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Exhibit H.1 

Drainage Criteria Manual Table 2-3:   

24-hour Rainfall Depths 
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 City of Austin Drainage Criteria Manual 

Table 2‐3. Depth‐Duration‐Frequency Table for Austin and Travis County> 

Depth of Precipitation (in inches) 

Recurrence Interval (year)  5 min*  15 min  30 min  1‐hr 2‐hr 3‐hr  6‐hr  12‐hr 24‐hr

2   0.48  0.98  1.32  1.72 2.16 2.32  2.67  3.06  3.44 

5   0.62  1.26  1.71  2.28 2.89 3.13  3.56  4.07  4.99 

10  0.71  1.47  1.98  2.68 3.42 3.71  4.21  4.81  6.1 

25  0.84  1.76  2.36  3.28 4.2  4.55  5.14  5.9  7.64 

50  0.94  2.01  2.68  3.79 4.88 5.28  5.94  6.86  8.87 

100  1.05  2.29  3.04  4.37 5.66 6.11  6.85  7.96  10.2 

250  1.21  2.73  3.57  5.26 6.86 7.38  8.24  9.67  12 

500  1.33  3.11  4.02  6.06 7.94 8.51  9.47  11.2  13.5 

* The 5‐min rainfall depths were calculated using the 5‐min rainfall intensity values from Table 2‐4.  
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DISCLAIMER: This Guide is for informational purposes only. It does not constitute legal 
regulations. Consult the Land Development Code for specific regulations. 



Standard Land Uses
and Map Designations

Land Use Definition Typical Zoning* Color
Rural 
Residential

The designation for low-density residential areas that are not suitable or 
desirable for urban development, generally at densities of one unit per acre 
or less.

RR, LA Pale Yellow

Single Family Single family detached, or two family residential uses at typical urban 
and/or suburban densities. SF-1, SF-2, SF-3 Yellow

Urban Single 
Family

Single family detached, small-lot single family, or two family residential 
uses at urban densities. SF-4A and SF-4B

Yellow with 
Black 

Stipple
Higher-Density 
Single Family

Single-family housing, generally up to 15 units per acre, which includes 
townhouses and condominiums as well as traditional small-lot single family. SF-5, SF-6 and MH Goldenrod

Mixed 
Residential

An area with a variety of different housing types, including single-family 
residential, townhouses, duplexes, apartments, and limited neighborhood-
serving retail. Single-family residential should comprise at least half of a 
mixed residential area.

SF-3, SF-4, SF-5, SF-6, 
MF-1, 

MF-2, MF-3, MF-4, MF-
5, MF-6

Salmon

Multifamily Higher-density housing with 3 or more units on one lot. MF-1, MF-2, MF-3, MF-
4, MF-5, MF-6 and MH Orange

Neighborhood 
Mixed Use

An area that is appropriate for a mix of neighborhood commercial (small-
scale retail or offices, professional services, convenience retail, and 
shopfront retail that serve a market at a neighborhood scale) and small to 
medium-density residential uses.

 NO-MU, LO-MU, LR-MU
(see note for vertical 

mixed use building "V" 
designation)

Brown w/ 
White 

Stipple

Mixed 
Use/Office

An area that is appropriate for a mix of residential and office uses. NO-MU, LO-MU and GO-
MU

(see note for vertical 
mixed use building "V" 

designation)

Reddish 
Brown

Mixed Use An area that is appropriate for a mix of residential and non-residential uses. NO-MU, LO-MU, GO-
MU, LR-MU, GR-MU, CS-

MU, CS-1-MU
(see note for vertical 

mixed use "V" 
designation)

Brown

High Density 
Mixed Use

An area that is appropriate for a mix of residential and non-residential uses 
with floor-to-area ratios of 3.0 or higher.

CH, DMU, CBD
(see note for vertical 

mixed use "V" 
designation)

Dark Brown

Office An area that provides for office uses as a transition from residential to 
commercial uses, or for large planned office areas. Permitted uses 
included business, professional, and financial offices as well as offices for 
individuals and non-profit organizations.

NO, LO, GO Pink

Neighborhood 
Commercial

Lots or parcels containing small-scale retail or offices, professional 
services, convenience retail, and shopfront retail that serve a market at a 
neighborhood scale.  

NO, LO, LR
Red w/ 
White 

Stipple
Commercial Lots or parcels containing retail sales, services, hotel/motels and all 

recreational services that are predominantly privately owned and operated 
for profit (for example, theaters and bowling alleys). Included are private 
institutional uses (convalescent homes and rest homes in which medical or 
surgical services are not a main function of the institution), but not 
hospitals.

LR, GR, CS, CS-1, CH, 
W/LO Red

Industry Areas reserved for manufacturing and related uses that provide 
employment but are generally not compatible with other areas with lower 
intensity use.  Industry includes general warehousing, research and 
development, and storage of hazardous materials.

IP, MI, LI, R&D, W/LO Purple
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Standard Land Uses
and Map Designations

Land Use Definition Typical Zoning* Color
Environmental 
Conservation

Areas intended to be protected from development, including areas in the 
Drinking Water Protection zone, locations of critical environmental 
features, and areas where public services or facilities are not available. P, DR, RR Blue-Green

Recreation & 
Open Space

This category allows large public parks and recreation areas such as public 
and private golf courses, trails and easements, drainage-ways and 
detention basins, and any other public usage of large areas on permanent 
open land.

Varies Green

Civic Any site for public or semi-public facilities, including governmental offices, 
police and fire facilities, hospitals, and public and private schools. Includes 
major religious facilities and other religious activities that are of a different 
type and scale than surrounding uses.

Varies 
(Typically P for gov’t 

facilities)
Blue

Utilities Land used or dedicated for public and private utilities, including pipelines, 
utility lines, water and wastewater facilities, substations, and telephone. P Dark Grey

Agriculture Rural areas used for agricultural purposes, including productive agricultural 
lands to be preserved for future farming or ranching activities. AG Pale Green

Major Impact 
Facilities

Facilities that serve community and regional need but have significant 
impacts on the surrounding area that require special location and 
compatibility considerations.  Major Impact Facilities include airports, 
stadiums, landfills, resource extraction, and correctional facilities. 

P, AV Dark Purple

Major Planned 
Developments

Master-planned developments for large multi-acre tracts that incorporate a 
wide variety of land uses that may include, but are not limited to, single 
family and multifamily residential, commercial, and clean industrial. PUD, PDA Lavender

Transportation Areas dedicated to vehicle, air, or rail transportation.  These include 
existing and platted streets, planned and dedicated rights-of-way, and rail 
and rail facilities.

ROW Grey

Water Any public waters, including lakes, rivers, and creeks. -- Light Blue

Map 
Designation

Definition Regulating Plans Color

O
th

er

Specific 
Regulating 
District

This map designation is intended for areas that have an adopted regulating 
plan.  This district will be identified on the Future Land Use Map, but is not 
considered a typical land use category.  The purpose of this designation is 
to make the user aware of the Regulating Plan and that it should be 
reviewed for development regulations.

1. Plaza Saltillo TOD 
Station Area Plan
2. Martin Luther King 
(MLK) Boulevard TOD 
Station Area Plan
3. Lamar/Justin TOD 
Station Area Plan

Dark Olive 
w/ White 
Stipple

*Indicates zoning categories usually found in these land use designations.  Not an exhaustive list of all zoning categories allowed in 
each land use.  Refer to "Land Use and Zoning Matrix" for a complete list of zoning districts permitted in each land use category. 

Note 1:  The vertical mixed use building (V) designation is permitted in Mixed Use Future Land Use categories in combination with 
commercially zoned properties  (1) along a Core Transit Corridor; or (2) in conjunction with the (MU) combining district.

Note 2:  Refer to the Appendix of the Oak Hill Combined Neighborhood Plan for the Council amended Standard Land Use table.
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Planning and Development Review Department Updated July 2011

MAP
COLOR LAND USE

LA R
R

SF
-1

SF
-2

SF
-3

SF
-4

A

SF
-4

B

SF
-5

SF
-6

M
F-

1

M
F-

2

M
F-

3

M
F-

4

M
F-

5

M
F-

6

N
O

LO G
O

LR G
R

C
S

C
S-

1

C
H

L D
M

U

C
BD

W
/L

O

IP M
I

LI R
&D

D
R

AG M
H

C
R

P AV PU
D

TO
D

M
U

 &
 V

Pale Yellow Rural 
Residential 1 1 1 1 1 1 1 5

Yellow Single Family 4 4 2 2 5

Yellow with 
Black Stipple

Urban 
Single Family 5

Goldenrod Higher Density 
Single Family 5

Salmon Mixed 
Residential 5

Orange Multifamily 5

Brown with 
white stipple

Neighborhood 
Mixed Use 5

Reddish 
Brown

Mixed 
Use/Office 5

Brown Mixed Use 3 5

Dark Brown High Density 
Mixed Use 3 5

Pink Office 5

Red with 
white stipple

Neighborhood 
Commercial 5

Red Commercial 5

Purple Industry 5

Pale Green Agriculture 5

Dark Purple Major Impact 
Facilities 5

Lavender Major Planned 
Development 7 7 7 7 7

Blue-Green Environmental 
Conservation

Green Recreation & 
Open Space

Blue Civic

Dark Grey Utilities

Magenta Warehouse/
Limited Office

Beige Mobile Homes

Dark Olive w/ 
White Stipple

Specific Reg-
ulating District

LAND USE AND ZONING MATRIX

These land use categories are specialized categories that apply to the specified land use only, regardless of the underlying zoning categories.  Any 
zoning change that involves a change in the specified land use to another land use (i.e. redeveloping church property - CIVIC land use - into 
apartments - MULTIFAMILY land use) requires a plan amendment. 

Discontinued November 2010  (See Note #9)

This map designation is intended for areas that have an adopted regulating plan.  This district will be identified on the Future Land Use Map, but is not considered a typical land use 
category.  The purpose of this designation is to make the user aware of the Regulating Plan and that it should be reviewed for development regulations.  (Note #10)

Discontinued July 2008 (See Note #6)

NOTES:

1.  Other Single Family zoning districts may be 
allowed if overall density and impervious cover is 
consistent with the Rural Residential land use 
category.

2.  For all plans adopted prior to January 2002, with 
the exception of the Central East Austin Neighborhood 
Plan, SF-5 and SF-6 can be used in the Single Family 
land use designation without a plan amendment.

3.  In certain cases, LI zoning may be used in Mixed 
Use or High Density Mixed Use land use categories 
provided the most intense industrial uses are limited 
through a Conditional Overlay or Planned 
Development Area.

4.  SF-4A and SF-4B zoning may be compatible with 
Single Family land use category only in plans adopted 
prior to January 2009; otherwise, these zoning 
categories are considered incompatible with a Single 
Family future land use designation.

5.  If the uses included in a PUD development conflict 
with the future land use designation on the FLUM for 
the site, then a plan amendment will be required.

6.  Warehouse/Limited Office is used only in the 
Dawson, Govalle/Johnston Terrace, and Southeast 
Combined plans - the permitted zoning categories are 
NO, LO, and W/LO.

7.  Major Planned Development may be permitted in 
LI, IP, CH, MI, and R&D zoning districts with the 
combination of the PDA combining district.

8.  Refer to Appendix C of the Oak Hill Combined 
Neighborhood Plan for the Council-amended matrix.

9.  Mobile Home land use category is used only in the 
Govalle/Johnston Terrace Combined, North Austin 
Civic Association, South Congress Combined, and 
Southeast Combined Neighborhood Plans.

10.  Transit-Oriented Development (TOD) land use 
was incorporated into the Specific Regulating District 
map designation (July 2011).  A plan amendment is 
required when there is a rezoning request to change 
the regulating district boundaries.

Permitted  
Zoning 

Typical 
Zoning 

dubek
Sticky Note
Bouldin Creek Neighborhood Plan adopted 5-23-2002ftp://ftp.ci.austin.tx.us/npzd/Austingo/bouldin-np.pdf

dubek
Sticky Note
Greater South River City Combined plan (includes South River City area) adopted 9/29/2005ftp://ftp.ci.austin.tx.us/npzd/Austingo/gsrc-np.pdf
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Greater South River City Combined 
Neighborhood Plan 

 

 

 



 

 

The Greater South 
River City 
Combined 

Neighborhood 
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South River City 
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September 2005 



Bouldin Creek 
Neighborhood Plan 
PLAN ADOPTED:  May 23, 2002 
This Neighborhood Plan has been amended by 

City Council. These amendments may include text 

changes or Future Land Use Map (FLUM) 

changes. Please refer to the Ordinance Chart on 

the planning area webpage for more information 

on amendments. Planning and Development 

Review staff updates the Ordinance Chart on a 

regular basis; however, newly adopted amendments 

may not be reflected on the chart.   
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Exhibit H.3 

Land Use and Percent Impervious Cover 
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Legend

East Bouldin Creek

Land Use Categories
<all other values>

LU

100

111

200

201

300

330

430

600

601

602

700

800

Future Land Use Map for Project Area



Zoning Allowed for Land Use Categories

 = Zone Allowed

LA RR SF‐1 SF‐2 SF‐3 SF‐4A SF‐4B SF‐5 SF‐6 MF‐1 MF‐2 MF‐3 MF‐4 MF‐5 MF‐6 NO LO GO LR GR CS CS‐1 CH W/LO LI MH P PUD
MU&
V

none 25% 40% 45% 45% 65% 60% 55% 55% 55% 60% 65% 70% 70% 80% 60% 70% 80% 80% 90% 95% 95% 85% 70% 80% none none none none

100 Single Family 65%

111 Higher density Single Family 65%

200 Multi‐family 80%

300 Commercial 95%

330 Mixed Use 95%

430 Mixed Use/Office not given

600 Civic not given

700 Recreation and Open Space not given

800 Transportation not given

870 Utilities not given

Max % 
Impervious 

Cover
FLUM GIS 
Code Land Use

Zoning and % Impervious Cover Limits

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Ultimate IC and Land Use

Tab:  Zoning % IC



Percent Impervious Cover for Land Use Codes

LU Code 
for Calcs

Ultimate       
% IC Land Use Location Basis for Ultimate %IC

100 65% Single Family max allowed by zoning

111 65% Higher Density Single Family EBLDN revised watersheds max allowed by zoning

200 80% Multi‐Family max allowed by zoning

201 88% Multi‐Family apartment complex at 300 Crockett (and Newton) use existing % IC since it is higher than zoning limit

300 95% Commercial one lot in EBLDN‐E max allowed by zoning

330 95% Mixed Use South Congress and South 1st max allowed by zoning; existing % IC on SOCO is approx 92%; see 330 tab

430 95% Mixed Use/Office Leland Street Use 95%, which is max for commercial since MU can include commercial

600 80% Civic Fulmore MS ‐ area  available for development use 80%, which is max allowed for office zoning categories (GO) since Civic could be government offices

601 80% Civic Fulmore MS ‐ area NOT available for development (track area) use 80%, which is max allowed for office zoning categories (GO) since Civic could be government offices

602 88% Civic Fulmore MS ‐ buildings (DA‐A25) use existing % IC since it is higher than zoning limit

700 existing Recreationand Open Space Park at Congress/College/Live Oak use existing %IC

800 existing Transportation transportation use existing %IC

870 existing Utilities use existing %IC

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Ultimate IC and Land Use

Tab:  Ult % IC by FLUM category
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Drainage Criteria Manual Section 2.4.2:   

Time of Concentration Equations 
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City of Austin Drainage Criteria Manual 

2.4.2 ‐ Time of Concentration  

The time of concentration is the time for surface runoff to flow from the most remote point in the 
watershed to the point of interest. This applies to the most remote point in time, not necessarily the most 
remote point in distance. Runoff from a drainage area usually reaches a peak at the time when the entire 
area is contributing. However, runoff may reach a peak prior to the time the entire drainage area is 
contributing if the area is irregularly shaped or if land use characteristics differ significantly within the 
area. Sound engineering judgment should be used to determine a flow path representative of the 
drainage area and in the subsequent calculation of the time of concentration. The time of concentration to 
any point in a storm drainage system is a combination of the sheet flow (overland), the shallow 
concentrated flow and the channel flow, which may include storm drains. The minimum time of 
concentration for any drainage area shall be 5 minutes. Additionally, the minimum slope used for 
calculation of sheet and shallow flow travel time components should be 0.005 feet per foot (0.5%). The 
preferred procedure for estimating time of concentration is the NRCS method as described in NRCS's 
Technical Release 55 (TR-55). This method is outlined below. The overall time of concentration is 
calculated as the sum of the sheet, shallow concentrated and channel flow travel times. Note that there 
may be multiple shallow concentrated and channel segments depending on the nature of the flow path.  

TC = Tt(sheet) + Tt(shallow concentrated) + Tt(channel)      (Eq. 2-2)  

A. Sheet Flow. Sheet flow is shallow flow over land surfaces, which usually occurs in the 
headwaters of streams. The engineer should realize that sheet flow occurs for only very short 
distances, especially in urbanized conditions. Sheet flow for both natural (undeveloped) and 
developed conditions should be limited to a maximum of 100 feet. Sheet flow for developed 
conditions should be based on the actual pavement or grass conditions for areas that are 
already developed and should be representative of the anticipated land use within the 
headwater area in the case of currently undeveloped areas. In a typical residential subdivision, 
sheet flow may be the distance from one end of the lot to the other or from the house to the 
edge of the lot. In some heavily urbanized drainage areas, sheet flow may not exist in the 
headwater area. The NRCS method employs equation 2-3, which is a modified form kinematic 
wave equation, for the calculation of the sheet flow travel time.  

Tt = 0.42(nL)0.8/((P 2 )0.5s0.4)     (Eq. 2-3)  

Where,  

Tt = Sheet flow travel time in minutes  

L = Length of the reach in ft.  

n = Manning's n (see Table 2-2)  

P 2 = 2-year, 24-hour rainfall in inches (see Table 2-3)  

s = Slope of the ground in ft/ft  

B. Shallow Concentrated Flow. After a maximum of approximately 100 feet, sheet flow usually 
becomes shallow concentrated flow collecting in swales, small rills, and gullies. Shallow 
concentrated flow is assumed not to have a well-defined channel and has flow depths of 0.1 to 
0.5 feet. The travel time for shallow concentrated flows can be computed by equations 2-4 and 
2-5. These two equations are based on the solution of Manning's equation with different 
assumptions for n (Manning's roughness coefficient) and r (hydraulic radius, ft). For unpaved 
areas, n is 0.05 and r is 0.4; for paved areas, n is 0.025 and r is 0.2.  

Unpaved Tt = L/(60(16.1345)(s)0.5) (Eq. 2-4)  
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Paved Tt = L/(60(20.3282)(s)0.5) (Eq. 2-5)  

Where,  

Tt = Travel time for shallow concentrated flows in minutes  

L = Length of the reach in ft.  

s = Slope of the ground in ft/ft  

C. Channel or Storm Drain Flow. The velocity in an open channel or a storm drain not flowing full 
can be determined by using Manning's Equation. Channel velocities can also be determined by 
using backwater profiles. For open channel flow, average flow velocity is usually determined by 
assuming a bank-full condition. Note that the channel flow component of the time of 
concentration may need to be divided into multiple segments in order to represent significant 
changes in channel characteristics. The details of using Manning's equation and selecting 
Manning's "n" values for channels can be obtained from Section 6  

For storm drain flow under pressure conditions (hydraulic grade line is higher than the lowest 
crown of a storm drain) the following equation should be applied:  

V = Q/A (Eq. 2-6)  

Where:  

V = Average velocity, ft/s  

Q = Design discharge, cfs  

A = Cross-sectional area, ft2  

Flow travel time through a channel can be calculated by equation (2-7):  

Tt = Σ(Li/60 Vi) (Eq. 2-7)  

Where:  

Li = The i-th channel segment length, ft  

Vi = The average flow velocity within the ith channel segment, ft/s  

Tt = Total Flow travel time through the channel, min  



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit H.5 

Soil Survey Geographic Database (SSURGO)  

Soil Map and Soil Descriptions 
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Travis County, Texas

UtD—Urban land, Austin, and Whitewright soils, 1 to 8 percent
slopes

Map Unit Setting
National map unit symbol: f66n
Elevation: 0 to 4,000 feet
Mean annual precipitation: 8 to 60 inches
Mean annual air temperature: 54 to 73 degrees F
Frost-free period: 180 to 310 days
Farmland classification: Not prime farmland

Map Unit Composition
Urban land: 40 percent
Austin and similar soils: 30 percent
Whitewright and similar soils: 25 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the

mapunit.

Description of Urban Land

Typical profile
H1 - 0 to 40 inches: variable

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydrologic Soil Group: D

Description of Austin

Setting
Landform: Ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Residuum weathered from chalk

Typical profile
H1 - 0 to 15 inches: silty clay
H2 - 15 to 36 inches: silty clay
H3 - 36 to 52 inches: bedrock

Properties and qualities
Slope: 1 to 8 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat):

Moderately low to moderately high (0.06 to 0.57 in/hr)
Depth to water table: More than 80 inches

Map Unit Description: Urban land, Austin, and Whitewright soils, 1 to 8 percent slopes---Travis
County, Texas

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/30/2014
Page 1 of 2



Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 70 percent
Available water storage in profile: Moderate (about 6.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C

Description of Whitewright

Setting
Landform: Ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Residuum weathered from austin chalk formation

Typical profile
H1 - 0 to 6 inches: clay loam
H2 - 6 to 14 inches: clay loam
H3 - 14 to 48 inches: bedrock

Properties and qualities
Slope: 1 to 8 percent
Depth to restrictive feature: 10 to 20 inches to paralithic bedrock
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat):

Moderately low to high (0.06 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 70 percent
Salinity, maximum in profile: Nonsaline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Very low (about 2.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: D

Minor Components

Unnamed
Percent of map unit: 5 percent

Data Source Information

Soil Survey Area:  Travis County, Texas
Survey Area Data:  Version 15, Sep 29, 2014

Map Unit Description: Urban land, Austin, and Whitewright soils, 1 to 8 percent slopes---Travis
County, Texas

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/30/2014
Page 2 of 2



Travis County, Texas

Ur—Urban land, 0 to 6 percent slopes

Map Unit Setting
National map unit symbol: f66l
Elevation: 0 to 4,000 feet
Mean annual precipitation: 8 to 60 inches
Mean annual air temperature: 54 to 73 degrees F
Frost-free period: 180 to 310 days
Farmland classification: Not prime farmland

Map Unit Composition
Urban land: 100 percent
Estimates are based on observations, descriptions, and transects of the

mapunit.

Description of Urban Land

Typical profile
H1 - 0 to 40 inches: variable

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydrologic Soil Group: D

Data Source Information

Soil Survey Area:  Travis County, Texas
Survey Area Data:  Version 15, Sep 29, 2014

Map Unit Description: Urban land, 0 to 6 percent slopes---Travis County, Texas

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/30/2014
Page 1 of 1



Travis County, Texas

HsD—Houston Black soils and Urban land, 0 to 8 percent
slopes

Map Unit Setting
National map unit symbol: f65f
Elevation: 0 to 4,000 feet
Mean annual precipitation: 8 to 60 inches
Mean annual air temperature: 54 to 73 degrees F
Frost-free period: 180 to 310 days
Farmland classification: Not prime farmland

Map Unit Composition
Houston black and similar soils: 56 percent
Urban land: 30 percent
Minor components: 14 percent
Estimates are based on observations, descriptions, and transects of the

mapunit.

Description of Houston Black

Setting
Landform: Ridges
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve
Microfeatures of landform position: Linear gilgai
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from calcareous shale of

taylor marl and eagleford shale

Typical profile
H1 - 0 to 8 inches: clay
H2 - 8 to 30 inches: clay
H3 - 30 to 80 inches: clay

Properties and qualities
Slope: 0 to 8 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Very low

to moderately low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 40 percent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to

4.0 mmhos/cm)
Sodium adsorption ratio, maximum in profile: 2.0
Available water storage in profile: Moderate (about 8.6 inches)

Map Unit Description: Houston Black soils and Urban land, 0 to 8 percent slopes---Travis County,
Texas

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/30/2014
Page 1 of 2



Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: D

Description of Urban Land

Typical profile
H1 - 0 to 40 inches: variable

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydrologic Soil Group: D

Minor Components

Unnamed
Percent of map unit: 14 percent

Data Source Information

Soil Survey Area:  Travis County, Texas
Survey Area Data:  Version 15, Sep 29, 2014

Map Unit Description: Houston Black soils and Urban land, 0 to 8 percent slopes---Travis County,
Texas

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/30/2014
Page 2 of 2



Travis County, Texas

EuC—Eddy soils and Urban land, 0 to 6 percent slopes

Map Unit Setting
National map unit symbol: f550
Elevation: 0 to 4,000 feet
Mean annual precipitation: 8 to 60 inches
Mean annual air temperature: 54 to 73 degrees F
Frost-free period: 180 to 310 days
Farmland classification: Not prime farmland

Map Unit Composition
Eddy and similar soils: 55 percent
Urban land: 35 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the

mapunit.

Description of Eddy

Setting
Landform: Ridges
Landform position (two-dimensional): Shoulder, summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from austin chalk

Typical profile
H1 - 0 to 3 inches: gravelly loam
H2 - 3 to 14 inches: very gravelly loam
H3 - 14 to 20 inches: bedrock

Properties and qualities
Slope: 1 to 6 percent
Depth to restrictive feature: 3 to 15 inches to paralithic bedrock
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat):

Moderately low to high (0.06 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 80 percent
Available water storage in profile: Very low (about 0.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: D

Map Unit Description: Eddy soils and Urban land, 0 to 6 percent slopes---Travis County, Texas

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/30/2014
Page 1 of 2



Description of Urban Land

Typical profile
H1 - 0 to 40 inches: variable

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8s
Hydrologic Soil Group: D

Minor Components

Unnamed
Percent of map unit: 10 percent

Data Source Information

Soil Survey Area:  Travis County, Texas
Survey Area Data:  Version 15, Sep 29, 2014

Map Unit Description: Eddy soils and Urban land, 0 to 6 percent slopes---Travis County, Texas

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/30/2014
Page 2 of 2



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit H.6 

Effective HEC-HMS Model Soil Map 





 

 
 
 
 
 
 
 
 
 

 
 

Exhibit H.7 

Technical Release-55 Table 2-2a:   

Runoff Curve Numbers for Urban Areas 



Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit H.8 

Technical Release-55 Appendix A:   

Hydrologic Soil Groups 



A–1(210-VI-TR-55, Second Ed., June 1986)

Exhibit A: Hydrologic Soil Groups for the United StatesAppendix B Synthetic Rainfall Distributions and

Rainfall Data Sources

The highest peak discharges from small watersheds in the United States are usually caused by intense, brief rain-
falls that may occur as distinct events or as part of a longer storm. These intense rainstorms do not usually ex-
tended over a large area and intensities vary greatly. One common practice in rainfall-runoff analysis is to develop
a synthetic rainfall distribution to use in lieu of actual storm events. This distribution includes maximum rainfall
intensities for the selected design frequency arranged in a sequence that is critical for producing peak runoff.

Synthetic rainfall distributions

The length of the most intense rainfall period contributing to the peak runoff rate is related to the  time of concen-
tration (Tc) for the watershed. In a hydrograph created with NRCS procedures, th

Appendix A Hydrologic Soil Groups

Soils are classified into hydrologic soil groups (HSG’s)
to indicate the minimum rate of infiltration obtained for
bare soil after prolonged wetting. The HSG’s, which are
A, B, C, and D, are one element used in determining
runoff curve numbers (see chapter 2). For the conve-
nience of TR-55 users, exhibit A-1 lists the HSG classifi-
cation of United States soils.

The infiltration rate is the rate at which water enters the
soil at the soil surface. It is controlled by surface condi-
tions. HSG also indicates the transmission rate—the rate
at which the water moves within the soil. This rate is
controlled by the soil profile. Approximate numerical
ranges for transmission rates shown in the HSG defini-
tions were first published by Musgrave (USDA 1955).
The four groups are defined by SCS soil scientists as
follows:

Group A soils have low runoff potential and high infil-
tration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 in/hr).

Group B soils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (0.15-
0.30 in/hr).

Group C soils have low infiltration rates when thor-
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.05-0.15 in/hr).

Group D soils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten-
tial, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a
very low rate of water transmission (0-0.05 in/hr).

In exhibit A-1, some of the listed soils have an added
modifier; for example, “Abrazo, gravelly.” This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.

Disturbed soil profiles

As a result of urbanization, the soil profile may be con-
siderably altered and the listed group classification may
no longer apply. In these circumstances, use the follow-
ing to determine HSG according to the texture of the
new surface soil, provided that significant compaction
has not occurred (Brakensiek and Rawls 1983).

HSG Soil textures

A Sand, loamy sand, or sandy loam

B Silt loam or loam

C Sandy clay loam

D Clay loam, silty clay loam, sandy clay, silty
clay, or clay

Drainage and group D soils

Some soils in the list are in group D because of a high
water table that creates a drainage problem. Once these
soils are effectively drained, they are placed in a differ-
ent group. For example, Ackerman soil is classified as
A/D. This indicates that the drained Ackerman soil is in
group A and the undrained soil is in group D.



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit H.9 

HEC-HMS Technical Reference Manual 

 













 

 

 

 

 

 

 

 

 

 

 
 

Exhibit H.10 

Correspondence with WPD 

 



1

Dube, Kiersten

From: Hollon, Matt

Sent: Monday, November 9, 2020 1:07 PM

To: Dube, Kiersten; Dutton, Greg; Bates, Andrea

Cc: Massie-Gore, Jennifer; Middleton, John

Subject: RE: LDC revision question

Thanks for you question on this, Kiersten. Super interesting! 

 

I’m going to defer to Greg on the best answer regarding the Neighborhood Plan-LDC interactions / potential overriding. 

Council still has not resolved the LDC Revision question re: how to respond to the Court decision to require notification 

and so forth. Council may take that back up in early 2021, but we’re not sure. 

 

Meanwhile, I’m betting you are trying to calculate the “fully developed conditions” impervious cover levels in the 

contributing area for your drainage model. When we were working on the LDC Revision analysis for Council, we did lots 

of number crunching on IC changes in local flood problem areas. In the vast majority of these drainage areas, the 

proposed IC levels were super close (little or no change) to existing maximum levels. This would mean the fully 

developed condition would be about the same. Obviously, we try to update these assumptions with new changes in 

realities on the ground (in this case, zoning maximums). But, since there has been no Council decision to adopt LDC 

Revision changes, I think it’s appropriate for you to proceed in good faith with the current reality for IC maximums. 

(Again, I predict—but don’t know—that IC won’t change much for this area based on the LDC Revision.) 

 

I’m cc-ing our colleague John Middleton, who is our Local Flood engineering guru, who might have thoughts (and 

corrections!) about how to go about doing these IC max calcs. 

 

Matt 

 

From: Dube, Kiersten <Kiersten.Dube@austintexas.gov>  

Sent: Monday, November 9, 2020 12:49 PM 

To: Dutton, Greg <Greg.Dutton@austintexas.gov>; Bates, Andrea <Andrea.Bates@austintexas.gov>; Hollon, Matt 

<Matt.Hollon@austintexas.gov> 

Cc: Massie-Gore, Jennifer <Jennifer.Massie-Gore@austintexas.gov> 

Subject: LDC revision question 

 

Hi Andrea, Greg and Matt, 

 

I’m working on a storm drain improvement project in the South Congress neighborhood and have a question regarding 

impervious cover limits.  Some of the project area is subject to neighborhood plans adopted before 2009, which allow 

for SF-4 zoning (65% max impervious cover) in single family land use areas.  Would the LDC revisions override the pre-

2009 neighborhood plan impervious cover limits?  The interactive LDC revision map shows that the single family area in 

question would be zoned: 

R4 – 55% max IC 

R2B – 45% max IC 

RM1 – 60% max IC 

 

Do you have any idea of the timeline for adopting the revised code?   

 

Thank you, 

 



 

 
 
 
 
 

 
 
 

Appendix I –  
Annie Street Existing Storm Drain 

System Analysis 
 

 Exhibit I.1   Map of Abandoned Lines 

 Exhibit I.2  Map of Existing Inlet Drainage Areas   

 Exhibit I.3  Inlet Calculations for Existing Storm Drain System 
    and Ultimate Land Use Conditions 

 Exhibit I.4  Existing System Code Compliance Summary 

 Exhibit I.5  Drainage Criteria Manual Tables 2-1, 2-2 and 2-5 

 Exhibit I.6  Splash-over Velocity 

 Exhibit I.7  “a” Value Documentation 

 Exhibit I.8  Tailwater Conditions 

 Exhibit I.9  Storm Drain Pipe Data and Existing Storm Drain 
    System Record Drawings 
 
 Exhibit I.10  StormCAD Profiles 

    



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.1 

Map of Abandoned Lines 





 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.2 

Map of Existing Inlet Drainage Areas 

   





 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.3 

Inlet Calculations for Existing Storm Drain System  

and  

Ultimate Land Use Conditions 

   



Ultimate Development Conditions for Existing System

Area Area

Area IC 

within

700 800 100

SF sq mi SF SF SF SF

Calc Notes ‐‐> (1) (2) (3) (4) (5) (6) (15) (16) (17) (18)

DA‐A01 35767 0.001283 75% 0 21305 14462 0% 83% 75% 79.9% 4685

DA‐A02 72721 0.002609 47% 0 17693 55028 0% 83% 70% 72.7% 33003

DA‐A03 22598 0.000811 56% 0 9961 12637 0% 85% 65% 73.7% 8336

DA‐A04 65817 0.002361 39% 0 14299 51518 0% 69% 65% 66.0% 35701

DA‐A05.1 9336 0.000335 70% 0 5442 3894 0% 90% 65% 79.7% 2243

DA‐A05.2 45161 0.001620 64% 0 23552 21609 0% 83% 68% 75.9% 10739

DA‐A06.1 36647 0.001315 46% 0 7494 29153 0% 69% 65% 65.8% 17401

DA‐A06.2 163241 0.005855 46% 0 54064 109177 0% 74% 65% 67.8% 73861

DA‐A07 33869 0.001215 60% 0 16989 16880 0% 68% 65% 66.5% 8213

DA‐A08 60513 0.002171 59% 0 19947 40566 0% 72% 69% 69.6% 19386

DA‐A09 52532 0.001884 85% 0 16957 35575 0% 85% 91% 89.1% 1342

DA‐A10 23950 0.000859 97% 0 19674 4276 0% 97% 95% 96.2% 0

DA‐A11 149109 0.005349 48% 0 25642 123467 0% 82% 80% 80.4% 0

DA‐A12 138786 0.004978 53% 0 21558 117228 0% 89% 80% 81.3% 0

DA‐A13 49355 0.001770 64% 0 13426 35929 0% 85% 80% 81.2% 0

DA‐A14 79528 0.002853 80% 0 22904 56624 0% 77% 80% 79.1% 0

DA‐A15 97857 0.003510 65% 0 21697 76160 0% 79% 74% 75.3% 24175

DA‐A16 201385 0.007224 83% 0 74518 126867 0% 87% 94% 91.1% 997

DA‐A17 30376 0.001090 61% 0 6213 24163 0% 91% 80% 82.2% 0

DA‐A18 1334 0.000048 56% 0 798 536 0% 92% 80% 87.1% 0

DA‐A19 57278 0.002055 60% 0 6885 50393 0% 66% 80% 78.3% 0

DA‐A20 128669 0.004615 71% 0 59506 69163 0% 87% 88% 87.6% 0

DA‐A21.1 39207 0.001406 92% 0 3762 35445 0% 75% 88% 86.7% 0

DA‐A21.2 103937 0.003728 71% 0 14741 89196 0% 91% 85% 85.5% 0

DA‐A22 393044 0.014099 59% 0 121890 271154 0% 84% 71% 75.4% 128073

DA‐A23 20139 0.000722 93% 0 13597 6542 0% 94% 95% 94.0% 0

DA‐A24 493273 0.017694 51% 0 141274 351999 0% 73% 69% 70.0% 175331

DA‐A25 84148 0.003018 88% 0 0 84148 0% 0% 88% 88.0% 0

DA‐A26 37114 0.001331 92% 0 0 37114 0% 0% 94% 94.5% 32

DA‐A27 18792 0.000674 80% 0 8922 9870 0% 94% 95% 94.7% 0

DA‐L1 72327 0.002594 82% 2969 62421 6937 18% 84% 95% 82.1% 0

DA‐L2 5570 0.000200 76% 0 5570 0 0% 76% 0% 76.0% 0

DA‐L3 51834 0.001859 79% 0 8674 43160 0% 85% 95% 93.3% 0

DA‐L4 25220 0.000905 89% 0 11386 13834 0% 84% 88% 86.6% 1120

DA‐L5 7467 0 7361 106 0% 83% 65% 83.1% 30

%IC 800AreaName Ex_%IC

Area not 

700 or 800Area %IC 700

Ult_%IC not 

700 or 800 Ult_%IC

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Annie system Ult IC

Tab:  Ult %IC



(1) Drainage Area

(2) Area (sq mi) = Area / 27,878,400

(3) Ex_%IC = 1 ‐ (sum(remaining pervious area)) / Area

(4) Area 700 = area that is LU category 700

(5) Area 800 = area that is LU category 800

(6) Area not 700 or 800 = (Area) ‐ (Area 700) ‐ (Area 800)

(15) %IC 700 = 1 ‐ (Area Pervious 700)/(Area 700)

(16) %IC 800 = 1 ‐ (Area Pervious 800)/(Area 800)

(17) Ult_%IC not 700 or 800 = weighted average for area not within LU categories 700 or 800

(18) Ult_%IC = weighted average

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Annie system Ult IC

Tab:  Calc Notes



Ref:
Existing %IC within LU Category 100 = 39%
Ultimate %IC within LU Category 100 = 65%

Total Area Ult %IC

Total Area of IC 

for Ult conditions 100

All other LU 

Categories

Existing % of 

IC that is 

Asphalt

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

DA-A01 35767 79.9% 28572 4685 23887 43.5% 25.8% 1208 10384 11592 16979 7195

DA-A02 72721 72.7% 52887 33003 19884 18.7% 11.1% 3664 3721 7385 45502 19834

DA-A03 22598 73.7% 16650 8336 8314 27.9% 16.6% 1381 2323 3704 12946 5948

DA-A04 65817 66.0% 43412 35701 7711 13.5% 8.0% 2854 1039 3894 39518 22405

DA-A05.1 9336 79.7% 7437 2243 5194 37.5% 22.3% 499 1949 2449 4988 1899

DA-A05.2 45161 75.9% 34265 10739 23526 35.6% 21.1% 2268 8375 10643 23622 10896

DA-A06.1 36647 65.8% 24112 17401 6711 12.9% 7.6% 1329 864 2193 21919 12535

DA-A06.2 163241 67.8% 110746 73861 36885 19.8% 11.7% 8673 7301 15974 94772 52495

DA-A07 33869 66.5% 22506 8213 14293 27.8% 16.5% 1355 3975 5330 17176 11363

DA-A08 60513 69.6% 42114 19386 22728 23.5% 13.9% 2702 5341 8043 34071 18399

DA-A09 52532 89.1% 46826 1342 45484 51.9% 30.8% 413 23588 24001 22825 5706

DA-A10 23950 96.2% 23051 0 23051 94.0% 55.7% 0 21658 21658 1394 899

DA-A11 149109 80.4% 119848 0 119848 36.8% 21.8% 0 44120 44120 75728 29261

DA-A12 138786 81.3% 112899 0 112899 28.4% 16.9% 0 32086 32086 80813 25887

DA-A13 49355 81.2% 40092 0 40092 25.0% 14.8% 0 10020 10020 30072 9263

DA-A14 79528 79.1% 62890 0 62890 29.7% 17.6% 0 18679 18679 44212 16638

DA-A15 97857 75.3% 73643 24175 49468 28.3% 16.8% 4058 14000 18058 55585 24214

DA-A16 201385 91.1% 183449 997 182452 45.9% 27.2% 271 83751 84023 99426 17936

DA-A17 30376 82.2% 24979 0 24979 15.0% 8.9% 0 3758 3758 21221 5397

DA-A18 1334 87.1% 1162 0 1162 48.5% 28.8% 0 564 564 598 172

DA-A19 57278 78.3% 44849 0 44849 6.4% 3.8% 0 2876 2876 41973 12429

DA-A20 128669 87.6% 112725 0 112725 40.7% 24.1% 0 45868 45868 66857 15944

DA-A21.1 39207 86.7% 33989 0 33989 7.2% 4.3% 0 2446 2446 31543 5218

DA-A21.2 103937 85.5% 88826 0 88826 24.7% 14.7% 0 21970 21970 66855 15111

DA-A22 393044 75.4% 296161 128073 168088 28.8% 17.1% 21881 48413 70294 225867 96883

DA-A23 20139 94.0% 18930 0 18930 70.5% 41.8% 0 13340 13340 5590 1209

DA-A24 493273 70.0% 345125 175331 169794 21.3% 12.6% 22102 36084 58186 286939 148148

DA-A25 84148 88.0% 74046 0 74046 0.0% 0.0% 0 0 0 74046 10102

DA-A26 37114 94.5% 35066 32 35034 23.5% 13.9% 4 8235 8240 26827 2048

DA-A27 18792 94.7% 17804 0 17804 30.6% 18.2% 0 5454 5454 12351 988

DA-L1 72327 82.1% 59404 0 59404 80.0% 47.5% 0 47552 47552 11852 12923

DA-L2 5570 76.0% 4231 0 4231 61.2% 36.3% 0 2589 2589 1642 1339

DA-L3 51834 93.3% 48353 0 48353 76.0% 45.1% 0 36761 36761 11592 3481

DA-L4 25220 86.6% 21831 1120 20711 55.7% 33.0% 370 11530 11899 9931 3390

DA-L5 7467 83.1% 6205 30 6175 62.8% 37.2% 11 3878 3889 2316 1262

Equation
(1) Claculated elsewhere from FLUM
(2) Total area IC = total area x Ult % IC
(3) Claculated elsewhere from FLUM
(4) Area IC within all other FLUM cagegories except 100 = (2) - (3) or zero if result is negative
(5) Calculated from GIS files
(6) (6) = (5) x .39 / .65
(7) (7) = (6) x (3)
(8) (8) = (4) x (5)
(9) (9) = (7) + (8)
(10) (10) = (2) - (9)
(11) (11) = Total Area - (9) - (10)

Note:  This tab assumes that the increase in impervious cover for SF lots is entirely concrete/roofs; for all other LU 
categories, the increase in impervious cover is the same proportion of asphalt/concrete as the existing conditions

Annie system Ult IC.xlsx

Ultimate Development Conditions ‐ Existing System

Area of IC within each FLUM 

Category and DA (Ult 

Conditions)

For LU 100, % 

of IC area 

that is 

Asphalt

Area 

Asphalt 

within LU 

100

Area 

Asphalt 

within all 

other LU s

Total 

Area 

Asphalt 

within DA

Total 

Area 

Concrete 

within DA

Total 

Area 

Grass 

within DA



Annie Street Storm Drain Improvements
C Values - Ultimate Development Conditions for Existing Storm Drain System 0.37 0.42 0.46 0.53

0.25 0.30 0.34 0.41

Total Asphalt Concrete Grass 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49

Basin Area (sf) Drainage Area EX %IC Area IC (sf)
Asph. % 

of IC
Asph.. Area (sf)

Conc. % of 
IC

Conc. Area 
(sf)

Grass 
Percentile

Grass Area 
(sf)

Area (acres)
Asp. Area 

(acres)
Conc. Area 

(acres)
Grass Area 

(acres)
Asph.C2 Asph.C10 Asph.C25 Asph. C100 Conc. C2 Conc. C10 Conc. C25 Conc. C100 Grass C2 Grass C10 Grass C25 Grass C100 Comb. C2 Comb. C10 Comb. C25

Comb. 
C100

Condition Slope

DA-A01 35767 11592.40 16979.25 7195.35 0.82 0.27 0.39 0.17 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.66 0.73 0.78 0.87 Fair average

DA-A02 72721 7385.31 45501.94 19833.75 1.67 0.17 1.04 0.46 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.63 0.71 0.75 0.84 Fair average

DA-A03 22598 3704.10 12946.30 5947.60 0.52 0.09 0.30 0.14 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.37 0.42 0.46 0.53 0.65 0.72 0.77 0.85 Fair steep

DA-A04 65817 3893.66 39518.39 22404.95 1.51 0.09 0.91 0.51 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.61 0.68 0.72 0.81 Fair average

DA-A05.1 9336 2448.70 4988.05 1899.25 0.21 0.06 0.11 0.04 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.66 0.73 0.78 0.87 Fair average

DA-A05.2 45161 10642.78 23622.02 10896.20 1.04 0.24 0.54 0.25 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.64 0.72 0.76 0.85 Fair average

DA-A05 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0 0 0 0 Fair average

DA-A06.1 36647 2193.34 21918.76 12534.90 0.84 0.05 0.50 0.29 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.61 0.67 0.72 0.80 Fair average

DA-A06.2 163241 15974.04 94772.36 52494.60 3.75 0.37 2.18 1.21 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.61 0.68 0.73 0.81 Fair average

DA-A06 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0 0 0 0 Fair --

DA-A07 33869 5330.33 17175.67 11363.00 0.78 0.12 0.39 0.26 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.61 0.68 0.72 0.81 Fair average

DA-A08 60513 8043.08 34070.62 18399.30 1.39 0.18 0.78 0.42 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.62 0.69 0.74 0.82 Fair average

DA-A09 52532 24000.81 22825.29 5705.90 1.21 0.55 0.52 0.13 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.70 0.77 0.82 0.91 Fair average

DA-A10 23950 21657.59 1393.66 898.75 0.55 0.50 0.03 0.02 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.71 0.79 0.84 0.93 Fair flat

DA-A11 149109 44119.90 75727.70 29261.40 3.42 1.01 1.74 0.67 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.66 0.74 0.78 0.87 Fair average

DA-A12 138786 32085.80 80812.80 25887.40 3.19 0.74 1.86 0.59 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.67 0.74 0.79 0.88 Fair average

DA-A13 49355 10019.95 30072.05 9263.00 1.13 0.23 0.69 0.21 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.67 0.74 0.79 0.88 Fair average

DA-A14 79528 18678.53 44211.67 16637.80 1.83 0.43 1.01 0.38 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.66 0.73 0.78 0.86 Fair average

DA-A15 97857 18057.97 55584.73 24214.30 2.25 0.41 1.28 0.56 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.64 0.71 0.76 0.85 Fair average

DA-A16 201385 84022.73 99426.47 17935.80 4.62 1.93 2.28 0.41 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.70 0.77 0.82 0.91 Fair flat

DA-A17 30376 3758.09 21221.31 5396.60 0.70 0.09 0.49 0.12 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.67 0.75 0.80 0.88 Fair average

DA-A18 1334 563.58 598.42 172.00 0.03 0.01 0.01 0.00 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.37 0.42 0.46 0.53 0.69 0.77 0.82 0.90 Fair steep

DA-A19 57278 2876.01 41973.39 12428.60 1.31 0.07 0.96 0.29 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.66 0.73 0.78 0.86 Fair average

DA-A20 128669 45868.40 66856.80 15943.80 2.95 1.05 1.53 0.37 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.69 0.77 0.82 0.90 Fair average

DA-A21.1 39207 2445.53 31543.03 5218.44 0.90 0.06 0.72 0.12 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.69 0.77 0.82 0.90 Fair average

DA-A21.2 103937 21970.38 66855.47 15111.15 2.39 0.50 1.53 0.35 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.68 0.76 0.81 0.90 Fair average

DA-A21 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0 0 0 0 Fair average

DA-A22 393044 70294.26 225866.89 96882.85 9.02 1.61 5.19 2.22 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.64 0.72 0.76 0.85 Fair average

DA-A23 20139 13339.91 5589.94 1209.15 0.46 0.31 0.13 0.03 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.71 0.78 0.83 0.92 Fair flat

DA-A24 493273 58186.31 286939.04 148147.65 11.32 1.34 6.59 3.40 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.62 0.69 0.74 0.82 Fair average

DA-A25 84148 0.00 74046.32 10101.68 1.93 0.00 1.70 0.23 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.70 0.78 0.82 0.91 Fair Average

DA-A26 37114 8239.55 26826.50 2047.95 0.85 0.19 0.62 0.05 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.33 0.38 0.42 0.49 0.72 0.80 0.85 0.94 Fair Average

DA-A27 18792 5453.51 12350.94 987.55 0.43 0.13 0.28 0.02 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.72 0.80 0.85 0.93 Fair flat

DA-L1 72327 47552.44 11851.76 12922.80 1.66 1.09 0.27 0.30 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.65 0.72 0.77 0.86 Fair flat

DA-L2 5570 2588.73 1642.27 1339.00 0.13 0.06 0.04 0.03 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.62 0.69 0.74 0.83 Fair flat

DA-L3 51834 36761.49 11591.51 3481.00 1.19 0.84 0.27 0.08 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.70 0.78 0.83 0.92 Fair flat

DA-L4 25220 11899.41 9931.09 3389.50 0.58 0.27 0.23 0.08 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.67 0.75 0.80 0.89 Fair flat

DA-L5 7467 3888.78 2316.12 1262.10 0.17 0.09 0.05 0.03 0.73 0.81 0.86 0.95 0.75 0.83 0.88 0.97 0.25 0.30 0.34 0.41 0.66 0.73 0.78 0.86 Fair flat

Asphalt ConcreteDrainage Input CombinedGrass Grass Area
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Annie Street Storm Drain Improvements
Time of Concentration (Ultimate Development Conditions for Existing System)

Equation in cell ==> (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (9) (10)

Basin Area (acres) Calc. Tc EBLDN Tc
Tc used     

mins
Sheet Flow 
Length (ft)

Sheet Flow 
Slope (ft/ft)

n P
tc1         

mins
Sheet Flow 
Length (ft)

Sheet Flow 
Slope (ft/ft)

n P
tc1         

mins

Shallow 
Flow Length 

(ft)

Shallow 
Flow Slope 

(ft/ft)
n

tc2         
mins

Shallow 
Flow Length 

(ft)

Shallow 
Flow Slope 

(ft/ft)
n

tc3         
mins

DA-A01 0.82 4.20 5.00 20.34 0.066 0.02 3.44 0.33 41.63 0.068 0.15 3.44 2.87 19.76 0.071 0.05 0.08 51.06 0.059 0.05 0.22

DA-A02 1.67 7.58 7.58 0.00 -- 0.02 3.44 0.00 79.42 0.047 0.15 3.44 5.57 126.80 0.037 0.05 0.68 185.22 0.072 0.05 0.72

DA-A03 0.52 4.93 5.00 0.00 -- 0.02 3.44 0.00 69.26 0.069 0.15 3.44 4.28 123.19 0.076 0.05 0.46 0.00 -- 0.05 0.00

DA-A04 1.51 12.26 12.26 0.00 -- 0.02 3.44 0.00 79.17 0.009 0.15 3.44 10.57 118.61 0.067 0.05 0.47 84.29 0.024 0.05 0.57

DA-A05 0.00 3.24 5.00 96.20 0.010 0.02 3.44 2.37 0.00 -- 0.15 3.44 0.00 32.56 0.043 0.05 0.16 31.20 0.076 0.05 0.12

DA-A06 0.00 9.70 9.70 0.00 -- 0.02 3.44 0.00 63.08 0.019 0.15 3.44 6.67 98.10 0.031 0.05 0.58 255.53 0.022 0.05 1.80

DA-A07 0.78 8.04 8.04 0.00 -- 0.02 3.44 0.00 69.50 0.019 0.15 3.44 7.26 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A08 1.39 6.94 6.94 0.00 -- 0.02 3.44 0.00 63.79 0.031 0.15 3.44 5.51 112.55 0.021 0.05 0.81 0.00 -- 0.05 0.00

DA-A09 1.21 2.57 5.00 21.93 0.023 0.02 3.44 0.53 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A10 0.55 1.81 5.00 55.49 0.040 0.02 3.44 0.90 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A11 3.42 2.48 5.00 37.20 0.040 0.02 3.44 0.65 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A12 3.19 2.85 5.00 0.00 -- 0.02 3.44 0.00 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A13 1.13 2.28 5.00 40.78 0.023 0.02 3.44 0.87 0.00 -- 0.15 3.44 0.00 46.97 0.081 0.025 0.14 71.72 0.049 0.025 0.27

DA-A14 1.83 2.12 5.00 24.37 0.062 0.02 3.44 0.39 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A15 2.25 3.47 5.00 35.99 0.005 0.02 3.44 1.48 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A16 4.62 7.46 7.46 98.83 0.019 0.02 3.44 1.90 0.00 0.000 0.15 3.44 0.00 0.00 0.000 0.05 0.00 0.00 0.000 0.05 0.00

DA-A17 0.70 1.49 5.00 45.11 0.028 0.02 3.44 0.88 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A18 0.03 2.43 5.00 0.00 -- 0.02 3.44 0.00 39.89 0.100 0.15 3.44 2.38 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A19 1.31 3.78 5.00 81.48 0.022 0.02 3.44 1.53 0.00 -- 0.15 3.44 0.00 104.78 0.021 0.025 0.60 132.34 0.038 0.025 0.56

DA-A20 2.95 2.67 5.00 50.47 0.045 0.02 3.44 0.79 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A21 0.00 4.08 5.00 48.62 0.010 0.02 3.44 1.38 0.00 -- 0.15 3.44 0.00 128.56 0.043 0.05 0.64 0.00 -- 0.05 0.00

DA-A22 9.02 12.34 16.47 16.47 0.00 -- 0.02 3.44 0.00 55.74 0.013 0.15 3.44 6.94 120.03 0.015 0.05 1.00 0.00 -- 0.05 0.00

DA-A23 0.46 3.22 5.00 13.93 0.022 0.02 3.44 0.38 4.37 0.005 0.15 3.44 1.39 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A24 11.32 7.84 7.84 0.00 -- 0.02 3.44 0.00 46.09 0.027 0.15 3.44 4.50 186.67 0.070 0.05 0.73 139.89 0.055 0.05 0.62

DA-A25 1.93 1.63 5.00 5.00 44.37 0.103 0.02 3.44 0.51 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A26 0.85 3.07 5.00 59.09 0.055 0.02 3.44 0.83 0.00 -- 0.15 3.44 0.00 0.00 -- 0.05 0.00 0.00 -- 0.05 0.00

DA-A27 0.43 1.75 5.00 40.27 0.020 0.02 3.44 0.91 0.00 0.020 0.15 3.44 0.00 0.00 0.000 0.05 0.00 0.00 -- 0.05 0.00

DA-L1 1.66 4.08 5.00 48.62 0.010 0.02 3.44 1.38 0.00 -- 0.15 3.44 0.00 128.56 0.043 0.05 0.64 0.00 -- 0.05 0.00

DA-L2 0.13 4.08 5.00 48.62 0.010 0.02 3.44 1.38 0.00 -- 0.15 3.44 0.00 128.56 0.043 0.05 0.64 0.00 -- 0.05 0.00

DA-L3 1.19 4.08 5.00 48.62 0.010 0.02 3.44 1.38 0.00 -- 0.15 3.44 0.00 128.56 0.043 0.05 0.64 0.00 -- 0.05 0.00

DA-L4 0.58 4.08 5.00 48.62 0.010 0.02 3.44 1.38 0.00 -- 0.15 3.44 0.00 128.56 0.043 0.05 0.64 0.00 -- 0.05 0.00

DA-L5 0.17 4.08 5.00 48.62 0.010 0.02 3.44 1.38 0.00 -- 0.15 3.44 0.00 128.56 0.043 0.05 0.64 0.00 -- 0.05 0.00

DA-A05.1 0.21 1.14 5.00 9.71 0.206 0.02 3.44 0.11 0.00 -- 0.15 3.44 0.00 72.46 0.014 0.05 0.64 0.00 -- 0.05 0.00

DA-A05.2 1.04 3.24 5.00 96.20 0.010 0.02 3.44 2.37 0.00 -- 0.15 3.44 0.00 32.56 0.043 0.05 0.16 31.20 0.076 0.05 0.12

DA-A06.1 0.84 2.99 5.00 38.92 0.003 0.02 3.44 2.01 0.00 -- 0.15 3.44 0.00 113.59 0.040 0.05 0.59 0.00 -- 0.05 0.00

DA-A06.2 3.75 3.03 5.00 0.00 -- 0.02 3.44 0.00 0.00 0.019 0.15 3.44 0.00 98.10 0.031 0.05 0.58 255.53 0.022 0.05 1.80

DA-A21.1 0.90 4.64 5.00 100.00 0.020 0.02 3.44 1.89 0.00 -- 0.15 3.44 0.00 41.66 0.054 0.05 0.19 0.00 -- 0.05 0.00

DA-A21.2 2.39 4.08 5.00 48.62 0.010 0.02 3.44 1.38 0.00 -- 0.15 3.44 0.00 128.56 0.043 0.05 0.64 0.00 -- 0.05 0.00

Equations
(1) Calculated Tc = Sheet Flow Tc + Shallwo Concentrated Tc + Gutter Flow Tc
(2) Tc used = min (5, Calculated Tc)
(3) n = 0.020 for roofs/pavement
(4) See DCM Table 2-3:  2-year 24-hour rainfall
(5) DCM EQ 2-3:  Sheet Flow Tc for roofs/pavement (mins) = 0.42 * (nL)0.8 / (P0.5 * S0.4)
(6) n = 0.15 for Grass, short-grass prairie; See DCM Table 2-2
(7) See DCM Table 2-3:  2-year 24-hour rainfall
(8) DCM EQ 2-3Sheet Flow for roofs/pavement (mins) = 0.42 * (nL)0.8 / (P0.5 * S0.4)
(9) Given in DCM Section 2.4.2.B
(10) DCM EQ 2-4:  Unpaved Shallow Concentrated Tc = L / (60(16.1345)(S0.5))
(11) Given in DCM Section 2.4.2.B; cells hilighted in green use the unpaved equation
(12) DCM EQ 2-5:  Paved Shallow Concentrated Tc = L / (60(20.3282)(S0.5)); cells hilighted in green use the unpaved equation
(13) V = k * S0.5  Reference:  Richard McCuen, Hydrologic Analysis and Design (New Jersey:  Prentice Hall 1998), p. 143.
(14) Tc = L / (60 * V)

Shallow Conc. 2 - unpavedDrainage Input Sheet Flow - overland Shallow Conc. 1 - unpavedSheet Flow - roof/pavement
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Annie Street Storm Drain Improvements
Time of Concentration (Ultimate Development Conditions for Existing System)

Equation in cell ==> (11) (12) (11) (12) (13) (14) (13) (14) (13) (14)

Basin
Shallow 

Flow Length 
(ft)

Shallow 
Flow Slope 

(ft/ft)
n

tc4         
mins

Shallow 
Flow Length 

(ft)

Shallow 
Flow Slope 

(ft/ft)
n

tc5         
mins

Channel 
Length (ft)

slope
Channel 

Min. V (fps)
tc6         

mins
Channel 

Length (ft)
slope

Channel 
Min. V (fps)

tc7
Channel 

Length (ft)
slope

Channel 
Min. V (fps)

tc8

DA-A01 19.20 0.057 0.025 0.07 0.00 -- 0.025 0.00 260.66 0.021 6.73 0.65 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A02 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 239.66 0.020 6.52 0.61 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A03 16.93 0.106 0.025 0.04 0.00 -- 0.025 0.00 107.21 0.070 12.29 0.15 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A04 39.40 0.048 0.025 0.15 102.00 0.066 0.025 0.41 62.38 0.063 11.58 0.09 0.00 0.000 0.00 0.00 0.00 -- -- 0.00

DA-A05 91.61 0.041 0.025 0.37 0.00 -- 0.025 0.00 113.72 0.035 8.68 0.22 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A06 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 175.80 0.018 6.25 0.47 103.27 0.042 9.45 0.18 0.00 -- -- 0.00

DA-A07 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 338.33 0.024 7.21 0.78 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A08 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 249.28 0.021 6.67 0.62 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A09 76.41 0.046 0.025 0.29 244.51 0.019 0.025 1.45 145.70 0.031 8.14 0.30 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A10 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 277.71 0.012 5.05 0.92 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A11 98.18 0.058 0.025 0.33 115.12 0.058 0.025 0.39 534.08 0.030 8.04 1.11 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A12 90.08 0.120 0.025 0.21 325.68 0.024 0.025 1.74 310.84 0.015 5.75 0.90 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A13 69.55 0.032 0.025 0.32 0.00 -- 0.025 0.00 181.33 0.009 4.35 0.69 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A14 105.13 0.035 0.025 0.46 25.70 0.078 0.025 0.08 569.10 0.030 7.96 1.19 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A15 64.24 0.023 0.025 0.34 0.00 -- 0.025 0.00 334.45 0.010 4.74 1.18 232.94 0.032 8.25 0.47 0.00 -- -- 0.00

DA-A16 74.68 0.012 0.025 0.56 0.00 0.000 0.025 0.00 667.48 0.009 4.28 2.60 435.12 0.015 5.66 1.28 338.76 0.012 5.03 1.12

DA-A17 69.20 0.029 0.025 0.33 63.10 0.055 0.025 0.22 21.98 0.018 6.25 0.06 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A18 10.84 0.030 0.025 0.05 0.00 -- 0.025 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A19 124.09 0.026 0.025 0.79 41.19 0.072 0.025 0.16 82.03 0.040 9.29 0.15 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A20 277.07 0.023 0.025 1.49 0.00 -- 0.025 0.00 193.00 0.033 8.43 0.38 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A21 160.83 0.024 0.025 0.86 270.05 0.034 0.025 1.20 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A22 247.63 0.020 0.025 1.43 0.00 -- 0.025 0.00 350.19 0.025 7.29 0.80 713.52 0.014 5.48 2.17 0.00 -- -- 0.00

DA-A23 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 380.19 0.009 4.38 1.45 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A24 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 200.90 0.014 5.47 0.61 588.64 0.024 7.14 1.37 0.00 -- -- 0.00

DA-A25 78.87 0.020 0.025 0.45 161.58 0.045 0.025 0.63 37.30 0.155 18.23 0.03 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A26 382.77 0.020 0.025 2.24 0.00 -- 0.025 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A27 0.00 0.000 0.025 0.00 0.00 0.000 0.025 0.00 238.53 0.010 4.74 0.84 0.00 0.000 0.00 0.00 0.00 0.00 0.00 0.00

DA-L1 160.83 0.024 0.025 0.86 270.05 0.034 0.025 1.20 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-L2 160.83 0.024 0.025 0.86 270.05 0.034 0.025 1.20 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-L3 160.83 0.024 0.025 0.86 270.05 0.034 0.025 1.20 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-L4 160.83 0.024 0.025 0.86 270.05 0.034 0.025 1.20 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-L5 160.83 0.024 0.025 0.86 270.05 0.034 0.025 1.20 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A05.1 8.29 0.020 0.025 0.05 0.00 -- 0.025 0.00 153.09 0.026 7.48 0.34 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A05.2 91.61 0.041 0.025 0.37 0.00 -- 0.025 0.00 113.72 0.035 8.68 0.22 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A06.1 42.75 0.133 0.025 0.10 0.00 -- 0.025 0.00 122.10 0.023 7.01 0.29 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A06.2 0.00 -- 0.025 0.00 0.00 -- 0.025 0.00 175.80 0.018 6.25 0.47 103.27 0.042 9.45 0.18 0.00 -- -- 0.00

DA-A21.1 151.29 0.003 0.025 2.16 91.21 0.033 0.025 0.41 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

DA-A21.2 160.83 0.024 0.025 0.86 270.05 0.034 0.025 1.20 0.00 -- -- 0.00 0.00 -- -- 0.00 0.00 -- -- 0.00

Equations
(1) Calculated Tc = Sheet Flow Tc + Shallwo Concentrated Tc + Gutter Flow Tc
(2) Tc used = min (5, Calculated Tc)
(3) n = 0.020 for roofs/pavement
(4) See DCM Table 2-3:  2-year 24-hour rainfall
(5) DCM EQ 2-3:  Sheet Flow Tc for roofs/pavement (mins) = 0.42 * (nL)0.8 / (P0.5 * S0.4)
(6) n = 0.15 for Grass, short-grass prairie; See DCM Table 2-2
(7) See DCM Table 2-3:  2-year 24-hour rainfall
(8) DCM EQ 2-3Sheet Flow for roofs/pavement (mins) = 0.42 * (nL)0.8 / (P0.5 * S0.4)
(9) Given in DCM Section 2.4.2.B
(10) DCM EQ 2-4:  Unpaved Shallow Concentrated Tc = L / (60(16.1345)(S0.5))
(11) Given in DCM Section 2.4.2.B; cells hilighted in green use the unpaved equation
(12) DCM EQ 2-5:  Paved Shallow Concentrated Tc = L / (60(20.3282)(S0.5)); cells hilighted in green use the unpaved equation
(13) V = k * S0.5  Reference:  Richard McCuen, Hydrologic Analysis and Design (New Jersey:  Prentice Hall 1998), p. 143.
(14) Tc = L / (60 * V)

Gutter 3Shallow Conc. 3 - paved Gutter 1 (paved)Shallow Conc. 4 - paved Gutter 2 (paved)

11/29/2007 Tc Inlet Calcs_Ultimate Conditions_KD



Drainage Area Number
Drainage 

Area
(acres)

Time of 
Concentration

Tc (min)

Runoff 
Coefficient

C2

Intensity
I2

Design 
Flow
Q2

(cfs)

Runoff 
Coefficient

C10

Intensity
I10

Design 
Flow
Q10
(cfs)

Runoff 
Coefficient

C25

Intensity
I25

Design 
Flow
Q25
(cfs)

Runoff 
Coefficient

C100

Intensity
I100

Design 
Flow
Q100
(cfs)

DA-A01 0.82 5.00 0.66 5.76 3.11 0.73 8.57 5.16 0.78 10.11 6.48 0.87 12.54 8.93
DA-A02 1.67 7.58 0.63 5.10 5.39 0.71 7.60 8.95 0.75 9.01 11.31 0.84 11.32 15.82
DA-A03 0.52 5.00 0.65 5.76 1.93 0.72 8.57 3.20 0.77 10.11 4.02 0.85 12.54 5.54
DA-A04 1.51 12.26 0.61 4.25 3.89 0.68 6.36 6.49 0.72 7.57 8.26 0.81 9.68 11.77
DA-A05.1 0.21 5.00 0.66 5.76 0.81 0.73 8.57 1.35 0.78 10.11 1.69 0.87 12.54 2.33
DA-A05.2 1.04 5.00 0.64 5.76 3.84 0.72 8.57 6.37 0.76 10.11 8.01 0.85 12.54 11.05
DA-A05 0.00 5.00 0.00 5.76 0.00 0.00 8.57 0.00 0.00 10.11 0.00 0.00 12.54 0.00
DA-A06.1 0.84 5.00 0.61 5.76 2.93 0.67 8.57 4.86 0.72 10.11 6.14 0.80 12.54 8.49
DA-A06.2 3.75 5.00 0.61 5.76 13.22 0.68 8.57 21.94 0.73 10.11 27.67 0.81 12.54 38.25
DA-A06 0.00 9.70 0.00 4.67 0.00 0.00 6.97 0.00 0.00 8.28 0.00 0.00 10.50 0.00
DA-A07 0.78 8.04 0.61 5.00 2.36 0.68 7.46 3.92 0.72 8.84 4.96 0.81 11.13 6.97
DA-A08 1.39 6.94 0.62 5.25 4.52 0.69 7.82 7.50 0.74 9.25 9.48 0.82 11.60 13.23
DA-A09 1.21 5.00 0.70 5.76 4.83 0.77 8.57 7.98 0.82 10.11 10.01 0.91 12.54 13.75
DA-A10 0.55 5.00 0.71 5.76 2.26 0.79 8.57 3.73 0.84 10.11 4.68 0.93 12.54 6.42
DA-A11 3.42 5.00 0.66 5.76 13.04 0.74 8.57 21.58 0.78 10.11 27.13 0.87 12.54 37.36
DA-A12 3.19 5.00 0.67 5.76 12.23 0.74 8.57 20.24 0.79 10.11 25.44 0.88 12.54 35.01
DA-A13 1.13 5.00 0.67 5.76 4.35 0.74 8.57 7.20 0.79 10.11 9.05 0.88 12.54 12.45
DA-A14 1.83 5.00 0.66 5.76 6.91 0.73 8.57 11.44 0.78 10.11 14.38 0.86 12.54 19.81
DA-A15 2.25 5.00 0.64 5.76 8.31 0.71 8.57 13.76 0.76 10.11 17.32 0.85 12.54 23.89
DA-A16 4.62 7.46 0.70 5.13 16.53 0.77 7.64 27.36 0.82 9.05 34.46 0.91 11.37 47.94
DA-A17 0.70 5.00 0.67 5.76 2.70 0.75 8.57 4.47 0.80 10.11 5.61 0.88 12.54 7.72
DA-A18 0.03 5.00 0.69 5.76 0.12 0.77 8.57 0.20 0.82 10.11 0.25 0.90 12.54 0.35
DA-A19 1.31 5.00 0.66 5.76 4.98 0.73 8.57 8.24 0.78 10.11 10.36 0.86 12.54 14.27
DA-A20 2.95 5.00 0.69 5.76 11.75 0.77 8.57 19.41 0.82 10.11 24.37 0.90 12.54 33.48
DA-A21.1 0.90 5.00 0.69 5.76 3.59 0.77 8.57 5.93 0.82 10.11 7.44 0.90 12.54 10.22
DA-A21.2 2.39 5.00 0.68 5.76 9.40 0.76 8.57 15.54 0.81 10.11 19.52 0.90 12.54 26.82
DA-A21 0.00 5.00 0.00 5.76 0.00 0.00 8.57 0.00 0.00 10.11 0.00 0.00 12.54 0.00
DA-A22 9.02 16.47 0.64 3.72 21.56 0.72 5.57 35.98 0.76 6.66 45.85 0.85 8.59 65.76
DA-A23 0.46 5.00 0.71 5.76 1.88 0.78 8.57 3.11 0.83 10.11 3.90 0.92 12.54 5.35
DA-A24 11.32 7.84 0.62 5.04 35.50 0.69 7.52 58.96 0.74 8.91 74.62 0.82 11.21 104.58
DA-A25 1.93 5.00 0.70 5.76 7.78 0.78 8.57 12.84 0.82 10.11 16.11 0.91 12.54 22.11
DA-A26 0.85 5.00 0.72 5.76 3.54 0.80 8.57 5.85 0.85 10.11 7.32 0.94 12.54 10.04
DA-A27 0.43 5.00 0.72 5.76 1.78 0.80 8.57 2.94 0.85 10.11 3.69 0.93 12.54 5.06
DA-L1 1.66 5.00 0.65 5.76 6.19 0.72 8.57 10.27 0.77 10.11 12.93 0.86 12.54 17.85
DA-L2 0.13 5.00 0.62 5.76 0.46 0.69 8.57 0.76 0.74 10.11 0.96 0.83 12.54 1.33
DA-L3 1.19 5.00 0.70 5.76 4.81 0.78 8.57 7.95 0.83 10.11 9.98 0.92 12.54 13.71
DA-L4 0.58 5.00 0.67 5.76 2.24 0.75 8.57 3.72 0.80 10.11 4.67 0.89 12.54 6.43
DA-L5 0.17 5.00 0.66 5.76 0.65 0.73 8.57 1.07 0.78 10.11 1.35 0.86 12.54 1.86

2-year 10-year 25-year 100-year

a= 54.767 a= 70.820 a= 82.9360 a= 118.3000
b= 11.051 b= 10.396 b= 10.7460 b= 13.1850
c= 0.8116 c= 0.7725 c= 0.7634 c= 0.7736

25 Year Storm Event 100 Year Storm Event

RUNOFF COMPUTATIONS (Ultimate Development Conditions for Existing System)

2 Year Storm Event 10 Year Storm Event

From DCM Section 2.4.3, 
Table 2-5:

8/26/20159:42 AM
path:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD

tab:  Storm 2,10,25,100



Ultimate Development Conditions for Existing System

CURB INLETS ON GRADE, Type G-1 OR Type G-3, parabolic crown
25 YEAR STORM

HEC-22 variable or EQ ==> Q Q SL

DCM Variable or EQ==> Q Q So

GIS StormwaterInfrastructureFIELD ==>

Data Source ===> DGN DGN DGN

Equation in cell ==> (1) (2) (3)

DRAINAGE AREA
INLET 

(StormCAD)
INLET GIS ID STREET NAME DRAINAGE AREA

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st             
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

2nd          
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

3rd         
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

4th        
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

5th        
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE

(ac.) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft)
Q So = SL

DA-L1 N/A S. Congress DA-L1 1.66 12.93 none 12.93 587.00 583.40 250.89 0.0143

DA-L2 N/A College Ave DA-L2 0.13 0.96 none 0.96 587.00 586.00 181.53 0.0055
DA-L3 N/A College Ave DA-L3 1.19 9.98 none 9.98 588.00 586.00 293.98 0.0068

DA-L4 N/A Live Oak DA-L4 0.58 4.67 none 4.67 579.00 577.00 130.84 0.0153

DA-L5 N/A Live Oak DA-L5 0.17 1.35 none 1.35 574.00 572.00 110.72 0.0181
DA-A26 I-A26 driveway DA-A26 0.85 7.32 none 7.32 slope shown on as-builts 0.0050
DA-A15 I-A15 2195 Leland St. DA-A15 2.25 17.32 none 17.32 582.00 577.00 112.78 0.0443
DA-A16 I-A16 2196 S. Congress Ave. DA-A16 4.62 34.46 DA-L1 1.37 DA-L2 0.00 DA-L3 4.26 DA-A26 0.20 DA-A15 9.66 49.96 578.00 576.00 177.66 0.0113
DA-A14 I-A14 2194 Leland St. DA-A14 1.83 14.38 none 14.38 582.00 576.00 119.82 0.0501
DA-A13 I-A13 2193 S. Congress Ave. DA-A13 1.13 9.05 DA-A16 38.19 DA-A14 7.49 54.73 575.00 573.17 195.30 0.0094
DA-A23 N/A S. 1st DA-A23 0.46 3.90 none 3.90 521.00 519.43 126.16 0.0125
DA-A27 N/A S. 1st DA-A27 0.43 3.69 none 3.69 521.00 519.00 135.89 0.0147
DA-A09 I-A9 2187 Mary St. DA-A09 1.21 10.01 DA-A10 2.86 12.87 560.00 555.30 137.90 0.0341
DA-A08 I-A8 - Eva St. DA-A08 1.39 9.48 none 9.48 558.00 554.50 178.98 0.0196
DA-A07 I-A7 2186 Mary St. DA-A07 0.78 4.96 DA-A09 7.04 DA-A08 4.40 16.41 553.40 551.00 120.48 0.0199

Inlet 21823 (DS of 
grate inlet DA-A22)

I-21823 Wilson St none 0.00 0.00 DA-A22 15.42 15.42 556.00 554.00 114.12 0.0175

DA-A20 I-A20 310067 Johanna St. DA-A20 2.95 24.37 none 24.37 561.00 555.20 161.36 0.0359
DA-A04 I-A4 2151 Annie St. DA-A04 1.51 8.26 none 8.26 527.00 517.00 137.77 0.0726
DA-A03 I-A3 2152 Annie St. DA-A03 0.52 4.02 none 4.02 527.50 516.80 147.69 0.0724

100 YEAR STORM

DRAINAGE AREA
INLET 

(StormCAD)
INLET GIS ID STREET NAME DRAINAGE AREA

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st             
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

2nd          
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

3rd         
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

4th        
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

5th        
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE

(ac.) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft)
Q So = SL

DA-L1 N/A S. Congress DA-L1 1.66 17.85 none 17.85 587.00 583.40 250.89 0.0143

DA-L2 N/A College Ave DA-L2 0.13 1.33 none 1.33 587.00 586.00 181.53 0.0055
DA-L3 N/A College Ave DA-L3 1.19 13.71 none 13.71 588.00 586.00 293.98 0.0068

DA-L4 N/A Live Oak DA-L4 0.58 6.43 none 6.43 579.00 577.00 130.84 0.0153

DA-L5 N/A Live Oak DA-L5 0.17 1.86 none 1.86 574.00 572.00 110.72 0.0181
DA-A26 I-A26 driveway DA-A26 0.85 10.04 none 10.04 slope shown on as-builts 0.0050
DA-A15 I-A15 2195 Leland St. DA-A15 2.25 23.89 none 23.89 582.00 577.00 112.78 0.0443
DA-A16 I-A16 2196 S. Congress Ave. DA-A16 4.62 47.94 DA-L1 2.98 DA-L2 0.00 DA-L3 6.67 DA-A26 1.10 DA-A15 14.78 73.46 578.00 576.00 177.66 0.0113
DA-A14 I-A14 2194 Leland St. DA-A14 1.83 19.81 none 19.81 582.00 576.00 119.82 0.0501
DA-A13 I-A13 2193 S. Congress Ave. DA-A13 1.13 12.45 DA-A16 60.18 DA-A14 11.55 84.18 575.00 573.17 195.30 0.0094
DA-A23 N/A S. 1st DA-A23 0.46 5.35 none 5.35 521.00 519.43 126.16 0.0125
DA-A27 N/A S. 1st DA-A27 0.43 5.06 none 5.06 521.00 519.00 135.89 0.0147
DA-A09 I-A9 2187 Mary St. DA-A09 1.21 13.75 DA-A10 4.22 17.96 560.00 555.30 137.90 0.0341
DA-A08 I-A8 - Eva St. DA-A08 1.39 13.23 none 13.23 558.00 554.50 178.98 0.0196
DA-A07 I-A7 2186 Mary St. DA-A07 0.78 6.97 DA-A09 11.15 DA-A08 6.93 25.06 553.40 551.00 120.48 0.0199

Inlet 21823 (DS of 
grate inlet DA-A22)

I-21823 Wilson St none 0.00 0.00 DA-A22 22.41 22.41 556.00 554.00 114.12 0.0175

DA-A20 I-A20 310067 Johanna St. DA-A20 2.95 33.48 none 33.48 561.00 555.20 161.36 0.0359
DA-A04 I-A4 2151 Annie St. DA-A04 1.51 11.77 none 11.77 527.00 517.00 137.77 0.0726
DA-A03 I-A3 2152 Annie St. DA-A03 0.52 5.54 none 5.54 527.50 516.80 147.69 0.0724

file:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
tab:  CURB Inlets On Grade_ULT



Ultimate Development Conditions for Existing System

CURB INLETS ON GRADE, Type G-1 OR Type G-3, parabolic crown
25 YEAR STORM

HEC-22 variable or EQ ==>
EQ 4-29      

Figure 4-18.a
d Sx

B                    EQ 
B-11

H           
EQ B-11

x and T      
EQ B-11

DCM Variable or EQ=
W         

EQ 3-1
EQ 4-2       

h
Ko K1 K2 K3

Yo               

EQ 3-5
Sx

assumes crown 
to curb = street 
width/2; not true 
for streets with 

curb split

H           
EQ 3-1

S and T     
EQ 3-1

GIS StormwaterInfrastructureFIELD ==> Height

Data Source ===> DGN assumed DGN DGN
ESD Field 
Visit or as-

builts
Equation in cell ==> (5) (6) (7) (8) (9)

DRAINAGE AREA
Street 
Width 

(FOC-FOC)

Curb 
Height

Curb 
Height

CURB 
OPENING 
HEIGHT

CURB 
OPENING 
HEIGHT

Split
High or 

low gutter
Ko K1 K2 K3

WATER 
FLOW 
DEPTH

Is Yo > 1.4*h? Over Curb?

ESD Field 
Measured 

Street Cross 
Slope

Dist. Curb to 
Crown

Crown 
Height

PONDED 
WIDTH

Clear Width
Over 

Crown?
Outside 
ROW?

(ft) (in) (ft) (in) (ft) (ft) (ft) (ft) (ft) a b c x1 x2 (ft)
W h CS Yo = d Sx B H H / B^2 -(2H/B) Yo T 

DA-L1 78.0 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 2.74 0 0.5034 over curb 0.052 37.7 0.49 0.0003 -0.0258 0.5034 -- -- 37.66 0.00 over crown no

DA-L2 32.5 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 3.03 0 0.2667 no 0.032 16.3 0.45 0.0017 -0.0554 0.2667 26.6214 5.8786 5.88 10.37 no no
DA-L3 32.5 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.5582 over curb 0.053 16.3 0.45 0.0017 -0.0554 0.5582 -- -- 16.25 0.00 over crown no

DA-L4 34.3 6.0 0.5 6.5 0.5 0.0 N/A 2.89 0.50 2.99 0 0.3639 no 0.057 17.1 1.10 0.0038 -0.1285 0.3639 31.1339 3.1161 3.12 14.01 no no

DA-L5 36.9 6.0 0.5 7.0 0.6 0.0 N/A 2.89 0.50 2.99 0 0.2336 no 0.035 18.5 0.85 0.0025 -0.0921 0.2336 34.1618 2.7382 2.74 15.71 no no
DA-A26 24.0 6.0 0.5 7.0 0.6 0.0 N/A 2.85 0.50 3.03 0 0.3101 no 0.020 24.0 0.47 0.0008 -0.0392 0.3101 38.0002 9.9998 15.83 8.17 no no
DA-A15 30.0 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.4915 no 0.043 15.0 0.85 0.0038 -0.1133 0.4915 24.7422 5.2578 5.26 9.74 no no
DA-A16 91.5 6.0 0.5 6.0 0.5 2.0 high  2.85 0.50 2.74 -0.043 0.9263 use orifice EQ over curb 0.060 23.3 1.14 0.0021 -0.0979 0.9263 33.3591 13.2009 13.20 10.08 no outside ROW
DA-A14 30.0 6.0 0.5 9.0 0.8 0.0 N/A 2.85 0.50 3.03 0 0.4530 no 0.044 15.0 0.85 0.0038 -0.1133 0.4530 25.2511 4.7489 4.75 10.25 no no
DA-A13 91.5 6.0 0.5 7.0 0.6 2.5 high 2.85 0.50 2.74 -0.043 1.0083 use orifice EQ over curb 0.101 30.8 1.28 0.0013 -0.0829 1.0083 44.8285 16.6915 16.69 14.07 no outside ROW
DA-A23 45.5 6.0 0.5 5.0 0.4 0.0 N/A 2.84 0.50 2.83 0 0.3481 no 0.068 22.8 0.14 0.0003 -0.0120 0.3481 -- -- 22.75 0.00 over crown no
DA-A27 45.5 6.0 0.5 5.0 0.4 0.0 N/A 2.84 0.50 2.83 0 0.3315 no 0.054 22.8 0.14 0.0003 -0.0120 0.3315 -- -- 22.75 0.00 over crown no
DA-A09 41.0 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 2.89 0 0.4484 no 0.054 20.5 0.81 0.0019 -0.0790 0.4484 34.1962 6.8038 6.80 13.70 no no
DA-A08 32.5 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.4611 no 0.010 16.3 0.17 0.0006 -0.0209 0.4611 -- -- 16.25 0.00 over crown no
DA-A07 40.5 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 2.89 0 0.5352 over curb 0.045 20.3 0.94 0.0023 -0.0928 0.5352 33.5381 6.9619 6.96 13.29 no no

Inlet 21823 (DS of 
grate inlet DA-A22)

29.8 8.0 0.7 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.5513 no 0.035 14.9 0.34 0.0015 -0.0456 0.5513 -- -- 14.90 0.00 over crown no

DA-A20 32.0 6.0 0.5 6.0 0.5 0.5 low 2.70 0.50 2.74 -0.215 0.6661 over curb 0.027 16.0 0.68 0.0027 -0.0850 0.6661 18.2868 13.7132 13.71 2.29 no outside ROW
DA-A04 40.0 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 2.89 0 0.3375 no 0.028 20.0 0.30 0.0008 -0.0300 0.3375 -- -- 20.00 0.00 over crown no
DA-A03 40.0 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 2.89 0 0.2631 no 0.028 20.0 0.30 0.0008 -0.0300 0.2631 27.0148 12.9852 12.99 7.01 no no

100 YEAR STORM

DRAINAGE AREA
Street 
Width 

(FOC-FOC)

Curb 
Height

Curb 
Height

CURB 
OPENING 
HEIGHT

CURB 
OPENING 
HEIGHT

Split
High or 

low gutter
Ko K1 K2 K3

WATER 
FLOW 
DEPTH

Is Yo > 1.4*h? Over Curb?

ESD Field 
Measured 

Street Cross 
Slope

Dist. Curb to 
Crown

Crown 
Height

PONDED 
WIDTH

Over 
Crown?

Depth Over 
Crown

Outside 
ROW?

(ft) (in) (ft) (in) (ft) (ft) (ft) (ft) (ft) a b c x1 x2 (ft)
W h CS Yo = d Sx B H H / B^2 -(2H/B) Yo T 

DA-L1 78.0 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 2.74 0 0.5662 over curb 0.052 37.7 0.49 0.0003 -0.0258 0.5662 -- -- 37.66 over crown 0.08 no

DA-L2 32.5 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 3.03 0 0.2968 no 0.032 16.3 0.45 0.0017 -0.0554 0.2968 25.7303 6.7697 6.77 no 0.00 no
DA-L3 32.5 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.6198 over curb 0.053 16.3 0.45 0.0017 -0.0554 0.6198 -- -- 16.25 over crown 0.17 outside ROW

DA-L4 34.3 6.0 0.5 6.5 0.5 0.0 N/A 2.89 0.50 2.99 0 0.4049 no 0.057 17.1 1.10 0.0038 -0.1285 0.4049 30.7378 3.5122 3.51 no 0.00 no

DA-L5 36.9 6.0 0.5 7.0 0.6 0.0 N/A 2.89 0.50 2.99 0 0.2601 no 0.035 18.5 0.85 0.0025 -0.0921 0.2601 33.8205 3.0795 3.08 no 0.00 no
DA-A26 24.0 6.0 0.5 7.0 0.6 0.0 N/A 2.85 0.50 3.03 0 0.3490 no 0.020 24.0 0.47 0.0008 -0.0392 0.3490 36.1798 11.8202 17.82 no 0.00 no
DA-A15 30.0 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.5464 over curb 0.043 15.0 0.85 0.0038 -0.1133 0.5464 23.9640 6.0360 6.04 no 0.00 no
DA-A16 91.5 6.0 0.5 6.0 0.5 2.0 high  2.85 0.50 2.74 -0.043 1.0663 use orifice EQ over curb 0.060 23.3 1.14 0.0021 -0.0979 1.0663 29.2012 17.3588 17.36 no 0.00 outside ROW
DA-A14 30.0 6.0 0.5 9.0 0.8 0.0 N/A 2.85 0.50 3.03 0 0.5035 over curb 0.044 15.0 0.85 0.0038 -0.1133 0.5035 24.5771 5.4229 5.42 no 0.00 no
DA-A13 91.5 6.0 0.5 7.0 0.6 2.5 high 2.85 0.50 2.74 -0.043 1.1799 use orifice EQ over curb 0.101 30.8 1.28 0.0013 -0.0829 1.1799 39.1610 22.3590 22.36 no 0.00 outside ROW
DA-A23 45.5 6.0 0.5 5.0 0.4 0.0 N/A 2.84 0.50 2.83 0 0.3893 no 0.068 22.8 0.14 0.0003 -0.0120 0.3893 -- -- 22.75 over crown 0.25 no
DA-A27 45.5 6.0 0.5 5.0 0.4 0.0 N/A 2.84 0.50 2.83 0 0.3706 no 0.054 22.8 0.14 0.0003 -0.0120 0.3706 -- -- 22.75 over crown 0.23 no
DA-A09 41.0 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 2.89 0 0.5033 over curb 0.054 20.5 0.81 0.0019 -0.0790 0.5033 33.1155 7.8845 7.88 no 0.00 no
DA-A08 32.5 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.5147 over curb 0.010 16.3 0.17 0.0006 -0.0209 0.5147 -- -- 16.25 over crown 0.34 no
DA-A07 40.5 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 2.89 0 0.6197 use orifice EQ over curb 0.045 20.3 0.94 0.0023 -0.0928 0.6197 32.0714 8.4286 8.43 no 0.00 outside ROW

Inlet 21823 (DS of 
grate inlet DA-A22)

29.8 8.0 0.7 6.0 0.5 0.0 N/A 2.85 0.50 3.03 0 0.6236 no 0.035 14.9 0.34 0.0015 -0.0456 0.6236 -- -- 14.90 over crown 0.28 outside ROW

DA-A20 32.0 6.0 0.5 6.0 0.5 0.5 low 2.70 0.50 2.74 -0.215 0.7480 use orifice EQ over curb 0.027 16.0 0.68 0.0027 -0.0850 0.7480 -- -- 16.00 over crown 0.07 outside ROW
DA-A04 40.0 6.0 0.5 5.0 0.4 0.0 N/A 2.85 0.50 2.89 0 0.3815 no 0.028 20.0 0.30 0.0008 -0.0300 0.3815 -- -- 20.00 over crown 0.08 no
DA-A03 40.0 6.0 0.5 6.0 0.5 0.0 N/A 2.85 0.50 2.89 0 0.2940 no 0.028 20.0 0.30 0.0008 -0.0300 0.2940 22.8394 17.1606 17.16 no 0.00 no

DCM

(4)

Quadratic Formula                                                                                 T
= min(x1, x2); x = [-b +/- (b^2 - 4ac)^0.5] / 2a

Quadratic Formula                                                                                 T
= min(x1, x2); x = [-b +/- (b^2 - 4ac)^0.5] / 2a
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Ultimate Development Conditions for Existing System

CURB INLETS ON GRADE, Type G-1 OR Type G-3, parabolic crown
25 YEAR STORM

HEC-22 variable or E
LT               

4-22a
a             

Fig 4-13
W

S'w        
4-24

Sw         
4-4, 4-5, 4-6

Eo         
4-4

Se         
4-24

n
LT                 4-

22a
? L

E           
4-23

Qi                     4-
14

Qb                  4-
15

DCM Variable or EQ=
KT               

EQ 4-10
DIG Data 

instructions
W

S'w        
4-9

Sw         
4-9

Eo
Se         
4-9

n
LT                

4-10
? L

E           
4-8

Qi

GIS StormwaterInfrastructureFIEL Depression_a Width st_length

Data Source ===> DCM
GIS or ESD 
field visit

GIS or ESD 
field visit

DCM ?
GIS or ESD 
field visit

ESD field visit

Equation in cell ==> (10) (11) (12) (13) (14) (15) (16) (17) (18) ? (19) (20) (21)

DRAINAGE AREA
GUTTER 

DEPRESSION

Gutter 
Depression 

Width

Gutter 
Depression 

Width
Manning's n

INLET 
LENGTH 

FOR TOTAL 
CAPTURE

CURB INLET 
REDUCTION 

FACTOR

CURB 
OPENING 
LENGTH

CURB 
OPENING 
LENGTH

INLET 
EFFICIENCY

INTERCEPTED 
FLOW

BYPASS
FLOW

INLET TYPE

(in) (in) (in) (ft) (%) (in) (ft) (cfs) (cfs)
KT aDIG aHEC22 W S'w Sw Eo Se         n LT L E Qi Qb

DA-L1 0.6 2.0 1.1 18.0 1.50 0.06 0.11 0.11 0.06 0.016 32.38 0% 72 6.00 0.31 3.99
see COMBO for 
Intercepted and 

bypass flow
Type G-3

DA-L2 0.6 5.0 4.6 14.0 1.17 0.33 0.36 0.75 0.28 0.016 3.21 0% 61 5.08 1.00 0.96 0.00 Type G-1
DA-L3 0.6 6.0 5.1 17.0 1.42 0.30 0.35 0.29 0.14 0.016 13.72 0% 62 5.17 0.57 5.72 4.26 Type G-1

DA-L4 0.6 6.0 5.0 18.0 1.50 0.28 0.33 0.96 0.32 0.016 7.71 0% 28 2.33 0.48 2.23
see COMBO for 
Intercepted and 

bypass flow
Type G-3

DA-L5 0.6 7.0 6.5 15.0 1.25 0.43 0.47 0.98 0.46 0.016 3.89 0% 60 5.00 1.00 1.35 0.00 Type G-1
DA-A26 0.6 5.0 4.6 18.0 1.50 0.26 0.28 0.42 0.13 0.016 11.56 0% 120 10.00 0.97 7.12 0.20 Type G-1
DA-A15 0.6 7.0 6.2 18.0 1.50 0.35 0.39 0.87 0.34 0.016 17.75 0% 59 4.92 0.44 7.66 9.66 Type G-1
DA-A16 0.6 6.0 5.0 17.0 1.42 0.29 0.35 0.35 0.16 0.016 28.70 0% 36 3.00 0.18 See Calcs on Sump/Submerged tab Type G-1
DA-A14 0.6 7.0 6.2 18.0 1.50 0.34 0.39 0.90 0.35 0.016 16.72 0% 61 5.08 0.48 6.89 7.49 Type G-1
DA-A13 0.6 5.0 3.2 18.0 1.50 0.18 0.28 0.25 0.14 0.016 30.28 0% 36 3.00 0.17 See Calcs on Sump/Submerged tab Type G-1
DA-A23 0.6 5.0 4.0 14.0 1.17 0.29 0.36 0.15 0.11 0.016 12.67 0% 60 5.00 0.59 2.32 1.58 Type G-1
DA-A27 0.6 5.0 4.2 14.0 1.17 0.30 0.36 0.16 0.10 0.016 13.73 0% 60 5.00 0.56 2.06 1.63 Type G-1
DA-A09 0.6 5.0 4.2 14.0 1.17 0.30 0.36 0.58 0.23 0.016 18.45 0% 63 5.25 0.45 5.83 7.04 Type G-1
DA-A08 0.6 6.0 5.8 18.0 1.50 0.32 0.33 0.60 0.21 0.016 14.65 0% 61 5.08 0.54 5.08 4.40 Type G-1
DA-A07 0.6 6.0 5.2 17.0 1.42 0.31 0.35 0.69 0.26 0.016 16.14 0% 61 5.08 0.49 8.10 8.31 Type G-1

Inlet 21823 (DS of 
grate inlet DA-A22)

0.6 3.5 2.9 18.0 1.50 0.16 0.19 0.32 0.09 0.016 29.25 0% 88 7.33 0.41 6.25 9.17 Type G-1

DA-A20 0.6 6.0 5.5 18.0 1.50 0.31 0.33 0.47 0.17 0.016 29.32 0% 122 10.17 0.54 13.04 11.32 Type G-1
DA-A04 0.6 5.0 4.6 16.0 1.33 0.28 0.31 0.25 0.10 0.016 31.55 0% 73 6.08 0.32 2.64 5.62 Type G-1
DA-A03 0.6 7.0 6.5 17.0 1.42 0.38 0.41 0.50 0.22 0.016 14.54 0% 61 5.08 0.54 2.17 1.85 Type G-1

100 YEAR STORM

DRAINAGE AREA
GUTTER 

DEPRESSION

Gutter 
Depression 

Width

Gutter 
Depression 

Width
Manning's n

INLET 
LENGTH 

FOR TOTAL 
CAPTURE

CURB INLET 
REDUCTION 

FACTOR

CURB 
OPENING 
LENGTH

CURB 
OPENING 
LENGTH

INLET 
EFFICIENCY

INTERCEPTED 
FLOW

BYPASS
FLOW

INLET TYPE

(in) (in) (in) (ft) (%) (in) (ft) (cfs) (cfs)
KT aDIG aHEC22 W S'w Sw Eo Se         n LT L E Qi Qb

DA-L1 0.6 2.0 1.1 18.0 1.50 0.06 0.11 0.11 0.06 0.016 37.07 0% 72 6.00 0.27 4.86
see COMBO for 
Intercepted and 

bypass flow
Type G-3

DA-L2 0.6 5.0 4.6 14.0 1.17 0.33 0.36 0.68 0.25 0.016 3.87 0% 61 5.08 1.00 1.33 0.00 Type G-1
DA-L3 0.6 6.0 5.1 17.0 1.42 0.30 0.35 0.29 0.14 0.016 15.68 0% 62 5.17 0.51 7.03 6.67 Type G-1

DA-L4 0.6 6.0 5.0 18.0 1.50 0.28 0.33 0.94 0.32 0.016 8.92 0% 28 2.33 0.42 2.70
see COMBO for 
Intercepted and 

bypass flow
Type G-3

DA-L5 0.6 7.0 6.5 15.0 1.25 0.43 0.47 0.97 0.46 0.016 4.48 0% 60 5.00 1.00 1.86 0.00 Type G-1
DA-A26 0.6 5.0 4.6 18.0 1.50 0.26 0.28 0.37 0.11 0.016 14.13 0% 120 10.00 0.89 8.94 1.10 Type G-1
DA-A15 0.6 7.0 6.2 18.0 1.50 0.35 0.39 0.81 0.32 0.016 20.99 0% 59 4.92 0.38 9.11 14.78 Type G-1
DA-A16 0.6 6.0 5.0 17.0 1.42 0.29 0.35 0.26 0.14 0.016 37.50 0% 36 3.00 0.14 See Calcs on Sump/Submerged tab Type G-1
DA-A14 0.6 7.0 6.2 18.0 1.50 0.34 0.39 0.85 0.34 0.016 19.64 0% 61 5.08 0.42 8.25 11.55 Type G-1
DA-A13 0.6 5.0 3.2 18.0 1.50 0.18 0.28 0.18 0.13 0.016 38.07 0% 36 3.00 0.14 See Calcs on Sump/Submerged tab Type G-1
DA-A23 0.6 5.0 4.0 14.0 1.17 0.29 0.36 0.15 0.11 0.016 14.47 0% 60 5.00 0.53 2.86 2.50 Type G-1
DA-A27 0.6 5.0 4.2 14.0 1.17 0.30 0.36 0.16 0.10 0.016 15.67 0% 60 5.00 0.50 2.53 2.53 Type G-1
DA-A09 0.6 5.0 4.2 14.0 1.17 0.30 0.36 0.50 0.21 0.016 22.55 0% 63 5.25 0.38 6.82 11.15 Type G-1
DA-A08 0.6 6.0 5.8 18.0 1.50 0.32 0.33 0.60 0.21 0.016 16.85 0% 61 5.08 0.48 6.30 6.93 Type G-1
DA-A07 0.6 6.0 5.2 17.0 1.42 0.31 0.35 0.60 0.23 0.016 20.76 0% 61 5.08 0.40 See Calcs on Sump/Submerged tab Type G-1

Inlet 21823 (DS of 
grate inlet DA-A22)

0.6 3.5 2.9 18.0 1.50 0.16 0.19 0.32 0.09 0.016 34.22 0% 88 7.33 0.35 7.89 14.52 Type G-1

DA-A20 0.6 6.0 5.5 18.0 1.50 0.31 0.33 0.39 0.15 0.016 36.44 0% 122 10.17 0.45 See Calcs on Sump/Submerged tab Type G-1
DA-A04 0.6 5.0 4.6 16.0 1.33 0.28 0.31 0.25 0.10 0.016 36.61 0% 73 6.08 0.28 3.28 8.49 Type G-1
DA-A03 0.6 7.0 6.5 17.0 1.42 0.38 0.41 0.37 0.17 0.016 19.49 0% 61 5.08 0.42 2.32 3.21 Type G-1
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CURB INLETS ON GRADE, Type G-1 OR Type G-3, parabolic crown
Equations in cell

(1) DCM EQ 2-1:  Qpeak = CiA

(2) Total flow = sum of discharge from drainage area and carry over flow
(3) So = (high elev - low elev)/length
(4) See DCM Table 3-2 (no split) or Table 3-3 (split, high gutter) or Table 3-4 (split, low gutter)
(5) DCM EQ 3-5:  Yo = 10^[(logQ - Ko - K1 * log So - K3*CS)/K2]

For DA-A26 only, use straight crown equation since the driveway does not have a parabolic crown: HEC-22 EQ 4-3:  d = T * Sx
(6) Sx measured in Field by ESD 3-3-15 or 3-31-15
(7) For all streets except Congress, B = W/2 = Street Width / 2; for Congress, B = crown to curb distance measured on DGN file
(8) measured in field, lidar or record drawing; see "Crown Height Calcs" tab
(9) Hec-22 EQ B-11: Yo = (2H/B)*x - (H/B2)*x2 ; same as DCM EQ 3-1 except allows for crown not at centerline of street; use quadratic equation to solve for x; T is the minimum of x1 or x2; if Yo > H, T = B

For DA-A26 only, use straight crown equation, HEC-22 EQ 4-2.  If T calculated from HEC-22 EQ 4-2 is greater than B, use T=B

HEC-22 EQ 4-2:  T = [Qn / (Ku * Sx1.67 * SL0.5)]0.375; where n = 0.012 (HEC-22 Table 4-3) and Ku = 0.56
(10) Given in DCM EQ 4-10

(11) aDIG was measured in the field by ESD or DIG Data consultants.  aDIG = (upstream curb height) - (depth from top of curb to inlet gutter)

(12) See HEC-22 Fig 4-13.  aHEC22 is the difference between the inlet edge of gutter elevation and the projected street slope elevation

aHEC22 = aDIG - W*Sx

(13) DCM EQ 4-9:  S'w = aHEC22 / (12*W)

(14) DCM EQ 4-9Sw = S'w + Sx
(15) HEC 22 EQ 4-4:  For W < T, Eo = 1 / (1 + Sw/Sx/(((1 + Sw/Sx / (T/W))^2.67) - 1 )); For T < W, Eo = 1
(16) DCM EQ 4-9:  Se = Sx + S'w*Eo
(17) See DCM Table 2-2

(18) DCM EQ 4-10:  LT = KT * Q^0.42 * SL^0.3 * [1/ (n*Se)]^0.6

(19) DCM EQ 4-8:  E = 1 - [1 - (L/LT)]^1.8

(20) DCM EQ 4-14:  Qi = E * Q
(21) DCM EQ 4-15:  Qb = Q - Qi
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Ultimate Development Conditions for Existing System

GRATE INLETS ON GRADE, Type G-2 OR Type G-3, parabolic crown

25 YEAR STORM

HEC-22 variable or EQ ==> Q Q SL d

DCM Variable or EQ==> Q Q So Ko K1 K2 K3
Yo           

EQ 3-5

GIS StormwaterInfrastructureFIELD ==>

Data Source ===> DGN DGN DGN DGN assumed DGN DGN

Equation in cell ==> (1) (2) (3) (5)

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET 

(StormCAD)
STREET NAME

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st              
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE
Street 
Width 

(FOC-FOC)

Curb 
Height

Curb 
Height

Split
High or 

low 
gutter

Ko K1 K2 K3

WATER 
FLOW 
DEPTH

Over 
Curb?

(ac.) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft) (ft) (in) (ft) (ft) (ft)
Q So = SL CS Yo = d

DA-L1 18958 N/A S. Congress 1.66 12.93 none 0.00 12.93 587.00 583.40 250.89 0.0143 78.0 6.0 0.5 0.0 N/A 2.85 0.50 2.74 0.0 0.503 over curb

DA-L4 none N/A Live Oak 0.58 4.67 none 0.00 4.67 579.00 577.00 130.84 0.0153 34.3 6.0 0.5 0.0 N/A 2.89 0.50 2.99 0.0 0.364 no

DA-A10 21855 I-A10 S. Congress Ave. 0.55 4.68 none 0.00 4.68 569.50 566.50 127.35 0.0236 91.5 6.0 0.5 1.0 low 2.8 0.5 2.7 -0.159 0.374 no

100 YEAR STORM

HEC-22 variable or EQ ==> Q Q SL d

DCM Variable or EQ==> Q Q So Ko K1 K2 K3
Yo           

EQ 3-5

GIS StormwaterInfrastructureFIELD ==>

Data Source ===> DGN DGN DGN DGN assumed DGN DGN

Equation in cell ==> (1) (2) (3) (5)

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET 

(StormCAD)
STREET NAME

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st              
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE
Street 
Width 

(FOC-FOC)

Curb 
Height

Curb 
Height

Split
High or 

low 
gutter

Ko K1 K2 K3

WATER 
FLOW 
DEPTH

Over 
Curb?

(ac.) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft) (ft) (in) (ft) (ft) (ft)
Q So = SL CS Yo = d

DA-L1 18958 N/A S. Congress 1.66 17.85 none 0.00 17.85 587.00 583.40 250.89 0.0143 78.0 6.0 0.5 0.0 N/A 2.85 0.50 2.74 0.0 0.566 over curb

DA-L4 none N/A Live Oak 0.58 6.43 none 0.00 6.43 579.00 577.00 130.84 0.0153 34.3 6.0 0.5 0.0 N/A 2.89 0.50 2.99 0.0 0.405 no

DA-A10 21855 I-A10 S. Congress Ave. 0.55 6.42 none 0.00 6.42 569.50 566.50 127.35 0.0236 91.5 6.0 0.5 1.0 low 2.8 0.5 2.7 -0.159 0.421 no

(4)

DCM

(4)

DCM
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Ultimate Development Conditions for Existing System

GRATE INLETS ON GRADE, Type G-2 OR Type G-3, parabolic crown

25 YEAR STORM

HEC-22 variable o Sx
B              

EQ B-11
H          

EQ B-11
x and T      
EQ B-11

W W
Eo         

EQ 4-16
Rf               

EQ 4-18
Ku         

EQ 4-19

DCM Variable or E Sx

assumes crown 
to curb = street 

width/2; not 
true for streets 
with curb split

H          
EQ 3-1

S and T      
EQ 3-1

W W

GIS StormwaterInfrastructureFIELD ==> Width Width

Data Source ===>
GIS or ESD 
field visit

GIS or ESD 
field visit

assumed HEC-22

Equation in cell == (6) (7) (8) (9) (10) (11) (12)

DRAINAGE AREA

ESD Field 
Measured 

Street 
Cross Slope

Dist. Curb to 
Crown

Crown 
Height

PONDED 
WIDTH

Over 
Crown?

Gutter 
Depression 

Width

Gutter 
Depression 

Width
Grate Width

Grate  
Width

Splash Over 
Velocity

(ft) (ft) a b c x1 x2 (ft) (in) (ft) (in) (ft) (ft/s)
Sx B H H / B^2 -(2H/B) Yo T Wgutter Wgrate Eo Vo Rf Ku

DA-L1 0.052 37.7 0.49 0.000 -0.026 0.503 -- -- 37.66 over crown 18.0 1.50 18.00 1.50 0.10 8.7 1.00 0.15

DA-L4 0.057 17.1 1.10 0.004 -0.128 0.364 31.134 3.116 3.12 no 18.0 1.50 15.00 1.25 0.75 5.1 0.72 0.15

DA-A10 0.116 50.4 2.20 0.001 -0.087 0.374 96.314 4.486 4.49 no 18.0 1.50 15.00 1.25 0.58 4.70 0.92 0.15

100 YEAR STORM

HEC-22 variable o Sx
B              

EQ B-11
H          

EQ B-11
x and T      
EQ B-11

W W
Eo         

EQ 4-16
Rf               

EQ 4-18
Ku         

EQ 4-19

DCM Variable or E Sx

assumes crown 
to curb = street 

width/2; not 
true for streets 
with curb split

H          
EQ 3-1

S and T      
EQ 3-1

W W

GIS StormwaterInfrastructureFIELD ==> Width Width

Data Source ===>
GIS or ESD 
field visit

GIS or ESD 
field visit

assumed HEC-22

Equation in cell == (6) (7) (8) (9) (10) (11) (12)

DRAINAGE AREA

ESD Field 
Measured 

Street 
Cross Slope

Dist. Curb to 
Crown

Crown 
Height

PONDED 
WIDTH

Over 
Crown?

Gutter 
Depression 

Width

Gutter 
Depression 

Width
Grate Width

Grate  
Width

Splash Over 
Velocity

(ft) (ft) a b c x1 x2 (ft) (in) (ft) (in) (ft) (ft/s)
Sx B H H / B^2 -(2H/B) Yo T Wgutter Wgrate Eo Vo Rf Ku

DA-L1 0.052 37.7 0.49 0.000 -0.026 0.566 -- -- 37.66 over crown 18.0 1.50 18.00 1.50 0.10 8.70 1.00 0.15

DA-L4 0.057 17.1 1.10 0.004 -0.128 0.405 30.738 3.512 3.51 no 18.0 1.50 15.00 1.25 0.69 5.10 0.65 0.15

DA-A10 0.116 50.4 2.20 0.001 -0.087 0.421 95.728 5.072 5.07 no 18.0 1.50 15.00 1.25 0.53 4.70 0.88 0.15

Quadratic Formula                                         
T = min(x1, x2); x = [-b +/- (b^2 - 4ac)^0.5] / 2a

Quadratic Formula                                         
T = min(x1, x2); x = [-b +/- (b^2 - 4ac)^0.5] / 2a
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Ultimate Development Conditions for Existing System

GRATE INLETS ON GRADE, Type G-2 OR Type G-3, parabolic crown

25 YEAR STORM

HEC-22 variable or EQ =
L             EQ 

4-19
V          

EQ 4-18
Rs              

EQ 4-19
Aw'        

EQ 4-20a
Aw         

EQ 4-20a
Eo'         

EQ 4-20a
E          

EQ 4-20
Qi                  EQ 

4-21   
Qb                  

DCM Variable or EQ==>
DIG Data 

Instructions
4.3.2.B Qi

GIS StormwaterInfrastructureFIELD ==> Depression_a

Data Source ===>
GIS or ESD field 

visit
DGN DGN DCM ESD field visit

Equation in cell ==> (13) (14) (15) (16) (18) (19) (20) (21) (22) (23) (24)

DRAINAGE AREA
Grate 

Length

Gutter 
(Street) 
Area in 
Flow

Gutter 
Velocity

GUTTER 
DEPRESSION

Grate width 
flow area

Depressed 
Gutter 

width flow 
area

GRATE 
INLET 

REDUCTION 
FACTOR

INTERCEPTED 
FLOW

BYPASS
FLOW

INLET TYPE

(ft) (sq ft) (ft/s) (in) (ft) (ft) (ft) (%) (cfs) (cfs)
L V Rs aDIG aDIG θ x y Aw' Aw Eo' E Qi Qb

DA-L1 5.00 9.48 1.36 0.89 2.00 0.17 0.11 1.49 0.17 0.88 0.88 0.10 0.90 35% 7.57

see COMBO 
for Intercepted 

and bypass 
flow

Type G-3

DA-L4 2.25 0.57 8.24 0.05 6.00 0.50 0.32 1.42 0.47 0.89 0.92 0.72 0.53 35% 1.62

see COMBO 
for Intercepted 

and bypass 
flow

Type G-3

DA-A10 2.00 0.84 5.58 0.15 1.00 0.08 0.06 1.50 0.08 0.62 0.62 0.58 0.60 35% 1.82 2.86 Type G-2

100 YEAR STORM

HEC-22 variable or EQ =
L             EQ 

4-19
V          

EQ 4-18
Rs              

EQ 4-19
Aw'        

EQ 4-20a
Aw         

EQ 4-20a
Eo'         

EQ 4-20a
E          

EQ 4-20
Qi                  EQ 

4-21   
Qb                  

DCM Variable or EQ==>
DIG Data 

Instructions
4.3.2.B Qi

GIS StormwaterInfrastructureFIELD ==> Depression_a

Data Source ===>
GIS or ESD field 

visit
DGN DGN DCM ESD field visit

Equation in cell ==> (13) (14) (15) (16) (18) (19) (20) (21) (22) (23) (24)

DRAINAGE AREA
Grate 

Length

Gutter 
(Street) 
Area in 
Flow

Gutter 
Velocity

GUTTER 
DEPRESSION

Grate width 
flow area

Depressed 
Gutter 

width flow 
area

GRATE 
INLET 

REDUCTION 
FACTOR

INTERCEPTED 
FLOW

BYPASS
FLOW

INLET TYPE

(ft) (sq ft) (ft/s) (in) (ft) (ft) (ft) (%) (cfs) (cfs)
L V Rs aDIG aDIG θ x y Aw' Aw Eo' E Qi Qb

DA-L1 5.00 10.66 1.67 0.85 2.00 0.17 0.11 1.49 0.17 0.97 0.97 0.10 0.86 35% 10.01

see COMBO 
for Intercepted 

and bypass 
flow

Type G-3

DA-L4 2.25 0.71 9.04 0.04 6.00 0.50 0.32 1.42 0.47 0.95 0.98 0.67 0.45 35% 1.86

see COMBO 
for Intercepted 

and bypass 
flow

Type G-3

DA-A10 2.00 1.07 6.02 0.13 1.00 0.08 0.06 1.50 0.08 0.69 0.69 0.53 0.53 35% 2.20 4.22 Type G-2

(17)

See "Aw and Aw' notes" tab

(17)

See "Aw and Aw' notes" tab
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GRATE INLETS ON GRADE, Type G-2 OR Type G-3, parabolic crown
Equations in cell

(1) DCM EQ 2-1:  Qpeak = CiA

(2) Total flow = sum of discharge from drainage area and carry over flow
(3) So = (high elev - low elev)/length
(4) See DCM Table 3-2 (no split) or Table 3-3 (split, high gutter) or Table 3-4 (split, low gutter)
(5) DCM EQ 3-5:Yo = 10^[(logQ - Ko - K1 * log So - K3*CS)/K2]
(6) Sx measured in Field by ESD 3-3-15 or 3-31-15
(7) For all streets except Congress, B = W/2 = Street Width / 2; for Congress, B = crown to curb distance measured on DGN file
(8) measured in field, lidar or record drawing; see "Crown Height Calcs" tab
(9) Hec-22 EQ B-11: Yo = (2H/B)*x - (H/B2)*x2 ; same as DCM EQ 3-1 except allows for crown not at centerline of street; use quadratic equation to solve for x; T is the minimum of x1 or x2; if Yo > H, T = B

(10) HEC-22 EQ 4-16:  Eo = 1 - (1 - W grate/T)^2.67

(11) HEC-22 EQ 4-18:  If assume velocity in gutter is equal or less than splash over velocity, then Rf = 1; if not, Rf = 1 - Ku *(V - Vo), where Ku = 0.09; ref HEC-12 Chart 7 for Vo; minimum Rf = 0

(12) Ku is given in HEC-22 EQ 4-19
(13) gutter (and street) area in flow approximated by = 0.5 * (ponded width) * (water flow depth) = 0.5 * T * Yo; true area would be found by integrating parabolic equation
(14) HEC-22 EQ 4-18:  V = (total gutter flow)/(gutter area in flow)
(15) HEC-22 EQ 4-10:  Rs = ratio of side flow intercepted to total side flow = 1 / [1 + (Ku * V^1.8) / (Sx * L^2.3)]

(16) aDIG was measured in the field by ESD or DIG Data consultants.  aDIG = (upstream curb height) - (depth from top of curb to inlet gutter)

(17) Parameters used to calculate Aw'; see image on "Aw and Aw' notes" tab
θ = arctan(aDIG / Wgutter)

x = cos(θ) * Wgrate
y = sin(θ) * Wgrate

(18) See HEC-22 EQ 4-20a and "Aw and Aw' notes" tab.  Grate width flow area = x * (Yo + aDIG - y) + 0.5 * x * y

(19) See HEC-22 EQ 4-20a and "Aw and Aw' notes" tab.  Depressed Gutter width flow area = Yo * Wgutter + 0.5 * a DIG * Wgutter

(20) HEC-22 EQ 4-20a:  Eo' = Eo * (Aw' / Aw)
(21) HEC-22 EQ 4-20:  E = Rf * Eo' + Rs * (1 - Eo')
(22) See DCM 4.3.2.B
(23) HEC-22 EQ 4-21:  Qi = (1-0.35)*Q*E
(24) DCM EQ 4-15:  Qb = Q - Qi
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Ultimate Development Conditions for Existing System

GRATE INLETS ON GRADE, Type G-2 V-shaped gutter

25 YEAR STORM

HEC-22 variable or EQ ==> Q Q SL
Fig 4-1 (b.2)  

Sx1
Fig 4-1 (b.2)  

Sx2
EQ 4-7      

Sx
Fig 4-1 (b.2) EQ 4-2

T'              
EQ 4-2, EX 4-3

DCM Variable or EQ==> Q Q So Sx1 Sx2
GIS StormwaterInfrastructureFIELD ==>
Data Source ===> DGN DGN DGN DGN assumed 6" DGN DGN DCM HEC-22
Equation in cell ==> (1) (2) (3) (4) (5) (5) (6) (7) (8)

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET ID 

(StormCAD)
STREET NAME

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st               
UPSTREAM INLET 
/DRAINAGE AREA

1st 
CARRY 
OVER 
FLOW

2nd         
UPSTREAM 

INLET 
/DRAINAGE 

AREA

2nd 
CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE
Street 
Width 

(FOC-FOC)
Curb Height

Parking lane 
cross slope

Street Cross 
Slope

Manning's 
n

HYPOTHETICAL 
PONDED WIDTH

(ac.) (cfs) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft) (ft) (in) (ft) (ft) (ft)
Q So = SL Sx1 Sx2 Sx AB BC n Ku T'

DA-A22 402356 N/A Wilson St 9.02 45.85 DA-L4 0.82 DA-L5 0.00 23.33 556.00 554.00 114.12 0.0175 29.8 8.0 0.028 0.054 0.018 9.0 14.0 0.016 0.56 22.4

DA-A17 402403 I-A17 Johanna St. 0.70 5.61
Inlet 21823 (DS of 
grate inlet DA-A22)

9.17 14.79 553.50 550.00 161.82 0.0216 30.5 6.0 0.042 0.064 0.025 9.0 18.0 0.016 0.56 14.8

100 YEAR STORM
Equation in cell ==> (1) (2) (3) (4) (5) (5) (6) (7) (8)

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET ID 

(StormCAD)
STREET NAME

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st               
UPSTREAM INLET 
/DRAINAGE AREA

1st 
CARRY 
OVER 
FLOW

2nd         
UPSTREAM 

INLET 
/DRAINAGE 

AREA

2nd 
CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE
Street 
Width 

(FOC-FOC)
Curb Height

Parking lane 
cross slope

Street Cross 
Slope

Manning's 
n

HYPOTHETICAL 
PONDED WIDTH

(ac.) (cfs) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft) (ft) (in) (ft) (ft) (ft)
Q So = SL Sx1 Sx2 Sx AB BC n Ku T'

DA-A22 402356 N/A Wilson St 9.02 65.76 DA-L4 1.86 DA-L5 0.00 33.81 556.00 554.00 114.12 0.0175 29.8 8.0 0.028 0.054 0.018 9.0 14.0 0.016 0.56 25.7

DA-A17 402403 I-A17 Johanna St. 0.70 7.72
Inlet 21823 (DS of 
grate inlet DA-A22)

14.52 22.23 553.50 550.00 161.82 0.0216 30.5 6.0 0.042 0.064 0.025 9.0 18.0 0.016 0.56 17.3
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Ultimate Development Conditions for Existing System

GRATE INLETS ON GRADE, Type G-2 V-shaped gutter

25 YEAR STORM

HEC-22 variable or EQ ==> W W
Eo         

EQ 4-16
Rf               

EQ 4-18
Ku         

EQ 4-19
L             EQ 

4-19
V          

EQ 4-18
Rs              

EQ 4-19
E          

EQ 4-20
Qi                  EQ 

4-21   
Qb                  

DCM Variable or EQ==> W W 4.3.2.B Qi
GIS StormwaterInfrastructureFIELD ==>
Data Source ===> ESD field visit assumed HEC-22 ESD field visit DCM ESD field visit
Equation in cell == (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19)

DRAINAGE AREA
MAXIMUM 
PONDED 
WIDTH

PONDED 
WIDTH

Gutter 
Depression 

Width
Grate Width

Grate  
Width

Grate Length
Grate 

Length
Gutter 

Velocity

GRATE 
INLET 

REDUCTION 
FACTOR

INTERCEPTED 
FLOW

BYPASS
FLOW

INLET TYPE

(ft) (ft) (ft) (in) (ft) (in) (ft) (ft/s) (%) (cfs) (cfs)
Tmax T Wgutter Wgrate Eo Rf Ku L V Rs E Qi Qb

DA-A22 23.0 22.4 0.00 18.00 1.50 0.17 1.0 0.15 108.00 9.00 6.13 0.424 0.52 35% 7.91 15.42 Type G-2

DA-A17 27.0 14.8 0.00 18.00 1.50 0.25 1.0 0.15 36.00 3.00 6.81 0.063 0.29 35% 2.83 11.95 Type G-2

100 YEAR STORM
Equation in cell == (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19)

DRAINAGE AREA
MAXIMUM 
PONDED 
WIDTH

PONDED 
WIDTH

Gutter 
Depression 

Width
Grate Width

Grate  
Width

Grate Length
Grate 

Length
Gutter 

Velocity

GRATE 
INLET 

REDUCTION 
FACTOR

INTERCEPTED 
FLOW

BYPASS
FLOW

INLET TYPE

(ft) (ft) (ft) (in) (ft) (in) (ft) (ft/s) (%) (cfs) (cfs)
Tmax T Wgutter Wgrate Eo Rf Ku L V Rs E Qi Qb

DA-A22 23.0 23.0 0.00 18.00 1.50 0.16 1.0 0.15 108.00 9.00 6.13 0.424 0.52 35% 11.41 22.41 Type G-2

DA-A17 27.0 17.3 0.00 18.00 1.50 0.22 1.0 0.15 36.00 3.00 6.81 0.063 0.26 35% 3.82 18.41 Type G-2
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GRATE INLETS ON GRADE, Type G-2 V-shaped gutter
Equations in cell

(1) DCM EQ 2-1:  Qpeak = CiA

(2) Total flow = sum of discharge from drainage area and carry over flow; for DA-A22, sum of discharge from drainage area and carry over flow was multiplied by 50% since half the flow goes to curb inlets on west side of Wilson
(3) So = (high elev - low elev)/length
(4) Sx = (Sx1 * Sx2) / (Sx1 + Sx2)
(5) See HEC-22 Figure 4-1.b.2; AB = width of parking lane between grate inlet and curb; BC = distance crown to grate inlet
(6) See DCM Table 2-2
(7) Given in HEC-22 EQ 4-2
(8) HEC-22 EQ 4-2 and EX 4-3:  T' = [(Q * n)/(Ku * Sx^1.67 * So^0.5)]^0.375
(9) T,max = AB + BC
(10) T = min(T',Tmax)

(11) HEC-22 EQ 4-16:  Eo = 1 - (1 - Wgrate/T)^2.67

(12) If assume velocity in gutter is equal or less than splash over velocity, then Rf = 1

(13) Ku is given in HEC-22 EQ 4-19
(14) V calculated similarly to TR-55 Figure 3-1; V = k * S0.5 where k = 46.3 for paved gutter; Ref:  Hydrologic Analysis and Design by R. H. McCuen EQ 3-46 and Table 3-14.
(15) HEC-22 EQ 4-19:  Rs = ratio of side flow intercepted to total side flow = 1 / [1 + (Ku * V^1.8) / (Sx * L^2.3)]
(16) HEC-22 EQ 4-20:  E = Rf * Eo + Rs * (1 - Eo)
(17) See DCM 4.3.2.B
(18) DCM EQ 4-14:  Qi = E * Q * Reduction Factor
(19) DCM EQ 4-15:  Qb = Q - Qi

file:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
tab:  GRATE Inlets_Grade_Vgutter_ULT



Ultimate Development Conditions for Existing System

COMBINATION INLETS ON GRADE, Type G-3, parabolic crown

Equations in cell

(1) DCM EQ 2-1:  Qpeak = CiA

(2) Total flow = sum of discharge from drainage area and carry over flow
(3) Qi = Qi,curb + Qi,grate
(4) DCM EQ 4-15:  Qb = Q - Qi

25 YEAR STORM
Equation in cell ==> (1) (2) (3) (4)

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET ID 

(StormCAD)
STREET NAME DRAINAGE AREA

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st              
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

CURB 
INTERCEPTED 

FLOW

GRATE 
INTERCEPTED 

FLOW

TOTAL 
INTERCEPTED 

FLOW

BYPASS
FLOW

INLET TYPE

(ac.) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
Q Qi,curb Qi,grate Qi Qb

DA-L1 18958 N/A S. Congress DA-L1 1.66 12.93 none 12.93 3.99 7.57 11.56 1.37 Type G-3
DA-L4 none N/A Live Oak DA-L4 0.58 4.67 none 4.67 2.23 1.62 3.85 0.82 Type G-3

100 YEAR STORM
Equation in cell ==> (1) (2) (3) (4)

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET ID 

(StormCAD)
STREET NAME DRAINAGE AREA

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st              
UPSTREAM 

INLET 
/DRAINAGE 

AREA

CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

CURB 
INTERCEPTED 

FLOW

GRATE 
INTERCEPTED 

FLOW

TOTAL 
INTERCEPTED 

FLOW

BYPASS
FLOW

INLET TYPE

(ac.) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
Q Qi,curb Qi,grate Qi Qb

DA-L1 18958 N/A S. Congress DA-L1 1.66 17.85 none 17.85 4.86 10.01 14.87 2.98 Type G-3
DA-L4 none N/A Live Oak DA-L4 0.58 6.43 none 6.43 2.70 1.86 4.57 1.86 Type G-3
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Ultimate Development Conditions for Existing System

CURB INLETS IN SUMPS, Type S-1, parabolic crown and SUBMERGED CURB INLETS ON GRADE, parabolic crown

25 YEAR STORM

HEC-22 variable or EQ ==> Q

DCM Variable or EQ==> Q

GIS StormwaterInfrastructureFIELD ==>
Equation in cell ==> (1) (2) (3)

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET 

(StormCAD)
STREET

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st            
UPSTREAM 
DRAINAGE 

AREA

1st        
CARRY 
OVER 
FLOW

2nd 
UPSTREAM 
DRAINAGE 

AREA

2nd       
CARRY 
OVER 
FLOW

3rd 
UPSTREAM 
DRAINAGE 

AREA

3rd       
CARRY 
OVER 
FLOW

4th 
UPSTREAM 
DRAINAGE 

AREA

4th        
CARRY 
OVER 
FLOW

5th 
UPSTREAM 
DRAINAGE 

AREA

5th        
CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE
Street 

Width (FOC-
FOC)

Curb Height Curb Height

(ac.) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft) (ft) (in) (ft)
Q So = SL

DA-A01 228169 - Annie 0.82 6.48 DA-A03 1.85 8.34 513.00 510.00 129.13 0.023 40.0 6.0 0.5
DA-A02 228166 - Annie 1.67 11.31 DA-A04 5.62 DA-A23 1.58 DA-A27 1.63 20.15 513.00 510.00 239.26 0.013 40.0 6.0 0.5

DA-A05.1 N/A Mary 0.21 1.69 none 1.69 539.00 536.00 117.67 0.025 41.5 6.0 0.5
DA-A05.2 N/A Mary 1.04 8.01 none 8.01 539.00 536.00 87.15 0.034 41.5 6.0 0.5
DA-A05 23328 I-A5 Mary 0.00 0.00 DA-A05.1 1.69 DA-A05.2 8.01 9.71 539.00 536.00 87.15 0.034 41.5 6.0 0.5

DA-A06.1 N/A Mary 0.84 6.14 none 6.14 539.00 536.00 124.66 0.024 41.5 6.0 0.5
DA-A06.2 N/A Mary 3.75 27.67 none 27.67 539.00 536.00 76.85 0.039 41.5 6.0 0.5
DA-A06 21847 I-A6 Mary 0.00 0.00 DA-A06.1 6.14 DA-A06.2 27.67 DA-A07 8.31 42.11 539.00 536.00 76.85 0.039 41.5 6.0 0.5
DA-A11 21880 I-A11 Mary 3.42 27.13 none 27.13 570.00 567.50 114.36 0.022 37.0 6.0 0.5
DA-A12 21879 I-A12 Congress 3.19 25.44 DA-A13 42.37 67.81 570.00 567.50 117.12 0.021 91.5 6.0 0.5
DA-A18 21827 I-A18 Johanna 0.03 0.25 DA-A17 11.95 12.20 553.50 550.00 161.82 0.022 32.0 9.5 0.8
DA-A19 21826 I-A19 Johanna 1.31 10.36 DA-A20 11.32 21.68 553.50 550.00 94.36 0.037 32.0 6.0 0.5

DA-A21.1 N/A Alley 0.90 7.44 none 7.44 557.00 555.00 106.48 0.019 38.1 6.0 0.5
DA-A21.2 N/A Alley 2.39 19.52 none 19.52 558.00 555.00 107.69 0.028 38.1 6.0 0.5
DA-A21 21824 I-A21 Alley 0.00 0.00 DA-A21.1 7.44 DA-A21.2 19.52 26.96 558.00 555.00 107.69 0.028 38.1 6.0 0.5
DA-A16 I-A16 Congress 4.62 34.46 DA-L1 1.37 DA-L2 0.00 DA-L3 4.26 DA-A26 0.20 DA-A15 9.66 49.96 0.011 91.5 6.0 0.500
DA-A13 I-A13 Congress 1.13 9.05 DA-A16 38.19 DA-A14 7.49 54.73 0.009 91.5 6.0 0.500

100 YEAR STORM

DRAINAGE AREA
Drainage_ID 

(GIS)
INLET 

(StormCAD)
STREET

DRAINAGE 
AREA

DISCHARGE 
FROM 

DRAINAGE 
AREA

1st            
UPSTREAM 
DRAINAGE 

AREA

1st        
CARRY 
OVER 
FLOW

2nd 
UPSTREAM 
DRAINAGE 

AREA

2nd       
CARRY 
OVER 
FLOW

3rd 
UPSTREAM 
DRAINAGE 

AREA

3rd       
CARRY 
OVER 
FLOW

4th 
UPSTREAM 
DRAINAGE 

AREA

4th        
CARRY 
OVER 
FLOW

5th 
UPSTREAM 
DRAINAGE 

AREA

5th        
CARRY 
OVER 
FLOW

TOTAL 
RUNOFF

Hig elev low elev length SLOPE
Street 

Width (FOC-
FOC)

Curb Height Curb Height

(ac.) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (ft) (ft) (ft) (ft/ft) (ft) (in) (ft)
Q So = SL

DA-A01 228169 - Annie 0.82 6.48 DA-A03 14.52 21.00 513.00 510.00 129.13 0.023 40.0 6.0 0.5
DA-A02 228166 - Annie 1.67 11.31 DA-A04 0.00 DA-A23 0.00 DA-A27 11.55 22.87 513.00 510.00 239.26 0.013 40.0 6.0 0.5

DA-A05.1 N/A Mary 0.21 2.33 none 2.33 539.00 536.00 117.67 0.025 41.5 6.0 0.5
DA-A05.2 N/A Mary 1.04 11.05 none 11.05 539.00 536.00 87.15 0.034 41.5 6.0 0.5
DA-A05 23328 I-A5 Mary 0.00 0.00 DA-A05.1 2.33 DA-A05.2 11.05 13.38 539.00 536.00 87.15 0.034 41.5 6.0 0.5

DA-A06.1 N/A Mary 0.84 8.49 none 8.49 539.00 536.00 124.66 0.024 41.5 6.0 0.5
DA-A06.2 N/A Mary 3.75 38.25 none 38.25 539.00 536.00 76.85 0.039 41.5 6.0 0.5
DA-A06 21847 I-A6 Mary 0.00 0.00 DA-A06.1 8.49 DA-A06.2 38.25 DA-A07 17.44 64.19 539.00 536.00 76.85 0.039 41.5 6.0 0.5
DA-A11 21880 I-A11 Mary 3.42 37.36 none 37.36 570.00 567.50 114.36 0.022 37.0 6.0 0.5
DA-A12 21879 I-A12 Congress 3.19 35.01 DA-A13 69.67 104.67 570.00 567.50 117.12 0.021 91.5 6.0 0.5
DA-A18 21827 I-A18 Johanna 0.03 0.35 DA-A17 18.41 18.76 553.50 550.00 161.82 0.022 32.0 9.5 0.8
DA-A19 21826 I-A19 Johanna 1.31 14.27 DA-A20 23.15 37.41 553.50 550.00 94.36 0.037 32.0 6.0 0.5

DA-A21.1 N/A Alley 0.90 10.22 none 10.22 557.00 555.00 106.48 0.019 38.1 6.0 0.5
DA-A21.2 N/A Alley 2.39 26.82 none 26.82 558.00 555.00 107.69 0.028 38.1 6.0 0.5
DA-A21 21824 I-A21 Alley 0.00 0.00 DA-A21.1 10.22 DA-A21.2 26.82 37.04 558.00 555.00 107.69 0.028 38.1 6.0 0.5
DA-A16 I-A16 Congress 4.62 47.94 DA-L1 2.98 DA-L2 0.00 DA-L3 6.67 DA-A26 1.10 DA-A15 14.78 73.46 0.011 91.5 6.0 0.500
DA-A13 I-A13 Congress 1.13 12.45 DA-A16 60.18 DA-A14 11.55 84.18 0.009 91.5 6.0 0.500
DA-A07 I-A7 Mary 0.78 6.97 DA-A09 11.15 DA-A08 6.93 25.06 0.0199 40.50 6.00 0.50
DA-A20 I-A20 Johanna 2.95 33.48 none 33.48 0.0359 32.00 6.00 0.50

path:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
tab:  CURB Inlet Sump Submerged_ULT



Ultimate Development Conditions for Existing System

CURB INLETS IN SUMPS, Type S-1, parabolic crown and SUBMERGED CURB INLETS ON GRADE, parabolic crown

25 YEAR STORM

HEC-22 variable or EQ ==> d Sx
B                    EQ 

B-11
H          

EQ B-11
T          

EQ 4-3

DCM Variable or EQ==> Ko K1 K2 K3
Yo              

EQ 3-5
Sx

assumes crown 
to curb = street 

width/2; not 
true for streets 
with curb split

H          
EQ 3-1

GIS StormwaterInfrastructureFIELD ==>
Equation in cell ==> (5) (6) (7) (8) (9)

DRAINAGE AREA Split
High or low 

gutter
Ko K1 K2 K3

WATER 
FLOW 
DEPTH

Over 
Curb?

ESD Field 
Measured Street 

Cross Slope

Dist. Curb to 
Crown

Crown 
Height

PONDED 
WIDTH

CLEAR 
WIDTH

Over 
Crown?

(ft) (ft) (ft) (ft) a b c x1 x2 (ft) (ft)
CS Yo = d Sx B H H / B^2 -(2H/B) Yo T 

DA-A01 0.0 2.85 0.50 2.89 0.000 0.412 no 0.029 20.0 0.74 0.002 -0.074 0.412 33.309 6.691 6.7 13.3 no
DA-A02 0.0 2.85 0.50 2.89 0.000 0.622 over curb 0.029 20.0 0.74 0.002 -0.074 0.622 27.970 12.030 12.0 8.0 no

DA-A05.1 0.0 2.85 0.50 2.89 0.000 0.234 no 0.022 20.8 0.44 0.001 -0.042 0.234 34.958 6.542 6.5 14.2 no
DA-A05.2 0.0 2.85 0.50 2.89 0.000 0.380 no 0.022 20.8 0.44 0.001 -0.042 0.380 28.417 13.083 13.1 7.7 no
DA-A05 0.0 2.85 0.50 2.89 0.000 0.380 0.022

DA-A06.1 0.0 2.85 0.50 2.89 0.000 0.369 no 0.017 20.8 0.44 0.001 -0.042 0.369 29.110 12.390 12.4 8.4 no
DA-A06.2 0.0 2.85 0.50 2.89 0.000 0.571 over curb 0.017 20.8 0.44 0.001 -0.042 0.571 -- -- 20.8 0.0 over crown
DA-A06 0.0 2.85 0.50 2.89 0.000 0.571 over curb 0.017 20.8 0.44 0.001 -0.042 0.571 -- -- 20.8 0.0 over crown
DA-A11 0.0 2.89 0.50 2.99 0.000 0.617 over curb 0.022 18.5 0.30 0.001 -0.032 0.617 -- -- 18.5 0.0 over crown
DA-A12 1.0 high  2.85 0.50 2.74 -0.043 0.889 over curb 0.018 43.5 1.41 0.001 -0.065 0.889 69.949 17.051 17.1 26.4 no
DA-A18 0.0 2.85 0.50 3.03 0.000 0.493 no 0.039 16.0 0.60 0.002 -0.075 0.493 22.761 9.239 9.2 6.8 no
DA-A19 0.0 2.85 0.50 3.03 0.000 0.545 over curb 0.048 16.0 0.54 0.002 -0.068 0.545 -- -- 16.0 0.0 over crown

DA-A21.1 0.0 2.89 0.50 2.99 0.000 0.411 no 0.090 38.1 1.45 4.6 33.5 no
DA-A21.2 0.0 2.89 0.50 2.99 0.000 0.531 over curb 0.090 38.1 1.45 5.9 32.2 no
DA-A21 0.0 2.89 0.50 2.99 0.000 0.531 over curb 0.090 38.1 1.45 0.001 -0.076 0.531 68.401 7.759 7.8 30.3 no
DA-A16 2.0 high 2.85 0.50 2.74 -0.043 0.926 over curb 0.060 23.3 1.14 0.002 -0.098 0.926 33.359 13.201 13.2 10.1 no
DA-A13 2.5 high 2.85 0.50 2.74 -0.043 1.008 over curb 0.101 30.8 1.28 0.001 -0.083 1.008 44.829 16.691 16.7 14.1 no

100 YEAR STORM

DRAINAGE AREA Split
High or low 

gutter
Ko K1 K2 K3

WATER 
FLOW 
DEPTH

Over 
Curb?

ESD Field 
Measured Street 

Cross Slope

Dist. Curb to 
Crown

Crown 
Height

PONDED 
WIDTH

CLEAR 
WIDTH

Over 
Crown?

Depth Over 
Crown

Outside ROW?

(ft) (ft) (ft) (ft) a b c x1 x2 (ft) (ft)
CS Yo = d Sx B H H / B^2 -(2H/B) Yo T 

DA-A01 0.0 2.85 0.50 2.89 0.000 0.568 over curb 0.029 20.0 0.74 0.002 -0.074 0.568 29.654 10.346 10.3 9.7 no
DA-A02 0.0 2.85 0.50 2.89 0.000 0.650 over curb 0.029 20.0 0.74 0.002 -0.074 0.650 26.959 13.041 13.0 7.0 no

DA-A05.1 0.0 2.85 0.50 2.89 0.000 0.261 no 0.022 20.8 0.44 0.001 -0.042 0.261 33.983 7.517 7.5 13.2 no 0.0 no
DA-A05.2 0.0 2.85 0.50 2.89 0.000 0.425 no 0.022 20.8 0.44 0.001 -0.042 0.425 24.632 16.868 16.9 3.9 no 0.0 no
DA-A05 0.0 2.85 0.50 2.89 0.000 0.425 0.022 0.4 no

DA-A06.1 0.0 2.85 0.50 2.89 0.000 0.412 no 0.017 20.8 0.44 0.001 -0.042 0.412 25.946 15.554 15.6 5.2 no 0.0 no
DA-A06.2 0.0 2.85 0.50 2.89 0.000 0.639 over curb 0.017 20.8 0.44 0.001 -0.042 0.639 -- -- 20.8 0.0 over crown 0.2 outsied ROW
DA-A06 0.0 2.85 0.50 2.89 0.000 0.639 over curb 0.017 20.8 0.44 0.001 -0.042 0.639 -- -- 20.8 0.0 over crown 0.2 outsied ROW
DA-A11 0.0 2.89 0.50 2.99 0.000 0.687 over curb 0.022 18.5 0.30 0.001 -0.032 0.687 -- -- 18.5 0.0 over crown 0.4 outsied ROW
DA-A12 1.0 high  2.85 0.50 2.74 -0.043 1.041 over curb 0.018 43.5 1.41 0.001 -0.065 1.041 65.743 21.257 21.3 22.2 no 0.0 outsied ROW
DA-A18 0.0 2.85 0.50 3.03 0.000 0.568 no 0.039 16.0 0.60 0.002 -0.075 0.568 19.695 12.305 12.3 3.7 no 0.0 no
DA-A19 0.0 2.85 0.50 3.03 0.000 0.653 over curb 0.048 16.0 0.54 0.002 -0.068 0.653 -- -- 16.0 0.0 over crown 0.1 outsied ROW

DA-A21.1 0.0 2.89 0.50 2.99 0.000 0.457 no 0.090 38.1 1.45 0.001 -0.076 0.457 69.633 6.567 6.6 31.5 no 0.0 no
DA-A21.2 0.0 2.89 0.50 2.99 0.000 0.591 over curb 0.090 38.1 1.45 0.001 -0.076 0.591 67.433 8.767 8.8 29.3 no 0.0 outsied ROW
DA-A21 0.0 2.89 0.50 2.99 0.000 0.591 over curb 0.090 38.1 1.45 0.001 -0.076 0.591 67.402 8.758 8.8 29.3 no 0.0 outsied ROW
DA-A16 2.0 high 2.85 0.50 2.74 -0.043 1.066 over curb 0.060 23.3 1.14 0.002 -0.098 1.066 29.201 17.359 17.4 5.9 no 0.0 outsied ROW
DA-A13 2.5 high 2.85 0.50 2.74 -0.043 1.180 over curb 0.101 30.8 1.28 0.001 -0.083 1.180 39.161 22.359 22.4 8.4 no 0.0 outsied ROW
DA-A07 0.00 2.85 0.50 2.89 0.00 0.620 over curb 0.045 20.25 0.94 0.002 -0.093 0.620 32.071 8.429 8.4 11.8 no 0.0 outsied ROW
DA-A20 0.50 low 2.70 0.50 2.74 -0.22 0.748 over curb 0.027 16.00 0.68 0.003 -0.085 0.748 -- -- 16.0 0.0 over crown 0.1 outsied ROW

Quadratic Formula                                       
T = min(x1, x2); x = [-b +/- (b^2 - 4ac)^0.5] / 2a

(4)

Quadratic Formula                                       
T = min(x1, x2); x = [-b +/- (b^2 - 4ac)^0.5] / 2a

N/A, crown not parabolic
N/A, crown not parabolic

path:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
tab:  CURB Inlet Sump Submerged_ULT



Ultimate Development Conditions for Existing System

CURB INLETS IN SUMPS, Type S-1, parabolic crown and SUBMERGED CURB INLETS ON GRADE, parabolic crown

25 YEAR STORM

HEC-22 variable or EQ ==>
a             

Fig 4-13

h           
EQ 4-29,    

Fig 4-18.a
L EQ 4-29

EQ 4-28, 4-30 
Cw

do                

EQ 4-31a
Co            

EQ 4-31
? EQ 4-28 EQ 4-29

DCM Variable or EQ
DIG 

instructions
EQ 4-2      

h
L EQ 4-2

EQ 4-1, 4-3     
Cw

do                

EQ 4-4a
Co            

EQ 4-4
? EQ 4-1 EQ 4-4a

GIS StormwaterInfra Depression_a Height Width st_length
Equation in cell ==> (10) (11) (12) (13) (14) (15) (16) (17) (18)

DRAINAGE AREA
GUTTER 

DEPRESSION

CURB 
OPENING 
HEIGHT

CURB 
OPENING 
HEIGHT

Gutter 
Depression 

Width

Gutter 
Depression 

Width

CURB INLET 
LENGTH

CURB INLET 
LENGTH

If d > 1.4*h, use 
orifice EQ

WEIR 
COEFFICIENT

EFFECTIVE 
HEAD ON 
ORIFICE

ORIFICE 
COEFFICIENT

GRAVITY
CURB INLET 
REDUCTION 

FACTOR

MAXIMUM 
CAPACITY 

FLOW         
WEIR EQ

MAXIMUM 
CAPACITY 

FLOW         
ORIFICE EQ

OVER 
CAPACITY 

FLOW
INLET TYPE

(in) (in) (in) (ft) (in) (ft) (in) (ft) (ft) (ft) Else, use weir EQ (ft) (ft/s 2 ) (%) (cfs) (cfs) (cfs)
aDIG aHEC22 h W L h + aHEC22/12 1.4*h Cw do Co g Qi Qi Qover

DA-A01 2.25 1.79 5.75 0.48 16.00 1.33 122.0 10.17 0.63 0.67 weir EQ 2.30 0.32 0.67 32.2 7.65 ---- 0.69 TYPE S-1
DA-A02 2.50 1.98 6.00 0.50 18.00 1.50 120.0 10.00 0.66 0.70 weir EQ 2.30 0.54 0.67 32.2 14.35 ---- 5.80 TYPE S-1

DA-A05.1
DA-A05.2
DA-A05 5.00 4.60 6.00 0.50 18.00 1.50 120.0 10.00 0.88 0.70 weir EQ 2.30 0.51 0.67 32.2 6.84 ---- 2.86 TYPE S-1

DA-A06.1
DA-A06.2
DA-A06 8.00 7.68 7.00 0.58 19.00 1.58 63.0 5.25 1.22 0.82 weir EQ 2.30 0.92 0.67 32.2 8.03 ---- 34.08 TYPE S-1
DA-A11 4.00 3.63 6.00 0.50 17.00 1.42 34.0 2.83 0.80 0.70 weir EQ 2.30 0.67 0.67 32.2 6.01 ---- 21.12 TYPE S-1
DA-A12 1.50 1.23 4.50 0.38 15.00 1.25 36.00 3.00 0.48 0.53 orifice EQ 2.30 0.80 0.67 32.2 ---- 6.50 61.31 TYPE S-1
DA-A18 7.25 6.59 10.00 0.83 17.00 1.42 53.00 4.42 1.38 1.17 weir EQ 2.30 0.63 0.67 32.2 5.54 ---- 6.66 TYPE S-1
DA-A19 6.75 5.89 7.00 0.58 18.00 1.50 62.00 5.17 1.07 0.82 weir EQ 2.30 0.74 0.67 32.2 7.28 ---- 14.40 TYPE S-1

DA-A21.1
DA-A21.2
DA-A21 3.00 1.38 6.00 0.50 18.00 1.50 60.00 5.00 0.62 0.70 weir EQ 2.30 0.40 0.67 32.2 6.85 ---- 20.10 TYPE S-1
DA-A16 6.00 4.98 6.00 0.50 17.00 1.42 36.00 3.00 0.92 0.70 orifice EQ N/A 1.09 0.67 32.2 ---- 11.77 38.19 TYPE G-1
DA-A13 5.00 3.18 7.00 0.58 18.00 1.50 36.00 3.00 0.85 0.82 orifice EQ N/A 0.98 0.67 32.2 ---- 12.36 42.37 TYPE-G1

100 YEAR STORM

DRAINAGE AREA
GUTTER 

DEPRESSION

CURB 
OPENING 
HEIGHT

CURB 
OPENING 
HEIGHT

Gutter 
Depression 

Width

Gutter 
Depression 

Width

CURB INLET 
LENGTH

CURB INLET 
LENGTH

If d > 1.4*h, use 
orifice EQ

WEIR 
COEFFICIENT

EFFECTIVE 
HEAD ON 
ORIFICE

ORIFICE 
COEFFICIENT

GRAVITY
CURB INLET 
REDUCTION 

FACTOR

MAXIMUM 
CAPACITY 

FLOW         
WEIR EQ

MAXIMUM 
CAPACITY 

FLOW         
ORIFICE EQ

OVER 
CAPACITY 

FLOW
INLET TYPE

(in) (in) (in) (ft) (in) (ft) (in) (ft) (ft) (ft) Else, use weir EQ (ft) (ft/s 2 ) (%) (cfs) (cfs) (cfs)
aDIG aHEC22 h W L h + aHEC22/12 1.4*h Cw do Co g Qi Qi Qover

DA-A01 2.25 1.79 5.75 0.48 16.00 1.33 122.0 10.17 0.63 0.67 weir EQ 2.30 0.48 0.67 32.2 12.36 ---- 8.64 TYPE S-1
DA-A02 2.50 1.98 6.00 0.50 18.00 1.50 120.0 10.00 0.66 0.70 weir EQ 2.30 0.57 0.67 32.2 15.32 ---- 7.55 TYPE S-1

DA-A05.1
DA-A05.2
DA-A05 5.00 4.60 6.00 0.50 18.00 1.50 120.0 10.00 0.88 0.70 weir EQ 2.30 0.56 0.67 32.2 8.08 ---- 5.30 TYPE S-1

DA-A06.1
DA-A06.2
DA-A06 8.00 7.68 7.00 0.58 19.00 1.58 63.0 5.25 1.22 0.82 weir EQ 2.30 0.99 0.67 32.2 9.51 ---- 54.68 TYPE S-1
DA-A11 4.00 3.63 6.00 0.50 17.00 1.42 34.0 2.83 0.80 0.70 weir EQ 2.30 0.74 0.67 32.2 7.05 ---- 30.30 TYPE S-1
DA-A12 1.50 1.23 4.50 0.38 15.00 1.25 36.00 3.00 0.48 0.53 orifice EQ 2.30 0.96 0.67 32.2 ---- 7.74 96.94 TYPE S-1
DA-A18 7.25 6.59 10.00 0.83 17.00 1.42 53.00 4.42 1.38 1.17 weir EQ 2.30 0.70 0.67 32.2 6.86 ---- 11.90 TYPE S-1
DA-A19 6.75 5.89 7.00 0.58 18.00 1.50 62.00 5.17 1.07 0.82 weir EQ 2.30 0.85 0.67 32.2 9.54 ---- 27.88 TYPE S-1

DA-A21.1
DA-A21.2
DA-A21 3.00 1.38 6.00 0.50 18.00 1.50 60.00 5.00 0.62 0.70 weir EQ 2.30 0.46 0.67 32.2 8.04 ---- 29.00 TYPE S-1
DA-A16 6.00 4.98 6.00 0.50 17.00 1.42 36.00 3.00 0.92 0.70 orifice EQ N/A 1.23 0.67 32.2 ---- 13.28 60.18 TYPE G-1
DA-A13 5.00 3.18 7.00 0.58 18.00 1.50 36.00 3.00 0.85 0.82 orifice EQ N/A 1.15 0.67 32.2 ---- 14.52 69.67 TYPE-G1
DA-A07 6.00 5.24 5.00 0.42 17.00 1.42 61.00 5.08 0.85 0.58 orifice EQ N/A 0.85 0.67 32.2 ---- 7.62 17.44 TYPE-G1
DA-A20 6.00 5.51 6.00 0.50 18.00 1.50 122.00 10.17 0.96 0.70 orifice EQ N/A 0.96 0.67 32.2 ---- 10.33 23.15 TYPE-G1

path:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
tab:  CURB Inlet Sump Submerged_ULT



CURB INLETS IN SUMPS, Type S-1, parabolic crown and SUBMERGED CURB INLETS ON GRADE, parabolic crown

Equations in Cells

(1) DCM EQ 2-1:  Qpeak = CiA

(2) Total flow = sum of discharge from drainage area and carry over flow
(3) So = (high elev - low elev)/length
(4) See DCM Table 3-2 (no split) or Table 3-3 (split, high gutter) or Table 3-4 (split, low gutter)
(5) DCM EQ 3-5:  Yo = 10^[(logQ - Ko - K1 * log So - K3*CS)/K2] ; for inlets in sag, Yo = maximum of Yo values calculated for both side of inlet
(6) Sx measured in Field by ESD 3-3-15 or 3-31-15
(7) For all streets except Congress, B = W/2 = Street Width / 2; for Congress, B = crown to curb distance measured on DGN file
(8) measured in field, lidar or record drawing; see "Crown Height Calcs" tab
(9) HEC-22 EQ B-11: Yo = (2H/B)*x - (H/B2)*x2 ; same as DCM EQ 3-1 except allows for crown not at centerline of street; use quadratic equation to solve for x; T is the minimum of x1 or x2; if Yo > H, T = B

(10) aDIG was measured in the field by ESD or DIG Data consultants.  aDIG = (upstream curb height) - (depth from top of curb to inlet gutter)

(11) See HEC-22 Fig 4-13.  aHEC22 is the difference between the inlet edge of gutter elevation and the projected street slope elevation

aHEC22 = aDIG - W*Sx

(12) If d > 1.4*h, use orifice EQ, else use weir EQ
(13) See DCM EQ 4-1:  For depressed curb inlet, Cw = 2.3; for curb inlets without depression, Cw = 3.0

(14) HEC-22 EQ 4-31a or DCM EQ 4-4a:  do = di - (h/2); where di = Yo + aHEC22/12

(15) See DCM EQ 4-4:  Co = 0.67
(16) DCM EQ 4-1:  Qi = Cw * (L + 1.8*W) * d1.5

(17) DCM EQ 4-4a:  Qi = Co * h * L * (2*g*do)0.5

(18) Qover = Q - Qi

path:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
tab:  CURB Inlet Sump Submerged_ULT



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.4 

Existing System Code Compliance Summary 



Summary of Street Flow for Exising Storm Drain Configuration and Existing Land UseConditions
Note:  Calculations in this spreadsheet assume the  pipe system is suffient to convey flow captured by the inlets.  However, the pipes are also undersized as shown in StormCAD profiles in Appendix I.10

DCM 3.3.1

Drainage Area Inlet Type Street Name Street Classification Longitudinal Slope Street Width
Distance Curb 

to Crown
Curb 

Height
Crown 
Height

DCM 
Minimum 

Gutter 
Slope

Meets Gutter 
Slope Criteria?

(ft) (ft) (ft) (ft)
DA-A10 grate inlet on grade Congress A30 - Major Arterials and County Roads (FM) 2.4% 91.5 50.4 0.5 2.2 0.4% Yes

DA-A01 curb inlet in sump Annie A45 - City Collector 2.3% 40.0 20.0 0.5 0.7 0.4% Yes

DA-A02 curb inlet in sump Annie A45 - City Collector 1.3% 40.0 20.0 0.5 0.7 0.4% Yes

DA-A05 curb inlet in sump Mary A45 - City Collector 3.4% 41.5 20.8 0.5 0.4 0.4% Yes

DA-A06 curb inlet in sump Mary A45 - City Collector 3.9% 41.5 20.8 0.5 0.4 0.4% Yes

DA-A11 curb inlet in sump Mary A45 - City Collector 2.2% 37.0 18.5 0.5 0.3 0.4% Yes
DA-A12 curb inlet in sump Congress A30 - Major Arterials and County Roads (FM) 2.1% 91.5 43.5 0.5 1.4 0.4% Yes
DA-A18 curb inlet in sump Johanna A45 - City Collector 2.2% 37.0 18.5 0.8 0.6 0.4% Yes
DA-A19 curb inlet in sump Johanna A45 - City Collector 3.7% 37.0 18.5 0.5 0.5 0.4% Yes
DA-A21 curb inlet in sump Alley N/A 2.8% 38.1 38.1 0.5 1.5 0.4% Yes
DA-A13 curb inlet on grade Congress A30 - Major Arterials and County Roads (FM) 0.9% 91.5 30.8 0.5 1.3 0.4% Yes
DA-A16 curb inlet on grade Congress A30 - Major Arterials and County Roads (FM) 1.1% 91.5 23.3 0.5 1.1 0.4% Yes

DA-A03 curb inlet on grade Annie A45 - City Collector 7.2% 40.0 20.0 0.5 0.3 0.4% Yes

DA-A04 curb inlet on grade Annie A45 - City Collector 7.3% 40.0 20.0 0.5 0.3 0.4% Yes

DA-A07 curb inlet on grade Mary A45 - City Collector 2.0% 40.5 20.3 0.5 0.9 0.4% Yes
DA-A08 curb inlet on grade Eva A40 - Local City/County Street 2.0% 32.5 16.3 0.5 0.2 0.4% Yes
DA-A09 curb inlet on grade Mary A45 - City Collector 3.4% 41.0 20.5 0.5 0.8 0.4% Yes
DA-A14 curb inlet on grade Leland A40 - Local City/County Street 5.0% 30.0 15.0 0.5 0.9 0.4% Yes
DA-A15 curb inlet on grade Leland A40 - Local City/County Street 4.4% 30.0 15.0 0.5 0.9 0.4% Yes
DA-A20 curb inlet on grade Johanna A45 - City Collector 3.6% 32.0 16.0 0.5 0.7 0.4% Yes

Inlet 21823 (DS of 
grate inlet DA-A22)

curb inlet on grade Wilson A40 - Local City/County Street 1.8% 29.8 14.9 0.7 0.3 0.4% Yes

Street Geometry Summary

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Existing Conditions_KD_code compliance
Tab:  Street Flow_Clear Width_Ex



Summary of Street Flow for Exising Storm Drain Configuration and Ultimate Land UseConditions

DCM 3.2.0 DCM 3.2.0 DCM 3.2.0 DCM 3.2.0

Drainage Area
25 YR    

Flow Depth

Meets Over 
Curb 

Criteria? Spread
Clear Width 
From Crown

DCM Minimum 
Clear Width - 
From Crown

DCM Minimum 
Clear Width - 
Total Clear 

Width
Meets Clear Width 

Criteria?
100 YR          

Flow Depth
Water Depth 
Over Crown

DCM Maximum 
Depth Above 

Crown

Meets Over 
Crown 

Criteria?

Ground 
Height at 

ROW

Water Depth 
Over/Under 

ROW Ground 
Height

Water 
Contained 

within 
ROW?

Yo T Yo
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

DA-A10 0.37 4.5 45.9 12.00 Yes 0.42 below crown 0.5 Yes 0.58 -0.16 Yes

DA-A05 0.38 13.1 7.7 12.00
See Total Clear 
Width Analysis

0.42 below crown 0.5 Yes 0.50 -0.08 No**

DA-A06 0.57 over curb 20.8 0.0 12.00
See Total Clear 
Width Analysis

0.64 0.20 0.5 Yes 0.58 0.06 No

DA-A11 0.62 over curb 18.5 0.0 12.00 Cannot determine* 0.69 0.39 0.5 Yes 0.58 0.10 No
DA-A12 0.89 over curb 17.1 26.4 12.00 Yes 1.04 below crown 0.5 Yes 0.58 0.46 No
DA-A18 0.49 9.2 9.3 12.00 Cannot determine* 0.57 below crown 0.5 Yes 0.58 -0.02 Yes
DA-A19 0.55 over curb 16.0 2.5 12.00 Cannot determine* 0.65 0.11 0.5 Yes 0.58 0.07 No
DA-A21 0.53 over curb 5.9 32.2 No criteria for alleys 0.59 below crown 0.5 Yes 0.58 0.01 No
DA-A13 1.01 over curb 16.7 14.1 12.00 Yes 1.18 below crown 0.5 Yes 0.58 0.60 No
DA-A16 0.93 over curb 13.2 10.1 12.00 No 1.07 below crown 0.5 Yes 0.58 0.48 No

DA-A03 0.26 13.0 7.0 12.00
See Total Clear 
Width Analysis

0.29 below crown 0.5 Yes 0.58 -0.29 Yes

DA-A04 0.34 20.0 0.0 12.00
See Total Clear 
Width Analysis

0.38 0.08 0.5 Yes 0.58 -0.20 Yes

DA-A07 0.54 over curb 7.0 13.3 12.00 Cannot determine* 0.62 below crown 0.5 Yes 0.58 0.04 No
DA-A08 0.46 16.3 0.0 0.00 Yes 0.51 0.34 0.5 Yes 0.58 -0.07 Yes
DA-A09 0.45 6.8 13.7 12.00 Cannot determine* 0.50 below crown 0.5 Yes 0.58 -0.08 Yes
DA-A14 0.45 4.7 10.3 0.00 Yes 0.50 below crown 0.5 Yes 0.58 -0.08 Yes
DA-A15 0.49 5.3 9.7 0.00 Yes 0.55 below crown 0.5 Yes 0.58 -0.04 Yes
DA-A20 0.67 over curb 13.7 2.3 12.00 Cannot determine* 0.75 0.07 0.5 Yes 0.58 0.16 No

Inlet 21823 (DS of 
grate inlet DA-A22)

0.55 14.9 0.0 0.00 Yes 0.62 0.28 0.5 Yes 0.58 0.04 No

*Total clear width can only be determined if there are inlets on opposides of the street
**Due to undersized storm drain, water at this location is not contained within the ROW.  See flooding complaint from 304 Mary St.

25 Year Storm 100 Year Storm

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
Tab:  Code Compliance Summary



Summary of Street Flow for Exising Storm Drain Configuration and Ultimate Land UseConditions
Total Clear Width Analysis

DCM 3.2.0

Street Name Location Drainage Areas Street Classification

DCM Minimum Clear 
Width -         Total 

Clear Width

25-year        
Total Clear 

Width
Meets Clear 

Width Criteria?
(ft) (ft)

Annie
407 Annie, between EBC and 

Newton
DA-A03 and DA-A04 A45 - City Collector

12.0 7.0 No

Mary
304 Mary, between EBC and 

Newton
DA-A05 and DA-A06 A45 - City Collector

12.0 7.7 No
Leland just east of Congress DA-A14 and DA-A15 A40 - Local City/County Street 0.0 20.0 Yes

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Inlet Calcs_Ultimate Conditions_KD
Tab:  Code Compliance Summary



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.5 

Drainage Criteria Manual Tables 2-1, 2-2 and 2-5 
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City of Austin Drainage Criteria Manual  

TABLE 2‐1 

RATIONAL METHOD RUNOFF COEFFICIENTS FOR COMPOSITE ANALYSIS 

Runoff Coefficient (C) 

Character of Surface 

Return Period 

2 Years   5 Years  10 Years 25 Years 50 Years 100 Years  500 Years

DEVELOPED 

Asphaltic  0.73  0.77  0.81  0.86  0.90  0.95  1.00 

Concrete   0.75  0.80  0.83  0.88  0.92  0.97  1.00 

Grass Areas (Lawns, Parks, etc.) 

Poor Condition* 
             

Flat, 0‐2%  0.32  0.34  0.37  0.40  0.44  0.47  0.58 

Average, 2‐7%  0.37  0.40  0.43  0.46  0.49  0.53  0.61 

Steep, over 7%  0.40  0.43  0.45  0.49  0.52  0.55  0.62 

Fair Condition**  0.25  0.28  0.30  0.34  0.37  0.41  0.53 

Flat, 0‐2%  0.25  0.28  0.30  0.34  0.37  0.41  0.53 

Average, 2‐7%  0.33  0.36  0.38  0.42  0.45  0.49  0.58 

Steep, over 7%  0.37  0.40  0.42  0.46  0.49  0.53  0.60 

Good Condition*** 
             

Flat, 0‐2%  0.21  0.23  0.25  0.29  0.32  0.36  0.49 

Average, 2‐7%  0.29  0.32  0.35  0.39  0.42  0.46  0.56 



 

    Page 2 

Steep, over 7%  0.34  0.37  0.40  0.44  0.47  0.51  0.58 

UNDEVELOPED 

Cultivated 
             

Flat, 0‐2%  0.31  0.34  0.36  0.40  0.43  0.47  0.57 

Average, 2‐7%  0.35  0.38  0.41  0.44  0.48  0.51  0.60 

Steep, over 7%  0.39  .042  0.44  0.48  0.51  0.54  0.61 

Pasture/Range 
             

Flat, 0‐2%  0.25  0.28  0.30  0.34  0.37  0.410.53 
 

Average, 2‐7%  0.33  0.36  0.38  0.42  0.45  0.490.58 
 

Steep, over 7%  0.37  0.40  0.42  0.46  0.49  0.53  0.60 

Forest/Woodlands 
             

Flat, 0‐7%  0.22  0.25  0.28  0.31  0.35  0.39  0.48 

Average, 2‐7%  0.31  0.34  0.36  0.40  0.43  0.47  0.56 

Steep, over 7%  0.35  0.39  0.41  0.45  0.48  0.52  0.58 

Assumptions: 

1. Composite "C" value for developed conditions (CDEV) is : CDEV = IC 1 + (1‐I)C 2  

 

Where: 

I = Impervious cover, percent 

C 1 = "C" value for impervious cover 

C 2 = "C" value for pervious area (grass, lawns, parks, etc.) 

2. For maximum allowable impervious coverage values for various land use types, refer to the City of 

Austin Zoning Ordinance.  



 

    Page 3 

* Grass cover less than 50 percent of the area. 

** Grass cover on 50 to 75 percent of the area. 

*** Grass cover larger than 75 percent of the area. 

Source: 1. Rossmiller, R.L. "The Rational Formula Revisited." 

2. City of Austin, Watershed Engineering Division  
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City of Austin Drainage Criteria Manual  

TABLE 2‐2 

Manning's "n" for overland flow  

Manning's "n"1   Surface Description 

0.015  Concrete (rough or smoothed finish) 

0.016  Asphalt 

0.05  Fallow (no residue) 

 
Cultivated Soils:

0.06      Residue Cover ≤ 20% 

0.17      Residue cover > 20% 

 
Grass:

0.15      Short‐grass prairie 

0.24      Dense grasses2  

0.13  Range (natural) 

 
Woods:3 

0.40      Light underbrush 

0.80      Dense underbrush 

1 The Manning's n values are a composite of information compiled by Engman (1986).  

2 Includes species such as weeping lovegrass, bluegrass, buffalo grass, blue grama grass, and native 

grass mixtures.  

3 When selecting n, consider cover to a height of about 0.1 ft. This is the only part of the plant cover 

that will obstruct sheet flow.  
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City of Austin Drainage Criteria Manual  

Table 2‐5 

Austin Intensity‐Duration‐Frequency Curve Coefficients 

Return Period  Fitting parameters for IDF equation (2‐8) 

Year  a  b  c 

2   54.767  11.051  0.8116 

5   62.981  10.477  0.7820 

10  70.820  10.396  0.7725 

25  82.936  10.746  0.7634 

50  100.60  12.172  0.7712 

100  118.30  13.185  0.7736 

250  150.10  14.892  0.7822 

500  188.00  17.233  0.7959 

Source: Asquith, W.H., "Depth‐Duration Frequency and Intensity‐Duration Frequency for Austin and 

Travis County, Texas, 2001".  

  

The a, b and c parameters listed in Table 2-5 were derived using nonlinear regression methods and the 
data included in Table 2-4. The IDF curves and the IDF equations are applicable for all design 
frequencies shown. They are required for use in determining peak flows by the Rational Method or other 
appropriate methods.  



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.6 

Splash-over Velocity 



Splash Over Velocity Analysis

Ref: HEC-22

UDFCD Equation 7-20: Vo = α + βLe - γ(Le)2 + η(Le)3

DA-A17 α β γ η Le Vo V,25 V,100
ft fps fps fps

Bar P-1-7/8 2.22 4.03 0.65 0.06 3 10.08 6.81 6.81
Bar P-1-1/8 1.76 3.12 0.45 0.03 3 7.88
Bar P-1-7/8-4 0.74 2.44 0.27 0.02 3 6.17 Velocity in Gutter slower than splashover velocity; Rf = 1.0

DA-L1 α β γ η Le Vo V,25 V,100
ft fps fps fps

Bar P-1-7/8-4 0.74 2.44 0.27 0.02 5 8.69 1.36 1.67
Velocity in Gutter slower than splashover velocity; Rf = 1.0

DA-L4 α β γ η Le Vo V,25 V,100
ft fps fps fps

Bar P-1-7/8-4 0.74 2.44 0.27 0.02 2.25 5.09 8.24 9.04
Velocity in gutter faster than splashover velocity; Rf calculation includes Vo

DA-A10 α β γ η Le Vo V,25 V,100
ft fps fps fps

Bar P-1-7/8-4 0.74 2.44 0.27 0.02 2 4.70 5.58 6.03
Velocity in gutter faster than splashover velocity; Rf calculation includes Vo

DA-A22 α β γ η Le Vo V,25 V,100
ft fps fps fps

Bar P-1-7/8 2.22 4.03 0.65 0.06 9 29.58 6.13 6.13
Bar P-1-1/8 1.76 3.12 0.45 0.03 9 15.26 Velocity in Gutter slower than splashover velocity; Rf = 1.0
curved vane 0.3 4.85 1.31 0.15 9 47.19
45 deg tilt bar 0.99 2.64 0.36 0.03 9 17.46
Bar P-1-7/8-4 0.74 2.44 0.27 0.02 9 15.41
30 deg tilt bar 0.51 2.34 0.2 0.01 9 12.66

Coefficients are from Table 7-6 of the Urban Drainage and Flood Control District's (UDFCD) Criteria Manual.  UDFCD was established by the Colorado legislature in 1969 and covers a 1608 square mile area 
including Denver.
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Photograph 7-4.  Gutter/street slope is a major design factor 
for both street and inlet capacity. 

The splash-over velocity is defined as the minimum velocity where some of the water will begin to skip 
over the full length of the grate.  This velocity is a function of the grate length and type.  The splash-over 
velocity can be determined using this empirical formula (Guo 1999): 

32
eeeo LLLV ηγβα +−+=  Equation 7-20 

Where: 
Vo = splash-over velocity (ft/sec) 

Le = effective length of grate inlet (ft) 

ηγβα ,,, = constants from Table 7-6. 

The splash-over velocity constants for the CDOT 
Type 13 and the Denver No. 16 grates were 
derived during the UDFCD-CSU study and are 
valid for effective lengths up to 15 feet, while the 
splash-over velocity constants for all other inlet 
grates are valid only for effective lengths up to 
four feet.  Beyond the maximum effective 
lengths for which these constants have been 
validated through physical modeling, the splash-
over velocity may be estimated as that maximum 
validated velocity plus 0.2 ft/s for each additional 
foot of effective inlet length.  

 
Table 7-6.  Splash-over velocity constants for various types of inlet grates 

Type of Grate α β γ η 
CDOT/Denver 13Valley Grate 0.00 0.680 0.060 0.0023 
CDOT Type C Standard Grate 2.22 4.03 0.65 0.06                                                      
CDOT Type C Close Mesh Grate 0.74 2.44 0.27 0.02 
Denver No. 16 Valley Grate 0.00 0.815 0.074 0.003 
Directional Cast  Vane Grate 0.30 4.85 1.31 0.15 
Directional 45-Degree Bar Grate  0.99 2.64 0.36 0.03 
Directional 30-Degree Bar Grate 0.51 2.34 0.2 0.01 
Reticuline Riveted Grate 0.28 2.28 0.18 0.01 
Wheat Ridge Directional Grate 0.00 0.815 0.074 0.003 
1-7/8” Bar Grate, Crossbars @ 8” 2.22 4.03 0.65 0.06 
1-7/8” Bar Grate, Crossbars @ 4” 0.74 2.44 0.27 0.02 
1-1/8” Bar Grate, Crossbars @ 8” 1.76 3.12 0.45 0.03 

The ratio of the side flow intercepted by the inlet to total side flow, Rx, is expressed as: 

3.2

8.115.0
1

1

LS
V

R

x

x

+
=  Equation 7-21 

Where: 

V = velocity of flow in the gutter (ft/sec) 

http://aisweb/pdf2/hec12x/chapter_5.htm#Chart_4._Ratio_of_Frontal_Flow_to_Total_Gutter_Flow
http://aisweb/pdf2/hec12x/chapter_5.htm#5.2_Composite_Gutter_Sections
http://aisweb/pdf2/hec12x/chapter_7.htm#Equation_9
http://aisweb/pdf2/hec12x/chapter_7.htm#Chart_7._Grate_Inlet_Frontal_Flow_Interception_Efficiency
http://aisweb/pdf2/hec12x/chapter_7.htm#Equation_9
http://aisweb/pdf2/hec12x/chapter_7.htm#Chart_7._Grate_Inlet_Frontal_Flow_Interception_Efficiency


 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.7 

“a” Value Documentation 







aDIG to aHEC Conversion Equation

Sx = x/W 
x = (W)(Sx) 
aHEC = aDIG - (W)(Sx) 



Proposed Inlet aHEC  Equation



 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.8 

Tailwater Conditions 



Tailwater Coincidental Occurance Analysis

Ref: HEC‐22 Table 7‐3 and City of Grand Prairie Drainage Design Manual Table 8.6
Ref: 

EBLDN010 4590200 SF

EBLDN020 3180750 SF

EBLDN030 2853844 SF

EBLDN040 2410200 SF

EBLDN050 3429500 SF

EBLDN060 10624050 SF

EBLDN‐A 5539727 SF

EBLDN‐B 1833447 SF

EBLDN‐G 248097 SF

EBLDN‐F 734427 SF

EBLDN‐H 579249 SF

EBLDN‐L 567898 SF

EBLDN‐J 42247 SF

EBLDN‐K 65108 SF

Total =  36698744 SF

Total EBC watershed upstream of Annie System =  842 AC

Annie System 48 AC

Area Ratio = upstream area : annie system area 17.6 : 1

Conclusion:

For StormCAD 100‐year scenairo, use 50‐year HEC‐RAS water surface elevations
For StormCAD 25‐year scenairo, use 10‐year HEC‐RAS water surface elevations

Outfall

HEC‐RAS 

River Station

10‐year 

WSEL

50‐year 

WSEL

Milton 9537 508.18 509.98

Annie 9807 511.74 513.31

Mary 10171 516.81 518.15

Crockett 10809 520.90 522.51
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table can be used to establish an appropriate design tailwater elevation for a storm drainage 
system based on the expected coincident storm frequency on the outfall channel.  For 
example, if the receiving stream has a drainage area of 200 hectares and the storm drainage 
system has a drainage area of 2 hectares, the ratio of receiving area to storm drainage area is 
200 to 2 which equals 100 to 1.  From Table 7-3 and considering a 10-year design storm 
occurring over both areas, the flow rate in the main stream will be equal to that of a five year 
storm when the drainage system flow rate reaches its 10-year peak flow at the outfall.  
Conversely, when the flow rate in the main channel reaches its 10-year peak flow rate, the 
flow rate from the storm drainage system will have fallen to the 5-year peak flow rate 
discharge.  This is because the drainage areas are different sizes, and the time to peak for 
each drainage area is different. 

 
Table 7-3.  Frequencies for Coincidental Occurrence. 

 
Area 
Ratio 

Frequencies for Coincidental Occurrence 
10-Year Design 100-Year Design 

Main Stream Tributary Main Stream Tributary 
10,000 to 1 1 

10 
10 
1 

2 
100 

100 
2 

1,000 to 1 2 
10 

10 
2 

10 
100 

100 
10 

100 to 1 5 
10 

10 
5 

25 
100 

100 
25 

10 to 1 10 
10 

10 
10 

50 
100 

100 
50 

1 to 1 10 
10 

10 
10 

100 
100 

100 
100 

 
There may be instances in which an excessive tailwater causes flow to back up the storm 
drainage system and out of inlets and access holes, creating unexpected and perhaps 
hazardous flooding conditions. The potential for this should be considered. Flap gates placed 
at the outlet can sometimes alleviate this condition; otherwise, it may be necessary to isolate 
the storm drain from the outfall by use of a pump station. 
 
Energy dissipation may be required to protect the storm drain outlet.  Protection is usually 
required at the outlet to prevent erosion of the outfall bed and banks. Riprap aprons or energy 
dissipators should be provided if high velocities are expected (see HEC-14, "Hydraulic Design 
of Energy Dissipators for Culverts and Channels"(35) for guidance with designing an 
appropriate dissipator). 
 
The orientation of the outfall is another important design consideration.  Where practical, the 
outlet of the storm drain should be positioned in the outfall channel so that it is pointed in a 
downstream direction.  This will reduce turbulence and the potential for excessive erosion.  If 
the outfall structure cannot be oriented in a downstream direction, the potential for outlet scour 
must be considered. For example, where a storm drain outfall discharges perpendicular to the 
direction of flow of the receiving channel, care must be taken to avoid erosion on the opposite 
channel bank. If erosion potential exists, a channel bank lining of riprap or other suitable 
material should be installed on the bank.  Alternatively, an energy dissipator structure could be 
used at the storm drain outlet. 
 





 

 
 
 
 
 
 
 
 
 

 
 

Exhibit I.9 

Storm Drain Pipe Data 

and 

Existing Storm Drain System Record Drawings 

 





Pipe Data Used in StormCAD

StormCAD ID Diameter Length

Downstream 

Pipe Invert 

Elev

Upstream 

Pipe Invert 

Elev

Pipe Segment 

Slope HMS Reache Name

inches feet

SS‐A01 36 100 502.46 504.60 2.14% Annie Sys 1

SS‐A02 36 50 504.60 504.90 0.60% Annie Sys 2

SS‐A03 36 86.5 504.90 510.86 6.89% Annie Sys 3

Manhole

SS‐A04 30 103.12 511.48 516.59 4.95% Annie Sys 4

Manhole

SS‐A05 30 95.03 516.78 521.49 4.95% Annie Sys 4

SS‐A06 30 187.1 521.49 529.01 4.02% Annie Sys 4

Inlet box

SS‐A07 30 45.22 529.80 531.53 3.84% Annie Sys 4

Inlet box

SS‐A08 30 122.5 531.53 535.00 2.83% Annie Sys 4

Manhole

SS‐A09 24 103.1 535.50 541.75 6.06% Annie Sys 5

SS‐A10 24 86.61 541.75 544.35 3.00% Annie Sys 6

SS‐A11 24 13.39 544.35 544.75 3.00% Annie Sys 6

SS‐A12 24 100.00 544.75 547.25 2.50% Annie Sys 6

SS‐A13 24 54.61 547.25 548.89 3.00% Annie Sys 6

SS‐A14 24 14.52 548.89 549.32 3.00% Annie Sys 6

SS‐A15 24 30.86 549.32 550.25 3.00% Annie Sys 6

SS‐A16 24 50.00 550.25 552.00 3.50% Annie Sys 6

SS‐A17 24 66.00 552.00 555.03 4.60% Annie Sys 6

SS‐A18 24 150.77 555.03 559.72 3.11% Annie Sys 6

SS‐A19 24 10.06 559.72 560.09 3.62% Annie Sys 7

SS‐A20 24 89.11 560.09 563.31 3.62% Annie Sys 7

SS‐A21 24 9.10 563.31 563.41 1.03%

SS‐A22 24 334.61 563.41 566.84 1.03%

SS‐A23 24 24.32 566.84 567.09 1.03%

SS‐A24 24 231.98 567.09 569.46 1.03%

SS‐A25 24 34.8 569.46 569.82 1.03%

SS‐A26 24 24.3 569.82 570.07 1.03%

SS‐A27 30 322.71 536.60 544.47 2.44% Annie Sys 8

SS‐A28 18 29.08 544.79 546.00 4.16%

SS‐A29 18 183.5 544.47 551.27 3.70% Annie Sys 9

SS‐A30 24 22.89 544.47 544.97 2.17%

SS‐A31 24 19.07 544.97 545.38 2.17%

SS‐A32 24 30.27 545.38 546.04 2.17%

SS‐A33 18 28.43 545.47 546.70 4.34%

SS‐A34 15 26.12 546.13 548.06 7.39%

SS‐A35 18 115.84 546.54 552.69 5.31%

SS‐A36 24 185.83 546.04 549.74 1.99%

SS‐A37 18 15.08 512.48 514.51 13.46%

SS‐A38 18 21.61 512.48 513.59 5.14%

SS‐A39 15 3.48 545.10 547.12 58.16%

SS‐A40 15 15.96 549.64 552.64 18.80%

SS‐A41 15 4.37 550.07 552.80 62.43%

SS‐A42 15 15.21 560.84 564.74 25.66%

SS‐A43 15 19.47 564.06 565.17 5.68%

SS‐A44 15 3.93 564.16 564.75 15.18%

SS‐A45 15 5.05 567.84 570.28 48.39%

SS‐A46 15 26.38 570.21 574.37 15.75%

SS‐A47 15 10.26 570.57 573.70 30.50%

SS‐A48 15 12.73 573.70 575.64 15.26%

SS‐A49 15 5.6 570.82 574.38 63.57%

SS‐A50 15 14.76 573.70 573.80 0.68%

SS‐A51 18 263.32 573.80 575.10 0.49%

SS‐A52 18 16.74 575.10 575.90 4.78%

SS‐A53 15 50.00 567.59 569.85 4.52%

path:  N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Storm Drain pipe data_KD
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Record Drawing Notes

Storm CAD ID: SS‐A1

Diameter shown on record drawing

Length shown on record drawing

DS Invert Elev shown on record drawing

US Invert Elev shown on record drawing to center of MH; interpolated elev at end of pipe assuming 4' dia MH

Slope calculated from elevations shown on plans; slopes shown on plans don't match calculated values

Other Notes

Links record drawing SSM‐B‐I‐089

Storm CAD ID: SS‐A2

Diameter shown on record drawing

Length shown on record drawing

DS Invert Elev shown on record drawing

US Invert Elev shown on record drawing to center of MH; interpolated elev at end of pipe assuming 4' dia MH

Slope calculated from elevations shown on plans; slopes shown on plans don't match calculated values

Other Notes

Links record drawing SSM‐B‐I‐089

Storm CAD ID: SS‐A3

Diameter shown on record drawing

Length shown on record drawing

DS Invert Elev shown on record drawing

US Invert Elev shown on record drawing to center of MH; interpolated elev at end of pipe assuming 4' dia MH

Slope calculated from elevations shown on plans; slopes shown on plans don't match calculated values

Other Notes Unknown utility bore 21.9' west of MH

Links record drawing SSM‐B‐I‐089

Storm CAD ID: SS‐A4

Diameter shown in Field Book

Length measured on DGN file; length drawn based on video inspection info and record drawings

DS Invert Elev FL shown in Field Book

US Invert Elev calculated from DS Invert elev, length measured in DGN file and slope calculated as noted below

Slope calculated from FL and length recorded in Field book

Other Notes

Links Field Book 1371

video inspection map

Storm CAD ID: SS‐A5

Diameter Record drawing overall map of system

Length measured on DGN file

DS Invert Elev calculated from US invert Elev of SS‐A4

US Invert Elev calculated from DS Invert elev and slope

Slope calculated from FL and length recorded in Field book; same as for SS‐A4

Other Notes

Links Field Book 1371

video inspection map

Record drawing overall map of system FOLDERRSN_10507807_a3343263
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Storm CAD ID: SS‐A6

Diameter record drawing overall map of system

Length measured in DGN file

DS Invert Elev match to US invert elev for SS‐A5

US Invert Elev DS invert + length * slope

Slope
calculated from FLs shown in Field book at 4+58 and 6+10.88 and length measured on DGN minus length removed from 

one side of SS‐A7

Other Notes

Links Field Book 1371

Record drawing overall map of system FOLDERRSN_10507807_a3343263

Storm CAD ID: SS‐A7

Diameter shown in Field Book station notes

Length measured on DGN file

DS Invert Elev calculated based on FLs and length shown in field book for line crossing Mary

US Invert Elev calculated based on FLs and length shown in field book for line crossing Mary

Slope calculated based on FLs and length shown in field book for line crossing Mary

Other Notes

Links Field Book 1371

Storm CAD ID: SS‐A8

Diameter record drawing overall map of system

Length measured in DGN file

DS Invert Elev assume same as US FL for SS‐A7

US Invert Elev
FL shown in FB for pipe exiting MH to the east 1s 24" at 535.5; assume incoming pipe soffit matches: FL for 30" = 535.5 ‐ 

0.5 = 535.0

Slope calculated from DGN length an invert elevs

Other Notes

Links Field Book 3133

Record drawing overall map of system FOLDERRSN_10507807_a3343263

Storm CAD ID: SS‐A9

Diameter shown in Field Book

Length measured on DGN file

DS Invert Elev FL shown in Field Book

US Invert Elev calculated based on DS invert elev and slope

Slope slope shown in Field Book

Other Notes

Links Field Book 3133

Storm CAD ID: SS‐A10, SS‐A11, SS‐A12, SS‐A13, SS‐A14, SS‐A15, SS‐A16, SS‐A17, SS‐A18

Diameter shown in Field Book

Length measured in DGN file

DS Invert Elev same as US invert elev for previous pipe

US Invert Elev calculated based on slope and length

Slope shown in Field Book

Other Notes

Links Field Book 3133
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Storm CAD ID: SS‐A19, SS‐A20

Diameter shown in Field Book

Length measured in DGN file

DS Invert Elev same as US invert elev of pervious pipe

US Invert Elev

SS‐A20 US FL same as DS FL for SS‐A21; DS FL for SS‐A21 is interpolated based on FL shown in record drawing near 

intersecction of SS‐A20 an dSS‐A21

US FL SS‐A20 = DS FL SS‐A21 = 563.57 ‐ .0103 * 25.04 = 563.31

Slope calculated based on slope and length

Other Notes

Links Field Book 3133

record drawing SSM‐B‐1‐0168

Storm CAD ID: SS‐A21

Diameter shown on record drawing

Length measured in DGN file

DS Invert Elev DS invert elev for SS‐A21 same as US elev for SS‐A20

US Invert Elev calculated based on slope

Slope

calculated based on FLs and length measured in DGN file; length shown on record drawings is too long, assume FLs in 

record drawings are correct and shown at correct location, but length is not accurate

Other Notes

Links record drawing SSM‐B‐1‐0168

Storm CAD ID:  SS‐A22, SS‐A23, SS‐A24, SS‐A25

Diameter shown on record drawing

Length measured on DGN file

DS Invert Elev DS invert elev  matches US invert elev for previous pipe.

US Invert Elev calculated from slope and length

Slope same as for SS‐A21

Other Notes

Links record drawing SSM‐B‐1‐0168

Storm CAD ID: SS‐A26

Diameter shown on record drawing

Length measured on DGN file

DS Invert Elev same as US invert elev for previous pipe

US Invert Elev US invert for SS‐A26 shwon on record drawing at 6+50

Slope same as for SS‐A21

Other Notes

Links record drawing SSM‐B‐1‐0168

Storm CAD ID: SS‐A27

Diameter shown in Field Book and plan view record drawing

Length measured on DGN file

DS Invert Elev DIG data manhole inspection report and Field Manhole GIS dataset (surface elevation entry on attribute table)

US Invert Elev DIG data manhole inspection report and Field Manhole GIS dataset (surface elevation entry on attribute table)

Slope calculated from length, DS elev and US elev

Other Notes

Links Field Book 1256

Record drawing overall map of system FOLDERRSN_10507807_a3343263

DS manhole inspection report MHI_09192006_242

US manhole inspection report MHI_09192006_243

DS Manhole elev Manhole%2021846

US manhole elev Manhole%2021831

N:\Team3\WPD_EBC_Annie\Eng_Analysis\Prelim Eng Phase\Storm Drain pipe data_KD
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Storm CAD ID: SS‐A29

Diameter shown on record drawing overall plan

Length measured on DGN file

DS Invert Elev DIG data manhole inspection report and Field Manhole GIS dataset (surface elevation entry on attribute table)

US Invert Elev DIG data Field Curb dataset:  surface elevation minus depth to bottom

Slope calculated based on DS invert elev and slope

Other Notes

Links Curb Inlet 21823

Record drawing overall map of system FOLDERRSN_10507807_a3343263

DS manhole inspection report \MHI_09192006_243

DS manhole elev Manhole%2021831

Storm CAD ID: SS‐A30, SS‐A31, SS‐A32

Diameter shown in record drawing

Length measured on DGN file

DS Invert Elev For SS‐A30:  Field Manhole surface elevation minus depth in DIG data manhole inspection report; 

For SS‐A31 and SS‐A32:  DS invert elev = US invert elev of previous pipe

US Invert Elev calculated US invert elev = DS invert elev + length * slope

Slope slope calculated between MH at Johann/Newton and MH on Johanna based on DIG data manhole inspection form and 

Field Manhole data

Other Notes

Links Manhole 21830

Manhole inspection form MHI_09192006_243

Manhole 21831

record drawing FOLDERRSN_5049252_PPC‐1‐A‐7673~027

Storm CAD ID: SS‐A33

Diameter shown on record drawings

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A30

US Invert Elev Field Curb Inlet surface elevatin minus depth to bottom

Slope calculated from length and elevs

Other Notes

Links Curb Inlet 21827

record drawing FOLDERRSN_5049252_PPC‐1‐A‐7673~027

Storm CAD ID: SS‐A34

Diameter shown on record drawing overall plan

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A31

US Invert Elev Field Curb Inlet surface elevatin minus depth to bottom

Slope calculated based on DS invert elev and slope

Other Notes

Links record drawing FOLDERRSN_5049252_PPC‐1‐A‐7673~027

Curb Inlet 21826
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Storm CAD ID: SS‐A35

Diameter shown on record drawing

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A32

US Invert Elev Field Curb Inlet data:  surface elevation ‐ depth to bottom

Slope calculated from length and elevations

Other Notes

Links Manhole 21830

Curb Inlet 402434

record drawings FOLDERRSN_5049252_PPC‐1‐A‐7673~027

Storm CAD ID: SS‐A36

Diameter shown in Field Book

Length measured on DGN file

DS Invert Elev same as US invert elev for SS‐A32

US Invert Elev Field Curb Inlet surface elevation ‐ depth to bottom = sump

Slope calculated from length and elevations

Other Notes

Links Curb Inlet 21824

Storm CAD ID: SS‐A37

Diameter WPD GIS Drainage Pipe 21645

Length measured on DGN file

DS Invert Elev match to soffit of DS end of SS‐A4

US Invert Elev Field Curb Inlet sump

Slope calculated from length and elevations

Other Notes

Links Curb Inlet 21638

Storm CAD ID: SS‐A38

Diameter WPD GIS Drainage Pipe 21644

Length measured on DGN file

DS Invert Elev match to soffit of DS end of SS‐A4

US Invert Elev Field Curb Inlet sump

Slope calculated from length and elevations

Other Notes

Links Curb Inlet 21637

Storm CAD ID: SS‐A39

Diameter shown on record drawings

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A10

US Invert Elev Field Curb Inlet surface elevation ‐ depth to bottom; sump elev gives negative slope

Slope calculated from length and elevations

Other Notes shown on record drawing as drop inlet

Links Curb Inlet 21848

record drawing PPC‐1‐A‐1071~001
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Storm CAD ID: SS‐A40

Diameter no data, assume 15", same as other laterals on Mary St

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A13

US Invert Elev Field Curb Inlet surface elevation ‐ depth to bottom = Sump

Slope calculated from length and elevations

Other Notes

Links Field Curb Inlet 100636

Storm CAD ID: SS‐A41

Diameter no data, assume 15", same as other laterals on Mary St

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A14

US Invert Elev Field Curb Inlet Sump

Slope calculated from length and elevations

Other Notes

Links Curb Inlet 21854

Storm CAD ID: SS‐A42

Diameter shown on record drawing

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A19

US Invert Elev Field Grate Inlet sump

Slope calculated from length and elevations

Other Notes

Links reocrd drawing SSM‐B‐1‐0168

Field Grate Inlet 102240

Storm CAD ID: SS‐A43

Diameter no data, assume 15", same as lateral at Mary/Congress and Leland/Congress

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A20

US Invert Elev Field Curb Inlet sump

Slope calculated from length and elevations

Other Notes

Links Field Curb Inlet 101700

reocrd drawing SSM‐B‐1‐0168

Storm CAD ID: SS‐A44

Diameter no data, assume 15", same as lateral at Mary/Congress and Leland/Congress

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A21

US Invert Elev

Field Curb Inlet sump data results in negative slope; invert elev = surface elevation + curb height ‐ depth to bottom; see 

DIG data description that surface elevation is at pavement and depth to bottom is from rim

Slope calculated from length and elevations

Other Notes

Links Field Curb Inlet 101642

reocrd drawing SSM‐B‐1‐0168
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Storm CAD ID: SS‐A45

Diameter no data, assume 15", same as lateral at Mary/Congress and Leland/Congress

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A23

US Invert Elev Field Curb Inlet sump

Slope calculated from length and elevations

Other Notes

Links reocrd drawing SSM‐B‐1‐0168

Field Curb Inlet 100654

Storm CAD ID: SS‐A46

Diameter no data, assume 15", same as lateral at Mary/Congress and Leland/Congress

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A24

US Invert Elev Field Curb Inlet sump

Slope calculated from length and elevations

Other Notes

Links reocrd drawing SSM‐B‐1‐0168

Field Curb Inlet 101247

Storm CAD ID: SS‐A47

Diameter shown on as‐builts for BMW shop

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A25

US Invert Elev shown on BMW shop as‐builts Sta 1+89.24

Slope calculated from length and elevations

Other Notes

Links reocrd drawing SSM‐B‐1‐0168

Field Curb Inlet 100696

BMW shop as‐builts SP‐2012‐0029C_0~011(3)

Storm CAD ID: SS‐A48

Diameter shown on as‐builts for BMW shop

Length measured on DGN file

DS Invert Elev shown on BMW shop as‐builts Sta 1+89.24

US Invert Elev Field Curb Inlet sump

Slope calculated from length and elevations

Other Notes

Links reocrd drawing SSM‐B‐1‐0168

Field Curb Inlet 100696

BMW shop as‐builts SP‐2012‐0029C_0~011(3)

Storm CAD ID: SS‐A49

Diameter no data, assume 15", same as lateral at Mary/Congress and Leland/Congress

Length measured on DGN file

DS Invert Elev match soffit to US end of SS‐A26

US Invert Elev Field Curb Inlet sump

Slope calculated from length and elevations

Other Notes

Links reocrd drawing SSM‐B‐1‐0168

Field Curb Inlet 100938
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Storm CAD ID: SS‐A50

Diameter shown on BMW shop as‐builts

Length shown on BMW shop as‐builts = 206‐2‐189.24

DS Invert Elev shown on BMW shop as‐builts Sta 1+89.24

US Invert Elev shown on BMW shop as‐builts MH FL out

Slope calculated from length and elevations

Other Notes

Links BMW shop as‐builts SP‐2012‐0029C_0~011(3)

Storm CAD ID: SS‐A51

Diameter shown on BMW shop as‐builts

Length shown on BMW shop as‐builts = 471.32‐206‐2; sta 2+06 is to center of 4' MH

DS Invert Elev shown on BMW shop as‐builts sta 2+06

US Invert Elev shown on BMW shop as‐builts Sta 4+71.32

Slope calculated from length and elevations

Other Notes

Links BMW shop as‐builts SP‐2012‐0029C_0~011(3)

Storm CAD ID: SS‐A52

Diameter shown on BMW shop as‐builts

Length BMW shop as‐builts Sta 4+71.32 to sta 4+87.14

DS Invert Elev shown at sta 4+71.32

US Invert Elev show at sta 4+87.14

Slope calculated from length and elevations

Other Notes

Links BMW shop as‐builts SP‐2012‐0029C_0~011(3)

Storm CAD ID: SS‐A53

Diameter shown on as‐builts sheet 10

Length per JMG, stop line 50 ft into Middle School Campus

DS Invert Elev match soffit to US end of SS‐A22

US Invert Elev FL shown on as‐built sheet 11 at Sta 1+00; interpolate US elev at 50 ft into campus

Slope calculated from length and elevations

Other Notes

Links as‐builts sheet 10 ‐ SPL‐SP‐99‐0009CX_0~010

as‐builts sheet 11 ‐ SPL‐SP‐99‐0009CX_0~011
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Exhibit I.10 

StormCAD Profiles 





 

 



 

 



 

 



 

 



 



 

 



 

 



 


