
1

Module 5 – Simulation Support
for EISA Section 438 
Compliance

Billy E. Johnson, PhD, PEBilly E. Johnson, PhD, PE
US Army Engineer Research and Development US Army Engineer Research and Development 
CenterCenter

US Army Corps of Engineers

BUILDING STRONG®

Overview

• EISA, Hydrologic Cycle, and Technical 
Guidance

S C• EISA Compliance Methodology

• Calculation Procedure for EISA Compliance

• Modeling Basics

• Continue Group Exercise 

• Summary 

Providing Solutions to Tomorrow’s Environmental Problems
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Site Planning for LID

Step 1 - Site inventory 

Step 2 - Opportunities and Constraints 

Step 3 - Preliminary calculations  

Step 4 - Nonstructural LID Techniques

Step 5 - Structural LID BMPs

Step 6 - Evaluate LID Controls 

Step 7 - Recalculate for final review.

EISA Section 438

• Energy Independence and Security Act

“Storm water runoff requirements for federal 
development projects. The sponsor of any
development or redevelopment project involving a
Federal facility with a footprint that exceeds 5,000
square feet shall use site planning, design,
construction, and maintenance strategies for the
property to maintain or restore, to the maximum
extent technically feasible, the predevelopment
hydrology of the property with regard to the

Providing Solutions to Tomorrow’s Environmental Problems

hydrology of the property with regard to the
temperature, rate, volume, and duration of flow.”
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Water Cycle

Providing Solutions to Tomorrow’s Environmental Problems

Pre and Post-Development Hydrology (USDA)

Providing Solutions to Tomorrow’s Environmental Problems
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EPA Technical Guidance

EPA 841-B-09-001EPA 841 B 09 001 
December 2009 
www.epa.gov/owow/nps/lid/section438

Providing Solutions to Tomorrow’s Environmental Problems

Staying on Track
With the EPA & DOD Flowchart

Providing Solutions to Tomorrow’s Environmental Problems

EPA	Technical	Guidance	on	
Implementing	EISA,	841‐B‐09‐001	
December	2009	

Policy	Memorandum,	Office	of	the	
Under	Secretary	of	Defense,
January	2010	included	in	UFC	3‐210‐
10	Low	Impact	Development
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Staying on Track
With the EPA & DOD Flowchart

• Option 1 – Retain runoff from 95th percentile storm

Providing Solutions to Tomorrow’s Environmental Problems

p p

• Option 2 – Continuous simulation model

• UFC 3-210-10 Low Impact Development recommends 
Option 1 as “most efficient and practical” method

EISA Compliance Methodology
Maintain or Restore the Pre-development Hydrology

• Select Design Objective Option 1, Manage runoff from the 95th percentile 
storm event

Determine the 95th percentile rainfall event for site– Determine the 95th percentile rainfall event for site
– Evaluate Site Conditions including:  project boundary, existing land use, and soil types
– Calculate pre and post development runoff volumes (Apply Natural Resources Conservation 

Service (NRCS) Runoff Curve Number Method, formerly the Soil Conservation Service (SCS))
– Manage the difference between pre- and post-development runoff volumes to comply with 

EISA.

• Evaluate Low Impact Development (LID) options to manage increased runoff 
volume.

– Consider LID features suitable for project site (LID constraints) 
– Ensure selected LID design manages increased runoff volume for 24 hour period

• Accountability
– Document calculations for hydrologic design (including LID employed on site)
– Technical Infeasibility, if applicable

• Complete a post construction analysis of LID features

Providing Solutions to Tomorrow’s Environmental Problems
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What is the 95th Percentile Storm?

• The 95th percentile rainfall event is the rainfall depth that is greater 
than or equal to 95% of all storm events over a given period.

T l ti 95% f th ti t t’ i f ll t t l ill b l• Translation: 95% of the time, a storm event’s rainfall total will be equal 
to or less than this rainfall depth.
(e.g. Baltimore, MD = 1.6 in)

• Small, frequently occurring storms account for most of a site’s annual 
rainfall.  It is it not EISA’s intent to manage the remaining 5%:  large, 
very infrequent storms.

EPA t i th i T h i l G id th t t i i th 95th• EPA wrote in their Technical Guidance that retaining the 95th

percentile runoff volume is analogous to maintaining or restoring the 
pre-development hydrology with respect to volume, rate, duration, 
and temperature – therefore complying with EISA.

Providing Solutions to Tomorrow’s Environmental Problems

Developing the 95th Percentile Storm

1. Obtain 24-hr precipitation data set (NCDC)

– http://www.ncdc.noaa.gov/oa/ncdc.html

2. Import into spreadsheet and aggregate into a single column

– Eliminate storms with rainfall less than 0.1”

3. Calculate using PERCENTILE function or graphically
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Example 95th Percentile Storms
City 95th Percentile Event

Rainfall Total (in)

City 95th Percentile Event

Rainfall Total (in)

Atlanta, GA 1.8 Kansas City, MO 1.7

l llBaltimore, MD 1.6 Knoxville, TN 1.5

Boston, MA 1.5 Louisville, KY 1.5

Buffalo, NY 1.1 Minneapolis, MN 1.4

Burlington, VT 1.1 New York, NY 1.7

Charleston, WV 1.2 Salt Lake City, UT 0.8

Coeur D’Alene, ID 0.7 Phoenix, AZ 1.0

Cincinnati, OH 1.5 Portland, OR 1.0

Columbus, OH 1.3 Seattle, WA 1.6

Concord, NH 1.3 Washington, DC 1.7

Denver, CO 1.1

Providing Solutions to Tomorrow’s Environmental Problems

EPA	Technical	Guidance	on	Implementing	EISA,	
841‐B‐09‐001	,	December	2009	,	page	14

Rainfall Frequency Distribution

Providing Solutions to Tomorrow’s Environmental Problems
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Climatology Analysis

FORT HOOD FORT BENNING FORT MEADE FORT DRUM PHOENIX AP
SEATTLE 

TACOMA AP

Start Date January 1, 1950 January 1, 1959 January 1, 1950 January 1, 1950 January 1, 1950 January 1, 1950
End Date October 30, 2009 December 31, 2008 October 30, 2009 October 30, 2009 June 30, 2010 June 30, 2010

Years of Data 59.83 50.00 59.83 59.83 58.50 18.75
Total Rainfall 1541.61 2416.94 2428.85 2134.78 432.33 711.97

Average Annual Rainfall 25.77 48.34 40.59 35.68 7.39 37.97
95 Percentile Rainfall Depth 1.94 1.88 1.27 0.94 1.01 0.80

Total Rainfall >= 0.1 1505.38 2352.21 2404.30 1948.43 394.69 668.82
Total Runoff Days 2421 3646 5198 5454 1041 1756

No Runoff Days 15842 14617 16655 12809 1958 1243
Maximum Rain 3.92 5.74 3.72 3.40 2.75 3.25

Providing Solutions to Tomorrow’s Environmental Problems

Project Boundary

• Identify estimated Limit of Disturbance (Project 
Boundary).

Evaluate the natural topography to determine natural• Evaluate the natural topography to determine natural 
flow paths. 

• Identify man-made features (standard design), such as 
roads, drainage ditches, etc., that need to be considered 
since they do alter the natural flow paths. 

• Maintain Pre-Project Internal Drainage Boundaries to the 
i t t iblmaximum extent possible.

Providing Solutions to Tomorrow’s Environmental Problems

Note:  DoD definition of pre-development is pre-project “Existing Conditions”
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Hydrologic Soil Groups

Group B – Sandy Loam

S

Group A – Sandy

Soils in this group have low runoff

• Determine Hydrologic Soil Group within the project boundary

Soils in this group have moderately low 
runoff potential when thoroughly wet. Water 
transmission through the soil is unimpeded. 
Group B soils typically have between 10 
percent and 20 percent clay and 50 percent 
to 90 percent sand and have loamy sand or 
sandy loam textures. Some soils having 
loam, silt loam, silt, or sandy clay loam 
textures may be placed in this group if they 
are well aggregated, of low bulk density, or 
contain greater than 35 percent rock 

Soils in this group have low runoff 
potential when thoroughly wet. Water 
is transmitted freely through the soil. 
Group A soils typically have less than 
10 percent clay and more than 90 
percent sand or gravel and have 
gravel or sand textures. Some soils 
having loamy sand, sandy loam, 
loam or silt loam textures may be 
placed in this group if they are well 
aggregated, of low bulk density, or 

t i t th 35 t k
g p

fragments.

Providing Solutions to Tomorrow’s Environmental Problems

contain greater than 35 percent rock 
fragments.

Hydrologic Soil Groups

Group D – Clay 

Soils in this group have high runoff potential

Group C – Silty Loam

Soils in this group have moderately Soils in this group have high runoff potential 
when thoroughly wet. Water movement 
through the soil is restricted or very 
restricted. Group D soils typically have 
greater than 40 percent clay, less than 50 
percent sand, and have clayey textures. In 
some areas, they also have high shrink-swell 
potential. All soils with a depth to a water 
impermeable layer less than 50 centimeters 
[20 inches] and all soils with a water table 
within 60 centimeters [24 inches] of the 
surface are in this group although some may

high runoff potential when thoroughly 
wet. Water transmission through the 
soil is somewhat restricted. Group C
soils typically have between 20 
percent and 40 percent clay and less 
than 50 percent sand and have loam, 
silt loam, sandy clay loam, clay loam, 
and silty clay loam textures. Some 
soils having clay, silty clay, or sandy
clay textures may be placed in this 
group if they are well aggregated, of surface are in this group, although some may 

have a dual classification, as described in 
the next section, if they can be adequately 
drained.

Providing Solutions to Tomorrow’s Environmental Problems

group if they are well aggregated, of 
low bulk density, or contain greater
than 35 percent rock fragments.
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Evaluation of Land Use

• Pre-development
– Determine the area (sq-ft / acres) of existing land uses

• Post development• Post-development
– Determine the area (sq-ft / acres) of planned land uses (post project)

Providing Solutions to Tomorrow’s Environmental Problems

EXISTING PROPOSED

Calculate Runoff Difference 

• UFC 3-210-10 recommends using 
the SCS Runoff Curve Number 
Method (commonly referred to as 
TR 55 Method)TR-55 Method).

• Using site area, soil type, and land 
use, the pre- and post-
development runoff depths are 
calculated.

• The difference in pre- and post-
development runoff is the EISAdevelopment runoff is the EISA 
required volume to be retained on 
site.

Providing Solutions to Tomorrow’s Environmental Problems
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Runoff Equation

• Soil Conservation Service Method

Where: Q	 	direct	runoff	volume	expressed	as	depth

P	 	rainfall	depth	 for	EISA,	95th percentile	depth

Providing Solutions to Tomorrow’s Environmental Problems

Runoff	Volume	to	be	Retained	 	 Qpost‐development	 ‐ Qpre‐development	 	x		Site	Area	

SCS Runoff Curve Number
• Runoff Curve 

Number is a number 
between 36 - 100 
that represents 

ff t ti lrunoff potential

• Related to soil type 
and land use

• Woods in sandy soil 
= 36, very low runoff

Providing Solutions to Tomorrow’s Environmental Problems

• Pavement = 98, very 
high runoff
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SCS Runoff Curve Number

Providing Solutions to Tomorrow’s Environmental Problems

SCS Runoff Curve Number

For Planning Purposes

Providing Solutions to Tomorrow’s Environmental Problems
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Solution of Runoff Calculation

Providing Solutions to Tomorrow’s Environmental Problems

Modeling Lessons

Modeling Principles
• All Models Are Wrong; But Many Models Are 

Useful (Box)Useful (Box)
Corollary:
• All Models are Imperfect; But Many Imperfect 

Models Add Weight of Evidence
• All Model Predictions are Relative: But 

Relative Changes Are Useful.

Providing Solutions to Tomorrow’s Environmental Problems

g
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Modeling for EISA

Process
• Have a Suite of Methods• Have a Suite of Methods 

(Tools)
• Start with the Simple 

Methods (Tools)
• Keep It As Simple As 

Possible, But No 
Simpler (Einstein)

Providing Solutions to Tomorrow’s Environmental Problems

p ( )
• It’s Data Driven (Smith 

et al., 2003)

LID Modeling Data Needs 

• Land use/Land cover

• Digital Elevation Map (DEM)

• Soil Texture Map 

• Facilities Map

• Precipitation

Providing Solutions to Tomorrow’s Environmental Problems
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Army LID Planning Tool 

INPUT 
• Project Site Area (acres)

• 95th Percentile Rainfall Depth (inches) for Installation

• Hydrologic Soil Group:
• A – Sandy

• B – Sandy Loam

• C – Silty Loam

• D – Clay

• Pre-Project and Post-Project Land Use Areas (acres)

OUTPUT         
• Pre-Project and Post-Project Runoff Volumes

• EISA Volume Required to be Retained 

Army LID Planning Tool – Page 1

Providing Solutions to Tomorrow’s Environmental Problems
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Calculate Required EISA Volume

Continue group exercise:

• Use example project’s pre- and post-
development information from previousdevelopment information from previous 
modules.

• Use Army LID Planning Tool to calculate EISA 
volume required for project.

• Group discussion of results.

Questions

Providing Solutions to Tomorrow’s Environmental Problems
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Site Planning for LID

Step 1 - Site inventory 

Step 2 - Opportunities and Constraints 

Step 3 - Preliminary calculations  

Step 4 - Nonstructural LID Techniques

Step 5 - Structural LID BMPs

Step 6 - Evaluate LID Controls 

Step 7 - Recalculate for final review.

Staying on Track
With the EPA & DOD Flowchart

Providing Solutions to Tomorrow’s Environmental Problems

EPA	Technical	Guidance	on	
Implementing	EISA,	841‐B‐09‐001	
December	2009	

Policy	Memorandum,	Office	of	the	
Under	Secretary	of	Defense,
January	2010	included	in	UFC	3‐210‐
10	Low	Impact	Development
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Staying on Track
With the EPA & DOD Flowchart

Providing Solutions to Tomorrow’s Environmental Problems

Policy	Memorandum,	Office	of	the	
Under	Secretary	of	Defense,
January	2010	included	in	UFC	3‐210‐
10	Low	Impact	Development

EPA	Technical	Guidance	on	
Implementing	EISA,	841‐B‐09‐001	
December	2009	

Low Impact Development Strategies

Manage the required runoff volume using 
LID BMPs.

• Bioretention• Bioretention
• Soil Amendments
• Filter Strips
• Vegetated Buffers
• Grassed Swales
• Dry Wells
• Infiltration Basins/Trenches
• Inlet Pollution Removal Devices
• Rainwater Harvesting (Rain Barrels and Cisterns)

Providing Solutions to Tomorrow’s Environmental Problems

a ate a est g ( a a e s a d C ste s)
• Tree Box Filters
• Vegetated Roofs
• Permeable Pavements (Pavers, Concrete, Asphalt, Reinforced Turf)
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Army LID Planning Tool – Page 2
• Structural BMPs 

manage a runoff 
volume by infiltration or 
reuse.

• Nonstructural BMPs are 
accounted for by 
lowering the post-
project Curve Number 
(e.g. reforestation adds 
“Woods” to post-project 
land use). Decreasing 

ff

Providing Solutions to Tomorrow’s Environmental Problems

the post-project runoff 
results in a reduced 
EISA volume 
requirement.

Continue group exercise:

• We now have the EISA required volume to retain 
on site

Select LID BMPs

on site.

• Use Army LID Planning Tool to select BMPs and 
estimate BMP sizing in order to comply with EISA.

• Goal:

Volume Retained by LID BMPs ≥ EISA Required Volume

• Each group presents results.
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Summary
• Complying with EISA Section 438 can be achieved by 

implementation of GI/LID.

• EPA 841-B-09-001 provides technical guidance on implementing the 
stormwater runoff requirementsstormwater runoff requirements.

• UFC 3-210-10 incorporates DoD policy memo and recommends 
using the SCS Curve Number Method to calculate the EISA required 
volume to be retained on site.

• Potential LID features can be evaluated during project planning.

• Defensible and consistent hydrologic assessment tools should be 
used and documented.

Th A LID Pl i T l i lifi d E l S d h t i• The Army LID Planning Tool, a simplified Excel Spreadsheet, is 
available to assist with the LID planning process.

Providing Solutions to Tomorrow’s Environmental Problems

Questions

Providing Solutions to Tomorrow’s Environmental Problems
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Redevelopment Example

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

Existing (Pre-Project) Site

S
T

R
E

A
M

  

WETLANDS

SITE DRAINS 
TOWARDS 
STREAM

US ARMY CORPS OF ENGINEERS
BUILDING STRONG
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DPW Existing Site Analysis

• Redevelopment project

• Existing site is mostly paved

I t itt t t th h th it• Intermittent stream runs through the site 

• Small pocket of wetlands within wooded riparian 
buffer

• Possible groundwater contamination – DPW 
Environmental study underway

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

• Variable groundwater table (4’-15’ deep)

• Soil Type = HSG “C” Silty Loam

Proposed Site Design

US ARMY CORPS OF ENGINEERS
BUILDING STRONG
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Impervious Area Totals

Site Area = 3.30 ac

Existing Site Impervious Area = 2.19 ac

Proposed Site Impervious Area = 1.80 ac

Impervious Area Reduced         = 0.39 ac  

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

= 18%

Calculate EISA Required Volume

US ARMY CORPS OF ENGINEERS
BUILDING STRONG
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Calculate EISA Volume

• Existing CN = 91       9,850 cf runoff

• Proposed CN = 89    8,468 cf runoff

• Difference in Runoff Volume =  -1382 cf

Since DoD defines “pre-developed” as “pre-
project” (in UFC 3-210-10), this redevelopment 
project results in an improved hydrologic

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

project results in an improved hydrologic 
condition (decrease in runoff) and no additional 
retention is needed to satisfy EISA.

DoD Definition of “Pre-developed”

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

UFC	3‐210‐10	Low	
Impact	Development,	
Nov	2013,	page	2
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BMPs Implemented to Comply with State SWM Regs

Nonstructural LID BMPs:

• Protect Sensitive Areas
• Reduce Impervious Surfaces
• Riparian Buffer Restoration
• Reforestation

Structural LID BMPs:

Bi t ti

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

• Bioretention
• Grass Swale
• Vegetated Filter Strip

Technical Infeasibility

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

UFC	3‐210‐10	Low	Impact	
Development,	November	2010,	page	2
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Technical Infeasibility

• ASA(IEE) Memo:  Sustainable Design and 
Development Policy Update, 16 Dec 2013

US ARMY CORPS OF ENGINEERS
BUILDING STRONG

ASA(IEE)	Sustainable	Design	and	
Development	Policy	Memo,	16	Dec	
2013,	Section	3d,	page	3

Questions

US ARMY CORPS OF ENGINEERS
BUILDING STRONG




