale onsite retention or
detention devices that reduce the peak rate and volume of runoff
and improve water quality

IMPs integrate storm water management into the landscape,
meaning that nearly all IMPs combine aesthetic, hydrologic, and
Infrastructure benefits

IMPs help to reduce the amount of land dedicated solely to storm
water management

Infiltration IMPs facilitate pollutant removal and groundwater
recharge, and help maintain stream and wetlands baseflows

Because they are often integrated into the landscape, IMPs can be
maintained as part of the landscape maintenance (often by
Homeowners), thereby reducing drainage infrastructure
maintenance costs.




MODELING LID

HEC-HMS
* Hydraulic Modeling System developed by the COE

e Successor to HEC-1

SWMM5
* Storm Water Management Model developed by the EPA
e Version 5 can model LI D sto

* Accepted by Urban Drainage and Flood Control District




Integrated Management Practices

BIORETENTION CELLS

« Also known as rain gardens,
bioretention cells are vegetated
depressions that store and infiltrate
runoff

« Uptake into well-suited plants
(those classified as self-sustaining,
drought and flood tolerant, and
hardy) reduces runoff volume and
pollutant concentrations

« Soil media is engineered to
maximize infiltration and pollutant
removal
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BIORETENTION CELLS




Integrated Management Practices

Observation Well

DRY WELLS AND e
INFILTRATION TRENCHES R

* Dry wells are aggregate-filled pits

Emergency Overflow Berm

or modified manholes that promote
infiltration into surrounding soils

Filter Fabric Lines Sides to
q Prevent Soil Contamination

 |Infiltration trenches are similar in
function, but alternately may be filled
with sand or bioretention soll
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DRY WELLS AND INFILTRATION TRENCHES




Integrated Management Practices
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TREE BOX FILTERS

» Located below grade, tree box
filters provide “bioretention in a box”
along road curbs, integrating the
water quality benefits of bioretention — B :
into ultra-urban settings ' filterr
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» Located upstream of existing curb
inlets, underdrains insure adequate
drainage




Integrated Management Practices

PERMEABLE PAVEMENTS

« Permeable asphalt, concrete, and
paving blocks allow runoff to infiltrate
into the underlying subbase and soil

» Underdrains can be provided if
drainage problems are anticipated

RIVERJACKS
OPEN INTO
RECHARGE BED

UNCOMPACTED
SUBGRADE IS A
CRITICAL FOR PROPER
INFILTRATION

POROUS ASPHALT PAVEMENT

UNIFORMLY GRADED
STONE AGGREGATE
WITH
40% VOID SPACE

C FOR STORMWATER STORAGE

AND RECHARGE

FILTER FABRIC
LINES THE
SUBSURFACE BED




Integrated Management Practices

2.4 WETLAND
BOTTOM WIDTH PLANTINGS

VEGETATED SWALES e

- Shallow vegetated swales QR v U e
simultaneously serve as
conveyance, infiltration and
storage devices

« They may be designed as wet or
dry features, depending upon the
degree of runoff retention

« Can also be designed as
enhanced wetland channels




VEGETATED SWALES




Integrated Management Practices

FILTER STRIPS

« Located adjacent to a runoff
source, vegetated filter strips
intercept and slow runoff

* Facilitate removal of a variety of
suspended pollutants

- Effective as pretreatment
devices for other IMPs

Top elevation of strip on
same contour and directly
abuts level spreader

Stone-filled trench - o
level spreader Grassed Slope of strip
Tiiter strlp toward stream

is 5% or less

Forested filter strip




Integrated Management Practices

SOIL AMENDING

« A non-structural practice that can greatly
increase soil permeability

« Amending with compost or lime reduces runoff
volume and pollutant transport, and improves plant
viability

RAIN BARRELS OR CISTERNS

« Can retain rain water indefinitely for other uses
* Probably not legal under current Colorado water
law (unless runoff is released without “beneficial
use”)

» Rain barrels are often easy to add to existing
downspouts
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LID at Adams County Government Center




—— DROUGHT TOLERANT GRASSES
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CATCH BASIN FOR OVERFLOW
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Comparison between LID and Traditional Land Development Processes
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PRACTICE

* Often uses an engineering
team and one or two other
experts

* Uses experts sequentially, i.e.,
conducts one phase of
development process and then
passes project details to the
next expert

ALimits interaction with public
officials to permitting meetings
ADoes not actively seek out
publicds input
AMeets existing ordinances

AUses pre-development meetings
to review preliminary site plans

0

SITE REVIEW AND
ANALYSIS

LID PRACTICE

* Uses experts such as
landscape architects, engineers,
hydrologists, geologists, and
biologists to collaborate, perform
site analysis, and identify
innovative solutions and
opportunities.

* Encourages collaborative effort
among all site design
professionals to maximize
natural resource benefits

AProactively seeks public officials
input in pre -development
meetings to identify project
opportunities

AWorks with the community to
include its interests in project
design

AConducts resource analysis first
to determine what the site offers.
Reviews the ordinances to
determine potential barriers to
proposed design. Design must
meet ordinances or developer
obtains variance.

* Analyzes the land ordinances
to identify regulatory barriers.

* Conducts review with the
goal of developing one design
plan.

* Meets regulatory
requirements

* Analyzes the land and
ordinances to identify resource
opportunities and constraints

* Reviews all inputs to create
multiple land design options for
consideration.

* Works together with public
officials to gain flexibility in the
design phase.




Benefits of Low Impact Development

Municipalities
Protects regional flora and fauna
Balances growth needs with environmental protection
Reduces municipal infrastructure and utility maintenance costs (streets, curbs, gutters, sidewalks,
storm sewer)

Increases collaborative public/private partnerships

Developers

* Reduces land clearing and grading costs
Potentially reduces infrastructure costs
Reduces storm water infrastructure costs
Improves site aesthetics

Increases lot and community marketability




Benefits of Low Impact Development

Environment
Preserves integrity of ecological and biological systems
Protects site and regional water quality
Reduces impacts to local terrestrial and aquatic plants and animals
Preserves trees and natural vegetation
Improved ground water recharge
Reduced downstream erosion

Supported by the EPA (meets NPDES Phase Il requirements)




Case Study

Somerset is an 80-acre development in Prince Georges County, Maryland
consisting of 199 homes on 10,000-square-foot lots. During its creation, the
developer used LID practices to reduce the storm water management burden.
By using LID, the developer:

Eliminated the need for storm water detention ponds by using bioretention
techniques, saving approximately $300, 000

Gained six additional lots and their associated revenues
Reduced finished lot cost by approximately $4,000




Case Study

Conventional

Bioretention

Engineering Redesign

0

$110,000

Land Reclamation (6 lots x $40,000 net)

0

-$240,000

Total Costs

$2,457,843

$1,541,461

Total Cost (-Land Reclamation + Redesign Costs)

$2,457,843

$1,671,461

Total Cost Savings = $916,382
Cost savings Per Lot = $4,604




Impediments to the Use of Low Impact Development Practices

* Bureaucratic resistance — “It's not what’s in the code” and “It's not what
we’re used to seeing”

Requires early education and collaboration between design team and
governmental reviewers to overcome this attitude

Lack of collaboration by design team members — “It's not the way we’ve
always done it”

Requires all design team members to understand the need for early
collaboration and the inadequacy of the sequential design process mentality

Perceptions of costs — “Doesn’t it cost more to add sustainable design
practices to a project?”

LID features must be incorporated into the project design from the
beginning. Any sustainable design feature will be considered an added cost
if it's added late in the design process.




Important Facts to Keep in Mind

Use of LID techniques can reduce or eliminate detention ponding requirements, but
drainage system still must be designed to adequately convey large (100-year) storm
events

LID integrated management practices can be used in conventional drainage system
design to improve aesthetics and pollution control




Important Facts to Keep in Mind
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Wetland Channel First Season




Wetland Channel with Mature Growth




Basic Principles

Treat water as aresource, not a waste product
Design to mimic or replicate the natural hydrology of a site
Design to address issues of water quality, quantity and amenity

Accommodate the standards and expectations of the local
community

Infiltrate, detain, retain
Start small, build from there
Collaboration is key




Resources

A www.lowimpactdevelopment.org

A

A

The Low Impact Development Center. A non-profit organization formed in
1998 to serve as a technical clearinghouse for information and issues
relayed to LID, and to facilitate research, education and strategies.

www.lid -stormwater.net/clearinghouse

Clearinghouse site sponsored by EPA with sample ordinances, technical
guidance, demonstration of effectiveness, case studies, outreach and
education documents.

www.epa.gov/nps/lid/stormwater
The EPA site on LID and storm water runoff practices

http://udfcd.org
Urban Drainage and Flood Control District




