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1.0 INTRODUCTION

The Army Low Impact Development (LID) Planning and Cost Tool is intended to assist master planners,
engineers, stormwater managers and other installation staff during the planning phase of a project to
properly incorporate stormwater management practices to address any increase in runoff from the
proposed project and ensure compliance with Section 438 of the Energy Independence and Security Act
(EISA). EISA Section 438 requires that:

“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 temperature, rate, volume, and duration of flow.”

The Environmental Protection Agency’s Technical Guidance on Implementing the Stormwater Runoff
Requirements for Federal Projects under Section 438 of the Energy Independence and Security Act provides
two options for complying with EISA. Unified Facility Criteria (UFC) 3-210-10 Low Impact Development
encourages the use of Option 1, which is retaining the 95" percentile storm, based on daily rainfall records
over 20 to 30 or more years. Option 2, which is a site-specific hydrologic analysis with continuous
simulation may be implemented as appropriate for each site. The Army LID Planning and Cost Tool
incorporates these parameters and employs the 95" percentile rainfall method (Option 1). UFC 3-210-10
also states that the Department of Defense defines “predevelopment hydrology” as the pre-project
hydrologic conditions of temperature, rate, volume, and duration of stormwater flow from the project
site.

Planning for these requirements as early as possible for each project is imperative to ensure proper
stormwater management is implemented and the project will comply with EISA Section 438. The Army
LID Planning and Cost Tool guides the user through a series of steps and calculations to determine the
required volume of runoff to be managed on site, identify LID Best Management Practices (BMPs) for
managing that volume, estimate size for the selected LID BMPs, and estimate a planning level cost of
construction and annual maintenance. The LID Planning module of the tool begins with site conditions,
requiring inputs such as site location information, project limit of disturbance, selection of installation to
populate the 95 percentile rainfall event, and estimated pre- and post-project land use, which are used
to determine the required volume of runoff to be managed on site. Knowing the volume requirement, the
user will then move through selecting LID BMPs and planning their sizes to manage the required volume
of runoff.

Once the LID BMPs are selected and sizes are planned, the Cost Tool can be used to calculate planning
level costs of construction and maintenance. Costs generated from this tool are planning level estimated
costs; the tool is not designed to calculate detailed cost estimates during design and construction phases.

Results from the Army LID Planning and Cost Tool can be used for completion of programming documents,
such as a DD 1391, to ensure the quantity of LID BMPs and estimated costs are incorporated into the
project. In addition, the tool allows the user to generate a report that summarizes the inputs and outputs
and begins populating the information needed for annual reporting of EISA Section 438 compliance for
the Army.




2.0 TOOLINSTALLATION AND INTRODUCTION

2.1 DATABASE STORAGE AND INSTALLATION

The Army LID Planning and Cost Tool is distributed as a single Access Database file (Army LID Planning and
Cost Tool_Oct 2016.accdb). If multiple users in one office is expected, the database file should be saved
in a centralized location. Ideally, the database can be stored on a server, rather than on a local computer’s
hard drive. Users should take care to make sure that multiple versions of the database do not exist for a
single project. If a user must work on the database off of the network the following steps should be taken:

1. Download the database to the computer’s hard drive.

2. Verify that no users will be editing the database for that particular project during the time
that the user is working offline with the database.

3. Upon finishing the offline editing, copy the database file back to the server, overwriting the
current database stored on the server. Prior to overwriting the database the user may wish
to copy the database into a backup folder. This may not be necessary if data is automatically
backed up by the user’s network administrators.

2.2 HOME SCREEN / SWITCHBOARD

The tool opens to a switchboard home screen with a button for LID Planning and Cost Planning. (Note: If
a side panel opens on the left side, it can be minimized by clicking on the “Shutter Bar Open/Close
Button.”)

Army LID Planning and Cost Tool

| Cost
Planning Planning

This tool is intended for planning level only and should not be used for
design calculations or detailed cost estimates.

Figure 1: Home Screen




The user may select either LID Planning or Cost Planning. It is recommended that the user begin all new
projects with the LID Planning module to ensure the EISA Section 438 requirement is known and LID BMPs
have been selected to meet the requirement before estimating costs.

2.3 INPUTTING DATA

Throughout the tool, the white cells are input cells and gray cells are automatically populated. The user
can enter text or number values in the white cells only.

5000)
9.743

Figure 2: Input Data to White Cells




3.0 LIDPLANNING MODULE

3.1 BEGINNING A PROJECT

Beginning with the LID Planning module, Figure 3 below shows the LID Planning home page. The default
project called “Example” is populated to show the user example project inputs. To begin a new project,
click “Add Project” in the Control Panel. To select an existing project, use the “Go to Project” dropdown
menu.

Minimum runoff retention velume to comply
DD1391 projectno.: Simplified runoff curve number me with EISA 438 volume control requirement:

Miaater o ra mply with the rur e con e 3 38 Acre-feet (.217 Cubic feet: 9462 Gallons: 70772

Retention volume provided by BMPs (cubic feet):

SITE INFORMATION : N\
Street: 12 Main St Army command: L\‘[CO\‘[ E:[
City:  Fort Meade Army installation: Fort Meade [~
State: MD |~ | Zip: 20755 Project limit of disturbance (acres) 6
Project description.
new building and parking loq
SOIL TYPE RAINFALL DEPTH
Select the site’s overall soil type:  Sands-Loaral | Enter the site’s 95th percentile rainfall depth (inches), or click the "Set 95%
" Rainfall" button for the rainfall depth to be populated.
Hydrologic Soil Group: B
Set 95% Rainfall
95% Rainfall: 1.6

Figure 3: Add New Project or Continue Existing Project

When the user clicks on “Add Project” a pop-up window will prompt the user to enter the project name.

Army LID Planning Tool

Sin:lpliﬁed runoff curve number method for planning level selection and sizing
practices, to ccrmph with the runoff volume control requirement of EISA Section 435.

pispec [

Enter Project name of the new record to proceed.

Figure 4: Add New Project




Once the user has entered a project name, a new project is created and added to the database. This
project will be available in both the LID Planning module and Cost Planning module. To delete a project,
click the “Delete Project” button and the project will be removed from the database.

For each project, enter the project information at the top left of Control Panel, to include: Date, DD1391
project number, Installation Master Planner name, and user name.

Army LID

lified runoff c

Minimum runoff retention volume to comply

with EISA 438 volume control requirement:

Acre-feet 0.217 Cubic feet: 9462 Gallons: 70772
Retention volume provided by BMPs (cubic feet)

Go to project: Example

Figure 5: Control Panel

3.2 SITE INFORMATION TAB

Both the LID Planning and Cost Planning modules have a section for Site Information. Users need to only
enter this data once for a project location as data will carry over from one module to the other. Site
Information includes the site street address, project limit of disturbance (acres), Army Command and
Installation location, and project description.

7/21/2016 Minimum runoff retention volume to comply
0D1391 project no.: JREES ! s ] with EISA 438 volume control requirement:

vasterplenner: [ T compl & rmoff volume of EIS on 438 | Acre-feet 0.217 Cubicfeet: 9462 Gallons: 70772

bl T ViewReport | AddProject | Delete Project Retention volume provided by BMPs (cubic feet):

Go to project:

1-Site Info | 2-Runoff | Bioretention | Swale | Permeable Pavement | Rainwater Harvesting | Green Roof | Infiltration Practice | Water Quality

~ SITE INFORMATION
Street: 12 Main 5t Army command: IMCOM [+]
City: Fort Meade Army installation: Fort Meade [+
State: MD| | Zip: 20755 Project limit of disturbance (acres) 6
Project description:
new building and parking lot
SOIL TYPE RAINFALL DEPTH
Select the site's overall soil type:  TTEE— Enter the site’s 95th percentile rainfall depth (inches), or click the "Set 95%
; Rainfall” button for the rainfall depth to be populated.
Hydrologic Soil Group: B
Set 95% Rainfall
95%Ramfall: 14

Figure 6: Site Information Tab
The Site Information tab also has sections for soil type and rainfall depth.

3.2.1 SOILTYPE

Using the drop down, select the soil type that best describes the project site’s existing soils. The
four choices are sandy, sandy-loam, silty-loam, and clay. Once a soil type is selected, the
corresponding Hydrologic Soil Group (HSG) is automatically populated. The Hydrologic Soil Group
is used later in the runoff calculations.




3.3

Sandy = Hydrologic Soil Group A
Sandy-Loam = Hydrologic Soil Group B
Silty-Loam = Hydrologic Soil Group C
Clay = Hydrologic Soil Group D

3.2.2 RAINFALL DEPTH

Another site data input is the 95" percentile rainfall depth. The 95 percentile rainfall depth is
defined as the rainfall depth that 95% of all storms are less than or equal to at the site location.
See Appendix A for more information on the 95 percentile rainfall depth.

The user can click the “Set 95% Rainfall” button to automatically populate the rainfall depth based
on the selected Army installation. Or the user may choose to manually type in the 95™ percentile
rainfall depth. See Appendix B for 95" percentile rainfall depths for each Army installation used
in this tool. These rainfall depths were populated by USACE Baltimore District using NOAA daily
precipitation records over a 30-year period for each Army installation location.

RUNOFF TAB

The Runoff tab calculates the EISA Section 438 runoff volume required to be retained on site, which is the

difference in pre-project and post-project runoff volumes.

3.3.1 LAND USE

In the Pre-Project column, enter the site area in acres of each land use as it exists prior to the
planned project being constructed. The sum of these areas is totaled at the bottom of the Pre-
Project column. The total acres must equal the Limit of Disturbance in the Site Info tab.

In the Post-Project column, enter the site area in acres of each land use as it will exist after the
project is constructed. The sum of these areas is totaled at the bottom of the Post-Project column.
The total acres must equal the Pre-Project total and the Limit of Disturbance in the Site Info tab.

When the total areas of pre- and post-project land use are equal to each other and equal to the
project Limit of Disturbance entered in the Site Info tab, the colors of the sums will turn from red
to green.

Note: At this time, the user may ignore the Non-Structural BMP column below the Post-Project
land use. Reference Section 3.4.7 for more information.
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Next Step: Choose BMPs

Figure 7: Runoff Tab

3.3.2 EISARUNOFF VOLUME CALCULATION

Runoff calculations in the tool use the widely accepted National Resources Conservation Service
(NRCS) Curve Number Method. This method is explained further in Appendix A. Using the
project’s limit of disturbance (site area), soil type, rainfall depth, and land use, the pre-project and
post-project runoff volume are calculated. The runoff volumes are given in several units: acre-
feet, gallons, cubic feet, and cubic feet per second, as shown in Figure 8. The increase in runoff
volume from pre-project to post-project is the EISA volume required to be retained on site. Once
the EISA volume requirement is known, the user can move on planning the BMPs.




3.4

Runoff volume calculations

Pre-project Post-project Difference

Site CIN: L8 23

Acre-feet: 0.002 0219 0217

Gallons: 507 71280 T07T2

Cubic feet: 68 9529 S4R2

CF5: 000 0.11 011
9462 cubic feet is the EISA

runoff volume requl'red to be

retained on site.

Figure 8: Runoff Volume Results

Redevelopment Note: In most cases for new development projects, the post-project runoff
volume is higher than the pre-project runoff volume, resulting in an EISA requirement. However,
if the EISA volume requirement is a negative number, that means the tool calculated the post-
project runoff volume to be less than the pre-project runoff volume. This may be true for
redevelopment projects that reduce impervious areas from the pre-project condition (e.g.
removing a parking lot and converting to grass). A negative number indicates an improved
hydrologic condition (the post-project runoff is reduced from the pre-project condition), and
therefore EISA Section 438 has been met and no additional retention volume is required.
However, even with no EISA requirement, there may still be state and local stormwater
management requirements to comply with.

BEST MANAGEMENT PRACTICES (BMP) TABS

Now that the user knows the EISA volume requirement required to be retained on site, the next step is to

plan which BMPs to implement in order to retain the required runoff volume.

3.4.1 BIORETENTION

A bioretention cell is a landscaped depression with an engineered section of vegetation, soil
media, and drainage gravel layers. Runoff enters the bioretention and filters through the section
layers before infiltrating to the underlying soils below.

Bioretention Instructions:

1. Enter the total surface area (in square feet) of bioretention planned for the site. If
you plan to use several bioretentions, enter the total surface area here.




2. From this area and the infiltration rate of the site’s soil type (which is automatically
populated), the estimated runoff volume retained by the bioretention is calculated
(circled in red in Figure 9).

1-Site Info | 2-Runoff | Bioretention |Swale | Permeable Pavement | Rainwater Harvesting | Green Roof | Infiltration Practice | Water Quality

Figure 9: Bioretention Tab

3.4.2 SWALE
A swale is a linear channel that conveys runoff, typically used in drainage applications. A
vegetated swale can also serve as a BMP, filtering pollutants and reducing runoff.

Swale Instructions:

1. Select the swale shape from the drop down menu.

Select the longitudinal slope (ft/ft) of the centerline of the swale from the drop
down menu.

3.  Select the surface vegetation of the swale from the drop down menu.

4. Enter geometry of the swale cross section: Length, Top Width, Depth, and Bottom
Width.

5. Enter the Design Flow (in cubic feet per second). The design flow is needed to
calculate the retention volume in the swale. It is recommended to consult a civil
engineer to estimate this value.

6. Using the input data above, the estimated runoff volume retained by the swale is
calculated (circled in red in Figure 10).

1-Site Info | 2-Runoff | Bioretention | Swale | permeable Pavement | Rainwater Harvesting | Green Roof Infiltration Practice | Water Quality

Trapezodal 002 [<]
Short g, fewweeds (o]
[ 4 |

TALL GRASS & STONES

Figure 10: Swale Tab




3.4.3 PERMEABLE PAVEMENT
Permeable pavement refers to pavement that is designed to allow infiltration of runoff through

the pavement surface and base layers to the underlying soils below. Types of permeable

pavement include permeable concrete pavers, pervious concrete, porous asphalt, and reinforced

turf or gravel.

Permeable Pavement Instructions:

1.

Enter the total surface area (in square feet) of permeable pavement planned for
the site. If you plan to use several areas of permeable pavement, enter the total
surface area here.

Enter the stone subbase void ratio (or use the default value of 0.4).

From these inputs and the lesser of the 95™ percentile rainfall depth and the
infiltration rate of the site’s soil type (which is automatically populated), the
estimated runoff volume retained by the permeable pavement is calculated (circled
inred in Figure 11).

| 1-site Info | 2-Runoff | Bioretention | Swale | Permeable Pavement | Rainwater Harvesting | Green Roof | Infiltration Practice | Water Quality |

Enter the total area of propesed permeable pavement. Permeable pavement types
include permeable pavers, pervious eoncrete, porous asphalt, and reinforced turf.
Permeable pavement area (square feet): 20000|

Stone sub-base void ratio (default value is 0.4) 04

Minimum stone storage depth (inches): 6.00

Void storage volume (cubic feet): 4000

Infiltration time from stone sub-base (dayz): 02

Estimated runoff retention volume (cubic feet):

Figure 11: Permeable Pavement Tab

3.4.4 RAINWATER HARVESTING
A rainwater harvesting system can be as simple as a rain barrel connected to a garden hose or as

complex as a roof runoff collection cistern with reuse application. Reuse applications can include

irrigation or other non-potable water demands.

Rainwater Harvesting Instructions:

1.

Enter the total surface area of roof (in square feet) that is planned for rainwater
collection.

Estimate the average daily usage (in gallons per day) that the rainwater will be
reused for.

Select the number of service days per week that the rainwater will be reused from
the drop down menu.

Using the input data above, the estimated runoff volume retained by the rainwater
harvesting system is calculated (circled in red in Figure 12).

10




= e
1-Site Info | 2-Runoff I Bioretention ISwaIe I Permeable Pavement | Rainwater Harvesting | Green Roof | Infiltration Practice | Water O.uality|

Enter the total roof area to be collected, the reuse demand, and number of reuse service days per week.
Roofarea draining to Rainwater Harvesting System (square feet): 30000
Estimated average daily usage (gallons per day): 1000
Desired number of service days per week (3-7 days) 5|Z|
Storape capacity (gallons): 5000
g Estimate runoff volume (5% rain) (gallons): 25782
N Estimated runoff retention volume (cubic feet):

Figure 12: Rainwater Harvesting Tab

3.4.5 GREEN ROOF

A green roof is an engineered vegetated system that is secured to a building’s roof. Components
include vegetation, soil media, drainage system, and waterproofing membrane. Green roofs
allow a building roof to mimic the hydrology of grass instead of an impervious area. They filter
rainwater and reduce the amount of runoff leaving the roof.

Green Roof Instructions:

1. Enter the total surface area (in square feet) of green roof planned. If you plan to
use several areas of green roof, enter the total surface area here.

2. Enter the depth (in inches) of the green roof soil media layer.

3. Enter the soil media void ratio (or use the default value of 0.3).

Using the input data above, the estimated runoff volume retained by the green roof
is calculated (circled in red in Figure 13).

| 1-site Info | 2-Runoff | Bioretention i Swale | Permeable Pavement I Rainwater Hawesting| Green Roof ilnﬁltration Practice | Water Quality |

Enter the total area of proposed vegetative roof and soil media depth.

Vegetative roof area (square feet): 15000

Vepetative roof soil media depth (inches): 4 (Recommended range: 4 to 24 inches)
. Soil media void ratio (default value iz 0.3): 0,30

Estimated runoff retention volume (cubic feet]

Figure 13: Green Roof Tab

3.4.6 INFILTRATION PRACTICE

There are several types of infiltration practices, such as gravel dry wells and infiltration trenches.
Runoff drains through the infiltration practice section, and then infiltrates to the underlying soils
below.

Infiltration Practice Instructions:

1. Enter the total surface area (in square feet) of infiltration practices planned for the
site. If you plan to use several infiltration practices, enter the total surface area
here.

2. Enter the infiltration bed depth (in feet).

11




3. Enter the stone void ratio (or use the default value of 0.4).

4, The infiltration rate of the site’s soil type is automatically populated.

5. The estimated runoff volume retained by the infiltration practice (circled in red in
Figure 14) is calculated as the lesser of: the infiltration volume and physical storage
volume.

Permeable Pavement | Rainwater Harvesting | Green Roof | Infiltration Practice | water Quality

1-Site Info | 2-Runoff | Bioretention | Swale

Figure 14: Infiltration Practice

3.4.7 NON-STRUCTURAL BMPS

Non-structural BMPs, such as vegetated filter strips and reforestation, are accounted for by
adjusting the Post-Project land use in the Runoff tab. Enter the site area planned for vegetated
filter strip or reforestation. This land use change causes the post-project runoff volume to
decrease, which in turn reduces the project’s EISA volume requirement.

Note: Keep in mind the pre-project and post-project Limit of Disturbance must be equal. If the
user enters an area in a non-structural BMP line, the user would then have to reduce the existing
land use where the non-structural BMP is planned.

Mext Step: Choose BMPs

Figure 15: Non-Structural BMPs on Runoff Tab

12




3.4.8 EISA COMPLIANCE

While the user plans the site’s BMPs (which can take multiple iterations), the “Retention Volume
Provided by BMPs” is totaled on the top right of the Control Panel (circled in red in Figure 16).
Once this value turns green, the project is complying with EISA, which means the site is retaining
a runoff volume greater than or equal to the EISA requirement. Keep in mind this is planning
level only, and the final design must show EISA compliance based on the final BMP design.

Army LID Planning Tool

Minimum runoff retention volume to comply

Simplified runoff curve number method for planning 5 sizing of with EISA 438 volume control requirement:

bractices, to ccrmpl\ with the runoff volume co »ntrn} requirement of EISA Section 438. Acre-feet 0.217 Cubic feet: 9462 Gallons: 70772

Add Project Delete Project Retention volume provided by BMPs (cubic feet):

Swale | Permeable Pavement | Rainwater Harvesting | Green Roof | Infiltration Practice | Water Cl.uality|

Figure 16: EISA Compliance Check

3.5 WATER QUALITY TAB

Although not a requirement of EISA Section 438, this tab is provided if the user is interested in planning
level water quality calculations. On this page, the pollutant load reduction achieved by the project’s
planned BMPs can be estimated. This is planning level only, and should not be used for design and/or
stormwater permitting calculations.

First, select from the drop down list the land use description that best describes the pre-project and post-
project site. Then, the pollutant loads (in pounds) for Nitrogen (N), Phosphorus (P), and Total Suspended
Solids (TSS) are calculated for both pre-project and post-project, using pollutant loading rates taken from
the L-THIA Low Impact Development Model (Purdue University). The difference between pre-project and
post-project condition is the pollutant load increase.

Next, the table below calculates the pollutant reduction (in pounds) achieved by each planned BMP, with
a total reduction at the bottom of each pollutant’s column (circled in red in Figure 17).

Note: The Nitrogen and Phosphorus removal efficiency default values are from the Virginia Department
of Environmental Quality Stormwater BMP Clearinghouse Specifications and the Total Suspended Solid
removal efficiency values are from the Chesapeake Bay Program established efficiencies. The user may
choose to edit the BMP pollutant removal efficiencies to better align with their local established
efficiencies. At any time the user may click the “Set Default Values” button to restore the default
efficiencies.

13




Water Quality

Figure 17: Water Quality Tab
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4.0 COSTPLANNING MODULE

4.1 OVERVIEW

The Cost Tool will assist in developing planning level costs for construction and maintenance of LID Best
Management Practices (BMPs). The tool is not designed to calculate detailed estimates during design or
construction.

From the LID Planning module, click on “View Cost” in the control panel to navigate to the Cost Planning
module.

Minimum runoff retention velume to comply

Armvy LID Planning Tool

o. fied 11 cur e nni n and ) with EISA 438 volume control requirement:
] i - e Lt == g
cotopron T

picow |
Foidiade
=0 ]

new building and parldng lof|

Figure 18: Navigate to Cost Module from LID Planning Module

Similar to the LID Planning module, the Control Panel allows users to add and delete projects as well as
use the “Go to Project” dropdown menu to navigate to an existing project.

Go to project: =] Army LID Cost Tool
Example
Cost | Bioretention | Infilration practice | Swale | Permeable concrete pavers | Pervious concrete | Porous asphalt | Reinforced turf | Fil

e SOl

new building and parking lot

Figure 19: Cost Tool Site Info Tab

4.2 SITE INFORMATION TAB

Entries here are populated from the LID Planning Site Info tab. If Cost Tool is being used independently,
enter the site information.

15




4.3

INDIRECT COST

The Indirect Cost tab allows the user to adjust “mark-up” rates used for indirect costs, including: sales tax,

subcontractor overhead, subcontractor productivity, subcontractor profit, prime contractor overhead,

prime contractor profit, bond, and design contingency. Click on the “Set Default Values” button at any

time to reset the indirect values.

4.4

: [ indi [ m—r—
| Site Info | Indirect Cost | Bioretention | Infiltratic

Update Indirect Cost
Type - Cost -
Sales Tax E-.EI'%|
Sub JOOH 8.0%
Sub HOOH 12.0%
Sub productivity Loss 10.0%
Sub profit 10.0%
Prime JOOH 6.0%
Prime HOOH 14.0%
Prime profit 10.0%
Bond 2.0%
Design contingency 15.0%

Set Default Values

Figure 20: Indirect Cost Tab

BMP COST TABS

4.4.1 CONSTRUCTION COST
Each BMP in the Cost Tool has an associated tab. A button to create a new entry can be clicked
when the user wants to estimate cost for more than one of a BMP type.

In the upper left corner of each BMP cost tab, there are default material dimensions with letter
designations (A, B, C, D, T, P, B, S) shown in the associated BMP cross section. For example, in the
Bioretention tab, there are depth dimensions for the mulch (A), soil media (B), pea gravel (C), and
gravel (D) layers. The user can use the default material depths, or input their desired depths. At
any time the user can reset default values by clicking the “Reset default values” button. The user
then inputs width “W” and length “L” surface area dimensions of the planned BMP. Take care to
input values in the correct units of measure shown under each dimension.

From these input parameters, direct and indirect construction costs are calculated. Direct costs
include materials, labor, and equipment. Indirect costs include subcontractor and prime
contractor job office and home office overhead (JOOH and HOOH), productivity, profit, and prime
contractor bond. The total direct plus indirect costs is the estimated Construction Cost of the
BMP, circled in red in Figure 21.
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It is important to note the Construction Cost does not include: design costs, project contingency

costs, supervision & administration costs, and operations & maintenance costs.
Army LID Cost Tool

Go to project: E]
View Planning Add Project l Delete Project EXﬂInple

|Site Info | Indirect Cost‘ Bioretention ‘ Infiltration practice | Swale | Permeable concrete paversl Pervious concrete | Porous asphalt | Reinforced turf | Filter strip

The cost estimating tool will assist you in developing a PLANNING
ol is not designed to calculate detailed
estimates such as contract modification cost estimates.

A B C D W L e e DIRECT COSTS INDIRECT COSTS =
(n) (in) (in) (n) (ft) (ft) Bioretention Bioretention Material Labor Equipment Total
; ; ; - 3 - Quantity Cost Cost Cost  Direct Cost Subcontractor
o 5= s
3§24 | 4 N12 | 50 g1 OO| Reset default values Mulch (CV): % sLo72 $2.873 50 54,845 e e
vy R oieaiihany s JRge Soil media (LCY): | 370 | $11,852 | $3,740 | $2,334 | 517,925 ||HOOH: $10,176
Total direct cost: §84,802 | np sstane(LeY): | 62 | 52377 | s678 | 423 53477 | |Productivy: 32864
e $70,154 | ) ssone(iev)| 185 | s7941 | 51908 | 51,190 | sitose | |TO I
Design ce)ntingency: 43 e i = T e ™ A Totl: $30,287
. textile (SY): ] ;
Total construction cost: §178,199 D o Prime contractor
6" PVCPipe (LF): | 333 | 31617 | 3589 50 52,513
— JOOH: 56,905
- Trees (EA): 11 20533 | s3e0 | s20m 26,444
——— (BA) $ $ ¥ ¥ HOOH: $16,112
== - Shrubs (EA)- 278 4797 | $3,975 0 8,772
e b E) g P | : Pofic  s13811
Grass/seeding (SY):| 167 5292 5215 50 5507 Bond: 53,038
A Excavation (BCY)- | 763 50 52,604 | $1,625 $4229 | |Totk $39,867
R A
Subtotal: $52,434 520796 57,843 581,072  Tomlindirectcost:  $70,154
| - s
o T DBUBLE WASHED
_w | # Mohilization- 584
e Toml directcost:  §84,802

Figure 21: Bioretention Cost Tab

It should be noted that Rainwater Harvesting and Green Roofs are not included in the Cost Tool
due to the varying complexities of these LID BMP. Green roofs affect the structural design of the
building roof, while Rainwater Harvesting systems can employ rainwater reuse via plumbing or
irrigation systems. Itis recommended to consult with an experienced cost estimator to plan costs
for these BMPs.

4.4.2 ANNUAL MAINTENANCE COST

Annual maintenance cost estimation is included in the lower section of each BMP cost tab. For
each maintenance task, the user can use the default annual frequencies, or input the desired
annual frequency. Click the “Reset default frequency values” button at any time to reset the
default values.

The estimated Annual Maintenance Cost (circled in red in Figure 22) for the BMP is a sum of the
direct and indirect costs. Direct costs include materials, labor, and equipment. Indirect costs
include the contractor’s job site and home office overhead, profit, bond. Subcontractor costs are
not included in the maintenance cost because it is assumed LID BMP maintenance is self-
performed by a base operations contractor.
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Figure 22: Bioretention Maintenance Cost Tab

4.5 COST TOOL RESOURCES

The cost estimating calculations in this tool are based on MCASES MIl (Micro-Computer Aided Cost
Estimating Software System, Second Generation). Mll is a detailed cost estimating software used by the
U.S. Army Corps of Engineers for preparing cost estimates.

Area Cost Factors (ACF) for each installation location is accounted for in the cost calculations. Area Cost
Factors in this tool are taken from RSMeans 2016, with a baseline ACF of 100. See Appendix B for a list
of ACFs for each Army installation.
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5.0 REPORT

5.1 GENERATE REPORT

Now that the LID BMPs are planned and costs estimated, the user can view the report from the Control
Panel in the LID Planning module. By clicking the “View Report” button in the Control Panel, a report is
generated that summarizes the inputs and results of the tool.

Army LID Planning T

ified runoff e

772172016

Minimum runoff retention velume to comply
with EISA 4 olume control requirement:

e 11 Acre-feet 0.21

ume provided by BMPs (

requi E

Retentio

¢ ) r I
Ada P
Go to project: -—n

pcow |
T
E=0 K

new building and parldng lof

Figure 23: View Report Button

Army LID Planning and Cost Tool Report
PROJECT INFO SITE INFO AND EISA VOLUME
Date REQUIREMENT
S — Pttt 80) €]
Ml s 5%ranil depth ()
e = i
Projectdesrption Hydrologic Sl Group (FSC)
building and parking lot Pre-project curve number (CIN)
rw Fostproject cure sumber ()
User Name BIC Pre-project runcff volmas (CF)
Master Flanner ] Post-project runoff volume (CF)
EISA saction 438 retention volume
requirement (CF)
LID PLANNING SUMMARY
Structuml BMP Susface area Runeff volume Non-structural BMP Snsface
() retained [CF) area (AC)
Bioretention: [ 5000 | Veg. Filter Strip (Slope 2%, Short Crass):
Swale: | [0 | Veg. Filter Strip (Slope 2%, Tall Grass):
Permeable pavement: Vg Filter Strip (Slops <234, Short Grass):
Rainwater barvesting: \ lil Veg. Filter Strip (Slope €2%, Tall Grass):
Greenroof: 15000 | 1500 et (Trses - Short Grass):
Infiltration practice: 2000 162+ Reforestation (Trees - Shrubs md Tall Grazs): | 000 |
Total retention volume provided by BMPs (CE):
Project complies with EISA Section 438.
LID COST SUMMARY
Type Surface Area (SF) + c fom Cost Annual Cost
Bioretention basin 5000 $178,195.80 $41,998.17
Drainags swils [ 50.00 5000
Filter strip 0 50.00 5000
Infiltration wench 2000 5165,831.82 $17,611.57
Permasble concrete pavars 20000 $563,431.04 $72,883.05
Perviows concrete [ 50.00 5000
Forous asphalt [ 50.00 5000
Reinforced fuf. [ 50.00 5000
Total 51,307461.66 5132,381.02

Figure 24: Report
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APPENDIX A - LID BMP MODELING CONCEPTS

BACKGROUND

This appendix is intended to discuss simple, reliable hydrologic methods and models to quickly estimate
volume control requirements, and to allow screening, selection, and approximate sizing of LID BMPs to
achieve storm water volume reduction goals to meet EISA Section 438. The methods presented have
been used in numerous studies and are generally accepted by regulating authorities.

For the purposes of the hydrologic analysis, the site design process is divided into three stages:

1) Hydrologic analysis, in which the 95th percentile rainfall event is established, and the
corresponding runoff volume for the developed and predevelopment condition are calculated;

2) Site design, in which LID site design strategies are implemented to minimize increases in runoff
volume resulting from development; and

3) Application of BMPs to capture unavoidable runoff.

The EPA Technical Guidance Manual for complying with EISA Section 438 presents two options for
estimating the required volume of runoff that needs to be retained on-site using LID practices. Option 1
is a statistical determination of estimating the design retention volume between pre-development and
post development conditions. Option 2 encompasses continuous modeling techniques which call for a
comparison of runoff volume between pre-development and post development conditions over a period
of time (multiple storm events) using a period of record rainfall.

This appendix will focus on estimating the design retention volume using Option 1 and on various LID
BMPs that can be used to manage these required retention volumes.

95% RAINFALL ESTIMATION

The 95th percentile rainfall event represents a daily rainfall volume, which on average will equal or
exceed 95 percent of all daily rainfalls over a given period; at least 20-30 years. In more technical terms,
the 95th percentile rainfall event is defined as the measured precipitation depth accumulated over a 24-
hour period for the period of record that ranks as the 95th percentile rainfall depth based on the range
of all daily event occurrences during this period. The 24-hour period is typically defined as 12:00:00 am
t0 11:59:59 pm. In general, at least a 20-30 year period of rainfall record is recommended for such an
analysis. This raw data is readily available and collected by most airports across the county. Small rainfall
events that are a tenth of an inch or less are excluded from the percentile analysis because this rainfall
generally does not result in any measureable runoff due to absorption, interception, and evaporation by
permeable, impermeable, and vegetated surfaces. For planning purposes, the retention volumes are
derived by taking the difference between estimating the pre- and post- development runoff volumes for
the 95% rainfall.



RUNOFF COMPUTATION — SCS CURVE NUMBER METHOD

Methodology

The runoff curve number method is a procedure for hydrologic abstraction developed by the USDA
Natural Resource Conservation Service (NRCS). In this method, runoff depth (i.e., effective rainfall depth)
is a function of total rainfall depth and an abstractive parameter referred to as runoff curve number, curve
number, or CN. The curve number varies in the range of 1 to 100, being a function of the following runoff
producing catchment properties: 1) hydrologic soil type; 2) land use and treatment; 3) ground surface
condition; and 4) antecedent moisture condition.

The runoff curve number method was developed based on 24-h rainfall-runoff data. It limits itself to the
calculation of runoff depth and does not explicitly take into account temporal variations of rainfall
intensity. In the runoff curve number method, actual runoff is referred to as Q, and the potential runoff
(total rainfall) is represented by P, with P being greater than or equal to Q. The actual retention after
runoff begins is P minus Q. The potential retention (or potential maximum retention) is S, with S being
greater than or equal to P minus Q.

The method is based on an assumption of proportionality between retention and runoff:

Hzg (A.1)
S P

Where,

Q = Total runoff depth (inches)
P = Total rainfall depth (inches)
S = Maximum retention depth (inches)

This assumption states that the ratio of actual retention to potential retention is equal to the ratio of
actual runoff to potential runoff. For practical applications, Equation A.1 is improved by reducing the
potential runoff by an amount equal to the initial abstraction. The initial abstraction consists mainly of
interception, infiltration, and surface storage, all of which occur before runoff begins.

P-1, -
. ~Q = Q (A.2)
S P-1,
Where, |, is equal to initial abstraction.
Solving for Q and setting I, = 0.2S, results in the following runoff relationship:
(P-0.25)
Q="r—"—5 (A.3)
(P+0.89)

Which is subject to the restriction that P is greater than or equal to 0.2S.



Since potential maximum retention varies widely, it is more appropriate to express it in terms of a runoff
curve number, an integer varying in the range of 1 to 100, in the following form:

s =120 19 (a9)
CN

In which CN is dimensionless and S, 1000, and 10 are given in inches.

Estimation of Runoff Curve Number (CN)

For ungaged watersheds, estimates of CN are given in tables, Table A.1, supplied by federal agencies and
local city and county departments. Tables of runoff curve numbers for various hydrologic soil-cove
complexes are widely available. The hydrologic soil-cover complex describes a specific combination of
hydrologic soil group, land use and treatment, hydrologic surface condition, and antecedent moisture
condition. All these have a direct bearing on the amount of runoff produced by a catchment. The
hydrologic soil group describes the type of soil. The land use and treatment describes the type and
condition of vegetative cover. The hydrologic condition refers to the ability of the catchment surface to
enhance or impede direct runoff. The antecedent moisture condition accounts for the recent history of
rainfall and consequently it is a measure of the amount of moisture stored by the catchment.

For hydrologic soil groups all the soils are classified into four hydrologic soil groups of distinct runoff
producing properties. These groups are labeled A, B, C, or D. Group A consists of soils of low runoff
potential having high infiltration rates even when wetted thoroughly. They are primarily deep, very well
drained sands and gravels with a characteristically high rate of water transmission. Group B consists of
soils with moderate infiltration rates when wetted thoroughly, primarily moderately deep to deep,
moderately drained to well drained, with moderately fine to moderately coarse textures. These soils have
a moderate rate of water transmission. Group C consists of soils with slow infiltration rate when wetted
thoroughly, primarily soils having a layer that impedes downward movement of water or soils of
moderately fine to fine texture. These soils have a slow rate of water transmission. Group D consists of
soils of high runoff potential, having very slow infiltration rates when wetted thoroughly. They are
primarily clay soils with a high swelling potential, soils with a permanent high water table, soils with a clay
layer near the surface, and shallow soils overlying impervious material. These soils have a very slow rate
of water transmission.

The effect of the surface condition of a watershed is evaluated by means of land use and treatment
classes. Land use pertains to the watershed cover, including every kind of vegetation, litter and mulch,
fallow (bare soil), as well as non-agricultural uses such as water surfaces (lakes, swamps, etc.), impervious
surfaces (roads, roofs, etc.), and urban areas. Land treatment applies mainly to agricultural land uses
however non-agricultural best management practices could be evaluated as well. The runoff curve
number method distinguishes between cultivated lands, grasslands, and woods and forests.



LID COMPUTATIONS
Bio-Retention

The bio-retention practice allows water to flow to a depression and be infiltrated fully over a 24 hour
period of time. The assumption is that no standing water will be present after 24 hours for the 95%
storm event.

Vpr = (M) (A.5)

Where,

Vgr = Volume of water infiltrated over a 24 hour period (ft3)
Ains = Area of Bio-Retention available for infiltration (ft?)
| = Infiltration rate (inches/day) as a function of Hydrologic Soil Group

Swale

The swale practice allows water to flow through it and infiltrate over the length of the swale. Not all
water entering the swale is expected to be infiltrated.

Q=dVol/1dayx(1/ (24 h x 3600 s)) (A.6)

If Rectangular Channel: Ac=WxD (A.7)
P=(2xD)+W (A.8)

If Trapezoidal Channel: Ac= (W x D)+ (m x D?) (A.9)
P=(2xD)x(1+m?°5+W (A.10)

R=A/P (A.11)

V = Q/A. (Continuity Equation) (A.12)

V = 1.49/n x R¥3 x S? (Manning’s Equation) (A.13)

Let Q/ Ac=1.49/n x (R)¥3 x §*2

Known variables: Q, W, n, and S
Unknown variable: D

Solve iteratively for D
Solve for V

t=L/V (A.14)

Vs=1/12* As* t * (24 h * 3600 s) (A.15)



Where,

V = flow velocity (ft/s)

Q = flow (cfs)

n = Manning’s Roughness Value (Table A.3)

L = swale length (ft)

W = swale width (ft)

D = swale flow depth (ft)

A. = cross sectional area (ft?)

P = wetted perimeter (ft)

R = hydraulic radius (ft*3)

A, = Wetted Surface Area (ft?)

S = swale gradient (ft/ft)

m = swale side slope if trapezoidal

| = infiltration rate (inches/day) (Table A.2)

dVol = change in volume between pre and post project (ft3)
t = travel time (seconds)

Vs = Maximum volume of water that can be infiltrated (ft3)

Permeable Paving

The permeable paving practice allows water to infiltrate the porous asphalt surface such that light
vehicle traffic is allowed while also infiltrating water and pollutants to the pavement sub-base.

_ SSa
V= App * (32) 5 VR, (A.16)
If (lpp < D95) then
I
Vop = App * ( pp/12) (A.17)
If (I, >= Dos) then
D
Vop = App * ( 95/12) (A.18)
Top = D5 I (A.19)
pp

Where,

App = Surface Area of Permeable Pavement (ft?)

VRpp = Stone Sub-base Void Ratio

SS4 = Minimum Stone Storage Depth (inches)

V., = Void Storage Volume (ft3)

Vpp = Permeable Pavement Estimated Retention Volume (ft?)

Tins = Infiltration Time from Stone Base (days)

lop = Infiltration Rate beneath Permeable Pavement (inches/day) (Table A.2)



Dss = 95% Rainfall Depth over a 24 hour period (inches/day)

Rainwater Harvesting

The rainwater harvesting practice collects water for use by vegetation as well as allowing for
evaporation and transpiration. Typically water is routed from roofs via gutters and stored for later use.

SRH = UA * N (AZO)

(Dgs—0.2*(1000/98—10))2

501 = (s T ) A2l
If Srn < Vro1
Ve = SRH/7_48 (A.22)
If Skr >= Vro1
Ve = VR01/7_48 (A.23)
Where,

Ar = Roof Area (ft?)

Ua = Estimated Average Daily Usage (gallons/day)

Sru = Storage Capacity (gallons)

N = Desired Number of Service Days

Dss = 95% Rainfall Depth over a 24 hour period (inches/day)
Vro1 = Estimated Runoff Volume (gallons)

Vry = Rain Harvesting Estimated Retention Volume (ft3)

Green Roof

The green roof practice collects water for use by vegetation being grown on the roof as well as allowing
for evaporation and transpiration.

Wr = DSM/12 * VRsy * Ayr (A.24)
Where,
Avr = Area of Vegetated Roof (ft?)

Dsm = Vegetated Roof Soil Media Depth (inches)
VRsm = Soil Media Void Ratio



Vv = Vegetated Roof Estimated Retention Volume (ft3)

Infiltration Practice

The infiltration practice is similar to the bio-retention practice except is has a stone sub-base that allows
for storage of water in addition to infiltration.

SV = AIB * DIB (A25)
VROZ = SV * VRIP (A26)
PV =A, 1 (A.27)

IB 12

If VRoz < PV, Vip = VROZ
If VROZ >= PV, V|p =PV
Where,

Ais = Infiltration Bed Area (ft?)

Dis = Infiltration Bed Depth (ft)

VRp = Stone Sub-base Void Ratio

SV = Stone Volume (ft3)

Vro2 = Runoff Storage Volume (ft3)

| = Infiltration Rate (inches/day) (Table A.2)

PV = Potential Infiltration Volume (ft)

Vp = Infiltration Practice Estimated Infiltration Volume (ft3)

Vegetative Filter Strip

The reduction in post project runoff for this LID practice is accounted for by selecting one of the
various post project “land covers” and entering the site area proposed for this use.

Reforestation and Afforestation

The reduction in post project runoff for this LID practice is accounted for by selecting one of the
various post project “land covers” and entering the site area proposed for this use.

Riparian Buffer Restoration

The reduction in post project runoff for this LID practice is accounted for by selecting one of the
various post project “land covers” and entering the site area proposed for this use.



Level Spreader

Level spreaders may include a runoff retention component, but its primary function is to
increase flow time and decrease flow rates. Spreaders with stone beds that also infiltrate water into the
ground can be assessed as a LID infiltration practice.

Constructed Filter

Filters may include a runoff retention component, but its primary function is to remove
pollutants. Filters with stone beds that infiltrate water into the ground can be assessed as a LID
infiltration practice or bioretention practice.

Soil Restoration

Although this LID practice reduces runoff volumes, the variables are too complex for a
generalized planning estimate of the potential runoff reduction.



Table A.1. SCS Curve Numbers as a function of Hydrologic Soil Group and Land Use / Land Cover

Landuse/Land Cover Hydrologic Soil Group
A B C D
WOODED (fair) 36 60 73 79
MEADOW 39 58 71 78
BRUSH & WEEDS (fair) 35 56 70 77
LAWN 49 69 79 84
ROADS & DRIVES
("0/C&G) 83 89 92 93
ROADS & DRIVES
("/C&G) 98 98 98 98
PARKING, DRIVEWAYS &
SIDEWALKS %8 98 %8 %8
BUILDING ROOF 98 98 98 98
BARE SOIL 77 86 91 94
BRUSH & WEEDS (poor) 48 67 77 83
BRUSH & WEEDS (good) 30 43 65 73
TREES - GRASSY (poor) 57 73 82 86
TREES - GRASSY (fair) 43 65 76 82
TREES - GRASSY (good) 32 58 72 79
WOODED (poor) 45 66 77 83
WOODED (good) 30 55 70 77
OPEN SPACE (lawns,
parks, cem.) <50% grass 68 & 86 89
OPEN SPACE (lawns,
parks, cem.) <75% grass 49 69 9 84
OPEN SPACE (lawns,
parks, cem.) >75% grass 3 61 74 80
1.1.3.a VEG. FILTER STRIP
(Slope >2%, Short Grass) >0 70 80 84
1.1.3.b VEG. FILTER STRIP
(Slope >2%, Tall Grass) 45 65 s 80
1.1.3.c VEG. FILTER STRIP
(Slope <2%, Short Grass) 40 60 70 s
1.1.3.d VEG. FILTER STRIP
(Slope <2%, Tall Grass) 3 > 65 70
1.1.11.a REFORESTATION
(Trees - Short Grass) 45 65 75 80
1.1.11.b REFORESTATION
(Trees - Shrubs & Tall 35 55 67 75
Grass)
Table A.2. Infiltration Rates based on Hydrologic Soil Group
Soil Type HSG 24 Hour Infiltration Rates (Inches/Day)
Uncompacted LID Practice Beneath Permeable Paving
Sandy A 14.343 10.8
Sandy-Loam B 9.743 7.2
Silty-Loam C 4.43 2.4
Clay D 0.769 0.48
Table A.3. Roughness Values based on Swale Surface Type
Swale Surface Type Manning’s Roughness
Dense Brush, Higher than flow depth 0.1
Dense High Grasses, with Stones 0.09
Dense Grasses, High as flow depth 0.08
Short Grass, with Stones 0.04
Short Grass, Few Weeds 0.027
No Vegetation 0.02
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ARMY IMCOM INSTALLATION RAINFALL DATA & AREA COST FACTORS

95th Percentile Rainfall

No. Army IMCOM Installation NOAA Rain Gage Depth (in) Area Cost Factor City | Area Cost Factor State | 2016 Area Cost Factor
1 Aberdeen Proving Ground EPA Tech Guide 1.6 Baltimore Maryland 99.5
2 Anniston Army Depot Jacksonville 1.9 Gadsden Alabama 92.9
3 Biggs Army Airfield El Paso International Airport 1.1 El Paso Texas 94.5
4 Blue Grass Army Depot Richmond State Police 1.7 Lexington Kentucky 95.8
5 Camp Shelby Hattiesburg 2.3 Laurel Mississippi 93.7
6 Carlisle Barracks Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
7 Corpus Christi Army Depot Corpus Christi Nas 2.7 Corpus Christi Texas 104.3
8 Deseret Chemical Depot Tooele 0.9 Salt Lake City Utah 92.5
9 Detroit Arsenal Saginaw 1.2 Saginaw Michigan 89.9
10 Dugway Proving Ground Tooele 0.9 Salt Lake City Utah 92.5
11 Electronic Proving Ground Fort Huachuca Sierra Vista Municipal Airport 1.1 Tuscon Arizona 95.0
12 Forbes Airfield Bonner Springs 19 Kansas City Kansas 93.2
13 Fort A.P. Hill Ashland 1.7 Richmond Virginia 95.0
14 Fort Belvoir EPA Tech Guide 1.7 Arlington Virginia 100.3
15 Fort Benning Fort Benning Lawson Field 2.0 Columbus Georgia 84.8
16 Fort Bliss El Paso International Airport 1.1 El Paso Texas 94.5
17 Fort Bragg Fayetteville 1.8 Fayetteville North Carolina 91.2
18 Fort Buchanan Truijillo Alto 2.0 San Juan Puerto Rico 102.3
19 Fort Campbell Herndon 1.9 Paducah Kentucky 110.6
20 Fort Carson Colorado Springs Municipal Airport 1.1 Colorado Springs Colorado 93.3
21 Fort Detrick EPA Tech Guide 1.6 Baltimore Maryland 99.5
22 Fort Dix Indian Mills 1.8 Camden New Jersey 101.3
23 Fort Drum Watertown 1.1 Watertown New York 96.5
24 Fort Eustis Norfolk NAS 1.8 Norfolk Virginia 96.7
25 Fort Gillem EPA Tech Guide 1.8 Atlanta Georgia 96.7
26 Fort Gordon August Bush Field 1.8 Augusta Georgia 94.7
27 Fort Greely Big Delta Airport 0.8 Fairbanks Alaska 128.1
28 Fort Hamilton EPA Tech Guide 1.7 New York New York 111.7
29 Fort Hood Stillhouse Hollow Dam 0.7 Temple Texas 91.8
30 Fort Huachuca Fort Huachuca Sierra Vista Municipal Airport 1.1 Tuscon Arizona 95.0
31 Fort Irwin Barstow 1.0 Mojave California 103.0
32 Fort Jackson Columbia University of South Carolina 1.8 Columbia South Carolina 92.3
33 Fort Knox Fort Knox Godman Army Airfield 1.8 Elizabethtown Kentucky 88.4
34 Fort Leavenworth Bonner Springs 1.9 Kansas City Kansas 93.2
35 Fort Lee Petersburg 2.0 Petersburg Virginia 97.7
36 Fort Leonard Wood Waynesville 2.0 Rolla Missouri 98.6
37 Fort Lewis EPA Tech Guide 1.6 Tacoma Washington 105.9
38 Fort McClellan Jacksonville 1.9 Gadsden Alabama 92.9
39 Fort McCoy Sparta 14 La Crosse Wisconsin 100.1

40 Fort McNair EPA Tech Guide 1.7 Washington D.C. 99.1
41 Fort McPherson EPA Tech Guide 1.8 Atlanta Georgia 96.7
42 Fort Meade EPA Tech Guide 1.6 Baltimore Maryland 99.5
43 Fort Monmouth Long Branch Oakhurst 1.8 Long Branch New Jersey 100.7
44 Fort Monroe Norfolk NAS 1.8 Norfolk Virginia 96.7




ARMY IMCOM INSTALLATION RAINFALL DATA & AREA COST FACTORS

95th Percentile Rainfall

No. Army IMCOM Installation NOAA Rain Gage Depth (in) Area Cost Factor City | Area Cost Factor State | 2016 Area Cost Factor
45 Fort Myer EPA Tech Guide 1.7 Arlington Virginia 100.3
46 Fort Polk Alexandria 2.5 Alexandria Louisiana 95.5
47 Fort Richardson Anchorage Merrill Field 0.8 Anchorage Alaska 129.9
48 Fort Riley Fort Riley 2.1 Salina Kansas 99.2
49 Fort Rucker Enterprise 2.2 Dothan Alabama 92.2
50 Fort Sam Houston San Antonio International Airport 2.2 San Antonio Texas 97.1
51 Fort Shafter Moanalua 1.7 Honolulu Hawaii 123.5
52 Fort Sill Lawton 2.0 Lawton Oklahoma 96.7
53 Fort Stewart Fort Stewart 2.0 Savannah Georgia 85.8
54 Fort Story Oceana NAS 1.7 Norfolk Virginia 96.7
55 Fort Wainwright Fairbanks Airport 0.8 Fairbanks Alaska 128.1
56 Hunter Army Airfield Savannah International Airport 19 Savannah Georgia 85.8
57 Joint Base Elmendorf-Richardson Anchorage Merrill Field 0.8 Anchorage Alaska 129.9
58 Joint Base San Antonio San Antonio International Airport 2.2 San Antonio Texas 97.1
59 Joint Base Langley-Eustis Norfolk NAS 1.8 Norfolk Virginia 96.7
60 Joint Base Lewis-McChord EPA Tech Guide 1.6 Tacoma Washington 105.9
61 Lawson Army Airfield Fort Benning Lawson Field 2.0 Columbus Georgia 84.8
62 Letterkenny Army Depot Chambersburg 1.5 Chambersburg Pennsylvania 96.3
63 Miami-Dade Miami International Airport 2.3 Miami Florida 83.3
64 Miami-Doral Miami International Airport 2.3 Miami Florida 83.3
65 Military Ocean Terminal Concord San Francisco International Airport 1.3 San Francisco California 114.1
66 Picatinny Arsenal Rockaway Township 1.8 Dover Delaware 102.4
67 Pine Bluff Arsenal Pine Bluff 2.1 Pine Bluff Arkansas 88.8
68 Pohakuloa Training Area Halepohaku 2.0 Hilo Hawaii 120.8
69 Presidio of Monterey Monterey 1.3 Salinas California 109.2
70 Pueblo Chemical Depot Pueblo Memorial Airport 1.0 Pueblo Colorado 99.9
71 Red River Army Depot New Boston 2.5 Texarkana Texas 92.7
72 Redstone Arsenal Huntsville Airport 2.1 Huntsville Alabama 90.9
73 Rock Island Arsenal Moline Quad City International Airport 1.6 Davenport lowa 99.5
74 Rocky Mountain Arsenal Colorado Springs Municipal Airport 1.1 Colorado Springs Colorado 93.3
75 Schofield Barracks Upper Wahiawa 1.6 Honolulu Hawaii 123.5
76 Sierra Army Depot Doyle 1.1 Reno Nevada 91.4
77 Simmons Army Airfield Fayetteville 1.8 Fayetteville North Carolina 91.2
78 Soldier Systems Center EPA Tech Guide 1.5 Boston Massachusetts 104.4
79 Sunny Point Military Ocean Terminal |Wilmington 2.3 Wilmington North Carolina 85.5
80 Tobyhanna Army Depot Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
81 Tooele Army Depot Tooele 0.9 Salt Lake City Utah 92.5
82 U.S. Army Disciplinary Barracks Bonner Springs 1.9 Kansas City Kansas 93.2
83 U.S. Military Acadamy West Point 1.9 Suffern New York 106.3
84 Umatilla Army Depot Kennewick 0.5 Portland Oregon 102.1
85 Walter Reed Army Medical Center EPA Tech Guide 1.7 Washington D.C. 99.1
86 Watervliet Arsenal Troy Lock and Dam 1.5 Schenectady New York 98.3
87 West Point Military Reservation West Point 1.9 Suffern New York 106.3
88 Wheeler Army Air Field Upper Wahiawa 1.6 Honolulu Hawaii 123.5




ARMY IMCOM INSTALLATION RAINFALL DATA & AREA COST FACTORS

95th Percentile Rainfall

No. Army IMCOM Installation NOAA Rain Gage Depth (in) Area Cost Factor City | Area Cost Factor State | 2016 Area Cost Factor
89 White Sands Missile Range White Sands National Monument 1.1 La Cruces New Mexico 86.2
90 Yakima Training Center Yakima 0.6 Yakima Washington 106.1
91 Yuma Proving Ground Yuma Proving Ground 1.0 Phoenix Arizona 96.7
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Rainfall Depth (in)
1 Afton Afton 0.7 Rock Springs Wyoming 92.5
2 Alamogordo White Sands National Monument 1.1 Las Cruces New Mexico 86.2
3 Alamosa Readiness Center Colorado Springs Municipal Airport 1.1 Colorado Springs Colorado 93.3
4 Allendale Readiness Center Port Royal 2.0 Beaufort South Carolina 96.8
5 Arden Hills Army Trg Site Minneapolis 1.4 Minneapolis Minnesota 105.5
6 Ardmore RC Lawton 2.0 Lawton Oklahoma 96.7
7 Army Aviation Support Facility 2, TN EPA Tech Guide 1.5 Knoxville Tennessee 88.4
8 Army Aviation Support Facility, CT Hartford 1.7 Hartford Connecticut 103.1
9 Army Guard Readiness Center EPA Tech Guide 1.7 Arlington Virginia 100.3
10 Atlanta Readiness Center Atlanta Hartsfield International Airport 1.8 Atlanta Georgia 96.7
11 Bangor Readiness Center Bangor 14 Bangor Maine 97.5
12 Bangor Regional Training Institute Bangor 14 Bangor Maine 97.5
13 Beaufort Readiness Center Port Royal 2.0 Beaufort South Carolina 96.8
14 Bergstrom-Abia RC Stillhouse Hollow Dam 0.7 San Antonio Texas 97.1
15 Bethany Beach Training Site Dagsboro 1.6 Dover Delaware 109.6
16 BG Louis G Smith Readiness Center EPA Tech Guide 1.6 Baltimore Maryland 99.5
17 BG William Smallwood Readiness Cent EPA Tech Guide 1.6 Baltimore Maryland 99.5
18 Big Rock Readiness Center Des Moines 1.6 Des Moines lowa 99.9
19 Boone Readiness Center Richmond State Police 1.7 Lexington Kentucky 95.8
20 Boonville Readiness Ctr Waynesville 2.0 Rolla Missouri 98.6
21 Bradford Readiness Center Erie 1.1 Erie Pennsylvania 99.7
22 Brunswick Naval Air Training Site Portland, Maine 1.7 Portland Maine 96.7
23 Buckhannon Readiness Center Morgantown 1.2 Morgantown West Virginia 95.4
24 Burlington Richmond State Police 1.7 Lexington Kentucky 95.8
25 Butler Readiness Center Pittsburgh 1.2 Pittsburgh Pennsylvania 104.4
26 Camp Atterbury Indianapolis 1.5 Indianapolis Indiana 97.0
27 Camp Bowie (Fed) Fort Worth 2.0 Fort Worth Texas 95.5
28 Camp Bowie (State) Fort Worth 2.0 Fort Worth Texas 95.5
29 Camp Dawson Morgantown 1.2 Morgantown West Virginia 95.4
30 Camp Dodge Johnston TS Des Moines 1.6 Des Moines lowa 99.9
31 Camp Edwards MTA Boston 1.5 Boston Massachusetts 104.4
32 Camp Fogarty Training Site Newport 1.6 Newport Rhode Island 98.7
33 Camp Grafton Devils Lake 1.2 Devils Lake North Dakota 98.5
34 Camp Gruber Tulsa 1.9 Tulsa Oklahoma 93.2
35 Camp Hartell Hartford 1.7 Hartford Connecticut 103.1
36 Camp Joseph T Robinson Pine Bluff 2.1 Pine Bluff Arkansas 88.8
37 Camp Lincoln Training Site Springfield 1.5 Springfield Illinois 99.9
38 Camp Maxey New Boston 2.5 Texarkana Texas 92.7
39 Camp Minden Readiness Center Alexandria 2.5 Alexandria Louisiana 95.5
40 Camp Murray EPA Tech Guide 1.6 Tacoma Washington 105.9
41 Camp Navajo Flagstaff 1.2 Flagstaff Arizona 94.5
42 Camp Niantic New Haven 1.7 New Haven Connecticut 105.0
43 Camp Perry Joint Trg Ctr Cleveland 1.2 Cleveland Ohio 99.4
a4 Camp Rapid Readiness Center Rapid City 1.1 Rapid City South Dakota 96.0
45 Camp Roberts MTC-H San Miguel 1.3 San Luis Obispo California 106.8
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46 Camp San Luis Obispo Inter Trng Ctr Monterey 1.3 Salinas California 109.2
a7 Camp Santiago Truijillo Alto 2.0 San Juan Puerto Rico 102.3
48 Camp Shelby MTA Hattiesburg 2.3 Laurel Mississippi 93.7
49 Camp Sherman Training Site EPA Tech Guide 1.3 Columbus Ohio 96.5
50 Camp Smith Training Site West Point 1.9 Suffern New York 106.3
51 Camp Swift Stillhouse Hollow Dam 0.7 San Antonio Texas 97.1
52 Camp Williams Tooele 0.9 Salt Lake City Utah 92.5
53 Camp Williams Readiness Ctr Sparta 1.4 La Crosse Wisconsin 100.1
54 Carlisle Readiness Center Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.1
55 Casper Readiness Center Casper 0.8 Casper Wyoming 95.1
56 Cecil Field Army Aviation Spt Fac 1 Jacksonville 2.1 Jacksonville Florida 93.6
57 Chambersburg Readiness Center Chambersburg 1.5 Chambersburg Pennsylvania 96.3
58 Chance Readiness Center Fresno 1.0 Fresno California 104.9
59 Cheyenne Readiness Center Cheyenne 1.2 Cheyenne Wyoming 93.7
60 Colorado Springs Readiness Center Colorado Springs Municipal Airport 1.1 Colorado Springs Colorado 93.3
61 CSM Blair Lee Crockett Readiness Ce EPA Tech Guide 1.6 Baltimore Maryland 99.5
62 CSM Jerome M Grollman RC EPA Tech Guide 1.6 Baltimore Maryland 99.5
63 Cumming Atlanta Hartsfield International Airport 1.8 Atlanta Georgia 96.7
64 Dagsboro Dagsboro 1.6 Dover Delaware 109.6
65 Davenport Reserve Ctr Des Moines 1.6 Des Moines lowa 99.9
66 Defense Supply Center EPA Tech Guide 1.3 Columbus Ohio 96.5
67 Delaware Readiness Center EPA Tech Guide 1.3 Columbus Ohio 96.5
68 Denver 3 Readiness Center EPA Tech Guide 1.1 Denver Colorado 99.6
69 Dobbins Air Force Base Atlanta Hartsfield International Airport 1.8 Atlanta Georgia 96.7
70 Duncan Armory AASF New Castle 1.6 Wilmington Delaware 109.6
71 E Fallowfield Twp Readiness Center Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
72 East Haven Rifle Range New Haven 1.7 New Haven Connecticut 105.0
73 Easton Readiness Center Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
74 Eastover Armory Columbia University of South Carolina 1.8 Columbia South Carolina 92.3
75 Edgemeade Training Site Boise 0.6 Boise Idaho 93.3
76 Erie Readiness Center Erie 1.1 Erie Pennsylvania 99.7
77 Esler Field Alexandria 2.5 Alexandria Louisiana 95.5
78 Evansville Evansville 1.8 Evansville Indiana 113.0
79 Farmington Armory Sante Fe 0.8 Sante Fe New Mexico 101.7
80 Fifth Ave Readiness Center EPA Tech Guide 1.7 New York New York 111.7
81 Florence Military Res Phoenix 1.0 Phoenix Arizona 96.7
82 Foley Mobile 2.6 Mobile Alabama 91.6
83 Forbes Airfield Bonner Springs 1.9 Kansas City Missouri 93.2
84 Fort Belvoir ARNG EPA Tech Guide 1.7 Washington, DC 99.1
85 Fort Benning Fort Benning Lawson Field 2.0 Columbus Georgia 84.8
86 Fort Carson Colorado Springs Municipal Airport 1.1 Colorado Springs Colorado 93.3
87 Fort Chaffee Training Center Little Rock 2.1 Little Rock Arkansas 90.6
88 Fort Drum Watertown 1.1 Watertown New York 96.5
89 Fort Indiantown Gap Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.1
90 Fort Irwin Barstow 1.0 Mojave California 103.0
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91 Fort Leavenworth Bonner Springs 1.9 Kansas City Missouri 93.2
92 Fort McClellan Trg Ctr Jacksonville 1.9 Gadsden Alabama 92.9
93 Fort Pickett TC Petersburg 2.0 Petersburg Virginia 97.7
94 Fort Polk Alexandria 2.5 Alexandria Louisiana 95.5
95 Fort Stewart Fort Stewart 2.0 Savannah Georgia 85.8
96 Fort Whiting Mobile 2.6 Mobile Alabama 91.6
97 Fort Wolters Fort Worth 2.0 Fort Worth Texas 95.5
98 Fort Worth - White Fort Worth 2.0 Fort Worth Texas 95.5
99 Franklinton Baton Rouge 2.5 Baton Rouge Louisiana 94.8
100 Ft Buchanan Readiness Center Truijillo Alto 2.0 San Juan Puerto Rico 102.3
101 Ft Leonard Wood Training Center Waynesville 2.0 Rolla Missouri 98.6
102 Gettysburg Readiness Center Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
103 Gowen Field Boise Boise 0.6 Boise Idaho 93.3
104 Grand Island RC and AASF Lincoln 1.6 Lincoln Nebraska 93.2
105 Grand Junction Readiness Center Grand Junction 0.6 Grand Junction Colorado 107.0
106 Graterford Field Maintenance Shop Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
107 Gray Army Airfield FT Lewis EPA Tech Guide 1.6 Tacoma Washington 105.9
108 Greensboro Fayetteville 1.8 Fayetteville North Carolina 91.2
109 |Greensburg Readiness Center EPA Tech Guide 1.3 Columbus Ohio 96.5
110 |Greenville Greenville 1.8 Greenville South Carolina 93.5
111  |Greenville Armory & OMS2 Greenville 1.8 Greenville South Carolina 93.5
112 |Greenville FMS Greenville 1.8 Greenville South Carolina 93.5
113 Gulfport Aviation Classification Hattiesburg 2.3 Laurel Mississippi 93.7
114 Gurabo Readiness Center Truijillo Alto 2.0 San Juan Puerto Rico 102.3
115 Hanover Readiness Center Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
116 Hanscom Readiness Center Boston 1.5 Boston Massachusetts 104.4
117 Harry Reid Training Ctr Reno 0.8 Reno Nevada 91.4
118 Havre De Grace Military Res EPA Tech Guide 1.6 Baltimore Maryland 99.5
119 Hazelton Readiness Center Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
120 Helena Aviation AASF-C12 Helena 0.8 Helena Montana 96.5
121 Henderson RC Las Vegas 0.8 Las Vegas Nevada 94.0
122 High Point Armory Fayetteville 1.8 Fayetteville North Carolina 91.2
123 High-Altitud Army Aviation Trng Ste Grand Junction 0.6 Grand Junction Colorado 107.0
124 Hinesville Readiness Center Savannah International Airport 1.9 Savannah Georgia 85.8
125 Hollidaysburg Readiness Center Chambersburg 1.5 Chambersburg Pennsylvania 96.3
126 Howey Readiness Center EPA Tech Guide 1.3 Columbus Ohio 96.5
127 Hunter Army Aviation Facility Savannah International Airport 1.9 Savannah Georgia 85.8
128 Huntingdon Readiness Center Chambersburg 1.5 Chambersburg Pennsylvania 96.3
129 Infantry Squad Battle Course Minneapolis 1.4 Minneapolis Minnesota 105.5
130 Jackson Barracks Baton Rouge 2.5 Baton Rouge Louisiana 94.8
131 [JFHQ Augusta Portland 1.7 Portland Maine 96.7
132 [JFHQ Owen Summers Bldg Portland 1.0 Portland Oregon 102.1
133 Kalaeloa Readiness Center Upper Wahiawa 1.6 Honolulu Hawaii 123.5
134 Kankakee AASF Chicago 1.3 Chicago Illinois 102.2
135 Kansas City Readiness Center EPA Tech Guide 1.7 Kansas City Missouri 97.2
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136 Kingston Readiness Center West Point 1.9 Suffern New York 106.3
137 Kutztown Readiness Center Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
138 Lakehurst NAS Indian Mills 1.8 Long Branch New Jersey 100.7
139 Lancaster Readiness Center Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
140 Laramie Readiness Center Cheyenne 1.2 Cheyenne Wyoming 93.7
141 Latham Complex State HQs Troy Lock and Dam 1.5 Schenectady New York 98.3
142 Lawrence Readiness Center Indianapolis 1.5 Indianapolis Indiana 97.0
143 Lebanon Readiness Center Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
144 Leeds Readiness Center Troy Lock and Dam 1.5 Schenectady New York 98.3
145 Lewistown Readiness Center Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
146 Lincoln 1776 RC Lincoln 1.6 Lincoln Nebraska 93.2
147 Lincoln RC & AASF Lincoln 1.6 Lincoln Nebraska 93.2
148 Logan Readiness Center EPA Tech Guide 1.2 Charleston West Virginia 95.2
149 Los Alamitos TS AFRC LA 1.5 Los Angeles California 105.0
150 Macon Readiness Center Atlanta Hartsfield International Airport 1.8 Atlanta Georgia 96.7
151 Macon TS St. Louis 1.6 St. Louis Missouri 96.5
152 Madison Army Aviat Sup Fac Sparta 14 La Crosse Wisconsin 100.1
153 Mansfield Readiness Center EPA Tech Guide 1.3 Columbus Ohio 96.5
154 Marysville Readiness Center EPA Tech Guide 1.3 Columbus Ohio 96.5
155 Mead Trng Spt/Field Maint/Utes Lincoln 1.6 Lincoln Nebraska 93.2
156 Methuen Readiness Center Boston 1.5 Boston Massachusetts 104.4
157 MG Henry C Evans Readiness Center EPA Tech Guide 1.6 Baltimore Maryland 99.5
158 Miles City Land Lease Miles City 1.0 Miles City Montana 97.0
159 Minot Field Maintenance Shop Minot 1.2 Minot North Dakota 101.1
160 MMS Boatshop Truijillo Alto 2.0 San Juan Puerto Rico 102.3
161 Monett Springfield 1.9 Springfield Missouri 97.5
162 Moorefield RC Morgantown 1.2 Morgantown West Virginia 95.4
163 Morgantown Readiness Center Morgantown 1.2 Morgantown West Virginia 95.4
164 MTA Camp Curtis Guil Boston 1.5 Boston Massachusetts 104.4
165 MTA FT WM Henry Harrison Helena 0.8 Helena Montana 96.5
166 MTA Limestone Hills Readiness Cente Helena 0.8 Helena Montana 96.5
167 MTC Camp Blanding Gainesville 1.9 Gainesville Florida 95.8
168 MTC-H Camp Grayling Grayling 1.1 Gaylord Michigan 84.6
169 MTCH-Camp Guernsey Cheyenne 1.2 Cheyenne Wyoming 93.7
170 Muscatatuck Urban Training Ctr Indianapolis 1.5 Indianapolis Indiana 97.0
171 NAS Anacostia EPA Tech Guide 1.7 Washington, DC 99.1
172 Natick Boston 1.5 Boston Massachusetts 104.4
173 Naval Weapons Sys Training Facility Kennewick 0.5 Portland Oregon 102.1
174 New Castle Training Spt Rifle Range New Castle 1.6 Wilmington Delaware 109.6
175 New Salt Lake City Readiness Ctr Tooele 0.9 Salt Lake City Utah 92.5
176 Normal Readiness Center Chicago 1.3 Chicago Illinois 102.2
177 North Hyde Park EPA Tech Guide 1.1 Burlington Vermont 97.3
178  |Olney Readiness Center EPA Tech Guide 1.6 Baltimore Maryland 99.5
179 Ontario Readiness Center Boise 0.6 Boise Idaho 93.3
180 Orchard Mates Readiness Center Boise 0.6 Boise Idaho 93.3
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181 Orchard Range TS Boise 0.6 Boise Idaho 93.3
182 Palm Coast Flager County Jacksonville 2.1 Jacksonville Florida 93.6
183 Papago Military Reservation Phoenix 1.0 Phoenix Arizona 96.7
184 Pascagoula Readiness Center Hattiesburg 2.3 Laurel Mississippi 93.7
185 Perryville St. Louis 1.6 St. Louis Missouri 96.5
186 Philadelphia Readiness Center Philadelphia 1.7 Philadelphia Pennsylvania 98.6
187 Pinellas Park Tampa 2.1 Tampa Florida 95.6
188 Portsmouth RC Portland, Maine 1.7 Portland Maine 96.7
189 Punxsutawney Readiness Center Punxutawney 1.3 Indiana Pennsylvania 99.9
190 Quad City RC Moline Quad City International Airport 1.6 Davenport lowa 99.5
191 Quarles Flowers AFRC Hunstville Airport 2.1 Huntsville Alabama 90.9
192 Queensbury RC Troy Lock and Dam 1.5 Schenectady New York 98.3
193 Quonset Point Newport 1.6 Newport Rhode Island 98.7
194 Ravenna Tng and Log Site EPA Tech Guide 1.3 Columbus Ohio 96.5
195 Reading Readiness Center Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
196 Regional Training Institute Concord 1.4 Concord New Hampshire 99.7
197 Richmond CSMS 3647 Armory Ashland 1.7 Richmond Virginia 95.0
198 Rochester Readiness Center Rochester 1.1 Rochester New York 103.7
199 Rochester, NH Portland, Maine 1.7 Portland Maine 96.7
200 Roseville Readiness Center Sacramento 1.2 Sacramento California 107.6
201 Sacramento Depot Activity Sacramento 1.2 Sacramento California 107.6
202 Salina Smoky Hill MAJ TNG AREA Fort Riley 2.1 Salina Kansas 99.2
203 Santa Fe AASF Sante Fe 0.8 Sante Fe New Mexico 101.7
204 Schenectady Readiness Center Troy Lock and Dam 1.5 Schenectady New York 98.3
205 Sea Girt NG Training Center Long Branch Oakhurst 1.8 Long Branch New Jersey 100.7
206  |Searcy Pine Bluff 2.1 Pine Bluff Arkansas 88.8
207 Snake Creek Training Site Miami 2.3 Miami Florida 83.3
208 |South Bend South Bend 1.3 South Bend Indiana 95.1
209  |Southington Armory OMS 2 Hartford 1.7 Hartford Connecticut 103.1
210 Sparta Readiness Center St. Louis 1.6 St. Louis Missouri 96.5
211  |Springville Readiness Ctr Jacksonville 1.9 Gadsden Alabama 92.9
212 St Clair Readiness Center Chicago 1.3 Chicago Illinois 102.2
213 St Cloud Readiness Center Minneapolis 1.4 Minneapolis Minnesota 105.5
214 State Military Reservation Concord 1.4 Concord New Hampshire 99.7
215 Stillwater Minneapolis 1.4 Minneapolis Minnesota 105.5
216  |Stout Field Readiness Center Indianapolis 1.5 Indianapolis Indiana 97.0
217 Tarboro Readiness Center Fayetteville 1.8 Fayetteville North Carolina 91.2
218 Terre Haute Readiness Center Indianapolis 1.5 Indianapolis Indiana 97.0
219 The Dalles Readiness Center Kennewick 0.5 Portland Oregon 102.1
220 |TS Ethan Allen Range EPA Tech Guide 1.1 Burlington Vermont 97.3
221 TS Keaukaha Mill Res Hilo 2.1 Hilo Hawaii 120.8
222 Tupelo Readiness Center Tupelo 2.2 Tupelo Mississippi 89.7
223 |Valley City FMS Valley City 1.2 Jamestown North Dakota 98.2
224 W.H. Ford Regional Tng Ctr Herndon 1.9 Paducah Kentucky 110.6
225 Watertown Range Training Site Watertown 1.2 Watertown South Dakota 95.4
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226 Wausau Sparta 14 La Crosse Wisconsin 100.1
227  |Webster Field EPA Tech Guide 1.6 Baltimore Maryland 99.5
228  |Weide Army Airfield EPA Tech Guide 1.6 Baltimore Maryland 99.5
229 |Westfield Readiness Center Springfield, MA 1.6 Springfield Massachusetts 99.8
230 Wichita East Readiness Ctr Wichita 1.8 Wichita Kansas 96.9
231 Wichita Falls Readiness Ctr Fort Worth 2.0 Fort Worth Texas 95.5
232 Wiggins Readiness Center Hattiesburg 2.3 Laurel Mississippi 93.7
233 Windsor EPA Tech Guide 1.1 Denver Colorado 99.6
234 Yakima Yakima 0.6 Yakima Washington 106.1
235 York Readiness Ctr Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.1
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1 Aberdeen Proving Ground EPA Tech Guide 1.6 Baltimore Maryland 99.5
2 Arlington Heights Chicago 13 Chicago Illinois 102.2
3 Ashley Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
4 Atlanta EPA Tech Guide 1.8 Atlanta Georgia 96.7
5 Attleboro EPA Tech Guide 1.5 Boston Massachusetts 104.4
6 Austin Stillhouse Hollow Dam 0.7 San Antonio Texas 97.1
7 Bakersfield Fresno 1.0 Fresno California 104.9
8 Baltimore EPA Tech Guide 1.6 Baltimore Maryland 99.5
9 Belton EPA Tech Guide 1.7 Kansas City Missouri 97.2
10 Binghamton Binghamton 13 Binghamton New York 93.5
11 Bowie EPA Tech Guide 1.6 Baltimore Maryland 99.5
12 Bridgeport New Haven 1.7 New Haven Connecticut 105.0
13 Bryan Stillhouse Hollow Dam 0.7 Temple Texas 91.8
14 Bullville West Point 19 Suffern New York 106.3
15 Butte AFRC Helena 0.8 Helena Montana 96.5
16 Caguas Truijillo Alto 2.0 San Juan Puerto Rico 102.3
17 Camp Parks Monterey 1.3 Salinas California 109.2
18 Camp Santiago Truijillo Alto 2.0 San Juan Puerto Rico 102.3
19 Chattanooga Chattanooga 1.8 Chattanooga Tennessee 99.5
20 Chester Philadelphia 1.7 Philadelphia Pennsylvania 98.6
21 Chicago Chicago 1.3 Chicago Illinois 102.2
22 Cincinnati EPA Tech Guide 1.5 Cincinnatti Ohio 99.1
23 Colorado Springs Colorado Springs Municipal Airport 1.1 Colorado Springs Colorado 93.3
24 Conneaut Lake Erie 1.1 Erie Pennsylvania 99.7
25 Corpus Christi Corpus Christi Nas 2.7 Corpus Christi Texas 104.3
26 Denton Fort Worth 2.0 Fort Worth Texas 95.5
27 Des Moines Des Moines 1.6 Des Moines lowa 99.9
28 Devens RFTA EPA Tech Guide 1.5 Boston Massachusetts 104.4
29 Dodge City Wichita 1.8 Wichita Kansas 96.9
30 Dublin Roanoke 1.6 Roanoke Virginia 94.0
31 Ellsworth EPA Tech Guide 1.4 Minneapolis Minnesota 105.5
32 Fairfield Sacramento 1.2 Sacramento California 107.6
33 Fort A P Hill Ashland 1.7 Richmond Virginia 95.0
34 Fort Benjamin Harrison Indianapolis 1.5 Indianapolis Indiana 97.0
35 Fort Benning Fort Benning Lawson Field 2.0 Columbus Georgia 84.8
36 Fort Bliss El Paso International Airport 11 El Paso Texas 94.5
37 Fort Bragg Fayetteville 1.8 Fayetteville North Carolina 91.2
38 Fort Carson Colorado Springs Municipal Airport 11 Colorado Springs Colorado 93.3
39 Fort Dix Indian Mills 1.8 Camden New Jersey 101.3
40 Fort Drum Watertown 1.1 Watertown New York 96.5
41 Fort Hunter Liggett Monterey 1.3 Salinas California 109.2
42 Fort Lee Petersburg 2.0 Petersburg Virginia 97.7
43 Fort McCoy Sparta 14 Sparta Wisconsin 100.1
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44 Fort Sheridan Chicago 1.3 Chicago Illinois 102.2
45 Fort Story Oceana Nas 1.7 Norfolk Virginia 96.7
46 Fort Worth Fort Worth 2.0 Fort Worth Texas 95.5
47 Fresno Fresno 1.0 Fresno California 104.9
48 Ft Buchanan Truijillo Alto 2.0 San Juan Puerto Rico 102.3
49 Ft Collins EPA Tech Guide 1.1 Denver Colorado 99.6
50 Ft Devens EPA Tech Guide 1.5 Boston Massachusetts 104.4
51 Ft Meade EPA Tech Guide 1.6 Baltimore Maryland 99.5
52 Ft Snelling USARC EPA Tech Guide 1.4 Minneapolis Minnesota 105.5
53 Garden Grove RC Los Angeles International Airport 15 Anaheim California 105.0
54 Greensboro Fayetteville 1.8 Fayetteville North Carolina 91.2
55 Harrisburg Carlisle Water Plant 1.7 Harrisburg Pennsylvania 97.5
56 Hayden Lake Spokane, WA 0.6 Spokane Washington 94.7
57 Homewood Chicago 13 Chicago Illinois 102.2
58 Honolulu Moanalua 1.7 Honolulu Hawaii 123.5
59 Houston Houston 2.5 Houston Texas 97.5
60 Joint Base Lewis-McChord EPA Tech Guide 1.6 Tacoma Washington 105.9
61 Joint Base McGuire-Dix-Lakehurst Indian Mills 1.8 Camden New Jersey 101.3
62 Kansas City Bonner Springs 1.9 Kansas City Missouri 97.2
63 Kingston West Point 19 Suffern New York 106.3
64 Las Cruces White Sands National Monument 1.1 Las Cruces New Mexico 86.2
65 Las Vegas Las Vegas 0.8 Las Vegas Nevada 94.0
66 Letterkenny Carlisle Water Plant 1.7 Chambersburg Pennsylvania 96.3
67 Los Angeles Los Angeles International Airport 1.5 Los Angeles California 105.0
68 MacDill Air Force Base Tampa 2.1 Tampa Florida 95.6
69 Macon EPA Tech Guide 1.8 Atlanta Georgia 96.7
70 Mattydale Watertown 1.1 Watertown New York 96.5
71 Michigan City South Bend 13 South Bend Indiana 95.1
72 Millington Memphis 2.1 Memphis Tennessee 94.1
73 Miramar San Francisco 13 San Francisco California 114.1
74 Miramar MCAS San Francisco 1.3 San Francisco California 114.1
75 North Fort Myers Fort Myers 2.1 Fort Myers Florida 94.2
76 Orangeburg West Point 1.9 Suffern New York 106.3
77 Orangeburg Columbia University of South Carolina 1.8 Columbia South Carolina 92.3
78 Orlando Orlando 2.0 Orlando Florida 93.5
79 Panama City Panama City 2.3 Panama City Florida 96.5
80 Parks Reserve Forces TNG Monterey 1.3 Salinas California 109.2
81 Quincy Springfield 1.5 Springfield Illinois 99.9
82 Raleigh Fayetteville 1.8 Fayetteville North Carolina 91.2
83 Rio Grande City San Antonio International Airport 2.2 Corpus Christi Texas 104.3
84 Riverside Los Angeles International Airport 1.5 Anaheim California 105.0
85 Rochester Readiness Center Rochester 1.1 Rochester New York 103.7
86 Rockford Chicago 1.3 Chicago Illinois 102.2
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87 Sacramento Sacramento 1.2 Sacramento California 107.6
88 Saginaw Saginaw 1.2 Saginaw Michigan 89.9
89 San Antonio San Antonio International Airport 2.2 San Antonio Texas 97.1
90 San Marcos San Antonio International Airport 2.2 San Antonio Texas 97.1
91 Schenectady Troy Lock and Dam 1.5 Schenectady New York 98.3
92 Seattle EPA Tech Guide 1.6 Seattle Washington 104.9
93 Shoreham EPA Tech Guide 1.7 New York New York 111.7
94 Sinton Corpus Christi Nas 2.7 Corpus Christi Texas 104.3
95 St Charles St. Louis 1.6 St. Louis Missouri 96.5
96 St Joseph EPA Tech Guide 14 Minneapolis Minnesota 105.5
97 St Louis St. Louis 1.6 St. Louis Missouri 96.5
98 Starkville Tupelo 2.2 Tupelo Mississippi 89.7
99 Staten Island EPA Tech Guide 1.7 New York New York 111.7
100 [Tallahassee Panama City 2.3 Panama City Florida 96.5
101  |Tustin Los Angeles International Airport 1.5 Anaheim California 105.0
102 Uniontown Pittsburgh 1.2 Pittsburgh Pennsylvania 104.4
103  |West Palm Beach Miami 2.3 Miami Florida 83.3
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1 Anniston Army Depot Jacksonville 1.9 Jacksonville Alabama 929
2 Pine Bluff Arsenal Pine Bluff 2.1 Pine Bluff Arkansas 88.8
3 Sierra Army Depot Doyle 1.1 Reno Nevada 91.4
4 Pueblo Chemical Depot Pueblo Memorial Airport 1.0 Pueblo Colorado 99.9
5 Crane Army Ammunition Activity Indianapolis 1.5 Indianapolis Indiana 97.0
6 Blue Grass Army Depot Richmond State Police 1.7 Lexington Kentucky 95.8
7 Hawthorne AAP Reno 0.8 Reno Nevada 91.4
8 Watervliet Arsenal Troy Lock and Dam 1.5 Troy New York 98.3
9 Lima Army Modification Center EPA Tech Guide 1.3 Columbus Ohio 96.5
10 McAlester AAP Tulsa 1.9 Tulsa Oklahoma 93.2
11 Letterkenny Army Depot Chambersburg 1.5 Chambersburg Pennsylvania 96.3
12 Tobyhanna Army Depot Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2
13 Corpus Christi Army Depot Corpus Christi Nas 2.7 Corpus Christi Texas 104.3
14 Red River Army Depot New Boston 2.5 Texarkana Texas 92.7
15 Tooele Army Depot Tooele 0.9 Salt Lake City Utah 92.5
16 Military Ocean Terminal Concord San Francisco 1.3 San Francisco California 114.1
17 Military Ocean Terminal Sunny Point Wilmington 2.3 Wilmington North Carolina 85.5
18 Holston Army Ammunition Plant EPA Tech Guide 1.5 Knoxville Tennessee 88.4
19 lowa Army Ammunition Plant Des Moines 1.6 Des Moines lowa 99.9
20 Lake City Army Ammunition Plant EPA Tech Guide 1.7 Kansas City Missourri 97.2
21 Milan Army Ammunition Plant Memphis 2.1 Memphis Tennessee 94.1
22 Radford Army Ammunition Plant Roanoke 1.6 Roanoke Virginia 94.0
23 Scranton Army Ammunition Plant Stroudsburg 1.8 Stroudsburg Pennsylvania 97.2




APPENDIX C

REFERENCES




REFERENCES

Department of Defense. Unified Facilities Criteria (UFC). Low Impact Development (1 June 2015). UFC 3-
210-10. https://www.wbdg.org/ccb/DOD/UFC/ufc 3 210 10.pdf

Gordian. RSMeans Construction Cost Estimating Data (2016). https://www.rsmeans.com/

Project Time and Cost, LLC. Micro-Computer Aided Cost Estimating Software System, Second Generation
(MCASES Mil). http://www.miisoftware.com/

Purdue University. Long Term Hydrologic Impact Assessment (L-THIA) Model. L-THIA LID Tutorials.
https://engineering.purdue.edu/mapserve/LTHIA7/lthianew/LID/L-THIA LID Tutorials.pdf

U.S. Department of Agriculture, Soil Conservation Service. Urban Hydrology for Small
Watersheds (1986). Technical Release No. 55. Second Edition. Washington, D.C.
http://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/stelprdb1044171.pdf

U.S. Environmental Protection Agency, Office of Water. Technical Guidance on Implementing the
Stormwater Runoff Requirements for Federal Projects under Section 438 of the Energy Independence and
Security Act (2009). EPA 841-B-09-001. https://www.epa.gov/sites/production/files/2015-
09/documents/eisa-438.pdf

Virginia Department of Environmental Quality, Division of Water. Virginia Stormwater BMP
Clearinghouse (2011). http://www.vwrrc.vt.edu/swc/NonProprietaryBMPs.html




	TABLE OF CONTENTS
	1.0 INTRODUCTION
	2.0 TOOL INSTALLATION AND INTRODUCTION
	3.0 LID PLANNING MODULE
	4.0 COST PLANNING MODULE
	5.0 REPORT
	APPENDIX A:  LID BMP MODELING CONCEPTS
	APPENDIX B:  ARMY INSTALLATION RAINFALL DATA & AREA COST FACTORS
	APPENDIX C:  REFERENCES



